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Module 1: Introduction

¢ What 15 a forest?
o (lassification of forests
o Value of forests
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A typical forest




[FL]. So, now, we have reached to the end of this course, and in this lecture, we will start

doing the Revisions. So, we started this course by looking at what a forest is.
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What do you see in a forest?
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So what is a forest?

So, this is a typical forest; you find different animals in the forest; animals, birds, signs

some larger animals, some fungi and then, we looked at different definitions of the

forest.
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Definition

Dictionary defintion

a large area covered chiefly with trees and undergrowth: a pine forest?

Middle Englsh (in the sense ‘wooded area kegt foe humting | also

denating any encultivated land) via Old French from late Latin §
(sdva), fiterally ‘(wood) cutside’, from Latin foris ‘outside {see foreign)

So, we looked at the dictionary definition; “a large area covered chiefly with trees and

undergrowth” from coming from the Latin word, “forest” which means “outside.”
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Definition

Technicat defintion
An area set aside
© for the production of timber or other forest produce, or

© maintained under woody vegetation for certain indirect benefits such
as chmatx or protectve
Ecological definition
Plant community, predomnantly compnsed of tress and other woody

vegetation, usually with 2 closed canopy

Then, we looked at the technical definition; “an area that is set aside for the production
of timber or other forest produce or maintained under woody vegetation for certain

indirect benefits such as climate or protective.”
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Definition

Legal definition

An area of land peoclaimed to be a forest under foeest law

FAQ definition

all lands bearing vegetative associations dominated by trees of 3

exploted or not, capable of producing wood o of

the climate o on the water FEQIME, O D'Ol"jiﬂi; shester tor livestock and

wildlife *

Then, we looked at ecological definition; “plant community, predominantly comprised of
trees and other woody vegetation usually with a closed canopy.” Followed by a legal
definition, “an area of land proclaimed to be a forest under the forest law.” The FAO

definition of, the food in agriculture of organization; “all lands bearing vegetative



associations dominated by trees of any size, exploited or not, capable of producing wood
or of exerting an influence on the climate or on the water regime, or providing shelter for

livestock and wildlife.”
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Supreme Court decision

The word forest must be understood according 10 its dictionary meaning
Ths description covers all statutonly recognised forssts, whether
designated a5 reserved, protected or otherwise for the purpose of Sectian
2{1) of the Forest Conservation Act. ™'

“The term forest land, occurning in Section 2, will not only inc

as understood i the dictianary sense, but also any area recorded as forest

in the Government recoed irrespective aof the ownership *

Next, we looked at the supreme court’s decision in the Godavarman case, in which case
the supreme court has said that, “the word forest must be understood according to its
dictionary meaning. And, this description covers all statutorily recognized forest,
whether they are designated as reserved forest, protected forests or otherwise for the
purpose of Section 2(1) of the Forest Conservation Act.”

Then, we looked at forest land, and we said that the term forest land not only includes
forests as understood in the dictionary sense, but also any area that is recorded as forest
in the government record; irrespective of its ownership. So, no matter who owns the

land, it is a forest land.
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Forest management

‘Forest management 1s the integration of shacultural praciices and
Dus;mess cancepts in such 3 way as to best achweve 2 andowner s

abjectives”

These objectives can be

@ production of largest quantity of timber
© highest economic returns

@ preservation and mncrease m wilcife

Q sod coeservaton

Q water retention

O largest production of non-timber forest produce. e1c

When we looked at forest management which is an integration of the silvicultural
practices and business concepts in such a way, as to best achieve a landowner’s
objectives, and then you have different kinds of objectives that are being met using forest
management.
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What grows at any place?

Depends upon
© amount of ranfall
© temperature
© soil fernility
Q sod type

© colomsation by speces

0 dymamics between different speoss

© abwotic factors

Q botic factors

of whnch chmate is the most important

In the second lecture, we looked at classification of forest. So, there are different kinds of
forest, and it is determined by the amount of rainfall, the temperature, soil fertility, soil

type, colonization by species, and dynamics between different species.



So, these are all different factors; they can be abiotic factors or biotic factors that

determine what grows at any place and climate, is the most important one.
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Correlation between climate and vegetation type

And so, if you look at this curve, you have angle precipitation on the y-axis and average
annual temperature on the x-axis. And, we say see that depending on the temperature and

the rainfall of different areas, we have different kinds of forests.
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Forest types in India

@ Tropical most
© Tropical dry

© Moatane sub-tropical

Q Montane temperate
© Sub-alpme

0 Algine

In India, we said that we have 6 major types of forests; tropical moist, tropical dry,

montane subtropical, montane temperate, subalpine and alpine.
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Tropical moist forests

© Wet evergreen
© Semi-evergreen
© Mosst decduous

Q Littoral and swamp

Then, we looked at all of these in more detail. So, tropical moist forest; so, you have
tropical; it is warm moist, it is wet. So, you have wet evergreen, semi-evergreen, moist
deciduous, littoral and swamp vegetation.
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Wet evergreen forests

1 1

General composition: Dense Tall forests, enticely evergreen or nearly so

Found mn; Western Chats, Andaman and Nicobar slands, North-East India

Common species: jamun, mango, @ckiruit

So, then, we looked at all of these in more detail. So, wet evergreen; dense and tall trees
entirely evergreen or nearly. So, found in Western Ghats, Andamans and Nicobar’s,

North East India common species are Jamun, Mango and Jackfruit semi evergreen.
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Semi-evergreen forests

General compesition: Dominants imcludes decidoous speces but evergreens
predominants

Found in: Western Ghats, Andaman and Nicobar slands, Eastern
Himalayas

Mix of wet evergreen trees and moist deciduous trees

So, you have dominants which include deciduous species, but evergreens are also
predominant. It is found in Western Ghats, Andaman and Nicobar Islands, Eastern

Himalayas and we have a mix of wet evergreen trees and moist deciduous trees.
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Maist deciduous forests

General composition: Domsnants mainly decideous bat sub-dommnants and
lower story largely evergreen top canopy even and dense but 25

Found in: Most of Inda except in the Western and North-Western regions

Common species; teak, sal, mango, bamboo, rosewood

Now, moist deciduous forests; you know, you have dominants are mainly deciduous, but
sub dominant and lower story is largely evergreen. Top canopy is even and dense, and 25
meters of height in general. It is found in most of India except in Western and North

Western regions, and the common species are teak, Sal, mango, bamboo and rosewood.
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Littoral and swamp forests

General composition: Mainly evergreens of varying density and baight hot
always associated predominantly with wetness

Found m: Andaman and Nicobar stands, delta regions

Common species: mangroues

Next, we have littoral and swamp forest; the general composition is mainly evergreens of
varying density and height, but always associated predominantly with wetness. And,
these are found in Andaman and Nicobar islands, delta regions. And, a common species
IS mangrove which we saw, in the lecture, that it has a number of adaptations that make it

suitable for a life in such areas. So, the littoral and swamp forests are found in wet areas.
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Tropical dry forests

types

© Dry evergreen

© Dry decduous

© Thom




Next, we have tropical dry forests. Now, these are tropical. So, high temperature and
these are dry, because you have less amount of rainfall. And, there are 3 different types

you have dry evergreen; you have dry deciduous, and you have the thorn forest.
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Dry evergreen forests

General composition: Haed leaved evergreen trees predominates with some
decxduous emergent often dense but usually under 20 m high
Found in: Andhra Pradesh, Kamataka coast

Common speces; ironwood, black plum, Cevlon ebony

Now, dry evergreen; the composition is hard leaf evergreen trees which predominate
with some deciduous emergent; often dense, but usually under 20 meters of height.

Found in Andhra Pradesh, Karnataka coast; common species are iron wood black pump

plum and Ceylon ebony.
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Dry deciduous forests

General composition: Entirely deciduous or nearly 50 1op canopy uneven

rarely over 25 m hagh

Found in: Madhya Pradesh, Gujarat, Andhra Pradesh. Karnataia, Tam

Nadu
Common species; sal, acacia, bamboo




Dry deciduous trees; no, remember that deciduous trees are those trees that shed their
leaves in certain season of the year or certain part of the year, typically, to conserve

moisture.

Now, in the case of dry deciduous forests, the general composition is entirely deciduous
or nearly. So, top canopy is uneven rarely over 25 meters in height, found in Madya
Pradesh, Gujarat, Andhra Pradesh, Karnataka, Tamil Nadu; and, the common species are

sal, acacia and bamboo.
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Thorn forests

General compasition: Deciduons with low throny trees and xerophytss
predomInats top canogy more o less broken, less than 10 m mig
Found in: North, Wesz. Central, South India

Common species: spurge, Cxctus

Then, we looked at thorn forest. So, thorn forest at xerophytic vegetation, very less
amount of water is there. So, the general composition is deciduous with low thorny trees;
and xerophytes pre predominates low canopy; top canopy is more or less broken and
these are less than 10 meters in height. Found in North, West, Central and South India.

Common species include things like spurge and cactus.
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Montane sub-tropical forests

1ypes
© Broadleaved
0 pn“

@ Dry evergreen

Next, we looked at montane sub-tropical forest. So, these are in mountainous areas and

these are subtropical. So, it is not that much warm now. So, you have broad leave

vegetation, pine vegetation and dry evergreen forests.
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Broadleaved forests

General composition” Broad-leaved largely everzreen hugh forests

Found mn: Eastern Himalayas, Western Ghats

Common species: oak. aider, chestnut. birch, cherry, bamboo

Now, broadleaved forest as the name suggests this these have brought sized leaves. So,
these are broadleaved forests, largely evergreen high forest found in Eastern Himalayas

and Western Ghats and common species include oak, alder, chestnut, birch, cherry and

bamboo.
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Pine forests

General composition: Pine assocated predominates
Found m: Shivalik hals, Western, Central Himatayas. Khasi, Naga
Maripur hdis

Common species: pime, chir, o3k, rhododendson, sal. amla

Next, we have pine forests. So, the general composition is pine and associates that
predominate. Now, pine is coniferous vegetation in which you have needle-like leaves.
Now, in these forests; these are found in Shivalik hills, Western and Central Himalayas,
Khasi, Naga and Manipur hills. The common species are pine, chir, oak, rhododendron,
sal and amla.
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Dry evergreen forests

General composition: Low xerophytic forest and scrubs

Found n; Shivalik hés, foothdlls of Himalayas

Common species: pomegranate, alve

Next, we have dry evergreen forests; the general composition is low xerophytic forests

and scrub. So, xerophytic is dry vegetation that is growing in drier areas. These are found



in Shivalik hills and the foothills of Himalaya’s; common species include things like

pomegranate and olives.
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Montane temperate forests

iypes

Q Wet

© Most
@ Dry

Next, we have montane temperate forests which are of 3 categories; wet, moist and dry
depending on the amount of rainfall that you have in these areas.
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Montane wet forests

General composition: Evergreen without conderaus speces

Found m: Eastern Himalayas, Nilgins

Common speces: rhododendron, oak

Montane wet forests. The general composition is evergreen, but without coniferous
species. So, you find these in Eastern Himalayas and in the Nilgiris; the common species

are rhododendron and oak.
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Montane moist forests

General composition: Evergreen forests mainly sclenphylloss oak and
coniberous speces
Found in: Western Himalayas, Eastern Hamalayas

Common species; cak. walnet, ricdodendron, bamboo, fer

Next, we have montane moist forests. So, you here you have evergreen forest mainly
scleriphyllous, oak, and coniferous species; found in Western Himalayas and Eastern

Himalayas, and the common species include oak, walnut, rhododendron, bamboo and

fern.

(Refer Slide Time: 08:45)

Maontane dry forests

General composition: Conderous forests with sparse xerophytic

undergrowth

Found m: Lahud, Kennawr, Sikdam

Common species: ak. mapée, ash, fir, jumiper, deodar, chilgeza

Next, you have montane dry forest. So, here the general composition is coniferous forest

with sparse xerophytic undergrowth; found in places like Lahul, Kinnaur, Sikkim. So,



these areas are very cold areas and very dry areas. The common species include oak,

maple, ash, fir, juniper, deodar, chilgoza.
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Sub-alpine forests

General composition: Stunted decxiuous or evergreen forests, wsually close
formatica with or without confers

Found in: Himalavas of Kashmir to Amnachal Pradesh

Common species: red fir, barch, larch, rhododendran

Next, you have sub-alpine forests. So, the general composition is stunted deciduous or
evergreen forest. Usually close formation with or without the confers. Found in
Himalayas of Kashmir to Arunachal Pradesh; common species include red fir, birch,

large and rhododendron.
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Alpine forests




And then, we have the alpine forests. Now, alpine forests are typically on the tops of
mountains; very cold areas, and you have two different categories: moist alpine and dry

alpine.
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Alpine moist forests

General composition: Low but often dense scrub of evergreen species
Found m: Parts of Himalayas, Myanmar border

Common speces: rhododendron, birch, moss. fern

Now, alpine moist forests have low, but often dense scrub of evergreen species; found in
parts of Himalayas and in the Myanmar border. Common species include things like

rhododendron, birch, moss and fern.
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Alpine dry forests

General composition: Xerophytic scrub in open formation mestly o
decduous in nature
Found i Himalavas from 3000 m to 4600 m

Common speces: black juniper, honevsuckle, willow




The alpine dry forests. The general composition is xerophytic scrub in open formation,
mostly of deciduous nature. These are found in Himalayas from 3000 to 4900 meters,
and the common species are black juniper, honeysuckle and willow. So, basically, what
this lecture was telling us was that, in different areas, you have different kinds of
vegetation which is adapted to different kinds of conditions in those areas; and, these

conditions include both the biotic factors as well as the abiotic factors.
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An overview of major Indian habitats and their residents

Then, we looked at major Indian habitats and their residents.
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Alpine meadows




So, we looked at alpine meadows. So, you have huge lush grassland.

(Refer Slide Time: 10:33)

Alpine meadows
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Alpine forests

In Jammu and Kashmir and Uttarakhand, you have alpine forests.
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Maist deciduous forest
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Dry deciduous forest

Moist deciduous forest, dry deciduous forest. Now, as you can see in the case of the
moist deciduous forest, the forest floor is looking very green in colour. Whereas, in the
dry deciduous forest, you have of forest floor that has and that is full of dry leaves.
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Serub forest

Next, you have the scrub forest in Rajasthan. So, it like this is in Ranthambhore national

park.
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Sand dunes

You have sand dunes in Jodhpur. So, here again, you have less amount of water that is
available; the trees are short in height. You have ample amount of breaks in the canopy

and you also have thorny vegetation.
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Spiny tailed lizard in desert

But then, even these are very important for certain species such as this spiny tailed,

lizard.

(Refer Slide Time: 11:20)

Rann of Kutch

Then, we looked at the Runn of Kutch. Here also, it is a very open sort of vegetation, and

if you have areas where you have water, then you will find different species.
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Runn of Kutch
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Brahmaputra floodplains

When you have Brahmaputra floodplains; on the back, you can see that you have a very
dense vegetation. In these areas which where you have the floodplains. Because of the
yearly floods; so, the plants are unable to grow in these areas, | the large trees are unable
to growing these areas and so, you get very good grasses that support number of species
such as the rhinoceros.
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Brahmaputra floodplains
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Shola forests

Then, we looked at Shola forests as are found Coorg.
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Equatorial forests

We looked at equatorial forests. Now, in the case of equatorial forests, you have ample
amount of rainfall; ample amount of sunshine. So, it is a very dense vegetation; it is very
difficult to go through this forest, and the your trees are very large in size. So, for
instance, you can see this piece of log that is being dragged using an elephant and you
can see how large it is.
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Mangroves

Then, we looked at the mangrove forest, which in which case the plants are very well
adapted to a life with lots of water.
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Value of forests
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Total economic value

Next, we looked at the value of forest. And, we began with this chart which said that the
total economic value depends on use value and the non-use value. Now, use value is
something in which case you are using the resource. Non use value is where you are
getting a value even though the resources not being used. Now, in this case, the use value
is comprised of to the direct value, indirect value, and option value. And, the non use

value is comprised of existence value, altruistic value and bequest value.
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Use value

Value ansing out of use of the resource
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Non-use value

Value ansing even though the resource is not being used

Now, use value is value arising of a use of resource. Non use value is value arising even

though the resource is not being used.
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Direct value

Uwect value compnses of
O comsumptive and productave values such as

@ timber

9 fresood
medicines
graong
T\Tr.:)':
water, etc
Consumptive vaies such as
recrealion | ecotoursm
education and research

human and wildife habstat, etc

Now, the use value comprises of direct value. So, direct value is something that we are
using directly, such as consumptive values and the non-consumptive values. Now,
consumptive values are those in which, if one person is using those resources, the they
are not available in that much amount for use by another person. So, a good example is

timber.

So, there is a tree, and if | extract the timber out of that tree, you will not be able to
extract timber from the same tree, because the timber is now gone. It can either be used
by you or it can be used by me. So, we have the consumptive and productive values,
such as timber, firewood, medicines grazing, non-timber forest produce and water. And
then, we have non consumptive values, such as recreation or ecotourism, education, and

research, human and wildlife habitat etcetera.

So, a good example of a non consumptive value is a tiger. So, if | see a tiger and | derive
a value of say 1000 rupees by seeing this tiger. So, if you see this tiger, the value has not
gone down because | have seen this tiger. So, essentially, whenever any person is using a
non-consumptive; whenever any person is doing a non-consumptive utilization of a
resource, then the resource says amount and the quality remains the same for use by

another person as well.

So, the direct value is consumptive and non-consumptive values.
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Indirect value

These include
© watershed benefits. including
@ agncultural productivity
9 soil conservation
© ground water recharge
0 regulation of stream flows
© ecosystem services, such as
@ mtrogen nation
9 waste assimdation
9 Carvon sequestraticn ang Storage
Q muorotEmatic tunctions
© evolutonary processes, ncluding
0 global life suppart
9 boodwersity

Then, the indirect values include watershed benefits such as agricultural productivity,
soil conservation, groundwater recharge, regulation of stream flows; ecosystem services
such as nitrogen fixation, waste assimilation, carbon sequestration and storage
microclimatic functions; and evolutionary processes such as global life support and

biodiversity.

Now, the point in the case of direct of indirect value is that, we are using these values
they are important for us, but we are not using them directly. So, for instance, if there is
nitrogen fixation that is happening somewhere; so, this nitrogen fixation that is being
done biologically. We are not using it directly; it is there to support a different number of

different life form and so, it is in indirect value
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Option value

It 15 an option for the future direct and mdirect use of biodiversity

Next, we looked at option value. It is an option for the future; direct and indirect use of
biodiversity of the forest. So, in this case what we are saying is that we are not using it,
but we want to retain an option that this resource should be available for a future use. If
we wanted you to use it in future; so, just because you want to use it in future, you are
maintaining it today. So, that is an option value. We do not know when we are going to
use it; we do not know if we are going to use it, but we still want to maintain this

resource to have this option of using it in, at a later stage, if it is required.
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Existence value

This s the value derving from the knowledge that the resources continue

1o eost




Next, we looked at existence value; in the value deriving from knowledge that the
resource continues to exist such as the polar bear. So, even though you are not using a
polar bear in any way, but still if the polar bear exists; in this species has not gone

extinct. So, we are feeling happy about it. So, this is the existence value.
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Altruistic value

This s the value derived from the knowledge of use of resources by uthers

n the current generation

Then, you have altruistic value; value derived from the knowledge of use of resources by
others in the current generation. A good example would be the tigers of Sunderbans. So,
if I am living in Madhya Pradesh and | am not using those tigers, but I know that my
fellow citizens, my fellow compatriots of the same planet are using that resource it is
providing them livelihood and so, | am happy, because they are able to use this resource.

So, this is altruistic value; it is different from a selfish value.
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This i the value of leaving use and non-use values for offsprn

generations

And then, third is the bequest value. The value of living use and non-use resources; use
and non-use values for off springs or future generations. So, in this case, we are giving
this these resources as a bequest to the future generations. So, we are just managing
them; we are conserving them, so that our children or our grandchildren or the future
generations will be able to use these values. So, we are giving them as a bequest; as a

gift. Now, with all of these different values, we also have several methods of valuation.
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Methods of valuation

These are three accepted approaches for valuation
@ market prces | revealed willingness to pay. mdluding
@ market pnce method
@ hedomc pricing method
9 Travel cost methed

arcumstantial ewdence | imputed wilingness to pay, such as

O replacement | subsiitute cost
© damage cost avoided
© surveys | expressed willingness to pay, such as

O wontngent valuation method




So, there are 3 accepted approaches for valuation. The first one is the market prices
method or the revealed willingness to pay. So, in this case, you are looking at what is the
price that any commodity or any resource is demanding in the market. So, the first one is
market price method. So, in the case of your forests, they are providing you n number of
resources. So, for instance, if you are extracting timber out of the forest, and you we are
extracting say 100 tons of timber from the forest; what is the price of 1 ton of timber?
Multiply that with 100, and you get the market value of timber that you are getting every

year.

Now, suppose you are also using this forest for, say, a non-timber forest produce such as
fruits and you are extracting say 50 tons of fruit. So, you find out the market price of 1
ton of fruit; multiply that with 50 and you get the total amount of market value that you
are deriving out of the 50 tons of fruits. And so, you make a list of different resources
that you are extracting from the forest. And, for each of them, you figure out how much
is the amount that; or how much is the quantity that you are extracting for from the
forest. And, you also figure out what is the market price of each of these commodities
that you are extracting. So, you multiply the market price with the amount or the quantity
to get the economic value of each and every commodity that you are extracting from the

forest; add them up and you get a market price of the forest.

Next, you have the hedonic pricing method. So, hedonism is a in the sense of feeling
happiness. So, if you have a forest; so, the lands that are near to that forest will be having

less amount of pollution or probably people will be able to see the wild animals.

So, in that case, there is a possibility that certain prices of goods will go up. So, a good
example was that you have two buildings; one is near to a road, which is having a large
amount of noise; a large amount of smoke and dust. On the other hand, you have another
building of a very similar size; at a very similar location or distance from the industrial
centers. And, the good thing about the second building is that it is right next to a forest

and so, the amount of dust and smoke and noise is less

So, typically, people will be willing to pay a premium or more amount of money for the
second building. So, the difference between the rates, multiplied by the total number of

flats that you have in that in the second building, will give you an idea of the price that



people are willing to pay to get the happiness of living in the second building. So, this is

the hedonic pricing method.

Now, the third one is the travel cost method. So, in this case, people travelled to see a
forest from different locations. And, whenever spending money on transportation; they
are spending money on eating outside; they are spending money for lodging and
boarding; they are spending money to get into the forest; paying the paying the gipsy
fees; paying the guide and so; if you add up the different amounts that people are willing
or that people are actually paying to come and see your forest. So, in that case, you can

get a value of the forest.

The second method is a circumstantial evidence or the imputed willingness to pay, such
as a replacement or substitute cost. So, in this case, we were saying that you have a forest
that is right next to the oceans and this forest is protecting the lands from tsunamis. Now,
if you let go of these forests. If you cut these forests, but still you want to have protection
from the tsunamis. So, in that case, you will have to build up a concrete wall, so that
would be a replacement or a substitute to the forest. Now, in the case of a replacement or
a substitute, what is the amount that you will have to shell out to build this wall and to

maintain it? So, that will give you an idea of the value of the forests.

The other method is the damage cost avoided method. In which case, you say that the on
the value of your forest is equal to the amount of the of damage that it is able to avoid
just by its presence. So, for instance, if you do not have this forest and if a tsunami
comes there will be a huge loss of life and property; which is the damage that is being

avoided by having the forest there. So, that is the value of the forest.

And the third accepted method is surveys or expressed willingness to pay such as the
contingent valuation method. So, in this case, you ask people what is the amount of
money they are ready to pay to have a resource. So, if you ask people that suppose the
government wants to cut a forest remove a forest, but if you want to keep this forest, then

the government is going to add an extra tax.

So, what is the amount of tax that you are willing to pay. So, this is an expressed
willingness because neither the government is going to cut the forest nor is the

government asking for any tax. But then, you give this hypothetical situation in the form



of a survey to get an idea or an estimate of how much are people willing to or expressing

to pay for the forest, and that will give you an idea of the valuation of the forest.

(Refer Slide Time: 23:37)

Module 2: Basics of silviculture

o What & silwiculture?

o Plant growth factors
o Ecological succession

Now, in the second module, we looked at the basics of silviculture and we started with

what is silviculture.

(Refer Slide Time: 23:42)

Silviculture

siva = wood

cultura = cultvation

Defintion

Art and science of cultivating forest crops

So, ‘silva’ refers to ‘wood.” ‘Cultura’ is “cultivation.” So, we defined silviculture as the
art and science of cultivating forest crops. Then, we looked at its relationship with

silvics.
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Relationship with silvics

environmental factars, as bass for the practice of shaculture

Sitwiculture s apphed silvics

So, silvics is the study of life history or general features of forest crops with respect to
environmental factors, as a basis for the practice of silviculture. So, we said that
silviculture is applied silvics,; silvics is the theoretical aspect and silviculture is the

practical aspect.
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Components of forest

@ Abiotc companents
9 Soil
8 Water
9 Air
0 Sunshene, erc
@ Biotic companents
0 Trees
Shrubs
Vines
Grasses
Insects
Bards

Reptiles

Mammals, etc

Then, we described the components of a forest. So, a forest comprises of abiotic and

biotic components. Abiotic components are the nonliving components, such as soil,



water, air, sunshine and so on. And, biotic components are trees, shrubs, vines, grasses,

insects, birds, reptiles, mammals and so on; the living components.
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Layers of forest

Q Forest fioor: decomposng leaves, ammal remains, dead parts of tree
etc Supports ferns, grasses, seedlings

© Understorey: bushes, shrubs and young trees
Inving 1n shade

© Canopy: the uppermost branches of the tre
mare o less continueus Laver of foliage

Q Emergent Layer: few scattered trees that tower over the canap

Then, we saw that a forest is comprised of several layers. You have the forest floor
which has decomposing leaves, animal remains, dead parts of trees etcetera. It supports
ferns, grasses and seedlings. Then, you have the understorey comprised of bushes, shrubs
and young trees that are adapted to living in the shade. Then, you have the canopy which
is the uppermost branches of the trees in a forest that forms a more or less continuous
layer of foliage. Followed by, the emergent layer on the very top, which is a few

scattered trees that tower over the canopy.
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Layers of forest

So, here we are seeing that, you have a canopy, you have the emergent layer, you have

the understorey, and you have the forest floor.
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Why do we do silviculture?

© quality timber productan

© production of species of economic value

© mcreasing production, or volume of timber pes unit area per unit time

Q reduction of rotation age, or the average age at which a tree is
considered mature for fellng

Q raising new forests (eg m blank areas)

Q creaton of wildide habrtat

@ aesthetcs

Q introduction of foreign speces (exotics)

©Q protection and maintenance of site for intangible returas

Then, we looked at why do we do silviculture at all? So, silviculture is done to achieve
certain desired outcomes, and you can have different outcomes; you can have different
objectives such as timber such as quality timber production. Production of species of
economic value, increasing the production or volume of timber per unit area per unit

time, reduction of rotation age or the average age at which a tree is considered mature for



felling, raising of new forest in blank areas, creation of wildlife habitat, aesthetics
introduction of foreign species; also known as exotics, or protection and maintenance of
site for intangible returns.

So, you are doing the cultivation of forest crops to achieve one or more of these

objectives. So, this is why we are doing silviculture.
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A short history of silviculture

(Refer Slide Time: 26:04)

Human impact on environment | forests

l=PxAxT
where
| = Impact of humans on enaroament | forests

Population peessure

P
A = Affluence (or per capeta need for resources)
-

Technology {or ability to extract resources)

Then, we looked at a short history of silviculture and we began by looking at the impact

of human beings on the environment or the forest. And, here, we came up with this



equation that 1 is equal to P into A into T. Where, | is the impact that the humans are
making on the environment or on the forests, P is the population pressure, A is the
affluence level or the per capita need for resources, and T is the amount of technology or
the ability to extract the resources.

So, suppose, you have a society that has a small population and as and has less use for
resources, and does not have the technology to extract the resources. So, in such as a
situation, your resources will remain as such and there will be hardly any impact on the
resources. On the other hand, if you have large number of people and all of those people
require large amount of resources, and the society also has the technology to extract
those resources. In that case, you will find that is the amount of impact of the human

beings on the environment or on the forests will be very large.
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Development of silviculture: Stage 1

Abonginal socuety
o smail population, affluence, technology
o little smpact on foeests; forests are in plenty
o little need ta conserve forests, though in some soosties certam fru

foad | fodder trees may be conserved as religious tress

&

So, we saw that development of silviculture occurred in several stages. We began by the
abori we began with the aboriginal society; the early society with small population
affluence and technology. There was little impact on forests; forests were in plenty and
so there was little need to conserve the forests. But even then in certain societies, certain
food fruit trees, food trees or fodder trees were considered religious trees, and they were

conserved.
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Development of silviculture: Stage 2

Modemisation
o gromng popufation, affluence, technology
@ grawmng impact on farests due to unabated exploitation; forests are
getting scarce
 increasing need to conserve forests, though for time deing the need
may be met through expanson of empire

&g expanding Roman empire, Btish empure
o

Now, in the second stage, we started to modernize; the population started to grow; there
was increase in affluence and technology. So, people started feeling a need for more
amount of resources, and they also developed the ability to extract those resources. Now,
with the modernization what happened was that the impact of the society on the

resources increased, and the forest and the forest started getting scarcer every day.

So, there was an increasing need to conserve the resources, but then because you have
areas that were left. So, one option was that you expand your empire; you in place of
cutting trees in your local areas only, you started to move out and you started to increase
the size of your empire, so that you get access to resources in other places as well. Now,
good examples of this stage include the expanding Roman empire and the expanding

British empire.
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Development of silviculture: Stage 3

Modem saciety
o large poputation, affieence. technology
® Lrge impact on forests due to unabated exploitation; forests are
extremely Scarce
@ forest conservation becomes smminent
@ scientikc management of Iorests gets Dom as 3 dscipling to miget
needs of sooety

eg Most of the world from mud-mineteenth century

Now, in the 3rd stage; now, in the third stage, we have a modern society with large

population, large affluence, large technology.

So, now, we are having a large impact of forests due to unabated exploitation; forests are
getting scarcer every day. But we do not have more spaces to expand our societies,
because all the areas that could be cut have already been cut. So, there is hardly any
scope that is left for the society to increase and so, the forest conservation has now
become imminent. The scientific management of forests gets born as a discipline to meet
the needs of the society, and the example is most of the world from the mid nineteenth

century.
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These stages may also happen in a cyclical manner, as
a civilisation grows and ends, followed by another
civilisation

e.g. The Maurya empire in India had codes for
conservation, but during the British expansion period
forests were cut indiscniminately

Now, these stages can also happen in a cyclical manner, in which case, a civilization in
an early stage is more inclined towards conservation, than a civilization in the later stage.
So, an example is the Maurya empire in India that had codes for conservation, but during

the British expansion period, the forests were cut indiscriminately.
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Silvicultural practice

“Sshcultural practice consists of vanious treatments that may be appbed

10 forest stands to maintain and enhance ther utility for any purpose

Next, we had to look at the silvicultural practice. So, silvicultural practice consists of

various treatments that may be applied to the forest stands to maintain and enhance their

utility for any purpose.



So, silvicultural practices are various treatments that are applied to the forests stand, and
for two purposes; to maintain their utility and to the enhance their utility, for any

purpose.
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Silvicultural system

A planned program of treatments gunng the whole life of 3 jorest

CESIENEG 10 aCeve speaiic stand structural objectves

Stand structural objectives

Q sge-class structure

@ site occupancy and preferred species mitie

© spatad distribution of trees: clumpy or unidorm

© creation or maintenance of desrable special structural attributes (& 2

trees for wadlife. snag trees)

So, next we had a look at silvicultural system. A silvicultural system is a planned
program of treatments during the whole life of a forest designed to achieve specific stand
structural objectives. And, we saw that the stand structural objectives could be the
creation or maintenance of a specific age-class-structure, site occupancy, preferred
species mixture, spatial distribution of trees; weather clumpy or uniform, or creation or
maintenance of desirable special structural attributes; such as trees for wildlife, or the

snag trees.

Now, as we saw there the snag trees are those trees that are old in age. In most cases,
they are dead trees, but then there are hollows in this tree that act as habitats; that act as
nesting sites; that act as breeding sites, for several organisms and so, we maintain these
trees, if we want to maintain an area as a wildlife habitat. Though, in one of the lectures,
we also saw that these snag trees also act as a fire hazard because, if you have a fire that
is moving under the ground and if it gets a snag tree; then because its a hollow tree; it is

a dead tree; it is a dry tree; so, it catches a fire.



So, shag trees also so, basically the whether or not you will be having snag trees or you
will prefer to have a snag tree will depend on what is your objective of management in

any area.
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Silviculture is intimately linked to several branches of
forestry

Forest protection
‘Branch of forestry concerning with actneties of prevention and coatral of
damage to forests’

This damage may be due to man, anmals, fire, msects, diseases, etc

Forest mensuration

the art and scence of prowding the guantitative mformation about tree
and forest stands necessary for forest management, planning and research

This information may be about dimensions (e g diameter, height, volume

of trees cr stand). form, age, increment, &t¢

Now, silviculture is intimately linked to several branches of forestry, such as forest
protection, which is the branch of forestry concerned with activities of prevention and
control of damage to the forest. Now, damage to the forest may be due to man, animals,
fire, insects, diseases and so on. Then, for silviculture you also require forest
mensuration which is the art and science of providing the quantitative information about
trees and forest stands, that is necessary for the forest management planning and

research.

Now, this information may be about dimensions; example, diameter, height, volume of
trees or a stand, form, age, increment and so on. So, if you want to do silvicultural, you
have you will have to look at the protection of forests, you will have to look at the

measurement of these forests, so that you have data to manage these forests.
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Silviculture is intimately finked to several branches of
forestry

Forest utilisation

harvesting, disposal and use of forest produce

Forest economics

Beanch of foeestry dealing with forests a5 prodective assets subject to

ECoNOMIC prnciples”

Forest management

The practical apphcation of scientific, technical and economic prnceples

of forestry

Then, you also need to have an idea of forest utilization which is the harvesting, disposal
and use of the forest produce. So, in the case of forest utilization, you are harvesting
trees; you are disposing them in certain ways; you are using them to make certain things,
and this is known as forest utilization. Then, you also need to have an idea of forest
economics which is the branch of forestry dealing with forests as productive assets that

are subject to economic principles.

So, in the case of forest economics, you are dealing with forest as a productive asset in a
very similar way as you would consider say a factory or an industry. And, because this is
a productive asset, it is subject to the economic principles. Then, you we you also
required to have a knowledge of forest management which is a practical application of

scientific technical and economic principles of forestry.
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Plant growth factors

Now, in the next lecture, we had a look at the plant growth factors.
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The process of ncreasng i s1ze, amount o number

Now, growth is defined as the process of increasing in size or amount or number.



(Refer Slide Time: 33:35)

Two processes happening together determine plant growth

Photosynthess

Now, in this case, there are two processes that are happening together. One is
photosynthesis; in which case carbon dioxide and water are being converted into
carbohydrates. And, the second process is that of respiration; in which case, the

carbohydrates are getting burnt using oxygen to give out carbon dioxide and water.
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Definitions

TasS Srumary grocucton

nergy (or carbon) fixed wia photosynthesis per unit time

Net primary prodection
Gross primary production - Energy (or carbon) fost via resparation per umit

time

Compensation point

The equilibrism point for plants where photosynthess equals respiration

Next, we looked at the definitions of gross primary production, net primary production
and the compensation point. Now, net primary production is gross primary production

minus the energy that is getting lost because of respiration. And, the compensation point



is the equilibrium point for plants where photosynthesis is equal to respiration. And,
typically, you reach the compensation point two times in a day; in the morning and in the

evening.
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Efficiency

Efficiency of gross primary production
Energy fived by gross primary production

Energy in ncident sunbight

Efficiency of net primary production
Energy fived by net pnmary production

Energy n incident sunfight

Now, we also define efficiency of gross and net primary production which is equal to the
energy that is getting fixed divided by the energy in the incident sunlight.
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Productivity

Production
Productity —

Time

Net primary productivaty

Net prmary productanty = APAR » LUE
where

o APAR = Absorbed photosynthetically active radiation (M) o

time)

o LUE = Light use eificiency (grams carbon per MJ energy)




And, we also defined productivity as production per unit time. And, we defined that the
net primary productivity is equal to APAR into light use efficiency, where APAR is the
absorbed photosynthetically active radiation.
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NPP from satellite data
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NPP estimates through modelling
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What does productivity depend upon?

Prodectity is a function of seven vanables™
O solar constant: the rate at which energy reaches the eanth's surface
from the sun, usually taken 10 be 1,388 watts per square metre
0 latitude
0 dloudmess
Q dust and water in the atmosphere
Q leaf arrangement
Q leaf area

@ concentration of COy and nutments

Now, the net primary productivity can be discerned from satellite data or through
modeling. And, productivity depends on a number of things such as solar constant or the
rate at which energy is reaching the earth’s surface from the sun. It is usually taken to be
1388 watts per square meter. It depends on the latitude of the place; it depends on the
cloudiness of the place; dust and water in the atmosphere, arrangement of leafs, area of

leafs and the concentration of carbon dioxide and other nutrients.
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Nutrient

"A substance used by an organsm to survwe, grow and reproduce

Where, nutrient is defined as a substance that is used by an organism to survive grow and

reproduce.
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Kinds of nutrients

Macronutrients

Nutnients needed in farge amaounts

Include primary nutrients (N, P, K) and secondary nutreats (Ca. Mg, S)

Micronutrients or trace elements
Nutrients needed n small or trace amounts

Inclede boron, copper, ron, chionne, manganese, zinc and malybdenum

Then, we looked at different kinds of nutrients. You have macronutrients that are

required in larger amounts, including both primary and secondary nutrients, and

micronutrients or trace elements that are needed in smaller amounts.
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Essential elements: Criteria

© In the absence of the efement the plants should be unable 20
complete therr life cycle

@ The deficiency of an essential element cannot be met by supplying

some other element

© The element must be directly involved in the metabolism of the p

olant

Then, we defined essential elements as those elements that that meets three criteria; one
is that in the absence of the element the plants will be unable to complete the life cycle;

two, the deficiency cannot be met by supplying some other element. So, you cannot



supply another element to meet up the needs for this element, and the third is that it must

directly be involved in the metabolism of the plant.
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Roles of some essential elements

© Nitrogen: constituent of protens, nucksc acds. vitamins. hormanes

© Phosphorus: constituent of nuceic acids, ATP. cell membrane, certam
protens

© Potassum: cation-anion balance needed for maintaining cell tuspdity
openang and closing of stomata, activation of certain enzymes

O Calcium: calcium pectate in cell wall, activation of certam enzymes

caloum chaanels in cell membranes

© Magnesium: constituent of chiorophyll, actvation of respration
enzymes

@ Sulphur: constituent of amno acids cysteme and methionme, Severa

vitamins and coenzymes

Then, we looked at the rules of several essential elements;

potassium, calcium, magnesium and sulphur.
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List of macronutrients

© Macronutrients derved from 2w and water
0 Carbon
@ Hydrogen
) ':'l‘-g{ﬂ

© Pnimary macronutnents

® Nitrogen
© Phosphorus

0 Patassium
@ Secondary and tertiary macronutnents
0 Sulphur
o Calcum
0 Magnesium

nitrogen,

phosphorus,

And then, we had this list of macronutrients; including the macronutrients derived from

air and water, which is carbon, hydrogen and oxygen. The primary macronutrients; NPK,



and the secondary and tertiary macronutrients, which is sulphur, calcium and
magnesium.
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List of micronutrients

O lron

© Molyhdenum
9 Boron

Q Copper

© Manganese
Q Soditm

@ Zinc

Q Nocerl

Q Chlanne
@ Cobalt

@ Aluminium
@ Sdxon

@ Vanadium
@ Selenum

Then, we have the list of micronutrients; iron, molybdenum, boron, copper, manganese,
sodium, zinc, nickel, chlorine, cobalt, aluminum, silicon, vanadium, selenium, and all of

these are required in small or trace quantities.
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The Earth does not have an infinite supply of these
elements

So we have biogeochemical cycles

Now, because the earth does not have an infinite supply of these elements.
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Biogeochemical cycle

‘A pathway by which a chemscal substance moves through biotic
| brosphere| and abiotic (lithasphere, atmosphere, and hydrospbere
compartments af Earth’

So, we have biogeochemical cycles. Now, a biogeochemical cycle is a pathway through
which a chemical substance moves through the biotic and the abiotic components or
compartments of the earth. Biotic compartment is biosphere, and abiotic compartment is
lithosphere, hydrosphere and atmosphere.
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The Generalised nutrient cycle

Now, this is the generalised nutrient cycle; in which case, the plants are taking nutrients
from the nutrient pool, and using the energy of the sun to fix the energy, and the nutrients

into their body mass, in the form of biomass; and this biomass then eaten up by the



herbivores; herbivores get eaten up by the carnivores, and whenever these plants or
herbivores or carnivores; whenever they die or they give out excreta; so, in that case all
of these are decomposed by the decomposers, and they release the nutrients back into the
nutrient pool.
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cological succession

(Refer Slide Time: 37:45)

Bare rocks
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Crustose lichen stage
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Foliose lichen stage
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Moss stage
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Herbaceous stage
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Next, we looked at ecological succession; how, it happens from bare rock to crustose

lichen, to foliose lichen, to mosses to herb; herbs to shrubs to forest.
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Definitions

Ecological succession
‘Ecological swocesson 1 the process of change in the species structue of
an ecological commanity over time

So, ecological succession is defined as the process of change in the species structure of
an ecological community over time. So, we are seen the process of change in species

structure of an ecological community over time.
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Sere

A seral community (or sere} is an intermediate stage found in ecologa

B3

SUCCESSKaN 1N 3N &CoSystem advancng towards 1S chmax community

@ Hydrosere: A commumnity in water
@ Xerosere: A community in dry area. Includes
© Lithosere: A commanity on rock

® Psammosere; A community on sand

© Halosere: A community in saline body (25 a marsh)

Where and. we defined sere as a seral community, or a sere is an intermediate stage that
is formed in ecological succession in an ecosystem advancing towards its climax

community.



We defined different kinds of sere. So, we have the hydrosere which is a community in
water. Xerosere which is a community in dry area, such as lithosere and psammosere.

And, a helosere which is a community in a saline body such as a marsh.
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Pioneer species

Pioneer species are hardy species which establish themselves m 2
dsrupted ecosystem and trigger the process of ecalogical succession

Characterstics

@ ability to grow on bare rocks, nistnent-poar sod o water
@ zbility to tolerate extreme conditions such as heat and cold
© less nutrtanal requirements; often photoautatraphs

Q small size

© shaort e span with rapud growth; mostly annual species

@ ability to disperse through spores or seeds. prolific seed procuctson

Then, we defined pioneer species as those hardy species which establish themselves in a
disrupted ecosystem and trigger the process of ecological succession. The characteristics
are ability to grow on bare rocks, nutrient, poor soil, water; ability to tolerate extreme
conditions, less nutrient requirements - often photoautotrophs, small size, short life span,
rapid growth, and the ability to disperse through spores or seeds with a prolific seed

production.
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Climax

A biological community of plants, ansmals, and fungi which, through the

process of ecologycad succession in the development of vegetation = an
area gver time, have reached a steady state

@ Climatic dimax: controlied by the climate of the regwon

@ Edaphic chmax: controlled by the soil conditions of the region

© Catastrophac climax: controlled by sceme catastrophic event such 3s
wildfire

Q Disclimax: controlied by some disturbance [man or domestic smmals)

And then, we also looked at a climax community which is the final community of
biological community of plants, animals and fungi; which through the process of
ecological succession, in the development of vegetation, in an area over time have
reached a steady state. And then, there are different kinds of climaxes; you have climatic
climax controlled by climate; it affect climax controlled by soil; catastrophic climax
controlled by catastrophic events such as forest fires; and disclimax which is controlled

by certain disturbances such as man or domestic animals.
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Characteristics of climax community

O vegetation tolesant of environmental conditions
7] F,igh speces diversity

© well-formed spatiad structure

Q complex foed chains providing stability

O equilibrium between gross production and respiration, uptake and

refease of nutnents

Q the species composition contmues for 3 loag time

@ the chimax community 5 3 good incication of the chimate and other
conditions of the area




Then, we looked at the characteristics of climax community or mostly these are opposite

of those of the pioneer communities.
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Kinds of succession

Q Prmary succession: “Successional dynamics begmning with
colonrsation of an area that has not been prewsously occupred by an
ecologral communaty, such as mewly expased rock or sand surfaces
tava flows, newly exposed glacial tills, e4c.. are referred 1o as pmary
SUCCESSIoN

© Secondary successon: “Successional dynamics following severs

disturbance or removal of 3 pre-eosting community are calied
secondary Succession
© Cyclic succession: “Penodic changes ansung from fluctuating speces

mteractions or recurnng events

Now, there are three kinds of successions; primary succession which begins ab initio.
Secondary succession which in which case you have successional dynamics that are
following severe disturbance or removal of preexisting community. And, cyclic

succession in which you are having cyclical circumstances that are leading to the

succession again and again.
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Lithosere primary succession

Rock — Crustose lichen stage —+ Fohose hchen stage — Moss stage

Herbaceous stage — Sheub stage — Woodland stage — Climax stage
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Hydrosere primary succession

Water — Phytoplankton stage —» Submerged stage — Floating stage —

Reed swamp stage — Sedge-meadow stage — Woodland stage — Climax
stage

Then, we looked at the lithosere primary succession and the hydrosere primary
succession. Now, in the case of hydrosere primary succession, you have water, followed
by phytoplanktons, submerged state, floating stage, reed swamp, sedge meadow,
woodland, and finally/followed by the climax stage.

(Refer Slide Time: 40:25)

Secondary succession

Forest — Forest fire — Forest mcompletely destroved — Hesbaceous stage

+ Shrub stage — Woodland stage — Climax stage

Now, in the case of secondary succession, you have forest fire. Now, if there is a forest
fire, then the forest get incompletely destroyed, followed by a herbaceous stage, shrub

stage, woodland stage and a climax stage.
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Secondary and cyclic succession are faster than primary
succession

Reasoos:
9 sail already formed
@ spores and seads already present o soil
© regenesation of some plants from roots

Q sal fertity s typically high enough to support arganisms

Now, typically, secondary and cyclic successions are faster than the primary successions
because the soil is already formed, spores and seeds are already there, regeneration of

some plants from the roots can also occur, and the soil fertility is high enough.
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Kinds of succession

@ Autogenic succession: “Beought by changes in the soil cassed by the
organisms there. These changes include accumulation «
matter i litter or humac layer. lteration of sod nutnents or changs
in the pH of sail due to the plants growng there
Allogemic succession: “Caused by external eavronmental mflpences

and not by the vegetation For example, soil changes due 10 ecsion

eaching or the deposition of alt and days can aiter the nutrient

content and waler refiabanships in the ecosvsiems
Other examples mclude volcanic eruptions, meteor or comet strike
flooding, drought, earthquakes and non-anthropogensc climate

change

Now, another classification of succession is autogenic or allogenic. Autogenic is brought
by changes in soil caused by the organisms; and allogenic is caused by external

environmental influences and not by the vegetation itself.
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Phases of succession®

Q Nudation: Successon begms with the development of 3 bare site
called nudation {disturbance)

© Migration It refers to armwal of propagules

Q Eceas It involves establsshment and intial growth of vegetation
O Aggregatson: Increase in numbers and population dessities

© Competition: As vegetation becomes well established, grow, and

spread, vanous species begin to compete for space. lght and

nutnents
Q Reaction: During this phase autogenic changes such as the buddup of
hsmes affect the habitat, and one plant communsty replaces another

@ Stabilizatica: A supposadly stable climax commumty forms

Then, we looked at the phases of succession. So, you have nudation, in which the
surfaces made bare; followed by migration; ecesis, which is establishment; aggregation,

in which the numbers increase; followed by competition, reaction and stabilization.
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Theories of climax

@ Moncchimax or Climatic Cimax Theory: Advanced by Ciements in
1916
There & only one climax whose charactenstics e determined solely
by climate. The processes of succession and modification of
envwonment overcome the effects af other factors such as
topography, parent matenal of the sail, etc
Polychmax Thecry: Advanced by Tansley i 1935
The climax vegetation of 3 region coasists of more than one
vegetation chimaxes controlied by soil mossture, soil nutrents
topography, Sope exposure, fire, and animad activity
Climax Pattern Theory: Advanced by Whittaker in 1953

There s & vanety of chmaxes governed by responses of specs

popeiations to biotic and abiotic conditions. The naty
vegetation will change as the emronment changes, with the centra

and most wedespread commanity being the climatic dimax

And, there are three theories of climax; monoclimax or climatic climax theory,

polyclimax theory, and the climax pattern theory.
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Module 3: Forest soils

o Sl and soil profile

¢ Major soil types
¢ Nutnent cycles

Now, in the third module, we had a look at the forest soils.
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Mixture of rock debers and ceganic matenals which deveiops on the

surface of the Earth

Sodl is the medsum that suppeets plant Erowth

So, we began with soil and soil profile. So, soil is a mixture of rock, debris and organic
materials which develops on the surface of the earth. It is the medium that supports plant
growth.
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Components of soil

© mineral particles

@ humus

© water
Q =

Then, we looked at components of soil. So, you have mineral particles, humus, water and

air. So, you have these four different components of the soil.
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Soil formation

Occurs through weathenag of rocks (parent matenal) and deposition of

Qrg3MC matengis over ime

Soil is formed because of weathering and deposition of organic materials over time.
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Parent material (rock) minerals

0 cquartz

9 clcite

Q feldspar

Q mica

Then, we looked at parent rock material/minerals. These are four that are that are found

in majority; quartz, calcite, feldspar and mica.
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Weathering

‘the process of wearing or beng woen by long exposure to the atmosphers

9 Physxal
@ Chemical
© Biological

Now, weathering is defined as the process of wearing or being worn by long exposure to
the atmosphere. Now, weathering is the process in which a rock is getting broken apart,
and it is being worn out. There are three different kinds of weathering; physical,
chemical and biological weathering.
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Physical weathering

Mechanism
@ Thermal stress
© Frost weathering | cryofractunng
© Mechanical action of ocean waves

© Pressure release due to erosion of overlying layers

Q Sait-crystal growth

Now, physical weathering can be because of thermal stresses, such as heat and cold,

during day and night times. You can have frost weathering or cryofracturing. You can



have mechanical action of ocean waves, pressure release due to erosion of overlying

layers, and the salt crystal growth, and we looked at all of these in detail in that lecture.

(Refer Slide Time: 42:49)

Chemical weathering

© Carbonation and dissolution | solution
C0; + H:0 — H, (O,

GaC0s + HyCOs — CHHCOs):

© Hydration and increase m volume
CaS0y + 20 -+ G50:.2H, 0
© Hydrolysis
Mg S0, +4H™ + 30H = 2Mg"" + 40H
Q Ouidation | reduction

8Fe0) + 0y - 6H,0

Whereas, chemical weathering is because of certain chemical reactions, such as
carbonation, dissolution, solution, hydration, hydrolysis, oxidation and reduction.
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Biological weathering

A comhination of both physical and chemical methods ocowrs, = 8

physical push action of roots and release of aoids

And, a biological weathering is a combination of both physical and chemical weathering

methods.
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Soil formation is dependent upon

© parent material (rock)

O rehef

O climate

Q wvegetation and other ke forms
© human actvties

Q time

What does soil formation depends on? It depends on the parent material or the rock,

relief, climate, vegetation and other life forms, human activities, and also time.
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Soil separates

Name of soif separate | Dameter (mm)
Very coarse sand
Coarse sand
Medivm sand
Fime sand

Very fine sand

il

C

3y

Then, if you look at a sample of soil; if you separate it according to the size, you will
find these different soil separates varying from, clay which is of a very fine size, through
silt, very fine sand, fine sand, medium sand, coarse sand, and very coarse sand which is

of the largest size which is 1 to 2 millimeters.
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Soil texture

o Texture refers to the feel, appearance and consistency of the soil

e It 5 determimed by the relative propertioes of clay, st s
the soil

o It influences scdl parosity, permeability, infiltration, shrink-swell rate
water-holding capacity and susceptibility 1o erosion of the sod

o Types: clay, sandy clay, ity clay, sand, loamy sand, sit, loam

oam, sandy loam, slt loam, sandy clay leam, sity cay lo

Next, we looking at soil texture. So, texture is the feel, appearance and consistency of the
soil, determined by the relative proportions of clay, silt, sand etcetera in the soil. And, it
influences porosity, permeability, infiltration, shrink swell rate, water holding capacity

and susceptibility to erosion of the soil.

Now, the types include clay soil, sandy soil, silty clay soil, sand, loamy sand, silt, loam,

clay loam, sandy loam, silt loam, sandy clay loam and silty clay loam.
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Soil structure

o Structure refers to the arrangement of solid pants of the sod and the
pore spaces kcated between them

o It 5 determined by the clumpmg. binding and aggregation of soil
granules

o It influences water and ar movement, biclogecal activity, roat growt

ang SZE0NNE emergence

o Types: platy, pnsmatic, columnar, blocky, granular, wedge




On the other hand, structure refers to the arrangement of solid parts of the soil and the
pore spaces that are located in them. It is determined by the clumping, binding and
aggregation of soil granules. And, it influences air and water movement, biological
activity, root growth and seedling emergence. So, we looked at different types of soil

structure such as platy, prismatic, columnar, blocky, granular wedge and lenticular.
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Soil properties

Property | behavioe Silt

Water-holding capacity low Medium to
high

Aeration Good WMedium

Dramnage rate Hzgh Slow
megaum

Sod organic matter jevel | Low Mediuom to Hig
mgan

Decomposton of or-  Rapd Medwum

gamC matter

Susceptibiity to wind Moderate High

£105100 (High if fine

>}l'>1’ :

And then, we saw that the properties of the soil depends a lot on the constituents of the
soil. So, basically the amount of sand, silt and clay that you have in the soil will
determine various properties such as water holding capacity, aeration, drainage, soil
organic matter level, decomposition susceptibility to erosion; whether wind erosion or
water erosion, shrink swell potential, sealing potential, suitability for tillage, pollutant

leaching, ability to store plant nutrients and the ability to resist changes in the pH.
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Soil properties

Property | behavioe Sand Silt

Susceptibility to water Low [unkss High
ergsion fine sand)

Shrink/Swell Potental | Very Low | Low

Sealing of ponds, dams,  Poor Poce

and landbdis

Suitabdity for tillage af-  Good Medium

t&r raim

Pollutant leaching po- | High Medwum
tential

Ability to store plant | P Medwm to
nistrents High
Regstance o pH Low Medium
change
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Soil profile

Soil honzoe

A layer of soil—parallel to the surface—whese physical, chemical and
biological characterstics are defferent from those of the {ayer above and
the layer below

Soel horizons are easly seen by differences in colour and texture

Vertical arrangement of different sail horizons

Next, we looked at the soil profile. So, soil profile is vertical arrangement of different
soil horizons. And, a horizon is defined as a layer of soil that is parallel to the surface,
whose physical chemical and biological characteristics are different from those of the
layer above and the layer below, and these are easily seen by differences in colour and
texture.
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Soil profile
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And so, we saw that we have these 5 major soil horizons you have the O layer or the
organic surface layer, followed by A which is top soil, B which is subsoil, C that is
substratum, and R that is the bedrock.
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Major soil types

Now, in the next lecture, we had to look at major soil types.
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Why do we need to classify soils?

Tells us about histary

Sed formation is dependent upon parent rocks, rebef topography, climate
and time. Thus, the sol that exists at a place can give us ideas about the
past hustory of defferent areas

Sail reguates plant &e

Thus, we may get an idea about the vegetation that will be supported is

different areas

So, we need to classify the soils because it tells us a lot about the history of that area and
it regulates the plant life. So, you also get an idea of how to perform a certain
management in your particular area.
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Early classification

On the bass of fertiiity

Q urvara fertile

Q usara: sterile

Now, the early classification defined the differentiated between fertile and sterile soils;
or you had differentiations on the basis of texture, such as clay, silt sand and loam; or on
the basis of colour, red, yellow, black and so on.
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Early classification

On the bass of texture
o Sancy
0 siity
© clayey
Q loamy

(Refer Slide Time: 46:12)

Early classification

On the bass of colour

Q o

Q yellow
© olack
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Modern classification

On the bass of geness. cakour, compesition and locatica
0 alhuwal
@ black
© red and vellow
Q Latente
@ and
Q saline
peaty

Q forest

But now, in the modern classification, we look at a number of different characteristics,
such as genesis, colour, composition and location. So, on the basis of this modern

classification, we have 8 different classic categories of soil.
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Alluvial soils

Charactenstics
¢ Depaositional soils: transported and deposited by rivers and streams
o Found in deltas and river valleys
o May be sandy loam to clay
@ Rich in potash, poor m phosphorus
o Two kinds
@ Khadar, new alluvium, deposited by Roods annually
© Bangar: old allsum; deposited awav from flood plans
¢ Sois may have kankar deposits
o Colour varies from lght grey to ash grey

o Fertile sals, intensely cultivated

o In Inda, wadespread in porthern plains and river valleys

So, we began with the alluvial soils which are depositional soils soil found in deltas and
river valleys. It can be sandy loam to clay; rich in potash, poor in phosphorus. Two

kinds; Khadar and Bangar soil. Khadar is the new alluvium, Bangar is the old alluvium.



The soils may have conquered deposits; the colour varies from light grey to ash grey.
These are fertile soils, intensely cultivated, and widespread in northern plains and the

river valleys.
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Black soils

Characteristics

o Also known as Regur soil and Black cotton soil

o Clayey, deep and impermeable soils

e High swell-shrink character: swell and become Sticky when wet, shrink
when dried  Gives them self-ploughing character
develop in the summer season  Cracks also facilitaze
water. permitting ran-fed agnculture. Lotton s wic

o Rich in lame, iron, magnesium and potassium. Lack phosphorus
mitrogen and orgamic matter

o Colour vanes from deep black to grey

¢ In Indsa, covers most of Deccan plateau

Next, we had a look at the Black soil, also known as the Regur soil or the Black cotton
soil. These are clayey, deep, impermeable with high swell and shrink character. So, it
becomes swell; it swells and becomes sticky when it is wet and shrink. When it is dried
which gives it a self-ploughing character, because cracks develop in the summer season.
Now, these cracks facilitate absorption of water which permits rain-fed agriculture. And,

cotton is widely cultivated in these crops in these soils.

Now, these soils are rich in lime, iron, magnesium and potassium; they lack phosphorus
nitrogen and organic matter. The colour varies from deep black to grey. And, in India, it
covers most of the Deccan plateau.
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Red and yellow soils

Characterstics
o Develops i low rainfall areas with crystalfine igneous reck bed
o Red colowr due 1o won. Appears yeliow when hydrated
o Fine-gramed sods are fertile, coarse gramed soils are pooe in fertility
o Deficient in ntrogen, phosphorus and humus

o Commoaly found in Eastern part of Deccan plateau

Next, we looked at red and yellow soils which develops in low rainfall areas with
crystalline igneous rock bed. The red is the red colour is because of iron and when it is
hydrated it becomes yellow in colour. These are fine grained soil, then these are fertile. If
these are coarse grained soils, then the fertility is even poorer.

Now, these soils are deficient in nitrogen, phosphorus, and humus, and are commonly

found in Eastern part of the Deccan plateau.
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Laterite soils

Characsenistics
o Name derwed from Latin Later meaning brick
o Widely used i back maleng
o Poor fertility
o Develop m areas with hugh temperature and rainfall
® Intense leaching of minerals due to tropical rains removes hme and
silica, while iron cxode and alsmmum compounds are |

reddish cofour 10 the soil. Humus content i fast removed

o Thus the soil 5 poor i orgamc matter, mitrogen, phospho

caloum. It 15 nich in iron code and potassium. It can

agnicultural use through the apphcation of m,
o Commoaly found in higher areas of pemnsular plateaw. i the
of Karmataka, Kerala, Tamsl Nadu, Madhya Pradesh an




Then, we have laterite soils; the name is derived from the Latin word, ‘later’ which
means ‘brick.” So, these are widely used for brick making. Now, if you are using it for
brick making, it typically means that it does not have good fertility. These develop in
areas with high temperature and rainfall, intense leaching of minerals. And, these soils
are poor in organic matter, nitrogen, phosphorus, and calcium, and these are commonly
found in Karnataka, Kerala, Tamil Nadu, Madhya Pradesh and Odisha.
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Arid soils

Charactenstics

o Sandy sails, generally safine a5 well

o Red to beown colour

o Lack massture and humus. Low n nitrogen

o Lower horzoas have kankar layers which makes it impermeable

when water 1S made avadable, plants ¢an thrive

o Extensively found m Rajasthan and Gujarat

Avrid soils are soils in dry areas. Generally, sandy soils. Also, at times, these are saline in
well in nature as well; red to brown colour; they lack moisture and humus; low in
nitrogen. The lower horizons have kankar layers, which makes it impermeable. So, if
you add water, then water is made available to the plants and the plants can thrive. These

are generally found in Rajasthan and Gujarat in our country.
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Saline soils

Charactenstics

o Infertide soofs with high salt content

® Rich in sodium, potassium and magnesum

o Often 3 resuit of dey climate and poor draimage: occur in ard and
semi-arid regions, and in waterlogged and swampy areas

o May alco be a result of seawater intrusion, deposition of s3it particles
through wind, or excessive use of fertilisers

Then, saline soils are soils that are rich in salt content. Now, because they are high; there
is a high salt content; so, these soils become infertile. They are generally rich in sodium,
potassium and magnesium; often a result of dry climate and poor drainage. There could
also be result of sea water intrusion, deposition of salt particles through wind, or

excessive use of fertilizers.
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Peaty soils

Charactenstics
o Found in areas of high rainfall, high humidity and lots of vegetation
o Dead orgamic matter accumulates giving a black colowr to this so

o Organic matter costent in soil may be as hugh as 50°

o May be alkaline in pH

o Commenly found in Bihar, West Bengal, Odisha, Tame Nadu

Then, we looked at peaty soils. Now, peaty soils are soils that are very rich in organic

carbon. These are found in areas of high rainfall, high humidity, lots of vegetation. You



have dead organic matter that is accumulating giving it a black colour. Organic matter is
as high as 50 percent. It maybe alkaline in pH; found in Bihar, West Bengal, Odisha and
Tamil Nadu.
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Forest soils

Charactenstics

o Found in forest areas with suffiaent raimdall
@ Structure and texture vary according to local environment

o In upper reaches—may be coarse-grained, while in valley sides
be loamy and sity

And, then forest soils, typically, those soils that are supporting the forest areas. Now, if
these soils have still been left for forest, then it means that they are not very highly
fertile. The structure and texture varies according to the local environment; in upper

reaches; it may be coarse grained in the valleys sides it may be loamy and silty.
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Modern classification: USDA Classification |

12 Scd ceders
0 Alfisals Al = Aluminiom, Fe = lron, Soils with 2luminium and iron
Moderately leached soils with hagh fertility
© Andisols: From Japamese ando = black soil. Formed in voicanic ash

© Andssols: Dry sods with kankar layer

Q Entisols: Sads of recent ongin developad m uncoesolidated parent

matenal. e.g. sods formmng in steep slopes. Mo honizon development
Just 3 single A" layer
Q Gelisols: From Latin gelare = to freeze. Soils of permatrost rezwon
O Histosols From Green festos — tssue. Soils composed maenly of

orgamc materals. e.g peat. Lasge storehosse of carbon




Then, we looked at the USDA classification of, the US department of agriculture, and we
have 12 soil orders alfisol, andisol, aridisol, entisol, gelisol, histosol, inceptisol, molisol,

oxisol, spodosol, ultisol and vertisols.
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Modern classification: USDA Classification 1|

@ Inceptisols: From Latin inceptom = begmnning. Mimimal horizon
development. but more than entisols. Found o steep slopes. young
surfaces and on resistant parent materials

© Mollisos: From Latin mofs = soft. Sails of grasstand ecosystems
Widely used for agriculture

Q@ Os=sols From French avide = made. Soils nch i Fe and Al andes
Highly weathered soils wath extremely low native fertility

@ Spodosols: From Greek spodos = wood ash. Acdx soils with
sub-surface accumulation of humes complexed with Fe and A
Support foeests

@ Ultsols: From Latn witames = last. Strongly deached, acdic forest
sods with low ferulity. Generally red m colour

@ Vertisols: From Latin verto = turn. (lay-nch sods that shrink aad
swell with changes in moisture content. Self-plowing capability
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Biogeochemical cycle

‘A pathway by which a chemscal substance moves thraugh bistic
| beosphere ) and abiwotic (lithosphere, atmaosphere. and hvdrosphere|
compartments af Earth

And, in the next lecture, we had a look at the nutrient cycles. As we have seen,

biogeochemical cycle is the generalised nutrient cycle. So, in this case, we have the
nitrogen cycle.
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The Generalised nutrient cycle
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Cecorponars

(Refer Slide Time: 50:38)

Nitrogen fixation

The cooversion of atmosphenc nitrogen into ammaonia is called nitrogen
foation

Occurs by

Q biclogxal fixation

9 lightmung

9 mdustnal foaton

Now, in the case of nitrogen cycle, you have nitrogen fixation that is happening by either

biological fixation or lightning or industrial fixation.
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Biological nitrogen fixation

The conversion of atmosphenc nitrogen into ammonia 15 called mitrogen

toation

Nitrogenase

N=N - NH;
Dane by
@ Rhizobium: symbeotic bacteria
@ Azotobacter: free-lving bactena
@ Nostoc: cyanchactena

Q Anabaena cyasobactena

Now, biological nitrogen fixation is conversion of atmospheric nitrogen into ammonia.
and, it is done by Rhizobium, Azotobacter, Nostoc and Anabaena. So, these are the

common species that are doing biological nitrogen fixation.

(Refer Slide Time: 50:57)

Ammonification

Praduction of ammonia through decomposition of organic nitrogen in dead

plants and ammals s calied ammonification

Dead plants and animals

Next, we also have the production of ammonia; because of the process of
ammonification, in which the organic nitrogen in dead plants and animals, is getting

decomposed and is converted into ammonia.
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Nitrification

Biological aadation of ammonia to nitrites and mitrates is called
nitrfication

Nitscmonas of Nemcoctss ., S
20NHy + 30, y 2NOS - 2H

Nitrubacte

N0, = 0y " INO;

These nitnfying bacteria are chemoautotrophs

Now, once you have ammonia through either of these processes, the next process is
nitrification in which the there is biological oxidation of ammonia into nitrites and

nitrates. Generally done by Nitrosomonas, Nitrococcus and Nitrobacter, and these are

chemoautotrophs.
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Industrial nitrogen fixation: Haber process

But because, we require nitrogen in large quantities; So, we have the industrial nitrogen
fixation such as Haber’s process which converts nitrogen into ammonia, and the Ostwald

process which in turn oxidizes it to make nitric acid.
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Ostwald process

ANt + 50, 2 4NO = 6H:0
INO + 0, 27, oo,

ANG = 0s + 2Hh0 25 4HND;
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The Carbon cycle

Then, we looked at carbon cycle. So, car carbon is there in a number of pools and all of
these are interacting with each other. The carbon in atmosphere gets into carbon in ocean
water; comes back goes into carbon in rocks; comes back goes into the biosphere
through photosynthesis; and then through respiration and decomposition, it comes back;
or it gets into the fossil fuels through the biosphere; and then when these fossil fuels are

burnt, then you have the carbon dioxide that is released back into the atmosphere.
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The Water cycle

TR
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Next, we have the water cycle. So, water cycle you have conden you have evaporation of
water, transpiration of water; that is bringing water from the liquid stage into the gaseous
stage. Then, there is condensation which leads to the formation of clouds and the rains.

And, when you have the rains, then this water then flows back into the pool.

(Refer Slide Time: 52:36)

The Phosphorus cycle

b o
—b | Sod rcmohates

You also have the phosphorous cycle in which case there is continuous movement of
phosphates between the rocks; between the rock phosphates and the soil phosphates.
And, once your phosphate has reached into the soil, then it can be taken up by plants.



From plants, it goes to animals and to the decomposers, then comes back. And, if there is

a runoff, then it can also reach into the new rocks that are getting formed.
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The Sulphur cycle

Next, we have the sulphur cycle. So, in the case of sulphur or as well, the sulphur is
moving between the lithosphere, the hydrosphere, the atmosphere and the biosphere.
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Module 4; Forest mensuration

® Tree form

¢ Measurement of tree attrbutes - |

o Messurement of tree attrabutes - ||

Now, in the next module, we looked at forest mensuration; we began with the tree form.
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Tree form

(Refer Slide Time: 53:19)

What is the shape of a tree?

So, the shape of a tree is very different.
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What is the shape of a tree?
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What is the shape of a tree?
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Height-diameter curve of a tree: 3 regions

A: Conical

—

| B:Frustum of paraboloid

(- Frustum of nelioid

So, if we look at tree and if we draw a height versus diameter curve, we will find that the
top portion is conical; the middle portion is frustum of a paraboloid; and the bottom

portion is frustum of a neiloid.
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Formulae to represent the three sections

And, we define these by these equations; y square is equal to k x square for the upper
portion, y square is equal to k x for the middle portion, and y square is equal to k x cube

for the bottom portion.
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Tree form

Definition
Form' refers the shape of a solid. the diameter / height curve of which is
determined by the power index of x in the equation

Now, tree form is; it means the shape of the solid. So, form is the shape of the solid or

the diameter height curve of which is determined by the power of x in the equation y is 'y

square is equal to k into x to the power n.
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Taper
The taper of 3 form refers to the rate of narrowing in diameter in relatice

to mcrease in height of 3 given ‘shape’ or ‘form

Characterstics

© Taper 15 expressed in centimetre per metre stem length

© Taper 15 a dimension-less quantity

Then, we define taper as the rate of narrowing in the diameter; generally expressed as

centimeter per meter of the stem length.
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Small taper
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So, you can have trees with small taper, in which case they look very much like

cylinders; or you can have trees with large taper. And, there is a difference between taper
and form.
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Large taper
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Difference between form and taper

So, taper is telling you the rate at which in the diameters is decreasing, but the form is
telling you the general shape of the tree.
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Theories of tree form

@ Nutntional theory and Water conductmg theory: The form 15 refated
10 the need of 3 tree 10 trassport water and nutnents with

@ Hormonal theory: Geowth substances (hormones) coginate in the
crown and are destributed around and down the bole. causmg radia
growth and affecting tree form

© Metzger’s beam theory Mechanistic theory

And, there are three theories of tree form; you have the nutritional theory or the water
conducting theory, in which case we say that the form is related to the need of a tree to

transport water in nutrients.

We have the hormonal theory which tells that you have some growth substances or
hormones that are originating in the crown and then are distributed around and down the

bole, which is changing the radial growth and is affecting the tree form.
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Metzger's theory: Representation of tree




And, third is the Metzger’s beam theory or which is a mechanistic theory; in which case,
you represent your tree as beam of uniform resistance to the bending, which is anchored

as the base.

So, it is a cantilever beam; the force is being applied by the wind and this bending force
is leading to stresses and there is maximum stress at the base, where this is anchored.
And, to protect itself against getting uprooted, because of this stress, the tree reinforces
the base by adding more materials. As we move up the stresses are lower and so, lesser

amount of reinforcement is needed which results in a taper in the tree.
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Metzger's theory: Computation of bending stress

Then, we looked at the computation of the bending stress.
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Metzger's theory: Computations

The bending stress is given by

P s given by

where W = wind pressure per umit area
A = crown area

T'IUS

RPL VWAL
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Metzger's theory: Computations

RPL WAL
.lc,’\' - d\'
Since the materal is considered homogensous, S & constant
Thus. &' = k « L (Equation for a cubic paraboloid)
Hence. as per Metzger's theory, the shape of a tree 1s grven by the

egquation for 3 cubec parabalod

=KXl

Metzger confirmed thes for many stems, partscularly of conifer species

So, we have this derivation, and the Metzger’s theory says that you have a relation of d
cube is proportional to L, which is the equation of a cubic paraboloid. Now, as we saw
before, the form of all the trees is not a cubic paraboloid, but Metzger did confirm this
for a few coniferous species.
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Metzger's theory: Usage

o Trees growing inside a dense forest will have less wand pressure
longer ang cylindrical bole

o Trees growing in wsolation, especially in windy locatices wil have
greater wind pressure — shorter, tapered bofe

@ Hence timber from trees growmg in dense forests  preferred ower
that from trees growing in 1solatan To be «2pt 10 mind when

promating 1arm Sorestry

Now, the usage is that, if you have trees that are growing in a dense forest with less

pressure, you have longer and cylindrical boles.
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Factors affecting the stem profile of individual trees

Q social position withen the stand
O site
0 sivicultural treatments, including
9 stand density
9 plantng espacement
9 fertiliser treatment

Q genetic parameters

Whereas, if you have trees that are growing in isolation; in windy locations, then you
will have shorter and tapered bole. And, there are several factors that affect the stem
profile of individual trees; the social position within the stand, the site conditions, the

silvicultural treatments, the genetic parameters. And then, we defined the form factor.
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Form factor

o Summary of tree shape

o Represents the ratio of the volume of the tree to the valume of 3
specified geometrical sofid of similar hesght and basal diameter

o The geometrical solid 1s generally a offinder

Vovme of

o So, form factor = =

So, form factor is a single figure which gives you an indication of the tree shape. So, this

so the form factor is the volume of the tree divided by the volume of a cylinder.
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Absolute form factor

And, depending on where you are measuring the dimension of the cylinder, you can have
the absolute form factor where the references is the base of the tree.
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False | Artificial | breast height form factor
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True | Normal form factor

False form factor where the reference is the breast height; true form factor where the
reference is 10 percent of the height.
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Form quotient

Then, we also defined form quotient which is a ratio of two different diameters.
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False form quotient

diy s

Qosh= "4

So, you have the false form quotient, which is d at 0.5height divided by the dbh.



(Refer Slide Time: 56:56)

True form quotient

You also have the rue form quotient which is the diameter at 0.5 height divided by zero

point divided by diameter at 0.1height.
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Problem
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Solution
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Then, we looked at a problem looked at how to compute true and false form quotients

and the form factors.
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Tree diameter

Next, we looked at measurement of tree attributes in terms of the diameter.
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Tree diameter: Salient points

o Decreases with heght: tapers
& Hence we need a standard pomt to measure tree dameter
o The standard s dameter at breast height {dbh or d), where it is
£asiest 10 measigre
o But breast hesght (bh) is different i different countnes
© 137 m (45 for USA)
© 1.3 m (most countres)
© 1.2 m [Japan and Korea)
o Diameter can be measured over bark |dys) or under bark (d4
These are related &

dp =depy +2 % ty

where f), 1S the thickness of the bark

So, diameter is measured at the breast height. Breast height is different in different

countries, and the diameter can be measured as diameter over bark or diameter under
bark.
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Tree diameter: formal rules

For standing vertical trees on level

ground. measare at 1.3 m vertically

Now, we looked at different formal rules; whether if the tree is standing vertical on a flat

ground or on a sloppy ground, if it has some irregularities, and so on so.
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Tree diameter: formal rules

On dopes. measure diameter on
uphill side of the tree
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Tree diameter: formal rules

In the case of irregular stem cross
sections, for exampie. due to
protruding branch stumps, two
diameters are megsured, at a cm
ahove and below the comect position
respectively. The average of the two
readings estimates the troe diameter

d=05x(d +d)
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Tree diameter: formal rules

Take measerements at nght angles

to the tree axs
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Tree diameter: formal rules

Take measurements at nght angles

to the tree axs
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Tree diameter: formal rules

In the case of buttress, measure

above the swelling
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Tree diameter: formal rules

© if 3 forking occurs below breast
height. consider the forks 10 be
different trees

@ I the forking occurs above the
breast height, consder the tree

a5 one tree

If you have a tree that has a forking, that is below the breast level; in that case, you
considered it to be two trees; such as and if it is occurring above the breast height, then
you consider it to be one tree.
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Tree diameter: formal rules

@ If 2 forking occurs below breast
height. consider the forks to be
different trees

© If the forking occurs above the
breast height, consder the tree
a5 one tree

So, this is one tree, and this is two trees. Now, we saw that diameter can be measured
using calipers.
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Callipers
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Callipers

=

We looked at how a caliper is used, and we looked at the pros and cons of the caliper and

tapes.
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Callipers
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Callipers
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Issue: Non-circular cross-section of tree
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Issue: Size and weight of the instrument
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Issue: Tape overestimates cross-sectional area

We need to prove that Ap > A¢
Le

Since in an ellipse. a > b
{a-bF >0
Hence, Ap

Now, a tape always overestimates the cross-sectional area.
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Tree height

Now, we also looked at measurement of the tree height. So, in the case of tree height, we
said that total height is equal to bole height plus the ground length. You can have a direct
measurement in which you are measuring the height directly by using instruments or by
climbing on the tree, or you can make use of indirect measurements, such as the method

of similar triangle and the method of trigonometry.
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Tree height: Direct measurement
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Tree height: Indirect measurement

(Refer Slide Time: 58:39)



Similarity
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Similarity: Method of shadow and stick

In the case of similar triangle, we looked at the shadow and stick method, and also the

Christen’s hypsometer.
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Similarity: Chnisten’s hypsometer
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Similarity: Chnsten's hypsometer

For 3 tree, the staff keagth < 4
and the length of hypso!

cm. We measure h' to be 55 ¢

Find the height of the tree
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Height measurement using trigonometry
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Some common values
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Height measurement using trigonometry

And, in the case of trigonometry, we make use of these relations; we make use of these
values of sin, cos, and tan theta for different angles. And, we can make use of this

instrument called Blume Leiss to directly get an idea of the height of the tree.
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Measuring height with Blume Leiss
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Measuring height with Blume Leiss
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Measuring height with Blume Leiss
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Measuring height with Blume Leiss
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Basal area of a tree

o The area occupied by the cross-section of tree trunk
o Given as
A d
4

where ¢ 1S the dameter at breast hexght

Then, we defined the basal area of the tree as the area occupied by the cross section of

the tree trunk, typically at the breast height.
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tand basal area

o Sum of basal areas of 28 the trees i the stand

o Expressed in terms of per umit area of land

So, area is pi by 4 d square, and in the case of a stand basal area, you sum up the basal
areas of all the trees in the stand, and it is typically expressed in terms of per unit area of

land.
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Stand basal area is a good indicator of crowding
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Stand basal area by direct computation

3 trees are located i a sample plot of 10m x 10 m Thew

unoer

dbh = 25 cm, 30 cm, 35 cm
Find the stand basal area per Ha
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Stand basal area by direct computation

d=02%m030m 03B m

BA=" « df
4

£ = T AA BA, + BA, + BA
Stand basal area, SBA = = -
Plot area Piot area

Y BA = Tj025% + 03 +0.359
;. .

5 ¥ BA=0216m
Plot area = 10 m x 10 100 g m = 0.01 Ha

0216ar
SBA 21 6sg m/Ha
0.01Ha

(Refer Slide Time: 59:27)

Stand basal area by spacing factor method

2 y Average distance between trees (cm)
dpacing factor -
Average stem diameter (om)

Example: If average stem diameter s 20 om and trees are spaced 3t 3

average distance of 5 m (500 cm), then

) Average distance between trees [cm
Spacing factor ~
AVErage stem Gameter (Cm)

Now, stand basal area is a good indicator of crowding and we saw how to compute it; by
direct computation and also by the spacing factor method. Now, spacing factor is defined
as the average distance between the trees divided by the average stem diameter, and if

we plot the basal area versus the spacing factor, we get this curve.
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Stand basal area by spacing factor method

And so, if you know this spacing factor, you can very easily figure out the basal area of

this stand. So, that is all for today.

Thank you for your attention [FL].



