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ABSTRACT

The potentid of multi-tier forestry as a powerful tool for the ecorestoration of degraded
fores aress lying close to human habitation was successfully demondrated through a 2.17
ha experimenta plot established in a degraded foret area & Kerda Forest Research
Indtitute, Peechi. Various operations were caried out to convert this degraded dte of
moig deciduous fores into a multitier foret which is ecologicdly sound, economicaly
vidble and socidly rdevat, cgpable of meding multifarious needs of locd people on a
sugtainable bads through intensive multiple use. The dudy dso reveded the
effectiveness of multi-tier forestry in ovedl productivity enhancement as wdl as
promotion and conservation of biodiver sity of the Site and adjoining ecosysem.

Complexity of the problem necesstated the use of Operations Research agpproach,
which looks a various aspects of the problem under sudy with a holisic perspective
from multi-disciplinery and trans-disciplinery angles. The nature of multi-tier forest to be
devdoped, opeadions to be caried out, problems invoved in plaaning and
implementation, and drategies for tackling these problems were aso Sudied.

Within three years after initiation of dudy, number of plants in the plot increased 25
times, 45% of which was through naturd regeneration. Tota number of species increased
from 15 to 163. Number of plants per hectare in different height dasses 0-2 m, 2210 m,
10020 m, and aove 20 m increesed from 10, 325, 58, and 3 to 8709, 1218, 86 ad 6
respectively. During third yeer, there was a yidd of 4.52 tonnes of fud wood, 3.3 tonnes
of green manure, 1.67 tonnes of fodder, 1.27 tonnes of smdl timber, 0.438 tonnes of tesk
leaves (packing materids) and 0.249 tonnes of materids of medcind importance per
hectare. Various activities generated 696 man-days ha® yr! of labour in the form of
patid employment. Of this women condituted 65%. Through various goods and
services 255 families were benefited.

Ovedl cogt per hectare incurred in first three years of establishment when adjusted to the
current year was only Rs18, 900/-. Wages of 128 mandays ha' yr' towards costs of
various culturd operdions were saved through participation of loca people An amount



of Rs 769~ per hectare was redised through supply of various materids produced from
the plot on subsidised rates during third year.

During the subsequent six years of consolidation, locd people collected an average of 4.5
tonnes of green manure, 14.6 tonnes of fodder, 9.16 tonnes of fud wood, 256 tonnes of
sndl timber, 1.28 tonnes of medicind produces, 3.85 tonnes of tesk leaves155 bamboo
culms, 25 ratan stems ha* yrt. The vaue of these produces came to Rs. 13,033/~ ha® yrt
a locd rates. The activities 40 generated labour of 1095 man-days ha™ yr’. There was a
deady overdl increase in growing sock and various benefits during this period. Cash
flow obtained by consdeing the cost of edablishment and the vadue of the materids
redised reveded a posdtive net cumuldive bendfit in the 6" year and an amount of
Rs54,741/- in the 10" year, thus demongrating the potentid of the practice from

€conomic perspective.

Trandormation of exiding vegetdion into multi-tier forests by regeneraion and sdective
harvesting; choice of gpecies and package of practices that can supplement and
complement the ecosysem of the influence zone deveopment of a multi-species
permanent loca nursery to meet the requirement of the ste and adjoining eco-system on a
continuous bass participatory forest management involving locd people of the
influence zone to minimize biotic pressure, to reduce operaiond cos and to ensure the
full utilization of various produces and decentralized planning and execution coupled
with efficent coordination and control a different levels of management, were the mgor
management  drategies identified for successful implementation of multi-tier forestry. The
potentid management tools identified to hdp in dedson meking on multi-ier forestry
were (i) stock mapping system for dte evaduation, (i) a continuous inventory system
for assessment of needs and potentids of people in influence zone, (iii) a slvicultural
knowledge base which can provide information on different species and slviculturd
management techniques and (iv) a s&t of modding tools for integrating the above three
for decison making. With suiteble illusraions and examples, the study highlighted scope
of utilisng various compute-aided management tools such as Data base technology,
Geographic I nformation System, and Oper ations Resear ch for deveoping them.



Key-words multi-tier forestry, ecorestoration, sudstaingbility, intendve multiple use, bio-
diversty, Operations Research, paticipatory forest management, decentrdized planning,
dock mapping sysdem, continuous inventory system, Slvicultural  knowledge  basg,
modding tools, Data base technology, Geographic Information System.



1. INTRODUCTION

Exigence of large dreiches of degraded forests as an interface between natural forests and
human sdtlements is a common occurrence in the tropics, paticulaly in the thickly
populated third world countries (CSE 1986; Davidson, 1982, Halworth, 1982; Poore and
Sayer, 1987, Spears, 1985;). The locd people depend heavily on these forests for various
forest-based needs and due to excessve biotic pressure these forests are getting depleted  in
qudity and quantity.  Deveopment of agppropriate foredtry practices ensuring  maximum
production and utilizetion in a sugaingble manner is very important for enabling these forests
to carry out thelr various ecologicd, socid and economic functions.

Intendve multiple use has been suggested by many resource planners as one of the most
vidble and even inevitable practice for the sustainable management of scarce forest resources
in the tropics (Allen, 1986, Arnold, 1983; Bare and Hdd, 1987; Bdl, 1976; Davis and
Johnson, 1987; Gong, 1992, Leuchner, 1990; Nair € al, 1984). In a thickly populated, land
hungry date like Keda whee mos of the foreds lie in dose proximity to human
habitations, this is paticulaly true (FAO 1984). The locd people depend heavily on thee
forests for fodder, fud wood, green manure, smdl timber, various maerids of daly use such
as bamboo, rattans, honey, different products of medicind vaue, food and varied forms of
ladbour. They adso depend on these foredts for ther many intangible requirements such as sl
and water conservation and pollution control. Often the demands on these forests far exceed
their current potentid making them more and more degraded. The only option avaldble is to
develop appropricie forestry sysem in which intensve multiple use can be adopted on a
sudainable basis

With the vegedion dructure and management practices currently being followed, there are
serious condraints in adopting sudanadle intendve multiple use in mogt of the exising
forest plantations and naturd forests of Kerda (Nair, 1980; Nar €t al, 1984). Due to less
number of species and more or less uniform nature of management practices followed, it is



difficult to adopt multiple use forestry in exiding forest plantations (monoculture or
mixture). In case of naurd foress, factors such as incompdtibility of species with the needs
of locd population, poor socking and skewed Sze dlass didribution cause serious limitations
in practicing sugtainable intensve multiple use foredtry.

Multi-tier forets ae forests comprisng various plant species grass herbs  shrubs,
cimbers and trees of varying heights mixed together, occupying vaious layers above and
bdow ground ecosysem. Such a sydem devdoped gopropriaidy by incorporaing
gpecies and package of management practices suited to the Ste conditions and loca needs are
likdy to be more autable for intensve multiple use than naurd foreds and
plantations.

Though much has been discussed about the menits of multi-tier foreds deveoped by
gmulding tropicd rain forets (Lasco, 1988, Mayddl, 1991), litersture on systemdic efforts
to devdop such forests is lacking. Mogt of the reported studies were concerned with multiple
copping Sysem as practised in agriculture and  agroforestry, condsing of  modly
domedticated plant species (Bandolin and Fisher, 1991, Nar and Sreedharan, 1986; Nair,
1987; Nar and Dagar, 1991; Piare 1991). Other smilar sudies were mainly on forest aress
where agriculture crops were rased dong with foresry crops (Inoue and Lahjie, 1990;
Lasco, 1988; Peck, 1983, Remmers and De Kodjer, 1992). Kerda is wdl known for multi-
tier cropping sysem in its home gadens with 10 to 15 foret tree Species exising as
combinaions (Chacko, 1991; Nar et al, 1986). Mo of the plantations are monocultures
and the rest, which are mixed, conss of, a the mogt, 5 or 6 species in a st (Kerda Forest
Depatment, 1990; Nar et al, 1980). The performance of mixed plantaions in the State was
dso not up to the expectations (Chacko, 1991; FAO, 1984). This was the case with
‘vanarashmi plantations (plantations in which fores and agriculturd crops like pepper were
mixed) and ‘heterogeneous plantations (mixed plantations involving species such as
Tectona grandis L.f and Bombax ceiba L.) of Kerda Forest Department (Nair, 1980). Survey
of literature reveded a death of information regarding success of multi-aged, mixed forest
plantations involving large number of species. Performance of naurd forests managed under



traditional slviculturd sysems was dso not satisfactory. The practice of sdection feling, a
harveding sysem tha envisages harvesting of trees which are dlviculturdly avalable from
such foregts, though scientificaly sound, was a falure due to management problems and was
dopped in Kerda (Baasubramanyan, 1984; Karunakaran, 1992).

Though multi-aged mixed forets were theoreticdly very promisng from ecologicd and
economic angles due to optimd utilisstion of avalable land, the increased number of Species,
age classes and the variety of package of practices required make their design, development
and management complex. Thus it was necessay to conduct dudies for developing
gppropriate management strategies for multi-tier forestry.

The Keda Foret Depatment, in 1989, under a World Bank supported socid forestry
progranme entrused Keda Foret Reseach Inditute the tak of edablishing a
demondration plot on “multi-tier forestry” by optimd utilisaion of avalabdle know how and
resources. A demondration plot was thus established in an area of 217 ha a Kerda Forest
Resarch  Inditute Campus a Peechi. Though this project was completed in 1992,
observaions on various agpects connected with development of the plot were continued. The
findings are highlighted in this report.



2. MATERIALSAND METHODS

2.1MATERIALS

When compared to monoculture plantations, mult-tier forestry offers large number of
options with regard to gecies wuitable for a Ste and adso within the Ste. The trade-offs
asociaed with dte conditions and uses of different species dso vay condderably.
Increase in number of species results in increase in number of management options viz.,
in choice of gpecies, regeneration techniques, nursery management, pettern  of
arangement of gspecies in gpace and time, various sand management practices induding
pest and dissese control and other protection meesures, harvest scheduling, in geometric
or exponentid proportions Long gedation period involved in knowing response of
different management prectices in the sysem, mekes evduaion of different options
difficult. Effect of extend factors, such as influence of neighbouring community,
complicate the issue further. Due to inter-linkage between components involved, as well
as high trade-off connected with different management options available, successful
edeblishment of multi-tier forest requires condderéble efforts involving lot of trid and
eror methods. Thus, deveopment of a multitier forest poses complex problems in the
design, establisment and management.

Operations Research (OR) provides powerful tools to handle such complex management
problems in a sysematiic manner (Ackoff and Saseni, 1968, Hwang and Mazud, 1979,
Makarav et al, 1982, Saaty, 1959; Taha 1976, Zdeny, 1974). This gyproach looks a the
syfem under dudy with a holigic perspective from multi-discplinary and trans-
disciplinary angles. For essy handling, a modd of the sysem is creasted and used for the
Sudy. Through this modd, the different components of the system and ther inter-
rddionships are dudied with the hdp of sysem andyss from individud and overdl
perspective. The results are then integrated to arrive & solutions satifactory from an
ovadl pergpective. The solutions arived a in this manner are then venified and modified
by andysng the peformance of the sysem in achieving the desred gods through actud
implementation of these solutionsin the red life problem.



Problem formulaion, modd devdopment, deriving solution to the problem from the
modd, tesing and refinement of the solution through implementation of solutions to the
problem under sudy, are the mgor phases of any Operaions Research project and these
proceses are repeated till satisfactory results are obtained (Hiller and Lieberman, 1974).
(Fig.0).

» | Formulaion of the problem ‘

!

Condruction of the conceptud model
of the system under study

!

Deriving asolution from the model

l

Teding the modd and the solutions derived from it
A to verify their effectivenessin mesting the
overdl objectives of the system under sudy

}
! !

<« Not satisfactory Sdtisfactory

'

Implementation of the solutions to
the problem under Sudy

| |
' '

4 Not satisfactory Satisfactory [ ® MAINTAIN

Fig.1.Schematic diagram showing different phases of an Operations Research Project
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Opeaion Rexarch agpproach is increasingly used in complex forest management
problems (Bare et al, 1984; Bae and FHdd, 1987, Dress and Hed, 1985, Mendoza and
Sorouse, 1987; Rudagi, 1973). Some of the earlier agpplications of OR in forestry cover
aess uch as land use planning, yidd regulaion, thinning, enterprise planning, regulation
of gpedies compodtion, wildife management and timber production (Adams and EXK,
1974; Amidon and Akin, 1968; Duer, 1971, Forndad, 1971, Hofle 1971; Jackson, 1971,
Kogov, 1971; Nadund, 1969; Novotny, 1971; Risvand, 1971, Rudagi, 1973, Sayes
1971; Wadle, 1965; Wadle, 1971). Use of OR in choice of species (Ban, 1985; Huang,
1985); in land use planning (Bel, 1976; Davies and Johnson, 1987; Dyksra, 1984); for
multiple use forestry (Arp and Lavigne, 1982, Mendoza et al, 1987); and for thinning and
yidd regulaion (Chen et al, 1980; Flius and Dul, 1991; Leuschner, 1990; Martin and Ek,
1981) ae wdl documented. Due to large computing requirements, till recently, only
developed countries having sophidicated computing fecilities have used its gpplicaion.
However, the advent of low cost but powerful microcomputers has heped to widen the
use of these techniques to third world countries. With the avalability of technologies such
as, Geogrgphic Informetion Sysem for spatid andyss Sadlite remote sensng  for
quicker and chegper spdid data acquistion, and Knowledge based Expet Sysem
technologies for handling large body of knowledge avalable, the power of these tools
have enhanced consderably (Arnoff, 1989; Data and Bandyopadhyay, 1993, Davis and
Nanniga, 1985, Eagman, 1992, Eagmen, 1994; Fedra et al, 1987; Fedra, 1993; Lam ad
Swayne, 1991; Parent and Church, 1989).

In this dudy, the task involved was to trandorm the given dte to a multi-tier forest
comprising vegetation which is most suited to gte conditions and needs of the people,
paticulaly locd population, within the dhortet time possble and with minima oo,
meking use of avalable know-how and resources. An understanding of the naure of
foret and the objectives for which it is to be devdoped, dong with the processes
involved, is reguired for this purpose This involves assessment of exiging vegetation,
foret utilisstion and manegement prectices, dimate, topogrgphy, soil, and needs and
potentidds of neighbouring populdion. Information on different Species, ther dte
requirements growth and yidd, utlisstion potentid and Slviculturd  management
practices are dso essential. Success of multi-tier forest degpends on optimum meatching of
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micro-gte conditions a individud plant levd with the species and management practices
over gace and time which vay oconddeably when compared to  monoculture
plantations

2.2METHODS

Devdopment of a mahematicd or abdtract modd is the common practise in an OR
project. However, as in case of many semi-gructured problems because of the
complexity and lack of informaion with regard to the nature of multi-tier forestry and the
factors governing, there was difficulty in formulating such a modd. So, to begin with,
based on conventiond knowledge, a mentd image of a multi-tier forest was conceived as
a modd and various ectivities reguired to transform the given dte to the multi-tier forest
as concelved was initisted. Modificetion to the menta image was made based on fidd
reponse of the operaions underteken and additiond information geathered from other
forestry practice. This process was repested a number of times during the study to
concretise the nature of multi-tier fores and operations required for deveoping such a
forest.

The fdlowing guiding principles were identified and adopted in the devdopment of this

modd of amulti-tier forest.

(i)  Vegeaion should contan trees of vaying heghts drubs, herbs dimbers
cregpers and grass. There should be sufficient representation to eech of these
components in the proposed multi-tier forest.

(iii)  Species chosen have to be forestry species, which are cgpable of meeting various
needs of the locd populaion. Introduction of domedticated plant species tha can
be easlly grown in the neighbouring homesteads need to be kept to the minimum.
Locd species or species which are found in amilar forest types should be given
preference.

(iv)  To promote bio-diverdty as wdl as to ensure multiple use, opportunity should be
given to grow maximum number of gpecies in the multi-tier forestry dte within
the limitations of logidica constraints.
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(V) To fadlitae large-scde implementation, practices that are smple and low cost
should be given preference.

(vi)  The spedieschosen a individud plant leve should metch the micro Site condition.

(vii) To endble sufficient growing space among plants of diverse naure, following
spacing pattern was conceived for an ided multi-tier forest:

Tablel. Thumb rulefor spacing in different tier classesin multi-tier forestry:

Tier class Height category Spacing
Tier| 20-40 m(large Szed trees) 12m
Tierll 10-20m(medium Sized trees) 8m

Tierlll 2-10 m(smd| Szed trees) 4m
Tier 1V Shrubs 2m
TierV Herbs, climbers, cregpers and grass No specific pacing

The recursve deps that were adopted in the development of a multi-tier forest in the
Sudy area aregivenin Hg. 2.



Problem definition: The neture of
multi-tier forest and the objectives
for which it is developed.

l

Devedopment of a conceptud modd of

multi-tier forest proposed to be devel oped.

L

Assessment of current Satus (existing
vegetation, other ste conditions, forest
utilisation & management practices, and
other factors that are likdly to influence
the development of multi-tier forest) of
the experimentd dte.

I

Identification of drategies, tactics,
operationsand other inputs needed
for transforming the given siteto
the proposed multi-tier forest as
conceived in the conceptud modd.

v
Implementation

v
Comparison of the forest developed
with the conceptud modd

!

!

!

Not satisfactory

Satisfactory

MAINTAIN

Fig. 2 Vaious seps adopted in the development of multi-tier forest




The mgor components influencing the successful devdopment of multi-tier forest as
reveded by the prdiminay sysgems andyds is shown in Fg. 3. The interactive and
dynamic nature of the components, as dealed in Fig. 4, makes it difficult to complete the
sudy on one aspect and then to proceed to the next. So, the gpproach adopted was to
initiate activities which are necessary for transforming the given area into the multitier
forest of required nature based on avalable information and then refine these activities
taking into conddeaion the information gathered on interacting  components

ubsequently.

MULTI-TIER FORESTRY

~ N
N 4
Sitepotertial Nﬁfmgm
and « —> particularly the
requirement locd people

®
N I %

Information on plant species
their characterigtics, end uses

dlviculturd management and
logidtical congraints

Fig. 3 Schematic diagram showing the interacting components on multi-tier forestry.
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Ste Assessment Assessment of needsand  potentid

\ of neighbouring eco-system

Choice of speciesand

package of management practices
Nursery Protection from Soil & consarvation Regtructuring
biotic interference measures of vegetation
Gep planting Harvedting

Fig. 4 Schematic diagram showing interactive and dynamic nature of components of a
multi-tier forest.

The mgor operaionsidentified in the effective transformation of a given areainto amult

tier fored are dte assessment, identification of influence zone and assessment of needs
and potentids of locd populaion and dand modification. The procedures adopted in
these operations are detailed below.

2.2.1 Site Assessment

When compared to other afforestatiory planting practices, multi-tier forestry demands
micro-level assessment of thedteto a grester extent on a continuous basis. Due to
involvement of variety of species with differing characterigtics, microleve informetion
of thedte a individud plant levd isoften required to decide the spatid and tempord
arangement of plant gpecies, regeneration techniques, planting design, soil and weter
consarvation methods, cultura practices, maintenance, thinning, yield regulaion and
harvesting. No standard methods are available to collect thisinformation. Standardisation
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of suitable procedures for multi-tier forestry is a time consuming task invalving lot of
experimentation. So, to dat with, the dte assessment was caried out usng the
conventiond procedure followed in any dforedation programme such as fidd survey,
review of various published and unpublished records and locd enquiry. In this
manner, maximum possble information on macro and microdte conditions that  ae
required for devdopment of multi-tier forestry were gathered. The forest department
records, past working plans, and wegther data of the area avalable with KFRI were the
records sudied. Exhaudive enumeration of exiding vegetaion was caried out usng
dandard sfock  magpping  procedure (Chaturvedi and Khanna, 1994). Assessment of
Ste on vaious required parameters on a repetitive bads usng the above mentioned
goproaches 0 as to modify the gte in  the desred manner. Subsequently, an effort was
adso made to evolve a sock magpping procedure to evauae dSte condition a micro and
mecro levels. The method devised and employed in the study are given below.

Stock mapping procedures. In multi-tier forestry, because of involvement of plants of
multi-species, unevenaged characterigics grown  through naturd  and  atificd
regenerdion, there was no fixed spacing pettern between plants. So, as in the case of
regenerdtion and stock mapping surveys in naurd forests the entire Ste was divided into
grids of gppropriste dze (Fig.5). As trees of amdlest height category, 2-10m heght, were
to be provided with a tentaive spacing of 4m.(Tablel), to endble effective spatid
representation of didribution of plants a grid sze of 4mx4m was chosen to be ided for

gock mgpping.

These grids were locaied for fiddld measurement by marking them in the fidd and dso
with the hdp of measuring ropes suitably marked for the purpose. To fadlitate collection
of daa on vaious parameters pertaning to plaits as wel as dte features suitable
proformae were used (proforma 1,2 & 3; appendix 1).
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Fig. 5 Stock mgpping system for multi-tier forestry - spatid arrangement

Computerisation and processng of data: Stock mgpping involves condderable amount
of daa Handling of this data by manud methods was cumbersome, time-consuming,
labour intensve and prohibitively codtly. This was sorted by computerising the data with
the help of data base management packages such as Dbase & FoxPro. A sample copy of
computerised database files is given in file format 1, appendix 2. The various sock
mapped data aranged in such database files provided dl information required on stand.
This was used for effective monitoring as wel as for deciding vaious management
decisons. A computer program in FoxPro used for getting desired spatid information on
vegetation from the stock-megpped database is given in program 1, gopendix 4. The spatid
digolay of dedred parameters was made by converting this stockmapped data into GIS
formats using GIS software IDRISI and ARC/INFO.
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2.2.2 Assessment of needs and potentials of local population

The firg task was to decide the extent of area influencing the dte (influence zone). The
influence zone is a dynamic concept and depends on the naure of resources avalable
within the dte, the Sze of the dte and the needs and potentias of the people. There was
no dandard method avalable to identify the influence zone. So, the dterndive was to
demarcate the area based on a reconnaissance survey as probable influence zone. Various
methods ae avalable for carying out surveys in such a dtuaion (Huxdy, 1987;
Mayddl, 1991; Muller and Scher, 1990; Rantree, 1987). The methods avalable indude
Diagnoss and Dedgn, Rgpid Rurd Apprasd, Census and Satidicd Survey based on
sampling. Each of these methods has got its own advantages and limitations and no
method has been found to be fool proof. An agpproprite method best suited to the
gpecific Stuation hed to be evolved.

In the present case, assessment of need and potentia of locad population were carried out

by an integrated gpproach involving five different methods.

0] A reconnaissance survey to get a fird time view of extent of influence zone as
wel| as reguirement of local population.

(i) A ocomplete enumerdtion survey covering households in the influence zone
identified through reconnaissance survey: The survey was conducted using
proforma4 (Appendix 1).

(i) A dealed sample survey of households in the influence zone 25% households
were sampled. Samples were sdected through smple random sampling. The
survey was conducted using proforma5 (Appendix 1).

(iv)  Repeated interaction and infamation exchange with the stakeholdersinvolved.

(V) Continuous monitoring of the benefits and beneficiaries usng proforma 6 and 7

(Appendix 1)

The survey datawere summarised with the help of appropriate database management
Software Dbase and FoxPra Sample copies of computerised data formats used are given
infileformat 2, 3, 4 and 5 (Appendix 2).

14



2.2.3 Stand modification

An evaduation of the needs and potentids of the ste and the influence zone reveded the

folowing as important tasks in tranfaming the given degraded forest area into a multi-

tier forest.

0] Providing compdible conditions for growth and devdopment of exiding
vegetation.

(i) Cresating conditions for promoting netural regeneration.

(i)  Equipping the present dSte to fully utilise the dte conditions and potentids
avalable in the neighbouring ecosystem by gradud redructuring of vegetation to
meake it compatible to site conditions and needs of locd populaion.

A number of methods are avaldble in forestry and agriculture for achieving the above
mentioned objectives (Binkley and Garding, 1998, Brunig, 1983; Champion and Seth,
1968, Evans 1982, Ghosh, 1977; Govindankutty and Alavikutti, 1988; KFD, 1996,
Khanna, 1984; Maitheni, 1988, NWDB, 1987, Odum, 1969; Smith, 1962, Solanki and
Tiwari, 1988). However, in the case of multitier forestry, when compared to other
forestry practices options avaldble ae quite lage and the tradeoff dso vay
condderably. So the task involved was to choose gppropricte set of methods which are
auited to the gtuaion and implement them with necessary modification. Through trid and
eror, a number of methods were tried in the sudy area. To ensure success, the method
has to be smple and easy to implement, cost effective, ecofriendly and efficient. Efforts
were made to identify and test various methods through actud implementation.

The fdlowing sSx mgor goproaches were identified as important tasks in multitier

forestry development.

0) Reduction of bictic interference and to minimise the harmful effects.

(i) Enhancement of productive potentid of the dte through <ol and waer
consarvetion.

(iii) Choice of species suitable to Site conditions and local needs.

(iv) Restructuring the exigting vegetation to achieve multi-tier forestry structure.
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W) Ensuring avalability of qudity planting sock on a continuous beds for planting
in the dte as wdl as for supply to locd people through a permanent multi-species
nursery.

(vi)  Reduction of etablishment cos and efficent utilistion of various yidds from
multi-tier forestry.

2.2.3.1 Reduction of bictic interference

Though the dte as wdl as the locdity factors such as topography, forest type, geology,
il and dimatic conditions were congenid for devdoping a multi-tier forest suitable for
intendve multiple use, the forex was in a degraded condition due to excessve biotic
pressures. The locd people were usng the aea for medting various day to day
requirements and activities such as, uncontrolled cutting of trees for fud wood and smal
timber; lopping for green manure and fodder, sweeping the floor for litter collection,
cdtle grazing and lighting of fire for various purposes This has dso resulted in making
the area baren and in turn susceptible for unregulated water run off and heavy soil
eroson, thus meking the land with shdlow soils and exposed rocks Warding of harmful
biotic interference was thus identified as one of the important pre-requistes for restoring
the ecosysem to its potentid. However, taking into condderdtion the nature of biotic
pressure, it was extremdy difficult to totaly prevent it. Moreover, for the benefit of the
fores, it was found sufficdent to control and minimise the harmful effects of biotic
activity.

A number of methods were avaladle for preventing biotic interference. It was observed
thet, no messure when implemented in isolation was sufficient to meat the chdlenge. For
example, barbed wire fence or individud watch and ward was not sufficient in preventing
the uncontrolled entry of locd people into the forest area. Frequent damage to the barbed
wire fence made its maintenance prohibitively coslly and thus ineffective. This was the
ca= with poding of waichers dso. Measures such as involvement of loca people or
socid fencing, plating trees in the househdds could be achieved only gradudly and
could be caried out successfully only after credting the necessary environment. However,
these measures were found to be quite effective when implemented in a phased manner. It
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was found that for successful implementation, a close supervison by a technicd forestry
officer with expertise is an imperative necessty for achieving the desired resulits.

The fallowing methods when employed in a sysemdic and integrated manner were found

to be effective in reducing biotic pressures.

0] Exiging barbed wire fences, which were damaged by men and cattle, were
repaired and strengthened.

(i) Regular watcher-cum-workers were engaged in sufficient number for watch and
ward purposes. They were dso entrusted with execution of various forestry
activities to be carried out in the Site.

(i)  Measures were initiated to strengthen the barbed wire fence by establishing a live
hedge insde the plot adjacent to barbed wire fence. Multi-purpose species such as
Bougainvillaea, Lawsonia, Erythrina, Gliricidia, bamboo, canes, Agave, different
species of Opuntias, Ceasalpinia sappan, Hibiscus rosa-sinensis and Adhatoda
vasi ca were planted along fence in appropriate desgns as live hedge (Fig. 6)

Fig. 6 Reduction of bictic pressure: Live hedge.

(iv)  Efforts were initiated to change the aititude of gpathy and misrust prevailing
anong the locd populaion by cresting awareness about the importance of
aforestation work and the consequent benefits they derive and by showing
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v)

(Vi)

(vii)

(viii)

interes to understand their problems and needs. These encouraged participation
and involvement of loca people (Fig. 7).

Fig. 7 Reduction of biotic pressure Interaction with loca people.

Gradud involvement of locd people in vaious plantaion devdopment and
management activities such as maintenance and harvesting was encouraged.

The duties of wacher-cumlabourers were gradudly trandformed to that of
extenson workers Ther sarvices were utilised for traning and supervison of
vaious plantation devdopment and management adtivities induding  supervison
of the harvest of different materids in aregulated and systematic manner.

Moddling the plantaion through  approprite  Slviculturd  management
interventions such as, introduction of suitable species, regulation of harvesting,
improved utilisation of various produces were undertaken to change the nature of
the forest to ahedthy, viable and sustainable multi-tier forest.

Promation of messures such as, planting of appropriate Species in ther home
gadens, effective utilisstion of avalable foret based resources and
encouragement for utilisng dternative resources were caried out Smultaneoudy.
This was achieved by cregting awareness through informd interaction with the
locd people and dso through use of digplay of gpproprite boads giving
gopropriate messages in English and local language (Fig.8).
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Manting stock of suitable species were provided to the local people for encouraging tree
planting,
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Fig. 8 Creetion of awareness. Display board highlighting activities of the study.

2.2.3.2 Soil and water conservation measures
Prevention of surface water runoff, retention of rainwater during dry Season, enrichment

of soil fertility by erodon control and through recyding of organic materid and fixing of
nitrogen from amosphere and soil were identified to be the thrust areas for improvement
of the site. The following measures were identified and implemented in the sudy area:
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0)

(i)

(iii)

(iv)

v)

(vi)

Retention wadls were erected using rubble stones avalable within the dte in two
senstive locations dong the boundary to prevent diding of land (Fig.9).

Fig. 9 Soil conservation: Retention walls to prevent soil eroson.

Gullies wherever seen were plugged usng locdly avaldble rubble sone and
brushwood.

A lage number of pits were dug during the firsd year so as to obstruct surface
water run off and act as cach pits They served as smdl traps for topsoil and
organic matter that eroded from upper regions These pits were used for planting
in subsequent years.

Contour planting in the dopes with suitable species was caried out. Multi-
purpose species such as Agave, Pinegpple, Subabul, Aloe Vetiver were planted in
ecific desgns such as daggered planting to suit various micro leve fidd
features (Fig.10).

Fits inwardly tilted to the uphill dde of the dopes were dug in doppy aress
wheress dong flat terrain, saucer shgped pits were chosen, SO as to consarve as
much water as possble

Leaf mulching and stone packing were caried out for drought sendtive plants just

beforesummer.
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(vii)  Thinning and pruning, grass cutting and green manure collection were carried out

in aregulated manner to prevent the unnecessary exposure of land.

(vii)  While harveding, a good amount of plant resdue wes ddiberady left behind a
the gte.  This acted as leaf mulch as wel as organic materid for enhancing the
soil fertility aswdl asfor eficent nutrient cyding.

() A number of nitrogen fixing spedes were introduced S0 as to fix the amospheric
nitrogen.

(x) Under storey species such as herbs, shrubs and grasses were introduced to provide
adequate ground cover to regulate surface water flow. Mogst of these species
belong to medicind plant category so that these can serve dud purpose (Fig.11).

2.2.3.3 Sdlection of plant species

Green manure, fud wood, fodder, smdl timber (poles for banana support and other
household requirements), bamboo and plants of medicind importance were mgor needs
of locd people Thexe were kept in mind while sdecting species for planting in the
expeimenta plot. As there is lot of scope for growing many herbs, shrubs and dimbers
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as ground dorey vegetdion, plants bdonging to these categories having different end
uses were aso congdered for planting.

SN .

i A )
-=..-‘. b e |

Ll

Following ste specific features were found to be of dgnificance in the desgn of multi-

tier forest:

0] Species with soil binding capacity were identified for planting dong dopes to
check eroson.

(i) Pant species, which prefer more water, were sdected for areas close to cand,
depressons and gullies.

(i)  Shadeloving plants were chosen for locations under dense canopy (Fig. 12).

(iv)  Shdlow rooted plants were identified for rocky arees.

(V) Drought enduring species were planted in drier and open/exposed aress.

(Vi)  Spedes with smdler crown were chosen for planting dong the boundaries to
avoid disturbance to neighbouring households.

(vii)  Wind hardy specieswere planted as wind bresks.

(viii) Species with nitrogen fixing charecteristics were sdected to fadilitate  soil
enrichment.

(xi)  Suitable species were sdected as live hedge to serve as a permanent measure of
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protection to augment existing barbed wire fence.
(X) Plant species of aesthetic vaue were chosen for planting dong roadside.

Fig. 12 Shede loving plants under dense

To endble effective sdection of species, information on various aspects such as vegetative
charecteridtics, dte reguirements, growth and yiedd, uses and package of management
practices of different species were gathered from multiple data sources such as literature,
unpublished records and knowledge avalable with different  people  This was
computerised as adlviculturd knowledge base for essy retrievd.

2.2.3.4 Restructuring the vegetation

To ensure maximum possible output in a sustainable manner, it was necessxry to have an

optima gocking of different plant species of differing growth characteridics (age, height,

girth, crown and volume) and end uses.

Following methods were identified and employed in the study arear

@ Sdective harvesing of plants — While harveding, plants tha were slviculturdy
avalable or reguired depending on oacelight reguirements  were  given
preference. SO dso plants, which were not required to be harvested on slvicultura
congderations, were harvested only when absolutely needed otherwise.

(i) Panting of suitable species in agopropricte locations conddering the growth
requirements, micro-ste conditions and harvesting potentias.
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(i)

(iv)

v)

(vi)

Promating naturd regeneration — Naturd regeneration was found to be esser and
chegper than plating. Hence, wherever possble, naurd regeneration was
promoted and planting was adopted only when absolutely essentid.

Tier dasdfication and spacing of vegeation — As both naturd and atificid
regenerdtion is employed smultaneoudy, it was difficult to adopt a gpecific
gacing patern. However, while planting or haveding, spacing requirement of
plants avalable at the Ste has to be consdered to avoid wastage. To facilitate this,
the plants avaldble in the plot were cdassfied based on ther potentid height into
different tiers (Refer Tablel).

Harvesting of plant produce from the dte — In addition to slviculturd availability,
the market demand and requirements of the locd people were the other man
condderations.

Culturd operations such as canopy manipulaion, pruning and branch cutting —
Thee activities were identified to be essential for optimd growth of the under
dorey vegeation and gened hedth of the sand. The locd population dso usd
these plant produces as green manure, fodder, fud wood and smdl timber (Fig.13)

Fig. 13 Canopy manipulation.
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The dgand dructure was modified by controlling the various sand parameters such as
gocking, species compodtion, basd areg, dand volume and crown aea Actud and
potentia height (the height a plant would have achieved & the time of maurity) were the
magor controlling parameters with respect to which these dand parameters were
regulated.

2.2.3.5 M ulti-species permanent nursery

Good plating gock is necessxy, not only for planting purposes but dso to supply to

locd populdion. This is essantid as planting of suitable species in households Stuated in

the vidnity nead to go hand in hand with multi-tier forestry activities so as to reduce the

pressure on the fores. To provide planting sock on a sudaindble basis, the following

messures were identified and employed.

0] Collection and dorage of required seeds and other planting stock from different
locationg/different agencies.

(i) Egeblishment of a multi-species nursery (Fig. 14)

Fig. 14 Multi-species nursery.
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2.2.3.6 Cost reduction and efficient utilisation of plant produce

In mult-tier forestry, when compared to other forestry practices, the quantum of labour
required for various operations such as nursery, Ste preparaion, pitting and planting,
weeding, soil working, plantation maintenance, thinning and havedting, are quite high.
Also marketing of variety of produces is dso a problem. During the study it was found
that involving locd people could esdly solve these problems. The locd people were
reedy to cary on the work connected with grass cutting, weeding, thinning, branch
pruning and canopy menipulaion, as it will provide them employment as wdl as the
necessaty materiad required for their dally subsstence (Fig.15&16). These, agpat from
olving problem of labour avaladlity, dso provided an opportunity to involve locd
people in protection as wel as in other management operations. At the same time, these
provided the locd people subgtantid scope for enhancing their living standard  through
genadion of employment as well as resources, which are essantid for their liveihood.
Thus, involvement of loca people in the adtivity was found to be a necessay and
essentid agpect of successful and sustainable multi-tier forestry devel opment.

Fig. 15 Paticipetion of loca women in activitiesin the Ste,
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Fig. 16 Cod efficient utilisstion of harvested materids from the Site.
The procedures employed on the aove sSx mgor operdions were evduaed and

integrated in a repetitive bass to achieve the desred god. The reaults of these operdions
are reflected in stand dynamics.
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3. RESULTS

Thefindings of the various operations as detailed earlier are summarised in this section.

3.1 Site assessment

The area sdected for the study lies a 10°32’N and 76°20°E of Thrissur Forest Division,
Pecchi Forest Range, Vilangannur hill reserve (Fig.17). This is under lease to KFRI from
the Kerda State Forest Department. The dte is Stuated at the top of a micro watershed.
The Peechi-Thrissur road runs dong the southern boundary. There are house compounds
adjoining the sudy area

0 2000 4000 @000  s000

Pattikkad —<—

—_— Peechi

Fig.17 Location map of the study area.on multi-tier forestry (prepared using GIS)

Origindly this was a part of the Peechi fores area supporting moist deciduous fores, rich
in economicdly important plat species such as teek, rosawood, Xylia Temindias
bamboo and canes. Locd enquiry and search of Forest Department records reveded thet

with the passage of time there was encroachment of the forest by the settlers, who had
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come from various pats of dae for condruction of the Peechi dam. This led to the
depletion and degradation of the rich forest. In 194546, teek planting was tried but faled.
Due to heavy biotic inteference such as illict removad of trees overgrazing, litter
collection, unscientific lopping of trees for green manure, and frequent fire the land
became highly degraded supporting only some unhedthy tesk coppice growth and a few
miscdlaneous pecies. Though the land was teken over by KFRI in 1975, improvement
was minima due to the heavy pressures from locad population, who were usng the land
for medting ther requirements such as, fud wood collection, grazing etc. There was an
atempt in 1984 to improve the fores by thinning unhedthy coppice growth. In 1987, a
few mahogany saplings were dso planted.

The experimentd plot is & an devaion of 100m md. There is an dtitudind variaion of
about 30m. within the 2.17 ha area. Except for a amdl portion, where the terrain is flat,
the area congsts of moderate to steep dope (30-60° dope). The aspect is southern to south
western. Soil islaeritic and predominantly barren with practicaly no litter or

humus over the ground a the time of initiation of the sudy in 1989. The soil is ds0
shdlow with high amount of granite rocks (Fg. 18). The pH of the soil is 544 and gave
content 31.6%.

Fig. 18 Site assessment: Rocky terrain with awater hole in Region 11 of the Site.
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Weather data of the area for the past 10 years available a KFRI was processed to obtain
necessary information. Average annud ranfdl ranges from 2700mm to 3500mm and
number of rany days pa anum vaies from 75 to 100 (with more than 10mm
rainfal/day). The area receives two monsoons, southwest and northeast. On an average,
monthly rainfdl exceeds 500mm during June to September and more than 70% of the rain
occurs during this period. The dte is susceptible to heavy wind during January-February.
The mean minimum and maximum temperaure vaies from 18° to 40PC, the average
temperature being 29°C. March to May are hottet months. The area is highly humid with
an average monthly rdaive humidity ranging from 70% to dmost 100% during rany
season (July-September). (Source: Wesather data - KFRI)

A narow irrigation cand passes through the valey region of the sudy aea in which
there is water during summer when the locd irrigation depatment opens the Peechi
reservoir main irrigation cand. This cand dso collects water from other pat of the ste
and act as a dranage cand during rany season. Due to soil eroson, this cand was found
to be partidly obliterated a the dat of the dudy, thus incgpable of serving its purpose.
There is dso a pump house which stores water for the entire KFRI campus at the top of
the hilly region of the Ste.

The origind vegeation type of the dte is moig-deciduous (Champion and Sgth, 1968;
Chandrashekaran, 1960). The aeg, a the beginning of the sudy exised as a degraded
foret. Weeds such as Lantana and Eupatorium were the main condituents of lower
dratum. The exiing vegetation datus was stock mapped, udng conventiond methods
(Table 2). 97% of the vegetation in the area condituted of two species, tesk (86%) and
mahogany (11%). 84% of the trees were with less than 10m. height. 73.4% of the plants
were teek coppice growth bdonging to 2-10m heght classes The height class
digributions are given in Fg.19, which agan highlight the poor regeneration staus and
imbelance in dze-dass didribution. Mgority of the trees were unhedthy, crooked and
maformed (82%) due to unregulated cutting of fud wood and poles and removd of
leaves. Naturd regeneration in the plot was very poor and the number of plants bdow 2m
height was only 2.4%.
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Table2. Vegedion gatusin the area of 2.17ha. a& the commencement of the sudy in

1989, (Height dlass distibution)

Species name

Height classin meters

@
0

2-10

10-20

2040 Total

Swietenia mahogany (L.) Jecg.

67

Pterocar pus mar supium Roxb.

Albizia odoratissma (L .f.) Benth.

Albizia procera (Roxb.) Benth.

Xylia xylocarpa (Roxb.) Taub.

Bauhinia racemosa Lamk.

Alstonia scholaris(L.) R. Br.

Tectona grandisL. f.

7

Bombax ceiba L.

Emblica officinalis Gaertn.

Delonix regia (Bgj. Ex Hook.)

Ailanthus triphysa (Denngt.) Alston

Ficus exasperata Vahl

Trema orientalis(L.) Blume
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Fig. 19 Height dass didribution of plantsin the beginning of the sudy
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Based on tearan conditions, slope aspect, daus of vegetaion and proximity to humen
hebitation, the sudy Site was divided into 6 regions for specific treetment (Fig.20).

0 2000 4000 6000 S000

AREA BETWEEN CANAL AND ROAD ROCKY AREA SPARSE VEGETATION
(FENCE PLANTSWITH AESTHETIC VALUE) (WESTERN ASPECT WITH MODERATE SLOPE)

CANAL B MODERATE SLOPE SPARSE VEGETATION
(SOUTHERN ASPECT)

PLANE OPEN AREA B puMP HOUSE COMPOUND

(WITH SPARSE VEGETATION)

SLOPPY AREA WITH VEGETATION SPARSE VEGETATION - STEEP SLOPE

(WESTERN AND NORTHERN ASPECT) (SOUTHERN ASPECT)

ROAD

Fig. 20Sudy area treatment map (prepared using GIS)
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Region I:

Region I1:

Region 111

Region IV:

Region V:

Region VI:

A linear grip of 5m width between Peechi-Thrissur road and the irrigation
cand running east to west of the entire Ste condituting 11% of the dte
aea This is the vdley terran of the dte. Vegetaion was sparse. Situated
adjioining to the road, the location had dgnificant aesthetic importance.
The area was more susceptible to cattle grazing as it was nearer to the

fence and road.

Hat teran with spase vegetaion dtuaed to the north of the cand
accounting for 25% of the totd aear This is a continuation of the valey
region of the dte The soil is shdlow (about 60cm), the ground stratum
conggting more of rocks than soil.

Sope between Region Il and pump house road comprisng 21% of totd
aea This region on the wedern agpect of the plot has farly dense
vegetation, congging of tesk coppices and mahogany tees. The dope here
is45°.

Area between cand and pump house road condituting 16% of the totd
aea This region has moderate dope of 30°-40° gradient with sparse
vegetation on the southeastern side.

Rocky area between pump house and pump house road congding of 7% of
the totd arear Situated on western aspect, the undulating terrain and steep
dope of 40° -50° has avery sparse vegetation.

Eagern dde of the plot between pump house and pump house road
comprisng 20% of totd area The steep dope of 45° -60° fdling on the
southern aspect of the plot has rocky terrain and possessed only sparse
vegeaion.

The changes in the dte monitored through repetitive Ste evdudion is provided in the

section on stand dynamics and socio-economic benefits
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3.2 Assessment of influence zone

An aea of one km radius from the ste was identified as the influence zone. The broad
details about the households, people, cattle and vegetation are given in Table 3.

Table3 Deals of the Sodo-economic-vegetd survey caried out in the immediate
influence zone.

Parameters Nos.
Number of households 97
Totd extent of households 82 acre (33 ha)
Number of persons
Number of labourers
Number of women
Number of caitle
Number of forest plant species (i.e., those not
consdered as agriculturd/horticulturd gpecies)
Tota number of woody species (forest and non
forest)
Tota number of plant species (forest and non
forest)

g« »sBed

The digribution of totd number of plants under different species in the influence zone is
given in Table 4. Classfication of this vegeation based on ther potentid use is given in
Table5.

As the landholding of individud houssholds was vey low, the locd people had to
depend on the forest aress for various basic needs (Fig.2l). They prefer to use their land
bescdly for producing materids of economic importance, which will provide them food
and revenue for ther livdihood. Of the households surveyed, 35% families had only less
than 10 cents, 49% with less than 50 cents 33% between 05 to 2 acre and 18% families
with more than 2 acres of land. The biggest landholding was 6 acres. Eight cows were
maintained in households having less than 10 cents and 28 cows in households with less
than 50 cents Of the households surveyed, 96%, manly those with smdl land holdings
preferred smal trees, 28% wanted fodder trees and grasses, while al were interested in
growing plants of medicind vauein their homesteads.



Fig. 21 Assessment of influence zone: Households with low landholdings

Table 4 Didribution of total number of plants under different speciesin the 97 households

Nameof plants Total number
(a) Cash crops
Coconut 1941
Arecanut 3481
Pepper 2046
Cashew 55
Rubber 2500
Coffee 18
(b) Fruit bearing plants
Jack tree 220
Mango 267
Banana 2398
Tamaind 21
Annona (Atha) 38
Pepaya 76
Amla(Ndli) 4
(c) Other trees
Sema 71
Maharukh (Perumaram) 267
Bamboo 8
Gliriddia 408
(d) Miscellaneous 811
Totd 15150
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Didribution of plantsin the 97 households basad on their potentid use.

Use No. of plants Per centage to the total
no. of plants
Food 7744 51
Medicina 2264 15
Industria 6674 44
Cottage indudtries 172 1
Fud wood 10214 67
Fodder 3621 24
Smdl timber 6181 41
Green manure 1451 10
Congtruction 3342 22
Pulp 970 6
Plywood 70 1
Packing case 392 3
Match wood A48 2

The response of people for not preferring forest trees for planting in their homesteads is
givenin Tabe6.

Table6 Reasonsgiven by people for not preferring forest tree pecies for planting.

Reasons %
No land for planting 28
Importance to other crops 32
Not profitable 28
Unfavourable laws for 9%
harvesting trees
Long duration for harvesting tree 68
arops

The requirement of forest produces for the loca population within the influence zone are
summarised in Table 7.
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Table7. Needs of the loca population within the influence zone.

[tem Requirement Quantity required/year

Fud wood 8 kg/family/day 283.24tonne

Fodder 30 kg/cattle/day 886.95 tonne

Green manure 100 kg/coconut (3 bundles of about 192.22 tonne
35 kg)lyesr

Smdl timber (Poles | Asbananatree support: 2398

of 3m length) Other uses: 970 (10 number of 3368 nos.
polesfamily/yeer

Employment 93 labourers (300 dayslyear) =27900

requirement 225 women (needing partid 44775 (days of
employment for 300 days, 25% of man/women labour)
the days time) =16875

Note 1 A catle is expressed in cow unit. The fodder requirement of one buffao or
two goatsis assumed to be equd to that of one cow.
2. The requirement of green manure for three aeronaut or banana plants is
assumed to be equd to thet of one coconut pam.

The need assessment made through various above-mentioned methods adso brought out

the following additiond informetion.

(@) People bdonging to 810 families daying within 4 to 5 km away from the gSte
trave regularly a digance of 10 to 15 km to collect fud wood from interior forest
aea Evey day, each person collects about 40-50 kg of fud wood and =is the
same to households and hotdls (Fig.22).

@ About 10-15 families living in the neghbourhood of 2 km digance from the plat,
depend on forest aress for collection of medicnd plants. They often go degp into
the forex  (sometimes about 20 km) to get these materids and supply them to
locd manufacturing units deding in Ayurvedic medicnes (indigenous  Indian
system of medicine) or to vendorsin the nearby town.

® About 1520 women daying in the influence zone collect green manure, litter and
fodder from the study plot and adjoining regions and supply these to famers
Each individud often cdllects 6-8 bundies of 3040 kg each every day, especidly
during the months when there is no other source of labour. They supply these
meterids to households within aradius of about 4 to 5 km.
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@ About 8 families in the immediate influence zone depend on forests for bamboo.
They often travel more than 1520 km every day to get the raw maerias. They
make baskets and mats and supply the same to locd households

(5) Members of about 4 or 5 families outsde the influence zone collect tesk leaves
from the teek plantations and these are sold to the locd shop keepers and fish
merchants as wrapping materid. On an average a shopkeeper requires about 810
kg/day. One kg consists of about 30-40 leaves.

Fig. 22 Assessment of influence zone: Demand for fuel wood.

The people involved in these activities were dang this for their subsstence. They get
only labour charges as income from these activities.

Thus, it was found thet there is congderable demand for materids such as, fodder, green
manure, fued wood, smdl timber, raw materids for cottage indudtries and plant materids

of medicnd vadue Sgnificat labour force paticulaly patid labour among women,
was eadly available.

In addition to providing various information required, activities connected with the need
asessment dso hdped in having more interaction and exchange of idess with locd
people, which in tun hdped in geting their goodwill, support and paticipation in the
adtivity.
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3.3 Stand dynamics

Sand sructure over time with respect to various stand parameters such as number of
plants, species, naurd and atificid regeneration, basd area, volume, crown aea and
crovn volume indicates the progress of the dand in ataning multitier Structure and
optimisng the ecosystem. Change in vegeation with regpect to potentid use, maerids
redised and cash flow from the sudy area after initition of the experiment highlights
socio- economic benefits and productive potentid of the system.

3.3.1 Stand dynamicswith respect to number of plants.
The change in number of plants is one of the mgor indicators of stand dynamics. The

gand dynamics in tems of gdocking under actud height and potentid height were as
folows
Stocking with respect to actual and potential height

Table 8 Digtribution of plant ha® in the study area based on actual height

Height Period
Class(m) | 1989(nitid) | 1992 (3%yr.) | 1999 (10" yr.)
0-2 10 8709 8996
2-10 325 1218 3093
10-20 58 84 177
20-40 3 G 18
Totd 3% 10019 12234

Table9 Per centage distribution of plantsin the study area based on actual height

Height Class Period
[ o 2@y | B0y
(initid)

02 24 864 732
210 821 121 252
1020 14 09 14
2040 07 01 02
To@ m 1 10
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Fig. 23 Digtribution of plants ha:* in the study area based on actud height
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Fig. 24 Percentage digtribution of plantsin the study area based on actud height

The tables and graphs reved progress towards normdity in stocking. At the time of
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initigtion of work for esablishing the plot, stocking was extremdy poor with only 396
plants ha®. Within 3 years of initigion of the study, stocking hes incressed to 10019
plants ha * and by 10" year, it was 12284. Initidly regeneration was aso very poor, as
reflected by number of plants in 0-2m height class (24% of totd vegetation). The entire
vegetation was concentrated mogtly in the 2-10m height dass (82.1%). This trend had
changed after the initiation of the study. Within 3 years after the commencement of the
work, number of plants bdonging to 0-2m height dasses changed from 10 to 8709
indicating very high amount of regeneration. The number of plants in the next height
cdass 2-10m dso increesed from 325 to 1218, showing high regeneration and growth
potentia of the ste. This dso reflected effectiveness of various measures carried out for
reducing biotic interference, for enhancing productive potentid of the gte through in gtu
il and moistre conservation. The inverted ‘J shaped curve in the 3¢ and 10™ years
pronounces the progress towards normdity of the forest. Another important aspect was
change in number of plants beonging to different potentid height (tier) dasses. Fgures
25 and 26 dearly bring out the trend.

14000
13000 12284
&, 12000 OTier V (0-1m & climbers)
55 11000 - 10019 231
£ 10000 O Tier IV (1-2m & shrubs)
g 9000 2179 1868
c 8000~ O Tier 11l (2-10m)
E 7000 . 1643 1814
© 6000+ ) 1766 O Tier 11 (10-20m)
O 4000 1424 i -
S 208 O Tier | (20-40m)
(‘7‘) 30007 4465
2000 . 2189
1000 a
0 S . .
1989 (initial)  1992(3rd yr.) 1999(10th yr.)
Year & age

Fig 25 Didtribution of plants ha* in the study area based on potential height
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Fig 26 Percentage didribution of plantsin the study area based on potentid height

There is a steady increase in number of plants under each tier. However, the number of
plants is maximum in top canopy Species trees having potentid height of 20-40m
indicating the need for intervention by introducing plants belonging to other categories
The skewed didribution of plants in different categories necesstated restructuring
vegetation through judicious regeneration and harvesting draegies to ensure even
digtribution.

Percentage  didribution highlights progress of dand towards normdity in socking in
different tier classes. In the initia Stage, 98.7% of trees were of top canopy species and in
other tier categories there was indgnificant representation. However in ten years, the
percentage socking in top canopy species came down to 36.3% and bdance didributed
among other tier categories.

Changesin stocking due to natural regeneration and planting

As dready mentioned, number of plants in the area was regulated through planting and
naturd regeneration. Changes in this respect are given in table 10 and figure 27. By 10"
year, out of the totd number of plants 45% were through neturd regeneration. The
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progress towards even didribution of plants under both actud and potentid heght
categorieswas vigble.

Table 10 Digribution of plants ha® in the study area based on neture of regeneration &

potential height
Class (m) 1989 (initidl) 1992 (39 yr) 1999 (10™ yr)
Planted [Natural |Totd Planted |Naturd |Totd Panted |Naturd |Totd
Tier | (20-40) 44 A7l 01 748 2441 3189 817 3648 4465
Tier I (10-20) 0 4 4 1009 325 1424 1127 639 1764
Tier 111(2-10) q 1 1 o9 63 1584 1029 789 1814
Tier IV 0 0 0 1226 417 1643 13H 474 1868
(shrubs)
TierV (herbs, 0 0 0 1517 667 2179 2284 87 2371
dimbers,
cregpers
Totd 44 B2 3% 5534 4485 10019 6651 5633 12284
T100 T100 T100
100.0 T N 23
ggg : 0 88.9 017 20.0 OTier V (herbs,
85.0 | = climbers, creepers)
. 80.0 1 OTier IV (shrubs)
§ 7501 16.4 152
o o] p O Tier 11l (2-10m)
% 60.0 55 :41 N 14.0
— 55.0 A 16.0 45.9 ; _
E' 290 ] 005 || ses ?5 o OTier Il (10-20m)
o 45.0 87.7 ~ 18.6 14.4 .
$ 40.0 4 = 54 o OTier | (20-40m)
O 35.0 41 12.2 57
& 30.0 G 11.3
S  25.0 1 10.2
Z 20.0 4 P ° 8.4 7.6
15.0 1 111 11.0 24.4 9L 95 29.7 P - Plantec
10.0 47 ' N - Natural
o0 ] ” o0 T - Total
Initial 3rd year ]_Othyear
Age

Fig27 Didribution of plants (in %) in the study area based on nature of regeneration &
potentid height



3.3.2 Stand dynamicswith respect to species composition

The gland dynamics with respect to species compostion are given in figures 28 to 30 and
tables11 to13

180 1 163 i

160 A
140 1

120 1
100 A OPlanted

134 116 138 124

80 1 O Natural
60 1 OTotal

40 14 5

A R
0 T T |
1989(Initial) 1992(3rd yr.) 1999 (10th yr.)

Year & age

Number of specie:

Fig 28 Number of plant speciesin the sudy area based on nature of regeneration.

169 169
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O 1992 (3rd yr.)

01999 (10th yr.)

Number of plant species

3
=
0 T T T T

02m 2-10m 10-20m 20-40m Total

Height class

Fig 29 Didribution of plant speciesin the study areabased on actud height.
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Fig 30 Digribution of plant speciesin the study area based on potentid height.

Table 11 Didribution of mgor tree speciesin the Sudy area

Name of species

1989

1992

1999

Artocarpus hirsutus Lam.

Syzygium cumini (L.) Skeds

Srychnos nux vomical.

VateriaindicalL.

Swietenia mahagoni (L.) Jacg.

Pterocarpus mar supium Roxb.

Terminalia paniculata Roth

Albizia lebbeck (L.) Willd.

Albizia odoratissma (L. f.) Benth

Hopea parviflora Bedd.

Diospyros melanoxylon Roxb.

Xylia xylocarpa (Roxb.) Taub.

Casuarina equisetifolia L.

Lagerstroemia microcarpa Wight

Terminalia bdlirica (Gaertn.) Roxb.

Alstonia scholaris (L.) R. Br.

Hydnocar pus pentandra (Bunch.-Ham.) Oken

Adenanthera pavonina L.

Tectona grandis L. f.
Bombax celba L.

* k| k| k| | k| k[ | k| #| x| | #| x| *]| #| x| *]| *

X k| k| k| k| k| k| ¥ k| X[ k| k| | k| ¥| *| ¥| *| *

Grewia tiliifolia Vah

*

*

Bridelia retusa (L.) Spreng.

*

*

Hymenodictyon orixense (Roxb.) Mabber.

*

*
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Name of species
Dalbergia latifolia Roxb.

1989

1992
*

1999
*

Chukrasia tabularis A. Juss.

Leucaena leucocephala (Lam.) de Wit

Ceiba pentandra (L.) Gaertn.

Oroxylumindicum(L.) Benth. Ex Kurz

Pongamia pinnata (L.) Pierre

Garciniagummi -gutta (L.) Robs.

Pterocarpus santalinus Buch.-Ham ex Wall.

Azadirachta indica A. Juss.

Cassafistula L.
Emblica officinalis Gaartn.

* ok k| *| *| *

X k| k| k| k| *| ¥| *

Lagerstroemia reginae Roxb.

Acacia auriculiformisA. Cunn. ex Benth

Delonix regia (Bgj. ex Hook.) Rafin.

Cleistanthus collinus (Roxb.) Benth. ex Hook. f.
Ailanthus triphysa (Denngt.) Alston

Carallia brachiata (Lour.) Merr.

Macaranga peltata (Roxb.) Muel.-Arg.

Bauhinia racemosa Lamk.

Annonareticulata L.

Terminalia catappa L.

Wrightia tinctoria (Roxb.) R. Br.

Acacia catechu (L .f.) Willd.

Santalum albumL.

Psidium guajava L.

Aegle marmelos (L.) Correa

*[ k| k| k| k| k| k| x| #| k| ¥ * k| *[ x| *

X | k| ¥ k| ¥ k| k| k| ¥| k| ¥  ¥| ¥| *| *

Caesalpinia sappan L.

Tremaorientalis (L.) Blume

*

*

Table 12 Mgor bamboo, reeds and canesin the Sudy area

Name of species

1989

1992

1999

Bambusa bambos (L.) Voss

*

*

Bambusa vulgaris Nees

Dendrocalamus strictus (Roxb.) Nees

Bambusa bal cooa Roxb.

Bambusa nutans Wal ex Munro

Bambusa polymorpha Munro

Dendrocalamus hamiltonii Nees & Arn. ex Munro

Ochlandra tranvancorica Benth. ex Ganble

Calamusthwaitesii Becc. & Hook. f.

Calamus hookerianus Becc.

Calamusviminalis Willd.
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Table 13 Mgor shrubs, herbs, dlimbers and grassesin the study area

Ananas comosus(L.) Merr.
Asparagus racemosus Willd.
Piper longum L.

Vetiveria zizanioides (L.) Nash

Name of species 1989 1992 1999

Erythrina indica Lam. * *
Gliricidia maculata L. * *
Cinnamomum verumPred. * *
Adhatoda vasica Nees * *
Ixora coccinealL. * *
Hibiscusrosa-snenssL. * *
Lawsonia alba Lamk. * *
Bougainvillaea spectabilis Willd. * *
Sdarhombifolia L. * *
Plumbago indicalL. * *
Agave sisalana Parine ex Englem. * *
Aloe vera(L.) Burm. f. * *
Curcuma aromatica Sdish. * *

* *

* *

* *

* *

Within 3 years, there was subgtantid increase in totd number of plants from 15 to 163.
As the operaions in the experimentd plot progressed, the didribution of species among
actud and potentid height classes had become more even when compared to the initid
peiod highlighting the trend towards multi-goried and multi-species sructure. A perusal
of the tables reveds the diverdty of species tha has occupied the study area during ten
years through naturd regeneration and planting.

3.3.3 Stand dynamicswith respect to basal area

The dand dructure in teems of basd aea modified with respect to height and potentid
height dasses is given in table 14 and figures 31 to 33. There has been dteady incresse in
sand basd area from a totd of 7.83 nf to 33.4 i in 10 years The progress towards
normdity in the dructure of the foret with respect to actud and potentid height was
vishle
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Table 14 Stand basd areaha™ (nf) in the study site based on actud height

. Period
Height das(M)  7oeg frina) 11992 @7 yr) 1999 (10" y7)
02 0.03 433 551
210 3.88 8.07 17.74
1020 318 4.45 6.98
20-40 0.74 1.27 3.17
Totd 7.83 1812 3340
100% T
90% | 9.36 7.00 9.49 020-40 m
80% - P4.57 P0.89 010-20 m
@ 70% 10.67
% 60% E2-10 m
= 50% A 00-2m
© 40% -
o 30% A
20% A
10% A 3.89 6.50
0% - T T 1
1989 (initial) 1992 (3rd yr.) 1999 (10th yr.)
Year & age

Fig 31 Stand basd area (%) in the Sudy Site based on actud height.
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Fig 32 Distribution of basd areaha. ™ () in the study area based on potential

height.
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Fig33  Percentage distribution of basd area (nT) in the study area based on potential
height.

3.3.4 Stand dynamicswith respect to sand volume

The dand modifications based on gand volume with respect to actud and potentia height
arereflected in figures 34 to 37.

309.4
350.001
300.004 020-40m
™ D )
£ 250.007 10-20m
) O02-10m
IS 200.00
= 00-2m
g 150.007
©
c
8 100.007
n
50.00
705 0
0.00 T T f
1989 (Initial) 1992 (3rd yr.) 1999 (10th yr.)
Year & age

Fig 34 Stand volume (n¥) hat in the study area based on actud height.
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Fig 35 Stand volume (%) in the study area based on actud height.
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Fig 36 Stand volume () hat* in the udy area based on potential height
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Fig 37 Didribution of sand volume in the sudy area based on potentid height

The stand volume has incressed from 94.44 m® to 3094 nt in 10 years of the study.

Progress towards even structure was a so seen from these figures.

3.3.5 Stand dynamicswith respect to Crown area

The change in crown area affected is given in table 15 and figures 38 to 40.

Table15 Crown areaha’ (m?) in the study site based on actual height.

Height dass (m) __ Period

1989 (initid) 1992 (3% yr.) | 1999 (10" yr.)
0-2 190 254791 3099.7]]
2-10 203313 3317.44 444519
10-20 137384 1902.95 2216.14
2040 158.27 400.23 917.94
Totd 3567.14 817753 10678.98

51




100 7 444 5.00 860
% -
2327
1 2075
~ & 3851
S 707
= 02040m
m -
o 010-20m
T 507 057 4162 02-10m
c
2 40 @02m
°
O 307 57.00
20 -
3116 2903
10 1
0 005 : .
1989 (Initial) 1992 (3rdyr.) 1999 (10thyr.)
Year & age

Fig 38 Percentage digtribution of Crown areain the study Ste based on actud height.
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Fig 39 Ditribution of crown areaha” in the study area based on potential height
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Fig 40 Percentage distribution of Crown areaiin the study area based on potentid height

Crown area incressed from 3567.14 m2 to 1067898 m2 in 10 years The didribution of
cown aea under actud and potentiad height categories have become more even when
compared to initid period. The trends highlights the effectiveness of the operations

caried out and the synergisic response of different species under a multi-tier forest
environment.

3.4Ecological, economic and social benefits

The overdl ecologicd, economic and socid benefits are summarised in tables 16 to 19.
Improvement in stand structure in terms of parameters such as number of plants species,
natura regenerdion and planting, basd aea volume and crown aea ae provided in
Table 16. Socking is much higher when compared to vaious foredry plantations
(maximum of 2500 plants ha® with a spacing of 2mx2m and 10,000 plants ha). Increase
in number of species from 15 to 169 shows the tremendous potentid of multi-tier forestry
in promoting plant divedty and in tun bio-diversty. The fact that 45% of the
regeneraion could be achieved mainly through naturd means is an indicator of ecologica
sustainability of the system.
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Table 16 Change in gatus of vegetation in the udy area

N Perameter (i%]?':igg) (3’%‘? 33.) (1(1)3?2.) mﬁi‘;
initid vaue)
Number of plants ha™* 396 | 10019 12284 31
2 | Number of species in the 15 163 169 11
study areaof 2.17 ha
3 | Number of plants naturaly 352 4485 5633 16
regenerated ha*
4 | Number of plants planted 44 5534 6651 151
ha
Stand basal area (nf )ha' 7.83 18.12 334
Stand volume (m® )ha* 9444 | 157.31 309.4
7 | Stand crown area (m2 )ha* | 3567.14| 8177.53| 10678.98

The increase in growing stock in terms of stand volume from 9444 m® ha* to 157.31 nt*
ha'! within three years and 3094 n? hal within ten years which comes to a mean annua
increment (MAI) of 2095 n? ha' for three years and 215 n? ha' for 10 years
repectively shows the success of vaious opedions in rehabilitating a degraded
ecosysem. This growing sock is respectively equivaent to thet of 8, 9.5 and 29.5year-
old firg qudity teek plantations. The MAI is dmogt double to thet of a firg qudity tesk
plantation. In addition to this, there is an annud remova of 1659nT of fuel wood/small
timber. Thus totd MAI comes to 3809m® of standing volume The growing stock of tesk
(which congtitute 29% of the vegetation) in the area has increased from 341 trees ha™ to
2722 trees ha'. Stand volume of tesk has increased from 73.21nT ha' to 140.18nT ha*
with MAI of 6.69 nmi ha’. The growing stock of tesk currently removed annualy as fire
wood or smdl timber comes to 751m* ha™. Thus average annud increment in tesk done
comes 1014.10m® ha. The maximum MAI recorded in a firs quality tesk plantation is
only 1224t ha' (All India yidd table for Tesk). There is three-fold increase in crown
area



Table 17 Didribution of plantsin the sudy areabased on use.

Use No. of plantsha
1989 (initid) {1992 (3%r.) [1999 (10" yr.)

Food 1 261 31
Medicina 51 5914 6894
Industria 50 2502 3485
Cottage 3 6295 6964
Industries
Fud wood 381 2959 3325
Fodder 3 3767 4631
Smdl timber 301 3438 4478
Green manure 47 2039 3564
Congtruction 336 2157 4184

timber
Pulp 4 222 24
Plywood 33 1954 234
Packing case 3 2104 2453
Match wood 4 660 780
Live hedge - 64 %A
Nitrogen fixing 3 1239 1785

The progress achieved through redtructuring vegetation to meke it compatible with needs
of locd populaion is highlighted in Table 17.Avaldblity of maeids suited for a vaiety
of uses demongtrates the scope for utilisng multi-tier forestry for intensive multiple use.

The quantum of materids redised and benefits accrued from the dudy aea ae
summarised in Table 18 which illudrates the utility of this practice for meding the besc
needs of locd people It dso highlights the mutud benefits in involving loca population
in multi-tier forestry ectivities. The benefits were didributed among 255 families. Women
congtituted 65% of the beneficiaries,
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Table 18 Maerid redised & benefits accrued through the involvement of theloca public from the study area.

S. | Item +Rate as on 1999 After 3years Average of 8", 9" and 10" year
No (Amount in rupee unit) Quantity Amount Quantity Amount
1 | Greenmanure Rs. 1/- per 10Kg. B0 kg ha yr* 33000 | 4500kgha’ yr! 450,00
2 | Fodder Rs. 1/- perl0Kg. 1672 kg ha'* yr? 167.20 | 14600 kg ha™ yr! 1460.00
3 | Fud wood Rs. 1/- per 5Kg. 4525 kg ha't yr? 95500 | 9165 kg ha yrtor 1833.00
(*12.968m3ha’ yr))
4 | Small timber Rs. 20/- per pole 1270 kg hat yr? 254000| 2560 kgha' yrt 4500.00
(127 poles) (225 poles)
(*3.6225m3 hat yrh)

5 | Medicina produce Rs. 1/- per Kg. 29kg halyrt! 24900 | 1280kghat yrt 1280.00
6 | Tek leaves Rs. 1/- perl0Kg. 438kg halyrt 4380 | 330kghalyrt 38500
7 | Bamboo Rs.20/- per bamboo culm - 000| 150noshatyr? 3000.00
8 | Canes Rs. 5/- per no. - 0.00 25n0s hatyrt 125.00
9 | Number of families benefited 25 25
10 | Rural labour generated Rs. 100/- per day 696 man daysha lyr* 69600.00 | 1095 mandays halyr 109500.00
11 | Amount redlised by disposal of Rs. 769.00 The materials were

fuel wood/smdll timber produced collected by locd

from the plot on a Subsidised people free of cost

rate (Rs.)
12 | Amount saved in cost of Rs. 100/- per day 128 man daysha™* 12800.00 | 165 man days 16500.00

weeding, harvesting and canopy yrt hat yrt

meanipulation in terms of number

of man days

+ Rates are fixed for the produce at Site and are exclusive of harvesting and transportation cost
* 1tonne=1.415m3 of fire wood/poles (Foresters Companion by A.R. Madekar, 1977)
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Table19 Cash flow from the sudy aea per hectare since the beginning of
experiment. (Rates adjusted to the year 1999 at 6% interest)

Year Age Cost Benefit Net annual Cumulative net
(Rs) (Rs) benefit benefit (Rs)

1990 1| 710000 00| () 710000 () 710000
1991 2| 630000 000| () 630000 () 1340000
1992 3| 550000 4291.00( (-) 120900 (-) 14,609.00
1993 4 0.00 6,381.00 638100 | () 8,228.00
194 5 0.00 7,486.00 74800 (-) 742.00
1995 6 0.00 7,992.00 799200 ) 7,250.00
199 7 000 833200 833200 (¥ 1558200
1997 8 000| 1066500 1066500 (+) 26,247.00
1998 9 000 1399500 1399500 (9 4024200
1999 10 000| 1449900 144900 (+) 5474100

The cash flow from the Sudy aea given in Table 19, throws light on the sustaingbility of
the sysem and the immense bendfits it can provide in quantitative economic tems The
postive cumulative net bendfit from the 6" year after initistion demongrates the sdif-
sudainability of the sysem. The andyss of the table reveded that the annua overdl
income is comparable with any other foresry activity. While computing the overdl
income, only items 1 to 8 of Table 18 were conddered. Non tangible benefits and
benefits to the adjoining ecosystem were not taken into account.
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3.5 Prospects of multi-tier forestry asa forestry practice

While establishing the demondration plot, prospects of multi-tier forestry were examined
from three angles:

0] Potentiad of multi-tier foresiry over natura forests and plantations

(i)  Stessuitable for multi-tier forestry

(ili)  Bendfitsto adjoining ecosystem

Results are discussed below.

3.5.1 Potential of multi-tier forestry over natural forests and plantations

Compardive dudies made on multi-tier forestry over plantations and naturd forests have
reveded its potentia on following aspects

Utilization of existing vegetation: The trangtion from exising vegeation to multitier
forex is a gradud and continuing process where no sacrifice of exising vegetation
occurred. There is scope for promoting growth of exising vegetaion and utilizing various
produces such as fodder, fud wood, green manure and produces of medicind vaue by
harvesing them through intendve operations Clear feling or coppice sysems beng
fdlowed in plataions removes entire exising vegetation a one droke to initiate
edablishment of a new plantaion (Davis and Johnson, 1987, Ramprakash and Khanng,
1979; Smith, 1962). Mesaures adopted for growth and utilization of exising vegeation in
naturdl forest management are less effective when compared to practices envisaged under
multi-tier forest.

Utilization of available space: Entire manegement practices in multi-tier forestry are
tuned to optimize use of avalable space. Only those plants that were absolutdly essentid
to be removed are harvested. Vacant spaces are utilised through regeneration by naturd or
atifidd means with appropriate species or through regulation of yidd in terms of various
gand parameters such as stocking, number of species, basd aea, sand volume ad
crown areawith respect to actua and potentia height classes.
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Utilization of resources and potential available in the neighboring ecosystem: The
fadlities for utilization of manpower and other resources avalable in  neghboring
ecosystem is much higher in multi-tier foret when compared to naurad forest or
plantations. Multi-tier forestry offers tremendous scope for absorbing a high amount of
labour. In the experimenta plot, an average of 1095 mandays ha™ y* (3 mandays ha™
day™) is required which is much higher than that for the management of natura forest or
fores plantations. In plantation forestry, labour is involved only a the time of plantation
edablishment and during thinning or haveding dages (Evans 1982) The labour
involved in the management of a naurd forest is dso negligible Since the produces
avalable from multi-tier foret such as fodder, green manure, fud wood, litter, fruits,
produces of medicind vadue and raw materids for cottage indudries are of greater value
to the locd people than that of naturd forest or plantations, the scope for involvement of
loca people and ther resources are much higher in multi-tier forestry. Moreover, because
of the scope for odection of species from a larger spectrum, opportunities for
harmonizing vegetation in mult-tier forest with that of neighboring ecosysem ae dso

very high.

Time span involved in getting the yield: Multi-tier forestry is the shortest and quickest
forestry practice to get yield. The various produces such as fodder, green manure, fud
wood, smdl timber, produces of medicind vadue and raw materids for cottage industries
can be harvested right from the initid stages.

Types of yidd obtained: Multi-tier forestry produces a variety of products such as
fodder, green manure, fud wood, poles smdl timber and maerids for cottage indudries
such as bamboo, reeds and canes. It dso provides timber. As regenerdtion and harvesting
drategies adopted are talored to maximize production, the overdl quantity of maerids
avalabde from multi-tier forests is much higher when compared to naturd forests or
plantations.

Social benefits: The various produces obtained from multi-tier forestry such as fodder,
green manure, litter, fud wood, poles samdl timber, materids for cottage industries and
plant materids of medicind importance are needed for the day-to-day living of people

Moreover, because of the highly labour intensve nature of multi-tier forestry practices,
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people get employment. The targeted beneficiaries are wesker sections of society, mainly
rud men and women. In foret plantations or naturad forest, due to the management
practices followed, the opportunities avalable for this are much less. Thus, as a forestry
practice, multi-tier forestry has got better socid gppedl.

Sudainability of the practicee The multi-tier forestry practice provides gradud and
deady improvement in vegetaion in terms of various sand parameles The various
operations are targeted to enhance the Site potentid. Since only a portion of the increment
is harvested, there is a Steady increase in tota growing stock. As a result of this, there is
adways sustained or progressve yidd from multi-tier forestry.

Scope for site enhancement and ecological up-gradation: The diversty of the practices
folowed and the gpecies involved were found to provide condderable scope for
ecologicd  up-gradation of the area There was overdl enhancement in the qudity and
quantity of forest as wel as the ecologicad and socioeconomic benefits it can provide to
the neighboring ecosysem. As dready discussed, in multitier forestry, there was
subgtantid increese in gtocking, basd aea, sand volume and crown cover. There was
dso increese in the socioeconomic benefits provided from the dte The various maerids
such as fodder and green manure produced from the Ste can enhance the productivity of
adioining agriculturd  ecosysem. Materids ussful for cottage indudries such as bamboo,
reeds and canes, plant materids of medicind vadue dong with the amount of labour
genarated enhances overdl productivity of the system. Soil fertility, moisture regime and
micro dimaic conditions can be made to dand in an ided dae for overdl production
through regulaion of gpproprise dlviculturd operations This opportunity is much less in
the management of naturd forests or in plantation forestry.

Economic benefits: Economic bendfits from a multi-tier foret are much higher when
compared to naiurd forests or forest plantations. In terms of redizable produces, the
cumulative income from the yidd from a multi-tier forest, such as fodder, fud wood,
green manure, poles, bamboo, reeds and canes, plant produces of medicind importance
which are redized annudly are significant.
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Cogt of Production: Cog of production in multi-tier forestry is comparable or even

lesser when compared to plantation forestry or naturd foret management. Expenses for
management of mult-tier foret can be met from the income receved through various

yieds

35.2

Sitessuitablefor practicing for multi-tier forestry

As aforedry practice, multi-tier forestry was found to have these unique characteristics.

0)

(i)

(iii)

(iv)

v)

Multi-tier foresry is a highly labour-intensive activity and it can be practiced only
in Steswhere availability of labour for these practicesis not a problem.

Multi-tier forestry, gpart from timber, yidds a variety of produces such as fodder,
green manure, fud wood, smdl timber, produces suitable for cottage industries
and household consumption such as bamboo, reeds, canes and plant materids of
medicind importance. Scope for marketing and utilizetion of these produces is a
pre-requisite for successful multi-tier forestry.

Multi-tier forestry involves introduction of a large number of plant species of
diverse characteridics. This can be vidble only in an environment where multiple
use foredry is essentid. It may not be viable in a sysem managed exclusvey for
gngle use such as timber or indudrid raw maerid. Thus it may not be advisable
to practice multi-tier forestry in good plantation Stes.

Snce intendve multiple use is the hdlmak of multitier forestry, attempting this
practice in interior naurd forex meent exclusvedy for consarvation may not be
advissble.

The practice of muti-tier forestry has to be confined to degraded forest areas with
heavy biotic interference and demand for produces such as fodder, fud wood,
green manure, sndl timber, maerids for cottage industries and household
consumption such as bamboo, reeds canes and plant maerids of medicind

importance.

Thus multi-tier forestry is suited for forest aress in close proximity to human habitations
where intendve multiple use is essantid. Only those plantation aress that are of low

productivity or are likdy to suffer from heavy biotic interference are suited for multitier
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fores. Due to nonavalability of labour and difficulty in maketing of various produces,
multi-tier forestry cannot be practiced in interior naturd forest.

In Kerda, about 49.7% of the natura forest (3886.37 km? out of the totd naturd forest of
7862 km?) fal under this category. These aress are degraded forest which are in close
proximity to (within 5km radius) human habitations. (Nair et al, 1997). Though datigtics
are not avalable, the scope for practicing multi-tier forestry in other daes is dso quite
high. Thisis the case with degraded naturd forests of many other third world countries.

3.5.3 Benefits from multi-tier forest area to adjoining ecosystems

Practice of multi-tier foredry can provide the following incidentad benefits to the
adjoining ecosysems

Agricultural lands. Practice of multi-tier forestry provides materids such as green
menure, fodder, smdl timber for agriculturd use. This dso improves sal and water
regimes of agriculturd lands. Employment opportunity avalable from multi-tier forestry
is helpful to farmersin utilisng their labour potentid.

Natural forests and forest plantations. Avallability of various foret produces from
multi-tier forests a a much chegper rate reduces the biotic pressure on adjoining natura
forets and forest plantations. Besdes, improved moisture regimes enhances productivity
of these aress.

3.6 Problemsin planning and implementation of multi-tier forestry

The fdlowing mgor problems were identified in planing and implementation of multi-
tier foredtry.

M anagement decisions based on micro-ste conditions at individual plant level:

When compared to plantation forestry or other afforestation programmes, in multi-tier
foredry management, decison has to be teken a individud plat levd teking into
condderetion microdte conditions. This was found to be necessay to fully utilise
opportunities available for choosing the right species and packege of practices. These
management decisons have to be taken conddering soil characteristics, dope, aspect,
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other taran conditions such as, avalability of moidure and nutrients, intensty of hbictic
pressure, avalability of light, naure of other plants in the neighbourhood and possble
interaction & individud plant leve. This was ds0 the case with dl management decisons
concerned with spatid and tempord arangement of plants, regeneration, maintenance
and harvedting. In plantation forestry or other forestry practices, because of involvement
of less number of species, options avalable are limited and o decison making is adso
quite Smple.

Attention to needs and potentials of neighbouring ecosystem: As multi-tier forestry is
a practice designed for intendve multiple use, its desgn and management were found to
be dependent on various needs and potentids of people living in the influence zone and
ther habitat. This is not the case in plantation forestry or other forestry practices where
choice of gpecies or management practices are not dependent on the needs of locd
people. Adequate care is required for identifying extent of influence zone, land use
practices, habit of the people, ther fores based needs and potentids avalable for
devdopment and uilisation of multi-tier fores. As conditions in the influence zone vary
over time, in multirtier forestry decisons have to be based on assessment of needs of
locd population made on a continuous basis

Decisons based on wider spectrum of plant species and plant management
practices. Teking into condderation diverse demands and dte conditions, number of
poecies and management practices required were found to be quite large in multi-tier
forestry when compared to conventiond plantation forestry or returd forest management.
As a reault of this to make judicious decisons on choice of species as well as packege of
plant management practices, the plantation manager has to handle information such as
their dlviculturd characterigtics, Ste requirement, growth, yidd and use adong with other
management practices on large number of pecies.

Decisons based on wider spectrum of Ste management practices. Manipulaion of
vaied nature a micro dte plant levd is necessyy in multitier forestry due to
involvement of large number of species managed with different objectives.  This requires
vaied goproach to soil and moidure conservetion, dte improvement, spatid and tempord

arangement of plants planting methods, control of biotic factors, plantation maintenance
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and havesing within the same ste. When compared to other forestry practices, here,
options avalable are quite enormous and judicious choice and implementation require
handling of information on varied Ste management practices.

Need for panting stock of large number of species on a continuous basis. In case of
multi-tier forestry, regeneration and harvesting is a continuous activity in the dte as wdl
as influence zone. Success of multi-tier forestry will depend on avalability of good
quaity planting sock of desired species in required quantity a gppropriate time. Ensuring
adequate supply of good qudity planting dock of different species of varied
characteridics  requires  careful  planning  teking into  condderation  availability  of
propagates and nursery techniques. As there is increase in number of species involved it
is necessry to handle information such as flowering and fruiting seesons, nature of seeds,
information on seed collection aress, germination methods and other nursery management
techniques on large number of gpecies Involvement of large number of species dso
brings problems of scheduling of various adtivities in the establishment and management
of nurseries on a continuous bass These problems are not so acute for plantation forestry
or other afforedation activities where the number of species involved are compardively
less. In such cases the requirement of planting stock is dso not to the extent required
under multi-tier forestry, as planting is a one-time activity.

Yield regulation and harvest scheduling for diverse forest produces. The maerids
haveted in a multi-tier foret vary from species to species and within species The
different species produces yidd such as fodder, fud wood, green manure, smdl timber,
rav materids for cottage indudries, plant materids of medicind vadue and timber. The
time and mode of harvest varies condderably between species. This can dso vary within
pecies as most of the species can be managed for multiple purposes. The uneven-aged
naure of foret, the diverse gpecies characteridics, yidd and utilisation potentids
complicate harvesting. Harvesting of different produces has to be caried out, taking into
condderation dlviculture requirements, labour avalability and market demand. Thus,
harves scheduling under multi-tier forestry sysem is highly complex and requires high
technicd skill in planning and execution.



More intensve management on a continuous basis. Involvement of large number of
species of diverse characteridics and end uses necesstates intensve management a
vaious levels dating from design, development and management on a continuous besis.
These are not so in the case of plantations, naturd forests or other afforestation Sites.

High labour requirement on a continuous bass. The intendty of operaions involved
in multi-tier foredry is enormous when compared to other forestry practices. Aspects
such as nursery development, regeneration, Ste prepardion, maintenance and harvesting
of varied products require consderable amount of effort of diverse nature.

Difficulty in decison making through integrating a number of related factors over
time and space: Successful design of multi-tier forestry requires decison meking by
integrating factors sch as dte conditions, neighbouring ecosystem, plant pecies and
ther management practices, plantation dte management methods and resources and
condrants involved. Often this is complex due to the difficulties involved in integrating
various factors over time and space Determingtion of trade off of various options
avalableis difficult by mentd caculaions

Lack of availability of information: Information on species characteristics and package
of sSlviculturd management practices for norrconventiond plantation species are lacking

on many agpects  Also, information on response of many species and packege of
practices under multi-tier forestry is not known.

Implementation problems in harvesting of various produces. Havesting of timber in
a mutti-species unevenraged foret without harming the surrounding vegetation is a
difficult task. The problem of choice and implementation of harveding in a sdection
foret is a debaed topic dl over the world Due to logigic problems involved in
successfu implementation, sdlection feling has been sopped in naurd forests of Kerda
The same problems are more acute in multi-tier forestry as harvesting has to be caried
out not only for getting the yied of various produces but dso for optimising productivity
of the forest.
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3.7 Strategies for multi-tier forestry

The folowing ae the drategies identified for successful implementation of multi-tier
forestry:

Reduction of biotic pressure for preventing degradation: The firs and foremost task
in muti-tier forestry is to find out ways and means to reduce biotic pressure causng
foret degradation. Excessve pressure on land results from forest fire cattle grazing,
uncontrolled and excessve exploitation of various forest produces, soil eroson and forest
degradation. Hence, the dSrategies chosen have to be amed a minimisng these causes of
degradation to the maximum extent possble The dudy reveded the integrated use of
following operationsto be effective in achieving this.

0] Maintenance and drengthening of exiging barbed wire fencelcatle proof
trenchessone wals and deployment of sufficient number of watcher-cum+
labourers depending upon requirement for ensuring immediate protection.

(i) Gradud edablishment of live hedge with suitsble multipurpose species to
augment barbed wire fence/caitle proof trenches'stone wadls and to utilise the area
effectively for productive purposes.

(iii)  Credtion of awaeness among locd people regading the importance of
dforestation activity for ther day-to-day life through informd interactions,
discusson and digplay boards and thus chenge the dtitude of gpathy and mistrust
prevailing among locd people.

(iv)  Gradud involvement of locd people in vaious plantaion devdopment and
management  adtivities induding plantation maintenance and harvesting. To begin
with, depending upon avalability, people can be involved in grass cuitting,
harvesing of green manure, collection of fud wood and smdl timber, harveding
of medicind produces and other materids of loca consumption and thus to cregte
vested interest in loca people in protection of the area.

V) Trandormation of duties of watcher-cum-labourers to that of extenson workers.
Ther savices can be utilised for traning and supervison of various plantation
development and management activities by loca people.
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(vi)

(vii)

Sail

Maximisng the quantity and qudity of various materids produced from the ste
through redructuring the vegddion, to enhance the cgpabilities of the dte to
cary out its vaious ecologicd, economic and socd funcdions by meding
different foret based needs of the people living in the influence zone in a
sudtainable bass as well as to withstand the biotic pressures.

Promotion of messures such as, planting of appropricte species in ther home
gardens, effective utilisstion of avalable forex based resources and
encouragement  for utilisng dternative resources and energy saving mechanisms
by cresing awaeness supply of plaiting sock and other maerids and
technologies and thus minimise the dependence of the people living in the
influence zone on the Site.

and moisture conservation for productivity enhancement: Enhancing the

productive potentid of the dte is the next sep involved in multi-tier forestry. In this soil

and moidure consarvdion assume paramount importance.  Following drategies  are
identified for the purpose:

0)

(i)

Strengthening and maintenance of engineering dructures such as, contour  bunds,
retention wadls, trenches and crosscut bunds for  plugging gullies  wherever
avalable. Erection of suitable dructures wherever necessary. However, these
should be caried out only where it is absolutdy essentid snce the cost involved
in engineering works is high. Also to minimise the cogt locdly avalable materias
such as rubble sones and bruswood should be used to the maximum extent
wherever possble The feedhility of utilisng these dructures for reducing biotic
pressures aso should be explored.

Diggings of catch pits of gppropriate Sze and shape for obgtructing surface weater
run off and trgpping topsoil and organic meatter coming from upper regions. Thee
pits can be used for planting in subsequent years Planting pits should be of
appropriate sSzes and shapes such as saucer shaped pits, trench and mount pits and
v-ditches depending upon requirement sO as to consarve as much water as

possible
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(iii)  Cortour planting in the dopes with suitable multi-purpose species such as, Agave,
Pinespple, Subabul, Aloe, Veiver in specific desgns such as daggered planting
Oegpending upon Ste conditions to suit various micro leve fidd fegtures.

(iv)  Thinning, pruning, grass cutting and green manure collection to be carried out in a
regulated manner to prevent unnecessary exposure of land. While harvedting, a
good amount of plant resdue should be ddiberatdy left behind in the sSte as ledf
mulch and as organic materid for enhancing the oil fertility as wel as for
effident nutrient cyding. Effective utilisation of culturd practices such as lesf
mulching and stone packing in appropriate seasons are aso to be carried out.

(V) Introduction of nitrogen fixing species to fadlitate fixation of amospheric
nitrogen. Regenerdtion of under dorey species such as herbs, dhrubs and grasses
for providing adequate ground cover to regulate surface water flow. Use of multi-
purpose species for enhancing the overadl productivity should be encouraged.

Multi-species permanent nursery for continuous supply of planting stock: Supply of
planting stock of suitable species in adequate quantity on a continuous bass required for
multi-tier forestry Ste as wel as for households in the influence zone is one of the most
important pre-requistes for success of this forestry practice To fadlitate this, a multi-
goecies pamanent nursery nearer to the Ste is required. As multirtier forestry requires
planting sock of varied naure - herbs dhrubs dimbers, creepers, trees of varied height
on a continuous bads, this nursery reguires better fadilities for irrigation when compared
to the locd temporary nurseries involving a few gecies edtablished for initisting a
conventiond plantation or an afforestation/reforestation work. The nursery planned must
have fadiliies for assembling and mantenance of planting sock of various species
gathered from other places and rasng planting stock of required species in sufficient
quantity on a pemanent bass While in the initid dages the planting sock can be
supplied on subsdised rates later the nursery has to support itsdf on a sdf-sustaindble
beds by supplying planting Sock on production cod.

Matching of species and management practices with micro site conditions and local
needs. Often, the goecies compostion and management practices followed in the Ste are
not compatible ather for effectivdy utilisng the dte potentid or for meeting the demands

of locd populaion living in the influence zone So ddiberate attempt is essentid to maich
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pecies and management practices with ste conditions and needs of the loca populaion.
To ensure success in multi-tier forestry, when compared to other forestry practices, it is
necessary to chose the species and management practices from a wider spectrum based on
a thorough evaduaion of dte conditions, requirement and potentid of the influence zone
and gpecies and practices avalable The species sdected should include herbs, shrubs,
climbers, creepers, grasses, trees of varied characteristics and end-uses and should meet
multifarious ecologicd, socdd and economic requirements of the Ste as wel as locd
needs. In forest aress, species sdected should augment those species, which can grow in
neighbouring agriculturd arees, and for this the concept of landscgpe ecology should be
fully made use of. To minimise cogt, naturd regeneration of gopropriste species has to be
promoted to the maximum extent possble Some of the gpecific agpects, which require
attention in species selection, are

0) Multi-purpose  plant species capable of meding the demands of the locd
populaion such as fud wood, fodder, green manure litter, smdl timber,
maerids for cottage indudries and household consumption such as  bamboo,
reeds and canes, species of medicind importance needs to be sdected. While
sdecting species, those species that can augment the resources in the influence
zone should be given preference.

(i) Only species tha are suited to the dte conditions and the influence zone from a
landscape levd point of view should be sdected. While introducing new species
in the gte it should be ensured that it will not upset the ecologicd bdarte. Also
produces from the plants should have ready acceptability and market in the
influence zone. While choosng the gpecies, ther compatibility to  microdste
conditions as mentioned below neads specific atention,

(@ Specieswith root system having soil binding capacity for dopes

(b)Water loving speciesfor areas close to cand, depressions and gulllies.

(c)Shade loving plants for locations under dense canopy.

(d) Shdlow rooted plantsfor rocky aress.

(e) Drought enduring speciesin drier and open/exposed aress.

(f) Spedies with smdler crown for boundaies to avoid disurbance to
neighbouring households.

(9) Wind hardy species aswind bregks.
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(h) Species with nitrogen fixing characterigtics for soil enrichment.
(i) Suitable speciesto be sdected as live-hedge.
() Species of aesthetic vaue for locations of aesthetic importance.

(i)  While choosng species to ensure the multi-tier sructure and maximum diversty,
species having diverse height, girth and crown characterigtics need to be sdected.
Thus, the species chosen should indude suffident number of plants bdonging to
herbs, shrubs, climbers, creepers, grasses and trees of varied height.

Restructuring of vegetation for maximising benefits: The most crucid aspect of mult-
tier forestry is how best the exising vegedtion can be trandformed into a multi-tier forest
through effective restructuring. Judicious use of naiurd as well as atificid regeneration
dong with harvesing can be tried in ataining the right spatid and tempora arangement
of plants which are mogt congenid for growth and development of stand suited to the Ste
conditions and needs of the influence zone The trandormaion of exiding vegetation
through restructuring is possble by suitably regulaing the different stand and individud

tree parameters over time.

Redructuring of vegetation is possble by suitebly regulating sand parameters  with
respect to actud and potentid height. The stand parameters such as number of plants,
basad area, species compostion, stand volume, and stand crown area @n be usad for this

purpose.

In addition to these, number of plants in the sand have to be regulated based on different
uses required to the society particularly to the loca people in the influence zone.

Participation and involvement of local people for mutual benefits As multitier
foredtry is a practice envisaged on intensve multiple use, its success lies essentidly on
how best the forest deveoped is useful in such a gdtuation. Mogt of the produces raised
through multi-tier forestry such as fodder, fud wood, green manure, smdl timber,
maerids for cottage indudries and household consumption and materids of important
medicind vadue ae required by the locd people At the same time harvesing and
marketing of these produces usng conventiond sysems is codly and labour intendve

The cost involved in protecting these resources from biotic pressure is adso prohibitively
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high. So dso, vaious opeadions involved in multitier foresry ae highly labour
intendve. Thus, paticipaion and invovemet of locd people in multi-tier forestry
planning and implementation is essentid not only for the people but dso for the
devdopment of forest. However, for getting the desired results, people’s participation has
to be under technicd guidance and close supervison of forestry professonds
Appropriate inditutiona set-up involving loca people and forest department, bassd on
the concept of Joint Foret Management can be developed for management of such multi-
tier forets. The need for peoples involvement and participaion in forest management
and eco-devdlopment is now widdy recognised. (Anderson et al, 1998, Arnold, 1988;
Basu, 1983; Byron and Parz, 1996, CSE, 1986; Chand Basha, 1991; Chandrakanth et al,
1990; Colchedter, 1996, Davidson, 1982; Dhimen, 1986, Dove, 1992; Gorte, 1999; Green
and Baborak, 1987; Hdlsworth, 1982, Jordan, 1971; KFD, 1996, Kumar and Kaul,
1996, Mak, 1990; Michadsen, 1991; Montdembert and Schmithusen, 1993; Pratima and
Jitan, 1999, Roy Bharchan, 1993, Smith et al, 1999, Spears 1985, Seiguer, 1998;
Tewari, 1991; Uma Lee e al,19%4; Williams and Ellefson, 1997). The findings of the
present study aso support this.

Decentralised planning for efficient and timely decison making: Multi-tier forestry is
an adtivity involving high intendty management. Timdy and cortinuous decisons have
to be taken and implemented with regard to planting, mantenance and harvesting of
various produces on a day to day bads Centrdised planning is not suited to multi-tier
forestry. While only generd policy guiddines can be provided a higher levels most of
the decisons petaning to multi-tier forestry have to be taken a individud plantation
levd. This cdls for gppropricie changes in dedson meking through decentraisd

planning involving loca people

3.8 Computer aided management toolsin multi-tier forestry

Computer aded tools were found to be useful in handing different planning and
implementation problems connected with design, devdopment and manegement of multi-
tier faests They were useful in continuous assessment of Ste conditions and evauation
of needs and potentid of neighbouring ecosysem, which ae required for multitier

forestry. They are dso useful in capture, storage, processng and retrieval of information
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on species characterigics and ther management prectices. This is the case with handling
of informaion on vaied dte management practices Computer aded tools are dso
hdpful in scheduling of various manegement operaions and evduding the impect of
different decison dternatives. Some of the computer-aided tools successfully used in this
study are discussed below.

Stock mapping sysem for multi-tier forestry: Daa base technology and Geographic
Information Sysem (GIS) was used in handling Ste assessment data gathered through
different methods a different time points With the hdp of gppropricte daa base
management packages such as Dbase and Fox Pro, data bases providing ste conditions
and datus of vegetation a& stand and individud plart leve for different time periods were
cregted. Using packages such as MS Excd, it was possble to process this data and obtain
the required informetion in the form of tebles graphs and chats The spaid digplay of
vaious informaion was possble usng GIS software packeges such as IDRISI and
ARC/INFO.A few examples of figures thus obtained are shown below (Fig. 41 to 46).

Fig 41 Mulii-tier forestry — Study area (adigita terrain modd depicting dltitudind
vaidion)
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Fig42 Didribution of number of plants in the sudy aea (a three dimensond
perspective view using GIS)
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Fig43 Vegddion daus of the sudy area (a digitd devation modd based on height of
plants)
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Fig 44 Digribution of plant speciesin the study area (amap combined through overlay)
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Slvicultural knowledge base Computer aided software such as MS Word, MS Excd
and Fox Pro were used in gorage of various information on species and package of plant
management practices. A format devised for the purpose containing various parameters
on which information avalade can be assembled is given in formatl, gppendix 3 which
can be computerised in the form of text files and made readily avalable with the hdp of
word processing Software such as MS Word. A database file aranged smilarly for the
gpecies Artocarpus hirsutusis enclosed in format 2, gopendix 3.

Information pertaining to various parameters on different pecies can be aranged in the

form of database files usng appropriate database management software such as Dbase,

FoxPro or MS access or Orade. Sample copy of informaion on height growth of

different plant species of different age categories assembled in the form of FoxPro files is

given in forma 2, gopendix 3. Daabase file formats for aranging information on uses of

different plant species are given in format 3, gopendix 3. A computer program in FoxPro
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for sdecting species of required use from the knowledge base is given in computer
program 2, appendix 5. A sample output file containing species auiteble for live hedge
extracted from the knowledge base using this computer program is dso given. (Appendix

5

Smilaly information on different dte management practices and requirement of labour
for various operations can ds0 be assambled from multiple data sources, organized and

arranged in computerized text and database file formats for easy processing and retrievd.

Modeling tools for data integration and evaluation of decison alternatives. By
integrating sock mgp data and the knowledge base information on height growth sand
growth projections can be mede through computer smulaion regarding the number of
plants avaldble under different height categories during different periods and possible
number of trees that can be harvested can be obtained. A sample computer program in
FoxPro for getting these information from dock mep data and the knowledge base on
height growth is dso given in gopendix 6. (Appendix 6, computer program 3). The
sanple output for dand growth projection based on height growth and harvesing
schedule is a0 given in this gppendix.
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4. DISCUSSION

The problems and progpects of multi-tier forestry as a forestry practice were examined
through a demondration plot. Lack of underdanding of neture of multi-tier forest required,
opportunities and chdlenges involved in matching species and management practices with
micro-dte conditions over time and pace, scope for integrating productive potentid of the
gte with needs and capabilities of locad population and neighbouring ecosysem were the
mgor agpects which required dtention. Complexity of the problem demanded use of
Operations Research gpproach. The problem was explored from multi-disciplinay and trans-
disciplinary angles with a halidtic pergpective.

A demongration plot was established a KFRI campus a Peechi (107327 N and 76 20° E) in
an aea of 217 hectares. Through various operations an effort was made to convert this
degraded dte of moig deciduous forest type into a multi-tier foret which is ecologicdly
sound, economicdly vidble and socidly reevant, capable of meding multifarious needs of
locd people on a sudaindble bass. A amdl area esdly accessble and thus amendble for
close monitoring was sdected to facilitate in-depth study of the problem.

Exhaudive evdudion of dudy dte to asess vegddion and micro-dte conditions, a
comprehengve socio-economic-vegetd survey  after identifying an influence zone to decide
needs and potentid of people living there, a detalled survey of species and management
practices posshble and a series of operations to transform the given sSte to a multi-tier forest
integrating above aspects were the mgor activities of this sudy. The prospects of multi-tier
foredry, problems involved in planing and implementation and drategies for management
were dso dudied. The potentid of utilisng various computer aded management tools was
another aspect studied.

The improvement in vegddion daus and socio-economic benefits redised within  three
years demondraied the potentid of multi-tier forestry as a sustainable and ecologicdly vidble



foredry practice. Stocking increased from 396 plants ha' to 12,284 plants ha, 45% through
naturd regeneraion. Number of species increesed from 15 to 163. During third year, there
was a yidd of 4.52 tonnes of fud wood, 3.3 tonnes of green manure, 1.67 tonnes of fodder,
1.27 tonnes of amdl timber, 0438 tonnes of teek leaves (packing materid) and 0.249 tonnes
of materids of medicind importance per hectare. Various activities generated 696 mandays
ha'yr' of labour in the form of patid employment. Of this women condituted 65%.
Through various goods and sarvices 255 families were benefited. The overdl cost per hectare
incurred (adjusted to the year 1999 a 6% interest) was only Rs18, 900/-. The wages of 128
mandays ha'yr' towards costs of vaious culturd operations were saved through
paticpation and involvement of locad people An amount of Rs769/- per hectare was
redized through supply of vaious maerids produced from the plot on subgdized rates
during the third year.

Obsarvaions made during the subsequent 6 years emphadsed the initid findings Growing
sock in terms of stand volume incressed from 94.44m° hal to 3094m° ha-1 within ten
years. During this period cronn area incressed from 3567.14m° ha-1 to 1067898m° ha-1. In
this period, subgtantid amount of maerid such as bamboo, tesk poles, green manure, fodder
and tesk leaves were collected by locd people These incduded an average of 4.5 tonnes of
green manure, 14.6 tonnes of fodder, 9.16 tonnes of fud wood, 256 tonnes of smdl timber,
128 tonnes of medicnd produces, 385 tonnes of tesk leaves 150 numbers of bamboo
culms, 25 numbers of rattans ha* yr'l. The vaue of these produces for the last three years, in
economic terms came to Rs 13,033/- ha'lyr'1 a locd rates In addition to these, about 1095
mandays ha'yr™ of rural labour was generated.

Experience in the edablishment of multi-tier foret reveded its superiority over plantation
and naturd foresx on following aspects (i) effective utilization of exiding vegetdion and
avalable space, (i) optimd utilizetion of resources and potentid of neighboring ecosystem,
(ili) shorter time span involved in getting the yidd, (iv) multifarious types of yidd obtained,
(v) higher benefits accrued to the society particulaly the sections of the people with low
economic income living in the vicnity of the dte (vi) sudainability of the practice for
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intendve multiple use, (vii) as a foredry practice which enhances productivity of the dte
(wvii)) higher overdl economicd, ecologicd and socd benefits (iX) low cost of production
and (x) early return.

The degraded forest aress in close proximity to human habitation were identified as the most
qlitable dte for practicing multi-tier forestry. The high demand for various produces such as
fodder, green manure, fud wood, smdl timber, plant maeriads of medicnd vaue and raw
materid for cottage indudtries makes multi-tier foredry attractive to these locdities. The
highly labour intendve nature of the practice makes multi-tier forestry advantageous to the
people in these areas where availability of labour is dso very high. A recent sudy conducted
in Kerda has found tha fifty percent of the naturd forests were degraded forest lying within
a radius of five km from human habitaions (Nar et al, 1997). Reports dso exig on
avaladlity of lage extent of gmila gtes in dl third world countries (Arnold, 1988;
Budowski, 1983; Byron, and Paz, 1996, Davidson, 1982, FS, 1995, Jorden, 1971, Poore
and Sayer, 1987). There is renewed worldwide interes in multi-species dlviculture and
uneven aged management, landscape goproach, adoptive management, ecosysem  gpproach,
participatory management. (Anderson et al, 1998; Adhton and Peter, 1999; Bradshaw, 1992
Brunig, 1983; Colchester, 1996, Gorte, 1999; Johnson, 1999; Lasen et al, 1997, OHaa
1998; Poore and Sayer, 1987; Sayr et al, 1995, Schabd and Pdmer, 1999; Smith et al, 1999;
Steiguer, 1998, Stout, 1998, Whitmore, 1990; William and Eflefson, 1997). In this context
multi-tier forestry provides an economicdly viable, ecologicdly sudanable and socidly
relevant forestry practice.

The dudy hes identified the fdllowing planning and implementation problems in multi-tier
foredry: (i) requirement of management decisons based on micro-Ste conditions &
individud plant levd, (i) more atention to needs and potentids of neighboring ecosystem,
(i) decigons based on wider spectrum of plant species and management practices, (iv) need
for planting sock of large number of species on a continuous bass, (v) yied regulaion and
havet scheduling for diverse foret produces, (vi) more intensve management on a
continuous beds (vii) higher labour reguirement, (viil) decison meking through integrating
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a number of rdaed factors over time and space, (i) lack of avalability of technicd
information on many <species and thar management practices and (X) implementation
problemsin harvesting of various produces.

Maor drategiesidentified for development and management of multi-tier forest are:

(i) trandormation of exiting degraded vegedion into multi-tier forests by regeneration and
sective harvesting, (i) choice of gpecies and package of practices that can supplement and
complement the ecosysem of the influence zone (iii) enhancement of productivity of gte
through effective management of soil, waler and micro-cdimae (iv) devdopment of a locd
permanent multi-species foret nursery to meet the requirement of the dte and adjoining
ecosystem on a continuous bass (V) paticipation and involvement of the locd people of the
influence zone to minimize the biotic pressure, to reduce the operationd cost and to ensure
the full utlization of vaious produces and (vi) decentrdized planning and execution
coupled with efficient coordination and control &t different levels of management.

The potentid management tools identified for multi-tier foresry ae (i) sock mapping
gydem which can provide information on dte condition, datus of vegdadion, (i) a
continuous inventory system for getting information on needs and potentid of people in the
influence zone of multi-tier forestry, (iii) a knowledge base which can provide information
on different species and dlviculturd management techniques and (iv) a st of modeing tools
for integrating the above three and for informed decison meking. With suiteble illudtrations
and examples the dudy highlights the soope of utilizing vaious computer-aided
management tools such as Daa base technology, Geographic Information Sysgem and
Operations Research for developing them.

Though multi-tier forestry was found to be a successful foredtry practice, multi- location
trids in larger areas will be ussful before it is taken up for fidd implementation. Efforts for
dandardisation of sock mapping procedure and continuous inventory sysem for assessment
of needs and potentid of neighbouring ecosysem auiteble for larger Stes are required.
Studies ae required for devedopment of dSlviculturd knowledge base containing information



on species and plant management practices as well as Ste management procedures.
Devdopment of tools for scheduling of various activities and evduding different decison
dternatives connected with establishment and management of multi-tier forest is aso needed.
There is condderable scope for utilisng Operations Research, Data base technology,
Geographic Information Systlem, Remote Sensing, and Expert System techniques in this task.
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5. CONCLUSIONSAND RECOMMENDATIONS

5.1 CONCLUSIONS

The condusons of this sudy are asfollows.

()

(i1)

(iii)

Multi-tier forestry was found to be a sudanable forestry practice for intensve
multiple use Its auitability in rehabilitation of degraded forests optimization of
productive potentid of the dte and neghbouring ecosystem, and providing maximum
benefits to the society in paticular the locd people in the immediate influence zone
was established.

Experience in the edablisment of multi-tier forest reveded its superiority over
plantation and naturd foret on following aspects (i) effective utilization of existing
vegedion and avalable space, (i) optimd utilization of resources and potentid of
neighbouring ecosysem, (iii) shorter time span involved in geting the yidd, (iv)
multifarious types of yied obtaned, (v) higher benefits accrued to the society
paticulaly the sections of the people with low economic income living in the
vicnity of the dte, (vi) sudanability of the practice for intensve multiple use, (vii) as
a foredry practice which enhances productivity of the dte, (viii) higher overdl
economica, ecologicd and socid bendfits (iX) low cos of production and () early
return.

Forest aress lying dose to human habitations were proved to be the ided gSte for
multi-tier forestry. The high demand for various produces such as fud wood, fodder,
green manure, smdl timber, materids of medicind vaue, rawv materids for cottage
indudtries, avallability of labour for mantenance, harvesing and marketing of various
produces, low cost of production and early return were the mgor factors making
multi-tier forestry attractive to these dtes. In Kerada, 50% of the naturad foredts are
degraded aess lying within 5 km. radius of humen habitation. Large extent of
degraded forests of Smilar naure exigs in other parts of the country and in mogt of
the third world countries
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(iv)

v)

The dudy identified the following planning and implementation problems in - multi-
tier forestry: (1) requirement of management decisons based on micro-dte conditions
a individud plant levd, (2) doser atention to needs and potentids of neighbouring
ecosysem, (3) decigons based on wider spectrum of plant species and management
practices, (4) need for planting dock of large number of species on a continuous
bass (5) yidd regulaion and havest scheduling for diverse forest produces, (6)
more intensve management on a continuous bass, (7) higher labour requirement, (8)
decison making through integrating a number of related factors over time and Space,
9 lack of avaladility of technicd information on many gpedes and thar
management prectices and (10) implementation problems in harvesing of various
produces.

Mgor drategies identified for devdopment and management of multi-tier forest are
(1) trandormaion of exiding degraded vegedion into mult-tier forests by
regeneration and sdective harvesting, (2) choice of species and packege of practices
that can supplement and complement the ecosysem of the influence zone (3)
enhancement of productivity of gdte through effective management of soil, water and
micro-dimate, (4) devdopment of a locd permanent multi-species forest nursery to
meet the requirement of the dte and adjoining ecosysem on a continuous bass, (5)
paticipaion and involvement of the loca people of the influence zone to minimize
the biotic pressure, to reduce the operationd cost and to ensure the full utilization of
vaious produces and (6) decentrdized planning and execution coupled with efficient
coordination and control at different levels of management.

The dudy has identified the following management tools for multi-tier forestry: (i) stock
mapping Ssysdem which can provide information on dte condition, datus of vegetaion, (i) a
continuous inventory system for getting information on needs and potentid of people in the
influence zone of multi-tier forestry, (iii) a knowledge base which can provide information

on different species and dlviculturd management techniques and (iv) a s&t of modding tools
for integrating the above three and for informed decison meking. With suiteble illudtrations
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and examples, the sudy demondrated the scope of utilizing various computer aded tools
such as Daa base technology, Geographic Information Sysem and Operaions Research for
developing them.

5.2 RECOMMENDATIONS

The recommendations of the sudy are the following:

() Multi-tier forestry is a sudtainable forestry practice and can be used for rehabilitation
of degraded forest areas lying close to human habitations.

(i) Multi-locationd trids in large arees will be usgful before fidd implementation of
multi-tier forestry.

(i)  Sudies for deveoping various management tools for multi-tier forestry such as stock
mapping sysem for dte assessment, inventory system for assessng needs and
potentid of influence zone dglviculturd knowledge base, modding tools for
scheduling various opeaions and evauating decison dtenatives will be usgful in
handling various planning and implementation problens.
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APPENDICES

APPENDIX 1.

Sample proformae for continuous inventory of multi-tier forestry Ste and its influence zone.

Proformal:  Samplefied measurement sheet for monitoring vegetation (Stockmapping

system for multi-tier forestry)
Date of measurement:

SL.[ X Y Species | Height| Girth Bole | Crown | Crown | No.of |No*|Remarks
No | (Row | (Col. (m) (cm) [Length | Length | Width |Branches *x

4m) | 4m) (m) (m) (m)
(0-1, [0-10, (0-1, ((0-1, [(0-1, [(O-5,
1-2, 10-30, |1-2, 1-2, 1-2, 5-10,
2-5, 30-60, |2-5, 2-5, 2-5, 10-20)
5-10, |60-90, |[5-10, |[5-10, [5-10,
10-15, [90-150, |10-15, (10-15, [10-15,
15-20, [150-210, |15-20, |15-25) [15-25)
20-30, |210-300, [20-30)
30-40) |300-600)

* Number of plants having same sze (i.e,, smilar vauesfor columns 5 to 10).

**In  Remaks ocoumn informaion such as daus of plants  (Plantedlyear/

Natura/coppice/Dried/Crooked/Moderate/Good/flowering/fruiting)  and  features in  the
grids such as (road, cand, fence, rock or other features) can be noted.



Description of parameters used in proforma 1.

SL
No.

Fidd Name

Description

1

X

X coordinate (in terms of 4m columns) — number of
grids column wise

Y

Y coordinae (in terms of 4m rows) — number of grids
row wise

Species

Species name-locd namebotanica name

No

Number of plants

gl |w

Heght

Height code
Height (m.)
0

o4

01
1-2
2-5
510
10-15
1520
20-30
30-40

Girth/'Stump
girth (for
cut trees)

Girth code
Girth (om)
0

0-10
10-30
30-60
60-90
90-150
150-210
210-300
300-600

Bolelength

Bolelength
BI (m.)
0
01
1-2
2-5
510
10-15
1520
20-30

\l@(ﬂhwr\)ldog oowmmpoomn—\og O~NOOUDN WN




Crown height code
Ch (m)

0

01

1-2

2-5

510

10-15

1525

Cﬁmhwl\)l—\og

Cwoeode

Crown width code

Cw (m) Code
0 0
01 1
1-2 2
2-5 3
510 4
10-15 5
15-20 6

10

Nbcode

Number of branches code
Nb
0
05
510
10-20

wmpog

Remarks

Pant features:

n- naturd, n(t) - naturd (teek), p90j - planted in June
1990, P91J - planted in June 1991, P92] - planted in
June 1992, fl — flowered, f - fruited, tb - top broken,
cr — crooked, dr — dried, ¢ — cut, r — retained, p — poor
m— moderate, g — good

other stefeatures.

ca— cand, rd —road, b — blank (without plants),

rk — rock, S-gony, f —fence, to — tower, tr — trench,
pd — pond, pt — pit, wt - water tank, ep - eectric po,
wd —weed, pl - private land, cw — compound wall




Proforma2.  Stockmapping system for multi-tier forestry field measurement sheet for
micro locdity factors

SL. | X Y AL [SL|AS|[SD|SM | SC|CD1 | CD2 | CD3 | CD4 | Remarks
No | (row |(Col
4m) |4m)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1
2
3
4
5
6

Description of the parameters used in the field measurement sheet for micro locality factors
of multi-tier forestry sSte.

SL | Fidd Description

No

1 | X X coordinate (in terms of 4m columns) — number of grids
columnwise

2 |Y Y coordinate (in terms of 4m rows) — number of grids row
wise

3 | AL Mean sealevel dtitude (in meter)

4 | SD Soil depth (shdlow-1, moderate-2, deep-3)

5 v Soil moigture (dry-1, moderatdy wet-2, wet-3)

6 C Soil cover (barren1, moderate cover-2, dense cover-3)

7 | CD1 Canopy Dengty for 0-2m height [low(<40%)-1,

moderately dense(40-70%)-2, thick(>70%)-3]

CD2 Canopy Dengty (2-10m height) [low(<40%)-1,
moderately dense(40-70%)-2, thick(>70%)-3]

9 |CD3 Canopy Dengty (10-20m height) [low(<40%)-1,
moderately densg(40-70%)-2, thick(>70%)-3]

10 | CD4 Canopy Dendity (>20m height) [low(<40%)-1,
moderately dense(40-70%)-2, thick(>70%)-3]

S Sope (plane-1, moderate-2, steep-3)

AS Aspect

s- south, sw - southwest, w - west, nw — north wes,
n- north, ne— north esst, e— east

13 |R Remarks.

Cl —cand, bp - bridd peth, rk —rock, rd — road, f —fence,
w—wadl, t—trench,

[o0]

RIE




Proforma3

Sample proforma for documenting various operaions caried out in the multi-tier forestry
gte

SL. | X Y Date Operations Remarks
No (row |(Col
4am) 4m)

1 2 3 4 5 6

1

2

3

4

5

6

Proforma4. Sample proforma for rapid appraisd — complete enumeration survey covering
dl housshdds (Continuous inventory sysem for needs and potentids of
influence zone of multi-tier forestry Site)

1 Name and address of house owner
(induding house no./survey no.)

2 Digtance from ste (in multiples of 100m)

3 Details of persons occupying the house

Name Mde (M)/ Age (years) Occupation
Femde (F)

4 Land extent (acre/hectare)
5 Electrified (E)/non dectrified (NE)
6 Use of gasfor cooking purposes (Y es'No)

7 Number of animds



Particulars Smdl Medium

Big

Totd

Cows

Buffdo

Goat

Chicken

Others (pecify)

8 Family monthly income

9 Forest

based needs

Fodder/day (in kg)

Fud wood/day (inkg)
Green manurefyear (in kg)
Litter/year (in kg)

Employment

man-days/week

full/partid

killed/sami skilled)

Smdl timber required for household
consumption or agriculturd purposes
- Poles(in numbers and kg)

- Bamboo (in numbers and kg)
Raw materid for forest based
cottage indudtries

involved by the household

- Bamboo/Reeds/Canes/Other

(specify)
Requirement for nontangible benefits
- Protection from soil and
water eroson and wind
- Pollution control, aesthetic

- Any other (specify)

10 Interest in plant worship : yesno
If yes, provide ligt of species

S.
no

species




1

Use of plantsfor medicind purpose : yesno
If yes, provide ligt of species

S, no. species

Earlier land use pattern and crop :

(naturd forest/forest plantations/annua crops—monowlture’mnud crop-
polyculture/cash crop plantations-monoculture/cash crop-plantations mixturehome
gardens)

Do they have forest trees in the homestead ; yesno
If yes, list of species

pecies
S
no

If no, do they like to plant forestry species?

If yes,

Choaice of plantsfor planting

a Largetrees

b Smdl trees

C. Medicind plants

d Grass

Ligt of species

SL. pecies
no

If no, tick mark the reasons againg planting forestry species



(i) No land for planting

(i) More importance to other crops

(@ili)  Not profiteble

(iv)  Rulesand reguldionsin harvesting
forest tree species in the homesteads

(v) Long gedtation period involved
in getting yidd

(i)  Any others

Proforma5b

Sample proformafor detailed sample survey of households (Continuous inventary system for
needs and potentids of influence zone of multi-tier forestry Site)

1 Nameand address of house owner
(indluding house no./survey no.)

2 Sausof vegedion

Sze of plant (height)
S : Smdl Medium Large
No SpecesName (0-lom) | (1020m) | (2040m) | ToW
1 2 3 4 5 6

3 Past land use higtory
(agriculturd land/paddy fidd/
cash crop plantation/home garden/
forest/other land use - pecify)

4. Avallability of vacant paces and gaps
for planting (in effective hectare)

5 Potentia forestry species required for planting
and quantity of planting stock required



Name of species

Quartiity of
planting stock

Proforma 6

Sample proforma for monitoring vaious produces provided from the multi-tier forestry gte
(Continuous inventory sysem for needs and potentids of influence zone of multi-tier forestry

gte)
S.. | Dateof Name& Materials provided | Quantity Rate Amount
No | supply Address given (if any) Realised
(including | FG - Fodder grass
houseno.or | FL - Fodder leaves
survey no.) | GM - Green manure

FW - Fud wood

TL - Teak leaves

ST - Small timber

M - Medicinal

PS - Planting stock
1 2 3 4 5 6 7

Proforma7

Sample proforma for monitoring

labour generated through multi-tier forestry (Continuous

inventory system for needs and potentias of influence zone of multi-tier forestry Ste)

Labour No. of | Name & address Remarks
S | Date (Mde-M hours | (induding Survey. (direct
: Femde-F) Number & house number) employment/
No indirect
employment)
1 2 3 4 5 6




APPENDIX 2
Database file formats for computerisation

Fileformat 1. Selected Fidlds of computerised database file of the Stockmapping system of
multi-tier Forestry

XY Spn | Htcode | Gtcode | Blcode | Chcode | Cwcode | Nbcode | No | Rem | M_time
413 | 412 | 3 1 3 1 2 1 1 N JUN92
4/ 13 | 29 0 0 0 0 0 0 4 C MAR99
4113 1427 | 1 1 1 1 1 1 1 MAR99
413 1209 |1 1 1 1 1 1 1 MAR99
4/ 14 | 29 3 1 3 2 1 1 1 N SEP39
4|14 | 18 1 1 1 1 1 1 1 P90J | JUNSO
4/ 14 | 29 3 2 3 2 1 1 3 N JUN90
4114 |24 | 1 1 1 1 1 1 1 P91J | OCT91l
4114 |24 | 1 1 1 1 1 1 3 P91J | JUN91
4114 | 29 3 1 3 1 2 1 1 N JUN92

Description of the sdlected fields used in the computerized database file of the Stock
mapping system

Fields Description of field

X X coordinate in terms of 4m columns

Y Y coordinate in terms of 4m rows

Son Species code - the speciesin the fidd
measurement sheets were assigned
numerica numbers as codes

Htcode Heght code

Gtoode Girth code - sumb girth code in the case of
trees which are cut

Blcode Bole length code

Chcode Crown height code

Cwecode Crown width code

Nbcode Number of branches code

No Number of plants

Rem Remarks

M time Month &Y ear of data collection

Fileformat 2: Data base file format - Socio-economic-vegetal survey (sdlected fields)

SN NA_AD SURN DISTANCE INCOME LE | ENE

1 2 3 4 5 6 7




SL. Databasefield Description of database fields and values of
No name the codes used for different parameters
1 N Serid Number
2 NA _AD Name and address
3 SURN Survey number
4 DISTANCE Digtance
1 - 0100m. 7 - 600-700m
2 - 100-200m. 8 - 700-800m.
3 - 20-300m. 9 - 800-900m
4 - 300-400m. 10 - 900- 1000m
5 - 400-500m. 11 - 1000- 1100m.
6 - 500-600m 12 - 1100- 1200m
5 INCOME Income
1 - Veypoor 2 - Poor
3 - Malum 4 - High
6 LE Land extent (in cent)
7 E NE Electrified or Non-dectrified

File format 3: Sodo-economic-vegeta survey - database on people

SN NOP M F TYPEL
1 2 3 4 5
S. Field Description
No
1 N Sarid Number
2 NOP Number of persons
3 M Mde
4 F Femde
5 TYPEL Type of |labour
A - Savice
B - Agiculture
C - Animd hushandry
D - Busness/Indusry
E - Labour (daly wage labour)




Fileformat 4: Socio-economic-vegeta survey - database on vegetation

SN SPN NO Sz
1 2 3 4
SL Fied Description
No
1 | SN Serid Number
2 SPN Species code
3 [ NO Number
4 |9z Sze
S - Smdl (<10m)
M - Medium (10-20m)
L - Lage(>20m)

Fileformat 5. Socio-economic-vegetd survey - database on domestic animals

SN AN C B G CH
1 2 3 4 5 6
SL. Field Description
No

1 N Serid Number

2 AN Totd Animals

3 C Cow

4 B Buffdo

5 G Goat

6 CH Chicken
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APPENDIX 3

Database file formats for speciesknowledge base.

Format 1:

[y

Taxononi cal
Characteristics
Nomencl at ur e

Bot ani cal Nanme
Fam |y

Genus

Trade Name
Common Nanme

Ver nacul ar nanes
(Local Nane)
Habi t

Tree

Root

St em

Bar k

Cr own/ Br anches
Leaves

Fl ower s

Fruits

Seeds

RPRRPRRRERRPR
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NDNNNMNNMNNMNNNDDNPRE
O©CO~NOUDWNEDN

2. Habitat, Distribution and
Forest types

2.1. Habitat

2.2. Distribution

2.3. Forest types

3. Associ ate Species

Uses

Tree (Non-tangi bl e)
Root s

Stem

Bark & | atex

Leaves

Fl ower s

Fruits

Seeds

el e ak ak a a
NogokrwNhEFROR

Growth, Yield & Denand
Growt h

Root

Stem

Bark & | at ex

Leaves

Fl owers

el
ghRONEPEO

and Vegetative

10.
10.
10.
10.
10.
10.
10.

goaao

agoaaaoa

[N
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Format for assembling pecies information for sivicultura knowledge base
from multiple data sources

Bark & | atex
Leaves

Fl ower s

Fruits

Seeds
Demand/ Pri ce

Root

Stem

Bark & | atex
Leaves

Fl ower s

Fruits

Seeds

Site Requirenents
Climte

Topogr aphi c
Edaphi c
Biotic
Nat ural Regenerati on
Artificial Regeneration
Preparati on of planting stock
Col l ection of materials for
preparation of planting stock
St or age

Nur sery

Pl antation site preparation
Pl anti ng

St and Managenent

St and establishnment (Weeding,
soil working, fertilisation)
Thi nni ng/ pruni ng

Fel I'i ng/ harvesti ng

Prot ection problenms and
control neasures

I nsects

Root

St em

Bar k

Leaves

Fl ower s

Fruits

Seed



oo

oo

1.6. Fruits 10.1.8. Stored nateri al

1.7. Seeds 10. 2. Ot her pests

5.2. Yield 10. 3. Di seases

2.1. Root 10.4. O her Biotic factors
2.2. Stem

11. References

A sample output of information on species in text file format (MS Word) from species
knowledge base.

Species. Artocarpus hirsutus Lam.

1. Taxonomica and vegetative characterigtics

11 Nomendaure : 111 Botanicd name Artocarpus hirsutus [302]; 1.1.2. Family:
Moracese [302]; 1.1.3. Genus Artocapus [302]; 114. Trade name Aini [302]; 115
Common name  Anjili, Aini, Agani; 116. Venacula name (locd name) - Nil. 1.1.7.
Vaidties- Nil [302].

12. Habit : 121 Tree - A vey large evergreen tree [157], 25-45m heght with a clear bole
of 10-20m and up to 130cm in diameter [189]. 1.22. Roat - tgproot, orange reddish. 1.2.3.
Sem - Coour - sgpwood greyish or ydlowidrwhite [189]. Heart wood - golden ydlow to
ydlowightbrown  [157, 189, 302 and 440]. Hardness - moderatdy hard [189]. Weight -
moderatdly heavy, 59%5kg/m3 a 12%m.c [189]. Gran - draght to interlocked, texture
medium [189]. Durability - durable [189]. Growth rings - indidinct [189]. Wood dructure -
diffuse-porous, seasons and polishes wdl, not esten by white ants, [189]. Vesds - lage,
few, <olitay or in radid multiples filled with tylosess or white chadky deposts [189).
Parenchyma - paratrached [189]. Rays - broad to fine farly wide spread [189]. 124,
Bak - grey, smooth, dark brown [157, 189, 302 and 440]. 1.2.5. Crown/branches - crown
with spreading branches. 1.2.6. Leaves - dternde, petiolae, 6 x 9m, broadly ovae, obovae
or dliptic, sub-acute or very shortly acuminate, base rounded or somewha narrowed, tawny
hary on the midrib aove and the nerves bdow, 5-12m long, 3-6m wide [157, 189, 302 ad
440]. Stipules ydlow hary. 127. Howes - Nil. 128 Futs - ginous oblong or
oylindricd, 2-3m long, erect, covered with spines [157, 189, 302 and 440]. Fruiting - every
year [157, 189, 302 and 440]. Fuiting ripening - May-June [157, 189, 302 and 440Q]. 1.29.
Seeds - 2000/kg [157, 189, 302 and 440].



2. Habitat, didribution and forest types

2.1. Habitat - Elevation up to 4000ft [302]. 2.2. Didribution - Evergreen forests of the west
coadt from sea leve to 3500ft. Coorg, Mysore, Wynad, Anamdais to Travancore [157]. 2.3.
Forex types - West Coast tropicd evergreen, west coast semi-evergreen and southern
secondary moist mixed deciduous forests [189).

3. Asociate species - Nil.

5. Uses

41. Roots - Nil. 42 Sem - House building, furniture, agricultura dements, boat building,
ship hbuilding, vehide bodies, rafters window, door frames and celing boards piles flush
door shutters, dass | plywood and venears, mayine plywood, black boards, fence pods,
textile mill accessories, brushware, engineering and drawing indruments, carts and carriages,
vauable for pandling and flooring [157, 189 and 302]. 4.3. Bak and latex - Nil. 4.4. Leaves
- fodder. 4.5. Howers - Nil. 4.6. Fruts - edible for wild animas. Nil. 4.7 Seeds - Edible

5. Growth, yidd and demand

5.1. Growth : 5.1.1. Root - Nil. 5.1.2. Stem Seedling growth rate [302]

Date of Sowing Date of Averagelength
Nursery Measurement (cm) Remarks
Root | Shoot
Agumbe | 12/6/76 22/8/77 157 | 122 Polybag
(14 months old) seedlings
Gunda | 28/5/76 22677 67.2 | 935 Raised beds
0] (13 morths old)
(ii) 28/5/76 22177 822 | 1198 Raised beds
(14 months)

5.1.3. Bak - Nil.5.1.4. Leaves- Nil. 5.1.5. Howers - Nil.
5.1.6. Fruits- Nil. 5.1.7. Seeds- Nil. 5.2. Yidd : 5.2.1. Root - Nil. 5.2.2. Sem [379]

B.G. (Breast height | C.V. (Commercid FW. (Fud wood in
girthincam) volumein cu.m) cu.m)
5 0.117 0.258
85 0.124 0431
%5 0.144 0.546
105 0.180 0.669




(Continued....)

B.G. (Bresst height | C.V. (Commercid F.W. (Fue wood in
girthincam) volumein cu.m) cu.m)

115 0.230 0.795
125 0.593 0.536
135 0.706 0.630
145 0834 0.720
155 0.976 0.805
165 1133 0.887
175 1.305 0.962
185 1491 1035
195 1691 1102
205 1.907 1.166

15 2136 1227
225 2381 1281
235 2640 1331
245 2913 1378
255 3202 1421
265 3504 1459
275 382 1492
285 414 1521
295 4.500 1547
305 4.801 1567
315 5.237 1583
325 5.627 1595
335 6.032 1603
345 6452 1.608
355 6.836 1.608
365 7.335 1.608
375 7.798 1.608
335 8.276 1.608
395 8.276 1.608
405 9.275 1.608

52.3. Bak - Nil.5.24. Leaves- Nil. 52.5. Howers - Nil.

5.2.6. Fruits- Nil. 5.2.7. Seeds - Nil. 5.3. Demand (price) - Nil. 5.3.1. Root - Nil. 5.3.2.
Stem - Nil. 5.3.3. Bark - Nil.

5.34. Leaves- Nil. 5.35. Howers- Nil. 5.3.6. Fruits- Nil.

5.3.7. Seeds - Nil.

6. Ste requirements

6.1. Climate - Nil. 6.2. Topographic - Nil. 6.3. Edgphic - Nil.



7. Natura regeneration - Good coppicer (302)

8. Artificid regeneraion

8.1. Preparation of planting sock : 8.1.1. Collection of materiasfor preparation of
planting gock - Nil. 8.1.2. Storage- Nil. 8.1.3. Nursery - Seeds sown in raised germingtion
beds/polybags within aweek &fter collection [302]. Seeds dibbled in beds at 5cm digtant.
Seedling shade tolerant.  [302]. Germination percentage 80 [302]. 8.2. Planting Site
preparation - Nil. 8.3. Planting-Nil.

9. Stand management
9.1. Stand establishment - Nil. 9.2. Thinning/pruning - Nil.

9.3. Fdling/harvesting - Nil.

10. Protection problems and control measures

10.1. Insects: 10.1.1. Root - Nil. 10.1.2. Stem - Nil. 10.1.3. Bark - Nil.

10.14. Leaves - Nil. 10.15. Howers - Nil. 10.1.6. Fruits - Nil. 10.1.7. Seeds - Nil. 10.1.8.
Stored maerid - Nil. 102. Other pests : 1021 Root - Nil. 1022. Sem - Nil. 10.2.3.
Bark - Nil. 10.24. Leaves - Nil. 10.25. Howers - Nil. 10.26. Fruits - Nil. 10.2.7. Seeds -
Nil. 10.28. Stored materid - Nil. 10.3. Diseases : 1031 Root - Nil. 1032 Sem -
Nil.10.3.3. Bark - Nil. 10.34. Leaves - Nil. 10.35. Howers - Nil. 10.3.6. fruits - Nil. 10.3.7.
Seeds - Nil. 10.3.8. Stored materid - Nil. 10.4. Other bictic factors - Nil.
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Format 2: Sample copy of daabase file formats with DbasefFoxPro compdible data
dructure of height growth data of species knowledge base. (organised in 3
levels)

level 1 Height growth database of different plant species over age

8
z

CX1 |[CX2|CX3|CX4 |CX5|CX6|CX7|CX8
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Level 2. Database describing fidds of database provided in leve 1

Code Description of the fields

CX1 Heght in 0-5 years

CX2 Height in 5-10 years

CX3 Heght in 10-15 years

CX4 Heght in 15-20 years

CX5 Height in 20-25 years

CX6 Heght in 25-30 years

CX7 Heaght in 30-40 years

CX8 Heght in > 40 years




Level 3. The vaues corresponding to different height caegories used in the database

provided in levd 1
Code | Destription
10-Im
21-2m
32-5m
45-10m
510-15m
61520m
720-25m
825-30m
9>30m
Format 3: Sample copy of database file corresponding to the parameter 'Usg (in five
point scae) of the gpecies knowledge-base (organised in 3 levels)
Level 1: Database on different uses (organised in different fields) of plant species
SPN|EX1 [EX2 |[EX3 |[EX4 |[EX5 |[EX6 |EX7 |EX8 |EX9 |EX10 |EX11 [EX12 |EX13 [EX14
1 5 0 5 2 3 5 5 4 5 Q 0 5 0 3
2 4 3 3 2 5 4 3 1 4 g 1 4 0 3
3 0 5 3 0 1 0 2 0 2 Q 0 0 0 2
4 2 2 3 1 5 3 3 1 4 g 0 0 0 2
5 5 0 0 5 2 5 0 0 4 5 5 2 0 3
6 4 1 2 1 3 0 2 0 0 g 4 2 0 3
7 0 2 5 3 2 0 4 0 5 2 5 5 3 3
8 0 0 5 0 2 0 2 0 5 g 5 0 0 4
9 0 3 5 2 3 4 3 1 5 3 0 0 0 3
10 0 0 0 0 5 0 0 0 2 g 5 5 5 3

Level 2: Description of fiddsin the database file giveninleve 1

Code |Description

EX1 Tangible use - food

EX2 Tangible use - medicind

EX3 Tangible use - indudtrid

EX4 Tangible use - cottage

EX5 Tangible use - fud wood

EX6 Tangible use - fodder

EX7 Tangible use - gmdl timber

EX8 Tangible use - green manure

EX9 Tangible use - congtruction

EX10 |Tangible use- pulp wood




EX11 |Tangible use- ply wood

EX12 |Tangible use- packing case

EX13 |Tangible use- match wood

EX14 |Tangible use- other uses

Level 3. The vaues corresponding to degree of uitability for different 'Uses given in the

database of level 1

Field Description

1 Very poor

2 Poor

3 Moderate

4 Good

5 Very good

APPENDIX 4

Computer program 1 Stockmap
Description:

A program for getting detals on various aspect of vegetation in the multi-tier forestry dte
from the stockmapped database file. This program is prepared in FoxPro.

The fallowing files are used in this program.

@ Mulcom.dbf :  Stockmapped file containing the details of plants during different
stages of the study.

(i) Tmpsdbf : Indexed file of sdlected fields copied from Mulcom.dbf

(i)  Speciesdbf: A database file from species knowledge-base containing species code,
botanica name, locd name, common name and family

Out put file Result.dbf  (resulting file with desired fidds and records)

Program

set talk off
set safety off
CLOSE ALL

cl ear

store 0 to fc,n,x,fcl,count,i,sumsm
store space(2) to ans, htv, gtv, chv, cw, tnv, nbv, bl v, qt, spv, glv, g2v
store space(45) to capl, cap2



@, 25 say
@3, 15 say

@,5 say

@,5 say
@,5 say
@.o, 5say
@1,5 say
@z2,5 say
@4,5 say
@5,5 say
@6,5 say
@7v7,5 say
@38,5 say
@.9,5 say
@2,5 say
@2, 35 ge
r ead

i f upper(
cl ear
@, 10
@, 12
@, 12
®, 12
@no, 12
@ai, 12
@az,12
@as, 12
@4, 12
@5, 12
@se6, 12
@, 45
read
@3, 45
read
®, 21
read
@.o, 20
read
@i, 20
read
@z, 26
read
@s, 26
read
@4, 28
read
@as, 32
read
@6, 32
read

" STOCKMAP"
"Program Directory :- c:\tnp\tnps.dbf"
Program to provi de details of plants on desired paraneters

Gid nunber (GlL, &), Height, Grth, Bole length, Crown height,
"Crown wi dth, Nunmber of branches, Species and measurenent tinme "
"fromthe Stockmapped database on Multi-tier forestry site.™

Files used: - The stockmapped data of nulti-tier forestry site

"containing information on vegetation at different periods of "
"measur enent "

"The file should have follow ng fields"

"Gl= X co-ordinate, G2= Y co-ordinate, SPN= Species code, "
"HTCODE=hei ght code, GTCODE=gi rt h code, CHCODE=cr own hei ght code, "

" CWCODE=cr own wi dt h code, NBCODE=number of branch code, NO=nunber"
"of plants, BLCODE=bole |length, TIMe= neasurenent time(first three "
"letters of month in capital and last two digits of years)”

"Do you want to continue (y/n)?"

t ans

ans)="Y'

say "Sel ect the Paraneters you want (y/n)"

say "Gl - X co-ordinate (row nunber)"”
say "& - Y co-ordinate (colum nunber)"
say "Species"

say "Height"
say "G rth"
say "Crown hei ght"

say "Crown wi dth"

say "Bol e Length"

say "Number of branches”
say "Measurenent tinme"
get glv

get g2v

get spv

get htv

get gtv

get chv

get cw

get blv

get nbv

get tnv



cl ear

el se
exit
endi f
@0,3 say "Exit and Go to command wi ndow, copy the fields corresponding to the
@1, 3 say "paraneters of interest and the field 'no" al ong with records
@2,3 say "corresponding to the code values chosen from stockmapped file
@3,3 say "copy to c:\tnp\tnp.dbf fields gl,92,....(chosen) for htcode=1,..
<condi ti on>"
@4,3 say "sort to c:\tnp\tnps on tnp.gl,tnp.g2,....(chosen)"
i f upper(glv)="Y
@,40 say " Gl -> 1 to 82"
endi f
i f upper(g2v)="Y
@,40 say "& -> -3 to 43 "
endi f
i f upper(spv)="Y
@, 42 say "Tall trees(>20m - 1to 101"
@, 42 say "Mediumtrees(10-20m - 201 to 281"
@, 42 say "Smal |l trees(2-10m - 401 to 483"
@, 42 say "Shrubs - 601 to 642"
@, 42 say "Herbs - 701 to 750"
@, 42 say "Clinbers & Creepers - 801 to 855"
@.o0, 42 say "Grass - 901 to 918"

@1, 40 say "For

endi f

if upper(htv)="Y
@, 2 say "htcode"
@,2 say "1. 0-1nt
@,2 say "2. 1-2nf
@, 2 say "3. 2-5nt
@, 2 say "4. 5-10nt
@,2 say "5. 10-15nf
@, 2 say "6. 15-20nt
@, 2 say "7. 20-30nt
@o, 2 say "8. >30nt

endi f

if upper(gtv)="Y
@, 15 say "gtcode"
@, 15 say "1. 0-10cnt
@, 15 say "2. 10-30cnt
@, 15 say "3. 30-60cnt
@, 15 say "4. 60-90cnt
@, 15 say "5. 90-150cnt
@, 15 say "6. 150-210cnt
@, 15 say "7. 210-300cnt

@uo, 15 say "8. >300cnt

endi f

details on speci

es code refer

file species.dbf"



i f upper/(
@, 30
@, 30
@, 30
@, 30
@, 30
@, 30
@3, 30
@, 30
@o, 30

endi f

i f upper
@asz,?2
@as, 2
@4, 2
@as, 2
@, 2
@wzv,?2
@s, 2

endi f

i f upper(c
@z, 15
@3, 15
@4, 15
@bs, 15
@6, 15
@7, 15
@s, 15

endi f

i f upper(n
@no, 2
@y, 10
@, 15
@, 22

endi f

i f upper(

@z, 30

@3, 30

@4, 30

@ws, 30

@6, 30

@7, 30

@7, 30

@8, 30

endi f

@4,51 say "

@a4,77 get q
r ead

if upper(qt)
exit

blv)="Y

say "bl code"
say "1. 0-1m
say "2. 1-2nf
say "3. 2-5nt
say "4. 5-10nft
say "5. 10-15nt
say "6. 15-20nt
say "7. 20-30nt
say "8. >30nt

(chv)="Y

say "chcode"
say "1. O-1ni
say "2. 1-2nt
say "3. 2-5nt
say "4. 5-10cnt
say "5. 10-15nt
say "6. >15nf

w)="Y
say "cwcode"
say "1. O-1nt
say "2. 1-2nt
say "3. 2-5nt
say "4. 5-10cnt
say "5. 10-15nt
say "6. 15-20nt

bv)= 'Y

say "nbcode"
say "1. 0-5"
say "2. 5-10"
say "3. >10"

tmv)="Y

say "tinme"

say " SEP89- SEPTEMBER1989"
say "JUN90- JUNE1990"

say "JUN91- JUNE1991"

say "OCT91- OCTOBER1991"
say "JUN92- JUNE1992"

say "JUL93-JULY1993"

say "MAR99- MARCH1999"

Do you want to quit?(y/n)"
t

=y



el se

cl ear

@0, 10 say "Enter the Title of the Qutput"”
@1, 3 get capl

r ead

@z2,3 get cap2

read

endi f

sele a
use c:\tnp\tnps. dbf
*indexed file copied from nmul com dbf

copy stru to c:\tnmp\result. dbf
sele b
use c:\tmp\result. dbf
zap
sele a
go
top
fc=fcount ()
fcl=fc-1
di mensi on x[fcl]
di mensi on y[fc1]
for n=1 to fcl
if field[n]!="NO
x[ n] =field(n)
endi f
next
for n=1 to fcl
Y[ N =&X[N]
next
SUmM=No
skip
do while .not. eof()
count =0
for n=1 to fcl
if(&[n]=y[n])
count =count +1
endi f
next

if fcl=count
SMENO
SUMFSUM+sSmM
el se
sele b
append bl ank
for n=1 to fcl
repl &[n] with y(n)
next
repl no with sum
sum=0
endi f
sele a



for n=1 to fcl
y[ n] =&x[ n]

next

if sunme0
SUnMFENoO

endi f

skip
enddo
cl ear
sele b
go top

ACCEPT "SEND OUTPUT TO PRI NTER
CLEAR

FLAG=. F.

M=2

| F UPPER( AN) =" Y"
FLAG = . T.

SET PRI NTER ON
SET DEVI CE TO PRI NT
ENDI F
| F FLAG
M=PROW( )
ENDI F
cl ear
M= M2
@1 5 SAY capl
M=M+1
@15 say cap2
M=M+2
fcl=fcount ()
di mensi on Xx[fc1]
for n=1 to fcl
x[ n] =field(n)
next
| =10
for n=1 to fcl
I =l +1
@41 say x[n]
I =l +6
@41 say "|"
next
i =10
M= M2
DO WHI LE . NOT. EOF()
for n=1 to fcl
@i SAY "|*"
i =i +1
@i SAY &x[n]
i =i +6
next
@41 SAYy "|*"
| =10
| F FLAG

TO AN



P=55
ELSE

P=20
ENDI F

IF( M>P)
| F FLAG
EJECT
ENDI F

SET PRI NTER OFF
WAI T " NEXT PAGE PRESS ENTER TO CONTI NUE"
| F FLAG
SET PRI NTER ON
ELSE
CLEAR
ENDI F
M4
ENDI F
MEM+1
SKI P
ENDDO
WAIT " OVER ..PRESS ENTER TO CONTI NUE
| F FLAG . AND. EOF()
SET PRI NTER OFF
SET DEVI CE TO SCREEN
CLEAR GETS
ENDI F
CLEAR
SET DEVI CE TO SCREEN
SET PRI NTER OFF

set talk on
set safety on
return



APPENDIX 5

Computer program and sample output file for selecting species based on a given use.
Computer program 2. Use
Description:

A program in FoxPro for dassifying vegetation based on use from stock mapped data or
species knowledge-base.

The tasks for which the program is used are,
() To lig the species in the species knowledge base for agiven use.
(i)  Toquantify the number of plantsin the multi-tier forest based on use

The following files are used:

() Mulcom.dbf DBF containing the details of plants during different stages of the sudy

(i)  Atdbf : Fle containing the botanica name of each speciesindexed on spn (fidd
corresponding to species) chosen from species knowledge-base.

(i) Et.dbf: Knowledge-base file on use

Output file

Usel.dbf: Output file in which plants in multi-tier forest are obtained based on use.
Use2.dbf : Output file when species based on use are obtained from knowledge-base.

Program

SET TALK OFF

cl ear

CLOSE ALL DATABASE

CLOSE ALL W NDOWs

STORE 0 TO ANS, S, CH, CHO CE, SP, SP1
x=0

y=0

z=0

sml=0

snm2=0

snm3=0

t m=space( 10)

sel ect B

use c:\tmp\tnpl\at. dbf

oL File containing the botanical nane of each species
i ndex on spn to at



use at index at

sele D

use c:\tnmp\tml\ new. dbf

*...Resulting DBF containing the records in which the spn *...for
the files ET and MJLCOM

zap
select C
use c:\tnmp\tnpl\ nmul com dbf
[P DBF containing the details of plants
. during different stages of the study

SET COLO TO W+
@,1 TO 5,79 DOUBLE

@, 20 SAY "SPECI ES SELECTI ON BASED ON USES"
VWAI T W NDOW

CLEAR

@o0, 10 SAY " SELECTI ON FROM'

@z2,12 SAY "1. MIULTI-TI ER PLANTATI ON DATA BASE"
@4, 12 SAY "2. KNOALEDGE BASE"

@7,38 SAY "Enter your choice (1 or 2) --> "
@v7,70 GET CH PICT "9"

READ

CLEAR
@, 2 SAY "1.FOOD"
@, 2 SAY "2.MEDI Cl NAL"
@O0, 2 SAY "3.1 NDUSTRI AL"
@1l,2 SAY "4. COTTAGE"
@z2,2 SAY "5. FUEL WOOD"
@3, 2 SAY "6. FODDER"
@4, 2 SAY "7.SVALL TI MBER"
@5, 2 SAY "8. GREEN MANURE"
@e6,2 SAY "9. Tl MBER"
@7,2 SAY "10. PULP "
@s, 2 SAY "11. PLYWOOD"
@9, 2 SAY "12. PACKI NG CASE"
@0, 2 SAY "13. MATCH WOOD"
@1,2 SAY "14.Ll VE HEDGE"
@2,2 SAY "15. ASETHETI C"
@, 18 SAY "16. AVENUE "
@, 18 SAY "17. SO L"
@.o0, 18 SAY "18. WATER CONSERVE"
@1, 18 SAY "19. NI TROGEN"
@z2,18 SAY "20. WND BREAK"
@3, 18 SAY "21. FlI RE BREAK"
@4, 18 SAY "22. POLLUTI ON CONTROL"



@5, 18 SAY "23. RELI G QUS"

@6, 18 SAY "24. BENEFI Cl AL TO ANI MALS"
@7,18 SAY "25. BENEFI Cl AL TO | NSECTS"

@8, 18 SAY "26. COVER CROP"

@0, 18 SAY "50. QU T FROM HERE"
@2,38 SAY "Enter your choice -->

@2,62 GET ANS PICT "99"

READ

DO CASE
CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

ANS=1

HD=" FOOD"

S="EX1"

ANS=2

HD=" MEDI CI NAL"

S=" EX2"

ANS=3

HD="1 NDUSTRI AL"
S=" EX3"

ANS=4

HD=" COT TAGE"
S=" EX4"

ANS=5

HD=" FUEL WOOD"
S=" EX5"

ANS=6

HD=" FODDER"
S="EX6"

ANS=7

HD="SVALL TI MBER"
S=" EX7"

ANS=8

HD=" GREEN MANURE"
S=" EX8"

ANS=9

HD=" Tl MBER CONSTRUCTI ON"

S=" EX9"
ANS=10

HD=" PULP "
S="EX10"
ANS=11
HD=" PL YWOOD"
S="EX11"
ANS=12



CASE

CASE

CASE

CASE

HD=" PACKI NG CASE"
S=" EX12"
ANS=13

HD=" MATCH WOOD"
S="EX13"

ANS=14
HD=" LI VE HEDGE"
S="EX23"

ANS=15

HD=" ASETHETI C"
S=" EX24"

ANS=16

HD=" AVENUE"

S=" EX25"

CASE ANS=17

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

CASE

HD=" SOl L"

S="EX26"

ANS=18

HD="WATER CONSERVATI ON"
S="EX27"

ANS=19

HD=" NI TROGEN"

S=" EX28"

ANS=20

HD="W ND BREAK"

S=" EX29"

ANS=21

HD=" FI RE BREAK"
S="EX30"

ANS=22

HD=" POLLUTI ON CONTROL"
S="EX31"

ANS=23

HD=" RELI G OQUS"

S=" EX32"

ANS=24

HD="BENEFI CIl AL TO ANl MALS"
S=" EX33"

ANS=25

HD=" BENEFI Cl AL TO | NSECTS"
S=" EX34"

ANS=26

HD=" COVER CROP"

S=" EX35"



CASE ANS=50
CLEAR
EXI T()
ENDCASE
cl ear
@o0,20 SAY " Please wait...."
@5,25 SAY " Process is in progress...... "
DO CASE
CASE CH=1
cl ear
@, 10 say "SELECT THE TI ME PERI OD"
@, 12 say "1. SEPTEMBER 1989"
@, 12 say "2. JUNE 1990"
@1l, 12 say "3. JUNE 1991"
@3, 12 say "4. OCTOBER 1991"
@5s5,12 say "5. JUNE 1992"
@v,12 say "6. JULY 1993"
@yg, 12 say "7. MARCH 1999"
@1, 13 say "ENTER YOUR CHOI CE (1/2/3/4/5/6/7):-->"
@1,70 GET CHO CE PICT "9"
READ
DO CASE
CASE CHOl CE=1
t m=" SEP89"
cap="SEPTEMBER 1989"
CASE CHOl CE=2
t m=" JUN9Q"
cap="JUNE 1990"
CASE CHOl CE=3
t m=" JUN91"
cap="JUNE 1991"
CASE CHOl CE=4
t m=" OCT91"
cap="0OCTOBER 1991"
CASE CHOl CE=5
t m=" JUN92"
cap="JUNE 1992"
CASE CHOl CE=6
t m=" JUL93"
cap="JULY 1993"
CASE CHOl CE=7
t m=" MAR99"
cap="MARCH 1999"
OTHERW SE
? "Error : Entry not between 1 and 7"
ENDCASE



cl ear
@on, 20 SAY " Please wait...."
@5,25 SAY " Process is in progress...... "

sele C
copy to multnp for tinme=tm
use mnul tnmp
go top
spl=spn
skip
do while .not. eof()
if spn!=spl
select D
append fromet for spn=spl
endi f
sele C
spl=spn
skip
enddo
sele D
copy to usel for &S=3 or &S=4 or &S=5
sele E
use usel
go top

do while .not. eof()
s=spn
sele C
sumno for spn=s to sml
sele E
repl sno with sml
s=spn
skip
enddo
i ndex on spn to usel
use usel index usel
set relation to spn into B
cl ear
ACCEPT "SEND OUTPUT TO PRINTER (Y/N" TO AN
CLEAR

FLAG=. F.

X=2

| F UPPER( AN) =" Y"
FLAG = . T.

SET PRI NTER ON



SET DEVI CE TO PRI NT
ENDI F
| F FLAG
X=PROW( )
ENDI F
X=X+1
@, 5 SAY HD
X=X+1
@, 5 SAY "THE FOLLON NG SPECI ES HAVE THE ABOVE USE"
X=X+2
@K, 3 SAY - m s "
X=X+1
@, 3 SAY "| SNO |SPN | SPECI ES NAME "
@X, 45 SAY CAP
X=X+1
@K, 3 SAY - m e m e "
X=X+1
z=1
go top
DO WHI LE . NOT. EOF ()
@, 3 SAY "|"
@, 5 SAY STR(Z, 3)
9 SAY "|"
11 SAY SPN
16 SAY "|"
, 18 SAY B->B NAME
43 SAY "|"
45 SAY SNO
@, 60 SAY "|"

ENDI F
IF( X>Y)
| F FLAG
EJECT
ENDI F
SET PRI NTER OFF
WAI T " NEXT PAGE PRESS ENTER TO CONTI NUE"
| F FLAG
SET PRI NTER ON
ELSE
CLEAR



ENDI F
X=X+1
Z=7Z+1
SKI P
ENDDO
WAIT " OVER ..PRESS ENTER TO CONTI NUE "
| F FLAG . AND. EOF()
SET PRI NTER OFF
SET DEVI CE TO SCREEN
CLEAR GETS
ENDI F
CLEAR
CASE CH=2
use c:\tnmp\tnpl\et. dbf
copy to use2 for &S=3 or &S=4 or &S=5
ACCEPT "SEND OUTPUT TO PRI NTER " TO AN
CLEAR
FLAG=. F.
X=2

| F UPPER( AN) =" Y"
FLAG = . T.
SET PRI NTER ON
SET DEVI CE TO PRI NT
ENDI F

| F FLAG
X=PROW( )
ENDI F
X=X+1
@, 5 SAY HD
X=X+1
@X,5 SAY "THE FOLLOW NG SPECI ES HAVE THE ABOVE USE"
X=X+2
@K, 3 SAY "M m e e e a e e e o
X=X+1
@X, 3 SAY "| SNO | SPN | SPECI ES NAME
X=X+1
@K, 3 SAY M- m e e eaaa oo "
X=X+1
Z=1
USE USE2
I ndex on spn to use2
use use2 index use2



set relation to spn into B
go top

DO WHI LE . NOT. EOF()

@, 3 SAY "|"

@, 5 SAY STR(Z, 3)

@, 9 SAY "|"

@, 11 SAY SPN

@, 16 SAY "|"

@, 18 SAY B->B_NAME

@, 43 SAY "|"

X=X+1

< = 2

| F FLAG
Y=55
ELSE
Y=20
ENDI F

IF( X>Y)
| F FLAG
EJECT
ENDI F
SET PRI NTER OFF
WAI T " NEXT PAGE... PRESS ENTER TO CONTI NUE"
| F FLAG
SET PRI NTER ON
ELSE
CLEAR
ENDI F
X=4
ENDI F
X=X+1
7=7+1
SKI P
ENDDO
WAl T "OVER ..PRESS ENTER TO CONTI NUE "

| F FLAG . AND. EOF()
SET PRI NTER OFF
SET DEVI CE TO SCREEN
CLEAR GETS

ENDI F

CLEAR

ENDCASE



SET DEVI CE TO SCREEN
SET PRI NTER OFF

SET TALK ON

RETURN

A sample output file of species suitable for livehedge obtained from the knowledge base
(species having vaues three or above in five point scae in the database is selected)

Species Species name
code

Bambusa banbos
Casuarina equisetifolia
Garuga pinnata
Cananga odorata
Bambusa vulgaris
Dendrocalamus strictus
Azadirachta indica
Bambusa bal cooa
Bambusa polymorpha
Ziziphus mauritiana
Erythrinaindica
Gliricidia maculata
Caesalpinia sappan
Caesalpinia coriaria
Moringa oleifera
Ziziphus xylopyrus
Thevetia peruviana
Acacia planifrons
Adhatoda vasica
Euphorbia tirucalli
Hibiscus rosa-sinensis
Lawsonia alba
Bougainvillaea spectabilis
Opuntia dillenii

Agave sisalana

Ananas comosus
Tinospora cordifolia
Cissus guadrangularis
828 | Calamus thwaitesii
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APPENDIX 6

Computer program 3: Stand_simulation
Description

A sample program for gand projection and harveding in the multi-tier forestry Ste based on
heght growth of plant species This program comprises two subprograms - Smulaprg &
Cutprg. Subprogran Smula cdculate the height of each plant usng ther age and
subprogram Cut prepare the cutting plan.

It performs following tasks.

@ Cdculaing the number of trees in different height dass in multi-tier forestry Ste for
the next 30 years

@i It provides the number of trees that can be harvested under the proposed scheme of
height growth

Assumptions regarding regeneration, stand growth and spacing requirement

() The same regeneration trend will continue in the plot.

(i) Different species follow growth as given in the knowledge-base on height growth.

(i) Pants under different height categories 0-1m, 1-2m, 2-10m, 10-20m and 20
40m will have mortdity or unauthorised removad 20%, 10%, 5% and 1% respectivey
during the five year interval.

(iv)  Optima expected stocking under different height categories 0-1m. 1-2m, 2
10m, 10-20m and 20-40m 7000, 3000, 2500, 1875 and 625 respectively.

) While cutting species will be sdected in proportion to ther Sze (number) in esch
height class.

The following files used:

() Mul.dof : Database file containing be number of plants and their age in multi-tier
forestry on March 1999.
(i) Height.dof : Knowledge-base on height growth.

Output files:

() Find1.dobf : Output file containing number of plantsin the multi-tier forestry dte for
different height classes.

(i) Find2.dbf : Output file containing number of plants per hectare for different height
classes.

(@it)  Cut.dbf : Number of plants per hectare for different height classesthat can be
harvested.



Program

SET TALK OFF

SET SAFETY OFF
CLCSE ALL DATABASE
CLOSE ALL W NDOWS

CLEAR

store 0 to smhO, smhl, smh2, smh3, smh4

store O to i,j,cutl,cut2,cut3, cut4, cutb

store 0 to snD1, snD5, snD10, snD15, snD20, snD25, snD30,
store 0 to smll, sml5, snl10, smll5, sml20, sml25, snl30,
store 0 to sn?l, sm25, snm210, snR15, snmR20, snmk25, snP30,
store 0 to snB1, snB5, sMB10, snB1l5, snB20, snB25, snB30,
store 0 to smd4l, smd5, smd10, smdl5, smd20, sn¥25, sn¥30,
store 0 to ct11,ct15,ct110,ct115,ct 120, ct 125, ct 130, ct140
store 0 to ct21,ct25,ct210,ct 215, ct 220, ct 225, ct 230, ct 240
store 0 to ct31,ct35,ct310, ct 315, ct 320, ct 325, ct 330, ct 340
store 0 to ct4l,ct45,ct410, ct 415, ct 420, ct 425, ct 430, ct 440
store 0 to ctb51, ct55,ct510, ct515, ct 520, ct 525, ct 530, ct 540

store space(7) to ht
cap=space(10)
filel=space(22)
an=" "'

hd=space( 15)
s=space(3)

use c:\tmp\tnmpl\ mul . dbf
filel="c:\tnp\tnpl\nul.dbf’
do sinula.prg

copy to c:\tnp\tnpl\appnul . dbf

sele d
use c:\tnmp\tnpl\final 1. dbf
zap

sele e

use c:\tnp\tnpl\appnul . dbf
delete all for htcode=0
pack

ht =' ht code’
do cut.prg
snmD1=smhO0
smll=smhl
sm21=smh2
snmB1l=smh3
smdl=smh4

copy to c:\tnmp\tnpl\year.dbf for

sele ¢

FI LE1="c:\ TMP\ TMP1\ YEAR. DBF"
use c:\tnmp\tnpl\year. dbf
repl all htcode with O

HTCODE=1 and h5!=1

snD40
smL40

sn240

snB340

snd40



repl all age with O
repl all a5 with 1
repl all al0 with 6
repl all al5 with 11
repl all a20 with 16
repl all a25 with 21
repl all a30 with 26
use

do SI MJL1. prg

sele e

append fromc:\tnp\tnpl\year. dbf
ht =" h5'

do cut.prg

snD5=smh0

sml5=smhl

snm25=smh2

snB5=sm3

smi5=smh4

copy to c:\tmp\tnpl\year.dbf for h5=1 and h10! =1
sele ¢

use c:\tnmp\tnpl\year. dbf

repl all htcode with O

repl all age with 0

repl all a5 with O

repl all h5 with O
repl all al0O with 1
repl all al5 with 6
repl all a20 with 11
repl all a25 with 16
repl all a30 with 21
use

do SI MJL1. prg

sele e

append fromc:\tnmp\tnpl\year. dbf
ht =" h10'

do cut.prg

snD10=smh0

sml10=smhl

sm210=smh2

snB10=smh3

smi10=smh4

copy to c:\tnmp\tnpl\year.dbf for h10=1 and hl5!=1

sele ¢

use c:\tnmp\tnpl\year. dbf
repl all htcode with O
repl all age with 0

repl all a5 with O

repl all h5 with O

repl all al0 with O

repl all hl0 with O

repl all al5 with 1



repl all a20 with 6
repl all a25 with 11
repl all a30 with 16
use

do SI MUL1. prg

sele e

append fromc:\tnp\tnpl\year. dbf

ht =' h15'

do cut.prg

snD15=smh0

smL15=smhl

sm215=smh2

snB315=smh3

smil5=smh4

copy to c:\tnp\tnpl\year.dbf for hl15=1 and h20!=1

sele ¢

use c:\tnp\tnpl\year. dbf
repl all htcode with O
repl all age with 0

repl all a5 with 0

repl all h5 with O
repl all al0 with O
repl all h10 with O
repl all al5 with O
repl all hl5 with O
repl all a20 with 1
repl all a25 with 6
repl all a30 with 11
use

do SI MUL1. prg

sele e

append fromc:\tnp\tnpl\year. dbf
ht =" h20'

do cut.prg
snD20=smh0
sml20=smhl
snm220=smh2
snB20=smh3
smi20=smh4

copy to c:\tnp\tnpl\year.dbf for h20=1 and h25!=1
sele ¢

use c:\tnp\tnpl\year. dbf

repl all htcode with O

repl all age with 0

repl all a5 with 0

repl all h5 with O
repl all al0 with O
repl all hl10 with O
repl all al5 with O
repl all hl5 with O
repl all a20 with O
repl all h20 with 0



repl all a25 with 1
repl all a30 with 6

use
do SI MUL1. prg

sele e

append fromc:\tnp\tnpl\year. dbf

ht =' h25'

do cut.prg

sm025=smh0

smL25=smhl

sm225=smh2

snB325=smh3

smi25=smh4

copy to c:\tnmp\tnpl\year.dbf for h25=1 and h30!=1

sele ¢

use c:\tmp\tnpl\year. dbf
repl all htcode with O
repl all age with 0

repl all a5 with 0

repl all h5 with O
repl all al0 with O
repl all h10 with O
repl all al5 with O
repl all hl5 with O
repl all a20 with O
repl all h20 with O
repl all a25 with 0
repl all h25 with 0O
repl all a30 with 1
use

do SI MJL1. prg

sele e

append fromc:\tnmp\tnpl\year. dbf
ht =" h30'

do cut.prg
snD30=smh0
sml30=smhl
snm230=smh2
snB30=smh3
smi30=smh4

sele d

for i=1 to 5
append bl ank
next i

go top

repl n0O with snmD1
repl n5 with snmD5
repl nl10 with snD10
repl nl5 with snmD15
repl n20 with snD20



repl
r epl

skip
repl
repl
repl
repl
repl
repl
r epl

skip
repl
repl
repl
repl
repl
repl
r epl

skip
repl
repl
repl
repl
repl
repl
r epl

skip
repl
repl
repl
repl
repl
repl
r epl

n25 with snD25
n30 with snD30

n0 with smll

n5 with sml5

nl10 with sm10
nl5 with sm15
n20 with sml20
n25 with sml25
n30 with sml30

nd with sm2l

n5 with sm5

nl10 with sn210
nl5 with snm215
n20 with snm220
n25 with snm225
n30 with sn230

nd with sn81

n5 with snm5

n10 with snB10
nl5 with snB15
n20 with snB20
n25 with snB325
n30 with snB30

nd with smdl

n5 with sms

nl10 with smd10
nl5 with smdl5
n20 with sm20
n25 with sm25
n30 with sm30

copy to c:\tnmp\tnpl\final 2. dbf
use c:\tmp\tnpl\final 2. dbf

repl
repl
repl
repl
r epl
r epl
r epl

copy to c:\tnmp\tnpl\cut.

sel e

all nO with n0/2.17 for
all n5 with n5/2.17 for
all nl10 with nl10/ 2.
all nl15 with nl5/2.
all n20 with n20/2.
all n25 with n25/2.
all n30 with n30/2.

f

use c:\tmp\tnpl\ cut. dbf

c=0

sub=7000

17
17
17
17
17

dbf

f or
for
for
for
for

n0>0
n5>0

n10>0
nl15>0
n20>0
n25>0
n30>0



go top
do while .not. eof()
repl n0O with nO-sub
repl n5 with n5-sub
repl nl0 with nl0-sub
repl nl5 with nl5-sub
repl n20 with n20-sub
repl n25 with n25-sub
repl n30 with n30-sub
c=c+l
do case
case c=1
sub=3000
case c=2
sub=2500
case =3
sub=1875
case c=4
sub=625
endcase
skip
enddo

n0 with 0 for nO<1
repl a n5 with 0 for nb<1l
repl a nl0 with 0 for nl0<1

repl al
Il
[l
repl all nl5 with 0 for nlb<1l
Il
Il
Il

repl a n20 with 0 for n20<1
repl a n25 with 0 for n25<1
repl a n30 with 0 for n30<1
go top
cl ear
go top
ACCEPT "SEND OUTPUT TO PRINTER " TO AN
CLEAR
FLAG=. F.
X=2
| F UPPER( AN) =" Y"

FLAG = . T.

SET PRI NTER ON
SET DEVI CE TO PRI NT
ENDI F

| F FLAG

X=PROW()
ENDI F

cl ear

X=X+1

@, 5 SAY "HEI GHT W SE SI MULATI ON OF THE NUMBER OF PLANTS"
X=X+1

@, 8 SAY "AFTER THE FOLLOW NG PERI ODS"

X=X+2



@K, 3 SAY M.

X=X+1
@, 7 SAY "|
X=X+1

@K, 3 SAY Mmoo

X=X+1

@, 2 say "O-1nf

5 YRS |10 YRS |15 YRS | 20YRS | 25YRS | 30YRS | "

@+2,2 say"1l-2nt
©@+4,2 say "2-10nf
©@+6, 2 say "10-20nt
©@+8, 2 say ">20nt

go top

DO WHI LE . NOT. EOF()

@, 9 SAY "|"

@x, 25
@X, 32
@x, 33
@xX, 40
@xX, 41
@X, 48
@xX, 49
@X, 55
@X, 56
@X, 63
@X, 64
@x, 71
X=X+1

@X, 3 SAY "

SAY
SAY
SAY
SAY
SAY
SAY
SAY
SAY
SAY
SAY
SAY
SAY

| F FLAG

Y=55
ELSE

Y=20
ENDI F

IF( X>Y)

| F FLAG

EJECT

ENDI F

N5

N&O
NES
et
s
Nbo

SET PRI NTER OFF
WAI'T " NEXT PAGE PRESS ENTER TO CONTI NUE"

| F FLAG

SET PRI NTER ON

ELSE
CLEAR
ENDI F
X=4
ENDI F
X=X+1
SKI P
ENDDO



WAI T " OVER ..PRESS ENTER TO CONTI NUE "
| F FLAG . AND. EOF()

SET PRI NTER OFF

SET DEVI CE TO SCREEN

CLEAR GETS
ENDI F

CLEAR

SET DEVI CE TO SCREEN
SET PRI NTER OFF

SET TALK ON

SET SAFETY ON

RETURN

Program nane : simul a. prg

SET TALK OFF

cl ear

store 0 to sp, ht, rno, ans, ch

store 0 to ht1, ht2, ht5, ht10, ht 15, ht 20, ht 25, ht 30, ht 40
store 0 to agl, ag2, ag5, agl0, agl5, ag20, ag25, ag30, ag40
store ' ' to s_1,s0,s,s1,s2,s3,s4,s5,s6

store 0 to sb51,s52,s53

cap=space(10)

an="' '

hd=space( 15)

s=space( 3)

sel ect B
use c:\tnp\tnpl\ hei ght. dbf

select A
use &filel . DBF containing the details of plants
.. during different stages of the study

go top

do while .not. eof()

sp=spn

ag5=ab

agl0=alol

agl5=alb5

ag20=a20

ag25=a25

ag30=a30

@.o0, 15 say "Please wait..."

do case
case ag5-=1
s=" CX1'
case ag5=2
s=' CX2'
case ag5>2 and ag5<6



s="' CX3'

case ag5>5 and ag5<10
s=' CX4'

case ag5>9 and ag5<15
s=" CX5'

case ag5>14 and ag5<20
s=" CX6'

case ag5>19 and agb5<25
s=' CX7"

case ag5>24 and ag5<30
s=' CX8'

case ag5>29 and ag5<40
s=' CX9'

case ag5>39
s=' CX10'

endcase

do case

case agl0=1
sl="CX1'

case agl0=2
sl=' CX2'

case agl0>2 and agl0<6
sl=" CX3'

case agl0>5 and agl0<10
sl=' CX4'

case agl0>9 and agl0<15
s1l=' CX5'

case agl0>14 and agl0<20
s1l=' CX6'

case agl0>19 and agl0<25

sl=' CX7'

case agl0>24 and agl0<30
s1=" CX8'

case agl0>29 and agl0<40

s1=' CX9'

case agl0>39

s1l=' CX10'
endcase

do case

case agl5=1
s2=" CX1'

case agl5=2
s2=" CX2'

case agl5>2 and agl5<6
s2=" CX3'

case agl5>5 and agl5<10
s2=' CX4'

case agl5>9 and agl5<15
s2=" CX5'

case agl5>14 and agl5<20
s2=" CX6'

case agl5>19 and agl5<25

s2=" CX7'



case agl5>24 and agl5<30
s2=" CX8'
case agl5>29 and agl5<40
s2=" CX9'
case agl5>39
s2=" CX10'
endcase

do case

case ag20=1
s3=" CX1'

case ag20=2
s3=' CX2'

case ag20>2 and ag20<6
s3=' CX3'

case ag20>5 and ag20<10
s3=" Cx4'

case ag20>9 and ag20<15
s3=' CX5'

case ag20>14 and ag20<20
s3=' CX6'

case ag20>19 and ag20<25
s3=' CX7'

case ag20>24 and ag20<30
s3=' CX8'

case ag20>29 and ag20<40
s3=" CX9'

case ag20>39
s3=' CX10'

endcase

do case

case ag25=1
s4=" CX1'
case ag25=2
s4=" CX2'
case ag25>2 and ag25<6
s4=" CX3'
case ag25>5 and ag25<10
s4=' CX4'
case ag25>9 and ag25<15
s4=" CX5'
case ag25>14 and ag25<20
s4=" CX6'
case ag25>19 and ag25<25
s4=" CX7'
case ag25>24 and ag25<30
s4=" CX8'
case ag25>29 and ag25<40
s4=" CX9'
case ag25>39
s4=" CX10'
endcase



do case
case ag30=1
s5=" CX1'
case ag30=2
s5=' CX2'
case ag30>2 and ag30<6
s5=" CX3'
case ag30>5 and ag30<10
sb=" CX4'
case ag30>9 and ag30<15
s5=" CX5'
case ag30>14 and ag30<20
s5=" CX6'
case ag30>19 and ag30<25
sb=" CX7'
case ag30>24 and ag30<30
s5=' CX8'
case ag30>29 and ag30<40
s5=" CX9'
case ag30>39
s6=" CX10'
endcase
sele B
| ocate for spn=sp
if st=""
ht 5=&s
endi f
if s1=" "
ht 10=&s1
endi f
if s21=" "
ht 15=&s2
endi f
if s3I=" "
ht 20=&s3
endi f
if s4l=" "
ht 25=&s4
endi f
if s5l=" "
ht 30=&s5
endi f
sele A
repl h5 with ht5
repl h10 with ht10
repl hl5 with ht15
repl h20 with ht20
repl h25 with ht25
repl h30 with ht30
store 0 to ht1, ht2, ht5, ht10, ht 15, ht 20, ht 25, ht 30
skip
enddo
use
RETURN



Subpr ogr am nane . CUr

store 0 to i,]j

store 0 to cutl, cut?2,cut3,cut4,cuthb
store 0 to smhO, smhl, smh2, smh3, smh4
store 0 to svO, svl, sv2,sv3, sv4
store 0 to norO, nor 1, nor 2, nor 3
store 0 to s1,s2,s3,s4,s5

sum no for &ht=1 to smhO
sum no for &ht=2 to smhl
sum no for &ht=3 or &ht=4 to smh2
sumno for &ht=5 or &ht=6 to smh3
sumno for &ht>6 to smh4

i f ht='htcode'
s1=smh0
s2=smhl
s3=smh?2
s4=smh3
s5=smh4

endi f

nmor 0=smh0* ( 20/ 100)

nor 1=smh1* ( 10/ 100)

nmor 2=smh2* ( 5/ 100)

nmor 3=smh3* ( 1/ 100)

sv0=snmh0/ 2. 17
svl=smhl/ 2. 17
sv2=smh2/ 2. 17
sv3=smh3/ 2. 17
svd4=smh4/ 2. 17

if sv0>7000
cut 1=sv0- 7000
cut 10=cut 1+1400

el se
cut 10=nor 0

endi f

set filter to &t=1

go top

j =no

do while .not. eof()
j =j +no

if j<=cutlO+1
if &ht=1 and htcode=0
del ete
endi f
endi f
skip
enddo
set filter to
if sv1>3000
cut 2=sv1- 3000



cut 22=cut 2+300

el se
cut22=nor1

endi f

set filter to &ht=2

go top

j =no

do while .not. eof()
j =j +no

if j<=cut22+1
i f &ht=2 and htcode=0
del ete
endi f
endi f
skip
enddo
set filter to
i f sv2>2500
cut 3=sv2- 2500
cut 33=cut 3+125
el se
cut 33=nor 2
endi f

set filter to &t=3 or &ht=4

go top

j =no

do while .not. eof()
j=j tno

if j<=cut33+1
if (&t=3 or &ht=4) and htcode=0
del ete
endi f
endi f
skip
enddo
set filter to
if sv3>1875
cut 4=sv3-1875
cut 44=cut 4+19
el se
cut 44=nor 3
endi f

set filter to &t=5 or &ht=6

go top

j =no

do while .not. eof()
j =j +no

if j<=cutdd+1
if (&ht=5 or &ht=6) and htcode=0
del et e
endi f
endi f



skip

enddo
set filter to
if sv4>625

cut 5=sv4- 625
set filter to &t>6

go top

j =no

do while .not. eof()
j =j +no

if j<=cutb5+1
i f &ht>6 and htcode=0

del ete
endi f
endi f
skip
enddo
endi f

set filter to

if ht!='"htcode'
smhO=smhO0- cut 10
smhl=smhl-cut 22
smh2=smh2- cut 33
smh3=smh3- cut 44
smh4=snmh4-cut 5
el se
smh0=s1
smhl=s2
smh2=s3
smh3=s4
smh4=s5
endi f

return



A sanpl e output of stand projection on height growth and harvesting

possi bl e

Number of trees in each height class in the Demondration Plot for the next 25 years
assuming the same regenerdtion trend.

Age/Height 0-Im 1-2m 2-10m 10-20m 20-40m
3093 177 18

Initid 4510 1409

After 3625 1855 309 1929 459

S5years

After 3625 239 3101 2048 737

10 years

After 3625 2626 3113 2132 767

15 years

After 3625 2626 3113 2170 &A1

20 years

After 3625 2626 3113 2170 Al

25 years

After 3625 2626 3113 2170 Al

30 years

Number of plartsthat can be harvested under the proposed scheme of smulation of height

growth.

Age/Height 0-1Im 1-2m 2-10m 10-20m | 20-40m Total
Initid 0 0 533 0 593
After 5years 0 0 599 % 653
After 10 years 0 0 601 173 112 886
After 15 years 0 0 613 257 142 1012
After 20 years 0 0 613 295 216 1124
After 25 years 0 0 613 295 216 1124
After 30 years 0 0 613 295 216 1124




