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REVIEW OF LITERATURE - SCOTLAND 

1. Selective Description of the Country: 

a. Nature and Extent of the Forest Resource: 

It is well known that Scotland as a whole is gen-

erálly divided into two geographic regions, the Lowlands to 

the south and the Highlands to the north. The Lowlands 

form the more fertile region, better suited to agriculture 

and more heavily industrialised and opportunities for 

forestry, although considerable, are not so great as in 

the Highlands where large planting programmes have been 

and are being carried out. Dickson and Innes (1959) have 

dealt with the history, climate, geology and soils of the 

Scottish Highlands in general terms and have discussed the 

history of land use, from the seventeenth century, in the 

seven crofting countries. The three main uses of the land 

have been for hill farming, crofting and forestry and the 

two.authors have briefly reviewed the deterioration of all 

of them as viable, economic industries, a process which was 

accompanied by the depopulati-on of-the Highlands. The den-

sity of population of the Highlands region in 1959 was one 

person per 30 acres and the average number of people, aged 

over 65 years, had increased during the previous 70 years 

by 36 percent. The Forestry Commission's policy was and is 

to acquire land in the region for the establishment of 
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forests. Progress was, however, slow and during the dec-

ade from 1955 to 1965, only about 25,000 to 35,000 acres 

which were suitable for forestry were acquired. Dickson 

and Innes attributed this slow rate to the conditions 

governing the crofting system, particularly its landlord 

tenant arrangements and to the soils held under crofting 

arrangements. Also, there was a reluctance on the part of 

estate owners to give up to forestry any of the small 

amount of land which could be planted to forests, which 

remained outside the common grazing lands of the crofters. 

The accepted policy of the Forestry Commission itself, to 

acquire land in as large blocks as possible, added a further 

deterrent to rapid land acquisition since some small areas 

available for purchase were rejected. 

The majority of forests in the Highlands lay in 

certain broad groups. The Upland Heath forests occupy 

soils which have a shallow layer (rather than a thin layer 

or no layer) of' raw humus with, underneath, a leached 

layer lying on top of the drift. The soil type varies in 

quality according to the depths of the raw humus and 

leached layers. The dominant vegetation types on these 

soils are heather (Calluna vulgaris) and heath (Erica 

cinerea and E. 'etralix). In rich conditions, grasses and 

herbs are plentiful, whilst in areas of poor fertility 

heather, lichen and Scirpus predominate. The rainfall on 
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the Upland Heaths is from 25 to 30 inches per annum, 

extremes of temperature are rare and gales are few. 

Dickson and Innes have described the silviculture and 

management of the soils, as they were understood' at the 

time. 

The forests of the Scottish north coast vary great-

ly in their soil characteristics which range from deep peat 

to sand but they have the common characteristic of being 

subject.to  exposure and generally poor soils. All of the 

forest land in this area was once used for sheep grazing 

and some of it was previously wooded, with timber in the 

more sheltered valleys and scrub elsewhere. All the for-

ested areas of the North Coast are either flat or gently 

sloping. The Caithness and East Sutherland areas are ex-

ceedingly windswept and there were very few trees there, 

since the impoverished soils and the exposure frequently 

make tree planting hazardous, if not impossible. As an 

example, the land elevation at the Naver forest is from 

sea level to 900 feet but the plantable land, because of 

the severe exposure, lies below the 500 foot contour in all 

but the most sheltered flushes. Most of the aspects in the 

area are northerly. On the peat bogs of this land, Scirpus 

predominates and heather and heath (C. vulgaris and E. 

tetralix) occur along with occasional purple moor grass 

(Molinia. coerulea) and cotton grasses (Eriophorthm 
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augustifolium and E. vaginaturn). On the heath lands are 

found Calluna and, frequently, Scirpus and lichen (Cladonia 

On the sandy soils of Dunnett, the vegetation is 

mostly Marram grass with sedges and hypnaceous mosses and 

a surprising abundance of Primula scotica. The north coast 

rainfall varies from 35 to 40 inches per annum, the damag-

ing winds blow from the north-west and the number of calm 

days is quite small. Because of the conditions, Dickson 

and Innes (1959) felt that large areas of the north seemed 

to be ruled out for planting, although research plots were 

expe.cted to yield more information in marginal areas of 

soil and experience. The prerequisites for successful 

afforestation appeared to be the occurrence of a good 

ploughing chance and a gentle slope, to accomplish surface 

drainage. The only species which are able to withstand the 

exposure, apart from sheltered pockets in the terraine, are 

Sitka spruce and lodgepole or shore pine. To avoid plant-

ing check and secure good initial growth it was necessary, 

in most cases, to manure the plants with a phosphate ferti-

liser at the time of planting. 

The West Coast forests of Scotland were formerly 

sheep farm or deer forests*  and are mostly located on steep 

to very steep slopes. In the Coastal strip, the plantable 

* The term "deer forest" usually refers to open, virtually 

treeless land occupied by herds of Scottish red deer. 
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elevations vary from sea level up to 1,000 feet and at 

Glenshiel from 600 feet at the valley floor to 1,300  feet a 

at the upper planting limit. The geology is complex . On 

the lower ground, morainic drift covers the solid bedrock 

and, higher up, these soils give, way to peat, leaching is 

common and there is some hard pan formation. An important 

factor'to planting and'forestry Is the thin depth of peat 

which overlies the morainic knolls at the higher elevations, 

a depth that increases between the knolls. The rich, heavy 

soils on the lower valley slopes usually carry handwood 

scrub or, alternatively, finer grasses with Anthoxanthum and 

a finer mountain grasses, which give way to Festuca, 

Molinia and Nardus on the middle and upper slopes. There 

is a marked absence of Deschampsia flexuosa and bracken 

frequently occurs on the.creep slopes. Calluna and Scirpus 
0 	 are the main species on the moraines with Calluna dominant 

on the lower ground and Scirpus with sparse Calluna some- 

• 	what higher. The heather found in these west coast moraines 

is less vigorous in growth and more open in stocking than 

that of the east coast. heaths. Associated with the Calluna 

• 	• and Scirpus there are, in the wetter areas, varying amounts 

• 	• 	• of Molinia coerulea and cross-leaved heath (Erica tetralix) 

• and, on flushed peats, the Molinia becomes dominant. On 

the flushed, mineralized peats, the rushes Juneus a.rticu- 

• •. 	latus and J. coxmiiunis are generally found with bog myrtle 
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(1yrica gale). On the dryer knolls, Erica cinerea is a 

component along with Scirpus and Calluna. 

The climate of the west coast forests is essenti-

ally mild and wet with an annual rainfall, evenly distri-

buted but with frequent spring droughts, varying from 60 to 

100 inches, according to locality. The low elevations are 

usually sheltered and the highest ground is exposed to high 

winds, causing heavy windblow. The requirements considered 

to be necessary (in 1959) for successful growth on the 

climactic peats include good drainage and manuring the 

plants with phosphate coupled with planting in shallow, 

inverted turf or with ploughing. The West Coast forests 

contain a variety of exotic species, the early plantings 

having consisted of Sitka and Norway spruces, Douglas fir 

and European, Japanese and Hybrid larches. The species 

generally favoured at the present time are Sitka spruce 

and shore pine. 

The Great Glen forests were almost all planted on 

steep to very steep slopes and are found at all elevations 

up to about 1,100 feet. The exposure is not particularly 

severe. In the eastern half of the Great Glen, the soils 

are generally rich but, from Glengarry westwards peat - 

mostly Molinia peat - predominates. The average rainfall 

is from 35 - 40 inches in the east to about 100 inches in 
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the west. In the western areas of the Great Glen, plant-

ings have mostly been of Norway and Sitka spruces and 

Douglas fir is common throughout the Glen. Scots pine has 

been planted in some areas but with variable results. 

The forests of the basalt soils need not be dealt 

with in detail since they are located in the Scottish 

Islands, are highly exposed and experience heavy rainfall 

of 60 - 90 inches per annum, according to locality. Apart 

from the exposure, geographical considerations place the 

Islands in a difficult position from a utilisation view-

point and,, as a result, very little forest has been planted 

on them. 

A comprehensive regional account of the Highlands 

and Islands of Scotland has been written by O'Dell and 

Walton (1962). Whilst it is not reviewed herein, it con-

tains much of value for a background understanding of the 

region. Statistics for the Scottish forests are contained 

elsewhere in this review as are comments on the forests of 

the Lowlands, including the Borders. 

b. Nature and Extent of the Forest Industry: 

As has been mentioned previously, the first pulp 

mill has only recently been constructed in Scotland and 

the sawmill industry is, with exceptions, in need of mod- 
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ernisation. The position of the forests is such that 

increases in industrial capacity are necessary to utilise 

the growing volume of forest produce. 

Sandwell and Company Limited (1959) have reported 

on the feasibility and economy of establishing small scale 

pulp mills in the United Kingdom. It was found that only 

an integrated groundwood mill might be economic at a capa-

city level of only 30 tons of pulp per day. On the basis 

of a wood supply costing 170 shillings per bone dry long 

ton of wood, the following minimum capacities would be 

required for three kinds of process, to be economically 

feasible. 

Bleached sulphate 
pulp (flash dried) 

Groundwood pulp 
(flash dried) 

Groundwood pulp, 
(integrated) 

- 80 long tons of pulp per day 

- 200 long tons of pulp per day 

- 35 long tons of pulp per day 

At a level of 30 tons per day and to be economic-

ally feasible, plants of the types studied could afford to 

pay the following prices for wood. 

Bleached sulphate 	20 shillings 
pulp. (flash dried) - per bone dry long ton 

Groundwood pulp 
(flash dried) 	- Nil. 
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Groundwood pulp 	150 shillings 
(Integrated) 	- per bone dry long ton 

Sandwell and Company, concluded that integrated 

groundwood pulping, particularly when located close to the 

sources of wood supply, offered the best possibilities for 

new, small-scale pulping units in the United Kingdom. A 

bleached sulphate mill would be the most economic indepen-

dent plant but it should have at least 50 to 100 tons per 

day capacity, depending upon the price of available wood. 

Sandwell and Company Limited noted that, in 1958, 

there were 212 paper and board mills and 81 pulp mills*. 

The annual per capita consumption of paper was stated to 

be 180 lbs. and the United Kingdom production and consump-

tion was tabulated as: 

* Of these mills, only four were converting wood into pulp, 

.the remainder being involved in re-pulping or the use of 

other materials. 
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United Kingdom Pulp and Paper Statistics (1956) 

(Thousands of long tons.) 

Product Production. Consumption 
Import 	- 
Export + 

Mechanical pulp 80 790 -710 

Unbleached Kraft pulp - 297 -297 

Other wood pulp for paper 15 927 -912 

Straw etc. pulp 41 155 -114 

Waste Paper 1,174 1 3,079 + 95 

Dissolving pulp - 226 -226 

Total Pulp 1 2 310 3,474 -2,164 

Newsprint 653 960 -307 

Kraft Paper & Board 264 490 -226 

Other Paper & Board 2,365 2,602 -237 

Total Paper & Board 	3,282 	4,052 	-770 

These figures emphasise the concern of the British Govern-

ment, as reflected in their forest policies, to make 

Britain more self-reliant in wood products. The cost of 

these imports, along with those of lumber, represent a very 

large import cost at a time when Britain's balance of pay-

ments are acute. 

The Sandwell report noted that the woodlands of Great 

Britain were producing some 100 M.M. Hoppus feet (1.27 
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M.M.c.f.) per annum of timber. The paper industry consumed 

approximately 20 M.M.H.F. (0.25 M.M.c.f.) per annum, of 

which three quarters was imported and the remainder home-

grown. It was estimated that the following maximum sur-

pluses might become available at various centres where the 

pulp plants might logically be built. 

Estimated Wood Surpluses Within 100 Miles Road Distance 
(1,000 B.D.L.T.) 

Location Price Basis* 1960 1965 1975 1985 

Inverness I 25 44 50 81 

II 6 25 31 63 

Fort William 1 31 44 56 81 

II 12 25 44 66 

Lochgilphead I 14 25 44 63 

II 8 16 37 56 

Dumbarton I - 37 63 88 

II - 19 44 69 

Newcastle - - 8 25 34 

Based on these figures, the requirements of a 50 

tons per day groundwood mill for 17,000 B.D.L.T. per annum 

and of a 50 ton ner day bleached sulDhate fluiD mill for 
' Basis I - Pulpwood prices would be equal to, and Basis II 

lower than, the prices of other products of similar speci-

fication. 80 H.F. = 1 B.D.L.T. (Bone dry long ton.) 
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39,000 B.D.L.T. per annum, it appeared to Sandwell and Com-

pany Ltd. that, at least by 1965, enough timber would be 

available for a new small-scale pulp mill. 

The relative economics of bleached sulphate, 

groundwood pulp and integrated groundwood pulp at a capa-

city of 50 tons per day were considered along with the 

effect of plant locations (comparing Fort William, Loch-

gilphead, Dumbarton and Inverness and assuming pulp con-

sumption centres at Glasgow and Edinburgh). 

Sandwell and Co. Ltd. (1959a) also conducted a 

survey of the economics of Board mill operation in the 

United Kingdom. The feasibility of establishing hard-

board,, wood chipboard and insulating board mills, based 

upon the utilisation of home-grown timber (forest thin- 

• nings) was investigated. The particular situations which 

were studied were: 

Nominal 
Plant Description Capacity L.T. 

per Day 

Hardboard • - 	60,000 sq.ft. per day (¼" basis) 35 

Hardboard -120,000 sq.ft. per day (¼" basis) 70 

Wood chipboard - 	30,000 sq.ft. per day (3/4" basis) 35 

Wood chipboard - 	60 2000 sq.ft. per day (3/4" basis) 70 

Insulating board -100,000 sq.ft. per day (½" basis) 30 

Insulating board -200,000 sq.ft. per day (½" basis) 60 
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The economics of these plants were considered for 

west Wales, mid-Scotland, North Scotland, West Scotland and 

Southern England. The studies indicated that, although 

there was a relatively large market for hardboard, the man-

ufacture of this product would not be economically attrac-

tive unless plant economy could be improved by means such 

as integration with other wood-consuming industries. There 

were indications, also, that the manufacture of both wood 

chipboard and insulating board would be economically 

attractive only in the larger sized mills and then only if 

forest thinnings could be delivered to the mills for 

between 11 and 12 pounds sterling per bone dry long ton, 

or between 13 and 14 pounds sterling per bone dry long ton 

for insulating board. Southern England appeared to be the 

most favourable area for plant location. 

For purposes of comparison, the study employed 

assumed arbitrary costs for wood, delivered at mill in 

West Wales, of 8.5 and 17 pounds sterling - per B.D.L.T. 

Wood costs for other areas were adjusted upward and down-

ward from these figures to compensate for differences in 

transportation charges. The lower figure was equivalent 

to North American costs for coniferous pulpwood thinnings 

but considerably less than the then existing market for 

similar wood products, such 'as unpeeled pitwood, which 

sold for approximately 15. pounds sterling per B.D.L.T. The 
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higher figure was selected simply as the upper limit of 

the range within which it was felt that wood costs would 

fall. 

On this basis the calculated percent gross returns 

on investment for areas in Scotland which could possibly 

be supplied from North Scotland Conservancy, were given. 

In another approach, it was assumed that, to be economic-

ally attractive, a new board industry should earn a gross 

return before interest, depreciation and income tax of 

approximately 20 percent. The wood prices which the vari-

ous plants would have to pay to earn this return were 

given and led to the conclusions given above. 

The author did not locate literature dealing with 

economics of the Scottish sawmilling industry but did 

visit a number of sawmills. Recognising the danger of gen-

eralities, it was nevertheless clear, particularly by con-

trast with British Columbia sawmills, that plant capacities 

and productivity were low. The small capacities present 

obvious problems in automation to raise productivity and 

would not merit the relatively large capital expenditures 

necessary to reach high productivity. The first stage of 

re-development of the industry appeared to lie in consoli- 

dation of plants i.e. fewer, larger plants and discussions 

toward this end were in progress. 
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c. Red Deer and Forestry: 

As has been mentioned, wild life and agriculture 

are important land uses in Scotland. In the Scottish 

Lowlands, much of the land surface is suitable for arable 

farming and sheep farming and the opportunities for large-

scale forestry are limited. In the Scottish Highlands, 

arable farming land is of limited extent and the land is 

mainly used for wild life, sheep grazing and forestry. The 

question of sheep grazing is dealt with later in this re-

view. The major wild life uses in the Highlands are the 

propogation of Scottish red grouse and red deer. The 

eastern grouse moors are used for sporting purposes and 

show economic results which, generally, preclude their use 

for forestry. The Scottish red deer, formerly a forest 

animal, have long been identified with the Scottish moun-

tains-and the planting of forests has tended to restrict 

their range to the mountain tops and in some cases, has 

restricted their normal overwintering areas. 

A symposium on red deer and forestry was held at 

Inverness in 1967. Black (1968) summed up and drew con-

clusions. He observed that the next 20 - 40 years would 

see a continuing expansion of afforestation in Scotland. 

Also, much of the. Highlands was particularly suitable for 

production of venison and an increasing interest in this 

activity would result from economic pressure. In addition 
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to research aimed at assessing and collecting the fundamen-

tal biological data which would lead toward sound and 

informed management programmes, he held that increased 

attention should be paid to operational research, in order 

to provide the information necessary for immediate deci-

sions. In the commercial aspects of deer management, there 

was increasing competition for the European venison market 

from New Zealand and other Continental countries, coupled 

with a lack of publicity to promote the consumption of 

venison in Britain. The stalking of deer as a sport could 

be more publicised but at the risk of introducing it to 

people without the necessary skill. 

Black described multiple land use as involving the 

simultaneous use of land for a number of different products 

and purposes and stated that it was not a patchwork devel-

opment of land. The problems. caused to deer management by 

the fencing of forest plantations had received much promi-

nence and he welcomed the decision of the Forestry Commis-

sion to give up long fence lines and to make provision for 

downfalls* and shelter. The cost of deer fencing, however, 

was 'a grave financial burden which could not be adminis-

tered by the Red Deer Commission because of the lack of 

appropriate powers. The costs of deer fencing did not seem 

* Downfalls are access routes through afforestation areas 

from the mountain tops to lower areas. 
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to be fairly distributed and it appeared that the G<vern- 

• 	rrnt should subsidise deer fences, in line with other 

sibsidies' paid to hill-land producers. Where it was deci-

ded to carry larger deer populations than the wintering 

ground could support and it was desirable to avoid maraud-

ing, artifical feeding of deer would be necessary. Feed-

ing, however, was expensive and would be almost impossible 

on a large scale. Black strongly supported the idea of a 

continuing dialogue between red deer and forestry interests 

so as to gradually bring the two sides together. 

d. The Human Resource - Forestry Training: 

Four universities in Great Britain offer profes-

sional forestry training, the two in Scotland being the 

University of Edinburgh and the University of Aberdeen. 

The latter University offers a Bachelor of Science degree 

in forestry, In addition to the usual: higher degrees. The 

Department . of Forestry at Edinburgh has recently become 

the Department of Forestry and Natural  Resources and of-

fers Ecological Science with four Hônours Schools, one 

being Forestry. 	 ' 

Taylor (1968) has described the development of 

forestry employment, education and training in Scotland, 

below University level. 'In the past, some landowners and 
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head foresters ran apprenticeship courses and the Highland 

and Agricultural Society awarded, until 1935, the fore-

runners of the Royal Scottish Forestry Society Junior and 

Senior Certificates. Some training courses were held at 

the Royal Botanic Gardens in Edinburgh and others at the 

University of Edinburgh, the Heriot-Watt College (Edin-

burgh) and through the Agricultural Colleges. University 

education in forestry became separated from lower educa-

tional levels with the establishment of degree courses at 

Edinburgh University in 1906 and at Aberdeen University in 

1914. 

The Forestry Act of 1919 gave the newly created 

Forestry Commission power to promote forestry training. 

The Commission established Forester Training Schools where 

a two-year course was given 'to men who mostly joined the 

State Service. Short courses were also provided by the,  

Commission for private estate foresters and workers. At 

the same time, certain other courses were available. In 

1963, the Royal Scottish Forestry Society 'approached the 

Scottish Technical Education Consultative Council' 	about 

establishing a sound system of education and training. 

Taylor has described how subsequent Association and Commit-

tee activity followed this approach, resulting in an im-

proved understanding of the need for such a system, al-

though not in all quarters. The.Industrial Training Act, 
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l96I, authorised the Minister of Labour to establish 

industrial training boards to provide the kind of technical 

training envisaged. It was, in some ways unfortunate that 

the forest industry training was split between two training 

boards. The scope of activitly prescribed for the Agricul-

tural, Horticultural and Forest Industry Training Board, 

set up under the Act of 1964, precluded its participation 

with any establishment engaged in the felling trees or 

the preparation of timber, although it could deal with 

other facets of forestry. The felling of trees or the 

preparation of timber were activities which were vested in 

the Furniture and Timber Industry Training Board. Actual 

facilities for technical education and training for the 

forest industry were not yet established, although Taylor 

(a member of the active Royal Scottish Forestry Society 

education and training committee) stated that they must 

be established very soon. 

2. Major Aspects of Forest Policy: 

a. State Forest Administration: 

The State forest authority is the Forestry Commis-

sion, in whcih are vested the State forests and forest 

lands. The Commission 'also has. a. great influence on pri-

vate forestry, because of the system of grants and subsi-

dies applied to private forests. The Eighth British 

Commonwealth Conference (1962) noted that the Commission, 

• , °• ' 	 • ' 	 • 	

••
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in addition to its liaison with the three National Forest-

ry Committees of England, Scotland and Wales, maintained 

other advisory committees. One was the Home Grown Timber 

Advisory Committee comprised of 25 members, of whom 8 

represented private woodland owners and 8 represented the 

timber merchants and others were from Regional Advisory 

Committees for each Conservancy. The latter consisted of 

from 7 to 9 members, at least four of whom represented 

private woodland owners, timber merchants and organisations 

concerned with the study and promotion of forestry. In, 

addition, the Commission had advisory committees on the 

utilisation of home-grown timber and on forest research, 

as well as a mechanical development committee. Some of 

these Committees are discussed in greater detail later in 

this Review. 

b. Financial Policies: 

The Forestry Commission carries the financial 

responsibility for its own forests and for state assist-

ance to private forests on a sinking fund basis. It may 

borrow money from the Treasury at prevailing Treasury 

rates of interest and receives the proceeds of its opera-

tions. In addition to the payment of grants to private 

forestry, the State has special income tax and estate 

duty provisions to encourage this sector. 
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(1) Taxation and Estate Duty: 

Hart (1962) mentioned some of the unpredictable 

variables, particularly of labour and currency value which 

made it understandable why British governments had ensured 

that owners and occupiers of woodland were treated sym-

pathetically as to the incidence of income tax and surtax, 

as well as of estate duty. 

(a) Income Tax: 

Liability arises under the Income Tax Act, 1952 

under tax schedules A. B and D. Schedule A refers to the 

ownership of land, Schedule B deals with presumed income 

derived from the occupation of land and Schedule D with 

profits. If an owner keeps his woodland under his own 

occupancy, he pays tax under Schedules A and B or D. If 

he lets his woodland, he pays under Schedule A and the 

occupier normally pays under Schedule B but may elect for 

Schedule D. 

(i) Schedule A - the Landlord's Property Tax: 

The basis of taxation is the annual value 

which is usually from one shilling to three 

shillings per acre and sometimes includes sport-

ing value when the owner keeps the sport for 

himself. In estimating the rental value, no 

notice is taken of the forest crop i.e. it is 

the rental value, as if the land were bare. The 
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average rent paid by the Forestry Commission 

for a lease of plantable land, up to 1962, had 

been 5 shillings per acre per annum and this 

figure is generally employed to have unreason-

able assessments reduced. Where a woodland is 

let to another party, the assessment is based 

on the actual rent e.g. if let at two shillings 

and sixpence per acre, the gross Schedule A 

assessment would be the same figure. Having 

arrived at the gross assessment figure, it is 

reduced by a repairs allowance equal to one-

eighth of the assessment; by five-sixths of any 

tithe redemption annuity; by any land tax; by 

any public rate or assessment paid in respect 

of draining, fencing or embankment and, in 

Scotland, by the owner's rates. If this process 

were applied to 100 acres and resulted, for 

example, in a net Schedule A value of ten pounds 

sterling, then, with income tax at seven shill-

ings and ninepence in the pound, the tax would 

be ninepence per acre per annum. Hart noted 

that if the cost of repairs, maintenance, 

insurance and management exceeded the one-

eighth allowance .on the average of the five 

preceding years, then income tax on the excess 
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is recoverable through a maintenance claim. 

(ii) Schedule B - The Occupier's Tax: 

The gross Schedule B assessment is one-

third of the gross Schedule A assessment. If 

the woodlands are managed on a commercial basis 

with a view to profit and not merely for sport 

and amenity, an amount of two-ninths of the 

assessment is claimable as earned income relief, 

subject to a maximum deduction for any one tax 

payer. Using the same example as was used for 

Schedule A, the gross Schedule B assessment 

would be four pounds five shillings and the nett 

Schedule B assessment, three pounds and six 

shillings. At the same rate of income tax (7s 9d 

in the pound), the tax payable would be three-

pence per acre per annum. Any grants which may 

be received by the occupier are not taxable. 

Reverting to the example, the total income tax 

payable under Schedules A and B would amount to 

one shilling per acre per annum. No additional 

liability to income tax arises under these 

schedules, whatever the amount of profit or of 

grants received. 

(iii) Schedule D: 



.:.455_ 

If an occupier can satisfy the Inspector 

of Taxes that his woodlands are managed on a 

commercial basis and realise profits he may 

elect, within two years after the end of the 

year of assessment, to be assessed under Schedule 

D instead of under Schedule B on the actual re-

suits of the year preceding the year of assess-

ment. This election may apply to all his wood-

lands on one estate which are managed commercial-

ly or be confined to each new plantation, 

provided that election ismade within ten years 

of planting'. If receipts, including grants, are 

in excess of expenditure, the owner has to pay 

income tax on the excess. If expenditure is in 

excess of receipts, the deficit is treated as a 

loss and set against the owner's other taxable 

income. Once an election has been made to trans-

fer from Schedule B. the woodlands concerned 

must remain under Schedule D until the next 

change of occupier, by sale, lease, gift or 

inheritance when it would be automatically trans-

ferred to Schedule •B with a further right of 

election to the new occupier. 

Hart expressed the view that it was usu-

ally unwise to place mature or nearly mature 
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woodlands under Schedule D since income tax would 

become payable on the nett receipts without any 

allowance for income tax paid in past, unprofit-

able years under Schedule B. Neither was such a 

move wise with woodland managed under the Selec-

tion System. It was sometimes advantageous, 

however, to transfer each new plantation to 

Schedule D, since the cost of establishment was 

allowed and the probably excess of expenditure 

over receipts in the earlier years could be set 

against the income from other sources. Such an 

excess, in any year, could also be carried for-

ward. The older woodland of an estate could be 

treated as a separate unit and remain under 

Schedule B. 

However, there were circumstances under 

which an election Schedule D, for young planta-

tions, might be unwise. The occupier, for 

example, might have insufficient taxable income 

against which to set losses on woodlands. 

Another circumstance would be where plantations 

could be established at a cost of little more 

than the amount of the planting grant. 

As has been mentioned above, any area 
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placed under Schedule D is automatically trans-

ferred to Schedule B on the death of an occupier 

or on the sale, lease or gift of the woodland or 

its transferral to an estate company. The new 

occupier may continue under Schedule B, change 

all to. Schedule D or elect for all or part of 

the past ten years planting to be treated as a 

separate estate and assessed under Schedule D, 

whilst the remainder stays under Schedule B. 

Thereafter, he may elect to have part or all of 

those woods which he réplants assessed under 

Schedule D. The schedule is based solely on 

records of receipts and expenditures and does 

not take account of reductions in capital or 

stock-in-trade items. 

The British Inland Revenue differentiates 

between areas replanted after felling and those 

being afforested for the first time and the 

method of reclaiming tax differs accordingly. 

Where woodlands are felled and replanted, the 

cost of clearing up but not felling, the old 

crop and of preparing the ground for planting is 

normally disallowed for Schedule D purposes and 

is treated as a capital expenditure. But if the 

new plantation is assessed under Schedule D and 

I' 	I 	 SI 	IIIII 

I 	 Ii 
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is adjacent to existing forest land in the same 

occupancy or is on land formerly used for hus-

bandry (e.g. rough grazing) the nett expenditure 

would qualify for tax relief under a capital 

expenditure claim, as described below. 

Sporting Value Assessment: 

The assessment to cover sporting value is 

added to the gross Schedule "A" assessment when 

land and sporting. rights are in the occupation 

of the owner or are let together or when the 

owner occupies the land and lets the sporting 

rights.. Where a rent is obtained for sporting, 

it forms the basis of assessment, otherwise (in 

1962) sixpence per acre was a usual assessment. 

Capital Expenditure Claim: 

Under Section 314 of the Income Tax Act, 

1952, where an occupier of woodland assessed 

under Schedule D incurs any capital expenditure 

on the construction, reconstruction, extension 

or adaptation of forestry buildings, cottages, 

fences or other works for the purpose of forestry 

he was entitled to an allowance for that year of 

assessment and for each of the subsequent nine 

years, equal to 10 percent of the expenditure. 
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Taking into account an investment allowance of 

10 percent of the value or new buildings and 

oti;er items in tie first rear., tax relief was 

obtained on an amount equal to 110 percent of 

the expenditure. Allowances in respect of capi-

tal expended in providing plant and machinery 

used in Schedule D woodlands could be claimed on 

the same basis as for agricultural plant and 

machinery or a trade. 

Estate Forest Tree Nurseries: 

Profit derived from raising seedlings, 

transplants and poplars is not taxable if the 

stock is used for the estate's Schedule B wood-

lands. For Schedule D woodlands the cost of 

similar stock, but not covert plants, is allowed 

as an expense in the computation of tax. How-

ever, profit derived from outside sales, in 

excess of a reasonable quantity of surplus 

plants, is taxable under Schedule D. 

Christmas Trees: 

When Christmas trees fully occupy a sub-

stantial area, profits are taxable under Schedule 

D. However, the taxation poition is different 

when the trees are planted in mixture with other 
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trees to be grown as timber or when the grower 

ensures that he always leaves sufficient trees 

standing after each thinning to comply with cur-

rent silvicultural enforecement and, ultimately, 

to provide a final crop of timber or, when only 

tree tops are used. In these cases, profits 

are virtually tax-free under Schedule B but fully 

taxable under Schedule D. 

Surtax: 

The basis of assessment for surtax, which is a 

personal tax at graduated rates on the total net income of 

an individual in excess of 2,000 pounds per annum but is 

subject to substantial relief on earned income up to a cer-

tain limit, is almost indentical with that of income tax. 

Profits Tax: 

Where woodlands are owned by a company, whether 

assessed under Schedule B or D, profits from them may also 

be chargeable with profits tax. 

(a.) Estate Duty: 

From the foregoing, it will be appreciated that 

taxation considerations have a considerable influence on a 

private land owner's decision to practice forestry or not, 

as well as influencing the management practices concerned. 

Estate duty also has an important bearing on these matters 
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and concessions are made for private forestry, as described 

by Hart (1962) 

Land growing timber, trees, wood, underwood or 

coppice, as well as forestry buildings, roads and permanent 

fences were subject to estate duty at the rates set out in 

the Finance Act, 1954 but with a 45 percent "agricultural" 

allowance on the land. The "amenity value" of timber, 

trees and wood, treated as enhancing the value of the es-

tate at large, was included in the value of the estate and 

duty was payable on it. Underwood, coppice (when treated 

as underwood), windfalls and timber used on the estate were 

exempted from estate duty. In the case of timber, trees 

and wood, the value is not taken into account in estimat-

ing the principal value of the estate or in determining 

the rate of estate duty chargeable on the whole estate. 

Secondly, estate duty need not be paid at death buy may, 

if so desired, be paid later. If payment is postponed, 

then 2 percent interest must be added from the date of 

receipt of the proceeds of sale, as and when the timber is 

cut, during the period which may elapse until another 

death occurs and the estate again becomes subject to es-

tate duty. Hart (1962) emphasised that it was important 

to agree upon the value of timber, trees and wood at the 

date of death, since the amount so agreed would normally 

be the maximum sum liable to duty, even though subsequent 
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receipts from sales may exceed that amount. If no value 

is settled all receipts, less outgoings since death, would 

be subject without limit to estate duty until the next 

death. However, should all the timber be sold shortly 

after death for a greater sum than the estimated value, 

duty would be claimed by the Government on the(excess, on 

the grounds that the estimate was incorrect. Various al-

ternative methods of payment, including lump sum and 

deferred payment bases are offered. An important provision 

is that all outstanding estate duty is cancelled upon the 

death of a successor and a new probate value then has to 

be agreed. These and other concessions do not automatical-

ly make forestry financially attractive but they do assist 

in that direction. 

(e.) Syndicated Forestry: 

The taxation and estate duty position has helped to 

extend the areas of privately owned land which are devoted 

to forestry in Scotland and in Britain as a whole. One 

form of private forestry enterprise which has assumed some, 

importance is syndicated forestry. Several syndicates, 

mostly of wealthy individuals who have invested large sums 

of money in woodland property, appear to have done so 

partly to take fair advantage of the taxation and estate 

duty concessions. By transferring a portion of their 

wealth into woodland, they have invested in property on 
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which the value of the crops, under current legislation, 

will not be taken into account when the rate of duty on 

their estate is assessed. Consequently, their estates 

will fall into a lower taxation bracket and attract a low-

er rate of duty. The Economic Forestry Group is an 

association of woodland owners, forest managers and invest-

ment consultants among whose aims is the creation, of 

100 3,000 acres of productive woodlands in Britain in a wide 

variety of ownership but under one management. The wood-

lands, as acquired, are grouped into separate management 

areas, each of about 10,000 acres. It is the aim that, in 

time, each management area will have its own integrated 

forest industries, designed for complete utilisation of 

the forest products. The group already has its own market-

ing company. The financial advisory services of the group 

include the integration of planned forestry investments 

into family financial schemes so as to produce maximum 

savings of income tax, surtax and estate duty. Detailed 

financial plans are prepared showing the expected future 

annual receipts and expenditures, estimated-over a long 

period of years, with amendments from time to time to 

allow for changes in the group's policy and conditions of 

working. The distribution of surplus net income is 

arranged annually or at frequent intervals. The forestry 

syndicates may be said to have forwarded Government policy 
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to foster private forestry and have been responsible for a 

considerable flow of private capital into forestry. 

(2.) Grants for Shelter Belts: 

The subject of Government grants to private fores-

try is discussed later in this review. However, at this 

point brief mention is made of grants for shelter belts 

which should form a limited future timber supply in Scot-

land. Hart (1962) has stated that the Hill Farming and 

Livestock Rearing Acts, 1946 to 1956, have provided for 

grants of up to 50 percent of the approved costs of estab-

lishing shelter belts on upland stock-rearing farms, as 

part of a general scheme for improvement of the farms. 

These grants are administered by the Ministry of Agricul-

ture, Fisheries and Food or by the Scottish Department of 

Agriculture and Fisheries. Under the Agriculture Act, 

1957, grants of up to one-third of the approved cost of 

establishing shelter belts on any farm may be made under a 

Farm Improvement Scheme. In certain circumstances, these 

grants can provide a higher proportion of the total cost 

than would the Small Woods Grant provided by the Forestry 

Commission. 

( 3.) Financial and Economic Considerations in 
British Forestry: 

The whole question of the economic viability of 

the British forestry enterprise is a topical and widely 
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discussed area, on which some authors.have commented. 

(a.) Rate of Discount (Interest): 

Mathur (Mathur, R. S. 1967. Ecological and econo-

mic considerations in land use planning. M.Sc. Thesis. 

Edinburgh University.) has considered the rate of discount 

(interest) which might logically apply to the forestry 

enterprise. Having given discount rates he discussed 

economic choices between land use alternative with differ-

ent time streams and different costs and benefits. It was 

necessary to make the transitions at different points in 

time commensurate with each other, by assigning to them 

equivalent present values (discounting all of them to the 

present day by compound interest) . The discount rate that 

is used represents the cost of waiting for delayed returns 

on the investment. The lower the discount rate, the higher 

would be the present worth of future revenue relative to 

that of immediate gains. Along with these basic principles 

Mather noted that the choice of a rate of discount depended 

on the risk involved in the undertaking. The greater the 

risk, the higher'was the speculative rate of discount 

needed. Assuming that a forest crop is a very safe invest-

ment, many foresters have developed a rate of interest 

equal to that of a risk-free rate of discount earned in 

government securities, usually about 4 percent. The For-

estry Commission, in 1966, had adopted 5 percent as the 
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standard discount rate in their internal economic calcula-

tions. On the assumption that future timber prices were 

likely to increase by 1 1/2 percent relative to the prices 

of other commodities, the effective rate of discount chosen 

by the Forestry Commission for all future revenues was re-

duced to 3 1/2 percent at fixed prices. Since the costs 

(under the policy of afforestation) were incurred mostly 

in the beginning of the rotation, the rate of discount did 

not affect them much, except for maintenance and road 

access costs, which were capitalised at 5 percent. 

(b.) British Forest Finance and Economic Policy: 

Mutch (1967) has not only dealt more directly with 

Forestry Commission interest rates but has registered a. 

criticism of the British forest finance policy. Because, 

of the significance of his remarks to overall forest policy 

they are worth examination in some detail herein. He has 

dealt in particular, with the accountancy of State forestry 

at the national level, commenting that the investment lia-

bility of the Forestry Commission was building up and that 

the debt could become entirely unmanageable. 

Since 1958, the afforestation policy for State 

forests had been explicitly planned, insofar as the res-

ponsible Ministers had announced the total land areas 

which they had intended should be acquired and planted in 
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the subsequent quinquennium. Funds had to be allocated to 

execute the programmes in the amounts, over the past 

decade (up to 1966) of from 10 to 15 million pounds ster-

ling annually. 

The unusually long time-scale to realise its pro-

duction made forestry more susceptible than most industries 

to serious disruption if the flow of funds were to be sub-

ject to fluctuations. The advantages of sustention in the 

execution of afforestation plans were great enough that 

foresters had occasionally suggested that Parliament should 

be invited to cons.ider longer programmes than it had done 

and to.finance the work by occasional large allocations to 

a Forestry Fund. Those finances would escape annual review 

and might be placed on a similar cycle to that which was 

technically appropriate. The forest authority would be 

able to draw on the fund so created without prior authori-

sation and would be relieved of anxiety about the medium-

term continuity of its finances. However, the arguments 

that forestry deserved this unusual treatment to redress 

the results of decades of neglect prior to 1919 and to 

compensate for the artificially low return obtained from 

the forced fellings of two world wars did not make economic 

sense. In effect, the proposed funds would be a means 

whereby forestry would avoid the restrictions which are 

placed periodically on investment and it might be regarded 
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as a purchase price for the national forest estate, not 

subject to the interest payments levies on the Parliament-

ary grants-in-aid. 

The gross return on the national forest investment, 

Mutch held, could not reasonably be expected to exceed 3 

percent per annum. The Forestry Commission had contended 

that this gross return was augmented by a continual in-

crease in timber prices, relative to other commodities, of 

between 1 and 1 1/2 percent per annum. Mutch felt that 

this 'argument was weak in that an increase in the real 

price of timber must make it less desirable. to its users 

and increase the possibility of price' substitution by 

other products. Thus the hypothetical price increase 

could not be reckoned as an advantage. Also, as a purely 

financial criterion,'the promise of forestry to pay 3 per-

cent gross interest was not impressive, because it implied, 

with a 6 percent borrowing - rate, a constant loss of 3 per-

cent per annum' on the investment. In addition, forestry 

was far from being a risk-free investment. 

The essential function of an increase in the bank 

rate (and of the Treasury borrowing rate which is applied 

to the Commission's drawings)' was to persuade investors to 

abandon the less profitable and least vital schemes but 

State forestry had avoided the curbs to a considerable 
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extent, although the cost in accumulated interest had been 

high. The argument had involved crediting the difference 

between the actual borrowing rate and the promised timber 

return to the social attributes of forestry; to the provi-

sion of rural employment, recreation opportunities and 

other indirect benefits. When the borrowing rate for 

Treasury funds went up, the State forest authority had 

apparently increased the proportion of social benefit 

attributed to its investment and had carried on as before 

with largely unchanged timber-growing techniques. Mutch 

considered this to be remarkable in view of the objective 

of the increase in the borrowing rate, the investment res-

traint in the less productive' schemes. 

The Report of the Commissioners' for the year ending 

30th. September 1966 showed, on that date, that the Commis-

sion's capital account stood at 281 million pounds sterling 

of which 114 million pounds had ac.crued as interest charged 

at the Treasury borrowing, rate each year since 1919. Dur-

ing 1966, 14 million pounds of new money was drawn from 

Parliament to swell the capital account and 15 million 

pounds more was charged as interest for the single year. 

A simple extrapolation of the capital account figures 'pub-

lished in successive annual reports suggested that, with 

conservative estimates of future afforestation and interest 

rates, the capital account in 1980 would probably stand at 
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more than 700 million pounds. 

The reasons for the adoption of the accounting pro-

cedure had never been given publicly. Since the 40th 

Annual Report of the Commissioners suggested that a gross 

return of 3 or 3 1/2 percent could be obtained from timber 

production, it seemed to Mutch to be an irrelevance to 

publish a capital account assembled at the Treasury bor-

rowing rate (6 1/2 percent or thereabouts in recent years). 

In the-early decades of the Commission's existence, inter-

est rates were very low (2 to 4 percent) , mature timber 

prices were high relative to labour wages and land prices 

and high productivity/low cost afforestation was the rule. 

There had been a good chance of making a gross return and 

a nett profit on the investment since, in basic terms, the 

trees would be growing faster than the capital account. 

This was not now the case. 

Mutch held that it was unrealistic to persist with 

the existing system in the hope that the mean borrowing 

rate would fall as low as 3 percent. An early change of 

policy was necessary to avoid the creation of an unmanage-

able capital account. Commenting further on the accounting 

system, he stated that its worst results lay in the valua-

tion of assets in the Commission's balance sheet. Lands, 

roads, buildings, machinery, etcetera were valued at cost 
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and depreciated but represented only about one-sixth of 

the total assets. The largest asset was the forest grow-

ing stock which was taken to be worth the balance of the 

liabilities and this large assumed asset grew each year as 

the capital account increased, to match liabilities. In 

1966 alone, the assumed increase in value of the growing 

stock was 21.6 million pounds. It was pure assumption to 

believe that assets had appreciated as fast as liabilities 

had grown. 

The introduction of a new Forestry Fund, not sub-

ject to Treasury interest, which had been suggested as a 

solution to the accounting difficulty,was unlikely to 

succeed and would not affect the main issue. Afforestation 

now promised a negative investment yield to Britain. The. 

promise of the augmentation of that yield by a constant 

increase of real timber prices over time was illusory. 

The national forest policy combined economic aims with the 

provision of social benefits, such as rural employment, 

but under the combined stresses of wage increases and 

attempts to improve the adverse financial position, fores-

try must inevitably react by reducing its labour employ-

ment. Public recreation is the other potentially major 

social benefit employed but it was small in extent. 

As a solution, Mutch suggested that either the 
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Forestry Commission's drawings from Treasury should be 

charged at a rate lower than the normal borrowing rate, in 

order to make allowance for the very large social benefit 

the forests provide for recreation and other pursuits or 

the full borrowing rate should be charged only on the 

purely commercial ventures. These ventures would then 

slow up during deflationary periods, as in other parts of 

the economy and the overall system would produce differ-

ent, sharply differentiated objectives for the forests. 

An urgent need within the system was an adequate method of 

measuring social benefits, so as to draw up a meaningful 

balance sheet. 

Prior to 1958, Mutch noted, the Forestry Commission 

had a simple policy directed to the creation of a strate-

gic timber reserve and the same policy was promoted in 

private forestry, through the Dedication Scheme and in 

other ways. When that policy was cancelled, the substi-

tute policy had been inadequately drawn, belatedly pub-

lished, paid insufficient regard to priorities and lacked 

clarity, even in such important matters as the Commis-

sion's economic role and financial position. Mutch fore-

saw a real danger that the almost inevitable decision, 

some years hence, to write off hundreds of millions of 

pounds of liability generated from the interest accumula-

tion would adversely affect the public attitude toward 



-474- 

forestry and foresters and that, as a result, the whole 

industry would be discriminated against. 

It is the declared intention of the British Govern-

ment to enter into the European Economic Community and 

Openshaw (1967) has discussed the effects on forestry. 

The British import bill for industrial wood products in 

1964 amounted to almost 600 million pounds per annum. A 

comparison of United Kingdom tariffs and the E.E.C. Common 

Extended Tariff indicated that the former are similar to, 

if not more than, the latter. But there was no tariff on 

wood entering the United Kingdom from the European Free 

Trade Association (E.F.T.A.) and the Commonwealth countries 

so that much of the wood from Scandinavia and Canada, the 

largest suppliers, entered the U. K. duty free. Entry 'with 

E.E.C. would result in the levy of tariffs ranging from 6 

to 18 percent on some timber imports for the first time, 

amounting to a sum of about 20 million pounds or more. 

Openshaw assumed that Britain would not be able to switch 

her imports of industrial wood from the traditional sources 

to suppliers from the Common Market countries because both 

the U.K. and E.E.C. were large importers of wood pulp and 

papers. Secondly, he assumed that Canada and the Scandi-

navian countries would not join E.E.C. Canada's economy 

was too much integrated with the U.S.A. to permit of this, 

although the position of the Scandinavian countries was 
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less clear. The anticipated tariff increase of about 20 

million pounds might require some adjustment downward 

following publication of the Kennedy Round of tariff cuts. 

British newsprint manufacturers (but not the newspaper 

industry) would benefit from E.E.C. entry. In 1967, Scan-

dinavian newsprint cost only 53.4 pounds per ton whereas 

British and Canadian cost 56.7 pounds per ton. However, 

Finland, with massive integrated mills was also giving a 

discount on bulk orders. A 7 1/2 percent tariff on news-

print would bring the Scandinavian price to 57.4 pounds 

and the Canadian price to 61 pounds. The result of such a 

tariff and one of 17 percent on paper might be that Canada, 

and to a lesser extent, Scandinavia, would invest capital 

in pulp and paper mills in Britain. Pulpwood, wood chips, 

etc. entered the E.E.C. duty free and might be shipped in 

to - feed mills in Great Britain. 

British entry into E.E.C. should also act as a 

stimulus to British forestry. The marginal upland farmer 

would find it difficult to survive without subsidies since 

there would be an estimated surplus of 16 million acres of 

agricultural land in mainland Europe by 1970. The E.E.C. 

forestry policy, then in process of being worked out, 

should favour expansion of the forest area to counter the 

great reliance of Europe on timber imports and to act as a 

buffer against the predicted world timber shortage. 



-476- 

The anticipated extra 20 million pounds from 

tariffs imposed on timber imports entering the U.K., 

assuming entry into E.E.C. could find its way into the 

Common Agricultural Fund but Openshaw felt that a good 

case could be made to use the money for. extension of the 

British forest area, possibly up to 10 million acres. The 

relatively small pulp mill at Fort William would have to 

expand as quickly as possible in order to compete on equal 

terms and the annual planting programme of 52,000 acres 

for Scotland (36,000 Forestry Commission and 16,000 pri-

vate) should be increased about 3 times to obtain thriving 

forest and wood-using industries. The expansion would also 

ensure that the remoter regions would contribute to the 

national prosperity. 

Mutch (1962) has discussed the economic factors 

which influence the type of timber grown and the methods 

of growing it. It could be construed after the abandon-

ment of the policy to form a strategic reserve of timber 

in Great Britain, that interest-earning capacity was the 

main reason for investment and that the Faustmann test 

should be applicable. However, this would imply that 

afforestation was competing freely with other new invest-

ments, which was not the case. Mutch believed that buyer's 

specifications were likely to determine the type of timber 

grown and that the technical rotation was thus likely to 
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take first priority over other rotations. The buyer's 

specifications would change and management must be flexi-

ble, Mutch considered, with a bias in favour of high 

quality, rather than low. 

Johnston (1963) has written on the influence of 

planning at the management level on forest productivity. 

Using the criterion of nett discounted revenue per one 

pound sterling invested and assuming that the larger the 

profit, the' more successful was the undertaking, he has 

discussed the six principal factors influencing profitab-

ility which can be controlled at the planning level. 

These factors were defined as mean annual increment; cost 

of establishment (afforestation) ; cost of road construc-

tion; Cost' of forest maintenance ,and protection; thinning 

intensity and rotation lengths. 

C. Land Use Policy: 

As: in North America, there has been a greatly 

increased interest in recent' years in Scotland in the 

field of land use, particularly in its multiple use as-

pects and there has been, as a result of this interest and 

other factors, increasing pressures upon forestry to acco-

mmodate itself to a variety of potential uses. The Land 

Use Study Group of the Department of Education and Science 

(1966) has reported on land use for forestry, agriculture 
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and the multiple use of rural land. Great Britain current-

ly produces over half of her total requirements of food and 

rather less than one-tenth of her requirements of wood 

products by value. The lack of self-sufficiency in the 

products of the land emphasised the importance of care in 

the use of the rural areas. The Study Group concentrated 

on the selection of criteria to apply to various investment 

opportunities and an appropriate methodology. 

The Group reported that the major land uses in 

Scotland in 1900, 1935 and 1960 were: 

Major Land Uses in Scotland (1) - Millions of Acres. 

Type of Use 1900 1935 1960 

1. Agriculture (14.3) (15.0) (16.9) 

Arable 3.5 3.0 3.4 

Permanent grass 1.4 1.6 1.0 

Rough grazing 	(2) 9.4 10.4 12.5 

2. Woodland 0.9 1.1 1.6 

3. Urban development 0.2 0.4 0.5 

4. Other 3.7 2.6 0.1 

19.1 	19.1 	19.1 

(1) Derived from Table 1 of the Land Use Study Group 

Report which used as its source, "The Changing Use of 

Land", R.H. Best & J.T. Coppock, 1962. 
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(2) The nature of rough grazing was difficult to assess 

and the figures quoted, not very reliable. The change 

between 1900 and 1935 may thus not be altogether real, 

whilst the change between 1935 and 1960 is partly ex-

plained by the inclusion of 1 1/2 million acres of deer 

forests, previously recorded in the category "other". 

In 1964 1, there were 1.2 million acres of forest in 

Scotland classified as high forest, coppice and coppice 

with standards and 0.5 million acres of scrub and felled 

areas, totalling 1.7 million acres. By ownership, this 

area consisted of 1.0 million acres of private woodland 

(0.55 million acres of high forest, coppice and coppice 

with standards and 0.45 million acres of scrub and felled 

areas) and 0.7 million acres of Forestry Commission wood-

land (0.65 million acres of high forest, coppice and cop-

pice with standards and 0.05 million acres of scrub and 

felled areas) 

Recent estimates of the respective contributions 

of forestry and agriculture to national income (gross 

domestic production at factor cost) showed them to be 

approximately 900 million pounds for agriculture and 25 

million pounds for forestry, comparable to a total national 

income of 26,000 million pounds, in 1963. 



The study group found that no complete surveys of 

land use capability existed. In Scotland, most of the 

arable areas have been classified as to their farming 

potential by the Department of Agriculture in a "field by 

field" survey and, in several of the more remote areas, 

surveys had been jointly undertaken with the Forestry Com-

mission. The loss of land in Britain from agriculture to 

urban development (50,000 acres per annum) and to forestry 

for planting (60,000 acres per annum) amounted to about 

0.25 percent of the land in agriculture. The benefits of 

forestry were given as the production of wood; the possible 

provision of shelter and grazing for stock; the stabilisa-

tion of water flows; the creation of recreational assets 

and an input of stimulation or maintenance of the local 

economy through the employment offered. The Forestry Com-

mission was paying more attention to increasing the beauty 

of the landscape in the course of planting, by employing 

the advice of a leading consultant in the landscaping 

field. 

Over the decade 1964-73, the Commission expected 

to plant a further 450,000 acres concentrated in upland 

areas where population was declining and where expansion 

of forestry could bring, considerable social and employment 

benefits. The primary objective, however, was to produce 

wood for industry with due regard to social, aesthetic and 
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recreational considerations. The study group also found 

that, whilst grants and tax allowances provided substan-

tial financial incentives to private owners, to plant and 

manage wood, the long period from investment to return and 

a general lack of forest tradition made the activity rather 

unattractive to most farmers and to many estate owners. 

New planting on private land had proceeded at a rate of 

between 15,000 and 20,000 acres per year, in years just 

prior to 1966. The private forestry interests maintained 

that, in National Parks and areas of amenity interest, 

forest planting was sometimes discouraged by the applica-

tion of the very schemes set up to encourage it. On these 

areas, the Forestry Commission referred applications under 

the Dedication Scheme to the planning authorities, who 

tended to resist the planting or to insist upon conditions 

making the project less economic. The difficulties 

stemmed from an unyielding resistance to change on the 

part of those interested in the preservation of amenity 

and scenic beauty, according to their individual tastes. 

The study group emphasised that. the expansion of 

forestry for the production of wood in Great Britain, in 

order todiversify industry and to reduce dependence on 

overseas supplies had an effect, but a relatively small 

one, on agricultural output. The upland sites favoured by 

foresters accounted for some 14 million acres of the land 



surface of Britain'and. it was assumed that their contribu-

tion to agricultural output was about LI  percent. Other 

uses - water, recreation, amenity and scientific interest - 

were in a position 'which needed better co-ordination be-

tween the many agencies involved.*  In many cases, the 

co-ordination might best be achieved on a regional basis. 

A deterrent to co-ordination was the difficulty of finding 

a satisfactory classification of forest, land. In connec-

tion with a land-use classification, Lapgdale_Brown** of 

the Department of Forest and Natural Resources, 

University of Endinburgh, has proposed a physical app-

roach to land-use classification to the Government. 

The sites would be mapped, based on existing information, 

and classified as to the use(s) and production(s) which 

they can achieve. Productivity depends on management as 

well as site arid' the economic analyses of the site would be 

related to different types of management. e.g. intensive 

* Amongth these agencies are the Forestry Commission, the 

National Trust, the Nature Conservancy, the National Parks 

Commission and, in Scotland, the Highland and Islands Dev-

elopment Board, the Red Deer Commission and the Scottish 

Woodland Owners! Association. 

** Interview of the author with Dr. Langdale-Brown, Depart-

ment of Forestry and Natural Resources, University of 

Edinburgh on 22nd. November, 1967.. 
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and extensive management in forestry. "Consequent profits" 

(i.e. potential. profits following the crop raising process 

should possibly be considered as well.) 

The study group stated that a meaningful compari-

son of the profitability of alternate activities having 

widely differing production cycles (such as agriculture 

and forestry) could only be made by calculating the present 

worth of the respective activities and determining their 

nett discounted revenues. In a series of demonstration 

calculations, it had been found that some results were 

extremely sensitive to even small changes in costs and 

prices. When this recommended methodology was applied to 

specific prices it was found that, on the extensively 

farmed marginal areas, agriculture earned a higher financi-

al return to the Nation and to the private owner than did 

forestry unless the discount rate (ignoring the effect of 

possible inflations) was set as low as 3 - 4 percent. On 

better quality farm land, the profitability of agriculture 

exceeded that of forestry at a discount' rate as low as 3 

percent. British agriculture is, however, subsidised and 

the study group found it to be impossible to assess the 

effect of the removal of grants and subsidies on the pat- 

tern and structure and hence on market prices.*  It was 
*This difficulty, coupled with the known difficulties of 
forecasting forestry receipts, particularly those toward 
the end of the rotation must make the comparison of nett 
discounted revenue as a means of determining between alter-
nate land uses far from definitive and, at best, a guide. 
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also evident that any conclusions reached by an economic 

comparison might be considerably modified by non-economic 

considerations. In such instances, it was possible to 

assess the real cost by calculating the income lost from 

following an alternate activity from that suggested by 

financial considerations alone. The use to which land will 

be put would depend upon the objectives to be achieved and 

these might be different in the case of the private owner 

and the State, although decisions of the former could be 

influenced by actions of the latter. One of the national 

objectives was the creation and maintenance of employment. 

The decrease in rural employment*  had long caused concern 

but had not created a problem as great as had once been 

expected. Nevertheless, the employment situation was very 

difficult to assess. Apart from employment opportunity, 

the diversification of employment provided by forestry 

projects might, in itself, help to stem the flow of labour 

from the countryside and might improve communications, 

thereby facilitating tourism and other developments. 

The study group found that co-ordination of the 

various land-using interests had been lacking and that 

change in land-use had been hampered by having most rural 

land under agriculture, with any competitive activity 

* and the movement of rural populations to urban areas, 

including the de-population of the Scottish Highlands. 
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being required to substantiate its claims. Claims for the 

integration of activities such as recreation and tourism 

had frequently been complicated by a lack of mutual under-

standing between urban and rural populations. A further 

complication had appeared with the increase of owner-

occupiers, a process in which the influence of the large 

estate Owners in co-ordination of land use was being lost. 

The study group claimed that land-use problems were of a 

local, rather than a national basis, and this indicated 

the need for rural development authorities based on reg-

ions, with powers and finance to implement a de-centralised 

national policy and to formulate regional plans which 

would be subject to central approval. The functions of 

such an authority should include the purchase of land, as 

it came on the market, for amalgamation with other units 

and resale as economic holdings. On economic grounds, 

much re-organisation of land was necessary in agricultur-

ally marginal areas but, in order to maintain the commun-

ity, there might be a need for some small farms in these 

areas, sustained by additional employment (from country-

side, rather than industrial projects) outside agriculture. 

The study group recommended that more work should 

be done on important environmental influences and the 

intrinsic and technical production potential of land in 

general. There was a need for more precise information on 
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the likely national, home-grown requirements of food and 

timber. Further consideration should be given to encoura-

ging private woodland owners to play an increasing part in 

the rehabilitation of cut-over and derelict woodland and 

in the expansion of the country's forest estate. A re-

examination should be made of the possibilities of addi-

tional uses of water-gathering grounds, particularly for 

forestry or agriculture. More information was needed on 

amenity and recreational requirements in the countryside, 

how these requirements should be met and the economic and 

social implications of meeting them. More scientific 

study was needed of the effect of technical advances on 

the ecosystems in the high production-lowland areas, in 

addition to that already being obtained in the semi-

natural plant and animal communities in areas of low agri-

cultural potential. Further study of rural depopulation 

and the effect of concentration of rural populations in the 

towns and larger villages under the existing circumstances 

was also needed. More urgent consideration should be given 

to problems of farm structure, ownership and tenure on a 

regional basis. Bodies such as Regional Development Auth-

orities should be created and a research unit*  should be 

established to identify and investigate problems in the 

* As recommended by the "Slater Committee", set up in 1961 
by the Advisory Council on Scientific Policy to examine the 
implications of establishing a Natural Resources Research 
Council. 



-487- 

natural resources and multiple land use field. 

Mathur (Mathur, R.S. 1967. Ecological and economic 

considerations in land use planning. M.Sc. Thesis. Edin-

burgh University) has also discussed land use planning and 

has dealt with the co-ordinate roles of economic and 

ecological considerations in arriving at a classification 

of land capability. He demonstrated the need for an 

integrated economic and ecological approach employing 

quantitative and objective methods of analysis. Mathur 

attempted to evolve a suitable technique, combining the 

physical capacity of the land with its evaluations in 

economic terms. The methodology consisted of finding out 

the economic significance of environmental variations by 

means of statistical tests and was employed in relation to 

a specific area near Selkirk, in the southern Uplands of 

Scotland. Mathur concluded that it was practicable to 

integrate environmental and economic factors in the class-

ification of land capability by using an analytical method. 

Of particular interest to this thesis, is Mathur's descrip-

tion of the comprehensive land classification system of 

Britain as a practical physical classification following 

the American approach, whereas that of Canada had a more 

theoretical approach and placed emphasis on the detailed 

evaluation of numerous environmental factors. It was 

evident that the comprehensive methods would give more 
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detailed and acceptable results but, even so the infor-

mation provided by them seemed to be inadequate for land-

use planning work, because of their subjective nature and 

qualitative assessments of productive capacity. The need 

was, Mathur felt, for a more quantitative and mathematical 

approach giving certain concrete values of land capability. 

Edwards (1963a) has pointed out that pressure of 

population makes the reorganisation of the use of all land 

in Britain necessary, including its use for forests. The 

classical pattern of forestry, founded on the management of 

natural vegetation associations cannot be applied to 

British forestry, where the forests have been destroyed 

or modified and the soils impoverished by leaching, erosion 

and human usage. When the Forestry Commission had been 

formed in 1919, there was little evidence available on 

which to fix limits of suitability of land for planting. 

Research soon showed that alteration of the im-

mediate environment of the tree by drainage, cultivation 

and the use of phosphates faciliated the establishment 

of the crop and that many exotic species were easier to 

establish and grew faster than did native species. Thus 

two concepts of marginality became recognised - i.e. the 

limit at which trees can be established by simple, tra-

ditional methods. The evidence that the early produc-

tivity of the exotic crops would be maintained was, how- 
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ever, scanty since the basic limiting factors of climate, 

soil and species remained to be thoroughly understood. In 

addition, the forest must be considered economically sub-

marginal if the balance between habitat, a healthy growing 

crop and marketable products could only be maintained at 

disproportionate expense. Edwards held that the use of 

artificial methods in the creation of forests could only 

be successful if the safeguards of the natural forest 

(which, in Britain, have been irretrievably lost) were to 

be replaced by artificial methods of control founded on 

a precise knowledge of what was happening, what should be 

happening and the degree of divergence of these two 

courses. More research, therefore, was necessary into 

habitat, climate and soil development. 

d. Forest Protection Policy: 

The greatest damage to forests in Scotland is 

caused by gales and the subject will be dealt with later 

in this review. 

Forest fires, whilst by no means the problem that 

they are in British Columbia do occur to a noticeable 

extent and protection measures including fire lookouts, 

fire breaks, mechanical equipment and birch beaters, as 

well as arrangements with the national fire brigade 

organisation to fight fires. The following fire damage 

has been reported by the Forestry Commission (1965), 
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(1966) and (1967) 

Fires in Scottish Forestry Commission Forests 

1964 - 1966 

Year 

	

1964 	1965 	1966 

Number of fires 	 187 	101 	71 

Area burned (acres) 	 26 	117 	140 

Value of damage (pounds 	 4 1* 429 	13)417 	20 1015 
sterling) 

The causes of these fires were given as: 

Causes of Fires in Scottish Forestry Commission Forests 

1964 1966 

Year 

Cause 1964 1965 1966 

Total 187 101 71 

Railways 100 32 2 

Adjoining land 39 34 6 

Public 23 15 17 

Commission employees 2 2 2 

Incendiarism 3 4 6 

Miscellaneous 6 1 3 

Unknown 	S S 	S  14 .1.3 	. 	. . 	3.5 
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The subject of pathological fungi is dealt with 

later in this review. 

e. General Policy: 

In the summarised forest,history of Scotland given 

previously, the important changes in forest policy which 

occurred following the Second World War and coincident with 

the effects of the development of nuclear weapons into a 

factor of strategic importance, have been mentioned. The 

British Commonwealth Conference (1962) has reported the 

Forestry Commission's statement of summarised policy aims 

for State forests, to give effect to national forest 

policy as determined by the Forestry Acts and a policy 

review of 1958, as follows: 

(1) To achieve an orderly expansion of timber pro-

duction by extending the areas of forest at a steady 

rate by means of new planting and by managing all Forestry 

Commission forests in accordance the principles of sus-

tained yield. 

To manage the estate as a commercial enterprise 

and, within the limits set by the other policy objectives, 

to earn the highest possible return on the capital invested. 

To give attention to the aesthetic and protective, 

as well as the productive role of the forest. 

To provide employment in rural areas, especially 
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where the need is greatest, and to build up and maintain 

a thriving body of forest workers and their families. 

To foster sociological and industrial develop-

ment ancillary to forestry. 

To pay due regard to recreation, sporting inter-

est, fauna and flora.. There is also extant, a statement 

of Forestry Commission objective made in connection with 

management plans. However it is considered to be more 

convenient and appropriate to deal with these objectives 

later, when discussing management plans. 

Beresford-Peirse (1963) commented upon the change, 

indicated in the foregoing policy statement, from the use 

of forests as a simple defence measure to the pursuit of 

efficient and cheap forestry so as to compete with world 

prices and earn a proper return on the money invested. 

His remarks on the potential profitability of forestry in 

Britain are in contrast to the views expressed by Mutch 

(1967) which have been mentioned above. Arguing that, 

with Britain's small land-area in relation to population, 

the most profitable crops should be grown, Beresford-

Peirse felt that, on the average, with the general land 

quality that the Forest Commission planted, the investment 

could earn about 5 percent at compound interest. By. 

adding "forest influences" - recreation., the social 

function of providing employment and the protective 
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function of forests - the forest programme could be 

justified, socially and economically, as a sound invest-

ment. The main foundation of the enterprise must be, 

however, the production of an essential raw material for 

industry. Britain's wood imports were costing 450 million 

pounds sterling per annum and home-grown wood supplies 

only amounted to 8 percent of the country's total needs. 

The British growth rate for spruce was two or three times 

as great as that which occurred in Scandinavia. There was 

a wide choice of exotic species that grew well and pro-

duced wood of a quality satisfactory for many end uses. 

With these factors, Britain ought to be able to pick and 

choose the segments of the enormous home market which 

home-grown wood would supply by offering an acceptable 

product and under-selling the imported product. The 

pitwood, pulp and saw-timber markets all offered good 

potential in this direction. If the country were to 

provide about one-third of its wood requirements in the 

year 2,000 A.D. it would mean that the country would re-

quire about 7 million acres of managed and productive 

woodlands - about 12½ percent of Great Britain's land 

area and a realistic objective. Whatever the target, a 

steady programme of forest expansion should occur. 

Quite apart from the under-selling of imported, 

competitive products, Beresford-Peirse held that British 
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foresters must take the fullest advantage of the various 

forest sites by practising the highest level of silvicul-

ture, keeping in mind the end-products to be grown. Pro-

duction could be substantially cheapened by modern methods 

of management, by rationalising of logging processes; by 

mechanisation, by including, good labour relations leading 

to high output and high earnings and by using work study 

aids to the full. The planning of production in relation 

to new or existing markets should be placed on a regional, 

rather than a national or local basis in the light of what' 

was silviculturally possible. On this basis, forest 

management must conform to marketing plans. The remarks 

of Beresfored-Peirse have special significance in view 

of his position of Director-General of the Forestry 

Commission and, in many ways, they are more revealing of 

intent than is the Forestry Commission formal statement 

of policy outlined previously. The remarks were addressed 

to a meeting. In the discussion which followed their 

delivery, the opinion was expressed and with relevance to 

the report of Openshaw (1967) as outlined above, that 

British entry into the European Economic Community would 

probably not alter the anticipated heavy imports from the 

European Free Trade Association countries of pulp and 
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chip-board under promised lower tariffs*.  The discussion 

also brought out the opinion that the 5 percent compound 

interest to be derived, in Beresford-Peirse's view, from 

Forestry Commission operations, ignored inflationary trends 

which applied to all investments in physical assets and 

which had been calculated as 3½  percent flat rate, plus 1½ 

percent for a general rise in standing timber values re-

lative to the general price level. 

The forest policy of Great Britain, as Beresford-

Peirse mentioned indirectly, has taken cognisance of the 

future demands for wood. Holtam (1964) has estimated the 

British industrial requirements for home-grown wood as 

compared to potential production, for the period 1965-75. 

It was anticipated that the potential production of 

private woodlands would exceed the Forestry Commission's 

potential until 1970, when they would be equal at about 

33 M. M. H. F. (42 M. M. cu. ft.) each - a total of 

* The author was unable to establish, in a satisfactory 

way, how binding the alleged promise of lower tariffs was. 

Obviously, the Free Trade Association countries referred 

to are the Scandinavian countries and, whilst these have 

considered the "promises" to be binding, the British 

Government, judging from current press reports, have a 

qualified view. 
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66 M.M.H.F. (84 M.M. Cu. ft.). By 1980, the Commission is 

expected to produce 72 M.M.H.F. (92 M.M. Cii. ft.), whereas 

private woodlands may then have a potential production of 

about 43 M.M. H.F. (55 M.M. Cu. ft.). Between 1965 and 

1980, the total potential production of Great Britain was 

expected to more than double - from 52 M.M. H.F. (66 M.M. 

Cu. ft.) to about 115 M.M. H.F. (147 M.M. cu. ft.) in 15 

years. Spruces will account for about one-half of the 

forecast Forestry Commission potential and for about one-

fifth of private woodlands potential. 

Small roundwood*  production was expected to account 

for most of the total potential production increase, by 

rising from 34.5 M.M. H.F. (44 M.M. cu. ft.) in 1965 to 76 

M.M. H.F. (97 M.M. cu. ft.) in 1980. Of these amounts, 

Forestry Commission small, roundwood potential was expect-

ed to increase nearly threefold, from 18.6 M.M. H.F. (24 

M.M. cu. ft.), of which 44 percent was spruce, in 1965, to 

51.1 M.M. H.P. (65 M.M. cu. ft.), of which 55 percent will 

*The total potential roundwood production was estimated to 

3 inches top diameter over bark. A potential sawlog was 

estimated to have a minimum top diameter of 8 inches over 

bark, a minimum length of ten feet and no other require-

ments. The. term "small roundwood" as employed by Holtam 

was the total potential production less the potential saw-
log production. 
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be spruce,.in 10. 

The total potential production of softwood sawlogs 

was expected to increase from 17.4 M.M. H.F. (22 M.M. cu. 

ft.) in 1965 to 38.8 M.M. H.P. (49 M.M. cu. ft.) in 1980. 

Both of these figures represent about one-third of the 

total potential softwood production in each of the respect-

ive years. The proportion of spruce in the potential saw-

log production is expected to increase from just below 25 

percent in 1956, to more than 33 percent in 1980. 

The total industrial requirements (excluding saw-

mills) for small softwood roundwood were estimated by 

Holtam, in M.M. H.P. overbark and are converted into cubic 

feet as follows: 

Total Industrial Requirements for Small Softwood 

RoundwoodM.M. cu. ft. 

Forest Year 1965 Forest Year 1975 
Total of which Total of which 

Spruce Spruce 

Coal Mines 21.4 6.4 19.3 2.5 
Pulp 13.8 11.6 37.6 28.5 
Wood Chipboard 4.3 1.0 11.4 2.5 
Fibreboard 3.1 0.1 3.8 0.1 
Woodwool 0.5 0.3 1.3 0.4 
Fencing 6.4 - 6.4 0.4 

Totals 	 49.5 	19.4 	79.8 	34.4 
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1-loltam derived certain implications from these 

estimates. Existing industries which were based on home-

grown wood and industries which would like to change from 

imported to home-grown wood, together with planned new 

industries, would share between them such a relatively 

high potential for expansion and increased use of home-

grown wood that it would be most difficult to plan the 

development of any additional major new industry based 

solely on home-grown supplies and which was to come into 

production before about 1982. It also appeared to be like-

ly that increased competition for sawlogs by pulp mills 

would develop. Imports would continue to contribute such 

a big proportion of Great Britain's needs for wood and 

wood products that prices for home-grown wood were likely 

to continue to follow imported prices. Industries using, 

or planning to use, home-grown wood could, in most cases, 

change to imported wood if it were cheaper. If the 

British mines attracted and utilised home-grown supplies, 

it appeared that imports of pitwood could be of little 

significance by 1970. Until 1977-78,-private growers would 

control most of the potential softwood supplies and they 

should organise a steady flow of logs to the market, if 

softwood sawmilling were to develop. Holtam also dealt 

with hardwoods but, since they are of relatively minor 

economic significance in Scotland, they are not discussed 
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in this review. 

f. Marketing Policy: 

With the rapidly increasing volumes of wood which 

are becoming available in Scotland for utilisation, the 

question of the marketing Of timber and timber products 

has become of vital importance. 

The well-known "Watson Committee" from 1954 to 

1956 3, considered and reported upon measures which might 

be taken within the home timber industry to improve arrange 

-ments for marketing produce from privately owned woodlands 

(Forestry Commission (1956)). It noted that home-grown 

supplies of over-mature timber would tend to diminish and 

those of small timber (thinnings) to increase, with two 

main consequences. The pre-war home-grown timber trade 

would become smaller in scale and, secondly, its re-growth 

would be in a new direction calling for initiative, new 

methods and new plant. It would be an important function 

of the Forestry Commission to foster new industries. 

There would, also, clearly have to be better co-ordination 

between the standing timber owners (both State and private) 

and timber traders. 

The ability of home-grown timber to displace for-

eign timber would depend, more than anything else, upon 



-500- 

achieving a standard of preparation and service equal to 

that of the imported article. It was noted that British 

public bodies such as the Transport Commission, the Nation-

al Coal Board and the Post Office made extensive use of 

imported timber and were strong monopoly buyers. There 

should be some equally strong authority watching the inter-

est of home-grown timber to ensure that it was not ruled. 

out from use by such buyers, by prejudice as distinct from 

quality. Good quality timber could be grown in Britain, 

although not all of the standing timber in the woods was 

of this quality. Also, little was known about the quality, 

in Britain, of some of the more recently introduced conif-

erous species planted during the previous 30 years or so. 

There was room, the Committee felt, for an extension of 

scientific knowledge and for greater commercial awareness 

in matters of silviculture and woodland management. Also, 

it would be important to accompany an expansion of saw-

milling capacity with the 'adoption of up-to-date techniques 

and 'high consumer service standards. Lumber grading rules 

should be employed to facilitate the sale of home timber 

in markets served by imported timber and to remove' the 

common practice of selling "mill-run". . . 

The British Home Timber Industry is composed, in 

the main, of three interests and these are the private 
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growers (landowners), the home timber trade (timber merch-

ants) and the State (Forestry Commission). The former two, 

although largely, separate in activity, are complementary 

in the business of timber production and conversion. The 

Forestry Commission grows timber, is responsible for the 

fulfilment of the Government's forest policy and for pro-

moting the interests of the' industry as a'whole. The 

Watson Committee examined these interests in some detail 

and its comments"are pertinent to this thesis. 

(1) Private Woodland Management: 

Most of the mature and semi-mature timber in 

Britain is in the hands of private landowners, mostly as 

part of composite estates where agriculture and other 

pursuits are also practiced and frequently predominate. 

The areas'in individual ownership range from a few to sev-

eral'thousandsof acres with a large prdportion being less 

than'250 acres. The Watson. Committee stated that the 

attitude of owners toward forestry varied from keen pro-

fessional interest to apathy. 

The Committee was primarily concerned with wood-

lands managed, or capable of being managed on a commercial 

basis and with the expectation of owners who were assist-

ing the Government's forest policy that their'woodlands 

would bean asset and not a liability to the overall 
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finances of the estate. On a large estate, it was usual 

to employ a qualified agent or factor for management but 

very few private landowners employed professional foresters 

(University trained), rather they relied on a head forester 

(technician training level), and a permanent labour force. 

In other cases, because of cost or choice, an owner may re-

tain or call on the services of a professional firm of 

land agents for advice and assistance in silvicultural 

and management problems. There was an increasing number 

of forestry consulting firms who would consult or perform 

operations such as fencing, draining, replanting and thin-

ning. 

The private woodland owner, in the Committee's view 

was an individualist with little contact with other wood-

land owners. As a group, the owners lacked a close degree 

of co-operation in management problems and sales promotion 

and co-ordination. A comparatively slow development of co-

operative forestry societies had occurred. The Co-oper-

ative Forestry Society (Scotland) Ltd. had been founded in 

1911 and had amembership (in 1956) of about 700. Covering 

all of Scotland, its degree of management varied from 

region to region and the woodlands owned by its members 

totalled more than 250,000 acres or approximately a quart-

er of the total area of privately owned woodland in 

Scotland. Other Associations covered parts of England and 
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Wales. The Societies provided members with assistance 

in management and marketing. The Forestry Commission 

(1948) had recalled their consistent view that there was 

great scope for the development of co-operative schemes in 

private forestry and they had actually given some grants, 

loans and guarantees to foster them. However, it was 

clear to the Watson Committee that few of the existing 

societies were in a position to extend the scope of their 

activities unless they received more whole-hearted support 

from woodland owners, particularly the larger ones. 

There was a number of organisations representing 

woodland owners. For Scottish landowners, these included 

the Scottish Landowners' Federation and (by virtue of its 

other interests) the National Farmers' Union. The Scottish 

Landowners' Federation took a special interest in forestry 

even though it was only one of their many activities. The 

professional land agency bodies shared with it an active 

concern in private forestry, because many of their members 

were associated with woodland management and sales of wood-

land produce. The technical and professional aspects of 

forestry were (and are) represented in Scotland by the 

Royal Scottish Forestry Society and the Society of Forest-

ers of Great Britain. Membership of the two societies 

includes practiSing woodland owners and any persons with 
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knowledge of, or interest in, forestry. The United 

Kingdom Forestry Committee was formed in 1948, with the 

launching of the government post-war forestry programme 

to provide a single voice for woodland owners as a whole. 

It included members elected by the Country Landowners' 

Association, the Scottish Landowners' Federation and the 

two Royal Forestry Societies as well as members with exper-

ience of land agency, forest economics and the timber trade. 

It was primarily a co-ordinating committee, meeting as 

occasion demanded and it had a Scottish sub-committee. 

However, it had no professional staff and did not engage 

directly in promoting the affairs of individual woodland 

owners. 

(2) The Home Timber Trade: 

The British Home Trade consisted of several hundred 

merchants who buy home-grown timber and converted it for 

sale to industrial and other consumers. The Scottish 

Association was separate from, but maintained close liaison 

with, the Association for England and Wales. These 

Associations presented trade views to Government Depart-

ments, including the Forestry Commission and supplied trade 

representation to the various consultative bodies serving 

the home timber industry. The Home Timber Merchants 

Association of Scotland was not a trading concern and its 
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116 ordinary members handled about 90 percent of the total 

amount of timber converted by the trade in Scotland. There 

were associate members, largely timber importers who con-

verted home timber from time to time. 

The Timber Trade Federation of the United Kingdom 

dealt with the much larger and more, elaborately organised 

imported timber trade. Its membership chiefly consisted 

of timber importers, agents and brokers but also included 

non-importing timber merchants dealing in imported timber. 

Each group had its own Section or Association linked into 

the Federation. The Timber Development Association which 

was largely financed by the Timber Trade Federation to pro-

mote the use of timber generally, included some home timber 

merchants as members. It was concerned with both imported 

and' home-grown timber and co-operated with the Home Timber 

Association. 

(3) The Forestry Commission: 

The Watson Committee pointed out that the Forestry 

Commission, apart from its other functions, had assumed 

responsibility in the development of new timber consuming 

industries and had played a leading part in the negotiations 

leading to the establishment of a number of valuable pro-

jects. It was able to do so because of its information 

on the forest resouce and its geographical distribution 
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and, also, because it could offer substantial guarantees 

of supplies from its own woodlands, guarantees which the 

unco-ordinated private sector had been unable to provide. 

Consultative Machinery: 

The interdependence of the three foregoing princi-

pal interests in the home timber trade has resulted in 

frequent consultation between them. This process was 

carried on, in the case of the woodland owners by the 

United Kingdom Forestry Committee or its constituent bod-

ies and, in the case of the home timber trade, by the Home 

Timber Associations. National Committees (for England, 

Scotland and Wales) and Regional Advisory Committees, 

created under statute,' worked under the authority of the 

Forestry Commission and were concerned with a wide variety 

of matters arising out of the administration of the Govern-

ment's forest policy. They served, the Watson Committee 

noted, to safeguard the interest of the public generally. 

Other bodies had been set up to provide for consultation 

specifically on the marketing of home-grown timber and 

these were the National Home-Grown Timber Council, the 

Home-Grown Timber Advisory Committee and the Advisory 

Committee on Utilisation of Home-Grown Timber. 

The National Home-Grown Timber Council: 

This Council was established from recommendations 
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made in 1933 and incorporated in 1937. It provided a per-

manent link between growers, buyers, distributors and 

users of home-grown timber, distributed trade information 

and statistics, studied economics, undertook research and 

promoted propaganda. Also, it negotiated, on behalf of the 

industry, with the Forestry Commission and others on mat-

ters affecting industry interest. The bulk of the Council's 

finances were provided by the Forestry Commission which 

undertook to provide 7,500 pounds over a period of three 

years subject to the other interests (mainly growers and 

merchants) providing a total of not less than 500 pounds 

annually. In its short pre-war existence it carried out 

various utilisation experiments and a trial census of wood-

lands and it made a number of recommendations to the For-

estry Commission. With the outbreak of war, its activi-

ties lapsed. 

(6) The Home-Grown Timber Advisory Committee: 

The Forestry Commissioners set up this Committee 

in 1939 to represent owners, timber merchants, the British 

Board of Trade and the Commission itself, with a view to 

agreeing on arrangements, in case of war, for licencing 

tree felling and controlling timber prices. During the 

War, it was largely superceded by a number of other Commit-

tees set up by other Government Departments but it survived 

and acted in post-war years as a medium for the discussion 
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of felling licencing. In 1951, licencing was made a sta-

tutory duty of the Commissioners and the Committee was put 

on a statutory basis for this purpose, although it has, in 

fact, discussed a number of other marketing topics. The 

Chairman was from the Forestry Commission and the members 

came from-the Commission, the Board of Trade, the Country 

Landowners' Association, the Scottish Landowners' Associa-

tion, the Federated Home Timber Associations, the Home 

Timber Merchants' Association of Scotland and the Timber 

Trades Federation. 

(7) The Advisory Committee on Utilisation of 
Home-Grown Timber: 

The Committee was set up by the Forestry Commiss-

ioners, by a decision taken in 1949, to advise on measures 

to promote the utilisation and sale of British forest pro-

duce. The thought was to make the best use of the coun-

try's depleted stocks of timber, to advise private land 

owners on utilisation problems and to advise on research 

problems involved in marketing the increasing out-turn of 

thinnings from the Commission forests. The membership in-

cluded representatives of the Forestry Commission, the 

Board of Trade, the Forest Products Research Laboratory, 

the Rural Industries Bureau, the Timber Development Assoc-

iation, the United Kingdom Forestry Committee, the.Federa-

ted Home Timber Associations of England and Wales and the 

Home Timber Merchants' Association of Scotland. A number 
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of marketing and other investigations were carried out. 

The Watson Committee gave a simple account of the marketing 

process, inferring that some owners sold timber without 

knowing its volume and the range of prices paid in similar, 

or apparently similar, parcels. The Scandinavian and 

French pricing procedures had achieved better price stab-

ility than in Britain, to the benefit of their private 

owners. In the case of home-grown mining timber sold to 

the National Coal Board, however, national marketing proce-

dures and stable price levels had arisen from national 

fixed price agreements although, in Scotland, there was no 

guaranteed quantity, as there was in England and Wales. 

(8) Conclusions of the Watson Committee: 

A major cost factor in the wood marketing process 

lay in transportation. The high cost of rail transport 

put an economic radius upon this mode of transportation. 

The British Transport Commission were hoping to rationalise 

freight charges based on "loadability" (i.e. the amount 

that could be loaded on a standard wagon) instead of. the 

value of goods. However, with large scale processing 

plants, the Committee felt that there might be no altern-

ative to subsidising, on a temporary basis, the carriage 

of surplus materials to markets outside the normal economic 

radius. If the transport Costs continued to rise, produc-

ers in remote areas might have to be assisted on a selective 

basis. However, the Committee did not propose the use of 
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subsidies as a normal and integral feature of the marketing 

of home-grown timber. 

The marketing policy of the Forestry Commissioners 

was to dispose of their timber in the round and in the 

most remunerative markets. However, the Commission would 

convert and manufacture for Government use, where no rea-

sonable offer was forthcoming for round timber or where it 

appeared desirable to carry out pioneer work such as the 

promotion of some new form of timber utilisation or some 

new industry. 

An important conclusion was that the produce from 

privately owned woodlands should be integrated with the 

rapidly growing output from the State woodlands and this 

total home-grown output integrated into the total pattern 

of British timber consumption. This recommendation in-

volved a planned and regular flow of production; a fair 

share of the market to private owners; provision of means 

to absorb production surpluses; a healthy timber trade, 

capable of expansion; continued research effort and adequ-

ate returns to woodland owners,adequate to support the 

re-stocking and maintenance of their woodlands and to pro-

vide, in due course, a reasonable return on the capital 

represented by the woodlands. The achievement of these 

objectives, the Committee believed, required a strong and 
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effective association of private woodland owners. This 

was to be a Woodland Owners' Association for all of 

Britain.* A central consultative body was also required, 

representative of all the principal interests concerned in 

the marketing of home-grown timber. The Home-Grown Timber 

Advisory Committee would function in this role, after re-

constitution. 

MacGregor (1957) reviewed the Watson Committee's 

report about a year after its publication and noted some 

of the objections to it, by woodland owners and foresters1 

It appeared that there was general agreement as to the 

excellence of the diagnosis of the ills of the British 

forest industry, including forestry, but substantial dis-

satisfaction with some or most of the recommendations. 

The' main criticisms seemed to be that the terms of refer-

ence were being too narrowly interpreted when British wood 

import policy was excluded from consideration; that the 

Committee were evasive when they used the lack of evidence 

concerning financial returns as an indication of the need 

within the industry, as an excuse for making no positive 

recommendations about price supports; 'that forestry com-

pared rather badly with agriculture in the extent of fin- 

*In  practice, the Scottish Woodland Owners' Association 

was formed separately. 



-512- 

ancial assistance; that more should have been done to in-

spire confidence and stability, especially for the many 

small woodland owners; that the proposal to add yet two 

more bodies, the Woodland Owners' Association and the 

Central Consultative Body, to those already existing for 

forestry was unnecessary; that the organisation of what, 

in effect, would be a voluntary body without power was 

likely to be left to the producers themselves or to those 

who were already leaders in the existing organisations and, 

perhaps most surprisingly, that detailed marketing machin-

ery was not suggested. Merely to state the pre-requisites 

for a sound marketing policy was scarcely a substitute for 

appropriate recommendations. 

Not all of the criticisms of the Watson Committee's 

report were, however, adverse and a number of suggestions 

and proposals had been made. Some believed that a Trans-

port Equalisation Scheme was necessary to get the utmost 

use from areas capable of growing timber and others had 

felt that a reduction in transport costs could be promoted 

by greater co-ordination of two-way traffic and by zoning. 

Arrangements for the processing and preparation of timber 

and forest produce for marketing could be improved. There 

was a shortage of felling and hauling contractors who 

specialised in preparation for markets. Depots to process 
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the thinnings of an entire area might be adopted as a means 

of reducing handling and processing costs. Small, port-

able pulping or chipping units had been considered as a 

possibility. The introduction of standard grading rules 

would, in time, widen the market. 

Another proposal was to set up a special committee 

to advise on finance on the premise that the whole system 

of financial assistance required overhauling and simplifi-

cation. Separate organisations had been proposed for 

Scotland with existing societies involved in them. Thus, 

there should be a Scotish Woodland Owners' Association, 

based on the Royal Scottish Forestry Society and the 

Scottish Landowners' Federation. There should also be a 

Scottish sub-Committee of the Central Consultative body 

which should not, however, consist of altering the Home-

Grown Timber Advisory Committee in the way proposed by the 

Watson Committee since this would tend to reduce the 

Scottish representation as well as that of the timber 

grower. 

MacGregor felt that the main weakness in marketing 

home-grown timber was associated with the small scale and 

scattered nature of most private woodlands since this, in 

the absence of co-operative or organised marketing, led to 

irregular and insignificant output. Organised maiketing 
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would reduce the cost of the marketing function and improve 

the prices received. Ways of improving general price lev-

els, apart from any direct Government assistance would a-

rise from improvements inquality, a closer study of con-

sumer requirements, improved efficiency in the conversion 

proce'sses and industries, development of new industries 

and increased bargaining strength derived from organized 

marketing and marketing intelligence. 

The imported timber supplies greatly exceeded the 

home supply and, although the latter should not be unduly 

sheltered or inefficiency encouraged, there could be some 

justification in the idea that an industry in the course 

of rebuilding and expansion should have some form of spe-

cial temporary arrangement or protection. The Joint 

Parliamentary Secretary to the Ministry of Agriculture had 

stated reasons why the Government would be prevented from 

restricting timber imports because of its acceptance of 

the General Agreement on Tariffs and Trade (G.A.T.T.). 

The substantial advantages accruing to Britain from 

G.A.T.T. could not well be sacrificed to secure immunity 

from foreign competition for woodland owners. 

3. Forest Tenures: 

a. Forestry Commission Lands and Holdings: 

As mentioned previously, the Forestry Commission, 
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in 1964, owned and held 0.7 million acres of woodland in 

Scotland, of which 0.65 million acres was classified as 

high forest, coppice and coppice with standards and 0.05 

million acres as scrub and felled areas. The future major 

increases in area of forest appear to lie in North Scotland 

Conservancy where considerable areas of impoverished land 

occur and where the prospects for use of higher economic 

value than forestry appear to be limited. The possibility 

of concentrated forest production at an economic level 

which promises to surpass that of the scattered, smaller 

forest areas of more densely inhabited regions is apparent. 

This is not to say, however, that all land purchased by 

the Commission has been designated for planting by the 

agricultural authorities or is otherwise suitable for 

planting. The Forestry Commission (1966a) has given the 

land use of Commission lands in North Scotland Conservancy 

in 1966 1, as: 

Under plantations 	 203 1,809 ac. 

To be planted 	 80,353 ac. 

Agricultural and other land 	313,356 ac. 

Total 	 597,518 ac. 

Nor are all of the forests, planted or to be planted, of 

large size as is demonstrated by the following Forestry 

Commission (1966a) figures: 
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Numbers and Acreages of Forestry Commission Forests in 

North Scotland Conservancy as at 30th of September, 1966 

(Land under plantations and to be planted but 
excluding certain minor areas on Orkney and 

the Isle of Lewis) 

Size of Forest (acres) 	 Number 	Total Acreage 

0-999 5 3,395 
1,000-1,999 8 11,946 
2,000-2,999 12 31 1685 
3,000-3,999 3 11,067 
4,000-4,999 5 21,871 
5,000-5,999 5 27,049 
6,000-6,999 2 13,816 
7,000-7,999 2 15,145 
8,000-8,999 2 16,739 
9,000-9 1,999 2 18,925 
10,000-10,999 1 10,290 
11 2000-11,999 2 22$ 31 
12,000-121999 - - 
13,000-13,999 2 26,864 
14,000-14 2999 1 14,677 

18,000-18,999 1 18,736 
191000-19,999 1 19,380 

54 	 284,116 

The broken pattern of much of the forest planting 

is created by the pattern of Forestry Commission land 

purchase which has been conducted on a basis of voluntary 

availability rather than by compulsion, as well as the 

facts that private owners are conducting planting operat-

ions in the Conservancy and that land use for forestry is 

restricted by agriculture and/or unsuitability for plant-

ing. 
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b. Dedicated and Approved Woodlands: 

As has been mentioned previously, the Forestry 

Commission provides incentive for private forestry under 

its Dedicated and Approved Woodlands Scheme. These 

Schemes, along with such matters as Small Woods Planting 

Grants; the purchase, lease or feu of woodlands by the 

Commission and Tree Preservation Orders are briefly des-

cribed in the Annexures hereto. 

The Forestry Commission (1965a; 1966b; 1967a) has 

reported on progress with the schemes, as follows: 

Dedication Scheme: 

Great Britain Scotland 

Number Area (acres) Number 	Area (acres) 

Schemes completed 

30 Sep./64 2,591 791 2 384 571 	317,384 

Schemes completed 

30 Sep./65 21,719 8261811 603 	335,836 

Schemes completed 

30 Sep./66 2,831 849,829 635 	346,134 

Approved or in 
preparation 	176 	60,668 	64 	41,561 
30 Sep./66  
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Approved Woodlands Scheme: 

Great Britain Scotland 

Number Area (acres) Number 	Area (acres) 

Schemes completed 

30 Sep./64 667 161 0 417 91 	35,991 

Schemes completed 

30 Sep./65 692 163 2 508 95 	37,078 

Schemes completed 

30 Sep./66 733 167,493 99 	36,425 

Approved or in 
preparation 	 5 	 390 	1 	 38 
30 Sep./66  

Martin (1963) has attempted to assess the profit-

ability of a private forestry enterprise in south-east 

Scotland over the 12-year period from 1949 to 1961. The 

woods had not previously been under regular managements 

and, because of wartime fellings, were only 60 percent 

stocked in 1949. The management aimed at restocking and 

rehabilitation with minimum cash investment and with 

Forestry Commission Grants under Schedule D. Under the 

conditions described by Martin, the profit was equivalent 

to a yield of 6.4 percent on an average book value of the 

land plus a growing stock of 70,000 pounds. These figures 

and others gave a reasonably accurate account of the fin-

ancial results, although Martin considered that they 
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underestimated the true value of the woodlands to the 

estate economy. 

4. Forest Management: 

a. Reforestation Programmes and Development in 
Scotland 

During the decade from 1957 to 1966 the Forestry 

Commission (1967b) planted 57.0,000 trees in Great Britain, 

of which 302,000 were planted in Scotland all at fairly 

equal annual rates. Of the major species planted, the 

Forestry Commission (1965b; 1966c; 1967c) during the years 

1964, 1965 and 1966 markedly reduced the use of Scots pine 

in Great Britain, Scotland and North Scotland Conservancy. 

The use of lodgepole pine and Sitka spruce increased mark-

edly. 

The Forestry Commission (1965c; 1966d; 1967d) has 

also reported on the areas planted by private owners in 

Great Britain and Scotland, as follows: 



Estimated Areas Planted by Private Owners in Great Britain 

and Scotland, During the Forest Years 1964 	- 1966 

1964 	 1965 	 1966 

G.B. 	Scotland G.B. Scotland G.B. Scotland 

Total 33,771 14,485 32,944 15,172 32,046 15 9 267 

In dedicated woodlands 23,765 10,815 23,440 11,941 23,873 12,572 	. 

In approved woodlands 4,578 1 3,676 3 9 166 910 3,089 797 

With small woods planting grants 	3,711 1,244 4,595 1,666 3,875 1,493 

Without grants 	(estimated) 1,717 750 1,743 655 1,209 405 
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The almost complete dependence of Scottish forestry 

upon planting has been noted. McNeill (1962) has discussed 

the problems of obtaining natural regeneration in Scotland. 

The knowledge of the subject was meagre and only the most 

difficult and complicated problem, that of the recent lack 

of natural regeneration of Scots pine, a species that 

regenerated copiously 150 or 200 years ago, had been in-

vestigated. Other problems had not been investigated in 

depth, even though the more recently introduced exotics, 

Tsuga heterophylla, Chamaecyparis Lawsoniana, Picea sitch-

ensis, Abies grandis and Pinus contorta were apparently 

able to regeneratewith markedly greater success. McNeill 

simplified natural regeneration problems into four main 

groups in a chain of events and these groups were seed 

production; supply and disposal; seed survival; germination 

and seedling supply and dispersal. He attached great im-

portance, from his experience, to the role played by ground 

and surface vegetation, as it affected the germination and 

later stages of growth. His exploratory investigations 

with Scots pine in Scotland had suggested that Vaccinium 

myrtillus was a more successful competitor than Calluna 

Vulgaris and that Deschampsia flexuosa was more successful 

than either. He suggested that more research was needed 

into the subject of natural regeneration, particularly into 

plant competition and seed losses between seed fall and 
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germination, based on a record of investigation into known 

cases of success or failure. 

Neustein (1962) has briefly considered the artif-

icial regeneration of second rotation crops and questioned 

if-a more productive species could be used or whether the 

original species would grow better or worse during the 

second rotation. In the successful Sitka spruce areas, 

it was clear that the species, in its second rotation, 

continued to outgrow all other species with the exception 

of Tsuga heterophylla but that other species of doubtful 

- value as a first crop, showed some promise e.g. Abies 

grandis, Abies nobilis, Pseudotsuga taxifolia and Chamae-

cyparis Lawsoniana. Also, sycamore (Acer pseudo-platanus 

L.) and oak (Quercus spp.) had started reasonably. It 

appeared that, if diversification of species were needed, 

these would be the species where there might not be too 

great a loss of increment and which would lead to better 

stand stability due to deeper, rooting or an improved micro-

flora and fauna, resulting in better soil conditions. On 

the upland heaths, where the first generation was possibly 

more of a pioneer, the choice of second rotation species 

was more open. The transplants required for regeneration 

work must be considerably larger to overcome suppression by 

weeds, than for afforestation where site preparation dealt 
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with this problem. On the question of site preparation, 

the ploughing of wet sites for drainage and turf planting, 

If necessary for regeneration, would need new designs of 

equipment, particularly to overcome damage from stumps. 

Ploughing on drier sites for water conservation was easier 

when employing wheeled tractors. 

The third point discussed by Neustein (1962), dealt 

with the desirable size of felling area in relation to 

windthrow, the growth of the second crop and its economic 

management. The Border forests, comprising the largest 

(130,000) acres) area of even-aged-conifers in Great 

Britain were of a precarious stability to wind, with 

shallow peat overlying compacted boulder clay and support-

ing shallow-rooted spruces. There was controversy as to 

the size of coupes in this area, particularly on the 

question of marginal stability following small (5 acre) 

fellings. Much more experimental evidence would be nece-

ssary to solve the questions of felling areas and their 

shapes. 

Neustein noted that the roe deer population of the 

British forests was increasing and their browsing habits 

posed a major hazard in replanting. The first possible 

solution would be to reduce the deer population below the 

critical level, employing.selective control by trappers, 
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to densities suitable for British conditions. The simpl-

est alternative was the exclusion of deer from the forest 

by fencing, although standard deer fencing was too expen-

sive for all but the largest areas. The use of brashings 

and lop and top, by various techniques, to provide barriers 

to deer movement, was ineffective. Tar-treated nylon and 

polyethylene netting was being tested for its effective 

life and other factors, and electric fencing had been suc-

cessful on an experimental scale. 

Forest drainage is an essential part of most affore-

station operations in Britain and Henman (1963) has sugg-

ested five chief factors in achieving it, viz, the recog-

nition of the features of an-ill-drained forest soil and a 

precise understanding of the objectives of draining it; 

the examination of the site to determine the factors caus-

ing its condition; the devising of a system to correct 

these factors with the minimum intensity of drainage; the 

need to allow for a road system and similar capital works 

and the needs of timber extraction. Noting that the plough 

is by far the most efficient means of drainage yet devised* 

*since its continuous-action principle easily offsets the 

capital and overhead costs and gives it a clear advantage 

over hand work, the "scoop and dump" principle, and the 

intermediate rotary principles employing bucket-chains, 

disks, flails, screens or similar processes. 
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Henman, nevertheless, emphasised its severe limitation in 

achieving depth of drainage exceeding 20 inches in heavy 

mineral soils, although in peat profiles greater depths are 

easily reached. New, deep drainage ploughs were being 

developed and, on stump covered ground, where the plough 

was again limited, the hydraulically operated, tractor-

mounted digger had a tremendous potential. Henman has 

stated his view that deeper drains were generally needed 

and that the present, large amounts of money expended on 

new forest drains and maintenance should be increased to 

achieve this. The main benefits to be anticipated probably 

did not lie in increased growth rates but in the reduction 

or postponement of windthrow, when premature realisation 

of the crop reduced profitability. 

b. Upland Heaths and Peats: 

(1) The Upland Heaths: 

• • 
	The Upland Heaths and Peats are of great importance 

to British forestry and are likely to become more so as 

extension of the afforested areas continues. Yeatman 

(1955) has investigated the rooting of coniferous trees on 

upland heaths at two forests in Yorkshire and three in 

Scotland. He employed the definition of. an  Upland Heath 

as: "A callunetum or shallow peat in which the roots of 

the vascular plants penetrate into the sub-peat layer. 

The peat is commonly two to four and never greater than 
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twelve inches thick." Great areas of upland heath were 

available for afforestation in Great Britain, particularly 

in the north-east, provided that an economic means of 

establishing successful tree growth on them was available. 

Yeatman's report was mostly concerned with the establish-

ment of trees by cultivation and the application of fert-

ilisers on the poorer types of heath, in experiments be-

tween 1928 and 1943. The principal conifers were invest-

igated. 

The climate of the upland heaths is cool, temper-

ate oceanic, with an even distribution of annual rainful 

of between twenty-three and forty inches. The density of 

the Calluna and the type and density of associated species 

varies with the quality of the heath. The soils are 

commonly mature, shallow podzols developed on sandy parent 

material, with the attendant formation in the poorer 

heaths of a hard, impervious iron pan at depths ranging 

from six totwenty-four inches. The better heaths, how-

ever, overlie a wide range of soil types, some showing 

little evidence of podzolisation. 

The outstanding finding-of the study was that 

roots will only freely exploit soil which is sufficiently 

porous and well-aérated. In the natural upland heath, 

the thin surface peat (Ao) prevents aeration of the soil 
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beneath it, remaining waterlogged for much of the year. 

The mature podzol soil profiles are markedly layered in 

horizons differing in texture, compaction and level of 

fertility. Notably and commonly, the eluvial horizon (A2) 

is . a sterile, compact, leached sand. Any disturbance of 

the surface horizons alleviates the limiting physical con-

ditions and encourages free root development within the 

disturbed soil and illuvial hOrizons beyond. Thus, partial 

line cultivation induces a high degree of orientation of 

the primary roots with the direction ofploughing, which in 

turn endangers the long-term stability of the stand. 

Undisturbed hardpan, between 6 and 10 inches in 

depth and which occurs between the eluvial (A) and illuvial 

(B) horizons, forms.a significant barrier to descending 

roots. This lends a shallow, storied character to the root 

system. Undisturbed had pan, lying between 14 and 24,inches  

depth and which coincides with the top of avery compact 

subsoil (parent material), forms a complete barrier to root 

penetration, as does the subsoil itself. Such a pan and 

compact subsoil induce a deeper, storied character in the 

form of the root system with no roots beyond the horizontal 

flattening at the impenetrable horizon. 

The response in vigour of the tree root system to 

the application of phosphatic fertiliser varied inversely 
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with the degree of cultivation and, also, inversely with 

the inherent level of fertility of the site in question. 

In the case of Japanese larch, the response of the root 

systems and, consequently, the growth rate to the degree 

of cultivation was significant. In all cases, healthy 

well-grown trees had root systems penetrating to some 

depth by primary, descending roots and by sinkers from the 

lateral roots, which themselves were not necessarily 

shallow in the soil. A significant response to fertilisers 

was obtained only on the poorest sites. 

On all sites and soil conditions, Sitka spruce 

checked severely when growing in connection with Calluna 

but the response to phosphate application was noticeably 

greater than for the other species studied. The root sys-

tem of healthy Sitka spruce extended to some depth by sink-

ers from lateral roots lying shallow within the soil. 

The pines proved to be the best colonisers of poor 

heathland conditions, with lodgepole pine showing more 

vigorous root development than either Scots or Corsican 

pines. The healthy root system was characterised by a 

pronounced tap root, together with vigorous lateral and 

sinker roots and a significant response to phosphate was 

observed only on the poorest site. The greatestxesponse 
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to the intensity of cultivation of moderately poor sites 

was reflected in the forms of the root systems. They lost 

the shallow, storied character in the more complete and 

deeper cultivations which proved to be the more wind-firm. 

As a result of thestudy, Yeatman proposed that a 

pre-requisite of any method of cultivation was an adequate 

burn of the natural callunetum. A complete cultivation of 

the surface was then necessary on all upland heaths to 

destroy the continuity of the surface peat and to mix and 

disturb the mineral soil and peat to some depth. A total 

cultivation depth of at least 8 inches on the normally 

poor sites was recommended. Such a depth would also dis-

rupt a.large proportion of shallow pan formation. The 

poorest sites have a relatively shallow (10 - 16 inches be-

neath the surface) pan/compact subsoil and attendant poor 

drainage from above the pan might require, in addition, 

frequent subsoiling to about 18 inches. For preference, 

the trees should be planted as nearly above the line of 

subsoiling as possible. 

These findings give a reasonably clear account of 

the requirements for afforesting upland heaths. Generally, 

the heaths have little or no value for agriculture and they 

formed a substantial reserveof land considered suitable 
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for afforestation. They attracted the attention of the 

Forestry Commission soon after its formation in 1919 and 

the considerable technical problems encountered in their 

afforestation, at least certain of the main ones, were 

solved by research which began in 1921. Operations such 

as ploughing and manuring have been extended to large-scale 

planting operations and a good appreciation obtained of 

the most suitable species of trees to grow on heather-clad 

uplands. Zehetmayr (1960) has reviewed all the experiment-

al work carried out in the field from 1921 to 1957. 

The heaths, generally, have been maintained in 

their condition by deliberate burning ( to deter heather 

and encourage grass growth) and, to a lesser extent, by 

grazing without which they would ultimately, in many places 

revert to forest. Heaths of this type are found in the 

eastern half of Scotland and in parts of north-east 

England. Periodically, 'parts of the upland heaths had been 

planted but.considerable areas of these plantations, corn-

posed almost exclusively of the native Scots pine, had been 

of low production whilst on the poor ground a satisfactory 

crop had not been obtained. Zehetmayr's conclusions are 

pertinent to this study. 

(a) Mechanical Cultivation: 

Cultivation, from the evidence of the older 
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plantations, had been important from the founding of the 

Forestry Commission but the main task had been to obtain 

machines capable of withstanding the very rough usuage of 

wet, compact and stony soils And to determine the most 

economical method of using them. Whilst it had been shown 

that every increase in soil disturbance, by increased 

average depth and repetition, increased growth, the econ-

omic method chosen was much less intensive than that 

adopted in Continental Europe. 

The method was that of single cultivation by a 

heavy plough for each line of plants. Disturbance of the 

surface peat to promote its aeration and breakdown was 

the vital factor in this cultivation. Breaking of the pan 

was of great importance where it lay near the surface, as 

in the typical - iron or peaty podzols. Whilst deep, single-

mouldboards ploughs had been used more widely than any 

other type, they had been largely replaced, since 1950, by 

a plough with a shallower-going mouldboard mounted on a 

deep, subsoiling tine.  Both types penetrated to a depth of 

12 to 15 inches. Ploughing solved the problem of establish-

ment for pines and larches over a wide range of heaths, a 

result attributable to improvements in aeration, drainage, 

nitrogen supply, freedom from competition and, in some 

cases, early shelter. Ploughing had extended the area on 
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which planting was economically feasible and, on moderate-

ly fertile areas, early growth had been radically improved. 

(b) Planting Methods and Species 

Zehetmayr concluded that planting on ploughed 

ground presented little difficulty and, for the drier 

areas, furrow-planting had been shown to be best, whilst 

on wetter areas or areas where the rainfall exceeded 35 

inches, planting on the side of the plough ridge was advis-

able. There remained the problem of slopes which could 

not be ploughed but these slopes were often more fertile 

and better drained, making planting by. the traditional 

hand methods, using mattock or spade, adequate. At the 

time of a first planting, the heather on such areas is 

often short and can be burnt off. More difficulty arises 

when the heather is tall and vigorous, as might happen if 

the area were fenced before planting or if the first 

planting had failed. No real solution had been found to 

this problem which existed in several heath forests. 

Of the species planted on the Upland Heaths, Scots 

pine had always Ieen the most important and was likely to 

remain so. It had responded to preparatory and manurial 

treatment. The faster-growing Corsican pine suffered from-

die-back and evidence had been advanced to show that 

Japanese larch might have a lower production over a 
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rotation than did Scots pine. A strong factor favouring 

the pine was natural conservatism which justified the use 

of a native species of known value as a timber producer, 

instead of planting exotics of apparently higher product-

ion. 

Lodgepole pine, according to Zehetmayr, held an 

increasingly important place as the pioneer species on 

sites too poor, too high or too exposed for Scots pine. 

Whilst often regarded as a nurse for Scots pine or Sitka 

spruce on appropriate ground types, it was being employed 

as a productive species in its own right. No other species 

approached its tolerance to extreme heath types, although 

it was not so resistant to exposure as was Sitka spruce on 

sites suitable for that species. On the poorer heaths, 

the production of lodgepole pine was considerably greater 

than that of Scots pine. The provenance of lodgepole pine 

was an important factor. 

Until the plantations of north-east England showed 

that Corsican pine could escape or survive die-back, the 

use of it would remain at a low level. European larch was 

only of importance as the main species on the more fertile 

heaths, often on slopes where a hard pan had not developed. 

Losses due to die-back have caused caution in its use and, 

in 1960, it was beingplanted mainly with pine, often in 
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low proportion as an "enrichment" species and employing 

carefully selected seed sources. 

Experimental work had led to the widespread use of 

Sitka spruce in mixture with Scots pine and, to a lesser 

extent, with lodgepole pine or with Japanese larch. To 

Zehetmayr, it seemed wise to confine its use to the wetter 

heaths with rainfalls approaching forty inches, where it 

was particularly useful at the higher altitudes, and also 

to topographically wet areas on those heaths with lower 

rainfall. In 1960, large areas of heath carried young 

pine/spruce mixtures and, until their success was demon-

strated, it would be unwise to "overplant" the species on 

the heath. 

Mountain pine (Pinus Mugo.) held a special role in 

forming a wind-firm edge to plantations but is not a 

timber-producing species nor as:  good a nurse crop as Japan-

ese larch. Zehetmayr summarised the small scale trials of 

fifty other species and from them, he noted, several spec-

ies mightbe selected to play a part in the heath forests 

in later rotations. The most successful use of these 

species had been obtained with nurse crops of other coni-

fers or of broom (Serathamnus scoparius), following 

intensive ground preparation and manuring. Western hemlock 

had been the outstanding success in these trials and of 
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particular value for underplanting and filling gaps. Pro-

vided that its subsequent growth and timber quality proved 

to be satisfactory it could be widely used in later rotat-

ions. Grand fir, Lawson cypress, Servian spruce (Picea 

Omorika (Pancie) Bolle.), Douglas fir and western red cedar 

had all grown on the more fertile heaths. The place of 

Norway spruce was more difficult to decide, since it suff-

ered most severely from competition in the presence of 

heather although, with the establishment of forest condit-

ions, it might be used far more widely. 

On the subject of broadleaved trees, it appeared 

unlikely that they would be used for timber production on 

typical upland heaths but they were important for the 

maintenance of soil fertility. Grey alder (Alnus incana), 

Oregon alder (A.. rubra) and two birches, Betula pubescens 

and B. pendula had survived and grown sufficiently well to 

appear effective in local soil improvement. It would be a 

most important problem of the future to determine whether 

and to what extent such species should be used and how they 

should be introduced, 	 . 

The majority of the mixed plantings on heath sites 

had included Scots pine. A species admixture might serve 

either to increase early returns by the use of fast-growing 

species such as Japanese larch or lodgepole pine or to 
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increase the volume of the final crop by the use of spruce, 

in which latter case Scots pine was used as a nurse. Ade-

quate ground preparation was essential and the earliest 

successful mixtures with spruce were obtained only by in-

tensive measures such as re-cultivation, the use of broom 

as a nurse and the early removal of pine. Later, Japanese 

larch was shown to be a more successful nurse for spruce. 

Band mixtures of two or, more recently, three lines of 

"nurse" and "nursed" species set out alternately appeared 

to be the most successful arrangement because concentrat-

ion of the nurses led to earlier suppression of the heath-

er. Differential manuring, by the application of phosphate 

to the slower growing species helped to even up mixtures. 

It was anticipated that the band mixtures would thus prove 

to be easier to maintain and control than were the earlier 

intimate mixtures although, where the secondary species 

grew faster than the main one, as with larch in a pine 

crop, the former could be planted singly or in small groups. 

Another mixture used on a considerable scale was that of 

lodgepole pine and Sitka spruce, although examples of 

successful balancing were rare; usually one species out-

grew the other with varying results from site to site. 

Upon planting, all species and particularly spruce, 

normally entered the checked state. The very slow growth 



-537- 

and yellowing of foliage was caused by heather competition. 

Measures to avoid check have included mulching with cut 

heather or branches before planting or inter-ploughing and 

replanting with a nurse species and have shown success, 

but top dressings of phosphate were singularly ineffective 

when applied to plantations that had already checked, whilst 

the effect of nitrogen was lost within a few years of 

application. 

Zehetmayr noted that many heathland forests had 

been successfully established in Britain. It would have 

been easy to produce, over large areas, a monoculture of 

Scots pine and great efforts had been made to vary the 

crop within the limited range of species available. Future 

management, he felt, would probably be relatively simple. 

Large areas of non-heath ground which produced rapid 

growth and which occurred in most individual forests would 

aid the movement away from relatively narrow distribution 

of age classes toward a more normal, age-class structure. 

Road layout and construction and extraction operations 

would not present the problems found in the west of 

Britain. Windblow was likely to be a disturbing factor on 

the shallower heath soils, although by their growth and 

low stature, all of the plantations formed had virtually 

escaped the devastating gale of January, 1953. Damage by 
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Fomes annosus and insects had been negligible up to 1960 

but might become more important, particularly in the 

driest areas. 

The first steps towards improvement of soil 

structure and fertility had been taken, Zehetmayr asserted, 

with the initial cultivation. The major silvicultural 

problem was likely to be the continuation of this improve-

ment and possible lines of approach lay in further culti-

vation, manuring and the use of soil-improving species, 

particularly broad-leaved trees. 

(2) The Peats: 

The Department of Agriculture and Fisheries for 

Scotland (1962), in its Scottish Peat Committee, has est-

imated that the total area of peat, two feet or more in 

depth, in Scotland is 1.7 million acres, of which about 

1.0 million acres are capable of being improved and used 

for agricultural production or forestry*  The Committee 

*In terms of fuel and other industrial outlets, the total 

workable peat deposits in Scotland amount to some 600 

million tons of peat solids, equivalent to between 400 and 

500 million tons of coal and sufficient to support 

electrical generating stations of 650 M.W. total capacity 

for 25 years at 6,000 hours per annum. 
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discussed the various potential uses for peat, noting that 

larger-scale exploitation for industrial purposes (mainly 

electricity and solid fuel) was technically feasible and 

would lead to the reclamation of some 87,000 acres of land 

covered by peat and producing little of agricultural value. 

The Forestry Commission, in the Committee's view had en-

sured a lasting place for Britain in the planting of 

raised bogs and blanket bogs and this .work had extended to 

the planting of small areas of peat bog. The Committee 

concluded that the possibilities of developing areas of 

peat for agriculture and forestry and the future use of 

peat for horticultural purposes held out definite and sub-

stantial promise. So far as large-scale afforestation was 

concerned, the position was adequately covered by the 

Forestry Commission and its research services. 

The peats of Northern Ireland are similar to those 

of Scotland and experience in that country is of interest. 

Jack (1965) has described the Northern Irish peats. The 

blanket bog was of a climatic "highmoor" type, even at low 

altitudes. The surface was rarely flat and level areas 

greater than 10 acres in extent are unusual. Slopes gen-

erally varied from 3 degrees to 15 degrees and, where they 

exceed 30 degrees, the peat covering was generally very 

thin. Peat which had been eroded by wind and water, 
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leaving only "hags' behind was not generally considered 

plantable. The peat surface topography was often poorly 

related to the topography of the soil or rock beneath. 

Local topography was very important. With concave slopes 

where the rate of water movement was probably slowed 

there was enrichment and the creation of a "flush", supp-

órting vegetation generally more vigorous and often diff-

erent -in composition from that on adjoining convex slopes. 

Tree growth was generally fairly satisfactory on "flush" 

peat types. 

The poorest types of deep (over 36 inches) digo-

trophic peat were generally indicated by vegetation types 

containing much Trichophorum caespitosum, Sphagnum spp. 

and some Calluna vulgaris. Erica tetralix, Narthecium 

ossifragum, Eriophorum angustifolium and the insectivorous 

Drosera rotundifolia were common associates. Carex panicea 

was often present, although inconspicuously. The presence 

of the vigorous Eriophorum vaginatum and Molinea caerulea 

was normally associated with somewhat better conditions of 

aeration and nutrient status of the peat. The nutrient 

content of the top 6 inches of wet, unflushed peat, ex-

pressed as milligrams per 100 grams, was likely to be 30 

for Na, K and P. 100 for Fe and 150 for Ca, with smaller 

quantities at greater depth. Thus, Jack noted, the total 

mineral content was small, particularly of P and, to a 
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lesser extent, of K and Ca. The moisture content was like-

ly to be 900 percent of dry weight and pH under 3.5. 

The planting techniques employed on these peats 

included broadcast application of ground rock phosphate at 

4 cwt. per acre, followed by ploughing. Cuthbertson plough 

types "S", "F" and "P", giving 18 inch deep furrows at 11 

feet spacing or combinations of 24 inch deep single mould-

board and 12 inch deep double-mouldboard furrows were used. 

The ploughing direction was at right angles to road align-

ments and unploughed strips were left every 75 feet to 

facilitate future timber extraction. Water was not allow-

ed to collect in the plough furrows and drains were put in 

to tap all hollows, cut off water flowing on to areas being 

afforested and collect water from natural springs and 

flushes. Planting was done with a semi-circular spade or 

with a notching spade; the large, deep-plough turfs being 

"stepped" or cut to give a planting turf of about 9 inches 

in depth at 5½  x 5½ feet, or wider, spacing. Sitka spruce 

was the species most commonly used and Jack noted that a 

number of studies of the rooting habits of the spruce and 

of lodgepole pine had been conducted. The limitations 

pointed out by Zehetmayr (1954) suggesting that roots 

generally followed the turf drain and exploited the plough-

ed turf, had not been noticed in Northern Ireland. 
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(a) Ground Preparation of Peats: 

One effect of manuring and ploughing, mentioned by 

Jack, was the frequent great increase in the vigour of 

heather (Calluna vulgaris) with the tree crop becoming 

yellow and losing height increment. It was felt that this 

period might be avoided by some treatment, prior to plant-

ing, whereby grasses in the vegetation could be encouraged 

at the expense of the Calluna. In five experiments, there 

was little change in the vegetation for a year after the 

application of various manures but, from then on, any of 

the treatments containing phosphate or ground limestone, 

produced greater vigour of plants except in mosses. The 

greatest initial response was to bone meal but, after 

three seasons, all the phosphate treatments appeared to be 

quite similar, with the native vegetation standing some 

24 inches tall as opposed to 6 inches in the control plots. 

Very little response was obtained to potash or nitrochalk 

alone and to burnt lime, although the former made 

Trichophorum look more vigorous in the first year. When 

manuring was followedbyrotovating*, the native sward 

became re-established except with ground limestone and the 

control. In the latter cases the sward remained poor and, 

even after 6 years, the ground was only about 50 percent 

covered with vegetation. 

*In Canadian terminology, roto-tilling. 
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In a block protected from grazing (Ballypatrick 

7/59) 6 fertiliser treatments, each with and without 3 

tons of ground limestone per acre, were tried. Two strips 

ran across all the treatments, one sown with ryegrass and 

red clover and the other with ryegrass cleanings, largely 

Holcus mollis, at the time of manuring. Small plots of 

broom (Cytisus) and lupins were also tried. The ryegrass 

soon disappeared but the ryegrass cleanings were quite 

persistent in the presence of ground limestone and gave a 

very dense sward with all P treatments, as well as extend-

ing beyond the sown strip. The heaviest sward was probably 

on the superphosphate limed area; 5 years after manuring 

there was virtually no Cali-una in the vegetation and a good 

tractor bearing surface was present. In the areas which 

were manured and rotovated, except for those with a vigor-

ous regrowth of sward, tractor-bearing power was lost. 

From other experiments, it appeared that, in many 

instances, peat could best be drained by numerous shallow 

drains at frequent intervals, although the treatment cannot 

drain deeply. Since it was impossible to deepen ploughed 

furrows without cutting tree roots and affecting the 

stability of the crop, various plough modifications had 

been tried to give furrows of over 18 inches depth and 

inverted turfs of about 9 inches depth for planting. The 
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most successful had been an idea for the automatic stepping 

of the turf from the single mouldboard. Cuthbertson type 

"F" plough and another modification giving two inverted 

planting turfs from the double-mouldboard Cuthbertson type 

"S" plough. 

(b) Manuring at the Time of Planting: 

An experiment (Ballypatrick 3/57) tested the manur-

ing of Sitka spruce with various forms of nitrogen and 2 

ozs. of basic slag per tree. The overall five years' 

leader growth 1959-63 showed significant differences re-

lated to some extent to the amount of phosphate included 

in a fertiliser but not to the amount of nitrogen applied. 

Jack observed that, by 1965, growth of all treatments was 

falling off and could probably only be maintained by 

additional manuring. 

In another.  experiment (Ballypatrick 4/57, A57. S.S.) 

superphosphate, ground rock phosphate, bone meal and basic 

slag, all weighed to give the equivalent of 40 lbs. water 

soluble and insoluble P205per  acre (equivalent to 2 cwt. 

of basic slag), basic slag' at half this rate and a control, 

all with and without 50 cwt. • of ground limestone per acre 

and. all with and without Was skin meal. at 16 lbs. per 

acre, were compared. The experiment - was unreplicated but 

indications of reactions were obtained. At 1963 (7 years 
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after establishment) , the mean tree height showed little 

differences between the four higher rates of phosphorus, 

all of which were better than the half-rate of slag which, 

in turn, was better than the control. Nitrogen scarcely 

affected growth and lime gave some response. The best 

combination was superphosphate with lime or nitrogen. In 

the complete absence of phosphate, lime gave a response. 

By 1965, growth rates in this experiment were evidently 

falling off. At one experiment (P.56. S.S. Ballintempo 

1/56) it was found that manuring one year after planting 

gave poor results compared with manuring at the time of 

planting, employing the same rate of slag. 

In a 3 x 3 factorial design experiment (P61.S.S. 

Lock Naver 3/61) it was found, by 1963, that a high level 

of phosphate (112 units P205  per acre, applied at 18½% 

superphosphate) gave almost significantly taller growth 

than the low level (56 units P205 per acre) which, in turn, 

was significantly taller than no phosphate. Nitrogen had 

no beneficial effect. There were no significant inter-

actions between manures but a suggestion that P and K were 

slightly beneficial in combination. The total growth of 

the better treatments was very satisfactory and, three 

growing seasons after planting, many trees in these treat-

ments were more than 50 inches high, 
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In a recent experiment (P.62.S.S. Beaghs 3/63), 

the effects of placing phosphate fertiliser on top of the 

plough turf, below the plough turf and broadcast over the 

area had not yet given much information. However, better 

growth resulted from placement on top of the turf ribbon 

at the end of the first year whilst, by the end of the 

second year, broadcast fertilising gave the best response. 

Both of these treatments were much better than placement 

below the turf or in the planting hole. 

(c) Treatments After Planting: 

In experiments with after-planting manuring with 

Semsol at 2 ozs. per tree (Lislap 1/56) satisfactory res-

ponse was obtained for some five years, after which leader 

growth began to decrease. The mulching of heather with 

spoil from deepened drain bottoms gave quite a strong res-

ponse. Poor Sitka spruce (P55), manured in May 1957, with 

nitrogenous fertilisers did not respond very well 

(Ballypatrick 5/57). 

Underplantings of western hemlock and grand fir 

made in 1958 under four P29 Pinus contorta stand thinned 

to approximately 4.00 stems per acre (Baronscourt 5/58) 

were manured with either 7 ozs, special potato manure per 

tree, 4 ozs, basic slag per tree.or a control. By the end 

of 1963, the manured hemlock was 3½  times taller than the 
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unmanured hemlock with little difference between the two 

treatments. The grand fir responded slightly to the 

special potato manure, but slag made little difference. In 

a series of experiments employing Semsol and nitro chalk, 

it was found that Sitka spruce responded to Semsol but 

there was a rapid falling-off of growth in the fifth 

growing season after manuring. Lodgepole pine only res-

ponded slowly to this manuring. The manuring of Sitka 

spruce may have helped the average tree more than the 

dominant tree, possibly resulting in earlier closure of 

the canopy. 

(d) Conclusions: 

As a result of the foregoing and other experiments, 

Jack concluded that it appeared to be possible to grow a 

crop of trees on deep peat in Northern Ireland. Ploughing 

to a depth of 24 inches gave young trees a good initial 

burst of growth but it was not clear what intensity of 

ploughing or draining treatment was required for mainten-

ance and stability of older stands. It was clear that 

manuring with phosphate, just before or at the time of 

planting, was necessary for adequate establishment and 

early growth.,  There appeared to be little point in apply-

ing more than the prescribed 4 cwt. of ground rock phos-

phate per acre at the time of planting. Further dressings 

of phosphate would almost certainly be' required, the inter-, 
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val between dressings and the rate of application depending 

on the nutrient status of the peat. 

Applications of K and Ca might be required as 

stands developed but their value to young crops was un-

proven. The negligible response to nitrogen in the young 

stands was of interest but the element might have value at 

later stages of crop development. The manuring of estab-

lished stands or mulching with spoil from drain bottoms was 

probably best undertaken as soon as growth appeared to be 

slowing down, rather than many years after the trees had 

"checked". Since the value of manuring had to be set 

against the costof the work, it had been disappointing that 

stands which were growing reasonably well had not responded 

to fertiliser applications. Blanket (broadcast) applicat-

ion to large areas would be easier to organise than would 

treatments of scattered pockets of slow growth. It had 

been shown that Sitka spruce responded much more iadily to 

manuring than did Pinus contorta and that there was often 

little difference in height growth before treatment. Since 

Sitka spruce had a total yield some one-third greater than 

the pine for stands of similar height at 20 years of age, 

it was obviously the species that must be considered most 

useful on the peats. It seemed possible that the spruce, 

with a maximum mean annual increment of 150 Hoppus feet 
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(191 Cu. ft.) per acre could be grown on the blanket bog 

peats, provided sufficient applications of manure were 

given. 

Other comments relating to the status of affore-

station of upland heaths and peats are made later. At this 

point, however, whilst referring to work in Northern 

Ireland it is of interest to note some of the opinions 

expressed at a meeting of the Society of Foresters of 

Great Britain (1966). The choice of Sitka spruce for 

afforestation and the virtual exclusion of lodgepole pine 

from Northern Ireland received criticism. In reply, how-

ever, it was emphasised that a small country must plan 

its marketing ahead and spruce was preferred for boxwood, 

pulpwood and chipwood. The "check" problem with spruce, 

caused by heather competition in the early years, had been 

overcome by selective fertilising and other techniques. 

Once established on the peat, the production potential of 

spruce was greater than that of pine. However, if was felt 

that the experience of lodgepole pine in Northern Ireland 

would have been more encouraging had the country been able 

to obtain strains to grow well on western peat. It was 

felt that reliance upon "regional" strains of lodgepole 

pine was unsafe because of wide local variations due to 

site conditions. 
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It was held, however, that silvicultural techniques would 

become more closely adopted to particular sites. Peat, 

beneath a superficially uniform appearance, often had a 

considerable diversity of substratum and the methods of 

site preparation and choice of species should vary accord-

ingly. Lodgepole pine was better than Sitka spruce on some 

sites and birch or alder might prove to be useful auxiliary 

species on others. It was clear from this meeting report 

that, whilst Sitka spruce is heavily favoured in practice 

in Northern Ireland, there are strong proponents for the 

use of lodgepole pine as well. 

c 	Lodgepole Pine: 

(1) Reactions to Manuring: 

Although lodgepole pine has only been employed to 

a limited extent on the Northern Irish peats, it is in 

extensive use in Scotland where it is planted on poorer 

peats with manuring, using 2 ozs. phosphate per plant. 

Sitka spruce is usually planted on better quality peat 

such as that occurring in "flushes" with Molinia present 

in the vegetation to a significant extent. 

Zehetmayr (1960), in summarising work on the 

Upland Heaths from 1921 to 1957, felt that on the poorest 

heaths, typified by stunted Calluna and frequent 

Trichqphorum, the value of small doses of phosphate at the 
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time of planting had been clearly demonstrated. There 

appeared to be no doubt that production over the rotation 

would be increased owing to the earlier, faster growth. 

The practice had been to spread 1½ to 2 ounces of ground 

mineral phosphate around the planting position of each 

tree.* On the more fertile heaths such as those occurring 

in Yorkshire, the results were less marked and phosphate 

was rarely employed in practice. Many attempts had been 

made on the heaths to use phosphate top dressings to stim-

ulate checked plants, notably spruce, in the manner which 

had proved so successful on peat areas.. Under conditions 

where check developed, nitrogen had been shown to be the 

limiting factor, whereas at the time of planting, when 

phosphate was effective, nitrogen was made available by the 

decay of surface peat after cultivation. Application of 

nitrogen at the planting time had given short-term improve-

ments in growth but not equal to those obtained with 

phosphate. With species mixtures differential manuring, 

with,the application of phosphate to the slower species 

only, had been shown to be useful aid to evening-up the 

early growth. 

*With spacings of 41-, x 41-, feet, this amounts to 200 - 270 

lbs. per acre, equivalent to 60 - 90 lbs. P205  per acre. 
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(2) Provenances: 

The growing use of lodgepole pine in Scotland and 

the variable characteristics of growth demonstrated by the 

species has made the provenance of seed imported from 

British Columbia and the United States of great importance, 

since upon it much of the economic success of the enter-

prise must rest. The Forestry Commission (1965d; 1966c; 

1967c) has reported the planting of almost 45 million 

plants of the species in Scotland during 1964, 1965 and 

1966, of which somewhat more than 16 million were planted 

in North Scotland Conservancy. During the same three 

years 6,571 lb. of seed of the species were imported into 

Britain from Washington, Oregon, British Columbia and 

Northern Ireland, 

Roche (1966) has described variations in growth 

habit and bark type of lodgepole pine in its native habit-

at. A common distinction was made between the inland and 

coastal varieties in British and Irish plantations. The 

inland variety was generally of good form with a light-

branching habit and a narrow crown of sparse appearance, 

whilst the coastal variety was of poor form with heavy, 

numerous branches and a dense, bushy crown. The distinct-

ion in the native habitat was not actually so clearcut, 

for in many coastal areas lodgepole pine of good form and 
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light branching habit might be observed. Because of 

accessibility and abundance, however, commercial seed was 

often collected from coastal scrub ecotypes. Much of this 

seed had entered Great Britain and Ireland with the result 

that many plantations of coastal source were atypical and 

exhibited a grossness of form in marked contrast to the 

inland variety. 

The coastal variety characteristically showed 

deeply fissured, black bark, whereas, the inland variety 

generally was orange-brown to grey in colour and consisted 

of thin, loosely-appressed scales. These differences were 

retained in plantations in Great Britain and Ireland and 

appeared to be heritable characteristics which could be 

used in separating the two major varieties. There was con-

siderable variation in the thickness of bark and it appear-

ed, in both varieties, to be largely influenced by environ-

mental factors such as stand density, site quality and age 

of tree. Roche concluded that bark thickness was not a 

very reliable variant for precisely delineating intra 

specific variation. On the assumption that there is a 

constant co-relation between needle width and length within 

the major sub-divisions of the species, the ratio of these 

two measurements was likely to be useful in delineating 

sub-specificvariation, since it would reduce within- 
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sample variances by accounting for a percentage of non-

genetic variations. 

Roche felt that cone collections (in British 

Columbia), unsupervised by the importer, were likely to 

contain a high percentage of cones taken from stands of 

very inferior form. Thus, imported seed which was 

geographically correct from a provenance point of view was 

not necessarily genetically appropriate. 

The greatest problem associated with the assessment 

of geographic variation in most characteristics of lodge-

pole pine, including needle morphology, was that of sampl-

ing. The species was an obligatory cross-pollinator and 

almost continuous in its distribution over an immense area. 

of diverse environments. There was a germinal interchange 

within a relatively large population. The genotype was 

thus highly heterozygous and the population heterogenous. 

For these reasons it was most unlikely that needle measure-

ménts- from twenty provenances (used by Roche in considering 

needle morphology) would adequately sample. the spectrum of 

variation in needle morphology within the species and only 

very tentative conclusions could be drawn on this aspect. 

Lines (1966) has discussed the choice of proven-

ance of lodgepole pine for British forests. There was 
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probably, he noted a greater natural variation due to 

provenance within the species than in any other common 

forest tree. The variation lies in appearance; rate of 

growth, ability to withstand exposed conditions or infer-

tile sites, ability to suppress competing vegetation, stem 

form and fruiting habits. However, the differences in 

timber properties of thinnings from a range of different 

provenances tested by the Forest Products Research Labor-

atory at Princes Risborough had not been shown to be of 

great importance. 

Lodgepole pine had a range in the natural habitat 

of 30 degrees in latitude, from California to Alaska,' and 

from sea level to 11 1,000 feet elevation in the Rocky 

Mountains. The annual rainfall varied from below 15 inches 

to more than 150 inches. The area was divided by Lines 

into Coastal populations, nearly all at an elevation of 

500 feet or below and the inland populations which are 

mostly above 1,000 feet, except for some stands in river 

valleys which cut through the Coast range. The Coastal 

area was split into two parts - the north, comprising 

coastal Alaska and British Columbia, including the major 

islands, and the south, comprising the coasts of Washington 

Oregon and California. Seed from a separate sub-species 

in an outlier in Mendocina County, California had not been 



-556- 

used in British plantations. The inland area was more com-

plex. There was some evidence of a distinct sub-population 

(sub-species Murrayana) from the Cascade Mountains of Oreg-

on to the Sierra Nevade of California. Seed from this area 

tended to give homogenous stands, in contrast to the wide 

diversity shown by other provenances. The bulk of the in-

land seed used in Britain has come from British Columbia, 

usually from between 1,000 and 4,000 feet elevation. Lines 

haddistinguished three areas here i.e. (1) The Skeena 

Valley, (2) North and Central Interior, and (3) the 

Thompson River and the Interior Wet Belt, which Lines named 

the Southern Interior.*  The rest of the Inland provenances 

used in Britain were not classified into broad areas. 

Lines' description of the characteristics of inland and 

coastal types enlarged upon, but generally coincides with 

that of Roche (1966) which has been previously reviewed. 

The north coastal area was not well represented in 

British experiments, chiefly because of seed collecting 

difficulties in'-the sparsely populated northern part. How-

ever, there were large differences in the provenances from 

within the area. A provenance from Hollis, Prince of 

* 	This term, as used in British Columbia, refers to 'a lar- 

ger area, including the Interior Dry Belt. 
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Wales Island, Alaska (seed lot 52/211) was slow-growing, 

straight in form and showed good resistance to exposure. 

Provenances from Haines, at the head of the Lynn Canal in 

Alaska (seed lot (52/212) and from nearby Skagway, grew 

more slowly still. A small seed lot (36/42) from the 

Queen Charlotte Islands showed a slow rate of height 

growth. Seed lots from the lower reaches of the Fraser 

River, particularly Lulu Island had proved to be suscept-

ible to exposure damage on severely exposed sites, although 

manuring with compound fertilisers corrected the fault, 

at least temporarily. The growth was appreciably slower 

than the Washington coastal provenance. The Vancouver 

Island provenances planted before the Second World War 

in Wales had developed a coastal habit but lacked vigour, 

whereas those imported from 1956 onwards had grown at 

rates intermediate between those from Alaska. and those 

from Washington. Provenances from bogs on the west coast 

of Vancouver Island had not been tested. Two provenances 

(56/65 Ladysmith and (7116)3 Sooke) had been blasted by 

winter winds and appeared to have a limited useful range 

on exposed upland sites. Basal bowing (sweep) occurred in 

these Vancouver Island provenances but less frequently 

than in the southern Coastal origins. 

In the south coastal area, California was not 

regarded as a source of commercial quantities of seed for 
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planting in Britain, because of latitudinal differences. 

The general appearance and behaviour of provenances from 

the south coastal area were less divergent than those from 

the north coastal area and Lines described a typical prov-

enance (Long Beach) and related others to it. The Long 

Beach provenance, widely distributed in Scottish plantat-

ions, was characterised by its bushy crown form and rapid 

rate of growth. The growth rate was equalled only by some 

of the Oregon coastal provenances and Long Beach stock had 

thus become a first choice where its rather poor form was 

not of prime importance. Lines felt that the defects of 

stem form could be attributed to a capacity for rapid 

growth on poor sites. Given sufficient phosphate, the 

provenance grew quickly from the first and, on soft peat 

or cultivated mineral soils, the bushy plant became top 

heavy and the stem was easily swayed by the wind or flatt-

ened by heavy snow. The tree was only checked temporarily 

and new growth adjusted the stem to the vertical, producing 

basal bowing. This was very often followed by "over corr-

ection" and a sinuous stem resulted. The south coastal 

provenances showed remarkable site tolerance. 

The Skeena River area provenances all exhibited 

rather slow growth in Britain and, although this growth 

was faster than the Queen Charlotte Islands or Oregon 

Cascades provenances possessed, they were inferior in 
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growth rate to other Interior provenances. They had good 

form and moderate vigour on a wide range of Scottish sites, 

particularly ones that were difficult for scots pine. 

They had not been tested experimentally on severely exposed 

sites for which the Washington coastal provenances were 

considered to be more appropriate. 

The provenances from the North and Central Inter-

ior of British Columbia were mostly from the Prince George 

area. They were of typical inland appearance with yellow-

green foliage, open crown and pale-coloured, thin, smooth 

bark. The rates of height growth and girth increment were 

relatively slow and basal bowing was absent. The open 

crowns had been slow to suppress Calluna in plantations. 

The provenances were not used on deep, acid peat or part-

icularly exposed sites, although they grew better than 

Scots pine under exposure and were best suited to low 

rainfall sites on the east coast or high-elevation sites 

where snow-damage was a problem. Trees from Williams Lake 

were quite similar to those from Prince George but those 

from Fort Fraser, although resisting exposure well, had a 

height growth slower than any other provenance. 

There was some doubt about the exact locations 

of the southern interior area seed collections but they 

had come from near Kamloops on the Thompson River and the 
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Shuswap Lake area. The area was transitional from the 

Interior Dry Belt at Kamloops to the Interior Wet Belt at 

Shuswap Lake and has marked precipitation and temperature 

differences. The lack of precise knowledge of source 

under these conditions is obviously a serious defect. Of 

the various collections, two seed lots from the Mount Ida 

Provincial Forest to the south of Shuswap Lake had grown 

quite well and could be considered among the most desir-

able inland provenance from the southern interior seed 

area. This provenance, on deep Trichophorum (Scirpus) 

peat on the Lon Mar, was growing in Yield Class 100*.  The 

South Thompson River and Mount Ida provenances were col-

lected between 1,600 and 5,000 feet elevation, those from 

the highest elevations being less vigorous. The stem form 

is quite good, apart from a tendency to fork, The Shuswap 

Lake provenances show considerable variation in growth 

rate and form, some having smooth bark, good stem form and 

moderate height growth, whereas others have thick corky 

bark in small platelets and much poorer form, with forking 

* As defined in Forestry Commission Booklet No. 16 - 

Forest Management Tables, Yield Class 100 for lodgepole 

pine can be expected to yield a total production, includ-

ing thinnings, of 6,000 Hoppus feet to a 3inch top 

(7,700 Cu. ft.) per acre at age 60 years, the age of maxi-

mum mean annual increment. 
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and basal bowing, partly because of their early rapid 

growth. The variations were believed to be related, pos-

sibly, to variations of elevation and climatic factors in 

the collection sites. These southern interior provenances 

were considered, despite the good growth of the Mount Ida 

provenance on the Lon Mor, as best left to the east of 

Britain and on heathiand site types with shallow, peaty, 

surface layers, rather than on deep peats. The medium-

elevation, higher rainfall sources were considered to have 

the best potential. 

The Inland United States area was not comprehen-

sively represented in British experiments. The Idaho 

provenance, from a fairly low elevation and relatively high 

rainfall source, had grown fairly rapidly and had a typi-

cal inland appearance with sparse, open crown. A proven-

ance- from "East Washington" had grown faster but with 

poorer form and distinctly rough bark. The least vigorous 

of all provenances were those from the semi-desert area 

near Klamath and La Pine, having, excellent stem form but 

very slow growth.. The Alberta seed source was considered 

by Lines along with the other Rocky Mountain types (inland 

U.S.A. area). Its relative performance was difficult to 

assess, because it was generally planted in areas separate 

from other provenances, but it was slow-growing with excel-

lent stem form. 
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Lines concluded that provenance should be selected 

in relation to the site to be planted and the anticipated 

end use of the timber, rather than endeavour to select one 

provenance as being the most suitable for all British con-

ditions. However, the enormous tolerance of the Washing-

ton Coast seed origins should possibly lead them to be 

considered first,, with alternative choices being made 

where particular site conditions and objectives required 

it. 

Jeffers and Black (1963) investigated variability 

between provenances of lodgepole pine, using three methods 

of multivariate analysis and applying them to nineteen 

variables measured on each of nine provenances. The vari-

ables included measurements and classifications of needle 

characters such as length, breadth, thickness and number 

and type of resin canals; measurement of winter buds and 

classification of their colour, type., resin and scales; 

colour and form. of shoots; measurements of cones and 

classification of their colour, type, form, angle, etc.; 

measurements of seed and seed wings and classification of 

their colour, type and form; percentage germination of 

seed; individual and average ring widths for the years 

1951-55 and width and percentage of autumn wood; and 

measurement and classification of uniseriate rays. The 

analysis confirmed the correctness of the broad division 
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of Pinus contorta into inland and coastal provenances but 

suggested an independent classification which accounted 

for an even greater degree of botanical variation. This 

classification was a component analysis which made clear 

that the 19 components employed were not independent of 

each other and that, if the co-relations were expressed as 

linear combinations of the-,, original variables, then three 

components were sufficient to account for almost eighty 

percent of the variability contained in all 19  of the var-

iables. A third classification, possibly related to tim-

ber properties, was also suggested. It was concluded that 

lodgepole pine could be classified satisfactorily by 

needle thickness, adaxial thickness of hypodermis; needle 

length; number of resin canals, width of annual rings in 

the last five years and percentage of autumn wood. 

(3) 	Industrial Utilisation of Lodgepole Pine 

The Ministry of Technology Forest Products Research 

Laboratory (1968) has studied the timber properties of 

lodgepole pine grown in Great Britain*,  The report has 

briefly reviewed the factors of provenance, as described 

* Additional references are the Home Grown Timber Research 
Committee Paper No. 85 - Report on the properties of lodge-
pole pine timber from nine seed provenances (unpublished) 
and Committee Paper No. 110 - the effect of provenance on 
the timber properties of lodgepole pine grown in Allerston 
Forest in the North Riding of Yorkshire (unpublished). 
Also, Thomas (1966) has reported on the laboratory tests 
conducted on lodgepole pine at the Forest Products Research 
Laboratory. 
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by the authors already mentioned,. and noted that, whilst 

the species was introduced into Britain by Jeffrey in 1853 

and the earliest plantations date from 1930, it is only in 

the past 20 years that it has been planted extensively. 

Whilst the first plantations were of Coastal provenance 

and most probably from Washington, most early plantations 

were of inland provenance, main (ly from the southern inter-

ior of British Columbia. 

It was of interest that, in spite of a British 

growth rate of about four times that experienced in Mon-

tana, the density of the British-grown wood was the same 

at 29 lbs/cu. ft. (460 kg/m3) at 12 percent moisture con-

tent. There was little colour contrastbetween sapwood 

and heartwood and the contrast between spring and summer 

wood was not well marked, the texture being more uniform 

and even than in Scots pine. The grain was straight or 

almost so and the overall angle of spirality was much less 

than in most British-grown conifers. The Laboratory re-

ported that compression wood was common but was only rarely 

a serious defect. The fibre length increased from 2.1 mm. 

at an early age to 2.9 mm. at almost 35 years and trees 

over 50 years old would be expected to have many fibres at 

least 3 mm.. in length, quite similar to those in Scots 

pine. The British-grown trees of inland provenance were 

of relatively good form with numerous, small, line knots 
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and they could yield a fairly, high proportion of Grade II 

or better timber. 

On the question of seasoning properties, shrinkage 

and movement, it was found that sawn timber of the species 

dried rapidly without trouble and with low distortion. It 

could be dried without appreciable degrade by a compara-

tively severe schedule, such as the one recommended for 

Scots pine. Figures for tangential and radial shrinkages, 

moisture contents at specified temperature and humidity 

levels and corresponding tangential and radial movements 

were. given. The strength figures indicated that lodgepole 

pine was slightly superior to imported whitewood in all 

mechanical, properties except modulus of elasticity, at 

least equal in strength to maritime pine (Pinus pinaster 

Aiton) but somewhat inferior to Scots pine and Baltic red-

wood, except in hardness. However, it seemed probable to 

the laboratory that wood from older trees (the test mater-

ial was from trees from 30 to 35 years old) would be 

mostly as strong as redwood. 

The resistance to decay was poor, with the heart-

wood slightly more resistant. The sapwood was easily 

treated with preservative, whilst the spring wood might 

slightly collapse under treatment. The timber could be 

worked readily with little blunting of tools. It worked 
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as easily as spruce and the planed surface (unlike that of 

Sitka spruce) was smooth and often lustrous without wool-

liness or appreciable areas of raised grain. However, 

considerable tearing occurred around the small and fre-

quent knots which were live and tight. Arrises were liable 

to break away in moulding and mortising. The wood nailed, 

painted and varnished well. In general, its working pro-

perties were similar to those of the less resinous British 

grown Scots pine. 

Lodgepole pine had been used, in Britain, in ad-

mixture with other softwoods for pulp manufacture but was 

not one of the major species in commercial use. Labora-

tory scale trials on British-grown material,using the 

Kraft process, showed the pulping properties to be gener-

ally comparable to those of Scots pine. No differences of 

practical importance were noted between a number of diff-

erent provenances. 

In general, there seemed to be no reason why the 

wood should not be used for building uses such as roofing, 

flooring, interior framing, partitioning, cladding, etc. 

It should be eminently suitable for slats in cooking. 

towers, when treated with preservative, and for box and 

crate manufacture. It could be used satisfactorily for 

pulp manufacture, fencing and mining timber. 



-567- 

The occurrence of basal bowing in the coastal and 

Shuswap provenances of lodgepole pine has been remarked 

upon earlier and has been investigated by the author as 

part of this thesis. It is pertinent at this point, 

whilst reviewing the timber quality of the species, to 

observe that Low (1964) has reviewed the literature on the 

occurrence of reaction wood in conifers. The reaction 

wood develops, typically, on the underside of inclined or 

crooked stems and branches of coniferous species. The 

effects on utilisation are well-known and consist of an 

exceptionally high longitudinal shrinkage which may lead 

to serious distortion or splitting during seasoning when 

both normal and reaction wood are present, especially in 

boards and small dimension stock. Compression wood also, 

although less importantly, possesses lower strength per 

unit weight than normal wood. The working properties are 

poorer and the value of the wood for pulping is lower than 

for normal wood. 

(4) 	General: 

MacDonald (1954) supported the large scale plant-

ing of lodgepole pine in Scotland, particularly on ordi-

nary Calluna heath and low fertility sites, both pure and 

in mixture. He visualised the employment of both coastal 

and inland strains and hoped for the selection of a good 

intermediate' form. 
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Lines (1968) has summarised the silviculture of 

lodgepole pine in Scotland and noted the suggestion that 

an intermediate form with some Coastal and some Inland 

characteristics would best suit British conditions. The 

provenance from Terrace on the Skeena River showed some of 

these characteristics and could be compared with those 

from Hazelton and Smithers. The interest in the Shuswap 

Lake provenances, for much the same reasons, has already 

been noted. 

d. Sitka Spruce: 

Special reference has been made to lodgepole pine 

because of its current and potential importance to 

Scottish forestry and, also, to provide background for 

the field study of lodgepole pine which is related later 

in this thesis. The other predominant species of relative-

ly new popularity is Sitka spruce, which demonstrates very 

high growth rates and good resistance to exposure, al-

though requiring somewhat better quality sites than does 

lodgepole pine. Brief reference is made herein to this 

species. 

(1) 	Fertiliser Studies: 

Leyton and Weatherell (1959) have reported that 

the growth of semi-checked Sitka spruce on heathland had 

been stimulated to different degrees by the annual appli- 
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cation of litter of Scots pine, Corsican pine, lodgepole 

pine, Japanese larch and Sitka spruce at rates correspond-

ing to normal plantation conditions, following an initial 

heavier rate. Foliar analysis suggested that the response 

was at least partially attributable to the influence of 

the litters on the nitrogen nutrition of the spruce and 

differences between litters appeared to be largely deter-

mined by their total nitrogen contents. In this respect, 

Japanese larch, with an annual needle fall generally 

greater than that of the pines and a higher nitrogen con-

tent, offered the best promise as a nurse species for 

spruce. 

Davies (1967) has described the silviculture of 

Norway and Sitka spruces as practised by the Forestry Com-

mission in the West Scotland Conservancy over the previous 

50 years and has ascribed certain qualities to Sitka spruce. 

Firstly, it withstood exposure better than any other 

species in the Conservancy, if sufficient phosphate had 

been applied. It was very easy to handle as a transplant 

and cheap to produce. Given proper treatment, it would 

grow fast on a wide variety of infertile sites where the 

only other prospect, in Davies' words, was the "low yield-

ing and doubtfully economic lodgepolepine". The spruce 

produced good utility saw timber and fine pulp. For the 

future, Davies held that aerial manuring on a routine basis 
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adjusted on the basis of foliar analyses, would soon 

materialise. Net  discounted revenue calculations showed 

that considerable sums could be spent on fertilising and, 

if the Forestry Commission Yield Class could be raised by 

40, an increased profit would result. Of all the species 

being planted in Scotland, Sitka spruce seemed most likely 

to repay intensive silviculture. 

(2) 	Provenances: 

Sitka spruce is easily the most important species, 

in terms of current rates of planting, in Scotland. The 

Forestry Commission (1965d; 1966c; 1967c) has reported the 

planting of slightly more than 80 million plants of the 

species in Scotland in 1964, 1965 and 1966, of which 

almost 16 million was planted in North Scotland Conser-

vancy. As with lodgepole pine, the planting rates appear 

to be increasing. During 1965 and 1966, the Commission 

imported 1139 lb 	of seed from Washington, Oregon and 

Alaska none having been imported in 1964. 

Burley (1966) has described the development of 

the terminal bud in one-year seedlings of Sitka spruce as 

a continuous process. The same sequence of morphological 

events occurred in 47 provenances examined but with diff-

exent timings. The buds formed in response to decreasing 

day-length and an essentially continuous relationship was 
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demonstrated between time of bud formation and latitude of 

seed origin. Flushing was controlled largely by tempera-

ture and time of flushing reflected the nature of the 

temperature regime in the native habitat. 

The height attained at the end of the growing 

season was demonstrated to be related to date of bud form-

ation and latitude of seed origin but the relationship was 

modified by temperature and photoperiod. There was little 

genetic variation in rate of height growth and variability 

in time of bud formation was considered to be the major 

factor causing provenance variation in total height growth. 

The reactions of two provenances suggested that ecotypic 

differentiation had occurred in response to specific, local 

environmental selection pressures. The results supple-

mented the conclusions of earlier reports, namely, that 

there was a broad interaction of genotype with environment 

that should be evaluated before planting the species at 

any given site. 

(3) 	Industrial Utilisation in Britain: 

Broughton (1962) has described the properties 'of 

30 - 37 years old British-grown Sitka spruce timbers. The 

variability of properties encountered between trees within 

a site and within individual trees was much greater than 

variations which could be attributed to differences in 
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climate or quality class. However, the observed differ-

ences in fibre length, strength and seasoning properties 

of timber taken from different heights in the tree were 

not of practical importance but, of all the properties 

investigated, only permeability and resistance to impreg-

nation were fairly uniform. The fibre length varied 

between 2.6 mm. and 3.3 mm., being adequate for the manu-

facture of strong paper. Spiral  grain, almost invariably 

anti-clockwise, was found, to some degree, in almost all 

of the material examined. The average, nominal specific 

gravity of whole discs was 0.331 (green volume) and for 

small, clear specimens 0.313 (green volume) or 0.336 at 

12 percent moisture content. The maximum crushing 

strength was 2,130 lbs. per sq. inch (green) and 4,120 lbs. 

per sq. inch (12% m.c.) and the resistance to impact*  was 

22 inches (green) and 20 inches (12% m.c.). 

The spruce could be dried quickly under the most 

severe drying schedules without increasing the amount of 

degrade. Some twist, however, always occurred where the 

boards were allowed unrestrained movement, owing to the 

spiral grain. Machine woodworking tests were carried out 

at moisture contents of 12% and 20% of the oven-dry weight. 

Hard knots tended to damage the cutter blades and resulted 

* Height through which a 3,3 lb. hammer must fall to cause 

fracture, 
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in a poor finish to the timber surface. However, this 

could be overcome by the technique of jointing in which a 

second bevel was given to the cutter blades. Under wood 

preservation, creosote retentions of between 6.6 and 11.5 

lbs. per cu.ft. of heartwood could be obtained but it was 

necessary to use slightly lower temperature and pressure 

combinations during treatment in order to avoid collapse. 

The. sapwood treated readily. 

The Forest Products Research Laboratory has found, 

in planing Sitka spruce lumber, that it was difficult to 

avoid a woolly finish, although sharp knives and the joint-

ing procedure mentioned by Broughton would reduce the 

effect. Tearing of the grain was also a common feature, 

associated with disturbances of the grain due to knots and 

other defects and, more usually, with spiral grain. 

In summary, British-grown Sitka spruce was found 

to be a preferred species for many pulping processes, par-

ticularly for groundwood pulp, because of its light colour 

and the relatively low power consumption required to chip 

it. The species also provided material for the light-

weight types of fibreboard, such as insulation board, and 

for moulded fibre board and woodwool, especially that 

needed for packing.food. The species was also suitable 

for chipboard manufacture, although that industry operated 
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largely on planer shavings and similar wood waste. The 

spruce could, also, be used for pit-props (a dwindling 

market) and would probably last for about twenty years as 

fence-posts, if barked and treated with preservative. The 

potential market for the sawn timber is very large but, 

because of the British-grown wood characteristics and the 

conversion problems mentioned above, only a small percent-

age of the output was likely to be Grade I material, 

suitable for joinery and high-class structural work. 

Suitable graded material could be used for general build-

ing purposes, such as trussed rafters, internal framing, 

partitioning and the external cladding and for portable 

buildings. However, for building components, preservation 

against rot and beetle attack was desirable. Since the 

heartwood was resistant to pressure treatment, adequate 

protection could only be achieved by means of a diffusion 

process. The species was more suitable for boxes, packing 

cases, cable drums, shuttering and general carpentry*. 

* The Forest Products Research Laboratory at the Ministry 

of Technology possess unpublished material, dealing with 

the characteristics of British-grown Sitka spruce timber in 

detail, e.g. Home-Grown Timber Research Committee Paper 

No. 112 - General investigations on home-grown timbers. 

Variations within the tree. Report No.. 1 Sitka spruce. 
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e. Site Productivities, Rotations and Yields: 

Sinden (1964 and 1965) has noted the trend in 

Britain away from the classical approaches to forest man-

agement which developed the methods of sustained yield 

forestry toward more flexible methods on more commercially 

oriented operations. Within any forest policy, financial 

decisions on rotations were becoming increasingly impor-

tant. Sinden, whilst not disputing the importance of 

rotation length as an important long-term forest planning 

tool, has concerned himself with the mature stand, posing 

the recurrent marginal problem of whether to fell now or 

to allow the crop to grow longer. His approach was based 

on a consideration of financial criteria and stand produc-

tion. In slow-growing stands, the decision of when to cut 

might not be of major commercial importance but, rather, 

of planning importance, whereas in high productivity 

stands it could be of critical financial significance. 

The technique developed by Sinden employed 

Faustmann's concept of net discounted revenue combined 

with certain principles of economic theory. The expecta-

tion value was arrived at by comparing potential future 

receipts with expenditures and ignoring all previous costs 

and returns i.e. a marginal criterion was employed rather 

than a rotation length criterion. The technique allowed 

the marginal decision on rotations to be made rapidly and 
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to be based on the whole range of cost conditions, produc-

tivity classes of selected stands and current product 

prices. It avoided the severe problems of long-term fore-

casts of profitability by employing current product prices 

and costs which were assumed to be steady for, say, the 

next five years. By the suitable adjustment of the dis-

count procedure, however, the principle could be applied 

to an infinite series of rotations. A framework was also 

provided to make an economic analysis of the potential 

supplies from a given forest area under commercial forest 

management. 

Based on the technique developed and employing 

costs and prices generally applicable at that time, Sinden 

briefly considered the justifications for pulpwood rota-

tions in Quality Class II Sitka spruce.. In his particular 

example, he found that, for a zero or very low price for 

sawtimber (i.e. for a very low ratio - price sawtimber; 

price pulpwood) the optimum rotation was 30 years and a 

pulpwood rotation was justified. Similarly, if the price 

of pulpwood was zero or low, then the optimum rotation was 

55-60 years, a sawtimber rotation. It was shown that 

pulpwood rotations were only justified when the price 

ratio was very low. Sinden noted that, although actual 

price determine profits, their influence on rotation 

length was limited by the ratio productivity: interest 



-577- 

rate. 

On the subjects of forest inventory and yield con-

trol, Johnston and Bradley (1964) have described the 

changed methods employed for State Working Plans. For 

the next few decades, most British production would come 

from thinnings, the yield of which was doubling every ten 

years. In a free economy it was not possible to plan, in 

detail, the integration of future wood-using industries 

with the future production of wood, The construction of 

expensive, wood-using mills could not be considered by 

industry, however, until the industries knew the quantities 

and specifications of the raw material coming onto the 

market for many years ahead. It was becoming apparent 

that the greatest single contribution that could be made 

by timber growers to the establishment of industry and, 

consequently, to the sale of their own produce, was to 

provide reasonably precise, long-term forecasts of future 

production by volume and some form of size-class distri-

bution. More precise, short-term forecasts were needed 

for market planning and, to some extent, for the actual 

management of the forests. 

The objectives of a forest inventory (of British 

forests) might, Johnston and Bradley stated, be summarised 

as follows, in cónjuction with theuse of management 



-578- 

tables : * 

to record the species and age of each sub-

compartment. 

to assess the General Yield Class of each sub-

compartment which is in the thinning stage, or is 

likely to come into the thinning stage within the 

forecasting period. 

to assess the Production Class of each species, if 

necessary on each broad site type in the forest, 

so that the General Yield Class of each sub-

compartment may be converted into a local Yield 

Class. (A combination of (1), (2) and (3) provides 

a basis for making long and short-term production 

forecasts and for controlling thinning yields in 

the forest.) 

to estimate the standing volume of sub-compartments 

likely to be clear-felled before the next working 

plan survey. This information is required for 

short-term market planning. 

to provide the basis for a periodic check on the 

development of the forest and, thus, on the 

* Forestry Commission Booklet No. 16. Forest management 

tables. London: H.M.S.O, 
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accuracy of the Local Yield Class assessments and/ 

or the precision of thinning control. 

The method employed was (and is) a stratified 

random sampling procedure to a pre-determined level of 

accuracy*. It was intended that plot measurements should 

be periodic. 

The subject of fertilisation (manuring) has a 

great potential influence on future site productivity, 

particularly on the less fertile areas of Scotland. Binns 

and Grayson (196 7) have reviewed the position of fertili-

sation of established crops, noting that British foresters 

have long been familiar with the necessity of fertilisation 

in the establishment phase of protection work. Only NPK 

had been found to .be limiting to growth in the British 

forests, with suggestions from more recent Forestry Com-

mission experiments that Ca might be needed on some deep 

peats and that Mg might be needed in the future, particu-

larly if the use of NPK became general. The majority of 

experimental work in Britain had - concentrated on crop 

* Relative to the standards of the British Columbia 

Inventory it requires much more field work per acre since 

it aims at a meaningful sub-compartment accuracy appropri-

ate to the intensive levels of management prevailing in 

Britain. 
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establishment or trying to re.start growth which had 

stopped. A number of experiments conducted in mature 

crops were then reviewed. 

Binns and Grayson concluded that, in the north and 

south temperate zones, only N and P had regularly been 

found to improve the growth of established crops on miner-

al soils. On more alkaline soils, and some very impover-

ished sands, K and Mg might be locally important. Peat 

soils undoubtedly required additional K but its use (or 

that of P and K) could not yet be evaluated on these 

soils, in terms of giving profitable increases in increment 

in established crops which were already making steady 

growth. The Research Division and Management Services 

Division of the Forestry Commission were still engaged in 

finding out what was necessary on these soils to produce a 

steadily growing crop. There were, in Britain, examples 

of responses to N or to P in established crops of Scots 

pine, Sitka spruce, Norway spruce and Corsican pine (the 

latter almost all on very sandy soils) and there were 

examples of no response in Scôts pine and Sitka spruce. 

More work was needed to determine whether N or P would be 

the key element in fertilising established crops; the 

forms of N and P which it will be most effective to apply 

and the most effective season to apply nitrogen. The 

indications were that, where trees gave an economic res- 
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ponse to nitrogen, it should be applied every 5 or 6 years 

to maintain the increase in growth. In contrast, P res-

ponses were generally longer-lasting. The best rate of 

application for N appears to lie between 100 and 150 lbs. 

per acre and, for P, probably 40 lb. and 80 lb. per acre 

on most soils (40-50 lbs. was often used for top dressing 

checked crops, while 25-30 lbs. was typically used at the 

time of establishment.). A problem could arise in the 

selection of stands for fertiliser treatment, since neither 

soil analysis or foliar analysis were fully reliable indi-

cators of a potential response. 

Binns and Grayson also dealt with the economic 

implications of fertilisation in the individual stand. 

Using an actual 80 year old Scots pine stand as an example, 

they attached money values to the costs and expected 

returns. The cost of application of N and P, using the 

cheapest materials, would be about 8 pounds per acre. 

Assuming that the stand was felled six years after treat-

ment, the extra volume increment of 120 H. ft. (153 cu.ft.) 

per acre produced over the six years and price at 2s 6d 

per H. ft. standing, implied a revenue increase of 15 

pounds per acre. Discounting this amount at 31-2  percent, 

the value of the response, viewed from the time of ferti-

lisation was. 12 pounds per acre. Thus the nett discounted 

revenue would be 4 pounds per acre. The rate of return on 



-582- 

the capital invested would be. 11 percent, which Binns and 

Grayson considered to be very attractive economically. It 

is worthy of note, however, that the 3½  percent used as 

the discount rate for this calculation compares to 7 per-

cent paid by the Forestry Commission on its borrowings, as 

referred to earlier in this review. 

In pole-stage plantations, the increased growth 

produced by fertilisation might be removed at one time by 

clear-felling or might include removal by intermediate 

thinnings. In four actual pole stage stands treated with 

P, an average growth increase of 215 H.ft. (274 cu.ft.) 

per acre was achieved over 7 years. If about a half of 

this increase were to be removed over 2 thinnings and the 

remainder at the date of final felling 30 years after 

treatment and thinnings and main crop were valued at is 6d 

and 2s 6d respectively, the discounted revenue would be 

10.6 pounds per acre. With a cost of fertiliser and appli-

cation of some 9 pounds per acre, using a fixed-wing 

aircraft, the operation was profitable and the nett dis-

counted revenue per pound spent amounted to about 1.8 

pounds, i.e. the rate of return on the investment would be 

4.5 percent. Binns and Grayson felt that it was possible 

to imagine that successive fertiliser treatments would be 

adopted ma crop's life and intermediate yields might be 

raised inorder to remove the bulk of the increased growth 
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in thinnings. Given sufficient data on costs, yields and 

prices, it would be possible to draw up relationships of 

profitability (or loss) for different rates of application 

for a given treatment. Quite apart from individual stand 

considerations, national or larger scale considerations to 

favour fertilisation could include supply of a market with 

a rate of demand higher than the normal thinning yield 

and, avoiding, at the same time, losses by premature fell-

ing. 

In view of the relatively short interval between 

treatment and the harvest of increased yield, the financ-

ing of widespread fertilisation should not constitute a 

major problem. It would be desirable on economic grounds 

to cut back on less profitable forms of forest investment 

and to concentrate more on economic production on existing 

areas, instead of continually expanding the supply base, 

with all the extra supervision, maintenance, protection, 

future harvesting and transport costs that such forest 

expansion commonly entailed. 

In the fields of economic and technical research, 

Binns and Grayson felt that study was needed, in Britain, 

into: 

(1) 	growth responses (by species, ages and sites) to 

differentfertiliser treatments and elucidation of 
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factors controlling such responses. 

effects of fertiliser treatment on tree form, 

timber quality and susceptibility to insect and 

fungal attacks. 

the costs of different fertiliser treatments. 

the economic attraction of fertilisation and the 

implications for species choice, thinning regimes 

and rotation length and the consequences for mar-

keting. 

From an immediate management point of view, there 

seemed to be enough evidence to indicate that, on some 

mineral soil sites in the north, occupied by middle-aged 

and old Scots pine, nitrogen fertilisation at about 100 - 

500 lbs.. N per acre might well be profitable and, on a 

range of Sitka spruce pole-stage crops in Wales, mainly 

standing on mineral soils, P fertilisation was likely also 

to be reasonably profitable. For a crop of given yield 

class, the lower the stumpage price that was expected or 

the higher the costs of fertilisation, the less was the 

justification for treatment. Thus, the same circumstances 

which favoured more extensive forestry applied to fertili-

satiôn also but there would- be some 'sites and conditions 

of crop where the response to fertilisation would trans- 
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form the crop's potential and the sort of management 

applied. Possibly, the major effect that fertilisation 

could have lay in increasing thinning yields, making a 

rapid contribution to production and employment in home-

based wood industries, effecting import substitution and 

the diversification and stimulation of regional economics. 

To the regional economy, forest fertilisation might not be 

so attractive as other forms of investment, since payments 

made to fertiliser manufacturers and producers and users 

of tractors and aircraft do not generate income locally to 

anything like the same extent as more labour-intensive 

silvicultural operations. 

As described elsewhere, Davies (1967) has pressed 

for the fertilisation of Sitka spruce in West Scotland 

Conservancy. In another report (Davies (1967a) ) , he has 

described the helicopter application of 3 cwt. of crude 

Gafsa phosphate per acre onto a-1,000 acre block of slow-

growing coniferous plantations, 10 to 15 years old. The 

average total cost, including phosphate, contract spread-

ing, labour, radio and transport but excluding any super-

visory, administrative or fixed overhead costs, was 

equivalent to about 4 pounds 12 shillings per acre. Davies 

foresaw that regular aerial application of fertiliser to 

standing crops would become routine practice. 
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Malcolm (1962) has classified the site types nor-

mally available for forestry in Britain into three broad 

classes of soils, namely brown earths and leached brown 

earths; true and paraclimatic iron podsols and pseudogleys 

with shallow peat. This list excluded the skeletal soils 

and deep peats which were a minor part of the range of 

site types normally encountered. 

In relation to rotation length, with suitable 

selection of species, any reasonable exploitable size 

should be attainable on freely drained brown earths. On 

these sites, short (40 year) rotations for the more pro-

ductive species seemed wasteful of the site potential. 

However, where the soils were unstable, short rotations of 

shallow-rooting species might lead to loss of structure 

and a raised water table, due to lack of root penetration 

and colloid penetration, particularly if the litter was 

biologically inactive. 

On clay barns and clays, sometimes gleyed, long 

rotations were excluded for a number of species which were 

unable to root adequately. Asphyxiation in winter and 

dessiccation in summer eventually led to root infections 

or windthrow, as with Sitka spruce in British Columbia. 

On the podsols, the choice of species was narrow 

and these soils would probably remain under pine. The 
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larger area of paraclimatic heath soils supported planta-

tions after initial ameliorative treatment but the subse-

quent period of unaided growth remained in doubt. Single 

furrow ploughing for initial establishment might prove to 

have been insufficient for long rotations and it appeared 

unlikely to Malcolm that Sitka spruce could be grown for 

other than short rotations on these soils. 

The problem of root restriction occurred again on 

shallow peat soils and aeration by adequate surface drain-

age remained the key problem, permitting exploration of the 

peat by tree roots and its dissipation by biological acti-

vity. Wind stability was likely to condition absolutely 

the rotation length. Where windthrow occurred the peat, 

disturbed and aerated, disappeared, leaving gleyed, com-

pacted glacial till at the surface and presenting, possib-

ly, a more difficult management condition than the shallow 

peat. 

Thus,. all soils, apart from brown earths and true 

iron podsols, were likely to have.a marked effect on rota-

tion length. 

The choice of silvicultural system in Britain, 

with the need to maintain forest conditions and to provide 

for a measure of stability on the upland areas would pro-

bably be patch or group fellings which would allow 
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activation of accumulated humus while avoiding the worst 

effects of delayed regeneration. Malcolm held that mixed 

composition stands could only be justified on the grounds 

of increased production or soil improvement, as compared 

to pure stands on the same site. Under British conditions, 

he felt it to be advisable, probably, to have a proportion 

of leaf trees mixed with the species with a litter of high 

C:N ratio on the brown earths, as an aid to rapid circula-

tion of the nutrients. The possibility of useful site 

amelioration had been established and only awaited the 

development of suitable techniques. On the more degraded 

sites, some form of nutrient addition might often be 

necessary and it appeared that the resulting improved con-

ditions might be maintained by the introduction of species 

favouring a rapid circulation of the added nutrients. 

f. 	Plant and Forest Utilisation Standard: 

It will be readily appreciated that the creation 

of forests on a large scale in Britain, particularly with 

the recent policy emphasis on economic operation, has 

involved and still involves a very considerable financial 

risk. By and large, the forests have been created with 

an emphasis upon obtaining successful growth of exotics 

and it is only natural that the major forestry effort 

should have been directed toward biological considerations 

and factors of the environment. The disposal of produce 
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has been generally considered as the simple sale of round-

wood to the existing outlets for sawtimber, chipboard, 

box-making, mining timbers and props and similar forest 

products. The impending introduction of a larger industry, 

along the lines of the Fort William pulp mill and the 

necessary modernisation of the sawmilling industry to cope 

with prevailing economic trends has led to an increasingly 

keen and detailed appreciation of the commercial require-

ments which, in the final analysis, will govern the finan-

cial success or otherwise of the British forestry 

enterprise. 

The construction of the Fort William pulp mill was 

accompanied by the making of an agreement between the 

Forestry Commission and the pulp mill company, dealing 

with a guaranteed volume of log supply, prices and related 

matters. The author is familiar with the contents of this 

agreement but has not received permission to review its 

contents in this thesis. The position is not unusual, in 

the author's view, since much-of the background knowledge 

obtained concerning the internal operations of British 

Columbia industry and certain, related Forest Service in-

formation has been obtained on a similar basis. Also, 

negotiations are proceeding between Scottish private 

owners and the pulp mill company concerning the possibility 

of private log sales and these negotiations, again, must 
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be treated as confidential at the present time. In con-

sidering these factors, the author has decided to rely 

largely on published material which will illustrate some of 

the considerations involved in these recent developments. 

Zehetmayr (1965) has discussed the optimum length 

for pulpwood, as it relates to place of conversion, load-

ing, length of truck (lorry), stacking space at roadside, 

method of skidding and the preparation of logs after 

cross-cutting at the stump. 

(1.) Place of Conversion: 

On the premise that the carrying out of any oper-

ation in the forest was more expensive than doing it at 

a mill or landing, the de-barking operation was the most 

obvious operation to carry out at the mill. The public 

road system of Scotland, although extensive and well-

surfaced, restricted maximum loads because of numerous 

bridges, steep hills, winding routes or underlying peat. 

Also, the forest road usually had as great a load-

bearing capacity as did the public road system. The use of 

a lower landing (re-load point) for centralised mechan-

ised trimming and cross-cutting (bucking) would introduce 

extra handling inthe form of unloading and re-loading, 

without any corresponding cost reduction in the second 

stage of the haul. The maximum loads delivered to the 
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Fort William pulp mill were from 10 to 18 tons (380-500 

H. ft. or 360-640 cu.ft.). If barking were to be elimina-

ted in the woods and cross-cutting reduced to produce long 

pulpwood, then the question arose as to whether any work 

should be done at roadside, except for loading onto road 

transport after skidding. 

(2.) Loading: 

Manual loading, as practiced in many areas was, 

Zehetmayr emphasised, unacceptable and the small amounts 

of pulpwood available at any one place precluded the use 

of static loading devices. Relatively cheap cranes must 

be used, not needing to be fully employed to be economic, 

and they might be truck or tractor mounted. The truck-

mounted cranes would only pay at more than one load per 

day - about 15 to 20 tons - where the truck operated over 

distances of less than 65 miles and, possibly, working 

shifts. The tractor-mounted cranes were more expensive 

but, with large enough supplies, could load more cheaply. 

The crane reach could be shorter than with truck-mounted 

units. 

An articulated fleet (Pre-load system) with one 

"tug" or "tractor" unit carrying'  a crane was theoretically 

most attractive. However, a fleet of one loader, 2 tugs 

on shift operation and 6 or 7 trailers could handle over 
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12,000 tons of pulpwood per annum. The solution to be 

adopted for Fort William would probably be a compromise, 

using all three systems in different areas according to 

the distance from the mill, the output of the various 

forests in an area and the load restriction in force. 

Length to Fit Trucks: 

The longest piece that could be cross-loaded 

onto trucks for public road haul was 7½ feet, whilst, with 

longitudinal loading, one or two piles per truck of 8 to 

12 feet in length could be accommodated, according to the 

length of the chassis. Lengths over 12 feet could only 

form one stack. An analysis of truck-length and pulpwood 

length showed that 7½ feet lengths, cross-loaded, fitted 

all truck types. All longerwood, loaded lengthwise did 

not fit certain sizes and wood 12 feet long only suited 

short or very long trucks. The taper of British thinnings 

generally exceeded 1 inch in 7 feet and stacks were awkward 

unless much of the load was turned and piled top to butt. 

Road Spacing: 

Calculations based on annual cut, movement 

cost for skidding by various methods and road costs indi-

cated a general extraction road spacing of between 300 and 

880 yards, as giving the lowest cost combination. 
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Stacking at Roadside: 

With certain forms of skidding e.g. horse and 

winch,, the movement of logs along a haul road was expensive 

as compared to movement by tractors or trucks. The provi-

sion of stacking spaces (landings) could be very expensive 

in hilly country and Zehetmayr stated that, under these 

conditions, the ideal for thinnings was to be able to 

pile timber all along the road. The stacks did not need 

to be unduly high even if 75 H. ft.. (95 cu,ft.) of 8 to 12 

feet lengths were skidded onto each yard of road and the 

carriageway was left sufficiently clear. Longer lengths 

had to be laid parallel to the road and the timber capa-

city per yard was reduced. The wider road spacings occur-

red with tractor extraction on flatter ground where the 

provision of extra stacking space was simple. For clear-

cuts, more space for stacking, not necessarily level, 

would be needed and progressive removal could be more 

easily arranged. 

Skidding: 

The bulk of pulpwood, at the time of Zehetmayr's 

investigation, was coming from thinnings. It had been 

found that wheeled tractors could not work in the vast 

majority of stands, owing to steep slopes and soft ground. 

Cost analyses of skidding showed that the choice of econo'-

mic method lay between the double-drum winch and the horse. 
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Where wheeled tractors could work, road spacings could 

widen to half a mile and trailers of up to 3 tons capacity 

were used. Skidding tractors equipped with loading cranes 

were under trial with the intention of loading the skid-

ding tractor trailer in racks and re-loading to main-haul 

trailers on roads. The main extraction methods for thin-

nings, recommended by Zehetmayr, were the Isachsen No. 3 

double drum winch and by horse, with a skidding arch based 

on the Norwegian Lunnedrag. 

( 7.) Gathering of Loads for Skidding: 

Since horse or winch skidding requires racks 

(lines of trees removed to provide skid trails) , collec-

tion of loads in or near them was necessary and the faller 

did this by hand. The pulpwood length for optimum effici-

ency was 10 - 1111 feet. By spacing racks 20 - 30 yards 

apart, the average distance which the logs had to be moved 

was about 3 yards. In early thinnings of Sitka spruce and 

on steep slopes, directional felling was impossible and 

the distance-was increased to about 5 yards. Sawlogs were 

left as they fell and moved from stump by the winch. For 

horse extraction, the distances for hand movement of pulp-

wood are increased somewhat, since larger loads must be 

gathered. 
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(8.) (8.) Crosscutting (bucking) at the Stump: 

Where the pulpwood length exceeded 7 to 10 

feet, studies showed that bucking in the woods was more 

efficient (the amount of moving of poles and pieces neces-

sary at the roadside outweighed the hindrance caused by 

branches cut off in the stand). One or two men with a 

chainsaw, carrying out thinning, bucking, limbing and 

piling for extraction by log winch produced 70 - 120 H. ft. 

(89 - 153 cu.ft.) per man day with an average tree size of 

2 - 4 H. ft. (2.5 - 5 cu.ft.). Whilst output by a two-man 

team with a double drum winch had reached 550 H. ft. (700 

cu.ft.) per day, much more training and experience would 

be necessary before this became a regular occurrence. 

Logging teams of 4 to 8 men would work either horse or 

double-drum winch to produce from 2,500 to 5,000 tons a 

year (70,000 to 140,000 H. ft. approximately or 89,000 to 

166 1,000 cu.ft.) and few forests would need more than two 

such teams, 

( 9.) Conclusion: 

The conclusion reached by Zehetmayr, from the 

forest working aspect, was that the optimum length of 

pulpwood was from 10 to 12 feet, with 'a downward tolerance. 

For the Fort William pulp mill, including added considera-

tions such as mill requirements, transport and reduction 

of waste, the decision was to employ 10 feet lengths, with 
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tolerance down to 8 feet. 

Woolridge (1962) has discussed the timber require-

ments of the Scottish sawmilling industry. He argued that, 

if branches were small and sound in Norway and Sitka 

spruces, Douglas fir and lodgepole pine, then pruning 

should be avoided. However, in species such as Douglas 

fir, Sitka spruce and Corsican pine where branch whorls 

were pronounced and branches might be coarse, a loss of 

grade would occur. At best, the price difference would be 

that between first and third grade timber and, at worst, 

that between third grade timber and pulpwood. In this case 

pruning might be advantageous but, apart from the produc-

tion of sawlogs, should be avoided, if possible. Good tree 

breeding would assist quality. It was important to achieve 

straightness of stem to obtain a log length competitive 

with that from which imported Scandinavian lumber was pro-

duced. Ring width and strength were not the problems they 

were considered to be, although the greater shrinkage of 

wide-ringed and non-resinous woods needed different 

shrinkage allowances in conversion. The existing grading 

rules* specified not less than 8 rings per inch for Grade 

I and not, less than 4 per inch for.Grade'II. Other grades 

were not qualified in terms of rings per inch. The 

* As defined in the Department of Scientific and Industri-

al Research Leaflet No. 49 
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difficulty of marketing timber not in constant supply, in 

terms of both quantity and quality, was stressed, the ex-

ception being good European larch which would always find 

a market. The size of a log was its least important 

aspect and the bulk of the timber trade's requirements 

could come fromlogs of 8 inches top diameter and larger, 

with an average top diameter of 10 inches and in lengths 

of from 8 to 20 feet, averaging 14 feet. The proportion 

of logs required to make up into 10" x 3" battens would be 

about 15 percent of the total log volume and should be 

14 inches top diameter and larger, averaging 15 inches top 

diameter and from 17 to 22 feet, averaging 19 feet, in 

length. 

Woolridge complained of onerous conditions imposed 

by the Forestry Commission in the sale of timber. He 

estimated that a reasonably efficient sawmill needed about 

250 M. cu.ft. of logs per annum which would require the 

cutting of at least 1 MM. cu.ft. of trees per annum by a 

timber merchant. However, these amounts were insignificant 

when compared to the volume required by one selling organ-

isation capable of making an efficient entry into the 

market. For many years, the customer for home-grown for-

est products would have to be a small user and, in order 

to change this pattern, big quantities of timber would 

have to be available to the merchant developing the home 
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timber market. The large quantity of standing timber 

which had to be logged to produce the needed amount of 

timber could result in difficulties in disposing of small 

round timber until pulp mills began to operate. However, 

the sudden, large demand of a new pulp mill could be diffi-

cult to meet. Woolridge also held that the price of 

small-size thinnings had been too high in recent years, 

although the price of standing timber should be as good as 

that in other parts of the world. 

Other authors have concerned themselves with the 

quality of home-grown wood. Phillips (1962) presented a 

paper to the Society of Foresters of Great Britain, consi-

dering the anatomy of softwoods and its influence on 

timber quality. In a discussion which followed, it was 

concluded that moderation should be the aim both for den-

sity and ring width. The structure of British-grown timber 

was considered to be adequate and not inferior to that of 

imported timber, 

g. 	Road Transportation: 

The Forestry Commission (1967c) reported that 

there were in Scotland, at the end of 1966 forest year, 

33,109 miles of forest roads in use. This figure compared 

with 2 9928 miles at the end - of 1965 'and 2 9662 at the end 

of 1964. 
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Davidson (1967) has considered the road transpor-

tation of Scottish roundwood and his comments and observa-

tions are worthy of review in some detail. He noted that 

when land is under forest in full production, the tonnage 

of produce to be removed annually might be between 30 and 

50 times as much as the land previously produced in the 

form of livestock and other agricultural produce. There 

would also be more people employed so that access roads 

would be required which could sustain a greater volume of 

traffic. Also, re-appraisal of their standards was needed 

to carry the heavier types of vehicles used both for 

forestry and agricultural purposes. 

In 1965, the total Scottish timber output was 

about 760,000 tons and the average haul distance. was 75 

miles. By 1970, the total quantity was expected to rise 

to 1 million tons but the average haul, might be reduced 

to 70 miles for logs and sawn mining timber. Generally, 

the 75. mile average haul of 1965 would cost between 25 and 

30 shillings per ton or a total 1965 cost to the Scottish 

forest industry of 1.05 million pounds. Allowing for a 

unit cost of between 23.5 and 28 shillings per ton for 

the 70 mile average haul in 1970, the total cost might 

then be 1.29 million pounds.. 	. 

The location of forests to produce timber during 
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new plantations in closer proximity to wood-using centres 

was limited by, for example, land-use policy, continuing 

availability of land at any time for the maintenance of 

the steady expansion of the afforestation programme and 

the creation of rural employment in districts which might 

be further from the mills. Planning of this kind, David-

son felt, must also make assumptions, which may be of 

doubtful validity, on the location of the best markets for 

all classes of forest produce long after 1980. 

The rising output from forests not yet in produc-

tive state would affect average hauling distance, depend-

ing on the scale of operations at any point of operation. 

Thenearest 2 million H. ft. (2.55 M.M. cu.ft.) of small 

roundwood to Carlisle from Scotland would, in 1970, be 

hauled 65 miles but, in 1980, 45.miles. Similarly, the 

nearest 1 million H. ft. (1,27  M.M. cu.ft.,) to Aberdeen in 

1970 would be hauled 27 miles but in 1980, 20 miles. The 

nearest available 6 million H. ft. (7.6 M.M. cu.ft.) of 

small roundwood, in Commission forests, to Fort William in 

1967 was 81 miles but, in 1980, would be 75 miles, 

Some relief in roundwood hauling costs might de-

rive from improved handling costs e.g. woods de-barking 

(to reduce bark and excess water weight). As quantities 
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of wood coming from groups of' forests increased, the 

conditions justifying the organisation and outlay on for-

est de-barking equipment would inprove. 

Considering the standards of Scottish roads, they 

' 'could be improved to permit maximum haulage in vehicles of 

large capacity. The difference in cost, in 1965 and 1970, 

between carrying all wood as 12 ton loads (17 tons gross) 

and 16½ ton loads (24 tons gross) was between 200,000 and 

225,000 pounds sterling annually. Further savings, though 

at a reducing rate, would accrue from carriage in 20 ton 

, loads (about 30 tons, gross). As .against these attractive 

savings, the costs of improving many minor country roads 

to a 24 ton or 30 ton standard was very high and the 

annual savings to the forest industry by itself did not 

provide sufficient financial justification for any immedi-

ate and general improvement to all forest access roads. 

Scottish Pulp and Paper Mills, the Scottish Devel-

opment Department and the Forestry Commission in 1962 made 

a joint' survey to assess the priorities over the entire 

Highland area. The pulp mill at Fort William required 

200,000 tons of wood annually from Commission forests 	- 

scattered over the, area. The average distance to the mill 

was 80 miles and the use of vehicles with capacities of at 

least 12 tons (the minimum standard agreed for forest 
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roads) and preferably 16 tons (or about 24 tons gross, the 

main public road standard at the time), was needed. 

The volumes of wood-hauling traffic along the 

various roads was determined and, in one case (the Tyndrum-

Glencoe route), British Rail successfully competed on a 

heavy volume route. A road capability survey divided the 

total tonnage for delivery into percentages that could be 

transported in various sizes of unit loads and the survey 

was modified where re-routing considerations offered a 

more economical haul. Finally, three road priority cate-

gories were assessed, as follows: 

Scottish Road Priority Categories 
for Wood Hauling 

Annual Costs of Cost of Road 
Annual Local Load Improvements Years 

Priority 	Tonnage Restriction (h) (Pounds) to Pay 

I 	 .36,050 17,890 247,100 14 

II 	 18,350 7,010 272 2000. 42 

III 	 7,850 33,445 1 9031 5* 450 570 

TOTALS 62,250 	28,345 	1,550,550 	 59 

The remaining 138,000 tons per annumwere capable 

of being hauled to the mill along routes already suitable 

for 16 ton net loads. In the final compromise decision, 

it was agreed that all roads in Categories I and II should 

be improved to the 24 ton gross standard. This was held 
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to yield maximum advantages for minimum expenditure. 

Compared with a scheme for general improvement, it was 

found to be possible to cut expenditure on roads by 66 

percent, but at the same time, to reduce the volume of 

traffic affected by restriction from 40 percent of the 

total to only 4 percent. 

The standards of road construction and provisions 

'for administrative control within the Forestry Commission 

are contained in a series of memoranda issued by the Chief 

Engineer of the Commission. 

From the author's observations there is a great 

deal of interest in forest roads at the present time, 

particularly in relation to the initial standard of road. 

required and road layout for extiaction. In addition, 

extensive improvements to Scottish public road standards 

are under way; as described. 

h. Forest Utilisation: 

The following table has been derived from the 

Forestry Commission' (1965e; 1966e; l967f) and show the 

volumes cut in three years: 	 . 



AREAS OF PLANTATIONS AND VOLUMES OF FORESTRY COMMISSION TIMBER 
THINNED AND FELLED - 1964 - 1966 

FELLED THINNED Total Volume 
Felled and 

Area Volume Area Volume Forest Thinned 
MMHF MMcf MMHF MMcf MMNF MMcf Year Area (Acres) (Acres) 

C. 	B. 4,510 6.658 8.5 48,060 19.606 25.0 26.264 33.5 

1964 Scotland 465 1.030 1.3 19,204 7.522 9.6 8.552 10.9 

North (5) 	Conservancy 126 0.588 0.7 2,564 1.229 0.9 1.817 1.6 

C. 	B. 4,904 7.929 10.0 47,143 20.444 25.9 28.373 35.9 

1965 Scotland 656 1.434 1.8 19 9604 8.456 10.8 9.890 12.6 

North (5) 	Conservancy 336 0.565 0.7 2,141 1.316 1.7 1.881 2.4 

C. 	B. 5,418 8.624 11.0 50,868 22.331 28.3 30.955 39.3 

1966 Scotland 770 1.864 2.2 21 2 794 9.956 12.6 11.820 14.8 

North (S) 	Conservancy 165 0.526 0.7 3,461 2.223 2.8 2.749 3.5 
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The bulk of the timber cut was sold standing. 

Of the timber converted by the Commission, the two major 

items sold by the Commission, during the forest year 1966, 

were pulpwood and board mill material and sawlogs. 

Private fellings may be derived from the Forestry 

Commission (1965c; 1966d; 1967d) reports of the volume of 

timber licenced for felling and thinning, as follows: 



VOLUME OF TIMBER LICENCED FOR FELLING AND THINNING ON PRIVATE ESTATES 
IN GREAT BRITAIN AND SCOTLAND DURING THE FOREST YEARS 1964 - 1966 

1964 1965 1 	1966 

G. 	B. Scotland G. 	B. Scotland G. 	B. Scotland 
MMH F 	1 MMc f MMH F jMMcf MMH F MM c f MMH F MM c f 1VH F MM c f MMH F MM cf 

Total 
Volume 17.811 22.6 5.340 6.8 16.790 21.3 5.233 6.7 14.405 18.3 3.656 4.7 

Conifer 7.357 9.3 4.107 5.2 7.537 9.6 4.137 5.3 5.900 7.5 2.633 3.3 

Broad- 
leaved 10.454 18.4 1.233 1.6 9.253 10.8 1.096 1.4 8.505 10.4 0.993 1.3 
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Hart (1962a) has described the system of felling 

licences by which the Forestry Commission regulates the 

felling or sale for felling of privately owned growing 

trees, under the provisions of the "Forestry Act, 1951". 

There are a number of minor exceptions to felling by 

licence, the important exception being dedicated woodlands, 

where an owner may fell in accordance with the agreed Plan 

of Operations, without a licence. In addition, an owner 

may fell up to 825 H. ft. (1050 cu.ft.) of timber per 

quarter of a calendar year for use on his own property. 

When issuing a licence and, where it is in the national 

interest that the ground be restocked, the Forestry Com-

mission is empowered to include replanting conditions in 

the licence and the owner may claim the appropriate plant-

ing grants. If the Commission refuse a licence they must 

state their reasons and an owner aggrieved by a refusal or 

by the conditions imposed may have the case referred to an 

impartial committee appointed by the Minister of Agricul-

ture, Fisheries and Food or by the Secretary of State for 

Scotland. Where the refusal of a licence may mean a lass 

in value of the trees owing to timber deterioration through 

age, the owner is entitled to compensation from the 

Forestry Commission. 

Also, under the provisions of the "Forestry Act, 

1951", the Commission, at their discretion, may direct an 



owner. to fell trees within a specified period of two years 

in order to prevent or check deterioration in the quality 

of the timber or to improve the growth of other trees. 

The Commission is required to consider farming interests, 

amenity and any advice tendered by the Regional Advisory 

Committee of the. Conservancy, in which the trees are grow-

ing. An aggrieved owner has rights of redress rather 

similar to those afforded him under a felling licence. 

The Forestry Commission have the power to enter upon pri-

vate property and carry out the felling direction them-

selves, after three months notice and the owner again has 

a right of application to appeal against such an action. 

The Commission is not permitted to direct the felling of 

trees which are under a Plan of Operations for Dedicated 

or Approved Woodlands. 

Baldwin*has  discussed Forestry. Commission sales of 

standing timber. The Commission have stated their policy 

at the request of the Home Grown Timber Advisory Commit-

tee. The Commission did not foresee that it would enter 

into the sawmilling industry. However, on the question of 

how much timber should be felled and prepared to end-use 

specification by Commission labour and how much should be 

* Mr. Baldwin discussed the disposal of.Forestry' Commission 

timber with the author at the Commission'sLondon Head-

quarters on 31st. May, 1967. 
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sold standing to timber merchants, as favoured by the 

Trade Associations, the Commission was not, in effect, 

prepared to commit itself but held that the proportion 

would be variable in the light of many factors such as 

contractual obligations, established practices, the capa-

city and work quality of the local trade, the availability 

and maintenance of Commission labour., local markets and 

prices which timber merchants would pay. The Commission 

thus insisted on retaining flexibility although it esti-

mated, without guarantee, that by 1970 the volumes of 

softwoods available for felling by the trade would have 

increased to about 5 M.M.H.F. (6.4 M.M.c.f.) in England, 

10 M.M.H.F. (12.8 M.M.c.f.) in Scotland and 4 M.M.H.F. 

(5.1 M.M.c.f.) in Wales. In 1965, the figure for Scotland 

was 6.8 M.M.H.F. (8.55 M.M.c.f.). 

Baldwin noted that approximately one-half of the 

annual production of Forestry Commission timber was sold 

standing and one-half was cut by Commission labour. All 

of the standing material was sold competitively and the 

volume of a sale might range from 20 M to 300 M.H.F. (25.5 

- 832 M. cf.). The volume was determined by measuring the 

quarter-girth of every tenth tree marked to be cut and 

every hundredth tree was cut down and measured for height 

and mid-girth to determine volume. The measurements and 

results are made available to the timber merchant who then 
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makes an offer, following his inspection which must be 

completed by a specific date. Until 1964, it was the cus-

tom invariably to accept the highest offer but this had 

been changed to a policy of normally accepting the highest 

offer but reserving the right to allocate to another bid-. 

der, either by reason of consistently poor performance by 

the highest bidder of it allocation to the highest bidder 

would seriously disrupt the existing industry. On this 

basis, very few auctions had been held. for two years and 

the Commission considered that auctions or tenders held 

the disadvantage that a contractor might have to move from 

forest to forest, rather than be able to locate in a parti-

cular forest. There Was a strong possibility that the 

Forest Commission would, in the future, allocate 80 per-

cent of a merchant '5 requirerc:. stc. hin. at a negotiated. 

price but '.,e would has to accte :e bnce by competi- 

tive 	 The tifoer is sold as a ±turp-sum .ale, 

ratha 	. J the payment of sturripage on the vo1me re- 

covered c 	ing. ?ices for roundwcod would normally 

vary fr 	.,. id 3d up to 25s  per Hoopus root with the 

price varying according to size, quality and distance to 

market. 3s to 4s was considered normal for good quality 

timber. The average pride for standing timber was is per 

Hoppus fot. In Scotland, in 1965,  it was 114.2d per H. 

f.. (18.2d per Cu. ft.). Sales of standing timber or 
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felled timber (the latter may be sold by volume or by 

weight) were normally arranged in 12 month lots and pay-

ment was flexible - for example a purchaser might pay one-

sixth of the lump sum for one-sixth of the trees and pay 

periodically for further rights to cut. In these lump-sum 

sales, where the estimated volume fell short, the Commis-

sion was usually sympathetic and will meet the purchaser. 

Commission fellings were usually conducted on a 

piece-work basis, using Commission equipment, although 

there was a trend for fallers to own their own saw. Tops 

were cut to 3 inches. In the case of poles or pulp timber 

most of the de-barking was bymachine. There was also a 

tendency to train production teams to specialise in timber 

production. 

Sales accounts were and are kept by individual 

forests and consolidated into Conservancy accounts. 

i. 	Forestry Commission Management Plans: 

The Forestry Commission (1968)was currently pre-

paring Conservancy plans consisting of four basic elements, 

which were: 

long term planning and investment appraisals' 

programmes and forecasts for five years ahead 

annual budgets 

control (e.g. through Conservancy Annual 
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Reports). 

The main purposes of the Conservancy plan were to 

achieve the Commission's forest authority (e.g. timber 

licencing, dedication scheme) and forestry enterprise 

(Commission forests) objectives and these were: 

(1) As a forest authority by:- 

Implementing legislation, mainly concerning 

private woodlands and plant health. 

Undertaking and/or aiding research, educa-

tion or training. 

Assisting industrial and social development 

connected with forestry. 

Paying due regard to amenity, recreation 

and wild life. 

(2) As managers of the National forestry enter-

prise by:- 

Undertaking new planting as directed by the 

Government. 

Giving due consideration to other land use 

interest. 

Safeguarding and enhancing the beauty of 

the landscape. 

Conserving and controlling wild life. 

e. Mee.ting reasonable requirements foraècess 
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and other recreational facilities. 

The Conservancy planning system was also designed 

to ensure that forestry development in a particular Con-

servancy was consonant with regional developments outside 

forestry which had been approved by the Government. The 

system planned and controlled forestry investment; facili-

tated the orderly devolution of authority and responsibil-

ity to Conservators and provided a reasoned basis for 

five-year forecasts, programmes and annual budgets. The 

plans were a permanent working document with no fixed 

period but subject to amendment whenever considered neces-

sary. It was reviewed as a whole once a year by the 

Conservator and was controlled as a part of the Commission 

annual budgeting and reporting system. The plans were 

prepared under a' standard set of headings and were subject 

to approval by the Director General of the Commission. 

Once these plans were in operation, it was intended 

to prepare Forest Plans, with powers of sanction delegated 

to Conservators. The Forest Working Plan area was the 

basic unit of the enterprise where data were collected 

and programmes carried out, so that specific plans were 

considered to be essential. They must also conform to 

Conservancy Plans and, because the most important general 

matters would have been decided in the Conservancy Plan, 
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the Forest Plans were expected to be relatively simple and 

concise, with an emphasis on tabular presentation. 

j. 	Effects of Wind: 

In any review of Scottish forest management it will 

be essential to consider the effects of wind. In the 

first place, the actual amount of windblow has proved to 

be a critical factor which, in some areas at least, will 

probably prove to be limiting to the length of rotation 

and dependent factors. Secondly, wind, coupled with other 

contributing factors, has had and may well continue to 

have an important effect upon wood quality, possibly to 

the extent that it will be a determining factor in choice 

of provenance or even of species. 

The Society of Foresters of Great Britain (1966) 

has discussed the problems of windfall in relation to 

Northern Ireland. Jack noted that at Cam Forest, woods 

reaching the thinning stage had been planted on a wide 

variety of soil types (mineral soil, shallow peat over 

banded clay and drift soils, and deep peat) and were often 

unstable in the wind regime of the area. Windfall prob-

lems, coupled.with fire damage and uneven growth rates, 

had raised management problems. Should a clear felling or 

selective system be adopted? If selection, should it be 

single tree or group selection? If group selection, how 
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big should the groups be? If thinning was conducted, how 

should it be done? How far should management be influenced 

by markets, economics or silviculture? 

Another speaker, Jones, held that technical devel-

opments could not be foreseen and it was very doubtful 

whether long-term management towards supplying specialised 

industries was a logical approach. Jack pointed out the 

world trend towards reconstituted wood which, in associa-

tion with windthrow difficulties, made a strong case for 

shorter rotations. Penistan held, in connection with 

stand size and distribution, that the imposition of formed 

and relatively simple distributions of age classes, on 

short or long rotations, was unlikely to be a permanent 

solution. The more arbitrary the distribution, the more 

likely would be windthrow and other disturbances. The 

greatest stability and least disturbance of planned pro-

duction would be likely from a stand distribution based 

on site and cutting should aim at presenting the maximum 

number of wind-firm edges. Concerning rotations, although 

most production might be for pulp, larger average-sized 

trees were cheaper to handle than the smaller average-

sizes and this situation was likely to become more marked 

as the cost of.labour increased. Thus, it was wiser to 

have smaller, (rather than larger) stand units with random 

age distribution and the larger tree sizes should be grown. 
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The aim should be, in short, to have the longest practical 

economic rotation in stands based on site distribution. 

Pyatt (1966) has described soil and windthrow 

surveys of Newcastleton Forest, Roxburghshire. The soils 

were classified into well-drained soils (brown earths and 

iron pan soils), poorly drained impeded soils (surface-

water gleys and peaty gleys) and deep peats and they were 

mapped at a scale of 6 inches to one mile. The suscepti-

bility of individual trees and of crops to windthrow on 

the different soils was investigated by overturning trees 

with a standard winching technique and by a survey of 

actual damage. Deep rooting and relative stability were 

associated. with the well-drained soils and deep peats. 

The distribution of .windthrow suggested that, on topo-

graphically exposed sites, risk was greater than on shel-

tered sites and this relationship provided a reasonable 

basis for forecasting the time and damage. 

Busby (1965) has emphasised that, in addition to 

soil moisture and topographical influence, windfall is 

affected in an important way by depth of crown, stand age, 

stand structure and treatment. In the Scottish Borders 

region, Williams and Mime Home (1963) stated that the 

instability of forest crops had caused disquiet. At one 

forest (Newcastleton), however, fears for the stability of 
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the whole crop proved groundless. The small amount of 

windfall that did occur was thought to be largely due to 

the unsatisfactory drainage systems in the earlier planta-

tions, along with lack of sufficient early thinnings. 

Nevertheless, windthrow was a threat in the Border forests 

and made any system of clear felling undesirable. The 

sporadic patches of windblow and similar gaps made by 

felling would be regenerated, forming a silvicultural 

system of management. Thus, the great influence of poten-

tial windthrow upon Border Forest management would be 

counteracted by good drainage, the creation of an irregular 

stand canopy and the admixture into the shallow-rooting 

spruce of deep rooting trees as a "firm framework". 

Edwards, Atterson and Howell (1963) investigated 

damage created by wind during the winter of 1959-60, when 

trees planted from four to eight years earlier were 

loosened and blown about, although few wereb'lbwri flat and 

practically none killed. Many such trees subsequently 

stabilised themselves, although with a permanently bent 

butt. This kind of damage had not been noticed before on 

a large scale. The trouble had been serious among pines 

planted in ploughed ground on some exposed hard upland 

heaths in eastern Scotland and north-eastern England. Most 

of the trees had been fertilised with ground mineral phos-

phate to obtain good growth on the poor soils. The 
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problem did not appear to be one of normal exposure. The 

investigation consisted of root excavation and analysis, 

co-related with top weight and stem length. Principally, 

the investigators were trying to determine if morphologi-

cal differences in the pines accounted for stability vari-

ations, what differences between pine and larch were 

important to the differing stability of the trees and why 

trees planted on the exposed top of ploughed furrow 

ridges were more stable than those planted in the furrow. 

There were no loosened pine trees on ridges. The findings, 

with reference to pine, were indeterminate in that, al-

though there was some evidence that loosened trees had 

higher root systems than stable trees, this was not always 

found to be the case. No qualitative differences occurred 

in root form or distribution, greater elasticity of stem 

and-absence of needles during the winter. In addition, 

larch achieved a more intimate mechanical union with the 

soil, both by its ability to develop new and adventitious 

roots around the base of the stem and because its roots 

are generally finer and more numerous. 

The differences between ridge and furrow planting 

were investigated. In the case of larch, it was found 

that root differences between ridge and furrow planted 

trees were small, indicating a possible reason for the 

overall stability of thespecies. The species was able to 
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attain the same balance of root and top growth in both 

positions. However, the stable and unstable pine had al-

most exactly the same top-root weight ratio but there did 

appear to be a greater proportion of widely-spread roots 

among the ridge-planted trees. In the case of trees 

planted in the furrow, the roots rarely penetrated the 

channel made by the tineand lay mostly on a level with, 

or even above, the planting position. A further reason 

for the greater tendency of pines to loosen when furrow-

planted might be the holding power of the rooting medium. 

The few top inches of soil in the furrow were loose, 

whereas the rooting zone on the ridge was held together 

by numerous roots and stems of the vegetation. There were 

some indications that more intensive ploughing and sub-

soiling aided root development.. A suggestion that the 

loosening of trees had been facilitated by bad planting 

practice was unsubstantiated, as was the idea that phos-

phate application affected tree development in a way that 

decreased stability. The authors gave, as the primary 

reason for wind-loosening, the unsuitable and inadequate 

cultivation of soils which were impermeable to roots. 

Amongstother recommendations, it was felt that tree 

stability should be tested by a measured pull to determine 

whether differences in direction of root growth between 

furrow-planted and ridge-planted pines might explain the 
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differences in stability. 

Andersen (1954) thoroughly discussed the effects 

of the wind-storm of 31st. January, 1953, in the north-east 

of Scotland, during which more than 45 million cubic feet, 

mainly of coniferous species, were windblown. Considering 

the wind climate of Scotland it appeared to him that, 

although gale risk was a serious factor in forestry in the 

region, very few gales during the previous 250 years had 

attained a violence comparable to that of the 1953 storm. 

The principal cause of the varying, degree of damage was 

considered to be the local distribution of extreme gusts, 

modified by topographical features. A marked co-relation 

was found between the height of trees and incidence of 

wind-throw, few stands of less than forty feet in height 

having been damaged. Although the susceptibility of tree 

species was not assessed quantitatively, Andersen felt 

that the performance of Scots pine was discouraging. Spe-

cies of larch proved to be generally resistant and species 

of spruce were unstable, although there were instances of 

spruces not being more severely damaged than pine, on 

similar sites. Douglas fir showed some instances of being 

wind-firm to a surprising degree. Of the edaphic factors, 

the effect of compacted soil horizons on depth of rooting 

was clearly important and, on thequestion of stand layout 

and tending, it was concluded that wind-resistant margins 
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were important in 'the prevention of gale damage. 

It is interesting to note that 16 gales, almost all 

exceeding 90 m.p.h. in wind-speed and all damaging to 

forests, have occurred in Scotland and northern England 

from 1838 to 1958. The two of 1953 and 1958 blew down 

approximately 85 M.M.H.F. (108 M.M.c.f.), a very large 

volume considering the size of Scottish forests and the 

available outlets for wood.. 

k. 	Rusts and Fungi 

Gladman and Low (1963) have described the five 

most important conifer heart rots occurring in Scotland 

and their causative fungi - Fomes annosus; Polyporus 

schweinitzii; Armillaria mellea; Trametes pini and Stereum 

sanguionlentum. In management it was common to paint 

stumps with creosote to prevent infection by Fomes annosus. 

An important consideration for management lay in the ques-

tion of crop succession. Where one crop succeeded another 

the problem was not one of keeping out new infection, as 

in first rotation crops, but of dealing with that already 

established in the existing stumps and providing a direct 

source of infection for the new crop. Apart from small, 

special areas having an alkaline soil reaction, pine might 

continue to succeed pine without serious risk of crop 

deterioration from Fomes, even though the fungus became 
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well established in the stumps. If, however, pine was 

replaced by another genus (as was common with Scots pine, 

the economics of which were widely questioned), the ques-

tion of rot fungi became important since the pine, resist-

ant to attack itself, readily provided in its stumps 

excellent sources of infection for the succeeding, sus-

ceptible-species. 

Armillaria was important as a root-rot fungus, 

causing little stem decay but producing increased sus-

ceptibility to windblow, particularly if heavy thinning 

was employed. Thuja plicata and Tsuga heterophylla were 

susceptible tree species. Killing by Armillaria,however, 

seldom caused more than irregularity of stocking. 

The Trametes and Polyporus could be ignored from 

a management point of view. Stereum sanguinolentum was 

only important as a coloniser of wounds but required care 

to be taken in extraction operations, to avoid damage 

permitting its entry. 

The authors stressed that the existing low in-

cidence of these decays in Britain was closely linked with 

the immature condition of the majority of conifer crops 

and was not a static condition. However, the choice of 

rot resistant species, where possible, coupled with 

judicious crop management, regular stump treatment and 

good extraction practice could materially reduce the 
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incidence of decays. The tendency towards shorter ro-

tations itself did much to reduce the problem. 

1. Forest Thinning: 

Unlike British Columbia, where thinning practice 

is virtually non-existent, British conifer forestry almost 

invariably involves the practice of periodic thinning. 

Taylor (1964) has given an historical review of, and an 

account of research into, thinning and has emphasised 

that advances in thinning practice are expected to be 

associated with increased knowledge of tree physiology. 

Matthews (1963) has noted the trend, in Britain, 

toward rather heavier thinnings made less frequently, a 

trend which made necessary careful choice of the trees 

retained. The trees to be favoured were those that pro-

duced the greatest quantity of wood for the space they 

occupied and, based upon genetical and physiological know-

ledge, Matthews suggested that close attention should be 

paid to crown length and width, density of foliage and 

seed production in attempting to select the most efficient 

trees,. 

Thom (1964) has emphasised thenecessity of basing 

thinning policy upon an appreciation of the economics of 

certain courses of .action combined with an appreciation of 
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efficient silviculture. It was also necessary to have 

adequate forecasts of forest produce in advance so that 

they could be matched with likely demands from new wood-

using industries throughout Great Britain. On the basis 

of likely markets, Thom pleaded for "intensive" and 

!'extensive" forestry within definite production zones, 

which would allow the planning of thinning policy, accord-

ingly. 

Crowther (1964) has briefly examined the main 

factors that the results of work study suggested had the 

greatest influence on the efficiency of the thinning 

operation. A larger'pole size would increase output and 

reduce costs and the Scottish eclectic thinning produced 

a largerpole in first thinnings. Wider spacing of plants 

would be expected to produce trees of larger size in the 

early thinnings, although heavier branching in the earlier 

stages and loss of increment by delayed closing of the 

canopy could be expected to result. However, the branch-

ing problem could be overcome by pruning. The increase 

in volumes cut per acre and an increase in the total 

volume cut at any one place, at any one time would reduce 

costs. The layout of extraction racks and trackways was 

of prime importance in the efficient conduct of early 

thinning operations. The end-product had an affect on 

costs and aprice length - range of from 10 to 15 feet 
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appeared, under British conditions, to be the best compro-

mise between long poles which caused, damage in extraction 

and short pieces of, say about four feet, which tended to 

be more expensive because of the extra handling involved 

with large numbers of small pieces. Mechanisation pro-

mised some improvements of method but relatively slow 

progress had been made. Tree felling occupied 10 to 15 

percent of the total production time, 'limiting the savings 

that the power saw could achieve. The removal of branches 

remained a problem, even though power saw techniques 

could be used. In thinning extraction, the double drum 

winch was proving to be promising and, on easier ground 

where a wheeled tractor could operate, a combination of 

tractor and Hiab Elefant Grab loader was promising. The 

provision of production incentives and the training of 

young forest workers would improve Costs and production. 

MacMillen (1964) referred to some aspects of 

extraction engineering with reference to thinnings. The 

optimum road density, of particular importance in large-

scale planning, could be calculated by means of the form-

ula developed by Grayson (Empire Forestry Review, Septem-

ber, 1958), which provided a useful guide, although its 

results should not be rigidly applied. Topography re-

mained an important factorin influencing the extraction 

equipment' to be used and thus modifying the theoretical 
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road spacing. The road standards employed should permit 

the use of vehicles with a high pay-load direct to the 

market from the nearest point of extraction, particularly 

where the timber was to be transported.a considerable 

distance to its market. Extra costs were involved in re-

loading or using small vehicles.. MacMillen stressed that 

consideration of axle load and the extent to which that 

load was applied repetitively would lead to structural. 

decisions on sub-grade surfacing and drainage, including 

culvert, specifications. If the surface was not sealed, 

it might lend itself readily to mechanical maintenance. 

Stirling (1964) has dealt with the silviculture 

of thinnings in young and middle-aged crops. The quality 

of the crop and the need to overcome economic objections 

by a flexible approach to thinning were recognised. The 

importance of light as a major factor in photosynthetic 

efficiency, the role of smaller trees in the crop, tree 

selection and qualitative aspects of thinnings were dis-

cussed. Stirling held that much evidence pointed silvi-

culturally and economically to a higher intensity of 

thinning, at least to the point of light saturation in 

stands within the period of increasing current annual 

increment. Heavier, early thinnings were needed in the 

faster-growing conifers if good proportionate crowns were 

to be maintained. The development of an increasingly 
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large crown was.a condition for existence in the stand. 

Some form of crown thinning was indicated and low, light, 

early thinning, removing the smaller, most suppressed 

trees did not help the crop to grow any better. A heavy 

thinning from below was, in effect, a form of crown 

thinning. The use of sub-dominants in a stand, branch 

thickness, canopy depth, flexibility in thinning treatment 

and best tree selection at the first thinning were all 

considered. As a result, Stirling believed that the Scot-

tish eclectic thinning method, although not fully developed, 

provided a most practicable, positive and dynamic approach 

to thinning, giving a flexible, progressive method of 

selection and with positive economic advantages in early 

thinnings. To reduce windblow risk, drainage maintenance 

must be carried out as an integral part of the thinning 

operation. 

Dickson (1964) felt that further research was 

needed into provenance, planting distances and pruning, 

so as to obtain the highest net returns from thinnings., 

The net discounted revenue position of crops grown with 

the objective of making no thinning could be investigated 

and compared to normal treatment. The effects of new 

extraction methods on increment and thinning methods, as 

well as the economics of each type' of thinning over a 
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crop rotation needed more research coupled with a better 

knowledge of how increment was laid on in relation to 

thinnings of different grades. Tree physiology, the 

thinning of older crops in relation to the formation of 

the subsequent crop needed investigation and the planning 

of future industry developments should be aided by pro-

ducing statistics of yield under the Scottish eclectic 

thinning method. 

Cooper (1963) discussed the difficulties in the 

marketing of thinnings due to over-production in the 

five years preceding 1963 and recommended control both 

of the quantities supplied and of prices. He wanted to 

see, firstly, the creation ofa Committee, at the highest 

level, of representatives of the Forestry Commission, 

Timber Growers' Organisation, producers and wood-using 

industries to agree what products could be taken from the 

woods each year and the minimum prices for each market. 

Secondly, the Timber Growers' Organisation should be a 

collecting pool for information on produce coming forward 

from private estates and, thereby, Regional Marketing 

Agencies should be set up to offer services to both the 

wood-using industries and the estates to agree quotas and 

allocate them to individuals to ensure 'a regular flow of 

produce into the mills and collieries. 

This concludes the review of literature for Scot- 
land. 
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CHAPTER 7 

PROBLEMS AND POSSIBILITIES FOR THE FUTURE 

1. Forest Ownership and Tenure: 

a. Structure of the State Forest Authorities: 

The forests of British Columbia are almost all 

vested in the Crown in right of the Province. The poli-

cies which govern them are developed by the Government 

and controlled by the Provincial Legislature in quite a 

direct way. A Standing Committee of the Legislature 

investigates forestry questions directed to it by the 

Minister of Lands, Forests and Water Resources. The 

revenues received from and expended upon forestry are 

controlled by the Provincial Legislature and, in certain 

fields, bythe Government of Canada. The Forest Service 

regulates and administers the forests within these legi-

slative and monetary bounds and its management is exten-

sive in form. This form of policy making requires 

relatively frequent amendments to the "Forest Act", so as 

to allow the Forest Service administration to meet chang-

ing circumstances. Also, it has led, along with staff 

and money shortages, to an exti'aordinary complexity of 

forest regulatory and administrative control measures. 

The Statç authority in Britain, the Forestry 

Commission, is a different form of authority. About one-

half of the British forests are vested in the Commission- 
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ers. Whilst the use of the Commission lands is governed 

by other Departments of Government, such as the Depart-

ment of Agriculture, once it has been determined to use 

land for forests, the Forestry Commissioners themselves 

become the policy makers and managers of it, and control 

all of their expenditures within the limits imposed by 

Treasury loans, and receipts. Themanagement of Forestry 

Commission forests is intensive and they conduct many of 

the operations with their own personnel, unlike the 

British Columbia Forest Service which tends to rely upon 

supervision of the forest industry, which normally con-

ducts the logging operations. The British Columbia Forest 

Service does, however, maintain a fire suppression 

organisation and grows virtually all of the seedlings 

and transplants used in the Province. There has been a 

strong tendency, however, for the Forest Service to del-

egate forest management and operations, under a variety 

of tenures, to industry, retaining to itself the right of 

approval and ensuring compliance to agreed or approved 

measures by means of its own supervisors. 

In addition to the management of their own 

forests, the Forestry Commissioners have powers, derived 

from Parliament, to regulate the cutting of produce in 

private woodlands and, through the Dedication and Approved 

Woodlands schemes, to pay grants to private woodland 



-631- 

owners for planting and maintenance. The Parliamentary 

Legislation governing the Commissioners is relatively 

small in volume and has not, in - the past, been subject 

to frequent legislative amendment, as has been the case in 

British Columbia. In considering the problems and 

possibilities for Scotland and British Columbia, it is 

important that the differences in the structures of the 

State authorities are recognised. The Forestry Commission, 

in theory at least, is a body possessing more direct 

power of policy-making and management and financial deci-

sion than is the Forest Service. 

b. The Management of State Lands: 

(1) The vast Crown forests of British Columbia, 

by their very size, present great difficulties to manage-

ment, particularly when the low density of population 

of the bulk of the Province is taken into account. It is 

clearly impossible for the Forest Service to intensively 

manage all of the Crown forests itself at the present 

day and there are considerable difficulties for the 

Forest Service to manage them extensively. This is part-

icularly the case when British Columbia Government, 

wishing to restrain the growth of the Provincial Civil 

Service, have not permitted rapid growth of the Forest 

Service. In addition, as has been described, both the 

Canadian and Provincial Governments havediverted sub- 
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.",stantial funds 'derived from the Provincial forests and 

the dependent forest industry to purposes other than 

forestry. Under these circumstances and because the 

policies of successive Provincial Governments have aimed 

at fostering the development of forest industries, there 

has been 'devised 'a succession of forms of tenure. In 

general, these have ranged from earlier forms, providing 

simply for liquidation of standing timber with a royalty 

payable to the Province by the holder of the tenure to 

recent, more sophisticated and complex forms, in which 

licencees are required to manage fully the units of ten-

ure on a sustained yield basis, under supervision of the 

'Forest Service. It is of interest'to comment on some of 

'these tenures. 1  

(2) Timber Berths: 

Timber berths were originally granted by the 

Canadian Government within the Railway Grants ceded to it 

by the Provincial Government. These lands and administration 

of the Berths were returned to the Province in 193Q. 

The berths provided that the owner could cut all timber 

above 10 inches d.b.h.o.b., upon payment of a specified 

royalty per unit of volume. It was provided that a berth 

owner must operate a conversion plant of a certain size 

to utilise the produce from the berth at a stated rate. 
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Also, logged lands or areas of young growth were to be 

returned to the Province. In practice, some of the 

provisions were not enforced by Government and many of 

the Berths were held for speculative reasons, in hopes 

of capital gain. With the advent of sustained yield, 

the Provincial Government decided, upon recommendation 

of .a Select Standing Committee of the Legislature, to 

endeavour to recover the berth lands to add to public 

sustained yield'units and thereby bring them under the 

sustained yield policy. To this end, it was argued that 

the berth holders were only granted the right to cut 

timber which was ten inches d.b.h. and above, at the time 

at which the berth was granted i.e. they were not en-

titled to subsequent growth. Also, certain provisions 

of the berths were enforced, such as a requirement that, 

upon order of the Minister, berth holders were required 

to survey the berth boundaries at their own expense. 

Rates of taxation on the berths were raised to discourage 

speculation and accelerate liquidation. In some 

instances, requests by industry to convert the berths 

into tree farm licences or equivalent arrangements which 

would permit sustained yield management of them were not 

accepted. It is not the purpose of the author to comment 

upon the merits and demerits of this policy, except to 

note that' the return of the logged lands to the Province 
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will presumably increase the already heavy backlog of for-

est lands which are not satisfactorily restocked, since the 

Timber Berth tenures contained no provisions for reforesta-

tion by the holder and the Forest Service appears to be 

unwilling to enter into other arrangements under which 

industry, in return for modification of the tenure, would 

reforest and manage the lands. 

(3) 	Tree Farm Licences: 

The position of tree farm licences has been des-

cribed at some length in the Review of Literature. Their 

issue has been stopped by Government policy changes, stem-

ming from pressure from the public and sectors of the for-

est industry and it seems to be unlikely that more will be 

issued. The author has not changed his views of 1956 that 

this form of tenure has the potential to provide the best 

and most intensive form of forest management to be found 

in the Province. There will presumably continue to be 

difficulties where some licencees endeavour to carry out 

minimum contract requirements only, rather than aiming for 

rational management. There are also problems with Working 

Plans. In the author's view, once a plan has been prepared 

by the licencee and approved by the Forest Service, it 

forms the legal basis of management and ought not to be 

subject to continuing controversy at the field inspection 

level. Thus, the forest managermust be required to adhere 
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to the approved plan and the Forest Service inspector must 

not be permitted to impose his own views, where they differ 

from the provisions of the approved plan. Part of this 

problem may be solved, in the future, by a greater concen-

tration, through educational means, on the purpose, struc-

ture and intent of Working Plans. The frequent amendment 

of Tree Farm Licence Working Plans to conform to frequent 

changes in Forest Service policy should be avoided as much 

as possible in favour of amending the plan at the planned 

time of revision. This permits policy changes to be pro-

perly co-ordinated into existing management practices with-

out introducing the confusion which accompanies frequent 

amendments and which tends to remove the stability of 

management provided by a detailed Working Plan. 

(4) 	Public Sustained Yield Units: 

As pointed out in the Review of Literature, the 

Public Sustained Yield Units, which normally supply a num-

ber of industrial plants with raw material, are managed by 

"remote control". The administrative control of the units 

consists of the setting of an annual allowable cut which 

is distributed by means of a quota system to logging opera-

tors or industrial plants. The complexities of the close 

utilisation policy are included in the quota system, al-

though where pulpwood harvesting areas overlie public sus-

tained yield units, the rights conferred by the latter take 
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precedence over the public sustained yield unit operators' 

opportunity to practise close utilisation. There will, in 

all likelihood, be future problems with these overlapping 

tenures and policies but it is too early to predict in what 

direction these will arise. 

There are no working plans,. equivalent to those in 

operation on Tree Farm Licences, for the Public Sustained 

Yield, Units, but they ,are under preparation. Part of the 

reason for delay in ,prparation of these plans, lies in the 

difficulties of applying the Provincial Inventory to indi-

vidual 'Public Sustained Yield Units and the position should 

be corrected when present work to intensify the inventory 

in areas of highforest produce demand, is completed. It 

is of interest to note that Forestry Commission plans for 

its own forests are incomplete pending the development of 

satisfactory inventory data. 

The 'problem of management of Public Sustained 

Yield Units at the local level has been mentioned and it is 

clear that a decision should be reached in the near future 

on this problem. There are a number of possible approaches. 

One isto increase considerably the number of Forest 

Districts in the Province and place sustained yield unit 

management staffs at the District Headquarters, managing a 

number of units and accounting for them financially. 
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Another approach would be to form Forest Service management 

staffs for large, individual units and groups of smaller 

units. If neither of these courses is adopted, the Provin-

cial Government should consider arrangements whereby the 

industry dependent on produce from a given unit would make 

a working plan for approval of the Forest Service, to simi-

lar standards of those presently required for tree farm 

licences and covering the same scope of operations. 

The latter approaches would permit a more logical, 

planned approach to the allocation of timber for cutting 

and to theconstruction of capital works, since the approach 

could be a joint one rather than an individual one, as at 

present. In this case, the Government should require re-

forestation and fire protection provisions to be conducted 

by industry to be specified, although proper financial 

arrangements will be necessary to compensate industry. 

At the present time, the management of public sus-

tained units appears to consist largely of complex admin-

istrative rules to regulate and distribute the cut, efforts 

to obtain close utilisation and measures such as slash dis-

posal. Fire fighting and reforestation provisions do not 

appear to be co-ordinated to the cutting provisions, nor 

do there appear to be financial criteria, applicable to 

individual units. Until these problems are corrected, 
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doubts must remain as to whether the sustained yield policy 

of the Province is actually being applied on the ground to 

the individual public sustained yield units. 

(5) 	Pulpwood Harvesting Areas: 

The pulpwood harvesting area is the most recent 

major form of tenure, devised for stimulating the growth 

of the pulp industry so as to increase the Province's share 

of world pulp production. The mills constructed to date 

have been built in the Interior of the Province and are the 

first to be so located. The prediction by dyne of over-

production up until 1972 in relation to increasing world 

demand, has so far proved to be substantially correct and 

the situation appears to have slowed down the construction 

of some mills, although guarantees have been placed with 

the Government. There is little doubt, however, that the 

policy of stimulating the growth of the pulp industry by 

the issue of Pulpwood Harvesting Areas is proving to be 

successful. 

The Pulpwood Harvesting Area overlies a number of 

public sustained yield units and the pulp company is granted 

an option to purchase sufficient pulpwood from these units 

to ensure a sufficient supply to sustain the pulp mill. 

The pulpwood is part of the sustained yield allowable cuts 

of the Public Sustained Yield Units. One of the questions 
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which affects the Pulpwood Harvesting Area deals with the 

ability or desire of the pulp company to use the pulpwood 

volume allocated to it. In some cases, the Harvesting 

Areas have been issued to cover not only the initial plant 

capacity but, also, planned future development which is 

guaranteed to be created by a certain date, by the pulp 

company. Clearly, in these cases, the Pulpwood Harvesting 

Area is larger than the existing capacity and will remain 

so until increases in plant capacity occur. Also, because 

of the forest inventory data available, some Pulpwood Har-

vesting Areas may be considerably too large for the planned 

future plant capacity. This kind of problem can be cor-

rected by the Minister who has powers to reduce the size of 

the area, if excess pulpwood volume is present. 

As pointed out in the Review of Literature, saw-

mill chips are a cheaper source of wood supply for a pulp 

mill than is round wood. Consequently, the mills will nor-

mally buy these chips in preference to logging round wood. 

The desire to secure this source of supply has led to the 

purchase of sawmills by the pulp companies, a process also 

leading to a degree of integration. The pulpwood on which 

the pulp mill has a first option was calculated on the 

basis of the usual minimum size of log which the industry 

in a given area was using. it is perhaps coincidental 

that, at the time when these policies were being evolved, 
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technological advances in the sawmilling industry were per-

mitting that industry to use smaller logs. Within Pulpwood 

Harvesting Areas, the sawmilling industry was placed at the 

disadvantage in that it could not count on an increase in 

supply, by utilising smaller logs, except in those cases 

where the pulp company did not exercise its option. This 

is perhaps the more remarkable in view of the much higher 

stumpages which the sawmills were paying for logs than were 

the pulp companies in Pulpwood Harvesting Areas. With the 

technological advances in sawmilling, it is quite possible 

that pulp companies will process much of their log supply, 

through profiling machines to recover their lumber content 

and then use the chips for pulp manufacture. These are 

potential problems, the extent of which cannot be predicted 

at this time. It is clear, however, that the pulp compan-

ies have been placed in a powerful position vis-a-vis the 

sawmilling industry and it is to be expected that they will 

continue, in some cases, to consolidate their position by 

the purchase, or construction, of sawmills. 

The 'major weakness of the Pulpwood Harvesting Area 

agreements is their lack of detailed reference to fire pro-

tection and silvicultural measures, including reforesta-

tion. It is true that, for each sale of pulpwood to the 

pulp company by the Government, the timber sale 'licence 

concerned will contain such terms and conditions as the 
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Chief Forester may consider to be necessary or desirable 

but these must be consistent with the Pulpwood Harvesting 

Area agreement. Certainly, the requirements for fire pro-

tection and reforestation are far less specific than they 

are for a Tree Farm Licence. Whether-or not means can be 

found under which pulp companies with Pulpwood Harvesting 

Areas will assume some responsibility for fire protection 

and reforestation, it would appear to be advisable to 

arrive at a detailed understanding on those questions at 

the time of negotiating the Pulpwood Harvesting Area 

agreement. 

In the final analysis, a number of potential prob-

lems which may arise with Pulpwood Harvesting Areas may have 

to be corrected at the end of the 20-year term for which 

they are issued. 

(6) 	Dedicated Woodlands and Approved Woodlands: 

In Britain, the Forestry Commission manages and 

operates its own woodlands and the problems of devising 

tenures is limited to the relatively simple process of 

short-term timber disposal. Thus the question of large 

and/or long-term tenures does not arise. For example, 

under an agreement between the Commission and Scottish Pulp 

and Paper Limited at Fort William, the Forestry Commission 

has contracted to supply the pulp mill with a specified 
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volume of pulp logs but the question of how these logs are 

produced and where, rests with the Forestry Commission 

directly and does not involve the pulp mill in a direct 

sense. 

In Britain, however, the area of private woodlands 

presents some difficulties which are relatively greater in 

importance than they are in British Columbia. The policy 

of encouraging private landowners to plant, maintain and 

upgrade their forests, through the Dedicated and Approved 

Woodlands Schemes, with their planting and maintenance 

grants and taxation incentives, has been largely successful 

and an important acreage has been planted. There are, 

however, some problems remaining which have received the 

attentions of British authors. These include the variable 

standards of management and forestry staffs of the private 

sector, as well as the lack of adequate commercial experi-

ence in some quarters in the area of timber disposal. 

Also, the co-ordination of woods supplies to the industry 

from the Commission and private forests presents problems 

in which the Commission has readily accepted the need to 

reconcile the marketing to best advantage of their own 

produce, with their duty to do anything possible to encour-

age suitable conditions in which the marketing of produc-

tion from the private woodlands can also flourish. The 

author noted, when in 'Scotland, that the Forestry Commission 
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had concluded a supply agreement with Scottish Pulp and 

Paper Limited and that negotiations, after initial set-

backs, were continuing for bulk supply from the private 

sector. As against the supply of small sawmills which are 

fairly readily supplied by individual negotiations, it is 

apparent that with pulp mills and sawmills upgraded to high 

speed production, and requiring larger volumes, group bar-

gaining by private owners will be more effective in achiev-

ing afãir price level. To the author, a free bargaining 

basis is much preferable to price controls or other devices 

which attempt to remove normal economic pressures from 

both forestry and the commercial developments dependent 

upon it. Clearly, also, there will normally be a need for 

co-operation between the Commission and the private wood-

land owners to establish a division of supply to a particu-

lar plant with the'concomitent advantages of being able to 

plan supply both as to volume, economic haulage distances 

and the various facets of management which must be co-

ordinated to achieve maximum success in the enterprise. 

It is worthy of mention that the financial opera-

tions of the Forestry Commission are separated into its 

activities as a forestry enterprise and its administrative 

functions as the national forest authority. Thus, whilst 

as the forestry enterprise, it is charged with interest on 

the grants-in-aid providing its source of capital, in its 
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role as the forest authority it simply records the trans-

actions made, mostly expenditures, and is not charged 

interest, presumably because there is no direct source of 

revenue available to the Commission from these expenditures. 

Thus, no financial return is expected from grants under 

the Dedication and Approved Woodlands Schemes, which in 

1966, were 1,533,788 pounds sterling, nor from research 

and special services, on which 799,220 pounds were expend-

ed. These expenditures are presumably regarded as being 

in the national interest and amongst other considerations, 

will provide greater opportunity for the establishment of 

industry, producing taxation revenues and other benefits 

for the country. 

2. 	Policy Problems Posed by Workers in British 
Columbia and Possibilities for the Future: 

a. The Close Utilisation Policy 

The desirability of closer utilisation within the 

British Columbia forests is obvious, yielding greater rev-

enues to Government and reducing the waste left from log-

ging, thereby reducing fire risk and the amount of site 

preparation necessary for reforestation. Because the annu-

al allowable cut would be increased, the Forest Service 

offered those who practised close utilisation an increase 

in their quota, the increased volume to be sold at a lower 

stumpage. Unfortunately, the incentives were quite made- 
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quate to attract the wide-scale support of industry for the 

policy. Industry objected that the logging and conversion 

of small diameter trees and logs was uneconomic and that 

the large volumes of narrow-width lumber which would 

result would be difficult to sell except at reduced prices. 

The Government has removed the voluntary aspects of the 

policy in some public sustained yield units, such as the 

Okanagan Public Sustained Yield Unit, by announcing that 

those purchasing the trees from the Government will be 

required to cut to close utilisation standards. The parti-

cular Public Sustained Yield Units which are to be involved 

are those in which a substantial proportion of the standing 

volume is present in the form of small-diameter trees. The 

different close utilisation standards chosen for the Coast 

and Interior, are probably partly due to the smaller volumes 

of small diameter timber in the former forests and were 

chosen to correspond to specific figures available in the 

Provincial Inventory, corresponding to the close utilisat-

ion standards adopted for the taking of the Inventory. It 

is visualised that operators opting or required to practise 

close utilisation must have chipping facilities to produce 

pulp chips but it is difficult to envisage that this pro-

vision could be enforced outside of the economic hauling 

range of a pulp mill. Also, should the Government enforce 

close utilisation on a large scale in the Interior, it will 
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presumably result in a lower amount of pulpwood being uti-

lised by the pulp companies in the Pulpwood harvesting 

Areas. It is difficult to visualise what the outcome of 

the close utilisation policy will be in the short term, 

although it is realistic to assume that it will be fully 

applied at some time in the future. By and large, the 

industry opposes the application of the policy at the pre-

sent time and Government is endeavouring to apply it as 

widely as possible. Another aspect of the problem lies in 

the cyclic nature of lumber prices to Interior sawmills. 

It has been a rule of thumb that good profits may be 

made in approximately one year in five, with marginal 

profits or losses being likely in the other four years. At 

periods of good lumber prices, the resistance to close 

utilisation is perhaps likely to be less, for economic 

reasons than in periods of low prices. Another factor 

affecting close utilisation is the 'very rapid increase in 

costs, particularly labour and machinery costs, experienced 

since the Second World War, increases which have offset, to 

a great extent, lumber price increases. These inflationary 

trends make the small log only a little more attractive to 

industry at the present day than it was twenty years ago. 

The trend toward-close utilisation has'been assisted by the 

automated profiling machines and other technological ad-

vances -in the industry and it is these trends which hold 
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the best promise of achieving close utilisation. The 

Government's changed views to permit the weigh-scaling and 

ratio sampling for the measurement of log volumes should be 

of material assistance to close utilisation, although as 

Moss (1966) has pointed out, the methods are more costly in 

some circumstances. 

b. The British Columbia Continuous Forest Inventory: 

The British Columbia Continuous Forest Inventory, 

in the initial phase of 1957, forms an excellent tool for 

the formulation of policy and the difficulties of applying 

it to management units, by reason of the limits of accur-

acy which apply to it, have been described. There are 

certain obvious reasons why these difficulties should arise. 

The Inventory was conducted under joint Federal/Provincial 

financing and.the costs of conducting an inventory pro-

gramme to reach a level of accuracy of, say, 95 percent, 

19 times out of 20, in each management unit in the Province 

within a reasonable period of time would have been very 

costly indeed and it is doubtful if the requisite number of 

men could have been found. Nevertheless, it has clearly 

become essential to intensify the inventory in those public 

sustained yield units where the current annual allowable 

cut is fully committed to the industry so as to ensure that 

the development or sustaining of industrial output is not 

limited by inaccuracies in the inventory. The Provincial 
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Government is pursuing this policy. . Where the estimated 

annual allowable cut is not being used fully by the-indus-

try, a lower level of accuracy can be accepted, at least 

until further industrial use occurs. Eventually, it will 

be necessary to conduct the taking of inventory on a 

management unit basis and., for reasons of economy, it seems 

likely that this will influence the size of management 

units, tending to keep them large, for at least several de-

cades. Indeed, instances have occurred where public sus.-

tamed yield units have been joined together to form a 

single, large unit. 

The costs of the inventory, particularly since it 

is designed as a progressive,periodic inventory, are con-

tinuing and these costs may be expected to increase as the 

general level of cutting in the Province increases and the 

pressure of demand on the public sustained yield units 

increases.. 	 . 

The tree, farm licences conduct their own inven-

tory, to standards approved by the Forest Service, and 

these inventories have usually proved to be of great value 

by revealing that previous. inventory estimates were Usually 

considerably to.o low. The effect upon the economics and 

management of the tree farm licences where this has occur--

red has usually been most favourable. In addition, logical 
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planning for the size of the dependent plant and knowledge 

of the material which would be supplied to it, were facil-

itated. 

C. Sustained Yield and Allowable Cut: 

The strongest objections to the sustained yield 

policy of British Columbia have been made by Pearse (1967) 

primarily on economic grounds. He held it to be unlikely 

that equal annual harvests would result in maximum finan-

cial returns so long as the demand for forest products 

fluctuated over time and that the small variations permit-

ted from the prescribed annual sustained yield cut were 

unlikely to help the situation very much. The large econo-

mic costs of carrying old growth inventory was also most 

serious and the value of the second-growth crops to replace 

the old growth was foregone. It is not clear what Pearse 

proposed as an alternative to sustained yield, other than 

adherence to economic principle, but it may be surmised 

that he visualised some form of highly accelerated cutting, 

with a view to liquidating the old stock in good market 

periods and replacing it with new growth. The use of 

Hanzlik's formula was also criticised on the grounds that 

it did not contain economic variables. As noted previous-

ly, the author has found it difficult to assess the value 

of Pearse's remarks, since they do not present cogent 

alternatives to the sustained, yield policy. When Sloan 
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(1956) recommended the policy he had in mind some social 

objectives, amongst them the stabilisation of communities 

and continuity of employment based on the stabilisation of 

existing industry. The rate of expansion of industry in 

British Columbia must be considered healthy and it seems 

doubtful that the economy could sustain more rapid increas-

es in view of shortages of capital and current manpower 

limitations. This point of view is, perhaps, supported by 

the marketing difficulties experienced by the pulp indus-

try after recent British Columbia and world expansion. In 

addition, sustained yield has had the desirable effect of 

dispersing industry, thereby assisting in the development 

of under-developed parts of the Province. In the developed 

parts of the Province, the restriction of cut has encouraged 

the industry to attend to questions of more complete utili-

sation, product quality and intensification of silvicul-

tural practice to make the best economic use of the pro-

ducts of the forest and of the forest land. Without these 

incentives, the strong tendencies of industry to expand in 

terms of acquiring more timber and building larger plants 

would probably continue, absorbing energies which are now 

directed to some extent, toward the questions mentioned. 

Pearse has supported, as do many economists, the 

use of short rotations as being the economic optimum in 

most cases. However, he has also criticised the purely 
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technological consideration of aiming for the maximum 

growth in volume, and not value, of wood. The author, as 

emphasised elsewhere, supports the latter criticism but has 

serious doubts about a large-scale current reliance upon 

short rotations. In any event, there is nothing in the 

sustained yield policy which precludes the use of short 

rotations, where management considerations indicate its 

desirability, nor is there anything in the policy, to nar-

row the yield calculation to the use of HanzliUs formula. 

Indeed, yield calculations by other methods are in use in 

some management units in the Province. Pearse also dis-

puted the technological principle that fuller utilisation 

was always desirable and maintained.that the quality of 

wood which it was desirable to move was determined by well-

known economic constraints. It should be the lowest grade 

or size, the value of which, when harvested, would cover 

the cost of harvesting it. With deference, the skilled 

forest manager seldom employs the so-called principle of 

fuller utilisation as a simple, unqualified rule. There 

are, of course, obvious advantages to close utilisation 

where it can be practiced economically. The economic 

principle of cutting only the lowest grade or size which 

can be paid for as an individual item is usually with good 

reason, also much qualified in practice. It is seldom, 

for example, that the requirements of forest industry 
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plants are very closely balanced with potential forest 

output, in terms of quality and quantity. There is a point 

at which it is more economic to operate an existing plant 

at a nominal loss rather than not operate it, at the cost 

of a greater loss. Under these circumstances and a variety 

of others, there may be. justification in viewing inputs to 

plants on an average basis. Also, the logging operation, 

where it is to be followed by silvicultural or fire protec-

tion operations, is not the sole criterion of cost and, 

where an integrated view of costs is taken, closer utilisa-

tion may be desirable, contradicting the indications of 

simple logging cost and plant conversion cost indicators. 

As discussed in other parts of this thesis, the author has 

serious doubts about some methods of applying the sustained 

yield policy but the policy itself appears to be well-

established and, in all likelihood,, will remain so. 

d. 	Forest Protection: 

(1) Fire Protection: 

The problem of fire'protection in British Columbia 

is an extremely serious one and the indications are that it 

will continue to be so. Whilst some improvement has been 

apparent over time, the number, scale, damage and costs of 

fighting fires are a heavy burden upon the Province. The 

increasing use of sophisticated fire-fighting tools, in-

cluding water-bombers and helicopters, a substantial radio 
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communications system, the use of forest fire simulators 

for fire control training and the use of measures such as 

slash-burning, forest closures and early shift working 

have been reviewed. These are measures involving the 

detection, early reporting and suppression of fires in the 

first instance and in the prevention of forest fires in 

the second, although slash-burning is itself a cause of 

forest fires. If present policies are continued and as 

population and pressures on the forest increase, the pre-

sent trends may be expected to escalate, in terms of 

increases in the number of fires, fewer large fires and 

heavily increased expenditures, consuming a substantial 

proportion of the total forest expenditures. One avenue 

which the author believes must receive much more attention 

is the question of public use of the forests. The ques-

tion is fraught with political complications resulting 

from pressures for increased multiple use and other factors. 

There has been a strong tendency to react to public access 

and use questions in a fragmented way, dealing with pro-

blems as they arise. The Select Standing Committee of 

the Legislature has dealt with some of the problems but, 

with deference, the author believes that the subject of 

forest fire in all its direct and related •considerations 

is wdrthy of investigation at a Royal Commission level, in 

order to change policies to combat the evident trends. 
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The efforts of Government and Industry under existing 

policies are substantial but do not appear to be enough, 

in spite of heavy expenditures, and other means must be 

sought to intensify preventive measures. 

Reference to the statistical tables dealing with 

forest fires, which are annexed to this thesis, clearly 

demonstrates the problem faced by the Province and give 

reason for doubt that real improvement in the forest fire 

situation is occurring. 

(2) Forest Insect Pests and Disease: 

At the present time, the position of forest in-

sects in the Province is reported by annual survey by the 

Canadian Government Forest Entomological Branch. It may 

be anticipated, subject to the factors affecting the 

cyclical nature of insect populations and, in the presence 

of mature and overmature trees, that a series of periodic 

epidemics of damaging epidemics will continue to occur. 

The establishment of a large-scale organisation to combat 

these epidemics by sustained aerial spraying techniques is 

a questionable development since, in many cases, the main 

cause of having timber of declining vigour in the forests 

remains uncorrected. Also, there are pollution problems 

connected with chemical sprays. Management can take 

measures to combat the effects of epidemics and it appears 
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likely that these measures will gain greater recognition 

in the future. The cutting plan in a forest should 

normally aim at the removal of the oldest and least vig-

orous stands first. The procedure may be difficult to 

correlate with the recommended practice of laying down 

areas of contiguous logging slash in succeeding years, so 

as to attract bark beetles from old slash into new slash 

but some compromise can usually be made in practice to 

arrive at a workable solution. The development of a good 

road system is an essential which permits access to the 

various stands to be logged and gives improved access to 

areas of insect attack which may arise, to permit counter-

measures or facilitate the salvage of the attacked timber. 

There is a great need for research into counter-measures 

which can economically be employed by management when 

insect outbreaks do occur and objectives need to be clar-

ified. For example, in the case of the Douglas fir bark 

beetle (Dendroctonus pseudotsugae), the peeling of stumps 

and burning or removal of all material suitable for breed-

ing, after logging, is a very expensive process. Spraying 

of stumps and other material with chemical sprays is of 

doubtful efficiency at the present time and trap tree 

programmes have shown some promise. The question of 

attractant to entice beetles to traps is under research. 

Research into these management tools should be increased 
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in an attempt to. find practical ways to keep populations 

at endemic levels .at low cost. 

As the reduction of the old forests progresses, 

the emphasis may be expected to change - toward young growth 

problems, many of which are not apparent at the present 

time. It appears that future' progress, therefore can 

best be made by the development of low-cost methods of 

control to be employed by management, and,  the development 

of-long-term cutting plans and road systems to reduce the 

opportunities for epidemics to occur and improve access-

ibility to deal with them when they do. 

In a somewhat similar vein, the presence of the 

large areas of forests of low vigour is an important 

factor in the level of disease and decay which is en-

countered. In some species, such as western red cedar 

and western hemlock, it may well be that, in the future, 

pathological rotations will be. employed. In the meantime, 

the presence of decay is regarded as an endemic factor 

which must be dealt with in the normal course of forest 

operations. 

In areas of very severe decay occurrence, such 

as the old western red cedar-western hemlock forests of 

the Columbia Region, the current Forest Service policy is 
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to require all trees left standing after logging to be 

felled and, along with the voluminous quantities of un-

usable logging waste, to be burned so as to clear the 

site for reforestation. In this Region, the industry has 

frequently objected to the level of stumpage which has 

to be paid, claiming that the amount of work to be done 

in relation to the volume of sound wood recovered makes 

the logging and burning operations of questionable econo-

mic value. To date, the Forest Service has generally 

maintained the position that it will not dispose of timber 

at zero or negative stumpages, although the recently in-

troduced policy of rebates of stumpage for silvicultural 

operations may eventually lead to a solution of this 

problem. An apparent difficulty exists in the application 

of these economic principles to stands so degraded by 

decay that industry has no desire to utilise them. Since 

industry chooses the location of its application for 

timber sales, these areas may have been by-passed with-

out official. identification. Also, timber which was 

at one time considered to be uneconomic to utilise has 

since been utilised. It should be possible, however, 

by survey to identify those areas which, in all likeli-

hood would not be attractive to industry prior to the 

time of heavy stand mortality. Stands of this nature 
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clearly ought to be removed and new, young growth estab-

lished as soon as possible. Thus, in the management units 

concerned, a conversion programme at some cost to Govern-

ment should be considered, with sale of any logs recovered 

to the highest bidder, as a means of partially defraying 

costs. A different kind of problem exists in Timber Berths. 

These have usually been high-graded or logged only for 

those trees which contain merchantable timber, leaving the 

low value trees standing. Moreover, under the existing 

terms of tenure, the process is likely to continue. As 

has been described, Government is pressing for utilisation 

of the berths so as to remove their use for a speculative 

holding and to place the lands in the public sustained 

yield units. However, the lands will be useless to forest-

ry unless the wrecked stands are replaced by young, vig-

orous growth and it appears that programmes at Government 

expense will be necessary to accomplish this. An alter-

native, which appears to have been rejected, lies in re-

drawing the terms of timber berths in negotiation with the 

owners under terms which would provide an extended tenure, 

provided that the owner carried out the conversions him-

self. Such an arrangement would presumably provide a 

better incentive for closer utilisation of timber remaining 

on the berths. These aspects of-policy ought to be decided 

and active rehabilitation of very low value stands cominen- 
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ced. 

Again, as the old stands are progressively re-

duced in area, the emphasis on diseases and decays may be 

expected to change, with problems associated with young 

growth moving into prominence. 

e. Reforestation: 

The problems of reforestation have been given 

close attention in the Review since it is clearly a crit-

ical problem in terms of achieving full productivity in 

British Columbia. Sloan (1956) and the Forest Service, 

in evidence before Sloan, disagreed to a remarkable extent 

on the backlog of acres, not satisfactorily restocked 

following logging and fire, requiring reforestation. Sloan 

(1956), Wright (1966), Hoffmeister (1965) and the Vancouver 

Section of the Canadian Institute of Forestry (1967) have 

all emphasised the need for greatly increased reforestation 

programmes. Actually, the exact amount of backlog is, to 

some extent, unimportant, once it is recognised that it is 

very large indeed and quite beyond the financial capability 

of Governments to plant in a short-term programme. If 

brush-clearing operations on lands of high growth potential 

and conversion of non-commercial - cover are included, a 

very rough estimate would place the necessary expenditures 

at not much less and quite possibly more than, one thousand 
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million dollars. This has led some authors to surmise that 

low-site lands may have to be abandoned following logging. 

In addition to forest which can be recognised as needing 

reforestation without too much difficulty, there are large 

areas of the Interior which have been selectively logged 

purely to recover trees of high commercial volume, in the 

belief that the residual, suppressed stand would recover 

and grow into the position of the former stand. In a 

great many cases, this process has not occurred and trees 

of low vigour and advanced age have been left to occupy 

the sites. Added to the areas classified as not satis-

factorily restocked, the losses in potential growth are 

very large indeed. These losses must, in retrospect, be 

attributed as the cost of Provincial and Canadian develop-

ment in which capital has been and is being directed 

from forestry to other requirements. 

It is evident that the process of deforestation 

is still in progress and presents the Provincial Govern-

ment with a serious problem. The Forest Service has 

commenced to expand its nursery facilities under a pro-

gramme which has been restricted by both the availability 

of trained personnel and, initially,, of seed supply and 

with increases of financial support which, if the re-

strictions mentioned had not been present, would have 

been inadequate. It is planned to reach a level of nursery 
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plant production of 75 million plants by 1975, from a 

level in 1966 of about 19 million plants. 

In addition, a variety of automated planting 

techniques, such as bullet planting, tube planting and 

others are under trial to determine their suitability. 

If these or similar techniques are suitable for adoption, 

they will greatly assist progress in reforestation. 

One of the reasons for the difference in the areas 

of land which were not satisfactorily restocked, as 

estimated by Sloan and the Forest Service, was that Sloan 

included lands occupied by brush and non-commercial cover, 

whereas the Forest Service did not, stating that the cost 

of reforestation of these areas would make the enterprise 

uneconomic. 

The very variable figures quoted for land requir-

ing planting make it difficult to assess the adequacy of 

the Provincial reforestation programme in relation to the 

problem. The Department of Lands and Forests (1957) in 

the Provincial Forest Inventory has probably given the 

most accurate estimate. According to the Inventory, there 

are 12 million acres of non-commercial forest, consisting 

-of selectively logged areas. which have become badly de-

graded by logging and areas of stagnant lodgepole pine, 

poorly formed aspen or well established brush. On the 



-663- 

Coast, decadent, highly defective stands and stands of 

stunted, limby western red cedar growing on poorly drained, 

exposed sites comprise a large portion of the forests 

classed as non-commercial. In addition, there were 6.4 

million acres of forest land classified as not satis-

factorily restocked, 2.9 million acres of which were 

considered to be unpiantable, due to topography or the 

presence of excessive debris or brush. Of the remaining 

3.5 million acres, 1.5 million acres were expected to 

restock naturally, leaving 2.0 million acres which is 

considered to be plantable and. to need planting. In effect 

it appears that the Government are planning for the Forest 

Service and industry to plant only about 2.0 million acres 

out of the 18.4 million acres of non-commercial forest 

and land not satisfactorily restocked, as well as provi-

ding for current needs. This is no small programme, when 

one considers that British forests are about 2 million 

acres in extent and, although they have on two occasions 

undergone heavy fellings, have taken almost 50 years to 

establish. As has been mentioned in connection with 

diseased and decayed stands, it is desirable that a re-

habilitation programme should be initiated. However, it 

seems likely that the Provincial planting programme for 

some time will follow a policy of obtaining the most 

value for the least expenditure and that the easiest areas 
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to plant will receive priority. The Forest Service is 

undoubtedly endeavouring to plant the highest quality sites, 

under the policy described, first but has wisely modified 

this approach to develop its nursery programme on a region-

al basis. Thus, for example, although the Coastal sites 

are generally much better than the Northern Interior sites 

both will be replanted on a concurrent basis, a policy 

which should avoid extensive regional de-forestation. 

The present planning of the Provincial Government, 

to achieve a production of 75 million plants by 1975, 

would, at that time, permit the planting of about 75,000 

acres per annum, as against 47,000 acres planted in 1966, 

a heartening increase. However,- when it is appreciated 

that the annual area logged, mostly by clear felling, will 

probably be in excess of 200,000 acres and that the aver-

age annual acreage of forest burned during the decade 

1957-66 3, was 126,000 acres (the .nett area of merchantable 

and immature timber killed), there is considerable doubt 

as to the adequacy of the programme. As stressed else-

where, the reduction of forest. fire occurrence is a 

pressing need. In addition, it is apparent that much 

reliance must remain on natural regeneration and the 

silvicultural systems of felling designed to obtain it. 

Even so, it appears that it will be necessary to continue 

the expansion of the reforestation programmes beyond 
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1975. Until the pressing problems of reforestation are 

overcome, the sustained yield policy will not be fully 

operative and the forest productivity will continue to 

decline. Much may depend upon the results of the exper-

iments into planting one-year old seedlings by mechanised 

methods. 

f. Forest Utilisation: 

The development of, the pulp and paper industry in 

British Columbia is rapid and has been stimulated by the 

guarantee, to most new pulp mills, of ample supplies of 

timber with low rates of stumpage and royalty applicable 

for twenty years. The development of the lumber industry 

has been more in the direction of utilisation improvements, 

such as the installation of chipping plants and lumber 

profiling machines. The production level of plywood has 

undergone moderate growth, with the bulk of production at 

the Coast where sanded grades are made from the high-

grade, large diameter Douglas fir. The Interior plywood 

plants utilise a variety of species, including spruce, 

and their production is unsanded because of the absence 

of sufficient clear wood to economically justify sanding. 

The shingle industry has declined from its early position, 

largely due to competition from other forms of roofing. 

The chipboard and flakeboard industries remain relatively 

small, chiefly because the market prices and economics of 
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operation require a low cost raw material but also be-

cause the market demand is limited. The production of 

poles and piling has remained relatively stable in recent 

years. Forest industry statistics are appended to this 

thesis. The industry as a whole relies upon exports for 

its continued existence and inflationary pressures continue 

to pose a threat to the competitive position in some mar-

kets. The author noted, for example, when in Europe that 

Scandinavian pulp had a lower quoted price than did Brit-

ish Columbia pulp. In some products, such as plywood 

and Coastal lumber, the factor of quality gives a com-

petitive advantage to the industry in overseas markets, 

an advantage which will remain until the virgin forests 

have been cut. At the present time, all coniferous spe-

cies occurring in the Province are utilised by the indust-

ry, with the exception of those of minor occurrence. 

Research into and development of mechanical 

logging has been described and is a continuing process. 

The most recent introduction in the Interior is the tree 

shear, a set of mechanical shears mounted on the front 

of the tractor which snip off the tree at the bases, 

leaving a very low stump. The economics of logging have 

been revolutionised by mechanical logging and its contin-

ued development is largely unquestioned. A number of 

authors have discussed the effects of mechanisation 
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upon silviculture, protection and the economics of 

management with most favouring clear-cutting and a major 

reliance upon artificial regeneration. However, in 

British Columbia, the problems of mounting a sufficiently 

large programme of reforestation to follow this course 

have been pointed out and it appears that partial cutting 

methods including clear-cutting in strips, designed to 

obtain natural regeneration, will continue to be used. 

g. Forest Research: 

The position of Forest Research, by the Canadian 

and British Columbian Governments, has been reviewed. 

There has been a marked tendency, on the part of the 

Provincial Government, to restrict the allocation of funds 

to the Forest Servic-e Research Division on the grounds 

that the Canadian Government are active in the field. 

However, in the author's view the Forest Service Research 

Division should substantially increaseits activities. 

Whilst the Canadian research groups do conduct applied 

research, there is a tendency for them to emphasise the 

more fundamental, long-term research activities. There 

is a great need for research of a kind that can provide 

forestmanagers, in the field, with quick answers to 

current problems, even though the answers may not be 

comprehensive and may refer to local problems, and this 

need can best be filled, in the author's view, by the 



Provincial Forest Service Research Division t'ihich has 

created a good record in the past with this kind of 

investigation. Also, the programmes currently being 

conducted by the Forest Service Research Division ought 

to be expanded considerably. The obvious need to contin-

ue to develop knowledge of the factors of natural regen-

eration, to which the Research Division currently gives 

high priority, has been mentioned and the programme needs 

expansion. The tree breeding programme is currently re-

stricted to Coastal species and, in view of the level of 

Interior utilisation and the artificial regeneration needs 

resulting from it, should be expanded to include the 

Interior species. 

The preliminary research into site classification 

by the landform-vegetatiOn-sOil method and involving four 

workers, was conducted under the Canadian Government A.R. 

D.A. scheme but further funds were not allocated to this 

work. The importance of this site classification, in 

terms of management decisions on silvicultural systems 

of felling, methods of regeneration and other decisions 

relating to site was indicated, as was the need to relate 

research and experience to site. This programme of re-

search ought to be revived and continued by one of the 

two Governments, or both acting jointly. 
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There is a need, in the Interior, to study the 

effects of slash-burning in relation to its effects on the 

soil and site productivity. Also, studies into the 

compatibility of multiple uses of land are needed. For 

example, the Department of Lands and Forests (1957) have 

estimated that there are 15.9 million acres of forest 

in the Province in which grazing is possible but studies 

into the compatibility of forestry and grazing in these 

areas have been very limited. It is essential to have a 

clear understanding of the effects of cattle grazing upon 

natural regeneration, to know what densities of grazing 

are permissible and what degree of range management is 

necessary to achieve compatibility and to maintain the 

grazing potential. The degrade of lowland ranges by 

overgrazing and lack of management have been common in 

British Columbia in the past and are increasing the pres-

sures for forest grazing at .a time when its effects are 

not well understood. In addition, studies of the economic 

benefits to be derived from particular multiple use sit-

uations are necessary. 

h. Multiple Use of Forests: 

It is Government policy in British Columbia to 

encourage the multiple use of forest lands. Unrestricted 

public access into the forest, with the exception of 
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periods of fire closure, has come to be regarded as a 

public right, whether or not the access routes are pub-

licly or privately owned. The fire closure system itself 

tends to be inflexible, operating on a regional, rather 

than a local basis. The author has suggested, above, that, 

in spite of recent decisions to the contrary, a full 

review of factors contributing to the occurrence of forest 

fires should be made and particularly the question of 

public access in the light of a rapidly increasing pop-

ulation. 

Hatter, giving evidence before Sloan (1956) has 

generally supported the sustained yieldpolicy, as lead-

ing to a closer fulfilment of good land use principles 

and conducive to the maintenance of stable wildlife and 

fish populations. He did stress, however, that access 

to lakes, streams and hunting territory was an important 

problem in managing the wildlife resource for maximum 

yield, since wildlife could not be stockpiled but must be 

harvested.. The forest industry has been charged, on 

occasion, with poor road building and logging practices 

which have contributed to the silting of salmon spawning 

beds. Management planning to prevent these abuses would 

be greatly assisted by a landform-vegetation-soil site 

classification, as mentioned above to provide information 
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on the erosion and slump potential along projected access 

routes and logging areas. The indiscriminate use of 

chemical sprays has been much moderated in management 

practise by the threat that the sprays pose to fish life 

in a country such as British Columbia and, undoubtedly, 

their use will continue to be much restricted by this 

and other considerations. 

The problems presented to forestry by mining and 

vice-versa are not great. Land is removed from forestry 

by open-pit mining, road and power right-of-way, and 

mill sites. There is a problem in some areas with the 

large, spculative holding of mining claims, a process 

which is regarded in the mining industry as normal prac-

tise but which poses investment and right-of-way problems 

to forest management. The miner is concerned with having 

free access over forest access roads during the prospect-

ing phase of his operations. 

The question of water yield has received atten-

tion, from authors such as Golding, in the Okanagan 

Valley where water supply fir irrigation and domestic 

purposes is entering a critical phase. In this and other,  

areas, water pollution is a subject receiving much atten-

tion and possible solutions, at least in the Okanagan, 

including a feasibility study for canaliséd diversion of 
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water from the Shuswap River system into the Okanagan 

drainage. The use of short rotations, for the purpose 

of increasing water yield has been suggested but, in 

areas where water supply is critical, there is little 

probability of establishing pulp mills because of pollu-

tion problems. 

Generally, British Columbia has recognised the 

growing need for multiple use of forest lands and Govern-

ment policy will, in all probability, continue to foster 

it. As has been pointed out, however, it is essential 

that economic and ecological investigation into the inte-

grated economic benefits which might result and into the 

compatibility, or otherwise of the various uses in given 

localities, should be made. 

i. Forest Education: 

The University of British Columbia is the ed-

ucational centre for professional foresters and recently, 

the establishment of well-equipped technological training 

schools has permitted the formal training of forest 

technologists. The Forest Service Ranger Training School, 

long established, is the in-service training centre for 

Forest Service Rangers. In the author's view, as men-

tióned previously, there is a pressing need for profession-

al forest managers in excess of those currently practis- 
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ing. If the public sustained yield units are provided 

with local management staffs in the manner suggested a-

bove, it seems certain that a greatly increased demand 

for managers will arise. However, the existing education-

al facilities should be well able to meet the need. 

j. Forest Finance: 

As noted in Chapter 4 and elsewhere large sums 

of money are received from the forest resource and from 

forest industry taxation. It is a moot point whether or 

not the taxation of the forest industry should be regard-

ed as forest revenue in the same way as stumpage and 

royalty receipts. Nevertheless, the two are clearly 

inter-related. The Provincial Government sets the upset 

stumpage figures, the minimum that the industry must pay 

for the privilege of logging timber, on which Provincial 

forest revenues largely depend. The raising of stumpage 

and royalty levels under a given, fixed set of economic 

conditions would increase Provincial revenues, and reduce 

corporate profits, thereby reducing Canadian Government 

corporate taxation receipts. The tendency for the 

Provincial Government to do this is modified by the 

desire to maintain a healthy, expanding forest industry. 

The Canadian Government's need for revenues also produces 

atendency to increase corporate taxation, a tendency 

which is modified by the same desire to maintain a 
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healthy, expanding industry and to create an expanding 

tax base. The expansion of industry itself, given a fixed 

set of economic conditions, will result in increases of 

revenues to the two levels of Government. Clearly, how-

ever,, the past and current losses of productive forest 

from logging and fire will have the reverse effect and 

will reduce the revenues which may be anticipated from 

the forest and the dependent industry. The losses are 

contrary to the best interests and policies of both 

Governments. 

The reason that the losses have been allowed to 

continue, appear to lie in the pressing need for finan-

cial expenditures on public works and other social needs, 

resulting in the diversion Of large amounts of capital 

to other endeavours. 

At a more pragmatic level, it is perhaps signifi-

cant that the political parties forming the two govern-

ments have seldom been the same at the same time and a 

common policy towards British Columbia forestry has not 

emerged. There has been frequently expressed in recent 

years, some dissatisfactionwith the British 
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North America Act which grants to the Provinces the rights 

of natural resources and to the Canadian Government cer-

tam other rights and respdnsibilities 

Agreement between the two Governments for the 

comprehensive financing-of forestry in British Columbia 

has not occurred, although particiilar fields such as 

those included in the Federal-Provincial and Forestry 

Agreements, have been the subject of agreement. The 

latter Agreements, now in the. process of expiring, pre-

sent an interesting example of the kind of problem which 

is encountered under Canada's Governmental system. From 

discussions which the author held with the Canadian 

Government officicals, it seems to be likely that the 

Canadian Government became disenchanted with the Agreements, 

under which it was making payments to the Provinces, 

partly because its officials did not gain a direct 

participation or supervisory role in Provincial Forestry. 

Based on the British North America Act, the Provincial 

Government continued to exercise its right fully to con-

trol the forest resources. The termination of the 

Forestry Agreements was announced by the Canadian Govern-

ment as an anti-inflationary measure, although it was also 

announced, at about the same time, that Canadian 

Government forest and forest pioducts research facilities 

in British Columbia, which were under the. sole jurisdic- 
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tion of the senior government, were to be expanded. 

Whether or not the expansion of research facilities were 

areas in the forest economy in which expenditures were 

most needed is not clear. At the same time, the Pro-

vincial Government had expressed the view that it was 

dissatisfied with grants from the Canadian Government 

which were earmarked for particular purposes and that it 

would prefer  lump sum allocations which it would gNpQnd 

at its own discretion. Under the system, it is not clear 

whether or not the Provincial Government would have 

allocated an appropriate proportion of the funds provided 

by the Canadian Government to forestry to achieve the sub-

stantial increases in expenditures which are clearly needed 

in the Province. It is a remarkable fact, in this connec-

tion, that the total of about 43.9 million dollars expended 

on British Columbia forests, including research, during 

1966, compares with Forestry Commission expenditures of 

about 55 million dollars (converting from pounds sterling 

at one pound = $2.80). The amounts are not comparable 

because of the different nature of the expenditures but 

do point up the low level of expenditure in Birish 

Columbia forest by Governments. The Forestry Commission, 

at least for the time being, does not have receipts to 

meet expenditure. The reverse is true in British Columbia. 
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At the present time, the British Columbia 

Government is increasing its allocations of funds to 

forestry but the rate of increase is inadequate to meet 

pressing needs. Industry is also increasing its con-

tributions, although the actual amounts are unpublished. 

Clearly, a problem of financing exists and, until a 

better solution is found, it isdifficult to see the 

needed programmes and the sustained yield policy succeed-

ing to the extent that they ought. The author is not 

such an idealist as to suppose that all of the moneys 

needed will be readily forthcoming and it may be necessary 

to draw public attention to the minimum needs for main-

taining the British Columbia forest estate in a produc-

tive state before Governments fully appreciate the need 

for their greater co-operation in this field. The 

questions of constitutional legality are, no doubt, of 

great importance but should not be premitted to lead to 

an impasse in which the Canadian Government does not 

contribute adequately to one of its sources of revenue, 

at least to the extent that the revenue source, which is 

renewable, can be co-operatively maintained. British 

Columbia is a Province contributing, through taxation, 

to programmes designed to assist less well-developed 

and wealthy Provinces. However, to do this its own 
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prosperity must clearly continue. With forestry as its 

major industry, that properity, in the future, will rest 

heavily on the adequacy of the work now being done to 

maintain the forest land in a productive condition. 

3. Problems in Management Practice Posed by Workers 
and Possibilities for the Future: 

a. The Interior Subalpine Forests 

(1) The Interior Spruce Forest Cover Types: 

In these forests, a number of authors have expressed 

the need for the development of a system of site classifi-

cation to rate the productivity of the forest associations 

and to which research management experience and engineering 

aspects could be related. The approaches suggested have 

included plant indicator, ecological and landform-plant in-

dicator-s'oil systems. To date, a number of valuable re-

search projects have been completed but they have not been 

of a comprehensive nature and usually have not leant them-

selves to site mapping of large areas. The A.R.D.A. system 

of land mapping is primarily designed for land-use planning 

at the Governmental level and does not lend itself particü-

larly well to forest unit management because it is not de-

tailed enough. It does assist in assessing the use to 

which land areas should be put. 

From a forest management viewpoint the landform-

plant indicator-soi.l system holds the most promise for 
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providing a management tool which can be economically 

applied to site mapping of large areas, since, once the 

range of sites has been established, sites can be identi-

fied from aerial photographs with a limited amount of 

ground control. It is quite possible that mapping of this 

kind would remove much of the need for repeated random 

sampling of management units to determine the forest 

inventory. At the management unit level and at the accur-

acy of inventory normally required, the use of average 

site productivity for the various age classes could well 

give equivalent results at less cost, after the initial 

site mapping. 

However, it is premature to apply the technique 

at this stage since more pilot projects and research are 

needed to confi:rm present indications. A good approach, 

in the author's view, would be to classify the sites of 

a few management units, selected to represent the various 

forest cover types. Preferably, these units should have 

a local manager who could test the effectiveness of the 

systems in his plan of management and its execution. 

A great deal of research, particularly by the British 

Columbia Forest Service Research Division is directed 

toward reforestation problems but, it is most important 

to relate this research to site in a way which will in-

dicate to the manager whether ornot the findings relate 



to the sites under his control. 

The development of silvicultural systems appli-

cable to the Interior Subalpine Forest has been reviewed 

in some detail and it appears to be likely that clear-

strip cutting in its various forms, along with site scar-

.ification to obtain spruce natural regeneration, forming 

an appropriate percentage of the new stand will continue 

to be used and developed. Artificial reforestation by 

planting will provide an alternative, where natural re-

generation fails, where site quality is high and/or where 

the site is unsuitable, by reason of moisture or topo-

graphy for machine scarification. It is most likely that 

a better knowledge of site will influence the method of 

obtaining regeneration quite markedly. However, it is 

unlikely that clear cutting, as a logging method will be 

changed in the old-growth stands. These stands are 

generally unsuitable for manipulation by partial cutting 

methods because of their instability when the canopy is 

opened, the significant degree of mortality which occurs 

from exposure and insolation and the damage which results 

from mechanical logging. The clear-cutting, of necessity, 

should be to as close a standard of utilisation as is 

economically possible, taking into account the fact that 

site preparationfor regeneration, including falling of 

residual trees, slash burning and mechanical scarifica- 
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tion can by carried out at reduced cost, where close 

utilisation is practised. The incentive towards relating 

the standard of utilisation not only to logging and 

conversion plant economics but also to questions of site 

preparation, protective measures and reforestation is 

strongest in the tree farm licence and tree farm tenures, 

where all these practices are related to one management. 

In the Public Sustained Yield Units, the industry is 

primarily responsible for logging economics and the sub-

sequent operations, in theory, at least, are paid for by 

the Government. In spite of the tenure arrangements, it 

is clearly more efficient to view the logging operation 

not in is 	but as the start of a process of con- 

verting the old stand into a new one, the costs of the 

process being inter-related. 

Considerably more research is needed before the 

clear-strip-logging and scarification system can be re-

garded as a satisfactory silvicultural system. It is 

apparent, for example, that in areas of great summer 

heat there is a considerable risk of mortality of the 

young spruce seedlings during their first summer of 

growth. In some iifstances, for example, the author has 

noted that natural regeneration has only succeededafter 

the exposed, scarified site has been occupied by herb-

aceous growth other than grasses, presumably because of 
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the shade and better soil moisture regime which results. 

Again, there is some question whether wet areas, which 

are difficult to machine scarify and are liable to be in-

vaded by brush, should be scarified at all. In this case, 

the use of planting is indicated. 

It is most likely that attempts to change species 

will not occur and that spruce will continue to be the 

most valuable commercial species of these stands. In 

this connection, as has been mentioned, nursery facilities 

for spruce are being expanded in the Interior and atten-

tion is being paid to seed quality. However, a tree-

breeding programme for spruce and lodgepole pine is high-

ly desirable and will probably occur within the next 

decade, when the value of the programme being conducted 

for Coastal Douglas fir is more readily appreciated. The 

increasingly strong position of lodgepole pine as a 

commercially valuable species should undoubtedly result 

in its nursery production which has been minor up to the 

present time. It is quite likely that the drier spruce 

sites, where the admixture of lodgepole pine is frequent-

ly considerable, will bereforested, when artificial 

means are used, with mixed planting instead of the pure 

spruce planting which is the standard current practice. 

The practice of tending young stands has scar- 
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cely occurred at all in the past and its future is 

difficult to predict. It is clear that the new stands 

from natural regeneration or in plantations where natural 

regeneration has followed can be extremely dense. It 

may be that a form of early cleaning, designed to achieve 

a suitable spacing and balance of species and carried 

out at a time when the trees are small enough to be 

easily slashed, will occur. The existing amounts of 

timber surplus to demand and the amounts which can be 

made available by practising close utilisation make it 

likely that periodic thinning practice will not come into 

use in the near future, although good sites within short 

distances from utilisation plants may be thinned. One 

of the problems resulting from the economic position is 

that the new-young stands of the present will, by the 

time thinning practice is economically attractive, pro-

bably not be suitable for manipulation by partial cutting 

and will not be as productive as they would, had they 

been thinned. Stem diameters will not be so large as 

they would be under thinning regimes and rotations will 

be longer than would otherwise be the case. Nevertheless, 

the current climate of forest industry and forestry 

opinion makes it likely that periodic thinning will be 

deferred until such time as economic considerations fav-

our its introduction. 
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(2) The Interior Lodgepole Pine Forest Cover Type: 

The silviculture and.management of lodgepole 

pine forest cover type are not well understood or devel-

oped in British Columbia since it is only recently that 

it has come to be regarded as a desirable commercial 

forest. The pulp industry was absent from the Interior 

and the pure, or almost pure, stands of the pine usually 

contained most of their volume in stems of too small a 

diameter for use by the existing sawmilling industry. 

A limited use did, however, exist in the manufacture of 

railroad ties (sleepers). An understanding of lodgepole 

pine seed production and characteristics of its cones 

was developed by Crossley and others in Alberta, the 

economics of its use are quite well developed and its 

colonisation behaviour following forest fires is quite 

well understood. Some sites have been identified as 

probably being permanent lodgepole pine sites and others 

as sites on which the pine is a sub-climax species but 

sufficient knowledge to determine when management should 

attempt to convert the stands to the climax forest or 

continue with the sub-climax, is lacking and a decision 

must usually rest on an "educated guess". Although, 

logically, one might expect that lodgepole pine cone-

bearing boughs scattered over a scarified site close to 

the ground could lead to natural regeneration, this is 
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not always the case. The pine seedlings withstand ex-

posure on a hot site better than doe., spruce and scar-

ification of Engelmann spruce-lodgepole pine sites may 

lead to an increase in the proportion of lodgepole pine. 

stems. 

The density of lodgepole pine stands established 

following a forest fire is frequently very high indeed, 

as a result of a high accumulation of serotinous cones 

containing seed of long viability on the ground at the 

time of a fire. The regeneration in the past has not 

been cleaned to obtain more appropriate densities and, 

because of even growth, the stands frequently enter a 

period of stagnation in which the diameter growth of 

individual stems is extremely slow. It has been shown 

that, in any event, the vigour of lodgepole pine drops 

sharply at about 30 to 40 years of age and that late 

thinning to open the standis of little value. Also, the 

stand is frequently composed, at this stage, of whips 

which are affected by snow bend, snow break and damage, 

in a wind, to each others' crowns. In this connection, 

it appears to be essential that cleaning programmes should 

be introduced, early in the life of the stand, to improve 

tree size and quality in the future and to shorten the 

rotation. It is not known whether, if the stand were to 

be reduced early in its life to an open stocking, the 
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period of rapid growth could be extended beyond the age 

of 30 to 40 years, but it does seem likely that the 

rapid early growth could be exploited to much better 

effect by avoiding stagnation. 

From the work conducted, the partial cutting of 

mature lodgepole pine stands is not generally favoured, 

pat'ticularly since the maximum physical life is relatively 

short (about 150 years). Little response can be expected 

from the residual stand and physical damage from mechani-

cal logging is freqiiently heavy. The thin bark of the 

species also makes exposure, after a lifetime of pro.-

tection by the closed canopy, a risk factor. The potential 

of attack of the residual stand by the Mountain Pine 

Beetle is also present. Generally clear-cutting is fav-

oured. 

A major difficulty of employing clear-cutting is 

the standard of utilisation. At any level short of close 

utilisation (7 inches d.b.h. to a Lj  inch top) and,' even 

at a close utilisation standard, large numbers of under-

sized trees are frequently left standing. Generally, 

these are of no current or potential value and, although 

they are sometimes left standing, in the mistaken belief 

that they will grow into a commercial stand and/or provide 

a good seed source, it is likely that they will' be pushed 
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down in the scarification process and, probably, burned. 

The question of converting lodgepole pine stands, 

on suitable sites, to the climax forest has been mentioned 

and the decision making process has been assisted by 

Illingworth's (1958) identification of four site types, 

based on plant indicators on which the forest succession 

is to the climax forest. On these sites, the lodgepole 

pine stand has generally been extablished. following a 

fire. There is little information on the effects of fire 

on, and recovery periods for,the soils and the growth 

potential of a given site, after conversion to the climax 

forest, can only be inferred from such factors as the 

gross volume of the lodgepole pine and the condition of 

plant indicators. As mentioned in the section dealing 

with the Interior Spruce Forest Types, research into and 

application of a landform-plant indicator-soil system of 

classification would provide a useful management tool. 

Where the aim of management is to obtain natural 

regeneration, it appears that, as with the Interior Spruce 

Forest Types, clear-strip and clear-group logging systems, 

accompanied by scarification, will be employed, using 

short distances to the marginal seed source. In the case 

-of conversion to the climax stand, seed source restric-

tions would not apply and large scale clear-cutting 



followed by planting of the appropriate species, possibly 

after slash burning, will probably be the major silvi-

cultural system employed. 

Illingworth (1961) has recommended studies of 

the character of pine seed sources and their relative 

importance; thinning studies and, where an understorey 

of spruce and alpine fir was present, the removal of the 

lodgepole pine to the smallest economic diameter. However, 

wheremills had made large investments in specialised 

equipment, he suggested that the question of conversion 

to the climax forest should be investigated as an economic' 

problem and its effects on management determined. Also, 

he recommended that his ecological classification of 

lodgepole pine (Illingworth (1958) should be improved 

and extended to other zones. Armit (1966), in the north-

central Interior has recommended that the Forest Service 

Research Division should start a ten-year programme of 

research to investigate site scarification; improvement 

of the quantity and dispersal of seed released from 

serotinous cones in slash; slash burning effects; direct 

seeding and planting trials; species trials; cleaning 

and spacing trials; provenance trials and methods of 

consistently producing high quality seed from seed pro-

duction areas. He also recommended silvical (autoecology) 

studies to include annual seedfalls and disposal patterns 



in relation to the environment; seasonal and zonal 

variation in serotiny of pine cones and the effect of 

environmental factors upon germination, survival and 

phenology of pine, including seedbed condition, soil, 

nutrient requirements microclimate and aspect. Lastly, 

the Research Division should produce an ecological forest 

site classification, developed from vegetation and factors 

of the environment and it should, by means of a tree-breed-

ing programme, develop superior crosses or strains of the 

pine. For other research organisations, Armit proposed 

a classification and investigation of soils; soil envir-

onment; interactions and relationships of stand densities 

and stand treatments with soil properties, snow and 

moisture conditions, radiation intensities, plant acti-

vity, foliage development and energy assimilation; in-

fluences of the natural economic community and its 

phenological development. 

These long lists and wide variety of subjects 

for research reflect the current lack of scientific know-

ledge of the pine, a position which causes considerable 

difficulties for management. The inadequacy of research 

programmes in relation to the needs of management has 

been described and, needless to say, only a few of the 

recommended subjects have been incorporated into the re-

search programmes. 



Lodgepole pine will, in all probability, be 

grown on the shortest possible rotation to achieve a size 

suitable for utilisation and this will provide an incen-

tive to apply, at least, early cleaning operations. The 

pathological rotation in many areas is quite short, owing 

to the activities of 'Cronartium 'StaIactifo'rmae and 

Atropellis pini'phi'la, the potential of attack by 'De'nd-

roctonus monticola and the occurrence of red heart. The 

growth pattern, however shows that longer rotations are 

possible if pathological factors are not limiting. In 

the Okanagan Valley, for example, the periodic annual 

increment falls below the mean annual increment, on the 

average, at about 110 years of age, when the virgin stand 

volume is about 2,600 cubic feet per acre and the mean 

annual increment is 24 cubic feet per acre. Where pulp 

utilisation is unlikely to occur, as in the Okanagan 

Valley, longer rotations, up to 110 years plus the re-

generation period, may well be justified. 

b. The Montane' Forest 'Region: 

The situation of the Montane Forest Region is 

very varied. It contains pure 'ponderosa stands at the 

northern limits of the range of the species, mixed 

ponderosa pine and Douglas fir, pure Douglas fir, pure 

western larch and mixed Douglas fir and western larch 



-691- 

stands. The sites are frequently Of rapidly varying 

quality. Also, since they have been quite readily 

accessible for logging, in contrast to the Interior Sub-

alpine Forests, they frequently have a long history of 

logging, possibly up to about four cuts, which in many 

cases have simply removed the most valuable stems and 

degraded the stands. In some areas, natural regeneration 

appears to establish itself quite readily without site 

preparation, although in others regeneration is difficult 

to obtain. A factor clearly established by the workers 

is that, on hot sites, natural regeneration can only be 

expected where a degree of shade is provided and, if these 

sites are open, planting with special means of site pre-

paration, such as ploughing, is the only known satisfac-

tory way of obtaining reforestation within a reasonable 

period. The classification of sites, by ecological means, 

has not produced results related to productivity which 

can be applied by forest management in a comprehensive 

way, although information on the succession indicates the 

desirability of retaining the pioneer ponderosa pine, 

rather than the climax Douglas fir on many sites, because 

of the better timber production and grazing forage yield. 

The forest cover type is favoured for grazing, although 

the effects of grazing are not thoroughly understood, 

as: described previously. 
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The Forest Service have generally favoured a 

method of reserving seed trees and removing as much of 

the rest of the stand as economically possible, although 

the need for prescription of the silvicultural system by 

individual areas has been stressed. In all areas, there 

is a considerable risk attached to planting and costs 

are higher than normal planting costs. Experiments in 

direct seeding in the Montane forest, as a low-cost 

method of obtaining regeneration have not met with marked 

success. 

The author employed the Periodic Selection Sys-

tem with Improvement Thinnings in stands in the Okanagan 

Valley. Logging aimed at maintaining a balance between 

large wood, medium wood and small wood somewhat along the 

lines of the Swiss check system and with cutting prior-

itieswhich removed badly formed and diseased trees first. 

In general, the aim was to upgrade the stands, increase 

their increment and ensure a good ground cover, to provide 

shade of assistance to natural regeneration. The cutting 

cycle was planned to be thirty years. Whilst the econ-

omics of the first cut will suffer somewhat from the re-

moval of poor trees, it was hoped that high planting 

costs could be avoided. In some stands the amount of 

small wood below the economic cutting diameter was very 
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high and thinning of thickets up to a maximum of 100 acres 

per year (for cost reasons) was conducted. It appears 

that this system, which also favoured ponderosa pine, is 

applicable to the ponderosa pine-Douglas fir complexes. 

It is unlikely to be satisfactory for western larch which 

tends .to form even-aged stands. Where, however, the seed-

tree system or clear-cutting has been employed, even-

aged stands have been created and, since the large scale 

application of economic periodic thinning does not appear 

to be likely, at least for a few decades, it appears that 

these systems will continue to apply in the future. 

It will be necessary, in these stands, to collect 

more information on insects and diseases. The control of 

Dendroctonus pseudotsugae, the Douglas fir beetle is part-

icularly important and requires trap tree programmes, 

reduction of incubator trees and material and the main-

tenance of thrifty stands. Shoestring root rot, Armillaria 

mellea, is a particular threat to pole size trees and has 

been noted, on occasion, to occur on an increased scale 

in thinned areas, where it propogates from the dead root 

systems of trees removed in the thinning. The dwarf 

mistletoe Arceuthobium douglassii is common in some areas 

and can best be controlled by cutting priorities, which 

ensure the removal of diseased trees and burning of the 

witches brooms. Other bark beetles and cone insects can 
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inflict heavy damage and methods of control for the 

latter have not yet been suggested. Windblow does not 

appear to be a general problem in the Montane Forests and 

the species are better able to survive forest fires, un-

less they are crown fires, because of their thick bark. 

The bark, also, is more resistant to damage during mechan-

ical logging, but damage does occur. The intensity of 

cut applied in selection logging must generally be mod-

ified to allow for some damage and the subsequent removal 

of the damaged trees. The selection systems do have an 

advantage in that logging will produce a proportion of 

large diameter, good quality trees. 
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c. The Columbia Forest Region: 

The major problems i.n.this region, reflected in the 

work of almost all' authors, are the pathological ones of 

extensive decay in the western red cedar and western hem-

lock trees and the heavy mortality of the valuable, western 

white pine from pole blight and white pine blister rust. 

,Studies. of he white pine diseases' mentioned have not re-

sulted in the development of solutions for economic con-

trol. The silvic'ulturai system most frequently employed 

for stand utilisation 'is clear-felling, followed by slash 

burning, with' a view 'to conversion into thrifty even-aged 

stands. The natural regeneration results from the pract-

ice are variable and regeneration practice is in need of 

closer investigation, from a management point of view. 

It seems to be quite likely that artificial regeneration 

will need to be substantially increased to ensure that the 

acres logged are regenerated, particularly since many ,of 

the Columbia Forest Region sites are susceptible to invas-

ion by brush species. 

Following logging, it is usual to cut down ail're-

.maining trees of 8 inches d.b.h. and over to broadcast 

burn them,' along, with slash and waste from trees logged 

for their commercial wood content. Many of the poles which 

remain standing  are killed or burned down in the process. 

The results of these slash burns have been very variable 
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(a'-situation which undoubtedly has a bearing on the re-

suits of natural regeneration) and Muraro (1964) has 

emphasised the need for more research to accurately deline-

ate previous and current weather regimes. The objective 

of this research, would be to arrive at satisfactory 

estimates of the slash hazard and to' evaluate successful 

burning prescriptions. 

The logging of the overmature and mature western red 

cedar-western hemlock stands usually covers large areas 

of clear-cutting, in spite of the finding of Iliingworth 

(1962) that the majority,  of seed falling into the area, 

fell within 100 feet of the residual stand. The, natural 

regeneration results have been variable and the sites are 

liable to invasion by brush within a few years after logg-

ing. Also, where natural regeneration occurs, a very high 

percentage of it is western red cedar and western hemlock. 

On many of these sites, Douglas fir is a species of minor' 

occurence butshows good growth and good quality, and can 

attain large size without having the severe pathological 

problems affecting the other species. There is a possi-

bility that planting of the logged and burned areas with 

Douglas fir may be a suitable system of conversion. 

The problems surrounding the artificial'regeneration 

programmes of British Columbia have 'been discussed and 
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there is a distinct possibility that large-scale planting 

programmes in the Columbia Forest Region will be restricted 

for a period well in excess of the next decade by the 

nursery production of plants'. However, the Region should 

probably receive priority in,  the planting programme since 

it 'contains some of the best growing sites in the Interior. 

The latter consideration also lends support to the proposal 

that, where the existing stands are of little or no commer-

cial value, a Government sponsored rehabilitation scheme 

should be conducted. 

d. The Coast Forest Region:. 

The evolution of research into reforestation questions 

in the Coastal Region has been described in considerable 

detail in the Review of Literature. The chief influence 

upon this work was probably the continuing and developing 

practice of clear-felling which, in practice, has 

generally shown itself to be the most economic method of re-

moving the overmature and mature stands. • The areas of the 

individual clear-fellings, as compared to those of the 

early days has generally been reduced but, even so, cor-

responds closely to the physical ability of high-lead ex- 

traction equipment to extract timber to the location of 	' 

the central spar. The governing factor has thus been the 

logging method, rather than the silvicultural requirements 
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for natural regeneration. It must be borne in mind, how-

ever, that selective logging in the old Coastal stands, 

particularly by mechanical methods, is of doubtful. 

application because of. the damage which results from the 

felling and extraction of large-size timber in dense, 

virgin stands. 

Over a period of time, research by workers has 

gradually concentrated on the regeneration of settings of 

the: general size described. Another important factor has 

been the obligation, by Government regulation, to burn 

most of the logged settings to remove the fire hazard pre-

sented by logging slash. The evidence as to whether or not 

slash burning assists the establishment of natural regener-

ation tends to be mixed but appears to indicate that it 

favours natural regeneration and delays site re-invasion 

by ground and shrub vegetation.*  Whether or not the 

chances for natural .regeneration are improved in these 

ways, it has become clear that very considerable areas of 

the logged Coastal forest, whether slash burned or not, 

have not regenerated naturally and this had led some 

authors to recommend immediate re-planting of the logged 

and burned sites. The statistical evidence presented on 

* Slash burning does pose problems, however, by the extent 

to which fires "escape" and damage adjacent timber. 



sites not satisfactorily restocked is sufficient to demon-

strate the inadequacy of relying upon natural regeneration 

to the extent that has occurred, in the past. 

The measures being taken in terms.of increased plant-

ing programmes have been discussed. Research and field 

trials undertaken to determine the feasibility of direct 

seeding by artificial means have not yet established that 

the method is reliable under a sufficiently wide range of 

conditions to'establishlt as a management tool. The more 

recent research has concentrated to a considerable extent 

on' the evolution of cheaper planting techniques, such as 

bul'let,"tube and bare-root planting. Some of these tech-

niques 'might,'also, greatly' ease plant production and 

greatly 'increase the man-hour rates of planting, indicat-

ing a possibility of much larger planting programmes with-

in the existing financial restrictions, 

The COastal Forest Region has long been the most 

intensively utilised by the forest industry, contains the 

best growing sites in the Province and has the heaviest 

concentration of integrated forest industry. The import-

ance of maintaining maximum 'productivity on these sites 

ha's led to the introduction of' genetical studies and a 

tree-breeding programme in order to produce seed and plants 

of, superior growth and other desirable characteristics. 
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In the past, Douglas fir has always been a desirable 

species and has been cut at a rate well above its rate of 

replacement and growth. This species was selected for the 

tree-breeding-programme for these reasons and because a 

more extensive programme was and is beyond the research 

capability, in terms of finances and staff. The forest 

industry. have made important contributions to the prog-

ramme. 

The question of the introduction of tending operat-

ions, particularly thinning, into the Province's forests 

has been discussed. However, it does appear that the 

southern portion of the Coastal Forest Region will be the 

area of the Province into which thinning operations will 

be introduced first, since the incentives to practice 

intensiv.e forestry are greatest there. Indeed, further 

growth of the industry may well depend, in the near future, 

upon thinning practices and the-accompanying increases in 

productivity. Because of a lack of practical experience, 

the techniques most suited to the Region and their econ-

omics are not yet well understood but the range of equip-

ment and skills which are available should greatly assist 

in finding appropriate solutions. 

In connection with productivity, the use of fertil-

isers is being investigated and could well prove to be 
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economically feasible. 

As with other forest regions, the problems of path-

ology as they relate to overmature 'and mature timber stands 

are quite well understood and more costly control oper-

ations have occurred because of the high value of some of 

the standing timber. It remains to be seen what problems 

will arise and to what extent and degree of severity in.  

the new, young stands. 

Although some authors have recommended the use of 

financial rotations in the Coastal Forest Region, based 

on economic calculations, they have generally employed 

lower rates of interest than those currently in effect in 

money markets. If the current rates of interest are emp-

loyed the rotations become so short, under these calcul-

ations, as to indicate that forestry is uneconomic. These 

indications are somewhat similar to those in Britain in 

'relation to the finances of the Forestry Commission for 

..its own forest estate. In the. author's view, the econ-

omics of the forestry enterprise and the forest industry 

dependant upon it are closely inter-related and, logic-

ally, should not be treated in isolation from each other 

since it is obvious, in a modern eëonomy, that neither 

could possibly be economic without the other. There is a 
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strong possibility that the economist should approach 

rotation and management economics on an integrated basis. 

The joint enterprises can frequently obtain better overall 

economic success than could be achieved if practice in the 

two sectors is conducted on separated economic calcul-

ations. Also, in terms of forest policy, it is clear that 

the forest and the industry together constitute the major 

economic and social objectives. The most potent obstacle 

to integrated economic planning rests, both in British 

'Columbia and Scotland, in the separate ownerships and 

managements of the forest and the forest enterprise. This 

division of ownerships need not, in the author's view, 

prevent integrated economic analyses of benefit to the 

owners and management. In other words, the sale of stand-

ing timber (which does not always. reflect its true value) 

may not be the logical end-point of an analysis but, 

rather, the finished forest product. Certainly, the 

adverse indications afforded by most economic analyses of 

the forest enterprise treated alone merits more study of 

the validity of the integrated approach. 

4. Policy Problems Posed by Workers in Scotland and 
Possibilities for .the' Future: 	' 	-- - 

The pattern'of land use in Scotland, particularly 

in the Highlands and Border country, has presented severe 

policy problems. For example, the decline of hill farming 
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and crofting as industries, and • the accompanying de-

population of the Highlands have created economic and 

social problems which have led to considerable political 

controversy. The upgrowth of exotic plantation forestry 

in Britain was initially based, after 1919, on the econo'-

mics of national emergency but, even so, its social as-

pects, particularly the provision of employment, were 

stressed.. Even at the present day, although policy now 

aims at growing wood to aid the current economy, rather 

than an emergency economy., the social aspect of providing 

employment is still stressed. 

In theory, at least, the establishment of forests and 

their dependent industries in the Highlands and Borders 

will lead to a healthier employment situation in these 

areas, leading to a relative stability of the population 

and social and economic benefits. The better use of the 

land would be one of the economic benefits. The major 

problems which face Scottish forestry in achieving the 

afforestation of the Highlands, in particular, are complex. 

They include the technical problems of .afforestation and 

growth of exotics under physical conditions that are freq-

uently harsh,. the problems of establishing an utilisation 

industry which can thrive on thekind of wood that is 

being produced, the creation of a forest-oriented populat- 
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ion from a population whose traditions and occupation, for 

the last century at least have not been closely related 

to large scale'economic forestry*  and the financial 

questions surrounding the combined forestry and utilisat-

ion industry enterprises. 

a. Financial Policies: 

The provisions for taxation and subsidy incentives 

designed to encourage afforestation and maintenance by the 

private landowner have been described. The measures have 

been successful insofar as widespread private planting has 

occurred. They will not necessarily lead to go.od stand-

ards of forest management or to good marketing practices. 

The landowner, in many cases, is naturally more concerned 

that he should place his land under trees, obtaining 

grants to do so and increasing the value of his estate 'as 

well as abandoning to some extent the less economic use to 

which it may be put. Also, afforestation is a means of 

sustaining the estate as an entity for the heirs by avoid-

ing,- to some extent, the heavy 'burden of succession duty 

upon it. In some cases, with large estates and enlighten-

ed ownership, good forest management is practiced but in 

other cas'es it is not. Particularlyon the small estates, 

where the land available for afforestation is very 

*With the possible exception of the great land owners and 

their estate staffs. 
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limited, it is difficult to envisage that economic forestry, 

can be practised, even with the aid of grants. 

The relatively recent phenomenon of private forestry 

syndicates has attracted private capital primarily for the 

opportunity to invest in an enterprise which is subsidised 

and which offers estate duty advantages. There has been 

some opposition to the syndicates in that they compete 

in the acquisition of land, to some extent, with the 

Forestry Commission, the State authority which then sub-

sidises their operations. The syndicates have introduced 

the phenomenon of private enterprise purchasing low qual-

ity land, in considerable acreages in Britain, an unusual 

state of affairs in recent times. Nevertheless, the 

syndicates do demonstrate a progressive attitude toward 

forestry and employ professionals to direct their manage-

ment. Since -their motivation is profit from the: enter-

prise, as well as taxation relief and since they propose 

to develop utilisation industries it appears that they are 

forwarding the Government policy of encouraging private 

afforestation and will also provide sound economic forest 

management, including good marketing practices. 

A problem of the, first magnitude facing British '. 

forestry has been illustrated by Mathur (Mathur, R.S. 1967. 

Ecological and economic considerations in land use plann- 
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ing. M. Sc. Thesis. Edinburgh University.) and Mutch. 

Primarily, their observations relate to the rates of 

interest which the Forestry Commission estimates that 

the investments in its own, forests will earn, as related 

to the Treasury borrowing rate which is applied to the 

Commission's loans. Part of the question devolves into. 

the justification of crediting the difference between the 

actual borrowing rate and the estimated return from the 

forest enterprise to the social attributes of forestry, to 

the provision of rural employment, recreation opportunit-

ies and other indirect benefits. It, is not the purpose 

of this thesis to investigate or comment upon the quantit-

ive financial attributes of these social benefits.. What 

does appear to be unusual, in the author's view, is the 

existence of a method of accounting, as applied to the 

Commission's operations, in which it is required to pay 

for these benefits without, apparently, receiving financial 

credit for them. If, in the Government's view, the 

financial assessment of the social benefits is correct and 

'justified, this should surely be reflected in a borrowing 

rate of interest reduced by the Treasury to allow for it 

or by a method of annual debt write-off. It is hardly 

logical for the Commission to be practis.ing economic 

forestry for a profit when there is little opportunity to 

demonstrate in a practical way what the actual profit or 
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loss is, in money terms. Mutch has pointed out that, in 

his view, the size of the Commission's loan from Treasury 

can only increase since it is unrealistic to assume that 

the borrowing rate will fall as low as 3 percent. In the 

Author's view, the situation presents a very real problem 

for the Commission and for British forestry. As suggested 

previously, it is possible that the situation should be 

re-examined from the point of view of estimating the over-

all benefit to the British economy of the forestry and the 

dependent present and future forest industries in .a com-

bined sense. These benefits should at least be capable 

of more accurate assessment than are the social benefits, 

the financial value of which do not accrue to the 

Forestry Commission. 

- 	 The remarks of Openshaw (1967) upon the effects on 

forestry of the proposed British entry into the European 

Economic Community are of special interest to British 

Columbia. In essence, the resultant imposition of tariffs 

upon timber imports into the United Kingdom would favour 

the position of British forestry and the British pulp 

industry but would deter the sales of Canadian produce in 

Britain. .Openshaw has conjectured that one of the results 

of British entry into E.E.C. might be that Canada would 

invest in pulp and paper mills in Britain.. Also, Openshaw 

noted that a good case might be made to extend the 
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British forest area up to 10 million acres. Some pressure 

has aireadybeen exerted upon the British Government from 

within Britain, to impose tariffs on wood imports but, 

emergency tariffs apart, the Government has reasoned that 

this would invite tariffs on Britain's exports and has 

resisted the suggestion. However, should Britain enter 

E.E.C. there would presumably be an obligation to adopt 

the Community's import regulations. 

b. Land Use Policy: 

The plans of the Forestry Commission to plant a 

further 450,000 acres in upland areas where population is 

declining have been noted in the Review of Literature and 

this acreage will lie mostly in the Scottish Highlands. 

The restrictions on land use by the Commission, by decision 

of the Minister of Agriculture and from other causes, have 

also been mentioned. The Land Use Study Group of the 

Department of Education and Science (1966) has reported 

that no complete land use capability surveys are in exist-

ence and the author, on inquiry, found that the latest 

complete air photograph coverage of Scotland was taken 

during the Second World War. Air photography would not 

only provide a good basis for classifying land use capabi-

lity but is also a proven forest management tool for both 

planning the taking of inventory and operations. To be of 
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use it would appear that a new coverage should be photo-

graphed, at a scale of 1 inch = 20 chains or less. Such 

a programme would, of course, be of use in fields other 

than land use capability studies and forestry. The com-

ments of Mathur (Mathur, R.S.' 1967. Ecological and 

economic considerations in land use planning. M.Sc. 

Thesis. Edinburgh University) and Edwards (1966) point up 

the need for further research to arrive at a more satis-

factory system of land use capability definition than ex-

ists at the present time. 

c. General Policy: 

The new Forestry Commission policy for State forests 

has been reviewed, entailing a change from the use of 

forests as a simple defence measure to the pursuit of 

efficient and cheap forestry so as to compete with world 

prices and earn a proper return on the money invested. 

The question as to what constitutes a proper return has 

been discussed above and suggestions made for revision of 

the accounting method. In spite of these reservations, 

the author believes that the change of policy toward 

managing the forests on a commercial basis is a healthy 

one and provides economic aims and yardsticks to govern 

management. Along with the policy aim of achieving the 

highest possible return on the capital invested is the 
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aim of achieving an orderly expansion of timber production 

by extending the areas of forest at a steady rate by means 

of new planting and by managing all -State forests in 

accordance .with the principles of sustained yield. The 

latter aim should, presumably, be commensurate with the 

first and to achieve this ought to be planned. The author 

has noted planning toward establishing the preferred ex-

tent and locations of future forest planting. In turn, 

these findings should relate to such factors as average 

hauling distance from plant and other transportation 

factors, leading to an assessment of the anticipated value 

of standing timber grown at various locations. Under this 

form of planning, the value of land considered for pur-

chase for planting will vary according to its location, 

as well as its production capability, leading to an econ-

omic policy for land purchase. The suggestion here is 

that the Commission should establish a land purchase 

policy in which higher prices may be justified to buy the 

more desirable land and land distant from planned centres 

of plant utilisation would be purchased at a lower price 

or, possibly, not at all. If a variation of price were 

to be rejected as being discriminatory to land owners 

wishing to sell to the Commission, at least a priority 

could be assigned to purchase of the lands. The need for 

such a policy will be strengthened should land purchase 
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competition from other sources, such as the forestry 

syndicates,. increase or should theproposed plant lOcations 

become general knowledge. In the latter case, the land-

owner close to a proposed plant location would be provided 

with a good incentive not to sell his land, but, rather, 

to practice forestry in his preferred location, whereas 

the Commission and other prospective buyers might find 

themselves in a position where only the less desirable 

lands, from an economic viewpoint, were being offered for 

sale. These considerations will be of particular import-

ance in the Highlands, where road transportation problems 

make transportation costs a factor of unusual importance 

and where the possibilities for large-scale forestry and 

industrialisation appear to be greatest. 

Another aim of the new policy is to provide employ-

ment in rural areas, especially where the need is greatest, 

and to build up and maintain a thriving body of forest 

workers and their families. Fundamentally, this aim 

appears to be a social one and its influence on the 

economics of the situation must, in the author's view, be 

treated with some care. .The Commission, as the employer, 

offers to its established workers a considerable range 

of benefits, which include continuous employment provided 

performance, is satisfactory, pension at a stated retire- 
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ment age and, in some cases, rental housing. The author 

noted, in Scotland, that a considerable percentage of the 

work force, particularly in some forests, were of an age 

when it was doubtful that they could perform the more 

arduous forms of forest work efficiently. Certainly, as 

compared to British Columbia, the attitude toward the 

worker was, possibly, paternalistic. With the transfer 

of policy emphasis, it appears that forest working may 

become more extensive, for economic reasons, and opportun-

ities for mechanisation, to effect cost savings, will be 

taken. Efficient machine operation requires not only good 

training and experience, but also the physical ability to 

achieve maximum output. The problems of attracting forest 

labour to outlying points are difficult ones but their best 

solutions may lie in. incentives such as better rates of 

pay, either basic or throughpiece-work, the promotion of 

a mobile labour force, rather than a static, resident one 

through the use of mobile homes and other methods and 

in the creation of greater opportunities for contract 

work. Whatever is done, it appears to the author that 

the problem of providing employment in rural areas de-

serves serious consideration in relation to the aim of 

economic forestry., to determine if a more suitable compat-

ibility of the two aims cannot be achieved. 

Returning to the question of what is a fair return on 
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the investment, it appears that distinct benefit to the 

-balance of payments can accrue to the British economy by 

home-production of wood, -thereby reducing or stablising 

to some extent the cost of Britain's wood imports. This 

is a point frequently made to support the extension of 

British forestry, as for example, by Beresford-Peirse 

(1963) . It would greatly assist the assessment of the 

worth of British forestry to the economy if the point 

- 	were to be investigated in 'a quantitative manner and the 

factor should be more readily assessed than is the value 

of social benefits which have been discussed previously. 

Holtam (1964) has assessed the British industrial require-

ments of home-grown wood as compared to potential prod-

uction, for the period 1965-75, -and this study could 

possibly be enlarged into a total demand and supply fore-

cast for Britain, as a basis for estimating the effect of 

British forestry on future wood imports. Holtam has 

pointed out that, based on his estimates, imports will 

continue to contribute such a big proportion of Great - 

Britain's. needs for wood and wood products that prices for 

home-grown wood were likely to continue to follow imported 

prices. 

d. Marketing Policy: 

The Watson Committee (Forestry Commission (1956)) has 
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reported on the marketing of home-grown timber and has 

described the agencies involved in it. It noted that the 

Forestry Commission was to dispose of their timber in the 

round and in the most remunerative markets. The private 

sector presented a more complex situation and the 

Committee concluded that the marketing of produce from the 

privately owned sector should be integrated with the out-

put from the State woodlands and this total home-grown 

output integrated into the total pattern of British timber 

consumption. Various objectives to be achieved by these 

integrations were stated and the Committee proposed that 

they should be achieved, in part, by a private Woodland 

Owners' Association for all of Britain. In practice, the 

Scottish Woodland Owners' Association was formed separate-

Sly 
from the body for England and Wales. In addition, a 

central consultative body was also required, representat-

ive of all the principal interests concerned in the market-

ing of home-grown timber. MacGregor (1957) commented 

that, although the diagnosis of the Watson Committee ias:' 

generally agreed to be excellent, there had been no 

suggestions for the detailed marketing machinery to be 

employed. He felt, also, that the main weakness in mark-

eting home-grown timber was associated with the small 

scale and scattered nature of most private woodlands since 

this, in the absence of co-operative or organised 
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marketing, led to irregular and insignificant output. 

The question of the extent to which the private wood-

land owners will adopt co-operative marketing procedures in 

co-ordination with Forestry Commission marketing remains to 

be seen, although it is clear that there is interest in 

accomplishing this. . In the author's view, the fixing of 

prices by regulation, as a means of ensuring a fair return 

should be avoided in favour of free marketing procedures by 

mutual bargaining.. In the case of small sales of a local 

nature there is probably merit in permitting their exclu-

sion from co-operative arrangements but in dealing with 

large scale' supplies, such as pulp mill supplies, there 

can be little doubt that co-operative bargaining without 

regulatory restriction is the best approach and the 

most likely to strike economic price levels. In the 

case of the Fort William pulp mill, the Forestry Commission 

reached a separate supply agreement with the company as a 

necessary part of encouraging the mill's construction. 

Agreement between private woodland owners and the company 

has taken longer. Th.is is probably only natural since the 

woodland owners are dealing' with an established pulp' , 

mill and both groups have yet to find by experience what 

a realistic commercial price, level will be.. The author 

believes that marketing procedures will take a number of 
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years to develop but that, apart from this delay, they 

will' develop best under a free marketing system, albeit a 

co-operative one. In consequence,' it seems to be advis-

able not to treat the marketing, situation as an urgent 

problem but, rather, to continue to encourage its develop-

ment along the general lines recommended by the Watson 

Committee. 

e. Forest Tenures: 

(1) Forestry Commission Lands and Holdings: 

The importance of developing a new land use capabil-

ity survey for Scotland has been mentioned. In this con-

nection, the land use of Commission lands in North 

Scotland Conservancy, as given by the Forestry Commission 

(1966a) are striking. In 1966, out of a total Commission 

area of 597,518 acres, 313,356 acres were classed as 

agricultural and other land and were thus not considered 

'suitable for forestry. These lands have accrued from land 

p:urchases, leases and feus of estates, all of which are 

not suitable for forestry. It is' a moot point whether 

the Commission, which is designed to be a forest authority 

practising economic forestry.should'try to divest itself 

of some of these lands, particularly those whose use 

capability indicate that they are suitable for agriculture. 

In many cases, the lands under agriculture are 'leased back 
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to tenant farmers and may not be attractive enough to sell 

to new owners. The agricultural authorities, who define 

for the Commission which lands must be reserved for 

agriculture, rather than planted, do not own substantial 

land areas and the administration of the land remains with 

the Commission. In addition to agricultural lands, the 

Commission is concerned with game management, particularly 

in the deer forests, an activity which seems to be more 

compatible with its main role than does the administration 

of agricultural land. Possibly, the development of a land 

use capability survey will assist in defining more closely 

the land use of Commission lands and provide .a basis for 

a.  decision on the most appropriate method of managing them. 

In the author's view, the method of accounting for these 

lands should be reviewed since receipts and expenditures 

connected with them might better be separated from the 

accounting for woodlands. The joining of them into a 

general account tends to obscure the position of the 

forestry operations. 

The Forestry Commission is also a substantial owner 

of housing, partly from purchase and partly by the nec-

essity of providing accommodation in outlying areas where 

none exists and private enterprise is not attracted to 

invest in housing. Whilst ownership of some of these 
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properties is unavoidable, it may be that a re-consider-

ation of the policy aim of providing employment in rural 

areas, a subject discussed above in its relation to econ-

omic forestry, would provide a basis for revision of the 

Commission's housing policy. 

The increased scale of planting proposed for North 

Scotland, particularly the crofting counties, indicates 

the need for accelerated land acquisition. In the 

author's view the Commission has been wise in not utilis-

ing its compulsory powers of acquisition to any great ex-

tent but, rather, depending upon negotiation and offers to 

purchase as a means of expanding its land areas. The 

author has suggested above that a suitable basis for the 

planning of land acquisition would be an economic evalu-

ation-of potential forest land based on its relationship 

to planned industrial locations. Accelerated land 

acquisition might then be possible by increasing the 

prices offered for land possessing higher economic value, 

even though the offers for land of lower economic value 

might thus become less attractive. 

(2) 	Dedicated and .Approved Woodlands: 

The grants and taxation advantages available to the 

owners of dedicated and approved woodlands have been re-

viewed and they have generally proven to be a good 
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incentive for the afforestation and tending of private 

lands. it is of significance that the Watson Committee 

(Forestry Commission (1956)) has noted that the attitude 

of owners toward forestry varied from keen professional 

interest to apathy. The variety of arrangements made for 

management of their forests by private landowners was 

brought out. Theseare of particular interest to a 

British Columbia Registered Forester whose professional 

scope of activity is both defined and protected, to some 

extent, by the British Columbia Foresters' Act. The gen-

eral effect of this Act in terms of forest management is 

that a registered professional forester must usually sup-

ervise, at least, or direct the management of forests. 

In tenures such as Forest Management Licences where the 

British Columbia Government pays part of the costs of 

forestry, it is a requirement of the contract that the 

licencee must employ at least one registered forester, 

either full-time or in a consulting capacity. The author. 

noted when in Britain, that University-trained foresters 

were tending to favour the idea of a professional associ-

ation of the type that would boihregulate professional 

standards of work and ethics and, at the same time, define 

the fields of forestry in which it considered professional 

foresters should be employed, as a pre-requisite of succ-

essful forestry. The Forestry Commission, which 



-720- 

encourages private forestry, might consider whether it 

would be advisable to require, as a part of the schemes 

for dedicated and approved woodlands, that private owners 

should employ a professional forester for direction and/or 

supervision of the operations to which grants are appli-

cable and for direction and/or supervision of an approved 

plan of operations or management. Acceptance of the re-

quirement could be accelerated by financial consideration, 

within the grant, of a portion of the additional costs 

involved. The formation, by the professional foresters, 

of a regulatory association would ensure that the stand-

ards of performance "of the profession would provide good 

forest management and assist in the acceptance, by the 

forest owners, of such a provision. The position of the 

professional firms of land agents engaged in forestry would 

not be.'jeopa'rdise.d by this arrangement, although they 

themselves would need to employ professional foresters, as. 

many of them now do. Estate technician fo,resters would 

take their part in management under the direction and/or 

supervision of the professional forester. The demands of, 

modern economic forestry are such that it is difficult to 

envisage wide-spread economic success of private forestry' 

unless professional management is introduced. 
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5. Forest Management Problems Posed by Workers in 
Scotland and Possibilities for the Future: 

a. Afforestation: 

The scale of afforestation and reforestation in 

Scotland have been reviewed and, although McNeill (1962) 

suggested that more research was needed into the subject 

of natural regeneration, it appears likely that British 

forestry will continue to rely heavily upon planting for 

regeneration. 

Neustein (1962), in considering whether more prod-

uctive species could be used for second rotation crops, 

has emphasised that, in the successful Sitka spruce areas, 

the species continued to outgrow. all other species with 

the exception of Tsuga 'het'e'rophylla, but that certain 

'other species of doubtful value as a first crop showed 

some promise. Growth rate was not the only criterion, 

since Neustein suggested that a' degree of increment loss 

would be acceptable in a second rotation species where 

stand stability could be improved by deeper rooting or 

improved micro-flora and fauna. Neustein also felt, that 

larger transplants would be needed to overcome suppression 

by weeds, .a problem 'that was dealt with by site preparat-

ion during afforestation operations. However, where site 

preparation was necessary to establish regeneration, the 

ploughing of wet sites for drainage and turf planting 
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would need new designs of equipment, particularly to over-

come damage from stumps. The interest shown in the quest-

ion of second rotation crops and the possibilities for a 

change of. species strengthens the view that forestry in 

Scotland will continue to rely very heavily on planting 

for crop establishment. .Henman (1963) also emphasised the 

severe limitations of ploughing in achieving a depth of 

drainage .in excess of 20 inches in. heavy mineral soils. 

New, deep drainage ploughs were being developed and on 

stump-covered ground the hydraulically operated, tractor 

mounted digger had a good potential. Yeatman(1955),dis-

cussing the Upland Heaths and Peats has pointed out a 

number of influences, including degree of fertilisation, 

hard pans,. aeration and waterlogging, and application of 

phosphatic fertiliser which influence root development, 

growth rates and long-term stand stability. Zehetmayr 

(1960) reviewed the planting experimental work carried 

out in the field from 1921 and 1957 and commented upon the 

roles of various exotic and native species in affore-

station experiments. Whilst he.concluded that planting 

on ploughed ground presented little difficulty, he assert-

ed that the initial cultivation represented the first 

steps towards improvements of.soil structure and fertil-

ity. The major silvicultural problem of the future was 

likely to be the continuation of this improvement and the 
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possible lines of approach lay in further cultivation, 

manuring and the use of soil-improving species, particul-

arly broad leaved trees. 'Jack (1965), in a thorough re-

view of Northern Irish experience in site preparation and 

planting on deep peat concluded that it was possible to 

grow a crop of trees, noted that it appeared to be poss-

ible to give trees a good burst of initial growth by plou-

ghing to a depth of 24 inches, but stated that it was not 

clear what intensity of ploüghing or draining treatment 

was required for maintenance and stability of older stands. 

Both Yeatman (1955) and Jack (1965) noted that response to 

fertilisers tended to be much lower in stands which were 

growing reasonably well. In Yeatm'an's case, he stated 

that the response of vigour of the tree root system to the 

application of phosphatic fertiliser varied inversely with 

the degree of cultivation and, also, inversely with the 

inherent level of', fertility or the site in question. It 

appears that the initial site cultivation affects both the 

growth rate and future stability of the crop, the latter 

being a problem of' major importance to British forestry. 

Fundamentally, the achievement of deeper ploughing 

is a physical problem which is beyond the capability of 

the machinery presently employed. Deeper ploughing may 

involve problems of penetrating and breaking up hard pan 
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in heath soils, the penetration by the plough, on peats, 

into zones of debris such as the remains of ancient forest 

and the problem of increasing the tendency for the drain 

wall to slump. It appears to the author, however, that by 

the adoption of angressive research approach, these 

problems should be capable of solution, at least to a sub-

stantial degree, on a reasonable cost basis. Deeper 

ploughing would involve more powerful machinery, with the.. 

necessary weight (posibly variable to obtain deep pene-

tratibn in peat and hard pan)and adequate flotation charact-

eristics to carry it on wet ground. Speed of ploughing 

should be maintained or increased for cost reasons and 

arrangements to vary furrow cross-section as well as depth, 

so as to reduce slump would seem to be necessary. An 

alternative is to consider the development of high-speed 

chain and bucket digging, although the furrow cross-section 

would be more difficult to vary. Recognising that the cap-

ital cost of designing and building special equipment would 

be high, the future area planned for planting' and the 

annual rates of planting envisaged appear to justify a 

feasibility study of this approach. Other possibilities 

which might bear investigation include the disturbance of 

deep layers, such as 'hard pan, by hard steel rippers pro-

jecting below .a plough and the laying of perforated plastic 

pipe at depth in peat through a tubular hardened steel 
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ripper. The use of low pressure balloon tyres as well as 

wider tracks might be considered to maintain flotation 

characteristics of the heavier equipment. The equipment 

should also be designed for the more difficult task of 

reestablishing the drainage pattern, where necessary, for 

reforestation with second rotation crops. A further feat-

ure of such a machine would-be the need to move it from 

point to point by road or rail, a feature which entails the 

stripping down of accessories for a move. It appears to 

the 	author that . a study of this approach merits a high 

priority since, should it be feasible, it will create a 

different set of silvicultural circumstances from those 

created by current techniques.. The indicated benefits of 

improved root' penetration, improved growth rates, improved 

long-term and short-term crop stability and the possibil-

ities of a reduced need for fertiliser applications merit 

a high priority. 

b. Lodgepole pine: 

The position of lodgepole pine in the forest economy 

of Scotland, particularly Northern Scotland have resulted 

in a detailed review of the literature about it. The major 

problem surrounding it in Britain is that of selection of 

provenance. The next chapter of this thesis deals with a 

study into some aspects of the provenance problem and a 
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discussion of them is deferred to that chapter. The spe-

cies appears to have a good potential for both pulp and 

lumber use in Britain, provided thãtthe form of the tree 

is good. 

C. Sitka spruce: 

Sitka spruce is probably the most favoured species 

for planting in Scotland at the present time, in that it 

is planted on sites of good enough quality, with lodgepole 

pine being planted on sites which are considered to be of 

too low a quality to support the spruce. Some authors, 

particularly Davies (1967), have urged that the use of 

Sitka spruce, with its faster growth rate, should be ex-

tended to the more infertile sites for which lodgepole pine 

has usually been favoured, on the basis that an adequate 

application of phosphate results in the species withstand-

ing exposure better than any other species in the Conser-

vancy and that it has a superior growth rate. Given rou-

tine manuring, it appeared that it was the species most 

likely to repay the costs of intensive silviculture. 

Whether or not these proposals are adopted, Sitka spruce is 

easily the most important species, in terms of current 

rates of planting, in Scotland. However, there is a con-

siderable support in Forestry Commission opinion for the 

extensive use of lodgepole pine in North Scotland Conser- 
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vancy. Problems of provenance of the spruce appear to be 

minor as compared with the pine, although Burley (1966) 

has noted that there is a broad interaction of genotype 

with environment that should - be evaluated before planting 

the species at any given site. The species appears to be 

considerably more susceptible to wind-throw than is lodge-

pole pine and although this can possibly be corrected in 

a number of situations by improvement of initial drainage 

of site, it may eventually prove to be a considerable •  

deterrent to the continued large-scale use of the species. 

It is.also important that, whilst the spruce is suitable 

for pulp and board manufacture, its use and value as 

lumber is considerably restricted by its grade, the need 

to use preservatives on building components, the difficul-

ties of obtaining preservative penetration and the 

difficulties of obtaining a smooth finish when planing. 

In considering the relative growth rates of Sitka spruce 

and. lodgepole pine it is most advisable to extend questions 

of their relative growth rates into questions of the value 

of the resulting wood per unit of volume. An important 

factor for pulp is the relative volume per bone-dry ton of 

chips derived from the. spruce and the pine and, in lumber, 

of the widths and, particularly, the grade of the product. 

In terms of lumber grades, the pine appears to be superior. 
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It is of interest to note that the very rapid increase in 

the use of small diameter lodgepole pine which has occurred 

in recent. years in British Columbia has resulted, to a 

considerable extent, from the good grades of lumber which 

have resulted. 

d. Site Productivities, Rotations and Yields: 

There has been a considerable interest in Britain 

in the development of long-term production forecasting 

techniques. In the case of the work by Sinden (1964.and 

1965) , short-term forecasting was used to determine the 

best financial age at which 'a mature crop should be felled. 

The generally accepted technique for forecasting involves 

the use of Faustmann's concept of nett discounted revenue. 

The need for long-term forecasting, as pointed out by 

Johnston and Bradley (1964), is particularly evident where 

industry is considering the construction of expensive, 

wood-using mills and must have estimates of quantities and 

specifications of the raw material coming onto the market 

for many years ahead. 

It is a moot point whether it is worthwhile to carry 

estimates of this kind to .a high degree of refinement. 

Faustmann's formula is subject to the well-known weakness 

that the prevailing market prices at the end of a rotation 

cannot be predicted with any assured degree of accuracy 
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from many years beforehand, even in a so-called controlled 

economy. Also, it is difficult to predict the relative 

demands and values of' the various end-products for which 

the wood might be required. In any economy, there is no 

guarantee that the produce of the forest will be put' to 

its optimum economic use since the supply of large exist-

ing plants of social, as well as economic, importance will 

normally take precedence over the transfer of supply to 

a new plant, even though the new plant may .be considered 

to be more,  economic. Forecasting is clearly necessary 

for certain purposes but it is important that forecasts. 

be  treated as such, rather than viewing them as a fixed 

aim of management. It follows that guarantees to supply 

plants in order to encourage industrial development, should 

be made as flexible as is mutually acceptable so that 

advantage may be taken by. management of attractive economic 

opportunities and changes of practice as they arise. 

The possibilities of increased growth rates by manur-

ing appear to be most attractive and the further intensif-

ication of forest practice to take advantage of them' 

appears to be likely in Britain. Some suggestion has been 

made, however, that a reversion to extensive forestry 

might be more economic in terms of reducing the work force 

per acre and in abandoning early uneconomic thinnings. 
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An economic analysis comparing the two approaches would 

be of value as a decision-making tool. However, the 

attraction of manuring lies in the fact that it appears 

that the plantation forestry can be made more profitable 

and the actual levels 'of wood production per annum from. 

the Scottish forests could be substantially increased, 

making increased industrialisation possible. It appears 

to the author that the proposals of, Davies (1967) and 

(1967a) for aerial fertilis-ation will be followed to an 

increas'ing extent. Binnsand Grayson (1967) have also 

favoured increased manuring of the forest. They have 

pointed out that the lower the stumpage price that was 

expected or the higher the costs of manuring, the less 

was the justification for treatment. In' certain stands it 

would be better to practice extensive forestry. But there 

would be some sites and conditions of crop where the 

response to fertilisers would transform the crop's poten-

tial and the sort of management applied. Reports to date 

'have favoured the use of helicopters over fixed wing air-

craft, apparently because of th'e,flight distance from 

airports'to the forests and restrictions of operations 

by weather. The situation should be subjected to close 

analysis. ' Helicopters are considerably more expensive to 

operate than are 'fixed wing aircraft and are more restric-

ted in load-carrying capacity. The construction of air 
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strips, by the Forestry Commission to facilitate fixed-

wing operations may provide a lower cost solution,to aerial 

fertiliser dusting. The anticipated increase in the use. of 

fertilisers should be accompanied by careful cost analyses 

and a research programme to guage crop response and dur- 

ation of response. 	. 

With reference to the points made about long-term 

production forecasting, the possibilities of introducing 

manuring on a large scale is an example of anew technique 

which could materially change existing forecasts. 

e. Plant and Forest Utilisation Standards: 

It has been of considerable interest to the author 

to compare the logging techniques in use in Scotland with' 

those of British Columbia. Log preparation in the woods 

is considerably more precise in Scotland. Although 

Zehetmayr (1965) used the premise that the carrying-out 

of any operation in the forest was more expensive than 

doing it at a mill or landing and concluded that the de-

barking operation - was the most obvious one at the mill, he 

felt unable to transfer cross-cutting from the woods to 

the mill, where the possibilities of mechanisation and 

lower unit costs are 'better. He recommended instead, an 

optimum length of pulpwood of from 10 to 12 feet. Tree 

length skidding, as commonly practised in British' Columbia 
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is restricted by the damage likely to be caused to the 

residual trees in the thinned stand and, in part, by the 

power of the extraction equipment.. Considerable amounts 

of extra work are involved. The logger cross-cuts the 

logs, often on difficult ground and then man-handles them 

over short distances into bundles large enough to give 

efficient skidding operation. The conversion to short 

pieces at this point increases the amount of handling which 

is necessary to load the vehicle. Cross-loading has been 

avoided and the truck design i.s such that lengths over 

12 feet, loaded lengthwise, cbuid only form one stack. 

The taper of British thinnings generally exceeds 1 inch in 

7 feet and this requires piling of top to butt to some 

extent, to avpid awkward loads. The trucks have a solid 

bed with bunks - a 'rather surprising arrangement since it 

increases vehicle weight and increases the difficulty of 

stacking curved pieces. The author felt the North American 

truck with its pole extension, rather than a fixed bed 

might have features which could be advantageously adopted. 

The pole extension lightens the vehicle itself and permits 

the length of the vehicle to be adapted to the length of 

the load. Thus it could be possible to load pieces 

considerably longer than 12 feet. The absence of a solid 

deck would ease loading. Also, on the return trip, .-the 

trailer wheels are hauled up off the road onto the back 
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of the truck making the vehicle of much shorter length and 

greatly assisting traffic flow and turning capability in 

the forest. A major advantage in Scotland, by reason of 

lightening the vehicle  itself, could lie in the possibility 

of carrying larger loads of wood. The cost of transporta-

tion of wood in Scotland in which load limitations are 

involved, is high and critical in relation to the overall 

forest economics. On this basis, the possibilities of 

specialised vehicles are considered to be worthy of invest-

igation. 

The advances made in mechanisation of logging in 

Scotland are most striking, particularly insofar as the 

use of power saws, the Isachsen double drum winch and 

mobile log loading equipment are concerned. It appears 

to be inevitable and necessary that the process will con-

tinue. The author felt that a good potential exists to 

develop more powerful skidding equipment along the lines 

of the Isachsen. Mobile skidding equipment is difficult 

to employ on many Scottish sites because of wet ground 

conditions. In this connection, it would be worthwhile 

to conduct of a study of the diversified types of rubber-

tyred skidding equipment which are operating successfully 

in Canadian spruce swamps. A major feature which might 

be incorporated successfully into British equipment is the 
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use of.large.diameter, wide tread, low pressure rubber 

tyres. The marked trend in the Interior of British 

Columbia away from tracked skidding equipment to rubber-

tyred equipment is based on the lower investment, faster 

skidding speeds, greater manoeuverability and overall 

lower operating costs of the latter. 

The question of road spacing and standard is receiv-

ing considerable attention in'Scotland at the present 

time. In many instances, roads construc'ted at the time'of. 

planting to provide 'access, were not laid out to provide 

future optimum spacing for double-drum winch extraction. 

It seems that the problem may recur, if roads are now 

laid out at the time of planting for optimum economic 

extraction by a particular means, since there is always 

the strong possibility that a, given mechanical system will 

be superceded by another with the passage of time.. It 

appears to the author that there, are considerable advan-

tages in taking a practical approach and maintaining the 

level of road construction at a minimum. At the time of 

planting, the widest practical spacing and the minimum 

standard of construction should be adopted. The increase 

in planting cost should be more than offset by the saving 

in road construction cost. , The first thinning should be 

deferred as long as is silviculturally possible and the 
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deferrneñtmight be lengthened by adopting wider planting 

distances. This approach would mean the acceptance of 

only moderate access for personnel during the period from 

planting to first thinning but could result in substantial 

savings of initial capital expenditure and interest. At 

the time of the first thinning, a decision would be 

necessary on road •spacing and alignment, based on the 

optimum economic balance between truck hauling costs for 

loads of various sizes and the cost of •road construction 

for the particular locality. Higher truck hauling costs 

for smaller loads might be justified in some localities 

by savings in road construction capital and interest 

charges. As the value of the timber stand increases the 

standard of the roads could be improved. The principle 

here is to defer the capital expenditures on roads as long 

as possible and, when expenditures are made, to recover 

as high a proportion of them as possible by a concurrent 

cut, recognising that practical restraints will apply to 

the principle. This approach does not solve the problem • 

of having to re-locate or abandon roads to conform to 

changing extraction systems but it would avoid such 

changes being made in a high-cost road system, involving 

heavy losses of invested capital. 

The difficulties encountered in the location of 
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stacking spaces (landings) in some Scottish forests are 

also common in Canada and there is no standard solution 

to provide the best financial results. In one location 

a landing would be preferable to stacking along the road-

side and in another location, the reverse may be true. 

Even where it is preferable to locate a landing, control 

of its cost of construction is most important. For example, 

in British Columbia, certain kinds of mechanised log 

handling on a landing demands a large flat area because 

of the turningradius of the machines employed. These 

large landings are costly to construct and only the flow of 

a large volume of logs over such a landing would justify 

its construction. Thus the decision as to the method of 

stacking (decking) logs after extraction should be a local 

one. To arrive at a proper solution for this kind of 

problem of whichthere are many, it seems to be most 

desirable that foresters in charge of logging should have 

training in the economics of logging. 

f. Road Transportation: 

A number of points affecting the transportation of 

forest products have been made. A major problem which 

was faced by the industry lay in the standard of the 

public (Government) roads system of Scotland, which in 

many areas were not of a suitable standard for the carriage 
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of economic loads.' The work of Davidson (1967) has 

provided a.logical approach to the problem and improvement 

of certain categories of road to a 24 ton gross load 

standard is proceeding. The decision was a compromise 

one, based on costs. Nevertheless, it may be necessary, 

at the conclusion of present improvements, to proceed 

with further improvements. The road system of the Scottish 

Highlands has. been well below the s,tandards needed not 

only for forestry but for the establishment of industry 

and for the strengthening of the 'increasingly important 

tourist industry. In the case of British Columbia, it'has 

been the policy in recent years to build roads in antici-

pation of industrial development and to improve facilities 

for tourists and, to some extent, considerations of this 

kind may well justify the continued development of a major 

'road system in the Highlands. 

g 	Forest Utilisation: 

As described by Hart (196.2a), the Forestry Commission 

regulates the felling or sale for felling of privately 

owned growing trees, under the provisions of the "Forestry 

Act, 1951." The important exceptIónsare dedicated wood-

lands, in which the owner may fell in accordance with the 

agreed plan of operations, without a licence. The Forestry 

Commission is 'empowered to include replanting conditions 
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in a licence and the owner may claim appropriate planting 

grants. The power to regulate private fellings was un-

doubtedly important when forest policy aimed at building 

a reserve of timber for use in wartime. Under the new 

policy of practising economic forestry and since a large 

area of private woodland is 'now dedicated or approved, the 

importance of the licensing system has declined, although 

it still,has a role in the preservation of the beauty of 

the countryside. The practice of economic forestry will 

not necessarily' lead to the planting of every available 

productive acre with' trees, ' indeed it is quite likely 

that small isolated forests-may be placed into an amenity, 

'rather than economic category. *  Whether or not the preser-

vation of aesthetic beauty will be considered a sufficient 

reason to retain the licensing sy.stem, it appears that its 

value, from an economic viewpoint, will continue to de-

cline in the future' and the cost of its 'administration 

may be questipned. 

The Forestry' Commission has stated that it does not 

foresee that it would enter into the field of forest 

products manufacture and the author views this policy as 

most wise. The policy of encouraging forest industrial 

development, including the 'possibility of obtaining 

Government loans, is a necessary one to deal with the 
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growing output of wood volume from the forest and its 

effectiveness is demonstrated by the establishment of the 

pulp mill at Fort William. More pulp plant developments 

may be anticipated. The attractiveness of chipboard and 

softboard manufacture is limited by their economics and 

this position is quite similar to that in. British Columbia 

where, very low cost wood is a pre-requisite for profitable' 

operation of the plant. The opportunities for plywood 

manufacture from home-grown timber are limited by rapid 

growth rates, which produce' fewer 'than the desirable 8 

rings per inch of radius, and by the presence of frequent 

knots. A great opportunity exists,  for the modernisation 

of the sawmilling industry and its integration with the 

pulp and board industries in terms of chip supply. The 

future developments in sawmilling will probably demand 

larger plants with' a considerably higher man-hour produc-

tivity and higher investment than is the case at the pre-

sent time. 'Study and discussion on the reorganisation of, 

the industry have been proceeding. 

Mention has been made of the fact that the Forestry 

Commission does about one-half of the logging on its own 

lands and that the Trade Associations favour the sale of 

standing timber to merchants. The Commission has not 

committed itself to increasing the sales of standing tim- 



74O- 

ber but has held that' the proportion would be variable, 

depending on a variety of factors. The author has comment-

ed upon the difficulties of achieving the economic aims of 

forestry where permanent labour forces are employed and it 

seems likely, in the' future, that there will be a greater 

trend toward contract logging, particularly as a forest-

oriented community, possessing ,logging skills, develops. 

Contractors themselves should.develop mobility of their' 

crews as well as their equipment, possibly to the extent 

of providing mobile trailer housing,.so' as to take advan-

,tage of logging opportunities throughout Scotland, as 

they arise. There is also a 'large field for contract 

logging in the, privately owned forests. The continued 

development of a healthy independent contract logging 

industry' will serve to maintain a competitive situation 

suited to the economic aims of the forest policy. There 

is a tendency to equate the Commission policy of providing 

rural employment with the maintenance of a, given level 

of employment within the Commission itself, However, 

contract logging is also a means of executing the policy. 

The tendency of the Commission toward the allocation 

of timber and away from sale to the highest bidder by 

competitive auction or tenders bears some resemblance to 

the trend of Government policy in British Columbia, where 
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ruinously high bidding, aimed at capturing the volumes 

normally logged by another party, had a strong influence. 

As with the Forest Service, the Forestry Commission relies 

heavily on its own appraisal of the value of standing 

timber but appears to be planning to avoid the subsequent 

auction or tender bidding in favour of direct negotiation 

with the party to whom the timber is allocated. This 

possible system will probably be restricted to 80 percent. 

of the party's requirements with competitive bidding 

applying to the other 20 percent. It is of particular 

interest that the Commission sells its timber on a lump-

sum basis, a system which is frequently advocated by the 

forest industry in British Columbia. However, the estimate 

of timber volumes to be sold by the Commission are gener-

ally more accurate than those of the Forest Service, for 

reasons of cost aiid available staff and the Forest Service 

continues to favour the scale of timber removed as 'a basis 

of payment, rather than a lump-sum sale based on the 

estimate of standing volume. The 'Commission, although 

incurring a higher cruising cost, does avoid the consider-

able administrative expense of collecting scale returns 

from the industry and the billing and receipt procedures. 

Where the volume cut falls short of the estimate, the 

CommissiOn is usually prepared to negotiate' with the 

purchaser to reach a settlement. In the author's 'view 
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there is much merit in the Commission procedures. 

Forestry Commission.Management Plans: 

Little comment need be made on the progress of 

Commission Copservancy and Forest Management Plans,, the 

latter of which are in process of'preparation. The system 

of preparation is well organised and will eventually con-

tribute 'greatly to rational management. The present 

position is quite 'similar to that in the British Columbia 

forests managed. by the Forest Service, for which plans 

are in the course of preparation. 

Effects of Wind: 

The severe problems posed by wind to British forestry 

have been reviewed in some detail. Much of the investiga-

tion into cause and effect has been directed toward 

analysis of rooting development and the effects of tree 

height in stands on various soils but where standard 

ploughing techniques have been employed. The', author has 

suggested that research into methods of achieving improved 

soil drainage and penetration of hard pans, so as to 

possibly improve the rooting structures could lead to 

substantial reductions in wind-blow. These measures alone, 

if feasible, will not prevent future' damage from wind-blow 

and stem break and cutting systems are another area in 

which more investigation is necessary. There are 
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indications that tree height may prove to be a limiting 

factor, requiring, the adjustment of rotation length. The 

increase in plant utilisation capacity which will almost 

certainly occur will reduce the impact of large-scale 

damage by wind by providing a faster means of processing 

of damaged trees, with normal fellings being deferred. 

The effects of wind on the stem form of certain provenances 

of lodgepole pine are quite marked and these effects are 

discussed in more detail in the next°chapter. Wind damage 

in Scotland, although opportunities for its reduction 

exist, will continue to be a problem to which management 

and the forest industry must adapt to arrive at the best 

current economic solution possible. 

j. Forest Thinning: 

The economic problems of thinning practice have' been 

discussed by several authors. Matthews (1963) emphasised 

the need to choose the residual stems carefully, part-

icularly in view of the trend towards heavier thinning. 

Thom (1964) wanted to see the definition of zones for 

"intensive" and "extensive" forestry, based on the econo-

mics of zones. Crowther (1964) and Stirling (1964) have 

favoured the Scottish eclectic thinning method, because 

it produces larger poles' and greater volumes in the early 

thinnings. Dickson (1964) • wanted to have more research 
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into provenance, planting distances and pruning, so as to 

obtain the highest nett returns from thinnings. 

For many years past, it has been recognised that first 

thinnings and, frequently, second and third thinnings, 

seldom result in a profit. Although certain desirable 

silvicultural results accrue 'to the residual stand and the 

total 'production of wood per acre over a rotation is sub-

stantially increased, the problems of economics have, if 

anything, increased and made profitable thinning in-

creasingly difficult to accomplish. However, much of the 

current wood production in Scotland is in the form of 

thinnings and to maintain existing plants in a number of 

areas, thinning is a necessary operation. The author has 

already suggested that a logical approach to forest 

economics may lie in considering the forestry and plant 

operations as an economic whole, rather than treating 

with forestry alone, and this concept would include 

thinning operation's. The'deferrnentof the first thinning 

and the reduction of initial forest establishment costs 

by the adoption of wider initial plant spacing is an 

attractive possibility for improvement of the cost 

structure but may have the drawback that suppression of 

heather and competing vegetation would be delayed, slowing 

tree growth. Nevertheless, the author believes' that it 

ought 'to'be. tested, employing spacings of 7, 8 and 9 feet. 
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The author is unable to comment on the effectiveness of 

eclectic thinning since, although the three examples which 

were examined did not appear to give desirable silvicult-

ural results, this small sample was not considered to be 

an adequate one to arrive at an informed opinion. The 

.suggestion of Thom (1964) holds much merit since it would 

permit a less intensive thinnings regime in those areas, 

the geographic location of which, in relation to plant 

location, are of lower economic value and/orin those 

stands in which the productive capacity does not merit 

intensive silviculture. 

The general conclusion is that thinning must clearly 

continue to play a major role in Scottish forestry, if the 

establishment of additional manufacturing capacity is to 

become a reality and maximum volume production is to be 

achieved. The major problems are economic and the various 

proposals of the authors mentioned ought to be pursued in 

an effort to improve the economic position. 
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CHAPTER 8 

AN INVESTIGATION OF BASAL SWEEP OF LODGEPOLE PINE IN BRITAIN 

1. General: 

It has been well recognised in Britain that plant-

ations of lodgepole pine of South coastal ori'gin 

(Washington and Oregon Coasts) in Britain have been' 

subject to basal bowing. The seed of South Coastal origin 

has been largely favoured in Britain because, in addition 

to displaying the qualities of tolerance to site and 

exposure which are common qualities of the , pine, it 

exhibits the fastest growth rate of any region of origin. 

It has' a proven ability to grow on poor'peats. In 

visiting 'the older plantations of lodgepole pine, the 

author formed an adverse impression of the commercial 

'value of the stands affected by basal bowing and, with the 

approval of Professor Black and Doctor Taylor, subsequently 

undertook an investigation of the phenomenon. 

The potential importance of the problem is readily 

appreciated when it is noted that the Forestry Commission, 

in the four years from 1963 to 1966, imported 7,148 lb., 

of lodgepole pine seed, of which 3 5,460 lb.,..,. were of 'South 

Coastal origin, or almost 50 percent of the total. During 

the same four years, 81 million lodgepole pine trees were 
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planted in Great Britain, of which 58 million were planted 

in Scotland. If the proportion qf trees of South Coastal 

origin were to be 50 percent, this would mean that, during 

the four year period, almost 29 million trees known to be 

subject to basal sweep were planted in Scotland. The 

Forestry Commission have reported on the incidence of the 

basal sweep on 23,374 acres of South Coastal lodgepole 

pine contained in a number of sample forests in Scotland. 

There were 13,800 acres (59 percent) estimated to have an 

amount of basal sweep not worthy of special consideration. 

Another 6,000 acres (26 percent) were estimated to have 

a proportaionof crooked stems no greater than could be 

removed as thinnings, i.e. under 50 percent. The other 

3,500 acres (15 percent) had over 50 percent of stems with 

sabre butt. To the author, thOse estimates suggest a 

serouseconomic situation for the future. The 6,000 acres 

from which the crooked stems would be removed by thinning 

are likely to be costly and probably uneconomic to thin 

because of low returns and additional handling •costs, 

where the wood can be used. Thinnings, in any event,, are 

more costly to utilise per unit of volume than is the 

final crop. stand. , Also, the tendency, of sweep to "grow 

out" without increasing diameter might possibly justify 

the - retention of trees without excessive sweep where the 

economics indicate this. Based upon the estimates and 



-748- 

taking a realistic management viewpoint, it appears that 

about 40 percent of South Coastal lodgepole pine plant-

ations in Scotland will present a serious problem to 

profitable management. 

There is an unfortunate trend in present-day forestry, 

noticeable in both Great Britain and British Columbia, to 

base forest management decisions upon economic analyses of 

a quantitative nature, giving inadequate weight to 

qualitative considerations. With attention concentrated 

upon the financial.success of the 'forest, as a separate 

enterprise, the quantitative analyses based on fast-growing 

species, short rotations and average overall or average 

product group prices, offer attractive justification for 

management decisions. The process is sometimes defended 

by the viewpoint that the forester, faced with rapid 

technological changes, cannot foresee or adequately for-

cast, the end use for which the forest is being, grown. In 

consequence, it is. sometimes concluded that the objective 

of management should be to grow the greatest volume of 

wood in the shortest possible time on the premise that the 

technical ingenuity of the industrial plant designers will 

successfully, overcome any quality or size problems which 

might arise. Whilst it is most difficult, if not ' 

impossible, to disprove these hypotheses, present trends 

give cause to doubt them. The actual trend in industry, 
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for almost all conversion processes, is to demand more, 

rather than less quality in the forest produce supplied to 

it. The mechanisation and centralisation of production 

processes, such as debarking by machine at the plant, 

rather than by hand in the woods and, in British Columbia, 

the practice of cutting to maximum length in the woods, 

leaving most of. the bucking (cross-cutting) to a cut-off 

plant at the mill, have led to an increasing demand for 

straight logs. The new processes of profiling logs con-

verting the outside of the logs directly into pulp chips 

have proved to be economic since they represent a relat-

ively high degree of automation. However, the processes 

basically require straight logs and lose much efficiency 

when dealing •wi,th logs containing sweep. In view of these 

trends, the author believesthat quality, including stem 

straightness, is an important consideration for the future. 

It appears that a proper management decision, so long as 

present actual trends continue, will aim at the production 

of wood of reasonable quality as well as rapid growth. 

From discussion with British foresters and researchers it 

appears that current opinion tends to favour the contin-

uation of planting of South Coastal lodgepole pine, because 

of its higher growth rate and to treat the problem of 

basal sweep as a silvicultural challenge. The author 

reasoned that, if it were shown that the loss of quality 
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and Cost increases attributable to basal bowing negated 

the advantages of.  rapid growth then it would become 

important to actually plant seed of other origin until 

such time as a satisfactory silvicultural solution to the 

sweep problem could be found. Visual observation of ybung 

plantations of South Coastal and British Columbia Interior 

provenances at Wykeham and in other areas indicated that 

basal bowing of South Coastal provenances was occurring in 

an extensive way, whereas the Interior provenances were. 

retaining straightness of stem. 

The work - of Edwards, Atterson and Howell (1963), in 

their efforts to determine the causes of basal bowing, has 

been cited in the Review of Literature for Scotland. 

Fundamentally, they concentrated on the rooting character-

istics of trees blown over at an angle and trees remaining 

upright and found that trees on ridge tops showed better 

root development than did trees planted in the furrow 

bottom. The Forestry Commission researchers have continued 

to investigate the problems and are currently conductiig 

further investigations into rooting characteristics and 

susceptibility to windthrow. To date, it appears that a 

satisfactory solution, to prevent basal bowing, has not 

been reached. There has been some thought that basal 

sweep seemed to be related to very rapid early growth of 

trees and a series of experiments, not two years old, have 
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been initiated by the. Commission. Whilst it is too early. 

to judge results conclusively, there are certain indic-

ations of interest. The reduction of phosphate fertilizer, 

applied at the time of planting to ½ oz. and 1 oz. per. 

tree (as against the normal 2 ozs.) does not appear to have 

reduced sweep significantly. Application of phosphate 3 

years after planting and not before, appeared to reduce 

sweep but this result may have been due to wind shelter 

from the surrounding stand. The dipping of roots into a 

. 	phosphate/soil paste, using about ½ oz. phosphate per tree 

• 	appeared to reduce bowing but is inconclusive at present. 

The use of very large plants, which also increases planting 

costs slowed the initial growth and reduced bowing and 

appears so far to have been successful. In addition, 

massive doses of potash have been applied in an attempt to 

stimulate root grqwth but it is too early as yet to assess 

results. 

The problem of basal bowing appears to be a result 

basically, of physical factors. Lodgepole pine is planted, 

to a considerable extent, on the Upland Heaths or peats. 

The depth of ploughing for drainage is quite limited. In 

the case of the Upland Heath, a.hardpan at about two feet 

depth or lower may not be broken by ploughing and will form 

a barrier to root penetration, in addition to impeding 

downward drainage and possibly, thereby; further affecting 
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root development. In the case of the peats, root penet-

ration is directly limited by the extent to which the 

water table is lowered by ploughing and attendant drain-

age. There are current mechanical limitations on the depth 

of ploughing which is practicable, and deeper ploughing on 

peats, for 'example, would present problems such as slump-

ing of the sides of deep drains and subsequent drainage 

maintenance. Edwards, Atterson and Howell (1963) found. 

little evidence of trees blowing over when planted on the 

ridge top and extensive blowing over when planted in the 

bottom of the furrow and attributed this to better cultiva-

tion and a more stable rooting medium on the ridge top and 

it appears likely that better aeration on the better 

drained ridge-top contributed to.better root development in 

terms of root spread. Itis notable that step-planting on 

the side of the furrow is favoured in many locations at the 

present time. 

When the lodgepole pine is planted, it is nowadays 

frequently fertilized with 2 ozs. of phosphate to overcome 

check and permit initial rapid growth. It is usual, after 

about 3 to 5 years of growth, for the young pine of South 

Coastal provenance to blow over at an angle of some 20 to 

70 degrees away from the direction of the prevailing wind. 

It is most unusual for Interior provenances to suffer from 

this effect. Whilst there is no direct evidence to 
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support the opinion, the author has little doubt that the 

much denser crown of the South Coastal provenances, re-

garded as a biological advantage, in relation to that of 

the interior provenances, provides a much more effective 

"sail" with which the wind levers over the young tree. 

The remarkably uniform angle adopted by blown-over trees 

in a, given location, suggests a level of force resulting 

from a given maximum wind-speed and "sail" areas of relat-

ively uniform density. The phenomenon is particularly 

striking when alternate rows of South Coastal and Inland 

types are viewed and it is seen - that the Coastal type have 

all' adopted a fairly uniform lean and 'the Inland types 

have not.. There are, of course, provenances which demon-

strate intermediate reactions but these are generally 

intermediate in type, including crown form. 

With further development, the tree will correct its 

lean to re-assume its vertical, growth and, in some 

instances, it'will over-correct so.that the stem re-assumes 

'its position vertically above the root collar, or nearly 

SO. In only a few instances,' from the author's obser-

vations, will the stem over-correct more than this. Some 

of the butt sweeps are very long, extending for some fifty 

feet and others very short. 

As will be seen from the results of the investigation, 
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described below, there is a possible relationship between 

the number of trees with sweep and the degree of sweep and 

the prevalence of windfall in the stand. This phenomenon 

may be attributable to the crown density and area, in the 

same way that the young tree is susceptible'to the effects 

of excessive leverage. However, it also appears to be at 

least possible that part of the phenomenon is due to the 

presence of sweep.: As noted, the young trees generally-

lean away from the prevailing wind-and the sweep develops 

accordingly. In consequence, the wind force upon the. 

crown is translated by. an effective, flexible lever into 

a force which has a generally upward direction on the root 

system to windward. The author observed this effect in 

a plot of South Coastal provenance at Wykeham (Upland heath), 

when moderate winds were blowing. Portions of the root 

systems to windward of trees with heavy sweep rose upwards 

into the air from cracks opening in the ground surface 

when gusts of wind occurred and descended into the cracks 

which then closed, in periods of calmer winds. The angle 

at which the stem, reaches the ground surfacewould appear 

to have an important influence on the effective applica-

tion of an.uprooting force. 

Reverting to questions of quality, the author has been 

unable to find any studies into the wood quality of basal 

sweep in the pine. However, there appears to be little 
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-doubt and this has been confirmed in discussion with wood 

technology specialists, that reaction wood occurs exten-

sively in the swept portion of the stein. In British 

Columbia and the United States, the occurrence of sweep in 

Interior lodgepole pine is a rare occurrence. The shore 

pine is frequently contorted inform but then, so are many 

species occupying exposed sites close to the Pacific Ocean 

and it may be that the cause is environmental, rather than 

genetic in origin. The Inland pine was not used in British 

Columbia until relatively recently because of its relat-

ively small diameter. Its.subsequent, burgeoning use has 

been based to a' considerable extent upon its excellent 

form, its relatively uniform, if small, size and the good 

lumber grades of its wood. Its. form and size have, per-

mitted a degree of mechanisation and automation which have. 

permitted economic plant conversion. These advantages 

would be largely negated if extensive sweep existed and, 

indeed, it is doubtful whether the species would have come 

into commercial use to anything like the extent it has, 

had this condition prevailed. 

2. Hypothesis: 

Based upon the foregoing considerations the author 

formed the hypothesis: 

a. That the sweep occurring in the South Coastal 

provenances materially reduced the stand value 
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for existing end uses and would result in added 

thinning and logging costs from handling and 

loading difficulties, where the sweep could be 

used at all. 

b. If the reduction in stand value and cost inc-

reases were sufficiently large to nullify the 

advantages of faster growth and since effective 

means of preventing sweep in the Coastal types 

have not been developed, then there ould be 

reason to review the policy of large-scale 

planting of these types with the possible sel-

ection of another provenance. 

C. The occurrence of sweep had a possible relation- 

ship to the incidence of windfall. 	• 

3. Areas of Investigation: 	• 

a. 'Wykeham Forest: 

Upon the recommendation' of the Forestry Commission 

silviculturist for Scotland, the initial and detailed 

portion of the investigation was undertaken at Experiment 

No. 55, Wy.keham Forest, Map reference on 1" Sheet 93 -. 

44/950875. The éxperimentis situated on Wykeham Low 

Moor, 'North Riding, Yorkshire, 51-, miles west of Scar-

borough. The area is about 600 feet above sea level and 

lies on top of a ridge with a deep dale half a mile to the 

west. ' The ground rises very steadily towards the north to 
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end in a deep dale within one mile. The aspect is south, 

south west and the area is sheltered on the south by an 

did wood and is moderately to fully exposed elsewhere. 

The topography is practically flat apart from a slight 

convexity and there is a slight natural drainage towards 

the south, south east. The geological formation is Lower 

Calcareous Grit of the Middle Oolite series and the soil 

has 1" - 4" of raw heather humus on 8" •- 10" of leached 

grey sand. Below this is a thin. panof varying hardness 

over a red-brown, sandy loam which changes to orange colour 

at 12" - 15" depth. Small stones are present in all layers, 

increasing in size as the depth increases. 

The experimental area was ploughed in an approximate 

north-south direction to amoderate depth, employing a 

double-furrow plough, in 1933 and planted in 1938 with a 

variety of lodgepole pine provenances, all plants being 

2 + 1, except for provenance 35/54 (Oregon) which was 

1 + 1. Planting was done by a vertical notch in the 5 

year old furrow, after cutting away the heather. Prior, to 

planting, the area appears to have carried isolated Scots 

pine trees and it was used as a grouse moor. It was burnt 

over in about 1920. The prevailing wind is W.S.W. 

The provenances to be tested consisted of 3 coastal 

seed lots, 2 intermediate (Skeena River) seed lots and 11 
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inland seed lots, usually with 3 replications each in 

randomised blocks and with a plot size of 0.1 acre and 

narrowplot surrounds between plots. The plot layout is 

shown on the accompanying diagram. 
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The provenances and their distribution to plots were: 

Provenance Source 
Elevation 

Feet 

Plot Numbers 

 

'Coastal 

34/25 Sonora Island and 
New Westminster 10-50 24 37 10 

34/40 Olympic Peninsula 
(believed Shelton) 
Washington 	. 300-500 34 14 11 

34/10 S.W. 	Lincoln County, 
Oregon 	 . 100 20 22 -- 

Skeena River 

35/18 Smithers, 	B. 	C. 	' 2000 15 46 2 
35/22 Hazelton, 	B. 	C. 1150 40 18 6 

Inland 

34/24 Prince George, 	B. 	C. 1870 36 28 9 
35/17 Prince George, 	B. 	C. 1870 26 39 1 
35/19' Wil1iais 	Lake, 	B. 	C. 1750 35 23 3 
35/20 Cleai-water, 	B. 	C. 1500 '  41 27 4 
34/23 Shuswap Lake, B. 	C. 2000-2700 30 17 16 
35/21 Shuswap Lake, B. 	C. 1200 31 47 . 	5 
34/69 Priest River, N. 	Idaho 2380 21 33 12 
35/53 East Washington .  Unknown 14 38 7 
3.4/68 East. Yellowstone, 

Montana ' 	6700 29 -- -- 
35/54 Oregon 	. Unknown 25 42 8 
35/59 Williamson River, 

Klamath, Oregon 3400-5000 19 32 -- 

Growth and yield data for the plots (Sample Plot 

Form'No. 9) we're supplied by the Forestry commission and 

portions of the data have been employed in the investig-

ation, where applicable. 
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The following average data were also supplied by the 

Forestry Commission and shows the percentage of the crop 

that was unstable and windblown at-the age of 26 and 29 

years respectively. The data also show: the average mean 

annual increments per annum,  for each provenance, it 'being 

thought that a correlation could possibly exist between,  

crop instability and mean annual increment. 



Provenance Plot Nos. 	M. 	A. I. % Crop Unstable 

26yrs 29yrs 26yrs 29yrs 

Coastal: 

34/25 	Sonora Island and New Westminster 101,  24, 37 
341.40 	Olympic Peninsula (believed 

Shelton) Washington 	. 11, 13,. 34 
34/10 S.W. 	Lincoln County, Oregon 20, 22, -- 

Skeena River: 

35/18 Smithers, 	B. 	C. 2, 15, 46 
35/22 Hazelton, 	B. 	C. . 6,. 18, 40 

Inland: 

34/24 Prince George, 	B. C. 	. 9, 28 3  36 
35/17 Prince George, 	B. C. 1, 26, 39 
35/19 Williams Lake, 	B. C. 3, 23, 35 
35/20 Clearwater, 	B. 	C. 4 2  27$'41 
34/23 Shuswap Lake, B. C. 16, 17, 30 
35/21 Shuswap Lake, B. C. 5, 31, 47 
34/69 Priest River, N. Idaho 12, 21 1  33 
35/53 East Washington (Unknown 7, 14,38 
34/68 West Yellowstone, Montana 29,--, -- 
35/54 Oregon (Unknown) 8, 25)  42 
35/59 Williamson River, Klamath, Oregon 19, 32, -- 

70 	79  

94 	99 	30 	33 
92 	96 	24 	26 

76. 86. 9 .11. . 

80 92 2 3 . 
N.) 

74 82 2. 2 
74 85 2 3 
82 93 2 2 
74 92 9 11 
87 92 17 20 
90 97 24 25 
87 97 18 20 
85 94 14 15 
43 43 . 	2 2 
56 61 1 1 
73 81 2 .3 
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The thinning treatment of the plots had been standard 

Forestry commission C/D grade at three year intervals. It 

is important that the Chief Forester in charge of the ex-

periment confirmed that thinning had aimed at removing the 

worst trees subject to reasonable spacing of residual trees. 

The plots appear to have received careful silvicultural 

treatment. which has improved the stand on them. 

b. Achnashellach Forest: 

The results obtained by detailed measurements at 

Wykeham Forest were such that it was felt to be advisable 

to test them by a counting procedure, rather than by further 

detailed measurements, at other Forestry Commission lodge-

pole pine trials, preferably in different conditions from 

thos.e encountered at Wykeham Expt. 55. The provenance trial 

areas selected were at Achnashellach and Millbuie. 

(1) Achnashellach 24 P.37 Ext. 381,  39, 31: 

The trials at Achnashellach are large and this section 

of them contained three trials which were used for the in-

vestigation. The trials planted in 1937, consisting of 

plots of approximately 0.1 acre in size, contained 5 rep-

licates of each of 11 provenances, 1 replicate being random-

ly assigned within each of five contiguous blocks. One 

provenance only had four replicates, two of these being in 

half-size (0.05 acres) plots and the provenance was not used 

for the purposes of the investigation. 
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Another block, planted in 1,939 occupied an exposed 

position higher up the slope than the other blocks and con-

sisted of 0.1 acre plots. Two plots were rejected because 

of heavy exposure damage and third was rejected since its 

provenance was not replicated elsewhere. Two plots were 

found to be injuxtaposition on the ground as against the 

map. There were 5-replicates of each of 7 provenances which 

were used and these replicates were assigned randomly to 

each of 7 blocks, which were not always', however, contiguous. 

The trials 'are located close to the west coast of 

Scotland, at an elevation of 120 - 150 feet above mean sea 

level, on a north-facing slope of 15 to 40 degrees. The 

site carried a variable depth of peat overlying morainic 

drift and had a main vegetation before planting of 

Trichop'h'o'rum, Molinia, Call'una, Erica'te'tral'ix and 'Sphagnum. 

Sitka spruce, planted, on the site in 1924, had failed. The 

average precipitation for the area is 80 inches per 'annum. 

The plots were' all established at a spacing of 5 ft. x 5 ft., 

after hand turfing and draining, 'and were fertilized at the 

time of planting, with an application of 2 ozs. of ground 

mineral phosphate per plant. 

(2) Achnashellach 29'P.57: 

The provenance trials planted in 1957 at Achnashellach 

were designed with the objective of comparing the survival, 
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growth, yield and othe characteristics of 14 provenances of 

lodgepole pine, all collected from trees in Britain and 2 

provenances of seed importeddirect from North America. 

Of these,5 of the former provenances and 2 of the latter 

were examined in the study to amplify the range of proven-

ancés investigated in the P.37 and P.39 blocks at 

Achnashellach. The site, again, is morainic drift on 

schist, with an overlying peat depth of 6 - 24 inches. The 

vegetation before planting was poor Trichophorum and Calluna 

and the plantings lie on a steep slope with northern aspect 

at an elevation of 225 - 300 ft. The rainfall averages 

approximately 80 inches per annum. In this case, the area 

was drainedby ploughing with a double mould board Cuthbert-

son plough, with furrows about 5½  ft. apart. The plants 

were spaced 4½ feet apartalong the furrow and 1½ ozs. of 

ground mineral phosphate were applied to each plant. The 

design of the planting was a balanced 4 x 4 lattice with S .  

replications. The plots each contained 6 x.6 plants, with 

one blank line between plots. 

The Forestry Commission Research Branch have expressed 

the opinion that site variations occur within the Achnashel- 

• lach trials and have a tendency to confound results. This 

possible tendency has not been taken into account in this 

investigation, other than to observe that the variations 

which did occur were possibly those created by natural 
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drainage routes. The 'final outcome of the investigation did 

not appear to be materially 'affected by possible site vari-

ations. 

c. Millbuie Forest: 	(Millbuie 1 P.38 - 42): 

The Millbuie provenance trials, comparing the growth 

of Pinus contorta provénances of different origins, are 

located' on 'the Black'Isle, on the east coast of Scotland at 

grid reference NH/672631. Two inches of peat overlay a 

leached 'sandy clay soil on an area previously used as a 

grouse moor and for sheep grazing. The main vegetation was 

'Calluna,' 'Scirpus and Erica tetralix. The area is flat, lies 

'at an, elevation of 500 ft. and experiences a rainfallof 

30 to 35 inches,. The area was ploughed with a shallow 

single furrow, using a Solotrac type plough and planting 

was conducted at a spacing of' 4½  x  4½  ft., without the use 

of fertiliser. For purposes of the investigation, the 

"intensive" (small) plots of 30 plants each (5 x 6) were 

used in three sets of irregular, randomised blocks. All 

provenances had 5 replicates. 

'(1) Plot 1:  

Plot 1 was planted in 1938, contains 14 provenances 

and was. use,d fully for th-e purposes of the investigation. 

The plots were brashed and cleaned during 1956 and were 

thinned during the spring and summer of 1959. In addition, 
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climatically damaged trees were removed in 1951, 1957 and 

1960. 

(2) Plots 19 and 26: 

Plots 19 and 26 were planted in 1939, 1940, 1941 and 

1942. Six provenances of P39, of P41 and 3 of P42, the lat-

ter from British seed collections, were used to enlarge the 

range of provenances covered in Plot 1. For purposes of 

the investigation, these ten provenances were grouped to 

form one section. The P39 plots were brashed and cleaned 

during 1956, the P41 plots, probably, in 1959 and the P42 

plots in February 1,962 and February 1963. All were sub, 

sequently thinned inthe spring and summer of 1959, except 

for the P42 Section which was thinned in the spring of 1963. 

In addition, climatically damaged trees were removed in 

1951, 1957 and 1960. It was surmised that these differences 

in plot histories would not materially affect the relative 

incidence of basal sweep. 

4. ' Method of Investigation: 	 • • 	• 

''a.: • 'Eval'uati'ri of Basal Sweep: 

' '(1) ' 'Basic' Considerations: 

The actual method of measuring basal sweep at Wykeham. 

Forest is described below. The basic considerations of how 

to evaluate it are of importance and are dealt with at this 

point. 
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A practical analysis of log value is usually based on 

a particular set of conditions. The owner of timber and the 

forest manager will normally analyse the value of the pos-

sible range of produce in relation to stand location; local 

logging and extraction costs; haulage distances; local and 

general road or rail standards and restrictions; the avail-

ability of conversion facilities to his potential customers; 

the conversion, sales and other costs.; the market prices 

available at the mill, to the manufacturer, for his end-

product; local as well, as general taxation; as well as a 

variety of •other normal and special factors of the enter-.. 

,prise from stump to sale of the end-product. The cost of 

growing timber is not, in itself, a criterion of its' value 

except insofar as it can be assumed that all succeeding, 

related, enterprises could thrive economically after paying 

the costs, with accompanying profit. Under normal circum-

stances, it is preferable to fir1 determine the product 

outlets and the economics concerned, to arrive at a level 

of cost which is.reasonable to the total'of the operations. 

It is récognised''that, in Britain and Scotland, this 

approach has not usually been o'sible for forestry, since 

many timber-growing areas have and are being established-in 

the belief that, when they enter a state of production, 

appropriate industrial outlets will be created and will 

provide, markets adequate'for the economic viability of the 
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forestry enterprise. It does not follow, of course, that 

this will occur without difficulties. Should the costs 

being expended on the forestry enterprise be too great for 

the industrial plant to absorb, a counter-effect upon 

forestry is likely to result, requiring lower wood produc-

tion costs for overall financial success. The Fort William 

pulp mill is an example of a plant endeavouring to achieve 

profitable operation and, as a part of the process, asking 

for reduced sales values of wood. Some sales below cost 

levels are already made to the pulp mill where haulage dis-

tances approximately in excess of 80 miles are involved and 

certain other factors, such as pulp. mill wage cost levels 

are recognised as affecting the wood cost which the mill 

can afford to pay. Thus, the prices of woodland produce 

may be appropriately treated as a variable dependant on a 

variety, of economic variables, assuming that prices are not 

arbitrarily fixed by price controls. In some areas, where. 

future industrial plant developments may occur, it is 

difficult to forecast what woodland produce prices will 

apply.  

With this general background in mind, considerable 

thought has' been given to arrive at' an appropriate eval-

uation 'of financial losses which are incurred by the pres-

ence of basal,sweep in lodgepole pine. It was decided to 

treat the problem in.relation to modern log conversion 
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practice, whether, or not the facilities exist in Britain at 

the present time but which have possible application. In 

a sense, the approach is arbitrary but the method can be 

applied, possibly with further refinement, to specific 

local circumstances. 

Log diameter is of fundamental importance to the price 

and cost structure of both the forestry and wood conversion 

enterprises. In general, for example, logging and extrac-

tion costs increase as tree and log diameters decrease. 

'Similarly, in the sawmill, the handling and conversion of 

logs and, in the pulp mill, the conversion of logs up to 

the point of chips leaving the chipper are normally higher 

per unit volume of small diameter logs, than they are per 

unit volume of large diameter logs. Log length also has a 

definite bearing on costs. These' and similar factors, 

however, are frequently qualified in practice. . Whilst the 

marginal tree and log calculations indicate the point at 

which profitability ceases, there is a strong tendency to 

disregard these criteria'in favour of total volume input 

considerations and their effect on the overall economics. 

Also, forest policy and management will frequently aim at 

maximum utilisation, demanding the purchase of small and 

large logs from the stand as a package purchase. Frequently, 

therefore, from the industrial plant viewpoint, there is a 

tendency to treat,with averages of diameter and length, 
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rather than with Individual log sizes. In the case of a 

number of plants and processes costs and prices cannot be 

related to logs of different sizes because of lack of data, 

unless broad assumptions as to cost and price distribution 

are made. In view of these various factors, it was decided 

to employ average prices in this thesis, as being more di-

rectly related to current practice. 

(2) Assumed Products and Prices: 

(a) Lumber Recovery: 

Reference to the illustration "Product relationships 

employed in the study" will serve to demonstrate the 

approach taken to determine lumber recovery. The illust-

rations shows the end view of a straight log in which the 

small end diameter, underbark, is just large enough to 

permit the recovery of 2 pieces of 2 inches x 4 inches 

cross-section. It has been assumed that the slabs have been 

chipped off to produce pulp chips. The waste consists of 

sawdust produced by sawing the profiled cant into 2 pieces 

of 2 inch x 4 inch lumber. As the top diameter increases, 

a point will be reached at which it is possible to recover 

larger sizes of lumber. 

In essence,' this form of recovery is that which is 

carried out by the modern profiling lumber machines. The 

occurrence of sweep may be visualised as introducing a 
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PRODUCT RELATIQNSW(PS EMPLOYED'IN THE STUDY. 

The.. f.wo circles represen he end cross.sechons 0F 
a I og from which '2. 24 pieces can be recovered. 
The shaded porhorz represc4s pulp chps, 1he clear 
porf ton lumber and the solid black porhàn. sawdust. 

DIAGRAM BY A.M. 
DRAWN BY L.H.B. 
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third cross-section between the log small end cross-section 

and the log large end cross-section. If the latter 2 cross-

sections are imagined to remain in the same positions as 

illustrated in "Product relationships employed in the 

study", i.e. with the centres of the cross-sections super-

imposed, then the cross-section at the point of maximum 

sweep or deflection will have a centre which does not coin-

cide with the .centres of the other two cross-sections. 

The illustration "Diagramatic illustration of lumber 

recovery being unaffected by simple sweep under certain 

conditions" shows a small-end cross section and a cross 

section of maximum sweep or deflection. The large-end 

cross-section is omitted from the illustration since it 

does not affect lumber recovery. Basically, the illustra-

tion shows that the external sweep or deflection alone does 

not determine changes in lumber recovery but that the 

diameter or radius at the point of maximum sweep must also 

be taken into account. If, in the illustration, r 1 is of 

sufficient length to permit the recovery of, say, 2 pieces 

of 2 inch x 4 inch lumber, then so long as r 2 is equal to 

or greater than r 1, recovery is unaffected. 

Based on these simple relationships and, in the 

knowledge that almost all of the basal sweep encountered 

was simple sweep (i.e.. one plane of curvature), the 
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DIAGRAMMATIC ILLUSTRATION OF LUMBERS, RECOVERY 
BEING UNAFFECTED BY SIMPLE 	SWEEP UNDER 
CERTAIN CONDITIONS. (REFER. TO TEXT). 

e . Maximum sweep ' or defIecfon of Ioq. 
ri. Rc4dius at +op cross. sechor, of sweep. 

r2. 1adus o+ poni oF max. declec+or,. 
p 	Hori3on+aI disonce 6efween cenlres of cross.sedtons. 
X., Corner porf of. lumber +o be recovered. 

-;~Wh n 	r2 n~~p I; _rz-- - "' r i 

DIAGRAM 8Y AM. 
DRAWN BY LA-b. 
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potential of a variety of situations was tested by a. pro- 

cess of trial and,  error. 	. 	. 	. 

The profiles which were. selected for recovery from a' 

single log'were:  

2 pieces 2" 'x 4" 

2 pieces' 2" x 6" . 

1 piece 2" x 6" and 2 pieces 1" x 4" 

1 piece 2" x 6!" and 2 pieces 2" x 4" 

2 pieces 2" x 6" and' 2 pieces 1" x 4" 	. 

1 piece 2" x 8" and 2 pieces 2" x 4" 

1' piece ' 2" x 8" and '2 pieces 2" x' 6" 

This range was adequate to cover the range of diameters en-' 

countered at Wykeham Taking, for example, 2 pieces of 2" 

x4", they were drawn to scale and, by applying different 

values of p in horizontal and vertical planes, the varying 

top diameters necessary to produce 2 pieces of 21'x 4" lumber 

at varying value's were determined. British sawing practice 

allows for shrinkage during drying and the dimensions of 

lumber'quoted above were increased by adding 0.125 inches of 

thickness 'and .062 inches for each-2 inches of thickness 

and width, approximately to the normal trade practice. 

Where the horizontal and vertical applications of a given 

value of p produced different diameter values for the prod-

uction of the same lumber,it was assumed in each case that 

the maximum recovery occurred and the smallest diameter value 
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was 'taken. The following table resulted. 

Minimum diameter underbark necessary to produce the 
given lumber combinations 

P 	2- 2"x4" 2- 2"x6" 1- 2"x6" 1- 2"x6" 2- 2"x6" 1-211x811  1- 2"x8" 
- S 	 2-111x4" 2-21lx4" 2-111x4" 2-2"x4" 22",x6" 

Nil 	6,0 	7.5 	' 6.4 	6.7 	7.6 	8.9 	8.4 

1 	6.7' 	8.1 	'.6.8 	8.2 	8.3 	9.6 	8.7 

2 	7.5 	8.8 	7.6 	8.8 . 9.2' 1,0.4 	9.4 

3 	8.3 . 	9.6 	8.6 	. 9.5 	10.0 	11.3 	10.3 

9.2 . 	10.3 ' 	9.4 	10.4 	11.0 	12.2 	11.2 

5 	• 10.1 	, 	11.2 	10.3 	11.3' 	11.9 	13.0 	12.1 

6 • 11.0' • 12.0 	11.2 	12.3 	12.8 	13.9 	• 13.1 

Diameter values for values of p in excess of 6 were 

worked out individually. The application of this table to 

the, Wykeham plots will be described later. 

(b) Lumber Prices: 

Th'ere was some difficulty" in obtaining prices for 

lodgepole pine lumber ex-sawmill, in view of trade in-

experience with the species, resulting from the low supply 

of sawtirnber available in Britain to date. However,. prices 

were kindly'supplied by the trade*,  based on prices for. , 

Sc'o'ts pine'. These were:  

*From T.H. 'Woolridge, Riddbch's Sawmill's. 
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Item 	.. 	Price per H.P. (Pence) 

x 4" 	 122 

x 4" 
	

116. 

2" x 6" 	. 	. 	 116 

2" x 8" 
	

119 

There was no variation in prices perH.F. for lengths 

below 20 feet. The trade also recommended that the poten-

tial use of lodgepole pine for mining timber should be 

ignored since the market was very marginal in Scotland. 

('c) 'Pulp Chip 'Recovery: 

The method of arriving at the total volume underbark 

of basal sweep is described below. The total volume of 

lumber which' could possibly be. recovered was determined by 

multiplying the lumber cross-section(s). by the direct dis-

tance from the butt to the top of the sweep. To this was 

added the related volume of. sawdust, based on a one-eighth 

inch saw kerf. These. volumes were then deducted from the 

total volume to give the theoretical maximum pulp chip 

recovery. 

:('d)' 'PuIp''Chip Value: 

The pulp chip value at mill', 	less haulage, was taken 

to be 17 pence per cubic foot of 'solid wood upon the advice 

of Scottish Pulp and Paper Company Ltd. 'at 'Fort William. 
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.The. Fort William pulp mill specifies that sweeps only up to 

a maximum of 1.5 inches in 10 feet are acceptable but, in 

practice, if the wood is well cut to length, there is a 

tendency to allow a greater maximum. The major factors 

placing a limitation on using logs with sweep for chips are 

mechanical limitations of the de-barking equipment and con-

siderations of safety. In de-barking, the log with sweep 

will tend to move, and presents a hazard to the worker. 

b. Measurement of Basal Sweep: 	 ' 

The diagram "Measurement of Basal Sweep" illustrates 

the measurements taken''on trees with sweep. A simple de-

vice consisting of an extensible rod with a second exten-

sible rod at right angles to 'it was 'made for measuring 

purposes. 

The instrument was'placed with. its lower end at stump 

height c, a distance of 2 inches above the highest point 

of contact with' the 'ground surface with the tree. The top 

of the instrument was then extended to the point' where the 

tree assumed straightness above the sweep, giving the dis-

tance d. The rod at right angles to d, was then moved to 

the pointof.maxiinum sweep or deflection and the distances 

.e' and f were measured, the latter being the distance from 

stump height to the rod, along d. 'With the aid of a car-

penter's level, the instrument was then placed in a 
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vertical position and the di,tances a and b were measured. 

The diameters overbark g, h and i were then measured by' 

means of a diameter tape and bark thicknesses taken at j, 

k ,and 1 with a bark borer. All measurements were made from 

the outer bark surface, care being .necessary to accomplish 

this on coastal type trees with heavily fissured bark. 

The presence or absence of sweep, in a tree was deter-

mined by viewing the tree, from two directions approximately 

at right angles to each other. In some cases, butt flare, 

a slight lean to the tree and other factors could give an 

impression of 'sweep. All such cases were measured and in 

,the cases where e was less than 0.8 inches, the tree was 

considered to be straight. In almost, all cases of this 

kind, the. increase in - stem diameter from g to 'h and from 

h to i was such that' lumber recovery would be unaffected. 

In certain instances the basal sweep was short, the 

tree having assumed upright growth quite rapidly. It would 

be normal commercial practice in such instances to cut off 

the butt ("tlong-but'ting") and discard it, so as not to 

spoil the quality of the lowest log in the tree. . In these 

instances, the lower and upper diameters and the length of 

the sweep were measured, allowing for stump height c. 

In the case of very long sweeps, and there were'some 

in excess of forty feet, an extensible survey sighting 
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pole, marked red and white alternately for each foot of its 

length to measure d and to estimate e, f, g, h, a and b. 

k and j were 'also estimated. 

Windfalls with sweep found lying on the ground were 

measured' in situ, using the methods described. A number 

of trees were noted to have a severe crook at about 3 feet 

to 6 feet 'above, ground level, the tree b-eing straight be-

low. Whilst the 'effect will undoubtedly affect the tree 

quality and value it was unrelated' to normal basal sweep 

and appeared to arise from the killing of the terminal bud, 

possibly by insects,. Consequently, these defects were not 

measured and the tree, unless otherwise' affected by basal 

sweep, was counted as sound. 

As mentioned previously, the measurement of sweep was 

only conducted at Wykeham, o'n approximately 2,000 trees. 

At Achnasheilach and Millbuie, trees were classified as 

having measurable.sweep oras straight by visual obser-

vation, although the instrument was used in cases where 

the presence 'of sweep was in doubt, employing the same cri-

terion (i.e. a tree was recorded as having sweep where e 

was 0.8 inches or greater) as at Wykeham'. Also, at 

Achnashellach and Millbuie, an assistant was employed who 

conducted independent checks on the author's visual esti- 

mates without finding errors. 	' 
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At At Wykeham, notes were made on the cardinal direction 

of sweep and windfall and position of the stem in relation 

to.  the furrow. 

C. Results: 

(1) Numbers of Trees with Measurable Sweep: 

(a) Wykeham Expt. 55: 

As was to be expected, the Coastal- provenance plots at 

Wykeham, owing to their faster, individual growth, contained 

fewer, larger trees than did the Inland provenance plots. 

The tablesbelow show the precentages of the total number of 

trees in each plot which had measurable sweep and the av-

erage - of plots for each provenance. Each provenance' is 

allocated to a regional grouping, to demonstrate the effect 

of geographical grouping of provenances.' A column is added 

showing the windfall history of' the provenances on these 

plots. 



WYKEHAM EXPERIMENT 55. (P38) 

Percentages of Trees with Basal Sweep 

- 	 Percentage of Trees with Sweep 	Percentage 
of stand 

Provenance 	. 	Provenance 	Block Block Block Average of 	windblown. 
Region 	 I 	.11 . 	III Replicates 	by 29 yrs. 

- 	 ace. 

34/40 Olympic Peninsula South Coast 39.4 69.8 65.5 58.0 33 
35/21 Shuswap Lake Southern Interior 

Wet Belt 37.8 53.1 29.7 40.2 25 
34/10 S.W. 	Lincoln 

County South Coast 3.2.2 36.8 N.D.* 34.5 26 
34/23 Shuswap Lake Southern Interior 

Wet Belt 28.6 43.3 11.1 28.0 20 
35/53 East Washington U.S. 	Interior.  22.7 30.2 11.4 21.4 15 
3S/20. Clearwater North-Central mt. 20.0 17.9 2.4 13.4 11 
35/59 Williamson River U.S. 	Interior 10.8 11.8 N.P. 11.3 3 
34/69 Priest River U.S. 	Interior 15.9 7.6 10.2 11.2 20 
34/68 E. Yellowstone, U.S. 	Interior 10.0 N.P. N.P. 10.0 2 

Montana . 	. 

35/18 Smithers . Skeena River 9.3 13.5 4.4 9.1 11 
34/25 Sonora Island and . 

New Westminster North Coast 12.6 6.5 3.9 7•7 1 
35/17 Prince George North-Central 	Int. 12.0 4.1 6.5 7.5 	. 
34/24 Prince George North-Central Int. 10.4 6.5 4.1 7.0 2 
.35/54 Oregon U.S. 	Interior. 4.4 8.5 1.5 4.8 1 
35/22 Hazelton Skeena River 12.0 2.2, 0.0 	. 4.7 3 

35/19 Williams Lake North Central Int. 4.9 7.7 0.0 4.2 2 

co 

*N.P. =' 'No Plot 



(b) Achnachellach (P39 and P41) 

- 	 Percentage of Trees with Sweep by 
Provenance 	 Provenance 	 replicates 

Region 	 I 	II 	III IV V Average 

36/505 Washington Coast - 
ex Auchterawe P39 South Coast 77.8 72.8 85.8 88.0 52.0 73.5 

36/506 U.S. 	Coast 
ex Inchnacordoch P39 South Coast N.P. N.P. N.P. N.P. 50.0 50.0 

38/510 U.S. 	Coast 
-ex Inchnacordoch P41 South Coast N.P. 20.0 60.0 36.0 .41.7 40.5 

36/42 Queen Charlotte . 

Island P39 North Coast 	 . 21.8 15.8 31.9 13.0 47.9 27.4 

36/43 Hazelton p39 Skeena River 	. 17.6 42.8 27.2 29.2 13.8' 25.8 

37/56 Gray's Harbour P41 South Coast 	' N.P. N.P. N.P. N.P. 22.2 22.2 

36/40 Terrace ' P39 Skeena River 8.0 11.1 17.4 0.0 28.6 11.5 

36/22 Prince George 	. P39 North-Central Interior 8.0 13.0 0.0 5.0 8.3 7.7 

36/41 Smithers P39. Skeena River 	 . 0.0 10.5 0.0 11.6 14.3 7.5 



(d) Achnashellach (P57: - 

Percentage of Trees with Sweep by 
Provenance 	 Provenance 	 replicates 

Region 	 I 	II 	III IV V Average 

54/143 Coast, U.S.A. 
ex Forth, Eire 	 South Coast 

55/682 Long Beach, Washington South Coast 
55/227 Queen Charlotte Island 

ex Kirroughtree 	North Coast 
55/258 Shuswap Lake 

ex Roseisle Compt. 44 Southern Interior 
Wet Belt 

55/247 Terrace 	 • 	• 
ex Millbuie 	 Skeeria River 

55/253 Prince George 
ex Harwood Dale 	North-Central Interior 

51.4 69.7 57.1 64.7 81.2 63.8 
58.7 48.7 48.3 72.7 50.0 55.9 

0.0 22.2 17.2 5.9 9.4 11.0 

9.7 9.4. 20.0 .9.4 3.2 10.2 

0.0 5.9 8.3 9.1 8.6 6.3 

3.0 3.8 9.1 5.9 3.1 5.1 



81.8 60.0 50.0 91.0 83.4 75.5 
80.0 54.6 73.0 83.8 80.0 73.3 

57.2 500 53.9 72.8-.81.2 63.8 

57.2 69.2' 33.3 50.0 38.5 50.0 

46.7 30.8 42.8 33.3 50.0 40.8 
50.0 45.4 15.4 20.0 38.5 32.2 
15.4 23.1 33.3" 12.5 46.2 25.8 
50.0 6.7 7.3 46.7 9.1 23.1 
18.2 7.1 35.7 23.1 28.6 22.7 
23.1 20.0 35.8 8.3 21.4 22.2 

7.1 11.8 10.5 '20.0 14.3 12.8 

9.1 15.4 , 	0.0 7.3 13.4 . 	9.1 

8.3 16.7 42.8 42.8 56.2 46.7 

41.7 16.7 42.8 42.8 56.2 46.7 

(e) Millbuie Plot 1 (P38) 

Percentage of Trees with Sweep by 

Provenance 
	

Provenance 
	 replicates 

Region 
	

I 	II 	III IV V Average 

34/39 Coast, 	U. 	S. 	A. South Coast 
34/40 Olympic Peninsula South Coast 
34/23 Shuswap Lake Southern Interior 

Wet Belt 
35/21 Salmon Arm, 

Shuswap Lake Southern Interior 
Wet Belt 

34/25 Sonora Island and 
New Westminster North Coast 

34/69 Priest River, 	N. 	Idaho U. 	S. 	Interior 
35/20 Vavanby, 	Clearwater. North-Central Interior 
35/17 Prince George North-Central Interior 
35/22 Hazelton Skeena River 
34/24 Prince George North-Central Interior 
35/59 Williamson River U. 	S. 	Interior 
35/19 Williams Lake-Quesn'el North-Central Interior 
35/18 Telkwa, Smithers North-Central Interior 

*35/53 East Washington U. 	S. 	Interior 

* Replicate V is actually seed lot 37/55- 



(f) Millbuie. Plots 19 & 26. 	(P39, -P40, P41 & P42) 

Percentage of Trees with Sweep by 
Provenance 	 Provenance 
	

replicates 
Region 
	

I 	II 	III IV V Average 

36/505 U.S. Coast 
ex Auchterawe South Coast 

39/530 Inchnacardoch 
ex Ruttle Wood Probably South Coast 

39/531 Coast U. 	S. 	A. 
ex Inchnacardoch South Coast 

38/510 Inchnacardoch 
ex Ruttle Wood Probably South Coast 

36/506 Inchnacardoch 
ex Ruttle Wood Probably South Coast 

39/528 Mount Ida 
ex Inêbnacardoch Southern Interior 

Wet Belt 
36/42 Queen Charlotte Island North Coast 
39/526 Mount Ida 

ex Inchnacardoch Southern Interior 
Wet Belt 

36/40 Terrace Skeena River 
36/22 Prince George North-Central Interior 
36/41 Smithers Skeena River 
37/42 Salmon Arm, 

Shuswap Lake Southern Interior 
Wet Belt 

39/547 Alberta 	 - 
ex Teindland 	 Alberta 

36/43 Hazelton 	 Skeena River 

71.4 91.8 78.6 81.2 50.0 75.1 	- 

84.6 64.8 84.6 76.1 57.2 73.2 

81.8 70.0 73.0 55.5 N.P. 68.2 

82.4 50.0 38.5 76.5 85.8 66.7 

N.P. 38.5 N.P. 62.5 53.9 52.2 

31.2 N.P. 23.8 N.P. 33.3 28.1 
50.0 37.5 20.0 12..5 6.3 25.3 

26.3 22.2 35.0 15.8 23.8 24.7 
6.2 16.7 18.8 25.0 11.1 15.4 
6.7 0.0 6.3 29.4 0.0 8.8 
5.0 0.0 5.9 13.4 12.8 7.0 

N.P. 0.0 28.6 0.0 0.0 6.2 

0.0 14.3 5.9 0.0 16.7 5.2 
6.2. 0.0 0.0 6.7 5.6 3.7 
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(g) Statistical Analysis of Enumeration Results: 

An analysis of variance of the data, including the 

calculation of variance ratio was carrie-d out by KDF9 

computer. In the case of all six areas enumerated, the 

variance ratio F was above the 1 percent level. In add-

ition, comparisons between each of the individual treatment 

means were conducted within the same computer programme 

including.calculations of Student's T. From these figures, 

levels of probability of significant differences were 

derived, as follows (all levels Of probability higher than 

.4 are omitted) . 	 S 



(1) Wykeham Ext. 55: 

The following table maybe read horizontally or vertically. 

Average 	 . 	 . 	Provenance No. 
Percentage 	. 
of trees 	Provenance 	Prov. 
with sweep No. 	1 	2 	3 	, 	5 	6 	7 	.8 	9 10 11 12 13 

58.0 34/40 Olympic Peninsula 1 .3 .1 .05 .02 .02 .01 .01 .01 .01 .01 .01 .01 
40.2 35/21 Shuswap Lake 2 .3 .3 .2. .05 .05 .05 .02 .02 .02 .02 .01 .01 
28.0 34/23 Shuswap Lake 	, 3 .1 .3 .3 .2 .1 .1 .1 .1 .1 .05 .05 .05 
21.4 35/53 East Washington 4 .05' .2 .3 .3 3 .2 .2 .2 .2 .1 .05 .05 
13.4 35/20 Clearwater 5 .02 .05 .2 .3 .3 .2 .2 
11.2 34/69 Priest River 6 .02 .05 .1 .3, . 	' . ' .3 .2 .2 
9.1 35/18 Smithers 	. 7 .01 .05 .1 .2 . 3 3 
7,7 34/25 Sonora Island and . . . 	. 

New Westminster 8 .01 .02 .1 .2 . . . .4 .4 
.7.5 35/17 Prince George 9 .01 .02 .1 .2 . . .4 .4 
7.0 34/24 Prince George 10 .01 .02 .1 .2 ' . 4 .4 
4.8 35.54 Oregon 	' 11 .01 .02 .05 .1 .3 .3 
4.7 35/22 Ha'zelton 12 .01 .01 .05 .05 .2 .2 .3 .4 	' .4 .4 
4.2 35/19 Williams Lake 	' 13 .01 .01 .05 .05 .2 .2 .3 .4 .4 .4 

Note:' The other 3 provenances in the trial were omitted because of incomplete 
replications. . 	. 



(ii) Achnashellac'h'(P3'9 and: P41):' 	: 

Six provenances were tested, the others being omitted because of incomplete replicates. 

Average  
percentage '  . 
of trees 	Provenance 	 '. 	 No. 	1 	2 	3 	4 	5 	6 

with sw•eep  

. .73.5 36/505 Washington Coast, 	. . . 

' 	' ex 	Auchterawa' , - 1 -.01 .01 .001 .001 	:.001 

27.4 36/42 Queen Charlotte Islands 2 .01 , 	. ' .1.05 .02 

25.8 	, 36/43 Hazelton 	. 3' .01. , .1 .05 .02 

11.5 36/40 Terrace , 	4 .001 .1 .1 .3 

7.7 36/22 Prince George 5 .001 .05 .05 
7.5 36/41 Smithers 6 .001 .02 .02 .3 

(iii) 	Achnashellach (P37) :  

Average  
percentage 
of trees 

' 	' 	 ' 

	

Provenance. 	 ' No. , 	1 	' 2 	. 
' 
3 4 , 	5 6 7 

with sweep 

49.0 34/39 U. 	S. 	Coast 3. 	. 	' ' 	. .4 .3 .05 .05 .01 

48.8 34/10 S. W. 	Lincoln City, Oregon 2 .4 .1 AS .01 

36.0 34/40 Olympic Peninsula . 	3 .4 .3 .2 .05 

34.4 34/25 Sonora Island and 
New Westminster 4 .3 .4 . .4 .2 .05' 

28.0 	' 34/23 Shuswap Lake 5' .05 .1. .3 .4 .3 

27.6 35/21 . Salmon Arm, Shuswap Lake ' 	6 .05 .05 .2 .2 .4 

10.4 34/24 Prince George 	 ' 7 	. .01 .01 .05 .05 .3 .4 



(v) 	Mi'11bi6, Pldt 'I.'(P38): 

Average 
percentage 
Of trees 
with sweep 

Provenance 
. 	............... 

No 1 2 
. 

3 
- 	........................ 

. 	4 5 

. 

6 7 
. 	. 

8 9 10 

. 

11 12 	. 13 14 

75.5 34/39 Coast, 	U. 	S. 	A. 1 . .2 .05. .05 .01 .01 .01 .01 .01 .001 .001 .00 
73.3 	. 34/40 Olympic Peninsula 2 . .1 .05 .05 .01 .01 .01 .01 .01 .001 .001 .001 
63.8 34/23 Shuswap Lake 	. 3. . 	. .4 .1 .2 .05 .02 .01 .01 .01 .001 .001 .001 
50.0 35/21 Salmon Arm, . . . . 

Shuswap Lake 4 .2 .1 .4 .4 .2 .2 .02 AS .02 .01 .001 .001 
46.7 35/53 East Washington 5 .05 .05 .1 .4 . .4 .1 .1 .1 .02 .01 .01 
40.8 34/25 Sonora Island and . 

• . 	. New Westminster 6 .05 .05. .2, . 	. . .2 .1 .1 .1 .01 .01 .01 
32.2 	. 34/69 Priest River, . . .. . 

N. 	Idaho 7 .01 .01 .05 .2 . . .2 .3 .3 .05 .01 .01 
25.8 	. 35/20 Vavenby, Clearwater 8 .01 . .01 .02 .2 .4 .2. . . . .3.4 .4 .05 .02 .01 
23.1 	. 35/17 Prince George. 	. 9 .01 .01 .01 .02 .1 .1 .2 .3 .2 .3  
22.7 35/22 Hazelton 	. 10 .01 01 .01 05 .1 .1 .3 .4 .2 .3 .05 .05 
22.2 	• 34/24 Prince George 11. .01 .01 .01 .02 .1 .1 .3 .4 .3 .1 .05 
12.8 35/59 Williamson River 	. 12 .001 .001 .001 .01 .02 .01 AS .05 .3 .3 .3 .4 .3 
9.1 35/19 Williams Lake 	- 	• . 	. . . 

Quesnel . 13 .001 .001 .001 .001 .01 Al .01 .02 .1 .05 .1 .4 
8.5 35/18 Telkwa -. Smithers 14 .001 .001 .001 .001 .01 .01 .01 .01 .1 .05 .05 .3 



Average 
percentage 
of trees 	Provenance 

. with sweep 

(iv)' Achnashe liach ('P5'7)-: 

No. 	1 2 	3 	4 	5 	6 

63.8 54/143 Coast U.S.A. 
ex 	Forth, 	Eire... 	- -• , 	1 - 	•- .001 .001 .001 .001 

55.9 55/682 Long Beach,-Washington 2 , ' .001 .001 .001 .001 
.11.0 55/227 Queen Charlotte Island, . - 	- 

ex 	Kirroughtree . 	3 .001. .001 . .4' .4 
10.2 55/258 Shüswap Lake,  

• ex Roseisle Compt. 	44 4 	' .0,01 .001 . 	.3 .3 
6.3 55/247 Terrace,  

ex 	Millbuie 5 	, .001 .001 .4 .3 
5.7 55/253 Prince. George,  

• ex 	Harwood Dale 6 .001 .001 .4 .3 



'('3)' 'Maj'mum 'Product 'Recoveries 'd 'Es'ti'mte'd Values: 

Employing the criteria already described, the sweep volumes were analysed, by a computer programme, to determine 
product recoveries from basal sweep volumes and their estimated values per acre'. In the following table, the plot 
values have been averaged to give the values for each provenance.  

(Per Acre) 

,Total 	 Value of * 
Volume 	 , Wood 	 ' 	Basal Sweep 
Unsuitable 	' 	 Volume 	' 	' ' 	'Wood Volume 

Product Recovery 	for Lumber 	Volume 	,of Basal ' Product 	per Cubic 
(cu.ft.) 	 ' or Chips 	Sawdust 	Sweep 	Value 	' Foot 

Provenance 	' ' 	'''''Lumber ' Pulp 'Chip's 	'(cu.'ft.')' '' ' ('cu.ft.) 	"(cu.ft.) - (Shillings) 	(Shillings) 

Olympic Peninsula 
Shuswap Lake 
S. W. Lincoln County 
Shuswap Lake 
East Washington 
Clearwater 
Williansom River 
Priest River 
East Yellowstone, Montana 
Smithers 
Sonora Island and 

New Westminster 
Prince George 
Prince George 
Oregon 
Hazelton 
Williams Lake 

16.4 	, 288.2 64.3 0.6 369.5 463.2 1.25 
8.3 ' 	233.3 	, , 	16.2 0.2 258.0 358.2 1.40 
5.6 106.1 59.3 0.2 171.2 , 	169.3 , 	0.98 
8.9 	, 123.6 	' 74.2 0.3, 207.0 ' 	214.3 co 1.04 CD  
2.1 145.8 5.8 0.1 153.8 ' 	213.8 	, 1.54' 	'CD 

2.8' 	' 82.8 '0.8 '0.1 86.5 	' 	, 127.0 1.46 
7.7 78.0 ' 	0.0 0.2 , 	85.9 	' , 	86.3 1.03 
-0.0 54.0 16.5 ' 	0.0 70.5 76.5 1.08 
0.0' 75.5 0.0 , 	0.0 75.5 107.1 1.42 
6.1 ' 	'52.4 0.0 	, 0.2 58.7 91.3 1.56 

34/40 
35/21 
34/10 
34/23 
,35/53 
35/20 
35/59 
34/69 
34/68 
35/18 
34/25 

35/17 
34/24 
35/54 
3S/22 
35/19 

12 46.8 0.0 ' 	0.0 48.0 : 	70.1 1.46 
0.0 	, 45.5 7.1 0.0 52.6 6'S.S 1.24 
1.7 35.4 0.5 0.1 ' 	37.7 55.9 1.48 
1.9 38.9  0.8 0.1 	, 41.7 60.5 1.45 
0.0 44.9 0.0 0.0 	' ' 	44.9 63.7 1.42 
0.0 , 	36.4 0.0 0.0 	, 36.4 	' 50.9 1.40 

*Variatfons  between figures which obviously should be the same e.'g. 34/68 and 35/19 are due to mathematical error 
from accumulation.  



• (vi) 	MillbuIe,. Plots 26 and (P39, 	P40, 	P41 and P42): 

Average • • 

percent • . 

of trees Provenance No. 1 2. 3 4 5 6 7 8 9 10 
with . 

• 	 sweep S  • • 

75.1 .36/505 U.S. 	Coast S  . 

• . ex Auchterawe • 1 ...01 .01 .001 .001 .001 .001 .001 
73.2 39/530 Inchnacardoch . . 

ex Ruttle Wood 2 	. .01 .01 .001 .001 .001 .001 .001 
66.7 38/510 Inchnacardoch . . 	• 

ex Ruttle Wood 3 . • .01 .01 .01 .001 .001 .001 .001 
25.3 36/42 • Queen- Charlotte - ueen Charlotte

Island Island 4 .01 .01 .01 .4 .05 .05 .02 	. .01 
: 	24.7 . 39/526 Mount Ida . . 

ex Inchnacardoch5 .01 .01 .01 .3 .02 .05 .02 .01. 
15.4 36/40 Terrace . 	6 	. .001 .001 .01 .4 .3 .1 .2 .1 .05. 
8.8 36/22 Prince George 7 .001 .001 .001 .05 .02 .1 
7.0 36/41 Smithers 	• 8 .001 .001. .001 .05 .05 .2 .4 
5.2 39/547 Alberta . 

ex Teindland 9 .001 .001 .001 .02 .02 .1 . 

3.7 36/43 Hazelton. • 10 .001 .001 .001 .01 .01 .05 .4 
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The foregoing probabilities have been listed in rather 

tedious detail but for a purpose. Taken in conjunction with 

the analysis of variance and conditions which are apparent 

on the ground they provide a remarkable demonstration of 

the fact that, given a few minor aberrations from causes 

which the author is unable to.  define, the occurrence of 

basal sweep does have a very close co-relation with prov-

enance. The., co-relation is made the more 'remarkable by the 

varying site conditions and planting 'treatmentswhich have 

been afforded to the species. These matters are considered 

in more detail in 'the discussion which follows later. It 

is npw appropriate to turn to the quantitative, results of 

measurement of basal sweep at the Wykeham trial. 

(2) Quantitative Results of Basal Sweep Measurement 

at Wykeham, Expt. 55: 

The enumeration of trees with or without sweep is not, 

in 'itself an economic criterion, since the greater the 

degree of sweep, the less is the value' of its wood content 

for current, or normal foreseeable, commercial use. It, is 

apparent at once, for example, from a study of the data 

given for percentages of trees containing measurable basal' 

sweep, that south coastal provenances may be relied upon to 

have a significantly higher percentage and, also, a very 

high .percentage, as compared to British Columbia Inland 

provenances, other than those from Shuswap Lake, which 



-79S- 

appear to show a low, but variable percentage, of basal 

sweep. Not only this, but also, the degree of sweep in a 

log is influenced as to commercial use by the diameter 

characteristics of the log. The south coastal provenances, 

for example, have greater individual tree diameters at a 

given age than do the slower growing Inland provenances and 

this is an ameliorating influence in terms. of commercial 

use, although it may not be. so in terms of volume of sweep 

per. acre. 

Reference is made to the diagram above "Measurement of 

Basal Sweep." The volume of sweep V, was taken to be, by 

the Smalian formula, • 

(Area g + Area h)m 	(Area h + Area i)n 
v = 	S 	 • 	

5 	 +• 	5 

2 	 2 

The lengths m and .fl being derived from the measurements. d, 

eand f, being the sides of right-angled triangles. 

The actual volumes of sweep measured, overbark and 

underbark and the volumes per acre, overbark and undérbark 

were calculated by computer programs. Primarily, these were 

intended for final checking of sweep money values but it is 

of interest to record the volumes per acre. 
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Volumes per acre of Basal Sweep - Wykeham, Expt. 55. 

Cubic 	Replicates 	Average 
Provenance Feet I II III of 

OB or UB 	 Replicates 

34/40 	Olympic 
Peninsula 

OB 
UB 

288.51 
257.00 

498.90 
444.34 

455.74 
407.03 

414.39 
369.46 

35/21 	Shusw.ap Lake OB 288.61 373.16 202.90 288.22 
UB 257.98 335.00 181.14 258.04 

34/10 	S. 	W. 	Lincoln OB 176.00 208.58 - 192.29 
County UB 157.84 184.58 - 171.21 

34/23 Shuswap Lake 	OB 181.15 472.02 39.04 230.74 
UB 162.32 423.80 35.01 207.04 

35/23 East Washington OB 177.23 245.34 94.56 172.38 
• UB 158.36 218.77 84.17 153.77 

35/20 Clearwater 	OB 155.45 108.68 26.05 97.73 
UB 139.74 96.42 23.55 86.57 

35/59 • Williamson RiverOB 111.86 79.57 - 95.72 
UB 100.85 71.08 - 85.96 

34/69 Priest River OB 99.21 78.35 59.66 79.07 
UB 88.32 69.62 53.59 70.51 

34/68 B. Yellowstone OB 85.41 - - 85.41 
Montana UB 75.51 - - 75.51 

35/18 Smithers OB 72.73 86.92 35.27 64.97 
UB 65.85 78.27 31.86 58.66. 

34/25 Sonora Island & OB 85.35 54.27 21.84 53.82 
New Westminster UB 76.25 48.43 19.28 47.99 

35/17 Prince George OB 93.79 36.62 45.73 58.71 
UB 83.96 32.82 41.11 52.63 

34/24 Prince George OB 71.10 	• 39.23 16.20 42.18 
UB 63.90 34.97 14.27 37.71 

35/54., Oregon OB 	• 40.41. 78.32 19.40 46.05 
UB 35.46 70.11 17.32 40.97 

35/22 Hazelton OB 86.68 13.85 - 50.26 
UB 77.34 12.48 - 44.91 

.35/19 Williams Lake • OB 31.49 49.26 	• - 40.38 
UB 28.05 43.69 - 35.87 
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In the foregoing table, the provenances are arranged 

in the order that they assumed from the numerical percen-

tage of trees with basal sweep. A disruption of order is 

noticeable, when the quantitative values are translated into 

volumes, although the general' order established by the 

numerical assessment is not unduly disturbed. The 

change is, of course, due to diameter and growth rate 

considerations. 

The trees 'suffering most from basal sweep, in a very 

general sense, are those of the south coastal proven-

ances but there. is an opinion, albeit qualified, that sweep 

may be related to growth rate. If this should,  be so, a 

comparison of basal sweep voluine.with total plot volume is 

of interest. A computer programme was 	run to obtain 

the percentage of basal sweep volume to Forestry Commission 

total standing volume figures, orerbark, for each'plot. 
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The results were: 

% of Sweep Volume 
Replicates 	to Total Volume 

Provenance 	 . I 	II 	III 

34/40 Olympic Peninsula 20.4 32.1 32.1 
35/21 Shuswap Lake 20.6 23.9 15.0 
34/10 S. W. 	Lincoln County 12.3 12.9 - 
34/23 Shuswap Lake 	. 12.1 24.2 2.9 
35/23 East Washington 	. 	: . 13.6 17.9 6.4 
35/20 Clearwater 10.6 7.1 1.7 
35/59 Williamson River 8.5 5.3 - 
34/69 Priest River 7.0 5.7 3.9 
34/68 East Yellowstone, 

Montana. .57 - - 
35/18 Smithérs 	. 	.. 	 . 4.9 5.8 2.4 
34/25 Sonora Island-and 	. . 

New Westminster.  6.4 3.6 . 	1.5 
35/17 Prince George 	. 6.8 2.5 3.1. 
34/24 Prince George 5.1 2.7 1.3 
35/54 Oregon 	. 2.7 5.0 .1.3 
35/22 Hazelton 6.2 1.0 - 
35/19 Williams Lake 	. . 	2.0 3.3 . 

Again, the enumeration order is omewhat disturbed,- 

but 

isturbed,

but nowhere seriously. 	 . 



This last table was subjected to an analysis of variance and the probabilities of sig-

nificant difference, on the same lines as previous probability tables, are as follows: 

Povenance 

34/40 Olympic Peninsula 
35/21 Shuswap Lake 
34/23 Shuswap Lake 
35/23 East Washington 
35/20 Clearwater 
34/69 Priest River 
35/18 Smithers 
34/25 Sonora Island and 

New Westminster 
35/17 Prince George 
34/24 Prince George 
35/54 Oregon 
35/22 Hazelton 
35/19 Williams Lake 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1 . .3 .1 .1 .02 .02 .02 .01 .02 .01 
.010  

.01 .01 
2 .3 . .3, .1 .1 .05 .05 .05 .05 .05 .02 .02 
3 .1 .2 ..2 0.1 .1 .1 .1 .1 .05 .05 
4 .1 .3 .4 .3 :.2 .2 .2 .1 .2 .05 .05 
5 .02 .1 .2 .4 .4 .4 .2 .2 
6 .02 .1 .2 .3 

0  

.2 2 
7 .02 .05 .1.2. 0 0 0 3 3 
8 .01 .05 .1 .2 0 

0 0  

4 4 

9 .02 .05 .1 .2. 0 
• 

10 .01 OS .1 .1 .4 
0 

11 .01 .05 .1.  .2 .4 
0 

0 

12 .01 .02 .05 .05 .2 .2 .3 .4 .4 
13 .01 .02 .05 .05 .2 .2 .3 4 4 0 

As might be anticipated, the significance of differences has been reduced by the 

O 0 application of sweep volumes to standing plot volumes but it is considered that 

statistically, the differences are real and well supported. 	
0 
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It is worthwhile to comment on this table at this 

point, since it is not simple to read. The amount of 

lumber which can be recovered and which commandsa price 

better than that of wood for pulp chips is low by  compari-

son with pulp chips at the age of 32 years. It can be 

expected, at a greater age, that the lumber recovery will 

be greater. However, the degree of basal sweep intervenes 

with pure diameter considerations to the extent, in the 

fastergrowing provenances, that the unit value of sweep 

wood is lower than in the slower growing and, consequently, 

small diameter provenances to the 'extent that the higher 

lumber recovery from the faster 'growing provenances is 

overcome by the amount of unusable wood. At the age of 32 

years, it is apparent that it is the amount of unusable 

wood that is important, to the extent that sweep wood in 

the faster growing species may be of considerably lower 

value than is sweep wood in. the slower growing species', 

even though the latter is of value only for 'pulp chips at 

32 years of age.  

(4) Windfall, Lean and Sweep: 

At Wykeharn, some fresh windfall lay on the ground, all 

in the plots of the South Coastal and Shuswap Lake proven-

ancés' and, in-addition to basal sweep, a considerable num-

ber of trees showed varying degrees of lean. The latter, 

again, 'occurred in larger numbers in the South Coastal and 



-802- 

Shuswap Lake provenances than in the others. Whilst the 

primary interest of the study lay in the question of basal 

sweep, the author formed the opinion that all three 

phenomena were inter-related. All three categories were 

noted, over almost 'all of the plots investigated, with in-

formation as to the direction of a11, lean or sweep. In 

addition, a note was made as to whether they fell, or leant 

into, the-north-south furrow or away from it. The follow-

ing three diagrams show the direction of fall or lean into 

or away from the furrow and the direction of fall or lean, 

of all the trees. 

The indications are that the major influence is direct 

pushing by the prevailing wind, irrespective of the in,-

fluence of the furrow. It is interesting to note, however, 

that a number of trees fell or leant in the opposite direc-

tion and it was inferred that this was due to the influence 

of the furrow and/or the effects of easterly gales from 

the North Sea, which occur on this coast. Very few trees 

fell or leant 'in"iine with the furrows. 

(5) Discussion: ' 

The results giving the percentages of numbers of 

standing trees having basal sweep have' clearly indicated 

the heavy incidence of the sweep occurring in both the 

South Coastal and Shuswap Lake provenances at Wykeham. 
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DEC7ION OF MSAL SWEEP AND/OP LEAN 
AND DIRECTION OF EXISTING WINDBLOW 
WHERE THE DIRECTION 15 To THE CENTRE 

OF THE FURROW, OF 285 LODGEPOLE PINE TREES. 

EXPERIMENT55.WYI<EHAM. 

DIAGRAM BY A.M. 
DRAWN BY L.(B. 



DIRECTION OF aASAI. SWEEP AND/oS 
LEAN AND DIRECTION Of EXISTING WINDBLOW 
OF 503 TREES .((LODGEPOZ.E .PINiE.) 

XPIMENT55.WYgEHAM. 

DIAGRAM BY A.M.  
DRAWN BY 



Unfortunately, records of basal sweep in thinnings removed 

from the plots at Wykehdm have not been kept but it appears 

to be most likely, from a study of early photographs of 

the plots that most of the thinnings from the 'South Coastal 

and Shuswap Lake provenances had basal sweep. The enumera-

tion results at both Achnashellach and Millbuie confirm the 

results at Wykeham, although the:  Shuswap Lake provenances 

show considerably lower amôüntsof sweep at Achnashellach 

and at Milibuie, Plots 19 and 26. 

In general, the South Coast provenances show the high-

est percentage of sweep followed by the Shuswap Lake and 

North Coast provenances. These tend to be followed in 

turn by the U. S. Interior and, finally, the North-Central 

Interior provenances. The Skeena River provenances are 

intermediate between the North Coast, U. S. Interior and 

North-Central Interior provenances. 

The following diagram summarises the results by 

provenance groups: 	
•0 
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U. 
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PROVENANCE 	GROUPS. 

PLAGRAM BY A.M. 
DRAWN BY. L.RB. 



NUM 

Thevariations within groups are attributed to site 

variations, differences in thinning regimes and the van-

àtions inherent in grouping individual provenances into 

regional provenance groups. In spite of these variations, 

there is a clear trend as was indicated by the results of 

the individual experiments and the statistical tests 

applied to them. 

There appears to be a possible correlation between the 

percentage of.trees with sweep and the iindfall history, as 

well as with the numbei' of trees that are leaning. 

The quantitative results at Wykeham are summarised 

by regional provenance groups in the following diagram: 



55. 

• 	 • 	PERCENTAGE OF STANDING 
I I I a A 1 	 P. 1 - n 	a Pa 1.P 	A r 1! 

REGIONAL PROVENANCE GROUP 

I. SOUTH COAST 
 SXUSWAP LAKE 
 NORTH COAST 
 U.S. INTERIOR 

S. 5EENA RIVER 	• 
. NOP.TH- CENTRAL 	INTERIOR. 

DIAGRAM BY A.M. 
DRAWN BY L%.B.. 
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The diagram reflects the position at Wykeham only. It 

also refers to standing volumeonly and does not take into 

account the volumes of thinnings removed, since although 

these volumes areavailable from records, the volume of 

basal sweep in them is not. The North Coast provenance 

shows the lowest percentage of basal sweep by volume but 

is less well represented than the other regional proven-

ance groups. The South Coastal and Shuswap Lake proven-

ances are clearly the most affected groups, the U. S. 

Interior provenances are intermediate and the Skeena River 

and North-Central Interior  provenances are the least 

affected. 



-811- 

The mean annual increments for the provenances at 

Wykeham have been recorded by the Forestry Commission, as 

follows: 

Provenance 
	

M.A.I. at 	M.A.I. at 
26 yrs. c.f. 	29 yrs. c.f. 

34/40 Olympic Peninsula 94 	- 99 
35/21 Shuswap Lake 90 97 
34/69 Priest River, N. 	Idaho 87 1. 	97 
34/10 S. W. Lincoln County 92 . 	96 
35/53 E. Washington (Unknown) 85 94 
35/19 Williams Lake 82 93 
34/23 Shuswap Lake 87 92 
35/22 Hazelton 	 . 80 92 
35/18 Smithers 76 86 
35/17 Prince George 74 85 
34/24 Prince George 74 82 
35/20 Clearwater 74 82 
35/.59 Williamson River, Kiamoth, 

Oregon 73 81 
34/25 Sonora Island and New 

Westminster 70 79. 
35/54. Oregon (Unknown) 	 . 56 61 
34/68 West Yellowstone, Montana 43 43 

The volumes of sweep in each provenance which are un-

suitable for either lumber or pulp, on the basis of the 

criteria adopted in this investigation, have been given 

above. It is of interest to relate !them to MAI's at 29 

years of age. As an example, if one compares provénances 

34/40 Olympic Peninsula to 35/18 Smithers, the difference 

in MAIs is 13 Cu. ft. per acre per year. The former pro-

venance at Wykeham has a volume unsuitable for use as 

lumber and pulp in the basal sweep of 64.3 cubic feet and 
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in the latter provenance, all the wood can be used for lum-

ber or pulp. At the. 29 year MAI, it would take 4.6 years 

of growth to make good this difference, assuming that all 

of this growth was in the form of usable wood. By compar-

ison - with 35/53 E. Washington, the provenance 34/40 Olympic 

Peninsula would need 13.7 years of growth to make good the 

difference. Unfortunately, the investigation did not in-

clude an assignment of value to the volumes, other than 

those affected by basal sweep, in the stand so that a 

direct comparison of stand value is not available. 

In terms of a management decision on which provenance 

ought to be grown, there are certain important factors 

which have not been investigated. The amount of waste 

caused by basal sweep in the thinnings removed at Wykeham 

is unrecorded but, obviously, a high proportion of the 

stems removed in the South Coastal and Shuswap provenances 

must have been badly affected and would presumably give a 

lower nett utilisable growth rate than is indicated by the 

gross volume figures. The difficulties of handling sweep 

material in the woods and at the plant, as well as the 

losses in the volume that could be loaded on a given lorry 

are presumably important. The values assigned to the wood 

• may be too high, particularly for lumber, since they are 

prices that the sawmiller would pay for straight logs. 

Also, in the faster growing provenances, there are 
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indications of heavier continuing windfall than occurs in 

the slower growing species. The salvage of windfall, if 

it is not to be abandoned, is very expensive, involving the 

movement of equipment at frequent intervals to recover low 

volumes per acre, by comparison with the normal thinning or 

logging operations. Also, the faster growing provenances 

have a greater number of leaning stems than do the .slower-

growing ones and the effects of tension. wood in these and 

in the basal sweep volumes have not been taken into account. 

(6) Conclusions:. 	• 

It is concluded: 

The fastest growing.provenances examined show- the 

greatest percentage by number of stems, of basal sweep, in 

all areas of investigation. 

The basal sweep lowers the potential values of 

these provenances and, if the effects of other factors 

which have not been examined or on which information is not 

available are taken into account, makes the present wide-

spread use of these provenances highly questionable fro!n 

management and plant utilisation viewpoints. 

There is a good possibility that basal sweep, 

tree lean and windfall are inter-related and stem from the 

same basic causes - on the sites examined. Whilst root 

development under given site and drainage conditions is 

undoubtedly a factor, the denser tops of the Coastal 
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provenances probably have an important bearing. 

(d) whilst the author Is unable definitely to recom-

mend on the basis of the Investigation alone, what proven-

ances other than South Coastal ones, should be planted, 

luther studies should be made to determine more suitable 

ones of Slower growth rate but higher overall values. 

(e). It appears that the' present tendency to treat 

provenances by regional groupings is not entirely satis-

factory and contains a number of uncertainties. 

(7) Recommendations: 

It is recommended: 

That the widespread use of South Coastal proven-

ances In afforestation should be discontinued in favour of 

provenances yielding better quality wood, at the expense of 

acceptin gsomewhat lower growth rates. 

Along with a., that an Intensive research pro-

grairme should: 

Examine as many other sites as possible 

to enlarge upon this investigation with a view to 

obtaining a large statistical base to compare as 

many provenances as possible under a variety of 

site and drainage conditions 

Conduct a detailed examination of plant - 

capability to - utilise basal sweep so as to obtain 

more accurate data on end product values and the 
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added costs of utilisation of basal. sweep. 

Develop data on operational cost in-

creases, if any in the logging, extraction and 

haulage of logs containing sweep. If possible, 

these data should relate to specific areas so as 

to arrive at local values in given areas of the 

Highlands. 

In the course of recording research 

stand histories, to enter estimates of basal 

sweep and other defects to provide a guide to 

product quality as well as quantity. 

Investigate the possibilities and econ-

omics of substantially-deeper ploughing to deter-

mine whether South Coastal and other fast-growing 

provenances which are subject to heavy sweep, 

lean and windfall cannot be provided economically 

with better root development opportunities to 

achieve initial stability. In this connection a 

research development grant for the design of a 

ploughing. machine with considerably more power and 

high flotation adequate to support such a machine 

on deep peat might be considered. Presumably,. 

different furrow configurations would be involved 

if furrow slumping is not to occur at greater 

depths. 
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Continue to investigate the growth of 

lodgepole pine. A feature of the pine in pure 

stands in British Columbia is a sharp decline 

in current annual growth rates during the age 

bracket of about 30 to 40 years. 

Improve knowledge of the provenances 

of lodgepole pine by intensifying research 

collections Of seed in British Columbia over 

smaller, selected areas such as Shuswap Lake 

and the Skeena River. In this connection, al-

though not a research project, the Forestry 

Commission is recommended to arrange seed 

collections under the supervision of a grad-

uate forester who should be required to certify 

the seed source. Whilst this procedure would 

increase seed costs, the highcosts of affore-

station in Britain merit 'a high degree of cer-

tainty of the seed sour ce. 
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CHAPTER 9 

CONCLUSIONS 

The comparison of forest policy and management prac-

tices in thetwo areas reveals many divergencies and some 

similarities, the latter occurring mostly at the policy 

level. 	Scotland, where the primeval forest was largely 

destroyed and extensive areas of degraded soils, especi-

ally peat areas, were formed, embarked five decades ago 

upon a programme of intensive plaiitation forestry. A 

growing emphasis upon the use of exotics has appeared and 

Scots pine.has' lost much of its popularity. Initally, the 

plantation programme,whichis still in a state of expan-

sion, was 'designed to provide a reserve of timber which 

Britain with its vulnerable sea-borne supply system would 

need in time of war and. the reserve was, in fact, exten-

sively exploited during the Second World War. The advent 

of nuclear weaponry led to a change of policy and the 

emphasis has been placed upon economic forestry on a 

sustained yield basis and the development of an industry 

to utilise the products of the forest. 

In British Columbia, the primeval forest was used, in 

the early days, as a means of stimulating railroad construc-

tion and as a source of capital which was employed to de-

velop roads and social services in the Province. A consis- 



tent feature of British Columbia forest policy has been the 

emphasis..upon the economic use of forests and the continual 

evolution of forms of tenure, with the objective of stimu-

lating the expansion of industry. The process has been 

accompanied by the development of foreign markets upon 

which British Columbia forestry and the forest industry 

rely very heavily,, unlike British forestry which mainly 

competes in the home markets, with large volumes of timber 

imports. As the forest industry has developed, the Cana-

dian Government has become a major beneficiary of Provin-

cial forestry, through corporate and personal income 

taxes and,. although re-investment has occurred in forest 

research and through a number of joint programmes, the 

major portion of the revenues has been diverted to other. 

purposes. A feature of modern policy is the administration 

of the forests on a sustained-yield basis. Substantial 

increases in the reforestation programme of British Colum-

bia have occurred but it appears that further expansion is 

essential if the forest area is not to be reduced. 

Comparatively, Scottish forestry is very intensive and 

includes the use of frequent periodic thinnings, whereas 

British Columbia forestry is extensive in nature. 

Both areas have major pathological problems, those 

of British Columbia being forest fires, the control of 



-819- 

which absorbs major sums of money, insects and disease,al-

though the latter two are closely connected with the declin-

ing vigour- of mature and overmature stands. The major 

pathological problems in Scotland are those connected with 

wind damage. 

In this thesis, particular emphasis has been placed 

upon the role of lodgepole pine which is indigenous to 

British Columbia and which is widely used as an exotic 

species in Scotland, as the only species which can grow on 

low quality, exposed, peat sites', to provide commercial 

produce on a short rotation. 

A considerable variety of recommendations have been 

'made in Chapter. 7 which the author believes would result. 

in improvements in forestry practice in Scotland and 

British Columbia. Also, in Chapter 8, recommendations have 

been made which, it is felt, ought to lead to greater suc-

cess with.lodgepole pine in Scotland. In particular, a 

more thorough investigation of provenances, both as to their 

source in British Columbia and the, United States and as to 

their employment in Scotland, and an investigation of the 

possibilities of achieving better site drainage have been 

recommended. The latter investigation, it is felt, could 

lead to an important re.duction in the wind-blow hazard in 

Scotland..  
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The author does not pretend that the recommendations 

which are made are comprehensive and that they cover all 

aspects of forest policy and management. They are the ones 

that emerged as being the more obvious ones to follow, 

based on a number of years of forestry experience in 

British Columbia, an exposure to modern British forestry 

and the possibilities of 'concentrated consideration of the 

evidence accumulated by workers in both areas. The author 

hopes that the recommendations will be given close con-

sideration by those in a position to implement them and 

that they will be adopted. 


