
THE DEVELOPMENT OF.A
 

COLLABORATIVE RESEARCH PROJECT ON
 

INTEGRATED PEST MANAGEMENT (IPM) IN INDIA
 

APRIL 13 - MAY 04, 1991
 

RICHARD E. FOI D
 
Professor and Head
 

Department of Plant Pathology
 
University of Illinois
 
1102 S. Goodwin Avenue
 
Urbana, 111. 61801
 

C. 	RICHARD EDWARDS
 
Professor
 

Department of Entomology
 
Purdue University
 

West Lafayette, IN 47907
 

ALLEN L. STEINHAUER
 
Professor and Chairman
 

Department of Entomology
 
University of Maryland
 
College Park, MD 20742
 

Short-term Consultants - IPM Design Team
 
Winrock International
 

USAID / AGRE, New Delhi
 



i
 

TABLE OF CONTENTS
 

Page 

US/INDO Collaborative Research on IPM in India 
 ii
 

List of Terms 
 iii
 

Executive Summary 
 iv
 

Introduction 
 1
 

Background 
 2
 

Objectives 
 4
 

Observations (findings) 
 4
 

Phase One
 

MODULE I : Biological Control of Pests 6
 

1. Taxonomy and Systematics 7
 

2. Introduction/Exchange of Natural Pests 
 8
 

3. Multiplication of Natural Enemies 
 8
 

4. Genetic Improvement of Natural Enemies, Diseases 10
 

5. Chemical Ecology 
 ii
 

6. Weed Management 12
 

7. Plant Diseases Antagonists 13
 

8. Computerized Database and Computer Capabilities 13
 

MODULE II : IPM Center 
 13
 

MODULE III : Regional Cropping System 14
 

MODULE IV : Sugarcane 19
 

contd.
 



i- a 

Pag~e 

Phase Two 

MODULE V : Rice 21 

MODULE VI : Groundnut - Oilseeds 21 

MODULE VII : Rapeseed - Mustard 22 

MODULE VIII: Pulses 23 

Problems 22 

Recommendations 23 

Appendix 

I Acknowledgements/Locations Visited 24 

II Equipment Needs 25 

III Short-term Training Visits for !PM 

Table 1 27 

IV Short-term Collaborative Visits 

by U.S. Scientists - Table 2 29 

V - Integrated Approach Vital - S.Nagarajan 31 



US/INDO COLLABORATIVE RESEARCH ON IPM IN INDIA
 

The development of this collaborative IPM research project was
 

initiated at the request of the Indian Council of Agricultural
 

Research (ICAR) with the help of the United States Agency for 

International Development (USAID). The Indian research management 

study team of Drs. A.K. Raheja, S.P. Singh and S. Nagarajan, 

visited the USA in July 1990 and wrote a trip report describing
 

potential collaboration with U.S. Institutions. Also supplied for
 

study before our site visit was "A Brief Report on Integrated Pest
 

Management" prepared by ICAR.
 

The U.S.A. study team of Drs. C.R. Edwards, R.E. Ford and A.L.
 

Steinbauer visited India April 13 - May 04, 1991. The three U.S.
 

scientists and three Indian scientists have worked together closely
 

to prepare this report. The U.S. team travelled throughout India
 

reviewing, assessing and evaluating IPM research, its
 

infrastructure and delivery in place. Our objective is to suggest
 

ways to reorient and upgrade the research infrastructure and
 

competence of scientists and to develop appropriate collaborative
 

IPM research and implementation programs of mutual benefit. 

This report was peepared for the ICAR, Krishi Bhawan, New 

Delhi - 110 001, India, Winrock International and USAID, New Delhi. 



iii
 

LIST OF TERMS
 

Abbreviations
 

AICRP All India Co-ordinated Research Project 

AICRPBC All India Co-ordinated Research Project 

Biological Control 

APAU Andhra Pradesh Agricultural University, Hyderabad 

BCC Biological Control Centre, Bangalore 

CICR Central Institute for Cotton Research, Nagpur 

CPPTI Central Plant Protection Training Institute, 

Rajendranagar 

DOS Directorate for Oilseeds Research, Hyderabad 

DRR Directorate for Rice Research, Hyderabad 

EIL Economic Injury Level 

ET Economic Threshold 

GBPUAT Gobind Balabh Pant University of Agriculture and 

Technology, Pantnagar 

HAU Haryana Agricultural University, Hisar 

IARI Indian Agricultural Research Institute, New Delhi
 

ICAR Indian Council of Agricultural Research, New Delhi
 

IIHR Indian Institute of Horticultural Research,
 

Bangalore
 

IISR Indian Institute of Sugarcane Research, Lucknow
 

INDO/US India/United States Collaboration
 

IPM Integrated Pest Management
 

NAARM National Academy for Agricultural Research
 

Management, Rajendranagar
 

NCIPM National Centre for Intergrated Pest Management,
 

Faridabad
 

NPV Nuclear Polyhedrosis Virus
 

PCC Project Co-ordinator's Cell, Bangalore
 

RAU Rajasthan Agricultural University, Experiment
 

Station, Jaipur
 

SBI Sugarcane Breeding Institute, Coimbatore
 

TNAU Tamil Nadu Agricultural University, Coimbatore
 

USAID United States Agency for International Development
 



iv
 

EXECUTIVE SUMMARY
 

The U.S. IPM team 
 visited numerous 
 Indian research,
 
implementation and 
training campuses and 
centers operating under
 
the auspices of 
the Indian Council of Agricultural Research (ICAR)
 
and the State Agricultural Universities. 
These included facilties
 
in and around New Delhi, Coimbatore, Bangalore, Hyderabad, Nagpur,
 
Hisar, Jaipur, Lucknow 
and Pantnagar. We 
reviewed research and
 
training facilities, 
and held discussions with 
scientists and
 
administrators. 
 Our principal objective 
was to eveluate the
 
current status 
of IPM research and implementations in India, to
 
idtentify areas 
 where collaboration 
 with 1.S. scientists/ 
instituticns could strengthen the overall IPM effort in India, and 
to recommend specific 
training, collaboration, 
and additional
 
resources support 
that could 
be funded through the USAID/India
 
project on Management Support Service for agriculture.
 

crop protection disciplines
 

Our report identifies areas where IPM research and 
implementation may be sLrengthened. These include : I) a more 
complete integration of the various 

into more hclistic units to deal 
with pest interactions in both
 
research and implementation of IPM; 2) a 
greater emphasis on
 
alternatives to pesticides to alleviate over-use 
of chemicals in
 
crop protection; 
 3) an increase in expertise 
in the area of
 
quantitative biology to enable India 
to develop more precise
 
standards 
for the purpose of refining ET's, providing accurate
 
survey data for a national data base on pest organisms and natural
 
enemies, generating accurate crop 
 loss assessment data 
 and
 
improving 
 economic estimates on 
 crop losses; 4) greater
 
coordination 
Df the various agencies involved in IPM 
in farmers'
 
fields; and 5) strengthening specific IPM components, including
 
biological control, germplasmdevelopment, biotechnology, genetics,
 
use 
of pheromones and pesticide resistance management.
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This 	report includes specific recommendations for
 

collaboration, training, and support under Phase One. Should
 

sufficient resources be available we have made recommendations for
 

further activity under Phase Two.
 

Phase One recommendations are listed in four modules,
 

prioritized below :
 

1. 	 Biological Control
 

Short-term training for scientists in Taxonomy, Exchange of
 

Natural Enemies, Mass Production of Natural Enemies, Parasite
 

Nutrition, Biotechnology, Pheromone Chemistry, Biological Control
 

of Weeds, Biological Control of Soil-borne Pathogens, and
 

Biological Control of Nematodes. Total Trainees = 19.
 

Reciprocal short-term collaborative visits by U.S. scientists
 

for the Exchange of Natural Enemies, Nuclear Polyhedrosis Virus
 

Production (NPV), Bacillus thuringiensis isolation, Aquatic Weeds,
 

Terrestrial Weeds, Insect Nutrition and Trichogramma Research.
 

Total U.S. Collaborators = 7.
 

2. 	 IPM Center :
 

Short-term training in the area of Database Management. Total
 

Trainees = 2.
 

Reciprocal short-term visit by collaborating U.S. scientist in
 

the area of Data Base Management. Total U.S. Collaborators = 1.
 

3. 	 Cropping System IPM :
 

Short-term training at U.S. institutions for Indian
 

Specialists in Extension IPM, Pesticide Resistance Management, Weed
 

Science, and New Wilt Disease of Cotton and Irrigasted Rice IPM.
 

Total Trainees = 10.
 

Reciprocal short-term visits by U.S. collaborators in the IPM
 

Implementation, Heliothis in Cotton, New Wilt Disease of Cotton,
 

Agronomy/Plant Physiology, Socio-economic, Studies and Crop Loss
 

Assessment. Total U.S. Collaborators = 6.
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4. 	 Sugarcane IPM :
 

Short-term training at U.S. institutions for Indian scientists
 

dealing with Red Rot Disease and the Biological Control of Borers.
 

Total 	Trainees = 2.
 

Reciprocal short-term 
visit by a U.S. Collaborator in
 

Sugarcane Diseases Management.
 

Total U.S. Collaborators = 1.
 

Additionally, the U.S.IPM team 
recommends the acquisition of
 
equipment, supplies and books 
that are for the most part, not
 
obtainable in India and which are 
deemed essential to the success
 

of India's IPM Programme.
 

Finally, we recommend a review of progress under this project
 

in the form of an Indo-US IPM Seminar/Workshop. This should occur
 

18-24 months after project initiation.
 



Introduction
 

The Government of India, through the Indian Council of
 

Agricultural Research (ICAR), has singled out Integrated Pest
 

Management (IPM) as a key technology in the continuing struggle to
 

increase agricultural productivity to maintain gains made in recent
 

decades in the face of an ever-increasing population. Although the
 

technology of the "Green Revolution" has been responsible for the
 

major gains in the past 40 years, many small farmers are unable to
 

take full advantage of high-yielding varieties. Crop protection is
 

frequently a limiting factor in the unevenness of production
 

increases throughout India.
 

The advent of pesticide technology during the decade of the
 

1950s, while providing ready solutions to many crop protection
 

problems, resulted in a steep growth in pesticides usage, with the
 

estimated demand for 1991 to be 82,000 metric tonnes technical
 

grade. This pesticide usage, while solving many problems
 

initially, has resulted in the development of significant new
 

problems that must be addressed, including the development of
 

resistance of pests to chemicals, resurgence of other pests,
 

destruction of beneficial organisms that normally keep many
 

potential pests in check, the contamination of food, hazards to
 

human health through both ingestion of contaminated food and
 

through improper use of pesticides, and e general degradation in
 

the quality of the environment.
 

IPM is a proven technology that utilizes all available pest
 

suppression tactics in a pest management strategy that is
 

economically, socially, and environmentally sound. While not
 

eliminating the need for pesticides, it minimizes use of pesticides
 

through the use of monitoring and the establishment of thresholds
 

for action. Frequently establishing correct thresholds lowers
 

pesticides usage so that natural enemies can once again exert their
 

regulating effects on pest populations, thereby further reducing
 

reliance on pesticides. The integration of host-plant resistance
 

and cultural practices, as well as the application of biological
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suppression tactics (i.e. , parasites, diseases, etc. ) often negates 

the need for pesticide application.
 

Since sustainability and environmental quality have been
 

identified by ICAR as key components for growth of agriculture and
 

the protection of India's natural resource base, the
 

intensification of IPM in the protection of crops is mandated. For
 

this reason, ICAR and USAID/INDIA have initiated the pre-project
 

activity addressed in this report.
 

Background
 

In 1988, ICAR initiated planning for an IPM program. For
 

various reasons, not pertinent to this report, it has taken almost
 

three years to define the scope of the programme and arrive at the
 

point where specific recommendations can be made. In July 1990, a
 

team of three Indian scientists visited U.S.A. institutions to
 

identify possible collaborators for inclusion in the project. As
 

a result, a team of three scientists from the U.S.A. were invited
 

to review the current status of IPM research and implementation in
 

India, and in concert with their Indian counterparts, recommend
 

action that could be undertaken through sponsorship of USAID/INDIA
 

and ICAR under the INDO/US Project on IPM. From April 13, 1991 to
 

May 04, 1991, the U.S.A. team members visited nine (9) ICAR
 

Institutes, Directorates or Centers and six (6) State Agricultural
 

Universities, as well as the Central Plant Protection Training
 

Institute (CPPTI) and the National Academy for Agricultural
 

Research Management (NAARM), both in the Hyderabad area (see
 

Appendix I).
 

The principal areas that the IPM team was charged with
 

reviewing included IPM activities on rice, cotton, sugarcane,
 

rapeseed-mustard, groundnut and tobacco. We did not review tobacco
 

since we had no opportunity to see any activities on this crop.
 

Prior to the arrival of the U.S. team members a significant
 

amount of background information on IPM in India was made available
 

through ICAR. Contributions by Indian scientists on components of
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the IPM system are well documented in the scientific literature.
 

Capabilities in the areas of biological control of pests, the
 

development of resistant crop varieties, the manipulation of
 

cultural practices to diminish pest incidence, and the use of
 

botanical extracts such as neem seed oil are extensively practised
 

in Indian agriculture. Additionally, crop diversity,
 

intercropping, and the fact that most agricultural holdings 
are
 

relatively small and intensively managed are all factors that
 

favour the implementation of IPM at the farm level. Indian
 

scientists and extension personnel are all of the problems
aware 


that can result from overuse of pesticides, and the concept of
 

economic thresholds (ET) for pesticide use is well ingrained in the
 

research community. In spite of these factors favouring IPM
 

implementation, pesticide use continues to increase. This increase
 

is largely due to insecticide use, unlike many developed countries
 

where increased pesticides use is largely attributable to the
 

extensive use of herbicides. In India, 70 per cent of pesticides
 

used are insecticides, about 15 per cent are fungicides and only
 

five per cent are herbicides. Annual crop losses due to pests
 

account for Rs.6,000 - 7,000 crores (U.S.$ = 3. - 3.5 billion). 

The importance of pests to Indian agriculture has been clearly
 

stated by Dr. S. Nagarajan (The Hindu Survey of Indian Agriculture,
 

1990, see Appendix V).
 

On arrival in India, the U.S.A. team members and Dr. S.
 

Nagarajan held 
a brief meeting with Mr. John A. Becker, Director,
 

Office of Agricultural Research and Education, USAID, New Delhi.
 

The purpose of the U.S. team visit and the form of the final report
 

were discussed. Because of uncertainty as to the ultimate level of
 

USAID-funding available to the IPM project, the team was asked to
 

present a series of modules or components that could be prioritized
 

and funded as finances permitted. For this reason, our
 

recommendations include a series of activities under Phase One,
 

plus a Phase Two recommendation that could be pursued in the event
 

that sufficient funding materializes.
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ObJectives
 

The objectives of this study team are
 
1. To review the status of IPM research and implementation
 

under the auspices of ICAR and the State Agricultural
 
Universities in rice, sugarcane, cotton, rapeseed-mustard and
 

groundnut.
 

2. To identify areas where a collaborative INDO/US project
 
could enhance Indian IPM research, development, and
 

implementation.
 

3. To identify, where possible, Indian Institutes,
 

Directorates, Centers or Projects that could benefit from such
 

collaborations.
 

4. To identify where possible potential U.S. institutions
 

where collaboration would enhance both Indian and U.S.
 

interests.
 

5. To briefly design project modules that would essentially
 
address the areas and institutions identified in 2, 3 and 4.
 

Observations
 

Status of IPM - General
 

IPM practised in India focuses heavily on insects for most
 
crops, much less so on plant pathogens (diseases), which generally
 

are controlled effectively through host-plant resistance, with
 
weeds seeming to be of least importance in the IPM scheme. Weeds
 
do serve as a reservoir for plant pathogens and insects from which
 
they are carried or migrate into adjacent crop plants. The
 
administrative 'isolation' of weed science from insect and disease
 
sciences at most research facilities is unfortunate since it must
 
be an integral component of IPM. Nematology appears to be in its
 
infancy in IPM. Fully integrated IPM models were not available for
 
our review. Many components were observed to be operational.
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Chemicals will always play a role in IPM. Many efforts are
 

underway to incorporate judicious pesticide use and to allow
 

maximum opportunity for biocontrol tactics to succeed. Development
 

of pesticide resistance in predators, parasites, and pathogens to
 

over-aggressive use of chemicals is addressed to a limited degree
 

in this document even though it is being addressed elsewhere.
 

Survey and surveillance are key tactics for IPM to function
 

properly. Maximum success will occur when insect, pathogen and
 

weed life tables are developed, made available and incorporated
 

into IPM models. ETs seemed to be surprisingly uniform across many
 

regions. One receives the impression that action thresholds are
 

borrowed from one location for use in another rather than being 

site specific. 

A complex system for technology transfer exists. Some 

duplication of effort occurs since it appears that Agricultural
 

Universities, Extension and National Institutes/Directorates/
 

Centers each have some obligation or understood mandate to do adult
 

education. The entire system could benefit greatly from
 

centralizing the focus of education and technology transfer in the
 

Agricultural Universities. In other words, accept the philosophy
 

of allowing universities to be the principal agencies for adult
 

education.
 

Current use of biotechnology in IPM research was observed
 

primarily in rice programs (e.g., TNAU and DRR) where culture of
 

somatic cells, anthers and protoplasts is a standard technology.
 

Patenting germplasm would appear to be unworkable at present
 

because we understand that International Copyrights have not been
 

adhered to closely in the past.
 

Great interest surrounds the use of pheromones in IPM
 

programs, both for early detection and for upsetting mating
 

patterns. India has expressed a need to acquire the capability to
 

identify and synthesize pheromones.
 

Each institution has specific mandates which seem to encourage
 

too much separatism, the antithesis of IPM. Although some were
 

observed, interactions among pest specialists, especially between
 



agencies and institutes, are weak. A remarkable exception to this
 

is the rather universal use of Trichogramma parasites in most IPM
 

programs. For exam-le, adequate biocontrol emphasis and technology
 

exists but it is not matched by equal coordination/collaboration.
 

An aggressive networking of collaborators in the various
 

administrative levels of governments (both village, state and
 

national) will be required to resolve the current constraints to
 

efficient information flow and sharing of data which are so
 

essential for development of usable IPM models.
 

For reasons both of time and resource constraints, we propose
 

a two-phase process. We have proposed four modules for Phase One
 

that we believe can be of most benefit to ICAR. Although listed in
 

priority order as we visualize the potential benefits and pay-offs,
 

the modules are meant to be interchangeable for maximum
 

flexibility.
 

We found an unusually strong biocontrol technology and network
 

operational in India. This strength can and should be enhanced and
 

capitalized upon. If handled judiciously, the wide diversity of
 

crops and of cropping methods places India in a situation ideal for
 

assuming a leadership role internationally in biological control.
 

For this reason, we give it first priority followed closely by
 

enhancement of the activities of the IPM Centre. The Regional
 

Cropping System is placed third, and the Sugarcane module is
 

fourth.
 

Phase One
 

MODULE I - Biological Control of Pests 

Biological control of pests is a key component of IPM.
 

Fortunately, the practice of biological control in India is well
 

advanced, and concomitant with the i'se of pest resistant germplasm,
 

it forms the basis for current IPM programs in most cropping
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systems. Nevertheless, for IPM to become fully effective, further
 

research, development of technology, and improved implementation is
 

necessary to assure the success of IPM programs and to prepare for
 

the certainty of new pests appearing in the future.
 

Most 	biological control activity falls within the All India
 

Coordinated Research Project on Biological Control (AICRPBC)
 

headquartered in Bangalore, and its 17 Centers located at various
 

ICAR Institutes and Directorates, and State Agricultural
 

Universities. Under Phase One, we recommend strengthening the
 

capabilities of AICRPBC at Bangalore, as well as at some of the
 

Centers. Following are the specific activities where strengthening
 

is recommended.
 

1. 	 Taxonomy and Systematics
 

A repeated message received throughout our visit was the
 

deterioration of support for taxonomy and systemetics throughout
 

Indian agriculture. The maintenance of an appropriate cadre of
 

qualified taxonomists is essential to IPM and its component
 

disciplines. Accurate identification of both pests and beneficial
 

organisms is fundamental to the success of any applied program. For
 

the long term, we recommend that ICAR do a study to determine their
 

taxonomic needs and take steps to rectify the current lack of
 

expertise. Immediately, we recommend short-term training for at
 

least two individuals. This training should take place in the U.S.
 

under collaboration with the U.S.D.A. Systematic Entomology
 

Laboratory, Beltsville Agricultural Research Center, Beltsville,
 

Maryland. Also, it would be most appropriate for several younger
 

scientists to attend an intensive short-course on the Taxonomy of
 

Parasitic Hymenoptera offered by the Maryland Center for Systematic
 

Entomology. This course is next offered in June 1992 and is of one
 

week duration. The contact person for this course is Dr. Charles
 

Mitter, Department of Entomology, University of Maryland, College
 

Park, Md. U.S.A. 20742. A possibility also exists that the course
 

could be taught in India for approximately 20 participants. In
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this case the course could b- offered at an appropriate site in
 

India at a lesser cost as early as November 1991. This would
 

entail bringing up to five U.S. and Canadian experts to India.
 

2. 	 Introduction/Exchange of Natural Enemies :
 

Many effective parasites and predators that are not present in
 

India are maintained in culture throughout the world and easily
 

could be brought to India for study and release if appropriate
 

formalities could be established. Conversely, many natural enemies
 

of pests that occur in India may be useful in biological control
 

programs in the U.S. and other nations. Over twenty p.edators and
 

parasitoids of insect pests have been mul'iplied successfully in
 

Indian laboratories and established in the field. Ample data are
 

available concerning the relative safety of commonly used 

pesticides toward these beneficials. Far less emphasis has been 

placed on antagonists against plant diseases but two or three 

programs are producing results. We recommend a short-term training
 

visit (one-month) to the Beneficial Insect Introduction Laboratory,
 

U.S.D.A. , Beltsville, Md. to establish this contact (contact person 

is Jack Coulson). This could be followed up by a reciprocal visit
 

of a U.S. collaborator to determine suitable reciprocal exchange of
 

material.
 

3. 	 Multiplication of Natural Enemies (Biotic Agents)
 

A great deal of biological control in India is based on mass
 

rearing of parasites and predators followed by inund..iive releases
 

into cropping systems at the appropriate time. This is especially
 

true for release of egg parasites Trichogramma spp., and also of
 

Nuclear Polyhedrosis Virus (NPV) for control oi various
 

Lepidopterous pests. While extensive inundative release of
 

Trichogramma is not practised in developed count-ies because of
 

large .land holdings and prohibitive cost, this practice is
 

particularly effective where labour is relatively inexpensive and
 

land holdings are generally small. To date, mass culture of
 

Trichogramma is accomplished using eggs of the rice moth, Corcyra
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cephalonica as the laboratory host. While this method is adequate
 

under present circumstances, should IPM implementation expand
 

significantly in the future, the use of these eggs will be a
 

limiting factor in the provision of sufficient Trichogramma
 

parasites to serve anticipated IPM needs. The development of an
 

artificial diet/artificial egg that would lend itself to
 

bioengineered mass production of Trichogramma is essential. While
 

this technology is not yet available anywhere in the world
 

laboratories in the U.S. and elsewhere are leading the research in
 

artificial diets and nutrition. Collaborative efforts with some of
 

these institutions would greatly assist India in the future.
 

Similarly, the develipment of mass production schemes for NPV
 

is a limiting factor in expanding IPM in many Indian crops. Here
 

again, Indian technology is inadequate in that current production
 

technology relies on rearing and infecting host larvae, followed by
 

making crude preparations in the field. For NPV technology to be
 

universall- available, appropriate technology for mass production
 

of NPV must be developed. If this should occur, it creates a great
 

opportunity for private entrepreneurs to produce and disseminate
 

this bio-agent in India, with resultant massive acceptance of IPM.
 

Unfortunately, this development will not be easy, but collaborative
 

efforts between Indian and U.S. scientists are more likely to lead
 

to a solution than each group working alone.
 

There is great interest in India in development of Bacillus
 

thuringiensis as a biological agent for the control of
 

Lepidopterous (and other) pests. To date research has centred on
 

commercially available formulations of B.t. This should continue.
 

However, there are virtually thousands of strains of B.t. that can
 

be isolated from soils in every climatic region of the world.
 

Scientists at the Beltsville Agricultural Research Center in
 

Beltsville, Maryland have developed technology to rapidly isolate
 

various strains of B.t. from soil. These can be assayed for
 

efficacy in controlling endemic pests. It seems logical that
 

locally adapted strains would most likely be effective against
 

local pest species. Accelerated research efforts to isolate and
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identify indigenous strains of B.t. should be pursued.
 

We recommend the following :
 

1. Two scientists receive short-term training in the U.S. (6
 
to 9 months) in an appropriate laboratory where artificial (in
 

vitro) rearing of pests and parasites is the main thrust
 
(participant could spend time in than laboratory).
more one 


Encapsulated diets for Chrysopa rearing should also be
 

included.
 

2. 	 One or two scientists receive short-term training in U.S.
 

relative to NPV mass production and the isolation and
 
evaluation of B.t. strains. 
The initial indicated laboratory
 
is at the Beltsville Agricultural Research Center (James
 
Vaughan is the contact person). Subsequent further training
 

could be arranged at other laboratories in U.S. (Texas A & M
 

University).
 

3. A U.S. scientist should visit Indian research
 

establishments researching NPV production and B.t. evaluation
 

(2 to 4 weeks).
 

4. 	 Genetic Improvement of Natural Etemies, Diseases
 
While 
much has been predicted for the improvement of
 

biological control agents through the use of genetic engineering,
 
we view this important aspect of biology as an essentially basic
 

research area with great promise for the future. 
The initial flush
 
of optimism for biotechnology has been somewhat dampened due to 
a
 
variety of legal, social, environmental and other considerations.
 

While this may slow adoption of genetically engineered organisms,
 

it is imperative that India maintain a research base that will be
 
capable of developing effective technology, as well as being in a
 
position to 
rapidly capitalize on advances from elsewhere. Areas
 

of biological control that can benefit from bioengineering include:
 

development of pesticide resistant 
strains of parasites and
 
predators; 
 parasites and predators genetically altered to
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withstand adverse climatic situations; improved host-finding
 

capabilities; improved storage capabilities for produced
mass 


organisms; more virulent disease organisms (bacteria, viruses,
 

etc.); and other characteristics that could be "engineered" into
 

beneficial oranisms to enhance their efficacy.
 

We recommend that one or two of India's best young scientists
 

in the area of biotechnology immediately receive training
 

assignments of six to nine months in the U.S. Two likely
 

collaborators in the U.S. are Marjorie Hoy at U.C. Berkeley
 

(insecticide resistance of parasites) and David O'Brochta,
 

Department of Entomology, Center for Agricultural Biotechnology,
 

University of Maryland (P-element transfer). Many other
 

laboratories might be selected depending on the Indian scientists'
 

interest and responsibility.
 

5. Chemical Ecology (pheromones, kairomones, arrestantsi
 

This area of IPM activity, generally considered as the use of
 

behaviour-modifying chemicals for enhanced insect control, is
 

usually not considered as a classical biological control activity.
 

However, we choose to address it here since it has much application
 

to biological control implementation in an IPM system.
 

Particularly important in India now is the use of pheromones, both
 

in monitoring pest populations as a part of survey and
 

surveillance, and as a control measure in trapping male insects and
 

disrupting mating. The major problems facing India are :
 

1. Lack of facilities for determining the structure of pheromones
 

of many endemic pest species;
 

2. Pheromone failure occurs and since all pheromones used are
 

imported scientists have no idea whether the formulation contained
 

the appropriate chemicals or lacked essential ingredients (or the
 

correct proportions for local strains); and
 

3. No facilities for synthesizing pheronomes for mass
 

distribution.
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Our recommendation is to in',est in a facility that could
 

provide the missing analytical and synthesis research necessary.
 

While this is probably more reasonably done by ICAR, the USAID/ICAR
 

project could help plan this facility. Probably the best, most
 

notable pheromone laboratory in the U.S. is at the Geneva
 

Agricultural Experiment Station, of Cornell University, Geneva,
 

N.Y. Dr. Wendell Roeloffs is the Principal Scientist. We
 

recommend that two scientists visit Dr. Roeloffs' laboratory, one
 

for two to four weeks to determine the necessary equipment
 

improvements to upgrade an ICAR facility, and one person for six to
 

nine months to learn methodology and analytical techniques for
 

pheromone analysis. A subsequent trainee could be seconded at a
 

later date to learn synthesis technology when unavailable
 

pheromones have been identified. Additionally, the USDA Laboratory
 

for Chemical Ecology, Beltsville, Md. would be an excellent
 

collaborator on behavioral modifications and pheromone physiology.
 

Dr. Ashok Raina would be an excellent collaborator.
 

6. Weed Management :
 

The biological control of weeds can often produce spectacular
 

successes. This is evident in India by successful efforts in
 

controlling water hyacinth and the terrestrial carrot weed,
 

Parthenium hysterophorus, with the release of imported insects that
 

feed snecifically on the 'arget weed. Numerous other ',pproaches,
 

particularly in the area of weed diseases (fungi, nematodes and 

bacteria) should be explored. 

A collaborative study program between Indian scientists and 

U.S. scientistp irom several institutions should be implemented.
 

This would involve a short term (three to six months) training
 

period for an Indian scientist at the University of Florida Aquatic
 

Weed Control Center, as well as a visit to the University of
 

California for terrestrial weed control. Reciprocal visits by two
 

U.S. scientists for two to four weeks should also be programed,
 

(one in aquatic and one in terrestrial weeds).
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7. Plant Diseases Antagonists :
 

The utilization of plant disease antagonists in the control of
 

plant diseases such as chickpea wilt is being studied in India.
 

Antagonists of the genus Trichoderma have shown promising results
 

in the laboratory and greenhouse, but have been generally
 

considered to have limited impact in the field. Perhaps some
 

benefit to Indian researchers could be achieved through
 

collaborations with R.J. Cook, Department of Plant Pathology,
 

Washington State University, Pullman, Washington. At present, even
 

in the U.S. only limited success has accrued with Trichoderma.
 

8. Computerized Data Base and Computer Capabilities :
 

The headquarters of the AICRPBC in Bangalore needs enhanced
 

computer capabilities for the creation of a natural enemy data
 

base. A database is particularly important in keeping track of
 

available material and appropriate strains for biological control
 

implementations. We believe that database needs can be
 

incorporated into the "upgraded" computer facility envisioned for
 

the NCIPM at Faridabad. However, Bangalore needs sufficient
 

training and equipment to be "on-line participants" in the national
 

IPM database in Faridabad. Our recommendations are listed under
 

the IPM Center module.
 

MODULE II - IPM Center
 

The NCIPM was conceived and established two years ago. It had
 

a modest beginning with a mandate to be issue oriented. Until it
 

becomes housed properly with a resident director in place, it will
 

develop slowly. Initial objectives are to create a national
 

database for ETs in each agroclimatic zone, generate data on yield
 

loss assessments, design pest distribution maps, do epidemiological
 

and population dynamics studies for model development, and evaluate
 

current control measures and plant protection needs. Much of the
 

activity in this national centre relies on the need for adequate
 

computer equipment and technology. The various data banks of
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incidences of predators, parasites, pathogens, diseases, insects,
 

weeds and nematodes must be collected in a format useful to both
 

researchers, teachers, extension personnel and government agencies.
 

These data must be collected on standardized questionnaires used by
 

all scientists whose jobs include survey and surveillance. All of
 

these data must then be stored in a manner easily retrievable by
 

anyone who has need for this information.
 

Essentially two major problems exist that the NCIPM must
 

resolve immediately. The first problem entails the form ia which
 

information is supplied to the National Data Base. Essentially,
 

data acquisition forms must be designed and standardized for each
 

crop. This should be done with input from investigators from all
 

regions, and from both researchers and extension personnel who can
 

address the problems in acquiring accurate information. Although
 

not easy, it will determine the ultimate usefulness of the
 

database.
 

Secondly, the technical people at the NCIPM must be thoroughly
 

grounded in database management and the use of the necessary
 

software. Much of the needed computer training is available in
 

India, but there should be an attempt to train at least two more
 

staff in the U.S. There are a large number of institutions where
 

operational insect survey databases are functioning. At least two
 

of these should be visited. We recommend the University of
 

Kentucky and Michigan State University. It would be advisable for
 

a U.S. collaborator to visit NCIPM within the next 12 months (e.g.,
 

Dr. Grayson Brown, U.Ky.)
 

MODULE III - Regional Cropping System
 

Cotton, a high cash value crop, and one in which IPM is
 

strongly emphasized due to current major insecticide usage, has two
 

major pest problems. Heliothis (in two agroclimatic regions) and
 

both spotted bollworm and whitefly (in four regions) pose
 

significant challenges. The jassid (in five regions) is a problem
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in three regions and Spodoptera and aphids both cause significant
 

concern in two regions.
 

Rice creates an even greater IPM challenge due to 16 major or
 

significant insect and disease problems. Blast, brown plant
 

hopper, leaf blight and stem borer each occur in five or more
 

regions. The leaf folder is serious in one region. Other diseases
 

and insects are serious in one or two regions, especially bacterial
 

leaf blight, Gundhi bug, white tip and gall midge.
 

A pilot IPM program (described below) provides the most
 

effective way to educate farmers about the concepts of IPM and how
 

to utilize all knowledge available in an integrated system.
 

Development of Village-Based Pilot Pest Management Programs
 

Common denominators to all pest management programs are real
 

time surveillance/monitoring of pest populations and their damage,
 

and use of ET's and appropriate application of management
 

strategies. In highly developed countries, the infrastructure
 

usually provides timely monitoring to quickly analyze survey data
 

for forecasting models, and to rapidly disseminate pest advisorie3
 

action. In lesser developed countries, such as India, some, if not
 

all of the above may be difficult to achieve, thus making its
 

implementation a real challenge. To increase and the
success 


possibility of wide-scale adoption of IPM, a pilot IPM program
 

should be initiated to develop and fine tune the mechanism for crop
 

and/or cropping system pest management.
 

Recommended Crops :
 

Our observations suggest it most appropriate to develop pilot
 

programs for cotton, rice, and sugarcane. Where these three are
 

grown in the cropping system/or where other crops are grown in
 

combination with one of these three it is essential to include all
 

crops. In some regions both sugarcane and rice are grown in
 

combination. These along with cotton provide for a good mix for
 

pilot program development.
 



16
 

The appropriate location for a cotton, sugarcane, and rice
 

pilot program would be in Tamil Nadu where a program utilizing
 

biosuppression is already underway. This program has already
 

achieved some level of success and farmer acceptance of the pest
 

management concept appears to be good. A local sugar mill provides
 

considerable support. It is a focal point for area farmers. Any
 

program in this area should be closely tied to efforts of the ICAR,
 

TNAU, Extension/State Government of Tamil Nadu, Village
 

Administration, and the sugar mill. Since cotton is the heaviest
 

user of pesticides (54,000 metric tonnes in 1990) and pressure from
 

pest species is considerable, and often yield-limiting, it is
 

essential to initiate a pilot program which includes this crop. We
 

believe it would be appropriate to organize an additional program
 

in the State of Maharashtra near Nagpur. The location of the ICAR,
 

CICR, and the pressure from pests on cotton production in this
 

area, makes this an ideal location. One drawback is the distance
 

to a source for biocontrol agents, although some production for
 

research and limited evaluation purposes is now handled at CICR and
 

TNAU. The establishment of a commercial rearing facility in this
 

region would increase the possibilities for proper utilization of
 

biologicals.
 

Organization at the Village Level
 

At least two villages should be included as a unit for each
 

cropping system (i.e., sugarcane, rice, cotton). An IPM extension
 

agent should be located in each village, should work independently
 

of the village extension official, but must keep him informed of
 

project results since he will need help in organizing local
 

farmers. The IPM agent will be responsible to the Pilot Project
 

Coordinator and Crops Supervisor, as designated by ICAR. The IPM
 

agent will hire and train locals to monitor (scout) fields. The
 

'scouts' will be responsible for making pest counts and assessing
 

damage in farmers' fields and monitoring light, pheromone, sticky
 

and other traps (as needed). The scouts will meet each morning, or
 

perhaps evening if more appropriate, to deliver the scouting forms
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for the last 24-hour period. The IPM agent will review these with
 
the scouts and give instructions for their upcoming field visits.
 
To ensure that the scouts are monitoring the fields properly, the
 
IPM agent will spot check fields and compare his data to that of
 
the scouts. As appropriate, the IPM agent will advise farmers 
on 
the need for biological, cultural, mechanical and/or chemical 
control. The IPM agent will be responsible for organizing field 
data and entering it into the compu er. These data will be used to
 
track pest activities over time, to 
make general advisories for
 
contiguous areas not being scouted, to provide a record 
of pest
 
activities during the growing season, and to evaluate at the end of
 
the growing season 
for possible project revisions.
 

Personnel :
 

Pilot Project Coordinator - as designated by ICAR 


Crop Supervisors - Coordinate the activities of the
 

(1)
 

extension 1PM Agents as designated by ICAR (2)
 

Extension IPM Agents - responsible for Village
 
Programs 
 (4 - 8)
 

Scouts - responsible for field monitoring 
 (To be determined)
 

Training
 

The Project Coordinator and Crop Supervisors will be
 
responsible for training the Extension 
IPM Agents. We recommend
 

that the training be coordinated by the Central Institute for Plant
 
Protection Training (CIPPT). 
 It will be the responsibility of the
 

IPM Agent to train the scouts. Scout training can be through the
 
local ICAR facilities or perhaps the State Agricultural University.
 

All trainees should be trained in pest and damage recognition,
 
use of appropriate survey techniques, data reporting, etc.
 

Survey Form :
 

A standardized survey form for the appropriate crops will be
 
required. The form will 
contain information related to field
 
identification, date of survey, crop type, 
 stage of crop
 



development, time of sampling, weather conditions at time of
 

sampling, plant condition (good, stressed, etc.), pests noted
 

(insects, plant pathogens, weeds, etc.) and level, beneficial
 

organisms present, etc. The forms should be carbonless and provide
 

for 3 copies. One copy should be given to the farmer, one should
 

be retained by the IPM agent, and the other mailed to the Crop
 

Supervisor.
 

Field Record Database
 

A database should be established for recording and analyz 4 ng
 

field information. Microcomputers will be needed to accomplish
 

this. One microcomputer with 40-80 megabytes of storage will be
 

required for each cropping system location (2 total).
 

Several databases have been developed in the U.S. and these
 

could easily be adopted for use in this program. (University of
 

Kentucky and Michigan State University).
 

Use of ETs :
 

Where available, established ETs will be used. A management
 

guidelines sheet for each cropping system should be developed
 

listing pest/damage and ETs. ETs should be evaluated and adjusted
 

accordingly. Multiple pest ETs should be developed and utilized
 

where appropriate.
 

Pest Models :
 

Models of pest population development are extremely useful in
 

implementation programs. Where appropriate, life tables should be
 

constructed and used for forecasting pest activity. Where not
 

available, local effort should be made to gather appropriate
 

information for, Life table construction and model development.
 

Irrigated Rice :
 

We saw a need to maintain the monsoon-dependent irrigated rice
 

IPM system, which has developed with the assistance of UNDP, and to
 

keep it evolving. We recommend that the system be standardized to
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enable collection of comparable incidence and damage data which
 

would be meaningful across several agroclimatic zones. Training
 

should be done in 1) survey and surveillance of incidences of
 

blast, leaf folder and stem borer to aid in developing models for
 

predictive purposes, 2) establishment and updating of ETs, 3)
 

enhancement of communication network systems, and 4) development of
 

the use of light traps, spore traps, pheromones, etc. to aid in
 

correlating counts obtained for forecasting or predictive modeling.
 

MODULE IV - Sugarcane :
 

Sugarcane production will continue to expand more in some
 

regions. Major problems include borer as the primary one in two of
 

the eight agroclimatic regions, white fly and phsilla in three
 

regions and red rot, white grub and smut in region.
one 


On first examination, sugarcane IPM appears to be
 

significantly more effective than IPM in most 
other cropping
 

systems. Among the reasons for this is the influence of sugar
 

factories in selection of varieties, production and dispersal 
of
 

natural enemies 
of pests, and overall a workable communications
 

network with sugarcane farmers. Also accounting for the relatively
 

effective sugarcane IPM program is the excellent plant breeding
 

program in India that has produced numerous pest-resistant
 

varieties with good yield potential to red rot, several borers, and
 

white grub. Even so, it is commonly estimated that annually 10-15
 

per cent of cane is lost in pests, with additional losses
 

attributable to pests as a result 
of reduced sugar content.
 

Furthcrmore, a large number of soil-inhabiting pests are controlled
 

with chlorinated hydrocarbon pesticides (HCH, Aldrin, Heptachlor,
 

and Lindane or gamma HCH), products that are know to have
 

significant negative environmental consequences and which are
 

banned in many countries of the world. Termites, white grubs and
 

shoot borers are several soil pests that are targeted. Also, HCH
 

is still used for leaf hopper control, as well as grasshopper and
 

other defoliators. Adequate alternative to HCH must be found for
 

these pests.
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Also compounding the situation in sugarcane production are
 

estimates that India will need to increase total sugar productions
 

by 50 per cent by the year 2000. It is highly unlikely that this
 

increased production target can be reached by improved germplasm
 

and expanded cultivation without a significant reduction in pest
 

losses. Effective uses of genetic material currently available
 

must be combined with increased emphasis on biocontrol tactics. An
 

even greater effort is needed to distribute by new releases or to
 

enhance multiplication of parasites and predators through cautious
 

use of pesticides based on regular methodical survey and
 

surveillance information.
 

Integration of Pest Management Tactics
 

The various pest management tactics that have been developed
 

in the pest research activities of the scientists in the Indian
 

Institute for Sugarcane Research (IISR) and Sugarcane Breeding
 

Institute (SBI), namely resistance to various insects and
 

pathogens, cultural control, mechanical control, biological
 

control, and chemical control, from the basis for the development
 

of an integrated research program. The various research findings
 

of the pest disciplines should be combined for the development of
 

a unified research/demonstration activity.
 

At least six hectares of land should be set aside for this
 

program. The researchers working on the various pests should join
 

together as a team to develop this activity. Many of the elements
 

importanL to sugarcane are in place and ready for application.
 

Significant data and facts are available to be used in constructing
 

an action model.
 

Advanced Training
 

Many young scientists working in sugarcane pest management in
 

India would benefit from interactions with U.S. scientists. The
 

IPM team recommends that one Indian scientist working on the
 

identification of races of the red rot pathogen be sent to
 

Louisiana State University and/or USDA University of Florida for
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six months to learn how to do race typing.
 

Additionally one Indian scientist should spend three to six
 

months at Louisiana State University interacting with U.S.
 

scientist working in insect biocontrol.
 

Phase Two :
 

Although not less important, the modules in Phase Two are held
 

for further consideration until IPM has been well established in
 

the Phase I crops and cropping system.
 

MODULE V - Rice :
 

Genetic host resistance and breeding technology are available
 

and well established through International Centers (such as IRRI).
 

The pest problems are listed in Module III. Ample opportunities
 

exist for more exploration for beneficial organisms and for
 

enhancement of those already endemic. A great need exi.sts for more
 

basic research on life histories to enable their eventual
 

commercialization. In terms of education and technology transfer
 

rice enjoys already a significant pilot project conducted by the
 

Directorate of Extension Education, TNAU. The IPM innovation
 

consisted of cultural, chemical and biological methods used on 10
 

pests. An "IPM Adopted Village" of 100 farmers and a "Non-adopted
 

Village" of 100 farmers were compared. The IPM village farmers
 

were more aware of IPM, had a better attitude about IPM, and they
 

used fewer prophylactic sprays.
 

MODULE VI - Groundnuts - Oilseeds
 

Leaf miner and rust cause serious production constraints in
 

two or more agroclimatic zones. White grub and caterpillar,
 

although not major pests in all zones, occur in four or more zones
 

and can result in significant losses. White fly and root knot
 

nematode must be carefully monitored for potential outbreak
 

increase. More research is needed on grub biocontrol by bacteria
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and fungi. Another area of interesL was to isolate and identify
 

white grub beetle attractants.
 

MODULE VII - RAPESEED-MUSTARD
 

The aphid is omnipresent on mustard. It requires attention
 

from IPM specialists to assist farmers from losing a crop. White
 

rust is a limiting factor to certain areas of India. Basic
 
research is needed to understand the nature of primary and
 

secondary infection plus environmental/climatic factors which
 

influence disease epidemiology.
 

MODULE VIII - PULSES :
 

Heliothis is a key constraint to production wherever chickpea
 

is grown. It should be possible to manage this pest during the
 

process of implementing general IPM programs involving its control
 

in other crops in the intercropping or rotation crop system.
 

Problems :
 

Many problems and challenges await the implementation of IPM.
 

No one individual can 
do it alone nor can one institution or
 

administrative unit. Therefore it is imperative to empower others
 

on how to share in the network on which IPM scientists have come to
 

rely. You may have to buy into other scientists, other agencies,
 

other governments and even into commercial 
businesses. The
 

expertise has to be found wherever it 
exists regardless of source
 

of funding or government bureaucracy.
 

Solutions
 

How? What tactics are used? 1) Joint appointments where 2 or
 

more agencies share the cost of a specialists salary where both can
 

share some control over that individuals time and effort. 2)
 

Adjunct appointments where it may be impossible or illegal to share
 

salary.
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Recommendations
 

- Bring weed control into the central thrust of IPM. 

- Enhance nematology studies in all crops. 

- Create joint appointments for individual scientists between 

research and extension and between Agricultural Universities 

and National Centers/Institutes for mutual benefit. 

- Seek all manner of collaborative arrangements both formal and 

informal among appointments, Plant Pathologists, 

Entomologists, Nematologists, Weed Scientists, Agricultural 

Engineers, Agricultural Economists, to enable IPM maximum 

opportunity to succeed. 

- Send young scientists for 3-6 months of study to maximize 

their upgrade in scientific techniques. 

- Receive U.S. Professors on sabbatic leaves. 

- Expedite mutual exchange of biological agents such as already 

agreed upon with the USDA. 

- Arrange 2-3 week visits for senior scientists. 

- Receive U.S. Ph.D candidates who have international interests 

to do portions of their dissertation research on Indian crops 

(about 6 months). 

Increase efforts to continuously research and update ETs for 

all major pests on the target crops. 

Resolve the Administrative constraints which prevent the ready 

and easy joint planning, collaboration and implementation of 

weed science and cropping system plans as a cohesive part of 

IPM. 



24
 

Appendix - I
 
Acknowledgements
 

We gratefully acknowledge the assistance of more than one
 
hundred scientists who helped in uncounted ways in providing
 
literature, oral presentations, guidance and excellent hospitality.
 
Most notably, our thanks to our ICAR and Winrock International
 
hosts. Drs. S. Nagarajan, A.K. Raheja and S.P. Singh were
 
invaluable travelling companions. We ask the following leaders to
 
express these sentiments to each of their scientists who
 
contributed to making this trip memorable and productive.
 

Institutions Visited, Locations, Subject and Key Contact
 

Date Institute Location Subject Key Contact
 
April 1991
 
16th GBPUAT Pantnagar Biocontrol Dr.A.K.Mukhopadhyay
 

16th HAU Hisar Mustard, Cotton,
 
Rice Dr. H.C. Sharma 

16th RAU Jaipur Groundnut, 
Cotton, Sugar
cane, mustard Dr. Gupta 

18th TNAU Coimbatore Cotton, Rice, Dr. S. Jayaraj 
Sugarcane 

19th Cotton-Proj. " Cotton Dr.V.Sundaramurthy 

AICCP 

20th SBI " Sugarcane Dr. M. Naidu 

22nd BCC Bangalore Biocontrol Dr. S.P. Singh 

24th DRR Hyderabad Rice Dr. E.A. Siddiq 

24th DOS " Oilseeds Dr. V.R. Rao
 

25th APAU Rajendranagar Cotton Dr. M.V. Rao 

25th CPPTI " IPM Dr.V.T. Sundaramurthy 

25th NAARM " IPM Dr. K.V. Raman 

27th CICR Nagpur Cotton Dr. A.K. Basu 

29th NCIPM Faridabad IPM Dr. A.K. Raheja 

30th IISR Lucknow Sugarcane Dr. G.B. Singh
 

May 1 IARI New Delhi IMP Components Dr. S. Nagarajan
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Appendix II
 

Equipment Needs
 

The US IPM team recommends the acquisition of the following
 

equipment, books and supplies. These resources are deemed
 

essential to the success of the IPM program and to the best of 
our
 

knowledge most are not obtainable in India.
 

The NCIPM will serve as a central facility for housing much of
 

this equipment for joint use by staff associated with the various
 

programs modules. This is necessary since it will not be possible
 

to duplicate these items at all locations.
 

(See next page for Tables)
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Appendix II (contd.)
 

S1. Equipment 	 Project Location
 

I. 	 Controlled Soil Temp Tanks - Soil Biocontrol GBPAU,
 
borne organisms Pantnagar
 

2. 	 Computerized video-camera/ Biocontrol Bangalore
 
microscope
 

3. 	 Controlled Environment Chambers Biocontrol Bangalore
 
(number to be determined)
 

4. 	 2 Microscopes with digitizer for Biocontrol Bangalore
 
computer image storage plus PC IARI New Delhi
 
computer with 40 megabyte memory
 

5. 	 4 Agroclimate Weather Recording Biocontrol Bangalore
 
Stati.ons 	- IBM compatible IARI New Delhi
 

Cropping systems Nagpur
 
Cropping systems Coimbatore
 

6. 	 2 Caramate Slide Projectors/Screen ICAR New Delhi
 
viewer Biocontrol Bangalore
 

7. 	 Books, US Press Generic Rs.200,000

Supplies, chemicals, etc.
 

8. 	 2 Mini-Fermenters to multiply Biocontrol Bangalore
 
fungal pathogens from M/s.L.H.
 
Fermentation Corp., 3563 Ardean
 
Rd., Harward, CA 94545, U.S.A.
 

9. 	 Computerized Acoustical Detectcrs Biocontrol Bangalore
 

10. 	 4 Data Logger Field Information
 
Computers
 

11. 	 2 MacIntosh II SC Computers with Biocontrol Bangalore
 
80 megabyte memory and with color IPM Center Faridabad
 
monitors each with a Laser printer_
 

12. 	 2 IBM Computer with 80 megabytes Cropping systems Coimbatore
 
memory each with a Dot matrix Nagpur
 
printer
 

13. 	 2 Multi-Fax machines Biocontrol Bangalore
 
IPM Center Faridabad
 

14. 	 3 Portable Li-Cor Leaf Area Meters !PM Center Faridabad
 
Lucknow
 
Coimbatore
 

15. 	 1 Large Li-Cor Leaf Area Meter IPM Center Faridabad
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Appendix III
 

Table I Short-term Training/Visits for IPM
 

MODULE I : BIOCONTROL
 

Technical Location Duration Trainees
 
Training Subject Number
 

A. 	 Taxonomy/ USDA Systematic Entomology 3-6 mo. 2
 
Systematics Laboratory, Beltsville, MD.
 

B. 	 Exchange of USDA Beneficial Insects 1 mo. 1
 
Natural 	Enemies Introduction Laboratory,
 

Beltsville, MD.
 

C. 	 Artificial Diets to be determined 6-9 mo. 2
 
Insect/Parasite
 

Nutrition
 

D. 	 NPV Mass Insect Pathology Laboratory, 6 mo. 2
 
Production; B.t. Beltsville, MD.
 
isolation
 

E. 	 Biotechnology I to be determined 6-9 mo. 2 

F. 	 Pheromone D-ptartment of Entomology, 2-4 wk. 2
 
Chemistry N.Y. Agri. Expt. Station, 6-9 mo. 2
 

ii 	 t Cornell Univ., Geneva, NY. 

IG.Biocontrol of University of Florida 3-6 mo. 2
 
Weeds University of Arkansas 2-3 wk. 1
 

University of California
 

H. 	 Biocontrol of Dr.R.J. Cook, Washington 3-6 mo. 2
 
Soil borne State Univ., Pullman, WA
 
Pathogens
 

I. 	IBiocontrol of Dr.(Mrs.) Susan, University 3-6 mO. 1
 
,Nematodes of Maryland
 

MODULE II : IPM CENTER 

Technical Location Duration Trainees
 
Training Subject Number
 

A. 	 Database University of Kentucky 3-6 mo. 1
 
Management 	 Texas A & M University
 

Michigan State University 3-6 mo. 1
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Appendix III (contd.)
 

Table I : Short-term Training/Visits for IPM
 

MODULE III : CROPPING SYSTEMS
 

Technical Location 	 Trainees
Duration
Training Subject 
 Number
 

A. 	 Extension I"M iTexas A & M University 3-6 mo. 2
 
I Specialist Purdue Uriv.crzit-

I 
 University of Illinois
 

B. 	 Pesticide I Mark Whalon 3-6 	mo. 2

i Resistance I Michigan State University 
_ Management _ 

C. 	iWeed Science Harold Coble 2-3 wk.
 

____;Specialists 
 lNorth Carolina State Univ.
 

D. 	INew Wilt. Disease 1 to be determined 3-4 mo. 1 
of Cotton/Genetic
 

_ incompatability 
 _ 

E. 	 Irrigated Rice to be determined 3-6 mo. 2
 
'1PM 
 _ 

MODULE IV : SUGARCANE
 

Technical Location Duration Trainees 
_ Training Subject Number
 

A. 	 Red Rot Disease- USDA of Florida, Canalpoint, 3-6 mo. 1
 
Host Genetic FL
 
Resistance Louisana State University,
 

_ _ _Baton 	 Rogue, LA 
B. 	 Insect Louisana State University, 3-6 mo. 1
 

I Biocontrol Baton Rogue, LA 
!Borers
 

COORDINATION
 

Subject 	 Scientists Duration Number
 

Joint INDO/US Seminar Nagarajan, Raheja, 1-2 wk. 

Monitor Progress every 2-3 yr. Singh
 

3 
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Appendix IV
 

Table 2 : Short-term Collaborative Visits by US Scientists
 

MODULE I : BIOCONTROL
 

Technical Expertise J Expert's Institution Duration Number 
--	 --I_I 


A. 	 Exchange of Natural USDA Beneficial Insect 1 mo. 1
 
Enemies ILaboratory, Beltsville, MD
 

B. 	 NPV Production; B.t. USDA Insect Pathology 1 mo. 1
 
strain 	identification Laboratory, Beltsville, MD
 

Dr. Ignoffo

USDA 	Geneticist, Texas A&M
 

_University, Dr. 
Atman
 

1C. Aquatic Weed University of Florida 2-4 wk. 1
 
_ Biocontrol
 

D. 	 Terrestrial Weed to be determined 2-4 wk. 1
 
Biocontrol (University of Arkansas)
 

E. 	 Insect Nutrition USDA, Weslaco, Tx. 3 wk. 1
 
I Biocontrol Dr. David A. Nordlund
 

F. 	 Trichogramma IUSDA, Weslaco, Tx. 3 wk. 1
 
I Dr. Wm.C. Nettle
 

MODULE II : IPM CENTER
 

r Technical Expertise 	 Expert's Institution Duration Number 

Database Management 	 University of Kentucky 2-4 wk. 1
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IIg, lliiitillis t thehs st'vei-ItN, ;IIstitall Ittttel aillrnt (ean(ItIt' ttss are by/Fo..05th!11 t l-t mh f . tubtt . Atitioin ofIJ()iii w,cv't(k: tilt- :I) at107.0U, 6,land l l 
uorI,.i. C.1-llt (h(1'th :l s lh'~ illn t , - G It,r r.liit' lit llt'lilltllcoUIll, 1i 0111 O Jic, llllilt,'h~suciho IA i1.-;lii).141 iAOC grt'ttll in11 iHi I'ML -Iltlis , (7 0) ,. i ..t ui ngl~llor I et.t,ll-It; i ctll 'i , i inily iVd~lt~es .nk ,thIi' ,ctv v~rll.) ol Sh t hiliiatod . b lig h t Va 'at It ,tk ., i i tllilt fir N.) /0T 1zt illiav tile lei t. mt H ii 7o It 'r st'/4Ci-it pteSttitid ti'st-i ar i 

ii id tiltle politl tl]till of' tht,nrt' I r iotl tlii, 15 pte feeding
filligit-Itdes nt ceit iitin ttiitds that predispisei "Iftin tile plants0 iLtr Cllt art, Att for infecti6n.ies.Ag thet-itlsrntI' l v 1tollll~ii lI.,i I' l ni 

Alof s(I ilf cise s , organic
i (. b"l. ll-' I ,IllllI[Al14[ %,
, 1) 

1e.1icide usa '11.inidterilIl l ( Ae 
LCV I IS a USV T~ Ylthy l atin g 


( ILt tli t o~ Pf
l !10lON ) I11lllt',, {["/illl lli 1r.tiCIdtr i giijtir1lity (-eriied seeds fi ee 
UlsaVU,n) t3 I.,, (ill( titttlI (t ti iii;il:- i. ii in I i l i l -,ii 

' 
s 

tilt- I Ilil ry I inva ,s (if" discqilst contlrol.fron diseaseit Pres
t 11,r lI viru
ll ,J 1 ,l 1l1 d ill i rl l ( tiOt p. :' , ti 

ti

ic hl, if fa rlmers se t hegra.limuiii same ee tt1 . Thi Ril, i& 1k tlhtl-trtre agrttjt.stlicide mar- stouik fromiiltt i, (ont ntritrl iti At tlihra lPrit lli, 

veai to year. The northrn hiills along the(;lJilIt niin 
alritataka, liinialavis, aitove 2,3l)(0 in Aslldi ji, t;.wt iill tiir 76 lir t'i-t provide tle nee-ded cli

:ah. for t.j. 
Of the mate like intrl'inittentf,t (roljt pitif,Thr.s- €tr in l,,it,lil-i Ni l trc ntj twar anid wit-at 

rain, wind, higli harnidity, lowtt ilht- lt~ t.ll.iiiescrotp.stoti tenipuraturealij lll l.t )lOand good exposureU at l .,' i(H that suppressesl -;q lt (' v r theIi liTlin and fu intlllho v-r t-ait, it( 
i . 

firtidttr iea
l l nl t. ( Ltht ll ,i- li i 77,0 ()(OJl i fsteri hly 
t'iv I (ilseet) population. As a cotsetuemce, viral dis

tilo p istrii.rc tt0ti c il dtt not
points, ,ilOit,th rs fur freetdonSpread. Sero-indexingi -it) l-r Ctilt aitre of' the plantedI lt-ti h pri- from viruses, l)eriodic roughing, time-tuvat- trailrs lii .'ii ld i'rit-d.h, Tililil Nit1a1, Jttar 
Iv sjtra Of inst-r tici(Is Jil(] fungicilt-s art colmllined.
Prit lo.i (;LIJaral itiil \ c,t Ht-ngal. 
hfIttIlhn (lilllilg jlr-rinits piodlt.ition ttf high qility dis-


Though lSt- frt'--t titlj-ts. The most
tile liaititaf LI.,te notailt- restar-lof It.ticide accomptr hectare is pll~ilsfmt-itless Coinpareti It lit- of the CPRI, Shimla, infvelop ed nations, tlhere are the recelnt past, istile detvelopenelt of ipockets within I li1 Wlt-re usage tech nology for tile production ofis very high. lit diseas-..frt-eGunLtur seed potato tubersdistrict if" -\ifihra l'radf- ill the hIldo-(ingetictilmli, , during 19Kt7, oleof pestitcid: Itti-itilal lllis/l;M 1iof eOt(tn (tr 
plain.

hittf eftillies Were srlayed. In1apple, a 
157 Th etsy aviihilility of good quality disease-free tutoiilite of fuingi-cide is sprayed ters has retduice-dIttr ivt-v I1(N)tonliits of atIj 

tile numler of'sprays needed
(-t. AH the petuticid-, t. irotil- it htiilthity crlp1 ii)id Illcriastl 

to raise 
ifave r-sidiios tiit pluit it the the yieltd suistiintially.

einvirlniment anid eltiltaiiilate llSimilarly, the miachinerythe food chuin, Over- for hot stt-ani theraipty devel.USage of pestii:it(-S O)'ed by IIS It, bLu-know, is perlittd lmassis a liOtential envi'rOnnlititen treatmentl fiIa- of ,ligill-cl-_i stIs and tlheard ,Jtfliciou Hui, eliliiifii illof virustit' hi nill iti-n[ it )a ettlithl lit 
dis

tegrated pest lanIagii et 
of ill- hit-1.t is tile safest ilt-ius of pest A prennimti

(-lcilloil il l' l lif'iciildNr, tiligile niI litll 1f1 
-~i rlplil v I'lii ld i i si.t fiti,I. i oiltil lgiViiil it itsLiiig,olution. When grw (iV l 

Itl:, ttihlltf b'ietIiitg ' parullilarge art-, iu slsttitnt var- iiii cirly generntiolift inutturial land in tile release of itnuibor of resis

,'(
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tant 'arii:t it-.. vild.ic,i e the c1til- io II'NN ic. 

re. ,tant v'ariet it-.ieNv I,,iiid itjItjl y 'lit,l .l 	 lt 

iv' l -r .-islait va, it il-s 
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S. ('rop 	 Variety Tolerant/resistant
No. Attribuites 

. .
 . .
 

1. Pigeon Pea 	 Mukta,Shards Wilt tolerant 
Bahar terility mosaic


2 Chick Pa (a raiv, It; 261 A tt'lhtit;,
litht 
3. 	 lJrd [eatin Co 4 Powd ry m ldew
AI)T 3 (PM) Leaf crinkle

•1 Mteng ia 	 Pa tltNi M lT' Yitlhwx to,. i ru-

t (I 'qill 1IM 
rt~l
5 Rice 	 Vikrai. Plialguna tAii milgte.


Viku, tiatia Sit-in b rer
M,ario~rt,\iar Bro~wn Pant Hlopper 
Iblijt, .hhteath blight 

Sriniva, Turigro, bleuttli blight 

G v;Uhtd,.liloyr'nlnt' %ilti.l;1 llo(lic|, lttlin .'.,
III etc-, 
are. till: vairl,)U.s tk.rh ,Ilmll ,Il ll ~.t till- ill'I l l)/l 
atvarlet'. 
Virus diseases 

A ottuil,.r of* crtq,, Irticuliltlv l-gtliit-, and veg-
et a a re.., plil t (I 'v IIII beI'lttl." Vi l i t e'i
Viit ., at(. extrenwl.ly imi Ili ,ze and spri-tll 1Iv i(otlit
t, "outd, seed gralt.,, insect.,, etc. A numb lto in-t 
he t.-, :i( h as hoppi.-r., apitd., arid wlit 1v transnilit
tile vir, fion a d il.,,ttdplant toa heilhy tite. Sonte 
",rui- itetoe Jtcr),ttt in the vet tr V*( t'.,aret.. 
not alwai., serum. li',ts blit, In low poiotitatiill dletn-
sities, are enough to spread the viral disease over the 
fieldi. ot resistance, srodiagnosis based production
of diisease-free 	planting material, cross protection and
cortrol of vectors are the primary means of nanage-
ment of viral diseases. 
Pest threshold le,'-ls 

l)isea.-cs need nht aj&ays t:ause loss. WVIen the s-
vterity it,Ie-, and cot ni-td to the lower leaves, it re-
stilt., iil prematar- hi-tit.-itc of tin ii o.tlVeo din
leaves. Therefore, a ninintiluil thresiold level tif pet
population is needed to infflict loss. Thtat is, if tlie
thresholt level can be predlicted, using statistical and 
computer models, timNely action call be talken to cut
lot,es In South Inli, tle green grain (urati bean) leaif
crincle virus (UIA(V) i.,spreatid ty lith stid and white 
fly. Usage of even two per cent itlfected urad seed can 
result in 45 per cent disease 'ncidence at the potll formation stage. Against vir;,luiseases that are seed.
borne, using disease-free -led, controml of the vector
and roughing the infet:ted plants form the IPM strat-
egy. 

Seed set infection of even two per cent is sufficient 
to cause an epidemic if, mature sugarcane crop if the
intervening period has fwivouraile weather coitltotin3. 
Sugarcane diseases like red rot, w"lt, grassy btunt anti 
ratoon stunting could be checked through heat ther-
apy. Exposure to moist hot air for four hours at 50C 
is now widely recomnenled to produce diisease-free 
sets. Such aerated stean therapy has potential alPiI-
cation against a number of seed transmitted plant
viruses. 

Weeds act as collateral hosts for insects al crop
pathogens at a time whn the main crop is ;. I avail-

lhh.- \V111,1." cialtlte with cro) plants for water, nutri
:an d ctloll .lja. . . Ii iiij rity o f the s e a solla l w eed s h a v e

idt-nliC.h l gi-rminittcai and Crop growth requirements 
aldl,tlicr the steeds that are shcd beflore harvest or

.ilt . g elt .- i Il al l m ixed with griI atI thrashing 
111111. . it,a fill.o tofl'lh ltli,n f had irt, h t iou. 'li omr,ittally,,iiti.,bl-ell usilg weet'ds as fodder to 
eattlt. itild Sante as leafy v'getabl e. Owing to labour
ctl'ttint 
a y e. i r. 

wettlCide, Ise is increasing at 15 per cent 
T'c niiin weed cide narkets are Pija andh iarya

na anl A lln ra l'radesh anti Tamil nadu fre also pick
ng u e.,ing u1p W r of'weedicide would lead to environ

nlttl itl .%%liwctiictid hlerincec t rind rtesurgence
if itt r ttih '. ,itch i V affect the stictee ing crop.
list- of Btutta 'lhht idtltI21-1) if;tile thighet in rice-wheat 
rt ai.itis n11|tt-wtest India. ''ittre is need torotation 	 tIt'
uldUr.tand wtitd itiology and integrate nranual, biological atid cl 'itttal tit tt'"answet stppressiin. Identl),.holl I , c'(}tlit-111c l- ~ all'l't-cttilt tro~pil]11 lttth'4Illa t 
c'af . i.lliollir nrcit catllinl f'or tc) loriito~ry stud
i.s ()it - wiv l i l ti itridig rhl lce ittrotluctin of 
-Xutii lt' t, tituloigli imtportedtt: , 	 seed filt] planting mafi I tl|mli:1 %igdorou.s (luarmnttne 1It.S Tile lltA' d'~t''hHl~rwl it)tlilt.(, e'trnlit-lit ifandol'loInd 
tilh.l- '''tH It 
 of lanlt P'rott-cli(n Q u findtarantinet 

Storage e l'ote Vtry strict Iv the stalttory require
ilent't. T11t.y ;,i, uiltratt. ittIIertIIn of Iiolhgical con
trit fii .s;itntit aipalt fronm kee'piig a constant vigil
()n tiltth.(l v-,.t hicttit s 
iiologiva I control 

Wetdt contridl through insects has been successful 
priniarlv i respect of weeds occurring in wastelands,
walter hilies, ettc.The water hyacinth is a succulent,
rapidly iultiplYing exottic weed which grows menac
ingly- in ponId , canals and reservoirs, cholking water 
movement and increasing the drying up of water bod
ius oing to transpiration by plants. The weevil,
Nvotbittia eichorniae and N.bruchi are proving to be
effective hiocontrol agents manyin of the warmer 
parts of our country. The common water weed in Ke
rala, St in in nolthsta is checked by the weevil, Cryto
bjgus salt'ia, the 'Congress grass, Parthenium by
the beetIt-, Zygograrnnta biocolorata. These are some
of the recent achievements in biocontrol of weeds.

There is an array of fungal pathogens and insects
that are specific to weeds occurring in the cultivated 
field. There is great potential for exploitation of these 
organi.nis fOr achieving non-chemical means of weed
Stillression. Art integration of weed pathogens (Myco.
htiericides) and insect pests will be the appropriate
nmethodology fOr lasting weed control. 

Insect predators, parasites and pathogens
More than 500 species of fungi are insect pathogens

anti have the potential for even marketing them as 
ynlco-insecticides. Of these, AMetarhizium anisopliae is 

the important one that can be mass-cultured, using co
conut water in the medium. It infects Pyrilla, white 
gih.-i., 
 iphids, the futgal spores if niycelial mat.
"lhese ca lie stored for long and are highly compat
ible with any pesticide. Inoculated adults of M.aniso
ptue at 250, very effectively checked Pyrilla
perpi tlla,
other fungal pathogens such as Verticil
hitun ecanii, Fusorium Spp. and bacteria such as Ba
cills popilli(ae 	needs to be fully harnessed as insecti
cides.
 

Oryctes beetle that infects coconut by Laculovirus
reduces its longevity and fecundity. Over a period of 
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A pheromone trap in a cotton field in Coimbatore 
districtof 7'amil Nadu. Tie u,, of hormonal sex 
attractantshelp,; in assessingtlc population
dynamics of the pest and taking up timely 
spra)ingoperation. 

time, the beetle population gets reduced as it happen-
ed in the Andaman islands. In pulses, the Nuclear
Polyhedrosis Viruses of(NPV) !le iothis have given
promiring results. The effectiveness of NPV increases 
when 0.025 per cent tannic and boric acid are added 
for every 100 la-val equivalents. Such preparations of 
Spodoptira liturn NPV and the tt.armigera - NPV 
have proved their field utility There are nearly 300 
types of NPVs that are specific to each insect and pri-
mar;}y pathegenic on Lepidopterans. 

Commercial preparations of NPV are not yet avail, 
able in India. The emphasis in biological control of 
insect pests of sugarcane has been on the Pyrilla, 
stem borers and scales. Augmentation of the shoot-
borer parasitoid Sturmiopsis irferens in the sugar mill 
area3 of Chengleput and Thanjavur districts of Tamil 
Nadu brought the pest population under check. About 

140 to 60 per cent of the naturally occurring pests are
controlled through various parasites, predators and 
pathogens th-t assist in suppressing the pest popula-
tion. 

Release of the parasite Trichogramma japonicum 

-41-_0i10/sq.m.at10 (lays interval,starting from 20 dlays af.ter transplantation of rice, reduces stem-borer infestatien and increases the yield by six to seven per cent. 
The sugarcane internode borer is an important pestIn south India. The thick sugarcane canopy comes in 

tie wiy of effective plant protection operation. Refactoryof 50,000 Trichogramnm/hia./weekof pests. helps in sais-Control Such releases also suppress 

the rice stem borer and, at 2,00,000 eggs/ha./week, 7i
chograra minimises the damage due to cotton boll 

effective predator of a number of aphids, mites and 
thrips. The technology for mass multiplication of this 
predator has been indigenously developed. Biological
control of insect pests holds great promise. 
Biocontrol of diseases 

good control has been achieved against Pythi. 
ur damping off Sclerotium rolfsii, Rhizoctoniab.solani and tFusurium oxysporum by using biocontrol 
fungi such as Trichoderma hazarianum and Gliocla
diem virens. Seed treatment with biocontrol agents
and changing the soil along with organic manure sup
press the increase of soil-borne diseases and increases 
Syield. A number of fungi hold promise for the control 

nematode pestb as well.Botanical and biorational control 

rthe last New yea s a number of companiescome with haveout pesticide formulations, having plant
products of neem, pongamia, datura, etc. These prod
ucts which are safe can be explored to control post
harvest damage. According to unofficial estimates, 

Is. 2-3 crores worth neem and botanicals were 
sold last year alone in the rural market. iTC has come 
out with RDafRepellin, a botanical pesticide, and there 

a few more less well-known rrgds in the market. 
It is time to bring in quality and registration require
ments for these products as well. 

Trapping the population of moths, using hormonal sex attractants called pheromone or growth inhibitors 
as keromones or 'thrcugh. light traps, helps in assessing the population dynamics of the pest and taking
timely spray operations. This new approach of thresh
old population-based management strategy using
either biorational or synthetic pesticide, will lead to 
sustainable agriculture. 

Educating farmers 
Pesticides are biologically active substances, desig

nled to kill pest population by their toxic or deleteri
ous effects. If the level of pesticide residues exceeds 
certain limits, they can prove hazardous and get into 
the human system through the polluted plant and ani
mal-based food and upset the delicately balanced eco
system. The problem of pesticide residues and biomag
nification can be suitably prevented if farmers strictly
follow the safe waiting period. The vegetable and fruit 
growers need to be educated on the implications of vi
olating the wetting period. Stipulating these require
ments under the Environment Act will call for strict 
punishment of the violators. 
Need for better spraying 
-The simple hitchback, semi-automatic knapsack 

sprayers are cheap, easily serviceable and ideal for 
' small farms. In the tropics this is the most common
plant protection machinery. By 2000 A.D. India alone 
would need eight million power sprayers and dusters 
of two HP' engines. At the moment, indigenous pro
duction hardly meets 50 per cent of the demand. There 
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is scopt, to V() in for diClVt'i\ Syvt~ln, that art, light s.teicm and computer models have been developed and 
and po ei-t I':tr Inl zl ,rc ua tioi tacilit e , t,,,tcd for AWitit ruts, Jilt t bileM ight andi others. 

l't-stilclid , t wlu'allv ;Illlt-d the (it Illnt , and tercial suchai o. l in formi Fin l m rol)l tommii crops, 
spray. S t. lrt-,.l. dut,, fllligilts, and i, h 1 of gitgrllmilt, nii t.I it' uIIt'. 
klitS ill ilt i n O, t o tilt- t'lu ()Ifitllli ll it 
tYpi's of pw-i.. If tdlpl iht -,zciI,lrg. it would rt.- IPM-based rural employment 
buliti ll ,Isa s I tlrlt 'ijtilI ald mrlte As Illailt protlttlitl oleratiolls demlllnlld technical 
Chem ical -t . n tilt, vlltIof (jloitr l.By skill 'ni t111iil)g of the C(lii} t nlel'tioll, Illiv\' pri-I it ;iiIt 
reducing tilt.dd l e iu th i ri , vlflitip tillsng tlwprm clllle(zzlt a l illet's have shown interest ii colillllercia.lising
and power ttiii tliai. sUl.it'n- Though the multilational colllnies dominate.iotm, tilt allltllllt of IPNI. 
suin, Ulght tli>m ,dW rii' c ith the I'esticlide industry, small private bliological controlIn tiroldlets ;lrt ll Wed ibt-
ter (overa t. ihi a gril.letr ditgre (of'pc't c(lintrol. 1n h.lhrat 'liet, sugar orand co)lperative mills selling 
fotrtullltttlv. a1 illaijh ilty (f Indiiin 1lt t;tllllar.t() klly Illrkttinig ililnlt lntroll agents illive conil up in the 

liti W, .O111U114V1,.Stalles. lallisoint are stillignorarl (it ''d to have a I,tttr ,pri ystiii1 r S W ith gains. they 
plil'titlt, dtlllvriv inroct'lo.u Ill tilt lull, w htir, ,'iltIr il bu.iiiess. In Taiil NadLu, private agro-clinics and 
Is to he cairi ai long way or illtill, h,irt, 6t1ia itw contractual farm spravings aire tone. These entrepre

,
vo(luml ,'ayI> aiuly(. rieoirs allso) all ir(l ott m ushro grtving, lee keepomiin 

W ith thethillmintratin off etter ,oluhility. reten- iiig ant othter m ransof CtOlllllitocculplltion, ils part 
tion and 'ffitacy icit dieowilig to tile adliition iif of thir' l1i1e5ss.of' p l 
atjuvants ,uch ia sel -wet , tile Economic mycology99, against aIbpl sill, 
sale of aduvaiit in I llahal ])alhVA,, 1111s stalstln
tially increa ed. Withian cx pendhiture of Its. 2ff lakh, Though some fungi are plant parasites, a number of 
for adJuvltlt, in finmchal lt raldllsh. tit, efftlvene.ss the(m areit'tneficial to man as biocontrol agents of in
of the fuIngiCIdt' spray scheduIt ton01111rl al)le1 s2iah sects, and nematodes anti in the lroduttion of fer
has been suolstantialIv increased. As a rusul of IlI'Ni ented fiood and edibfle mushrooms. The lge agricul
extension activit ies, there is growing awlreless of the tural waste can Ie used as substrate for the produc
need for spreaders, stickers, djuvantn,etc. ti11 of edible mushrooms. ln addition, mushroom 
Weather based prediction growing sullplements tile farmer's income. 

Jhe pilpullatiOn tlilh LI)of llIthloges andl ilsect 'I herr.are a numer of species of fleshy and edible 
pests depend, oil ithi fuil i iltl-hiroomls. culturesflavoturable we r'ttlir_llentk of tl, led ni T]hrotugh selection, 
temperature, rainl[ll, leaf 111( par- .Agarrntshisporus have beem identatntd>s11thCr of and A.biforquis
lintteirs. H , mll(milttlrilg, We lltler firecasts art, illidt' iiLd lll tiltN' rt, iihigh-yieldiinll, a1d tenperature.toler
and firmer,,al tdvised to lira.v or not to ,pray tIltir int. A hi -Yl-yhllng N(B 6 'A.titlrtjuis that could 
crop. P~redictionibasedi splrayV sci e SLIlIStallt aly IL grow lit 22-26T( and yield high quality button mush
duces the nulnlwir itf sprays nedud andi add-, to gre-at- rollns, has teel identified. 
er urofit,. With Ill t;ficll tive, effcient mi structuriilly cohe-

The Allintlia Co-ordinated Proje-ct on Apple Scab sive an1 aggressive plint protection strategy alone, 
give8 timely fim:ic-at frh till- orchardi Owt rinlaglr tilt' lp(ti()11] agricultural Iroluct ion call Ie stepped 
valley, Kullu and tile upper hill., Illlimachal tradehh ti by :10per cent. 'To achieve this, formulating a na
and western UI.P Fo'ro'tintrol of alwIle stIll) alon, ftl- tioinll plnt protection pIrogramme is necessary and 
givide for Its 7 criis lire Ii d 1111ye;Ir iln I a t - tl re tin IOIMH iiis the key tti uccessful and sustilil
teumlpt to rltl, ist: utage s 1n iliviilltiauc. Predictloll Illit- Io(ud Irlu lttiolll. 
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