
Course Title   : Introduction to Forestry and Agroforestry 
Course No.   : APF-312 
Credit Hours   : 2 (1+1) 
 
I. SYLLABUS 
Basic terms used in Forestry and Agroforestry. Importance of forestry. Salient features of latest 
forest policy and National Agroforestry policy 2014. Artificial regeneration, Nursery site 
selection and nursery management. Plantation technology – planting methods, pattern of 
planting, time of planting and management. Forest mensuration-objectives, diameter and height 
measurement methods. Volume and age determination. Agroforestry – definitions, importance, 
criteria of selection of trees in agroforestry, different agroforestry systems prevalent in the 
country – shifting cultivation, taungya, alley cropping, wind breaks and shelter belts, home 
gardens. Industrial plantation and cultivation practices of poplar and eucalyptus. 
 
II. COURSE OUTLINE 

Lectures 
Sl. 
No. 

Topic No. of 
Lectures 

1. Basic terms used in forestry and agroforestry such as forest, forest cover, 
silviculture, tree, shrub, seedling, sapling, pole, crown, bole, deforestation, 
afforestation, reforestation, timber, wood, Normal forest, social forestry, farm 
forestry, recreational forestry, community forestry. 

01 

2. Importance of forestry – Direct and indirect benefits from forests and its status. 01 
3. Salient features of latest National forest policy and agroforestry policy. 01 
4. Artificial regeneration-objects of artificial regeneration, factors related to site 

selection for plantation. 
02 

5. Nursery – definition, types, nursery beds, seed collection &  sowing, pricking, 
transplanting, management, plant growing containers and potting mixture. 

02 

6.  Planting methods - Entire planting, stump planting, brick planting, planting 
with ball of earth. 

01 

7. Planting pattern and time – rectangular, square, triangular, quincunx, monsoon 
and winter season planting. 

01 

8. Forest mensuration – objectives, diameter measurement at breast height and 
height measurement of standing tree. 

01 

9. Volume and age – measurement of volume by different methods, estimation of 
age of standing tree. 

01 

10. Agroforestry – Introduction, definitions, and importance, selection of trees and 
agriculture crops for agroforestry. 

02 

11. Different agroforestry systems, shifting cultivation, taungua cultivation, Alley 
cropping, home gardens, shelterbelt and windbreak.  

02 

12. Industrial plantation – Cultivation practices of poplar and eucalypts  02 
 Total 17 
 Mid-term examination 01 
  18 

 
  



Practicals 
Sl. 
No. 

Topic No. of 
practicals 

1. Identification of important tree species. 02 
2. Identification of seeds of agroforestry tree species. 01 
3. Diameter measurement using caliper and tape of forked, buttreseed, leaning 

and straight trees. 
01 

4. Height measurement of standing trees by single pole and altimeter. 01 
5. Volume measurement of logs by different methods. 02 
6. Nursery – preparation of layout and nursery beds. 01 
7. Collection and sowing of tree seed in nursery. 01 
8. Preparation and planting of cuttings. 01 
9. Cultural operations in nursery. 01 

10. Site preparation, planting of forest tree species and planting pattern. 02 
11. Tending operations in agroforestry systems. 01 
12. Visit of near by industrial plantations / modern nursery / forest based 

industries. 
01 

 Total 15 
 Pre-final examination 01 
  16 
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Trminology
Forest: Forest is derived from a Latin word ‘foris’ meaning
outside the village boundary or away from the inhabited
land.
Technically forest is an area set aside for the production of
timber and other forest produce or maintained under
woody vegetation for certain indirect benefits which itwoody vegetation for certain indirect benefits which it
provides e.g. climatic, protective.
Ecologically forest is a plant community predominantly of
trees and other woody vegetation usually with a close
canopy.
Legally forest is an area of land proclaimed to be a forest
under forest law.



Stand: It may be defined as an aggregation of trees
occupying a specific area, sufficiently uniform in
composition, age, arrangement and condition to be
distinguishable from the adjoining area.

Woodland: It is an open stand of trees most of them as tall
as a forest (not more than 8 m) but scattered rather than
clumped.clumped.

Woodland is a low-density forest forming open habitats
with plenty of sunlight and limited shade. It may support
an understory of shrubs and herbaceous plants including
grasses. Woodland may form a transition to shrubland
under drier conditions or during early stages of primary or
secondary succession.



Forestry: The theory and practice of all that constitute the 
creation, conservation and scientific management of forest and 
utilization of forest resources.
Seedling: It is a plant grown from seed till it attains a height of 
about 1 m and a girth of less than 10.5 cm.
Sapling: A young tree from the time when it reaches about 1 m in 
height till the lower branches begins to fall off (10.5 – 31.5 cm 
girth).girth).
Pole: It is a young tree from the time when the lower branches 
begins to fall off to the time when the rate of height growth 
begins to slow down and crown expansion becomes marked.
Tree: The stage of growth beyond the pole stage, when rate of 
height growth begins to slow down and crown expansion 
becomes marked.



Bole: The main stem of a tree. Sometimes used to refer to only
the lower part of the stem up to a point where the main
branches are given off.

Crown: The upper branchy part of a tree above the bole.

Canopy: The cover of branches and foliage formed by the
crown of the trees.

Silvics: The study of life history and general characteristics of
forest trees and crops with particular reference toforest trees and crops with particular reference to
environmental factors as the basis for the practice of
silviculture.

Silviculture: The art and science of cultivating forest crops.
Silviculture is that branch of forestry which deals with the
establishment, development, care and reproduction of stands
of timber.



High forest: The forest originated from seed either
artificially or naturally having a long rotation.

Coppice forest: A forest consisting of trees derived from
coppice shoots or root suckers with a short rotation.

Rotation: The planned number of years between the
formation or regeneration of a crop to its final felling.

Afforestation: Establishment of a forest by artificial means
in a piece of land in which forest has long been absent.

Reforstation: The restocking of felled or otherwise cleared
woodland.

Deforestation: Removal of trees from a piece of land
without the intension of reforesting it.



Regeneration: Renewal of a forest crop by natural or artificial
means.

Growing stock: The sum (by number or volume) of all trees
growing in a forest.

Even-aged forest: A forest composed of even-aged woods or
consisting of trees of approximately the same age.
Difference up to 25% of the rotation age may be allowed inDifference up to 25% of the rotation age may be allowed in
case where the crop is not harvested for 100 years or more.

Uneven-aged forest: A forest composed of trees of markedly
different ages. The range of difference being usually more
than 20 years and in case of long rotation crops more than
25% of the rotation. Such a forest is also called selection
forest when all or nearly all age gradations are present.



Pure forest: A forest composed of entirely of one species,
usually to the extent not less than 80%.

Mixed forest: A forest composed of trees of two or more
species intermingled with the same canopy, at least 20% of
the canopy must consists of species other than the principal
one.

Normal forest: A forest ideally constituted as regards to
growing stock, age class distribution and increment, and
from which annual or periodic removal of produce equal tofrom which annual or periodic removal of produce equal to
the increment can be had indefinitely without endangering
future yield.

Abnormal forest: A forest where the quantity of growing
stock is in deficit or in excess or in which relative proportion
of age classes are defective.

Timber: Wood down to a minimum diameter of 20 cm
excluding bark.



Social forestry: is the management and protection of forests and
afforestation of barren and deforested lands with the purpose of
helping environmental, social and rural development. It is intended
as a democratic approach to forest conservation and usage,
maximizing land utilization for multiple purposes.
Community forestry: is defined as “any situation which intimately
involves local people in a forestry activity. Thus, it is perceived as
encompassing activities by individual households, women and men
farmers and other people, as well as those involving a community as
a whole.a whole.
Recreation forestry: includes the use and enjoyment of a forest or
wildland setting, including heritage landmarks, developed facilities,
and other biophysical features. In short Forest area designated or
managed for public recreation.
Farm forestry: A broad definition of farm forestry includes any trees
on farm land which are managed to produce saleable products such
as timber, oil, tannin, charcoal or carbon credits.



Importance of Forests  

Forest is a very natural resource of a nation because it contributes enormously to its all round 
development. It has a greater importance in this country because, in addition to being a source of 
material progress, it has also been a source of spiritual and moral advancement. Forests confer 
innumerable benefits on man and in order to study them they may be classified into following 
categories: 

1. Direct economic benefits (Tangible benefits) 
2. Indirect ecosystem improvement (Intangible benefits) 
 

1. Direct economic benefits (Tangible benefits) 
 

i)  Energy source: Forest is an important renewable source of energy. Energy is needed for 
industries as well as for non-commercial uses by both urban and rural populations. Besides 
traditional use as source of energy, forests are store house of modern wood gasification 
technology. The conversion of wood into charcoal at high temperature would give about 20 to 
22% of the weight of wood as charcoal and rest the producer gas which can be converted into 
methanol, synthetic gasoline ammonia and other transport fuels and petrochemical. 

ii) Employment generation: More than 1.6 billion people rely on forests to some extent for their 
livelihoods, according to the U.N., and 10 million are directly employed in forest management or 
conservation. Forests contribute about 1 percent of the global gross domestic product through 
timber production and non-timber products, the latter of which alone support up to 80% of the 
population in many developing countries. 

iii) Satisfying requirement of individuals: Soon after birth, man requires a cradle whose timber 
comes from forest. As he grows up, he requires pen, pencil, paper, wooden desks, chair or stool 
for education, and wood for these is obtained from forests. His ships, trains, buses and 
innumerable articles of his daily use depend on wood in some form or the other. Even in old age, 
he requires a walking stick and after death either a coffin to bury him or firewood to burn his 
dead body. 

iv) Meeting requirements of industries: Some of our modern industries, such as paper, 
plywood, bobbins, matches, packing cases, tool handles, furniture, body building of lorries and 
carts, sport goods etc. depends heavily on forests. Wood is also required for railways, defence of 
the country, rayon grade pulp and many other industrial uses. In addition, forest plants yield a 
variety of products as essential oils, resins, gums, drugs, herbs, lac for indigenous as well as 
allopathic medicines. 

v) Revenue: The sale of trees and other forest products bring large sums of money as revenue to 
State Government and as excise duty to the central government. 

vi) Development of tourism: Forests and forest areas can be used for development of tourism. It 
will not only help to bring foreign exchange but also create new jobs. Unlike other industries, 
tourism in forest can earn foreign exchange without exporting anything. 

2. Indirect ecosystem improvement (Intangible benefits) 

i) Amelioration of climate: Forests exercise in amelioration of climate by their influence on 
temperature, rainfall, humidity, wind etc. as described below: 



a) Effect on temperature: Forest cover makes temperature, both air and soil, more equable than it 
is in the open because it acts as a screen and prevents sun’s rays from heating the air and soil 
inside the forest. The moderating influence on air temperature is not only confined to forest area 
but it carried far beyond it. 

b) Effect on rainfall: There is no doubt that forests exercise considerable influence in increasing 
number of rainy days over limited regions. From studies of rainfall made in Nilgiri hills before 
and after afforestation it has been concluded that the number of rainy days during that period of 
the year when monsoon is not active, had increased with the increase of forests on these hills. 

c) Effect on humidity: As forests keep on drawing water from inside the earth and transpiring it 
in the atmosphere. It has been estimated that a sal forest of 37 years age and containing778 trees 
per ha transpires about1200 mm of water annually. Thus forests increase atmospheric humidity 
of the adjoining areas. 

d) Effect on wind: A strip of trees and shrubs reduces wind velocity considerably. That is why 
wind breaks are established around orchards and shelterbelts are raise in areas experiencing wind 
erosion. Wind velocity is further affected by the length and breadth of the forest. It has been 
estimated that the wind velocities inside the forest are less than20 to 60% of that of the open. 

ii) Conservation of moisture: Forests control the excessive run off and force of rainfall. When it 
falls on a wooded area, the velocity of rain drops is first broken by the uppermost leaf canopy of 
forest. Thereafter rain drops trickle down through the leaves of middle story and undergrowth. 
On reaching the ground, humus layer of soil absorbs most of the rain water, allowing only the 
excess to flow down gradually. Thus forests conserve most of the rain water and release it for use 
when it is needed afterwards. As result of this conservation of water the streams and rivers are 
perennial and the water table in the plain below reasonably high. 

iii) Conservation of soil: According to Swaminathan about 6000 million tonnes of top soil in 
India are washed down away every year. On the other hand, forest has a very favourable effect 
on soil. The protective influence of the forests on soil is more comprehensive than that of 
alternative forms of vegetation; in as much as the forests extend vertically cover a greater 
distance both in the air and in the ground. At the ground level, forests regulate run off by 
absorbing it in humus, and their trees and shrubs create physical obstruction to running water so 
that it does not assume eroding speed. Inside ground, roots of trees and shrubs forming the forest, 
hold the soil and there by prevent soil loss. In short, forest vegetation, by breaking the velocity of 
the rain drop, by forcing rain water to get absorbed in the soil, by causing physical obstruction 
against running water and finally by holding the soil by roots, helps in conservation of soil.  

iv) Flood control: Forests control floods to a great extent by preventing excessive run off rain 
water on the one hand siltation of the river bed on the other. Thus forests form headwork of 
nature’s irrigation system and if these are destroyed, the advantage of regulated water supply 
may be replaced by tempestuous action of sudden floods. 

v) Beautifying human environment: Small forests dotted here and there are a great source of 
recreation to the local people. A landscape without trees is drab, dreary and desolate. On  the 
other hand, a landscape with trees, climbers, shrubs exercises a refining influence on them 
because of their beautiful green foliage, colourful flowers and above all, sweet chirping of 
beautiful coloured birds hopping from branch to branch.  



vi) Control of environmental pollution: As a result of population explosion and tremendous 
increase in industrialization, the human environment got polluted. The main sources of such 
pollution are carbon dioxide, carbon monoxide, sulphur dioxide, nitrogen oxides, fluorides, dust, 
smoke and noise etc. The increase in these pollutants results in serious adverse effect on the 
health of human beings. Forests are world’s best and very effective pollutant sink. Composition 
of forest crop plays important role in the discharge of this function. If most of trees belong to 
species which remain leafless for long periods, the forest cannot perform the function as 
effectively as when most of the species are evergreen. Forest vegetation purifies the air by 
intercepting dust and preventing it from entering respiratory system of human beings. It also 
changes the concentration of harmful gases. Tree reduces the concentration of carbon dioxide 
and carbon monoxide in the atmosphere. The forest also reduces the noise pollution. 

 Thus, while on the one hand forests are a vital source of energy and employment, base for 
development of cottage and small industries, source to meet individual and industrial 
requirements of woods, source of government revenue directly or indirectly, on the other hand, 
they ameliorate climate, conserve soil and water, control floods, beautify human environment, 
improve agro-system and finally reduce environmental pollution to make this world fit for 
human being. 
 



STATUS OF FOREST COVER AND TREE COVER 
(INDIA STATE OF FOREST REPORT, 2019)

IndiaIndia

Forest cover



Class Area (Km2) Per cent of 
Geographical Area

Very Dense Forest
(Tree canopy density of 70% and above)

99,278 3.02

Moderately Dense Forest 
(Tree canopy density of 40% and more but less 
than 70% )

3,08,472 9.39

Open Forest 
(Tree canopy density of 10% and more but less 
than 40%)

3,04,499 9.26

than 40%)

Total Forest Cover* 7,12,249 21.67
Scrub
(Degraded forest lands with canopy density less 
than 10%)

46,297 1.41

Non Forest
(land not included in any of the above classes)

25,28,923 76.92

Total Geographical Area
* Includes 4,975 Km2 under mangrove cover

32,87,469 100



Tree cover of India

Total forest and tree cover = 21.67 +2.89 = 24.56%

Class Area (Km2) Per cent of 
Geographical Area

Tree cover 95,207 2.89

Total forest and tree cover = 21.67 +2.89 = 24.56%

Tree Cover of Uttarakhand State
Class Area (Km2) Per cent of 

Geographical Area

Tree cover 841 1.57



1. Forest cover Uttarakhand within Recorded Forest Area 
(RFA)

Class Area (Km2) Per cent of 
Geographical 

Area
Very Dense Forest 5,047 09.44

Moderately Dense 12,805 23.94Moderately Dense 
Forest

12,805 23.94

Open Forest 6,451 12.06

Total 24,303 45.44

Scrub 383 0.72

Total Geographical Area 53,483



2. Forest cover of Uttarakhand outside Recorded Forest 
Area (RFA)

Class Area (Km2) Per cent of 
Geographical 

Area

Very Dense Forest 786 1.47

Total forest and tree cover = 45.44 + 14.05 + 1.57 = 61.06

Moderately Dense 
Forest

3,536 6.61

Open Forest 3,191 5.97

Total 7,513 14.05

Total Forest cover (1+2) 31,816 59.49



Preamble of National Forest Policy 1988

After enunciation of National Forest Policy 1952, the forests
in the country have suffered serious depletion. This was due
to heavy pressures raised from ever-increasing demand for
fuel-wood, fodder and timber; inadequacy of protection
measures and diversion of forest lands to non-forest uses
without ensuring compensatory afforestation and essentialwithout ensuring compensatory afforestation and essential
environmental safeguards. The need to review the situation
and to evolve, for the future, a new strategy of forest
conservation had become imperative. Conservation includes
preservation, maintenance, sustainable utilisation,
restoration, and enhancement of the natural environment.
It has thus became necessary to review and revise the
earlier National Forest Policy.



Salient Features of National Forest Policy 1988

• Maintenance of environmental stability through preservation, and

where necessary, restoration of ecological balance that has been

adversely disturbed by serious depletion of the forests of the

country.

• Conserving the natural heritage of the country by preserving the

remaining natural forests with the vast variety of flora and faunaremaining natural forests with the vast variety of flora and fauna

which represents the biological diversity and genetic resources of

the country.

• Checking soil erosion and denudation in the catchment areas of

rivers, lakes, reservoirs in the interest of soil and water

conservation, for mitigating floods and droughts and for

retardation of siltation of reservoirs.



Cont……

• Checking the extent of sand-dunes in the desert areas of
Rajasthan and along the costal tracts.

• Increasing substantially the forests/tree cover in the country
through massive afforestation and social forestry programmes,
especially on all denuded, degraded and unproductive lands.

• Meeting the requirements of fuel wood, fodder, MFP and small
timber of rural and tribal populations.timber of rural and tribal populations.

• Increasing the productivity of forests to meet vital national
needs.

• Encouraging efficient use of forest produce and maximizing
substitution of wood.

• Creating a massive people’s movement with the involvement
of women, for achieving these objectives and to minimize
pressure on existing forests.



Strategy to implement the provisions of the policy

• About one-third of the total geographical area of the country to
be brought under forest cover. In hills and mountainous regions,
about two-thirds of the total area must be kept under forest cover
to prevent soil erosion and land degradation and to preserve the
stability of the fragile ecosystems.

• Encouraged the planting of trees along roads, railway lines, canals
and streams, and the unutilized lands of State entities, lands
under institutional or private ownership.
Formation of Green belts in and urban areas, industrial zones etc.,• Formation of Green belts in and urban areas, industrial zones etc.,
to check soil erosion and desertification.

• Village and community lands encouraged to grow tree crops and
fodder resources to reduce pressure on forests.

• Land laws modified to encourage individuals and institutions to
take up tree planting and grow fodder plants, legumes, etc., on
their lands.

• Appropriate regulations put in place to oversee the felling of trees
in private lands.



Major achievements of National Forest Policy, 1988

• Increase in the forest and tree cover from 19.7 % of
geographical area (State Forest Report, 1987) to 24.56 % of the
geographical area (State Forest Report, 2019).

• Involvement of local communities in the protection,
conservation and management of forests through Joint Forest
Management Programme.

• Meeting the requirement of fuel wood, fodder minor forest
produce and small timber of the rural and tribal populations.

• Conservation of Biological Diversity and Genetic Resources of
the country through ex-situ and in-situ conservation measures.

• Significant contribution in maintenance of environment and
ecological stability in the country.



NATIONAL AGROFORESTRY POLICY 2014

Need for Agroforestry Policy in India

• Absence of a dedicated and focused national policy

• Lack of an integrated farming systems approach

• Restrictive regulatory regime: There are restrictions imposed by
the state governments on harvesting and transportation of
agroforestry produce, especially those species which are found
growing in the nearby forests.growing in the nearby forests.

• Inadequate attempts at liberalization of restrictive regulations

• Insufficient research, extension and capacity building

• Dearth of quality planting material

• Institutional finance and insurance coverage

• Weak market access for agroforestry produce

• Industry operations at a sub-optimal level



Major goals of National Agroforestry policy 

• Setting up a National Agroforestry Mission or an
Agroforestry Board to Implement the National
Policy

• Improving the productivity

• Meeting the ever increasing demand of timber,• Meeting the ever increasing demand of timber,
food, fuel, fodder, fertilizer, fiber and other
agroforestry products

• Conserving the natural resources, protecting the
environment and

• Increasing the forest/ tree cover



Basic objectives of the National Agroforestry Policy

• To encourage and expand tree plantation in integrated manner with
crops and livestock to improve productivity, employment, income
especially the small holder farmers.

• To protect and stabilize ecosystems, and promote flexible cropping
and farming systems to minimize the risk during extreme climatic
events.

• To meet the raw material requirements of wood based industries
and reduce import of wood and wood products.and reduce import of wood and wood products.

• To supplement the availability of agroforestry products thereby
reducing the pressure on existing forests.

• To develop capacity and strengthen research in agroforestry and
create a massive people's movement for achieving these objectives
and to minimize pressure on existing forests.

• To promote sustainable agroforestry for renewable biomass based
energy.





Regeneration
The act of replacing old crop with younger ones, either
naturally or artificially is called regeneration or
reproduction.

Natural regeneration
Renewal of forest crop by self sown seed or by coppice or
root suckers is known as natural regeneration. It may be
obtained from the following two main sources:obtained from the following two main sources:
• Natural regeneration from the seed
• Natural regeneration from vegetative parts

When regeneration obtained from seed and forms a crop, it
is called Seedling crop. When this Seedling crop grows into
a forest, it is called High forest. When regeneration
obtained from coppice shoots and forms a crop, it is called
Coppice crop and when it develops into a forest, it is called
Coppice forest.



Artificial regeneration:

Renewal of forest crop by sowing, planting and other artificial 

methods is known as artificial regeneration. Artificial 

regeneration includes both 

(i) Reforestation and 

(ii) Afforestation. (ii) Afforestation. 

Reforestation is restocking of a felled or otherwise cleared 

forest by artificial means. 

Afforestation is the the establishment of a forest by artificial 

means on an area from which forest vegetation has always or 

long been absent.



Objectives of artificial regeneration

Some of the specific objectives are as under:

1. To supplement natural regeneration: 

Natural regeneration in several forests is not

successfully obtained, for example in sal bearing moistsuccessfully obtained, for example in sal bearing moist

deciduous forests of U.P. and fir and spruce forests of

H.P. Sometimes natural regeneration is not uniform in

whole of the area. In such cases, area has to be

regenerated artificially.



2. To replace natural regeneration: 

When natural regeneration of the desired species is very

slow or uncertain, it is uneconomical to regenerate by

natural method. In such cases, artificial regeneration is

applied in place of natural regeneration to ensureapplied in place of natural regeneration to ensure

quicker, cheaper and more certain stocking of the area

e.g. Spruce and fir forests of Uttarakhand and H.P. and

sal forests of U.P.



3. To restock and regenerate degraded forest area:

It would be seen that more than half of the forest area is

degraded where density of trees is less than 40%. Degraded

forest area is not able to provide any goods and ecological

protection. The process of restocking these areas will be

very slow and uncertain becausevery slow and uncertain because

(i) unavailability of seed and seed tree,
(ii) absent of sufficient root stock,
(iii) heavy biotic pressure and
(iv) highly degraded land.

Restocking of these lands by artificial means is the quick and
effective method of regeneration.



4. To change the composition of crop:

Sometimes the natural forests are of low value as the

proportion of valuable species in the crop is low. Their

composition can be improved by planting or sowing the

valuable species through artificial means.

5. To introduce exotics:5. To introduce exotics:

Sometimes the indigenous species are slow growing that

they can not satisfy the objects of management or

requirement of the industries. In such circumstances it

becomes necessary to introduce some exotics e.g. Poplar,

eucalyptus, tropical pines.



Choice between artificial and natural regeneration:

Before taking up artificial regeneration work on a

large scale, it should be seen as to which method

satisfy the object of management more efficiently in

the given set of conditions. The choice between thethe given set of conditions. The choice between the

two methods is governed by the following

considerations:



1. Risk of loss and deterioration of soil:

In natural regeneration there is minimum exposure of

soil, but artificial regeneration involves its exposure

for a longer time. The exposure may result in erosion

by rain water on sloping areas, thus the fertility of the

soil reduced. But this does not happen in the case ofsoil reduced. But this does not happen in the case of

natural regeneration. Therefore, where deterioration

or loss of soil is likely to be serious, natural

regeneration should be preferred to artificial

regeneration.



2. Crop composition:

In natural regeneration the composition of original crop

is more or less maintained. On the other hand artificial

regeneration can drastically change the composition of

new crop either by raising valuable species or introducing

other valuable indigenous species. Thus where crop

composition has to be changed to get a better returns

from new crops, artificial regeneration has to be

adopted.



3. Genetical consideration:
In natural regeneration the seed for new crop is obtained from the

trees occurring in the site. Though it is expected that the seed

bearers are genetically superior trees, even then chances are there

that the new crop may be inferior or of average quality trees. If the

quality of trees forming the new crop is to be inferior, it is

absolutely necessary to give up natural regeneration in favour ofabsolutely necessary to give up natural regeneration in favour of

artificial regeneration.

4. Risk of damage by pests:
Mixed crop resulting from natural regeneration are for more

resistant to attack by insect pests than pure crop resulting from

artificial regeneration.



5. Density of stocking:

In artificial regeneration it is easier to obtain uniform

stocking than natural regeneration. If uniform stocking is

aimed at artificial regeneration should be preferred.

6. Yield:6. Yield:

The yield per hectare in terms of volume and its value is

higher in case of artificial regeneration because of greater

proportion of valuable species, full stocking etc. thus for

better volume and financial return, artificial regeneration

has to be adopted.



Cost:
Natural regeneration is supposed to be cheaper than
artificial regeneration.

Essential preliminary considerations:
After deciding in favour of artificial regeneration,
decision has to be taken on the following preliminary
considerations:
1.   Choice of species1.   Choice of species
2.   Selection of site
3.   Choice of method of artificial regeneration
4.   Spacing
5.   Arrangement of staff and labour



1. Choice of species:

The success of artificial regeneration totally depends upon

correct choice of species. Slightest error in this regard may

result in failure of plantation and consequently wastage of

money and time. Choice of species depends on following

factors:

a) Climate and microclimate:

The general climate of the region as well as microclimate

of the plantation site is very important factors governing

the choice of species.



b) Soil conditions:

Suitability of species to the soil and moisture conditions of

the proposed plantation area is an important factor

governing the success and failure of plantation. Indicator

species also gives a good indication of site suitability.

Examples are as below:Examples are as below:

Waterlogged area- Albizia procera, Syzygium cumini, Salix 

tetrasperma, Terminalia arjuna, Trewia nudiflora.

Stream banks- A. Procera, Dalbergia sissoo, Acacia catechu, 

T. Arjuna, Syzigium cumini



Ravines- Acacia nilotica, Azadirachta indica, Prosopis

spicijera, Cordia dichotoma

Rocky- Madhuca indica, Azadirachta indica, Boswellia

serrata, Hardwickia binata

Sandy- A. Nilotica, D.sissoo, Zizyphus jujuba, Casuarina

equisetifolia

User- Albizia lebbeck, Madhuca indica, Prosopis juliflora, 

Butea monosperma

Lime rich soil-Cupressus torulosa

Soil with high concentration of salt- Prosopis juliflora.



c) Object of management:

Choice of species is also affected by the object of management

e,g. Industries of pulpwood and paper, plywood, katha etc.

d) Consumer’s requirement:

Consumer’s requirement should also be assessed before going 

large scale plantation of any species.large scale plantation of any species.

e) Growth rate:

The choice of species is also affected by rate of growth of the

species. The gap between demand and supply is fast increasing;

the present trend is to raise fast growing species. Productivity

zones should be selected for each species. Weightage should also

be given to indigenous species.



f) Availability of suitable exotics:

If indigenous species cannot meet the fast growing

requirement of industrial timber, there should be no hitch in

selecting an exotic species which as a result of experiment has

proved its suitability to local conditions as well as to the

requirement of industry.

g) Ease of establishment:

The ease with which a species can be raised also affects the

choice of species. If a species is difficult to raise, it should not

be chosen because most of the attempts to raise it would

results in failure causing loss of public money.



h) Cost:

Normally those species which are inexpensive to raise

are selected. A species which can be raised easily and

grows fast during the early period of its life, generally

cost less to raise.

i) Effect on site:

If the species reduces productive capacity of a site, it

should not be selected in spite of ease with which it

can be raised.



2. Selection of site:

Sometimes species to be raised are already known and

the sites in which they are to be raise are to be

selected. If species to be raised are indigenous and

found locally, inspection of the local flora and soil helpsfound locally, inspection of the local flora and soil helps

in deciding whether a species can be raised in a

particular site or not. Local vegetation is the lost guide.

If exotic species are to be raised, it is better to get the

soil tested to find out its suitability before taking up

large scale plantation.



3. Choice of method of artificial regeneration:
After selection of species and the site, method of artificial

regeneration has to be decided. It is accomplished either by

sowing of seeds directly in the plantation area or by planting

seedlings or cuttings raised in the nursery. Sowing seeds directly

costs less and the work is completed soon, but it requires large

quantity of seeds as birds and animals may destroy or eat up thequantity of seeds as birds and animals may destroy or eat up the

seeds sown. Whereas planting requires less seed and the damage

to seeds by birds is completely eliminated, but planting is costlier

than sowing because it requires more labour and nursery. The

choice between the two methods of artificial regeneration

depends upon the a) species to be raised, b) condition of the site,

c) availability of seed and d) cost.



a) Species to be raised:

The species which planting is difficult is raised by sowing. As a

general rule, slow growing species or the species having hard

seed coat are raised by planting e.g. Albizia, Ailanthus etc.

b) Condition of the site:

In poorer and difficult sites, sowing is generally not successful

and therefore, planting should be done e.g. infertile baron

lands, places infested by grasses, eroded soils, and failed

portion of natural regeneration.



c) Availability of seed:

Sowing requires large quantity of seed as all seeds do not

develop into seedlings due to adverse climatic and edaphic

factors. Therefore, species which do not produce large

quantity of seeds every year have to be raised by planting.

d) Cost:d) Cost:

Any method which gives greater success at comparatively

lesser cost should be preferred.



Kinds of sowing:
1. Broadcast sowing:

Burnt areas, desert areas, abandoned cultivation, landslides 
and grassy blanks.

2. Line sowing:
Continuous line sowing, interrupted line sowing, interrupted
and staggered line sowing



3.Strip sowing:
Strip of 45 to 90 cm or even 120 cm wide in two or more 
rows

4. Patch sowing:
Circular or regular patches (15-25 cm soil is dug)

5. Mound sowing:

In waterlogged areas, 1.2 x 1.2 m at the base, 60 x 60 cm at In waterlogged areas, 1.2 x 1.2 m at the base, 60 x 60 cm at 
the top and 60 cm high

6. Pit sowing:

In dry areas, 1.5 m long, 1.5 m wide and 30 cm deep

7. Dibbling:

Large seeds e.g. chest nut, walnut, oak etc.



4. Spacing:
For proper development of seedlings spacing is required.
Spacing is of two kinds

(i) Close spacing.

(ii) Wide spacing and

• Wider spacing results in a saving of seeds and plants,Wider spacing results in a saving of seeds and plants,
but close spacing requires large quantities of seeds and
plants.

• In wider spacing canopy takes a long time to close
resulting in danger of soil deterioration, but in close
canopy close soon and keeps a check of grass and
weed.



• In wider spacing trees tend to be branchy resulting in
timber becoming knotty.

• Fast growing species have wider spacing and slow
growing species needs closer spacing.

• Species which have the habit of producing large
number of branches should be raised at close spacing.number of branches should be raised at close spacing.

• If tall plants are to be used for artificial regeneration,
spacing should be wider but if small plants are to be
planted spacing should be closer.

• If agricultural crops are to be raised with trees,
wider spacing has to be adopted.



5. Arrangement of labours:

If artificial regeneration is to be carried out in small

areas say 10 to 20 ha, existing staff can do it. When the

area is large say 25 to 80 ha, additional staff andarea is large say 25 to 80 ha, additional staff and

labours have to be engaged. If it is around 600 to 800

ha, it is better to create a new plantation division with

full staff and labours.



SEASON OF PLANTING

The season of planting depends upon the method of planting and

local conditions. Depending upon the season the planting can be of

following types.

1. Monsoon planting:

This is the most common season of planting. In this season planting is

done as soon as the monsoon hits the region and soil becomes wet

and moist up to 30 cm depth. Most of the evergreen species are

generally planted during rainy season example Cedrus deodara,

Quercus leucotrichophora, Picea smithiana, Eucalyptus species etc.

The exception to this general rule is the forests of Western Ghats

where monsoon planting may not be possible due to heavy rains.



2. Winter planting:

The species which shed their leaves during winter months are

planted during winter season. The species of plain region like

Populus deltoides, Dalbergia, sissoo, Morus alba, Bombax

ceiba, Toona ciliata are planted during winter season. The

species of hill region which are planted in winter seasonspecies of hill region which are planted in winter season

include Acer oblongum, Aesculus indica, Juglans regia etc.

3. Spring planting:

In region where southwest monsoon does not reach as in some

parts of Kashmir, plantation of conifers is generally carried out

in spring.



Size and age of planting stock

Generally smaller the plants, the easier is to plant it with

naked root but small plants are difficult to handle and may

be damaged during handling and plantation. On the other

hand, very big plants can not be planted with naked roots.

Thus the size of planting stock at the time of plantingThus the size of planting stock at the time of planting

depends upon the method and site of planting. However, the

age of planting stock at the time of planting depends upon

the rate of growth of planting stock. Some of the example

are given for size and age of some species.



Method of 
Planting

Species Size App. age from 
the time of 

germination

Naked 

roots

Cedrus deodara (deodar)

Picea smithiana (spruce)

Cupressus torulosa (surai)

Abies pindrow (silver fir)

20 - 25 cm

20 - 25 cm

20 - 25 cm

20 - 25 cm

2¼  years  

2¼  years  

2¼  years  

4¼  yearsAbies pindrow (silver fir)

Fraxinus micrantha (Ash)

Juglans regia (Walnut)

Morus alba (shatut)

Populus ciliata (pahri

peepal)

Populous deltoids (poplar)

20 - 25 cm

20 - 25 cm

50 - 60 cm

1 m

2 m

3 - 5 m

4¼  years

1¾ years

1¾ years

9 months

1 year

1year



Method of 
Planting

Species Size App. age from 
the time of 

germination

Ball of earth

including 

container 

plants

Eucaluptus hybrid

Dalbergia sissoo

(shisham)    

1.5 – 2.0 m

2 – 2.50 m

9 months

31/2 years

plants (shisham)    

Azadirachta indica

(neem)

1.50 – 2.0 m 1 year

Stump 

planting

(Tectona grandis) 

Teak

1-2 cm Collar 

diameter 

1 year



NURSERY LAY OUT & DESIGN

• Forest nurseries are absolutely essential for successful

artificial regeneration.

• Nursery may be defined as the area where seedling or

cuttings are raised/ grown for a certain period unless

the raised seedlings/rooted cuttings attain a suitablethe raised seedlings/rooted cuttings attain a suitable

stage of growth and developments and are dug out for

plantation at permanent site.

• Nursery bed is defined as a prepared area in a nursery

where seed is sown or into which transplants or

cuttings are put.



• On the basis of kinds of plants growing, nursery beds are

classified into i) seedling beds and ii) transplant beds.

• i) Seedling beds are those nursery beds in which seedlings

are raised either for transplanting or for planting out.

• A nursery in which seedlings are only raised and no• A nursery in which seedlings are only raised and no

transplanting being done is called seedling nursery.

• ii) Transplant beds are those nursery beds in which

seedlings raised in seedling beds are transplanted before

planting out in the field.



• A nursery in which seedlings are transplanted only for

planting out is called as Transplant nursery.

• In India, separate seedling and transplant nurseries are

seldom made and in the same nursery, some beds are used

as seedling beds and others as transplant beds.

• Whatever grown in the nursery for planting out is out is

called as Nursery stock.called as Nursery stock.

Importance of forest nursery:

• Forest nursery occupies an important place in artificial

regeneration. There are a number of reasons/objects for

which nursery is made.

.



a) Some species grow very slowly and if seed of these

species is sown directly in permanent site, the seedlings

are covered with weeds and killed. Therefore, slow

growing species are generally raised in nursery till the

seedlings attain proper size.

b) Seedlings obtained from direct sowing do not possess

necessarily a well developed fibrous root system. It is

only possible when seedlings are raised in nursery.



c) Healthy and tall seedlings are the needed for the success of

roadside avenue plantation. For this purpose, healthy and

tall seedlings can easily be obtained from a nursery.

d) Some important species do not produce seed every year.

Planting of these species is only possible by collecting the

large quantity of seeds in moderate and good seed years

and sowing it in nursery to raise to seedlings even in leanand sowing it in nursery to raise to seedlings even in lean

years for planting in different years.

e ) Replacement of causalities (beating up of failures) is always

done by planting nursery grown plants because sowing

done in gaps are liable to be unsuccessful as a result of

suppression from weeds and furthermore, if survived

cannot catch up the plants from original sowing.



f) Nursery is the only testing place where the germination

and early growth of exotics need be tested well before

taking out large scale planting.

Classification of forest nurseries: 

Forest nurseries are classified on the basis of the durationForest nurseries are classified on the basis of the duration

of their use and on the basis irrigation facilities:

1. On the basis of duration of their use:

On the basis of duration of their use, forest nurseries

are classified into two types.



(a) Temporary nursery:

• Temporary nursery is maintained for supplying nursery stock

for a short period. It is also referred to as field nursery.

• It is formed in or adjoining the planting area. Most of the

nurseries in the temperate forests are temporary because of

difficulties of transportation. They are generally used for 2-3difficulties of transportation. They are generally used for 2-3

years.

• Michelia dolstopa performs much better in an entirely new

nursery site so it is preferably raised in temporary nurseries.

• Cryptomeria japonica also grows better in temporary nursery.



• Similarly Abies pindrow (silver fir) and Picea smithiana

(spruce) also grow better in temporary nursery but these

species also do well in permanent nurseries if proper care is

taken.

• The advantage of temporary nursery is that there is no need

of adding manure because temporary nursery is usuallyof adding manure because temporary nursery is usually

made in newly created site which is rich in humus and

inorganic contents. There is less trouble of weeds, insects

and diseases due to short duration. Furthermore, temporary

nursery does not require any elaborate arrangement for

fencing, irrigation and manuring.



• The temporary nursery also has disadvantages. The

proper supervision is not possible as it is made in interior

places. The growth of the seedlings remain slow in the

absence of irrigation facility.

(b) Permanent nursery:

• Permanent nursery is one that is maintained for the

supply of nursery stock for a long time on a permanent

basis. Such nurseries are intended to meet the large

requirement for afforestation program.



• Permanent nurseries are made in central place for proper

supervision and easy transport of nursery stock.

• Due to raising of plants year after year for a long time, the

initial fertility of the nursery dwindles down and thus it has

to be managed regularly.

• The advantage of permanent nursery is that it has a

satisfactory provision for irrigation and manuring,

continuous labour supply, effective provision and protection

resulting in good seedling growth.



2. On the basis of irrigation facility:

On the basis of irrigation facility, nursery has been categorized

two types:

a)Dry nursery:

It is a nursery that is maintained without irrigation or artificial

watering.watering.

(b)Wet nursery:

It is the nursery that is maintained by irrigation or other

artificial watering during dry periods.



Other classification: 

a. On the basis of growing stock: 

into two viz. containerized nursery and non containerized/

bare root stock producing nursery

b. On the basis of mechanization:

into two viz., Mechanized nursery and Non mechanizedinto two viz., Mechanized nursery and Non mechanized

nursery

Nursery layout & design: 

The selection of nursery site is the most important decision,

which affects the efficient production of good quality planting

stock. A team consisting of experimental nursery-



man, Silviculturist , Soil Scientist, plant protection specialists

(Entomologist & Pathologist) should visit the area. The

establishment of nursery involves the following:

(A) Selection of site:

• The nursery site should be centrally situated for regular and

effective supervision and for getting sufficient labour. Theeffective supervision and for getting sufficient labour. The

nursery site should be selected having gentle slope not

exceeding 5˚. If the slope is steeper, it can cause erosion.

• There should be no over head shade but sometimes side

shade against the hot sun is desirable and a few trees are

retained for the purpose.



• The well drained site with sandy loam soil is excellent for

nurseries. The content of clay and silt in the soil should be

within 15-25%. The clayey soil should not be selected

because aeration is poor and they are liable to crack during

summer.

• The top 100 cm of soil should be free from hard pan or clay

pan. The top 45-50 cm soil should be free from stones.pan. The top 45-50 cm soil should be free from stones.

• The optimum pH for most tree species varies from 5.50 –

7.50.

• At low pH, few nutrients to plants are available whereas,

high soil pH encourages the growth of fungal disease.



• Aspect of nursery site is important in hilly region. In

western Himalayas, north-western aspect is best for

nursery at lower elevation (< 1200 m) because the water

loss through evaporation is not rapid on north- western

aspect. However, at higher elevation (> 1200m) southern

aspect should be preferred.aspect should be preferred.

(B) Water supply:

• There should be enough facility for irrigation. The quality

and quantity of water are important.



• Water should be free from weed seeds.

• Water borne diseases can infect the root system and foliage.

If water is infected, it should be treated.

• The water supply should not contain soluble salts more than

1400 ppm. Water containing high concentration of Na, Ca,

and Mg can adversely affect the physical properties of water

and rate of water absorption from soil.

(C) Climate:

• A growing season should not be less than 150 days

(photoperiod) otherwise growth of the seedlings may be

reduced.



• Nursery site whose daily temperature constantly exceeds

40˚C for three or four weeks should be avoided. Extremely

low temperature delay emergence of seedlings.

• High rainfall area should also be avoided for selection of

nursery site. Area with high wind velocity particularly

where humidity is low should also be avoided becausewhere humidity is low should also be avoided because

wind can desiccate seedlings.

D) Area of nursery:
• Area of nursery depends on the species to be raised, age

of seedlings and spacing in the plantation and the planting
area.



• In general, the area of nursery may vary from 0.25% - 2.50%
of the plantation area. Generally 1 ha of nursery area is
required to produce about 2.0 – 2.50 lakh seedlings.

E. Shape, size and types of beds:

• The beds are usually rectangular in shape. Size of the bed
varies from locality to locality. Generally beds are 1.0 to 1.8
m wide. The beds for deodar in the hills are usually 0.9 mm wide. The beds for deodar in the hills are usually 0.9 m
wide.

• The width of the bed is adjusted in such a way that the
weeding and hoeing can be done easily without putting hand
or foot in the bed. The length of the bed varies from 1.8 m in
hills to 12.0 m in plains



Three types of nursery beds are prepared:

(i) Raised bed

Raised nursery beds are prepared in high rainfall area.

Raised beds are made 10-15 cm above ground level.

These beds tend to prevent the water logging. Raised

beds are useful for those seeds which do not requirebeds are useful for those seeds which do not require

more moisture for germination as teak, deodar, blue

pine, silver fir, spruce etc.



(ii) Sunken beds:

Sunken beds are made in dry areas to conserve moisture.

Excavating the soil in the bed area makes sunken beds.

These beds are usually 10-15 cm deeper than the normal

ground level for sowing the seeds in the beds. The sunken

beds prevent the out flow of rain water. The seeds withbeds prevent the out flow of rain water. The seeds with

hard seed coat are generally sown in sunken beds.



(iii) Level beds:

Level nursery beds are made in normal rainfall areas. The

surface of the bed should be perfectly flat or should have a

slight camber (arc/ bend).



(F) Path:

• Path around the beds not only serves for inspection but also 

as water channel. 

• The water channel should run away along the path and the

height of the channel should be up to the height of the path so

as to permit complete watering of the beds. When frequent

watering is required as in dry nurseries, permanent water

channel should be made.

(G) Fencing: 

As soon as the site and area of nursery has been decided,

should be fenced.



-



Out of the total nursery area, about 60% is used for raising

plants and 40 % is occupied by path, pit, F.Y.M. and nursery

store.

Housing beds are meant for staking of polythene containers

with seedlings. The size of the housing beds varies

depending upon the number of polythene containers to bedepending upon the number of polythene containers to be

housed there. The floor should be covered with polythene

sheet of 300 – 500 gauges to prevent the roots of the

seedlings to penetrate the earth.



Seed Collection:

Seed collection is a convenient term in common usage but

the fruits are collected / harvested from the trees. Seeds

are extracted in some species only at later stage and fruits

are discarded. In some species like Fraxinus micrantha

(Angu) and Acer oblongum (Putli), seed extraction is

omitted and fruits are sown directly in the nursery with

one or two seeds which they contain.

The following are the different methods of seed collection:-



1. Collection of fallen fruits or seeds from the forest floor: 

Collection of fruits which have fallen on the forest floor after

natural ripening is a common practice with a number of large

fruited genra.

This method of seed collection is cheap and does not require

highly skilled labour as climbing. The genera include Quercushighly skilled labour as climbing. The genera include Quercus

species, Castanea sativa, Aesculus indica, Shorea robusta,

Tectona grandis etc.

Disadvantages :

• There is a risk of collecting immature, empty, or unsound 

seeds.



• The fruits/seeds may be attacked by insects, fungi if not

collected immediately after dispersal

• Seeds having short viability lose their germinability.

Therefore, there should be no delay in collection of

fruits/seed after seed fall.

2. Collection from crowns of felled trees:2. Collection from crowns of felled trees:

One method of collecting large quantities of seed is to

synchronize it with normal commercial felling done during the

seed ripening season and to collect the fruits/seeds from the

felled trees.



• Collection of fruits from early thinning should be avoided as it

is difficult to judge phenotypic quality correctly at that stage.

• Felling of selected individual trees specifically for seed

collection may be necessary in areas where commercial felling

is not done. However, such felling should be avoided because

the tree is lost as a future seed source.the tree is lost as a future seed source.

3. Collection from standing trees with access from the
ground:

The access can be as follows:
(a) By hand: 

Fruits can be picked directly from branches while standing



on the ground in case of shrubs or low branched trees e.g.

small acacias etc.

(b) By cutting breaking and sawing:

• A variety of long handled tools are available to enable

collector to reach the fruits from the ground.

• A pole and a hook may be used to pull branches down

within reach. Long handled rakes, saws, pruning shears,

hooks are used to pull off or sever individual fruits or fruits

bearing branches. Light rigid aluminum or plastic poles 4-6

meters in length are common.



• In order to reach beyond 6 meters, range of single poles,

multistage telescopic poles with a shear on the end have also

been developed.

4. Collection from standing trees with access by climbing:

It may be done by two methods:

(a) Climbing into the crown with the help of tree boles or ladders: (a) Climbing into the crown with the help of tree boles or ladders: 

• Climbing without mechanical aids is practiced in a number of 

countries. 

• Some seed collectors climb bare footed or with the help of a 

rope which ties both feet together and presses them against 

the tree trunk.



• Some climbers cut successive notches in the bole with a

hand axe to support his feet or to hammer 20 cm iron spikes

in a series which are later withdrawn for reuse as he

descends.

• These methods are physically exhaustive whether or not a

safety belt is used. Some damage to trees is also done.

• The Swiss tree bicycle or Baumvelo (tree gripper) is a device

for climbing branch free straight tress for climbing live

crown. It does not damage to trees and is suitable for use

on trees with diameter ranging from 30-80 cm.



• For heights from about 8-40 meters, vertical scaling ladders

made up of wood, aluminum and magnesium alloy and in

several sections provide a safe and convenient means of

climbing the bole to the live crown.

(b) Climbing into the crown directly:

Free standing domestic ladders or taller tripod ladders areFree standing domestic ladders or taller tripod ladders are

used to collect the fruits/seeds directly from the crown.

The advantage is that they do not need to be rested against

the tree. They are suitable for collection in seed orchards or

heavily thinned plantations where trees are widely spaced.



5. Collection form standing trees with other means of access: 

Equipments have been designed to raise the collector

mechanically to a level where he can reach the fruit bearing

portion of crown without having to climb at all. The Extension

platform is the most practical device but it is more timeplatform is the most practical device but it is more time

consuming, requires a high capital costs and would prove

profitable only in stands where repeated collections are made.



Seed Sowing:
Sowing in the nursery is usually done with following methods:

1. Broadcast sowing: It is done by scattering the seeds more or less
evenly over the whole area.
In this method the area is covered soon with seedlings but seed is
required in large quantity and weeding is costly and difficult.

2. Line sowing
(a)Continuous line sowing: When the lines are made from one end of
the bed to another and seed sowing is done without a break.
(b) Interrupted line sowing: If the soil in the nursery bed is dug in(b) Interrupted line sowing: If the soil in the nursery bed is dug in
small stretches alternating with undug stretches and lines are made
in dug up portion followed by sowing. Thus the bed will have the dug
up and sown portion alternating with undug and unsown portion.
(c) Interrupted and staggered line sowing: If in the interrupted line
sowing, the sown portion of a line is opposite to the unsown portion
of the adjacent line, the seed sowing is called interrupted and
staggered line sowing.
Line sowing methods require skilled staff and labour but the
quantity of seed required is less as compared to broadcast sowing
and weeding are easy and less costly.



Cont…

Broadcast Sowing Continuous line 
sowing

Intercepted 
line sowing

Interrupted and 
staggered line sowing line sowing staggered line 
sowing

3.  Dibbling: It is placing of seeds in nursery beds made with help of dibbler. It is 
simply an iron rod used to make a hole. Usually large seeds like Horse chest 
nut and Oak species are sown by this method.
In this method the spacing between rows and seed is maintained. The seeds 
can be dibbled at the desired depth and seed requirement is less than other 
method but this practice is laborious and time consuming.



Management or cultural practices in nursery

A number of cultural or management practices are required

to be done in the nursery for production of quality and

healthy nursery stock. Some important management

practices include:

(1) Protective covering on seed bed:

• When there is a danger of seed being eaten by birds after

seed sowing, the beds are covered with thorns. For

example, the seed beds of deodar are covered with thorns

if snow is not likely to fall soon after sowing in temporary

nursery.



• Sometimes seed beds are also covered to hasten the

germination. In teak nurseries in Kerala, the seed beds

are first covered with twigs of Emblica officinalis or some

other species and then with a layer of straw.

• In eucalyptus nurseries, where seeds are sown in Oct. &

Nov., the seed beds are covered with a layer of grass.Nov., the seed beds are covered with a layer of grass.

(2) Shading:

The seed beds are shaded with the following objects.



i) As a protection against sun:

Young seedlings of shade bearing species like

conifers are protected against excessive sun when

sowing is done before monsoon. e.g. Abies pindrow,

Picea smithiana.

ii) As a protection against frost:ii) As a protection against frost:

The seedlings of frost tender species require protection

against morning sun in frosty localities but the shade in

such localities should be removed daily as soon as the

temperature rises and the danger of frost damage is

over.



If this is not done, the soil gets chilled for want of sunlight

during the day and these results in greater damage to the

seedlings than the damage by the frost itself. e.g. Acacia

nilotica, Aegel marmelos, Shorea robusta, Tectona grandis.

iii) As a protection against rain and hails:

Sometimes, the tiny seedlings have to be protected againstSometimes, the tiny seedlings have to be protected against

impact of big rain drops during rains and against hailstones

during spring and autumn. The rain drops splash the soil

from the base of tiny seedlings resulting in exposure of their

roots which causes heavy mortality. The hailstones kill the

seedling and plants by physical injury.



The shades are made of thatch, mats, split bamboo,

polythene, hessian cloth or even tin sheets. Shades of

thatch are the cheapest but difficult to handle.

(3) Pricking out

• Though transplanting, lining out and pricking out are

considered synonyms but pricking out is a very delicateconsidered synonyms but pricking out is a very delicate

operation which is generally done with great care in poly

bags or polypots.

• For most species, the best time is shortly after

germination when seedlings have only three or four

primary leaves in addition to the cotyledons.



• If pricking out is delayed, the tap root and lateral roots

develop and at this stage and it will make prick out difficult

without damaging or distorting (disfigure) the roots of

seedlings.
• Pine seedlings can be pricked out three or four days after

germination when the seed coat is still attached to the
cotyledons and giving the appearance of a match stick.

For pricking out, the following operations are necessary.

a) The pots filled with potting mixture are thoroughly watered

one day before pricking out and placed under shade.

b) Immediately before pricking out, the seed beds or seed trays

are lightly watered.



c) The seedlings are removed carefully to do as little damage
as possible to the roots. The seedlings are held by the leaves
or cotyledons and not by stem or root.

d) After removal of seedlings, they are placed in small quantity

of water under shade to protect the seedlings from drying.

e) With a pointed wooden stick, a hole, a little thicker than a

pencil, is made in the center of pot filled with soil. The holepencil, is made in the center of pot filled with soil. The hole

should be deep and wide enough to contain the seedling

root without bending.

f) With the root collar just below the soil surface, the root of

the seedling is held in the hole without bending the roots. If

any root is too long, it is cut to the desired length.



g) After holding the seedling root in the hole, it is filled with soil to

prevent any pocket of air remaining around the root.

h) The seedlings are watered very lightly after pricking out. After

three or four days if any seedling has died, it is replaced.

i) When the seedlings start to produce new leaves, the shade is

removed gradually

j) The pricking out or transplanting is common in Abies pindrow, Alnus

nepalensis, Casurina equisetifolia, Cedrus deodara, Celtis australis,

Cryptomeria japonica, Cupressus torulosa, Eucalyptus species,

Fraxinus micrantha, Grewia optiva, Melia azedarach, Pinus

roxburghii.

The transplanting of Dalbergia sissoo is also done in U.P.



• Sometimes, the seedlings do not attain the size fit for

planting out in one year in seed bed and in such cases the

stock has to be kept in the nursery for more than one year.

• If the seedlings are allowed to grow in the seed bed, they

will develop the long tap root making their planting out

difficult. In order to induce plants to develop compactdifficult. In order to induce plants to develop compact

bushy root system instead of long tap root, they are

shifted from one part of nursery to another i.e. from seed

bed to transplant bed. This operation is called

transplanting or lining out.



Method of transplanting:

• Transplanting is usually done with the help of a

transplanting board which is a simple wooden plank 10 – 15

cm wide and 2 cm thick and in length equal to the width of

the bed. One of its sides has notches spaced at an interval

at which the plants are to be transplanted in the nurseryat which the plants are to be transplanted in the nursery

beds (transplanting beds).

Transplanting board



• The board is laid across the width of the nursery bed at the

place where the seedlings are to be transplanted after

making the furrow sufficiently deep to hold the root of the

seedlings without folding.

• The seedlings are then held in notches with collar diameter

slightly above the ground level and root suspended in theslightly above the ground level and root suspended in the

furrow vertically and then the soil is filled back and pressed

with hand to compact it round roots.

• The board is then withdrawn from the row. In the similar

way other lines are planted.



• When the transplanting is complete in a bed, it is watered

with a fine rose watering cane so that the soil settles down

in the furrow with full contact with the roots. If any

depression is formed by settlement of soil, some more soil

is put round the plant and pressed.

• In this way a team can transplant about 1000 to 1500• In this way a team can transplant about 1000 to 1500

seedlings per man day.

If the seedlings transplanted once are not big enough for

planting out, they are given one or two transplanting more.

For example, Abies pindrow , Cupressus torulosa, Cedrus



deodara are transplanted twice or thrice in Uttarakhand

Though 3 transplanting are prescribed in Uttarakhand for

silver fir and spruce but studies made in Himachal Pradesh

have indicated that only one transplanting is enough to

develop fibrous root system.

(4) Irrigation:(4) Irrigation:

Normally irrigation is not done in temporary nursery but if

water is available, it is always beneficial to irrigate them. In

permanent nurseries, irrigation facility is must. In areas of

uncertain or deficient rainfall, irrigation is the key to success.



• However, over watering is as harmful as under watering.

Growth of moss on the nursery bed is an indication of over

watering and is usually followed by yellowing of leaves and

ultimately death of the seedlings.

• Irrigation is usually done in the afternoon but in places

where there is a danger of frost and damping off, irrigation is

done in the morning. Irrigation can be done by atomizer,done in the morning. Irrigation can be done by atomizer,

watering can, percolation, flood irrigation and sprinklers.

(5) Weeding:

• Weed is an unwanted plant at a particular site. Weeding is

defined as removal of all unwanted plants particularly at

seedling stage in nursery or in the forest.



• By the time, the seed of the desired species germinates, a

lot of weeds also appear in the seed beds. As the weeds

compete for space, nutrients and light with the seedlings

of the desired species, they have to be weeded out.

• Delay in weeding may result in killing most of the

seedlings or at least retarding their growth so much thatseedlings or at least retarding their growth so much that

seedlings of proper size may not be produced in time.

• It is, therefore, necessary to keep the nursery weeded

always.



• In the beginning when weeds are small and have only small

tap root, the weeding is done by pulling out the weeds by

hand. When the weeds have developed long tap roots,

they are pulled out after loosening the soil. Care is to be

taken not to disturb the desired seedlings while taking out

weeds.weeds.

(6) Disease and pest control:

• The most common disease in the nursery is damping off

and root rot caused by fungi. Phytopthora and Pythium are

the most usual causal organisms.



• These fungi kill the seedlings at the early stage that i.e. pre-

emergent and post emergent stage. 

• The fungicide like Bavistin, Mancozeb (Diathene M-45),

Carbendazem etc. may be applied to control the disease

but the best way to control damping off is to avoid

overwatering, sowing of seeds at the optimum depth and

using a well drained, sandy loam soil.

• The termite and other insect pest can be controlled by

applying insecticides like chloropyriphos, imadachloroprid

etc.



PLANT CONTAINERS

• The species which cannot resist shock of planting in the

field are invariably raised in plant containers.

• The seedling with a root ball has protected rooting whereas

the root system of the ordinary, naked – root seedling is

always more or less injured.always more or less injured.

• Container plants have a considerable capacity to withstand

limited dry period following planting, therefore, use of

plant container can prolong the planting season.

• Usually potted plants are raised in locally available packing

material.



Some of the containers in use are described below:-

1. Earthen Pots:

Baked earthen pots with bottoms intact or bottomless

bases are used, the latter can be placed in the pits along

with plants, whereas the former has to be broken.

Earthen pots are heavy, fragile and expensive and,

therefore, used rarely now.therefore, used rarely now.
2. Leaf Pots:

• Various types of leaf cups (called ‘Donas’ in hindi ) are used

from time to time for raising a variety of plants in the

Indian subcontinent especially in the tribal dominated

areas.



• Leaves of Shorea robusta, Bauhinia vahlii (Malu), Ficus

benghalensis, Diospyros melanoxylon etc. are used for

preparation of donas.

• In West Bengal, sal seedlings are raised in a specially

prepared cylindrical cup which is 20 to 30 cm long and 10

cm in diameter. They are filled with soil and kept under

shade on a layer of leaves.

• In Madhya Pradesh, pre- germinated seed is sown in donas

and watered.



3. Tubes:

• Bamboo tubes are extensively used for raising a number of

species. Bamboo tube can be easily made by cutting the

internodes into two halves and tying it with a fine wire or

thread to form a tube.

• Earthen tubes are also in common use which like bamboo

tubes are made up by joining together two halves with thetubes are made up by joining together two halves with the

help of wire.

• Tubes can also be made up of paper, tin or Aluminum

sheets. Baskets made of bamboo and mulberry sticks are

also used for transportation of plants from nursery to the

planting site.



• In order to grow very large seedlings (more than one

meter) reinforced (laminated) polythene sacs are being

increasingly used. Fertilizer bags can also be used for

raising larger plants.

4. Polythene bags:

Use of Polythene bags is more common as they have theUse of Polythene bags is more common as they have the

following distinctive features:

i) They can be prepared conveniently of any size in large

quantities.

ii) They remain undamaged during use and unused

containers can be stored.



iii) They are cheaper and effective over a wide range of

conditions.

iv) Transportation is easier, safe and less expensive.

• The thickness of polythene used for containers is

usually 150, 200 & 250 gauge; sometimes 100 gauge

(0.025mm) is also used but for very short not(0.025mm) is also used but for very short not

exceeding six months duration in the nursery.

• The polythene containers can be transparent or black,

the black being more durable.



• The transparent containers are liable to have algae and

moss growing inside as the light gets into the root zone

depriving the seedlings of nutrients. For this reason,

transparent poly bags should always be buried in soil.

• The transparent bags are suitable for hot regions as they

reflect the heat, keeps the soil and root zone cooler inreflect the heat, keeps the soil and root zone cooler in

these areas.

• Polythene sheet does not allow any air diffusion and

adversely effects the root development. The defect is

removed by punching perforations on the sides and at the

bottom for proper drainage.



• The polythene bags are removed at the site before

planting.

• Polythene bags are now used extensively for raising most

of the species including Teak, Chir pine, Eucalyptus,

Amaltas, Babool, Bamboos, Shisham etc.

• They are filled with the potting mixture. After filling, they

are placed in groups of 500 or 1000 polythene bags. They

require shifting in the nursery to prevent the roots from

piercing through the bags into the soil.

• They are used both for pricking and direct sowing.



Potting mixtures

One of the important factors for obtaining good quality

planting stock is the potting mixture. It requires much

attention for its selection and preparation. The texture of

the mixture is important. It determines whether or not the

plants get air, moisture and nutrients in right amount. Aplants get air, moisture and nutrients in right amount. A

sandy loam or loamy sand is needed.

An ideal potting mixture has the following characteristics:

 Light in weight
 Homogenous 
 Free from weed seeds, nematodes and other pathogen



 Easily available

 Fertile and retains nutrients well

 It should be neither acidic nor alkaline. The pH of the

growing medium should be close to neutral range. Well

drained but should retain sufficient moisture.

 Sufficiently, firm, dense and cohesive to maintain the root

ball after removal of polythene

o The addition of well decomposed FYM has immediate and

very beneficial effect on the quality of the stock raised. It

improves aeration, fertility and ability to retain nutrients.



o It increases water holding capacity of light soils and improves

the drainage of heavy soils. It holds the root ball to hold

together when the polythene is removed and it also reduces

the weight of the soil.

o Sand improves drainage and aeration, increases the weight of

the soil but reduces fertility, moisture retention capacity andthe soil but reduces fertility, moisture retention capacity and

the cohesiveness of the root ball.

o The amount of sand and compost for mixing in the soil

depends upon the quality of original soil and the species to

be grown.

Suggested potting mixtures by volume include:



i) Clayey soil: 2 part soil + 2 part sand + 1 part FYM (compost)

ii) Clay loam:  2 part soil + 1 part sand + 1 part FYM

iii) Sandy soil:  3 part soil   + 1 part FYM

 To get uniform potting mixture of better texture, soil, sand

and compost should be well screened and then mixed

thoroughly.thoroughly.

 For mixing, the different ingredients are piled and then

turned with a shovel (belcha) many times. A power driven

cement mixer is also used in large scale operations.

Preparation of the mixture should preferably be completed

at least a day prior to use.



Pattern of planting

The following pattern are adopted for planting out

(1) Line or rectangular planting: 

In line planting, plants are planted at some specified

spacing in lines which are also some distance apart. Thus,

the planted plants form a rectangular. Each plant in the

successive row is opposite to the previous one.

Rectangular planting pattern is useful under agroforestry

systems to operate machines and to grow food crops.



Rectangular planting

(2) Square planting:

In this planting of plants is done in square pattern. In

square planting. Plants occupy the four corners of a

square. Thus the distance between line to line and plant

to plant remains the same.



Square planting Triangular planting

(3) Triangular planting:

It is defined as the planting in pattern of equilateral

triangles i.e. the plants occupying the three corners of

each adjacent equilateral triangle.

Square planting Triangular planting



(4) Quincunx planting:

It is a group of five plants, four of which form the corners of

a square with the fifth in the center. This planting pattern is

an arrangement in which an extra plant is placed in the

center of each square of four plants.

Quincunx planting



Method of calculating number of plants:

The number of plants required/ha in various pattern of

planting can be calculated by the formulae given below.

However, in actual practice 10- 20% of plants have to be

arranged extra to provide mortality of plants in extraction

from nursery, transportation to the planting site or whilefrom nursery, transportation to the planting site or while

planting.

Line planting:

Number of plants /ha =



Square planting:
Number of plants /ha =   

Triangular planting:

Number of plants /ha =

Quincunx planting:

Number of plants /ha =  



PLANTING METHODS
The following are the important methods of planting:

1. Entire planting or naked root planting

2. Planting with Ball of earth plants

3. Brick Planting

4. Stump Planting

1. Entire planting or naked root planting:

 Planting with naked root plants is done in the temperate

areas or where the atmospheric humidity levels are high

during the planting season.



 In the temperate regions, the plants are generally in a

dormant stage at the time of planting, therefore, they can be

planted without loss of viability. However, even in these

areas, precaution should be taken to avoid exposure to sun or

wind.

 If there is a time gap between uprooting and the planting

time, plants should be kept in shade or in specially prepared

trenches covered with mosses, grasses or light earth and

watered until planting.

 Naked root plants should always be of larger size preferably

without leaves. If naked root plant is evergreen, the leaves

may be stripped out to reduce the rate of transpiration.



 Hauling or digging up of plants from the nursery beds should

be done carefully. Naked root plants are dispatched from

the nursery tied in bundles and protected from desiccation

by covering the roots or even dipping them in mud or

specially prepared mixtures.

 In order to reduce the mortality of naked root planting, In order to reduce the mortality of naked root planting,

hardening off seedlings by root trimming at intervals,

gradual reduction of watering, side branch pruning,

keeping one - third of the crown intact is sometimes adopted

in the nurseries.



 The size of the pit should be sufficiently large to contain

the roots without bending. The plant should stand firm

and vertical in the centre of pit. The collar of the plant is

kept slightly above the soil surface. The pit should be

filled in and pressed so that no gap between the tap root

and the soil is left.and the soil is left.

 As far as possible the lateral roots should be placed in

their natural position. A test for correct planting is the

firmness with which it is held in the soil.



 Some of the species which can withstand naked root

planting are Aesculus indica (Panger), Ailanthus excelsa

(Maharukh eng. Alder), Juglans regia (Akhrot) (during rains

and winter) Albizia lebbeck (Kali Siris or Siris), Casuarina

equisetifola (she-oak, Saru) (Rains) , Alnus nepalensis (Utis),

Robinia pseudoacacia, Bauhinia variegata (Kachnar) (duringRobinia pseudoacacia, Bauhinia variegata (Kachnar) (during

winter in Himachal, J & K etc) Populus ciliata, P. deltoids,

Eucalyptus tereticornis (rains). In Diospyros melanoxylon

(tendu), planting 3 months old naked seedlings gives the

best results as compared to other methods.



2.     Planting with Ball of earth plants:

 Species which are not able to resist the exposure of their

roots as well as long transportation, are planted with soil

intact along their roots, called ball of earth planting, which

causes little disturbance to their roots.

 Plants like Pinus roxburghii, Michelia champaca, Machilus Plants like Pinus roxburghii, Michelia champaca, Machilus

macrantha (Golum) cause heavy mortality when planted

with naked roots. The ball of earth in the nursery bed is

only possible when the soil is neither too wet nor dry.

Sandy soils prevent formation of ball.



 A special technique is adopted to take out the ball of earth

plants. A small ring is dug around the centre of the stem up

to depth to which the tap root of the plant is desirable and

then a cut is made to the tap root by passing sharp blade

horizontally inside the soil. The plant is taken out and

covered with grasses, plastic or gunny sheets to keep thecovered with grasses, plastic or gunny sheets to keep the

roots in shape and position.

 Plant extractors are also in use for taking out large sized

plants. Plants extractor consists of 26 gauge 2m long metal

sheet, 60 cm wide and which is put around the centre of the

plants, locked and forced into the soil to make a ring around



the plant tap root which is cut as usually by a blade and

plant taken out by unlocking the extractor.

 Special care is taken while transporting ball of earth plants

so that the ball remains undisturbed.

 While planting, the pit size should conform to the size of

the ball, which generally varies with plant to plant. After

putting the plant in the pit, the earth filling should be

done gradually up to the level of the ball earth and the

soil is pressed firmly but not the ball of earth.



3.    Brick Planting:

 Brick planting is an indigenous method suited to dry areas.

Bricks facilitate transportation and resist harsh

environment.

 Bricks are made of proper mixture of local soil, sand or clay

and farmyard manure. The mixture is made into a paste byand farmyard manure. The mixture is made into a paste by

adding water and prepared with the help of wooden or

steel mould into 30 cm high and 15 cm square at the top

and bottom, respectively, with a cavity of 2.5 cm diameter

and 15 cm deep at the top which is used for sowing or

transplanting.



 Well dried bricks are filled with nursery soil and placed in

sunken nursery bed. The base of the bed is covered with a

polythene sheet to prevent the roots going into the soil,

the interspaces between the bricks are filled with sand.

 Sowing or pricking is done in the planting holes. Bricks

plant handling is safer as compared to earth ball plants.plant handling is safer as compared to earth ball plants.

Planting is done in the same manner as for other methods.

In the sandy areas, bricks are placed about 10 cm deep

below the level of sand to avoid exposure. The bricks

provide nutrition to the plant in the initial stages of

seedling establishment and growth.



4. Stump Planting:

 The term stump is applied to a large nursery stock of some

broad-leaved species which have been subjected to drastic

pruning of both the root and shoots, thus also called root and

shoot cuttings.

 Stump planting is especially suited to those species which

have well established tap root system.have well established tap root system.

 Better height growth is obtained by planting stumps in

some species e.g. teak.

 Stumps are easy to prepare, plant and handle and involve

less cost than container plants as they require less earth

work and transportation is not only cheap but bulk quantities

can be transported to distant places without loss of vitality as



they have reserve food material, for the same reason they

grow fast and catch up with the entire plants.

 In India, Tectona grandis, Dalbergia sissoo, Bombax ceiba,

Gmelina arborea (Gamhar), Pterocarpus santalinus (red

sandal wood), Albizzia lebbek , Terminalia arjuna are

extensively raised by this method.extensively raised by this method.

 Stumps are prepared by taking out the naked root plants

from the nursery beds, graded on the basis of their tap

root and collar diameter.

 Plants with forked root system, diseased or tap root

having less than 30 cm length are discarded.



Preparation of stump



 Collar diameter in teak is a good indicator for grading of

stumps. It has been found that plants with less than 1

cm or more than 2 cm diameter give poor height growth

and poor survival percentage in the field.

 Generally, the stumps should be 20-25 cm in length,

root portion of 18-20 cm and shoot portion 2-5 cm.root portion of 18-20 cm and shoot portion 2-5 cm.

 All the lateral roots are pruned with the help of sharp

scissors at the time of preparing the stumps without

damaging the bark of tap root. After preparation, they

are tied in bundles and wrapped in gunny bags.



 In light soils, stump planting can be done in crowbar holes

whereas in heavy soils planting should be done in pits.

The crow bar holes should not be deeper than the length

of root; otherwise, stump planting is likely to fail. The

method is to hold the collar at the level of the ground and

put the soil firmly from all sides with the help of fingers or

sticks.sticks.

 Some extra soil should be used to cover the stumps in a

mound. Planting of stumps at the collar level is considered

good but better results have been reported by deeper

planting in Maharashtra. Stump planting are generally

done before monsoon.



FOREST MENSURATION

Definition:
It is that branch of forestry which deals with the
determination of dimensions (e.g. diameter, height, volume,
basal area etc.), form, age and increment of a single tree or
stands either standing or after felling.

Objectives:Objectives:
i) Basis for sale: Forest mensuration forms the basis of every
transaction involving sale of forests and its products. Before any
sale, the forest department prepares estimates of the quantity
of timber or other produce contained in the various sale lots and
the value which each lot likely to fetch. This has resulted in the
development of methods of measurement and calculation which
give accurate estimates of timber and forest produce in the lot
and their price.



Cont………..

ii) Basis of management: For proper management of forests,
knowledge of quantity of timber standing in the forest and the
increment it is putting on every year or in a period of years is
necessary. This helps in preparing forest inventories using satellite
imageries and photographs and various optical and electronic
techniques.
iii) Measurement for research: In order to find out which treatment
and method of management would maximise production, it isand method of management would maximise production, it is
necessary to layout experiments to compare the results of different
treatments. This is done by laying sample plots and their periodic
measurements.
iv) Measurement for planning: The gap between demand and
supplies of timber and other forest produce is widening fast and,
therefore, the forest manager has to plan to reduce this gap. For this
purpose, fast growing species have to be introduced. This requires
not only accurate estimate of future yield but also the cost of
production.



Girth and Diameter Measurement

Volume of a tree is dependent on diameter or girth, bole height and
form factor which is measure of form or shape of the tree.

The place at which girth and diameter is measured varies with
circumstances.
In Indian forest, diameter or girth is measured at 1.37 meter (4 ft 6
inch) above the ground which is commonly known as breast height.
The breast height has been accepted as the standard height forThe breast height has been accepted as the standard height for
diameter or girth measurement because:
• It is a convenient height for taking measurement and therefore 

avoids the fatigue unnecessarily.
• The base of tree is generally covered with grasses and thorny 

shrubs, so the measurement at the base is generally very difficult.
• Majority of trees develop root swell near the base. 
• It gives a uniform point of measurement



Methods of Describing Girth and Diameter Measurement

• The diameter or girth measurements are referred as
D.B.H. (or d.b.h.) or G.B.H. (or g.b.h.) respectively unless
otherwise stated, they are over bark (O.B. or o.b.)

• Measurements sometimes specified as D.B.H. (O.B.) or
d.b.h.(o.b.) and G.B.H. (O.B.) or g.b.h. (o.b.) respectively.

• If nothing is mentioned, they are presumed to be over• If nothing is mentioned, they are presumed to be over
bark measurments.

• The under bark (U.B. or u.b.) measurements of diameters
or girths are made after removing the bark at place of
contact in case of calliper and in narrow strip 8 to 10 cm
wide all round the log or tree at the place of
measurement in case of tape.



Instruments used for Diameter and Girth 
measurement

The most commonly used instruments for
diameter measurement at breast height in case of
standing trees and for logs of felled trees are:

• Wooden scale • Wooden scale 

• Calliper 

• Tape



Following are the standard rules governing
DBH measurements in a sample plot:
• Breast-height should be marked by means

of a measuring stick on standing trees at
l.37 m (4 ft 6 in) above the ground level.
(Fig. 1)

• The breast-height point should be marked

Standard Rules for Diameter at Breast-Height 
(DBH)Measurements

Fig. 1
• The breast-height point should be marked

by intersecting vertical and horizontal
lines 12 cm long, painted with white
paint. This is referred to as cross-mark
(Fig. 2)

• On sloping ground, the diameter at
breast-height should be measured on the
uphill side, after removing any dead
leaves or needles lodged there. (Fig. 3)

Fig. 2                            Fig. 3



Cont….

• In case the tree is leaning, DBH is
measured along the tree stem
and not vertically, on the side of
the lean for trees growing on flat
ground (Fig. 4) and on the uphill
side, for trees growing on sloping
ground. (Fig. 5) Fig.4                                         Fig.5

• The DBH should not be measured
at 1.37m if the stem is abnormal
at that level. Breast-height mark
should be shifted up or down as
little as possible to a more
normal position of the stem and
then diameter measured. (Fig. 6)

Fig. 6



Cont………..

• When the tree is forked above the BH, it
is counted as one tree (Fig. 7) but when
it is forked below breast-height, each
fork should be treated as though it was
a separate tree (Fig. 8).

• If forking renders the BH point, the tree
counted as one or two depending on Fig7                              Fig.8
the place of measurement (Fig. 9)

• When buttress formation is the
characteristic of the species is likely to
extend upwards with the development
of the tree, the BH should be taken at
the lowest point above which, the
abnormal formation is not likely to
extend. (Fig. 10)

Fig7                              Fig.8

Fig.9                       Fig.10
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• The height of the cross-mark above ground 
level should always be recorded for each tree 
measured.

• Moss, creepers, lichens and loose bark found 
on the tree must be removed before on the tree must be removed before 
measuring diameter or girth

• Diameter should be recorded in cm and to 
nearest multiple of two mm

• Girth should be measured in metres and 
nearest to cm



Tree caliper 



Tree caliper: 
enlarged view 
showing its jaws 
and a portion of and a portion of 
main scale



Tree Diameter measurement
Name of 
Tree

Diameter D (in cm) Girth of tree
(in cm) = DD1 D2 D = Av of D1 & 

D2

Teak
1. 52 54 53
2. 61 59 602. 61 59 60
3. 78 80 79
4. 67 65 66
Silver oak
1. 41 43 42
2. 57 56 56.5
3. 64 66 65
4. 87 84 85.5



Height measurement of standing tree

Definition of height:
Total height of a standing tree is the straight line distance from
the tip of the leading shoot (or from the highest point of the
crown where there is no leader) to the ground level, usually
measured on slopes from the uphill side of the tree.

Besides total height, other heights measured on trees are:

Bole height: It is distance between ground level and crown
point. The crown point is the position of the first crown formingpoint. The crown point is the position of the first crown forming
living or dead branch.

Crown length: It is the vertical measurement of the crown of a
tree from the tip to the point half way between the lowest green
branches forming green crown all round and the lowest green
branch on the bole.

Crown height: It is the height of the crown as measured vertically from the ground
level to the point half way between the lowest green branch and green branches
forming green crown all round.



Cont...........
Methods of tree height measurement

In the case of small trees, height can be directly measured with pole or rod.
For tall trees, telescopic or sliding poles made of wood, light metal or fibre
glass can be used. Methods of height measurement may be classified into

(1) Ocular
(2) Non-instrumental
(3) Instrumental

(1) Ocular estimate - In estimating heights of trees by eye, a height scale has(1) Ocular estimate - In estimating heights of trees by eye, a height scale has
to be fixed in mind. This is easily done by measuring the heights of a few
trees with some instruments before the start of the work and that of a
few trees again in the middle of the work. With this standard in mind the
estimator judges the heights of trees to be measured and records them.

To make it more reliable a pole of 3 m length may be placed against the
tree and then the tree is imagined to be divided in 3 m sections and the
height is calculated.
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(2) Non-instrumental methods - Several non-instrumental methods 

have been developed to meet the requirements of routine forest 
operations, some of which are described below:

i) Shadow method: In this method a pole of convenient length is
fixed upright in the ground and its height above the ground is
measured. The shadows of pole and tree are also measured. The
height of the tree can be calculated by simple proportion as

Where AB is the tree, ab is height
of pole, BD is length of shadow of 
tree and bd is the shadow of ab.

This method is applied only on a clear sunny day avoiding the time
between 11 am to 2 pm.
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ii) Single pole method: In this method, observer holds a pole of about 1.5 m length
vertically at arm’s length in one hand in such way that the portion of the pole
above the hand is equal in length to the distance of the pole from the eye.
Without changing position of the hand with reference to the eye, the observer
moves slowly forward and backward till the line of the site to the tip of the tree
passes through the tip of the pole and that to the base of the tree through the
point where the pole is held by hand. This means that the portion of the pole
above the hand covers the tree completely. The height of the tree is then equal to
the distance of the observer’s eye from the base of the tree as shown below:

Let AB be the tree and aC a pole about 1.5 m long, held at b vertically so that Let AB be the tree and aC a pole about 1.5 m long, held at b vertically so that 
distance from observers eye E to b is equal to ab. Then in fig.

Since   ab = Eb
After substituting Eb from ab
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(3) Instrumental methods: The instruments used in height measurement
of trees are called hypsometers, altimeters and clinometers. All these
instruments are based either on geometric principle of similar
triangles or on trigonometric principles based on relations between
sides of right angled triangles. Both principles are explained below:

(a) Geometric Principle of Similar Triangles

The fact that two triangles are similar is established by one of theThe fact that two triangles are similar is established by one of the
following conditions:

(i) Each angle of a triangle is equal to its corresponding angle of the
other triangle;

(ii) Each side of a triangle is proportional to the corresponding side
of the other triangle; and

(iii) One angle of triangle is equal to one angle of the other and the
corresponding sides which subtend the equal angles are proportional.
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Once it is established that two triangles are similar, then if two 
sides of a triangle are known and only one side of the other, the 
corresponding second side of the latter can be found as below:

Let ABC and A'B'C be two similar triangles. AB and BC are
known in triangle ABC and only B'C is known in triangle A'B'C
Then A' B' can be found as follows:Then A' B' can be found as follows:

or
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The above principle is applied if (i) the tree is vertical and (ii) the tip and the base
of the tree are simultaneously visible. When the base of the tree is not visible,
the sight may be taken on a point on the stem by placing a staff equal to
observer’s eye height against the tree and sight the top of the staff in place of
the tree base. Then the height of the tree is found out in the following way:

Let AB be a tree whose base is not visible from E (the observer's eye). BD be a
staff of height equal to observer's eye height placed, against the tree and ad be a
plumb line of known length suspended at known distance Ed. Then in similarplumb line of known length suspended at known distance Ed. Then in similar
triangles ADE and adE

Since ad and Ed are known and ED is measured on
ground from observer’s feet to the base of the tree,
AB can be found out by adding eye height of the
observer to the calculated height of AD.
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(b) Trigonometric Principles: In a right-angled triangle, the
trigonometrical ratios of angles other than the right angle can be
defined in terms of the sides of the triangle.
Let ABC be a right-angled triangle. The trigonometrical ratios of
the sides are defined as follows:

If AB is assumed to be a tree and C, the position of observer, then AB can be found
out from tangent ratio as BC x tan  ACB where BC is the horizontal distance of
the observer from the tree and  ACB can be measured by any angle measuring
instrument. This is known as the tangent method.
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Trigonometry also tells us that in any triangle sines of angles are
proportional to the opposite sides. Thus in the triangle ABC

Thus, trigonometrical ratios can be used for calculation of heights of 
trees by one of the following methods: 
(i) Tangent method
(ii) Sine method
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(i) Tangent method: Tangent method means that the height of the
tree is calculated with the help of the tangent of the angles to the
top and the base of the tree and distance of the observer from the
tree. The following situations generally met with:
(a) On level ground: Let AB be the tree which is being observed by
observer EF standing on the same horizontal plane as the tree. Let
the angle to the top of the tree be and ED the horizontal line of the
site making a right angle on the tree at Dsite making a right angle on the tree at D
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(b) On sloping ground where the observer is standing at such a place
that the top of the tree is above the eye level and the base below it.

In this formula EB can be measured and tan of the angles can be
found out from any mathematical table.
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(c) On sloping ground where top and base of the tree are above the 
ground level. 
Let AB be the tree, α be the angle to the top and β be the angle to 
the base of the tree. Let ED be the horizontal line from observer’s 
eye E making a right angle on the tree at D

In this formula EB can be measured and tan of the angles can be
found out from any mathematical table.
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(ii) Sine method

In this formula EB can be measured and sine and cos of the 
angles can be found out from any mathematical table.
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Instruments used for measuring the heights of trees
1. Following height measuring instruments based on properties of

similar triangles are used in India:
• Christen’s hypsometer
• Smythies hypsometer

2. Following instruments based on trigonometric principles are2. Following instruments based on trigonometric principles are
used in in India for measuring the height of the tree:
• Brandis hypsometer
• Abney’s level
• Haga altimeter
• Blume-Leiss hypsometer
• Ravi multimeter
• Relaskop



Volume Measurement

(1) Form factor
Form factor is defined as the ratio of the volume

of a tree or its part to the volume of a cylinder having
the same length and cross section as the tree.the same length and cross section as the tree.
In other words, form factor is the ratio between the
volume of a tree to the product of basal area and
height.
Depending on the height of measurement of basal
area and on the parts of the tree considered, the
following classes of form factors are distinguished:
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(i) Artificial form factor - This is also known as Breast-
height form factor. For this form factor, the basal area is
measured at breast-height and the volume refers to the
whole tree both above and below the point of
measurement. Fig. 1.

(ii) Absolute form factor- For this factor basal area is
measured at any convenient height and volume refers only Fig.1measured at any convenient height and volume refers only
to that part of the tree above point of measurement. Fig. 2.

In India implies artificial form factor with basal area
calculated at 1.37 m above ground level. expressed as an
equation, this form factor may be described as :

Fig.2

Where F is the form factor; V is the volume in
cu units; S is the basal area at breast height in
area units and h is the height of the tree in
linear units



1. Volume Measurement of Felled Trees
Volume of felled trees consist of volume of stem wood,
branch wood, and root wood where it may be valuable. As
the tree tapers irregularly, it is usual to cut the tree into
logs. The lengths of the logs depend upon the rate of taper
and market requirements and mode of transportation.

Calculation of volume of logs-The basal portion of a treeCalculation of volume of logs-The basal portion of a tree
corresponds to a frustum of neiloid, the middle portion to
a frustum of paraboloid and the top portion to a cone if
uncut, and to a frustum of a cone if it is crosscut at some
point. The following table gives formulae for calculation of
volume of the three solids of revolution together with the
formula for cylinder for comparison:
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Out of the above formulae , Newton's formula is the most accurate.
It gives the volume not only of frustum of a neiloid correctly but also
those of frustums of cylinder, paraboloid and cone and all other
formulae can be derived from it.
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But it is a cumbersome to use as it necessitates the measurement of
diameter and calculation of areas of three cross-sections. This formula is
difficult to apply particularly when the logs are stacked and the mid-
diameter cannot be measured. Hence, Newton's formula is not used in
practice. It is only used to calculate the error in volume calculated by
other formulae.

Huber's formula requires the measurement of mid-cross-sectional area of
a log. It is therefore, impossible to use it when the logs are stacked
without incurring extra expenditure in separating them. It under -without incurring extra expenditure in separating them. It under -
estimates the volumes of logs because they lie between frustums of
paraboloid and frustums of cone.

Smalian’s formula requires the areas of end cross-sections overcomes the
difficulty of measuring mid-diameter of logs when they are stacked. It is
easier to measure the diameters of end cross-sections of logs with a
wooden scale than to measure mid-diameter with a tape or calliper. Thus
Smalian’s formula is easier to apply as compared to Huber's or Newton's
formula. However, It over-estimates the volume.



The basal portion of the tree corresponds to the
frustum of a neiloid, the middle portion to the
frustum of a paraboloid and top to a cone.

Cylinder                     Paraboloid Cone                             Neloid

Figures illustrate Formulae used to calculate volumes of various solids or their frustums



Quarter Girth formula - In India and Britain, volumes of logs are 
often calculated by the quarter girth formula   

Inspite of its draw-backs, the formula continues to be used by traders, public and 
even the government in view of its simplicity. 



(2) Volume of Standing Trees 

The following are some of the methods used:

(i) Ocular estimate – By this experienced persons can make fairly
accurate estimate of volume of standing trees by careful
inspection on the basis of records of past felling. This method is
too subjective for reliable results. To be approximately correct,
the estimator requires great practice.

(ii) Partly ocular and partly of measurement - The uncertainty of
purely ocular estimate can be overcome by measuring the
diameter and height of the tree and then estimating the volume
keeping the tree taper in view. In this method, the estimator
estimates the diameters of subsequent logs after the basal log
and from them the volume till whole length is covered. This
method also requires lot of experience and practice.
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(iii) Direct measurement - The unreliability of the ocular estimate
is completely removed if the diameters of tree at different heights
are measured by man climbing the tree with the help of a ladder
to some height. This method is however, very time consuming and
tiring and cannot be used, when large number of trees is involved.

(iv) Indirect measurements - With the development of optical(iv) Indirect measurements - With the development of optical
dendrometers, now it is not necessary to climb trees for
measurement of volume. These instruments are Spiegel Relaskop,
Tele Relaskop, Wheeler Pentaprism calliper and Barr and Stroud
dendrometer. With the help of these instruments, the volume of
the standing trees can be estimated fairly accurately.



Age of Tree
Determination of age of standing trees : The age of individual trees
when standing can be estimated by the following methods:

(1) From existing records: In case of trees raised by sowing or planting,
the records of the year of such operation is useful in finding the age of
the trees.

(a) In the case of trees raised by sowing or planting, the difference
between the year of estimation and the year of sowing or planting isbetween the year of estimation and the year of sowing or planting is
the age of tree.

(b) In case of trees raised by natural regeneration, under systems of
concentrated regeneration, the difference in the year of seeding
felling and the year of estimating the age gives the age of trees.
However in natural regeneration areas, the year of seeding felling
cannot give the age of trees correctly because regeneration comes
gradually over a period of years which may be upto 40 years.
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(2) From general appearance: The age of standing trees can also be
found by ocular estimate taking the following considerations:

(a) The size and relative taper of the stem - Young trees have more
tapering boles while older trees have relatively less tapering
boles.

(b) The size and shape of the crown - In certain species, the size and
shape of the crown changes with advancing age. If knowledge of
such developments exists, the age of trees can be estimated bysuch developments exists, the age of trees can be estimated by
looking at the crown. For example chir pine (Pinus roxburghii) has
a conical crown in early ages and it becomes rounded as tree
grows older.

(c) The colour and condition of bark - The colour and condition of the
bark changes with age. The older trees have generally smooth and
light coloured bark while the younger trees have rough, fairly
cracked and darker coloured bark as in case of sal (Shorea
robusta).
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(3) By means of Pressler's increment borer - The instrument is available
in different lengths upto 40 cm and can be used with ease in soft-wood
species. This instrument is used only to species which show distinct
annual rings. Borings are made 30 cm above ground in case of smaller
trees and at breast-height in case of bigger trees. The smaller trees can be
bored upto the pith for ring count. As the pith is not always in the centre
more than one boring is sometimes necessary. The age corresponding to
the height at which boring is done, has to be added to the ring count to
get the age of the tree. In the case of bigger trees which cannot be bored
upto pith, the age of tree may be found by other method.upto pith, the age of tree may be found by other method.

A- Hollow auger

B- Hollow handle act as lever

C-Scale marked Wedge

D-Cradle to keep cylinder of 
wood
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(4) By taking three periodic measurements - The age of trees
without annual rings can be found out by three periodic
measurements. Suppose d1 was the initial diameter of the
tree and d2 and d3 diameters at subsequent periodic
measurements. Let p1 be growth per unit diameter per year
during first two periodic measurements and p2 the growth
per unit diameter per year, during the period between the
second and third periodic measurements. The age of treesecond and third periodic measurements. The age of tree
can then be found by the following formula:
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Example:The diameter of sal tree in 2010 was 30 cm, in
2015 it was 33 cm and in 2020 it was 36 cm. Find the
age of tree in 2010.
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Determination of age of felled trees:
The age of a felled tree can be determined if the stump shows annual
rings. The only thing that has to be done is to count the rings on stump
and add the estimated period the tree would have taken to grow to
stump height. Following difficulties come in this method:

(i) Incidence of false rings-There are often false rings, i.e. rings which
do not run right round the tree. False rings should not be counted.

(ii) Closed formed rings- Certain trees which are very slow grown or(ii) Closed formed rings- Certain trees which are very slow grown or
have been suppressed, have rings very close and care has to be
taken not to miss any ring.

(iii) Absence of growth ring in certain years- In certain years when the
tree is subjected to a heavy defoliator attack, ring formation may
not take place.

In spite of these difficulties, it is the best and the quicker method of
determination of age of a tree.



AGROFORESTRY
Agroforestry was formally outlined in the early 20th century by American
economic geographer Joseph Russell Smith (father of agroforestry) in his
book Tree Crops: A Permanent Agriculture (1929).
The term agroforestry was coined in the mid-1970s as part of a research study
led by the John Bene of Canada's International Development Research Centre.

Definition:
Agroforestry is a sustainable land management system which increases the
use of the land, combines the production of agricultural crops and forest cropsuse of the land, combines the production of agricultural crops and forest crops
and/or animals simultaneously on the same unit of land and applies
management practices that are compatible with the cultural practices of the
local population.
Agroforestry is any sustainable land-use system that maintains or increases
total yields by combining food crops (annuals) with tree crops (perennials)
and/or livestock on the same unit of land, either alternately or at the same
time, using management practices that suit the social and cultural
characteristics of the local people and the economic and ecological conditions
of the area.



BENEFITS OF AGROFORESTRY SYSTEM 

A) Environmental benefits
 Reduction of pressure on natural forests.
 More efficient recycling of nutrients by deep rooted trees

on the site.
 Better protection of ecological systems.
 Reduction of surface run-off, nutrient leaching and soil

erosionerosion
 Improvement of microclimate, such as lowering of soil

surface temperature and reduction of evaporation of soil
moisture through a combination of mulching and shading.

 Increment in soil nutrients through addition and
decomposition of litterfall.

 Improvement of soil structure through the constant
addition of organic matter from decomposed litter.



Cont.....

B) Economic benefits
 Increment in an outputs of food, fuel wood, fodder,

fertiliser and timber.
 Reduction in incidence of total crop failure, which is

common to single cropping or monoculture systems.
 Increase in levels of farm income due to improved

and sustained productivity.
C) Social benefitsC) Social benefits
 Improvement in rural living standards from sustained

employment and higher income
 Improvement in nutrition and health due to increased

quality and diversity of food outputs
 Stabilization and improvement of communities

through elimination of the need to shift sites of farm
activities.



CHARACTERISTICS OF TREES SELECTED FOR AGROFORESTRY

• Trees should be multipurpose use so as to meet the demand
of local people.

• The tree either able to form proper a form requiring no
pruning or it must tolerate heavy pruning without affecting
its photosynthetic efficiency.

• Branching should be uniform and evenly distributed.
• Deciduous trees are generally preferred in agroforestry.• Deciduous trees are generally preferred in agroforestry.
• The phyllotaxy should permit the light to penetrate to the

ground.
• They should be tolerant to side shade.
• The litter should have positive role upon the soil.
• Nitrogen fixing trees should be preferred while selecting

trees for agroforestry purposes.
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• The tree should have wider acceptability to grow under variety of
soil and climatic conditions.

• Fast growing trees should be selected and in any case it should
not permit the nesting for birds.

• They should have efficient and deep root system so that they can
pump nutrients from the deeper level of soil and should not
compete with agricultural crops.

CHOICE OF CROPS UNDER AGROFORESTRYCHOICE OF CROPS UNDER AGROFORESTRY
• Crop should be shade tolerant.
• They should not compete with the roots of trees.
• Crop should be resistant to the adverse effect of allelopathy. 

Example: 1. Vegetable crops- Ginger, Turmeric, Potato, Cucurbits
2. Agricultural crops- Wheat, Mustard, Cowpea, Oats, 

Maize, Soybean, Groundnut
3. Grasses- Cenchrus sp., Panicum sp.



CLASSIFICATION OF AGROFORESTRY SYSTEMS
Nair (1987) used four bases for classification of different
agroforestry systems. These are:
A. Structural basis: refers to the composition and

arrangement of the components including spatial and
temporal arrangement of the different components.

B. Functional basis: refers to the major function or role of
the components, usually furnished by the woody
components.
the components, usually furnished by the woody
components.

C. Socio-economic basis: refers to the level of inputs
management (low input, high input) or intensity or scale of
management and commercial goals (subsistence,
commercial and intermediate).

D. Ecological basis: refers to the environmental condition and
ecological suitability of systems i.e. there can be separate
sets of agroforestry systems for arid and semi-arid lands,
tropical highlands, lowlands humid tropics etc.



A. Structural classification 
Based on structure, agroforestry systems classified into two 
groups as under: 

a) Based on the nature of the components the systems 
divided into four 
i. Agrisilvicultural system
ii. Silvipastoral system
iii. Agrosilvopastoral systemiii. Agrosilvopastoral system
iv. Others (multipurpose tree plantation system

b) Based on the arrangement of components it can be 
classified as: 
i. In space or spatial arrangement 
ii. In time or temporal sequence 
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i. Classification on the basis of in space or spatial 
arrangement: 
• Mixed dense 
• Mixed sparse
• Strip plantation
• Boundary plantation

ii. Classification on the basis of in time or temporal ii. Classification on the basis of in time or temporal 
sequence: 
• Coincident
• Concomitant
• Intermittent
• Interpolated
• Separate



B. Functional classification
On the basis of various functions the Agroforestry systems are
classified into followings:
a) Productive agroforestry system: It includes intercropping of trees,

home gardens, plantation of trees in and around the crop field, production
of animals and fishes in association with trees. Productive functions are:
i. Food
ii. Fodder
iii. Fuel wood
iv. Other woodsiv. Other woods
v. Other products

b) Protective Agroforestry system: It refers to protect the land, to
improve climate, reduce wind and water erosion, improve soil fertility,
provide shelter, and other benefits. Protective functions are as follows:
i. Windbreak
ii. Shelterbelt
iii. Soil and moisture conservation
iv. Soil improvement
v. Shade (for crop, animal and man)



C. Socio-economic classification 

On the basis of socio-economic considerations, the
agroforestry systems are classified as:
a) Based on level of input : On this basis agroforestry

systems are grouped under:
i. Low input (marginal)
ii. Medium inputii. Medium input
iii. High input

b) Based on cost/benefit relations: On the basis of
cost/benefit the agroforestry systems divided into:

i. Subsistence agroforestry system
ii. Commercial agroforestry system
iii. Intermediate agroforestry system



E. Ecological classification 

On the basis of ecological conditions, it can be classified 
as: 

a) Systems for Lowland humid tropics

b) Systems for Highland humid tropics (above 1200b) Systems for Highland humid tropics (above 1200
msl, Malaysia)

c) Lowland subhumid tropics (e.g. savana zone of
Africa, Cerrado of South America

d) Highland subhumid tropics (Tropical highlands)
( e.g. in Kenya, Ethiopia)



AGROFORESTRY SYSTEMS PREVALENT IN INDIA

Details of agroforestry systems adapted in India are as under:
I.  Agrisilvicultural system

 In this system, agricultural crops are intercropped with tree crops in
the interspaces between the trees.

 Agricultural crops can be grown up to two years under protective
irrigated condition and under rainfed farming up to four years, beyond
which it is uneconomical.

 However, fodder crops, shade loving crops and shallow rooted crops
can be grown economically.can be grown economically.

 Performance of the tree crops is better in this system as compared to
monoculture.

Based on nature of components this system can be grouped into various
practices as below:

a) Improved fallow species in shifting cultivation
b) Taungya system
c) Alley cropping
d) Multipurpose trees and shrubs on farmlands
e) Shelterbelts and windbreaks
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II. Silvopastoral systems
 In this, production of woody plants combined with pasture.
 The trees and shrubs may be used primarily to produce fodder for

livestock or they may be grown for timber, fuel-wood, fruit or to
improve the soil.

This system is classified into three categories.
a) Protein bank
b) Live fence of fodder trees and hedges
c) Trees and shrubs on pasture

a) Protein bank: In this system, various multipurpose trees (protein rich
trees) are planted in or around farmlands and range lands for cut and carry
fodder to meet the feed requirement of livestock during the fodder deficit
period in winter.
Example: Acacia nilotica, Albizia lebbeck, Leucaena leucocephala, Sesbania
grandiflora etc.

b) Livefence of fodder trees and hedges: In this system, various fodder
trees and hedges are planted as live fence to protect the property from stray
animals or other biotic influences.
Example: Gliricidia sepium, Sesbania grandiflora, Erythrina sp, Acacia sp.etc.
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c) Trees and shrubs on pasture: In this system, various tree
and shrub species are scattered irregularly or arranged
according to some systemic pattern to supplement forage
production.
Example: Acacia nilotica, Acacia leucophloea, Tamarindus
indica, Azadirachta indica etc.

III. Agrosilvopastoral systems
The production of woody perennials combined with
annuals and pastures is referred Agrisilvopastural system.
This system is grouped into two categories.
a) Home gardens
b) Woody hedgerows for browse, mulch, green manure

and soil conservation
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a) Home gardens: Home gardens represent land use systems
involving deliberate management of multipurpose trees and shrubs in
intimate association with annual and perennial agricultural crops and
livestock within the compounds of individual houses. The whole tree-
crop-animal units are being intensively managed by family labour.
Suitable species:
i) Woody species: Anacardium occidentale, Artocarpus heterophyllus, Citrus
spp, Psiduim guajava, Mangifera indica, Azadirachta indica, Cocus nucifera etc
ii) Herbaceous species: Bhendi, Onion, Cabbage, Pumpkin, Sweet potato,ii) Herbaceous species: Bhendi, Onion, Cabbage, Pumpkin, Sweet potato,
Banana, Beans, etc.

b) Woody Hedgerows: In this system various woody hedges,
especially fast growing and coppicing fodder shrubs and trees are
planted for the purpose of browse, mulch, green manure, soil
conservation etc.
Suitable species:
Erythrina sp, Leucaena luecocephala, Sesbania grandiflora are
generally used.
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IV. Other systems
a) Apiculture with trees: In this system various honey

(nector) producing trees frequently visited by
honeybees are planted on the boundary of the
agricultural fields.

b) Aquaforestry: In this, various trees and shrubs
preferred by fish are planted on the boundary andpreferred by fish are planted on the boundary and
around fish ponds. Tree leaves are used as feed for
fish. The main role of this system is fish production
and bund stabilization around fish ponds.

c) Mixed wood lots: In this system, special location
specific multipurpose trees (MPTs) are grown mixed
or separately planted for various purposes such as
wood, fodder, soil conservation , soil reclamation
etc.



SHIFTING CULTIVATION
• Shifting cultivation is a primitive practice of cultivation.
• It involves clearing vegetative/forest cover on land/slopes of hills,

drying and burning it before onset of monsoon and cropping on it
thereafter.

• After harvest, this land is left fallow and vegetative regeneration is
allowed on it till the plot becomes reusable for same purpose in a
cycle. Meanwhile, the process is repeated in a new plot during next
year.

• Initially, when cultivation cycle was long and ranged from 20 to 30
years, the process worked well.
Initially, when cultivation cycle was long and ranged from 20 to 30
years, the process worked well.

• With increase in human population and increasing pressure on land,
cultivation cycle reduced progressively (5-6 years) causing problem of
land degradation and threat to ecology of the region.

• This practice is extensively used in North-Eastern states of India like
Assam, Meghalaya, Manipur, Nagaland, Tripura, Arunachal Pradesh,
Mizoram and some extent to Andhra Pradesh, Bihar, Madhya
Pradesh, Odissa, and Karnataka.

• It is called Jhum in North-Eastern hill region and Poda in Andhra
Pradesh and Odissa . Jhum is considered most destructive practice for
forest areas.
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Essential features of Shifting (Jhuming) cultivation
• Selection of site on hill slope, usually before December.
• Clearing of site by cutting of trees in December-January.
• Burning of felled trees from mid February to mid March.
• Planting of various crops by dibbling.
• Abandoning the land after cultivation for a period of 3-5 years

and shifting to another site.

Effect of Shifting (Jhuming) cultivationEffect of Shifting (Jhuming) cultivation
• Large scale deforestation resulting in denudation of hill slopes.

This leads elimination of water sources.
• Large scale soil erosion resulting in silting of reservoirs and

streams leading to floods in plains.
• Removal of top soil leads to low productivity and subsequent

pressure on lands.
• The system is labour intensive with low technology results in low

productivity.



TAUNGYA SYSTEM
• Taungya (Taung-hill, ya-cultivation) is a Burmese word meaning

hill cultivation coined in Burma in 1850.
• It was introduced into India by Dr. Brandis in 1890 and the first

taungya plantation was raised in 1896 in north Bengal.
• It is a modified term of shifting cultivation in which labour is

permitted to raise crop in an area but only side by side with the
forest species planted by them.

• The practices consist of land preparation, tree planting, growing
agricultural crop for 1 to 3 years until shade becomes the denseagricultural crop for 1 to 3 years until shade becomes the dense
and then moving on to repeat the cycle in a different area.

• A large variety of crops and trees are grown depending upon the
soil and climatic conditions. The major tree species grown are
teak, sal, sandalwood tamarind, chestnut ,rubber and bamboos.
The main crops cultivated are millet, pulses, groundnut, cotton,
soybean etc.

• It is practiced in Kerala, West Bengal, Uttar Pradesh and to lesser
extent in Tamil Nadu, Andhra Pradesh, Odissa and the north
eastern hill regions.
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• In southern India the system is called Kumary, it is practiced in
a areas with an assured annual rainfall of over 1200-1500 mm.

Following are three types of Taungya:
a) Departmental taungya: Under this, agricultural crops and

plantation are raised by the forest department by employing
daily paid labours. The main aim of raising agricultural crops
along with the plantation is to keep the land free of
unwanted vegetation.

b) Leased taungya: The forest land is given on lease to theb) Leased taungya: The forest land is given on lease to the
person who offers the highest money for raising Agricultural
crop for a specialized number of years and ensure care of
tree plantation.

c) Village taungya: This is the most successful of all the three
taungya systems. Under this the people who have settled
down in a village inside the forest for this purpose raise
crops. Usually each family has about 0.8 to1.7 ha of land has
raise trees and cultivate crops for 3 to 5 years.
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Advantages of taungya system:
 Artificially regeneration of the forest is done at 

cheaper rate
 Problem of unemployment is solved to some 

extent
 Better utilization of land
 Remunerative to forest department Remunerative to forest department

Disadvantages of taungya system:
 Creates certain legal problems
 Exploitation of labour
 Danger of epidemic
 Loss and soil fertility



ALLEY CROPPING

 Alley cropping also known as hedgerow intercropping.
 It involves managing rows of closely planted woody

plants with annual crops planted in alleys in between
hedges.

 The woody plants are cut regularly and their leaves
and twigs are used as mulch on the cropped alleys in
order to reduce evaporation from soil surface,order to reduce evaporation from soil surface,
suppresses weeds and add nutrients and organic
matter to the top soil.

 Where N2 is required for crop production, nitrogen
fixing plants are the main component of hedge rows.

 The primary purpose of alley cropping is to maintain or
increase the crop yield by improvement of the soil and
microclimate and weed control.
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 Farmers also get tree products such as fuel wood,
food, medicines, fodder etc. from hedgerows.

 Ideally hedgerow should be positioned in an east-
west direction so that plants on both sides get full
sunlight during the day.

 The spacing adopted is usually 4 to 8 m between rows
and 1.5 to 2 m between trees within the rows.and 1.5 to 2 m between trees within the rows.

Woody plant selection factors:
• Adapted to site and soils
• Produce appropriate shade
• Minimal roots at surface
• Potential multiple products
• Growth does not compete with inter-row crops



SHELTERBELTS
It may be defined as belts/blocks consisting of several rows of trees 
established at right angle to the prevailing winds.
The main purpose of shelterbelts are
• To deflect air current
• To reduce the velocity of prevailing winds
• To provide general protection to the leeward areas from desiccating 

effects of hot winds
• To provide food fodder and timber
Shape and composition: 
Shelterbelts have a typical triangular shape in cross section. This can be
brought about by raising tall trees in the centre. Shelterbelts up to 50 m
width are considered ideal in Indian conditions. The minimum length of a
shelterbelt should be about 25 times its height.
Choice of species:
• Grasses- Saccharum spontaneum, S. Munja, Panicum antidotale etc.
• Shrubs- Calotropis procera, Dodonea viscose, Casia auriculata etc.
• Trees- Acacia nilotica, Dalbergia sissoo, Eucalyptus sp.,Tamarix sp.,

Perkinsonia aculeate, Prosopis juliflora, Casuarina equisetifolia etc.



WINDBREAKS
Windbreaks are strip of trees and/or shrubs planted to protect fields, 
homes, canals or other areas from wind and blowing soil or sand. 
The main objectives of windbreaks are

i. To protect crops and pastures from hot, dry winds
ii. To prevent/reduce soil erosion
iii. To provide habitat for wildlife
iv. To reduce evaporation from farm lands
v. To improve the microclimate for growing cropsv. To improve the microclimate for growing crops
vi. To provide shelter for livestock and people 
vii. For fencing and boundary demarcation

• For best results windbreaks should be established at right angle to 
the wind. 

• Windbreaks planted North-South give good results as they 
provide protection from wind coming from western quarter. 

• They are most effective when they stretched without major gaps 
for distance exceeding 12 times the mature height of the tree. 

• On level ground, windbreaks of 2-3 rows are most effective.
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It is generally accepted that a windbreak protects an area over a
distance up to its own height on the windward side and up to 20
times its height on the leeward side, depending on the strength of the
wind. In reducing wind speeds, narrow barriers can be as effective as
wide ones.

Fig. Functioning of Windbreak
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Selection of tree and shrub species: In the selection of tree or
shrub species for windbreaks, the following characteristics
should be considered:

• Rapid growth
• Straight stems
• Wind firmness
• Good crown formation• Good crown formation
• Deep root system, which does not spread into nearby

fields
• Resistance to drought
• Desired phonological characteristics (leaves all year

round)
Some tree species used in windbreaks are

Eucalyptus, Casia, Prosopis, Leucaena, Casuarina, Acacia,
Syzygium, Dabergia etc.



HOME GARDENS 
Home gardens represent land use systems involving
deliberate management of multipurpose trees and shrubs in
intimate association with annual and perennial agricultural
crops and livestock within the compounds of individual
houses. The whole tree-crop-animal units are being
intensively managed by family labour.
Home gardens can also be called as Multitier system or
Multitier cropping.Multitier cropping.
• This system is found extensively in high rainfall areas

especially in the states of Kerala and Tamil Nadu with
humid tropical climates where coconut is the main crop.

• Many species of trees, bushes, vegetables and other
herbaceous plants are grown in dense and in random or
spatial and temporal arrangements.

• Most home gardens also support a variety of animals.



Cont.

• Fodder grass and legumes are also grown to meet the
fodder requirement of cattle.

• In India, every homestead has around 0.20 to 0.50 ha land
for personal production.

• Home gardens are characterized by high species diversity
and usually 3-4 vertical canopy strata.

• Generally all home gardens consist of an herbaceous layer• Generally all home gardens consist of an herbaceous layer
near the ground, a tree layer at the upper levels and an
intermediate layer.

• The lower layer can be partitioned into two-
a) The lowermost less than 1.0 m in height - dominated

by different vegetables and the
b) Second layer of 1.0-3.0 m height - comprising food

crops such as banana, papaya and so on.
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• The upper tree layer can also be divided into two-
a) Upper most layer of 25 m height - consisting of

emergent timber and fruit trees
b) medium size trees of 10-20 m height - occupying the

next lower layer.
• The intermediate layer of 5-10 m height is dominated by

various fruit trees.
Choice of species:Choice of species:

i. Woody species: Anacardium occidentale, Artocarpus
heterophyllus, Citrus spp, Psiduim guajava, Mangifera
indica, Azadirachta indica, Cocus nucifera

ii. Herbaceous species: Bhendi, Onion, Cabbage, 
Pumpkin, Sweet potato, Banana, Beans, etc.

iii. Animal and bird species: Cow, Goat, Fishes, Duck, 
Poultry etc. 



Eucalyptus tereticornis
(Family: Myrtaceae; Name: Forest red gum (Australia), 
Safeda (Hindi) Eucalyptus hybrid, Mysore hybrid)

Description:
• It is a tall tree upto 45 m, with straight bole,

white and mottled bark.
• Juvenile leaves (first 2-3 pairs) opposite,• Juvenile leaves (first 2-3 pairs) opposite,

mature leaves alternate, lanceolate, petiolate,
often curved, green and lustrous.

• Inflorescence axillary, umbel on 5-12 mm long
peduncle.

• Fruits 6-9 mm x 8-10 mm on a short and thick
peduncle.



Distribution:
• In Australia, it is found in Victoria, New South Wales and

Queensland and in Island of New Guinea.
• It has been extensively planted all over the world.
• Except the north eastern states, it has been planted in

India both in the forest and outside in the agricultural
lands, wastelands, roadsides, public places etc.

Climate:Climate:
• In its natural habitat, the mean maximum temperature

varies from 220 to 320C and mean minimum from 20 to
120C.

• The species has usually been raised in areas experiencing
600 to 1500 mm annual rainfall.

• Under Indian conditions, it has proved to be frost
resistant.



Geology and soil:
In Australia and New Guinea, it is found growing in
variety of soils, including sandy loams, gravels and
alluvial soils. In India it has been raised in
• alluvial soils (Punjab, Haryana & UP),
• tarai soils (UP and Uttarkhand),
• lateritic soils (southern West Bengal, Odissa and

Bihar),Bihar),
• shifting and dunes (Rajasthan),
• red sandy and loamy soil (Bihar, Odissa and M.P.),
• red and yellow soil (M.P. and Andhra Pradesh),
• black cotton soil (Maharashtra, Gujrat and

Karnataka) and
• costal alluvial soil (Tamil Nadu).



Phenology:
• The plants produce fertile seed at the age of 2 years.
• Profuse flowering and fruiting occurs at the age of 5 years.
• Flowering takes place usually twice a year, first in May-

June and again in October-November.
• The first flowering is more profuse and has high number

of fertile seeds.
• The fruits are usually ripe within 2 months of flowering.
Silvicultural characters:Silvicultural characters:
• The species is strong light-demander.
• Intolerant to drought and periodic flooding.
• Tap root generally grows to a depth of about 2-3 m and

lateral roots spread within a radius of 1.35 m.
Coppicing:
• It produce vigorous shoots 10-15 days after cutting.
• December is the best month of coppice felling.



Natural regeneration
• A few incidents of sporadic natural regeneration under very

favourable conditions.
• The growth of seedlings is fast, about 5-20 cm in one month.
• A swelling near the collar called lignotuber is observed,

which grows down enveloping the upper part of the root.

Artificial regeneration
a) Seed collection:
• Best seeds collected from trees generally 10 years old.• Best seeds collected from trees generally 10 years old.
• Seed may be collected twice a year from autumn and spring

crop.
• Collected seeds are dried in the shade for a day and stored in

tins in a cool dry place.
• The ratio of fertile seeds and chaff by weight is 1:8.
• The number of fertile seeds per gram seed and chaff mixed

was found to be 374 and the number of seeds in one gram is
about 3142.



b) Nursery technique:
• The seeds are sown in well prepared and sterilized

raised beds in October-November or in February-
March.

• Seed is sown at the rate of 20 gm per m2 of bed in
lines 10 cm apart and 2-5 mm deep.

• The beds are watered frequently with rose cane or an
automizer.automizer.

• Germination takes place within 5-15 days of sowing.
• The seedlings are pricked out when 4-8 cm high and

plant to polythene bags prefilled with soil-mix of local
soil, fine sand and rotted FYM.

• The seedlings are hand watered for some time and
latter the beds may be irrigated by percolation.

• Four to six months old plants are planted out.



c) Planting out:
• The area to be planted is clear felled, burnt, ploughed and

worked thoroughly.
• The size of pits is 30 x 30 x 30 cm or 45 x 45 x 45 cm.
• For saline and alkaline soils large pits 60 x 60 x 60 cm to 90 x

90 x 90 cm with soil replacement with good soil are dug out.
• In marshy and waterlogged areas, mounds higher than

anticipated water level are made for planting.
• The planting is done in July or in October-November.• The planting is done in July or in October-November.
• In semi-arid areas, watering is generally done once a week till

the plants renew the growth.
• Fertilizer application at planting time is practiced in poor soils.
• Causalities are beaten up after planting in the first year.

d) Spacing:
• Spacing ranging from 1.8m x 1.8m to 3m x 3m also 1.8m x 3-

6m etc have been used in different states.



Vegetative Propagation
• Clonal propagation has been attempted by budding, grafting,

air-layering and soft-wood cuttings giving 40, 83, 18 and 45%
success in India by application of 10,000 ppm of IBA
respectively.

• In Brazil, a technique for mass propagation of selected
Eucalyptus clones has been developed which result increase
in yield from 36 m3 per ha per annum to 64 m3 per ha per
annum.

• Shyam Sunder (1988) has given an account of the Brazil• Shyam Sunder (1988) has given an account of the Brazil
practice of propagating propagules from genetically superior
plants, which follows:
a. The selected plus trees are cut at about 12 cm height from

the ground level.
b. Coppice shoots are harvested between 45 and 55 days

after the tree has been cut.
c. Shoots are severed with shears into cuttings so that each

cutting has one or two pair of leaves, the length of the
cuttings varies from 10 to 15cm.



d. The leaf area of cutting is reduced to less than half the
original leaf size to reduce transpiration.

e. The base up to 2 cm is the treated with 6000 ppm IBA diluted
with talcum powder.

f. Cuttings are planted in conical polypropylene tubes stuck into
a tray made of polystyrene.

g. The tubes are 3 cm in diameter at the top, 12 cm long, having
a one hole in the base and 4 internal ribs which prevent spiral
growth of roots.growth of roots.

h. The growing medium is vermiculite in which cuttings are
planted in the same day of cutting from the stumps.

i. Immediately after planting, they are transferred to a shade
house providing 40% to 70% shade.

j. Watering is done by intermittent mist spray units.
k. In 4th week; the seedlings receive fertilization at 3 kgs of NPK

(5:17:3) dissolved in 100 litres of water for 15000 cuttings.



l. Normally cuttings develop a good root system within 5
to 6 weeks.

m. The cuttings are removed from the shade house and
laid out in the 6th week to develop and harden off.

n. At this stage, another treatment with the above dosage
of fertilizer is provided.

o. At the beginning of 9th week, grading of cuttings is done
discarding the dead cuttings.discarding the dead cuttings.

p. The larger cuttings are planted in the field at the end of
10th week, while the smaller ones are again fertilized to
get them ready for planting by the end of 12th week.

q. The seedlings obtained from rooted cuttings are about
20 cm tall at the time of planting.

r. The propagules are planted at a spacing of 3m x 3m.
s. A survival rate of 90% is expected and secured.



Tending
Weeding:
• Seedlings are sensitive to weeds and require regular weeding and

soil working.
• In the moist areas, the weeding is repeatedly done in the rainy

season, alongwith soil working.
• In the dry areas of South India, two weedings and one soil-working

are done in the first year.
• Ploughing of whole strip between the plant lines is considered

beneficial.beneficial.
• Weedings are generally not considered necessary in the third and

subsequent years but soil working is essential.

Fertilization:
• Fertilization is desirable in case of nutrient deficient areas.
• Split doses of ammonium sulphate (28 gm) and 14 gm of single

superphosphate at the time of planting and equal quantities at the
time of first weeding are applied.

• In Bihar in addition to this, 28 gm of urea per plant is applied at
the time of first weeding when it is raining lightly.



Thinning:
• Generally, E. tereticornis plantations are rarely thinned.
• There is no need of singling out the numerous coppice shoots

sprouting after the fellings as they are naturally thinned out.
• In the coppice crop, the gaps are filled up by planting out tall

container plants in the first rainy season.

Fire protection:
• It is important in eucalyptus plantations.
• Fire lines should be cleaned and areas may be control burnt in the

cold season.cold season.
• To keep down the grasses, harrowing in the strips between the

planting or inter-cultivation in the first two three seasons is
helpful.

Pests and Diseases:
• Gummosis is a diseased condition of plants resulting in splitting of

bark and exudation of kino.
• Gummosis is a wound reaction caused by fire, frost drought, wind,

insect and fungus attack etc. and can be controlled by controlling
factors causing wounds.



• Nutritional deficiency also causes chlorosis extensively in soils
having high pH (over 8) and calcium carbonate (over 7%) due to
imbalance absorption of various nutrients. This is especially
noticeable in plantations of tarai and bhabar areas of
Uttarakhand.

• Termite damage is appreciable in the clayey soils after the rainy
season and pronounced upto 3 years old plantations.

• Effective control of termites is possible through treatment with
dieldrin, aldrin, gammaxene, lead arsenate and sodium arsenate
etc.

• Cylindrocladium scoparium and C. quinquiseptatum cause serious• Cylindrocladium scoparium and C. quinquiseptatum cause serious
die-back in nurseries and out-plantings. The disease may be
controlled by spraying with chemicals like blitox and captan.

• Ganoderma lucidum causes root rot in plantations raised after
clear felling old stands where residual roots and stumps are not
totally cleared.

• Corticium salmonicolor causes pink disease in eucalyptus.
Infection causes girdling of the main stem. The portion above the
girdling is killed and below a number of epicormic branches
appear. Proper selection of site for the plantation is the only
remedial measure that can be suggested.



Rate of Growth: 
• There is a wide range of difference between the

different regions and also within the region between
different types of soils.

• Agarwal (1972) has calculated the range of MAI of
pulpwood plantation on the basis of data from 142
sample plots varying from 0.21-1.45 m3 per ha per
annum to as high as 3.85 to 18.94 m3 per ha per annum.

• Sharma (1978), calculated the top heights at the age of• Sharma (1978), calculated the top heights at the age of
10 years for the qualities I, II & III as 22-28 m, 15-22 m
and 8-15 m respectively.

• Comparative studies on the growth and yield of
seedling origin crop and coppice crop in E. hybrid in
Bilaspur (C.G.) showed that the growth and yield from
coppice crop is 2 to 3 times higher than the seedling
crop of the same age.



Clones Of Eucalyptus:
B-7,   B-10,   K-23,   K-25,   K-43,    
PE-2,  316,  407,  413,et.

Hybrid clones of Eucalyptus: Hybrid clones of Eucalyptus: 
2004,  2012,  2045,  2049 etc.



Populus deltoides
Family: Salicacea; Local name: Poplar; Common name: Eastern
cottonwood

Description:
• It is a fast growing, tall tree attaining height of 30 m and

girth 2 m with straight and slim trunk.
• Outer bark is furrowed by cork-like ridges and deep fissures.
• The leaves are deltoid or cordate, light green in colour, large,• The leaves are deltoid or cordate, light green in colour, large,

10-18 cm long, acuminate, dentate with long petiole.
• The male catkins are 7-12 cm long with 40-60 stamens per

flower.
• The female catkins are 15-25 cm long having ovary with

numerous ovules.
• Fruits ovoid capsules, hanging in loose clusters, opening by

3-4 valves. Seeds are small and hairy.



Distribution:
• P. deltoides grows in North America.
• Besides natural range its clones are cultivated in a number of

countries.
• P. deltoids, P. nigra and their hybrids together make about

90% of the total cultivated poplars of the world.
• In India, it is cultivated as a forest crop or agroforestry crop in

the Punjab plains and tarai region of U.P. and Uttarakhand.

Geology and Soil:Geology and Soil:
• P. deltoids can survive on soils varying from sandy to fine

sandy loam and fairly stiff clay.
• It makes its best growth on moist, well drained, deep,

medium textured alluvial soils.
• Coarse sand and heavy clayey soils deficient in organic matter

are unsuitable.
• Soil pH considered suitable ranges from 5.5 to 7.5.
• Area known to be infested with termites should be avoided.



Phenology:
• The tree flowers at an age of 10-16 years.
• In India, flowering occurs usually in the first week of April and

seeds ripe by early June.
• Tree remains leafless from October to March, new leaves appear

in March-April.
• The leaves turned golden yellow before shed in October-

November.

Silvicultural characters:Silvicultural characters:
• Poplars are light demander and have high rate of photosynthesis
• As its roots have high rate of respiration as compared to other

woody species, they need porous soils.
• Poplars are very sensitive to weeds at the time of establishment.
• Root suckers not produced.
• They produce coppice shoots.
• The species is fairly frost-hardy.
• The trees become hollow between 15-20 years.
• They are fire tender and susceptible even light fires.



Artificial regeneration
(i) By seed:
• Tree produces seed at intervals but it has low germination

percentage.
• In laboratory conditions, the germination percentage varies

from 5.25 to 19.25%.
• Mixture of two parts soil and one parts river sand gave higher

survival and best shoot development.
• Poplar seeds are very minute and 14000 seeds weigh one kg.
• The plant is rarely raised by seed.• The plant is rarely raised by seed.

(ii) Vegetative means: 
• Cuttings: Cuttings 18-20 cm long and 1.0-1.5 cm thick having

at least four buds are directly planted in the field keeping one
bud above the ground.

• Sets: A set is one year old cut back plant without root or a
long stem cutting which consists of one year growth. Sets are
planted in 75 cm to 1 m deep pits. The length of set may be
about 3 m or more.



• Barbatelle: These are produced by cutting back one year old
plants in the nursery so as to obtain the following year a well
developed new shoot of the year. It is possible by this means to
get a one year old stem on a two year old root. Barbatelles
need bigger diameter holes for planting and are recommended
for planting in preference to one year old ETPs

• Bag plants: These can be raised in 150 gauge thick polythene
sheet bags of 15 cm x 23 cm filled with soil mix and treated
with 5% aldrex. Cuttings are planted in these bags in the month
of February.of February.

• Stumps(Root-Shoot cutting): These are prepared from one
year old nursery plants keeping 25 cm long root and 3 cm of
shoot.

• Entire transplants (ETPs): This is the best method of planting
poplars. These are one or two years old plants raised from
cuttings in the nursery. While removing these plants, the root is
cut at 25 cm depth and all side roots more than 10 cm long are
also trimmed. The plants are taken out with naked root and
without foliage.



Nursery technique of ETPs production
Site selection: 
• Soil type and irrigation facility are the important considerations. 
• Soil should preferably be sandy loam, well drained and deep.
• Assured irrigation is essential.
• As poplars are very sensitive to zinc deficiency, zinc sulphate@ 25

kg/ha should be applied in the area at the time of site
preparation.

Selection of clones:
• In North Indian plains American cottonwood (Populus deltoides)

clones perform better as a timber producing tree.
• Australian clones G-3 (male) and G-48 (female) showing better

results under agroforestry plantations.
• Forest dept prefers American clones D-121, D-61 and D-67.
• The clones developed by Uttarakhand Forest dept L-12, L-13, L-34

and L-52 are also performing well under intercropping system.



Selection of cuttings:
• Cuttings taken from young trees and from younger branches root easier.

• Cuttings taken from bottom 1/3rd portion of the stem give higher
sprouting and survival percentage.

Planting of cuttings:
• For healthy and vigorous plants, cuttings planted at spacing of 80 cm x

60 cm are the best.

• The best time of planting cuttings in the nursery is January-February.

• Before planting cuttings are soaked in water for 24 hrs.

• The cuttings are inserted vertically into the soil leaving one bud above• The cuttings are inserted vertically into the soil leaving one bud above
the ground and soil is compacted firmly.

• Bed is flooded with water after planting.

• Soil moisture is in the nursery beds should be kept high during the
rooting of cuttings.

• Regular weeding, soil working and watering should be carried out.

• Before planting, cuttings should be treated with 0.2% solution of
Chloropyriphos (200 ml of Chloropyriphos in 100 litres of water) and
thereafter with 0.2% of Bovistin (200 gm Bovistin in 100 litres of water)
for 10 minutes each and then planted in the nursery.



Fertilization in nursery: 
• Application of decomposed FYM @ 200 to 250 qt/ha nursery

area at the time of soil work is very helpful to growth of
poplars.

• Application of urea @ 1 qt/ha in two splits doses during early
May and early June helps to make vigorous and healthy plants.

• Places where zinc deficiency symptoms appear, use of zinc
sulphate 50 kg/ha is beneficial.

Planting Entire Transplants (ETPs):Planting Entire Transplants (ETPs):
• The plants are taken out from the nursery so that it is not

damaged during digging.
• The root should be wrapped in moist gunny bag to be kept

moist.
• If keeping of uprooted plants for a few days before planting

becomes unavoidable, these should be kept in a cool place,
covered with a cloth and wet with sprinkling water.

• The best time of planting poplar is during January-February
before opening of new buds.



• One year old ETPs of 3 m length containing 25 cm of root
portion give most satisfactory results.

• Generally for 90 cm deep planting, root system of the plant is
pruned to 25 cm below the collar level and lateral roots to a
length of 10 cm.

Depth of planting:
• Depth of planting depends upon the type of the soil,

depth of water table, size of planting stock etc.
• In loose soil, the depth of the pit should be at least 70-80• In loose soil, the depth of the pit should be at least 70-80

cm deep and 40-50 cm wide, while in compact soil, the
depth need not exceed 60 cm.

• The collar of the plants should be sunken at least 20-50
cm in the pits.

• Deeper pits will be necessary for planting barbattele and
tall plants.

• Deep planting encourages the development of roots
from the buried portion of the stem.



Treatment:
• Before planting, the ETPs are treated with 0.2% solution of

Chloropyriphos ( 200 ml Cloropyriphos in 100 litres water)
for 10 minutes and then to Bovistin solution for 20 minutes
upto 1 m length from roots.

Irrigation:
• Immediately after planting, the plantation should irrigate

until the onset of rains.until the onset of rains.
• First year causalities should be beaten up with sturdy ETPs

not less than 5 m tall in January.
• During first year of plantation, irrigation must be done from

February to June at weekly intervals and from July to
September, irrigation must be provided as and when
required depending upon the rainfall.

• From October to February, when growth activity ceases,
two irrigations per month are sufficient.



Fertilization: 
• Poplar is a fast growing species, the soil must be

supplemented by potash, phosphorus and calcium.
• The dose of fertilizers depends upon the soil fertility.

Application of fertilizers must be followed by light
irrigation.

Spacing:
• The spacing to be adopted for poplar depends upon the

object of management, soil fertility and survival in theobject of management, soil fertility and survival in the
plantations.

• The spacing for the production of matchwood or veneer
log will have to be wider than that for pulpwood
production.

• Generally the spacing for line planting is 3 to 5 m between
the rows and 3 to 6 m between the trees.

• For mechanized agriculture excluding cross harrowing, a
spacing of 4 m x 3 m is suggested.

• The best spacing under agroforestry systems is 5 m x 4 m.



Debudding:
• Debudding of the stems by gentle rubbing with gunny cloth of

the newly formed buds to avoid branch formation and produce
clean and straight bole is done during the first two years from
June to September.

Pruning:
• It is important to improve the stem form and timber quality.
• In India pruning is done in winter season when poplars are

leafless and it is easier to decide which branch needs to beleafless and it is easier to decide which branch needs to be
removed.

• In general pruning should be moderate on younger trees and it
should be done progressively to a greater height as the age of
tree advances.

• Under farm forestry plantations, pruning should be done
during the second year and it should be restricted to the lower
1/3rd part of the stem till the trees are 4 years old.

• From 5th to 7th year, pruning may be done upto ½ of the total
height depending upon the requirement of the tree.



Pest and Diseases:
Pests and diseases sometimes cause serious concern:

Shoot borer
• Apriona cinerea boring down the main bole through young

succulent shoots or broken branch scars, causing malformation
and wind break of trees.

• Aeolesthes serta and Macrotoma crenata also bore through the
stem. In early plantations.

• The larva of borers can be killed by injection of carbon disulphide
or formalin in the borer hole and plugging the hole with cottonor formalin in the borer hole and plugging the hole with cotton
wool or clayey soil.

• In larger trees, application of wood tar or creosote after pruning
of the branches results in partial protection.

Termites: Odontotermes distans and Heterotermis indicola are
reported to cause damage in poplar nurseries and plantations.
The termites can be controlled by use of 0.5% solution of
Chloropyriphos .

Defoliaters: Pygaera fulgurita and P. cupreatea are the serious
defoliaters. Both can be controlled by foliar spray of 0.1% carbaryl
or fenitrothion.



Fungi:
• Botrydiploidia palmarum causes damage to the sprouted

cuttings within 6 weeks. The fungus can be controlled by
spraying Bavestine 0.025% @ 500 litres per ha.

• Alternaria spp. and Cercospora populina cause leaf spots.
Spray of Blitox and Dithane M-45 are helpful to control it.

Rate of growth:
• After studies of growth of individual trees and stands, it

has been reported that rate of diameter growth was
After studies of growth of individual trees and stands, it
has been reported that rate of diameter growth was
fastest between 4 to 6 years and rate of height growth
was maximum between 5 to 6 years of age.

• An analysis of CAI and MAI indicated that MAI culminated
between the age of 9 to 12 years and beyond that age
diameter growth slows down.

• A rotation of 12 years was suggested for P. deltoides
when the trees attain 30 cm diameter and can be
commercially utilized.














