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DEFINITIONS
 

agronomid practice - treatments applied to woody biomass plantations 
including timing, rates and types ofirrigation,
fertilization, and harvest
 

biomass plantation - an artificial forest of woody trees and/or
shrubs and crops established by man from seed, 
seedlings or cuttings 

'collaborate to work jointly with others
 

cooperate  to work with others for common benefit
 

coordinate - to act together in a smooth conserted.way
 

firewood  woody plants used as a commercial or non-commercial
 
energy source
 

fuelwood - see firewood 

fuelwood plantation- see biomass plantation
 

social forestry - programs encompassing farm forestry, extension,
recreational forestry and community forestry as 
defined by the FAO and, in some cases, watte land 
reforestation efforts as a part of soil and water
 
conservation projects
 

woody biomass plantation - see biomass plantation 
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1.0 SUMMARY AND RECOMMENDATIONS
 

1.1 Summary
 

This report focuses on a stingle, narrowly defined aspect of India's
 

complex alternative renewable sources of energy program: the Production
 

of Woody Biomass. Although the non-commercial sector is emphasized, the
 

program results are applicable to both the commercial and non-commerical
 

sectors. The justification for this focus is provided by Flanigan (1)
 

and its high likelihood of success within a 3 to 5 year period reinforces
 

the strategy.
 

An intensive, seven-point, practically-oriented research program on
 

woody biomass 'production issuggested. This program could be implemented
 

in conjunction with on-going biomass research programs inthe Biomass
 

Centres at Lucknow and Madurai. However, the programs success depends
 

on the Biomass Centres coordinating and collaborating with each other,
 

the Forest Research Institute, state iocial forestry programs, agricultural
 

universities, and other selected research laboratories. The state
 

social forestry programs critically need the research results that will
 

be produced and will likely be the most effective mechanism for placing
 

them into practice.
 

A plan for implementing the research program on woody biomass
 

production is proposed. 
It requires the development of multidisciplinary
 

research teams that apply systems approaches to the solution of woody
 

biomass production problems. A key feature of the plan is the participation
 

of a U.S. biomass production specialist throughout its life to provide
 

technical expertise, to provide a mechanism to insure cooperation between
 

the various organizations doing biomass research, and to provide continuity
 



between USAID energy and social 
forestry programs, The plan identifies
 

project coordination, institutional strengthening, and research components
 

and suggests funding levels. 
 In addition, a proposed time-sequence
 

for the research activities and anticipated research program outputs
 

are included with the plan.
 

A list of the organizations that were visited and consulted is
 

presented inAppendix F.
 

1.2 Recommendations
 

v Provide supplemental funding for the Government of India's research
 
program on woody biomass production
 

* Allocate $336,600 for project coordination and institutional
 
strengthening
 

v Allocate $754,800 to the National Botanical Research Institute to
complement their on-going research program in biomass production
 

# Allocate $601,600 to Madurai-Kamaraj University to assist in
initiating their proposed research program inwoody biomass
 
production
 

- Emphasize growth regulation and economic and social assessment
 
projects at Madurai-Kamaraj University
 

* Formulate multidisciplinary research teams that can apply a systems

approach to the solution of woody biomass production problems
 

v Contract a U.S. biomass production specialist to provide research
 
coordination for the woody biomass production program and to
maintain continuity between the USAID energy and social 
forestry
 
programs
 

Formally involve the Forest Research Institute, state social forestry

programs, agricultural universities, and appropriate national
research laboratories with the Biomass Centres incollaborative
 
activities
 



2.0 INTRODUCTION
 

The role of alternative renewable sources of energy in relaxing
 

India's dependence on oil as its price rose became an important issue
 

inthe mid 1970's. This topic is throughly discussed in a paper reporting
 

on a United Nations Conference in Nairobi on New and Renewable Sources
 

of Energy (g), in an overview of energy problems, policies and programs
 

in India by Ichord (5), and most recently in a report by Flaniqan
 

emphasizing energy use in India's non-commercial sector (1). India's
 

Sixth Five Year Plan especially recognizes the need to develop new and
 

renewable sources of energy and sets forth a program to deal with the
 

problem (4). As a result of that planning effort, the problem is being
 

attack from many different directions described in the Department of
 

Science and Technology's recently prepared state of the art report on
 

the production and availability of biomass (2).
 

This report focuses on a single, narrowly defined, aspect of India's
 

complex alternative renewable sources of energy program: the Production
 

of Woody Biomass. Although the emphasis is on the non-commercial sector,
 

the program results are applicable to both the commercial and non-cnmmercial
 

sectors. This is illustrated by the fact that methodologies developed in
 

this program are applicable to the production of woody biomass for India's
 

pulp and paper industries, construction industries, commercial bio-energy
 

conversion facilities and the like.
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3.0 WOODY BIOMASS PRODUCTION': IT'S IMPORTANCE
 

Although 75 million ha of land or 23% of India's area is classified
 

as forestonly 40-50% of this area is actually under adequate tree cover
 

and an estimated 20 million ha is serously affected by erosion. 
 Thus,
 

no more than 12% of India's land area is forested, as against a target
 

of 33% recommended in the National Forest Policy of 1952 (10).
 

Forestry is an old and well-established activity in India. In
 

1865 the first Indian Forestry Act was passed to regulate exploitation
 

of forests. The importance of improving the productivity of Indian forests
 

was not generally recognized, however, until the early 1970's when the
 

National Commission on Agriculture (NCA) extensively reviewed India's
 

forestry prospects and policies. The NCA report recommended that India's
 

strategy for forestry development focus on a "production forestry" to
 

supply the growing needs of the domestic wood products industry and
 

social forestry" to supply fuelwood, fodder, small timber and other
 

forest products to the rural population (10).
 

The Sixth Five Year Plan (4)states that
 

the main objectives of the forestry programme ...will
be the conservation of existing forests and the
 

launching of country-wide afforestation and social
 
forestry programmes ....In conformity with this
 
objective the major area of thrust will be the
 
promotion of a people's forestry movement.
 

Currently, social forestrylprograms exist or are being established in all
 

of the major Indian states.
 

1 The term social forestry is being applied to programs encompassing farm

forestry, extension, recreational forestry and community forestry as

defined by the FAO and, in some cases, soil and water conservation as a
 
part of waste land reforestation efforts are also included.
 



Given the strong dependence of the rural population on non-commercial
 

fuels, particularly firewood, and the high probability that this demand
 

will continue, the central question becomes: what is required to make supplies
 

more nearly equal to demand? Inaddition to the Sixth Five Year Plan, this
 

question is addressed in the report from the working group on Science and
 

Technology'on energy policy (3). This focused concern has been assimilated
 

by Flanigan into a suggested strategy that will support India's comprehensive
 

effort in renewable energy and provide wise use of USAID funds (1). The
 

strategies topics in descending priority are:
 

1. reforestation (social forestry and energy plantations)
 
2. producer gas pump sets
 
3. plantation harvest planning
 
4. other conversion processes
 

Although India has a significant infrastructure for the management,
 

research and development of her biomass resources, the Department of
 

Science and Technology established two specialized centers with a
 

view to promote time-targeted and result-oriented development work and 

accelerate demonstration projects in the area of biomass research (9 ). 

One center was established at the National Botanical Research Institute
 

(NBRI) in Lucknow and the other at Madurai-Kamaraj University (MKU) in
 

Madurai. The complete objectives and functions of these two centers
 

are included in Appendices A and C. The nhjectiveps nf these research centers
 

can be summarized as (7):
 

* Assess the potentials of plant species for biomass production
 

, Standardize agricultural techniques for energy plantations
 

* Study photosynthesis of selected species in relation to plant

productivity, nutrient cycling, and nitrogen economy
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" 	Survey the land and'water potential of an area and formulate
 
programs for the utilization of municipal and agricultural
 
wastes for energy conversion
 

" Concentrate on terrestrial and aquatic energy crops
 

• Undertake feasibility studies on more efficient uses of biomass
 
for obtaining maximum energy and develop appropriate technologies

for energy crops, i.e. production systems, harvesting, pretreatment,

and different conversion processes
 

The Sixth Five Year Plan provides the Department of Science and
 

Technology an appropriation of Rs. 50 Crores over the next 5-years for biomass
 

--resea-rch 2. To date Rs. 25 Lakhs have been allocated to each institution (7).
 

Additional programs in the Sixth Five Year Plan which support and
 

complement the Biomass Centres include the establishment of a Forest/-


Survey of India to provide reliable information on existing and potential
 

forest resources; establishment of an autonomous Institute of Forest
 

Management; expanded forestry research programs at the Dehra Dun Forest
 

Research Institute (FRI), at institutes under the Indian Council of
 

Agricultural Research, and at State Forest Departments and agricultural
 

universities; and establishment of a Division of Forestry Extension
 

at FRI.
 

2 Discussions held with Mr. M. Dayal, Energy Advisor, Department of 
Science and Technology, September 1981. 



4.0 WOODY BIOMASS PRODUCTION: A RESEARCH PROGRAM
 

To:assist social forestry and rural energy programs inmeeting their
 

fuelwood production goals an intensive research program on woody biomass
 

production is critically needed. The program would consist of at least
 

seven components:
 

Assessment of Existing Fuelwood Plantation Information
 

Implementation of Woody Biomass Plantation Field Trials
 

Identification of Plantation Establishment Relationships
 

Implementation of Seed Procurement and Maintainence Procedures
 

Identification of Continuous Cropping Nutrient Cycle Relationships
 

Identification of Potential Insect and Disease Impacts
 

Implementation of Economic and Social Assessments
 

4.1 Assessment of Existing Fuelwood Plantation Information
 

During the past decade numerous ntional, state and private
 

organizations have established biomass plantations. In contrast to the
 

annual harvest of agricultural crops, biomass plantation crops are
 

harvested once each 3 to 15 year period. Thus, plantations established
 

in the past provide production information today. Therefore, India's
 

research program in biomass production-could produce intermediate results
 

ina very short period of time by evaluating existing biomass plantation
 

information. This component:
 

9 identifies and compiles published informatio, 3n biomass plantations
 
in India and the surrounding region
 

9 summarizes and reports the range of species and agronomic practices

associated with established biomass plantations
 



Estimates and reports the biomass production rates by species

and agronomic practices associated with established blomass
 
plantations
 

4.2 Implementation of Woody Biomass Plantation Field Trials
 

The complete range of species and agronomic practices that
 

are needed will not be satisfactorily evaluated in Component 4.1. Component
 

4.2.completes the set of biomass production functions needed to realistically
 

assess biomass production potentials and their limitations in India. This
 

component:
 

* evaluates the performance of selected woody plant species
 

* estimates production rates 6f plant biomass under a variety of
 
agronomic practices
 

* evaluates*the impact of interplanting woody plants, grasses and/or
 
agricultural crops on blomass production
 

* relates biomass production to soil, climatic, intercrop, and
 
agronomic practices
 

• estimates the energy production of the biomass plantation and
 
relates it to the energy input
 

4.3 Identification of Plantation Establishment Relationships
 

Biomass production is directly affected by the survival rate of
 

plants in the plantation and the period of time until they are
 

harvested. The biological condition of plants when they are placed
 

in the ground and their subsequent care directly impacts these two
 

production factors. This component:
 

determines the minimal and optimal characteristics of plants to
 
insure high survival and rapid initial growth
 

* determines the optimum time for planting
 

* determines the minimal and optimal rates and timing of Irrigation
 
during the Initial year of the plantation
 



determines the minimal and optimal rates, timing, and types of
 
fertilization during the initial year of the plantation
 

4.4 Implementation of Seed Procurement and Maintainence Procedures
 

Greater biomass production can be obtained by selecting, storing,
 

and propagating seed for use in biomass plantations from plants that
 

genetically appear to have more rapid growth, have greater rates of
 

survival, 	and are less susceptible to insect and disease problems.
 

This component:
 

, identifies and develops genetic stIection criteria
 

, develops 	seed collection procedures
 

,identifies and develops seed storage methodologies
 

*develops 	plant propagation methologies and procedures
 

4.5 	Identification of Continuous Cropping Nutrient Cycle Relationships
 

A program to evaluate the nutrient replacement needs in biomass
 

plantations iscritical if the productive of the plantations over
 

time is to be sustained. This component:
 

* determines the minimal and optimal rates, timing, and type of
 
fertilization to maintain long-term soil productivity
 

• evaluates the use of selectively interplanting plant species to
 
biological maintain or supplement fertilization in biomass
 
plantations
 

4.6 Identification of Potential Insect and Disease Impacts
 

Excessive mortality resulting from animals, insects or diseases will
 

greatly reduce the productive of biomass plantations. This component:
 

* identifies potential animal, insect and disease problems in biomass
 
plantations
 



, relates identified animal, 
insect and disease problems to speciessoils,

climatic, intercrop, and agronomic practices and factors
 

- formulates an integrated pest management research program for 
biomass plantations 

4.7 Implementation of Economic 
and Social Assessments
 

The economics of biomass plantations must be known if they are to
 

be successfully integrated into rural environments. In addition, the
 

impact of biomass plantations on a village's consumption habits, goals,
 

and value systems need to be understood. This component:
 

determines energy consumption patterns in rural 
areas
 

• develops supply/demand relationships for alternative sources of
 
energy in rural areas
 

* undertakes an investment analyses of biomass plantations
 



5.0 CURRENT RESEARCH ACTIVITY IN WOODY BIOMASS PRODUCTION
 

The Indian Forest.Service's, ForestResearch Institute (FRI) at
 

Dehra Dun is the oldest program in India directly focused at woody
 

biomass production research. Itwas established in 1878.
 

Today, in addition to FRI, almost every state forestry department has
 

a research station dddressing woody biomass production problems. The
 

advent of the social forestry programs broadened these research programs
 

from their original focus on coniiercial forest tree species to include
 

woody plants for fuelwood plantations. Their biomass research programs
 

concentrate on species selection and plantation production studies and
 

would be classified as very applied research based on the objectives
 

and methodologies employed.
 

Agricultural Universitfes, given the recent emphasis on social
 

forestry, have begun to focus-limited research efforts at the production
 

of woody plants for fuelwood and fodder use. Today approximately 4 of
 

the 22 agricultural colleges have incorporated forestry into their
 

3
programs . Their research programs concentrate on studies that identify
 

production resulting from.combinations of woody plant species and agri

cultural crops grown together on a unit of land. The research would be
 

generally classified as applied based on the objectives and methodologies
 

employed.
 

Biomass plantations have been also established by other research
 

organizations throughout India such as Jyoti Solar Energy Institute at
 

Baroda, Gujarat EnergyDevelopment Agency at Gandhinagar, and Biocentre
 

at Ahmedabad. These efforts have:generally-emphasized biomass production
 

3 	Discussions held with Dr.-S. Kondas, Conservator of Forests, Trichy, 
September 1981 



with the focus-of the research on conversion of the biomass to energy.
 

The creation and subsequent funding, in 1981, of thetwo biomass
 

centers at Lucknow and Madurai represents the latest thrust by the
 

Government of India (GOI) to continue the development of alternative
 

sources of energy programs emphasizing biomass. The centers have
 

developed the following research objectives:
 

National Botanical Research Institute
 

I. To assess biomass production potential of plant species of
 
proven adaptability to soil alkalinity and also of other
 
species which may qualify as promising candidates; identification'
 
and multiplication of elite clones;
 

2. To-identify and standardise agro-techniques including cropping

patterns, rotation lengths, fertilizer responses, etc., to
 
secure maximal biomass yield;
 

3. To undertake studies of nutrient cycling of selected species
 
and nitrogen economy of selected legumes;
 

4. To assess the biomass production potential of selected crop
 
plants and conversion of their biomass into alcohol;
 

5. To determine the economics of' short-rotation biomass plantations;
 

6. To disseminate knowledge concerning management of firewood
 
plantations in rural areas.
 

Madurai-Kamaraj University
 

1. Broaden the resource base for biomass through proper assessment
 
and survey of the land and water potential,
 

2. To formulate a critical assessment of the available municipal

wastes and agricultural and forest wastes for energy conversions,,
 

3. To concentrate on energy crops, both terrestrial and aquatic so
 
as to meet the most immediate demands of the rural population

for their domestic and farm use,
 

4. Assessment of the present end uses of the biomass and to undertake
 
feasibility stOdies on more efficient uses of the same for
 
obtaining maximum energy,
 



5. Undertake studies on the appropriate technology which include
 
energy crop, production systems, harvesting and collecting

transportation, pre-treatment and conversion technology,
 

6. Area and need based determination of end product for energy use,

such as direct heat, steam, electricity, alcohol or gases or
 
co-generations.
 

The portion of these two programs oriented towards biomass production is
 
substantially less applied initapproach than programs undertaken by
 

the forestry organizations and the agricultural universit es. Dr. D.J.
 

Durzan (7)also noted the "heavier than expected orientation of the
 

biomass centers on basic research." Of the two centers, NBRI has
 

substantially greater experience incoordinating the transfer of existing
 

technology directly to users.
 



6.0 COORDINATING RESEARCH ACTIVITY IN WOODY BIOMASS PRODUCTION
 

The extensive and varied research efforts inwoody biomass
 

production need coordination and focus. The biomass research effort
 

in India contains a mixture of forest, agricultural and biological
 

scientists with varied field and laboratory expertise and with methodological
 

approaches to research ranging from very applied to basic. However,
 

:'	neither the Biomass Centres nor the other organizations have effectively
 

combined these characteristics to form a comprehensive research team.
 

To date only informal self-evaluations have been undertaken to analyze
 

strengths and weaknesses, assess needs, and coordinate activities.
 

Significant gains in technology needed to sucessfully produce biomass
 

plantations on marginal and submarginal lands in India can be expected in a
 

3 to 5 year time-frame if comprehensive research teams are used to address
 

the problems in a systems analysis fashion.
 

NBRI and the Conservator of Forests, Research and Development
 

Circle, U.P. have teamed together informally to address a Biomass Centre
 

research problem focused at, biomass production. This action suggests
 

comprehensive research teams can be formed to systematically address
 

woody biomass production prublems at both Biomass Centres,
 

A successful biomass production program must"formally coordinate
 

the applied field experience of forest research scientists with the
 

laboratory expertise of biological research scientists. The forest
 

scientists are well trained in basic ecological principles, are familar
 

with plant species and their requirements, and are experienced in
 

installing and conducting field experiments. They have very limited
 

laboratory training or experience. The biological scientists, however,
 



are well trained in basic biological and plant sciences, are familar
 

with factors and mechanisms affecting plant growth, and are experienced
 

inconducting laboratory experiments. They have limited training and
 

experience in.forestry and in the identification and structuring of
 

research problems so the end result of the research can be directly and
 

practically applied to the production of woody biomass inplantations.
 

Not only will the merger of these scientific expertises result in
 

quick solutions to biomass production problems, itwill broaden the
 

perspective and future development of each group of scientists. Thus,
 

ingeneral, strengthening biological research in India.
 

(/q:.
 



7.0 WOODY BIOMASS PRODUCTION: A RESEARCHPLAN FOR USAID
 

This report proposes that USAID's strategy be directed at providing
 

the needed research for Flanigan's (1)first priority: 
 reforestation.
 

This can be accomplished by implementing a program directed at Woody
 

Biomass Production similar to the one outlined in Section 4.0 and
 

cooperatively supported by the Government of India, Department of
 
"Science' e and Technology and USAID.
 

This program should be implemented through the Biomass Centres
 

at Lucknow and Madurai. 
 The GOI and USAID need to emphasize the
 

coordinatiop of Biomass Centre projects with FRI, 
state social forestry
 

departments and agricultural universities inaddition to on-going
 

programs at other institutions; specifically tissue cultural work at
 

the National Chemical Laboratory (NCL), Pune.
 

This section suggests USAID support in terms of the overall woody
 

biomass production research program and in terms of each Biomass Centre.
 

Ineach case, the support is related to the research program outlined in
 

Section 4.0.
 

7.1 Project Coordination and Institutional Strengthening
 

As discussed in Section 6.0, the success ofthe USAID program depends
 
on the biomass production research eff6rts in India being focused and
 

coordinated. 
This requires the development of comprehensive research
 

teams that apply a systems approach to the solution of woody biomass
 

production problems.
 

It is suggested that USAID contract a 
biomass production specialist
 

to work with the Biomass Centres, forestry organizationi and agricultural
 



universities in coordinating the activities of the research program.
 

This would provide the' research institutions needed assistance in
 

1. focusing their programs,
 

2. applying systems approaches to problem solving, and
 

3. modeling biomass production systems.
 

Itwould also insure USAID of needed coordination between research
 

,,.institutionsand provide a continuing evaluation of the program.
 

It is suggested that program focus and coordination be initiated
 

with a biomass plantation assessment tour. The tour should include:
 

1. the biomass production specialist,
 

2. two scientists from NBRI (Dr. S. D. Khanduja- Program Coordinator,
 
Mr. P: N. Misra),
 

3. two scientists from MKU (Dr. A. Gnanam- Program Coordinator,
 
Forest Silviculturist to be hired),
 

.. 4. one agronomist from the Agricultural University at Madurai, 

5. Conservator of Forests, Research and Development Circle, U.P.
 

(Mr. A. N. Chaturvedi), and
 

6. one forest silviculturist from FRI (Mr. S. P. Singh).
 

Upon completion of the tour the group could prepare a study plan to
 

guide the initial direction of the research program inwoody biomass
 

production. The study plan would identify critical soil types, woody
 

plant species, intercrop plant species, spacings, and agronomic practices
 

that should be scientifically evaluated. The plan would serve as the
 

focual point for the two Biomass Centres biomass production research
 

programs.
 

In addition to the plan, the tour would expose foresters, agriculturists,
 

and biologists to each others problems, identify areas in critical need
 



of coordination and collaboration, and formally initiate a dialogue
 

between theresearch institutions associated with woody biomass
 

production.
 

The biomass production specialist would continue as the laison
 

person for the life of the project, cooperating with NBRI (Dr. S. D.
 

KhanduJa) and MKU (Dr. A Gnanam) in the coordination of the complete
 

GOI/USAID woody biomass production program.
 

7.2- National Botanical Research Institute - Lucknow
 

NBRI had a program directed at the use of biomass as an alternative
 

energy source in 1980 when they received their Biomass Centre designation.
 

Since then they have increased the scope of their activity and have
 

initiated parts of the program they proposed in their Biomass Centre
 

proposal (Appendix A).
 

NBRI has an excellent record of implementing practices and programs
 

associated with their research projecti. They successfully use the Banthra
 

Research Station in this capacity. Past projects have resulted in
 

successes inmedicinal plants, non-traditional agricultural crops, and
 

aquatic programs to name a few. A further example of their desire
 

to implement research is illustrated in their Annual Report. It lists
 

scientific publications directed at pr6fessional and subprofessional
 

cliental whicn are written in both english and hindi as well as a broad
 

array of worksh6ps and seminars. Their Economic Botany Information
 

Service and Library isexcellent both from the standpoint of staff as
 

well as from the number and thoroughness of the tasks they undertake.
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Although the NBRI scientists have excellent credentials and have a
 

history of conducting field experiments at Banthra Research Station,
 

they are inexperienced in the area of woody biomass production; both in
 

terms of awareness of problems as well as methodologies to address the
 

problems. They recognize this deficiency and have initiated cooperation
 

with knowledgable woody biomass researchers. Thus, their desire to
 

remedy this deficiency isapparent.
 

The following subsections of this report present in a summarized
 

form,suggested projects for involving NBRI in a woody biomass production
 

research program as outlined inSection 4.0. Complementary preproposals
 

have been submitted by NBRI scientists and are included in Appendix B.
 

7.2.1 Existing Plantation Assessments: Research Emphasis
 

Continue and strengthen on-going projects tabulating bibliographies
 
on biomass production
 

Participate in reviewing and assessing existing biomass production
 
programs throughout India
 

Provide leadership in collaboration with the biomass production
 
specialist for the overall biomass research program
 

Principal Investigator- Dr. S. D. Khanduja
 
Mr. B. R. Juneja
 

Strengths- Excellent facilities
 
Strongest Biomass Centre biomass research program
 

Deficiencies- Need assistance in providing focus to the woody
 
biomass production program
 

Need assistance inquantification of research results
 

Coordination- Agricultural universities
 

Collaboration- MKU, FRI, State Social Forestry Programs
 

U.S. Assistance- Biomass Production Specialist
 
Information Scientist
 



7.2.2 Field.Trial Implementation: Research Emphasis
 

* 
Continue and expand studies evaluating the performance of selected
 
plant species
 

* 
Increase project emphasis on studies focused at production rates
 
under various agronomic practices
 

Initiate a project to evaluate the impact of interplanting woody plants,
 
grasses and/or agricultural crops in biomass plantations
 

, 	Initiate a project relating biomass production to soil, climatic,
 
intercrop, and agronomic practices
 

* 
Determine energy budgets associated with biomass plantations
 

,Principal Investigator- Mr. P. N. Misra
 

Strengths-	 Banthra Research Station
 
Have on-going projects for several species

Have field trial experience

Collaboration with State Social Forestry Programs
 

Deficiencies- Need to increase the scope of the 6n-going projects

Need assistance in quantification of research results
 
Need to replicate studies in the laboratory and
 

the field
 

Coordination- MKU, FRI, Agricultural universities
 

Collaboration- State Social Forestry Programs
 

U.S..Assistance- Biomass Production Specialist
 

7.2.3 	Plantation Establishment Relationships: Research Emphasis
 
" Initiate a 
project to determine the minimal-and optimal characteristics
 
of plants to insure high survival and rapid initial growth
 

" Initiate a project to determine the optimum time for planting
 

" 	Initiate a project to determine the minimal and optimal rates,

timing, and types of irrigation and fertilization during the
 
initial year of the biomass plantation and relate these practices
 
to plant survival
 

Principal 	Investigator- Mr. P. N. Misra
 

Strengths-	 Banthra Research Station
 
Excellent laboratory facilities
 



Deficiencies- Not an on-going research project
 

Need assistance in quantification of research results
 

Coordination- MKU, FRI
 

Collaboration- State Social Forestry Programs
 

U.S. Assistance- Reforestation Specialist
 

7.2.4 	Seed Procurement and Maintainence: Research Emphasis
 

@ Initiate a project to select woody biomass plants with genetically

desirable 	characteristics
 

* Initiate 	a project to develop seed collection criteria
 

* Initiate a project to identify seed storage methodologies
 

Develop mass seedling propagation methodologies
 

Principal Investigator- Dr. P. D. Dogra
 
Dr. M. N. Gupta
 
Dr. H. C. Chaturvedi
 

Strengths- Excellently trained scientists
 
Experienced researchers
 

Deficiencies- Lack experience in specific woody plant species
 

Coordination- FRI, State Social Forestry Programs, Indo-Danish
 
Forest Tree Seed Collection Program
 

Collaboration- MKU, NCL
 

U.S. Assistance- Tree and Shrub Improvement Specialist
 

7.2.5 Nutrient Cycle Relationships: Research Emphasis
 

* Initiate field and laboratory projects to determine the minimal
 
and optimal rates, timing, and type of fertilization to maintain
 
long-term soil productivity inbiomass plantations
 

* Initiate field and laboratory projects to evaluate the use of
 
interplanted plant species to biologically maintain or supplement
 
fertilization in biomass plantations
 

Principal 	Investigator- Dr. S. D. Khanduja
 
Mr. P. N. Misra
 



Strengths- Excellently trained scientists
 
Experienced researchers
 

Deficiencies- Lack specific field experience
 

Coordination- FRI, State Social Forestry Programs, Agricultural
 
universities
 

Collaboration- MKU
 

U.S. Assistance- None
 

7.2.6 	 Insect and Disease Impacts: Research Emphasis
 

*.Assess potential animal, insect and disease problems in biomass,,
 
plantations and relate them to species, soil, climatic, intercrop, and
 
agronomic practices and factors
 

Assist in the preparation of guidelines fdr an Integrated Pest
 
Management research program
 

Principal Investigator- Forest Entomologist'(open potitton)
 

Strengths- None
 

Deficiencies-	 Not an on-going research project
 
Lack woody plant insect and disease expertise

Need assistance in qunatification of research results
 
Need assistance to develop an Integrated Pest
 

Management research program
 

Coordination-	 FRI, State Social Forestry Programs
 

Collaboration- MKU
 

U.S. Assistance- Forest Insect and Disease Specialist
 

7.27 Economic and Social Assessments: Research Emphasis
 

* Initiate a project to evaluate biomass plantations using economic
 

investment criteria
 

Principal Investigator- Resource Economist (open position)
 

Strengths- None
 



Deficiencies- Not an on-going research project
 
Lack economic expertise

Need assistance in undertaking economic assessments
 

Coordination- FRI, State Social Forestry Programs
 

Collaboration- MKU
 

U.S. Assistance- Resource Economist
 

7.3 Madurai-Kamaraj University - Madural
 

MKU had a limited biomass production program prior to their designation
 

as a Biomass Centre. 
 It-does not appear that the limited biomass program has
 

perceptivelychanged since that designation. 
They are, however, currently
 

beginning to inrease the scope of their activity and to initiate parts of the
 

program they proposed in their Biomass Centre research proposal (Appendix C).
 

MKU's strength lies with its faculty and its educational programs.
 

The fact that it is a university with diciplines in statistics, computer
 

science, mathematics, sociology, economics as well as biological sciences
 

makes ita unique Biomass Centre. USAID should capitalize on this
 

feature.
 

The faculty's experience in implementing the practical aspects of
 

their scientific endeavors is limited. 
 Although MKU scientists have
 

excellent credentials they are inexperienced in the area of woody biomass
 

production; both in terms of awareness of p'roblems 
as well as methodologies
 

to address the problems. Although they verbally acknowledge this deficiency, to
 

date they have not formally cooperated with scientists experienced in
 

the field problems associated with woody biomass production. MKU's
 

expertise is training researchers and solving fundemental biological
 

problems.
 



If MKU's activities are closely coordinated by the U.S. biomass production
 

specialist and if they actively collaborate with state social forestry
 

programs and agricultural universities, MKU could contribute positively to
 

biomass production field projects. 
Their initial thrust, however, should
 

concentrate on growth regulation projects (see 7.3,3 and 7.3.5) and on
 

economic and social assessments (see 7.3.7).
 

The following subsections of this report present, in a summarized
 

form, suggested projects for involving MKU in a 
woody biomass production
 

research program as outlined in Section 4.0. Complementary preproposals:
 

have been submitted by MKU scientists and are included in Appendix D.
 

7,3,1 Existing Plantation Assessments: Research Emphasis
 

$,Participate in reylewing and.assessing existing biomass production
 
programs throughout India
 
Principal Investigator- Forest Silviculturist (currently being
 

recruited)
 

Strengths- None
 

Deficiencies- Need assistance in providing focus to the woody biomass
 
production program


Need assistance in quantification of research results
 

Coordination- Agricultural universities
 

Collaboration- NBRI, FRI, State Social Forestry Programs
 

U,S, Assistance- Biomass Production Specialist
 

7,3,2 Field Trial Implementation: Research Emphasis
 

Initiate proposed biomass production studies
 

,Initiate a project to estimate biomass production rates under
 
various agronomic practices
 

Initiate a project to evaluate the impact of interplanting woody

plants, grasses and/or agricultural crops in biomass plantations
 

Initiate a project relating biomass production to soil, climatic,

intercrop, and agronomic practices
 



* Determine energy budgets associated with biomass plantations
 

Principal'Investigator- Forest Silviculturist (currently being
 
recruited)
 

strengths-! Field laboratories
 
-Initiated projects for several species
 

Deficiencies-	 Lack experienced expertise
 
Need to increase the scope of the on-going project
 
Need assistance in quantification of research results
 
Need to replicate studies in the laboratory and
 
-in the field
 

Coordination-	 NBRI, FRI
 

Collaboration- Agricultural universities, State Social Forestry
 
Programs
 

U.S.*Assistance- Biomass Production Specialist
 

7.3.3 Plantation Establishment Relationships: Research Emphasis
 

* Initiate-a project to determine the minimal and optimal characteristics
 

of plants to insure high survival and rapid initial growth
 

* 	Initiate a project to determine the optimum time for planting
 

" 	Initiate a project to determinethe minimal and optimal rates, 
timing, and types of irrigation and fertilization during the 
initial year of the biomass plantation and relate these practices 
to plant survival 

Principal Investigator- Dr. A. Gnanam
 

Strengths-	 Excellently trained scientists
 
Experienced researchers
 

Deficiencies-	 On-going research projects are not oriented at 
these problems
 

Need assistance in quantification of research results
 

Coordination- NBRI, FRI
 

Collaboration- State Social Forestry Programs
 

U.S. Assistance- Reforestation Specialist
 



7.3.4 	Seed Procurement and Maintainence: Research Emphasis
 
-Initiate a 
project to select woody biomass plants-with geneticlally.
 
desirable characteristics
 

•Initiate 	a project to develop seed collection criteria
 

Principal Investigator- Forest Silviculturist (currently being. 
recruited)-


Strengths- None,
 

Deficiencies- Not an on-going research project
 
Lack woody plant genetics expertise
 

Coordination-
 FRI, State Social Forestry Programs, Indo-Danish
 
*Forest Tree Seed Collection Program.
 

Collaboration- NBRI
 

U.S. ASsistance- Tree and Shrub Improvement Specialist
 

7.3.5 Nutrient Cycle Relationships: Research Emphasis
 

Initiate field and laboratory projects to determine the minimal
and optimal rates, timing, and type of fertilization to maintain
logg-tem 	soil productivity in biomass plantations 
Initiate field and laboratory projects to evaluate the use of

interplanted plant species to biologically maintain or supplement

fertilization in biomass plantations
 

Principal Investigator- Dr. A.Gnanam 
Strengths- Excellently trained scientists 

Experienced researchers m 

Deficiencies- Lack field experience ° 

Coordination- FRI, State Social Forestry Programs, Agricultural 
universities 

Collaboration- NDRI 

U.S. Assistance- None
 

,.7 	 0
 



7.3.6 	Insect and Disease Impacts: Research Emphasis
 

P Assess potential animal, insect and disease-problems inbiomass
 
plantations and relate them to species, soil, climatic, intercrop, and
 
agronomic practices and factors
 

Principal Investigator- Forest Silviculturist (currently being
 
recruited)
 

Strengths- None
 

Deficiencies-	 Not an on-going research project

Lack woody plant insect and disease expertise

Need assistance' inquantification of research results
 

'Coordination-	-FRI'State Social Forestry Programs
 

* 	Collaboration- NBRI
 

-U.S7 Assistance- Forest Insect and Disease Specialist
 

7.3.7 Economic and Social Assessments: -Research Emphasis
 

.- Initiate a project to determineenergy consumption-patterns in
 
fural areas
 

* 	 Initiate a project to develop supply/demand relationships for 
alternative sources of energy inrural areas 

* Initiate 	a project to undertake investment analyses-of biomass
 
plantations
 

Principal Investigator- Dr. John D.K.Sundarsingh
 
Dr. (Mrs.) L.Thara Bhai.
 

Strengths- Excellently trained scientists
 

Experienced researchers
 

Deficiencies- Not an on-going research project
 

Coordination- FRI, State Social ForestryPrograms
 

Collaboration- NBRI
 

U.S. Assistance- Resource Economist
 
Rural Sociologist
 

... I:i	 .
 



8.0 PROGRAM IMPLEMENTATION AND CONTROL
 

Figure 1 Illustrates the beginning and ending points of projects
 

and periods of participation by U.S. specialists for the suggested
 

research program in woody biomass production. The participation of a
 

biomass production specialist throughout the program provides the
 

technical expertise required for Components 4.1 and 4,2 and will also
 

provide the mechanism to ensure cooperation between forestry organizations,
 

agricultural universities, national research laboratories, and the
 

Biomass Centres. It is also suggested that this specialist continue to
 

monitor biomass production programs associated with the Biomass Centers
 

after the completion of the GOI/USAID program. Approximately three months
 

of support is suggested during a 2-year period following this project and
 

the expenditure has been included in the budget. 
This would provide
 

continuity between this program and continuing USAID supported social
 

forestry programs dependent on the outputs.
 

InSection g, USAID salary monies provided the GOI for new scientist
 

positions are viewed as continuing, permanent positions, If the Biomass
 

Ceitre program isto be successfully continued following USAID's participation,
 

the GOI must continue financing these positions and add additional positions
 

in forest entomology, forest pathology, resource economics, silviculture,
 

agronomy, and forest genetics as needed.
 

Annual workshops are suggested and programmed to insure communication
 

between cooperating scientists and scientific organizations and to
 

provide a formal mechanism for reporting annual progress. The third year
 

workshop should present final results of the GOI/USAID program and
 

• . - " ., . * t y . ' 



prioritize researchable problems for continued Biomass Centre-programs.
 

Thble 1 indicates products that should result from this research
 

program by the end of the third year,
 

Appendix G suggests an activity and budgeting schedule and desirable
 

Covenants and Conditions Precedent. Appendix E suggests individuals
 

.and organizations with the technical expertise USAID would need to acquire
 

for this project. Appendix H gives an indication of the scope of work
 

to be provided by each of these specialist.
 



Program Coordination and Strengthening
 

-- Biomass Production (15), 
U. S. Specialists (1nclude 3 months during period -3660) 

Information (1)
 

-. --_- 0, 
 Reforestation (5) 

Tree & Shrub Impr. (3) 

For. Ins. & Dis. (3 1/2), 

- Resource Econ. (3) 

. -a 
a-~Rural Soc. (2 1/2) 

Research Program - Major Emphasis 

Component 4.1
 

Component 4.2
 

Component 4.3
 

Component 4.4
 

Component 4.5
 

Component 4.6
 

Component 4.7
 

7" Workshop
 

0 2 4 6 810 1214 16 1820 222426 28'30 32 3 36 
Months


Figure 1. 
Proposed time sequence of the research activities associated with.the woody biomass production program
 



Table 1. Anticipated Woody Biomass Production Research Program Products
 

Product 

Bibliography of published information on biomass plantations in India and the 


surrounding region
 

A compendium listing the location, soil type, species, date of planting, density,

agronomic practices employed and yield for energy and soial forestry biomass
 
plantations throughout India
 

Mathematical models that predict biomass plantation production as 
a function 

of species, soil, climates density, intercrop, and agronomic practices and
 
factors for marginal and submarginal lands throughout India
 

Guidelines specifying desirable characteristics and agronomic practices for 

species, soils, and climates needed to insure high survival and rapid

initial growth of plants in woody biomass plantations
 

Guidelines specifying desirable timing, rates, and types of fertilization 

including intercrop plant species needed to insure long-term soil productivity
 
in woody biomass plantations
 

Guidelines specifying seed collection, seed storage, and plant propagation

procedures for important woody plant species
 

A compendium listing location, type and amount of animal, insect and disease damage,

and the agronomic, biological, and edaphic characteristics of energy and
 
social forestry biomass plantations throughout India
 

A document outlining an Integrated Pest Management research program forwoody-

biomass plantations in India
 

Guidelines specifying investment levels by species, soils, climate, and 

agronomic practices resulting in desirable rates of return in woody biomass
 
oroduction for plantations throughout India
 

Mathematical models that predict short-term, economic demand and supply curves 

for biomass as a function of energy costs, villiage social value systems,

and energy supplies in selected rural villiages in southern India
 

Year Completed
 
First
 

First
 

Third
 

Third
 

Third.
 

Third
 

Second
 

Second
 

Third
 

Third
 



9.0 BUDGET SUMMARY . 3 YEARS 

Project Coordination and Institutional 
Strengthening 

USAID 

$336,600 Rs 

G61 

3,9],500L 

National Botanical Research Institute 
Existing Plantation Assessments 
Field Trial Implementation 
Plantation Establishment Relationships 
Seed Procurement and Maintainence 
Nutrient Cycle Relationships 
Insect and Disease Impacts 
Economic and Social Assessments 

$109,800 
100,400 
201,500 
197,200 
25,300 
97,500 
23,100 

754,800 27,23,500 

Madurai-Kamaraj University 
Existing Plantation Assessments 
Field Trial Implementation 
Plantation Establishment Relationships
Seed'Procurement and Maintainence 
Nutrient Cycle Relationships 
Insect and Disease Impacts 
Economic and Social Assessments 

51,300 
104,000 
126,400 
56,300 
25,300 
56,300 
182,000 

601,600 25,51,500 

Total $1,693,000 Rs 56,66,500 



9.1 ProJect Coordination and Institutional Strengthening Budget
 

Personnel 

Statistician at NBRI
 

Consumables 


Equipment
 

National Travel/Consultants 

Annual workshops
 
Coordination/Collaboration
 

Foreign Travel/Training 


U.S. Specialists 

Biomass Production (15 months)
 

Subtotal 


Inflation (20%) 


Contingency 


Total 


1 Permanent.Scientist Position (Rs 2200/mo).
 

USAID/3 Years GOI 

$:8,900 Rs 80,000 Rs 

20,000
 

33'*.300 


22,200 


150,000" 


214,400 


42'900.. 


79,300 


$336,600 


3,00,000 1,50,000
 

2,00,000
 

13,50,000
 

" 19,30,000 2,70,000
 

3,86,000 54,000
 

7,13,000 67,500
 

Rs 30,29,000 Rs 3,91,500
 



9.2 National Botanical Research Institute Project Budgets 
-

9.2.1 	 Existing Plantation Assessments Budget 


Personnel 

I	 $ 7,800 


Computer Systems Analyst/Programmer


Consumables 


Equipment 
 50,000 

Large microcomputer- word/data processor
 

National Travel/Consultants 5,600 


Foreign Travel/Training 
 11,100 


U.S. Specialists 
 1OO00 

Information Scientist (1 month)

Biomass Production (see 9.1)


Subtotal 84,506 


Inflation (20%) 
 16,900-


Contingency (10%) 
 8,400 


Total 
 $109,800 


1 Permanent Scientist Position (Rs 1940/mo)
 

3 Years
 

USAID/3 Years GOI
 

Rs 70,000 Rs 1,30,000
 

50,000
 

4,50,000
 

50,000 25,000
 

1,00,000
 

90,000
 

7,60,000 205,000
 

1,52,000 41,000
 

76,000 20,500
 

Rs 9,88,000 Rs 2,66,500
 



USAID/3 Years GOI
9.2.2 Field TrialImplementation Budget 


I $ 5,600 Rs, 50,000 Rs 2,50,000Personnel 

Forest Slviculturist/Agronomist
 

2,200 20,000 20,000
Consumables 


19,500 1,75,000
Equipment 

Soil moisture meter and probes
 
Drying oven for plant materials
 
Boimb calorimeter
 
Root growth chamber
 

16,700 1,50,000 1,00,000National Travel/Consultants 

Foreign Travel/Training 33,300 3,00,000. 

U.S. Specialists
 
Biomass Production (see 9.1)
 

77,300 6,95,000 3,70,000
Subtotal 


15,400 1,39,000 74,000
Inflation (20%) 


7,700 69,500 37,000
Contingency (10%) 


$100,400 Rs 9,03,500 Rs 4,81,000
Total 


1 Permanent Scientist Position (Rs 1390/mo)
 



9.2.3 Plantation Establishment Relationships Budget USAID/3 Years GOI
 

Personnel 1 
Forest Silviculturist $ 7,800 Rs 70,000 Rs 2,50,000 

Consumables 
 2,200 20,000 20,000
 

Equipment
 
Delonizer 98,900 8,90,000
 
Growth chambers
 
Soil moisture meter and probes
 
Mist chamber
 

National Travel/Consultants 
 50,000
 

Foreign Travel/Training 11,100 1,00,000
 

U.S. Specialists 35,000 3,15,.
 
Reforestation (311/2 months)
 

Subtotal 
 155,000 13,95,000 3,20,000
 

Inflation (20%) 31,000 2,79,000 
 64,000
 

Contingency (10%) 
 15,500 1,39,500 32,000
 

Total 
 $201,500 Rs 18,13,500 Rs 4,16,000
 

1 Permanent Scientist Position (Rs 1940/mo)
 

,.
 



9.2.4 Seed Procurement and Maintainence Budget -USAID/3:Years GOT
 

Personnel 
 $ Rs. Rs 3,00,000 

Consumables 1,100 10,000 30,000
 

Equipment 
 94,500 8,50,000
 
Germinators
 
Small walk-in freezer
 
Moisture meter
 
Low-temperature incubators
 
Growth chamber
 
Photomicrography unit
 

National Travel/Consultants 30,000 
 2,70,000 1,00,000
 
Collaboration with NCL
 

Foreign Travel/Training 
 11,100 'OO,00
 

U.S. Specialists 
 15-000 1,35,000

Tree and Shrub Improvement (1 1/2 months)
 

Subtotal 
 151,700 13,65,000 4,30,000
 

Infl atioi-(20%) 
 30,300 2,73,000 86,000
 

Contingency (10%) 
 15,200 ',36,500 43,000
 

Total 
 $197,200 Rs 1,7,;74,500 Rs 5,59,000
 

'" .
 

S l 



9.2.5 Nutrient Cycle Relationships.Budget USAID/3 Years GOI 

Personnel 
Soil Scientist/Nutritionist" 

$ 5,600 Rs 50,000 Rs 2,500000 

Consumables 1,10 10,000 20,000 

Equipment 

National Travel/Consultants 1,700 15,000 30,000 

Foreign Travel/Training 11,100 :-1,100,00 '.0 

U.S. Specialists I 

Subtotal 19,500 1:,75,000 3,00,000 

Inflation (20%) 3,900 35,000 60,000 

Contingency (10%) . ,900 17,500 '30,000 

ot $25,300 Rs .- 2,27,500 Rs 3,90 

9.2.6 Insect and.Disease.Impacts Budget USAID/3,Years,- GOI 

Personnel . 2 , Rs 

.Forest Entomologist/Pathologist2 $ 5,600 Rs 50,000 Rs 1,50,000 

Consumables ".20,000 

Equipment 

National Travel/Consultants ii00) 1,I 00,000 1,00,000 

Foreigp. Travel/Training. 33,300 3,00,000 

U.S. Specialists . 25,000 2,25,000 

Insect and Disease (2 1/2 months) 

Subtotal 75,000 6,75,000 2,70,000 

Inflation (20%) 15,000 1,35,000 54,000 

Contingency (10%) 7,500 67,500 27,000 

Total $97,500 Rs 8,77,500 Rs 3,51,000 

1 Permanent Scientist Position (Rs 1390/mo) 

B Permanrent Scientit Position 1390/mo).,' : 



9.2.7 Economic and Social Assessments'Budget . USAID/3 Years GOI 

Personnel $ Rs Rs 1,40,000 

Consumabies 30,000 

Equipment-, 

National Travel/Consultants- 1,700 15,000 30,000 

Foreign Travel/Training . 11,100 ,00,000 

U.S. Specialists 5,000 45,000 

'"Resource Economist (1/2 month).* 

Subtotal_... 17,800 1,60,000 2,00,000 

Inflation (20%) " . :3,500 ' . 32,000 40,000 

ContingenCy (10%) 1,800 16,000 20,000 

Total . $23,100 Rs 2,08,000 Rs 2,60,000 

9.3 Madurai-Kamaraj University Project;Budgets - 3 Years 

9.3.1 	 Existing Plantation Assessments Budget •USAID/3 Years GOI 

Personnel . $ 7,800,: .Rs 79-000 Rt 90,000 
Forest Silviculturist1 $780 s 000 

Consumables '. 50,000 
'Equipment 30,000 1 270 O00 0 

Small microcomputer-word/data processor 

National Travel/Consultants . I,700 15,000 15,000 

Foreign Travel /Training 

U.S. Specialists
 
Biomass Production (see 9.1) 

Subtotal 39,500 3,55,000 1,55,000 

Inflation (20%) 	 7,900 71,000 31,000 

Contingency (10%) 3,900 35,500 15,500 
Total *-$51,300 Rs 

tale Se 4 61 SO Rs 2,01,500 

I 'Permanent Scientist Position (Rs 1940/wpo) 



9.3.2 Field Trial Implementation Budget USAID/3,Years GOT 

Personnel $ 5,600 Rs 50,000 Rs 2,001)000 

Agronomist 

Consumables 2,200 20,000 20,000 

Equipment - 22,200 2,00,000 
Field data recording 
Heterological 
Soil moisture meter and probes-,. 

- National Travel/Consultants, 16,700 1,50,000 1,00,000 

Foreign Travel/Training 33,300 3,00,000 

U.S. Specialists 
Biomass Production (see'9.1) ? 

Subtotal "80,000 7,20,000 3,20,000 

Inflation (20%), r '16,000 1,44,000 64,000 

Contingency (10%) 8,000 72,000 32,000 

Total $104,000 Rs 9,36,000 Rs 4,16,000 

1 Permanent Scientist Position (Rs 390/mo) 

• , =;de. 



9.3.3 Plantation Establishment Relationships Budget 

Personnel $ 7,800, 

Forest silviculturistI 

USAID/3 Years 

Rs, ; 70,000 

GOI 

Rs 2,50,000 

Consumables 2,200 20,000 20,000 

Equipment 
Growth chambers 
Soil moisture meter and probes 
Mist chamber 

61,200 ' 5,50,000 

National Travel/Consultants 50,000 

Foreign Travel/Training 11,160 00,000 

U.S. Specialists 
Reforestation ( 1/2 months) 

151000 1,35,000 

Subtotal 97,300 8,75,000 3,20,000 

Inflation (20%) lg,4001,75,000 64,000 

Contingency.(10%) 9,700 87,500 32,000 

Total $126,400. Rs- 11,37,500 Rs 4,16,000 

1 Permanent Scientist Position (Rs 1940/mo).-,", 



9.3.4. 	Seed Procurement and Maintainence Budget USAIO/3.Years GOI
 

Personnel 1 Rs
$ 7,800 70,000 Rs 1,40,000
..
........
Forest geneticist 


Consumables ,Ioo 10,000 10000.
 

Equipment 	 . , 

National Travel/Consultants 8,300 75,000 50,000 

Foreign Travel/Training 11.,100 1,00,000 

U.S.- Specialists 15',000 1,35,000 
Tree and Shrub Improvement (V.1/2 months)
 

Subtotal 43,300 3,90,000 2,00,000
 

Inflation (20%) 8,700 78,000 40,000
 

Contingency (10%). 4,300' 39,000 20,000
 

Total 	 $56,300 Rs 5,07,000 Rs 2,60,000
 

9.3.5 	Nutrient Cycle Relationships Budget "USAID/3 Years GOI
 

Personnel 2* $5,600 Rs 50,000 Rs 3,00,000

SoilScientist/Nutritionist2 

Consumables 1 100 o0,000"20,00 

Equipment
 

National Travel/Consultants 5,700 30,000
15,000 .-

Foreign Travel/Training .10 o 11,00,000ll,l00, 


U.S. Specialists'
 

Subtotal 19,500 1,75,000 3,50,000
 

Inflation (20%) .3900 35,000 70,000
 

Contingency (10%) - 1,900 17,500 35,000
 

Total . $25,300 Rs 2,27,500 Rs 4,55,000
 

1 PeIarent Scientist Position (Rs 1940/mo)
 

2 Permanent Scientist Position (R.s 1390/mo)
 



9.3.6 Insect and DiseaseImpacts Budget USAID/3 Years GOI 

Personnel 
Forest Entomologist/Pathologist 

$5,600 Rs 50,000 Rs 1,00,000 

Consumables 1O,O00 

Equ' pment 

National Travel/Consultants 16,600 , ..1.,50,000 1,00,000 

Foreign Travel/Training iiOO "1,00,000 

U.S. Specialists 
Insect and Disease (1 month) 10,00 

90,06 
90,000 

Subtotal 43,300 3,90,000 2,10,000 

Inflation (20%) 8,700 78,000 42,000 

Contingency 10%) 4,300 39,000 21,000 

Total $56,300 RS 5,07,000 Rs 2,73,000 

1 Permanent Scientist Positjon"(Rs 1390/mo) 

L41'



ZIA;
 

9.3.7 Economic and Social Assessments Budget USAID/3 Years GOI 

Personnel $ 44,400 
Temporary economic research scientists 
Temporary sociological research scientists 

2,00,000 
2,00,000 

Rs 4,00,000 Bs3,00,0O 

Consumables 
Econ 
Soco 

12,200 
50,000 
60,000 

1,10,000 60,00( 

Equipment 
Econ 

,Data analysis 
Soco 

Data analysis 
Data recorders 
Camera 

5,600 
10,000 

40,000 

50,000 

National Travel/Consultants 
Econ 
Soco 

5,6001 
25,000 
25,000 

50,000 

, 

40,OOC 

-

Foreign Travel/Training
Econ 
Soco 

22,200 
1,00,000 
1,00,000 

2,00,000, 

U.S. Specialists 
Resource Economist (2 1/2 months) 
Rural Sociologist (2 1/2 months) 

50,000 4,50,000 

Subtotal-, 140,000 .12,60,000 4,00,000 

Inflati9n (20%) 28,000 '2,52,000 80,000 

'Contingency (10%) 14,000 1,26,000 40,000 

Total $182,000 Rs 16,38,000 Rs5,30,00 
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BICMASS fl'IkARCE!C :m'
ATi
 

NATIONAL BOTANICAL RESEPJC! I ,, J'JTE 

In the developing ccantri.e:; of t' world, an 

energy crisis, Ataz mOre ser.oun than h-i one a.-:sociated 

with uncertainty in price rnd. suppl.y :,curity of 

petroleum, is indicated in the foreseeable. future. The 

evidence is overwhelming that with the increase in 

population, the pressure on :;Lpplio.ri of ncn.-commercial 

fuels as wood, dunr, and straw in "fer nce to more 

experinsivo keros'ne oil '.s steadily mountlng. It is not 

widely apprec.a'ad ;ha-h wood i:; an ia tant energy 

source and /;7':; of "'he woet( w%,od b'-.vv..:;L J.:.. burndd for 

cooking, drying ond he-ath . k:.;vuloping countriez 

wood fires i.'e a i;eci.-;s:*.1;Y I' ba:;Kz co-1ing, smnoking and 

drying proceszA1, It ha:. .t .L..::2c that in the non.-

OPEC developj.g-:Clo C,.;c "3i. -i1'.fuels as wood, 

durg and crop -.. dL e" , to W per cent 

of. their total erl u. & .2 .v of duntgr 	 y . u .. ,.c:, end 

c:"')a resduc; . use J .. it. s :uld to a 

wd.taly declino in aricu2 ,:L , o'vv ty and ::carcity 

of f'r:;rv'ood hI.zs given 1"*., - .o iIs.. :,t-c:2.leA ' scond
pc".,, cris~. ' * n £az , .... " .." .rCi--ewoodu....... 	 has reached
 

.'4I~oa !i& '.n , p,.t c- "uL Asia, Africa, 

C 1.';r . A1 cac:i "d the .' , .... led to increas

..j:(, u ,vi to o':v a,.d poverty..,,. 	 .. dnag 't;:iv; a'n r'ur'i.? 
, Cp" -J ; ,,.' , .. ,, Fuelj from 

M_in:)	 :-. th; traditional 

,o cOr,;Ic-'1 .3 U l .' ,a ,.'...o"U:, , .,I tia.Ls as fuuls 

Best Available Document
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is not a very remote prosp.!ct and Will play an i'portant 
role in the energy-supply picture of the developing 
countries.' 

BIOMASS PLANTATIONS 

The plant aterial presents a vast sipply of 
ready energy which J.s renewablu and has a low content 
of pollutants., Me plant enurgy may be re].eased by 
burning it directly or plant bi.omass may be converted 
into potential fuels such as methane, rthanol, or 
liquid fuels. Plant material as-a source of energy is 
available as crop residue, native vegetation on ncn
farm lands and as special crops- the so-called energy 
farms. Serious thought is being given in some Corlties 
to the concept of silviculture bioma:;s 'farm.,which 
includes planting of fast-growiing specu, harvesting 
them on short rotations of 2-4 yeals and i"egercrating 
them from remaining :;tem.-. That such hiomass Ilanta

tions could provide a sustnirid yield of wood for 
energy purpose in" solected are,,as ha,; been suge:c'ted as 
an appropriate. technology to Meet i-,, upcoming, energy 
crisis in the dl,.vuloplng countries. A roce'.t Dutch 
:tudy of the cost of refore:tation ; ,,!,fuulwood produc
tion of Sahel region where scarcity of firewood has 
r'eached crisis proportions, hat. shown k]at establi.hing 
fir,ewood plInt:tions is an economicclly feasible propo
sition for increasing supply of fi.uwood. t is 
recognised that even i:." biomass systms may not provide 
a sig.nifican*t amount of energy in a 1,iven country in t'e 
ful"i'e, the long term benefits to agriculture, forestry 
nnd land use would be considerable as the energy 



plantations once established would help controlling soil 

erosion, improving water balaace and even supplementing 
the traditional agriculture. 

USE OF MARGINAL LANDS FOR IIOMASS PLANTATIONS 

It has been suggested tlat 'biomass plantations' 

could be raised on marginal or, unCul.tivated lands in 

some countries as the use of arable land for non-food 

purpose would come in conflict withi food priority.
 

Further if large amounts of fertilizers are needed to
 

produce biomass in sufficiently larlge quantities to make 
it useful as a source of energy, lhc, the prospect will 

not find acceptance. That may put a sericus limitation 

to the establishment of energy firn:.; in te developing 
countries which need massive inputs of fertili;-ers, for 

increasing agricultural productivity to meet the needs 
of expanding population. 

In .Ijiia, saline and alk;ali soils occupy nearly 
7 million hectares of land. Thosu soils are u:.;cless for 
traditional cereal and grain crop atgciculLure because of 
Lhe presence of soluble salts and sodium in excessive 
cotc-ntrations. Current information irndicatus that such 
Dr,,ds,if properly managed, could be ut.;od for, paising 

CC:.fCE (C' IvL;]'D STECIES FORI rENFtGY PLANTATIONS ON 
IR 

St'- 0i t L tree r,'ec.!3 'iath hig) pot ritial of 

'i '1 vr - ' J.r' (siaLne -id alkuli) :;oils have been 
I.c t... o ra,'sr.. J()'L11IUn ted c :Sues of 

tamelioz ative t'ffect of saae tolera;,t :;pecies exist fr(, 

i~
 
U
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saline and alkali soils and eroded areas. In some
 
countries nitrogen-fixing trees and have
shrubs tshown 
promise for use in short rotations and on marginal lands. 
For pxample, in West Africa, the soil.:, under Accia
 
albic are richer by 25-100 p)eor cent in organi.c matter
 
and nitrogen, a. well as exch:mguable calcium and total
 
exchangeable bases. It 
 has b.c!n e-tim:ktud that Ute
 
annual return of nutrients to tho :o.l in A. a. L/a
 
litter (maximum stand density i44 trues/ecotare) is 

'187 kg. nitrogen, 9 kg. P205, 91 kg. K20, 311 kg. CaO 
and 69 kg. MgO. In India, Prosonis ]:1Lflflora growing ol 
sodic soils is reported to reduce soil pH and enhance
 
growth of crops near it.
(rowing A porenial legmme 
that has attracted considerablo attent.ion in recent 
years is Leucaena leucocenhala due to is )high yield 

of dhy matter (9.5 - 24.7- 1/ha/year). 

The recent upsurge of interest in the use of
 
woody perennials 
 that are capable of fixing atmospheric
 
nitrogen is due, to 
 the fact that fore:t soils and agri
cultural lands' inl 
 the tropics are deficient in nitrogen.
 
Recognizing the to
need Inm-c a.;e prooduc.tivity of the
 
soil, application of nitrogen in the formn 
 of urea, 
nitrate or amjnonic .ls steachly .tncreu:irig. .'ax'te:s in 
the developing countries are preently invuesting about 
5 billion (ollars each yULar" to buy CUM-1cX;Ai. nitl.ogen 
fertilizers and that to provide adR:)ci, 'ood to the 
people, the developing countries all. need *1k) million 
metric tonrio of fertil.z t; !t an est.iatmed -osL of 
25 bi.lion dollar's per anui; by 2000 ,D. heaent
 
ricr .s in tlh, cost of these f.i't.L!rs with the
 
pr.cc of natural gas and petroloum, which are u:sed 
VXter.,;:Lwnly i, fertilizer :mulufact:ci e, have put them 
uu:L .f the reach of farmers of average mons. It is 



evident then that the preferential use of arable land 
and limited supply of nitrQ:;: n fertilizers for food 

would restrict the 'biomav plantations! tol marginal 

lands and use of nitrogun-f'ixinu plant,; as a way of 

meeting the increased demand f -.c wood in rural India. 
However to accelerate th, piuducti tn of substantial 

amounts of biomass i. "; r', t.;, i;1in U ions,shot p] ai 

application of ferti.i;iers may well pr"ove an economi
cally efficient cultural p'act-ice. It will be a 
necessity for margin;-tl .inns: which are ]rnovn to be 
deficient in nitrogen :nd *phonphors. Fertilization 
requirements of -the species; s,:iocted for (!valuation of. 
their bloaiass productivity aro not Innow~ and "hUat 
extensive study will bu needed to determine the extent 
of response to fertilizers in terms of hiomass producti

vity of young closely- planted -tands. Such a study 
will involve detailed soil as aln;o leaf analysis to 
identify nutrient deficilncie- and monitor nutritional 
status of trees in rela;tion to biomass productivity. 

Alcohl' Production from :snec.i fic crops 

Ile possibility of producing alcohol from some 
crops hos been shown in souc citeriur, In Australia, 

6assava (Manihot) Napier g.a:s (Parnnii and 
,.ugnrcane hav (. been . cetd as the mo:st desirable 
crops for" producing bj.i:mi;,sz3 "1:; i :;Ourt of fuel. 

Bra':il h-s plUhned an Lmbticu:; pvoLgrmme for production 
of a-lcoho-' from , sor'h am, ca:.;sava and othereugarca:i. 

rot)s. Tjr.iI.L planting; of :mgi.r bo.et" nd tapioca at
 

aRearch Station 1"v(e ::homnl fairly high
 

adni'tio,' "otent.Lal of tfhs,.;c., crop.; to lu ar' soils. 

and rca owuld la ontddoi'ed f)r biomnas productiun 
and In-ocesing into fes 



From the foregoing it can be seen that although 
the need for raising biomasi plantations is becoming 
increasingly imperative in view of the fast approaching 
ener&,y crisis and the plants that hold promise at; 
potential source of ener&y have/ drenrified, their 
potential for bioma,:; production undler varying soil 
and climatic conditlon:; and resuns!:.s to various 
agronomic practices has not beon :;tudied. This serves 
to emphasize the need to set up a few BIOMASS REARC i 
CENTRES in the country. 

BIOMASS RESEARCH CMNI'E AT N13RI 

'The National Botanical Research Instibute, 
Lucknow has,over th6 years,made a comprehensive study 
of the potential use of 'usar' soils at Bant1ra 
Research Station for growing various plant species not 
only for the purpose o.f fuel but also for food,timber 
and fibre'". ThAe Institute has demonstrated that it is 
indeed possible to utilize th! r;ubstandard soils for 
plan'ting to alkali-tolerant species and that litter 
deposition and decomposition ccan change the exchange 
capacity of the soil thereby rendering'the soil suitable 
for less tolerant species. By u;ing special management 
techniques to reduce alkalinity, it has been possible 
to raise a man-made forest over an arpa of I hectare 
which is now a cot.pllte (.'osystemn having changed aticrc'. 
metereologLy helped in improving and conserving soil, 
water balance and enviroinment. 
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This research work wiich was evolved in response 
to the need for utiliza-tion of alkali soils at Bathra 

Research Station of the Institute has produced basic 

scientific contribution in the fields of soil fertility, 

ecology, physiological responses of plants to soil 

alkalinity, etc. 

Existing facilities at NBRI
 

NBRI is one of tht? constituent national labora

tories and institutes of CSIR. Its main laboratory
 

complex located at Lucknow includes well-equipped
 

laboratories with a wide range of sophisticated scienti

fic instruments, a voluminous librur* _r and a modern 

auditorium. The Institute has first rate scientific 

expertise for advanced 1l & D worlk in th, fields of 

plant ecology, physiology, cytogenetics and plant 

breeding, plant and soil chumistry, etc. It has a 

field research station int BanUwn, a village 22 ijL from 

Lucknow *on Lucknow-Kanpur Hational Highway, covering an 

area of 85 hectares of substandard soil. Situated as 

the research station is in a rural area, it can avail 

itself of the land, labour and equipment resources that 

may be offered by the fai'nnrs for estublishing fuelwood 

plantations on lusar' land. In fact a few farners have 

shown interest in this part of the programmei 

Site for Biomass Research Centre 

Te Biomass Research Centre is proposed to be 

dstablished at Bant-ra R:iso.arch Station of the Insti

tdtb, hei a lO-hectare piece of land has been 

?£X
 



earmarked for raising energy plantations. Tie site is 

located on the roadside on Lucknow-.IYanpur Road and ir, 

easily appvochable. Irrigation .ater supply is assured 

a'.' the area selected has two tubeuic].1 s. 

COORDINATION VrI SOCIAL FORESTRY .'FnThlqW T 

As the main concern of the -rrpo:d research 

centre, is to'evaluate the bioma:;s production potential 

'of fordst tree 'species, the NRI o the need 

for an intimate involvement of the Sta.te Social 

Forestny Department which is engag d in raising energy 

plantations of some selected speclos on marginal lands 

in Lucknow and Pratapgarh. Thi: .,ork L.::being done 

enthusiastically by the Social For,:):try Department but 

without the support of an orgin..z;:7 rc:;carch ef.fort. 

Making use of these plantati(,ri:;, H'It' c,u?.d ic:espn 

useful field trials to.ndLrdI::,: ;'tro-technique. to 

overcome cons;traints genorLll.y evir,,nt:ored in raising 

energy plantations on 'usa" laind. Col].Iboration 

with the Social Forestry De|parTnt.rhould be useful 

in effective impleinenta,,non of 1:h, e;,:Aon programme 

as also preparing plantation designs. 

OI3ECTIVES OF'WE IOMASS* RESEV/fl";' 0Ci.N'iRE AT NJ3RI 

I * 	 To assess biomass rPo('oc!tio) potential 'of 

plant species of prov.n.dptability to 

soil alkalinity as al. of other species 

which may qualify an p'c~nmiing candJidate,3; 

identification uid multiplication of 

elite clones. 
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2. To identify and standarc'ise agro-techniques 

including cropping patterns, rotation 

lengths, fertilizer responses, etc., to 

secure maximal hiom: : yiol!.d; 

3, To undertake studies o1 nutrient 	cycling 

economy ofof selected species -andnitrogen 

selected legumes; 

To assess the biomass production potential
4. 


of selected crop plants and conversion of
 

their biomass into alcohol;
 

5. To determine the economics of short

rotation biomass plantations; 

manage6. 	To disseminate knowledge concerning 

ment of firewood plantations in rural areas. 

DURATION OF 'MIE PROJECT 

i. Research on identification of tolerant 

species, combination.; uf tcee and shrub 

species for maximal yield of biomass, 

efficient .use of furtilizers,. nitrogen 

economy, determination ;i*energy values,, 

etc., will take 5 year's, 

Lone term ecological management of waste 

lands for energy crops, evolving a system 

'ofb. il lnanagumont, etc., will tike more 
thali 5 years and nay coiLtinue for 10 years. 
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Technical Programne 

ENERGY PLANTATIONS
 

Agronomic Aspec ts
 

First Year i. 	Establi.shing enerjy plantations of 

the tree species of proven adaptabi
lity to nodic oi:! pairticularly of 

- the-genera Acacia, A .bizi-, T'rImninali, 

* 	 Dalbergia, Ptro.:;or is, Moij.iji and soinu 

quick growing ;hrubs ,e,;ban.la n.
floja , Lu-cmii ., le:icoccnh;tla both as 
single plant on:; ;,,nd in ti.rspace:3 

between trees to obtain long term and 

shox, tur'za hii'v. tai i. Plan.ing 

species Which may qualif.t rs promising 
candidates (Aianthus excelsa, ajt; 

ran aiferA, etc.) 

Area to be planted ..... 10 ha 
(over 2.years) 

ii. Soil water relations including 

" 	 hydraulic conductivity "of the sites 

solcted for energy pldntations. 
ii. Eva.unton of: r: :ponsY to herbicides 

(if necessary), -ind planting density 
in terms of b.iomnrss productivity. 

SecohdlYeai' i, 	 Evaluation of ru-sponse to difforen

* 	 tial application of N-P-K fertilizers 
and planting techniques. 

http:e,;ban.la


ii. 	 Evaluation of response to varying 

degrees of soil sodicity. 

Third Year i. 	Evaluation of response to differen

tial application of N-P-K fertilizer 

(contd.). 

ii. 	 Evaluation of soil moisture status
 

as supplemented by irrigation and
 

contribution from subsoil water 

from 	sapling to the stage of tree
 

e stabli shment. 

Fourth Year i. 	 Biomass productivity of different 

spociesjas influences by stapd 

density, fertilization and planting 

techniques (contd.). 

Fifth 'Yer! ,i. 	Biomass production at different 
rotation lengths- appraisal of the 

data. 

ii, 	 Economics of the short-rotation.
 

energy plantntions. 

EcologicalAspects 

Flrit Year i. 	Establishment of energy plantations 

comprising 2000 saplings of the 

salected tree species as also of 

botentially prc~r.isiArg species. 



- 12 -

ii. 

iii, 

Growth behaviour in relation to 
factors suchas solar intensity, 

photopcridlisn, eta. 

Biomass productivity estimations 

varying internIvn. 

at 

Second Year i. 

iii. 

Growth and energy status as influenced 

by soil haterogonity. 

Cycling of nutrients in relation to 

biomass production. 

iii. 

iv. 

Establishing a plantation of 300 
saplings of a selectud single tree 

species. 

Bioinas' productivity estimations 

(contd.). 

'iird Year i. "Compartmental transfer of energy 

ii. Energy conserving 

vegetation. 

efficiency of 

iii. Energy budget of various ecosystems 

iv. Biomass productivity estimations 

(contd.), 

Fourth Year i. 

ii. 

Primary, gross and pet production 
of various ecosystems. 

Biomass productivity estimations 

(contd,). 

Fifftl Year i. Fat anid protein 

plant parti. 

contents pf various 



-13

ii, 	Economics of energy plantations
 

iii. Biomass budget. 

Nutritional Aspects 

First Year i. 	 Examination of the soil profiles of 

the sites selected for bionass 

plantations. 

ii. 	To determine the limits of alkali 

tolerance of sugar beet and Napier 

grass. 

*iii. 	 To evaluate the ameliorative effect of 

canopy covers of various tree species 

orf pl-1, conductivity, organic matter 

content and exchangeable base stutus 

of the soil. 

. determine seasonal variations inA*iv. To 
the nutrient concentration:i of various 

plant parts and nutritional status of 
tree 	species in relation to standing
 

biomass. 

Second Year i. 	 To determine the limits of alkali 

tolerance of tree sppcies- Dalbergia, 

Albizia, Tcrminalin and crop plants 
for alcohol production- sweet sorghum 

and cassava.
 



*iij Seasonal variation in the nutrient 

cont,,nts of the soll under different 

canopy covers.
 

iii. Seasonal variations in the nutrient 

concentrations of various plant 

parts.
 

Third Year i. Seasonal variations in the nutrient 

. contents of the soil under different
 

canopy covers. 

ii. 	 Nutrient cycling in energy plantations 

raised at Banthra Research Station. 

, iii. Al kali tolerance of Leucena leucoceo

hala 	in termsof biomass producvity.
 

iv. 	Nitrogen economy of selected 

perennial legumes. 

Pourth Year 
PiTf e r Studies initiated in Wie third 

year will be cont2nu6d, 

(t to be carried out in the plantations of the State 
Forest Department). 
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Technical Programme (contd. 

CROPS FOR ALCOHOL 

"Biomass Production
 

First Year i. Evaluation of cultivars of sorghum, 

sweet sorghum, sugar beet, cassava 

and Napier grass for their biomass 

production on woils of mineral 

I - stress. 

Second Year Identification and standardization of 
THird Year cultural practices for increasing bio

* 	 mass production of promising cultivars

competition control, planting distances, 

fertilization, irrigation. 

Fourth Year Large scale plantations of selected 
Fifth Year cultivars of proven adaptability; to 

• determine thio cost of production. 

Biomass conversion into alcolol
 

First Year 	 Selection of suitable microorganism:; 
for conversion of starch-sugar

alcohol. The fermentation of alcohol 

may be single stage oi- two stage 

fermentation. 

Second Year 	 Evaluation of convers.on into alcohol, 

deternination of parameters for 

optimum production. iat ural selection/ 
induced mutati.ons for producing strain. 

with groatux' to].ezrance 'to alcohol 
concontrati on. 

http:convers.on


Third Year ;;-Continuous cultivati in tochniquo o' 

batch cultuir" lx.chniqu.- for thC. produc

tion of alcohol eitho-r" ot atnospheric 
presure or' r'oduc(A i)res:ure. Engineer
ing design and costingi of the process 
with a vie,.i to affect n'rducti.ori in 

onergy requi'en entl rir the production 
of alcohol. 

Evaluation of rusidue on -Lillage as 
animal feed oi, any other' purpose. 

Technical Programme 

Exten si on 

This programme is proposed to be carried out in 

collaboration with Social Forestry Department of the 

State Gover-nent, and will be talen up In the second 

year. 

i. 	 Demonstrating the agrotechniquos used in raising 

short-rotation firewcod plaivT.atlons on marginal 

lands and' propagating Ilia concept of fuelwood 
forestsu-nongst the villnge'rr. 

ii. 	 Assisting the pro-spective f£,rm'.:r; in untabl.ishing 

firewood plantations by providing them with seed

lings of tree species fotuid suitable, for the 

purpose. 

-. risseminating knowledge generated by theiii. 	 the 
pioo ct aiongst the rural people thcup) 

publications, popular lectures, etc. 

iv. 	 Maintaining a nursery for multiplication and
 

distribution of seedlings to the prospective
 

fanners.
 

Tntroduction
 

Identification and multiplication of elite
 

clones.
 

Best Available Documelit
 



RE5EARCII TERMS 

The research tezzms will consist of the following
 

scientists.
 

National Botanical Research Institato 

1. Dr. S.D. XhanduJa (Principal investigator) 

. Shri.V, Chandra 

3. Shri G.S. Srivastava 

4. Shri P.N. Misra
 

5. Shri V.K. Garg 

6. Dr. S.C. Vorma 

on tr DruR Re search- Institute 

1. Dr. V.C. Vora 
2. Dr. S.K.' Basu 

3. Shri A.W. (han 
4. Dr'. M.C. Bhatia 

UP Social Fore stryDirectorate 

1. Shri K.M. Tewari, Director, Social Forestry 
2. Assistant Director, Territorial Division
 
3. Range Officer, Territorial Range.
 

STAFF REQUIREMENT 

bCs-aomic
 

Research Associateb 4 Agronomy, Ecology, Plant 
and Soil Analy;sis, Statistics 

Senior Resenrch 2 DiionaNS proces:sing into 
Fellows alcohol 
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Junior Research.,, 
Associates 

2 Agronomy (crops 
Genetics. 

for alcohol) 

Junior Research 
.Fellows 

Plant and Soil Analysis,
B-cology, Agronomy. 

Field/Laboratory 
Technicians 

9 Ecology, Agr'onomny, Alcohol 
crops, Proces;sing, Soil and 
Plant Analysis, Statistics, 
Extension & Economics. 

Other Personnels
 
(Tractor Driver)
 

RESEARC11 RESPONSIBILI TIES BREAK-UP 

A EnerKplanttiors 
 ""
 

i. Preparation of sito, planting Shri P.N. Misra
designs, establishing planta- (NBRI)

tions, fertilizer responses,

9p:imunm length of rotation,
 
economics of plantations.
 

ii, Biomn"'.s productivity eztimn-
 Dr. S.C. Verma
 
tions, energy budget of various (NBRI)ecosystems, prirnary, g/ro:s. and
 
net production, bioma:ssr budgt

and economics.
 

ii1. 	 Soil profile examination, Shri V,K. Garg

limits of alkali tolerzce,of (-113RI)
variout species, nutribrit
 
content; of the :ioil, nitro-en 
economy of selictod lugurc.. 

iv. Monitoring fei'tili..or rezipon- Dr. S.D. I(handujases by analysis of plinI; pairts; (MIRI)

nutritional 
 statuw; in ri.lar:ion 
to biomass, etc.
 

v. Introduction of potential y Shri G.S. Srivastava

promiing strains of various (DIBRI)

tree species, Idontifiirti on
 
and multiplication of o.ite
 
clones.
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B' Crops for alcohol 

vi. 	 Standardisation of cultural 
practices for increa:sing
biornass production of 
selected crops- sugar beet,
sweet 	 snox'huln, Cas'Vzrva
Napier g'a;ss. 

vii. 	 Biomass conversion into 
alcohol, selection of suitable 
microorganims, determinati on 
of parameters for optimum 
production, etc. 

C. Extension 

Evaluation of the research 
results of the project;
standing biomass studies in 
existing plantations; to 
coordinate with NB3RI in 
disseninating the re -estrch 
findings, propagating tie,
concep't of fuelwood 
plantations in rural areas. 

Shri V. Chandra 
(NBI) 

Dr. V.C. Vora and
 
associates
 
(CDRI)
 

Shri KI. Tewari,
 
Director,
 
Social Forestry,
 
UP, and Staff.
 

(The association of Dr. S.C. Srivustava, Project
Coordinator (S), Indian Institute of Sugarcane 
Research, Lucknow, will be duly acknowledged) 
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BUDGET (Ps. in lakhs) 

Staff (Academic) Years 

4 Research Associates 0.600 0.600 0.600 0.600 0.600 3.000 
(Po. 1000-15000) 

2 Senior Research 0.192 0.192 0.192 - - 0.576 
Fellows (I. 800) 

2 Junior Research 0.168 0.168 0.168 0.168 0.168 0.84C 
Associates (Ps. 700) 

4 Junior Research 0.192 0.192 0.240 0.240 0.240 ,.1.104 
Fellows 
O(. 400 2 years 
Rs.500 3 years) 

9 Laboratory/Field .0.378 0,.78 0.378 0.378 0.378 1.8ri0 
Technicians 
(N.350 fixed) . 

Other Personnel 

I Tractor Driver
(rs. 260-400) " 

0.058 0.059 0.060 
- ----

0.061 0.062 0.300 

., 1.588 1.589 1.6Y, 1.447 1.448 7.710 

Travel 0.101 0.150 0.1:0 '.I50 0.150 0.750 

Best Available Docur ent
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e .tureNon-recurrXn&c 

1.500.Tractor with 

implements
 

2.000
*Scientific 

equipment
 

0.600
Establishing energy 

Plantations at
 
Banthra.
 

Plant sheds 2.000 


Contingencies 
(Offic.e furniture, 0.600 
accessories, .. 
communication 
services, etc.) 6.700 

R currin&..penditure 

Expandable apparatus, 0.200 

chemicals, etc. 

Casual labour. 
(field, secretarial 0.800 
assistance, data 
processing, etc.) 

Transport 0,100 


0.300Contingencies

' (Bioconversion .0.200 

others) 


1.600. 


-

2.000 


0.400 


1.500 

-

3.900 


0.200 


0.00 

0.100 


0.300 

0.200 

i.600 

-

-

, . 

_ 


0.200 


0.800 

0.100 


0.300 
0.2G0 

1.600 


--

-

. ...

_ 


... 
. . 

_ 

0.200 0.200 


0.8000.800 

0.100 0.100 


--

0.200 0.200 

1.3001.300 


Totel
 

1.500
 

4.000
 

1.000
 

3.500 

0.600 

.0.600
 

1.000
 

4.000
 

0.500
 

0.900
 
1.000 

7.400
 



A-WISE BREAK-U P 
Head -
 . .
 Total 

Salaries 1.580 1.589 1.630 1.447 1.448 7.710 

Travel 0.150 0.150 0.i50 0.150 0.150 0,750 

Non
recurring 6.700 3.900 .. .. 10.600 

Recurring 1.600 1.600 1.600 1.300 1.300 7,400 

GRAND TOTAL 
10.038 7.239 3.388 
 2.897 
 2.898 26.460
 

SCIENTIFIC EQUIPMENT
 

1. KJeltech System II I autoanalyser 
2. Digital Flamw Photometer 
3. Digital conductivity muter 
§. Oxygen bomb caloriimetor 
5. Sunhl.ne recorder
 
6. Solar meter 
7. Leaf area xecorder
 
8. •Scales, Incubators, etc. 

lest AvCzjj1c.BI
 

http:Sunhl.ne


APPENDIX B 

OODY.' BIOIASS PRODU .OL YST,4 

ON SUB-SZr/ARD SOILS 

I .,Rough drafts.
 



PROJEOTs WOODY DIOMA88 ± :1DUT[UJL''iIib ui, 
SU3-STAIDAD) S"OITS 

Problems and its Significance
 

In the developing countries of the world, an energy 

crisis, far more serious than the one asoocited with
 

uncertainty in price and supply of petroleum, is indicated in
 

the forseeable future. It is often not appreciated that
 

fuelwood is the fourth largest energy resource after petroleum,
 

coal and natural gas! and close to half the world population 

-depends upon firewood.'for cooking and heating. About 100 million
 

_people in the developing countries are estimated to live in
 

areas where there is an acute shortage of firewood and another
 

I ,000 million meet their firewood requiremonto by cutting forest 

trees far in excess of suatainable yields through natural 

regeneration. 7. hau been estimtuted that 10 to 15'million 

hectares of forest area is bein oxploiLed every year to meet 

the fuelwood requtrements in the devu].oping countries. 

Approximately,. 930 million cubic metres of wood, 600 tonnes of 

animal wastes and crop residues are burnt in the developing
 

countries every year. The so-called "second one. y crisis",
 

associated with the scarcity of firewood, hMs led to increasing
 

dopletion of tree resources, reaulLin{ In frequent devastating 

floods, shortage of watol in rivera durLng's unmer and. increased 

diversion .of dry animal dung and agriculture crop residues for 

burning, depriving the soil of valuable nutrient elements. 

Considering the present trend of population growth, over 50 

million hectares of fuel wocd would have to be planted in the 

developing countries by the year 2000 to moot tho projected
 

demand for cooklhg food. 
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Fuel Wood Problem in India
 

A study of the pattern of energy ue in rural India shows
 

energy requlrer nts tir inut from traditLonal
that 810% of tfie 


sources, inoluding: wood, cowdunt, atud crop resiliV. The
 

country is azound 256
 current consumption of fuelwood in the 

UILwhich 

:million cubic metresis estimated to rise to 3001cubic metres
 

by 1990. In large parts of India, at least one member of
 

every poor family is engaged in.collecting firewood for the
 

The problem of scarcity
family for 230 to 300 days an year. 


of firewood.has been aggravated by escalation in the prices of.
 

conventional fuel and ri3e in the demand for traditional fuel.
 

Deforestation to meet the increasing demand for "wood has
 

brought in its wake orbsion of soil. It is estimated that
 

to the
nearly 6 million tonneseaoil nutrients are being swept 


sea alongwith the top soil. It is suggested that India may be
 

able to produce enough food in the yearn to come but will have
 

virtually no firewood available for cooking it in le'ss than 20
 

The need for raising fuelwood plantations has,
years. 


therefore, become imperative more than ever before.
 

Consequently, it has been suggootod to augnaent the
 

supply or firewood by raising firewood plantations on
 

the use'of arable land for
uncultivatod substandard lands as 


non-food purpose would come in conflict with food priority.
 

But, large-scale use of fertilizers to produce fuel in
 

sufficientl.y large qj.antities to be used as a source of energy,
 

wi).1 also make tM2 proposition unacceptable.
 

In India; salino and alkali soils account for nearly
 

These soils are useless for
7 million hectai d of land. 


agriculture bec.Uee of the pr-senco of soluble salts and sodium
 

in excesisiVe concentrations. Bt', such lands, if properly/
 

bd protittbly used for raising energy plantations.
Oa~d l 'd 

1.
 



3
 

ObJ ective
 

The proposed project on Woody Biomass Production aims 
at
 

evaluation of certain selected trees and shrubs for 
their
 

biomass production potential; standardiiation of agro-tochniques
 

for management of hidi density, short-rotation biomass plantation 

on soud economic lines, including rnpid multiplication 
of elite 

clones; study of nutrient cycling; cropping pattern; fertilizer 

input output; identification of posts and 
responses; energy and 

diseases and development of control measures, etc.
 

Organization
 

The proposed project will be managed throu h DST/CSIR,
 

Government of India, by the Director, National Botanical
 

Research Institute, Lucknow, in collaboration 
with the Chief
 

Forestry, U.P., who
 Conservatiu of Forests/Director of Social 


will be assisted by a Project Co-ordinator and 
Project
 

Associates, as per the following list:
 

I. 	Dr. To1. Khoshoo, Director,
 
National Botanical Research Institute, Lucknow
 

2. 	Projectu Co-ordinator
 

3. 	 Project Associates 

4. 	 Conservator of Forest - Raseurch & Development, 

U.P.
 

5. 	 AdmIlistrative Officor, lational. Botanical
 
Research Institute, Lucknow
 

6. 	Finance & Accounts Officer, ;iational Botanical 
Research Institute, Lucknow 

ersonnel : Enclosed 
Nidget : Encloeod 

Uration 1 5 years. Take-off period - 6 months 
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i3RI 'n Contribution
 
of nonthe exploitationThe INBRI, engaged as it in in 

traditional/undorutilized economic 
pianto rnd utilization of 

has already been rjcivzed of this problem and 
substandard coils, 


has an on-going R&D programme for biomios/onorey plants, which
 

The
 
has beenin operation ,for the last 

about two years. 

engaged in R&D work on the so-called Institute has been actively 

!'crops ofithe future', such as,,woody 
biomass plantations, 

protein-rich algae,
 
petro-crops, lubricant crops, rubber 

crops, 


and large-scale experimental plantations 
hve already been
 

etc., 


Sophiuticatud instrumentation
 raised on substandard soils. 


facilities, such as, Scanning Electron 
l icroacope, Atomic
 

Absorption Spectrophotomot.r, Amino-%cid 
Analyser.. Densilometer,
 

have been created
 
UV Spectrophotometer, G.L.C., Cold 

Room, etc., 


speedy execution of the programme. 
In view of the
 

to assiat the 


form of
 
excellent multi-diociplinary expertise 

(in the 


personnel), sophisticated equipment, and a rich 
library,
 

possessing about 45,000 volumes and 
subscribing to 570 Research
 

periodicals, ed an information set-up 
and the required infra

!structural facilities available at the.Institute, the
 

Department of Science and Technology, Government of India, has
 

a scheme on petro-crops
i* Biomass Research Centre andsponsored 


at the Institute. Thirty-five thousand trees of 12 tree species
 

of proven adaptability are being rained on 
an area of 10 hectares
 

f Zoneareh Centre, at theland at the Biomassof uubatandard 

Plantations of Jojoba
Institute's Banthra Research Station. 


(R_.Mondsi :geniA), Euphorbia tirucalli (petro crop), 

(latex crop), &tc>. algal culture ponds, etc.,
jllhorbt-ia jt 


have aloo bden betabliahad.
 

Thd relevant acientific expertise at the Institute, 
its
 

sCjophistiated eq'ipmcnt, land and other 
infra-atructural faci

on
ii":0e will.be ItuAde a&Vilable for the proposed project 


WgA .as,,.-'a,.-,+ma
.I..4,Ad,olt. 



Pr'oect.' 	 Estimation of woody biomass produLction by d6op/
shallow rooted trees and shrub species of proven 
adaptability to sub-standard soils. 

ObJectives : 

1. 	 To determine annual biomas.. production of 
indivial species;
 

2. 	 Effect of plant density on the biomass 
productivity of different species every year; 

3. 	 To determine the water and fertilizer/manuare 
needs of different specios and the critical 
time for their application to seoo maximal 
biomass production; 

4. 	 Io evolve schedules of Itertilizor ani- irrigation
for maximum biomass production per unit area, 
per unit time for a givon species. 

Me thods/aopronch: 

1. Spdcies evaluation trial.- with respect to their.
.growth 	 behaviour and biomass productivity including 
root growth pattern., 

2. 	 Plant specing at varyin,; plant population per
unit area. 

3. 	 Scheduling of irrigation on bnsistte of soil
moisture depletion pattern. The -30ll tisture
regimes may be fixed on the basis of available 
soll moisture (ASH). Concurrlent ,xporimants
may be run on the frequency of ir"igation keeping
the quantity of water rixod in ordir to judge
the best suited othcd of rnonitoring the irrigation
needs for maximum biomnLfs5. producti:.in. 

4. Fertilizer neods an| critical tin, of fertilizer

application w.ll be dotermined :epa;lately or
 
combined with the irri,at ion oxpeorimnts for
 
different specius. 

The 	 proposed project wil.l provide data on thlibioMass l'odudtlon potential of selectdd s;pOcios) thoir 
response to varying ni.itrient and moisture regimes *andlidentification of suitable agronoo:ic t chniquos to secureiaximum bioma.,i production from ; uni t aroa of land. 

Best Available Document
 

http:producti:.in


: 2 |
 

1. Scientist '' 

2. Senior Scientific Asstt. - 1 

3. Senior Technical Asstt. - 1 

4. Junior Teclmical Asstt. - 2 

;Soil moisture probes I.1.0 lakh 

2. Driers'with provision to record 
the moisturo content of the 

-samples. lb. 0.30 " 

3. Root growth chambers Rs. 0.25
 

4. Oxygen bolmb Calorimeter I'. 0.20 , 
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flroj2. 2: Estimation of onor;y bdget at economic 
analysis of biomas plantation. 

PIbjqoti YO 5 

(i) 	 To develop input-output energy budgets for 
tho anticipatod rahge2 at biophysical and 
socio-conoinic conditions associated with 
proposed ene'gy plantations; 

(ii) 	 To develop an econo.lc analysis of energy 
plantations for use in identifying proper 
levols of investments. 

Per Uonnel: 

lI 	 Scientist '13' 
(Agricultural Economics) - 1 

2. 	 Senior Technical Assistant 

3. 	 Junior Technical Assistant. -1 

US Consultan t'o;lndia for 3 months As.O.80 lakhi 

http:econo.lc


Projects 	 3 woa Joasaol,%ll-"Iip ~ 
• - 2 d.totr: u' thod o~.ecollec ti 

Obtjc ivo s 

seud 	 germplasm(i) 	 To determine criteria for and 
selection with eLnphashs on production and 
insect disease resi:;tai.co; 

(ii) 	 To identify methodology for collecting and
 
drying seed;
 

(iii) 	 To determine optimum conditions of storage 
in relation to seed viability through time;
 

PIO 

iv) To cytogerntic information: on chrosome
 
number and interspeciric cross compatability
 
wherever possible in sone of the fast growing
 
taxa for subsequent improvement programme.
 

Method/Approaches 

(i) 	 Location of high performance troo.s, and shrubs
 
on the basis of growth, seod yield and insect
 
and disease resistanuo thurough survey;
 

(ii) 	 Collection and dryingLnethodologids; 

(iii) 	 Storage at room and low tomperatures; 

(iv) 	 Viability tostini through tire. 

Results exnected
 

The project will provide baseline information on
 

the viability of seeds, optimum storage conditions;and 
-alja incidence of insect and diseases affecting the seeds. 

Personnel
 

I. Senior TDchnical Asstt. - 2 

2. Junior Technical As:;tt. - 2 

H.qulient
 

is Gorm ,ators - 3 P,. 1.5 lalhs
 

2. Walk 	 in freezer - 1 rf.. 3,0 "g 

3. Moisture mneters - 3 1, 0.10 " 

4, LOw temperature.
inobitqrs. 	 IZ.OO It 

Best Avaialable Document
 

http:resi:;tai.co


EXo joct 4 ; IdontificaL.Ion i'i t; aofi ... , . ..... , ... u ;. .,* •. 	 ty .. Y_ b .L ,L , 

(i) 	 To idontify LjSCrI, ".(:rtr and cli :,s afl'L-ting 
woody nercxinia].,.; 

(i) determ:.no the ,v' I.ont ,t' o occ:Urrnce and dAnage. 
to woody poren,..ia.-II
 

...... 
 To work out control ;..casus, os inc.uding rate and 
time of ar]le' tion-f - " 

(1) 	 Survey of e:fiti.. ovo;t plantations for 
identify;Lig )usts ;oIzd dscire 'fci:Lg 
various plant nc 'ta; 

(ii) Field tosting of' i'mmih.LeLdc and iisecticid,:u 
applied at vwxryii c 'me-itrnationsrind different 

stages of plant grI-'outh. 

Rfo sult eXrectsd: 

The investigntioas would prv(k infornmati~ri on the
.fiold suscotibility of the woody = to insoct 
pests and diseases and efficacy oi'" v;rious f-iigicidus and 
ihsecticides in contIo!].ig them. 

() 	 Scientist BI (PJau1t ,atf.ology) 2 

(i) SeniOr, ochnica1 'As.intnL - 2 

Best Av-calable Document 

' i "Ct, 

http:contIo!].ig
http:poren,..ia
http:determ:.no
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Project S; -Tutrientbudc5s tri :nt cy. 
in woody. bioira. lnts ona . 

.Obloctivol : 

(i) 	 To determine the coct uf intrciropping and 
plant species on sol nutrition associated 
with deep and shallow rooted biomass species; 

-J ii) :To Ideptify the effect of continued woody

biomass produbtion on soil nutrition With
 
and. withoLit fntorcropping;
 

(iii) To determine agronomic system to maintain 
or enhanco soil antld plJnt nutrient budgets 
under continued onurgy plantation systom. 

(iv) 	 To monitor fertili.;or response throug'I 
leaf analysis and :;tiblish leaf nutri(int 
concentrations assoclatad with. opt:num growth. 

Ho thod/Approach 

(i) Chemical ana.ysi; of :oil in Ud. rooting 
zone, and plant parts (root, stem and leaf) 
for macro and micro-nutrient elements at 
specified intervals; 

I(ii) 	 Litter fall, its r.tu of doconi.ositLion
 
and release of nut,i-lnts.
 

(iii) Changes in physical char'Ncteris tics. f 
the soil
 

Results expectedl
 

The present investigations will provide information 
on the ameliorative effect of woody perenniials, grown 
as mono and mixod culture, on the soil kirnznamt indicate 
nutrient concentrations as scia td with optimum growth 
and incipient deficioncies of nutriant elaomnt,; limiting
plant growth. 

. scientist '1B' 	 - i 

2. S4hinl I3chnical AssiUiints -2 

Best Avaii zo Document 



Project 6 1 Identificnation of methodologies and procedure
 
associated with the establishment and initial 
Srovrtt of woody blomiase speoiee in energy 
plentationuo
 

*Obeota,
 

1* 	 Studies .% the root growth pattern of seedlings 
in the nursery and shoot to ruot ratio for 
successful establishments of the transplants; 

2. 	 To determine the optimum depth atA frequency 
of irrigation to maintain a desirable moisture 
status of the soil to ensure maximum survival 
of saplings in the field. 

.	 To determine the optimium season of planting for. 
maximum survival of the saplings and ecozomizixg 
the water needs. 

4. 	 Studies of soil temperature as associated with 
its moisture content at varying soil depths 
aMd its influence on the degree of survival. 

r." "Rffeot of brackiqh irrigation water on the 
survival of seedlings. 

met bo 	s/" joa oh: 

1,• 	 Studies on the root grdtwth pattern of different 
species will bo undertakes in growth-ohambers 
under a set of identical conditions and the 
shoot/root ratio will bi determined to serve as 
a criterion in assessing degree of survival. 

2. 	 Studies on lvels of soil moisture status under 
varying depths and frequency of irrigation and 
lie effeot on degree of survival of the saplings 
fOr a poriod of two years. 

3~the degree of eurvival of the saplings planted 
i different seasons i.e. rainy season 
4Uty - September) and spring season. 
(Aebruary - March) will be studied. The 
o'ioomy in torms of irrigation water and 
dthir cultural operations will be used to
 

¢tormine the suitable period of transplanting.
 



4. 	 2ka Extremes in soil temperature in sumner and 
winter cause set back to the establishment of 
saplings in thle initial stages. These effects 
can be offset to a great extent through
supplemental irrigation. Irrigation schedule 
will, 	therefore, be evolved to maintain a

desired level of the coil teraperature to ensure 
greater success.
 

5. 	 A study will be undertaken on the effect of 
brackish water on growth of saplings and salt 
build up in the soil. 

Result expeoteds 

On the abnormal soil which constitutes the substratum 
for the present studies, initial establishment of the 
saplihgs for raising biomass plantations poses a ma or
 
problem, Such studies as envisagod in the present 4 
programme will provide solutiuns to the basic and practical 
problems generally encountered in the establishment of
 
successful plantations.
 

Equipments " 

() Deionizer - One Res. 0.50 
(ii) Growth chamber - 2 Nos Re,. 1.00 

'(iii) Soil moisture probes - 6.Mos Rs:0.lO 

Persormel: 

(i) 	 Seno Technical Assistapt 1.. - 2 
'(ii) 	 Junior Technical £osistant ( ' 2
 

' ' ,.,4" : - 3
 



T.DARD SOILSWOODY 	 1I cU'i1w5 PRODW 'Io0 SYO) !Yoi3!4UW-* 

Project 7_. 

Rapid 	maltiliLcation of somo troes through tissue culture 
for woody biomass prod uctiui.
 

as-c ipti on fPo LO-.1_4' if 'uo
21Zo ma 

By far, the tissue cultuce h.Ls fouind it,; bus a,::liod 

use in micro-ropagation of piants, iiv.].uding production of 

cloned plants. Tissue culture is inv..!uablo, pnrticularly, 

for initial building up of propagatlon stocks of elite clonos/ 

are intractable,individuals of not only those plant slxpcies which 

but also those propagating easily. At present, around 300 plant 

species, including woody trees, have bern domonstr."ted to be 

clonally propagatable through tissue cultuve (Murashige, 1080). 

Mlultiplicrtion rates have boon incroasod to phenomenal magnitude, 

to even million-fold in certain cases, by the application of 

tissue culturo. -Such Aspects of tis:uo culturo research will be 

exploited for-rapid multiplication of elite indivtduals of 

some fast browing woody trees, viz., Lucaona, Caguarina7 

Wucalytu. and hybrid Zoqulu .	 •. 

Object ives 

1. 	 To develop methods for rapid propagatdbon of above-mentioned 
plant 	species.
 

2. 	 To btandardize acclimatization pocadur, s -or successful 
field transplantation of in vitro-raleod pl:mnts. 

Rapid R.Ional multipliention of .lite individuals of woody 

plant species and their field cultiv:ttion will g6 a lojg way 

to augment peodi tl.con of woody biomans in a much shorter period 

of time than is pobisble by convantional method,,. 



Methods; 

The standard tissue culture methods wil- be employed to 

realize the objectivos of the puroJoct. Shoot apices and/or 

axillary shoot buds of elite indi'iidu.s of abovo-monticuned 

plant sp-cies will be inducod to prolifeautO tu" vitro at u 

fast r : to. Alternatively, diffrconti.,tion of al'onts/plantlets 

will be induced in excised vogotativd organs(saen, leaf and root) 

in order to select a particular organ of a particular plant 

species having the hi-ghest rogenerativa potentiality. 

Attempts will also be made to regenerate plants via 

somatic callus cultures, primarily to augmunt the rate of 

multiplicatioln. 

Nutritional experiments will.be conducted tb"achiove 

not only a good percont-Age of rooting with minimum intervening 

callusing of In vLtro-regenoratoshouts, but also to obtain 

a tap root like- system which is desirable for their eatablistune-nt 

in soil as well as better anchorage. 

Acclimatization procedures will Le standardized for 

successful transplantation df in vtro-raisod plants in soil 

and their subsequent growth under field conlitions. 

Personnel; 

Senior Scientific Assistant - .wo 

Junior Sciontific Assistant - One 

Junior Technical AssiStant - One 

Senior Labe Assistant - One 

Field Attotiant •-Ono 



A. 	 Salaryi
 

SSA 2 1b3. 12,720 p.n-/hond 1.
i,27,200 
JSA 1 Hs. 10,200 p.a./had Rs. 51,000 

JTAN 1 Rs. 10,200 p.a./hoad fis. 51;000 

SLA, 1 Rs. 9,360 p.a./doad IU. 46,800 

F., . I Hs. 5,520 p.:a./hlead Ra. . 21600 

Its. 	 3,03,600 / 5 Years 

B.' Equipment 

1. 	 Plant growth chamber Ono 
(FOr acclimat!zation of in vitro
raised plants beforo thT-ir-Frs- Rs. 8 100,000 
plantation under fied conditions) 

2. 	 Photomicroscope (Wild) One Rs. 60, 00 
.or
 

Photomacrography unit (Tas:;ovr)
(For observation4 and photography

of difforoirtiating cultures)
 

Rs. 3,60,000 

C. 	 Travels Rs. 5,000 p.a. Hs. 25,000 

Grand 	Total: Rs. 6,88"600 / 5 Years. 

Implementation Schedule 

Ist year
 

B"stablishme nt of differont plnt, spocies in a soptic CtltLuM' 

Experimentations regardirg proliferation of explants 

(shoot apices/axillary buds) of elite :individuals-and induction, 

of orgainoctic differentiation in oxcised organ segmonts and 

their clli. 

Optimization dCftho rate of 'prolifeoration of shootsim and 

orgnogenotic diffdfdhtlation. Rooting,,ofin vitro-regenerated 

ahoof.4 iesdlting 1.n the formation of complete plants. 

•.ciiiFlt~at i*, i. pr t;oess for successful trtnaplantion 

if in vitroraised plants in soil and initiation of their fiold 
cultivation. 



I. 	 Project 8 : Settina up a Data Bank for Woogv Bioma..ia
 

and other 1Enery I'lanto.
 

II. Description and Sinificane: For Liny : particularly,(.&, 1,'jcts, 

of the extonoi.on type, it id very necesuanry for the 

scientists engagcd in tho:io prnJeCtu to kee) abreast of 

the work going on ulucwhore in the fiol.do of their 

interest and to keep 	posted vitn all tho information
 

already available or being Lgenorated on thir subjects. 

Since it is not possible for the active rosarch workers 

to attend to this aspect thcmselves satisfactorily, it is 

essential that a profoosionLI. information oet-up be 

associated with these projects, to foed the scientists 

with all the requisite informaittion as adoq,,ately and as 

speedily as 	possible.
 

It is presumed that a sizenblo amount of 

information is already availublo cn the woody biomass/ 

energy plants and it should be collected, documented and 

provided to the scientists to serve as otarting points 

for their respective research progranines. 

III. 	 ObJective: To build up a data bank of diverue types of 

information, particularly, on agro-.techniques, disease 

and pent control, 3.zcreased yiod,'&sociu-oconomics, etc., 

of woody biomass/energy plants.
 

IV. -ethodsApnroach To collect, document and supply information, 

preferably, with the help of a computer facility.
 

V. Eguirment: A Mini-Oomput~r factlity 

VI. Personnel 

1. Scientist 'DO - Two (Pay grade P.. 700-1300) 
(Ccniiputer Progrimme) 

2. Key-Board bpoeatOr - Four (Pay grade P-S, 550-700 ) 

T. (Pay 


(Maintanano" Abbis tints)
 

3. S.1.-A. 	 Two grade i. 380-640 ) 

VII. 	 2 . V..tt ti' USA of.the Project Associate uoncerned 

Uibad; Dlt Dank) to study the modern ccmputorised 

6y tiff i£iibrmation, portioularly,in the field of 
-- . .*adildilic- bo'' 

http:extonoi.on


VIII. flud~ot for 5 years 

1. Mini-Computer Facility
 
(Procurement, Inatal a tion, 
.etc.) 	 Rs. 5.000 lakhs
 

2. Salaries of Peroonnel 

a) Scientiuts 'W' (2) Ps. 1.590 lakhs 0 Vs. 15900 per 
(Computur winum, per head. 

Programmers) 
*b) S.T.A.'o (4) is. 2.496 lakhs @ Pj. 12480 per 

(Key-Board Operators) annum, per head. 

a) S.L.A.s(4) 	 Ps. 0.913 lakhe ( Rs. 9132 per 
(Maintenance Assio/tants) 	 annum, per head,
 

d) Travel to U.S.A. of the Pi. 0.300 
Project Associate
 

Total Budget for 5 years: ra.10.299 lakhe 

Say Pa.10.300 lakhe
 

+ an oncalation of 5% 
per head, per annum 
in salaries.
 

IX. 	 Facilities/Expertise already available at 11BRI 
NBRI h-as 'an Economic Botany Inforation Service which is 

staffed with experienced profeaional Information scientists and 

also posilellnes some equipment for infornation processing. It is 

already ungaged in the collection, dhcantatiun and dissemi

nation of scientific infor.iation in crtain selected areas of 

economic botany, including woody biotia. lind other energy 

plantatCdns and has built up some tnfo rmation b.se in these 

areas. tin Service will be asoocIroid with tho setting up of 

the proposed Data Bank. 

X. Add. tional U efulnosq of Mini-Computer Facility 

The Mini-domputer Facility of the Data Bank may also be 

used for de sieing research experiments and for other R &.D 

roquirements Of the project. 



Staff requirement 

A.Sciantific 

si. Designation i i. Area of Rezarch
N'o. 

1. Sciont..st 'C' Statistics 

'B I2. Scientist 7 	 Agronomy Agril.EconomiPlant Pathology, 

* 	 IEnthomology, Informati 
and NIutrition, 

3. Senior Sciontific Asstt.. 1 	 Agronomy 

4. 	 Senior Technical Asstt. 15 Agronomy, Economics 
Seed storagePathology,
Nutrition, Nursry, 
Informa tion. 

5. 	 Junior Tchnical Asstt. 7 Agronay, Economics 
Seed s torage,aLrisery 

6. Senior Lab. Asstt. 2 	 Information 

. ScretarTnia 

1. Junior abchnical Asstt. 3 	 Secritarici1 assistance 
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S1i. 	 EquipmentIto. 

1. Growth Chambors 	 

2. Mini Computer 	 

*3. Soil moisture probes - 6 

. 4. 	Driers with provision to
 
record content of the sauples- 1 


5. 	 Rot.growth chamber 

- 1 
• 6. 	Oxycon bomb Calorimeter - . 

•7. 	 Gorminators - 3 

. 8. Walk-in- 4esr/cold room
 
(5 x 3 ms) - 1 


*9. Low temperature incubators
 
moisture moters 
 - 3 

30, Dendromor *10.60
 

11. Deionizor 
 1 


Totals 


Cost
(Rs. in lalihs 

2.00
 

.00
 

1.10
 

0.30
 

0.25
 

0.20
 

1.50 

3.00
 

0.40
 

0-
0.50
 

14.85
 



Travels 

1. 	 Within the country 

2. 	International
 
(for project porsoviol for
truaining , consultationis, 

attonding Conforelce s) 

gonferoncop and Workcho_ 

Once in Two yoar and 
one mrkishop every year 

Offico and other costa 

(Stool 'ur'nituro Typowritor, 
Phototat-o machines, 
Calculators e, Duplicator.,;) 

(For tilizo'rs, posticides, 
fuel1 plants, inaintananco 
exponsos for plantations,
Chemicals and Glassaros) 

Staff salaries
 

Total (5 years) 

1.00 lrikh 

3.5 	 " 

"j 

1.0 " 

0.30 " 

3.0 

5.0 It 



Research Tea 

1. Dr. T. N. Kh6shoo 	 Diroctor 

2. Dr. 8. D. Khnndujn 	 Scientist 

3. 8hri V. Chandra 	 It 

4. Shri. B. R. Junaja 

5.!Bhri P. N. Hlisra 

6. Dr. Mohinder Pal
 

7. 	 Dr. H. C. Chaturvedi 

" 8. 8hri A. N., Chaturved 	 Conservator of Forest 
Uttar Pradesh.
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t* School or B~iologijcal sciences 

PALKALAI NAGAR, 
MADURAI645021 



PROPOS/,L
 

for 

BIOMASS CENTRL 

at 

ADJRAI KAMARAJ UNIVERSITY 

MADURAI 21 

Incroase in farm Productivity ill the predominantlyrural India is the only way by which the qualityof the masses con of life'ba improved. Presently, lackable energy, of availaither for agriculture, domestic or industryin the rural airea is onu 
of thi ,liIj oracts as a 
limi ting factor thatconstraint for the (r'vJwLh of conomyproductivity and farm 

. While xtun ivt. ;r Jj:ulturllimprovemupt r'tu.earch,in orronomic rracti :ui, (JuVulcapment of high
yiolding vaiutiu:s maythe agriculture yields, 

help in the ,..rginal increase inhighur J.iput of unargyirrigation, manuring, for
 
or pe'st control, 
 is thefor detaining only answersubstantial gairls in this sector,oxperience if theof the wuotern and other industrially developedcountries any indication.
 

In contrast, 
 in India, musclt, powur from
animal sources human and
are the only wnergy concentratengriculture. used forVary little chumical fcr.tilizors and pesticidus are availabla, and rnos. irrigntion dependsor gravity flow. upon rainCommercial forms of energy,fuel s viz., fossil,nd electricity thu scarcuare arnd aru notovailable easilyot the farm situ whei.ri thuir need ismainly'boctiusa of predominant,
the capitil intensivu nature of thern. 
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Buoides the problem of worldwid. c .iruity ur fossil funln 
and their increasing costs also gjgravaLc thu bituation
 
further.
 

It is thurufore imperntivu tu forloUk altornative
 
sources of onurgy, which artrua:;y 
 to di.tiin, .lu,-s expunnivu, 
renewable, rind madc availablu It. thlu farm 5itu without 
difficulty. It is also pollution frau. Among the options
available, utilizaltion of Solar L,rqy UithUr by dirUt or 
indirect moons is the obviou; choicu. Nuclluir fission aas 

sourco of unurgy though attractivi. at pru.;unt , may not be
 
most suitt|bl as it is 
 capital insunr!,ivu, high t,;chnulogy
 
oriented and got bu
ho to highly :uuntralize;d with thu
 
problems of harmfsl waste 
 disposal.
 

Presently, there 
 ire various moLthod. by which solar
 
energy is beinqg harverited and uti-lizuct. They iricludc 
direct
methods such; Ci heat collection, photo voltaic uvicuo, and 
indirect ways through plant pholo.,nthenis whore solar
 
energy is harvested 
and stuod or, plant cover which in
 
general term referred to ; s biomasn.
 

Bioma s
 

The term~ biomass is used to includuo ev ry thing thnt

gitaws or has* grown and can be Lurnud in.to crivrgy in a
 
var3iety of 
ways. Tho most pragmatic plan for uting solor
 
ar.ergy is 
 to top the unc.rgy utored in bionlLoun-From sewaguto a jJglIiur,;-woodi wood-wautus, agr i.ulLural wa!;tvu, Animal 
bvL1~f-; 
al-joo, inunici.pri !iuwii('L' mdt !-o on,. 

)4Womiiajj Lu 

and fuels. 

tu ultinfinto ec'urr of roed, wvood,fti fibres~Biomass colluctud in thu ftorin of wnoud foliago, 
roots,.oalgae and for that matter ,fy .-1irriu.LtjLurl ,and 

Best Available Docum ent 
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forest waste can be converted into onorgy either in goscous,

liquid and solid' forms as shown in Fig. I. 

Tho question is, nru we having enough biominsu for con
version' into energy for use unchin villagu or ain cluer
f Villag6S? .'In 'recycling society, like ours, evury bit'
of the agricultural .waste and plants grown in the marginal


*lands 'are used in 
one form or 
other to meet thu meagre energy

domands in a traditional albeit in an 
efficient way.

the rapid population growth, 

With
 
Firewood scarcity is spreading
 

oven 
in remote villages. For uxample 
oven in a moderate
 
sized city like Modurai with a population of less than a
million tho fuelwood requirements have risen from 185 
tons
 
in 1974 to'320 
tons par day in 1977. Likewise charcoal 
con
sumption rose from lOO'tons 
in 1975 to 120 tons per day in 1977.

Thu common 
fuel wood in Madurai comus 
from the species of
 
quick grnwing Acocia end Prosopis. A hectare of 5 year old

Acacia con supply 50 tons 
of wood and therufore 6.5 hectares
 
have -to 6e' illed everyday. This may give some idea of themagnitude of the problum. Recently, firewood was rationed
 
in the Nilgiris District and there was ques for sawdust. 

Therefore we must do something urgently to augment thebiomass production on wara footing similar to the efforts
 
made for agricultural production in 
 all the countries. 
Development of social forestry; firewood foxest and energy

forests on a scientific 
basis are suggested. Definite plantdevelopment programmes through propur bueeding based on mass 
selection and mutations with the emphasis 
on total biomass

rather than specific plant part like grain or fibra have 
to
 
bo undertaken. Basic research to understand and improve thesolar energy harvesting processvs of the plants should be
encouragod to i,,provo the ,fficency of birama',s production. 
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It is therefore important to sot up at least a few
 
',Dfomass Contros 
 through out thu country on thu lines of
 
Agricultural Research Stations developed a few decades ago

for improving the farm productivity. The proposed biomass
 
centre at 
Medurai would have the following overall objectives;
 

.1) broaden the resource base for biomass through proper 
assessment and survey of- the land and 
water potential,
 

2) to formulate 
 a critical assessment of the available 
municipal wastes and agricultural and forest wastes
 
for energy conversions, 

3) to concentrate on energy andcrops,both terrestrial 
aquatic 'so as to meet the most immediate damands of 
the rural population for their dom.stic and farm use, 

4) assessment of the present and usou of the biomass and 
to undertake- fe.sibility studios on more ufficient uses
 
of the sIs e for obtaining maximum energy.
 

5) undertake studies 
on Lhu oppr'opriate tcchnology which 
include unergy crop, production uystomrs, harvesting 
and collecting transportation, pru-treatinunt and 
conversion technology.
 

6) -area and need based deturminatinn of end product for
 
unergy use, assuch direct heat, steom, electricity,
 
alcohol or or
gases (co-guncrations) 

under these sd&l overall objectives, tho following areas of 
studio wili be commenced to begin with 

A. Start energy plantations on selected field conditions 
bc @SiDan expurimuntol plotn s 
i) The fast growing species with high ene.rgy value 

among the uisting tree speci s of the region. 



ii) Conduct maiss surv. antd s..lection and breeding foi
better growth and Ofnergy hai:vting.
 

iii) Determine 
the most suitzbliu agronomic practices to 
obtain the maximal bioiri;:s yield.
 

iv)! Establish systems 
 to collot maximal biomoass from 
' isewge ponds'and other water 	 reservoirs through 

:.J micro algal system: 

v) Undertake basic studies on forest tree photo
, synthesis, determine the plant form and plant 

type for maxin-rl solar energy harvest.
 

vi) Undertake studies on 'NJ oconomy 'of the 
selected 
energy-forest .plaits such ris the onu" seen in the 
symbiotic associatiorn butween Casuarina and 
Actinomycetes. 

vii) 	 Propagate.'the concept of 'Social arid/or fuelwood 
fO-i.s'ts: amono the villaguc; near by with suitable" 
extension work. 

The function of the extension wing will include:' 

) ~T aining of the foirmero
 

2) Development of Nur'-ory
 
3) Distribution of suedlings
 
4) Co-ordinato 'with 
 the state foest and 

;'ilvicultu~e wings
 
5) 	 Divelop and dissiminate improved methods of
 

using 
 biomass for domestic and agricultural use. 

Best Available Document
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B Undertake socio economic survey b'ased on energy end 
uses to build a sound data base. 

Based on' the experience gained the centre will expand 
to undertake a Wide range of activities as indicated in 
Fig. 2 to cater for thb regions having a wide ' variety of 
agroclimatic conditions.
 

I... 

As a part of this overall objective, a biomass centre' 
at Madurai is proposed to begin with based on the followi ng
 
considerations
 

a) Madur-ai is in the middle of rural settings, in pre
dominantly semi arid region with a lot of marginal
 

land.
 

b) The city is 
large enough to htve the scientific
 
support of 
the Madurai Kamoraj University," State
 
SilvicultOre Department, Statu 
Forest Dupartment,
 
Agricu'Ve University. 


c) It is one of the centras in which 


active photosynthetic
 
research and primary productivity studies are being
 

persued.
 

To achieve the above objectives the 'proposed centre
 
will,hava the 
following facilities
 

A biomass contra with labor-atory,' office, extension
 
wings adjoining/inside the 
university area 
will b' developed 
aldHg withl a fieid facility for to" antrials extent of 
aIobt 6d ac5d b 
 Part of the land will bu made avai'lable
 
by the Unie; rit 
hnd part will be procurudi The 4utails 

the fbuo4.±yoitia, far echiuving the above 
objectives a.e given in Lho.follnwiiir budgut estimate:
 



1;.* Fif'ty acru of land. 
2. Dov4Aopment of land, watur rility.
3. Buildings, for farm machinury and laboratory
4. Equipments for fiuld photosynthesis, tjrowth 

energy contents, heat Va1LueS, flash points, 
5. Vehicla : Van and Power Tiller 
6. Office equipments and furfniture 

A10 

.2 

10,000 sq ft 
meanurements, 

etc. 
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FUELWOOD PLANTATIONS FOR ARIDHOT ZONES - LAB-CUM-PILOT
 
"LANTATION STUDIES ON MAJOR
FIVE TREE FORMS IN MADURAI-

RAMNAD DISTRICTS 

Introduction
 
In both rural and semi-urban area, where more 
than 85%'
 

of the population live, non-commrcial fuels such as 
fire
wjod, dung-cake, waste products, etc., 
account for nearly

90% of the domesti'c energy demands and the existing resources 
of these items are 
fast dwindling. Compared to domestic
 
needs, energy demands for agriculture which forms the pre
dominant preoccupation is 
far leas and is carried out to the
 
axtent of .about 75% with muscle i.e.power human and bullock
 
energy.
 

The energy shortage for domstic needs rather than food
 
shortage is oxpected to increasingly peso dirficult problems
 
in the 'ne. ..
decade. 
 In recent years firewood piices are
 
soaring 
ahead of most other items; while alternative sources
 
of domestic energy such as 
gobar gas, solar devices, etc.,
 
have not been 
developed sufficiently.
 

At a per -apita use of 0.5 
to 0.7 
tonnes of firewood
 
per year, any 
moderate sized community utilizes the available
 
f.rowood at a rate 
several fold higher,than they 
are naturally
 
replenished within their 
revenue limits. Consequently
 
enormous 
time and energy are spent on collecting cirewood, 
often times trackking 4-5 km per day. .It is estimated that 
?-a.te human hours spent per annum on 
domestic activities,
 

1k' we6 t towards firewood gathering. 

TrLha.Iwood risis in brewing to a proportion hitherto 
unknown and its consquercs ar] far nre serious to the 
rural economy and the way of Living than the consequences of 
fossil fuel crisis,, upon developed nations and urban communities, 
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Sacondly, to improve the 'qua-lity of life of the
 

millions 
of Indians, incrr asu in the farm Productivity is the
onlyway available for th. prr.;nunt. Higher input of unargy
for irrigation, nanuring, trnnriport is needed for obtaining 
substantial gains in this srctor. 

Improvement in the firuwL~ud position through systemfatic
effort'will not only facilitatU thu diversion of nearly 20%
 

.of the availab.lo manpower. frorm 
 fuulwood gathering to pro-.
ductive farmwork, 
 but al'o will constituto a substantial
 
feedstock 
 for any anergy convu:.L;iroi system in the rural
 
set up for use in ngricultur and 
rural industries.
 

Very little systuimaLic s.tudy has been done to 8ulect and 
to cultivot e fualwood tr,..u in the rural areas in India. 
Transfer of technology dr uxpuriunce cannot be effective in

undertaking plantation works in a massive scale as 
each
 
region has 
got to develop and 
use the best 
tree forms and
 
plantation 'practi-cs that suit 
thu specific ogro-cli,natic
 

1. 1 .condition.-bf their own,
 

Objectives
 

I) To 
scron and idontify the 
bust suited tree forms that
 
"- can 
bu used for large sc-lu plantation under the agro

, 
climatic conditions pruvalent 
in 
thu hot arid districts
 
-utilizing 
the. land under un,;conomnic cultivation and/or
 
marginal lands. 

2) To deturmine thu h,:st 'agroomrfic practices for obtaining
the maxinial output from th,; suluctud fast growing tree 
forms such 
as spacing, 
rotation time, manuring, pest 
control, ha %vesting, ,tc. 

Best Avail1ble Document
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3) -. To improve the draught and hiit resistant chnrac Lristicsof the selected plant specin for sustained growth andyield, through mass seluction bouding through cultures.
 

,4) To determine the physico-chemical properties of theselected firewood plantation 
trues and theircharcoal 
such as 
flnsh point, burning velocity, burning properties,

economic 
evaluation of carbonization, etc.
 

5) 
 To'undertake socio economic survey of the energy 
use
 
patterns in the State for 
the first time.
 

Investigating Group 
: Prof. A, Gnonam (Project Co-ordinator)
 
Dr. Kondas, State Silviculturist.
 
The District Forest: Officer.
 
Dr. Y,nkatasubramanian, -Dpartmunt of
 

S.% 
 Sociology

Besides the District Collector, Block
Development Offficer and -other Government

Officials will be 
included.
 

Outline Qf,.Abti" project work
 
Viability of the following 
fast growing short rotation
trees will be assessed for moss cultivation as 
fuelwood
 

plantation 
:
 
1) Moringa tinctorin 
 8) Odina odier

2) Acacia planiformis 
 9) Eucalyptus globulifero

3) trythrina indico 
 10) Muntengia sp.
4) Butea monospurma 
 11). Ailan'thus excelsa
5) Millingtonia hortensia 
 12) Sterospermum orcirotorium

6) Growelia robusta 
 13) Dolichandra 
falcatum


C}
Casuarina equisetifolia 
 14) 
 Trumma oriontlis
 
t.ibh of thb 
five species seluctud out of the abovefrdm P1aZi.,!nury atudles list 

will be
of about 

Planted in adjoining plotsan acre each for systematic analyi.s af the!i adcpt-ability, growth performance, bioisniti production. The optimal
 



agronomic conditions will bu e.atab.lishud for maximal bionwss 
production and fuolwood collection.
 

Plantation work 
 will be undortakon in the vast arid out
fields at Madurai Kamaraj University, The University hos

agreed to Spare 20
about acro,,; of l:,nd thisfor field trial. 
The University is located in a typical arid-marginal land 
expanse of the Madurai District,
 

Simultaneous fiuld trials will be undertaken at fewa

selected villages in Madurai-R.amnad 
 Districts. Usilampatti

(total farming village), Thirumangalnim (both dry and 
 wet
 
farming) and Katchaiktti villaget- ore 
 selected for theirrepresentative nature and proximity. Thu co-operation of
State and community development pi.o-in nnu.l will. be 

the 
uolicited

for raising the plantat'iqns it, thi, villagur. utilizing the

rural idle labour, 
 state lands irid ,votilablc funds in a usoperative pattern of undertaking. Datn collection and initial 
support will thebLd r.esponsibility or thethe prujzct while

produce ancj,.6-en~fit 
will be' madu ovailablu to the community
 
involved.
 

Katchnikatti village with its 5 homlits will be chosenfor int-n-sivo study for socio economic survey and for fuelwood
plantation as it. is a quite repruu-tar-l:Itivu rural unit. There 
are 4323 acres of landdry rind 510 -icres of wut land with apopulation of 9602 in -this group of hacin.,ts whure 50-100 acres
of land (marginal land) can be obtained for Lxpurimental 
plantati'on. 

All the field level studies will bu undertaken ,s a cooperative venture with the ncaL.v hulp and participation of the
I.Witrict Collector and Offici;}il Of thu Rural Davulopmrnt,
Dir'ctori N 5 and the Agricult tr.l. U'n.iv 1ors Ly poroonnel. 

Best Availcble Document
 



Shoring of responsibilities
 

A Objectives (1), (2) and (3) above will bu carried out 

with the ce-operative efforts ot Dr. Kandas, the District 

. Forest Officer and Prof. A. En,..nm 

B Objective (4) will bu moniturud by the Schoul of Biolo

gicol Sciences. 

C Socio economic survey (ObjectiveS) will be done by the 

* Economics and Sociology Dupnrtments of the University. 

Additional studies :
 

Mass selection and propagation of the drought and heat 

* rcsistant varieties will be donu by traditional as well as
 

specific tissue culture techniques ait the School of Biological
 

Sciences, Madurai Kamaroj Univeroity end nt Tamil Nadu
 

Agricultural. University.
 

Basic field photosynthetic studios will constitute one of 

the criteria for selection of the bust adapted tree species to 

the agroclimatie, copdition. 

Water;Ap.agmont studies including the drip irrigation 

method will be undertaken as water conservation in an important 

criteria for success in the arid zone. 

Duration of the project
 

tProof of concept' part of the project will be restricted 

to '3 years but the trials will b, continued for 5 years for 

determining the overall performance of 'the selected trees.
 

I YD
 



------------------------------

-------------------------------------

Budget
 

I. t Univrsit v Fir,] d V ,diru,L i_ 

A. 	Non-racurring
 
Bore well and pipolinus 


Lund propaation 


:Plantation. 


Van (transport) 


Equipm'unt 
(scale, moisturo 

moters, f.lash point units,
 
ovens,' etc. 
 -


B. 	Recurring for 3 years
 
Casual kabour + pasticidos 

and mointenonc o "" 

Chemicals and glassware 

Transport 

Socretariaol assistance and 
office ,.pplies 
Socio economic survuy 

Research assistants - 6 

Fielo assistants - 4 

ContingOncy oxpensos 

Total of A and B 


Grand total 


50,000 
 25,000
 

1L0,00f0 
 10,000
 

20,000 
 20,000
 

65,000 
 _
 

25,000
 

....
 
1,70,000 	 55,000
 

311,00 30,000000 

24,000
 

30,000
 

24,000
 

10,000
 

43,200 

19,200 
 _
 

12,000
 

2,00,400 30,000
 

3,70,.IOQ 
 85,000
 

Rs. 4,55,400 
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ENERGY CONSUMPTION STUDY 
AND RURAL DLVELOPMENT WITH SPECIAL
 
REFERENCE TO KACHAIKATTI VILLAGE 
IN HADURAI DISTRICT
 

Introduction 

Energy consumption in Indin has not boon studied in
 
depth at the rural level empiricolly taking into account
 
both the renewable and non-renewable resources. Though 
isolated studies have been made of village economies, no
 
scientific studies have been'made of village energy demand
 
and supply particularly in Madurai District. During the.
 
recent past 
 the level of energy consumption in the rural 
areas has increased considerably with greater demand for
 
non-renewable 
resources like eliuctricity, diesel oil,
 
kerosene, cooking gas, 
etc. It is also a fact that with 
on increasing population th'e traditiunal renewable 
energy 
resources ore getting depleted at a Faster rate than formerly 
visualised. Never theless, it would be poosiblu through 
suitable ntraiogios to check the increasing d-nnand for non
renewable.enb'rgy resources by concentrating on the develop
ment and' augmentation of renewable energy resources within 
the village economy. 

Objectives 

It is possible to identify variou objectives in terms 
of Lenergy consumption and rural developmunt. However the 
Tocus in' this study will be the following 

To study the various forms of energy available-renew

able.and '1-n-renowablu in a sulectdd village. Thu 
'vailabld forms of enurgy in one village may not bu the 
'Im as thdt bf another. It iu therefore necessary to 
La.w-4ry. the forms of energy ocurces available in the 
particular village evolveand uitble ,,ethods of 
employing the same.
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2, '.Tostudy the existing pattern of energy consumpt-on. 
A study of the pattern of anergy consumption has to take
into account many factors like income-distribution, 
occupational distribution, !;ocio-cultural practices,
family compositionr, farm :;ize, cropping patterns, 
level of education, etc. 

. ..In studying these variables it is intended to work out 
the general pattern of' consumption and how it is 
related to 
the general 'development of the 
village,
 

3. To assess the potential level of available energy in 
the village and nearby areas. The a:s:essient of avail
able energy will be in terms of firewood available,
changes in cropping patterns, cattlu and -livestock 
popula'tion, etc. "t is intended to make a feasiblostudy of how far the villagu can be rade self-sufficient 
regarding its.energy ruquirnerit,. 

4. To: es 4hn ato the energy demand in the village in the 
coming three years and t6 as:suss the feasibility of 
meeting this demand from thu available supply and 
through developing renewable fornms of energy *and 
alternative supplies,
 

Village chosen for instudy Moldu..ai District
 
A- preliminary 
 s'tudy was madi.- to c use a representative

village where research could be carried on for a period of

three 'years 
 on 'Energy resources and rural devuiopmentt.
Three regions were chosen - the U ;ilahmptti area where motlydry farming is carried on, the Thirumangalarn area wheir dry
farming and farming iswet practised and the Vadipatti
panchayat block where both dry farr,.ing and wet farming is 
followed, The Usilampatti area;jnc not rupr.sentativu duuto th:b dry farming methods alone that were practised. 
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Thirumangalom is 
somi-urbanised and 
thevillages are not

eprosentative in.tho fact that development agencies like 

Gandhi Nikaton in the black have changed the rural environ
mont there. So, it was decided to concentrate on the
 
Vadipatti pancheyat Union which is 20nbout miles from
 
Modurai City. ,
 

The Vadipatti ponchayat union has 31 revenue villages 
the largest villagibeing Ketchnikatti with a population of 
9,602. The smallest is Chinnomanaichonpatti with a popu
lation of 248.. Theisecond populous village Sholavandan is 
semi urban in character with'a population of 8,308. The
 
arable area is %all.irrigated and the land is used for

paddy and 
 sugarcan, cultivation mainly (wet lends). Dry
 
farming is virtually nQn-j.oxiDtent. The village cannot be
 
considered to 
 be represontative for purposes of energy 
analysis.
 

It was decided to choose Katchikatti, a 
village about
24 miles from the Maduri Kamaraj University. 
 This village
 
has 5 hamlets. 
 They are Semnipatti, Kutladampatti, Matchai
patti, ,Ramaiyanpatti, Poonchampatti and. Chokkalingapuram.
 
At is 
near the Sirumaloi Hills. 
 In maiters of energy the
 
following sources 
are utilized. 

1. Firewood from Sirumalai Hills,
 
2. Diesel Oil for pumpsets 

3. Electricity for pumpsets. 
4. Dry cow-dung for cooking purposes 
5. Bullocks for cultivation 

B6th dey end wet cultivation aru followed. There are
433 ca roa of dry land where cholam, 
cambu and groundut era

cultivated. 
 The wet lands comprisu 510 acru.s where mainly 
paddy is cultivated. 
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In our considered opion this village with its 5 hamlets 
.s quito repr sontativ'and- thu study iu to b mode for a 

period of 3 years. 

Methodology
 

The first stage of the study is to collect the basu

line dots from the village. Th. 
 data rolating to various
 
forms ofovoilable sourcOs .of 
energy, tho pattern of enurgy
consumption and rural devo~lopmont hove to bu collucted. 

A census survey will be conducted at the village by
economic investigators with 
 a pro-tested questionnaire. 
The survey shall include the following' 

1. Human energy in t erms of: aJ group,. .typqs of 
work, etc.
 

2. Bullock energy 'number of days workod and suason s 
omployud.. 

3. AIricultiol residue in turms of: quantity used,
VoX.ty, valtic and area of ogricultural lapdj

4. Cattlu dung bud as fuel, mdnuru, cost of 
collection) aoiar gon dJnd IlXstock populoat'o. 
Iiimassd. used , tiruwootl, ch, CIul 

6. hLectricity consumed 
7 &a Petroleum productL 

Thu second stage of the ..study wi11. be the onoj.ysis of
 
the collected data 
 in order to bring out specifl rulf=tio
uhips among various factors of* rur.,l development and energy 
co Iuntmpt ion. 

The above two stOIcs of thu Study wi. give-the existingivel of development and vrtirgy consumpt.io., In ordur to 
study chnges in the unr'rgy ce nrv:,mption patturn anld its i ipaqt 
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on rural development a similar study will be undertaken in 

the second and third years which will itmako possible to 
compare the patterns and development level at the three 

yearly periods.. 

, Project Personnel
 

Directory (Honorary)
 

Dr; John D.K.Sundoraingh
 
:ll. Professor and Head
 

Department of Economics 
*Madurai Kamaraj University
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Assistant Directors (Honorary)
 

1. Dr. T. Valuthi Varagunasingh - Lecturor, Department of 
- Economics, M.K.University
 

2. Mr,,,R... Edward Benjamin - -do -do

3. Dr. K. Ramachandron - -do- -do

4. Mrs. K. Dhulasi Birundha - -do- -do-

I -.-. 
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•.-0CIO-CULTURAL INFLUENCES ON,,THE USE OF VAfIIOUS SOURCES OF 
ENERGY IN A RURAL SETIING : DOMESTIC AGRICULTURE AND VILLAGE" 

INDUS TRI ES 

Thib study will focus on the Social and Cultural in-,
 
fluen'ces on the use of various nourcus of energy in Tamil
 

7 Nadu villages. Energy has got a very important role to play

'in a man's day-to-day 
 life. For every action we require
 

ener'gy'. ' Rural household 
 uses, various sources of energy for 
domestic purposes, agriculture production and village in
dustries. Energy 
 used for the above said three purposes can 
be broadly classified into three categories such as 
(i) Hun n energy, .ii) Mechanical enurgy and (iii) Animal
 
energy. "hu progress 
of our nation depends upon the progress
of rural perl)le, since eighty purcet of India' a population is 
rural.' Energy is one of the component needs of the integrated., 
rural daye.lppmert., 

Wood ir the principal source of unergy in the rural 
areas. Wccd is very cheap whereu fount land iu available.
 
Where forest land is remotely situ;ittrd from .he village it
 
Inal' be replaced by cowdung or commurcial iLumn .like charcoal, 
oil, gas or electricity. DuOl to industrilisation and
 
urbansation people from villages miqrated 
to nearby cities
 
whore domestic fuel is expensivo Lr-occially wood, itas has
 
to be' transported from the far away 
 forests. , The people
 
have to adopt other sources of un-rqy for 
thuir domestic use.
 
Often' this 
results in the use uf kerosene, charcoal, coal
 
and LPG. According to ustirnit, 55
one about - 60% of the
 
energy consumed in India is for
utiliocd domestic purposes,
 
As far as Tamil Nadu villages are cuncorned firewood and
 
cowdung are two
tho mao:.r sources of energy for'domestic use. 
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Moreover tlase two are primarily the: poor man's power source.Commercial fuels such as coke, coal and kurosuno arc utilisedprimarily by urban populations and by the rural rich. Invillages where joint families exist some members go to forestto collect firewood and also to collect cowdung. Mostly

women and children do 
this vork while menfolk go for other
'jobs. One thing that is to be noted here is that the cbstof human energy spent to collect firewood and dung incertain villages is more than that of the commerical fuel
available in the market. Still peoplu insist on thetraditional way of collecting firevood and cuwdung. It hasbecome a part of their cul ture. Thu present study will makeeffort to understandan thu social and cultural backgroundof these people and also their attitude towards the use ofother sources of ahbrgy in village life in threw major areasof activi't ,*') 
domestic, (2). agriculture and (3) village
 

industries.
 

Energy has an important role to play in agricultural
growth, and in supporting specific kinds of industries andservices that are essential for agricultural production.Agiculture which accounts for about 46% of the national
income is the kingpin of thu national economy. Indian
qricu.ture has 
 undergone rapid modernisation due to thescientific advancement. Tamil Nadu villages have also beenonfl L bncud by the modernisation process and as a result ofthe rnpid changes in the use of see.ds, fertilizers and newcdiLtita~ioi tachhiquus aru visiblo. This modernisationalso seen in the mechanisation of farms like the use of, 

has 

tractors, electric motor PuMpsetu and other dbvicus. l1uman 
energy in tho form of labour is "l:;o inused considerable 
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amounta for various agriculturl operations. Animal. energy isused mainly for the purpose,; of" land preparation and transportation of ag0ricultural pruduC t:; frcom villlUes to nuarby marketsEnergy requirementf) in flgricu1LL.!l -!v.-ctor can be broadlyclassified in the following cat-gor.{: based on the activitieswhich consume energy :(l) lan preparation, (2) sowing,
(3) fartilizer output, (4) ir riqatiDIn, 
(5) inter-culture,
(6) harvesting, (7) threshing nnd 
winoewing and 
(8) transportation. 
 For the above said uses, energy can be provided in
various forms ranging from human, animal, mechanical, solu .and electrical energy. 
 Duo to mechanization in ,jgrirulture, 

a number of changes have taken piacu in the total valuesystem of Tamil Nadu vi-llagu.s which ho:3 its impact on the useof now sources of enurgy. Thi- can ha 5tudied by -) closeinterview the farmers.with Thu humar,. tnergy usod for farmingin thu ear.ie r days was much moru thin that of the human 
energy |ised in modern farming.
 

After independence 
 we hav, revitalised the village andcottage industrius which provi du rugul.mr employment to thefarmers or lIbourers even during loan seasons. Theseindustries are primarily dupaidud upon human energy andpartially on other sources of L|lr(gy. Thus this it; stilltrue there is an increasing trund in, th: use of electricity,diesel, charcoal, etc. The major village industries in Tamil
Nadu tire soap making, oil crushing, weaving, honey making,etc. For all the abovu said puipotus mc:;tLly the;y use human energy. Introduction of muchinu.ry in cuir making lud tosome sort of socio acononric problumn; in curtain villags. 

,So it bewill interestinrg to find outNadu. villagers toward.; thu 
the 

of 
reaction of Tamilintr,iducLion thu new 
sources 

of energy in those fields. 

S":soJsa:i,. 
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As has been pointed out earlier Tamil Nadu villages 
,are undergoing rapid changes duo to many reson, and it will
 
be interesting to study th; social and cultural influences
 
on the' use of variou. sources 
of energy in their different 

activities like, domestic ngricultuze and village industries. 

SObjectives
 

.1) To study the influe'nces of social and cultural habits of 
the 	 rural people in the use of traditional fuels vis-e-* 
vis modern fuels 'for domestic purposes.


2) To understand the changing value of
system I'amil Nadu 
villagers as a re.sult of the potential and actual uses 
of the newly introduc"tred sources at forenergy domestic, 
agriculture and vill:gu industries. 

3) a. Tosttudy the inpa6.t uf the introduction of commercial 
.energy" for tho pur|posos of domestic, agriculture and, 
village industries. 

b. 	To study the impact of the introduction of labour 
saving devices in thu 	household, in agriculture and
 
in village industries;, 

4) To find out whother th r is any rulationship between the 
use of mechanical unergy and the 	 level of literacy of
the villagers. 

5) To understand the rol6 of different agencies in bringing 
changes in the use of new sources of energy among the 
villagers, and
 

6) To study the influence of modernisation as revealed in 
the 	use pattern of energy among villagers.
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Methudology
 
.Samplin The area to 
be covered ia the whole of 
Tamil Nadu. ViljlagLus will be Sulected using the ciuste
sampling technique. The Samp.L size would bL 1% of the 
total villages in Tamiil Nadu. This selection will be 
done on the basis of socio-rconomic criteria like 
literacy, per capita income2, levallI of housing, owner
ship of land and patttern of cultivation, etc., levels 
of industrial devoiopment; proximity to urban cantres;'
and the development of modern transport and communicati'a
 
facilities. Within a village, respondents will be
selected using the stratifiud random sampling technique 
on n household basis at the rate of one per hundred 
households. 

2. Tool s Dtao will be collcct-d using a pre-tested inter-, 
view sho jo, .oforp the final study a pilot study

wilJ be undertaken in three villages in Madurai Ddistrif '
 ,
 

3. .&A6isis Qualitative data will bu analysed manually, 
:while the quantitative data will be analysed with the 
help of computer wherever necessary. 

Principal Investigator 
 Dr. Vunkaarathinum
 
-Head 

Dupartment of Sociology 
Madurai Kamnraj Univeruity 
Madurai 625021 
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APPENDIX D
 

(1) In both rural and nordi-urban rea, uioi' cnora 
th n BS, of the population livaq non-cora.rnrclan fuoln. such as fire. 
wood, -diunm-on'ro, van t. prodwt, otc.9 ainotuit for inrely 01 of 
the doaotle enargy domandn iiad tho od iting vonnurcin of thoc ao 
ItutiU ar fn.t dv:ndl.n(:. {',or.tbrn to (1OLO':t1C frloelr, enorajy 
deo:ands for agriaulturo uhlrih fon*'o tho prodordn-nt pr'o0ocupation 
is far loss and Is oarrlotd out ta ttho nxtent of nb-)ut 75- .wth 
muscle powor oo, hui ai and bullco1 onlorgy 

(2) The onorgy shortage for domentio noods ratho 
thaii food ahortago Is oxpoctod to 1nornas1ngly pose dIfftioult problems 
In the next decade. In rocent yearn fGrcwtood pr10o3 are soaring
 
ahead of most other Iteme; whilo altarnativo souroo of dovnt~lo 
onergy auoh as cobar rasq solal dovIceu, ot. 3 have not been 

developed Wttf o ontly. 

(3) The £ueluood crials In browing to a proportion 
htherto unknown wld ito conaoquor.en no far )'ore nerlun to the 
rural oconor. and the way of I1ving than the , ;nicquenoe of s09l 
fuel crlde upon dovelop:d naticna imd urban oom.'nittles. 

(3a) At a par oaplta uno of 0.5 to 0..7 tonnen of 
flroi..,ood per y io', any modea.to Ajr.rd comuttty ull P tbo tivalable 
firo:,od at a rato ooloral fold hi igar thnn thoy are natur ly 
ropleniohod withtn their rovenutio 1.C" tn. Cononvuently enormous 
tlo wnd onoy , oro spont on colloatln, CIr'owood oftn.n t me 3 
trokking, 4-5 Im per day. It lo ontirAted that of the hutran hours 
spent por annc on dom,*t~o actIvitiva, 1f* vrt toards firovood 
g:athering,,: 

(4) It has been ostirritod thnt tho fu,ljood
 
OUpply, r the oxioating orosto reourcos nocotun for only- l.sa
 
than .1. of the total nord in Tnr.al Iiadu, Tho ront are dorived 

1 Rough Drafts. 
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and thin Is practically true for othrr 9tates ai well frota the 
privately owned a. well as nron the nrero'rvod forot lands 
that. bolong to the 0overnment or to tho corxnuinty an a whole. 
This resourco Is the loa.t organlod nni) ovor exploltodq and 
tho;'ofore cannot Ist long. This hao hee.n the cair.e Cor the 
prooent uelvood crisis In the ruirn. India,. Ih:nrnoq an attewpt 
to Initiate ooolal agro forestry progr't-r.,i v'ore thou.ht of a 
fow years ago ano this cooopt han boon promoted extensively 
tbughout the countryo 

(5) Improvneiat la *thef uwvood pool tica through 
systematic effort will Llot only faoilitate the divorsion of noarly 
2C% of the avalIablo manpov r from Aiolvood gathering to productive 
farmwork; but also Vill Oonstituto a subotantlat foodstock for any 
energy conversion oystem in the rural uot tp for use In agrioulturo 
and rural inaustros,. 

(6) Though theso programmo. are Initiated well Over 
20 years ago In 'the outi not tiuch of tangiablo ronults have 
bean acieved ror want of nyntinntlo approach to tho problem vith 
any aurvey of avnllablo land, and sclo.tlfio data ba. Although 
thousando of aaron have boon planted by the various aencles, no 
proper information about the produotivity Invola or the mnitablity 
of n chosen plant apocioa to the soll nr c1ilatlo conditions are 
available,, N'o .pociflo targets In tercm of fuelwood productivity 
has boon sot except for the oxtont of plaqtntlon area. 

M) t#Mfor'eW of tochnolo :, or experience gained
 
3lsiherg efri nt o ef, tlvt in under'.ari&chg plantation works
 

1h(i n's-ilvaO n6aie as 0ach ftglon han Cot to develop and 
 ue 
thb bbst tioo fomr and Untatlon praoticea that suit thjo 
,pootic 4ji6 '1iatid conuitions of their ewn. 
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The objoot of tho propoal In to determine the 

most sultablo plant specios and thoir nilvicultutal paramotero 

maxIonal voody biomass produuction under nix lIajor catogorloa of 

agro-olloatlo oonditions of tho rogion vzs: 

1) Coastal bolt (!9a01no and flaltmaroh) 

2) Inland arld onos 

8) Lands with mrginr'.1 Irrigation facilitioo 

4) Tain fed aroa 
5) Intermdrairy levels nnd 
6) Reolainblo lands such an water tanks, lakoof 

river o.onnl bunds. 

Productivity data and porforwince projects of 

existing plantationo sponsorod by ("ato agenolen vill. bo 

detefirmned and roqutiolto solentIflc and op-rationni detaile Will 
be vorked out to Improvo ths pl'oductivlty por vit area bosidee 

formulatIng "P'aokage" progra.v with moro sultnblo plant types 

for the futuro plantation offortn for fuolood In all thD ix 

avallablo land types.
 

n044 



).(MULTI PXPFTEMD 

The on eoing social agro-foredtez7 programmes 
under'the State support suffer from the .folloving: 

(1)Only 2 or .3genera are extensively ued for 
massive plantation under all agro-olimatie 
conditions baaed on thour extreme hardiness 
to grow under a varloty of conditions. 

(2)No experimental approach has been used to
 
elicit any ldnd of data viz.. the productivity 
Rotation cycle, s.lvicultural practice such 
as manuringl pesticide application, plant 
density, seoling physiology etc..q 

(3) 	 The most hardy specios vargoplerted on the 
pattern of traditional ".Subsistance Farming" 
rather than mkling any effort to optimizig 
their yields (Hinimal risk approach rather 
than maximilng the productivity) 

The folloving reiulta are expected out of this 
study: 

.*. (A) At Bnoeien SoleotLon'Loel: 

Beat suited plant species to varying 
agro-;limatlo 40nditions (Salineeacid soils ralifed, Irrigated 
sarld conditions) ill be identified with suitable nlternativos 
ba.,ed on .end-udio riteria such as "fueliood, fodder or comibation 
of b~th. 

6900095 



(B) 	 At PIpnatat~on TIvwl. 

(s) Appropriate Dov:1 storago and nurgay
* toohnologle will be devoloped to cat
 

back on ' ntalo in expend~ture at thin 
important step of i'illviltural practieo, 

(2) 	 Su±Zable methotologios and prooeduroa 
aosoolated w4th the establlihmnt and Intol. 
growth of woody blomano spocles will be
 
developod such ass 

(a) Shoot/root ratlo or 
tho 	ieodl~ngu
 

well optlm ,etheir ourvival 

after plantim 
(b) Amount, duration and timing of 

irrigation noodod durlng tho early 
phasoecs their ostablislmont In 

the 	fiold 
(o)S)oll factors, photo aynthatlo 

oo-petrnco of thv noodlingat Irriga. 
tion and post-care mothod etc.. t 

(3)Suitable 	intor-nropping pattornsp plant 
croppIng Ixoi wIll to vorlrd out both to 
uafoguard ngainnt noi.-nutriont dopltion 
as 	v0l. aq to maymize the return from the 

(4) For each iidnntifilel gpeci'd a ocut bonefIt 
analyal of uch an onerey Input/output budgts 
for tho antelopatnd zango of phy.tdeal and 
social oond beions wi Ll nsaneod. 



I41v mS CV :APPROACHI 

Within tis, broarder peropetivesla eries of 

wel defined Individual programma will be chartedfor Intonsive 

studye They would inoludes 

1) FAss eleotion In each of the selected region 

for the identifying the best adopted woody 

species and esti ation of woody biomass 

production. 

2) Hstablish seed storage and nursary teohndlogy 

centres for distr1btion of seeds and seodll 
.- lossa. 

'This pIggramme will Include the study of
 

seedli.ng physiology of the solectod spooies such as the bqot 

shoot/root rntio, pre-plantatloo treatments to lovering their 

mortality and fo shortening the yearn of rotation cycle, 

photosyntbetio potentlal, soed dressing with nitrogen fixing
 

bacterial cultures and/or antifungal atorials.
 

3) Collection of data on produotivity growth 

performadce soil typos coppicng potential, 

interoropping eta.., from the existing 

plantations developed by various agencies, 

4) Establish now plantations with wall developed 

S..experimental designs for aah plant species 

• for oontlnlow, monitoring and collection of 

other data on otror specieo, other than the 

ones already in use.
 

6) Dotormination of seleotion oriteria ar voc
 

biomiass plantation In the saltnarsh and
 

saline soils of the vast coastal region eta..,
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.OODY BIOKASS PRODUCTION FOR FUELMOOD
 

Species 
Selection Seeds 

lings 
&Seed-' 

.Productionof Plantation 

:Existing New 

-

.. 

Silviculture 
practice 

acti-

Extension 

1.From local 
population 

2.From exotic 
ones 

3.Growth crit-
eria(fast/

slow) 

4.Edaphic cri-
teria(soil/ 

- climate) 

-l.Storage 

2.Germination 

3.Nursary technology 

4.Germination physi-
ology for optimi-
zing the survival 
and productivity 

5.Identification of 
methods for early. 
assessment of prod-
uctivity potencial 

Data collection 

Productivity in 
terms: 
"I . 

l.Photosynthe-
sis 

2.Soil types 

3.Irriagation 
regions 

Experimental 
design for 
quick and 
reliable I 
data 

-

- i.Plant density 

2.Water regime 

3.Inter cropp-
ing crop-
mixes 

4.Soil Nutrient 
statue after 
and before 

5.Plantation 
date 

1.Training 
of person
nnel in 
Data Coll
ection 
Plantation 
work Silvi
culture 

2.Propagat
ion of 
Woo B
mass conce
pt 

6.Pest control 3.Energy use 
patterns, 

" r7.Fertilizer etc.., 

-. f . -. ,. 



Mass s loction of woody bionase spuoilo at various agroolimati 
zones based n their natural standing, Colonizing ability and 
ability to withstand stross ccm'clitiona.
 

Porpagation through seed seleotion and cuttings of the bevt
and ths next best specioa selected from the difforent Yonos. 

Selection of short rotation woody species for sociel forestry 
programme for plantation in and around house-holds with multi
purpose end-use criteria, such as 1rolwood, folder and cottage-
Industry. 

Experimental layouts in the univeralty complex of selotd spoicov
to cofleot data on crop rotationp prgduotivity, crop doneityp
irrigation demands, plantation care and dertilizor demands. 

Data colection from seleotod exiating plantations,. 

11tphases 

isedling Physiologysa. Uinder oantrilled condition. 

b. Under aimulated field conditions
 
-iot/root ratio, Optimisation of irrigation reggiees 
 for plantation
site performanoc, Photosynthotic parameters etc.
 

Divelopment of inter oorppibW - Plant associations and sixes for 
Soil nutrient effeots. 

avolopu)t of plantaticu designa for unse by the OoCernmental 
agen ies in their now plantation prograes 

III Phases 

Data collection an the perfonance profile of oisting and new
 
plantations- Mortality, growth rates and peat reistanoe, etc. 

Fed back information oolloetion from foresters involved in the
 
social forestry programme and other plantati ,A effeorts, 
Asssment of the Secondary benefits frcao #runed branches, pod collection 

umse eto. 

*oil analysis and matereologioal data based information analysis 

6A benefit analysis- Woo, chemical/eergy analysis and social 
bwafit and acceptano, assessrent. 

Additional tri-2siand.xtension of plantation 

V Phase; 

Coppioeing potential and oopploing Induction with chemicals and 
Hormone stulies.. 
FarduotivIty measuremen 
Contituod teed beat ap aectn from the field experience
1tegrat post mant' nt.
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... t' University 
contribution 

DST' 
contribution 

USAID 
contribution 

Pd. l.lb 

1) Building space 

} Land 
and fencing 

3 Farm machinery 

4i Water facility 

(FieIL Lab -. 2 

and iplaimnto 

t Dorewell 

Electric 

000O 

-

qft) 

-

50 acres 
25,000 

-I 

. 

-

. 

-

-- --

- -

15,000 

• 

0.000 

-

,Oo, OO 

10,000 

-

Pipe linsv.or distributing. " ..... 0 

) 

Transport (vehicles) 

stabshment of saed storage and nursarytechnology " . . .. - " -. .-

75,000 

50,000'5 ,0 - '' .. .. 

1,60.000 

"" " ,':

7) General equipments 

a) Growth cheabers .. 4,50,00 -

b) 
c) 

d) 

a) 
f) 

IRGA 
Recording davices, met.--olgica--'. 
equipments# e. 

Basic analytical equipmenrts. 
calometers, radiation countmr -

Light motors, poromoeter, etc. 
Offco equipments . 

200 

500,000 

-

1.50,000 
. -. 

-

. 

10,000 

0. Total 5,o,0o 2,90,.000 



I on University DST " _USAID 

contribution contribution contribution 
-scuzLna - we aninw :-. -b° lb. 

* Consumables t Chowica", Pastir.Ldes 
etc .. --. - - 10,000 20,000 

Vurtii....-
1000 

Seads,, seddling, etc." - .3,000 - 8,000 
ca transportation a10,020 

iaintenance of equipments and machinery - - 15000 15000 
4) Local travel ...... 10000 
5) International kzev2 . . 

I) Plantation expenss - :10,000 30,000 
7) E-3atricity and water supply 20,000 " 
8) Printing and Publicationa - i 5,000 

Personnel 

1) Silvicultu.r~st (2 posts) ": --- o 24000 
2) Principal Investigator 30,000 
3) Research Associate 12 PCsts) - 5000 15,000 
4) Reseaorh Assatant (4 posts) " 15000 1500 
5) Secretarial Asejaence and 

stationary, etc. 15,000 
6) Field Assistants (6 poets)- - - 24,0O 
7) Farm mechanic (I post) 10.00 ' 
8) Casual Labour - 5,000, 5,100 

Total p.a. 50,000. 1,16600 2,26,000 

I - ecurring for 5 ysers 2,50,000 .. 5,84,000 10,80,000 
Mon-Recurring 5 .*0,000 2,90,000 |t,50,000 
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Estimation of Village Energy and Woody Bio-mass Requirements
 

1. 	Introduction
 

During the recent past the level of energy consumption has increased
 

considerably with greater demand for non-renewable resouces, whose supply
 

is restricted. Therefore it has become necessary to concentrate on
 

renewable energy resources, especially in the rural economy. Inthis
 

context, It is proposed to estimate the energy and woody blo-mass require

ments in selected villages of Madurat District.
 

2. 	Objectives:
 

(')Tostudy the various forms of energy used in the villages.
 

(ii)To assessthe requirements and supplies of fuel food and
 

bio-mass.
 

(iii) 	To determine the pattern of energy consumption.
 

(iv)To determine the pattern of supply of energy
 

(v) To estimate the demand for ahd supply of fuel wood and
 

bio-mass for the immediate future (5years).
 

3. 	Data and Methodology:
 

The villages of Madurai district may be classified into one of three
 

broad categories, namely, (i)agro-urban villages (ii)agrarian villages
 

and (iii) backward villages. For the present study three villages, one
 

for each of the above categories is selected and they are the following:
 

(i)Sholavandan village - this is an agro - urban village,
 

situated at a distance of 18 kms North of Madurat City, with about 2000
 

household and 10,000 population.
 



(ii)Chatrapatti Village 
- This is purely an agrarian village,
 

situated at a distance of about 40 kms., South of Madural City,with
 

about 200 households and 1000 population.
 

(iii) Vadakkampati Village -
This is a backward vill'Ae, situated
 

at a distance of 20 kms., West of Madural city, with about 400 households
 

and 2000 population.
 

For the present study, it isproposed to cover 1000 households as
 

given below:
 

(i) Sholavandan - 400 householdsto be chosen at random
 

(ii) Chatrapatti - All the households 200 in number
 

(Mii) Vadakkampatti- All the households 400 in number
 

The required data has to be collected both from the chosen households
 

and village officers. For collecting data from households a detailed
 

schedule will be prepared and administered at the household level by
 

investigators. 
The schedule will include the following aspects:
 

a.Household and demographic particulars
 

b. Socio-economic data which include those on 
income, assets
 

and land holdings, education, caste, religion, consumption, etc.
 

c, Energy requirements which will include data on quantities
 

and values of the following:
 

1) agricultural residue (ii)cow dung (iii.) 
fuel wood
 

(iv)charcoal (v)kerosene, etc.
 

To assess the availability of energy resources 
inthe respective
 

village areas, it isalso necessary to know the geography and the ecology of the
 

villages and their surroundings. Data regarding these have to be collected
 

from the village officers and taluk offices.
 



The study of consumption pattern of different energy resources will
 

involve the use of multiple linear regression. The variation in the
 

patterns of consumption between the three villages can be studied through
 

the estimated regression equations. In the demand estimation, the per
 

capita requirement for each type of energy resource has to be worked
 

out. The estimation of demand in future requires the projection of
 

population, and per capita energy requirements. For this linear
 

equations may be used.
 

4. 	Budget
 

4.1. 	Personnel
 

Statisticians .......... 2 Rs.750 p.m. each
 

Investigators .......... 7 Rs.600 p.m. each
 

Typist .......... I Rs.400 p.m. each
 

4.2. 	Expenditure year-wise: (inRupees)
 

Sr. 

No.1 t e m I year IIyear III year IVyear 

1. Staff 73,200 73,200 73,200 73,200 

2. Stationery & 
Printing 4,500 2,500 2,500 2,500 

3. Travel 3,000 3,000 3,000 3,000 

4. Computation 1,500 1,500 1,500 1,500 

5. Miscellaneous 500 500 500 500 

T o t a 1 82,700 80,700 80,7P' .j,700 

Total estimate for four years Rs.3,24,800/
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Esttonf OT viiiage energap Uwoooy iomass reiuircnmnts 
In our rural society varioue forms of energy used 

includen wood, coi-dung, kerosene etc ;tccoril'ir LrJ their availability. 
The consumption of energy is also according to some social valu&es
 
variables namely the level of literacy, urban contact, the type of
 
communication in the village atu. 
 Sp the social constraints of the
 
village determine the type of energy uned by them. 
The traditional
 
and ind*i2ooua forms of energy in used oven today by our villagurs and 
even the ,ode of collection of energy is older days.
uamo as 


Wood is the principal 
source of energy in our rural
 
areas because of availability and lesser cost. 
 In Tamil Nadu domestic 
energy is coming largely from wood, both J-J the urban and rural 
areas. 
 Tha rural folk depends on. wood for domestic purpose as vieil 
as for commercial purposees. The villa.ers spent a good amount of
 
time in collecting!the energy and in the traditional joint family.
 
a section of the members will be entitled to do this Job.
 

As the Indian society is not much changed especially
 
the village side* the traditional way of consumption of energy is still
 
in practice. 
As long as the value nystent of the villagers remain
 
traditional they will be relgctant to adopt 
 ew forms of energy
 
resourses.
 

Energy is used not only for the domedtic purpose hut
 
also for the ar~ultural growth and in supportin: 
specific kinds 
od industries and norvices that are essential for agricultural
 
production. Thus broadly village energy goes in three different ways
 
namely domestic, agricultural and industrial. 
 The demand for energy 
in incornsing day by daydue to moderninntion but Lho ratu of supply 
of energy is not catching up to that rate is the resounes of energy 
supply in very limited in,the rural areas. 

Now tie question arises. If the villagers are encouraged
to produce to. some sort of new energy on their own, will they
accepted it? Will they bliande the traditional values and adopt new 
values as f4o" as energy is concerned? Will they co-operate to the 

Focuseing,attention on the above points the inain 
objectives.ethe otudy wi'll bw th follow ing: 

I 
1. A socio cultural survey to understand the socil a(14 the cultural 

blckgrnund of the villadern. 

)Best Avilable Documenit 



2. To study the present patteri or rwrdy csttiljitiom. 
3. To utudy the traditional values and LWcir ralaLionlnhip to the consum

ption of energy.
 
/. To ntudy. the woody biomass roijuiromnnts for the next five years. 
5..To e tudy the attitudo of people tovard. 'Lh-3 ndornisation of onergy.. 

•6. To understand the role of different a.oncion in bringing chanvoa in the 
ano of now soureen of energy among the villagers. 

7. To study the impact of woody biomass in the lif3 of villagers.
 

and
 
8. To find out. the changing village structure.
 

Me thodology.
 

Oampling (See appendix 1.)i 

The villages of the Districts will be selected after a pilot 
survey and will beo'tratriftied on the baste of the avp.ilnlity of the 
entirgy reoo.irseeo aloni. with thu rate of development( Multi-Phase Sampling) 
Aftor clustering the villages it isamplo will be selected for 
detailed atudy(Stratified Cluster Sampling). Census method will be
 
used for houue-hold aurvoy. 

Tools and Techniques. 

Interview-Schedule, 
Case study, Pabticipnt observation,
 
Depth interview.,
 

Duration.
 

tlge 1. to Stage 3. 18 months.
 
Stage 3 to Stage 4. 20 bonths.
 
Stage 4 to Stao 5 22 mnthn,
 

............................
e
 



-----------------------------

PERSONNEL 
Irectors( H no'rA,rv)L i1). Dr- lTe-kataratnr m

Professor and Dead, 
Department of Sociology, 
Madurai Kamaraj University, 
Madurai - 625021. 

Co-Director(Honorary).Re 2) Dr.(Mrs)L.Thara Ihai,a ,-

Department of Sociology,Madurai Kamaraj Univorsity, 
Madurai-625021. 

Research Officer one 106160.00 
(Ps 1.200-50-1300-60-1900) 21252.00X5.
 

Rsoearch Associates Pour 
 , 
 364560.'00
 
(Rs700-40-1100-50-1600) 18228.00 X4X5.,
 

Resoarch Asstitants Eight 
 276400.00
 
(K; 480-20-540-25-790) 
Research Followe 
 Four ., 
 144000.00
 
(s6W0 X 4 X 12 X 5.) 

Stutietician 
 One., 
 18228.00
 
(Ps 700-40-1100-50-1600).
 
Field Assiatants Four, 
 78000.00 
(It 250-8-330-10-400) 
Clark 
 ' • 
 53550.00' 
(1360-20-540-25-'640)•
 

Attender 
 One" 
 38375.00
 
(3oo0-10-360-15-450) 

Driver On a 35oo0.oo( 355- 10-40 5-15480-2960.60);. 

QT~t ZEXEOlDIRJH

Stationai'y (9ilo00;0OXS) 50000.00
 
Office eqdipmenta 
 50000.00

Purniturb 100000.00 
Poke &,Peri'dicai6 


. 20000.001 Lne personnel 50000.00
 
(, 100.O0 X 5)


VochicleM(Vn) 103000.00 
cycle 
 500.00
 
Maintainence charges 5000 .00
,I scellanuotts 18775.00 

Granj WWI 150854840 

http:18775.00
http:103000.00
http:50000.00
http:20000.00
http:100000.00
http:50000.00
http:50000.00
http:5-15480-2960.60
http:35oo0.oo
http:38375.00
http:53550.00
http:78000.00
http:18228.00
http:144000.00
http:276400.00
http:18228.00
http:106160.00
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APPENDIX E. Techincial-Expertise: Suggested Organizations and Individuals 

Organizations
 

UNIFOR
 
CID
 
SECID
 

Individuals
 

Biomass Production Specialist
 
Dr. Al Ek, School of Forestry, University of Minnesota
 
Dr. Harold Burkhardt, College of Natural Resources, VPI
 
Dr. Peter Ffolliott, Forest and Natural Resources, Univ. of Arizona
 
Dr. Charles Hatch, College of FWR, University of Idaho
 

Information Scientist
 
Dr. Ron Force, Reference Librarian, Washington State Univ
 

Reforestation Specialist
 
Dr. Brian Cleary, School of Forestry, Oregon State Univ.
 
Dr. David Wenny, College of FWR, University of Idaho
 

Tree and Shrub Improvement Specialist 
Dr. Bill Libby, School of Natural Resources, Univ. of Calif.-Berkele) 
Dr. Lauren Fins, Inland Empire Tree Improvement Cooperative, 

L'niversity of Idaho
 

Forest Insect and Disease Specialist
 
Dr. Karel Stoszek, College df FWR, University of Idaho
 
Dr. Ron Stark, WSBW Project Director, Pacific Northwest Forest &
 

Range Expt. Sta., USDA F.S.
 

Resource Economist
 
Dr. Hans Gregerson, School of Forestry, Univ. of Minnecota
 
Dr. Robert Gregory, School of Natural Resources, Univ. of Michigan
 
Dr. Lee Medema, College of FWR, University of Idaho
 

Rural Sociologist
 
Dr. Gary Machlis, Cooperative Park Studies Unit, Univ. of Idaho
 

O•
 



APPENDIX 	F;.' Organizations and Individuals Visited
 

New Dehli
 
Government of India, Department of Science and Technology
 

Mr. M. Dayal, Energy Advisor
 
Dr. J. Dhar, Principal Scientific Officer
 

.Inspector General of Forests
 
Mr. N. D. Bachkheti
 

Dehra Dun
 
Forest Research Institute and College 

Dr. R. N. Kaul, Director 
Dr. M. M. Pant, Dean 
Mr. 0. N. Kaul 
'Dr. K. Gurumurti
 
Mr. S. P. Singh
 

Lucknow
 
National Botanical Research Institute t ,

Dr. T. N. Khoshoo, Director 
Dr. J. K. Maheshwari 
Dr. S. D. Khanduja 
Dr. M.N. Gupta 
Dr. P. D. Dogra 
Dr. H. C. Chaturvedi 
Mr. V. Chandra 
Mr. P. N. Misra 
Mr. B. R. Juneja

Research and Development Circle, U.P.
 
Mr. A. N. Chaturvedi, Conservator of Forests.
 

S..; ,Madurai
 
Madurai-Kamaraj University 

Dr. A. Gnanam, Biomass Centre Director 
Dr. S. Krishnaswamy
Dr. John D. K. Sundarsingh
Dr. (Mrs.) L. Thara Bhai 

State Social Forestry Department
 
Mr. S. Sankaramurthy, Conservator of Forests
 
Mr. James Joseph, Conservator of Forests
 
Dr. S. Kondas, Conservator of Forests
 

* 	 Agriculture University
 
Dean of College


Government Officials 
Collector
 



APPENDIX G. Implementation Plan
 

1. 	Scheduling and Budgeting
 

a., 	6-month Start-up Period
 
1. 	Recri'lt staff (US/Indo)

2. Preliminary work plans are developed
 
3, Intensify the literature review effort
 
4. 	Order equipment not dependent on project design
 

b. 	Project Work Plan Development and Approval (6-month period)

1. 	U.S. consultants are inplace at the Biomass Centres
 
2. 	Indian staff is hired and in place

3. 	Project development tour is completed

4. 	Formal work plans are prepared per schedule
 

c. Project Execution and Reporting (30-month period)

1, Research program is carried out
 
2. Annual workshops are held and progress reports are prepared
 

and submitted to GOI/USAID

3. Research products are distributed to social forestry


organizations and the scientific conmunity
 

d. 	Project Budgeting
 
1. Funding will be in two tranches. The initial traunch is to
 

cover funds for the first 12 months of the project (aand b).

The second trauch is to begin after the approval of the
 
formal work plans.
 

2. Annual expenditures
 
Year
 

1 	 2 3 4 5
 
Rs (Lakhs)
 

AID 51 51 51 0 0 
GOI 19 19 19 33 33 
Total 70 70 70 33 33 

Total project-Cost = Rs 276°Lakh 
$ 3,1 million 

($1,7 million US. and $1,4 million.GOI) 



APPENDIX.G. Continued
 

2, Covenants and Conditions Precedent
 

a. Personnel
 
1. Must have personnel ceiling for permanent full-timescientist 

positions and support personnel (CP)
 

b- Performance
 
1. Formal work plans are prepared for GOI/USAID approval by


e date ) (Cov)

2. Project development tour and annual workshops and progress
-
-* reports per schedule (Coy)


* 
 3. Research products disseminated (Cov)
 

c. Monitoring and Review
 
1. U.S. consultant assessment reports at the end of each
 

assignment

2. Annual workshop and progress report documentation (Coy)
 



APPENDIX H. Technicial Expertise: Scope of Work
 

Biomass Production Specialist
 
1. Work directly with the Biomass Centre Directors in coordinating


woody biomass production research program activities between the
 
two biomass centers, forestry organizations and agricultural
 
universities
 

2, Assist Biomass Centre Directors in focusing the direction of the
 
woody biomass production research program on critical energy

and social forestry plantation needs,
 

3. Work directly with U.S. specialists in coordinating individual
 
research components into the woody biomass production research
 
program
 

4. Formulate and conduct a biomass plantation assessment tour in
 
collaboration with the Biomass Centre Directors, forestry organization
 
and agricultural universities
 

5. Provide assistance with and identify training needed inmethodologies
 
associated with the quantification of research results
 

6. Prepare written reports 1) identifying individuals needing quattitativ
 
training, 2) describing the specific type and length of training
 
needed, and 3) assessing, upon completion, the impact of the
 
training on the program.
 

7. Prepare written reports 1) evaluating the progress of the woody

biomass production program, 2) defining problems and constraints
 
affecting woody biomass production program results, and 3)

recommending needed woody biomass production program modifications
 

Information Scientist
 
1. Formulate a computer-compatible system for indexing biomass
 

literature that is consistent with NBRI's needs and compatible with
 
its current information services and library
 

2. Determine the type of training needed in computerized information
 
management systems
 

3. Prepare a written report 1) describing a computer-compatible system

for indexing biomass literature, 2) identifying individuals needing
 
computerized information management systems training, and 3)
 
describing the specific type and length of training needed
 



APPENDIX H. Continued
 

Reforestation Specialist

1. Tour selected forest nursury production facilities and biomass
plantations and identify critical'factors and practices affecting


plant survival
 

2. Work directly with the Biomass Production Specialist to identify

ways of coordinating factors affecting plantation establishment into

the woody biomass production research program
 

3. Formulate a research problem analysis that addresses nursury

management and plantation survival needs
 

4. Determine the type of training needed by research scientists

working in the nursury management and plantation survival research
 
program
 

5. Prepare a written report 1) describing the research problem analysis,
2) identifying individuals needing nursury management and plantation

survival research training, 3) describing the specific type and
length of training needed, and 4) assessing the progress of the

plantation establishment relationships component of the woody

biomass research program
 

Tree and Shrub Improvement Specialist

1. Tour selected biomass plantations and natural forests on marginal
and submarginal lands and identify factors which may suggest


apparent genetic differences inwoody plants
 

2. Formulate a genetic tree and shrub improvement program for woody

plant plantations.
 

-3. Determine the type of training needed by research seientists
 
working in the genetics research program
 

4. Prepare a 
written report 1) describing thegenetic tree and
 
shrub improvement program, 2) identifying individuals needing
genetics training, 3) describing, the specific type and length

of training needed, and 4) assessing the progress of the seed
 
procurement and maintainence component of the woody biomass
 
research program
 



APPENDIX H. Continued
 

Forest Insect and Disease Specialist
 
1. Tour selected biomass plantations and natural forests on marjinal
 

and submarginal lands, identify apparent animal, insect and
 
disease damage, and assess factors that may result in future
 
animal, insect and disease problems
 

2. 	Work directly with the Biomass Production Specialist to identify
 
ways of coordinating animal, insect and disease factors affecting
 
biomass plantation production into the research program
 

3. Formulate an Integrated Pest Management research program for
 
woody biomass plantations
 

4, Determine the type of training needed by research seientists
 
working in pest management research programs
 

5. 	Prepare a written report 1) describing the integrated pest
 
management research program, 2) identifying individuals needing
 
pest management research training, 3) describing the specific
 
type and-length of training needed, and 4) assessing the progress
 
of the insects and disease impacts component of the woody
 
biomass research program
 

Resource Economist
 
1. Identify factors which influence biomass investments and supply/demand
 

relationships
 

2. 	Work directly with the Biomass Production Specialist and the Rural
 
Sociologist to coordinate economic and social factors affecting
 
biomass plantation production into the research program
 

3. Formulate a research problem analysis that addresses biomass
 
plantation investment needs both in terms of economic and soci'al
 
factors,
 

4. Determine the type of training needed by research scientists
 
working in the resource economics research program
 

5. 	Prepare a written report 1)describing the research problem
 
analysis, 2) identifying individuals needing resource economics
 
training, 3) describing the specific type and length of training
 
needed, and 4) assessing the progress of the economic and social
 
assessments conponent of the woody biomass research program
 



APPENDIX H. Continued
 

Rural Sociologist
1. 	 Identify factors which influence a vilage's consumption habits,
goals and value systems 

2., 	Work directly with the Biomass Production Specialist and the
Resource Economist to coordinate economic and social factors affecting
biomass plantation production 
into the research program
 
3, Formulate a research problem analysis focused at social factors
influencing biomass plantation production and consumption
 
4. Determine the type of training needed by research scientists
working in the rural sociology research program
 
5. 	Prepare a written report 1) describing the research problem
analysis, 2) identifying individuals needing rural sociology
training, 3) describing the specific type and length of training
needed, and 4) assessing the progress of the economic and social
assessment component of the woody biomass research program
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