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Preface

Under the terms of the Agreement between the Government of Finland and
the Government of India, on Technical Assistance to India, which came into
force on 14th June 1957, an investigation was carried out in the area of the
Beas River and on the conifer forests of the surrounding region as a possible
supply of raw material for forest industries. The Finnish team assigned to India
consisted of two men, of Mr. ILMARI KOSKINEN, a pulp and paper engineer,
and of the author. This paper is a part of the final report to the Government
of India. ,

The author spent seven months in India, from 15th October 1957 to 15th
May 1958. His headquarters were in the Indian Forest Research Institute at
Dehra Dun, from which several tours were made to the conifer areas. The Forest
Research Institute was an ideal headquarters for the study. The staff of this
unique Institute and its facilities offered an inspiring and co-operative atmos-
phere for concentrating the local problems.

The Indian Government and the Forest Research Institute aided the study
with collaborative guiding and research, as well as secretarial aid. The author
is greatly indebted for this indispensable co-operation.

Of the Indian authorities the author respectfully thanks Mr. G. G. TAKLE,
Inspector General of Forests, and Mr. C. A. R. BHADRAN, Deputy Inspector
General of Forests, in the Ministry of Food and Agriculture. In spite of their
numerous responsibilities they always had time for discussions which were most
valuable.

The author is greatly indepted to Mr. R. N. DATTA, President of the Forest
Research Institute & Colleges, as well as to many branch officers and research
workers whose vast scientific knowledge and experience were so many months
at his disposal.

Field tours were carried out in the forests of the Punjab and Himachal
Pradesh. It is the pleasant duty of the auther to express his thanks to Mr. G. S.
DHiLLoN, Chief Conservator of Forests, Punjab, and Mr. G. S. KAITH, Chief
Conservator of Forests, Himachal Pradesh, and to all Forest Departmental
staff members of these States for the guiding and assistance which they always
gave with equal readiness.



Respectful thanks are due to Mr. EiNno SAARI, professor at the University
of Helsinki, who playd an important part in organizing the mission to India
and aiding the author to carry out his task.

It is a pleasure to acknowledge the support of the Finnish Society of Forestry
which has published this paper.

Helsinki, November 9, 1958.
KULLERVO KUUSELA
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Introduction

Present Use of Conifer Wood in the Indian Economy

Forest resources of India are very limited and the situation is characterized
by a serious unbalance between demand and supply. Constructional and fuel
wood on markets and on major transportation routes is valuable and expensive.
The mushrooming pulp and paper industry suffers an acute shortage of raw
material. Even if the bulk of its requirements could be provided with bamboo,
grasses and bagasse, wood will still be greatly in demand, especially for newsprint
and rayon. Vigorously developing India will need all kinds of pulp and paper
products in enormously increasing quantities which have to be either produced
domestically or imported. E.g., all the rayon pulp and most of the newsprint
are imported at present. One can say that every piece of wood on markets will
meet an urgent need.

On the other hand, in a tract 1 500 miles long from East to West and consist-
ing of Himalayan hills and mountain ranges there are still large areas under
partly used or untapped conifer forests which are guarded by long transportation
distances, steep slopes and numerous extraction difficulties. The unquestionable
importance of these forests has been known long ago and emphasized many
times but their value is still a potential one. They only supply railway sleepers
and scantlings to the markets. Compared with the yield obtainable, the quantities
extracted are very small and the largest part of every felled stem is left as waste
in the forest. Small timber under the limiting diameter of 8 inches has so far
had no use worthy to mention. Resin tapping is the main source of revenue in
large long-leaf pine areas.

The main role of the Himalayan conifer forests has been to preserve the hill
sides against erosion, to maintain an equable flow of water in streams and rivers
and to supply timber, fuel, grasses and other minor forest products for the
domestic and agricultural requirements of the local population.

The commercial use of the conifers is very one-sided. Only a single type of
product, i.e., sleepers and scantlings, is converted from the best part of the
largest trees by handsawing beside the stump. This usage is a deep rooted custom
and the product has served requirements for a long time. From the point of view
of an independent India and her vigorously developing national economy, this
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Fig. 1. Problem groups in creating integrated utilization of wood.

state of affairs is very unsatisfactory. Diversification of the wood markets is
highly desirable. It is time to bring the conifer forests out of their stagnation,
to stop the reckless waste in conversion and to supply diversified forest products
for the multiple requirements of the national economy. This can only be attain-
ed by means of integrated utilization of wood.

Problems in Creating Integrated Utilization of the Himalayan
Conifer Forests

The potential resources of the Himalayan conifer forests can only be in full
use provided that the utilization of wood is properly integrated. There should
be a suitable demand for every dimension and quality of wood and every acre
of land growing trees or suitable to grow trees should provide the maximum
integrated yield.

Utilization of these conifer forests is often called a logging or extraction
problem. Logging in mountaneous terrain is certainly a serious bottle-neck for
timber from the stump to the markets. But it would be erroneous and fatal to
stare at logging as the only difficulty. Under the prevailing conditions the in-
tegrated utilization of wood sets up a jungle of compound problems.

The five problem groups considered essential and necessary in developing the
Himalayan conifer forestry are illustrated in Fig. 1. If any of them remains unsolv-
ed the whole scheme will collapse.
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Forest Management

Forest management deals with the means of growing trees for the most
profitable yield. The objectives of forestry, suitable tree species, composition
and structure of the desirable growing stock, proper silcivultural system, ex-
ploitable size and age of the trees, location of the age classes, etc. must be defined.
In this case the main problem is how to grow trees for a variety of markets keep-
ing in mind the existing silvicultural conditions, logging difficulties, soil preserva-
tion and the requirements of the local population.

E.g., if one certain size of timber is more loggable than another size, the
former will be the objective of the management provided that this more logg-
able size does not jeopardize the highest amount of total yield. Management
system must not be allowed to become a stiff skeleton of principles defined in
the past but it should be a flexible body that can find a new way to meet every
new situtation.

Silviculture

Silviculture and its problems can only be taken under consideration in an
extent which is necessary for the forest management.

Pines (Pinus longifolia, Roxb. and Pinus excelsa, Wall.) and deodar (Cedrus
deodara, l.ondon) have up to now been the main objects of the extraction,
management and silviculture. The regeneration areas and young stands of these
species are a convincing proof of the sound and scientific methods of their silvi-
culture. In regard of these species only some suggestive notes can be mentioned.

Cutting cycle of ten years is a rule for the young stands even on best sites.
For this reason many fast growing tree stands appear to be over-dense. On the
other hand the over-dense young stands are a characteristic feature of extensive
forestry because there is no demand for small timber. The rate of growth and
the potential value even of the smallest timber are so high that they justify
early commencement of thinnings carried out lightly and repeated at fairly
frequent intervals.

Natural regeneration is the rule for pines and in most cases for deodar too.
The regeneration period is 30 years’ long. The high value of the timber and fast
growth of these species justify their artificial regeneration on a much larger
scale than is used now. Long regeneration period and irregular seedling stands
result in considerable losses of time and of the growing capacity of the site. A 10
years’ regeneration period for the pines and deodar should be the aim in deve-
loping the regeneration technique. Longer period is only justified in the case
of long-leaf pine mother trees under resin tapping.

Spruce (Picea morinda, Link.) and fir (Abies pindrow, Spoch.) forests offer
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a quite another kind of silvicultural picture from pine and deodar forests. Because
of their location on high hills and of the primitive logging methods they have
been outside the interest of silviculture. A typical spruce and fir forest consists
of large and over-mature trees with dry tops and rotten stems. Pole size trees
are either single or in small groups and they are usually comparatively old,
suppressed and with inside rot. Seedling and sapling stands are very rare.
Small seedlings are very badly browsed and infected by fungus attacks. Wind
falls and other calamities are common. Immadetiate research and experi-
mental regeneration should begin in these forests. The inimical factors to
regeneration are grazing, heavy weed growth and accumulation of deep raw
humus.

Timber Extraction

Extraction problems are most outstanding (HUBER, 1953 and KOROLEFF,
1956). The existing inefficient and wasteful methods of timber extraction must
be changed into modern and partly mechanized logging and transportation opera-
tions. This requires new tools and other equipment, new logging methods and
corresponding training for the operational staff and labour.

At present the trees are felled and cut into proper length by axes and hand
saws and sawn by hand into sleepers (10 feet x 10 inches x 5 inches) and smaller
scantlings beside the stump. Timber is carried on human back to the nearest
floatable river or to the upper head of wire ropeway. In latter case timber is
roped down to the river side. In small streams the floating commences during
the monsoon, usually at the end of September. In the streams with little water
elaborate systems of telescopic floating and wet slides are applied.

In large side streams and in main rivers the floating is free, uncontrolled and
unequipped. Sleepers and scantlings are taken to the stream and the floating
crew follows the timber breaking up jams and pushing stranded timber back to
the water. The speed of floating is very low, sometimes only a mile in every 24
hours in a stream where the speed of water is several miles in an hour. In lower
streams the timber is floated in rafts of about 300 sleepers with a crew of two
men on each craft. Speed of rafting is 10—15 miles in every 24 hours.

The logging waste is very large. The percentage of conversion to which ex-
ploitation works is 45 per cent to deodar and pines and 25—30 to fir and spruce.
More than half of every stem up to the limiting diameter of 8 inches is left as
waste into the forest. The loss of timber in floating is usually under 5 per cent
but in bad side streams and in the case of flood it can be much higher. According
to the data from the Timber Depot at Dhilwan on the Beas river, the average
damage percentage (proportion of the floated timber which cannot be used as
sleepers) varies from 10 to 20 per cent and can be as high as 40—50 per cent.
It is highest for spruce and fir.
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»Labour is extremely cheap and their standard of living very low. The workers
take shelter under a rock or clift, have their simple meals twice a day. Clothing
is by no means adequate for the heavy work and tools are most primitive con-
sisting of a crude village made axe, some primitive cross-cut saws, a wrapping
saw and perhaps a stick for turning the logs, is required. Apparently not much,
if any, attention has been paid to the labour conditions in the past.» (HUBER,
1953)

Daily wages in the forest work vary from 1.5 to 3 rupees and a good sawer
can make 5—6 rupees per day (I rupee = 0.2« US dollars).

Timber is sold and cut in comparatively small lots of about 2 000 trees and
the extraction has to be completed within 1—2 years. This practice prohibits
any long term interest and investment on the part of the purchaser.

Extraction cost per cubic foot in the form of sleepers from the stump to the
timber depot down in the Plains is 1.—2.00 rupees. In 1957—58 the sale prices
varied from 4.5 to 7.0 rupees for pine, from 6.0 to 11.0 rupees for deodar and from
2.5 to 4.5 rupees for spruce and fir per cubic foot in timber depots.

Relations between Forestry and the Local Population

In most cases the forests owned by the Government are burdened with
numerous rights enjoyed by the local population. These rights, which are said to
be unsurmountable obstacles in the way towards intensive forestry, are classified:

1. grazing or pasture, 2. grass cutting, 3. lopping and leaf gathering, 4. wood
rights, 5. right to fallen leaves for litter and manure, 6. rights to other forest
produce, 7. hunting and fishing and 8. temporary and shifting cultivation.

The present situation is a heritage from former days when the Government
allowed the rights to grow up in order to keep the people content and only
retained something less than full public ownership over the unoccupied waste
and reserved limited forest areas for the future use and for soil conservation
purposes.

Some data about population and cattle density may illustrate this problem.
In the long-leaf pine areas of the Kangra District in the Punjab the population
varies from 200 to 350 on a square mile. 95 per cent of the total population
belong to the agricultural classes whose life is simple and primitive. Their eco-
nomy is based on small scale farming, fruit growing, sheep and goat rearing and
village crafts.

In the hills proper the population varies from 50 to 60 on a square mile. In
1945 there were in Kulu, Rupi and Inner-Seraj on an average 0.s cows and bull-
ocks and 1.1 sheeps and goats per person which makes 40—45 cows and bullock
and 70—85 sheeps and goats on a square mile.

Obviously the relations between forestry and the local population call for
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much modification. At present the inhabitants have many rights but few re-
sponsibilities. Reckless grazing and cutting are forcing the scattered forests
higher and higher up into the mountains and are destroying the national resour-
ces and the pre-requisites of human life in the hills. The problem has its adminis-
trative, legistlative and educational aspects.

Diversified Markets

Besides the local rural use of wood the timber is transported down to the
Plains for railway sleepers, constructional purposes, packing cases, etc. Manu-
facture of wood is undertaken in small bench saws and workshops. The preserva-
tion plants of railway sleepers are the largest industrial units. The use of conifer
wood in pulp and paper industry is in an experimental stage.

Diversification of the wood markets is mainly dependent on three items:

1. Timber should be extracted wherever possible in the form of logs and
manufactured in industrial centres.

2. Small timber should have proper demand.

3. Existing pulp and paper industry should use more wood as raw mate-
rial. New units of integrated forest industries should be built. '

Extraction of logs is a logging problem and the centralized manufacture of
wood requires modern sawmilling in connection with pulp and paper units. Pulp
and paper industry is the most important mass consumer of small timber and
sawing waste. Building up pulp and paper units is the key item in developing
the Himalayan conifer forestry.

Historical and Psychological Background

The historical and psychological background is the human screen on which
all economic and technical problems are projected. Uses of wood and methods of
forestry are everywhere controlled and curbed by old and deep rooted customs.
Certain tree species, sizes of logs and logging methods are used because historically
they have served the needs. The usage continues in spite of the fact that the
economic and technical level, at which these customs came into existence, has
been changed long ago. Human factors are a characteristic part in every economic
and technical project.

The present stage in the Himalayan conifer forestry is a heritage from the
time of the British Administration in India. The main objectives seem to have
been in that time:

1. To satisfy the primitive needs of the hill population.

2. To reserve limited forest areas for soil conservation purposes and for the
needs of war or other emergencies.
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3. To provide sleepers for railways which were the backbone of the adminis-
tration.

Obviously there was no great interest in the requirements of intensive and
integrated forestry because all pulp and paper products, for instance, could be
imported from the United Kingdom to India.-As long as there were enough
sleepers for railways there was no need to develop logging methods, intensify
forestry and educate the inhabitants to grow trees for their requirements.

The present administrators and the forest departmental staff members are
well aware of the better and more efficient ways of utilizing the conifer forests
but they are under the spell of the »sleeper heritager. It is always difficult for
man to liberate himself from deep rooted customs and it will certainly not be
easy in India where the national customs are honored and cherished more than
in many other countries.

The attitude of the administrators, industrialists and forest officers in regard
to the conifer forests is often influenced by their location at the frontiers of the
Indian continent and in the mountains, which differ thoroughly from the Plains
where the centres of the national culture and economy are located. Thus it is
quite understandable that the conifer species have a minor role in the research
work, compared with the tree species which grow in the Plains, and many research
men and even some of the forest officers in the hills don’t believe in conifers as
a raw material for pulp and paper industry.

The industrialists and other enterprisers tend to prefer to work in the neigh-
borhood of the cultural and economic centres. Even forest officers are not always
over-enthusiastic about devoting themselves to the forestry in the hills where
everything is strange compared with the conditions in the Plains, and where
the difficulties are seemingly impossible to overcome. A prejudice is often more
difficult to overcome than a material obstacle and sometimes rich resources are
being left unused in remote areas because life is more familiar and comfortable
in the neighborhood of the principal cities and traffic routes.

In order to guarantee the available benifits of the conifer forests to the Indian
national economy, the historical and psychological background of economic and
technical problems will be carefully studied and a proper attitude will be worked
out to meet the challenge of the existing difficulties.

Forest Management

General Conditions in the Himalayan Conifer Area

Geographical Situation. The conifer forests lie in the Himalayan mountain
ranges which belong to the Extra-Peninsular region adjoining the Plains of the
Indian Peninsula at the North. They lie between the latitudes of 35° and 28°
and between the longitudes of 75° and 95° East.
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Conifer species grow mainly between the altitudes of 2 500 and 11 000 feet
(760—3 350 m) above the sea level. In upper altitudes the terrain is mountaneous
and the slopes and gorges are often very precipitious. In the lower hills and in
the Siwalik Range, where there are scattered long-leaf pine stands too, the ter-
rain is undulating and the differences of altitude are usually within 1 000 feet
(305 m).

Climate and Rainfall. The climate varies from sub-tropical to alpine and to
permanent snow at the highest altitudes. E.g., in the Kulu Valley of the Upper
Beas River, rice can be grown at the bottom and one can pass all the intermediate
vegetation zones up to the alpine pastures within a ten to fifteen miles’ (sixteen
to twenty four km’) walk. The maximum temperature in Manali in the Upper
Beas (at the altitude of 6 500 feet or 2 000 m) is about 87° F (31° C) and the
minimum 29° F (— 2°C). In Kangra (at the altitude of 2 000 feet or 650 m)
the corresponding temperature records are about 93 °F (34° C) and 35° F (2° C).
In the lowest pine areas the maximum temperature frequently exceeds 100° F
(38° C).

Annual rainfall ranges in the Beas Basin between 26.9 inches (680 mm) at
Mukerian in the Plains to 134.5 inches (3 400 mm) at Lower Dharamsala at an
altitude of 4 580 feet (1 400 m). On an average it varies in the conifer areas from
35 inches to 50 inches (900 mm to 1 300 mm). Bulk of the rainfall comes down
during the monsoon months of July and August. The weather is bright and
cloudless on most days during the remaining ten months of the year.

Heavy monsoon rainfall often causes serious floods and landslides damaging
fields and roads. In the »dry» months the rain is usually light drizzling, but
sometimes it can be very heavy too. Snowfall is common from an altitude of
6 000 feet (1 800 m) upwards during the winter months of December, January
and February. A snow coverage lasting at least two months and thick enough
for snow transportation occurs from 7 500 feet (2 100 m) upwards. In the lower
hills the snowfall is sometimes heavy but the snow does not lie any length of
time.

Ownership and Administrative Units. Practically all forests are owned by
the states. Each state has its own Forest Department and the forests are divided
into Forest Circles and Forest Divisions. The commercial forest land in a division
varies from 25 000 acres to 500 000 acres (10 000 ha to 200 000 ha). Every division
has its Divisional Forest Officer and is divided into ranges with Range Officers.

Traffic Routes and Transportation Ways. The Himalayan conifer area is
outside the Indian railway net with two small exceptions. A narrow gauge rail
link from Pathankot to Jogindarnagar passes through some scattered pine forests
and another narrow gauge link from Kalka to Simla reaches the outskirts of the
deodar zone.

The main hill stations are connected to the Plains by metalled roads. Most
towns and many largest villages can be reached by motorable roads. Large interi-
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Picture 1. Regeneration area of the long-leaf pine. Mother trees have been under resin tapping.

ors in the hills with important conifer forests are only provided with bridle
paths and every-large scale logging operation is dependent on road construction.

The rivers and they tributaries form up transportation routes for timber
down to the Plains. Obviously the floating will be the most important method
of major transportation in the future.

Composition of the Conifer Forests

A natural way to divide the Himalayan conifer forests into sub-groups or
zones is based upon the altitude and the tree species. The following three zones
will serve the purpose in this paper:

Chir zone is situated between the altitudes of 1500 and 5 000 feet (460 and
1500 m), the best forests between 3 500 and 5000 feet (1 100 and 1500 m).
In exceptional cases it can reach 6 000 feet (1 800 m) or even 7 000 feet (2 100 m).

The main conifer tree in this zone is the long-leaf pine (Pinus longifolia,
Roxb.). It is called chir in Hindi and chil in Punjabi. Chir pine is a gregarious
light demander but at its upper and lower limit it is often mixed respectively
with deodar, blue pine and oaks and with lower level sub-tropical broadleaved
species.

Chir is the most important timber tree in the lower hills. In addition to this,
it produces resin which provides the bulk of revenue in many forest divisions.
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Picture 2. Dense deodar stand in an age of 40 years.

The average quality of chir crops is comparatively low. Forests are often scatte-
red and surrounded by over-grazed scrubby slopes and agricultural areas.

Deodar and kail zone lies between 5000 and 8 000 feet (1 500 and 2 400 m),
exceptionally up to 9 000 feet (2 700 m).

The main species in this zone is deodar (Cedrus deodara, London), Himalayan
cedar. It is essentially gregarious, not as typical a light demander as pines, and
it occurs frequently in pure stands. Besides spruce, the commonest companion
of deodar is kail (vernacular name) or blue pine (Pinus excelsa, Wall.). Kail is
a typically gregarious light demander and a pioneer species which occupies
abandoned grasslands and fields. It often flourishes with oaks.

Deodar is the most valuable Himalayan timber tree. It has been the prey
of the old time exploiter and the main conifer object of the later silviculturist.
One of the working plan objectives is still »to increase the proportion of deodar
trees» (AGGARWAL, 1949) by natural and artificial regeneration measures.

Compared to its companion, kail is greatly inferior as a timber tree. It is
more susceptible to fire damage, often lopped heavily and thus liable to fungus
damage. A marked tendency has prevailed to convert kail on better sites and
cool aspects into deodar.

Spruce and fir zone lies between 8 000 and 12 000 feet (2400 and 3 700 m),
chiefly between 7 000 and 11 000 feet (2 100 and 3 300 m). Spruce grows occa-
sionally on northern slopes as low as at 5 000 feet (1 500 m).

The main species in this zone are the West-Himalayan spruce (Picea morinda,
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Picture 3. Conifer species, especially spruce and fir lie as a narrow belt on the highest shoulders
of the Himalayan mountain ranges.

Link.) and the-West-Himalayan low-level silver fir (Abies pindrow, Spoch.).
Spruce is a moderate light demander (or a moderate shade bearer) and gregarious
but not often found pure in large areas. At its lower level, in the so-called tension
belt, it is mixed with deodar, kail and oaks.

Fir is the main companion of spruce. It is a true shade bearer, but sometimes
mixed with deodar and kail in which cases it usually seeks cool and moist aspects.

Spruce and fir cover the shoulders of the Himalayan ranges. Because of the
rough terrain with many logging difficulties they have not been exploited as
heavily as the lower level conifers. However, they have been a valuable timber
reserve for emergency demands. They provided much wood for requirements
during the war and their value is increasing with the improving logging methods.

The commonest broadleaved species in the conifer area are oaks. Quercus
incana, Roxb. grows in the chir zone, Quercus dilatata, Lindl. in the deodar and
kail zone and Quercus semicarpifolia, Smith. in the spruce and fir zone. They
form almost pure stands with low density and scrubby stems in large areas,
especially Q. semicarpifolia in the altitudes above the spruce and fir zone. Many
other broadleaved species, too numerous to be mentioned in this connection,
are usually found in damp depressions, on limestone formations, around villages,
etc.
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Growing Stock and Yield Data

Growing stock data can be collected from the working plans prepared for
each forest division. Working plan inventories are carried out after 10—15 years’
periods. The inventory method is a partial enumeration. Saw timber trees down
to the limiting D. B. H. of 8 inches are enumerated using 4 inch diameter classes.
Height and age is measured for estimating the average site quality class. Volume
tables are based upon the D.B.H. and the site quality class. All trees and parts
of the stems under the limiting diameter of 8 inches are excluded from the working
plan volumes. In many forest divisions there are large areas, especially in high
altitudes, where no stock data are available. From the point of view of intensive
forestry the stock data are by no means adequate. :

For pines and deodar there are complete yield tables (CHampION and
MAHENDRU, 1929 and 1933; HowARrD, 1926). In the case of pines the saw timber
and small timber yield within the stand age up to 140 years, for one thinning
grade and on three site quality classes is shown in the yield tables. The site quality
class is based upon the average height and age of the tree stands. In the deodar
yield tables there are four site quality classes and four thinning grades.

The principal types of conifer forests are illustrated by the stock data from
latest working plans in the Punjab (AGGARWAL, 1949 and CHANDRA, 1952).
Though the conditions vary in different states the following data are characte-
ristic for the most of Himalayan conifer forests.

Growing Stock of the Regular Working Circle in
Kulu & Seraj

The Regular Working Circle of Kulu & Seraj Forest Division could be called
the Deodar Working Circle because in it the main object of the management
has been and still is deodar. The Beas Felling Series of this Working Circle cover
36 974 acres (15000 ha). The saw timber volume down to the diameter of 8
inches is 76 milj. cu.ft. from which deodar comprises 32 per cent, kail 36 per
cent, chir 2 per cent and spruce and fir 30 per cent.

In the figures above the pine and deodar volumes are given in commercial
units and spruce and fir in Standard volume units. Standard volume, or full
basal area volume, is also used in the yield tables. In order to compare the growing
stock with the yield table volumes the pine and deodar volumes will be converted
into Standard units. On an average the commercial volumes are 125 per cent
of the Standard volumes (Howarp, 1927). This as a correction factor for pine
and deodar gives the growing stock as 89 mill. cu.ft. This Standard timber com-
prises the volume based upon the full basal area, including the stump but exclud-
ing the bark, down to the limiting diameter of 8 inches over bark.
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The growing stock on an acre is 2400 cu.ft. or 56 per cent of the normal
growing stock of deodar with 120 years’ rotation and E grade thinning on the
I/11 site quality class. Bearing in mind that 81 per cent of the Working Circle
is under conifer species, the average volume on an acre is 3 000 cu.ft. or 69 per
cent of the normal growing stock.

In Kulu Division the volume ratios of the diameter classes are:

8" — 12" — 16" — 20" — 24" — 28" — 32" — over 36” Total
3.0 8.0 16.8 20.9 18.0 12.2 7.5 13.6 100.0

There are no estimates for small wood because it has been considered com-
mercially valueless. In the yield tables the Standard small wood, volume between
limiting diameters of 8 inches and 2 inches over bark, including bark, comprises
18 per cent of the normal Standard timber in the case of E grade thinning and
25 per cent in the case of C grade thinning.

It is assumed that the small wood percentage, comprehended as above, is
20 per cent. The bark percentage of small wood is 18 per cent (HowArD, 1927).
The total growing stock in cu.ft. on an acre, excluding bark, comes out as:

Standard timber Small wood Total
2 400 390 2790

Growing Stock of the Fir Working Circle in
Kulu & Seraj

The Beas Felling Series of the Fir Working Circle comprise spruce and fir
forests and an area of 68 536 acres (27 500 ha). The growing stock is 205 mill.
cu.ft. of Standard timber from which spruce and fir (considered to be one com-
mercial species) comprise 97 per cent. The volume on an acre is 3000 cu.ft.

In Kulu Division the volume ratios of the diameter classes are:

8" — 12" — 16" — 20" — 24" — 28" — 32" — over 36” Total
l.o 4.5 7.3 10.8 14.0 144 134 34.6 100.0

Because the young age classes are very scarce and the enumeration has only
covered the sound trees (judged by their appearance) the Standard small wood
and the unsound trees can be estimated as 15 per cent of the Standard timber.
The bark percentage of the small wood is 17 per cent (Howarp, 1927). This
gives the total growing stock in cu.ft. on an acre, excluding bark, as:

Standard timber Small wood Total
3 000 400 3 400
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Growing Stock of the selection Working Circle in
Kulu & Seraj

The Beas Felling Series of the Selection Working Circle consist of forests on
steep slopes where uniform management system is not feasable. Its total area is
24 873 acres (10 000 ha) and the growing stock 42 mill. cu.ft. from which deodar
comprises 11 per cent, kail 24 per cent, chir 1 per cent and spruce and fir 64 per
cent. The growing stock is 45 mill. cu.ft. of Standard timber or 1 800 cu.ft. on
an acre.

In Kulu Division the volume ratios of the diameter classes are:

8 — 127 — 16”7 — 20" — 24" — 28" — 32" — over 36” Total
1.7 6.7 11.7 15.7 16.0 13.9 111 23.2 100.0

Growing Stock of the Chir Working Circle in Kangra

The Chir Shelterwood Working Circle of the Kangra Division covers 20 873
acres (8 500 ha). The growing stock is 25.5 mill. cu.ft. of Standard timber or
1 220 cu.ft. on an acre.

The average site quality of the chir forests is said to be low II1 but obviously
this is an under-estimate because of the small height of the poor and irregular
tree stands. Judged by their appearance, the even-aged young stands belong at
least to the II site quality class. The actual growing stock is 97 per cent of the
normal growing stock with 120 years’ rotation on the III site quality class and
44 per cent of the normal growing stock on the I1site quality class.

The volume ratios of the diameter classes are:

8 — 12”7 — 16” — 20" — 24" —36" Total
4.1 181 28.2 255 244 100.0

In the yield tables the Standard small wood comprises 35 per cent of the
Standard timber and the bark percentage of the small wood is 35 per cent (Ho-
WARD, 1927). Thus the estimate of the total growing stock in cu.ft. on an acre,
excluding bark, is:

Standard timber Small wood Total
1220 280 1 500
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Table 7. Normal yield in cubic feet on an acre (in parenthesis in cubic metres on a hectare) of
solid measure, excluding bark, using 100 years’ rotation for deodar and chir and 80 years’ rotation

for kail.
Deodar Chir Kail
Site
quality Standard Small Standard Small Standard Small
timber | wood | timber wood timber wood
|
I 157 32 131 41 190 29
(11.0) (2.2) (9.2) (2.9) (13.3) (2.0)
T 132 32 - — — —
d (9.2) (2.2)
I 107 32 85 29 132 26
(7.5) (2.2) (6.0) (2.0) (9.2) (1.s)
1 62 33 52 22 88 22
(4.3) (2.3) (3.6) (1.5) (6.2) (1.5)
v 25 29 — — — —
1
(1.7) (2.0) |

Normal Obtainable and Prescribed Yieldin Some
Working Circles

In the wori(ing plans the yield is prescribed for every working circle. The
prescribed yield can be compared with the normal and obtainable yield which
comparison shows how intensive the forestry is at present. The normal yield
of deodar, chir and kail from the yield tables is presented in Table 1. Small wood
is calculated from the Standard small wood using bark percentages of 18 per
cent for deodar and 35 per cent for pines. .

The obtainable yield is usually considered to be 80 per cent of the normal
yield on account of the unavoidable gaps and stand boundaries in the forests.
The obtainable yield is compared with the prescribed yield in regard of Standard
timber only because small wood is outside the scope of the present management.
The comparison with the yields in some working circles is shown in Table 2.
Because there are no yield tables for spruce and fir the yield of these species is
assumed to equal the yield of deodar on the II site quality class (which is likely
to be an underestimate). The prescribed yield is hardly one fifth of the obtain-
able yield. In addition, all small wood is considered as waste.

In Kulu & Seraj Forest Division the percentage of conversion has been 49
per cent for deodar, 39 per cent for kail, 30 per cent for chir and 25 per cent for
spruce and fir. E.g., in the case of deodar 51 per cent of the commercial timber
volume and in the case of spruce and fir 75 per cent of the Standard timber is
left as logging waste in the forest. Using these conversion percentages, the pre-
scribed yield turns out to be in scantling form as it is in Table 2. Thus the extract-
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Table 2. Obtainable and prescribed saw timber yield in cubic feet on an acre (in parenthesis in
cubic metres on a hectare) in some working circles.

Percentage of Prescribed
B . . Obtainable Prescribed prescribed yield in
Working Circle vield vield vield against scantling
obtainable one form
Regular Working Circle of Kulu & 106 20 6.1
Seraj, site quality I/11 .......... (1.0) (1.4) b2 (0.43)
Fir Working Circle of Kulu & Seraj, 85 13 _ 3.4
site quality 11 ........c......... (6.0) (0.9) 15 (0.24)
Chir Working Circle of Kangra .. 67
site quality 1 .................. (4.7) 10 B 2.1
42 0.7 0.19
site quality 11T ................ (29) @ | 24 (019)

able prescribed yield on an acre is 6.1 cu.ft. in Regular Working Circle of Kulu &
Seraj, 3.4 cu.ft. in the Fir Working Circle of Kulu & Seraj and 2.7 cu.ft. in the
Chir Working Circle of Kangra. In the case of failure in logging, e.g., on account
of the labour shortage, the actual yield may be still smaller. And 10—40 per
cent of the floated sleepers and scantlings are lost or broken. In the light of
these figures, the extensiveness and ineffectiveness of the Himalayan conifer
forestry are fantastic. '

Principles of the Present Forest Management
Management Objectives

In the revised Working of Plan the Kangra Forest Division (CHANDRA, 1952),
the chapter dealing the with objectives of the forest management starts with a
quotation of a speech delivered by Sir Michael O’Dwyer, the Lieutenant Gover-
nor, in Kangra in 1916. Part of it sounds:

»The general policy of Government is to maintain a reasonable proportion
of forests for the use of future generations. The main objective is not to derive
revenue from the forests, but to protect adequately such share of them as is
necessary for future generations.»

The objectives of forest management derived from these principles and ex-
pressed in 1916 are still in force. Summarized from the latest working plans they
are as followes:

1. To preserve the demarcated forests and other hill sides against denudation
and to preserve an equable flow of water in streams and rivers, provided that
reasonable use of the forests for grass and grazing is not interfered with.
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2. To provide for the domestic and agricultural requirements of the local
population.

3. To bring the growing stock to a condition nearer to that of normal forest.

4. To replace the inferior species by more valuable ones, e.g., to replace
diseased kail by deodar.

5. To obtain the highest possible sustained yield of timber.

6. To produce the maximum permanent yield of resin in chir forests.

These principles and their order of importance may have been sound in the
time of the British Administration in India. The local inhabitants, short-sighted
in their primitive economy, have certainly been content with them. But they
are highly deleterious to the present efforts to build up a self-supporting nation.
The management objectives and their order of importance, as defined above,
are pronouncedly conservative and anachronous. They have curbed the efforts
to develop forestry and, as seen in the results of the past management, these
principles turn out to be detrimental to the long-term requirements of the local
inhabitants too:

»The destruction of forests by heavy incidence of grazing and browsing,
repeated forest fires and intense logging has caused and continues to cause erosion
and denudation to an extent which seriously threatens the welfare of an over-
whelmingly agricultural district like Kangra. Grazing destroys large areas of
invaluable protective forests with the result that whole hill sides are being rapidly
eroded to the serious detriment of villages at foot-hills.»

»0ld perennial streams are now dry except during monsoon when they become
raging torrents. In the years 1944 and 1947 concentrated heavy rains during the
monsoons on the heavily grazed Dhanta-dhar resulted in serious floods, dislo-
cating traffic routes and destroying cultivation, bridges, roads and irrigation
channels.»

»The unclassed and undemarcated forests have suffered the most and in-
creasing demand for the forest produce has put such a strain on demarcated and
reserved forests that in many cases they are unable to stand.» (CHANDRA, 1952)

In regard to the grazing: »Thoroughly useless weeds like Zanthium spp. and
poisonous plants like Brojoplyth spp. are spreading on to the grazing grounds
and it is only a question of time when grazing will be ousted from such areas.»
(SINGH, 1938)

Only the reserved and demarcated protected. forests make up a scattered
cluster of bright spots against the general, highly unsatisfactory and depress-
ing condition of the forest land. They have been exploited on a cautious sus-
tained yield basis for several decades and treated with peveloped silvicultural
and management technique for the fulfillment of specified management objec-
tives. Results are best in favourable extraction conditions and in deodar and
pine forests. On the other hand, almost all the spruce and fir forests on high alti-
tudes are mature and over-mature and their silvicultural condition is very poor.



24 Kullervo Kuusela 67.8

Management Systems, Exploitable Size and
Rotation

Pine, deodar and some spruce and fir forests are under uniform management
system and they are regenerated by seed tree or shelter wood cuttings. The
modified uniform method used for spruce and fir is called the Punjab Shelter-
wood System. According to it all healthy advance growth (groups of trees
younger and smaller than the mature trees) shall be retained to form a part of
the future crop.

Forest divisions are divided into working circles according to the main tree
species. Forests on rough terrain and on hill sides, which are liable to erode, form
selection and protection working circles. Thus the working circle is a manage-
ment unit where the objects and means of forestry are more or less homogeneous.

Working circle under uniform management system is divided into periodic
blocks. In the case of pines and deodar the commonest rotation is 120 years
and the forests are allotted into four periods of 30 years. The regeneration period
is 30 years. All tree stands and forests which are proposed to be regenerated
within the next 30 years are allotted into the Periodic Block I (P.B.I). Seedling
and sapling stands up to small poles form P.B.IV and the intermediate age clas-
ses form the respective intermediate P.B. IIl and P.B. II. If the age class
distribution is normal, which is hardly the case even in the working circles under
most intensive management, the tree stands in each periodic block belong to
the same age class. Every periodic block covers one fourth (or whatever is the
number of periodic blocks) of the total area of the working circle.

Most of the spruce and fir forests as well as the forests on rough terrain and
high altitude are managed by selection system. For commercial cuttings there
is an exploitable size or diameter and only trees which have reached this diameter
can be cut. Silvicultural thinnings are comparatively rare because the small
wood has no demand. In large spruce and fir forests it is customary to pick up
single trees of exploitable size and to leave thinnings and regeneration to nature.

Exploitable size is applied in the forests under uniform management system
too. These forests are often near to the transportation routes and villages and
therefore the small wood has demand and the thinnings can be carried out.
However, the revenue is almost exclusively based upon the trees of exploitable
size.

The exploitable size is a key concept in the Himalayan conifer forestry. It
specifies the trees which are considered commercially exploitable, rotation and
the number of the periodic blocks. The aim is to grow every single tree of the
final crop up to the most profitable size for converting it by hand sawing into
sleepers and scantlings. The most profitable sawing yield is achieved from the
trees with D.B.H. of 24—28 inches. The corresponding rotation, defined by yield
studies, is 120 years for pines and deodar and 150—180 years for spruce and fir.
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Outline for Future Management

In order to improve the pre-requisites for intensive forestry the principle of
sustained yield must be modified. Under present circumstances it means main-
taining conditions that are not the best ones. The principle of progressive yield
is a much more exacting basis for the management. The management objectives
based upon it can be formulated for the Himalayan conifer forests as follows:

1. To bring the forest areas into a condition of being able to produce the
highest integrated yield consisting of the most profitable ratios of large and small
timber. Resin is evidently an important component of the integrated yield in
chir pine forests.

2. Silvicultural systems must be modified in such a way that forests serve
the purposes of soil conservation. In most cases forests under regular, silvicultural
cuttings are also the best protection forests.

3. Every open acre which would be most profitable under the tree growth
should be afforested.

4. The area defined as forest land should be allowed to satisfy the wants
of the local inhabitants to an extent which does not jeopardize the highest inte-
grated yield. It should be realized that forest land under vigorous tree growth is
the most beneficial to the inhabitants too.

The existing conditions challenge the management to put into effect the
following princif)les:

1. To exploit and regenerate the existing over-mature growing stock without
jeopardizing the permanent annual cut.

2. To define rotations of maximum integrated yield on an acre for young
and new crops.

Historically the management systems described in the previous chapter are
sound and logically correct but at present they are out of date. Allotment of the
forests into periodic blocks guarantees the sustained yield in a simple and rigid
way. The system tends to sustain or retain unfavourable conditions which exist
in the present forests.

Regeneration period of 30 years is definitely too long in the Himalayan ex-
treme y favourable climate and it results in losses of time and growing capacity
of the soil. In the intermediate periodic blocks there are tree stands which should
be regenerated immediately. Retaining them increases inside rot, natural removal
and loss of the increment. A scattered structure of the periodic blocks is an
obstacle for centralized logging too.

Periodic blocks with permanent boundaries and equal areas make flexible
silviculture and efficient utilization of the forests impossible. The harms of a
rigid management system are most obvious in the case of spruce and fir forests.
Postponing their regeneration increases natural calamities as insect and fungus
attacks, windfalls, etc.
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The general principles of the applied uniform system seem to be sound for
pines and deodar. It can easily be developed to serve the needs of intensive
forestry. The situation with spruce and fir, unfortunately is not equally good.

In Kulu & Seraj the spruce and fir forests are under the Punjab Shelterwood
System. In the last working plan inventory the former rotation of 150 years
was found to be too short to produce timber up to an exploitable diameter of
24—28 inches. In the present working plan the rotation is defined to be as 180
years. But it is hopeless to wait for the existing trees to reach this size within
a reasonable time. Their capacity to grow is much lower than that of those trees
which have been exploited in the past and which in their young age have ob-
viously been dominant ones. Growing the present small trees up to a exploitable
diameter of 24—28 inches will need longer and longer rotation leading finally
to a dead end.

It was mentioned earlier that under the Punjab Shelterwood System all
healthy advance growth is to be retained to form a part of the future crop. Ac-
cordingly, small and seemingly healthy but actually old trees have been left in
regeneration areas. They are incapable of growing and merely form obstacles
to regeneration.

The old spruce and fir crops are in increasing danger of being destroyed by
climax calamities. The only sound rule is to liquidate and regenerate them as
fast as possible.

Selection system has been a failure in most spruce forests (Trour, 1921). It
seems to be unsuitable for these species wherever they can be grown in closed
stands. Selection system is used succesfully on very steep slopes and at high alti-
tudes. A modified uniform system with clear seeding fellings and more or less
even-aged crops is suitable for spruce and fir. When the biological and silvicultural
characteristics of spruce and fir are thoroughly studied it may turn out to be
possible to use the highly developed and very intensive Middle-European selec-
tion system, or Control Method (KnucHEL, 1953) for the new crops but at
present and with the existing crops it will not work.

The present rotations are based upon the most profitable saw timber yield
of a single tree. The correct basis for rotation is the maximum yield on an acre.
The yield of a single tree as a basis of management is detrimental to maximum
yield on an acre,even if the rotation is a technical one having as its objective to
grow saw timber only. This is illustrated by the mean yield (or increment) from
the deodar yield tables, site quality class I, E grade thinning, final crop over 12
inches at D.B.H., in the Table 3.

It is shown in Table 3 that even if the aim is to grow large timber trees with
D.B.H. more than 12 inches and if the rotation is based upon the maximum vol-
ume yield of the final crop on an acre, the most profitable rotation is 70—80
years. After this age the yield of a tree naturally increases but the yield on an
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Table 3. Mean yield of final deodar crop with different rotations

. Saw timber i
Age in years Average volume of a | Mean vield
or rotation .D:B'H-“ stem in cubic | on an acre
l in inches feet
| | |
120 ‘ 27.5 147 ’ 88
110 | 235 133 } 90
100 ‘ 22.2 114 | 94
90 1 20.9 96 95
80 } 10.4 79 ; a .
70 g 18.0 ‘ 60 ; gg( MAXImuUM
60 16.4 | 50 ‘ a3

acre decreases. Growing trees beyond a certain limiting diameter decreases the
total yield on an acre.

Growing very large trees may be disadvantageous from the point of view
of timber extraction too. The products of the past and present management
have definitely been too large and heavy for extraction in the form of logs. The
extraction of smaller trees should be easier and cheaper in mountainous terrain.

However, even the technical rotation producing saw timber only is one-sided
and archaic. The-aim should be the highest financial yield on an acre. At present
it is not feasable to calculate financial rotations for the Himalayan conifer forests
on account of the changing technical and economic conditions. Using the present
prices, logging and transportation costs in rotation calculations would be a sheer
play with numbers. Final rotations cannot be calculated until modern logging
methods and the integrated utilization of wood are introduced and the price
and cost level confirming with them is stabilized.

Based upon experience obtained in foreign forestry and keeping in mind that
timber for sawn products is likely at least in the near future to fetch much better
prices on the Indian markets than raw timber for pulp and paper, the following
rotations may be suitable:

80— 100 years for deodar
100 years for chir

60—80 years for kail

100 years for spruce and fir

Rotation of 120 years or even longer than that may be justified for deodar
in limited areas on account of the enourmous value of large deodar trees. Re-
membering war time experience, it is always good to have a reserve of large size
timber for cases of national emergency. A comparatively long rotation for chir
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Table 4. Scheme of a Cutting Budget with a Budget Period of 10 years from 1958 to 1968.

. Initial Tnitial o Initial i .
Periodic growing volume of | Periodic volume of | Periodic | Growing
block stock in the exploit- | increment | Final cut the devel- | increment | stock in
(Age class)| ~ yg5g able stock | of 5 years || opable stock (0f 10 years| 1968
1 |
v ‘ ‘
(1—30) | '
111 } |
(31—60) : |
11
(61—90)
1 1
(91—120) | \
Total | 1 __\_. |
‘ i | E
Allowable l

periodic cut |

Initial growing stock in 1958 = Initial volume of the exploitable stock in 1958 + initial
volume of the developable stock in 1958 Final cut = Initial volume of the exploitable stock
in 1958 4 periodic increment of 5 years

Allowable periodic cut = Summation of the final cuts from each periodic block

Growing stock in 1968 = Initial volume of the developable stock in 1958 4 periodic incre-
ment of 10 years

pine is necessary for resin tapping because the integrated yield of chir forests
comprises thinnings, resin and final cuttings.

The rotations given above are considered suitable for site quality classes I
and II. Usually they are shortest on the best sites and are extended on poor
sites.

Outline for cutting budget
General Principles

Cutting budget is a harvesting plan and a prescribed order of measures to
develop the growing stock. It specifies the allowable annual and periodic cut and
it can be broken down into specific parts. E.g., the allowable cut can be calculated
separately for each tree species, periodic block and age class. It is usually prepared
for a management period of 10 or 20 years. In the case of more or less normal
distribution of age classes the procedure is simple and based upon the inventory
data and existing yield tables.
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The budget calculation may follow the scheme illustrated in Table 4 (Liu-
TONEN, 1943 and KuuskeLa, 1958). The total growing stock is divided into sub-
parts according to the periodic blocks (or age classes) and each sub-part into
two components: exploitable stock and developable stock. Their summation can
be called initial growing stock.

Exploitable stock consists of the trees which are proposed to be cut during
the budget period. On an average, these trees will be growing half the number
of the years in the whole period. The corresponding increment is added to the
initial volume of the exploitable stock and the summation gives the final cut in
the respective periodic block. The summation of the final cuts from each periodic
block is the allowable periodic cut in the calculation unit. Divided by the number
of the years in the budget period it gives the allowable annual cut.

The developable stock consists of the trees which will be growing through
the budget period in the forest. Forecasted periodic increment added to it gives
the growing stock in the end of the budget period. This is the initial growing
stock for a new period.

The initial volume of the exploitable stock is estimated and fixed in ac-
cordance with the silvicultural condition of the forests, distribution of the age
classes, rate of growth, degree of the stocking (if the area is under- or over-
stocked), amounts of wood expected by the dependent industries and communi-
ties, etc. The aim is to develop the present growing stock towards a desirable
growing stock and to guarantee a constant or, preferably, a gradually increasing
annual cut.

Long Term Dutting Budget for the Fir Working Circle
of Kulu & Seraj Forest Division

Besides for a period of 10—20 years the cutting budget can be prepared for
a longer period too in order to study the possibilities of utilizing the existing
resources. The following example is calculated for illustrating the principles of
a long term cutting budget. As it turns out, bulk of the important data needed
for it is either deficient or lacking. They are substituted by the best means at
disposal. Incidentally, a proper resource inventory should be the first step in
developing the Himalayan conifer forestry.

The over-mature spruce and fir forests are a crucial problem. Therefore the
growing stock of the Fir Working Circle of Kulu & Seraj is chosen to be the
object of a long term cutting budget.

Constitution of the Growing Stock The growing stock is in cu.ft. on an acre,
solid wood, excluding bark (compare with p. 20)

Standard timber Small wood Total
3000 400 3 400
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»The forests are very much understocked and there is a large preponderance
of mature and over-mature stock; more particularly of trees 36 in. and over in
diameter. Many of the huge trees are unsound» . . . »sometimes fellings had borne
on the I—A and I—B» (24—28 inches and 28—32 inches of D.B.H.) »trees
leaving the over-mature stock merely because their fellings would give no
timber» . . .»The general impression that younger age classes are absent is,
however, not borne out by detailed examination of these forests. Although these
classes are undoubtedly somewhat deficient, but frequently a fair amount of
advance growth and poles is present wherever the canopy is lightly opened and
the soil is sloping and well drained» . . . »Indeed, their proportion is fairly good,
especially of silver fir, in several forests considering that no attention had been
paid to these forests either to tend the natural regeneration that had come or to
protect the tender seedlings from grazing and browsing or from being smothered
by heavy weed growth.» (AGGARWAL, 1949)

In accordance with this description (compare with pp. 9 and 26 too) and the
principle of the progressive yield these forests should be exploited and regenerated
during the shortest period which guarantees a constant or increasing annual
cut. Based upon preliminary calculations the exploitation period is fixed at 70
years and divided into 7 sub-periods of 10 years (Table 5.).

Necessary Additional Data The lacking stock data are substituted by the
deodar yield tables which obviously are much more suitable for spruce and fir
than the pine yield tables. The site is assumed to be quality class I, thinning
grade E and rotation 100 years.

Annual Increment The normal mean annual increment on an acre is 139 cu.ft.
(all volumes are given in solid measure, excluding bark). The obtainable incre-
ment is 80 per cent of this or 111 cu.ft.

According to North-European growth studies the increment of actual forests
varies from 50 to 70 per cent of the normal yield. On account of the high age and
the poor silvicultural condition of the spruce and fir forests the actual increment
is assumed to be 50 per cent of the normal increment, or 70 cu.ft. on an acre.

Thinning Yield of the New Crops The new tree stands, which are to be regene-
rated during the exploitation period, should be in proper silvicultural condition.
Their obtainable thinning yield in cu.ft. on an acre is:

Age Yield
30 100
40 490
50 430
60 750
70 790
80 800
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Development of Standing Timber of the New Crops The development of the
new tree stands will be forecasted in order to carry the cutting budget over the
transition period from the old stock to the new one. Based upon the same yield
tables and the same considerations as above, the standing timber and its annual
increment in cu.ft. on an acre are:

Age Sttiargglelll‘g m’}:?:mug}n
30 600 -

40 1500

50 2700 lig

60 3 600 é B

70 4 400

80 5100 70

) 5 600 30

Course of the Cutting Budget The unit area is 700 acres and the area to be
exploited and regenerated during each sub-period of 10 years is 100 acres. (These
areas are only part of the calculation technique and they do not specify proper
cutting areas for centralized logging and regeneration.)

The calculation is carried out in Table 5. In the first subperiod from left to
right, 100 is the area in acres of the first block to be regenerated, 3 400 is the
exploitable stock in cu.ft. at the beginning of the sub-period and 5 x 70 the
sub-periodic increment of the exploitable stock. The second addendum in the
numerator is that part of the sub-periodic cut which comes from the area outside
of the block to be regenerated and it consists of the thinnings, preparation, salva-
tion and improvement cuttings. This part of the periodic cut is assumed to be
60 per cent of the total periodic increment in the area of 600 acres under the
developable stock. The remaining 50 per cent of this increment is left to accu-
mulate on the trees that are silviculturally and technically the best in the deve-
lopable stock. The total summation gives the sub-periodic cut and divided by 10
it gives the allowable annual cut during the I sub-period.

The contents of the formula for the I sub-period are the same as in the case
of the I sub-period. 280 in the first addendum of the numerator is the increment
on an acre left to accumulate in the developable stock of the I sub-period. This
time 70 per cent of the increment in the area under the developable stock is
included into the sub-periodic cut and the remaining 30 per cent is left in the forest.

In the end of the IV sub-period the regenerated tree stands in the first block
of 100 acres are 30—40 years old. It is assumed that these spruce and fir stands
give the same thinning yield as a 30 years’ old deodar stand. This gives 1 000 cu.ft.
of small wood to the annual cut. With such volume the young and vigorously
growing tree stands will start to redeem the promises of good silviculture and
management.
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Table 5. Long Term Cutting Budget for the Exploitation Period of 70 years.

()S,“I,’ap“fgia"r‘; Calculation | Annual cut
) | |
| | |
| 60 ‘w ,
I 100 X (3400 + 5 X 70) +— X 600 X 10 X 70 | |
100 | 62700
10
| 70 |
11 | 100X(3400+280+5X70)+1—0—0><500><10><70 i ‘
E 64 800 |
10 | |
80 1
111 100x(3680—}—210+5x70)+—l&x400)(IO><70 | {
3 64 800 i
10
90
v 100 X (3890 + 140 + 5 X 70) + WXSOOXIOX'IO
-+ 1000 63 700
10
10 X 70
\Y% 100 % (4 030 + 70 + 5 X 70) + 200 X 10 X + 4900 4 1000 ok 45
10
10 X 70
VI 100 X (4100 + 5 X 70) 4 100 X X 4 4300 4 4900 + 1000 61 700
10 :
7
M Lkl b dediBa 0)—+—7500+4300+4900+1000 62 200
10 |
Average annual cut 63 400 l

In the end of the VII sub-period the old growing stock is exploited and the
situation is quite a new and entirely different. The annual cut will be drawn
from the new crops and it will be large enough for a permanent supply for de-
pendent industries and other wood users.

The obtainable annual thinnings are 37 800 cu.ft. less than the annual cut
in the past:

7 900 + 7 500 4+ 4 300 + 4 900 + 1000 = 25 600
deficit 37 800

63 400

This deficit could easily be covered by adopting a 70 years’ rotation. But if
the value of large timber is still as high as it is now compared with the value of
small wood, the 70 years’ old crop will be at its highest rate of value increment
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and its exploitation would be uneconomic. On the other hand the permanent
supply for wood users must be guaranteed, which will justify the sacrificies on
the part of future revenue. Therefore it is necessary and permissable to exploit
a part of immature growing stock for the sake of the urgent need though the
highest attainable yield will thereby be reduced in the future. This kind of sacri-
fices are often compulsory in the transition periods of progressive forestry.

The deficit can be covered by exploiting a part of the oldest growing stock
or reducing its volume on an acre below desirable amount. E.g., the permanent
annual cut is obtained by exploiting one half of the 75 years’ old growing stock
which gives 23 750 cu.ft.:

50 X (4 400 X 5 + 70)
10

= 23 750

and by drawing the remaining 14 050 cu.ft. from the developable stock.

After this transition period, development will continue towards a desirable
growing stock with 100 years’ rotation (or whatever the most profitable rotation
will be at that time) and the annual yield will gradually increase to the obtain-
able 111 cu.ft. on an acre or 77 700 cu.ft. in the calculation unit.

The exploitable trees will naturally be much smaller after the 70 years’ ex-
ploitation period than they are during it. From the point of view of the saw
milling this is b)'l no means alarming. The concept of a saw timber tree will cer-
tainly change during these 70 years. The present sleeper and scantling production
will gradually give place to modern methods by which the 70—100 years’ old
trees can be converted into sawn products much more profitably than the over-
mature and over-large trees are produced now by hand sawing.

The forecasted development of the growing stock, annual increment and
annual cut is shown in Fig. 2. The course of the lines is typical for a case when
an over-mature growing stock is exploited according to the principle of progres-
sive yield. At first the annual cut is larger than the annual increment and the
growing stock decreases. The exploited stock is replaced by new tree stands
and after 3—4 decades the increment curve turns up. The growing stock curve
follows later. Finally the annual increment reaches the desirable one. This forecast
represents a drastic and determined effort to improve forests in poor condition.
It is fundamentally dependent on the regeneration measures carried out promptly.

The annual cut given by this cutting budget is about 63 000 cu.ft. in the
calculation unit and 6 200 000 cu.ft. in the Fir Working Circle. The annual cut
is 80 per cent of the obtainable yield from the desirable forest and 72 per cent
of the normal yield.

Compared with the yield prescribed in the present Working Plan (AGGARWAL,
1949) for the same area, which is 922 000 cu.ft. of Standard timber, the forecasted
yield is many times higher. Though these two estimates are not quite compar-
3
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Fig. 2. Forecasted development of the growing stock, annual increment and annual cut.

able the result gives an idea what the yield of the Himalayan spruce and fir forests
could be under progressive management.

The forecasted yield consists of Standard timber and small wood down to
the limiting diameter of 2 inches. In Northern Europe the waste percentage in
logging is usually less than 10 per cent. Keeping in mind the high value of wood
in the Indian economy, the waste percentage as low as 20 per cent, caused by
the stumps and felling losses, should be attainable. If the small wood percentage
is 10 per cent and the conversion percentage for saw timber 40 per cent, the total
yield of the near future is broken down into components: '
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Sawn products ......... ... ... ... ..., 1 800 000 cu.ft.
Small wood and sawing waste suitable for pulp 3 160 000 »
Unavoidable logging waste ................ 1240000 »

L 6 200 000 cu.ft.

. The last but not the least striking conclusion in this reasoning is: If the log-
ging waste is given to the local inhabitants they will receive more household

wood from the forests under intensive management than in the forests in stag-
nation. '



Summary

Though the Himalayan conifer forests are scattered and they lie on high
altitudes and in difficult terrain their potential value is very important to the
Indian national economy. Their extraction is obviously feasable in much larger
scale than now. The present yield coming to the markets varies from 30 to 10 per
cent, or even less, of the obtainable yied under intensive management and integ-
rated utilization of wood. The obtainable yield could support comparatively
large saw milling as well as pulp and paper industries.

The problems in developing the Himalayan conifer forestry are numerous.
They cover the field of forest management, silviculture, re-forestation, logging,
relations between forestry and the local population, forest administration, sale
policy and industrial planning.

Estimating the actual possibilities requires complete and statistically reliable
resource inventories. Growing trees for primitive sleeper production should be
abondened, management systems modified in accordance with the principle of
progressive yield, rotations, regeneration periods and cutting cycles should be
shortened in order to increase the activity. The future management should be
based upon the exploitation of the existing over-mature stock and upon the
growth of the new tree stands.
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SELOSTUS:

HIMALAJAN HAVUMETSATALOUDEN JARFESTELYN A METSIEN
HAKKUUMAARAN LASKENNAN ONGELMIA

Havupuun kdytto Intiassa ja sitd kehitettidessdrat-
kaistaviksi tulevat ongelmat

Intian metsdvarat ovat hyvin niukat, varsinkin jos niitd vertaa maan vieston mairain
ja sen puun tarpeeseen tulevaisuudessa. Rakennus- ja polttopuu on jo nyt kallista. Laajeneva
paperiteollisuus potee pysyvaa raaka-ainepulaa. Ripeasti kehittyvd kansantalous tarvitsee
tulevaisuudessa suunnattomat maarat paperituotteita, jotka on joko valmistettava omassa
maassa tai tuotava ulkoa. Télld hetkelld padosa sanomalehtipaperista ja tekosilkkimassa
ovat tuonnin varassa.

Toisaalta maassa on vield laajahkoja vajaakaytossa olevia metsid, joista ehki arvokkaim-
mat ovat Himalajan vuoriston rinteilld kasvavat havumetsiat. Ne ovat siilyneet vaikeakul-
kuisen maaston ja pitkien kuljetusteiden suojaamina. Niitten potentiaalinen merkitys on ilmei-
nen, mutta toistaiseksi niistd hakattavat puumaarat ovat olleet suhteellisen vihiiset. Han-
kintojen kohteena ovat olleet padasiassa ratapolkyt ja paksut lankut. Lisidksi metsien tehta-
vand on suojella vuorten rinteita eroosiolta seka tyydyttaa paikallisen vaeston puunkiyton ja
laiduntamisen tarpeita.

Puun kdytté noudattaa syville juurtuneita perinndistapoja eika ole nykyaikaisessa mie-
lessa laheskaan paras mahdollinen. Uudenaikaistuvan Intian etujen mukaista on saada vihais-
ten metsavarojensa tuotteet mahdollisimman tarkoin jarkevaan kayttoon.

Himalajan havumetsien kdyton tehostamista pidetdan usein hankintatekniikan ongelmana.
Puun hakkuu ja kuljetus onkin vuoristossa vaikeata, mutta asiaintilan kehittamisen tiella on
myo0s muita tekijoita. Metsatalouden jarjestelyn periaatteet ovat jaykat ja vanhoilliset. Pyrki-
myksend on kasvattaa erittdin jareita yksittaisrunkoja ratapolkkyjen tuottamiseksi. Vaeston
tarpeiden tyydyttaminen seka suojametsien kutakuinkin taydellinen rauhoittaminen hakkuilta
ovat tarkedmpid nakokohtia kuin puun kasvattaminen kansantaloutta varten. Erditten puu-
lajien metsanhoito on erittdin korkealla tasolla, mutta suurin osa kuusi- ja jalokuusimetsista
on yli-ikaisid, luonnontilaisia tai harsimalla pilattuja. Hankintatekniikka on hyvin primitii-
vistd. Kaadetut rungot valmistetaan metséssa kirveella ja kasisahalla ratapolkyiksi tai pak-
suiksi lankuiksi, jotka useimmissa tapauksissa kannetaan ihmisten seldssd lahimmaén uitto-
vayldn varteen. Suurin osa arvokkaista rungoista jaa hakkuutdhteind metsaan. Uittovaylat
ovat rakentamattomat ja uittovalineet mita yksinkertaisimmat. Tasangolle kuljetettuina kuu-
sesta ja jalokuusesta valmistetut polkyt maksavat 200—250 mk kuutiojalalta, mannysta teh-
dyt polkyt noin 300 mk ja seetriset aina 700 mk. Paikallinen vdestd pitdd metsid »ikimuistoi-
sessa» nautinnassaan ja havittaa niita jokaisessa sopivassa tilaisuudessa. Puun kaytto on yksi-
puolista ja tuhlaavaa.

Ennenkuin metsian kaytto tehostuu, niin metsatalouden jarjestelyn, metsdnhoidon, han-
kinnan, paikallisen puunkiyton ja markkinoinnin ongelmat on ratkaistava ja niita ratkais-
taessa on otettava huomioon Intian metsatalouden historiallinen tausta seka kansalliset tavat
ja tottumukset.
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Metsdtalouden jdrjestely
Yleiset olosuhteet

Pohjois-Intian havumetsavydhyke sijaitsee Himalajan vuoriston eteldrinteilld. Tasangon
pohjois-laidalla ilmasto on kuuma ja kuiva tai vahaisilla korkean sademaaran alueilla troopilli-
nen. Havumetsat alkavat sub-troopillisesta ilmastosta ja ulottuvat alpiiniselle metsanrajalle
3 000—3 700 m merenpinnan yldpuolella. Vuotuinen sademaara vaihtelee havumetsien alueella
1 000 mm:n molemmin puolin ja on paikoitellen yli 3 000 mm. Suurin osa sataa monsuunin
aikana heina- ja elokuussa. Toinen vadhaisempien sateiden aika on tammi- ja helmikuussa.
Kahdesta kolmeen kuukauteen kestava lumipeite alkaa 2 000—2 500 m:n korkeudella meren-
pinnasta.

Metsat ovat kaikki valtion omistuksessa. Jokaisella osavaltiolla on oma metsdhallintonsa,
alayksikkoina piirikunnat ja hoitoalueet. Talouden piirissa oleva metsdala on hoitoaluetta koh-
den 20 000—40 000 ha, vuoristossa aina 200 000 ha.

Teitten ja yhteyksien laatu vaihtelee suuresti riippuen siita, kuinka syvalla vuoristossa
metsat sijaitsevat. Muutamissa hoitoalueissa ovat ratsupolut ainoat yhteydet ulkomaailmaan
ja puu kuljetetaan yksinomaan uittamalla. Lahella tasankoa tyydyttaa maantieverkko kuta-
kuinkin metsatalouden tarpeet. Rautateilld ei sensijaan ole mitaan merkitystd havumetsa-
alueella. Uitto on selvasti tarkein kuljetusmuoto. -

Puulajit

Himalajan havumetsdalueen lansiosassa on viisi metsaa muodostavaa puulajia. Alinna,
460—1 500 m merenpinnan ylapuolella kasvaa pitkaneulasmanty (Pinus longifolia, Roxb.).
Sen ylipuolella 1 500—2 400 m:n korkeudella on seetrin (Cedrus deodara, London) ja siniman-
nyn (Pinus excelsa, Wall.) vyohyke. Ylinna, 2 400—3 700 m:n korkeudella kasvavat kuusi
(Picea morinda, Link.) ja jalokuusi (Abies pindrow, Spoch.). Vydhykkeiden rajakohdissa ovat
sekametsat yleisia. Alimmassa vyohykkeessa tavataan lukuisia sub-troopillisia lehtipuita.
Muualla on tammi yleisin lehtipuu. Se nousee my6s jalokuusen kanssa korkeimmalle ja on met-
sanrajaa muodostava.

Metsavarat ja puuston kasvu

Sivuille 18—22 on metsatalousasiakirjoista koottu tietoja tarkeimpien havumetsatyyp-
pien metsavaroista. Parhaissa hoitolohkoissa on havupuun kuoreton keskikuutio 190 —240 k-m?
hehtaarilla. Varttuneissa ja taysitiheissa metsikoissa on 500—600 k-m? tavallista. Huonoim-
missa vield talousmetsiin luettavissa hoitolohkoissa keskikuutio on noin 100 k-m3. Puusto on
erittdin jareata. Niinpa kuusimetsissa rinnantasalta yli 36 tuuman vahvuiset puut kasittavat
noin 30 9, kokonaiskuutiomaarasta. Manty- ja seetrimetsissa vastaava osuus on noin 10 %,.

Taulukossa 1 (s. 21) on esitetty kasvutaulukoiden mukaiset kuorettomat keskikasvut eri
tuottoluokille, kayttaen seetrille sekd mannylle 100 vuoden kiertoaikaa ja sinimannylle 80
vuoden kiertoaikaa. Jarea puu kasittaa yli 8 tuuman vahvuisen puun seka pienpuu vahvuu-
deltaan 2 ja 8 tuuman valissa olevan puun. Niin laskettu keskikasvu on parhailla mailla
13—15 k-md.

Taulukossa 2 (s. 22) on hyvin hoidetuista metsista saatavaksi arvioitu keskikasvu, jota on
verrattu taloussuunnitelmien hakkuusuunnitteeseen sekd nykyisilla hankinnan menetelmilla
hakkuusuunnitteesta saatavaan kayttopuun maaraan. Hakkuusuunnite on vajaat 20 9,

67.8 Management and cutting budget problems in the Himalayan conifer . . . 41

hyvin hoidetun metsan keskikasvusta. Kun suurin osa kaadetuista puista jai hakkuutihtein
metsaan, niin kayttdpuuta saadaan edullisimminkin sijaitsevissa hoitolohkoissa enintiin
0.5 k-m® hehtaaria kohden. — Pitkaneulasminnyn tuottoa arvosteltaessa on otettava huo-
mioon, ettd siita saatava pihka on arvoltaan paljon suurempi kuin sen tuottama kayttopuu.

Metsdatalouden jarjestelyn periaatteet

Metsatalouden jarjestelyn periaatteet ovat periisin brittildisen hallinnon ajalta. Paatavoit-
teina on sdilyttaa metsakasvillisuus rajankaynnein erotetuilla alueilla maan suojelemiseksi
eroosiolta, pitaa vaesto tyytyvaisend antamalla sille laajoja metsankayttooikeuksia sekd har-
joittaa kaupallista metsataloutta sikali kuin se on mahdollista. Joskin erilld alueilla on hyvin
hoidettuja metsia, niin kokonaiskuvalle ovat ominaisia laajat metsanhavitykset, jotka pie-
nentaviat mahdollisuuksia tuottaa puuta seka tuhoavat maatalousvaltaisen vaeston edelly-
tyksia elad vuoristossa.

Metsat on ryhmitetty 30 vuoden pituisiin kasittelyperiodeihin. altaan vanhimpien metsik-
kojen uudistusjakso on siis 30 vuotta. Kiertoaika on laskettu niin, ett4 sen kuluessa puut saa-
vuttavat keskimaardisen koon, josta saadaan mahdollisimman edullinen sahaustulos metsissi
kasisahalla. Taman mukainen hakkuukypsan puun ldpimitta rinnantasalla on 24— 28 tuumaa
ja vastaava mannyn seka seetrin kiertoaika 120 vuotta ja kuusen seki jalokuusen 150— 180
vuotta. Jareitten yksittaisrunkojen kasvattamisesta on luonnollisesti seurauksena suhteellisen
pieni kuutiotuotto pinta-alayksikk6a kohden. — Edelld lyhyesti kuvattua jarjestelyn mene-
telmaa vastaa hyvin kdytossa oleva inventointimenetelma. Inventoinnissa luetaan kaikki
rinnantasalta 8 tuumaa tayttaneet rungot.

Koska pienpuuta on vaikea markkinoida, niin nuorien metsikdiden kehitys on usein yli-
tiheyden vuoksi hidasta. Vanhat metsikot, lahinna kuusikot, ovat harsinnanluontoisten hak-
kuiden vuoksi repaleisia, yli-ikaisia ja lahovikaisia.

Manty ja seetri uudistetaan siemenpuu- ja suojuspuuhakkuilla. Kuusi- ja jalokuusimetsia
kasitellaan yleisesti harsintahakkuilla tai harsinnan luontoisilla suojuspuuhakkuilla. Pyrki-
mys kasvattaa vanhoja pienikokoisia puita vahvistettuun kdyttopuun kokoon johtaa pitene-
vaan kiertoaikaan ja suureneviin luonnontuhoihin.

Mikali metsien hyviaksikdyttda aiotaan lisata, on jarjestelyn periaatteita kehitettava niin,
ettd runsaan ja arvokkaan puun tuottaminen on mahdollista niilld alueilla, jotka varataan
metsan kasvulle. Nailla alueilla on puun kasvattaminen asetettava ensisijaiseksi tavoitteeksi.
Metsien tilan parantamisen edellytyksena on, etta yli-ikaiset ja alitihedt puustot uudistetaan
madratietoisesti, ja ettd kiertoaikoja lyhennetain. Metsikon uudistamiseen kaytettiva aika
olisi saatava paljon lyhyemmaksi kuin nykyiset 30 vuotta. Erittdin edullisessa ilmastossa na-
kyisivat metsidn uudistamisen ja sen viljelyn tulokset nopeasti.

Harsintahakkuiden jatkaminen yli-ikdisissa kuusikoissa johtaa vaistamattomasti metsien
tilan heikkenemiseen. Kuusi- ja jalokuusimetsien kasittelemiseksi olisi laadittava keskitetyn
eksploatoinnin ja uudistamisen suunnitelma. Vanhojen puustojen nopeasta hakkaamisesta
saataisiin varoja metsatalouden kehittidmiseksi ja uudet puusukupolvet takaisivat metsitalou-
den jatkuvuuden seka tulevaisuudessa suurenevan hakkuumairin.

Nykyinen puun kaytto ja alkeellisesta hankintatekniikasta johtuvat korkeat hankintakus-
tannukset eivit ole oikeat perusteet kiertoaikalaskelmien suorittamiseksi. Kasvutaulukoiden
perusteella ndyttavdt seuraavat kiertoajat sopivilta: Seetri, 80—100 vuotta; pitkaneulas-
manty, 100 vuotta; sinimanty, 60—80 vuotta; kuusi ja jalokuusi, 100 vuotta.
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Hakkuulaskelman periaatteita

Metsien hakkuumahdollisuuksien selvittamiseksi sopii hyvin suomalainen tuottohakkuu-
laskelma. Kun puustotiedot tunnetaan periodeittain, niin laskelma voidaan suorittaa periodit-
taisena analyysind, mika vastaa ikaluokittaista analyysia.

Hakkuulaskelma kuusi- ja jalokuusimetsien uudistamiseksi

Kulun ja Seraj’n hoitoalueen kuusi- ja jalokuusimetsien uudistamiseksi seka yleisten hak-
kuumahdollisuuksien selvittamiseksi on Kirjoittaja laatinut hakkuulaskelman 70 vuoden jak-
solle. Joskin kaytettdvissd olevat puustotiedot ovat puutteelliset, on laskelma kuitenkin suo-
ritettavissa niin, ettd maaratietoisen metsien kisittelyn tulokset tulevat esille.

Sivuilla 29—31 on esitetty ne puusto- ja kasvutiedot, joille laskelma perustuu, taulukossa
5 (s. 32) on itse laskelma ja piirros 2 (s. 34) kuvaa laskelman mukaista keskikuution, kasvun ja
hakkuumaaran kehittymista kohden tavoitemetsan arvoja. Laskennan yksikkd on 700 acrea,
joista 100 acrea uudistetaan kunkin 10 vueden alajakson aikana.

Voimakkaiden hakkuiden vuoksi pienenevat seka keskikuutio ettd kasvu alussa, mutta
kun uudet ikiluokat ohittavat varsinaisen taimistovaiheen, niin kasvun kehittymista osoittava
murtoviiva kaantyy nousevaksi ja vetda keskikuution kehityskdyrdn mukaansa. Noin 100
vuoden kuluttua kayrat lahestyviat tavoitemetsan arvoja. Kestdva hakkuumadrd on jaredn
puun osalta viisinkertainen nykyisin voimassa olevaan hakkuusuunnitteeseen verrattuna.

Laskelma osoittaa selvisti, ettd yli-ikdisten metsien kasittelyn tulee olla rohkeata eksploa-
toimista ja voimaperiistd uudistamista. Vanhojen puustojen eksploatoiminen vapauttaa met-
sissd seisovia pazomia taloustoiminnan kehittamiseksi ja voimaperdinen uudistaminen on ainoa
korkean hakkuumiirin tae. Edelld kuvatuissa olosuhteissa nykypuuston hoitaminen ja sen
kasvu eivit paljoakaan vaikuta kestdvan hakkuumaaran suuruuteen vaan se on yksinomaan
riippuvainen onnistuneiden metsdnuudistusten maarasta.

Padtelmat

Vaikka Himalajan havumetsit sijaitsevatkin korkealla vaikeakulkuisessa vuoristossa ja
ovat hajallaan laajalla alueella, niin niiden kayton tehostamisesta olisi Intian metsataloudelle
erittiin paljon hyotya. Metsan kasvukyvyn ja metsanhoitoteknillisten tekijoiden puolesta voi-
taisiin hakattavia puumaaria 3—5-kertaistaa. Talla raakapuumaaralld voitaisiin yllapitaa huo-
mattavaa sahaustoimintaa sekd myos selluloosa- ja paperiteollisuutta.

Metsatalouden kehittimiseksi on ratkaistava lukuisia ongelmia, jotka ulottuvat varsinai-
sen metsitalouden alueelta sivistyksellisen ja teknillisen tason kohottamiseen, metsapoliitti-
siin uudelleen jirjestelyihin ja teollisuuden perustamiseen. Metsankdyton tehokkuus ei ole
irrallinen alue vaan se on riippuvainen koko yhteiskunnan taloudellis-teknillisesta tasosta ja
suorituskyvysta.

Varsinaisista metsitaloudellisista tehtdvistd havumetsien kdyton tehostaminen edellyttaa
ennenkaikkea luotettavaa metsiavarojen inventointia, metsatalouden jarjestelyn periaattei-
den ja menetelmien uudelleen muotoilua, hankintatekniikan ja kuljetusten kehittamista
seka yli-ikaisten puustojen uudistamista ja aukeiden alueiden metsittamista.



Publikations of the Society of Forestry in Finland:

ACTA FORESTALIA FENNICA. Contains scientific treatises dealing mainly with
forestry in Finland and its foundations. The volumes, which appear at inregular
intervals, generally contain several treatises.

SILVA FENNICA. Contains essays and short investigations mainly on forestry in
Finland. Published at irregular intervals.

Die Verotfentlichungsreihen der Forstwissenschaftlichen
Gesellschaft in Finnland:

ACTA FORESTALIA FENNICA. Enthalten wissenschaftliche Untersuchungen vor-
wiegend iiber die finnische Waldwirtschaft und ihre Grundlagen. Sie erscheinen
in unregelmassigen Abstanden in Banden, von denen jeder im allgemeinen meh-
rere Untersuchungen enthalt.

SILVA FENNICA. Diese Veroffentlichungsreihe enthalt Aufsatze und kleinere Un-
tersuchungen verwiegend zur Waldwirtschaft Finnlands. Sie erscheint in zwang-
loser Folge.

Publications de la Société forestiére de Finlande:

ACTA FORESTALIA FENNICA. Contient des études scientifiques principalment
sur ’économie forestiére en Finlande et sur ses bases. Parait a intervalles irré-
guliers en volumes dont chacun contient en général plusieurs études.

SILVA FENNICA. Contient des articles et de petites études principalment sur
I’économie forestiere de Finlande. Parait a intervalles irréguliers.



