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® Logging and processing

o Growing Stock and increment
* Yield and Sustained yield

[FL] We move forward with our Revision module. So, in module 9, we looked at logging
and yield, logging and processing, growing stock and increment, and yield and sustained

yield.
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The process of logging

Surveying timbertands 1o locate and estimate the volumes and grades of
standing timber mesting requirements.

Now, logging; the process of logging or cutting trees and harvesting trees begins with
this stage of cruising, in which the timber lands are surveyed to locate and estimate the

volume and grade of standing timber that meets the requirements.
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The process of logging

Careful selection of trees for harvesting based on 2 forest management
prescniption

@ Yefiow | orange: Trees to be cut for harvest or tending
© Blue: Trees to be retained (not cut)

© Red: Boundary line
Q White: Research plots
© Black: Correction marking, to mark over mistakes

This is followed by marking which is a selection of trees for harvesting; based on forest
management prescription, standard colours are used. And, typically, yellow or orange

means that a tree has to be cut for harvest, blue means that it has to be retained.



Typically, we use blue for trees that are very close to a river, red is boundary line, white

is research plot and black is a correction marking to mark over the mistakes.
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So, during marking, we make an enumeration register followed by a marking register.
The enumeration register tells us what each tree is, how does it look like, what are its
characteristics. And then, the marking register makes use of the enumeration register to
specify which trees are to be felled, and how do these trees look like, what is their

species, what is their diameter, what is the height, what is the condition and so on.
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Cutting trees using axe, saw, chain saw, or other device l




Then, felling is done and using axe, saw, chain saw, or other devices.
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The process of logging

The most important factor is safety on the floor and especially, the distances that need to

be maintained from different equipment and also from the falling tree.
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So, we decide on the escape paths, which are typically 45 degrees to the back of the

felling; we decide on 2 escape paths for every tree.
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The process of logging

Now, in the process of logging, we make the cuts. So, there are different cuts; you have
the face cut, on the front which comprises of the top cut, and the bottom cut, and

followed by a back cut, and the portion that remains in between is known as the holding

wood which also acts as hinge.
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The process of logging

So, this is how the cuts are made. You make the top cut, then bottom cut, followed by the

back cut.
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The process of logging

Now, conventionally, 3 faces are generally used. The first one is a conventional face
where the top cut is at 45 degrees, the bottom cut is parallel to the ground, the Humboldt
cut has a top cut which is parallel to the ground, and a bottom cut which is downwards

and there is also an open cut where the angle is greater than 70 degrees.
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The process of logging

© Conventional face: Greatest accuracy im comstructing face cuts

© Humboidt face: Greatest saving of lumber

© Open face: Greatest control provided by hinge wood

And, all these 3 faces have different advantages. The conventional face has the greatest
accuracy in constructing the face cuts, Humboldt face has the greatest saving of timber,

and open face provides the greatest control by the hinge wood.
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The process of logging

Back cut with saw

So, this is how a front cut is being made.
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Back cut made with a saw and the portion that remains makes up for a hinge.
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The process of logging




(Refer Slide Time: 03:19)

So, this is how a stump looks like. Then, you have the felled logs.
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The process of logging

Mechansed logging
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The process of logging

Cutting off branches. Usually %ft on site '

Then, these felled logs are delimbed. So, delimbing is the process of cutting off the
branches. Generally, these branches are left on the site so as to protect the regeneration

and also to act as food for the herbivores.
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The process of logging

Cutting of timber into logs. |

But, in our country, because of a dearth of timber, we generally these branches are also
taken out.
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Then, bucking is the process of cutting the timber to size.
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Then, hammer marks are put on this on these timber blocks.
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Moving logs from forest 1o landing area, |
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And then, these timber is skidded from the logging area to the landing area, typically
using elephants or tractors or labour, and then on the landing site, these timber are

arranged in the form of stacks.
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The process of logging

f
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The process of logging

Mction =]

So, this is how stacks look like; and these stacks are also known as thappis, and in the we

also maintain register for a thappi.
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Moving logs from landing area to depot '

And then, there is loading and transportation in which the logs are moved from the

landing area to a depot.
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The process of logging

This loading can be done using a crane ,or through using a forwarder; is a machine in

which you have a truck and a crane together.
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The process of logging
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The process of logging

Unloading using forwarder
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Then, it is unloaded in a depot.
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And, in the depot, the typical processes are seasoning in which is a process in which the
amount of moisture in the wood is reduced slowly so as to avoid any deformities. Then,
grading is done in which timber of similar size and shape and condition is put together.

And then, the graded lots are made; they are again marked with paint.
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And then, they are put up for auction.
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Now, people can use the this wood directly to make furnitures or other stuffs, or they can
convert it into plywood and generally soft wood is used to make plywoods. In the
process of making plywood, first of all the the timber is converted into thin sheets like

shavings and then these sheets are glued together using a press.
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tock and increment

In the next lecture, we looked at growing stock in increment.
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Growing Stock

*Volume of all living trees more than X cm in diameter at beeast height
{or abave buttress if these are higher) measured over bark from groend or
stump hesght 1o a top stem diameter of ¥ cm, excluding o including
branches to 2 minimum diameter of Z cm. Excludes: smaller branches,
twigs, foliage, flowers, seeds, stump and roots® "

In India, X is 10 cm

T4 Wbing sumer T Were

Growing stock is defined as volume of all living trees more than X centimeter in
diameter at breast height or above buttress if these are higher, measured over bark from
the ground or stump height to a top stem diameter of Y centimeter, excluding or
including branches to a minimum diameter of Z centimetres. And, it excludes small
branches, twigs, foliage, flowers, seeds, stump and roots. So, essentially growing stock is

the volume of all the timber of all the trees put together, and because very small timber is



difficult to measure; so, we typically remove very small timber from these calculations.

And, in India, X is taken to be 10 centimeters.
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Growing Stock

“The sum-total of all trees, by number or volume or biomass, growing
within 3 particular area of interest?

Explanation: Volume of all living trees more than 10 cm in diameter at
breast height (or above buttress if these are higher) measured over bark
from ground or stump height to 2 top stem dameter of 10 cm, excluding
or induding branches to a minimum diameter of 5 cm. Excludes; smalier
branches, twigs, foliage, flowers, seeds, stump and roots”

So, it is the sum total of all trees by number or volume or biomass growing within a

particular area of interest.
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Commercial Growing Stock

“The part of the growing stock of species, considered as actually or
potentially commercial under current market conditions, measured above 2
minimum say "X cm” diameter at breast height. Includes: all potentially

comenercial (merchantable) species for domestic or international
markets 3.

148 Womag seamr 71w

Now, we also define a commercial growing stock which is the part of the growing stock
of species, considered as actually or potentially commercial under current market

conditions, measured above a minimum say “X centimeter” diameter at breast height.
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Factors affecting growth: Natural Forests

@ regeneration

© spatial distribution

© silvicultural treatment
0 artficial thinming

© site conditions

0 climatic conditions

Now, there are different factors that affect growth in natural forest: regeneration, spatial
distribution, silvicultural treatment, artificial thinning, site conditions, climatic

conditions.
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Factors affecting growth: Plantation Forests

@ initial spacing and treatment
9 silvicultural treatment

@ antificial thinning and pruning
Q site conditions (including nutrition)
@ climatic conditions

And similarly, in the case of plantation forests, these are the factors that influence
growth, initial spacing and treatment, silvicultural treatment, artificial thinning and

pruning, site conditions including nutrition and climatic conditions.
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The logistic growth equation

dy K-y
el A vy

¥ = Growing Stock at time t
K = Carrying capacity of the environment
r = intrinsic growth rate

Next, we look at the logistic growth equation.
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The logistic growth equation

—,—— & 1

Which is the equation for the S shaped sigmoidal curve, and this tells us that the change
in the growing stock which is dy by dt is equal to r, which is the intrinsic growth rate,
multiplied by the growing stock at that particular point of time, multiplied by K minus y

divided by K, where K is the carrying capacity of the environment.

Now, if we look at this curve, there are 3 phases: this is the lag phase where the growth is

very slow, this is height, and then you have the phase of stagnation or stability.
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Q Lag phase
0 Log phase

@ Stationary phase

So, we have the lag phase, log phase and the stationary phase.
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“increase in growth, diameter, basal area, height, volume, quality or value

of individual trees or crops during 2 given peniod”

Now, increment is defined as an increase in diameter, growth, basal area, height volume,
quality or value of individual trees or crops during a given period. So, increment is what

is changing, what is the increase.
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Components of Increment

In 2 stand, trees put increment, but not all at the same rate

Volume of those trees that were not counted in the first measurement due
to their small diameter, but are now countable due to increase in diameter

Volume of those trees that were harvested during the measurement period '
Volume of those trees that died during the measurement period l

And, in a stand, trees put increment, but not all at the same time. And so, we define
different components of increment. So, in growth or recruitment is the volume of those
trees that were not counted in the first measurement due to their small diameter, but are
now countable due to the increase in diameter. Harvest is the volume of those trees that
were harvested during the measurement period; mortality is the volume of those trees

that died during the measurement period.
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Components of Increment

=Wh-¥ I

=V7—V14H—' l

=V-W+H-1+M




And then, we can define the net growth in growing stock as V 2 minus V 1 that is the

change in the growing stock in the two measurement periods; so, V 2 minus V 1.

The net growth in initial volume is V 2 minus V 1 plus H, which is the trees that were
harvested, minus I, which is the trees that were recruited in this period. And, gross

growth in the initial volume is given as VV 2 minus V 1 plus H minus | plus M.

(Refer Slide Time: 09:10)

Periodic Annual Increment

“the increment aver 3 period of p years at any stage in the tree’s history”

= )=t =)

p

Then, we define periodic annual increment as the increment over a period of P years at
any stage in a tree’s history. So, it is PAI is the growing stock at time t minus growing
stock at a time t minus p divided by P. So, this is the average rate of increment over a

specific period.
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Current Annual Increment

“the increment over 2 period of one year 3t any stage i the tree's history”

CAl = y(t)

If this specific period is made to be 1 year, then we call it a current annual increment

which is the increment over a period of 1 year, at any stage in the tree’s history.
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Growth rate per year
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So, if we looked at the logistic growth equation, the CAI will be given as the differential

of this curve or y prime t.

So, here, you have the logistic growth equation, this one is y prime. Now, y prime is
essentially the slope of this curve. So, in this portion, it will be very less; in this portion it

will be very less; in this portion it will be maximum, which is what we are seeing here.
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Mean Annual Increment

"the mean annwal increment over the whole pericd from origin to 2
specific age”

MAI = Y(:J

We also defined mean annual increment which is the increment over the whole period
from origin to a specific age. So, mean annual increment is given by the growing stock at

time t divided by t, which is what we are seeing here by this yellow curve.

Now, the CAI is maximum at the point of inflection, and the MAI is maximum at the
point where CAIl and MAI are cutting each other.
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Optimum harvest time

when the stand has reached its maomum MAI
After this point, the stand will continue to add to its Growing Stock, but

at a lower rate




And, the this point of cutting also gives us the optimum harvest time, this is the time
when the stand has reached its maximum mean annual increment, after this point the

stand will continue to add it to its growing stock, but at a lower rate.
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Factors affecting increment

© Species
@ Internal conditions {genetic and physiological)
© Bxterna! conditicns {climatic, edaphic, bictic)

Now, what are the factors affecting increment? These are species, internal conditions:

both genetic and physiological, and external conditions: climatic, edaphic and biotic.
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Site Quality

“the relative productive capacity of a particular site”

Site productivity = Site Quakity + Management Input

Site quality is defined as the relative productive capacity of a particular site. The relative

productive capacity not the absolute productive capacity, because the at the absolute



productive capacity is given by a combination of site quality plus the management
inputs. So, site quality ask the question, if you are not doing any management input to

the site, what is the amount of growing stock or increment that this site can support?
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Management inputs

o Fertiliser

@ Site treatment

o Irrigation

¢ Grazing

o Sod compaction

o Growing stock manspulation

Now, what are the management inputs? They are fertilizer, site treatment, irrigation,

grazing, control over soil, compaction and growing stock manipulation.

(Refer Slide Time: 11:48)

Measurement of site quality

@ CVP Index / Patterson Index

_TyxPxGxE
T Tyx12x100

where T, is the mean maximum temperature during the year in

degrees centigrade, T, is the range between the mean maximum and
the mean minimum in degrees centigrade, P is ths mean annual
precipitation in mm, G is the growing pericds in months. £ is the
light factor

Forest growth happens when loyp > 25

@ Vegetative charactenistics
@ Species: Palash & an indicator of degraded forest
@ Tree characteristics: dbh, BA. height, volume, etc

Now, the measurement of site quality is done in through various methods. The first one
is the CVP index or the Patterson index; this is the formula TV into P into G into E



divided by T a into 12 into 1000 and forest growth happens only when 1 is greater than
25. The other option is that of looking at the vegetative characteristics. So, you actually

look at what plants are growing in that area.

So, you can look at the species such as, if you see that Palash is there in in an area; then
Palash is an indicator of a degraded forest or it tells you that the site quality is not that
high, and you can also look at tree characteristics, that is you can look at what is the size
of the trees that are actually growing there. If they have a large DBH, if they have good
basal area, if they have good height, good volume, then it will tell us that the site quality

is good.
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Field estimation of site quality

@ Crop hesght method: Get top height®, compara with yield table

© Sample plot method: Plot dia-height curves; compare with standard
curves

Wi gt o S b e e St A 4 e

Now, field estimation of site quality is done through 2 methods: crop height method and
the sample plot method. Now, in the crop height method, you get the top height and
compare it with the yield table, which will give you the top heights for different site
qualities. Now, top height is not the height of the tallest trees; it is the mean height of
trees with the largest DBH in a stand. This; the second method; is the sample plot
method in which case we plot the diameter height curves and then compare them with
the standards.
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Sample plot method

Height-<dameter curve for Site 46

- SQn

Som
- SQIV
= Sitc 46

Height (m)
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So, here we are seeing that there are these 4 different standards 1, 2, 3, 4 and, this is the

actual field situation. So, we can say that this one is very close to site quality 3.
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Yield and Sustained yield
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Yield has two meanings

@ the amount of timber that can be harvested per period
© the amount of timber that can be removed at any time

Next, we looked at yield and sustained yield. Yield has got two meanings: the amount of
timber that can be harvested per period, which is typically taken to be 1 year. So, the
amount of timber that you can harvest every year. Or, the second meaning is the amount
of timber that can be removed at any time. We just asking the question that, if you look
at a snapshot of the forest, what is the total inventory of growing stock that is available

that can be removed..

(Refer Slide Time: 13:58)

Sustained yield

Yield that can be harvested every year till perpetuity




But typically, we go with sustained yield which is yield that can be harvested every year

till perpetuity.
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Methods of yield regulation

© area method

@ volume method

0 use of formulae

© by number of trees

© use of computer smulation

Now, to find out these yields or to compute these yields, we have different methods. The
easiest one is the area method.
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Area method of yield regulation

Suitable for even-aged crop

where

A; is the area harvested in each year
A, s the total area of the stand

R is the rotation period

Now, in the area method, we say that for an even-aged crop the area that should be

processed every year is equal to the total area divided by the rotation period.
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Area method: Advantages

@ simple
© works for even-aged crop
© 2ach coupe can be intengively treated

So, this is a very simple method. It works for even-aged crop; each coupe can be

intensively treated.
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Area method: Disadvantages

Q difficult to predict volume

© not suited for uneven-aged crop

However, it is difficult to predict volume. So, you cannot tell what is the amount of
timber that you will be extracting every year, what is the value that you will be

generating every year, it’s difficult to tell, and it is not suited for uneven-aged crops.
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Volume method of yield regulation

Y,
Vh = R

whera

Vj is the volume harvested in each year

V; is the total volume of the stand

R is the rotation peniod

The second method is the volume method,; it is a slight modification of the area method.
So, the volume that can be extracted every year or the volume that can be harvested is
equal to the total volume divided by the rotation period.
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Volume method: Disadvantages

@ doesn't include growth and increment of crop

© doesn't consader site quality

The disadvantages are that it does not include growth and increment of the crop and it
does not consider the site quality.
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Hundeshagen's method of yield regulation

Based on the notion that you can cut more when you've more inventory
than 3 target normal forest, and cut less when you've less inventory than a
target normal forest.
e

Harvest, H, x lnventary, |,

s Th_ Heg
T =
where H = harvest and | = inventory
However, it sometimes gives absurd results when it predicts harvest even
when no mature tree is avaiable for felling.

And, the next method is the Hundeshagen’s method of yield regulation, which essentially
says that, if you have more inventory, if you have more crop, then you can extract more.
If you have less crop, you can extract less. So, essentially, harvest is proportional to the
inventory or H by I is a constant. However, even in this case, there is an issue because in
the case of very young crops; this will continue to give us some value of harvest, even

though there is no tree that is mature enough for harvesting.
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von Mantel's method of yield regulation
Approximates mventory by area of triangle.
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von Mantel's method of yield regulation

I,,,:;!Axvp

where A & the area of the stand and v is the volume per unit area at the
rotation age
Hrg = Ap X vg

wherz Ag i the area of the stand under rotation-aged crop
For a regulated forest,
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von Mantel's method of yield regulation

Putting this into Hundeshagen's formula, we get

Now, one very commonly used method is the von Mantel’s method, which approximates
inventory by the area of a triangle, and it tells us that the volume that can be extracted
every year is equal to 2 times of the inventory, divided by R or 2 times the growing stock
divided by R. So, as against the volume method, which told us that the amount extracted
is growing stock divided by R, this one says that you can extract 2 times of that because
the growing stock is not a stationary thing; it is also putting up increment. So, this is an

improvement over the volume method.
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Austrian formula for yield regulation

The annual harvest comprises of two parts:
@ annual increment

@ excess inventory over normal forest that can be adjusted over P years

i~ g

H; = lncrement + B

Psgmerwyuken:obe’;

Then, we also have the Austrian formula which says that you can extract the annual
increment, but then you also have to consider the excess inventory over the normal forest
that needs to be adjusted and this adjustment can be done over a period of say P years. In
which case, you will say that the amount extracted every year is increment plus | t minus

| of a regular or a normal forest divided by P. P is generally taken to be one-third of the
rotation period.
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Cotta formula for yield regulation

In 2 peniodic block, a tree cut in the beginning puts up no increment.
But a tree cut at the end of the period puts up increment during the
complete penod, P

S0, on average, in a periodic block. trees put up half the increment they
could if they were feft untouched

So total volume avaiable during the period = V + """—':."—’

V4 bowmes

=2 Annual yield = e

= Aanual yeld =

where | & the annual increment

. Increment
=

P




Next, we have the Cotta’s formula. And, Cotta formula says that the volume that the
annual yield is equal to the volume or the growing stock divided by the number of years

in the periodic block plus i by 2, where i is the annual increment.
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Yield regulation by number of trees

Then, the next method is yield regulation by the number of trees; in which case, we plot
the curve for a normal forest, we plot the actual field situations. And, there in the ND
curve; we can see that for each and every time interclasses, how many trees can be

extracted to bring our forests close to the normal forest.
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Yield regulation by simulation

© input current mventory in terms of trees, species, location, diameter,
height, site quality
@ input known growth parameters

© iterate to generate growth pattem of forest
Q make decsion about felfing

© inpet felling decision i the modal

O iterate after each felling




And finally, we have yield regulation by simulation through computers; in which case,
we input the current inventory, we input growth parameters, we iterate it to get or to
generate a growth pattern of the forest, make decisions about felling, input the felling
decision to the model, and then iterate it once again. And, this process will go on again

and again.

So, after this iteration, you will again make a decision about felling and put the felling
decision, iterate. Then, again make a decision about felling, and put the felling decision,
iterate and this process will go on and on.
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o Seed collection and treatment

® Nursery techniques
* Planting and tending

Then, in module 10, we looked at silvicultural practices; that is seed collection and

treatment, nursery techniques, planting and tending.
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An embryonic plant enclosed i an outer protective coating l

In seed collection, we defined seed as an embryonic plant that is enclosed in an outer

protective coating.
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This is how seeds look like.
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Structure of seed

Seed coat
Endosperm
- Cotyledon
Hypocotyl

6

e R T

So, you have an outer protective coating in the form of a seed coat, and you have the
embryonic plant, which is shown as the cotyledons, which are the leaves and the

hypocotyl, and there is endosperm, which provides food to this embryo.
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Characteristics of good seeds

© Well ripened and healthy

© Pure and free from inert matenials and weed seeds,
@ Viable and have good germination capacity,

© Uniform m its structure and appearance

© Free from damage and should not be broken and inflected by pests
and diseases.

Now, we define good seeds; good seeds are well ripened and healthy. They are pure and
free from inert materials and weed seeds, viable and have good germination capacity,
uniform in their structure and appearance, free from damage and should not be broken

and infected by pests and diseases.
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Quantity of seeds required

Depends upon
© Number of plants required
© Germination percentage
© Loss in pricking out
© Mortality in seedlings contamers or transplanting
© Cull Joss

Now, the quantity of seeds that you need for your operations depends on the number of
plants that are required; including the amount that you will require to casualty, plus the
germination percentage, plus it depends on the loss in picking out, mortality in seedling

containers or transplanting and the culling loss.
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Quantity of seeds required

Number of seedfings required for planting
Survival factoe

Survival factor = Germination x Prickling foss factor%x
Mortality factorts x Cufling foss factor%s

Number of seeds required =

Tot_;_n_l  ramber of seeds requred
Number of seeds per hg =

Seed quantity (kg) =

And, the total quantity of seeds required is given by the number of seedlings that are
required for planting, divided by the survival factor; where survival factor is given as

germination percentage, multiplied by prickling loss factor percentage, multiplied by



mortality factor, multiplied by culling loss factor. And, total quantity of seeds that is

required is given by total number of seeds divided by number of seeds per kg.
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Determining best days for seed collection

@ Laboratory methods
0 madmum dry weight
0 chemical analysis of fat and nitrogen content
© eamination of embryo development and endosperm of sample
seeds through X-ray radiographs
0 mosture content of fruits
© Field methods
@ density of fruits
@ colour of fruits
© wisual eamination of seed contents after cutting
9
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Now, when we are doing a seed collection, we need to determine the best days for seed
collection. Typically, seeds are collected in the seed years when the plants have a very
large production of seeds. But even in the seed year, which is the particular day when
you should be doing the collection, is determined by either laboratory methods or field

methods.

Now, laboratory methods include maximum dry weight, chemical analysis of fat and
nitrogen content, examination of embryo development and endosperm of sample seeds
through X-ray radiographs; typically, by soaking of the seeds in barium chloride
solution, which makes it opaque to the X-rays. And, barium chloride is only able to enter
it into the non-living portions, it does not enter into the living portions.

So, you can very easily if you see the embryonic development. Or, you can look at the
moisture content of the fruits. The field method includes density of fruits, colour of fruits

and visual examination of seed contents after cutting.



(Refer Slide Time: 20:30)

Determining trees to collect seeds from

Q collect from domnant or co-dominant trees

9 collect from minimum of 10 trees at 3 time, preferably from 25 - 50
tress

@ collect from trees that are far from each other, to avoid collecting
from half-siblings or parents

0 before collecting, mark individual trees

@ colect equal numbers of cones, fruits or seeds per tree

© mixing of seeds can be done for Large-scale coflections

10
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We also determine the best trees to collect the seeds from, and these are generally
dominant or co-dominant trees; you collect from a minimum of 10 to 50 trees, collect
from trees that are far from each other to avoid collecting from half siblings or parents.
Before collecting, mark individual trees, collect equal number of cones, fruits or seeds

per tree, mixing of trees make for large scale collections.

(Refer Slide Time: 20:56)

Requirements for proper seed collection

@ organisation of collecting teams
© organisation of transpart
@ organisation of equipmant

© organisation of records

© organisation of permits

Q organisation of seed extraction from fruits
1
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Now, for a proper seed collection, you need to organize collecting teams, transportation,
equipment, records, permits and seed extraction, because as soon as you collect these

seeds, they have to be processed.

(Refer Slide Time: 21:10)

Ways of collecting seeds

O natural seedfall
© manual shaking
© mechanica! shaking
© use of tree funnels
@ raiding of animal caches, e g. squirrels and ants
0 cofecticn by plucking
@ collection by cutting, bresking and sawing
n
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Now, ways of collecting seeds include natural seed fall, manual shaking, mechanical
shaking, use of tree funnels, raiding of animal caches including squirrels and ants,
collection by plucking and collection by cutting, breaking and sawing which is typically

the last.

(Refer Slide Time: 21:28)

Other operations

@ depulping

@ drying under shade

© sen drying

Q drying with artificial heat / kilns
Q dewinging

O hand picking of large-sized impurities
@ threshing
0 sieving
@ blowing
@ grading (by size, colour, etc.)
@ testing, etc
iE]
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Other operations include depulping, where the pulp is removed; drying under the shade,
sun drying, drying with artificial heat or kilns; dewinging of seeds; hand picking of large

sized impuirities, threshing, sieving, blowing, grading, testing and so on.

(Refer Slide Time: 21:46)

Seed testing

@ determination of genuineness
@ determination of purity (%)
© determination of seed viability and vigour
0 cutting test
@ physical test (winnowing and flaating)
© chemical test (TTZ™ reduction test: viable parts red, non-living
parts colourless)
© germination test
© Germination percent: Number of seeds germinated as a
percentage of total number of seeds tested
© Germination energy: Number of seeds in sample that
germinate upto the peak germination period expressed as %
@ X-ray: BaCh permeates dead tissue but not fiving tissue
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Now, seed testing; we require information about the determination of genuineness,
determination of purity, determination of seed viability and vigour. Now, seed viability
and vigour; the vigour is the rate at which these seeds will actually grow into plants. So,
this these are determined by cutting test, physical test such as winnowing and floating,
chemical tests such as TTZ or Triphenyl Tetrazolium Chloride or Bromide reduction test,

the viable parts are stained in red, non-living parts become colourless.

So, if you have a seed in which it looks colourless throughout, it means that it has
already died, or we can look at germination tests in which the seeds are actually
germinated. In which case, we look at 2 parameters; germination percentage which is the
number of seeds that germinate as a percentage of the total number of seeds that were
tested. And, the germination energy which is the number of seeds in the sample that
germinate up to the peak - germination period expressed as a percentage, or you can look
at X-ray radiograms where barium chloride is used which permeates the dead tissue, but

not the living tissue.



(Refer Slide Time: 22:58)

Natural longevity of tree seeds

© Microbiotic: seed life span not exceeding 3 years

© Meschiotic: seed Kfe span from 3 1o 15 years

© Macrobiotic: seed life span from 15 to over 100 years
13
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Now, during storage, we need to look at the natural longevity of tree seeds. There are
certain trees and where which are known as Microbiotic. Now in the case of Microbiotic
plants, this the seed lifespan does not exceed 3 years, Macrobiotic seeds lasts for 15 to

100 years, Mesobiotic seeds lasts for 3 to 15 years.

(Refer Slide Time: 23:21)

Two main seed classes (Roberts 1973)

@ Orthodox: Seeds which can be dried down to 3 low moisture content
of around 5% and successfully stored at low or sub-freezing
temperatures for bong penods. g grass seeds

@ Recakitrant: Seeds which cannot survive drying below 2 relatively
high moisture content (often in the range 20-50%) and which caanct
be successfully stored for long periods. e.g. sal seeds

%
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And, during storage, we classify seeds into 2 categories: orthodox and recalcitrant.
Orthodox seeds are those seeds that can be dried down to a low moisture content of

around 5 percent and successfully stored at low or sub-freezing temperatures for very



long periods; such as grass seeds. Whereas, recalcitrant seeds are those that cannot
survive drying below relatively high moisture content, often in the range of 20 to 50
percent, and which cannot be successfully stored for long periods; examples sal seeds.
So, it is difficult to store the recalcitrant seeds; it is easy to store the orthodox seeds after

drying.

(Refer Slide Time: 24:02)

Factors affecting longevity in storage

© seed condition
O sesd maturity
@ mechanical damage
© fungi and insects
o initial viability
0 2ge of seeds
© storage conditions
@ atmosphere: level of axygen should be low
@ moisture: should be Jow
@ temperature: should be low
0 light: should be absent

Now, there are a number of factors that affect the longevity in storage; the seed
condition; including seed maturity, mechanical damage, fungi and insects, and the initial
viability. The age of the seeds and the storage conditions; so, typically, the level of
oxygen should be kept low, moisture should be kept low, temperature should be kept low

and light should be absent.



(Refer Slide Time: 24:24)

Underlying principles of seed banking

@ identity of accessions should be clear: use of passport data, together
with 2 herbarium voucher specimen for identification

© maintenance of viabiity and propagabdity

© maintenance of genetic integrity

Q maintenance of germplasm health: ensure seeds are free from diseases
and pests

@ physical security of collections, including safety from earthquakes,
floods, fires and global warming

0 avadability and use of germplasm

@ avaiability of information

18
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Now, underlying principles of seed banking include identification of accession,
maintenance of viability and propagability, which needs to be checked and tested again
and again, maintenance of genetic integrity, maintenance of germplasm health, physical
security of collections, availability and use of germplasm and availability of information.

(Refer Slide Time: 24:45)

Seed certification

© genuneness of species and varisty
© year of collection
9 origin

Q punty
© germinative capacity
@ any other refevant information

Now, these days, we also go for seed certification which tells us the genuineness of the

species and the variety, the year of collection, the origin of these seeds, or the probe



enhancing of these seeds, the purity, the germinative capacity and any other relevant

information.

(Refer Slide Time: 25:04)

Seed treatment

O cold water treatment: amia, khair, pine
© hot water treatment: Cassia, Albizia

@ bofing water treatment: acacia, prosopis
© wet and dry treatment: teak

© cid or mechanical scarification: arjun

Q shell cracking: ber

@ cow dung slurry treatment: harra, bakan

Now, before using we put the seeds through several treatments; including cold water
treatment, hot water treatment, boiling water treatment, wet and dry treatment, acid or
mechanical scarification, shell cracking or cow dung slurry treatment. So, different
species of trees, the their seeds might require different treatments, in order to help them

to germinate.

(Refer Slide Time: 25:29)




Next, we had a look at the nursery techniques.

(Refer Slide Time: 25:34)

“A production unit where forest seedlings are grown’”

Forest nursery is a production unit where forest seedlings are grown. There is a big need
to for these nurseries to grow and maintain a large number of plants per unit area. Small
and expensive hybrid seeds can be raised more effectively due to better care and
management in these nurseries. There is an increase germination percentage and vigour

of seedlings grown in seed beds.

(Refer Slide Time: 25:39)

Need for nurseries

@ to grow and maintain 2 large number of plants per unit area

© small and expensive hybrid seeds can be raised mare effectively due to
better care and management

@ increased germination percentage and vigour of seadlings grown in
seedbeds

© better management with reduced care, costs and mamtenance due to

small area

© zasy manipulation of growing conditions

Q better and uniform crop growth in field due to selection of vigorous
and heaithy seedlings

@ off-season sowing of seeds & possible

O lower seed requirement of nursery raised crops due to better
management

© easy management of insect-pests, diseases and weeds




Better management with reduced care cost and maintenance due to small area, easy
manipulation of growing conditions, better and uniform crop growth, off-season sowing
of seeds, lower seed requirement and easy management. So, essentially, what we are
saying is that, in the case of a nursery in a small area, you raise a large number of seeds
and seedlings in a much-controlled environment, in which manipulations are much
easier. So, effectively, this leads to the production of a large number of seedlings in less

time, with less cost, with less efforts overall.

(Refer Slide Time: 26:31)

Site selection for nurseries

@ even topography

@ loamy sandy sodl with farge organic matter
Q water

0 drainage

© transportation

@ Gbour

@ protection from animals

© near large markets | plantation sites

© location in pollution-free area

Where should a nursery be sited? So, it depends on the topography of the area; typically,
it should be a flat topography with good soil, good water, good drainage, easier
availability of transportation and labour, good protection from animals. It should be near
large markets or plantation sites, so that the seedings can easily be transported. And, it
should typically be located in a pollution free area, so that the plant leaves are not

covered up with dust.



(Refer Slide Time: 26:58)

Now, this is a nursery layout. So typically, in a nursery you will be having the seed beds,
you will be having certain storerooms, you will be having a source of water, you will be
having certain trees to provide shading when required, you will be having roads, you will

be having fencing.

(Refer Slide Time: 27:16)




(Refer Slide Time: 27:18)

(Refer Slide Time: 27:20)

Barbed wire fencing on wooden posts



(Refer Slide Time: 27:22)

(Refer Slide Time: 27:23)

Now, a nursery fencing can be a barbed wire fencing; barbed wire fencing on wooden

post, brushwood fencing, stone wall fencing, chain link fencing, life fencing and so on.



(Refer Slide Time: 27:25)

Kinds of fences

@ barbed wire

@ chain-link

9 stooe vell

Q wooden vall

9 brushwood

Q e fences: agave, euphorba

(Refer Slide Time: 27:29)




(Refer Slide Time: 27:32)
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Now, a nursery is identified by the board, and these days at times the setting up and

running of a nursery is also given to the Samitis.

(Refer Slide Time: 27:43)

Bad: Land made fres of weeds, stumps, stones, pebbles, etc. usad for
sowing of seeds to raise seedlings and mudtiplication through vegetative
propagation

© sunken bed: used in dry season and windy areas; conserves moisture

0 flat bed: 3t ground level
© raised bed: used in wet seasons; prevents water logging

Now, nurseries have nursery beds where a bed is defined as a land that is made free of
weeds, stumps, stones, pebbles, etcetera; used for sowing of seeds to raise seedlings and
multiplication through vegetative propagation. And, we have 3 different kinds of beds;
we have a sunken bed which is used in dry season and windy areas because it conserves

moisture, we have a raised bed which is used in wet seasons to prevent water logging,



and we have a flat-bed which is at the ground level and is that is used in average sorts of

conditions.

(Refer Slide Time: 28:14)

Nursery raised beds

So, here we have raised beds.

(Refer Slide Time: 28:17)




(Refer Slide Time: 28:19)

Nursery bed plants

Sunken beds, the plants in the beds.

(Refer Slide Time: 28:21)

Nursery raising polypots on plastic sheets in flat bed

This is a nursery which is raising polypots on plastic sheets in a flat bed.



(Refer Slide Time: 28:27)

9 soil solarisation

@ treatment with chemicals: formalin, fungicides (captan, thiram)
msecticide (chioropyriphos), bio-agents {trichoderma fungus)

Now, before using the soil, it is put through certain treatments. So we do soil
solarisation; in which case the soil is broken up, the lumps are broken up and then this
soil is exposed to the sun, so that it becomes in dried up and also the pathogens die off,
because of the because of drying and also the impact of the ultraviolet rays of the sun. In
certain cases, treatment with chemicals may also be required; especially treatment with
formalin fungicides, such as captan and thiram; insecticides such as chloropyriphos and
bio-agents such as Trichoderma fungus, which is a symbiotic fungus which helps the
plants.

(Refer Slide Time: 29:09)

Seed treatment

© soaking: cold water, hot water, boiling water
© aad scarification

© mechamaal warification
© treatment with fungicides and / or insecticides




Now seed treatment before sowing; we do a seed treatment through soaking, or is acid
scarification, or mechanical scarification, and at times treatment with fungicides, and or

insecticides may also be required.

(Refer Slide Time: 29:25)

Growing medium

9 sol
9 sand
@ compost
0 additves
0 moss
9 peat
O coco peat
0 vermiculite: produced by heat treatment of mica
0 perite: natural mineral of vokcanic onign
9 Swdust

Potting medium = 1:1:1 of sand, soil and compast / farm yard manure

Next, we have the growing medium which is comprised of soil, sand compost and
additives. Now, sand and compost are added to change the structure of the soil, to make

it more permeable, and also to change the amount of nutrient availability in the soil.

Now, additives include moss, peat, coco peat, vermiculite, perlite, sawdust and so on.
And, we also make a potting medium which is the one is to one is to one a mixture of

sand, soil and compost or farm yard manure.



(Refer Slide Time: 30:00)

@ broadcasting
@ line sowng

© seed sowing in plug trays

Now, seed sowing can be done through broadcasting, in which the seeds are just thrown

over the soil, or we can go with line sowing, or seed sowing in plug trays.

(Refer Slide Time: 30:09)

So, this is a plug tray. The best thing about a plug tray is that, it is a standardized

equipment or a standardized medium.

And so, it is very easy to automate the sowing of seeds through machines.



(Refer Slide Time: 30:24)

Caring operations

© peoper handling during shifting: hold pots from base, not top
© proper placement of pats: flat, not inclined

@ thinning of plant density

Q watering

Q weeding

Q hardening

@ staking for support

0 clipping excess root

Q control of diseases

@ control of pests

Now, a lot of caring needs to be done in nurseries; such as proper shift, proper handling
during shifting, the pots should be held from the base not from the top, proper placement
of pots, they should be flat, they should not be kept on an inclined because the roots are
positively geo tropic. And, if the pots are kept at an at an inclined angle, then the plants
will not be growing straight. So, they will be growing at an angle to the ground. We shall

become deaf difficult for them when you have to plant them out in the field.

Then, thinning of plant density needs to be done from time to time to avoid whipping.
Whipping is the process in which the plants grow very fast; they become very tall and
because of because they are unable to grow in laterally. So, in this case, the plants just
droop down, when you take them out. Then, watering needs to be done; weeding needs
to be done; hardening of plants has to be done, in which case, you make the plant more
resistant to the extreme situations outside. Then, staking for support is needed for certain

plants, clipping of excess root, control of diseases and control of pests.



(Refer Slide Time: 31:38)

So, here we are seeing people who are caring for the plants.

(Refer Slide Time: 31:41)
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Impact of water amount

The plants have to be watered in such a manner that the amount of water is neither too
less nor is too high, because yeah in drought conditions, as well as in water logged

conditions, the plants will not be able to show optimal growth.

(Refer Slide Time: 31:55)

Hardening (acclimatisation to harsh field conditions)

Hardening is the process of acclimatisation of the plants to harsh field. And, in this case,
the plants are being moved from an area of excessive or optimal care to an area of harsh

conditions. And, typically, hardening is done by putting the plants under a green net.



So, from a very low amount of light, they will slowly and steadily they will be shifted to

the very harsh 100 percent sunlight in dry conditions.

(Refer Slide Time: 32:24)
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Weeding is regularly performed. Grading is performed in which the plants that are of
similar growth characteristics and of similar size, they are graded together
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Plants ready for sale / usage

Here, we see plants that are ready for sale or usage.

(Refer Slide Time: 32:28)

They are transported either in in small trucks or using tractors.



(Refer Slide Time: 32:43)

(Refer Slide Time: 32:43)

Container plants

Plants are grown are these days also grown in containers.
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Container plants

(Refer Slide Time: 32:48)

We also have this innovation that is known as the raised iron bed, in which case, we
make use of an iron rods to raise up the bed, and we put containers and raise the crops

there.
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In certain nurseries, greenhouse is being used.

(Refer Slide Time: 33:04)
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Mist chamber

Mist chambers are being used and vegetative propagation.

(Refer Slide Time: 33:06)

Vegetative propagation
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And, tissue culture are also being used in certain high tech nurseries.
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Next, we looked at planting and tending.

(Refer Slide Time: 33:15)

Areas available in the field

© recently clear-felled areas
@ areas where forest cover is to be increased

© open areas: in forest, wasteland, panchayati land, etc
© longside roads, canals, railway fines
9 agroforestry / farm forestry operations

So, areas that are available in the field include recently clear-felled areas; areas where
forests cover to be increased; open areas whether in forest or in wasteland or in
panchayati land; alongside roads, canals, railway lines; and in agroforestry; and farm

forestry operations.
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Considerations before planting

© ailability of sufficient areas
© accessidifity during monsoon
Q availability of labour

What are the considerations? They should be sufficient area available so that you can put

up a sufficient amount of work. The area should be accessible during monsoons and
labour should be easily available.

(Refer Slide Time: 33:42)

Soil profile pits

Generally of depth 1.75 m are dug to get an idea of soil depths
@ Zone |: soil depth < 10 cm: refractory site

@ Zone II: sail depth 10-30 cm: planting along with pasture development
@ Zone l1I: soil depth > 30 em: best suited for planting

We begin by making soil profile pits, to debar, to classify soils into 3 zones: Zone 1 is a
refractory site with very less soil depth; it is not suitable for planting trees, Zone 3 which
has a soil depth of greater than 30 centimeters, is best suited for planting. And, Zone 2
with 10 to 30 centimeters of soil depth planting can be done.
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Pre-planting surveys and treatment map

o Area to be planted, and area to be left unplanted for research,
conservation, ec

® Species selection
o Site preparation planning
o Layout of roads, inspection paths, fire lines, water pots, etc

» Construction of treatment map showing layout, slope, soil depth,
fertility, etc

o Demarcating zones on the ground

But it is done together with pasture development. And, before beginning to plant, we do
a pre-planting survey and make a treatment map. So, areas to be planted, areas to be left
unplanted will be marked on this map. There will be species selection, site preparation
planning is done, layout of roads, inspection paths, fire lines, water points etcetera is
made. Construction of treatment map is done which shows all of these different things

layout, slope, soil depth, fertility and so on.

(Refer Slide Time: 34:41)

Site preparation

@ Site clearance by removal of unwanted vegetation

@ Soil conservation works to prevent soil erosion and serface runcéf
© Mossture conservation woeks

Q Provisioning of proper drainage

Q fencing
0 barbed wire
@ cham link
9 stone wall
o CPT
0 live hedge




And, then these zones are demarcated on the ground. Then, site preparation is done by
clearing of the site, the unwanted vegetation is removed, soil conservation works are
done to prevent soil erosion and surface run off. Moisture conservation works are done,
provisioning of proper drainage is done, and fencing is done through barbed wire
fencing, chain link fencing, stone wall fencing, CPT which is a Cattle Proof Trench and

also live hedging.

(Refer Slide Time: 35:05)

Staking

Marking planting or soil working spots on land using stakes made of
@ branches
0 stoses
© halved bamboo pieces
Q fime, etc
This ensures uniform spacing

Next, we to ensure a uniform spacing. We do a staking operation where the planting and
soil working spots are marked on the land using stakes that are made out of branches,

bamboo pieces, stones, lime and so on.
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© obsective of plantation
@ site-species matching

© growth rate
0 soll moisture, depth, etc.

The choice of the spacing depends on the objective of the plantation, the site and species

matching, the growth rate that is expected and the soil moisture, depth and so on.

(Refer Slide Time: 35:33)

So, this is a person who is doing a staking.
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Staking in the field

So, this point is marked on the ground and then the soil working needs to be done.

(Refer Slide Time: 35:37)

Soil working

9 ploughing
Q pit digging
© ordinary pit
0 saucer pit
0 crescent-edge pit

0 nng pit
© ndge and ditch
@ contour trenches

0 staggered
© continuous
9 mounds

So, soil working includes ploughing of the whole area, or in strips or pit digging. So, we
can make ordinary pit in normal areas, saucer pit in area that have less rainfall, crescent
edge pits in areas with even less rainfall, ring pit in even more arid regions, or we can go
with ridge and ditch in areas where the rainfall is unpredictable, or we can go with
contour trenches, staggered trenches or continuous trenches, or we can go with mounds

in waterlogged areas.
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So, this is how the digging begins. So, here there is a stick that is telling us the size of the

pit that will be dug.

(Refer Slide Time: 36:23)
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And now, the digging process is beginning, and during the digging process, the topsoil is

kept in a separate pile and the subsoil is kept in a different pile.

(Refer Slide Time: 36:34)

So, this is a pit that has been dug.
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Measurements are taken to ensure that there is a good quality control.
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@ pre-monsoon: in areas with pre-monsoon showers or irrigation

@ monscon; most common practice
@ winter and spring planting: cold regions and areas with winter rains

Now, planting can be done in 3 different periods. In most of the areas, we do planting in
the monsoons. But in those areas where we get pre-monsoon showers or those areas
where we have irrigation, we can extend the growing period by doing a pre-monsoon
planting. And in those areas which are cold or receive winter rains, we can also do winter

planting or even spring planting.

(Refer Slide Time: 37:05)

Planting in the field
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Planting in the field

(Refer Slide Time: 37:09)

Planting in the field

Now, planting in the field is done by removing the polythene cover, and then the plant

along with the soil ball is placed inside.
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Planting in the field

You need to ensure that the collar is at the same level as that of the ground.

(Refer Slide Time: 37:20)

Planting in the field

-y,
)
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Planting in the field

Then, the soil is put back inside. Typically, the topsoil is put up first, followed by the

subsoil.

(Refer Slide Time: 37:37)

Planting in the field

And then, this the soil is compacted by standing over it, and while taking care that you
do not stand on top of the plant.
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Planting in the field

Typically, in the field situations, planting is done on a very large scale.

(Refer Slide Time: 37:41)

Planting in the field
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Caring for the planted plants

© watering: important in arid and semi-arid regions, needed in
fast-growth plantations and urban plantations
@ fertiliser: generally not used, except in fast-growing plantations
© weeding
9 orcular weeding
@ strip weeding
0 complete weeding
© loosening of soil with weeding to eliminate rootstock of weeds
© beating up casualties
O singling
9 in forked plants
@ in coppice growths
© mulching

And then, once the planting is done, you need to tend for these plants; you need to care
for these plants by watering them. It may be important in arid and semi-arid regions, and
it is absolutely weeded in fast growing plantations and urban plantations. In certain
cases, you might need fertilizers in especially in the case of fast-growing plants;
otherwise, it is generally not needed. Weeding needs to be performed together with
loosening of soil. Weeding can be done as complete weeding, strip weeding or circular

weeding.

Then, beating up of casualties is done where the plants that have died are replaced.
Singling operation is done for forked plants and in coppice growths and also mulching

may be required.
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And at all stages, you ensure that data entry is done in the plantation journal.

(Refer Slide Time: 38:29)

* NTFP

 Social forestry and tribal welfare
¢ Conservation of wild animals

In the last module, we looked at newer trends in forestry; NTFP, social forestry, tribal

welfare and conservation of wild animals
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Forest produce

Section 2(4) of the Indian Forest Act 1927:

“Torest-produce” includes

{a) the following whether found in, or brought from, 2 forest or not, that i
to s3y timber, charcaa, caoutchooc'?, catechu, wood-oil, resin, natural
vamish, bark, lac, mahua fiowers, mahua seeds 4[kuth}™ and
myrabolams®, and

(b) the following when found in, or brought from a forest, that & to say

(i) trees and leaves, fiowers and fruits, and all other parts or produce not
herein before mentioned, of trees,

(ii) plants not being trees (including grass. creepers, reeds and moss), and
@l parts or produce of such plants,

{iii) wild animals and skins, tusks, horns, bones, silk, cocoons, honey and
wa, and all other parts or produce of animals, and

() peat, surface sail, rock and minerals (incloding lime-stone, faterite,
mineral oils, 20d all products of mines or quaries);

Now NTFP is non-timber forest produce. We have the definition of forest produce and

definition of timber entry in the Indian Forest Act.
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Section 2(6) of the Indian Forest Act 1927:
“timber” includes trees, when they have fallen or have been felled, and all

wood whether cut up or fashioned or hollowed out for any purpase or ot




(Refer Slide Time: 38:45)

Section 2(7) of the Indian Forest Act 1927:

“tree” includes palms, bamboos, skumps, beush- wood and canes.

So, you take the definition of forest produce, subtract timber and you get the Non-

Timber Forest Produce.
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Terms in use

@ Non Timber Forest Produce
© Non Wood Forest Produce

© Minor Forest Produce

@ Secondary forest products

@ Non-wood forest benefits

@ Non-wood goods and benefits

@ Biodiversity products

0 Specal forest products

© Other economic forest products
@ Other forest products

@ Forest biclogical resources

@ Natural products

@ By-products of forests

Now, typically, a number of other terms are also used such as Non-Wood Forest

Produce, Minor Forest Produce, By-product of forest and so on.
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Al products obtainable from forest besides*
© Wood for timber

@ Firewood
© Pulpwood

“Wordt Famury Conlmence T4

Now, Minor Forest Produce is defined as all products that are obtainable from forest

besides wood, firewood and pulpwood.
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Definition

“All usufructs/utility Products of plant, animals 2nd mineral origins except

timber, obtainable from forests o afforested kind areas™

“Unewt Nt Carteronas 0 Zovemmene i Uevvezmery (UNCED)

Non-Timber Forest Produce is also defined as all usufructs or utility products of plants,
animals and mineral origins, except timber obtainable from forests or afforested land
areas. Now in all these different definitions, they can be more exclusive or more

inclusive.



So, in certain definitions, we include not just forests, but also plantations; and in certain
other definitions, we also include the trees outside forests. In certain definitions, we only
look at the plant produce; in certain other definitions, we include animal produce and
also the mineral produce. And in certain other definitions, we also include technological

services.
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© By product type: gums, resins, oils, fibres, dyes, medicines

© By user purpose: food, medicine, spiitual and traditional uses,
construction

© By type of NWFP harvested: leaf, fruit, stem, exudates, animal
products

© By level of use: self supparting, commercial

So, none of these definitions is perfect, but you get an idea. The classification of NTFP is
done on the basis of the product: whether they are gums, resins, oils, fibres, dyes,
medicines; by user purpose: food, medicine, spiritual and traditional uses, construction
materials; by the type of NTFP that is harvested: leaf, fruit, stem, exudates, animal
products; or by the level of use: whether it is being used in a self-supporting or

sustainable manner or in a commercial manner.
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lock at some impart
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o harra
© baheda
® amia
 daichini

® Qung
® Raunolfiz sarpenting
o Taas baccata
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® gum karaya
® gum arabic

® 2sian gum
* salai gum

Next, we looked at some important in NTFPs including medicinal plants, gums, pine

resin.
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Pine Resin

The resin, on distillation yields rosin and turpentine oil

o Uses of rosin: production of paper, synthetic resins, paints, varnishes,
printing ik, sealing wax, disinfectants, adhesives, lubricants

o Uses of turpentine oil; -solvent (in paints, vamishes, and boot palish),
medicines, perfumery products, camphor, wood preservatives/
protective coating material, detergents, flavouring agents

Now, resin on distillation gives you rosin and turpentine oil, both have different uses.
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Volatile oils

& annamen od
@ sandatwood od
o citronelta oil

o mint oll

o vetiver oil
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® mahia ol

e sal ail
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Tannin

o Acaciz catechy
o Cona fistula
o Termmali belfinca
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o Indigofera tinctoria
o Crocus sativus

o Artocarpus lakoocha
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Classification
@ on the bass of origin and structure: soft fibees {from bark or bast eg
jute, flax), haed fibres {from leaves e.g. sisal, manila hemp). surface

fibres (from stem, leaves and seeds e.g cotton)

® on the bass of utilisation: textile fibres, brush fibres, plaiting and
weaving fibres, filling fibres, paper-making fibres

Volatile oils, fatty oils, tannins, dyes, fibres. we looked also at the classification of fibres.
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NWFP of animal origin

o homey and beeswax
o L3¢ and shellac

 tusser and other silks
© hides, skins, feathers, hams, bones, shells, ivory, mask

Non-Wood Forest Produce of animal origin, and also the other NTFPs.
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¢ Bamboos and Canes: Arundinaria falcata, Bambusa sp., Calamus sp
o Fodder and forage: Andropogon sp.. Cenchrus sp. Dicanthus sp

o Feetwood, Charcoa! and Briquettes: Acacia nilotica, Casuarina
equisetifolia, Quercus sp.

© Bidi leaves and other leaves for platters: Diospyros melanoxylon,
Bauhinia sp

@ Beads for ornaments and decaration: Abrus precatorius, Coix tacryma

@ Saponin yielding plants and Marking nuts Sapindus sp., Semecarpes
anacardum
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In the second lecture of this module, we looked at social forestry and tribal welfare.
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What is Social Forestry?

“Forestry which aims at producing fiow of protection and recreation
benefits for the community®?

Now, social forestry is defined as, forestry which aims at producing flow of protection

and recreation benefits for the community.
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Why do we need Social Forestry?

Forests and people have ahways had a close relationship. eg. sacred groves
We need to capitaiise on this relationship for the cause of conservation
Peaple conserve when they gain benefit from it

@ Inelibocd and income

© NTFP: fodder, fuel, food
9 ecological services
Q ethaic food security

So, basically a social forestry says that, if you want to protect the forest, you can only do
it then the local people are able to gain benefit from it. And historically, we have seen
that people have had a close relationship with forest, and social forestry aims to
encourage this relationship to inculcate a feeling of ownership of the people towards the

forest, to ensure that the people are more and more inclined to conserve the forest. Now,



the benefits that are provided to the people are in the form of livelihood, income, NTFP,

ecological services and ethnic food security.
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Powers to the Governor General of India as well 35 to the local goverament
to declare any land covered by tree, brushwood or jungle 3 ‘Government

fiormst

Notification ‘Shall not abdge or affect any existing rights of individeals or
communities.’

Sectian B Power to arrest without warant

And then, we looked at a short history of forestry and why the social forestry was so

important.

So, even though the 1865 Forest Act said that the notification will not shall not abridge
or affect any existing rights of individuals or communities, but in those days, the field
situation was not that good, people were largely illiterate, and they were not able to put
forth their rights and their demands in a forceful manner. Now, because of which a lot of

areas were converted into forest and people did not get to see lot of things.
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Extended state control over forest areas throughout India. Forests
classified mto

© Reserved Forests
© Protected Forests
0 Village Forests

They were not able to exert their rights. Now, the 1878 Forest Act further extended it.
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@ Pocna Sarvajanik Sabha
@ Jotirau Phule

But then, there was in opposition to the 1878 Act by the Poona Sarvajanik Sabha and
also Jotirau Phule.
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History of forestry

Forests classified into

© Protection Forests
@ Production Forests
© Minor Forests
Q@ Pasture lands

“The sole object with which state forest are administerad is the public
benefir *

“Na restriction should be placed upon reasonable locz! demads merely in
order to increase the state revenue”

Now, the 1894 Forest Policy classified forests into 4 different categories, but it also
wrote the sentence that the sole object with which state forests are administered is the
public benefit, and no restriction should be placed upon reasonable local demands,

merely in order to increase the state revenue.

So, we are saying that even in the nineteenth century, we are shifting from the
government utilisation of forests for revenue towards social forestry; that is, we are

shifting towards the usage of forests for meeting of the local needs.
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Large-scale requirement of timber for ships and radways. Forests cut
indescriminately




But then, we had the First World War where timber was extensively needed, and there
was an indiscriminate cutting of forests. Followed by the Indian Forest Act which was

revised act, but more or less the same structure was kept.
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Act revised but with more or less same structure as the 1678 Act. I
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Constituted in hill areas of Uttarakhand

A result of Kumaon Forest Grievance Committee in response to revolt
against control of forest department

And then in 1931, we saw the beginning of the Van Panchayats.

So, in the case of Van Panchayat, the Panchayat exerts its ownership on the forest and

also it maintains and conserves the forest. So, it began in the hill districts of Uttarakhand.



(Refer Slide Time: 43:44)

History of forestry

“The accident of 3 village being stuated close to 2 forest does not

prejudice the right of the country a5 3 whole to receive the benefits of 3
national asset”

“While forest legisiation forest education and forest ressarch constitute the
bass for sound forest management, the welfare and good will of the people
in the neighbourhocd of forests provide the firm ground on which it
stands. No forest policy however well intentioned and meticulously drawn
up has the slightest chance of success without the willing support and
cooperation of the people”

Then, in the 1954 Forest Policy, while forest legislation, forest education, and forest
research constitute the basis for sound forest management, the welfare and goodwill of
the people in the neighborhood; a forest provides the firm ground on which it stands. No
forest policy; however, will intention and meticulously drawn up has the slightest chance
of success without the willing support and cooperation of the people. So, with this 1954
Forest Policy, we said that social forestry is now an integral part, we need to look at it;

without it, we will not be able to conserve the forest.
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History of forestry

First used the term ‘social forestry’

‘It should not only aim at creating protection and recreation benefits to
the community, but should also include the activities concemed with the
growing and meeting of the fuel wood and fodder needs of the rural

community in future”
Kinds of social forestry:
@ farm forestry: farmlands

© community forestry: community Gads
© extension forestry: roads, canals and railways, wastelands
© agroforestry: combined cultivation




Then, came the 1976 National Commission on Agriculture which further elaborated on
this concept, and it was the first to actually use the term social forestry, but it also
expanded its definition. It said that there will be farm forestry, community forestry,
extension forestry, and agroforestry.
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Table: Differences between conventional forestry and social forestry

[ Conventional Forestry | ~ Social Forestry

| logromn | S
| Donebydepanment | Done in collaboration with society |
| Based on single use (timber) | Based on multiple uses (mdum'hiﬁ’@' 1

So, what are the differences between conventional forestry and social forestry?
Conventional forestry is typically long rotation crops; social forestry short rotation crops.
Conventional forestry is done by department, social forestry is done in collaboration with
the society. Conventional forestry is based on a single use of forest for timber, whereas
social forestry is based on multiple use of forest including NTFPs. And then, a water

shed moment came in 1988 with the 1988 Forest Policy.
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Massive peoples’ movement to minimise pressure on exsting forests I

We said that massive peoples’ movement is essential and will be done to minimize

pressure on the existing forests.
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Working of JFM

Guidelines
@ inclusion of NGOs
@ no rights / ownerships to individuals
© usefruct rights 1o community

Q 2rea selected to be free from claims

@ microplan | working scheme for 10 years in consultation with
community

O sharing of benefits finked 10 praper protection of area

And so, we had the beginnings of the joint forest management in the nineteen eighties.
So, this in this includes NGOs. And ,the individuals do not get rights, but the usufruct
rights are given to the community; the area selected should be free from claims,
microplans are made in consultation with the community, and sharing of benefits is

linked to proper protection of the area.
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So, through joint forest management, people get employment.
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Community-based control of invasives
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In plantation: control of invasives, tendu patta is a big thing.
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Tendu patta
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Tendu patta
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So, in tendu patta, the people and a lot of women specifically, they get sufficient amount,
they get large amounts of money for the collection of tendu patta, and also through

means of profit sharing mechanism.
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Tendu patta
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Tendu patta
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Government procurement of NTFPs
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Samiti shops

When this tendu patta is sold to outsiders, then in certain cases the Samitis are also
setting up their own shops. They are also doing minor processing. They are also setting

up their own nurseries.
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Medical camps for community

And, the department also facilitates the provisioning of medical services and other

things.
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Change of perspectives

@ from policing to sociaising

@ from domination to equality

O from uniformed staff to equal implementer

© from sole manager to partner

@ from telling what to do to listening what to do

0 from sole implementer 10 3 collective implementer

Q frunintiﬁualdec'sionmakingwcoﬂecﬁvededﬁonmhn;
Q from outsider to insider

© from sole protector to implementer of social fencing

© from commercial need produces to Jocal need producer

@ from forest manager to a rural development expert

@ from sectoral implementor to multi-sactoral integrator

So, social forestry is basically a change in perspective. So, the department is shifting
from policing to socialising; from domination to equality; from uniformed staff to being
an equal implementer; from telling what to do to listening what to do, and so on. So,

basically social forestry is a new perspective.
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Required skills

© Communication skills

© Knowledge about NTFP: its production, marketing
@ Motivational skills

0 Organisational skills

© Respect for traditional knowledge

© Being a good listener

@ Balancing vizwpoints

Q Transparency

0 Sensitwity

And, it also requires a number of new skills such as communication skills, knowledge

about NTFP, motivational skills, organizational skills and so on.
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Now finally, we looked at the conservation of wild animals.
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What is Conservation?

Latin con-: Together
Latin senare: Keep

advocacy or practice of the sensible and careful use of natural resources
€. sustainable harvest, wise use of soil and water, etc

So, conservation comes from the word roots; ‘con’ and ‘servare,” we just keep together.
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“allowing some places and some creatures to exist without significant
human interference”

“concarned about the impact of people on eavironmental quality” ’
“Science of relationships between organisms and their environments” |
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What is wildlife?

wild life includes any animal, aquatic or Land vegetation which forms part
of any habitat

wild animals collectively; the native fauna (and sometimes flora) of 2
region

It is different from preservation, environmentalism and ecology. Wildlife is defined in
the Wildlife Protection Act. It includes any animal; aquatic or land, vegetation which

forms part of any habitat.
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The IUCN Red list categories

 Extinct (EX)

© Extinct in the Wid (EW)
@ Critically Endangered (CR)
© Endangered (EN)

O Vulnerable (VU)
© Near Threatened (NT)
@ Least Concem (LC)
© Data Deficient (DD)
0 Not Evaluated (NE)

So, it is a pretty wide definition, and there are a number of species of animals that are in
different levels of red list. So, there are certain animals that are already extinct, some are
extinct in the wild, some are critically endangered, and we move down to endangered,

vulnerable, near threatened, least concerned, these are data deficient and not evaluated.
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Prioritising species to conserve

Some species play citical ecological roles that are of greater importance
than we would predict from their abundance; these are called keystooe
species®.

€8 off-season fruit bearing trees, the purple sea star predating upon the
California messel

P 18

Now to conserve wildlife, we need to do a prioritization, because here again the needs
are unlimited, but the resources are limited. So, there has to be a prioritization. So, for
prioritization, we look at keystone species which play a much greater role in the

functioning of the ecosystem, as compared to their numerical abundance.
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Prioritising species to conserve

Species with farge home ranges encompassing enough habitats such that

their pratection automatically provides protection to several other species
a5 well

€5 the tiger, the elephant

We look at umbrella species which require large home areas.
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Prioritising species to conserve

Well known, charismatic species that have captured the public’s heart and
won their support and funds for conservation
€& the giant panda, the humpback whale, the gerilla
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Prioritising species to conserve

Conservation priority for those species that meet all three definitions. They
are important for their habitats, their protection automatically protects

several other species as well, and they are able to generate encugh funding
and support for the cause of conservation
eg the tiger

And, we look at flagship species that people actually love. And, we try to focus our
conservation efforts towards those species that are one, or that have one or more of these

characteristics, preferably all 3 of them.

So, for instance, tiger is a big thing in our country. Tiger; a lot of money and efforts are
being put towards the conservation of tiger, because it is a keystone species, together
with being a flagship species and an umbrella species. Now, we saw that all species are

not equally susceptible to extinction; those species that are rare.
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Are all species equally susceptible to extinction?

No.

The susceptibity depends on the rarity of the species, the rarer the
species, the more its chances of getting extinct
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Why are some species rarer?

Thres reasons:

© restriction to an uncommon habitat, eg species found in desert
Springs

@ limited geographical range, e.g. those species found in 2 single fake
© low population densities, & g, because larger animals require more
space

Typically, because they live in an uncommon habitat, have limited geographical range or

have low population densities, they are rarer.
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Factors driving species towards extinction

Azrcaym HIPPO:
© Habitat loss
0 Invasve spacies
@ Pollution
© human over-Population
@ Over-harvesting

And, we looked at Hippo which is habitat loss, invasive species, population, and
pollution, and overharvesting, which is driving a number of species towards the

extinction.
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Why does a population become extinct?

© determinsstic factors (acting at large population sizes)

© stochastic factors (more important when the population sizes are
smafer)

In extinction, 2 kinds of factors are operating: deterministic factors at large population

sizes, and stochastic factors.



(Refer Slide Time: 49:10)

Extinction factors

@ birth rate

© death rate
© population structurs
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@ demographic stochasticity inchuding occurrence of probabilistic events
such as reproduction, tter size, sex determination, and death
@ environmental vanation and fluctuations

© catastrophes such 3 forest fires and diseases

© genetic processes including loss of heterogensity and inbreeding
depression

@ deterministic processes such as density dependent mortality on
exceeding the caerying capacity of the habitat

© migratica among populations

We looked at deterministic and stochastic factors and the impacts of humans.
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Impact of humans

Sensitivity of the species to human impacts is dependent upon

@ adaptability and resilience of the species

@ human attention: charismatic species like tigers are more sensitive
because humans have high demand for their siin, bones and other
parts

@ ecological overlap between humans and the species: the grester the
overlap, the greater the impact

© home range réquirements of the species: species requiring larger home
ranges afe more sensitive to human impacts
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In-situ and ex-situ conservation

In sity = on site
Consenvation within natural habitat

Ex situ = off site
Consenation outside natural habitat

Now, in conservation, there are 2 different modes: one is in situ conservation which is on

site, and the second is ex situ conservation which is off the site.
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In-situ conservation

Areas in the natural habitat are designated as reserves, naticnal parks or
protected areas.

In these areas, ecological monitoring and interventions (active
management) are done. Legislations are required to maintain these areas
2 protected areas.

In the case of in situ conservation, we designate areas as reserves, national parks or
protected areas. Ecological monitoring and interventions are done; legislations are

required to maintain these areas as protected areas.

(Refer Slide Time: 49:38)

In-situ conservation

© Species continue to live in their natural environment.
© Less disruptive, less costly
@ Natural behaviours are maintained

© Protection of natural habitat provides protection to other species as
well.

© Even in case of ex-situ consenvation, the animal will need to be
released somewhere. In-situ conservation sites provide suitable areas
for such relsases.

O Reserves double s places for scientific studies and public awareness.

The benefit is that species continue to live. Next, we looked at advantages of in situ
conservation, disadvantages. And, also ex situ conservation; advantages and the

disadvantages.
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© Requires very large areas.
© Less intensive protection and management: areas may be encroached

zpon or animals poached
@ Threat of diseases and disasters.
O Large estabishment required in each case.
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© required for critically endangered species
© provides urgent intervention

© Designated areas with suitable conditions and faciiities are created

© Species are moved into these designated areas for their survival and
beeeding.
© (Optional) The species are fater refeased into their natural habitats J
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© Allows better control of variables such as dimate, diseases, diet, #tc
© Provides apportunity for close observation to better understand the

species and the praamate causes of its extinction.
© Permits intensive interventions including in-witro fertifisation, embryo
transfer, etc
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© Does not prevent loss of habitat
© Can be planned for caly few species at a time
© Some wild behaviours may be lost.

O Gaptive-bred and raised indraduals may find it difficult when
reintroduced.

© May increase chances of inbreeding if not planned propery.
O Costly.
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0 Zoos

© Aguana

O Gaptive breeding facilities
O Botanical gardens, bambuseta, arboreta, etc
© Seed banks

© Cryopreservation facilities: tissue cultures; sperm banks, ova banks,
etc

Now, in the case of ex situ conservation, the examples include zoos, aquaria, captive

breeding facilities, botanical gardens, bambuseta, arboreta, seed banks, cryopreservation

facilities and so on.
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Ex-situ conservation: Zoo

“Zoo" means an establishment, whether stationary or mobile, where
captive ansmals are kept for exhibition to the public and includes 2 dircus

and rescue centres but does not include an establishment of a licensed
Gdeafer in captive animals®

Sty Pratactan At 1672

And then, we looked at zoo as an example of ex situ conservation.
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Zoo ownership

What is the cenenhip patiern of recognized 3008 i fhe country ?

Owrwrne
ETATE GOVERWMENT MUNCPW, CORPORATON)
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Zoo management: Role of CZA
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In our country, the zoo is the zoos are regulated by the CZA.
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Zoo management: Role of CZA
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Or the Central Zoo Authority, which approves the zoo master plans.
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Conservation breeding
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Studbook
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Helps in conservation breeding, helps in standardization of stud books.
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Create & cosy envervmmant fur the residenty.

And, we looked at the case study of Mysore zoo as an example.
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Enswrr quality feeding.
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The feeding shsuld be time-bosndl and divse with procustion’
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Exotio ammals have exotic requinmenty!
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Syserpravically leverage the (axdscape.

What all things are done, how animals are cared for.
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Then, we looked there to bear rescue facility and so on.
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Traditional ways of creating reserves

© Beautiful areas: lush green mountains. lakes, beaches. &g Dachigam
National Park, Srinagar

© High species diversity, eg. Silent Valley National Park, Keraia
© Harbouring nique animals, e g. Gir Mational Park. Sasan, Gujarat

But aren't these too haphazard and based on whims and fancies of the
reserve creator?
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Behaviour enrichment

And also, the need for behaviour enrichment so that the animals do not feel bored. Now,
next we looked at in situ conservation. So, we started with the traditional ways of
creating reserves. Earlier results were created by looking at beautiful areas, high species

diversity or areas that are harbouring unique animals.
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Scientific ways of creating reserves

© High species nichness
0 High species endemsm
@ High number of species under threat

But these days, if you look at the scientific creation of reserves, we have to look at areas
with high species richness. So, that is more number of species per unit area, high species
endemism which is those species that are only found in certain areas, and high number of

species under threat.
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Global mammalian richness

M of mamemalan netness
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Global amphibian richness

Map of amptdian schness
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Global mammalian species under threat

M of restaned mamemalan nofvess
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Biodiversity hotspots are areas with

© high species richness
@ high degree of endemism
© high degrees of threat

So, we can look at all these different maps and then come up with those sites that have

high richness endemism and threat and they are known as the biodiversity hotspots.
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The level of theeat can be:
© very high: maybe a lost cause, already!

@ medium: that's where most of the focus is!
@ very low: may be left for now

Now, typically, the level of threat that we are targeting is a middle level of threat,
because if it is very low threat then probably you do not need a sanctuary or a reserve
and if the threat is very high, than probably even the construction of a sanctuary is not
going to help that situation. Or the in the time that it will take to construct the sanctuary,

the area will already be lost.
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This approach tries to identify holes in the exsting network of protected
aveas, that are pnmanly in locations that are. or were histerically

uninhabrtable for humans due to their heights, prevalence of diseasss. etc
Creating some protected areas in human-dominated areas may fill the gap
allowing 3 different set of species to thrive

We also looked at gap analysis, which identifies holes in the existing network of

protected areas.
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Big is better than small

Then, we looked at principles of reserve design; you need to have big reserves, because

it is costing cost effective.
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© Bigger sizes = More habitats —> Higher species diversity
© More secure and easier to manage (per unit area) as:
0 Larger populations are less susceptible to edinction.

© Smaller perimeter | area =3 less cost of protection,
© Less vulnerable to catastrophes since smaller catastrophes will
not impact the whole area

And also, it provides more habitats, it is less vulnerable to catastrophes.
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One big is better than several small of same total area
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Closer reserves minimise isolation

So, one big is better than several small, closer reserves are to be promoted.
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Cluster permits more movement than linear

Clustered formation is preferred as compared to a linear formation.
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Circular reserves have less biotic pressure
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Example from Mudumalai Tiger Reserve
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Connection is important

Circular reserves are preferred because they have low biotic pressure. Connection needs

to be made to be maintained.
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New Sanctuaries in Madhya Pradesh

And then, we looked at of sanctuary creation.

So, like in Madhya Pradesh, we on the government began with looking at the
biodiversity intactness index map, which tells us what are the locations where the

biodiversity is still formed. So, this is an indication of the species richness.
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Then, gap analysis; then, we also did a gap analysis to understand which are the locations
that need sanctuaries and then we also looked at clustered approaches, how to maintain
the connectivity of these habitats, how to come up with new stepping stone corridors.
While ensuring that the level of threat is kept as low as possible; so basically, we went
with only reserve forest areas where all the rights are there with the government, and
where we do not have any villages or encroachments or forest right pattas, which have

been given over the years.

And with that, we came to the conclusion about what are the areas of the sanctuaries that

need to be made. So, that brings us to the conclusion of this course.
I hope you like this course.
Good luck with your exam preparation. Do well. So, that is all for today.

Thank you for your attention [FL].



