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GENERAL SILVICULTURE PRINCIPLES

Silviculture is that branch of forestry which deals with the establishment, development care and
" reproduction of stands of timber. This is also defined as the art and science of cultivating forest crops.
Silviculture, is practical application of Silvics and Silvics is defined as the study of life history and geneml
characteristics of forest trees and crops with particular reference to environmental factors, as the basis for

 the practice of Silviculture.

Silviculture is nota purely biological science. Silviculture in principal-as relevant to the environment
at one hand and the supply of multivarious requirements of the people on the other hand. In skort knowledge
of S_ilviculture help to develap a forest-which otherwise may-. develop into a “JUNGLE”.

THE STUDY OF SILVICULTURE HELPS IN

1)  Production of species of economic value

2) Production of larger volume per unit area

3) Prodwuon of quality timber

{ 4) Reduction of rotation

5) Raising forests in blank areas

~ 6) Creation of man- made fomts in place of natural forests,
n Introduction of exotics.

- FACTORS OF LOCALITY
| Itxsourcommbnobsexvaﬁonthatthcvcgetatxonofhxﬂs,vaﬂeys,plmns coasulumdescrtsetc.
varies distinctly. Thhhnppcn:bmmooﬂocamymdmmfmedwumvhbnmt.uﬁchmdcﬁned as



“aﬂ the biotics and abiotic factors of a site”. Therefore the factom of loqahty may. be deﬂned as the effective
climatic, edaphic. topographic-and biotic condmons ofa sxte whxch mﬂuence of vegetatlon of the locality.

o Factors of locality are classxﬁed mto the following foux broad Categones
I)‘ Chmatw Factors ,

2)  Topographic Factors

3)  Edaphic Factors
'4)  Biotic Factors

| T CLl'MATIC FACTORS

‘ Chmate is defined as. the average weather conditions prevalent in any localit ity. Climatic Factors are
deﬁneQ as light, atmospheric temperature, pressure and humiditys. Wind and other factors of a climate-
 regional, local and seasonal that influence vegetation.

Climate Factors may be classified broadly as follows :,
1." . Solar Radiation - a)Light  b) Heat and Temperature

2. Moisture -
3. Wind
SOLAR RADIATION
®) Light i Tus most important effect,of solar radiation is that.it provides both light and heat and both are

important for the growth of atree o7 any plant. The hght plays most important role in the life cycle of a plant
“such as
i) Chldi‘dphyll Formation
ii) Stomatal Functioning

iif) Photosynthesis : It has beet estimated that light used in photosynthesns is less than 2% of the
light energy inciderit well illuminated leaves. I‘herefore genmlly cven feebleTight in dense

forest is sufficient for photosynthesxs

iv) Growthis L:ght influenceathe gmwth oﬁﬁm&dm thmugh its effioct onphotosynthesis
= Mmﬂmofﬂdnwwwhhmmmdmmy Quality refers to wavelengths



v)

vi)

v)

or colour of light also. Duration of light in otherwords is photoperiodism. Photoperiod also

varies with a altitude and latitude. Similarly excessive high and low intensity of light is not

good for the growth of a plant. |

Form and quality of trees :- Regulation of light by close spacing or wide spacing or allowing

shade is exploited to regulated the form of trees and quality of timber produced in the foré‘ét._
Light also results in the formation of relatively large crown and consequently rapid growth.

Often towards the end of rotation, crops are opened up heavily te take advantage of this fact fo
allow the selected remaining trees to pun on rapid diameter increment.

Species stratification and size and structure of leaves :- As the light available to the top
canopy is maximum and gradually, it diminishesbelow the top canopy to the different storeys

.and ﬁnany to the ground floor. This result in the stratification of a species in different canopies

according to the requirement of light. Light also affects the arrangement of leaves. In temperate
climate leaf mosaic is often formed by the juxtaposition of large and small leaves in such a
manner that interspaces are reduced to minimum and maximum light is intercepted. Acer
provides a good example of leaf mosaic. v

Light requirement of Species : According to the requifement of light the species are
categorised as light dcmande;, shade bearers and shade demanders.

b) Temperature : As the source cf heat is solar radiation, the temperature of a place is governed by it. The
factors infuencing the temperature are as follows :-

i)

if)

iv)

vi)

Latitude :- In general as the latitude increases the temperature decreases In the indogungetic

plain, the normal fall in the mean temperaumc is estimated roughly 0.55°C for increase of each
degree in latitude. However, it is further modified by atitude, distance from sea. wind ste.

Altitade :- It has been observed that there is a fall of 1'C in mean temperature in the hills for
every 270 m rise in altitude upto about 1 500m, after which the fzll is more rapid.

Distance from Sea :- Evident in coastal are as and non coastal areas.
Winds

. Mowntains

Cloudiness -
Presence or absence of forest Vegetation:- All influence the temperature of a locality, Air

~ temperature as well uﬂwwdtunpummeaﬁ‘ectsthegmwtbot‘thc species in various way,

directly or indirectly.



Frost :- In'tropicdl zone fall of temperature even before SC may result in chilling injury to plants.
Further fall in temperature causes frosts which means chilling of air below the freezirg point
depending on the mode of occurrence in the frost is classified into, (1) Radiation frost, (2) Pool
Frost and (3) Advectlve Frost.

1. Radiation Frost :- The frost occurring on'nig'hts'with a clear sky, prgduced by loss of heat by -
radiation. Plant areas of the country are affected by this types of frost and results in killing back
. young plants.
2. Pool Frost :- The accumulation of heavy cold air flowing down i’ depressions from adjoining
areas is L_rnown' as pool frost. This has more deleterious effect on vegetation as the freezing effect
extends to a considerable height Pool Frost is me'characteristic of all hill and valleys. '

3 Advective Frost :- This type of frost is produced by the cold air brought from elsewhere

Frost injunes : Frost causes the followmg uuuncs -

iy lelmg of you_nd plants or their parts.

i) Death of piants dueto damaée to cells

~ iii)  Injuries to the crowns of poles and saplings

iv)  Frost cracks

V) Formation of canker.

-To avoid the damage of frost the tree specxes selected for plantanon in frosty localities should be
frost hardy.
Suow :- Precipitation at higher altitude is in the form of Snow. Snow is beneficial in some ‘cases and
- harmful is other.
: Rencﬂdt! effects of Suow :-
) . Snow influences the distribution of deodar, fir and spmce and their best forests are found in places

of heavy snowfall. Heavy w'.ntcr wnowfall is csscnual for satxsﬁctory natural regeneration of deodar '

ii) Snow acts as blankct, p:events further drop in tpmperature and thus protects seedlmgs and ot.her
vegetatiion from the damagmg effect of excessive cold and frost.

Harmful effects of:Snow :- ,
i) Snow fall regults mtbcmcchwcalbendmgofstems oftrws causing loss ofvolume in the maximum
diameter portion'of a tree.



ii) Accumulation of snow on the crowns of trees results in breaking of branches and tops of trees Kail
s most susceptible to snowbreek and deodmcomes next.
iii) Slidmg snow causes erosion and uprooling oftrees.
iv) Snow shortens the period of vegetative growth,
v)  Snow is reported to favour the growth of certain funge i.e. Fomes, Trametes.
2. Mpistux;e :- The importance of moisture in forestry is well known. It influences the physiological
processes in plants, the soil information and also the vegetation of a locality sources of moisture are
i) Procipitation it the form of rain, snow or hail
iit) Knvisxble condensation of moisture.
All thesn sources of mioisture influence the vegetation bu the major source of moxstuxe is the rain
and snow. Inlndm,tbcramﬁﬂloouxsmdcrthemﬂmce of
a)’ Advancing Southwest monsoon
b) - Ratreating northeast monsoon.
c) Cyclonic depressions.
d) W&uﬂy depressions and thunder storms etc.
‘Influence of Ram fall in Vegetation of Indxa

In our country the rainfall is very distinct in variation. There are plam where average annual
rainfall exceeds 2500 mm such as west coast and windward side of westernghat, North Bengal, upper
Assam above Dibrugarh and Khasi hill tract of Assam. Oa account of tropical temperatures and heavy

‘rainfall these areas carry a very lucuriant vegetation known as tropical wet evergreen forest. On the other
hmdmemmamsmwemmpaﬁbfthecomﬁrywherethcmnfallmless!hanZSOmmthhonly deccrt :
scrub vegetatxon which can hardly be called a forest.

On the basw of total annual rainfall, India can be divided into following 3 ‘Broad Zones:-

Naiae of Zone ' B Tothl snnual rainfall in mm °  Nature ‘of Vegetaion
Wet 72500 or more " Wet Evergreen
m'w <2500 to >900 - i) Wet Semi evergreen
: u)Mmstll -.
: iii) Dry deciduous
Dry <900 i) Dry deciduous Forest of poor quality

i) Désert and Semi‘désert thorn Forest and Scruh.



_ Seasonal distribution of rainfall also influenice the vegetation. Sinxilarly snow, Hail, Dew. invisible
condensatmn of 'moistrue and humidity also are the sources of moisture and they also inflaence forest in
some way or other.

3 Wind - Favourable effects of wmd are as follcws -

i) W’md brmgs fresh supphes of carbon dxoxxde to the foliage of trees and thus helps in photo |
synmcsls

ii) Wind helps in pollmatlon of anemophxlous Fowers.

iti) Winds helps in the. dispersal of seed of many forest trees i.e. Holoptelu, Bomxbax,
nypenodnctyon, Toong etc. '

Apart from these, thc shape and size of trees are-also influenced by tha direction of wxnd and its
mtensxty.. Trees are often uprooted or their stem or branches get damaged. Thc trees which with B
stand strong winds without being over thrown or broken are called “wind firm?”. But the trees which
are upmoted are feferred as “wind fall” or. “wind throw”. In case only the stem is snapped from
some place or the branches are damaged, it is‘referred to as “windbreak”. '

2. Topographxc Factors : Topography deals with the physical features of aplace and the topograpmc
factom may be defined as factors “pertaining to the configuration of land surface viz. altitude slope,
aspect and exposure. We can well uuderctand thxs factor under the followmg sub—headmg -

(1) Conﬁguratxon of land Surface, (u) Altxtude, (iii) Slope (w) Aspect and cxposure

i) Couﬁguntwn of Iand surfaec :- Hills, valleys and plam located at same.' lantudc have variable
climat because of topography Valleys, due to promiXity of hills also results in collection of cold
air in the lmd-locked valleys and therefore pool frost affects the vegetation. Similarly hills
which cxpctmxce greater humidity and reduced temperature vananon havea clunate very different
from a plam area with the same mean. actual temperatures, Because of these the vegetatwns of

plan. hills and valleys are greatly influenced. .

it) A!to‘*ude :=Ithas alrcady been dxscusscd undcr climate factors that thc mcreasmg altitude causes
decrcase in tcmpemture Contrary to that solat radiation i increases thh the increase in altitude.
As temveratme reqmrement of various species is dxﬁ'erent each species grwos in cortain
tempemtmemngubowmdbelowwhxchmsreplmbyoﬁ\eupeau This mmts:nto alt:tuduml
Zonatiqn in vegetation in hills.

Altitude also influénce rainfall, Ithas been estimiated that about half the waﬁervupour in'the air
liesbelow ZOOOmwlﬂehthmquartershxs below 4000m. ’Iﬁcrcfoteahighmomnﬁ mngelsa
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very cffective bhrricr for the monsoon. As the water vapur containing t;xonsoon winds rise
along the altitude, they get cooled resultmg in condenstation of water vapour and heavy
precipitation in the form of rain. : : - ,

iii) Slope :- S_lopc.aﬁ‘ects run off and drainage'and thus has a’‘profound influence on the moisture
regime of the soil. As a general rule, the stéeper the slope the greater the run off and better the
dminage' Slope modifies the intensity of the insulation and thus affects the temperature and
xnowtum of the surface soil. Slope also affects erosion as well as depth of sozl

iv) Aspeet and Expc:ure t- Aspect is defined as the direction towards which a glope faces. Exposure
is defined as the tclanon ofa sxtetoweathecoaditions, especiaily sun and wind. Thus both of
thcm have the same e&ct.

In ludu. all scuthern aspects are comparatively warmer than the northern slopes This difference
int 'mpenture on the Southern and Northemn aspects oﬁen results in thcu having different .
'vegetation on higher altitudes. Thus the two slope of the same valley running east ot west may

have deodar forest on slope having southem aspect and fixand spruce forest og the slope having
noniun aspect even when the altitude is the same.. Gemtauy northem slopes in Himalayas’

'have better forests than the southern slopes, which in extreme cases are completely bare.

EDAPHIC FACTORS

Edaphic factors are defined as “Eco!ogtcal influence” characteristic of the soil brought about by its
physical wdchumcs! chnmctenstxcs -Thus edaphic factors are factors which relate to the soil in which the
u'eesgmwundwhnchtlmeforeformsenvuonmcntofroots v - -

. Forest Soil ¢~ Forest soil is defix_xed 8s a portion of earth’s surface which éerves as a medium for the
sustenance of forest vegetation, it consists of minerals and organic matier, permeated by varying amounts
. of water and air and inhabited by organisms; it cxhlbxtspeculmr Characteristics unpressed by the physical

and chemical action. of roots and forest debris. ’ :
Soil Infomaﬁon :- The factors responsxble for soil formation and development are (i) Climate (ii)
_ on!oglcal sgencies including vegetation and (iii) ammals, (iv) parent rocks, (v) Topography and time.

Details may be read from the Silviculture book or any other Soil Science book.

Influence of Parent rock or Forest :- The occurn;,nce of a tree and its distribution sometimes
verymuch influenced by the parent rock. The tree draws nutrition not only from the soil formed from parent
mckbutalsoﬁomthemmﬂywwhexedpamtmatcml Therefore, the parent rock affects the growth
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and-distribution of trees spécies.. Though, most of the species grow on a .varicty of g'eologi;al‘ formations,

yet there is in certain cases a characteristic corrélation between the under lymg rock and the occurrence of
a particular species. A few examples are given below :- :

‘L In western Himalayas, chirpine occurs mostly on qmlftzite rock; while blue pine occurs oﬂ,micaschist.

As the Kashmir and Kulu valleys have practically no qua'rtzite formations, chir is conspicuously absent in

there valleys. If quartzite occurs at higher altituds, chir appears there changing the common altitudes zonation

ofcomfcrsasseenmthefollowmgtwocaws : .

~a) In parbam valley (H.P). Deodar occurs at lower a!txtudc on old and fresh alluvuxrn where as

chir occurs above dcodarsthxghcralhmde on quaruzxtc : :

b) In Tirthan valley (ELP. ), & dry quartzite formation occurs at a higher altitide than mica schist i is
monopolwed by bluc pine while chir pine occurs on quaxtz:te at higher altitude above blue pine.

Qxxmlarly there are ‘many examples which prove that the rocks sometzmes decxde the fate of the
occurdences of many tree species.

Soil proﬁle special features of soil proﬁles suchas:
xt)) Accumulatxon of Salts Salme soxls Non-Saline alkalx soils and Saline soils.

($13) ~ Pan formatxon x,atentxc iron pan, Podosohc iron pan. sxhcan pan, Kankar pan and clay pan. Physxcal
properties and chemxcal properﬁes of soil- may be read from the book :- ‘

[Importance of Edaphic Factors : Sml provide water and nutrients for trees, all their physxologmal
processes are controlled by it. It affects the size as well as rate of growth of trees natural regeneration and
establishment of crops. Under prevailing climate occurrence of various places species at various are governed
by soil or edaphic factor. For example in more or less pure sal forests occurrences of yure patches of
“Ougenia” or “Anegeissus” mductochangemsodcmdmon. In another words 'with inore or less uniform
clxm&te one type of vegetation gives place to another only because of the chmge in edaphxc factor : Unlike
. climate and topographic factors Edaphic t‘wtors can be managed by the foresters in favolu'of growing tree.

BIOTIC FAC’I‘ORS

' In a forost besides treés various other living organisms such as weods cpiphytes parasites insects
and amma!s alsogurvive and thus mﬂuznce each other. Thug onuc factors are defined as “the influence of
living organisms”. ontxc factors can be studxed under the followmg headmgs -

1. Inﬂucncc of plants



2. Influence of insects

3. Influence of wild animals.

4. Inﬂuenéé. of man and his animals.

1. Inﬂuence of plants 'When ‘we grow a desired Species of’ tree it faces competition with the plants

of the same species as weéll as others growing in the vmmfy This competmom is for food and light,
Besides, the plants also complete with harmful group of plants such’ as -

i)  Parasites:- ' Cuscuita uﬂexs, Cassytha filiformis, Loranthus viscum etc. Even the
~ Sandal tree is a root parasite.
ii) Epiphyles :. Ficus bengalensxs, F. religiosa, Tinospora, Omhnds etc. ,
. 1i1) Clil_nbers = Lianas are large woody climbers. Soxm: common c.hmbcrs are Dioscorea,

'Muccina, Ipamaea, Banhinia vahlii etc.

iv) Abnoxious weeds :-  Lantana camara is large parts of our'country, Eupatonnm odoratum in"
the forests of Assam, West Bengal, aparts of Bihar and the Deocan '

v) Fungi:-  Various fungi causes diseases because of their parasite and saprophytic nature
K DanpmgofmseedlmgsanAWood rot and root rot in trees are caused by A

Fung,

2. | Influence of insects :- Insects are beneficial and hapmfil both. The lmportanthaxmﬁll insects are

%) Heplocerambyx Spiasicernis :- Sal borer

b) Hapalia machcacralis :- Defoliator of Teak.

c) Hylaea Puera :~ Skeleforizer ofteﬁthumuomnny insects whichare. harmﬁzl to the desired

~ three crops ‘

3. Inflisence of wild animals :- The wild anima!s.in the process of procuring their food damage the
forests a lot.

E:iample =

i) Incresing herbivoras population such as deers Cheetals, Smabhars and nilgai sometime interface
with the establishment or crops such as sal.

ii) Monkeys destroy Fruits and However where as ;uxwpmm destroy innumerable seedhngs of
bamboo khair and semal every year :
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Tii) Bisons and Elephants also damage.. the forests. Bisons rapeatedly brouse seedling ofArtomrpus
h\nuta, Dalbergia Iatifolia, Pterocarpus marsupiumetc. Ehphants feed on, Bamboos, morus

Iaivigata Ficus spp. etc. -
4, Influénce of man and his animals ;- Man and his animals are the most important factors 'aﬁ‘ecting
vegetation.

_Increase in hfm;an populati,on ax;d ponseqperit increase in cattle population has ultimately affected
the forests only and as a result the area of the forests has decreased and because of heavy grazing the
regencration and growth of the forest crops has been badly affected. The various influence of man and hiy
" animals can be studied under the following headings :-

i) Deforestation and enudition
)  Fire ;- Fire if controlled is many times used in favour of désived crop. The advantages of fire are as
follows : o
a) Improvement in soil and undergrown conditions for including natural regeneration.
b) E€learance of site for artificial regencration.
c) Hazard reduction : removel of dry inflammable material (Leaves, twigs'weeds ck) Onthe other
hand uncontrolled fire causes damage such as :
a) Damage: to trees
- b) Demage to regeneration
~ ¢) Damagp to Soil
d) Damage to the productivity of the forest
e) Damnge to ﬁuna.
iii) Lopping :- Trees are lopped by local people to feed the legves to the cattle and it results into
stunted growth of the trees as wcllasaﬂmkbyvmmnmsectsmdpestsmdmthogen
iv) Removal of dry leaves °-Dlyleavaontbefamtﬂoorfoxmsorgamcmattumdmcteasethewater
retention capacity of the soil. Itsmmovelbyloalpeopkxwumdlymdmthcpmd\mwtyoftbc
_ soil. i -
v) Collection of flowers and fruits :- Flowers are future fruits and setd and they are disectly-responsible
for natural regeneration. If they are collected for human consumption indiscrimipately if affects the
- forests. .
vi)  Grazing:- Tho damage caused by grazing which is unregulated is damxgingto forests. Like fire

“Grazing is also a good servant but bad master”.
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Chapter - II
FOREST TYPES.OF INDIA

India’s forest arc complcx both mmunbem and variety. Vanous attenupts have been made to classify
them. The most accepted classxﬁcahon was advanced by. champxon and seth ¢ 1968) This is based mainly

on Eco—systcm which gives wexghtage to both vcgdmcn andclmwa. Accordmg o thxs classification there
are § major groups; which are fusther deed mto 6 types groups or simple groups -

‘Major Groups
i Tmpxcal Forest.
ii. Montane Sub-Tropical Foreaty.
iii. Montane Temperate Forests,
iv. Sub-Alpine Forests,
v. Alpine - Scrub Forests,
- Type Gmupa -
i Txopwal Forests have been dxffemhned into 7 type gmups or groups as foIIows -
L. ‘_We,t cvergreen forest, '
2. Semi-evergreen forest.
3. Moist - Deciduous forest.
4. Littoral add Swamp forest.
S. Dry - Deciduous forest.
.6.: Thom forest™
7. Dry Evergreen forest.
. Montane Sub-Tropical foresti- Have been differntisted into 3 groups as followx -
8. Broad lesved Hill forest. - ’
9. Pine forests
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. 10.Dry Evergteen ﬁorests
fid. | Moutane Temperate Fomts Have been dxﬁ‘crentxated into 3 groups as follows -
11. Montane Wet Temperate Forest. |
12. Himalayan Temperate Forest.
. 13. Himalayan Dry Temperate Forest.
iv. Sub-Aipinc Forejsis_ :- Has only one group as 14 SubAipine Forest.
v. - Alpine Serub Forests : Haye been differentiated into 2 groups :-
15. Moist Alpine Scrub.
16. Dry A;pme Scrub.

Therefore, under 5 majox groups of the Indian Fom typcs all together 16 groups of the forests
have been reoogmsed Detax!sofﬂw groups is notpossible to dcscribc in fewpages butthe xnajorsu!:~

mxpundtypes xsbncfmufollows
Group 1
Tropical Wet Evergreen Forests: This is divided into 1A snd 1B.Sub groups.
'lA M& for Sou'them‘ T.ropical Wet ﬁvagreen Forests.
IB stands for Northern Tropxcal Wet Evergreen Forests

Sub—Gmup IA Prominently developed in tropical parts of southern Indxa The meun anmml rainfal]
ranges between 2000 mm. to 3300 mm. and the number oframy days from 118 to 150 means annusl
Tunpentuxe is about 27°C. Thue forests are mainly. sxmgted in Amdaman Nicobar xslands ind Westera

ghats,
. Type 1A/C, - Gaint Evergreen Forest (Andamsn wmgm
Type lA/C - Aml*:maxis Tropical Evcrgreen Foiests.
~ Type tA/C - Southem Hill top Tmpxcal Evergreen Forests
Type 1A/C, - West coast Tropxcal Evcrgmen Forests.

Snb-Groqp IB'- Tlns is found in the castern and nnrth-eastcm paits of the countxy, viz, Assam,
- West Bengal, Onsuctc. The average annual mmfaﬁ = avchSOOmm
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The number of rainy days in a S'ear is 122 to 137 and the annual tgmperamrevcoy@ggg. f? 239 to -
26°C.

' The main specics of this sub-group are Dipterocarpus, Mesua, Michelia, Shorea in the overwood,
bambusd, Vatica in the middle story.

This has the fo!lowing type :-

“Type lB/C - Assam vally Tropical Evergreen forest.

'rype 1B/C, - (lB/C -and 1B/C,, ) Upper Assam Valley Tmptcal Evergreen forest.
Type 1B/C, - Cachar Tmpxcal Bvagroen ﬁxect

Group 2
' 'l\'optul Semi-Eyergreen Foreats : This is also divided into two gnups i.e.2A and 2B.

Sub-Group 2A: Southern Tropical Semi-Evergreen Forests :- This type of forests occur in moister
localities of the southern tropical part of the country, mainly adjoinir g the evergreen forests. Prominent

alongthewestemghm ThemnmnmlmnfaﬂasbethOOOmwdSOOOmm and the total number.
ofmnydaysmaywmb&wem%and 110. mmmwumzs‘n

The foﬂowmg are the type of fo:ests
- Type 2A/C Andamans Semi-evergreen Forest
' "Iype 2A/C;- - ‘West €oast Semi-evergreen Forest
Txpe 2A/C, - Tenmalvah Semi-evergreen Forest

Sub-Gmp 2B : Northeri Tropical Semi-evergreen fomt : This sub-group occurs is the heavy raxgﬁql
tracts of Asssm. Bengal and Orissa. The mean-annual tempetature is about 24°C and the mean annual
. rainfall varies form 1500 mm to 3000 mm.

Fucher divisions are as follows :
Type 2B/C, - (2B/C,, and 2B/C,) Assaxii valley Seimi-evérgreen forest.
Type ZB/C Cachar Tropxcal Semi-evergreen forest.

 Type 23/(:,;-' Orissa Tropical Sémi-evergreen forest.
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Group 3 : Tropical Muist Deciduous Forests :-
This group is divided into 3-sub group :- |
Sub group - 3A - Andamans Moist Deciduous Forests,
Sub group - 3B - South Indian Moist Deciduous Forests.
$1ib group - 3C- North Indian Tropical Moist Deciduous Forests.
Sub Gionp 3A : Andamans Moist Deciduous Forests:

They are well developed in Andamans and Nicobar Islands Main overwood special are Pterocarpus
dalbergioides, Dxllema, Salmalisa i msngms, Terminalia spp. Diospyros etc.

' Snb Group 3B : South Indian Moist Deciduous Forests
This is found in parts of Mandla and Raxpur (M.P ), Dangs (Gujarat), Thana (Maharashn'a), Mangalore
(Kamataka)
Type 3B/C, : Moist Teak Bearing Forests :
This hias the following sub-types
3B(C,, - Very moist Teak Forest.
3B/C; .  Moist Teak forest.
3B/C,- Slightly moist teak Forest.
3B/C, - Southern Moist Mixed Deciduous Forest.
Sub-Group -3C": North Indian Tmpfcal Moist Deciduous Forest :

This sub-group occurs throughout northern India, except in the day north-west and very Wet noith-
east. It is well distributed in Bihar, Bengal and Assani: The mean annual temperature ranges between 21'C
- and 26°C, thethe mean annual rainfall between lOOOmm and 2000mm., nuiber of Ralny days varles from
48 to 112. This sub-group is sub-divided into fouoowxng 3 types:

Type 3C/C, - Very moist sal be_anng'forest. This is further divided into sub-types & Varieties.
Type 3C/C, - Moist Sal bearing forest. This is also divided into sub-types and varieties.
Type 3C/C, - Moist Mixed Deciduous Forest. With two sub types 3C/C,, and 3C/C,,
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' Group 4+ Littoral ahd Swamp Fnrésts (5 Sﬂb‘»groups)

Sub group 1 4A - Littoral Forests This sub group has only a single type viz. - ’I'ypc 4A/L Littoral
- forests, which is found all along the coastal region. Mean annual temperature various from 26°C to 29°C.
The meéain annual rainfall varies from 760 mm to’ 500 mm and the number of ramy days in a'year is from 24

to 104.
an Specxcs Casuanna equueufolu, Mamlkanhttonlis, Callophyllum, Pongamm pinnata etc.
Sub-group 4B - Tidal Swamp Forest : (3 types)

Type 4B/TS, - Mangrone Scrub - species - Avicennia, ceriops etc.

Type 4B/TS, - Mangmve Forest - Along deltic tract of South Indian rivers as well as in sunderbans
specxes Rluzophora, ceriops, Avicennia etc,

'lype 4BfI‘S Brackish water Mixed Fornt - occurs in Susiderbans delta and Andaman & Nicobar
islands, species ~Hentem ceriops etc. .

Sub-group -4C- - Tropical Fresh water Swnmp Fomts

* Distributed along the Hlmalaysn foot hill tract and in tropical rill valley& Pnnclpal speaes Ficus
glonurata, Trewia nudifiora, Salxx, Syzygimxs etc. . ~

This sub group has three types
Typc 4c/FS,
.Type 4c/FS '
Type - 4c/FS
Sub-gmup 4D-Tropical seasonal Swamp Forest Thishas 5. types

Type 4DISS, - Eastern Seasonal Swamp Forest ’
Type 4D/SS2 Barrlngtonia Swamp Forest,
Type 4D/SS, - Syzygium cumini Swamp forest.-

 Type 4D/SS, - Low Swamp Forest.
Type 4DISS - Eastern Dlllema Swamp Forest

SnbagmuME-’I\'opxcal Rxpanan Frmgmg Forest :-
This occm along the beds of streams and small water channels. Terminalia arjuns (Centra India)
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T. Myriocarpa, Lagerstroeniia speciosa (Assam & Kamva'taka.)‘
 Group 5- Tropical Dry Deciduous Forests

Sub-grdxip SA - Southern T ropical Dry Deciduous Fofests

Sub-group 5B - Northern Tropical Dry Dectduous Forests.

Sub-group«SA The mean annual temperatures variesfrom 24°C to 29°C. The average annuaj ramfall
~ varies from 750 mm to 1900mm and the number of rainy days in a.year ranges from 40-81-Three types

Type SA/C, - Dry Teak Beanng forest.
Sub-type SA/A - very dry,'l‘eak bearing forest

Sub-type 5A/A,, - Dry Teak forest.
Type SA/C, - Red Sandzrs - bearing Forest : Occuts on dry, Hdly. rocky ground in Andhra Predesh.

- Type SA/C, - ‘Southern Dry Mixed Decidvous Forest : Occurs through out penmsular India in
Madhya Pradesh, Maharashtra, Andhra Pradesh, Gujmt, Kamataka andTamil Nadu.

Sub-group-5B : The mean anfiual texnperanne ranges from 24C to 27C. Average annual rainfall varjes
from 900mm to 1150mm and the number of rainy days ina year from 35-80. It ocours throughout northcm
India, except in very dry western and very moxst eastern part. It is found inHP,UP, Bxhar Onssa, West

Bengal, anasthan and M.P.
Type: |
SB/C, - Dry sal Bearing Forest : This has 3 sub typés.
Sub types 5B/C,, - Dry siwalik Sal Forest.
SB/C,, - Dry Plains Sal Forest.
5B/C,, - Dry Peninsular Sal Forest.
$B/C, - Northern Dry Nﬁxéd,dédd:ﬁoui Farest
Besides there are some Edaphic Climaxes in this sub-groizp are giveg below :-
SB/E, - . Apogeissus Pendula
E, - Bosweilia Forest

E, . Babul Forest

17



E,- Hardwickia Forest.

E - Butex Forest

36 - A?gle Forest .

E,- ,Latcﬁte Forest

E,- S‘ulinel_ Alkaline Scrub - Sa?annah-
Eg - Dry ﬁimboo Brakes

Group, -6 - Tropical thorn Forests -
Two Sub groups : | |
| 6A - Southern Tropical Thorn Forests.
6B - Noxfhem Trdpical Thron Forests.
Sub-- - group. -GA Occurs throughout dry peninsular India in Mzdhya Pradesh, Andhra Pmﬁw.h,

Mahmahtta, Tamil NaduMema:mualtempemtute varies ﬁ-om 2I°C t026°C rainfall 460 mm to 900rass,
number of rainy days in & year 29 to 57. Th:s:ssUbdmdedxntOtwotypw

'I}rpe 6A/CE - Southem thom Forest : Found in the southern: dey’ torpxeal me ‘Main species @
- Acacia utechn, Acacia nilotica, A. Chundra, Zizyphus jujuba, Pmupu, Anogelssuss, Capparis

Slb—group-GB Fouud in the northzm dry uopxcai zone of M.P, Rajasﬂmn. Gu.]mt, Haryanz wd UZ
Mean Annualtemperannc varies fmm 25°C to 27°C. Rainfall 250mm to 750mm, number of rainy days 15-

38in ayear
Type 6B/C, - Desert thom Forest. -
 “Type 6BIC, - Revine thom Forest?
, Group 7- Tropical Dry Evergreen ant
This group hax on!y onc sarelt type::

: ’l’ype 'IIC Ttupkal Dry Evergreen Forest : Mean annusl tespesatire 28°C to 29°C Rainfail §70
‘mm to 1270mm. number oframy days 47 to 57. The main species age Mawilsars bexandra, Conthiyzn,
discoccum, Zizyphus glaberrins, Acacia lueocephh, Albirzia amars, syzygium cumini, Azadiraciyta

indica, Diospyros melanoxylome
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“Group 8 - sub Tropical Broad Lesved Hill Forosts
Sub-group 8A -Southem Sulytropical Brodd leaved Hill Forests.
Sub-group8B - Northern Sub Tropical Broad Leaved Hill Forests
Sub-group-8A-3 types. |
8A/C, - Nilgiri Sub-tropieal Hill forest. Found if the tropioal ract of the Nilgisi hills.
BA/é,aWe;bem Sub-tropical Hill Forest. |
8A/C, - Central Indian Subiropioal Hill forests.
Sub-group-8B - Two types
SB/C - Bast Himalayan Sub-tropical wet Hill Forests.

88/0, ~Khasi Sub-tropical wet Hill Forests.
Group 9-Sub tropical Pine Forests
 This Group-occurs throughout the Western (exoept Kashmir) and central Himalayas-between a
sititudes of 1000m snd 1800m, though it descends down to 600m. and ascends. on southem aspects upto
' 2300m. The main species is Pinus: roxhurghii; Whlchoecam invpure forests over extensive areas. The
~ group also occurs on Khasi, Naga and Manipur Hills though the species mﬂ:emamuisl’inusinmhm~

Mean annual Tcmpcrattuc 15°Cto 20°C.
Mean anm.al rainfall - IOOOm to 3000mm.
No. of rainy days - 6‘_7 to 122,
“Types and Sll&‘)"bé
Type 9/C, - Himalayani Sub tropical Pine forest
Sub vtybes 9C,, - Lower Siwalik Chirpine Forest.
' 9/C,3- Uppes or Himalayan Chi Pine Forest,
Type 9/C, Assam Sub-tropical Pirie Forest.
Group 10-Sub Tropical Dry Evergreen Forests

Wcll dcvelopedonbhnbar ﬂlestwahkmnsandtheﬁimalaymfoof'ﬁﬂmmabbmmOOm.Mm
onlyoneforesttypemthxsgxoup
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Type -10/C, -Sub—tropxcal Evergmen Forest _
Sub-type - lO/C Olea cupsidata scmb Forest. Well developed in the lower hxllx of Punjab, Huym and 5

M.P. .
Sub-type : 10/Cu, Acacia moduta sctub Forest : occurs m lower hills, particularly denuded slopes in

‘ Hoahiarpm' (Punjab) HP.
_ Group 11 - Moutana‘-Wet Tempcnte' Forests.
_ Two-Sub-groups 11A & 11B. |
"11A - SouthernkMonune Wet Temperate Forests : This sub grouphas only one typé
- 11AC, - Southem Montane Wet Tempe:ate Forest : Found mainly in Ntlgm hills in Taxml Nadu and
_-Kerala.

llB-Northern Montane wet Temperate Forests : This occurs in eastern Hlmalayas from 1800mm o
3000m in West Bengal, Assam, Arunachal Pradesh, ' :
Type: 11B/C, & 11B/C2
Type -11B/C, East Himalsyan Wet Temperate Fonnt Prominently developed mthetempechmmP
theummmhyu \Veuthnsﬂ,Sikkim Anmacbal!’ndesh,Assam
Sub —types. |

11B/C,, - Lauraceous Forest ;qtd_; 1800 m to zmon;

11B/1, - Bik-Oak- Foreet - lowers hills Altd - 2100 - 2440 m.

1pa - High levalOak Forest - h:gher hills - Altd 2440-2750::1 ‘
Type llBIC - Naga Hil wet Temperate Forest : In the wet temperate Naga hills. )

Gmup 12- mmalayan Moht Tempente Forests |

Thxs group occurs throughout the Himalayas between a!tiMes 1500m and 3300m, i in Himachal
Pradub, U.P. Kashmir, Sikkim, West Berigal. Mean annual temperiture ranées between 13°C and 16°C, .
rainfall. 1100mm to 2500mm :

5 .‘Iypea 12/C, - Lower western HlmdmeemﬂmFm
12/C, - East Himalayan Mixed Temperate Forest.
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Sub types oﬂype 12/C, _

12/C,, - Ban Oak Foxest -Altd-1800m to 2200,

_ 12/(2“, - Moru Oak Forest Altd 2200m to 2400m
- 12/C;, - Moist Deodar Forest - . Altd - 1800 - 2500m.

12/C, - Western Mixed coniferous Forest 2300;3000m.

12/C,, - Moist. Temperate Deciduous Forgst - 1800-2750m

12/C“, - Low level Bluepme Forest - Above - 2100m.

Snb types of 12/C -

12/C,, Khatsu Ouk Forut.

- 12/C, - West menlayan Upper Oak Fir Forest.

12/C, - East me-hym Mixed Tmpcmmm Fmed.
Subtype o
_ 1.21(-.:," - East Himalayan Mixed Coniferous Forest.

12/C,, - Abics delavayi Forest - (Altd-1700m - 3500m)-

Group 13 -_-Bimah&mp_' Dry Temperste Forest

This is by and large an open forest with the canopy clése& only in favourable conditions. It is;well distributed
in'the inner ranges of Himalayas at altitudes of over.1500m, where percipitation is mainly in the form of
snow. _
’lypc 1310 - Dry Boradilevaed and coniferous Forest

13IC ny Temperate coniferous Fo:ut (Snb types 13 & 13/0,5)

l3IC - West Himalayan Dry Temperate Forest.

13/C; - West Himalayan High level Dry Blue Pine Forest

13/C, - wmmmahymnqmnip&poé& o

13/C, - East lhmalayan Dry Tempcmtc Comfcmus Forest

13IC‘/E‘ Larch Fomst. This is an open fmt. medabove 3000m alt. in Eastern Himalayas.

13/C, - East’l-hmalayan Dry Juniper Birch Forest,
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. Group 14 - Sub Alpine Forests :

This group of forests represent the highest tree forest, occurring in the Himalayan region: Usually
along the periphery of alpine meadows and snow blanks in the altitiidinal zone:of 2900m to 3500m Climate
is long and severe winter and forests comipriss typically of a dense growth of small crooked and stunted
trees with scattered patcha of coniferous word. '

Type: 14/C, - West Himalayan Sub-alpme Birch - Fxr!?orest
_ Sub ~type : 14/C,, - West Himalayan Sub-alpine Fir Forest
14/C/S, Sub alpine pasture

Gnﬁp - 15 - Moist Alpine Scrub
The forests of this gmup constitute the vegetation occumng ut very high'altitudes in the Himalayan

'lype lS/C Bmthododa:dmn Scmeorest
| lS/C Bcciduous Alpme Scrub
" 1/E, - Dwarf Rhododendron Scrub
 15/C, - Dwarf - Sub alpiae - Scrub.

cﬁhp « 16« Dry Alpine Scrub

’I‘hxsgmupoccummUttaxPradesh HP andKashmlratvetyhlghaltltudcsmthcdryzonesof
lhnnlvmmg:on.ltus)(erophytwfomaﬁonwnhp“ Fiarice ofdwmfshmbs Thisgroupoonsuaof
ouctybe

'I‘ypc 16/C, - Alpine Scrub : This scrub occurs in the desert Like canditions prevaxlmg the trans -
Himalayan - I.adak, Lahaul - Spm Upper Kumaxm




- Ghapter - ITI
ron;e:sr REGENERATION

Rzproducuon xs a synonym of regcnerat:on. In case of forests xt means “mvewal ofa forest crop by
natural or amﬁcmn means”, Thus, theforest mgenemuon may be

(1) Natural regenmuon.
: (u) Amﬁcul megcneraﬁon. -
(xu) Natural regenerauon s\mphmmted by amﬁcxal regencratxon

SR Natural regeneration “chewal of & a forest of a forest crop by self-sown seed or by copp:cc &
root suckers” is known as natural mgenemt:on It may be obtamed by either (A) from seed or (B) frofr .
Vegetative patts. The fomn developed from secd or seedling is kniowis ag’ Pi~hforest and that ﬁ'om coppice

, as coppxce forest.
(A) Nutur:l regeneratiion from Seed : Depends upon
_ (i). . Seed producuon (i) Seed dxspexsal (m) Germmatxon (1v) Estabhshment

‘.-',_.._(.i)'f.-_Seedpmducuon the seedproducuon dependsupon Specxes, agoofm Size ofcoﬁvn
S dmatcnndoth«ndanalﬁdomﬂspecmdonotseedannmuymdabmdmﬂy For instance
' whxleteak,babul,Khmr thshamsecdeveryyear,deodar ﬁrSpnmeseeéaumcrvalofyears

(n) Seeddxspe:aal Soeddlspexsalagentsarq asﬁ)uows

.Bywmd Comfeu,Acer, Populns. Almu, Saiix, Dalbergia. Auch M,Cunﬂm andmany

By water : Trewia; mostmnngrow Specics. 'n"'er_lie’rgja’, teak, ete,
n&ﬁm-m'summwew‘ |

- -'By birds : ans Mulbeny Ttunu,lﬁupyrumdnoxyknetc 4

B'y animnls : Auc.u arabicn, prosopu Juliﬂon, Zizyphns, Anﬂxoceplmlus ete.

(m) Germinaﬁon Germination of seeds dcpcnds upon lntemal and External factors.

'lamwmmyhe.pmbmtywmpmwhywoxygm, developmemofembtyo
- domo&)aﬁerﬁpmdwdopmmmand(kdpmwmmx viability (the potential
capacity soed to germinats). Smofseed,plnntpmmt(pewenhgoofthenumbcroﬂhemdsma
_ umpletbatdevelopmtoaeedhngsatthcendoftheﬁrstgrowmgacason)ctc : '
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(iv)

Externaf factors ;- The external’ env:ronment whxch affects germmatzon are Mozsture air,
temperature; and in some cases lxght (Cassia ﬁstula. Albxzzia procera). Besides, it is also necessary
to prepare the forest floor i.e. seed bed for proper getmmatxon of seed and its growth,

Seedling utablishment Only germm&non of seeds does not guarantee a forest estabhshment
because due to vanous reasons, numerous seedling die out every year after germination. Establishment
is deﬁnod s “developmcnt of a new crop, naturally or assisted is considered, safe from normal
adverse incluences such as ﬁ‘ost, drought or weeds and no Ionger needs special protection, or tending

_ operations cther than clcamng thmmng and pmnmng”

The foﬂowmg factors affect establishment of seedlmgs

2

b)

Developmut of roets : - Nonmlly a seedlmg must develop longer roots in the first growing
season culy to become self sufficient for mmstme and mmcral absorption by making contact wnth

the deeper layers of soxl

Soil eomhtions - The soil should have good moisture and’ wacrholdmg capacity (not water logged),
organic matters, nutnents good aeration etc. for better growth of seedhngs '

Lxght Depcndmg Upon the species and under given chmanc conditions light plays very important

role in scadling establishmént. For eximple in moist localities t2ak seedlmg must have sufficiant
lxght from the very bcgmnmg but in dry hot localitics, a sudden flux of light on young seedlings

may causctbwdeath

- Other climatic factora Excessxve high temperature, low tcmperature, rainfall or long dry season
- ete. mtheﬁctouwhxchgovcmseadhngestablmhmcnt
| Conditions of grass and uha- m weeds :- For changing locahtm, the prescription changes.

In the dry and arid areas a certain amoint of weed gxowth is he!pful in  conserving moisture and
aﬂ'ordmg certain amount of shade to the seedlings but in moister localities, needs particularly dense
weeds are very harmful. Sometxmes certain weed specxcs are marked as good indicators of good
regeneration of particular forest crops: For-example :- Flemingia spp indicate favourable condition
for sal regeneration where as Imperate arundinacea, Saccharum precerum indicate unfavourable
condition for the same.

- Graiing, browsing and burning :- - Light grazing and browsing is not harmful to scedhng

memmwmmymW Similarly,
where as control buming is a silvicultere prescription, the uncontrolled fire is devastatmg :
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Besides the. Somposition of crops drips (water drops from larger Jeaves), also influences the
’Ihcmethodsofobummanst\nlmmnmvarythh the silvicultural systems used and the
species. The details of thess may be covered under the study of Silviculture systems a scparate
course.

| Natural regenceration form vegetative parts :- §omn specics have the power to regenerate themselv:

by vegetative parts such as root, stem, branch etc. Reproduction obtained from there parts is called
vegetative reproduction which is defined as “4sexual reproduction! inf plants from soine pats of the
plant body, i.e. of troes. by coppice or root suck¥r or from root, stem or brauch cutting.

Advantages of vegetative reproduction :-

®

@

Onephmlnoducessevmalphns
Mu;hopowhlowbmthcplmtmmtccpableofproducmgseed

i Tmmmmmwm&wmmwmﬂmﬂwmdmammwu

Methods of vegetative reproduction :-

(i) Coppice (u) Root sucker {iji) Cutting (iv) Layering (v) Graﬁmg and Budding.

Natural regeneration by Coppice : By (1)Seedling coppice xnd /or (2) Stool coppice.

@

@

Seedling coppies : Itis'definad uﬁx&"comlcﬁm arising from the base:of seedlings that have
me&mmmaﬁmmwofm is i thie fonm of whippy-shoots, woody shoots
and lonetnnu, even the establishod regenorition, often does not progress due to adverse
mwmandbmmmmngforym Ifﬂnswzadvmmlhwm
hl*mdpvmmh@zmnpmmﬁnmdmndwebpumwupmmdpdc
cmp This method ofobtammgnatmalmgmemhonof Sal is used in scverat Sal divisions in U, P.(if
Dehradun), M.P,, BxhuandOmuSmldyﬂmmdbodumodﬁxobmmngnmalmgmerauon

‘tomkmmanydwmouofM.P

Stool Coppice : Coppice arxsmg from the Stool or hvmg stump. The coppice shoots generally arise
eitehr from near the base of the stump or from its top, Of the two, two those arising from near tie
base are better becanse they get established casily.

Famn aflfecting naturai mgeunhca by coppm:
. (l) Coppicing powcrofSpecics varies and all the species do not coppice well:
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Strong coppicers ; Acacia catechu, Albizzia spp., Butea monosperma, Cassia fistula, Eucalyptus
spp., Morus alba, Prosopis juliflora, Salix Spp, Shorea robusta, Tectona grandia etc.

Fairly good coppicers : Quercus Spp., Terminalia spp., Juglans regia., Plerocarpus marsupium

ete.

‘Bad Coppicer : Adina cardifolia, Bombax, ceiba, Casuarena equisetifolia, Madhucs latifolia
Populos ciliata etc. conifers are bad coppicers.

2. Age of the tree:- With the age of the trees gradually coppicing power deline.

3. Season of coppicing :- The best season or coppicing is a'little before growth starts-in spring,
because delay results in reducing the growing period. But in places where there may be danger of late frost
in spring, coppicing should be done after the danger is over.

4. Height of stump and method of cutting : Usually lower the stlimp, the better it is for the coppice.
Very near to ground stumps are sometimes attached by rots. Normal height should'be 15 to 25 cm. Stump
should be given a slant at top for water drainage. Sometimes, higher stumps also hclp in gemng good
coppice even with the species like casuarina equisetifolia which is a bad coppicer.”

. Rotation : Since most of the trees coppice best during the early age, coppxce ratation should be
short. Long ratation encourages seedling regeneration and for that reason, coppice rotation is generally
shorter than the age at which trees produce good vxabla se&ds.

6. Sllvuulmm System : The coppice shoots are strong light demanders and thcxeforc, they must bc
worked under systems invoiving clear-felling. Thus seedling coppice is used to obtain natoral regenaration
of Sai and Teak under clear felling system in Bihar, MLP. and parts of Maharastra and under uniform or
Indian irregular shelter wood system in U.P. ‘When natural regencration is obtained from stool coppice, the
silvicultural system may be simple coppice system, coppice with standards system or coppme with reserve
systen.

Simple Coppice System : In this system coupes are clearfelled on short rotation to get new coppice
«crops. Naturally this system is applicable to species which coppice strongly.

Coppice with Standards System :In this system, a part of the crop is retained to form an uneven-
aged overwood. Thus the resultant crop is two-storeyed, the upper storey, being of standards, over the
lower storey of coppice crop..

Coppice - with - reserves : In this system, well grown saplings and poles are retained in coupes to
form part of the new crop and rest is felled. The reservation is done with the objective of improving the
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condition of the crop, providing protection against frost and crosion, supplying seed protecting valuable
species as well as species with edible fruitetc.

Natural Regeneratioin by Root Suckers : This method is not being attempted on any farge scale
anywhere in this country. Sissoo was the chief species in which this method of regeneration was practiced

in U.P. on canal bank plantations.

ID  Artificial regcneratmn :- Artificial regeneration is deﬁned as the renewal of a forest crop by
sowing plantmg or other artificial methods. Normally-such a crop is called by another term ‘planiziion’.
Plantation is defined as a forest crop raised artificially, either by sowing or plariting. Planting is a far more
dependable method of artificial regeneration than direct sowing.

Artificial regeneration is carried out mainly for Refoestation and Aiforestation.

Reforestation: Is is defined as the “restocking of a felled or otherwise cleared woodland” by artificial
means. In other words, reforestation is the raising of a forest artificially in an area which had forest vegctation
before. On the other hand, afforestation is the “establishment of a forest by artificial means on an area from
which forest vegetation has always or long been absent”.

Objects of reforestation : Reforestatioa is done :-

1. to supplement natural regeneration.

2. to give up natural regeneratiion in favour of artificial regeneration. Example :- Artificial regeneration
oﬁetmdspmfomﬁsmChmchpm(M.P)SalfomstsmpaﬁxofU P, BmgalandAssamandwakfomsts
in parts of MLP., Mahanstxa, Kerala etc.

3. to restock forests destroyed by fire and other biotic factors.

4, to change the composition of the crop.

5. introduce exotics. Example : Plantations of Bucalyptus trcpxcalpmm, poplars etc.

The recent trend is towards man-made forests and, during the past few years greater effort has been made
© to raise them with the following objects.

i) kmeaseﬂwyxddﬁomfmcmwmeadgﬁumngdmmdofumbafwbmmngwmmm,
industries, defence and commumications.

if) Shorter the rotation by raising fast growing species.
iii) .Location forests with relation to locations of industric
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iv) ' Meeting the demand of agnculmral implements, housing, Fodder and firewoed of the rural
populatxon . Do
- v) Improvement of agro—ecosystem, control of erosion, and beautification of countxyszdc
vi) Concentrauon of work rcsu!tmg in easier supervision, easier mechanizatioin of operation cheaper
logging and extraction and
vii)  increasing employment pofential,
Essential considerations of Artificial regeneration (AR):-
1. Choice of species. |

' _ii._ Selection of site.
iii. Choice of methiods of A.R. viz. sowing or planting etc.
v, Spacing and
V. A'rangement of staff and labour

L Choxce of species :This depends upon the follomng factors :

a) Climate and microclimate
b)  Soil conditions

c) Stagej of succession.

d)  Object of management

¢) Consumers requirement

‘f}  Growth rate.

)  Availability of Suitable exotic

h)  Ease of establishment

i Cost | '

1 Select on site.

Before selecting a species for A.R. the above factors must be mken into account as the success is

not only dependent on better growth but also other conditiions mentioned above. F utfher it is also important
“to decide whether they will be raised as pure or mixed crop.

-IL Selection of Site : Even after selection of species, the species should not be planted on large scale on
any site, rather experimental trial should be ngeu first and if the results are encoraging it should be mscnbed
- for specific sites.
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" II, Choice of method of A:R. : After I'and II; the method of AR is decided. This may be done either by
sowing of seed directly in plantation area or by planting seedlmgs or cuttmgs obtained from some nursery. -
Rach of the methods have merits and-demerits both. Though most of the species can be raised by both the
methods, some of themee.g. Sal, Khair, Ctgr and Kail were till recent part, raised by sowifig as their piantiay,
was consxde:ed difficult. But none.even these species are raised by planting in many states. As a peneral

_ rule, slow growing species or the species havmg seed enclosed in 4 hard coat are raised by planting Ailanthus,

Albxzzia etc. however, contmue to br raised by sowmg

IV, Spacmg :Spacing'is deﬁned as “the distance between the plants put out in plantation or standwng in a
crop” It is also referred “espacement” Spacing is expressed: by dxstance between the lmes nultiple by the .
distance between the plants in the same lme in meter.s

Exp. : 4m x 2m means that lines are 4m in apart and the plants are 2m aprat. Based upon this spacing is
referred as close spacing or wide spacing.

Usual spacing of some important species :-
i) Teak (Tectona grandis) 4= 1.8m x1.8m in lower quality classes area and 2.6mx 2.6m in
~ higher quality class areas,
_ #i) Sal (Shorea rob,usta):- Usi_laliy raised by line ‘or.fstrip sowing. In the lines, tha sseds are
spaced at 8c.m. (West Bengal) to 10c.m. (U.P.) apart. The lines or strips are.spaczd * ¥m in
West Bengal to 3.or 3.6m in U.P.

iii) Semal (Bombax ceiba) :- There is no recognised spacing for semal. It is raised at a ;pacmg
from about46mx4 émto llmx Ilm.

iv) _Eucalyptus Spp. :- The usual spacing varies from 2.4m x 2.4m to 3.3m x 3.3m but where
tractors are used for soil working and suppression of thick grass, its spacing is 12mto 1.8m
from plant to plant in the same line, while the lines are spaced from 3.6m to 4.5m apart.

V) Arrongement of Staff end Labour :~In case of A. R done by foresi department if the area is
" $mall say, 101020 hectares, the exxstmg range staff can do it. When it is 25 to 80 ha, additioual
staffis posted for AR. Ifhowever, the area to be taken 1 up for A.R. fu one, division is as large
25609 to 800 ha or tuore, it is better to create a new plantation division with full complemei
of stuff and do the work in two or three centras for the sake of concentration of work.

The labour engaged for the work are either daily wages labours or sometimes the work is done
through contractros. Taungya System is also followed where labour are permitted to raise
. agricultural crops in between trees in lieue of their labour. Taungya is a Burmise word which
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means cultlvatzon in the hills. This cultxvatlon is: shifting cultivation which is defined as a “a
method of cyclic culnvamon, ciefly in vogue in the tropics; where moving on to another site
and repeatmg the pxoccss” ‘This is also known as « um” ( Assamese). This distructive method ...
of cultivation has been changes by Indian forests mto a cheap and production method of
raising forest crops conjunction with agricuitural crops. In this method, the area to be -
regenerated is handed over-to tanngya cuitivators after clearfellmg They bum, the felling:
- refuse and raise agncuitural crops for themselves. Along with cultivation of agricultural crops,
they also raise forest plantation in lines and continue to cultivate the area for 2 or 3 years, after
which they move to the next area. Thus the term “numgya” is now applied to the method uf
raising forest plantations in combinatioin with field crops otherwise:known as. Agn-sxlvx method
-or Agrislviculture.

The taungyas as per its method of opérations may be Departmentai taungyas, Leased taungyas
or vxllage tanungyas.

' Nursery - As seedling are planted in the field incase afphntatmns or antificial rcgeneratxon, itis important
to develop nursery to raise required seedlings for piantatzon A nursery is define as “an area where plants

~ are raised for eventual plantmg out”. A nursery may be (a) Temporary o lb) Permanent Tentporary nursery
is also: referred as field mnsezy and “as the name suggest it is formed i in ad-ommg the planting area. It iy

mtendedtomeetthereqmremgntsnfahnumdaxm, it is usually smail mextem On the other hand a

~ permanent nursery is maintaiped for supplying aursesy stock for a long time on a permanent basis. As it is

intended io meet the requirements of one or more ranges, it is relatively larger in extent..

| Site of a nursery :- It should be centrally located orefmbiy near Rangc' s or Forestcr s quarter for proper
 supervision. The soil should be well drained the labour supply should be smooth and also adequate water
source for imgat:on.

Area of nursery :~ It depends upon. the- Specm: to be raxseo, age of seex.hngs or transpiants at the time of
plantmg out, number of transplantmgs requea, afea of plantatzon and spacmg in plantation, The
- areacalculated on the basis of these considesitions shonld be mcreased by 50% to allow for paths, roads,
imrigation channels etc. For example in Ben@! for 1.8mx 1.8m. plantmg of one year old nursery stock, one
» hwmrenmmyxsmsmedaﬁaemprhmnmofzwham 0.5% of plantation aréa.

Detaxlsofthenm'suyfencmg, hyo&xtatdpmpamonsofbé’dmaybereadmbooks
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Pai)exj m
Ist Half _. -
BIBLIOGRAPHY FOR SILVICULTURE MODULE 20 (A),21,22
1. 'Pnncxples and Practlcc of levu:ulture by L.S. Khanna o ‘
, Publisher': Khanna Bandhu o
7 Tilak Marg, Dehradun, U.P.
2. _The Practice of Silvicul_tu_re by David M. Smith
Publisher : | E.D.B. Educational Pvt Ltd.
15, Rajpur Road, Dehradun - 248 001.

- MODULE -20 (A).21.22

Quesﬁons -
‘1. What ace the major forest types of [ndm? Write the unportant consxdexanons on which these forest
' typcs are classified.

2. Write short notes on following :

i) Ramﬁall and its influence on vegetauon on India.
ii) Influence: of Parent tock 'on species distribution i in forests
1it) Man and his animals - as biotic factor.

3. What is coppice? What is the dxﬁ'erence between seedling coppice and stool coppice? Explam
- briefly the factors which affects the regeneratxon by coppice.
4. Whatis artificial regenexatxon? What are its objectxves'7 What are essentlal consxderauons in favour
of artificial regeneratxon ? ‘ :
a) Nursery

by l'rost mjunes '
<) Imponance of Edaphxc factors
d) Eﬁ'cct_ of Altitude on the_ohmate of a locality.
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| Chapter- IV

- Silviculture of |
SHOREA ROBUSTA
' "Fgm’ily mr)‘terocarpaceae_‘ -

Local name : Sal, Shal, Sakhu, Sakwa

DISTRIBUTION :

Sal forests occupy about 1,16,000 sq. km. or about 14.2% of the totat forest are in India. It occupies
~ two main regions, the northem and central Indian region. In the northern region it commences from kalesar
forest in Ambala (Hatyana and stretches eastwards along the sub—Hlmalayan tract as. iar as Darang (Assam),
. through U. P., Bihar, Assam, Mehalaya and' Tripura. In the central regtons. Sal occurs in Bzhar, West Bengal
Onssa, M.P with isolated pockets in Andhra Pradesh. '

' Flowering and Seeding : Flowers appears ﬁ‘om late February to Apm dependmg on localny and season.
Fruits tipen in May to July and fell soon after. ' :

: » 'Fruit welgbt 575 to 1000 per kg. Average seed year almost every two years but good seed year aﬁer every
3:5 years
Germmatlve capacxty 80-96% of sound fresh seeds and plant percent upto 86

Viability : Seed loses vrab:hty rapxdly it may bestored for about 7 days only. Seeds germinate soon alter
falling; in some cases even on trees.

PROPAGATION:

Natural regenerations° Natural regeneration of Sal is not sartisfaq:tory, particularly in moist and dry deciduous
Sal forest types. The problem is not the recruitment of regeneration but its establishinent. However, there is
no problem of regeration in moist peninsular low level and valley Sal farests of M.P. ( South Raapur), B: har
- (Singhbhum) and Orissa, which are successfully worked under vitual clear felling, followed by nawiral
regeneration from tended advance growth. Early and well distributed rains synchromsmg with seed fall o

. absence of frost and smtable soil condmons are the main favourable factors of germmatxon

- Artificial regeneration: The method largely used in the filed is by dxrect sowmg Sal has been succcssiu!lv
raised by sowing in c)erfelled areas by departmental plantattons in Tripura by taungya in U.P., Assan arsd
W.B.
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PLANTING: -
Planting of 22 or 34 months old basket plants in 60 cm’ pits, 3m apart in continuous strips, .6
apart, both in clear felled areas and under shelterwood gave 80% survival, in Haldwani Division on U.P.

- Transplants in dona containcr&.hgve'proﬁed sugcessful in drv Sal forests of southern West Bengal,
more successful than sowings in heavy clayey-and lateritic soil, Dona plariting is dine in partly filled trenches
at a spacing-of 1 to 1.25 m throughout to supplement éowings in plantations. It has give 75% survival at -
‘reasonable cost in W.B. This technique has alstrbeéti adopted in Bihar. Even polythene bags have been used

as containers with cent percent success.

Stump planting: Stumps prepared from one year or two year old nursery stock were successfully plapted
in W.B. & U.P. Pre-sprouted stumps in polythene have also been found successful.

Nursery Practice:~

In Southern West Bcngal and Bihar, Sal is raised in donas (leaf cups), made up of Sal Leaves, 6-8cm
diameter and 22-23 cm deep. These are filled with silt, earth and cowdung mixed in 2:4:1 propomon Two
fresh seeds are sown in each and watered regularly. In summer they are kept in shade At the onset of
monsoon, dana seedlings’ with 4 leaves and 12-15 ¢m in height are fit for planting out with containers.

Tending : Intensive tending of young crops of sal, whether natural or artificial, is very important, for
establishment of seedlings. These operations involve weedlings, hoeing, selective shrub cutting, fencing
fire protection and manipulation of cover at various levels and various stages.

General characteristics:

i) Sal is a large deciduous tree, seldom quite leafless and one of the most important timber trees of
India. It is a light demander, sensitive to drought and frost, fire resistant, It is a good coppicer. It is a very
slow growing species. , '

" i) Sal wood is very hard, tough and heavy. Heart wood is naturally very durable, Timber is difficult to
saw and work with, due to interlocked fibres.

iii) = Main use of Sal timber is for railway sleepers. It is used as poles, ballies, overhead electric transmission
lines and in various other works. This is also an excellent fire wood.

iv) . Bark of Salis useﬁ:l as tanning 'ma_texial.

v) Sal seed yields vegetable oil. -

vi) _Management : Sal forests dare bcingwo}ku__i’in various states under a variety of Stlvicultural systems.

~ In Saranda (Bihar) and in- South Raipur (M.P.). It is worked under clear felling with natural regeneration,
Clear felling with artificial regeneration. is followed in the taungyas of West Bengal Assam And U.P.

Besides uniform, Irregular Shelter wood, selectiion, systems are dlso followed accordmg to the factors of

locality. Under coppice system. Sal is worked as simple coppice, copplce with standards and «.oppxce with

. reserves,
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Tectona grandis (Teak)
Family- verbanceae

Vommon name : Teak- Eng. Segun-Béngal, Sagun, Sangun-Hindi

1. . General distribilﬁoxi and habitat

Teak is indxgcnous to Baruma, Indmn penmsu!a, slam, Java, Indonasia, Malaya, Thailand and other
~ islands adjoining India. :

The 1ocahtxcs whete the most important teak forests are found are M.P;, Mysore, Bombay, Coorg,
" Tavancore, Cochin. Out side its natural habitat, it is planted in Uttar Pmd&sh Bengah Bihar, Orissa, Assam o
and Andamans.

‘Climate : Teak thrives best in fairly moist, worm, tropical climate.
Rainfall: Max : 200"
Opt : 100"
~ Min:25”
Temper‘atui’e :Max : 118°F
Min : 40°F ,
'A!titut!.e : Extends upto 4000” in western ghats Best growth'is obtaine& at about 2000" and below.

Topography: Thrives equally weil in undulating as wel as flat alluvial country provided subsoil drainage
is satisfactory. Given this, the growth can be equated in terms of the depth of soil. In Madras, all India Super
quality is met with along nver banks, on ridges and upper slopes, the growth is poor.

beoiogy, rock and Soil:

Teak occurs'on a variety of geological formatxons varying from sandstones to lime stones 1o geneisses
and schists,
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It thrives in soils ranging ’fmm'smdy to clayey loam, It thrives best in aimdy loams along river and
stream banks. It requires deepest, well drained soils ofmoderately high fertility,

~ Teak occurs in soils with a pH range of 6.5 to 7.5. Good teak forests are found in soils which have '
a higher pH value of sub-soils. In other words, teak pmt'cts basic soils.

Teak is intolerest of shallow soils, keep sands heavy clays and water logging.

I Phenology: A
L General description: A large deciduous tree with a rotmded crown and under favourable conditions
a fall clean cylmdrical bole which is often buttressed at the base sometimes flutted. Branches -

quadri-angular, channelled with a large quadrangular pith, Bark thin grey exfolisting in long, thin
grey, exfoliating in long tiarrow flakes. '

When leafless, the ashy eolour of the bark readily leads to its identification. When in leaf, the large, ‘-
shinning leaves and a véty large inflorescetice provide distinguishing characters of idehtiﬁcation. '
2. Leafless : November —-January' (Any area) March (Moist areas); in vei'y moist localities, almost evergreen.
3. Leaf renewal: April to June according to locality. Leafless during the hot weather in dry localities.

4. Flowering: June — Septcmber.

5. Fruiting : November-January Seed collgcted in Januaty ~ February. Fruit hard ibony, regularly globose
nut, somewhat pointed at the apex enclosed thick folty light brown covering, usually 4” to 6” in diameter
containing 1 to 3 rarely 4 seeds. One fruit may produce'two or three seedlings. Weight of the seed is about .

1430 seeds/kg.

1. Silvicultural Characters: |

Light : Very strong light demander. Can not tolerate suppressiion at any stage. Under _light- shade of
bamboo the leading shoot has the capacity to make head way and rise above the culms.
Wind: Moderately wind firm. |

Drought : Sgedling extremely sensitive particularly in the first years; dies completely. Later on, stem
portion may die while at the same time building up root stock until it attains sufficient vigour to produce a
permanent stem. ‘ |

Trees: Severe draught may have an adverse effect on even bigfully established trees.
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Fire: Teak has greater power of résist#nce than majority of its associates.

Frost: Frost tender of : .

Browsing and animal injury — Not browsed. Injured by wild animal.

Insect attack: Defohators = most common ( 1) Hyblea poucea and (2) Hopalea machaeralis.
Borers: Dihammus earvinus attacks young plantations in West Bengal.

Coppicing and pol{arding: Coppice vigorousiy.

IV. Natural regeration:

V. Artificial Regeneration

Teak is the first to be amﬁcxally regenerated (1 842) Artificial regeneration is the frequently adopted
for ns propagation.

After proper collection seed should be dried in t.he sun for 6to 7 days There are several methods for
Preparation of seeds before sowing i. e. pre-treatment.

1 Pre-treatment : (a) Seeds are soaked for 48 brs. in water and the dried in the sun for 48 hrs. This
process of altemate soaking and baking is continued for 12 to 15 days.

Are generally raise. Their size may be lOmt X Imt,

Germination takes place within 7 to 10 days of sowing. Germination percent is 90-99 and the
seedling survival percent from 80 to 90.

Pricking out process is not recommended as it leads to the development of a bushy root system.
3. Planting : The following points are to be kept in mind while selecting a planting site.
(a) Poorly drained sites shouid not be selected as teak dies off under such conditions.
(b). Late ritic soil is not suitable. |
() Quartizite soil should be avoided.
(d)  Clayey cotton sonls, stony tops etc. are also unsuitaeste for raising teak Plantations.

(¢)  Areas havirg steep stops should also be avoided.
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~ Seedlings are transplanted immediately after the break of the rains (June —- July) entire with balls of earth or
with a handful of earth round the roots when they have 4 leaves berides the colyledons.

Prc-monsoon stump Planting after the first showers in April is by for the best method of raising teak
in plantations Experiments carried out.show that the rate of growth and percentage of survivals from pre-
- monsoen stamp planting in April far exceeds that of either rains stump planting, transplanting or direct

sowing. About 18 mm diameter at the collar is the most.

(b) Pit treatment: This method is the one most commonly used in Bengal. A pit is dug 60cm to 90

~ om deep and 90om to 1.20 cm square and filled with'water. When this has been done the out line, the
bottom and sides of the pit are covered with teak leaves. Soak the seeds for 48 hours in water in a tubs
warmed by the sun during the day and then put them in the pit with a layer of teak leaves between the layers
of seeds and a final cover of 15 cm of earth. Before filling up the pit in this manner 5 bamboo pipes, one in
- the middle and one at each comer, the latter laid at a Hant are put into position and holes cut in then; So that
when the pit has been filled up water an reach all layers. The seeds are kept in the pit for about 10 days and
. watering is done every alternate day. The pit is then opened and normatly about 80 percent of seeds are

expected to have germinate,
© Scorching the seed in a light fire.
(d) Burying the seed near an anthill.
(o) Placing the seed in paste of cowdung and water.
.(f) Weathering the seed by exposing it to the sun and rain on lca\"ing it in the open for 2 ro 3 weaks.

(g) Acid treatment.

2 Nursery Technique : Broad costing of seeds at the rate of about 5 to 7 kg per bed. Sowing are
generally carried out from Feb; to May. The beds prepared.

Management of Teak: .

(a) Clearfelling with natural or artificial degeneration or a combination of both.
{b) Coppice and modi,ﬁcation of coppice_.

(c) Sciecztion cum improvement felling.

General remarks : Timber with golden brown to dark brown heartwood, medium weight (401b/cft) tenture
uneven coarse grained, grain variable, often straight, medium bending strength, medium bending strength,
higher crushing strength, stiffness, low toughness, moderately hard, very durable, very resistent to -
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impfegnaﬁon fairly easy to work, seasons well but slowly. Natural resistance to termites due to oil
(Sesquiterpine),.
Used for ship building, Coach building, furniture cabinet, Carpentry, Joinery vats etc.

TELI VARIETY OF TECTONA GRANDIS

A new Variety of teak, which is & prominent variation grom the normal has been revealed by
observations on a teak plantation raised in 1923 in Hudsa Block of vimoli Range, Kanara North Divisons,
Bombay state. It appears to be distinctly superior in more than one character. This distinct form of teak
occurs sporadically mixed with the normal variety in the natural forests and the plantations in Kanara, It is
Called ‘Teli* Teak became the wood is said to contain more oil. It is considered to be stronger and more
durable. . _ , ‘

.Suitable size for stumps, one year old seedlings stumps. Stun p Planting should be carried out as
follows : A hole equal in the exact depth of the stump is made in the cen're of the thali with on iron crowbar
about 60 ml! long. The stump is then inserted and the soil firmly pres:ed in against it by thrushing the
- crowbar in the ground at an angle close to the stump and levelling the soil fight against the root. Damp soil
is necessary for each and successful stump planting. The essential points are —

(a) the stump should be planted exactly up to the collar.
(b) The depth of the hole should exactly be equal to the length of the root.

{c) When driving the crowbar slantwise and closing the hole, care must be taken that no air spaces are left
beliow or around the root.
(d) The stump must be very firmly planted, and

(¢) Every stump should be tested before it is left, and only if it is resident to a fairly hard pull should it be
considered as satisfactorily planted.

Spacement: It depends up on the site quality and as well as objective of plantations. It may be 2mtx2mt or
2.5mtx2.5mt or even Imtximt.

Thinning: Thinning should not be delayed and must be a heavy D grade. Teak must never bc allowcd to
become suppressed as it has definitely been proved that teak has once, been suppressed does not respond to
a thinning for 3 or 4 years and so much increment is lost.

38.



Eucalyptus Spp.
Family Myrtaceae

1. Dsstnbuﬁon' Eucalyptus is a genus of Australian origin, most of which are found in Austmha, Tasmania,
New guinea and other islands.

A Eucalyptus is an exotic in India. It does not occur in native form in India. Eucalyptus trees were first
introduced in India, as early as 1790 at Nandi hills in Kamataka. In 1843, it was successfully introduced
in Nilgiri Hills. However, regular plantations were taken up only in 1851. Later on extensive plantations
were undertaken in Punjab and Haryana, where the forest &re ﬁ;s very small to meet the demands of
fuelwood, small timber and pulpwood The species whibhh%mall ti mmet the demands of fuetwood,
small timber and pulpwood. The species which have received country wide acceptance are E. tereticomi,

E. Cameldulensis. E. grandis. E.citridora, E. globulus.

Natural Habitat: It is a versatite tree, adopted to a variety of edaphic and claimatic conditions. It flourishes -
from coastal areas to area situated at an attitude of 200m, climate varying from tropical to warm temperate
and annual -rainfall ranging from 400 to 4000 mm.

It can grow in a wide variety of soil conditions but requires deep, fertile, well drained loamy soil
with adequate moisture for best growth.

IL Silvicultyral characters:

(1) Eucalyputs, as a rute, are intolerant of shade, though many species tend to branch low if groWn
in isolated positions. Also, in early youth seedlings endure a little shade for a time.

*'(2) Many species coppice well, the most vigorous probably being in globules.
(3) Root system ~ spreading, | v
~ (4) Generally wind firm, but many species are liable to become bent, gnarled and stunted'in exposed

situations.

(5) The more aromatic eucalyptus are not readily browsed by cattle;. Two species E. corynocalyx
where leaves are sweetish and E. gunnji whose clevates are not strongly aromatic are browsed
by cattle.

(6) Thick —barked trees do not suffer much from fire but thin barked ones and young trees suffer
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badly. Those with harks exfoliating in long, dry strips, like Bluegum suffer much as the fire as
ceands through the strips to the crown. Most species have high power of recovery from fire
damage. Injured and climate for various species vary considerably leaves.

- (7) The requirements of soil and chmate for various species vdry considerably. generally speaking,
- most if not all eucalyptus grow best on deep fresh soil with a fair amounr of sub soil-moisture.
Many however accommodate themselves to unfavourable conditions and in such cases their

growth affected.

I11. Natural Regeneration: In Australia it is recognized that natural‘rcprdducﬁon can be secured, by
cutting the under growth in Eucalyptus areas, passing fire over the area, and thercafier- strictly protecting
from fire-and in the first few years from grazing. These methods. usually result in a good crop if natural
~ seedlings form seed lying dorxmmt or falling subsequent to the fire, where dver, there is suffi cwnt light for

their dev elopment In India, to a limited extend natural scedhsms have been springing up in and around the
 blue gum plantations of the Nilgiri for some years past. and the essential conditions appear to be bares oil

tree of woods ‘and sufficient light:

IV. Artificial Regeneration: -

Artificial regeneraion of eucalyptus are preferred in place of natural regeneration

Seeding time vanes from species e.g. F. globulus May-June and 1,48,000-1,50,000 clean secds!/ 'kg.
in E. tereticuomis-once. in October and next in May-No. of seeds per is about 3.50,000, The possible
method of seed collection include climbing, shooting, felling the fruiting branches and the use of tree
- shakers. extension platform ropes etc. The capsules should be spread in a thin laycr tQ permit rapid chyu

“and to prevent mold-formation. After drying, the fruits must be vigorously shaken, particularly if they :sr
not fully mature, other wise abscission of the seed from the placenta may be only partially affected.

Extracted ‘seed’ usually consists of a mixture of fertile seed and chaf¥, plus large particles such us
fruit, twisg and leaf debris. The fertile seed and the chaff can usually eb separated from other marter by
steving moving or by specific gravity sepeartions.

~ Viability of seed is 5-20 yrs. if stored at a low moisture content (4-6%) 1 sealed containers at 3.5°C.
‘ Eucalyptus seeds should be fumigated before storage to kill insect pests.

Seed germmanon' Most Eucalyputs sedds need no pre-treatment to ensure adequate germination if fiesh
seeds are used. A few species which are normally dormant at the time of collection will require cold
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stratiﬁcation; In few cases (GA) have b_een: employed to over come dormancy. |

N drsery Practices: _ _

The methods of raising eucalyptus seedlings in the nurscfy vary considerably and local experience
alone can decide which method to adopt in any particular case. The best time for sowing the seed in most
parts.of India both in hills and on the plains is early spring, about February — Maruh or even as carly as
Ianuary in the hills.

Seed beds should be well raised and should consist of a mixture of fine leaf moulds/ farmyard
masure and sand. The seed is sown broadcast on the surface mixing with fine earth or sand and covered
with a fine earth. The seed bed should be kept moist with a fine spray until germination begins. The beds
should be protected by a Covering, raised about 30 to 50 cms above them. Germination of seeds commences

in about a week and is completed™in about 2-5 weeks.

When the seedlings show second pair of leaves' above the cotyledons, they are ready for pricking
out. Pricking out of seed‘mga is generally done into polythene bags. The poly t oag size is generally 10-22
em or 15-22 cm E, globulus and E. grandis are generally planted out using planting stock 20-30 cmtall. The

 soll mix used to fill the bags consists of garden soil. sand and compost in the ratio 1:1:1. The mixture. is
thoroughly pulverised and served. Insecticide like Aldren 5% or B.H.C. is also mixed in the planting
media. Aldren (5% dust, about 800 gms) is mixed in I cum of soil mixture.

The bags after filing are kept in Sunken beds. White carrying out pricking of seédlings into Polythene
bags, the planting media is well drenched prior to pricking. Afer pricking the bags are continuously watered
by atomisers or fine rosecan twice daily. As the seedlmg platcd in polythene bags grow rapidly, prevention
of penetration of raots from the bags into the soil is essential. It is a general practice that the bags are shifted
from their ongmal placgina penod of 30 40 days The Iast shifting is done about the days before planting.

Regular weeding is necsssary for raising successful seedlmg Basalme is a promising weedicide for
effective contral & wceds in the Nursery.

' Vegetative Propagation; 'ﬂxe mass production of genetiéa!ly improved and desirable individuals of
- eucalyptus is mainly through vegetatwc propagation. It may be by clonal propatxon (outtmg) grafting, or

tissue Culture. Mﬂst commonly used clonal propagation is given here.

Plgntmg.

Site preparation:, Clearmg and bum;ng ;he area, Then ploug}ung, harrowmg, ridging, levelling ete.
afe done fram February tg June.
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th dxggmg Pit size 30 cin x 30 cm x 30, The soil of the crop-half of the pits 1s to be kept
seperately. When the pit is filled up, this half of the soil shall be put at the battom of
the pit and the rest of the soil at the top.

Row and line planting; This is the simplest method of the farming in combination with dgrlcultum 30
cubi¢ cim pits be dug with the spacement of 2m. The dug out ¢arth is mixed with FYM and again filled
back in the pits afler it is thoroughly mixed with 20 gms 10% BHC po vder. As root system of trees and
agncultuzc, crops tap seil moisture from different homon, tlie root competition do«s not affect the agriculture

yiclds adversely.

Block planting : Nursery raised transplants are plamed in the pits. The inter spaces between treos are ysed
as intercropping purposes. In such cases the ridges-of 20-30 cm ht. are made at 4mt, interval. Planting is
done at the distance of 1.25 to 1.5 m along the ridge, spacing of plantation into blocks Van es froru 0.6mx0.6m
to 3mx 2m, However, ideal spacing is 2m x 2m.

P’ants grow up. In Indm various spacing has becn adopted depcndmg upon the speues und site. Norma!
spacing Imx x Imt. 2mt x 2mt x2.5mtx2.5mt etc.

_ Planting time: Scedlmg should be planted soon after the regular monsoans have set in ;Jlaa(mg
- should be completed wntlun 3rd week of July.

Eucalyptus may bé raised in menocultures or in an mixture of A:lanthus Grivellea, Bombax,
Anacardxu,, Santalum, Albilzia etc. spp. .
Mzulgement System: Usually simple coppxce 10-15 yrs. rounon or less

'I‘hmmngs are made from 6th to 10th year and the effect of regular thinning on the yteld and on the
~ subsequent development of the crop is quite significant. Thinning may. be carried out after the Ist year so as
to reduce competition by cutting the undesirable /weak/ poor seedlings. This operation helps the selected

secdlings to grow more vigorously.
Diseases and Post : Eucalyptus are susceptii)le to many diseases.
Nursery Discasa; Danpmg off, Seedhng wxlt Root rot, Collar rot, Leef spot and bhght etc
Plantation Disease: Pmk disease, stem Canker, Ganoderna root rot etc.
Insect pest: Root feeders, xylophagus insect, Polyphagous insect.
Uses : (1) Ityields fencing post, mine props, and very good quality pulp wood.
(2)  Leavesof Eucalyptus sps contain essential oil, which is obtained by distillation. The oi] s
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used for medicisal, industnal and petfumery perposes
| ' @ Honey and pollon Among the forest plants, a few specxes ofEucalyptus prov:de be pasture,

“ §(4) B Tanmn matcmls Tannin for feather pxoduction are extracted from many barks,

Leucaena lauoocephala (Lamk) de wit

(Syn. L.glauta)
Famxly Mimosaceae

Common name Subadul Lead tree

1. General distribution and habitat : An unarmed evergreen large shrub or small treg, a native of
tropxcal Americaand naturalized in other tropical regions of the world. It is planted in the plaints of India,
oﬁen asa hedge plant, and rggmerates freely from self sown seed. e _

'Grows in areas with wgm; sgmmer, followed by rain and cold winters thh one or two showers. Dry _
~ sand or gravelly soils, grows best on well drained Ioamy sands, with water tabie in summer not below 5- -7 '
m from surface soils with pH 6.0t 7.5 best

H . Phenology; _
. 1. General desoription: Large erect shpb or @ small tree 2-6 mt ht. Evergree thomless or with grey
yellow bank with white spots roots with m)dub& Flowers small whitish. Several varicties and strams of
Leucaena hme becn molated. Brodly these can be dassxﬁed into three main types '
B N Hawaxm type It is-a short tree upto 5 mmiht, flowers all the year round. The yxeld of wooe\d and
foliage is low. v
ii. Salvador type: it is tall variety attaining upto 20mt ht. fast growing and high yielding.
iii. Perutype: Tall tree upto 15cm develops extensive branch system, iaroduccs high quantities of
foliage. '
2.  Flowering and Fruiting : Fruiting of this species occurs twice a year once in Juiy - August and next
in November to Februay. Ripe pods.are collected and dried in sun for 3-4 days, and after they dehisce. Pods
'12-15 cm long, fruits at 2-3 years age. Seed 20-25 per pod, flat, polished brown seeds are collected. Viability
remains for 3 to 4 years. No of seeds per kg in 20,000 to 30,000. .



I, Silvicultural characters:

1. A moderate light dernander ean withstand shade in scedling stage.
2. Vigorous cc;ppicer, Pollards well, stand heavy lopbing.

3. Drought hardsl.

4, Stands frost.

5. Does not luke water logging and Kanker pans.

6. Fast growing species.
IV.. } Artificial Regeneration:

Fruiting occurs twice a year, once in July - August and next in November to Febrpary Ripe pods are
collected and dried in sun fro 3-4 days and after they dehisce seeds are collected. V”xabili_ty remains for 3 to
4 days. No of seed /kg is 20,000 to 30,000. Germination percentage 85 and germinationn period 10 days.

Pretreatment of se¢d: Either the seeds are soaked in hot water (90°C) for 2-3 minutes or snaked in
cold water for 2-3 days or soaked in cone. _I—!2 SO‘ for 15 minutes. '

Pre-treated seeds are sown in mother beds in February - March and the seedlixigs are pricked out in
the poly post. Rhizobium in oculum may be done by mixing of 250 gm of Rhizobium with 20 kg of seeds.

Nursury techaique : The nursery soil should be neutral to midly alkaline. If the soil has a pH of
less than 6 then adequate lime should be added to raise the pH 6.0 orabove.

Two pretreated seeds are planted on polythene bag. The poly pot should have gqu aoil having a
PH near neutral. If both seeds sprout, one seedling is transferred to another palypot..

Seeds are sown 4 cm apart by drills in paraliel rows, spaced 25 cm apart, 10gms/sqm. The seed beds
should be trenched and filled with sand or humus. :

Planting out: The seedlings may be transferred to planting site at an age of 2-4 months. No pruning
is necessary if planted out from bags or pots, however. if they are planted out bare-root. the top stem should
be pruned to a point where the bark has turned brown., Long tap roots should be pruned to 3 length of 12- 1§
cm. : ' ' : o

Direct Sowing: Succesful plantation of leucaena have been raised by simply ploughing a fu,rfow
and sowing the seed directly.



7

feed.

Usest

)
@
6)
@
)

Very good protein rich fodder firewood efiriches sofl quickly.

- Itylelds 1250 qulta}ttsnm green fodder/yr. in 2 to 3 hiarvest,

90-100 cum/hat fuel wood/yr from coppice after 2ad year.

Fencing post, and timber of medium quality is obtained from oder crop.

It contains alkaloid “Mimosine” harmful to cattle (and man) so it is good wise to controlled
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SOCIAL FORESTRY

‘Forest and ?‘crestry

Legally, an area of land declared to br* a forest under a forest act or ordinance is termed as forestand
aceordingly ous country has about 22°8% of area under forests. But if actuai wood coverage is considered,
- the fotests constitute hardly 12% of the land area. Undoubtedly, this is an outcome of over exploitation of
the forests by the mankind to fulfil their various demands. But the three basic resources, the land, air and
- water could only be protected, conserved and developed by forests. A forest is a complex system of Abioti.
and Biotic components in constant dynamic equilibrium. Superficially, it may be known by the presence f
 trees, shrubs, herbs, grasses climbers and animal life. The function of a forest is to create, conserve and
develop life¢ Here life includes all forms of life. If these functions are funfilled, then only an area is fit to be
called as forest. All operations to create, conserve and develop forest for dischargmg prescribed functnons

can be termed as Forestry

Tree planting actwiﬁes in nonforest areas:’

The shnnkage of area in forest due to d:vemon for non-forest use, the degradatwn of forests due to
over exploxtatnon, the widerring gap in ‘supply demand of several forest produce, the ecological and
- envxronmental imbalance have initisted & concerted and multipronged drive to plant more number of trees
: and create more forests both within and outside recorded forests. :

" Various terms of activities dnder Social Forestry

The various terms have been used for variGus programmes of extending tree cover to nonforest :
areas viz. Social Forestry, Community forestry, Mixed forestry, extension forestry, Rural forestxy. vmage

- forestry, Farm forestry, Van Mahat Sava, Urban forestry, Recreation forestry Environmental forestry Tree }
farming, Village wood lot, three dimensional forestry, Live stock forestry etc. ’

The National commission on Agriculture in its report on Social Forestry published in 1973 gaveto
it a broad base to include all tree planing activities outside recognised forest area, such as farm forestry,
urban forestry, Homestead forcst:y, Land-scape forestry etc. F.A.O. has coined the word commumty forestry
‘0. mean the same thmg as Socxal forestry. But Society is a broader term than commnmty and hence it is
reasonable to treat Social Forestry as generic term with community forestry at least a synonym.
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Definition

It may be simply expressed that Social Forestry is Forestry with social objectives. No tree planting
activity can be termed Social Forestry, unless local improvement in the activity is percived, unless benefit
to and participation by village peoples are ensured. Thus Social Forestry has a great social over tone and is
intemately connected with rural welfare. Hence, Social Forestry can be defined as forestry of the. peop!e

by the people and for the people

It involved poor land and poor people. It is entirely related with rural welfare. It aims at a social
change and it requires, thus, special aptitude and approaches.

Unique features of Social Forestry
They are :
1. Itis extremely sensitive to the focal Socio-Economic profile.
2. It creates resources to meet the local need on sustained basis.
. It depends more on multiple use trees.
. It requires involvement and participation by rural population.

It adopts short rotation for its crop for early return of benefit.

3
4
5 .
6. It demands for such technology which can be easily understood and implemented.
7. It directs fc;r decentralised activity.

8

- It desired equitable distribution of benefit to the economically and socially backward people.

Objectives
The National Commission an Agriculture recommended the following objectives of Social Forestry
1. 'Td rﬁeet the needs for firewood, small timber, bamboo, fodder and other minor forest produce.
2. To release cowdung as manure for increasing agricultural proﬁuction.
v 3, To provideve.mp.l.oympnt opportunities to the rural poor.

4. To develop cottage industries in local areas.
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S. To utilise the available land to the best advantage according to its production capacity.

6. To provide efficient soil and water conservation.

7. To improve the aesthetic value of the area and to meet the recreational need of the population.

8. To bring out all round development of rural areas as part of integrated rural dévéiopment.

Social Forestry Vis-a-vis Traditional Forestry

The salient features of Social Forestry and traditional forestry may be compared under the following broad

heads :

Social Forestry

1. Type of land used

various types of unused underused and mis-
used land generally in small scale and
spatially diffused in strips or blocks

2. Ownership

Individual, community, government (Forest
and non-forest) lands

3. Objective of Management

To meet the local demand and export if
sufplus-

4. Species used

: Large number of species used with emphasis
on species ensuring benefit on a short
rotation, generally preferring fuelwood,

foddqre fruit and _small timber

5. Management practice adopted

Traditional Forestry

Govt. Reserved, protected and unclassed

forests often in large compact blocks.

Govermment lands

To meet demands of industries and defence

Usually species capable of producing round
timber with emphasis generally on mono
culture of few elite species like sal, teak,

3818800, roscwood, dcodar cte.
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Through several production and management

systems to meet perceived needs of the local ~

communities general preference on manmade
forests though naturally regenerated forests
are not excluded

6. Local involvement in forestry activities
Local involvement is the Key element. The
local communities act independently with
Government assistance or as partners with
Forest department in planning implement
 action and benefit sharing

7. Benefits to Local communities

Benefits of forest based resources to local
communities which on promotion, protection
and diversification assist local development.
8. Role of forestry professionals

As development workers and extension
workers concern with various socio economic
used to integrated forést activities with the
local way of life as a vehicle of community
development specially in places where
physical and social conditions preclude other
developmental works.

Sco‘pe

The scope of the programme includes

Through established silvicultura] systems.
Convert shifting from natural regeneration

to artificial regeneration (man made forests)

Planning, implementation benefits etc. to
Forest department or private owner (where

Private Forestry is still in vogue)

Well income and fringe benefits usually

comprising of low price commodity.

Mainly as resource manager to increase
corporate profit concern mainly with various
technical and financial works‘to improve
performance for higher yield and higher

corporate éaming.



(i) Farm Forestry

(a) Raisiﬁg rows of trees on the bunds and boundaries of fields and individual trees in private
agricultural lands, agro forestry on marginal and sub marginal lands. :

(b) Wind breaks.

(ii) Extension Forestry

(a) Mixed forestry comprising raising of grass and leaf fodder, fruit tre¢s and fuel wood trees on
suitable waste lands, panchayet lands and village commons. '

(b) Shelter belts.

(ii)Raising of plantations of different quick growing species on
(a) Lands on sides of roads, canal banks, and railway lines.
(b) Fbreshore lands and tankbeds.
(c) Bank yard of rural homes.

(iv)Reforestation of degraded forests

Necessity

India today forces of dull crisis of environmental degradation, rural poverty and unemployment of
© 74°74 million ha of forest area only 35 million ha is wellwooded, whereas 25 million ha contain sparse
growth and 14.74 million ha is unproductive. Nearly 100 miilion ha land in the country is crying for
afforestation which mciudes degraded forest areas, revenue lands and barren unculturable waste or fallow

lands.

" The treeless lands have been the greatest eyesore in the country’s landscape. A massive programinc
of tree plantations is necessary on community land, along the roads. canals, tanks. railway tracks and on
private waste land, old fallows and on the bunds of agricultural farms. In addition to inviting massive social
forestry, agroforestry etc. it is also necessary to regulaté tree felling in these areas. ‘

Moreover, the principle underlying the plantation proegramme of social forestry is not only to utilise
every piece of vacant land for growing trees but also to let the people participate and fell at home on their
own land. The programme meets the immediate requirement of the society. The programme is actually an
instrument for rural development. Nevertheless, large, iandless population is the major beneficiary. A need

for the poor land and the poor people.
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Social forestry as a tool for commumtv development

“Poverty in India largcly concentrated in rural areas as compared thh the urban areas. The majority
of tfxe victims are landless labour, poor artisans and small cultivators whose holdmas are very small varying
from 0.1 hato 0.5 ha in spite of various development plans meant for improving the economic condition of
rural populatxon, the beneficiaries of developme,nt works have mostly been persons who were relatively
well off. The poor main has continued to be neglected. In most cases, no alternative scheme was prepared
to absorb the poor man, before taking uip any development work which was likely to affect him adversely.
The economy of the landless and other cultivators was further eroded and they were made unemployed due
to gradual disappearance of small patches of forests which were dotted all over the country side. These
satchy forests were once source of raw materials like leaf for platemaking, seeds for extraction of oil,
smallwood for fuel small timber for toys and furniture bamboo for basket making, leaf for fodder and
roots and fruits for various purposes and these products used to be utilised by those poor landless labour,
poor artisans and small cultivators. The cattle population also lost their grazing ground and were deprived
of their important source of nutrition and thus they became further Impoveri"she’d to add a storm to the
poverty of the poor people. Theirsmall holdings were also subjected to loss of top fertile topso:l by surface
erosion unchecked due to disappearance of nearby patchy village forests and they were not in a position to
bring back the productxvxty by applying fertilizer or bettér village practlce or xmproved seeds etc. like other
efficient members of the village population, Thus they were forced to bécome poorer due to declining

yleld of there holdmgs

 The creation of fuelwood plantations and small village forests on individual or community land
under social forestry has thus opened up new coverage for the upliftment of cconomxcal level of village
‘communities. Social forestry is labour mtensxve in which approximately 80% expenditure is towards
empioymest opportunity to the landless people. ‘With the hngher allocation of fund for social forestry under
various rural development programmes, tho employment opportunity has been increased enormously and
_each poor family has found opportunity of work and earn their livelihood. )

The pl‘O_]ectS will yield raw material for various cottage industries in vxllages for the benefit of the
individuals and community as a ‘whole. The trees raised on individual land or community lands stand
asseis. may be used as savings or source of cash to meet up the .unforeseen contingencies like social
conventions, disaster, physxcal moapabxhty essential but unproductive expenditure. Again there is opportunity
to share the benefits of all projects in kinds and cash, at maturity, through equitable dlstnbunon amongst

the participants, Howevcr at the very onset, the schemes should be devised that the maximum benefits go
to the landless class and then to small farmers and poor artisan. The schemes should be meant for the
poorest upwards, &onomca!ly, better off people should be in a posmon to look to their improvements
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themselves. If, therefore, transpires that Social Forestry is a boon to the society for the socio-economic
development of the community at large. . ‘

AGRO-FORESTRY

Definition
Agro-forestry has been defined as a sustainable land management system which increases the vse

ofland, combines the production of crop (including tree crops) arid forest crops and/or animals simultaneot sty
or sequentially, on the same unit of land and applies management practices that are compatible with the

cultural practice of the local population.

Concept

~ Agroforestry is only a part of the Social Forestry. In fact, agroforestry as distinct from conventioni!
agriculture and forest is an inter face between these two traditional land use systems, where emphasis is o
integrated production of wood perenials with agricultural components (crops, live stock) in a sustainablr.

manner,

Objectives
The following are the broad objectives of égroforestry.

(1) To use farm resources properly.

(2) To maximise per unit production of food, fuel, fodder, live stock and other forest products. Besides, it
should be raised with a view to optimise the productivity of natural biological and physical resources
viz. Land. labour, livestock, soil moisture, solar radiation and the like.

(3) Reduction of pressure on protective and productive forest to meet the local demands for fuelwood,
fodder building material, industrial timber etc. so that the existing forests can fully be spared for the

protective and productive roles.
(4) To maintain/restore ecological balance.

(3) To check soil erosion, conserve soil moisture and increase soil fertility.
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Agro ‘forésh"y“product'ion sj'stem .
Agroforestry has been deﬁncd asa sustamable land managcment system and xt mcludes

@) Agn»sxlvxculture
( ii)-Silvo-pastural system
j(m)Agro-sxlvo-pastureal -zystem

) (w)Multx purpose forest tree productxon system

~ In all agxofowstty land management systems there are' two essential and related aims : the systems
should conserve and i improve the site, and at the same time optimise the combmed production of a forest

crop and an agncu!tural crop.

. Agroforestxy can be- comparcd in concept thh the multxplc croppmg system of agncultunsts Thus,
the term multxplc cropping can be compared to the term agro-forestry. In the 'same way the termi mixed
croppmg nught be oonsxdered to be similar to that of Agri-silviculture. The spatxul arrangements of crops in
mzxcd cropping system or in Agn—Sﬂvxcu'tural system might be 1aphazard or might be orgamced In
. haphazard systems, there is multiplicity of species grown in mixtive, whereas’ the organised systems
_correspond to intercropping or row mtemroppmg where the different species are grown in rows and the

.populations of each are fixed.

Agroforestry systems of developmg countries:

Agroforestry encompasses many well known land use systems practised since long time in the
eutire humid tropics. Shifting cultxvanon or bushfallow system where woody fallow is a deliberate and
smportant part of the system, mteractmg ecologxcally arid economically with cropping phase. Systems with
natirat fallows can be classified as primitive agroforestry since no deliberate choice of planting woody
species takes place. Taungya system ‘which originally started from Burma with pnme objectxve of raising.
“ Teak along with the mixed cropping can be considered one step further in the process of transformation
- from shifting cultivation to Agroforestry other systems such .as raising of economically importaut tree
~ crops suck as rubber, coconut; ¢il palms, citrus, prunas etc. mixed with annual crops or fodder and fruit
_ trees mixed in the _pastures or raising of fodder and fruit trée on the bunds of agrictiwural fi=ld as 15 in
‘common practice in the mealayas or use of woody species as wmd breaks, fence etc, are included in the
scope of agrogorestry.
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Different species of parennial ‘plants with different growth habxts can also be combined: an mterestmg
example exists at Costa Rica where the combination of Coffee in lower level. specxes of Enythrina at the
middle level: océurs, Erythrma species enriches the soil by the ﬁxmg nitrogen in the soxI and alsoincreases
the quality of coffee by pamal shading. Whereas a tlrnber tree cordia alliodora is raised at the top level. An .
" artificial system of this type is quite similar to forest ecosystem and should be rated ‘very high for conservation
_of nutnents and soﬂ and for mcteasmg produotxvny

, It will be ev:dent thatagtoforestry is pnmmly a system where agriculture and forestry are practised-
either sxmtdtaneously or separately-on the same unit of land. In fact in forestry, we have asystem known as
taungya system of regenerating one of our most valuable foresti.e. declduous sal forest in West Bengal and

‘in Uttar Pradesh. In West Bengal this system is being practxsed from the beginning of the 20" Century and
in Uttar Pradesh from 1923. This system has worked very successfully. It is evident that foresters are well
aware of this type of agroforestry system: for the regeneranon of the forests themselves '

A detailed summary of various Agroforestry system, and praetnces by locatmu is recovered in the
- followmg table -

_ "Practlces' Regions where used
Nt ~ Agro Silvicultural ‘system V
1) Improved fallow (in shxfhng cultivation. - S.E: Asie, East and central Africa,
 areas) | © American tropics
2) Taungye ’ “South paciﬁe; SE. Asia South Asia, .

 East and Central Aftica; West Africa.
3) T_ree‘ gardens (primariiy fruxt andhut - South Pacxfxc S. E Asxa mxddle east
- trees en‘dveleo for firewood ' Medxterranean Amencan tropics.

4) Hedge gr,ow inter cropping (Alley crop- '.',, S.E. Asna, East and Central Africa,

- ping ‘West Afica L

5) Mixltiggtposetreeeapq shrubs on-farm Through out developing world

© lands i
~6)  Crop combination with plantation crop * - do-
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)

2)

3)

1)

2-)!

1)

2)' -

3)

Multipurpose fuelwood trees

. She!terbglts, wind breaks soil conserva-

tion hédge's'

Silver pastoral system

Protein bank (cut and carry fodder
pro,dhction) | '
Living fance of fodder trees and hedges

‘Trees & Shrubs on Quartures
Agro Silvo-Pastoral

Woody hedges for browse, mulch, green

manure, soil conservation etc.

'Home gardens (With harbaceous and -
~ woody plants) ' ‘
. Others

Agro forestry (Silviculture in mangrove

_ swamps, trees in bunds of fish breeding

ponds)
Shifting cultivation

Bééke;éing with trees .

Se6

South Pacific, S.E. Asia, East & Central
Africa, American tropics

Through out developing world

S.E. Asia, South Asia, East and Central

- Africa, West Africa, Amexican tropics

S.E. Asia, South Asia, East and Central
Africa American tropics

Through out developing worid

Sowrh Pacific, S.E. Asia, Souti1 Asia,
East & Cential Africa, W. Africa,
American tropics | '

Throughout developinig world
South East Asia

South pacific, South Asia, East and
Central Africa, West Africa, American
tropics - s : __
So&h pacific, S.E. Asia, South Asia,
Middle East and mediterranean, East
and central Africa, West Africa. -



Problems in Agrofot‘estry mﬁnagmeht

“The purpose ofégrdfdrestry researches to help clients achieve their goals. The most obvious clients
are farmers, especially resource poor farm families in the tropical uplands and humid lowlands other clients
include forestry and natural resource agencies rural development authorities, village associations and other
group that want to use agroforestry techniques to further organisational goals. Clients also include extension
agencies and non govemmcnt orgamsanon that help farmers and orgamsatxons obtain new mformatxon and

apply it. ’ _
Thosc who prescnbe agtoforestry mterventlons and those who perform agroforestry activities are

motivated by both socxal and economic goals, but prescribers are more often motwated by social motives,
while farmers are more concerned w:th direct economic and ﬁnancxa! goals.

Social goals
" Social goal‘s include
() Ru-ra'l development
(ii) Site p;oc.iucﬁ.\(it'}g
| (iii)Watérsbed improv'ement and environment protection.
Economic goals .' |

Farmers are particularly motxvated by economic incentives, and the economic condxtxon of farmers
has wellknown socxal effects on those around them and those dependent upon them.

Economic goals mclude '
(i) Increasing net iucoine_
(if) Reducing risks o
. (iii)hhprovihg envirbnhwtital.setviées :
(iv)Accumulation of wealth and savings.

~ Applied research problems are best defined according o the clients needs for information. This
requires the researchers to understand the clients problems. A problem has five elements. All five must be
Spccmlly described if the problcm so defined i isto be the basis for an agmfomtry preservation or research
. .projects. '
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Five elements of a pfoblem‘

(1) The Client -
" The chent is one or ‘more people who must make one or more decxsions involving agroforestry.

(2) The Clients objectxve

The client must wish to achxeve an exphcxt objectwe as a result of decision made,

A3) Alternatives to meach the objecﬁves

Helpmg clxents by giving them better mformatxon as they choose among altematxves isa pnmary
role of Agroforestry research.

(4) Doubt

The development of new and better altemanves is major research role. Another role of research is
~ to reduce uncertamty and risks associated with the predicted responses to mputs o ‘

{ ‘i) Context

The client, the clients objectxves and the pursmt of these objectives occurin a spec:ﬁc location and
social context, There must be descnbed ina completely defined problem statement..

: Constramts with respect to land tenure

‘ To grow trees, people must have access to some land. Unless this can be secured, selfhelp forestry
cannot help the landless. Nor are very small farmers needing to devote all their madequate allocation of
land to staple food crops, lxkely to be able to participate in tree growing.

In most countries of the developing world land is the most valuable possession, wealth and status
are measured by land ownership. When farmers are given temporary base to develop government land, it is
difficult for them to be committed to longterm cultxvatxon practices that produce no immediate or obvious
benefit. thﬁmg cultivators also are not interested in plantmg trees with crops because they are illegal
occupants - they have no secunty of land ownership. '

So, we would lxke to activate unutilized wastelands where no vxable agrxcultural activities other
than forestry are possxble Such unutilized waste land can be broadly divided into two catégories, government
and non-government. On the Government side there are wastelands belonging to revenue departments and
vast areas of denuded forest lands belonging to the forest department on theé non-government side, there are
wastelands under individual ownership and waste lands under common ownership.



However, after the abohtion -of Zamindary various lchslatxons to limit tree fand holdings were also
enacted and arrangements ‘were done to distribute the surplus land to the landless. Furthermore in W.
Bengal and the phdxppmes projects are based on groups or landless given access to public land on which to
grow trees These schemes are too young to permn an assessmmt of their success, but early indications

from some of them are encouragmg

Agroforestry researcb

: Cons:dermg the importance of Agroforestry, approach a seminat on agrofore‘stry was orgamsed by
the ICAR at Imphal in the year, 1979. The seminar constitute a task force headed by Dr. K.F.S. King as its

chairian to suggest the research directions and organisational pattem for making such studies in the country.
Establishment of an ALL INDIA COORDINATED RESEARCH PROJECT with centres in States and
union territories for comprehensive study on the various aspects of agro forést.ry was recommended.

As a consequence of the task force recommendations, the ICAR sanctioned an ALL (NDIA

COORDINATED RESEARCH PROJECT on Agroforestry with the coordination call in Krishi bhavan
and centres at 20 places in different agrooecologxcal ‘regions of the country dunng the 6% plan.

Proposed hnes of rcsearch in Agroforestry
1. Survey, dlagn,osxs and desngn
(1) Survey and evaluation of existing agroforestry systéms.
(n) Dxagnosxs of land management system suitable for Agro forestry.

( m)Desxgn of appropnatc system of Agroforestry with pazucular reference to combmatmn of various
components.
2. latroduction, screening and improvement (plant breeding)

¢i) Introduction an(‘i.sdreéningvof plant speqiés both woody perennial and less known economic
plants from analogons climatic regions for various farming systems.

: (ii)_Brcédirig» and gehéﬁc improVement of trees for agroforestry systenis to evolve jideo types for
compatible associations in consonance with the cultural practices of local population.

3. System management Studies
(Agronomyand soil scxcnce)

(i) Ecological and silvicultural studies with regard to woody perennial species compattble with
inter cropping.
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(n) Root dxstnbutxon root growth and root activity with reference to Agroforestry system,
| (m)Dry matter productxon as aﬁ‘ected by the form and nature of- crop system espeoially in mined
horbaceous/woody petenmal crop systems B
(zv)Inﬂuence of genotype and envuonment ( especxal!y mtercrop envu‘omnent) dry matter distribution
. in herbaceous and woody plants
v) Effect of plant management on plant growth dry matter dzstubutxon and plant development
'(vx)PIant stress factors and there mﬂuence on productxou w:th specxos reference to plant assocaat:ons
in Agroforcstry
(vii) Seed morphology and germmaﬂon physxology of woody perenmal specxes suxtablc for
Agroforestry. ' = : .

(vm) anary and secondary pxoduction in levx-pastoral systcms with fodder production and its
utilisation by animals and dctermmatlon of the nutnent supply and demand proﬁle» through out
the year in different grazmg systems - .
(ix)Crop water use with special reference to- mixed cropping. situations in Agroforestry. Ecoclimatic
influence of perennxal woody species in mixed cropping systems Ecaclimate and erop tree
- mixtures and soil erosion studies under different agroforestry systems and crop management
practxces
(x) Collection and collectxon of data in Agroforestry practlces and systems and simulation models
: of‘ production from Agroforestry as compared to single crop/ forestry practices. Environmental
m}pact analysis studies with regard to systems affected as a result of Agro-forostry managcmem

(xt)Plant nutrient needs as aﬁ’ected by soil and mtetcroppm in agrofarestry systems. _
(xii) - Nodulation ocology and mtrogon fixing abxhty of lcgummoua species in agrot‘orestry systems.

(xm) Microbial and mycologlcal studxes in rhxzosphere of perrenial woody species for agroforosiry
w1th reference to cultural practxces

b Economics and extensxon :

()] Evaluauon of the cost benefit analys1s of various agroforestry systems, sacio-economic i impact
. stugy and analysis of existing agroforestry systems on. markgting of plant pmducts both for
woody perenmal vegetatxon and croppmg systems. :
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(ix) Research methods In extetision and training forAgroforeatry along with productxon of suitable
. literature fot agrof‘orestry system adoptable to d:ﬁ'erent goil climate regxons of the country

Cost and benefit ratio in Agroforestry

It has been 'w'idely argued that to be attractive to rural people tree growing must preduce trangible
short term economxc benefits, For the poor, the need to give priority to meeting present rather than future
- need is very urgent. \that thxs isan xmportant factor is bore out by the fact that nearly everywhere the trees
people choose to grow are those that start to produce fruits, fodder gums and other outputs of saleable o:
ownuse value early after plantmg in addition to the wood produoed later on in the production cycle wood in -
fact is usually a co-product, and often only a by-product of other products of trees on a farm or in a village.

It is important to recogmze in what form costs have to be borne by a small farmer, and that particular
costs may weight much heavily in his economic calculations than in these of a forester or enterprencur.
Many of his costs and benefits take forms other than cash outlays and incomings. For example, prominent
among his implant calculations in usually consxderauon of risk; the need when living in the margins of
existence to avoxd any change which, though it might i nnprove his situation if it functions expected could

leave him even worse off than he is now if it does not an assessment. of the options open to the farmer must
therefore reflect these and other realities which shape his economic decisions, and not be continued simply
to ;nonetary assessment of cost and profitability. .

‘Marketing
The emerging importance and magxﬁmde of the groWing of trees as.a cash crop is focussing attention
on a member of issue. First, there is the matter of access to markets and on prices. Much of on firm =
forestation has grown up spontaneously in respect to market factors, notably rising prices. In some places,
~ such as Gujrat, the expansion of tree growing has been so rapid, and now so large, that concerns have begin
to arise that supplies could soon excced demand, leading to fall in prices. Attention is, therefore, being
given to developing a market intelligence system so that farmers are not encouraged to build up production
beyond levels, which would yield then accceptable retum shifts in land-use practices towards tree growing
on the scale bemg witnessed in Gujrat are also msmgxssues of crop and labour dlsplaccment

In most places it is stlll the opposxte problem of producing the necessary support to enable farmers
to take advantage of market opportunities that require attention. This may entail no more than extension
advzce_ on whiat to grow and how to grow it and access to planting stock. In some cases, it could alsoinvolve
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access to markets and pnce levels. Small holder productxon of pulpwood in the phillippines, for example,
rests on contractual assurances about prices and about the willingness of the pulp company to purchase

farmer productlon

The process of commercialization of previously prcdommantly substarnce tree out put such as
firewood is clearly spreading from the towns into the rural areas. _As local wood resources continue to
’ demcmsh rural as well as urban people wxll mcreasmgly have to purchasc at least part of their necds

The stxmulus of an acocssxble cash market for-tree products is becoming available to farmees in
tmore and more situations. The growing of trees in rcsponse to market forces is therefore becoming and
' increasingly large component of overall community fevel forestation: The' need to understand
commercxahzatxon procms is. consequently becoming i important. As yet, it has been little studied.

Extensmn educahon strategy

A pRanned extenszon educatxon strategy has to be developed {0 overcome vztal problems mhab:tmg '
~ people’s mvolvemcnt in social forestry or agrofoxestxy operations M 2:

(1 Persomi Socxo—economlc status, economxc motxvatxon, 1.k onentatwn and: att;tudc towards
forests

2) Soual Social parhc:patxon, mass media cxposute, extensmn co*ztacts illicit ﬁllmg of trees.

3) Infrastructure and snpport activities: Forest pohcy, institutional support in terms of training
m silviculture and managmerit practxces extensxon programme for aﬁ‘orestatxons

For optunum ham&ssmg of forest wealth all factors capable of inducing the scope of extension
‘education in Agroforestry. should be given dug attention. and a planned or system approach of different
© stage development is adopted for various problems mlubxtmg people’s partxcxpauon '

EXTENSION FORESTRY
Extension forestry programmes cover:
‘ (1) Mixed. forestry wastelands, Panchayat lands, vxllage commons.
(ii) Rmsmg sheltex, belts i in arxd regxons

(iii)Raising of plamatxons of quxck growmg specxes on lands on the sides of roads canal banks, raxlway
lands. . ,
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“The National commission on Agriculture (NCA) has suggested the following important steps in regards to
mixed forestry and shelter belts :- :

(1) Any programme of mnxed forest:y in village wastelands and panchayet lands should be such as is
acceptable to the village populatxon , : :

(2) The; programme should be undettaken ouly in those areas where the Tricidence ofwasteland is suﬁicxcntly'
high, so that a part of them can always be kept for the satxsfaction of the v:llagers L

(3) The programme should be take into consxdemtxon the need for a yiéld of such products are the vxllagers
immediate concern fodder and grass should form an important component of mixed forestry.

(4) Income from mixed forestry should be dmded equally between the Pmehnyat andthc State Government.

(S) Co-ordmated efforts by the Agriculture and Forest departments of State govemments should be made
for the planmng and creation of shelter belts.

(6) Research should be carried out on a priority basis by the concemed institutions to determme the regions
where shelter belts should be planted their effect on hydrology and crop yield and their composxtxon

‘ and management

) There should be an element of subsxdy to be shared ‘between the Central and State Govemments that
has to be butlt mto shelter belts programmes during the first 15 to 20 years. -

: These programr_nes shotxld be unplemented by villagers under the supervxsxon of village panchayats
and in close co-operation with the State Governments Forest department.

RECREATION FORESTRY

, _Recreation forestry contributes both to social development and education in environmental matters.

" Better landseape effects are achieved by easing out the edge of coppices and adding a few omamenta|

~ species in a more fragmented or frequently viewed sites. With planting up pipul and simul the landscaps

brighten up. The trees are not 'only ornamental but attract birds and colour and life to the environment. In

urban areas, parks and gardens are city’s lungs; but they lend colour and life and bring recreation to urban

people since the maintenance of parks and gardens are expensive, larger areas may be planted with suitable

trees and shrubs to provide a forest atmosphere such forest parks and gardens are very popular and contribute
to the general upliftof the health of the urban population. The development of wild life should be much for

recreational forestry as far its scientific i importance.
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‘It is generally agreed that any tree planting programme especially those on congested city stum
. areas close to habitants, mdiistnal and business areass, constitute an exercise which leads to considerable
: ecologxcal gains. it is also an. ‘established fact that tree planting not only adds to the aesthctxcs, but also
provxde a pollution free zone congemal to healthy vamg of the city dwellers.

- Hence, in order to enhance the quality of lifé and to ensure a healthy body and spmt to the future .
progeny it is imperative that the threatened envxronmental balance be re-cstabhshed to the extent possible

ina systematxc way within a glvcn time frame

PEOPLE’S PARTICIPATION
Concept o£ develdpn’ient

) The concept of development is concerned-as an mtegrascd process of economic and social
deveIOpment with. socxal justice. It is an mtegrated process of chan"e mvolvmg not only economic and
) _socxal but also cultural and human factors .

Conccpt of Partxclpationllnvolvement

Involvement

: Involvement in the development process réquires identification with the movement xtself This
meansthatpeoplemvolvethemselvamaﬂaspectsofthepms S

i—'in thmkmg
| '.~—- in need 1d<-nuﬁcatmn
— ﬁxmg pnontws of the need
— plannms
—_— decnsxon makmg
— xmplemcnung
— evaluatmg.
'ﬂus 1s a mcntal prooess as well as phystcal 'Ihcre is an element of initiative in the process.
Partxcnpmon
“Itis deﬁned as an individual’s mental and emotmnal xnvolvement in group sxtuauons that cncouragc



him to contribute to group goals and to share responsibility for thein. The definition has thrce‘ important
aspects: o : '

The first aspect is mental and emotion involvement rather than more muscular activity. The |
* participants characterized to have egoinvolvement rather than task involvement.

The Second aspect is to motivate contribution. There is opportunity for initiative and creativity.
Participation is more than mere approval of something already decided.

The Third aspect is that it encourages people to accept responsibility for group activities. An
individual who is actively involved in some activity is more committed to finishing that activity.

Differentiation and interchangeability of the terms.

It is evident that participation and involvement could be differentiated. The former means sharing
and latter is characterized by wrap oneself with the activity. In spite of this differentiation, these two terms

are often used interchangeably.

Interaction with the participants

However, participation or involvement in whatever way they are defined, there is need to inyolve .
~ the participants (people) of the people right from the designing stage. It is man who is to be understood
since he is to be involved in the process of his own change. The understanding should be in terms of his
needs, motivation, perception, attitudes and the social milieu which would facilitate the planner to draw
out schemes in such a way as to facilitate people to organise themselves in order to achieve the goal.

Psychology of participation
People spend a great deal of their time in the c;,ompany of other people. Pursuit of satisfaction of
even basic needs is carried out in groups. Whether it is an instinctive need or a learned behaviour, the fact
remains that a social contact becomes the most important and necessary part of existence. People do mediate
- goals for one another and it may be necessary to associate with other people or. belong to particular group
- inorder to obtain specificable individual goal. People representing goals for one another do have needs like
approval, support, friendship, prestige etc. that can only be satisfied in interpersonal relation.

" Thus must be certain factors which impel people form into groups. Groups form as individuals
interact in definite location _ana performs tasks or cope with problems that can not be handled individually,
In the interaction process, the group infliences individual members and expects them to belicve and act as
others do. Very bﬁcn, the members of the group would like to confirm the norms and values of the group.
The types of cohformity behaviour have been identified one is the compliance behaviour and the other
personal acceptance. In the former case, it is primarily compliance without believing in it, whereas in latter
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, case, there is- change in one s amtudes in the dxreeuon of group s attitudes. In thxs process,: psychologxcal f
functions such as perceptxon, attxtudes, emotions, motivation and personality are affected depending on the

propcrtxes of the groups
Characteristics of group behavlonr

@0 A motwated base common and conducxve to recuzrent personal behakur over times,

(u) F ormatxon of a group structure with certam def‘med and dxﬁ'erentxated role and statuses from,

~ non members '
: (m)Formahon of a set of nérms in terms of values, rules, 'sténdard or behavibur, goals etc.
- (iv)Comparatively consxstcnt dxﬂ'erennal eﬁ’ects inthe atutude and behavxoux of mdwndual members
produced by the group propeﬂxes

l Criteria of effecuveness of partxcxpatlon

(n) Personal~Socml

Personal-soclal charactenstxcs of membcrs such as age, sex, educatzoual level, occupatzonal and
socxal status, cultural and traditional values, personahty characteristics form some of the important criteria.
The hcmogemty and. heterogemty too affect mterpersonal behavxour
"(u) Task onented

Task oriented factors pertaxmng to the characteristics of the activity problems, task or occasion that
form the objective or aim of group formation, affect the performance of the members in a group. -
(iii)Infrastructure and locational facilities
| The social'milieu like the -IbcaﬁOn place of incidence, cultura_l, environ'menta_l values, taboos etc. -
also\aﬁ‘ect interpersonal behaViour of the members in a group. '

The importance of the inidividual and his personality cannot be neglected as it is the individual wha
actsina certain social environment in order to brmg about an effective participation for a social cause. The
participation will be more efféctive when the participants motives, needs attitudes, values and ability with
regard to the task in hand, the fact to make use of locational facilities are consonance with each other,

- Approach for organising 'the rural poor

People should:be mvolved fully and consciously without the socio-ecoriomic barrier. To achieve
.ihxs, the followmg approaches are. suggested - ‘
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1. Bottom-up ﬁpproach

' The whole pldﬁnlﬁg proeess should be bottomup approaoh The user of the ptogramme should also
be deczsxonmakei‘ of the prograinie may be, the existing setup does not persxst sudden change
" from topdown to botfomup appirosch. Henee, an attemnpt needs be made to merge the topdown and
bottomup approachcs where both the givers and reoewm‘s of progtamme play a mutually supported.

- ,role in evolvmg a programme
2. Sound mformatlon desimiiiation desimination approach

" In order to partlcxpate meatinigfll in the policies and plans, the people need to be given sufficient
and objecuve information, Hence a §otitid iﬂforxﬂatxon desittiination approach needs to be developed. Formal
- and informal- educatxon {6 ﬁédpié should be made avaxléble, to enhance their capacity to plan, initiate and-

follow up the scheme

3. Conscnentlsahon approach
(i) To btmg about people involvement, the people should be conscxentxsed carefully and effectively
‘so that they beoomo aware of the rights and privileges and organise themselves. into groups for
~_production activities. |
(i) PeOpie should be 'giVen emotional support to aocéot the newer values.
(m)'l’he haerarchxcal nature of the existing social structure to create a depending relatxonsh:p A
break through mthxs could be achieved through a process of conscnentxsatxon

4, Identnﬁcanon of ¢ groups havmg 1dentical needs

Certam groups exist in all the commumtxes i.e. rehglous, pohtxcal ete. These groups all formed on
the basis of certain characteristics and aﬂ‘ilxanons It is also found' that groups sprmg up when a need arises.
The development workex should be conscxous of identifying these informal groups and brings them together
fot development activities. Attempts ‘'should be made to 1dent1fy the felt needs of the people and bring;

- together those hav ing identical needs.

5. Indmdual approach
Approach to the person should be based on the concept of the total man. Thxs requires and mtegrated

approach of development and welfare onented programme. In this respect, the role of the external agency
~ should be one of catalyst and the change should occur within the individual so that the self is developed

over a period of nme Selfhelp activities should be encourage substantial help if demand necessary shall be
provided in time. Sub51d1es should be given to serve as a supplement and is more effecnve ifit is ngen m‘
; ,,..cxon of the efforts. '
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6. Developmont of 8 sense of ownership and responsibility

‘The outside agency should be sensitive to the opportumty whxch arise from the community to
» assure more and more responsibility for the 1mplementaixon of the programme. The outside agency should
be prepared to withdtaw gradually, delegatmg respon‘sibi!ities and functions to the community.

A programme which does not achieve tangible and rneanurgful results wnhm a relatxvely short
period is less attraetwe toa commumty Therefore, activities particularly in the initial stages of programme
development should meet the needs felt by a s1gmﬁcant section of the community involved in the.

programmcs

Lastly, the approaches should be extensive and intensive to the extent benig redundnt. This in
communication terms means densification. The main task here would be to expose the people to a wide
information environment, The audience will not always be available. But omnipresence of programme
messages will ensure that they w111 be noticed when the audience is receptive and availablc.

Peoples’ parﬁcip_ati_on in Social Forestry projects wiih reference to
| West Bengal

Peoples’ participaﬁon | ‘
_ A modem management pattern envxsages mvolvement of all people for all txmc participation at all
stages and social accountablhty at every stage.

One way that forestry developmenf planners and policy makers are attemptmg to re-establish the

traditional people forest resource -balance is through social Forestry a genetic name embracing large

. number of the growing and management practices mvolvmg the rutal people who are agents as well as
victims of forest degradahon

‘The requtsltes for successful approach would include the followmg -
(l) The objectxve should be clearly laid out,

_ (2) The ob_)ectxves and the means of reachmg the same should be such to meet the needs of the
- people actual as well as prescnbed

3) The commumty should fully be empowered and be mdependent of outsxde negatxve mterventxon
(4) The commumty capabxhty should be adequate to remforce the exxstmg structure authority.
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Beneﬁt slmring mecnenism in parﬂeipatory management of forests

1.

The conventional deﬁmtxon of eommon property resources is those resources in which a group of

“people have got equal use rights. In the content of Indians villages the resources falling in the category
.included eommumty pastures, community forests, wastelands, dramages, village ponds, common

dumping/threshing grounds watershed rivers as well as their banks and bed’s. Even when local ownership
of some of these resources wzth another agency (eg. Wastelands belonging to the reveniue department
of the state), in a defacto sense they belong to the village eommunmes '

Various components of social forestry project like strip plantations, rehabilitation of degraded forests ‘
through planting and coppicing etc. envisaged sharing of benefits from the common property resources -
and govemment lands with beneﬂcranes to the zdentxﬁed from amongst the frxnge population, -

With progress of social forestry prOJect and aﬁer creatxon of assets in the form of plantat:on etc. Forest
department felt the need of management of these plantations with the help of local panchayat i institutions
and the identified beneficiaries. Accordingly ;fgon-o-Bhumi Sanskar Sthayee Samity” was created
and it was assigned with the duties and responsibilities for looking after the forest matters in additionto .
the identification of the beneficiaries from amongst S.C.and 8.T. toreap the benefits from the plantation
created under Soctal Forest Pro;ect and LT.D.P.

It was also decided that the usefmxts from the plantations created by the Forest department on the

+ vested wastelands and other public lands under RLEGP scheme would be distributed to the extent of

50% to.the rural poor persons as identified by the “Bon'o~Bhurm Sanskar Sthayce Samxty” of the
Panchayat Sarmty
The department of forest also ‘granted that 25% of the usefruits from the plantations created under the

R.D.F. programme of the Social Forestry project will be distributed to the local peoplé as identified by
Gram Panchayat concerned and the beneficiaries will be selected by the said sthayee samity of the

Panchayat Samxty concemed

The department of Forest also arranged to hand over the stnp plantatxons created under the Socxal
Forestry Project to the Gram Panchayat after third year of creation for maintenance and protection. The

Gram Panchayats are to identify the beneficiaries from the | poor people in the localities to get use fruits - -

from the said plantatxons So far; abou five thousands hectares strip plantations have been handed ovet,

Meanwhxie an equlpment mmated by silvicultural (South) Division near Arabari of Midnapore drstnct
for resuscitation of nearby 1271 hectares of degraded sal forests with the heIp of 618 families living in
the forest fringes, resulted in restockmg of the degraded forest land with beautxful r88%Reration of sal
crop and plantation. Here also, the department of forest granted 25% of the net rétdfn from forest
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harvestxng of sal coppice and fast growing species to be distributed among the identified beneficiaries

as unifructory benefits subject to some terms and sanditign, In the year 1987-88, the total income

’ calculated for 618 famxhes from 97 ha. tumned out to Rs 6 04, 837/— ie. Rs, l ,028/- per famlly per

8. The expenence of soc:al forestry Project Araban socio-eeoncmic cxpsnmgnts as well as the extension
.motnvatxon campangn by forest department personnels jomtly with the members of Panchayet Raj

© . institutions led to spread of Peoples Partxcxpatory Mandgement. Like wild fire in whale of South
‘ Bengal inthe. namc of Forest Protection Commxttees The department of forgsts grantgd tecognition of

" these committees allowmg the members of such committees 25% of the usefruits free of cost, from the
‘Sal coppice forests and plantatlons to be protected by such compmittees. The Govt. also allowed fiee
collection of certain minor forest. produee as well ‘as 25% of the ﬂmwpgd phtained as m*ermr:dxate

, thmmng y:eid
, _Indxvxdual beneﬁts Short term return from N. W F, P

. Actlvxtws are ain 1ed at the short term yselds to sustain the interest of adjoining vxudgcrs These are
stlw—pasture, Agmforcstry kishan nurseries, chxculture Mushroon: cultxvatlon Sabai rope making etc.
Therei is considerable potential income from non-wood torest products (+1 W.F.P) obtainable from vigorously
regenerating fowct land Case 'studies reveal that N.WEF.PS. - Sal sead, pal leaf, kend legf mushroom,
natural tussar cocco? 8, edible fruits medicinal plants enable 3 yillager to earn on an average Rs. 9.60 per

Social justice:

So far forest: management is concemed the expcrlcnce in Bcngal inunique. The success stems from
the advancement of democracy which has by now taken a deep root in the fibres of sogial ramxf ication. A
propeople land reform policy, involvement of the threetier Panchayet Raj and planning process from grassroot
level, blending w1th as mstltutxon ailed propeople forest management have made this possible. A break
thro\xgh has been achleved by ensuing a distributive social justice and by foresting a conservation culture.

| Specxes suitable for dlfferent dxff‘ cult sites affor estation
Afforestatxon means creatmg forest crops on lands not originally forcsted and includes mainly
extensxon forestry for ptoductzou or protcctxve purpose

In undertakmg aﬂ"orestatlon works we should keep in mind open and be prepared to do anything
. new, We may have to tide over numerous dlﬁicultxes like drought, white out, mycologxcai and basterial
dxseases forcst grazing by animals mcludmg camels and goats and danger of locust mvasion.
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I.- Fixation of Shifting sand

(A)Inland saxid
(i) Tlmnelvelly and Ballary districts of Tamnlnadu Plantauons of casuarma, prosopis

_inga dulxes and Albizzia lebbek suecessfully established on the river banks. Natural
regeneratxon of Acacia arabia and A auriculata come up and the danger of sl_nftmg sand
vénished. :

(u) Stream bed fixation or ‘cho’ training work : Branch cuttings of issoo, vxtex, Ipomea,
Osqly as well as Anmdo donax are planted in lines along the banks and spurs of the

_ same spécies are constructed in such a way that they are inclined at an angle of 30° tr

~ main bank. There is deposition of the fine silt behind the live nedgeine. The ‘Bela’ area

s next taken up for plantmg works. It is first planted up with tufts of saccharum munja
' grass and when the san has been stabxhzed the Sissoo is raised by sowing or planting,

(B) Coastal pond
W. Bengal, Orissa, Tamilnadu, Maharastra etc.

The sandy wastes até_ planted with two yeaf old seedlings of casuarina equisetifolia grown
in bottomless pots. Spacement 6’ x 6’ in W, Bengal, 8 /2’ x 8%’ in Orissa and 12’ x 12’ in Maharastra.

- The casuarina plantmg is done on the inner dunes and protected by barbed wire fencing against in

roads by cattle. Rotatxon period is 10-20 years Along with casuarina. Anacardium occidentalis,
callophyllum inophyllum and Acacia momhfomus have also been successfully tried. Low tracts

.near the sea rriay be waterlogged. In such areas, good resuits have been obtained by hamessing the

wind to bank up sand agamst the baffles and planting casuanna on the banks to raxsed

2 Afforestatxon of dry and and areas

Such area occupy about 7% of the total land area in India distributed mostly in western India. The

succcss of aﬁ'orestatnon works depends upon :

UP.
 Acaciaarabica, A. lencophboea, Prosophis julifera, P. spicigera, Alilanthus excelpa Siessu, Pongamia

(i) Proper selection of Species Rajasthan and Punjab

" Acacia general, A. modests, Prosopis Spicigera, P. zinlifera, Zizyphus zujuba, Dodonea
viscosa, Callotropis procera, Aristida Spp Cenchrus spp Saccharum munja and Cyperus and
narious.
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pimata, Azadirachta mdxca, Bauhinia variegata and cassia ﬁsm!a.

(ii) Proper nurscry technlqua
In aunken beds - imgatxon by ﬂdoding. -

(m)Strlct chmre of the plantmg area
(xv)Apphcatxou of molsture conservatwn methods such a8 contour trenching, cross bendmg
terracmg, subsoiling and apphcatxon of agnsxlviculture technique,

: (v) Planting of seedlmg Transplants and stuxnps should be preferred to sowing. Planting carly in
the season. Sowmg of planting may be doge in depresslons or pits to facilitate moisture
conservatnon )

| (vi)Diring weeding weed growth not interfering with the plants are retained for mmsturc

' conservatxon. :

_(vii) Soil workmg done in between lines or plants after each shower or rain and the soil is not

allowed to cake.

(vm) Plants should be thinned ud lpaced ‘out early as ﬁl sonl moisture is the lumtmg factor.
(ix)The sodnum soils are reclaimed before uncfertakmg aﬂ'owstatton | ' '

3. lmgated plantauons

’I'he sxlmg of an irrigated plantation involves conszderatxon of accessxbxlxty, size and shapc of the
area. Shallow soil should be avoxded as also ground with uneven surface. The site should be as near as
possible to the head work of a canal system. Thc command should be good for rapid distribution of watcr.

On Kallar or Sandy soils sissoo makes a heavy demand for water but little headway in growth and
- the resultmg crop is patchy and open. Kallar soils should be planted with Tamarix articulata and drier soils
~ with Méha azadarach and prosopis. In view of the fact that pure sissoo crops are liable to attach by Fungus
Fomus lucidus and insect (Plecoptera ruflexa) the sissoo crop is underplanted with melia azadarach and

Tamanx articulata.

4 Afforestation of denuded hill slopes

Denuded hill slopes are found throughout the country. The soil is generally shallow and subject to
erosion, The botwutherly aspects present extreme conditions and limit the choice of spxccs for afforestation
pm'posc (Jrazmgas generally heavy and no attemipt to re-vegetation can be- attempted unless the area is
-ngxdly closedto g;azuxg browning and other destmctxve activities. Sowmg or planting at stake is confimm ed
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io worked up patches, little tried being paid to regular spacement; Contour tranching and brushWood spars
may be helpful in arresting the process of soil erosion and in conservation of moisture, sowmg or planting
being confined in the barriers of Trenches or in the deposxted soil behmd the s spurs.

Cholice of spices

In all afforestation works a stast should be made with pioncer species, quickgrowing nonpalatable
specxes capable of surviving the adverse conditions should be sclectcd

For moist subtropical zone - chxr pme
For the dry subtropical zone - Olco, Acacia modestor. A catechu and prospis julifera.
ngher hills in the temperatum reglous Pmus excclsa |
5. Afforestatzou of inundated and waterlogged arcas ;
Treatment of waterlogged areas
(l) Digging’s storm water and seepage drains dcpressed below the water table’.
(2) Lining of canals.

(3) Afforestation or creation of permanent tree belts along canals, tarents or dration making use of
species with high transpiration rate. The planting should be done on ‘moinds or ridges which
should be set high enough to enable the plams to remain above the tevel of stagnant water

Species suggested

(1) Eucalyptus robusta, E, redio, Lagerotraemia ﬂgsri_ginag,,(?asuarina equisetifolia; Bamingwoia
acutamgula and Bischoetia javonica in marshy places. :

) Arsendu conan and sapium sebiferum for Swamp areas,

(3) Tamarix articulata raiged by branch cutting, It is useful for semiwaterlogged vau'vd saline areas.
The species roterates fairly a high degree of a]kaluatwn, :

(4) Butea frondosa mised by sewing or plantmg useful for salini and swampy §oil§
(5) Acacia arabiea i is suitable for moist. nliue soils.

(6) Salix alba, 8, fragitus, §; babylﬂniea are suitable for marsly lands and raised by branched
cuttings.

(7) Toxidium distichans, an exotic timber trees is useful for heavy waterlogged area.
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(8) Eugenia jambolna is"useﬁzl for Semi waterlogged area. -~
()] onspyros cmbryoptens Pterospermum acenfohum. Bischoetia javonica and canes in freshiwater »

swamps.

6. Farm Forestry

It is the practice of forestry in farm lands, generally more or less mtegrated with other farm practices
with the idea to make every farm more or less self suppomng in respect of timber, fuel, grazing and other
' requirements of the cultivator and also to exercise as protective megsupe against erosion by wind and water
and to help in maintaining the facility of the agricultural field included in the social forestry programme.

Targets
(1) 10-I5% other farm to farm forestry.
) The ﬁna! foxest - one’acre for every 200 heads of populanou fora fast growing fuel spices,
(3) The grazmg requuement about 3 acre per head of cattle.

(4) Bach area to yield 600 Ibs. ofgmss annually while tbe daily mqmrenwnt per head ofcattle is
about 5 lbs, .

7. Afforestation of canal banks, Road sides -nd Railwny hnds

Mosuy undeztakcn wnder Social Foresfry ptogranm:es Mostly, Stnp planmmu are raised as
' only narrow lmear strips are available mostly located in government owned non fomt lands viz. ‘

) Road side
' (2) Canal banks
(3) Urigation embankment
A4) Rivgr bank -
(8) Ra;IWay land

- All thzsc plantations have their own distinetive fﬁatms in rcapwz of speoies companson,
‘ manascmsnt prosedure, financial pattem ete. The plantations are raised on a large variety of lands spreads
. Qver a gumber gf Asgra climatic zones with vmymg ecologieal conditions, The models followed in the state
- of West Bengaz are descnhed herzwlth
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Model I - wider national Highway.

M . -otherroads
| w@*-;«:m!;pam -
©  inigtens

(€) - River bank&
@ - Railway land, railway track side.
- Cbx’n_mon characteristics of the plantations

(i) Species selected are generally fast growing.
i) Emphasis is on strons copping species. but valuable tm!m npecncs may be planted,
(iii)Plantations are propased to be works

PrOpOgH A_,Mmshonmtgunustowmmpeatedﬂowdbeneﬁts
within 3 compqratwclv short penod of time.

{(i)A general  preference exists: for mulﬁpmpose species, i,8, species which can produce mare than
ogp prpduct such as finalwood. poles, small timber, halfdedﬂt ﬁ'uxts etc. '

\)) Fodder specles mcluded m capable oi pmdncmg a lxge m of faddr-r of rcasonably good
mm',ltlonal value,

(vi)Species are'al] eagy to raise.
(vii)-  Seeds of most speciés ‘are easily availible and can be stored conveniently,
Mbdule Tstrip phmmm smder Nmmm mgknya
Q‘qgstwe _ To raise Avcpqe u@s
Shgdeg'ees 15%
F;xgt treps %
uelwooq and smll woed, 163‘@& trees 80%.
- Design Width of strip to be planted is 6m. on each side. Thme ;'ows w;ll be planted on each

side. Avenue trees will occupy the front row at Sm mtervals and others will be

planted at 2.5m intervals: Each row will be special 3m. apart,
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" Species
Spgcing
P&ccntuge
Stems per ha

Management

| () Aveuo troos liks Krishnachura, Ascn, Jam, Radhachura et. in the 1% row.

(ii) Fuel wood trees like Bucalyptus A leasmom. mumxi etc. is the 2 & 3 rows.

: Avenua tmes Sm. apart.

Fue! and small wood 2.5 m apart.
: Avenus trees 15% :
“ Fruittrees 5%
: Avenue trees : -=333 nos.

Fuel & small wood  =1333 nos.

: 1* row to be preserved.

2% & 3 row - Fuel and small wood cut at 7% aind 13% years. Thinning at 9* and 11®
year. ‘ ' '

Model I1 - Road side stripplantstion (Narrow) highways

“Objective

Design

S_peciés
1*row

2 row

- Spacing
I* row

: To raise Avenue treos
 Shadetrces  15%

anttmees - 10%
leandsmauwoodbeaungbeingmﬁ%

K Width of strip to beplantedm-tmoueachm ‘Two rows will be planted cn each

side. Avenue trecs will occupy the front row at Sm intervals and others will be
plantedatZSmmtma!s Eachmwwinbcupaeoﬁmapm

: (i) Avenus trees (Krisbnachura, Radhachura, Rain troe, jackfruit, Mango, lametc,)

(ii) Fuel and small wood trees (Eucalyptus, Akasmoni, Minjiri, Jaml etc, )

: Fu&!andma!lwwdm@mlypm Akashmmi Minjiri, Jarul ctc.)

: Aveque trees = 5 m,
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Stems

Per ha

Mnnagement

Fuel and smallwood trees = 2.5 m.

: (i) Avenuc trees = 500 nos.
‘ (u) Fuel & smallwood = 1500 nos. |
: (i) Avmue trees to be préserved.

(ii) Fuel and smnllwood trees cut at 7 and 13"' years. T!unmng at 9% and 11% years.

Model I - Roadside strip plantatmns on state Highways and other roads

ijecnve
Design
Species
Spacing
Perpgntage
Stem'g per ha

- Management

: To ralse Fruit and shade trees 10%.
Fucl and smallwood beanng trees - 90%.

: Width of strip to be-plantéd at 2m on each sidc

: (i) Fruit and shade trees (Krishnachura, Rndhachma, Rain tree, Jack fmxt, Mango,
~ Jam etc. ) :

(ii) Fuel and smallwood trees. Eucaiypms, Akasmom, Minjuri, Jarul etc.

:letandshadeum 25m.
'leandmllwood-z.Sm
:: metandshadctrees = lﬂ%
Fuel and small wood = 90%
"+ Fruit and shade trees = 200 nos.
' Fuelandsmallwood==l800nns
: antandshadetxmtobepmerved.[‘mlmdsmaﬂwoodcuta?‘md13“‘years

'Ihmmngat 9% and ll"years

Model V- Type Plantahou on

(a) Canal bank
(b) Imgxnon embankment and Tank embankment.
(c) Riverbank and
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{d) Railway lands

Objective : To raise fuel and small wood trees = 75%
| ' Fruit bearing trees - - = 20%
| Bamboo O =5% |
Design. - '. : Width of strip to be planted is 6m on.cither side. Three rows will bé planted on each
' side General spacing will be 3m or 2m in rows. For bamboo spﬂcmg wdl be 10 m.
Speécies ~: Fuel and smallwood (Eucalyptus, Akasmam, Subabul. Minjuri, Jarul etc.)
‘v | Fruit ttges (in twq rows - Jam Aam etc.) and Bamboo (in sxng_le row).
Spacing s Fm_it andsmall wood =3 o,t.2n_x._ . | |
| Fruttrees . =lSm.
Bamboo = ' . =10m.
Percentage [:'rﬁigl f&ismall wood =75%
- Fruittroes:  <90%
- Bamboo B = 5%
Management : Fuel and smallwood cut at 7 and 13*® years and thinning at 9% and 11* years.

Fruit trees = to be preserved.
, Bamboo cut at 6% year onwards '
- Fruit and minor forest produce can be harvested free from payment by local people.
- Bamboo : 160 nos. bamboos in each year from the 6* years anwards.
_8.: Afforestation of gra.islands |

The grasslands of Northern India are met with in the moisture parts of the sal areas. Extensive areas
 occur in Terai region as sovanah forést in biotic subclimax, In the Soutiem India a different type of grassland
‘occurs in the sub-troplcal and montane regions.

‘The treatment of the planting area consnsts of deep sailworking, preferably mechamcal ploughing
cither i in strips or all over the area. Ship sowing or plantmg isthe general practice. A 3* wide smp generally
common in the Terai areas with a spacement of 12 feet between the strips. The afforestation of grasslands
of South Indxa 1S comparatively simple the treatment consisting of simple ploughing and introduction of
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: Eucalyptus and wattlers. The species recommended for afforesting grasslands in the indogangetic plains
are :- Sissoo, Khair, Simul, 'I‘ermmaha belenca, lagerstromia pmlﬂora, Pterospermum suaveolens, Trewia

nudiflora and Albtzz:a Spp. -
9, Afforestatxon of cultivated lands:

A patch of cuItivation lying inside or on the bounding of a reserved forest may have to be acquired
and included is a reserved forést for the facxlxty of management and simplification of boundary. The soil

' condmon are usefully adverse.

’I‘he treatment of the plantmg area consists of intensive soil workmg Mechanical ploughmg is
preferable to other methods of soil working. The soil working should be done before the hot weather anc

- the grass and weed roots thrown out before sowing or plantmg

 Strip sowing or planting is the most successful methods of afforesting such lands, the width of
strips and the spacement between them depending upon the condition of wood and grass growth and rate of
growth of the species.

On suitable soils, sal may be introduced but on younger or lighter soils a mixture of sissoo and
khair should be preferred soil with impeded drainage should be sown with terminalia tomentosa.

In ’aﬂ"oresting old cultivated lands and grasslands, the chances of success improve if adequate soil
drainage is ensured.

10. Afforestation of other types of lands
) Alfforestati'ou of léndsiips
The treatment consists of :- -
(i) Rigid closure of the area préfergbly with barbed wire against grazing.
(i) Gullypugging and checkdaming.
(iii)Construction of brushwood spurs using branch cutting of poplar, willow etc.

(iv)Sowing and planting of suitable species viz. Populus, Alnus, Salix, Juglans, Tba, Morus,
‘Celtis and Robinia etc.

(2) Afforestation of black cotton soils

Impermeability and the presence of deep cracks render afforestation of black cotton soils
difficult. Taungya cultivation is the best means of afforesting these lands and has proved:
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‘highly successful in Berar. Suitable species an Acacia ér;abica, Azadirachta indica and prosopis
Jjuliflora. Intensxve weeding is necessary to keep in check the Kundra grass (Ischocmum
filostum).

- (3) Aforestation of laterite

Soils which are laterized should be planted with xyha, swietenia, Anacardmm occxdcmala
cleistanthus cullinus, Emblica officinaté and chloroxylon.

4) Affgrestatxon of Ravine soil

| Ravihe lands are found in areas subject gully erosion, brought about by uncontrolled grazing,
burning and destruction of the vegetal growth, Typical examples of ravine formation are
met with in the Hossiarpur Division of Punjab and Etawh division of U.P.

Preliminary treatment of the area consist of :-

- Rxgxd closure agamst grazmg, baming and fellmg of trces
(n) Construcuon of mterrupted contour trenches such as in Hossmpur Dmsxon Tlus is combmcd
 with. cbeckdammmg and gully plugging. No contour trenching i is done on slops exceeding 20
dcgrees o . .

»In the Etawh Division the flat high level lands are ploughed upto a depthof about 9” and the

- crust is throughly broken up. Small parallel ridges are then made with a shallow ditch on the upper
side to catch rain water on steep slopes upto 60° shallow platforms orndges are prcpaned contourwise.
" The ridges act as. seed beds and the ditches trap soil and rno:sture

' ‘Spwu selected for sowing

In Hosslarpur Division (Punjab)

. : Acacla arabica, A. catechu, A. moderta and tuft planting of eulatiopsis binata on the berms of -
contour trenches To.prevent the headwater cutting of the gullies. Agave, Enlabiopsis binata are planted.
Agave isa good soil stabilizer for steep slopes. Vegetative checkdams are prepared ﬁ'om Ipomca and Vitex -
branch cuttmgs :

In Etwah ravines (U.P)

The followmg species are sown on the ridges : Babul, Sissoo, Cassia auriculata, Teak, Gamar,
Adnia cordxfoha Holoptelia, Integrifolia, Poropis spicegera, Bombax etc.
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CHOICE OF SPECIES

The selection of species must be done judiciously and carefully giving performance to the indigcnoué
species. : : : ' :
Factors governing the choice of species
1) Hﬁbitﬂt éondiﬁons and the Silvicultural requirements of the species.

(a) Climate

' Rainfﬁll temperature, snow and forest, humidity factor, N/S quotient etc.

(b) Microclimate

Altitude, Aspect, Type of the forest.

(c) Soil condition
| Nature or in nature soil, stages of succession, seal or climax species, indicator value of
undergrowth - e.g. Jarul indicates swampy condition not fit for teak.

Species suitable for special sites

(i) _Sn"l':dy soil - Dalbergia Sissoo, Acacia catechu, Tamarix dioca, Acacia arabica, Anacardium
occidentales, Casuarina, Vitex negundo, Pongamia glabra.

(ii) Salizie oil - Acacia arabica, Butea frondosa, Prosopis julifera, Casuarina, Tamarix articulata.

(iii)Swampy soil - Eugenia jambolana, Treuria nudiflora, Alstonia scholaris lagers trocmia
flossregine, Barringtonia acutangulata, Eucalyptus, Robusta, E. saligna. .

(iv)Highly calcareous soils - Cupressus spp Acacia catechu, clistanthus collinus.

(v) Forest localities - Délbergia sissoo, Morus'alba, Acacia catechu, Aegle marmels, casuarina.

(vi)Denuded hill slopes - Acacia, Eucalyptus spp., Ailanthus giandulosa, Prosopis julifiora,
Cupressus spp. ‘

' (2) Suitability of the particular object
(a) Protective purpose

(D) Afforestation of catchment areas
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( (ﬁ) Fxxatxon of Sand dunaa |
e _(m)Creatxon of shelter belts-
(1v) W‘md breaks
"(v) Reclamatxon of degraded soil -

(b) Pmducﬁve purposes ’

(1) Local démand

(u) Tnnber for strategy unportance

(m)Specmc for mdnstnahzatlon
' (3) The Silviculture syatems

() For clear fellmg systems strong light demandets

(b) For selectxon system Shade Ieavmg 8pp |

(c) For multxstoned forests shadc bearer undex hght demander c.g. Mnlbeny under sxssoo
(4) Effect.of specles on site factnrs

Pune comfers, Pure’ ka Advcrse eﬁcts
(S) Growth rate

" As the  8ap between the demand and supply of timber is ﬁsst mcneasmg, the present tendency isto
: wse fast growing specxes
- (6) Remtance to mjury

Pure toon and. other Mehaceac Aitack of shoot borer.

Pure Teak - Attack of Defoliator

Pure Samar Loranthus attack
[y Ease of emblishment

The ease with whxch ﬁlépécies canbe raised also effects the choice of species.
()] Availability of suitable exotxcs

If mchgenous specnes cannot meet the fast growing requirement of industrial timber, there should -
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 benohitch in selecting an exotie which as a result of experiment has proved its suitability to local conditions
-8 well as req’uiréniént of industry. . ’
(9) Kase of eatabllahment
: Only those species which are easy to raise a,nd whzch mcet the ob)ect of plmtation should be

‘ selccted
(10) Cost
| The coét of raxsmg a species also effects the choxcc
Specles recommeénded for different parts -of Wut Bengai
1. Hill grgas_ (I__)aﬁegling dutrict except -Silignﬂ subdivision)
1. Tin!i&,w’vé;- mn'nééam m.a;ﬁmdixial zone upto 1000 meters
‘Timber : Feak, champ, Gamar, Panisaj, Bahera, Mandane, Simul, Lampati, Chikrassi, Toon, Lali,
mebhu, S.iiis,’ Odal, Maina etc.
Forestwood and foddef : Subabul, Glincide, Bauhinia, Siris, Akasmon, Sesbanes, Phaledo ctc.
Fruit _Arecanut_: jackfruit, Jam, Mango, Sajina, Guava, Citrus etc.
‘Bamboo : Bambusa nutans, B. vulgaris, B. balcooa, Dendrocalamus spp.
2. Middle hill areas (1000-2000) meters

Timber : Pamsar. Sour, 'I"techamp (upto 1500 m) Pxph {in the upper zones lSOO-’OOOm) at lower
altitudes in the cooler aspects Dhupx (upper regnons 1500m-above).

Fruit ‘Orange, Pear, Apricot etc, Guava, Banana, Papaya.

Fruit and Fodder : Utts, Ratosiris, Eucalyptus saligna, Malata, Subabul (upto lOOOm) Mona (on
- the wamner aspect upto 1200m), Phaledo, narkat Artocarpus mtlgnfolxa, A: chaplasha, Amliso,
Nevaro, Dudlulo, Khanijam.

Bamboo : Bambusa, nutans, Dendrocalamus Sxkkxmensxs. Gope, Phclmg etc.
Cashcrop Uuderplantmg of Je_ypata, Darchmx, turmcnc, Ginger and Cardamom.:
‘} 3. Upper lull areas (2000m and above)

'Ttmber Dhup:, Pans petula, Mzthe champ, Pxplx, Sour (Betnla), Kapasi.

Fruit Pear, orange (upto 2100 m) Apple
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A

‘ Fooder nnd ma 3 Phutta. Gogun. Nabam Dulnl&, Khanijam, Natkal. utxesa
'\‘ Bamboo Bambusa. Nutans (upto ZOOOm) Plnling. Gope. Dendrocalamus, ‘Sikkemensis.
»Northe Bengzl l’oothms and plains

~ (Duars, Tem and p(ams) (Da!:leelmg) (Part), Jalpaxguri and Coochbehar districts).

1. Bhablr 'n-act
: 'I‘imber Teak, Chaum, ‘Mandane, gamar, Chikrasi, Gobenl Stssu, Toon, Bahera, Sxmul Agun.
' Sn'is, Kadam

Fruit Arecanut. Coocomn, Jackﬁ'mt, Jam, Mango. Guavn. Sa_)ina, Banana.

fFodder and fnel Subabul, Kunbhu, Mulbexy Falédo Glmcxda, Gamar Akasmom, Khoir, Murijit,

Siris, (A. Falcatana)

'Bamboo. Bambusa, ‘balcon, B.Tulds, B. Vulgaris; D. hamiltonic, Melocana, Banabusodies.
.2. aneﬁan ams

"I'imber Khmr, SiSsu, Simul, Mama, Odal, Kadam

: _'Fmit' I(hwn-, Kul, Tamarind, jackﬁmt, Sajma.

Fodder aiid Frait : Ssbubul, Jhan; Minjiri, Alssmoni, Siris.

Allnvial zoue
( Dlsfncts of Nadna, Mutshidabad, Malda, WDmajpur, Howrah, Hooghly and 24 Pa:ganas)'-

‘ 'Timber Smu. teak, Mahogom, Arjun, Kada, Jarul, Sms
- 'an. Aam Jam. Kanthal, SaJm Gum. Citrus, Coconut, Amcamn, Sapota,
: Fruit and fodder' Subabul, Babla. Glmdda, Gaman, Siris.
| Bamboo Soveral spxm of bamboo.
Latentic Sauth Weat Bengal
_(MldmpurWeatBankm-a, Birbhum & Purulia District).
' (i) On rocky outcmp and atrong soils
' (Puruha, Banknra and Bi:bhum Districts)



’ 'l’imber Neem. Kusum. Mahul Tal, Haldu. Chhatim, Akasmom, Simul, Siuu. Peasal.
Fruit oil etc. Kusum (oxl & lac), Aqun (’I\msan) Mahul (Fruit and oil), Neem (oil) Kaxan; (oil),
Kul (Lac & fruit), Am, Tal, Khezur . :
. - Bamboo : Bambusa balcooa, Dendrocalamus, strictus etc.
Fodder: Gamae, Amlakn Bahera, Stylocanthes _‘
(ii) On Laterite morrum soil

- On semiarid waste lands whete plantatxon of quicugrowmg species is not ecologycally ¢ -

culturally possxble rows of Khezer on lines 1 m apart and row of Tal on ridges 12m ap ut

~ may be adopted, Spacing of Khézair in Tines may be 2 m and that of Tal 4 m. Intercopaces
may. beusedforvaisinglcgmmmousagnmﬂmalcmpsorfoddctgxmu.puhu.mmas1s

feasxble

(i) . On pure laterate.: (denaporc Purulia, Banlnta, Birbhum and Bankum Districts)
- Specxes composmon is same asinV (i). InAddmon Eucalypms may beused for pulpwood -
- productiion if feasible andviablc
(tv) Red morrmy: soil~ (Bu-bhum, Bmdwan and Banlmra district and also puu of Purulia and
Midnapom Dwtrict) , v . _
 Puelwood Species : Akasmonn. Mimjun, Subabul, Blsck siris, Stssu.
Frmts : Mango, Jackfnut. Guava, Ata, Lemon, Sapota. Tal, Khezur Amcannm.
Fodder Gmm ('l‘lm Napter) and Legumes (Com style ete. )
(v) ©  Coastal umr (Midnapore and 24 Paxgxnas)
(] Coashl belt (Sallne)
Fruit, Coconut, Tal, Jam, Sapots, Cashew.
| Small timber Fuel & Fodder ~ . | |
Babla, Subabul Akasmoni. Theayeala. Cashew
: (ii_) Coastal am wear the seashore '

' The first row is the seaside consist of low hclght speoies like Akanda Sollowey by Imomea,
ﬂghlaandl(eora. The next row away ﬁ'omthﬁshmmayconsistofmediumsiudm “kel(amqand
Subabul. The next row may consist of Jham and the last line may consist of Akasmoni st Cashew,
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QUESTIONS:

1.
2.

Define rocial Forestry What are the objectives? Compare social forestry with traditional Forestry.
Define ngoforostry What are a agroforestry produchon systcrm Narate briefly the Agmforcstry

<systems of dcvelopmg countries.

3.

6.

- Write short notes on

1. Entenrian forestry.

2. Recreation forestry.

3. Fam Forestry '

(i) What is concept of participation? What are the criteria of effectiveness of paxtxclpahon ?

(ii) Describe how far the participation in social forestry has been achieved in West Bengal
What is afforestation? What should be the afforestation techniques for the following situations.
(i) Fivation of Shefting sand.

(ii) Afforestation of inundated and waterlogged areas.

(iii) Affortation of land slips.
(iv) Affortation of dennuded hill slopes.

What are the factors governing the chowe of speces. Mention the species suxtable for the following

special sites:-

(i) Sandy soil, (ii) Saline soil, (m) Forest localities, (iv) Highly Calcareous soil, (v) 'Swampy soil.
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BOTANY AND FORESTRY
. Module No. 23,24
Part-I Paper -III ( lst half )

Szlvzculture System

| o -INTRODUCTION
" We knew the vSilvicult’ure'is “the art and science of cultivating forest crdps”. Silvicultural System -

is the process by which the crops conStituting a forest s?u‘e tended, removed, and replaced by new crops.
~ resulting in the productxon of woods of a dxstmctxve form A silvicultural system embodxes three ideas: (1)
the method of rcgencratton of ‘the mdxvxdual crops constttutmg the forests (2) the form of crop produced
and (3) the otderly atrangemcnt of the crops over the forest as a whole, with special mfemnce to silviculture

and protective considerations and the economic utilization of the producc

As the technique of regenerating forest crops vary with types and sub-typcs of forests and physxcal
condmons in which they exist, 1t becomes necessary to adennfy dxﬁ‘ermt methods or techniques for different
sub-types in different localities. ' )

The pt_-actical application of silvicultural sys(erhs is closely related with the requirements of forest
manageément or in other words it is a specialised tool or technique for achieving the objects of forest
* management, -
~ " Classification

In India, silvicultural systems have been classified according to (8) the mode of regeneration and
the type of crop produced thereby (b) and the pmem of felling carried out to remove the mature crop with
a vxew to regeneration. ‘

Each system produces a crop of distinctive form in the young stages, though aﬁcr some years have

‘elapsed xt is usuallv possible to treat the crop as either evm-aged (umform) or uneven-nged (irregular) for
the purposes of management



“indgx to the Silvicultural systems

Silvicultural System

1L ngh Forest ,Systeins ‘ , : IL Coppice Systems

|

[ l,

Systemof . = . Selection System Accessory System

. concentrated -
. regeneration.

" 1. The Selectjon system 1. Two storied high Forest system
2. The group geiection 2. High Forest with Reserve
“system System

A

- n 3. Imptovcmentv felling :

(A) Clear felling system - (B) Shelterwood sy: tesn
1. The clear feeling system 1. The uniform systen
- 2. The clear-strip system 2. The group system
3. The altemate stiip system 3. The shelterwood strip system

H. Coppice Systems:

4. Wagner's Blender-saumschiag
5. Eberhard’s wedge system
. 6. The strip and group system
7. The u-regular shelterwood system
8. The Indian irregular shelterwood system.

1. The Sﬁnple coppice system
2. The coppice of two rotations system
3. | The shelterwood coppice system
5
6
7

The selection coppice system

. The cbppicc with standard system
*6. “The coppice with Reserve system
. The Pollard system '

- 88



High Forest System : Here the regeneration of crop is normally -of seedling origin, either natural or

Systems of G»anentrazgd xc_gcmc,ration : Here the regeneration fellings are for the time beings concentrated
on part of the felling series. ' ‘

Clear felling system Where the mature crop r@moved in one operation.

Shelterwiood systems : Whers the mature crop is removed in a series of operations the first of whwh is the
seeding felling and the last 1s the final felling. Other fellings, if necessary, are called secondary felling. The
interval between the seeding felling and the final felling on a particular area suchi as a compartment, is the
regeneration interval and determines the degree of uniformity of the resuiting crop.

Selsction systems : Where regeneration felling are distributed over the whole felling sgrzics(excep,t in so far
as a felling cycle introduces a modification), and the ciop is always irregular. ~

Accessory system : Resulting in imegular or Two-storied, high Forest.

0. Cappice system Where the crop originated mainly fn@m coppice and where the rotation of the coppice
is short.

The Clear-Felling System

GENERAL DESCRIPTION: | |

Under this system successive equal or equiproductive areas are clear felled in one opeération and regenerated,
most frequently by artificial means but sormetimes naturally also. In its ideal form the clear felling system
involves felling and regenerating each year equal areas (i.e. called annual coupe) on which the stands have
reached the Pre determined age of maturity (i.e. rotation). If this process is repeated each year for the whole
rotation and no disturb occur to interrupt the continuity, a normal series of age gradatxon aged 1.2.34 .
years (n is the no. of years in rotation) will have been established. So the area to be clear-felled each year ( in

. uniformly productive sites) is 1/ of the total area aljotted to this system :
Example : Say total area of a Forest is 500 Ha

Rotation of the crop in that forest is 50 years.

So, total area to be felled in each year = 1/ of the total area.

= 1/,,% 500 = 10 Ha.
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Where the quahty of the soil varies conaxderably from place to place, coupes not equal. in area bm
' equxproductwc are formed those on the poorer soils Leing larger than those on the more fertile soils.

Az a general rule, the entire crop should be removed in one operation from a OOupe but variations may
oceur in the following cases.

i) Pre-existing poles are saplings may be left if they ocour in promising groups farge enough to form salf-
contained crops. But isolated poles.and saplings shouid be removed as these are likely to develop into

bmchy trees as well as to interfere with the new crop,

ii) Somg mature trees are retained as forest protection measure, or as an insurance against ﬁalm or to
~ serve 8s a nurse crop to facxhtate the establishment of forest-tender species But dlc number of these

trees m vczy stall.
) Methods of Obtauung Regeneration:

: Clear felled area are generated usually by artifi cxally but sometimes naturally also, Artxﬁcxal
regeneration offers some advantage over Natural regencration. A schematic rcprcscnmion of obtammz

regeneration is given below ;

Methods of Regenertion (in cleasflled Aress)

Artificial Regencration _ Natural Regeneration |
. - .l,. . g+ " T ———— e
Departmental  Taungya System - Fram Seed From Advance growth
Plantation 7 - e
Seed stored in Seed Coming
the arca from ouiside

[ ]



_ Departmental Plantation The annual coupe to be clearfelled are first demarcated. Then the trees wh:ch '
have to be felled arc marked and enumerated, and a stock map of the area is prepared But some fmxt
bearing trees and trees near the road side. Nalfa or jhom arcas are kept as per rule, The marked crer’s are
felled and transported to timber dopt. Usually Forest Development Carporation carried out the function.’
Then the timbers are auctioned for sale. Previously standing trees are auctioned but this practice usually not
followed. After transportation of all timber, and fuel wood all filling refuse are cleared by burning and also
all stumps are dug out as far as practical. After clearing the drea a soil map as well as suitability map are
prepared. The area is fenced if possible. Soil working like pit, irench etc. are donc as per derived. The soil -
working should be completed ar least about a month and a half before sowing or planting. Sowing is done
before the rains start and planting is done when the 1 rains set in. After this the plantatxon is kept wel: weeded

durmg rainy season and pmtectsc. against fire during sumrner.

: Taunga This is a method of raising forest plantatxons in combmatmn with field crops.

‘In departmental taungyas, the work of raising agncultural crops as well as the forest crops is dorm
by the department. _

Leased taungyas are those taungyas in which agriultural crops are raised in the interspaces of the
 lines of forest plants by giving the land on lease to the persons who offers maximum’lease money.

Village taungyas are those taungyas which are raised by villagers who have settled down in a village
inside the forast for the purpose of helping forest depaitment for various forestry works.

| Methods of Natural Regeneration:
Under cgrtam condmox;s clear-felled coupes may be followed by successful natural regeneration.
This may be obtained by either (1) from seed either stored in the area or received from outside ) or from
ad\ ance growth :
x) Seed stored in the area : In this case the seed exther falls from the trees at the time of or shortly aﬁcr
felling, or is glready lymg on the grqund or stored in it; sometimes the seed may be provxded ﬁom both
. sowrces. » '
Example : The best known case of natural regerieration following clear-felling is to be seen in Pinus
pinasten of the Landes in South Western France. Clear-felling is here carriéd out over large areas and
natural regeneration.springs up in abundance from seed, some of which is already on the ground, but much .
of which escapes from the cones of the felled trees in the months of April or May. The most unponam
condition for the success of this method is the pro!onged viability of the seed or the seed ripening should
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coincide with felling so that the latter may result in dispersal of seed required for regendration of the area,
In India, example can be cited, the natural regcneratxon of Acacia mollissima forests,

ii) Seed received from outside: This form of regeneration applles chiefly to specles with light or wingcd
seeds which are disseminated by wind. Less commonly water oF animal agencies may operated,

* Examples : In Sind (Pakistan) cloar felled caupes are inundated by flood waters of Indus rlvcr where babul
seed are brought with. Thus the area gets prafuse natural regeneration.

In Chhangamanga and Chichawatni plantation of Punjab (Pakistan) the seads-of Manus indica i3
brought in clear felled coupes by irrigation water and by birds, partwmarly the rosy starlings, which pcwh
on sissog : In Mangrove forests of India, Avi cennpia sps is regenerated by this method,

2. Natural regeneration from advance growth : Natural regeneration may comie up in clear-felled arcas

~ byadvarice growth i.e. established seedlings and young poles of the desired species also. These advance
growths may be present before clear felling. This method is applicable ta species like sal and teak in
favourable localities where abundant gdvmge growth is prgsent If the advance gmwths are not well
stocked, it is supphed by artificial regeneration also.

Character of the new crops : The crop is absolutcly even—aggd and if, ti.cre are ne aceidents oF ﬁlﬂms,
the system nges a normal senes of age gradations:

Adyantage and Disadvantage of Cleap-Felling System:
Advaptage : It has the following adva.nsﬁ&cs over pther system :

1. Itisthe simplest of all high Forest Systcms, since it does not require skill in m& out operation lik‘?
marking.

2. The yield per unit area is more and the cost of felhng and extract;m is lowas it represcuts the utmost
concentration of works.

3. Itaffords complete overhcad' light, an important consideration in the case of strong light demahders

4. Itis easy to regulate the composition of new crop by introducing valuable sps in the larger pmpomon
and also facilitate introduction of fast gtowmg exotics, as the regenemtxon can be done artificial method
~also.
3. Thereis no damage done to the yonng crop thirough the felling and extraction of timber, since this is sl
completed before the young crop originates. :
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6. Owing to the even-aged condition of the ctop, this produces trees with comparanVely cleanet and
cylindrical bole than by the more uneven aged systems :

7. New crop is established more rapidly under this system than undcr system in. which regeneration is
established by degrees: thete by reducing cost of regeneration opetations, and shortening the rotation.

: Disadvantages. The main disadvantages of this system are as follows:

1. The complete clearance of the forest cover may produce conditions adverse to the growth of young
plants of many tree specxes, such conditions are the followmg

a) Dessication and general detenoratron of the soil through exposure to sun and air currents.
b) Increase of swampyness in areas which tend to be swampy.

c) Invasxon of grass and weed may interfere with regcneranon of the crop.

d) Young plants exposed to forest and cold wmds

e) In_)urrous insects multrply in fellrng refuse, stumps etc. areas.

2. On hilly areas, it exposes the area to erosion and where the ground is unstable, to landshps and there is
. no safeguard against rapxd run-off of the rain water.

3. It produces even-aged crop which is less registant to damage by snow and wind and when the crop is
pure, it becomes suseeptrblc to damage by insects, plant parasxtes and fungi.

4. From the aesthetic point of view, the clear felling system is undesirable than any other high forest
system. ‘

‘Conditions of Application of Clear-Felling System:

Before deciding on the application of clear-felling system in any locahty itis necessary to conszdcr ’
- various factors involved to ensure not only the siccess of plantation’ but also’ the closure of its canopy as
“soon as possible. Some of these considerations are given below:

‘1. Species: The .clear-felling system is euitable-for strong light demanders; but in areas subject to frost,
. d;ought;- or other risks it is unsuitable for sensitive shade-bearers, which will not with stand exposure in
- youth, although these may be introduced on clear cut areas with the help of nurse crop. '

2. Locahty Itis unsurtable in areas like (a) unstable hill sides, (b) mcatchment areas where the water
supply is likely to be endangered, (c) for protection forests..

93



s&u‘ and soil covering : The clear-felling éystenl is not suitable in areas where the soil is liable to

. serious deterioration through temporary cxposurc or where clear-felling is followed by a heavy growth

" of weed whichprevent regencratxon This system is suxtable for fetile soxls
- Conditioxns for ngeumuon The areas where regcncmt:on cannot be assured as a rcsult of biotic

interference, should not be worked under clear-felling system. Suitable labour should be: available
during the season of ‘planting and sowing.

Type of Forest produced : It produces more or less evcn-agcd crops, and this i ts suitable for production

- of large quantities of material of special duncnsxons. for instance xmnc«ptops or pulp-wood But eve-

aged crops are mote susceptible to damage by wind and snow than uneven-aged crop though the risk
can be lessened by giving proper attention (during thinning, by an admixtute of species resistant to wmd '
on snow, and by a suitable arrangement of coupes and cutting suctions. - '

Crop composimm The clear-felling system is the only system Ev which composition of crop can even
be completely changed to ensure best financial return. It is the onl system by whxch forests composed

of slow-growing species of little economic value can be replaced by new crops of fast growing and

valuable species.
Econoniic Considerations : 'I‘he economic advantagc of fellmg and- cxtmctmg the la.rge§t quantity of

-umbcr from the smallest area in the shortest time is so great, that the clear. fcllmg system has been
_frcquently adopted Concentration of felling facilitates the mechanization of conversion. and extraction

work.

The clear-strip system or Progrusive clear-felling strip system or Progressive strip system: In this

system, as the name implies, clear felling is done in the form of narrow strips. These strips are so narrow

that the ad)ommg old crop, by the lateral shade or pmtechon afforded by it, has a direct influence on the

strip, and may thus, produce a marked impact on the seedlmg sitvival conditions and also on the establishment
" of regeneration.

Thc saliexit features of this system are :

-1

2.

The stnps are progress successively in one direction usually against the prevailing direction of the wind

© across the rcgeneratxon area.

Theclearfelledstx’tysaxcwpamdbymfelledshpsofwﬁcmtmdﬂtwbwhmybcamdﬁpleoﬂhe
width of clear-felled strips..



3. The interval between successive adjacent telings will depend upon the frequency of seed-years and the
readiness with which regeneration appears and established 1tsclf and also the period for which. protcctton

. against adverse factors is tequr.red
4. The regeneranon area is dxvnded into as many cutting' sections as the numbers of years after which

felling in successive adjacent area can be done. Say, the period after which felling in adjacent are can be
done is 4 yzars, the regenerated area will have to be divided into four cutting sections marked [ to 1V

and successive strips arranged as shown in the figure. .

v 181 . | 8 1
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Fig. I. Arrangement of strips in Progressive Strip System..

5. Ihewxdthoftheshxpwxlldependonthedxﬂmocw which the seed can be disseminated bywmdso that
even the remotest pait of the clear-felled strip gets suﬂicxent seed for mgenemnon.

6, Inthe last coupe of each cutting section a belt of seed bearers shouid be left along the windward side in
order to regencrate the coupe, after which the beit should be felled and the blank strip regenerated.

artificially.
7. The clear-stnp system results in production of even-aged crop.

" 8. Ithas some advﬁntage and disadvantage over clear-felling system.

‘The Alternate Strip System: | _

This is a modification of clear-strip System : The salient features of this system axe

L. 'l‘hdclbar—fellgd strips are alternate with unfelled strips of similar width, thbugh sometimes these ntiay |
be narrower or wider also.

2. The width of the felled and unfelled strips varies from place to place .8.
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Width of clear-felled strip  Width of unfelled strips

a)  InNormandy France @ 40m to Sdm - 15mto 20m
b) In America double of untelled strip
¢) Inlndia © 12mand 20m © 36m and 80m
3

. The period after which the altemat_e unfelled strip 1s feiled also varies according to circumstances.
According to troup unfelled strip should be felled when the crop in the initially felled sirp is capable of -
producing seed. So that the unfelled strips when clear-fetled could be regencrated naturally,

- 4. Crop produced is usually even-aged.

It héS’som_e advantages like, lesser damage to seed bearers froia wind and also to'young crop from and
extraction of the seed bearers, it protects sensitive seedlings against forest and cold wind etc.

It has disadvantages like, timber extraction is difficult in hilly areas, fire p;ote'ctibn is very difficult, etc.

T

N

-

NIV

.

Clear felled strips felled in the first felling.

Un-felled strips in the first felling.

Fig. II: Arrangement of felled and un-felled strips in Alternate-strip System.
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The Uniform System:

1. Generél Description:

The term uniform systém is an abbreviation of Shelterwood Uniform System, which mcans a
uniform operiing of the canopy for the purpose of obtaining regeneration and also the uniform or evenaged
conditions of the young crop produced subsequently. It has also been termed as the Shelterwood
Compartment System or as Compartment System, implying the canopy is opened for regeneration
simultaneously all over the compértment, Othier térms such as Shelterwood system and system of successive
regeneration fellings are also applied to the uniform system, however, the latter is preferred to any other

term.

2. Kinds and Pattern of fellings:

, Like any other Shelterwood system, removal of overwood in the uniform system, is carricd out in
two or more successive fellings in a sequence, one after the other after an interval of time, which are
. collectively designated as regeneration fellings and these are 1) seedling felling 2) Secondary felling, 3)
and final felling. : |

1) Seedling felling : In seedling felling opening of the canopy of a mature crop is done to provide
conditions for securing regeneration from the seed trees retained for the purpose. The object of the
seeding felling is not to stimulate seed production, but to admit sufficient warmth from the sun to
promote germination, and sufficient light to enable young seedlings to survive for two ot three

years, or until it is necessary to admit more light by a further opening of the canopy.

In seedling felling keeps two considerations in view viz. (i) selection of trees to be retained and (ii)'
the distance between the trees and their position. Genetically superior trees should be selected as
seed bearers. Hence trees with long clean, cylindrical boles and well developed crowns should be
selected as seed bearers. The distance between the seed bearers or in other wards, their number per
unit area, affects the light, warmth, etc. reaching the forest floor and varies accordingly to silvicuitural
requirement of the species, and climatic and other factors. The shade bearers species and those with
heavy seed, require less opening i.e. larger no. of seed bearers than light demanders and species
with light winged seeds, where the opening of the canopy is likely to result in a rank growth of weed
or grass, or in the rapid drying or deterioration of the soil, the seedling felling should be carried out
with caution. More cover should be retained on hot southerly and south westerely slope than on
cool motherly slopes, particularly where the soil is dry or shallow, where there is a malted growth of
grass, it may be necessary to hoe or plough the ground at the time of a good seed—yeaf_. to enable the
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seed to reach the mineral soil. In the hxlls the seed bearers should be on the ridges and not in the
valleys and on a hill slope on the upper side ratker than towards the bottom of the slupe.

2) Secondary Felling : Secondary felling is carried out between the seedling feiling and the final
felling under a Sheiterwood s'yétém in order gradually to remove the shelter and admit increasing
light to the regenerated area. When the young crop has been fully established as a result of the
seeding felling, the overhead cover shpuld not be tetained no longer. The number of secondary
fellings depends upon the Species and the progress of its regeneration. With species in which a large
number of seed bearers are retained at the time of seeding felling, the number of secondary fellings
would be more than with species in which the number of seed bearers retained was less. In case of

~ ahardy light demanders the whole of the overwood may be removed in a secondary (in this case a
final) felling within a few years of the seeding fellings. In case of a sensitive shade-bearer, the
young crop should be uncovered more gradually by means of two or more secondary felling carried
out at-intervals in order that it may receive the protection from forest, drought or other risks which
the overwood affords : The state of the regeneration should be the chief guide towards the
selection of trees to be felled or retained. In practice, the number of secondary ﬁlling is kept to an
absolute minimum to minimise the damage to régeneration during felling, loggmg 7 and extraction of
trees for secondary felling or they are not carried out at all.

_ 3) Final Felling : In the final | felling all remaining seed-bearers are removed and the fully established

~young crop remains. The condition of cstabhshed regeneration, when considered to be no longer in

- need of Shelterwood, varies with species and chr_natxc and biotic factor of the locality in which it

grows. Though final felling means that all the Shelterwood is removed, it is usual to keep 3 to 5

seed bearers per hectre in chir even after final felling, as an insurance against devasting fires and
sometimes to allow them to put on increment and met demands of the local peoplé. .

The method of obtaining regeneration is mainly natural, though often supplemented by artificial
regeneration,

3. Character of the crop : Crop is usually even-aged though it is not so even-aged as in the clear felling
system.

4, Regeneratxon Period and Periodic Blocks : In clear»fellmg system we have seen that theoretxcally
one coupe is cut and regenerated each year, so that xf there are r years in the rotation (i.e. age of felling)
there will ber annual coupes dlﬂ’cnng in age by one year Under the uniform system this is not gpssible,
since it requires more than one year toctegenerate any given area. Hence, in order to systemize operations
and ensure that the whole forest sHall be felled and regenemted during the coursé of a rotation, the plan
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commonly followed under favourable conditions, isto. divide the rotation into & number of regenera tion
period (i.e. the period reqmred o regenerate the whole of a penod block) and the forest into the same
number of periodic blocks (abb. P.B. ), each to be felled and regenerated in turn during the course of
successive periods. For example if the rotatxon is 100 years, and it takes 20 years to regenerate an area
naturally, the rotation will be divided mto 100/20 =5 penods and the forest area wm be also divided.
into 5 periodic blocks. If one whole rotation under the uniform system has just beenscompleted the
normal dxstnbutxon of age-classes should be as follows

Period and ' Age of (,rop E | . .. At the end of penod
Periodic Block At the beginning of pe;iod ' (20 yrs hence)
(Presenvt time)
I 81-100 - 1to 20*
I 61-80 " 8110 100%+
m 41-60 61 - 80
A 21-40 4160
v 1020 21-40

* Old cmp all removed, only young regenerated crop remains.
** To be regenerated during benod IL.
The area allotted to any periodic block is re~desxgnated or aliotted to the next period block at the end of the

period. Thus each area moves from one periodic Block to another to completc rotation.

Length of the regeneration Penod The penod is the estimated number of years tequxred to obtain
complete reg=ueration ¢ ver a whole perlodic block aud to establish this regeneration upto the time when
- the retention of the overwood is no longer niecessary, it should begin with the seeding felling and end wher -
' the last remaiuing seed- bearers are removed in final fellings. The chief factors which determine the length
of the regeneration period are as follows.

1. Frequency of seed year : Where good $eed-years are frequent, a shorter period is possible than for
’ those in which they occur at longer intervals.

2 Light réquirement : Light demander species require shorter regeneration period than that chmrcd for

shade bearefs as thexr regeneration requires shelter for longer time. -
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3. Hardiness of specles Hardy species, which may be uncovered rapidly, require a shorter period than
sensitive s pecies, which may require the protectxon of the overwood for many years.

4, Chmatxc conditions: Areas with extrcme!y variation of temperature, a longer regeneration period is
required. Similarly, areas with deficient ramfall or long dry season aﬁer monsoomc rams require longer

regencranon period.

5. Soils conditions : If soil conditions are favourable to regeneratibn the length of the period may be
short. But where the soil is not favourable i.e. deficiency of moisture, nutrients, aeration due to water

legging etc. for regéncratidn the regeneration period is longer.

6. Condition of grass and other competmg weed growth : The denser the growth of grass and weeds
the longer is the regeneration period.

7. Incidence of grazing and browsing : Uncontrolled grazing and browsing is harmful for regeneration.
So, greater the incidence of grazing and browsing, the longer is the regeneratxon pcrmd

8. Incidence of fire : As fire damages regeneraiion so where the incidence of ﬁre is more frequent, longer
regeneration period usually recommended. o
Allotment of areas to Periodic Blocks:

The Allotment of areas to periodic blocks may be of any one of the following two kinds. 1) Fixed or
. Permanent, 2) Floating.

Fixed or permanent allotment may be defined as the allotment in which the entire afca being worked under
uniform system is sub-divided into various periodic blocks which retain their territorial identity at each

working plan revision..

‘The area allotted to a pcridd block is worked out according to the formula.

: ES.xP
- Areaof PB. = R

where F.S. stands for area of the felling series
P = number of years in the period'
R = Rotation. o
Fixed periodic Block may be of two lunds (1) Self contained and (u) Scattereo.

Floating Poriodic Block is one in whlch ncxther the area of regeneration of periodic block nor the
: penod is fixed.
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Area of the F.S. x estima'ted‘tégenegtipn period

-Area of PB, = . Rotation
Numbering of Periodic Blocks and works carried out therein :

Ifthe allotment of areas to periodic blocks is fixed, it is qustomary to number them as 1, II, III, [V and so on,
dependmg on the number of P.Bs in the fellmg series orthe workmg plan. In various PBs dxﬁ'enent sﬂvxcultura!
operatmns are carried out accordingly. ’ ‘

5. Advantage & Dlsadvanta_ge'of- Uniform System.

Advantages:

1.

8.

As the overwood is not completely removed .so there is a little risk of soil deterioration an
erosion as compared to clear felling system where the soil is exposed more or less completely

The fellmgs are simpler in executxon than in most shclterwood systems

Die to overwood, the young crop is protected agamst adverse chmatxc factors like frost, cold '
winds, insolution etc. »

As genetically superior seed bearers are retained, the new crop is also superior in character.

The selected seed bearers'get rapid diameter increment afier seeding felling and larger-sized
trees and larger volume timber per unit area is obfained as compared to clear felling system.

From aesthetic point of view, it is pmaferable.to~ clear felling system.

This system is somewhat ﬂcxxble because it is used for regeneratxon of both light demanders as
woll as shade bearers.

As the work is somewhat concennated supervision and coxiirol of various operatxons are casy. - |

Diudvantages'

1.

Damage of young crop by felling and extraction of overwood in more than in one operation is
greater than in the case of strip or wedge fellings. :

The isolated seed bearers are very suscep‘ﬁble to the thrown over by wind particularly if the
species is shallow rooted. Sometunes even deed rooted plants are broken by wind at the middle
of the height too. '

In hot'situations isolated seed-bearers of thin-barked species are liable to suffer ffom sun scorch,
In case of longer regeneration period, weedings, cleanings etc. have to be doné for a very long
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period which is costly.
5.  Canopy manipulation in mixed forest require skill, and Judxcxous Judgement of the staff and
labour.

6. Applxcatxon of uniform system: -

- Itis apphcatlon in areas where regenetatxon can be obtamed at will during the regeneration period
irrespective of hills or plain areas. It i is also suitable for areas where ycung crop requires protection against
adverse climatic factor and where clearfelling of the area is likely to result soil deterioration and erosion

and invasion by thick grass and weeds.
| The Group System

1. General description:
This’ sys:tém was first developed by Karl Gayer in Bavaria (Germany) It is generally known as
Gayer’s or the Bavarian Femelschalag, with a comparatively short rzgeneration period. Here regenerztion

fellings are done in scattered groups’ instead of uniformly all over *he corr partinent. ere regeneration
starts from some groups of advance growth, or from artificially creat :d gzps 2ud sp. cads centifugaliy to

cover the entire area ﬁnally

2. Pattem of Felling

. a) Under the group system the first step is to go over the compaitment and seamb for any prosmising
groups of advance growth which may have appeared in gaps caused by wind, suow, or other
agencies.

b) Tfthese groups of advance growth require freeing, the gaps are wideved by felling trees round
their edges, while at the same timc, or as soonas a secd—year oCCurs, 2 seedmg felling is made in
theformofamgmmdeacbgap '

(:_) Ifthere are not sufﬁczeut natural gaps overthe compartment, further gaps ace created artificially
by felling trea in small gmups ' »

In this  way nnmerous gaps are distributed over :he regcpr*atmn arca, wh ich may be a whole

: compartmcnt, or more commonly only a porhon ofa compartient at a tume. :

.d) As'soon as regeneration has appcared in the artifi icially created gaps, a seedlmg fellmg is made
round each gap as before. Regcneranon thus spreads centrifugally round each gap. Secondary
and final féllmg in turn follow the seedmg fellings, while new seeding fellings continue outwards
mto the unopmed old cmp in ever—wxdenmg circles.
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, The groups of regeneﬁﬁoﬁ thus become larger and eventually meet, wheh' the last remaining

mother trees separating the various groups are removed and ‘oniy the regenerated young crops remain.

. The size of the artificially created gaps and width of the rings made round the nuclei of regeheratxon

varies with species and their light requxrement Light demanders requxre bigger gape and wider rings than
shade beatcrs

The places where there may be a nsk of wind damage, the gaps are created only on the leewatd side
and when that part is regenerated, fresh gaps are made on the wind ward side of the prevxous!y regenerated

_area. The gaps proceed against the dn'ectxon of wind.

3. Form of crop produced : 'I‘he crop.produc_ed by this system is somewhat un-even aged with a wav'
surface due to the presence of numerous thickets of different ages. If regeneration proceed slowly and
the gaps are widened gradually, the uneven aged condition is more pronounced than where regeneration
proceeds quickly and the gaps are widened rapidly. But unevenness generally disappears by the time.
the pole stage is reached, and this system may therefore be regarded as essenti ally‘ an even-aged system.

fiit sttt it it
LAREIERR RN
B O 14

Fig. 27. Group system, showmg successive stages of regenerauon a. initial gaps, with- gr'oups of advance
- growth; b, ¢, d, sucmsxve stagcs of enlargement of gmups, e, regmerated young cmp showing wavy

--mmme=
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4. Advantage and Disadvantage of Group System:

Advantage :

1.

As advance growth are selected for regeneration so there is a definite advantage over where
seed-years are not frequent, or where regcnmtxon is not-always certain.

'Ihe young crop developa ina somewhat more natural way than in the case of the uniform
system.

The young crops are protected by adgoing trees against frost and insolation.

As seed bearers are surrounded by unfcned forest so there is a little danger of being by wind
storms of the seed bearers.

Damagc by felling is avoxded during the carlier stages of regeneration. by dlmctmg the fall of the
trees away from the groups of young growth this no lo'xgcr holds good when the groups bemg

to,jomup

Disadvantage.

L

As the felling, logging, conversion etc. are spread over-whole compartment as patches so its
supexvision and control becomes difficult. -

Before felling, the groups: of existing advance growth have to be located and their extent
determined. In hilly, terrain, survey and location of these groups is difficult.

Serious damage be wind is liable to occur as the gaps become enlarged and the sced bearers
become xsolated.

On stecp hill slope much damage may be caused by the sliding of timber through groups of
'saplings during extraction.

- The system requires intensive working and where this is not possible its success cannot be

ensured. The system failed in Indian conditions mostly because, over extensive areas, intensive

working was not possible.

The Irregular Shelterwood System

1. This system is gommonly known as the Swiss or Baden F emelschlag. The term Irregular Shelterwood
System is an English equivalent of two European System i.e. Swiss femelschag and Baden femelschlag,
Ttmay be defined as a systém of successive regeneration fellings with a long and indefinite regeneration
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period, with the object of produomg young crops of 8 somewhat unevemaged type. It may be regarded
as a compromise between Shelterwood Group. system on the one hand and selection system on the
other. This system has not been used in this country but practised in Europe.

Swiss Femelschlag

2 The sahent features of this system are as undet

1. Ithasa long and indefinite regeneratwn period, This may usually extend upto 50 years and its

length can vary from place to place even within the same compartment

- 2. No specnﬁc rotation is prescnbcd Nexther the sxlvxcultural system nor the yxeld prescription by

the method control require that there should be a deﬁmte period, generally none is prescribed.

3. No penodlc Block are delme..ted Regeneration areas are identified and these may be scattered

all over the forest. Reallotment is done aftef every 10 years or so and much latitude is allowed
as far at the selection of areas for annual felling is concerned and also for the manncr in which

yxeld isto be obtamed
Regeneration commw in small groups and is enlarged in a centrifugal manner, as in case of

the group system. The basic difference between these two systems is the rate of progress.

Advantage is taken of the gaps in which advance growth first appears. Such gaps may be caused
by wind, or snow or-other natural agencies. However, 50 as to avoid damage to groups of saplings
during the process of extraction, it is prefémd if these gaps are first in that part of the coupe or
compartment, which is the furthest from the extraction areas. This helps to minimise damage to
saplmgs due to felling and extraction operations. Regcnetatwn should be so planned that it
progress gradually towards the extractxon route.

On level ground this may be brought about by making a line of gaps between two such

_routes and working gradually towards, these. routes. Besides this progression from the centre

- towards the outside, progress of regencration may also be along a perpcndxcular direction,

" so that the central line of gaps is gradually extended further into the coupes and the groups

- of regeneration advancé ina v-shaf:ed the yo'ungeét groups being towards the apex and on

- the flanks, the oldest being in the centre. However, contrary to the selection systen, therc is
a time when the crop receives regular thmnmgs s0 as to produce ﬁne stems.

3. Baden chelschlag The broad principles of the Badcn femelschlag rescmb s those of its Swiss
| counterpan Itis lg:gely applied for the treatment of silver fir and spruce forests, where the rotation

105



is in the region of 120 years, but in acute practice varies conslderably, the vigorous trees being left
to grow and the weak and cankerous individuals being removed at an early age, The regeneration
period is between 40 to 60 years; being more in cases where fir is in a higher propomon Where the
 -period is a fairly long one, the resultant crop is uneven aged in character. Under the Baden femelschlag..
a fair degree of importance is attached to the production of wird firm trees. Height increment in the
best growing individuals is considered to have a more beneficial effect than special steps to secure
aBundant_ regeneration. For this reason there are 'im‘dras'tic seeding fellings and more efforts are
made for the best development of vigorously growing individual stems. The aim is to secure good
. seed bearers with a well developed crown and root system; around which when gaps are created,
will put subsequently, all the remaining old and mature trees are removed in the final fellings. At

this stage the regeneration is about 50 years in age. . ’
5. Inthe early stages, this system'fesembles the group' system, very often the crop may appear to be
one being regenerated under the group system. During the initial stages, the crop is an even-
- aged one. Many crops which are being treated under this system today, _were initiated either
under the group system or the system of progressive strip fellmgs T

6. In certain cases regeneratxon beings with a slight openmg of the canopy.. However,. it is very
- essential to make small groups or gaps. As a matter of fact, it would be very difficult to preserve
regeneration in any other manner, for a period of about 40 to 50 years.

7. The gaps created.for rége,nerét_ion should be larger and opened with mote speed when a strong
- light demanding'speciec is being regenerated. - :
- 8. Incertain cases, where regeneration of the favoured species is not upto the desired lével, hardwood

may have to be mtroduced in a pure of comfers

9, As in the case of the selection system, in this system too, the best stems can be retained upto an
, advanced stage, so as to derive maximum benefit from its valuable increment on rapid light
" increment and be wind firm. Once, such trees have been deve!oped natural regeneratxon cores

' up in abundance around them.
Regeneratxon fellmgs are carried out thh due cautxon

The damage caused to the young crop is brought down to a bare minimum. Such fellings are
commenced from the top of the slope. and gmdually proceed down hill. Fellmgs ar¢’in free groups
of advance growth, rather than in created gaps. -

" The other Shelterwood Systems hke Shelterwood Stnp systems, the strip and group system and the
' Wedge systems are not used in Indxa So there systems are ummportant and not discussed here.
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The Indian Irregular Shelterwood System

']Zrevor (40) described 1t as a mo&ﬁcauon of the umform system, where Iarge quantities of advance
growth of various ages and sxzes, trees even upto 40 cm (16 inches) dxameter, are retained as part of the
future crop Accordxng to him this system had been described earlier by Glover as the Punjab Shelterwood
System in case of deodar forests. As the umform character of the crop is lost by retention of trees upto 40 -
cm diameter, the uneven aged and irregular nature of the ¢rop necessitate scparate treatment of the systermn.
This system not only & modification of uniform system but alsd a liberal compromise between the uniform
system on the one hand and selection system on the other. Thus in this systen irregular opening up of the
crop is necessitated by one ora combination of the cxrcumstances When the crop to be regenerated irregular
uniform opening of the crop leaving a few seed bearers, tesult_s in unnmssary sacnﬁce of immature material
for a theoretical ideal cf uniformity, other factors like difficulty in obtaining regeneration at will, stepness -
of terrain and danger of loss of soil fertility etc. govemn the irregular opemng of the crop

' The pattem of fellings will vary accordmg to circumstances.

The Indxan Irregu!ar Sheltexwood system is commonly applied to deodar .ai_id\SaI, and in certain
circumstances to tropical rain forests.

‘The Selection System
Thc Sclecnon Sy stem differs from all the systems described prevxously in that felling and regenesation
are not confined to certain parts of the area but are. dlsmbuted all over the area, the fellings consisting of the
removal of single trees or small groups of trees scattered through out the Forest Fellings carried out in this
manner are termed “Selectwp fellmg,s" they result in an uneven-aged type of forest in which all age-
classes are mixed together over every part of the area.

l. Gereral Description:

Fell:ag nd regenera'tion: Here, in this system, Sqattered single trees or small groups of trees scattered all
over the regeneration area are felled. Under favourable condiﬁons, natural regeneration comes up in these
gaps. Such a process continues year after year (under ideal conditions) and the wholg forest is renewed at
" some point in time. At al] times an uneven aged type of forests, in which trees of all age classes are mixed
together, results, Theoreucally, a forest being worked under the selection system should coatain trees of all
age classes, well dxstnbuted all over the area, . :
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~~ However, such a regular distribution is seldom found and more often than not, the age classes tend
to occur in-small groupsasa result of regeneration, occurring in smallgroups Iti xs difficult to select and fell
the trees to be remioved each year A substantial amount would requu-ed tobe spent on thxs annualoperation.
Hence, it has become customary to dmde the entire area into a mxmber of more or less, equal blacks, One
~ block is brought under regeneration eac_h year and thie entire’ forest i ,‘3 worked dmjmg the period of a year,
which is equal to the number of blocks into which the area is divided. This period is known as felling cyclé.

Under the arrangement of such- blocks, fellmgs are more concentrated and there results an
accumulation of mature treés dunng the interval between two consecutive blocks. A larger volume per
hectare is available for fellmg over the annual coupe, than in case of felhng being carried out over the entire
forest each year. At times, the term periodic selection system is applied to the former process and ideal
selectron system to the latter |

In their crude form selection felhngs compnse of removrng all trees’ above a certain diameter or
. girth-Yimit, at.times the provrsxon is added that any trees needed as seed bearers should not be removed.
However, such fellmgs are merely exploitation fellings, and need not ptOVIde for a yneld on an sustained
yield basis. Thus, if any respectability is to be given to.the selection system, in.the form af a silvicultural
system, a more scxenuﬂc basls is reqmred to be prescnbed, that the mere removal of all these trees
Furthermore, it is also necessary to provide a sustesined yield for earrymg out regular thmmngs in the
various age (and diameter) classes, so that thexrproperuec is mamtamed in a correct balance. It is alsoto be
ensured that the saplings are freed from suppression under defective and malformed stems, and these are
. removed from time to time towards the normal; a companson of the actual distribution of size classes with
“the normal curve serves asa gtude the fellings being confined as far as possible to those sm—classes whlch

are in exgess..
Advantages and Disadvantages of the Selection System:
1. \As Selection System maintain a constant forest cover both vettlcally and horimntally it affords
protection against erosion, landshps and snow-slides.

2. The forest produced by this system is most resistant to injuries by insect pests and adverse
climatic factors. It prevents invasion of grass and weed also,

3. Natural regeneration comes up easily as all seed years are usually used, due to abundancc of
' bearers and swdlmgs are well protected.

4. There isno need to maintain as hxgh as proportion of young stems to old as in uniform forest
where theremustbeeqml areesofeachage—elass. Heneeamueh hrget;mportmnofﬂxe growing
stock and yield can be i in the form of trees of hxge size.
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5. As the Iower age-class trees below the older trees, the selectxon system results i in producing

6.-

‘more growing stock in large sized trees per unit area than the umform system

From aesthetic point of view selectxon system is more consxdcned attmcuvc than umform system,

Whenever, thmmng of the mmatme stems are carried out alongthh the feﬁmg of trees which have
attained the cxploxtablc size, both these being’ combined together to form a single operation, cleanings are
- also done inthe younger age classes. Certain measures to assist m the establishment of regeneration, include

the removal of raw hamus from the forest floor, light soil workmg etc. In cases where natural regenemumx
is lacking, amﬁczal means, such as sowmg and/or plantxng hus to be resorted to. '

. According to Troups “Fellings under the selectxon system generally mvolve the removal of the
, followmg classes of trees:

1.

2.

Dead and dying trees.

Trees which axe diseased. misshopen or otherwise defecﬁvc or lacki‘ng in vigour, or of undesirable
species, mculatly if mtetfenng with bewet stems or promising groups of young growth,
Trees of exploxtable size, paxtxculaﬂy if defectxve or lacking in v1gour )

_ln modem practnce the tendency isto abandon the xdca of an exploxtable dlameter and to leavc ~

specially vigorous well-shaped trees of any size to put on increment. In order to secure & correct
distribution of size classes a plan sometimes adopted i is to construct a graph repxesennng,
nearlyascanbeestxmated,thexrnarmaldxsh‘thxhon,andtocanyomthefelhngmsuch away as
to lead gradually.

Dindvantageﬂ

1

W 'N.'

. Conslderablc s:l\ncultm'al shll is seeded for makmg and felling and extraction of timber.

The selectxon system is apphcablc clncﬂy to shadc bearers
Cost of logging and extraction is lngher

" Where grasing is pxactxsed, the selection systcm is not suitable sinc:e'?regeaeration isnot wnﬁn‘c&

to definite areas from which animals may be excluded.
As the seed is obtained from good aawell as bad trees, inherent qualities of timber of the your
crop may not be high. | '

tis dlﬁicult to assess the success of failure of regweraﬁon
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. Conditions of applu:atmn

1.. Where clearfe!hng system or any Shelterwdod’ System are not apphcable tike areds of hxll sides
and avalanches in mountainous region etc.'selection system is apphcable as it affords protection
agamst erosion, landslides etc.

- 2. To conserve the water supply in:catchment drea and to‘prevent ﬂoods, usually selection system
are adopted.
3. th.r’e communicatiof of forest with inarket is not so good jand market requirement is not so
high, selection system is adopted.
4. As certain species are shade bearers such species canncit be worked under systems of concentrated
regeneration. As the regeneration of these species cowres up well und r shade, selection system
is best suited for them.

5. The selection type of forest is maintained for aesthetic reasons in the immediate neighbourhood
 of towns and vxllages’

Controversy Therc are some controvemcs regarding the ments of te selection system Thc main points
of centroversics are (a) Qualxty of timber produced (b) Dxﬂiculty in supes vision and higher cost of extraction
{c) Damage of young crop durmg felling (d) Failure of regeneration (¢) Higher growmg stock and higher

increment etc,

Coppice with Standard

The coppice system involves reproduction by stool shoots or suckers, ‘when felled near grourid-

_level most broad-leaved species, upto a certain age, reproduced from shoots sent up from the stump (stool).
These shoots, known as stool shoots or coppice shoots, arise either from dormant buds situated on the side
of the stool at or near ground-level or from adventitious-buds arising from the cambial layer round the
periphery of the cut surface. As a rule several shoots arise from each stool, with the result that Coppice has

* a characteristically clmnped appearance.

1. General Description of Coppice with standards : -

Form of Crop : Coppice with standards consists of twor distinct parts : (a) a lower even-aged storey treated
as simple coppice and (b) an upper storey of standards fonmng an uneven aged crop and treated as l’ngh
forest on the pnncxple of the selection system. The Coppnce is termed the underwood and the standards age

10



overwood, The object of standards is to provxde large-sized timber, to prov:de seed for natural regeneranon,
to afford protectxon to the Coppice against frost, to increase revenue enrichment of Coppice etc. The
rotation of the Coppxce is fixed accordmg to requirements and the area is divided into as many annual
coupes as there are years in the rotation. As each annual coupe in turn becomes due for felling, the following

operations are carried out in it':
1. The coppice is clear—cut 'like simple c)ppice\-
2. A certam number of the existing standards are reservcd for at least one more coppice rotation,
and the rcmammg are felled. .
3. A certain number of new standards equal in age to the coppxce are prefembly of seedling origia
~ are reserved .
4. Blanks caused by the death of stools or by the removal of standards are ﬁlled up by natural or
aruficxal regeneratlon
If the rotation of coppice is r years the hge of standard will be 2r, 3r, 4r ...... years. In other words,
the rotation of the standards is 2 multiple of the coppice rotation.

Species : The standards need not be the same species as coppice. In case of mixed forest, these may be of
one or more species of the forest eg. In sal forest, they may be of sal and terminalia tomentosa. In mixed
deciduous forest, sissoo and téak are also good 1tandards. The standard should be most valuable species
with long clean bole and attenuated light foliage. They should be wind firm and light demander.

- Classification of standards The followmg tcrms are generally used to specxfy the several classes of
standards.
Engiish

Standard of 1 totatioh | 'I"elle;

Standard of 2 rotation ' 2‘;‘ cﬁss standard
Standard of 3 rotation 1% class standard
Standard of 4 rotation - ~ Veteran

Standard.of 5 or 6 rofation |
Standards of th_e variqps classes can genmny be distinguished by their size.
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Distribution, Reservation and Removal of gtandar&::;

The number of standards varies as ‘per object of management, climatic factors and silvicultural
characteristics of thc specics. For: cxamplc ifthe objcct is to get largo sized timber then fuelwood then the
number of standard is large. If the coppice crop is a shade bearer thcn large number of standards can be

retained, if it is a light demander species then few standards are: kept “The number or volume of standards
to be Kept reserved depends on the relatwe importarice of the overwood and the underwood. As a general
rule between 20 and 40 standards per acre-of all classes are rmrved. 'l'rcvor has recommended that standards

should not occupy more than one third of the | canopy ' N i
Usually the standaxds -are scattered singly over the area, hut sometimes they are conccnnated in
groups distributed amongst the coppice or in belts with i mtcrvemng elts of coppice. The selected standards
are marked clearly with a rmg of white paint or coaltar and setzal{y numbered with paint Record of all
standards retained giving details of species, diameter etc. for each senal number is k::pt in a regxster for
reference later. The rest of the trees are all marked and clear felled ' :

Standards should be felled and mmoved mmedxately after the copptce is cut, in order to avoid
damagmg the young coppice shoots after sprouting takes place.

“Tending operation:

After felling, the coupe is cleaned by slash burning. In the next year of main felling or the subsequent
year, a cleaning is done to cut climber and useless species interferring ‘with coppice and if necessary, to
reduce the number of coppice shoots per stool. The first thinning is usually carried out in the 5* year and
second in the 10" year. Thmmng is usually done for overwood. The prunning of standards may also be done

with the object of producing clean boles.

Charag:ter of Crop: The underwood is even aged while the overwood is uneven agca.

2 Atlvantage and Disadvantage:
Advantage:: ,
1. Asit produces fuel wood pole and large sized timber simultaneously so greater revenue can be
obtained by this system.
2. It furnishes parly returns from the copéice, which is a financial advantage.
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The Choiee of Silvieu!tural Systom

The choice ofa system: for adopuon in any given Tocality mvo!ves a careful study of the condxuons
( applymg to that locality. The i mportant factors which influence the choxoc of a system: are (1) Conditions of
~ regeneration (2) Condxuons of growth, (3) Nature of terrain and soil (4) Protection ngamst external dangers
() Avallabxhty of skilled staﬁ‘ and labour (6) Natute of produce required (7) Economic consxderanons ®

' Developmcnt of commumcatxons ¢)) Ex:stence of nghts (100:Aesthetic conisiderations etc,

(1) Conditions of regeuerauon -Since copptce systems aré limited to those species which copplce

- successfully so the coppice system fcan not be adopted for species which do not coppice or copplce

~ poorly. Such specnes in . which natural regeneration by seed or seedling coppice is profuse every year,

can be wotked under clear-felhng system followed by natural regeneration. If natural regeneration is

not possnble, and the. species soeds profusely every. year. then clear—fellmg followed by artificial

‘ mgeneratmn may be the obvious: choice. If namtal tcgenomuon cansiot be obtained every year or large

areas butcan be obtamed ina reasonably short perxod one of the shelter-wood system with concentrated
regeneratlon may be adopted. ‘So choice of a ‘particular system depends largely on condition of

~ regeneration to be- adopted

(2) Conditions of growth: Light mqumments rate of growth. and other ﬁotors influenice the choice ofa
‘system in relation to mdnvndual species or mixtures. The selection and itregular shelterwood systems

favour shade-bearers agmst light démanders, strong hght demanders are best adopted for clear—cumng ,
- system, the cleax-stnlﬁystem or some short period shelter-wood system, with very open. seedmg fellngs

(3) Naturasﬂernm and soil : The clear-fellmg system should .be avoided on land subject to erosion,

landslips or avalanches, in water catchment areas, and in places. whctc the soil is liable to- detenomtnon '

if exposed; the most suitable systems for such places are thosé which afford continuous protectmn to

the soil like selection system, the irregular shelterwood system or two storied high forest system with a

.. soil protectwe under cover. Sumlarly accotdmg to the condition-of soil, suitable system should be

adopted

(4) Protection agpmst external damages: In areas subject to.occasional or seasonal storms, any silvicultural

system in which heavy openings are involved, such as umform system should not be applxcd as the .

izolated trees will be exposed to greater danger of wind throw. Where snow damage is prevalcnt uneven-

aged systems, such as the selection or m'egu!ar shelterwood systems, are considered safer than' even-

- aged systems, Damage by frost and drought is guarded against adopting some shelterwood system, or

- strip fellings Eroceeded from north to south. Thus resistance of forest crops to external dangers largely
depends upon ‘the species, the sxlvxcultural system adopted may reduce the danger. -
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(5) Nature of produnce reqnlmd If the object of mansgement is. production of fisel, small timber or even
“potes, any of the coppxcosymmsmzybeapphedwxﬂmdvaxm for species which coppice succcessfully.
If, the object isto produce large sized quality-tiber, one of the high forest systems will be the choice,
dcpendzng on other factors

(6) Availabihty of slalled staﬂ' and Iabour: Some system reqmrc great skill in respect ofmarkmg, felling
and extraction of t:mbcr than other system. So, if skilled staﬁ’ is avaxlable only that particular system
«can be adopted. For example in' the- mlxod forests, applzcauon of shelterwood systom teqmms great
skill in regeneraung different species in proper or desired proportion. Availability of labour in sufficient
quantities also require for easy execution and timely completion of works.

(7) Economic Consxderatwna From the eoonomc point of view concentmhon of work has a added
advantage over diffusion of work, it cheapens the. oost offelhng and cxuaotnon, of cultural and tzndmg ‘
‘operations, and of supervision  gencrally. So from this point of view, the clm—felhng and simple coppice’
systems are the most’ favoumble and the selectwn system least fovourable. of systems. On the other’
band High forest syutcmwiﬂuhortngemﬁonpenodsmmm advpﬂngeous thant!wseofwnﬂx long
period, smcctheympmtmooncammon of work. Conudaanonofearly retums on the capital
involved, also affects the choice of system.

(8 Development o!’ Communicaﬁolu Commmicat:on of Transport system also affects the choice of

systezn. Forests with goodroadnetwork, clean-feﬂmgorgoppxceorothaevm agedsystems ciin be
adopted ‘But the fo:estarea with, mscoem’bleputwmxorlus mwnetworksystem, select:on system

. can be adopted
9 Exxstence of nghts Ifthexe are gmzmg nghts of the local. peoplc like Forest vnllag« and revenue. .
vxllages, the areas cannot be closed for gradng for a long penods The snlvxcultural system in which
regeneratxon penod is short should be applied, Smnhrly where large quantm« of small txmber are
_ requued by the loca! population asa mattcrofn@:t. eomﬁcés syctem is indicated. :
' (10) ‘Aesthetic Considerations From the aesthetic point of vww thosc systems which mamtam a
continuous forest cover, and paxtxcnlarty the. selectron system, m preferably to those iri which periodical
. clearings are made, such as clearf&lling and simplc coppice systems, :

" Conversion

- Conversion'is défined as a method of sitvicaltural procedure designed to change forest crops from
_one system or one (setot)speciestoanother e.g. coppice.to high forest, selectlon forest to uniform, or
hardv»ood to comfer (BCET). The ooncept of convmion involves a change in crop composmon and/or tha

- silvicultural system by which the crops are mgenemted and tepﬁced by new crops.
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The species growing naturally in an area may not be the best in respect of usefulniess, rate of growth,
total yield per unit area etc. It has been seen that the growing stock of our forest is only 32m’ per hectare
where as, the world’s average is about 110 m? per hectare. The mean annual increment (M.A L) is only 0.5 v
m® per hectare against world’s average of 2m? per hectare. Therefore, to compensate as well as to meet the

-'demand of i mcreasmg populatxon it is necessary to raise fast growmg valuable & well stocked plantauon

All these species may be mdxgenous or may be exouc

" Furthermore, to meet the demand of various mdustry like, paper mill, veener mill, pulpwood mill
etc. the composition of local forests should have to be changed and new species suitable for that locality

should be introduced if the local forests do not have those species. -

Each sxlvxoultuml system has some advantages and dxsadvantages in terms of hxgher yxeld execution
of work, improvement of growing stock etc. In past, before scientific managenient of forests, most of our
foxests were irregular due to unregulated fellings. These are worked under selection aim improvement -
: fellmg But due to advancement of management these unregulated forests are’ managed under particular

system depending upon the locality, silviculture of the sps. local demand of timber etc. In some cases, some
silvicultural system may be failed, in such cases it is necessary to change that system, e.g. conversion of
uniform system to Indian Irregular Shelterwood system of deodar forests in Chakrata (U.P:) and Ramnagar
Division. Sometimes conversion of snlvxcultmal system is also adopted for perfection of regeneraticn
technique by’ natural and or artificial means e.g. conversion to umform system by clear felling followed by
‘natural regeneratxon mostly by sadlmg coppice in Sara,nda Sal (Bihar), South Raipur Sal etc. where
communication.are poorly developed and the market demand is low, the forests are usually worked under
~ selective or, at best, selection cum-improvement felling. But where the deveIOpment of communication
and market demand is lugb systems based on concentrated regeneration are usually adopted.

: When it is necessary to change from one sxlvxcultural system to another sx!vxcultural system of an
- forest area, only a part of the forest is taken up for the work (change) during the workmg plan period rather
than whole area at a time. The rest of the forest area continues to be worked under the old system.

Pace or speed of conversxon also plays an mponant role in respect of change of silvicultural system
If the conversion period is short, the conversion proceeds with a fast pace or speed, on the other hand, if it
is long, the conversion is slow. Length of conversion period also depends on the following factors like
extent of sacrifice of immature crops, proportion of the over mature growing stock with negative increment,
the gap between the age of ﬁrst converted crop and the explostable age at the end of conversion  period etc.

However, during conVersxon Judlcxous decision should be taken constdenng all above factors for
g xmprovement of forest crops '
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Quesﬁons- R

Answer the fo!lowmg quesnons

1

What is silvicultural system? Bneﬂy describe the method of classxfymg snlwculmnl system.

2. Compare the pattern of fellings among the umfo:m system, the sclection system and the Indian irregular

3.

shelterwood system.

However clear fellmg is done in a forest arca"’ ‘What are the ‘advantages and d:sadvantages of clear
felling system.

4, Write short notes on the followings: .

5.

- a) Theclear gﬁip system and the alternate strip system.
'b) The group system.
c) The coppice with standards system.
d) Periodic Block.
= e) The choice of species in silinultufél system. | _
Define anvcrsipn. Briefly describe the methods or teclniique of Conve‘mon -
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CHAIN ’SURVEYING -

Chain Sur veymg is the suuplcst kind of surveymg It deals with only hnear measuremcnts in the
field. Thisis a convement method for surveymg small areas and open ground with sxmplc details. -

The principle of a chain survey is trxangulatxon It consists of the arrangement of framework of A
triangles by dividing the area to be surveyed since triangle is the only figure which i is detcrmmate in size
and shape if the lenghts of the sides are known. The framework of: tnangle should be cqu:lateral as neatly

as possible.

Some Common Terms Used in Chain Survey .
(a} Well conditioned Triangle : If the triangle contains no angle smaller than 30° andno angle greater
than 120;

(bY  Ilconditioned 'lhangle Here angles less than 30" and greater than 120°, This type of triangulation
should be avoided. If, however thcy are unavoxdable, care should be taken in chaining and plotting.

(c) Survey stations: A survey stations is'a pomt where ma‘m, base of any other ‘chain or tie line
commences or términates. The stations are of two kinds : viz. (i) main stations (b) subsidiary or tic
stations: Main stations are the principle corner of the main lines which command the boundaries of
the survey. Subsxdwary or tie stations are the points selected on the main survey lines where it »s
necessary to run auxillary lines to locate the intericr detail such as fences, hedges, buildings e
when they are distast form the main lines. -

Selection of stations:
i) Main stations should _belintervisible.
‘lii)  All triangle should be welil'. conditic_).ned." |
(iii)  Survery lines should be as few as possible.

(iv)  The main principle of surveying viz workmg from the whole to the part and not fmm the
- pan to thc whole should be strictly observed.
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(@)

(e)

)

(2)

(b) .

(v)  Ifpossible, a long,l,mc ,should bemn rouglﬁy tlirough theventre-and the. whole length of the
 area o , ‘ . 4
(vi) . “Each mangle should be prov:dcd wnth at legst one chcck line, “Tie lmes sheuld be run to
" locate the detaﬁ ' _
(vii) Survery lines should be S0 arrangcd as to avoid obstacles to rang{ng and chammg

Station hnes These ar lines joining different station points, They may be main lines or subsrdtaxy
or tie hnes if then lines join main station or if there join subaidxary or tie station.

Base line : It is the fongest and the most unportant chain line. It usually runs through the middle of
the area to be surveyed. It should be laid off on as level yround as possible through the centre and
the length of the area. It should be correctly measured horizontally, If convenient two base lines in
the form of the letter‘X" should be laid out. Base line avoios mumulations or errors in the system

of triangle bmlt thereon
" Checkline or Proofline : It is a line join'in‘g' the apex of a'trianslc to some fixed point en the side

opposite, or a line joining some fixed points on any two sides of 2 tmmgle A ehqc;k line or proof

line is required for checking the accuracy of plottmg or framcw: k.

- Tieline: It is a line joining some ﬁxed points termed as tie stations on the main survey lines. Tie
line checks the accuracy of the frame work and also enables the survcy or to locate Ihe interior
. details ‘which are far awav from the main cham lines.

Otl'sets Thesc are the lateral measurements trom the chain line taken to pbjects such as fences,
boundaries, building, roads, nallas etc. to the right or left of the chain lincs These are required to fix

the details of the survey, Offsets may be of the two types -

i) Perpendxcular Rectangular offsets
ii).  Oblique of tie offsets.

¢ :
IZ

Buildi .
uilding CD & EF = Perpendicular offset

AB =chain line
EG & FH = oblique offset
H "EF = Swihging offset
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(i) .-

Swinging offset : Taken by swingmg the tape in an are along the cham line. .

Length of offsets ‘Offsets should be as short as possxble and usually IS to 20 mts in length Buz longer .
~ offsets upto 40-50 mt may be taken in casc of boundancs which are, nearly parallel to the chain line.

No. of Oﬁ‘sm' The gencragl rule for takmg offsets are taken as many offsets as are necessary to define the
outline of the o_bJe_:ct clearl_y_ and accurately, There are some guxdelmgs provided for offsetting various types

ol abjects.
®
)

(i)

)
v)

(vi)

(vil)

Ifthe object is. round oﬁ'sets are to the centte and xts radius measured.
Ifthe ObJect is hexagonal or Octagonal one of its sxdes near the cham lme should be locat«.d

' by oﬁ'sets and its length measured.
. Ifthe boundary is straxght line like wall, road, canal, railway line, an offset to its each end is

sufﬁcxent ‘But if long. a few addstional offsets may de taken.

'If object irregular - offsets are taken at each bend of change of direction.

If objectis curved foot path or road etc. offsets are taken to the begmnmg, mxddle and ead of

‘ thccurveaudtothepomtsmbetwem

thn an objcct such as fence; hedge or a road etc. Crossés a chain line, the point of interection

is noted ‘Offsets should be taken to. the: points in it on cither side of the- pomt of intersection
to dctermme its dircctxon

Iu case of loéhtmg buildxng, the comers of buildmgs must be fixed very carefully snd the
right angle must be accurataly set out. Offsets aro taken to the comers of the. buildings only,

.mght as well as oheck lxe, and the dimenstions of the building mcasurcd and recorded.

lns;rument for Takmg Perpendmulax Qﬁ'sets
The following instriments are usgd for taking perpendicular offsets :

Lo Cross staff: These are of the following points.

| (i) Wdodén cmés sté'ﬁ' '

| ’(u) Open | btass oross staﬁ'
| 4 (m) Frmcb cross sxaff
2. Optical square:
3. Chain or,‘a Tape :
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Example : (a) 3 4: S method : Let pomts X and Y are fixed 40 umts distance apan with X as centre and
radius of 30 units draw an are. thh Y as centre and radxus of 50 units draw another arc. Mark pomt of
. intersection Z ZX is pc,rpendxcular to XY, because 30" +40 -\O 7‘h:s is know " as 3:4:3 3 method of lyi ing a
- righr angIe This can also be done by : 12:13 method

: ,Zf
- 3:4:5 méthod of setting
~ out a right angle
30 '
X 40 Y

Execuuon of Cham Survey - Field Work

Equxpments @) A cham (usually 20 mt) and. 10-arrows (u) a20 mt, mctalhc tape,. (m) ranging rods (iv)
offset rod. (v) Optxcal square, or Cross staﬁ‘ cw) a p!umb beb (vit)-Field book, Pencnl (vm) Pegs et.

A chain survey may be executed in the following steps:
M Prelimmary Re-Cofinassiance :

Befoxe suweymg, one should go over the entire area properly and thoroughly for deciding the
arrangement ¢ of field work: Study carefully all the details such as boundaries, roads, fenes, culverts,

- gates etc. Then select stations and determine their visibiloits. Boundaxy lines aré paced to get an
idea of their lcngth and extent of the area for deciding the scale of drawing. A neat-sketch also
called key plan is drawn on the first page the field book (Not to the scalé). Stations are marked by
capital letters and survey lines by usually consecutive numbers each placed in a circle.

(2) _ Marking stations:

After reconnessjance each station is marked on the ground. Wooden pegs may be used in cases on
soft ground. Stations'are udually distinguished by the letter A, B, C, D etc. In case of a grass land,
the turf around the peg should be cleaned. Nails or spikes are used in case of a hard ground,
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3 'Chalning and Ometﬁng 3

Chanmmg is usually done alter preparmg the frame-work and dxvxdmg the area into suxtable tnanglcs

Chaining operation starts normally from tlie ‘base lme and them in a regular clockwxse or anti
clockwise du'ectxon All the releVant details which are located within easy reach from the chain -
line, such as: comers of bmldmg trees, boundanes, hedges, stream banks etc. are ﬁxed by offsetting
and recorded in the ﬁcld note book. This process is contlaued till the end of the lme is reached and

all other ‘chain line are sumloarly dealt w:th

(4) Field book recordmg.

Readmg taken in the ground are recorded in the field note book. Field note book is a special kind of
. note'book opening length wise. The ﬁtst entry in the field book on the first page w:ll be an index to
“contents, On. the next page a sketch plan is drawn All the dxstances along the chain line are estered
in the central column and offsetts written oppposite them on the right or left of the column as they
may on their posxtxon Entry in the field book should bei m pencxl in the field and later inked. Each
_ chain line should. short on‘a new page, thougl; a survey line may extend to two or more page.
~ Offsets should be recorded i in metres and decxmals The recorder should face the duectlon of chain
line and note down the measurements as soon as they are called out. :

(5 ‘ Plot_tmg_:
Plotting is done on a drawing sheet after selecting a proper scale of dtawmg on the di_awing sheet.
After plotting inking an dcolouring is done. As far as possible, north of the plan should be towards
the top conventional siges or symbols are used to in diease various features should be given on the
left or right hand bottom of the drawing. :

Conventfional Sigans and Symptomps (Some examples)
Feature Symbol

¢
Bndge or Qulvett cererirasersagserionies
Chiline & SUN SM....rererrerenn.
Forest .....ccovnuevivninnne
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. D‘uring. Pldtting; attentions are also given for Border Title, point, lettenng. Colouring, and Offset

plotting on the drawing sheet.
OBSTACLES IN CHAINING :

Various obstacles or obstructions such as woods hills, ponds, nvers, building etc. are.usually met

 within ch:nmng Special mcthods areapphedtoovmomcﬂxm obstacles for contmued cbaxnmgto OVEIcome
there obstacles for contmucd chammg ina stmihgt line. These are as follows..

(1)

Chaxmng Free, Vision obstmctod Example rising ground or an intervemng hill. Wooded fizlds

- with trees or brush wood.

"I'here are two cases to be considered.

@i Both pomts may be visible from mtermedxate pomts on the lme

(i) ‘Both points’ mny not be vxsxablc from any mtexmedxatc point.
Casel: In this case the difficulty may be got over by reciprocal ranging.

Case II : In such cases Rasdom line method is usually followed‘

Let AB isa line which is to be tanged and chained. From pomt A run a straight line. AB ~mdomly,
ina ducctxon as near to that of B and stanon B is visible from B'

Fix station B so that BB is perpendicular to AB. Measure BB

Then (AB)' = (ABY + BB)

-or AB = \/(AB'jzx (BR)’

If any other length'-AC‘ is measured ‘along_ABl, a point C islocated on. the line AB.by measuring

the perpendicular distance.

AC’

orC'C = XﬁTx B'B . Ini this way a sufficient no. of points can be locgted.' The line is then cleared

- and the distance measured.
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Random line method
(2) Chaini'né‘ obstructed but vision free:
‘Example : river, canal ‘deép. $tream ctc Pond there are several methods. but sunple one is nwc

Let ABis the chain line obstructed by ariver.Ci isa point on the other side of the river ranged is line
with AB. It is required to measumthe m BC and continue chain line AB across the river.

- Setouta pcrpendxcular BDatBon, AB ‘and ﬁx its m:d point F. Set out another perpendxcular DF on
BD at D. Fix rod at E. AnaSsxstam thh unotbu rangmg rod in hand, moves along the line DF and fiucs &
rodathothatpomtsG E and € aré ranged in'a li

Tnngles DE CG and BEC bemgcmgmeutBC DG

| IR IS
— A '
' g River '/’ { .
~ POND o - A B d
D g B
A ')?l‘“ B /
/
/
. /
E . /
o G Y A
F
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@ Cheining and vision both obstrusted:
Example e Bmldmg

" Select pomt X&Yon the chaxn line AB AtX and Y erect perpendlcular xX' and YY of equal
- length. Check the diagonals XY & YXJ which shauld be equal and also XY’ which should be. equal to XY,
Extend the line X'Y' pass the obstacte and select two points M & N'onit. At M ad N setout perpendicular
NfM and N'N equal in length ot XX, The pomts M &N are obviously on the chain line AB and YM=YM'

'x'.-' ¥ A | M' N’

s

Care should be taken in setting out the perpendxculars very accumtely and to see thc their lengths
are exactly equal. ‘

- CHAIN AND PRISMATIC COMPASS SURVEY

Cham vaeymg is. usually employed when an area is small and compact, itcan be easxly surveyed _

But when the area to be survcyed is extcnswe, terram is difficult or where it is in the form of a very long

strip in such areas cham is used with a prismatic compass for the cham and: compass survew In compass

survey, chainage of the survery lines and recording will be necessary-as in cham survey, but the direction of
the survey lines is fixed from the data in any of the following three ways.-

(3  by'measuring the foward and bacszrd magnetic bearings at each comner.
~(b) By in,easixting the interior angles at each comer.

(©) - By measuring the exterior angles at cach comer.’
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Here the alxgnment of the survey line is found by. ﬁxmg the posmon of each survey station with
respect to that of the previoys station. ’I‘tus process is known as traversing. Traverse may be of the followma

kinds :
' (i) Closed Traverse : It is said to be closed when a comp!etc gircuit is made. -
(n) Open traverse It is said to be open when it does not. foxm a closed polygon

Methods of vafersmg There are. four methods of traversmg
(a). . Traversing by chain angles ‘
(b)  Traversing by chain and optical square.
(¢) . Traversing by chain and theddoliié
) -vaersmg by chain and pnsmanc compass.
Checking the acenraey of a closed Traverse $
A.  Checkon angular Measunmentx.
(@) ,Sum of mtenor angles oi‘ a traverse polygon should be (2n - - 4) right angles or r 180 (n-2)
.degrces
(i) Sum of measured exterior angles should be equal to (2n+4) right angles or 180(n+2) degrecs.
(iii) .. Incase of traversing by direct by direct observation of bearings, the accuracy can be checked
' _-by the comparing the F,B & B B of each line of each line of the traverse.
B. Check on linear Measurements :

na closed traversc the sum of Nonhmg should equal the sum of Southmgs and sum of Easting
should be equal to Westmg

‘Closing error and’ adju_stme.nt of eiesing Ervor:

Closing error arises due to error in clfaining and ro angwar measurements in the.field-the last
station measured to do not coincide with the starting station of a closed traverse. This error xs adjusted by
the: lollowmg way.

(i) R Mathematic#l' adj bétfnéﬂt;
(a) Bowditch’s Rule.
(b) Transit Rule.

f closing error is small i.e. I in 100 for accurate work and upto 1 in 200 for ordinary survey-it may
be ehmmated by slight modxﬁcatlon of the plotted traverse by graphxcal application of Bowditch's Rule, If
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the error is large measurements should be remeasured
Slope and application of Prismatic Cmpsu Survey: '
) For survcyxng in hxlly and broken areas where chain survey is tedxous

(i) Usedi in areas compnsmg of a large open tract thh few isolated details and under conditions where
great accuracy is not required. Co

(iii) Not suxtable for magnetxc areas ‘

(iv) For linear survey like Road, canal x'axlway track etc. Coxupass and cham survey is Qm:ker
{v) Prismatic cqmpass is usufull for ﬁ_llmg detalls in'a survey.

: 'Practi,cal-Ut.ility:' |

(i) .~ Locating one’s position on a plar or map.

(ii) - . Locatmg the posmon of an maceesxble ob)ects difficult to ehmu. =

‘(iii) Ranging out a stmght fine between two pouws m a fomt. |

(iv) - Laymg outa forest Coupe

(v) Deterxmmngthe wndthofamndmgstream

(vi) Checkmg of foreet boundanu

anremcnts of angles and Bearings: ,

Bearings: The bearing of a line is the horizontal angle with the line makes with some reference directioin
or meridian. The reference direction employed in surveymg may be (i) a true mendnan (u) 8
magentic mendxan (iii) an arbitrary a assumed meridian. .

Designation of Bearing : There are two systems of notation usualiy used to ex'pressv bearings :

(a) Whole circle system (W-L-B) : In this system the bearing of a line is always measured

clock-wise ffom the north point of the reference meridian towards the line right round the

. circle. The angle thus measured is called the whole circle clearing. It may have any value
between 0’ and 360°.

(b)  Quadrantal system : In this system the beanng of a linc is measured clockwise or
- anticlockwise from the north or the south point, whichever is nearer. The angle so measured
is calleﬂthe Quadmntal beatmg (Q.B.) or Reduced Bearing (R.B.). Bumcncal value of Q R.

cannot be more than 90",
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'The method of obtaining R.B. from W.C.B. is tabulated below:

| WCB lies between 'Reduced Bearing Quadrant’
1. 0"and 90" WCB. CNE
o 90" and i80° 180-W.C.B. SE
m. 180°and 270° W.CB. - 180 O sw
V. 270°and 360° 1360°- W.CB. NW.

Fore and Back Beanng The bearmg ofa lme m the dn'eouon of the progress of survey is calléd the Fore
or Forward bearing (F.B.) while its bearing in the opposite direction is known as the back or reverse bearing.

(B.B.)
Back Bearmg Forebeanngi 180 plus sxgn is used when FB.is less than 180’ and minus sigt is.
'used when F. B is more-than 180"

("alculauon ot' Angles from bearings: Following rules may be applied to find the included (interior) angle
between any two lines whose bearings are known '

L Given the whole circle Bearings of lines :
RiR When Reduced Bearings of the lines are givén. :

Local attraction:-Magnetic needle of compass sometimes render unreliable readings due to the presence
of some disturbing influence of the magnetic objects like keys, penknife, iron buttom, water chain. iron
fence, lamp post etc. in the vicinity of the needle. Which is known as local attraction.
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Dip of the needle : It is the.inclination of the needle with the horizontal plane.

| Mlthemodcal Problems :

Exumplo L

Solution :

Example II.

Convert the fouowmg W.C. Bs to R. B
(i) 45 30 (u) 68°32 (m) 334 52 usmg the rule for R.B we get.

@  RB. = (W.CB)NE. = 45"30' NE.
() RB.=(WCB)NE. =68"32'NE.

(iti). 'wcs = 33452’
QB.= 360 wcs -360 334 52 25°8' N.W.

Convert the followmg reduced bearing to W.C.B.

: _;'(x)N3OE ‘ _(n),NBlOW_

 Solution:

Exa;nple 111 (4

G w.c.B'.,=R'B. =30"

(i) W.C.B.=360"-RB.=360"-30"=33°

The following are the observed fore bearings of the lines :

AB, 38"14', BC, 142°18, CD 208°37 and DE 318°26’

~ Find their back bearings.
Weknowthéth =FB 180
' So usmg this rule we get the followmg

F.B.of AB= 3814
B.B. of AB = 38°14' + 180" = 218"14’

FBof BC = 142°18'

B.B.of BC = 142 18 + 180 322°18’

FB.of CD = 208'37

B.B. of CD =208"37 - 180’= 283"

FBof DE = =318"26
BB of DE=318"6 - 18~13826'
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Example V. (a) Fo!lowmg table shows the reoord of an unc}osed campass traverse. State if there is local
attraction at the statxons, xfso computc the correct bearmgs of the lmes :

Solu_ﬁpnz

L)

G,

Llno | ‘ FB S BB |
AB » '5‘9’?30? , ©om 30 |
BC L 110°20 200307
> Casg0 s
“pE et

CEF . eshs - 215°18

® rfme_goéﬁmieh 1#2°30E, fod e f;,f,,- bearing of all the lmes |

First ﬂﬂd ottthe station which is uneffected byobsemng the F. B.andB. B. Where FB. and
B. ﬁ; estabﬂsh theprcpetnlmon i.c: abide the mle, B. B =FB.&1 80 that point is unaffecied.

*Herestauons andFareunaﬂ‘ecwd Because ,

BE ofBF . 295°18'

L FB 6fEF= 95 s’

1fweapplythemlcleeB.B.ﬂFB & 180 thenwcget,

275°15'=95° 15 + 180" -=z7s 15’

So, the pomt E and F ¢ are unaffected. From those pomt we can correct the other Bearmas of

~ the line as follows

B:B. of DE is 273" is correct (Besause E is unaffected). its F.B. should be 273°30-180" <
93 30 instead of. 91 15 hence station D is oﬁ’ered and correction is plus 215" ¢ 93 30 .
91°15 * y=2 H is to be apphod to- all observatxons at D '

) _:kNowBB ofCD shouldbe 8 H +2 15 = 10 30 and FB 190 30 instead of188 30 So .
: .'statxon Cis aﬁ'ectcd. : - :

SN



| ,. AB ‘~:

(b) -
2 °3to the corrected bearmgs of all the lines :

’Y

. 'A correcnon of +2°0 is necessaw for aﬂ bearmgs observed at C So.B.B. of BC should be
1292"30(290"30 + 2°0=292"30 ) and FB should be 112 30 instead of 110 20.

So station B is also aﬁ'ected and a correction of plus 2’10’ is to be applied to all beanngs
observed atB NowB B.fAB shouldbe2’7l °30' +2°10'=273%40' and its FB 93 40 (89 30"
+2"10f ) instead of 89°30’. chce A is also aﬁ'ected and a correction of plus 4 10'is required

. mallbeanngstakcnatA

~ The result may be tabulated as follows

_ .Observed Bearmgs _
Line - FB . e ': ‘ Cnrrectmn
89" 3o | 2_7;1"36 o +4_ '10"at A
| 4210w
BC 11020 290%30° . +2°10'atB
| _ | i b +2°0'at(_f.
oo 18830 81 +2%0mC
o  +215aD
DE 2115’ 2730 +2°15'aD
EF 9515 275"t Nil

F8

93"4_0‘

12’30

190"30"

BB

27340

292°30’
0"30

27330’

o, 7 -

275°15

C.orreétbd Beaﬁhgs o
| ' Rnrrlarks '
:S'tv_a';tibn' A & B affected

T Stati_dn B & C affected.

. . Station C & D affected

Statmn D aﬁ'ected

‘Station E &F unaffccted

Here declmatxon is 2"30'E. True bearing should be 96°10', 115 o, 193°0, 96'0 and 97°45' by add}ng

PLANE TABLE SURVEYING

- Plane table surveying is a,graphtcal method of surveying in which the field observatmns, "
* " "measurements and plotting proceeds simultaneously in the field. This method is suited for filling in interior
-details of a closed traverse It is also used for small scale mapping, topographlc and engineering surVeys

ﬁe maps etc.
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Pltme Table and its'accessories : The plane table consists of a drawing board mountcd onatripod

and an alidade. A declinator (called trough campass). A spmt level, a plumbmg form or U-frame anda

L

“2.

-3

6.

water proof cover const:tute the reqmsxte accessories,

Drawmg board It is made of good, well seasoned wood. Sizes varies from 40cm x 30cm to 75cm
x 60 cm and about 2.5cm thick. The Board is mounted on a portable tripod stand in, such a manner

'.that it can be levelled rotated about its vertxcal axis and also clamped in any posmon wnth a wing

nut or butterfly nut.

- Alidade : (A’lso called sight _rllle or sight vane) : It is‘a_qubincd sight and straight edge ruler. Tt

may be of wooden or metal ruler usually 40 to 60 cm long and about Scm wide. it has two brass
sxght vanes one at each end; ‘about 15 cms and perpendicular to the lerights or the rule. The. sighc

vane is prov;ded with a narrow.slit nmmng down the centre, whereas the orservatxon vane is open
* and carries a hair or ﬁne thread. The line of sight between the vanes is parallel to the edges ofteh -

alidade. One of the edges of teh alidade is levelled and i is termed as the fiducial edge. Some alidades
are filled with a tele~scopnc sxght

Declinator or. ’hough Compass : It consist of a magnetic needle enclosed 'i_n a rectangular box. It

is used for marking the magnetic meridian on ‘paper and for orienting the tablg.

© Spirit level : It is used for levelling the plane table.

Plumbing fork or u-frame : It is a U-Jshaped'form'made of a non-magnetic metal. It is used for

_centering the station point on the drawing sheet over the. correspondmg ground station. It is 25 to

40cm long provided with a plumb bob.

Water proof Cover : 1t is required to pmt'ecg the sheet from rain during rzlin_v weather conditions

PROCEDURE:

. l.'

Like chain and compass survey preliminary reconnaissance of the area. selection of station, baseline * *-
- efc. are impo'nant in case of plane table survey. The following steps are involved in Plane Table Suweying‘ :

Sctting up of PT 1 Set up at convenient height abotit waist height for easy execution of work. Legs
of tripad stand should be firmly ﬁxed in the Eround

' Centering The P-T should be placcd in such a way over the station on the ground that the poin

plotted on the drawing sheet i is exactly over the station it represent on the ground. This is usually
done by U-Frame, or sometxmes by droppmg a pebble from the corresponding point below zhe
table, :
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Levelling the P-T: Levelling is done with the help of a spirit level or by rolling a round pencil over
the drawing board. Legs are adjusted as per requirement of the spirit level.

Orientation: The term orientation may be defined as “the operation of keeping the P-T at each of
the successive stations parallel to the position which it oceupied at the first stations”. ff not properly
oriented al rays drawn at that station will be incorrect. Onentatmn is done by any of the fonowme

two methods.
(a)  Orientation by the magnetic necdle (Dedinator)
(b)  Orientation by back sighting.

METHODS OF PLATE FABLE SURVEYING

L

There are four methods of plane table surveying
1) Rediation

i) - Intersection

. i)  Traversing

iv) Resection.

- Radiation Method (Methods of Angles and distance):

Radiation is a method of P-T. Survey, involvinig measuremerits along the rays. It is suitable for the

survey of the small areas which can be commanded from a single station. Steps are as follows:

i)
{11)
(i)
@)
{(v)

(vi)

Select an instrument station O so that all points to be located are visible from it.

~ Set up the table at M and after levelling is clamp the board,

Select a point M on the sheet so that it is exactly over the station M on the ground by the use of U
frame.

Mark the direction of the dnrecuon of the magnetic meridian with help of campass in the top comer
of the sheet.

Centering the alidade on M. sight the various points. A, B, C,D, E etc. draw rays along the fiduicis!
edge by pencil.

- Measure the distance MA, MB, MC, MD ete. from M to the various points with the chain or tape

and plot them to scale along the corresponding rays. Join the points a, b, ¢, d. € etc. to give the
outline of the survey. | |

134



The field work can be checked by measuring the dxstances of AB BC CD ete. and compommg
there with their plotted lengths ab. be, od, ete.

B ‘Rad.'i.mion, s

Closing error :

If it is seen that the traverse has formed closed ﬁgure on the ground but he same does 0t close on
the plan a closing error results. If the error is wjthin permissible limit i.e. I in 500 in linear measurements
on 15 minutes in every angular, the traverse may be adjusted/ closed by graphlcal method. If thc error is in
excess the field work should be repeated

Advantages of plane Tablinv H
{iv  Suitable for p;@paung small scale mapl
(N | Most rapld method.

(M 'F ield book i is not necessary.

h There is not possibility. of omxttmg data or necessary measurements as the map is plotted in the

(5)  Errors may be easily detected by check lines:
(&) Req_uiied compatativély less skill. .
(7} Useful in magnetic areas. |

(8)  Contours and irregular obiects may be represented liy.
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It is not suitable for work in a wet climate.

‘Not sui_t,able.for'vcry accurate work.-

Tt is essentially a tropical instrument

. P.T. accessories are heavy and cumbersome to catty

The plan is liable to be damaged and dlsgxgnred in the ﬁeld

CONTOURS - CONTOURING - TOPOGRAPHICAL SURVEY
Tophographical survey may be defined as the dehneauon of the natural physrcal features of the

earths surface, such as hills, valleys, ridges, rivers, lakes etc., i.e. physical relief on the earth’s surface. It is
important that relief is clearly and accurately represented in the map. Relief may be represented by Relief
models, shading, Handers, Form lines, Spot Heights, Layer tints, Photo Relief maps or Contour lines.

1.

6.

Contour - .contourlines : A Contourline or contours may -te defined as representation of an
imaginary line running along the surface of the ground at the sime height above mean - see-level

M. S.L. )mroughtout its length"

- Comour mtemal or vertical mternal The constant vertical distance between any two consecutive
_contour lines ona map is known as C.I. & VI

Relief Model : It is a representation of ground form in three dimenstions in miniature scales. Planc
materials, wax or clay are used. These models are very expensive.

Shading : Here relief is represented in a plan shadmg is used to depict rays- of light ﬂoodmg teh
physical features for-an angle.
Hauchures : Hauchures represent relief n more deﬁmtely but less legibly than shading. Hauchers

comprise of rows of short. almost parallel lines whose thickness and spacing varies with relief.

Form lines : It is similar to contour lines. But there are not drawn to scale; and not in at regular
intervals. It gives only quantitative and approximate information.

Layer tints : Here the elevation of different localities is shown by various shades of colour applying
flat tints. Such a map is said to layered. For example, area may be divided into different elevation
zones such 2.0-200 mt. 200-400 mts.; 400-600 mt. ........ and each category gives a different colour
of shade. ' '
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% Spot hcight Thisise system ofsclgcting 8 nmnbsr of impertm pomts and their elevation written
“in figures near dots depietins their location,

8. Phiato relief ; Here relisfis depicted by phqtogmphmuy rsprodusmg a plaster ofpaus relief model.

-of a particular ares,

“Topographical - Suivey : Contouring over large dreas is known as Topographical survey. Here
considerable fied] data such as elevation of dxffcmnt point, surface plan; surfuce reliéf, roads, forests etc,

are needed.

Qbject of Topogaphicai survey in forestry i=
i) To study the topagraphic ﬁ;amrcs of the area.
if) To determinate the gradmms and cauyout alignment of roads, extraction paths, mspecnon paths,

contour trenches etc,

i) Computation of earth-work for engineering etc.

) For layout of fine lines, irrigation channels, etc.

V) Proparation of stosk maps, mansgemeat maps eto, Uscs of Topographie maps :

1tis used for selectxon of suitable site., layout of togds, irrigation channels, nurseries, soil conservation

works varmus engineering pro;ects. éte.

‘Contour Representaion of Important Rehef Features

1. Triangulation point

2 Plane surface

3. Depression or Hollow

4. Hill-top or a peak
S. Valleys and Spurs

6. Vertical cliff
7. Over hanging cliff

It is point from where various triangles for survey work are laid

" out.

:  Contours - straight, paralle) and quually spaced.

Series of contours which close on themselves with lower contour
in side.

-

+. -Series of closed contours thh hxgher value of contour inside for -

peak, Hill top.

Pro;ectlon from the hill side nnning out of the main feature are
spung Depressmn in the hxll side are called valley.

: - Here contour unite and mctge to form one line.

here contours interseck.

137



8. Ridgeor crest i Itistheline joinih_g the paints of higher ¢lavation in theirimmediate
: neighbourhood. y
A depression between two adjact hills, rounds or ridges or broak

9. Saddle i
S | or a dip in a ridge.
10. Plateau or Table land _, ; - Here sepératiqnbetwccn the two contour linesof equel hoights is
- large. : : '
———— 5
—— 6§
. 60

 Plang surface

AT

. v_cni&i lm‘\ -

s L _
v ey 30) 7 60 §0

Platexiz
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MAPS AND MAP READING

In forestry map reading is necessary for various purposes. An skilled an experienced map reader

can get an idea from map reading reagarding the countr"}»" or area by reading its terraiin. undulations. ridges
and valleys. hills and depression etc.

A map may be defined as |
i) areproduction of a portion of the earths surface.
i) “a convémional delineatibn of the earth’s surface of portion thereof on a flat sheet™,
~ i) “A reduced tacsimile of the features on earth’s surface”.
Main features of map :-
_ 'i_)_ All objgcts represented on the map are in the same relative position as on ground.
i) Al angles between the lines drawn on the map are equal to the angles bctwcen the correspondum
lJines drawn on the ground. .
i) A map must contain certain convemional sisma or symbols, to indicate feature or object on the

ground.

Map reading :

It is necessary to know the following pre-requisite for correct and throu_gh reading ofa map. There

are as following :

a)

by

<)

&

Scale of the map.

Conventional sign,

Qrientation of the map. May be done by with compass or without compass.

Findiiig out qne’s position

- On the map - i.¢. by (i) with pnsmatzc compass (ii) with chain or prismatic compass (iii) with plane

1able (iv) with Chain or Tape.

D_it}bnem Tvpes of map used in forestxy':-

A

- Management maps

1 Management maps - Working plan Maps.1/50000 scale.
it) Stack inaps - 1/15000 scale.
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| iii)  Control maps - 1/15000 scale eto.
B.  Administrative maps.

'C.  Miscellancous.

- COMPUTATION OF AREAS |
* One of the main objects of land surveying is o determine the area of the land surveyed. In forestry,
surveyed are usually dane for determinatiain of plantatien ares, nwseries area, felling soupes. boundary
demarcatjon etc. purposes.

‘Area’ is meant the area of 2 tract of land as prbjcctsd-’upon a hérizomal plane.
Units used commonly in survejed ar '
) Hectare- in rural lands.

ii) | Square metér -m Urban lands. .

 General Method of Determiniag area :-

). Computation of Areas by du'cct use of field notes - by survgymg the a;ea and galqulanon of area
thereafier. ) .

(a) By triangles - chain survcy pates -

Area (A)= [s(s-a)(s- b)s-c) where a,by¢ ars lengths of the thrcq sides of the triangle and
s = semi pcmneter of the triangle = 1/2 (atb+c) '

~or  Area= /2bhwherebxsthebaseandhnsperpcndicmrdxstanw |
or Area = IZabsmc=/2bcsmA QcasmBumformcoordlnatcs

(b) . Area along Boundaries :

By the formula

0 O\ . )
Area (A ==--3——=- x,-—x,)

' there 0 = the offset at chainage x along thc survey line
0 = the oﬂ‘set at chamagc x along the smvey line

“up



9-‘—1;'21'- Mean offset.

-

“The X, x w the dxstance between the offsets. _
The areas of the ixtegular stips is calculated by this method.,

. Cormputation ﬁ'om plotted plans :-
‘A. By graphical Methods
"B. By Meshanical Methods.
C. - By lnstrumcntal Method i.e: by planimeter.

P

A, Graphical Mcthod.
®)  Entire arcas - by divisions into geometrical figures.
i) By Division into Triangles,
| ii) By-djvisions into square.
i) By divisions into strips.
6)._ - By ordinates - Area entire or along'ffBblmdaries

) ordumtes A base hne is taken through the area and dxvxdcd mto a numbet of equal parts The ordinates at‘ |
“each of the points of dwmon are. - drawn and scaled Froiif thess: tigths and tl\_exr common distance apait,

the am miay be calc\dated by
. (@) TheMid ordmate rule

B j2
A O 1 2 H
1  §
4 i
by by Byt
Arw (A)== b, +h, l;’ k‘xl
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(i1)

(iii)

‘or—(h +h+h+ ........ h)d

Where h h, ete. = the ordmates at the mid points of each divisioh.
1 =the leugth of the base line. o
n = the number of equal parts into which the base line is divided.
d = the common.distance between the rodineates = 1/ ‘

' the average ordinates rule

o0 |0 fofo]o O

o g

e

T

in which 0,0, 0‘1 etc. = te ordinates at each of the points of division. .
! . :

1 =the len'gdx of the base line.

. n=the number of equal 'parts into wbich the base line is divided.

The Trapezoidal Rule : Here, in this method the area is divided into a series of txaperzonds The rule
may be as follows :

“Multiply the common distance of the ordinates by the sum of half the first and last ordiniates plus
all the othes™.

Area(8)=d[(0 +0)2+0 +0 +0.......0 - 1]
Simpson’s one third Rule or Parabolic Rulc:

“To the sum of first and last ordinates, add twice the sum of temammg odd ordmates and four times

the sum of all the even ordinates. Muitiply the sum obtained by 1/3 of the-common dlstance between
ordinates and the result is the requires area”.

 Areg (A)=(¥/3)(0+40 +20 +40 +.....20° +40 +40 0)
. 0 2 3 n2 a2 al n
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Questionf for Student’s Response Sheet

. ' Write short notes on : (a) well conditioned triangle and ill-conditioned trxanglc, (b) check line, (¢)
Txe line (d) offset, (€) 3 : 4: 5 method. (f) obstaclesin chaining.
2.  Define: (a) ~ Whole Circle Bearings and Reduced Bearings.

(b) Dip of the needle.
(c) Geographical meridian, Magnetic meridian and Arbltrayr meridian.

) Local attraction.

3. (i) Following bearings were taken in running a compass traverse, Fmd out the stations affected
by local attraction and the corrected Bearings.
Line FB : B.B.
AB - 66’15 244 0
BC 129°45’ 3130,
CD 218’30 37°30'
DA.- 306 45’ 126°45'

F md the corrected fore bearings and’ the true bearmgs of the lines, gwen that the magentic declmatxon is
© 840 E

- (i) The following bearings were observed in running a compass traverse.

Line F'BB B.B.
AB 344" 164
BC 88’ 26930
Cbh 173030 : 350 30
| DA 26330 - 8s' -
(iii) The following. are the observed F.B. of the lines: '
AB = -~ 38 14
BC = - 142°18'
CD = 208037:
DE .= ' _ 31826
| Find their back Bearing.
4. Define plane tabling. How plane table is oncnted during surveying? Briefly describe the Radiation .

- method of plane table survey. What are the practical application of plane table surveying?

. 5. Define : (i) Contours (ii) Hauchers (iii) C.F. & V.. (iv) Vertical cliff (v) Simpson's one thii'd.
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. FOREST MENSURATION

DEFINITION ‘
Mensuratioin is derived from the lating work ‘Mensura’ meaning ‘Measure’. It is, therefore,
concerned with the determlnutiion of lengths, areas and volumes.

Forestry isa mmagement utivlty involving land, and the plants and animals growing on it.

Forest mensuration is that branch of forestry which deals with the detmnmation of dimensxons' o

(e.8. diameter; height, volumo cto ) forms, volume, age and increment of single trees, stands ow whole
wooc_h, either standm;gg

- or after fGlling
OBJECT

1. Basis for Sale

Fotest mensuration forms the basis of every tansaction invqlvixjg sale of forest or their products,
Before any sale, it is required to prepare estimates of the quantity of timber or other produce contained in
" various sale Jots and the value which each lot is likely to fetch. . :
2. Basis for Mnnagement

It {5 desirable that t‘orests should meet the demand ot‘tnmbcr and other forest producc in perpetuity.
For this purpose, it requires to have a knowledge of the quantity of timber standing in foresxs and the
increment it is putting on every year or in a period of years.

3 Mgasufement for Résearch

It is necessary to find out which treatment and method of managcmeht is suitable to maximise
| producgi_on. It involves laying out of sample plots and comparing the results of their periodic measurements,

4. Meaaurement for Plahning

- Forest Mensuration supplxes basic statistical data to plan for the future and serves asa yard stick to
check the Viabilily of projects. -
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MEASUREMENT OF DIAMETER AND GIRTH

Linear Measurement is a fundamental measurement for any mensurational work. In forestry linear
‘measurement is required in the measurement of boundary of a tract of land and various linear dimensions
of a tree, such as, diameter and girth, he:ght, crown width, length of the commercial bole, length of bole

.. ' contammg standard txmber etc.

Place of Measurement

The place at which diaméter or glrth is measured varies with circumstances. In the case of logs,
diameters are measured at thick dnd thin ends or at the middle of the logs or sometimes at all the thrre
. plaoes In case of standing trees the diameters or girths can be measured at several places, some within the

casy reach of man standing on ground and others beyond it. The place has since been standardized in
favour of breast height. Breast height (1B.H. or b.h.) is defined as almost universally adopted standard
height for measuring girth, diameters and basal area of standing trees. In India, it is taken as 1.37m (4 ft. 6

in) above ground level.

STANDING RULES GOVERNING BREAST HEIGHT MEASUREMENTS.

A.  For Statistical work in sample plots:

'( 1y Breast height should be marked by means of a measuring stick on. standing trees at 1.37 m above
the ground level..

(2)  The breast height point should be marked be maﬂ:ed by intersecting vertical and horizontal lines 12
cm long, poinved with white point this is referred to as cross mark.

(3)  On slopping ground, the diameter at breast height should be measured on the uph:ll side, after
removing any dead leaves or meedles lodged there.

(4)  In case the tree is !eavmg, diameter at breast height (dbh) is measured along the tree stem and not
vertically, in the side of the lean for trees growmg on flat ground on sloping ground.

' (5)  The dbh should not be measured at 1.37 mif the stem is abnormal at the level. Breast height mark
should be shifted up or down as little as possible to a more normal position of the stem and then
diameter measured. '

(6)  When the tree is forked above the breast height, it is counted as one tree, but when it is forked below
breast-height, each fork should be treated as though is were a separate tree. If orking under the
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breast - height poing abnormal, the foregoing rule should be apphed and the tree counted as onc or
two depending on the place measurement.

(7)  When buttress formation is the characteristic of the species and is known or is likeiy to extend
upwords with the development of the tree the breast height should bé taken at the lowest point

above which the abnormal formation is not likely to extend. .

(8)  The height of the cross - mark above ground level should always be recorded for each tree measured.

)] 'Moss, Creepers, lickens and loose bark found on the tree must be removed before measurmg the
diameter or gmh over bark.

(10) - Diameter measurement should be recorded in centimetess and to the nearest multlple of two
miltimeters girth should be measured in meters and to the nearest centimeters, Dlameter or girth of

cach tree measured is recorded separately
B. FOR RONTINE FOREST WORKS.

Some of the above rules are either not followed or modified as follows :
Rule No. (1) : Measurmg stick is not used to mark that point.

Rule No. (2) :- Not followed.
Rule No. (7) :- The diameter or girth is measured just above the buttress formuuon upto that year without
making allowance for its future development upwards.

Rule No. (8) : Not followed.

"Rule No. ( 10) :- Instead of recording diameter or girth separately for each trees and to the limits mentioned
in that mle, the trees are grouped in diameter or girth classes.

- INSTRUMENTS USED IN MEASUREMENT

The mstruments used in measurement for dxameter or girth at breast-hexght in case of standmg trees
and for logs’ of filled trees are : :

(1) Wooden scale
' (2) Callipers -
(3) Tape
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The above instruments are commonly used in Indai However, there are several other instruments _' |
like Biltmore stick, Sector fork. penta prism etc. but they are not in use in India. However, the selectmn of

~ instrument depends upon -
- Whether the tree is atandmg or felled.
- if felled, the condition in which the logs are lying.
~the dimo of acouncy required.
(1)  Wooden Scale |

Itnsaﬂatwoodenpxecemaxkedmcennmetemandmxlhmctm It is available in two size viz. 30 cm
and 60 cm. theSOcmwoodenwaleis3cmwxdewhilethe60¢mwoodcnscalexsabout1Scmw:de :

Itis convzmenﬂy used in measmmg diameter of stamp or end sections of logs. It is also used in
stump and stem analysis.
Rules for measuring diameter

. (@) The diameter is to be measured along the passmg through the path However, two diameters one
‘ along major axis and the other at right angles to it areto be taken if the stumps or logs are ecenmq

(b) . Toavoidi incorrect mcasm'cment, the measurement may be taken from first centimetre and riot from
theZeromaxk. ucausetheeqdofscaleoﬁenoptswomoﬁ'

(¢) The scale should be ploaoed on edge

(d) Toavoid th_e eror of parallax, the eye should be just above the mark, while reéding measurement.

() Callipers

' Calhpers consist of a graduated rule and two arms. One arm is fixed at right angles to one end or

rule so that its inner edge lies on the starting point of the graduted scafe. The other arm moves along the
rule parallel to the fixed arm. Each arm should be at least half the length of rule. Callipers usually do not

exceed 120 cm in length. Callipers are marked in centimeters and show diameter classes painted in different
colours for routine forest works, wlnle callipers are marked in centimeters and millimeters for research or

sample pbt work.

Callipers are gencrany made of wood. But metal callipers made of attuminium audys are preferred,
as they are not heavier than wooden callipers and also are casier to keep cllean and in adjustment.

Callipers give diameters, but they canalso be graduated to ‘gx:ve girth of a tree or log directly.
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METHOD OF.USE

The handles of the two arms of callipers are held in two, hands, The movable arm is pushed inwards

too have enough space to accomodate the tree between them without touching when the trée touches theé
graduated rules, the movable arm is pushed in position to ensure that there is no gap in between the arms

and the tree and the dxameter is read oﬁ' on the rule.
PRECAUTIONS OBSERVED IN MEASURING DIAMETER

(h

@

(€))

@

)
(6)

(N

-

The Calhpers should be p!aced on the Tree with movable arms will opened and must not be foreced
on the tree to avoid damagc to the arms.

The reading should be taken before the calliper is removed from the tree.

If the cross section ofthe stem is more or less elliptical, it is necessary any to measure two diameters

- which corresspond to d:m major and minor areas of the ellipse. Diameter is then understood to be

the average of the two measurements.

In case of trees w:th elliptical cross-section, the two dmmetasmustbemeasmedmpmperonentahon.
i.e. they must be measured along the rcal major and minor arcas. For this purpose, the major axis
should be correctly lécatec} first and measured and the second diameter measured at right a_ngfes iy

it.

Callipers piut be placed at right angles to the axis of the tree.

The two arms of the clipers must be in contact with thre tre¢ and then movable arm should be at
right angles to the scale arm. '

As the two arms of the callipers must be in contact with the tree, so also the scale arm must also

tourch it.

ADVANTAGES OF CALLIPERS

Diameters can be read directly in centemeters and millimeters. This making the instruments appliable
for precise scientific work.

The points of arms toﬁbhing the tree are always in. sight and irregularities it any, can be avoided.

By firmly prcssmgthe arms against the tree bole, the loose swollen bark is crushed out and irregularity
from this source is avoided.

It is adoptable for used by unskilled labour.
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The en'ors are -oth posxtzve and negative and therefore the chances are that they may neutrahze 10
give more accurate results than the tape which give only positive €170S.

DISADVANTAGES OF CALLIPERS
- " Not accurate wlien not in ad_yustment.
- Callipets sufficient in size to measure large trees are very awkward to carry and handle. ;

- Two measurments have to be taken on every tree to get the correct diameter. In steep hxlly tenain,
measurement of the second diameter in correct orientation is often very difficult.

- Movable arms often sticks when the scalc is wet or dity, thus wasting a lot of time.

3. Tape

It is a band of cloth, reinforced cloth. plastic or steel about 1,5 cm wide and of varying length and is
used to measure girth of trees and logs. The coth tappés are made of cloth, though they-may be painted with
seme paint on both sides to give a better look and to protect them fror rr:oisture, the better quanlity of cloth
tapes are usuaily remforoed inside by metal wire and are thus. called 1 setallic tapes. Steel tapes are uscd for
precise work and are mostly used in forests for measurements in sample «,~'research plots. The tree measureing
tapes ave generally 3m or even upto 50m long. 1t is usually gradudtzd on one side in centimeters and
raillimeters, but sometimes graduated on both side to give measurements in metric systems on one side and

those in British system on the other.

PRECAUTIONS IN USING TAPE
- The taps should not be old and therefore stretched or possibly with the end broken off.

- It must be flat against the tree and not in twisted manner.

- ' Itmustlie in plane perpendicular to the axis of the tree. If the tape does not lie in 2 plane, perpcndxcular
. to the axis of the tree, the girth and consequently the basal area is over csnmatvd v

- After swinging the loose end of the tape round the tree, care should be taken to see that no climber

or branch of nearly shrub has initiated the girth measurement. If so, they should be cut out before
swinging the loose end of the tape round the tree.

- After the tape has been sung round the end of the tape in the right hand of the measurer should be
- brought under the starting point of the tape in the left hand to enable reading of the correct girth on

dxameter

- - The tape should be taken care of. It should not be trailed on the ground and should not be rolled
when wet or twisted.
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ADVANTAGES OF TAPE

It is convenient to carry.

It does not require constant adjixstrnent.

. Only one measurement is needed.

In case of logs lying on ground, it is not possxble to measure two diameters at right angle to each
other by callipers, whcreas tree diameter measurement by tape is the easxest

the erros in case of tape are always positive and systematic and so if any ad_;ustment is needed, it
¢an be done easily.

Tape negotiates the-whole cxrcmnference of the tree while the callipers touch only three pointsoniit,

So a tape measures the size of the tree better than a callipers.

Callipers give dxﬁ‘crent reading for the same Tree when different men use them as measurcmcnts
are not always taken in the same direction unléss these dirctions are marked. . Tapes do not suffer
from this defect. Their readings are therefore more consistent.

DISADVANTAGES OF TAPE

-

" If the tree has rough bark, the tape exaggerates the diameter or girth measurement.

It is somewhat slower to used particularly in aréas with dense shrub growth.

The observer does not see the full circumference of the tree and has no knoledge of the presence
of knots or swellings which may affect the diameter or girth measurement.

- As the tape has to be swung round the tree, it is frequeritly not applied in a plane at nght angles to

the axis of the tree.

Difference in tension of the tape due to elasticity affects true diameter or girth measurement.

- CHOICE BETWEEN CALLIPERS AND TAPE

Tape and cailipers have their own advantages and disadvantage. Callipers gives more accurate

results but its measurements are more susceptible to erros than those of tape. Tapes gives more consisten
results but in time consuming in ordinary forestry practice. So the choice between the two inétruments will
depend upon the kind and circumstances of work and the prejudices of the men using them.

DIAMETER AND GIRTH CLASSES

In sample plots and research work, the diameters and girths of all the trees are recorded separately
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‘to the nearest multiple of two millimeters or centimeters respectxvcly when the callipers are used to measure

15.4¢
diameters for such works, two diameters of each tres are recorded one over the ather, viz. =/ N
25.8¢m,

But in routine forest measurements it is not necessary to record the exact diameter or girth of each
‘tree. As the ultimate object of such measurements is to estimate volums of a large number of trees
approxxmately, it is customary to to allot them to diameter or girth classes.
With this object, callipers and dxametm' tapes are cglibratad to read or show dxameter or girth classes.
The usual diameter classes used in India are 2cm 5 cm and 0cm. The 2 em. diameter classes have an
interval of 2 cm in the extremes of the classes e.g. 0.2cm, 2.4em, 4.6 em and so on, The S5cm diameter
classes have an interval of Scm between the extremes of their clusses, e.g. 0.5 cm, 5-10 cm, 10-15 cm and
so on. Similarly, 10cm diameter classes have an interval of 10cin. botween the extremes of their classes e.g.
. 0.10 cm, 10-20 cm, 20-30 cm so on. The diameter class grouping to be as dopends upon the size, which the
trees consmutmg a crop, attain at maturity. The following table stows the sxzes of the trees at matumy for

which vanous dxameter classes are used :-
(1) 2cm class for trees usually attaining maturity under 30 cm ¢.b.h.
| (ii) 5 cmclass for ﬁees usually attaining maturity at 30 cm to 50 -m d.b.h.
(iii) 10 cm Class for trees usually attaining maturity at 50 cm d.b.h. and above.
" In places where grith places where grith measurements are in voguc, gmh classcs are used, The
usual girth Classes used in India are 30cm 15c¢m and 5 cm for large, medium and small sized trees.

In India, Illiterate mazdoors are very often employed to calliper or tape the trees and it is customery
to colour the scale of the callipers and the tape with distinctive colours to represent ‘the diameter or grith
class colourmg the diameter or grith classes facilitates the reading and speallmg them out for record by
illiterate mazdoors because they read or speak out the colour class and the forester records the tree in

respectxve diameter or girth class.

MEASUREMENT OF HEIGHT

OBJECTS .
Measurement of height is required to find out

- Volume, as height is one of important componexit of true volume
- “To read volume tables, form factor tables yield tables etc.

- To find out productive capacity of site.
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 DEFINITIONS

(i)

| i)

(iv)

Total Height
It is the straight line distance from the tip of'the leading shout(brﬁomtlwhcighestpomt) oftkc

. crown where there is no leader) to the ground level.

(i)

Bole Height
Itisthcdutamobetweenaoqxdlevdmdcmwnpomt. The mwnpomtutbc pomonofthn first

mwnfommghvmgordudhmpb.Bolehcigbtexpressestheheidxto:lengthoﬂhoclmmmn

‘stem of a tree. .
Commercial bole height
Itisthe hexghtofboleﬂutuumallyﬁtfotuﬁhsauonasumbw

He!ght of swn!nd ﬁmba' bole

oy lns theheigbtoftheboleﬁomthegrotmd level tmtodwpointwhemavmged.tmctcrovcrbmkxs

(V)

{vi)

(vii)

.‘.Ocm '

Qtump height

Itis thehcightofmewpofdxest\mp above ground. Itngesihohe:ghtofthctwcstem which loft
attached to.the ground affer felhng.

(& mwn !ength

it is the vertical m@asmmemofthpmwnofsmmthetiptothepomthalfwayb«twcanthe ;
lowestgecnbmnchesformmggmcnallmundmdﬁmhwutmbmmhonthebole '

Crown height |

It i'the height of the crown as measured vestically from the ground level to the point half way

between the lowest. gte:n brancsx #nd the mbnnchm fommg green crown all wund.
~ Thus the lozal hexght 1s the eummatxon of crown icngth and crown hmght

METHOD\ oF MEASUREMENT OF' EEIGHT

Hcsghts of all trees are. measured only in small pcrmancm sample plots. For all oﬂxerpm-poses,

hexghts of a few trees aremcasmedwxﬁxmstnuncntsandforothm it is estimated by'¢ye or by some other
non-instrumental method. . »
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Thus the methods of measurement of height may be classified into :-
Ocular method.

Non-instrumental methods and

Instrumental methods.

_ Ocular method

the heights of a few trees are measured with some instrument before the start of work and that ofa

fcw trees again in the middle of work. With this standard in mind, the estimator judges the heights of trees
to be measured and recorded. however, occular estimate is not very reliable and serious erros may result if
the estimator has not previous exprience of work or constant practice.

()

Non-instrumental Methods

Ocular estimate is not very reliable. Also height measurement by i m;truments is slow and therefore

expensive. As such, several non-instrumental methods have been dcvcloped to mcct the requlrements of
routine forest operations as follows : -

Shadow Method

7

A pole (ab) of convinient length is fixed up right in the ground and its height above the ground is measured,
The shadows of the pole and the tree are also measured. The hexght of the tree can then be calculated by
simple proportion as follows

AB _BD
ab bd
Therefore AB = BD x ab

154



Where , AB is the tree.
ab is the portioin of the pole above ground level.
BD is the leﬁgth of the shadow of the tree and
bd is the shadow of ab.
Ho§vcver; this method is difficult to apply in well stocked forests and applicﬁble on clear sunny days only.

SINGLE POLE METHOD

A Pole of about 1. Sm length is held vertically at an arm’s length in one hand in such a manner that
the portion of the pole above the hand is equal in length to the distance of the pole from the eye. Without
changing the position on hand thh reference to the eye, the observer moves slowly forward and backwurd
 till the line of sight to the tip of the tree passes through the tip of the pole arnd that to the base of the tree
through the point where the pole is held by hand. This means that the portion of the pole above the hand
covers the tree completely. The henght of the tree is then equal to the distance of the observer’s eye from the

base of the tree as shown bclow -

Let AB be the tree and ac a pole about 1.5 nrlong, heldatb vemcally so that distance from obse ‘ver's eye
Etobexsequaltoab 'I‘hen ’

AB_EB

ab Eb

There fore AR = LB X alz
Eb

Smceab bbAB EB
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Instrumeital methdés'
The instruments used in height measurement of trees are called hypsometers, altimeters, and

clinometers.

Hypsometer is an instrument used for determining the height of standmg trees from observation
taken at some distance ﬁ'om thetree. , ,

‘Altimeters are generally altitude measuring instruments but ‘one instrument has been devised to

determine heights of trees.

Clmometers are instruments which measure angle of slope. Any instrument which measures angles
of slope, can be used for determing the heights of trees by trigonometrical mhethods and as such
clinometers are also used for height measurement of trees. .

All these instruments are based either on geometric pnnonplcs of similar triangles or on
trigonometrical prmcxples based on relations between the sxdcs of aright angled triangle.

GEOMETRIC PRINCIPLE OF SIMILAR TRIANGLES

(ii)
(iii)

Two triangles are said to be similar, when the corresponding angles are equal and the cdrresponding h
sides are proportional. The fact that two triangles are similar should satisfy the followmg conditions:

Each angle of triangle is equal to nts compondmg angle of the other triangle.
Each sude of a tnangle is proportxonal to the comspondmg side-of the other triangle and

One angle of a triangle is equal to one angle of the other and the correspondmg sides which the
subtend the equal angles are proportional.

Once it is established that two triangles are similar then if two sides of a tnangle are known and

only one side of the othcr. thc cmrespondmg second side can be found in the following way -

A
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Lot ABC and A'B'C, are two similar triangles. AB and BC are known in triangle ABC and only B'C is
known is triangle AB'C

Then AB = AB :: B'C: B'C
Y AB xB'C

BC S .

These principles have been made use of by, some instruments in .measuring the heights of treas
directly, The basic assumptions is applying these principles for measuring the heights of trees are that (i)
the trees is vertical and (i) the tip and the base of the tree are sxmulmneously visible. When the base of the
tree is not visible from a distance, the sight cases, it is better to place a staff of height equal to observers cye

height against the tree and sight the top of the staff in place of the base. After finding out the height of hte
tree above the top of the staff, the eye height should be added upto calculate the total height of the tree.

TRIGONOMETRIC PRINCIPLES
Yo aright - angled triangle, the trigonomerical ratios or functions of angles other than the right
angle can be defined in terms of the sides of the triangle:

~A

- 8]
Let ABC be a right angled,uimgle. Theu-igonometrical ratios of the <ACB are de!.1ed as follows :

- Since of <ACB = ie. PM"::’
BC : Base
Cosince of < ACB = i.
Hypotenuse
AB ie Perpendicular
BC Base

Tangent Qf'<ACB'==
Let AB be a tree and C, the position of the observer; then AB can be found out from tangent ratio as
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BC x tan <ACB where BC is the horizontal distance of the observer from the tree and <ACB can be
measured by any angle measuring instrument. This is known as the Tangent method. ‘

- . Again, in any triangle since of angles are proportional to the opposite side. Thus in the triangle

ABC.

Sin<ACB _Sin <CAB _Sin<ACB
AB BC AC

The knowledge of this relatmnshxp can also be used in calculation o heights of trees and is known as the
Sine method,

The trigonometrica_l ratios can be used for calculation of heights of trees by one of the following
methods: '

(i) Tangent method.
(i)  Sine method.,
(i)  Tangent method

‘Tahgent method means that the height of the tree is calculated with the help of the tangents of the
angles to the top and base of the tree and the distance of the observer from the tree. As true situation of the
observer with respect to the tree will differ according to the terrain the proceduw.es of calculating heights of
trees have to be modified accordingly. The following situations are generally meet with :-

(a)  Onlevel ground.
(b)  On sloping ground where the top of the tree is above eye level and the base below it,
(¢)  On sloping ground where top and base are above (i) the eye level and (2) below the eye level
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() ONLEVEL GROUND

Let AB be the tree which is being observed by observer EF s'ta_nding on the same horizontal plane as the -
tree. Let the angle to the top of the tree be o and ED the horizontal line of sight making a right angle on the

tree at D. In the right angled triangle AED.
AD=EDtan
. Thus, AB = AD + BD =ED tan o. + BD
= BF tan o + EF.

BF can be measured along ground and tan ¢ can be found out from any mathematical table. EF is the eye
height of the observer. ' : o

(b)  Onsloping ground whole the top of the tree is above the eye level and the base below it.

A

E <K D

Let AB be the tree, o be the angle to the top and f§ be the angic to the base of the, tree. Let ED be the
horizontal rene from observer’s eye E making a right angle on the tree at D.

AB = AD + DB
=ED tan a.+ ED tanf
= ED (tanc + tanf} )
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But ifthe horizontal line drown from the eye cuts the tree high, making measurement of ED difficult it will
huve to be-changed in terms of EB. In the right angle triangle BDE, ED = EB cos B. Thus, AB=EB (cosp)
tanai+tanf. In this formula, EB can be measured and cos and tan of angles can be found out from any
mathematical table.

Actually, E is the observer’s eye and not a point on the ground and so the measurement should be made
from observir’s eye to the base of the tree. But as this can not be done correctly, the measurcment can bs
made from the feet of the obsetver to the base of the tree. Error involved in measuring the dxstance along
thegrozmdmsmdofﬁomtheeyotothcbmoftreemsman

(¢)  On sloping ground -
' (1)  Where top and base of the tree are above the eyclevel

AB =AD-BD
= ED tant - ED tanf
= ED (tanc. + tanP)
= EB cosf} (tanc. - tanf3)
(2)  base and top of the tree are 'bglow the ?-yelevel

o
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AB=BD-AD
* <ED tf -ED tanct
= ED (tanf - tana) -
= EB cosp (tan - tanct)
SINEMETHOD |
. Accordxngtothesmohw,inﬂxetnmgleAEB;, :

Sin<.ABB Sin<.BAB'
AB _EB
EB Sin AEB.
otAB = —SIEAD
EB Sin{o.+B)
Sin (90° ~ at)
_ EB-Sin (o +B)
e

In the above equatxon, EB can be measured and since and cosines of the angles can be found from any
mathemattcal tables. -

- HEIGHT MEASURING INSTRUMENTS
lnstrumenlx devised on the first prmcnple
i.e. on properties of similar triangles are

()  Christen's Hypsometer

(i), Sroythies’ Hyposometer

(iii) Improvised Callipers. -
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The instruments based on similar triangles are generally getting out of use as other quick, better and more
reliable instruments based on trigonometrical ptinclples are now avanlable in the market. The chief advantage
of these i instruments is tha. they can be made in the forest if no other instrument is available. ,

Instraments based on tho second prlnclple

.i.e. on trigonometrical pnncxplo are

@  Brandi’s hypsometer

(i)  Abney'slevel.

(ili) Topographical Abney’s level,

(iv) Haga Altuneter

™) Relaskop

(vi)  Tele Relaskop. _

(vii) Barr and strand dendrometer. o .

However most of the instruments are expeasive and their use is therefore, hm1ted, The Abney’s level is most
commonly used in India and tehrefore, it is being described below in detail, '
ABNEY’S LEVEL

Thxs instrument is most commonly used not only for measurement of helght of trees but also for
contour serveyers in forest and ahgnment of roads. '

It consists of a hollow tube thh an eye piece fitted at.one end and a shortsighting tube fitted at the
other. The eye piece consists of two or three tellescopic hollow tubes with a pin hole at the end. The sighting
tube is a small detachable tube fitted w:th a horizontal wire across the centre at the inner end and a mirror
behind the horizontal wire but covering only haif of thé tube so fiited that it makes angle of 45 to tangitud inal”
axis of the mair:tube. The length of the tube is such that the mirror is lmmedxately below the bublle of a small
spirit level which can be seen in the mirror through a rectangular slot in the main tube when the spmt level

is in horizontal position.

The Spirit level is fitted to the main tube in such a way that it can be rotated by one screw or a wheel

‘and a screw when a wheel and a screw are fitted, wheel is for quicker movement and the screw is extreme for
final adjustments An index arm is also attaced to the Sprit level and as the spirit leve} is rotated, the index

arm moves on a graduated semicircular axis. The arc is graduated to read whole degrees. As the Abne:y s

level is required to read angles of elevation and depresslon, the graduation in degrees upto 90" are on either
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side of the zero mark which is in the middle of the are verier and magnifying glass are also fitted on the
index arm. The vernier scale is used for reading fraction of degrées. Each division of the vemier scale
represents 10’ (minutes). The' fitiniber of the division coinciding with any division on the main scale on
semi circular arc gives the reading in units of 10 minutes. For example, if the reading is more than 35’
(dcgrees) and if the 4th division of coincides with any division of the mainscale the angle of inclination will
be 35° 40'. The magmfying glass helps in easy reading of the vermet
While using the mstmmcnt the observer stands away from the tree at a place from where the top of
the tree and the base are visible. Then the top of the tree is sighted through the pinhole of the eyepiece after
pullmg it out. This makes the instrument inclined and the pubble is not seen in the mirror. Therefore, while
sighting the top, the screw is rotated {6 bring the spirit level in horizontal position. As the spirit level .
approaches horizontal position, the bubble appears on the edge of the mirrot. The Spirit level is continued
to be moved slowly to the position where the bubble image is bisected by the line of horizontal wire on the
mirror and in the other half the tree top is seen touching the horizontal wire. At this position, the index anm
reads the angle of ellevation to the topofthe tree on the circular arc. Similarly the angle of depressxon to the
base can also be read and the height of the tree determined bvy any of the formula mentioned earlier.

ADVANTAGES OF ABNEY’S LEVEL

()  Accurate angles or elevation of depréssion with the vernier with a count of 10 minutes can be found
. out. -

(i) Readings can be taken after sighting the tree without disturbing the index arm.

(iii) It being small and light can be used even in hills wiithout difficulty.

'DISADVANTAGES OF THE ABNEY’S LEVEL

(i) Shakmg of the hand makes the sighting of the top or bottom of the tree a little difficuit and time
consuming, as there is no provxs:on of a stand. However, this draw back can be removed by a forked

. branch asstand,

(i) . Itis quite tiresome to adjust the spirit Jevel by markmg the head of the screq while simultaneously
looking to the top or bottom of the tree.

SOURCES OF ERROR IN HEIGHT MEASUREMENT

) Instﬁmeqtﬂ error

Instrumental errors are those errors arising as a result of some deficiency in instrument apart from
its incorrectness because it is presumed that the accuracy of the instrument will be cheked and only
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Poraonal érror

I depends on the steadiness of the observer. the shaking of hands of the abserver can giVe very

maccurate result even thh a accurate mstmment hke the Abney’s level

- Errors due to ‘measurement

Correct measuremcnt of distance is difficult in the forst full of shrubs and under growing as it is not

often possible to keep the tape straight through bushes and weeds. The distance and the calculated

height will be incorrect if the tape is not kept in level while finding out the horizontal distance by

stepping. Similar error can take place in measuring the angles of elevation and depression. Unless

the angles are measured correctly, the resultant hexght will also be in correct.

Errors due to observation

‘Ina forest, it is generally dxﬂiculr to see the base of a tree from a distance and if the tree base is not

observed, the height will be incorréct. If the base can not be observed due to busheé, a staff shopuld

e placed, the tree and its top sighted later, the height of the staff should be added to the calculated
height of the tree. In the case of broad leaved trees, it is often difficult to see the top of the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>