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EXECUTIVE SUMMARY
 

The purpose of this subproject was to strengthen the
 
capabilities of 
four research centers 
to conduct research
 
on reducing postharvest losses of 
fruits and vegetables.
 

The U.S. provided training for 28 ICAR scientists at 8 U.S.
 
research institutions, acquisition of and
U.S. Indian
 
manufactured research equipment and technical assistance by
 
8 U.S. consultants along with support for new staff', 
research and maintenance. 

The G.O.I./ICAP provided the development of postharvest 
research staff composed of multi-disciplinary scientists,
 
postharvest research 
facilities, and support for office
 
requirements, 
 vehicles, in-country travel, staff 
 and
 

maintenance.
 

Delays occurred in construction and remodelling of' research
 
facilities and in the purchase and delivery of research
 

equipment.
 

Positive impact of training, technical assistance and
 
equipment received early 
in the project is apparent from
 
the type and quality of research being conducted.
 

Most of the research equipment 
has been only recently
 
delivered and its 
impact is yet to be determined. I'he
 
equipment is appropriate for serving the needs 
of multi­
disciplinary scientists.
 

Additional assistance will be required for installation and
 
training on utilization of the research equimm,-n .. 



Postharvest research units were formed withir. each of the 

research centers. 

A research technical program was 
followed which paralleled
 
development activities. 
 The technical progrpn addressed
 
research on five components focused on reducing postharvest 
losses : (1) preharvest and harvesting factors, 
 (2) loss 
assessment, handling and transport, (3) storage 
techniques, (4)' processinu methods and (5) waste 
utilization. 

Substantial progress has been made on these nppropriatn 

research topics.
 

Workshops have be-be conducted by subproject participants 
and jointly with other ICAR and 
 State Agricultural
 
University postharvest scientists.
 

The foundation has been established with appropriate inputs 
and activities for accomplishing the ptirpose of the
 

subproject.
 

Follow-up with assistance involving the new eqai pment atid 
establishment of collaborative research between U.S. and 
ICAR scientists will greatly benefit the strengthening of
 
the capacity to conduct research on postharvest losses and
 
development 
of appropriate technologies for reduic ing
 
postharvest losses.
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TECHNICAL ASSESSMENT
 

POSTHARVEST TECHNOLOGY OF FRUITS AND VEGETABLES - SUBPROJECT
 

I. 	 SUBPROJECT DESCRIPTION
 

A. 	 Statement of Purpose
 

1. 	 Purpose
 

The 	purpose of the PostharVest Technology (PHT) of
 

Fruits and Vegetable ARP Subproject is to strengthen the
 

capabilities of Indian agricultural research centers to
 

conduct research on reducing postharvest losses of
 

perishable fruits and vegetables having major national
 

importance. Research strengthening activities are focused
 

on four Indian Council of Agricultural Research (ICAR)
 

centers strategically located in major production/market
 

regions of two or more of seven important perishable
 

horticultural crops. Through strengthening these
 

postharvest research centers, scientific. capabilities are
 

to be achieved for developing technologies, developing
 

solutions to problems and formulating recommendations for
 

reducing postharvest food losses while consistently
 

increasing the quantity and quality of food supplies in
 

India.
 

The PHT Subproject was designed October 1982, printed
 

May 1982, implemented April 1, 1985 by USAID and October
 

1985 by ICAR. Training locations equipment and
 

consultants to be provided by the U.S. were identified by
 

the ICAR/PHT Management Team during a visit to the U.S. in
 

mid-1986.
 

2. 	 Linkage to Higher Goal
 

Linked to the purpose of the Postharvest Technology of
 

Fruit and Vegetable (PHT) Subproject are several higher
 

attainable goals, such as :
 

a) stimulation of postharvest researcb and technological
 

development throughout India;
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b) improvement in food supplies, nutritional status,
 

employment and incomes for the Indian population:
 
0) marketing of.perishable and preserved foods which meet
 

international (export) quality standards;
 

d) facilitate development of private-sector businesses
 

involved with food handling, marketing and
 

preservation;
 

e) stimulation of Indo-U.S. scientific and business
 

collaboration.
 

Indeed, accomplishing these higher goals will require
 

more time than provided by the PHT project. However, by
 

initially strengthening the capabilities to conduct
 
research focused on postharvest preservation of per".Rhable
 
foods at four research centers, models of expertise and
 
facilities can be established which will be capable of
 

being multiplied throughout India for ultimately attaining
 

the higher goals.
 

B. Specific Objectives
 

Postharvest losses of fruits and vegetables in India
 

are realized to be extremely large. Expertise and research
 
facilities to develop appropriate technologies and to
 

develop usable procedures for reducing postharvest losses
 
of perishables have been grossly inadequate.
 

Traditionally, large losses in quantity and quality of
 
foods from the time of harvest and through the marketing
 

channels have been considered to be unaV,,dable, arid new
 
technologies are inconvenient, unavailable or uneconomical.
 

Combined, the lack of knowledge, inability to generate new
 
knowledge through research and existing improper
 

postharvest handling/storage/marketing procedures have
 

contributed to major losses in food availability.
 

The production of several perishable horticultural
 

crops in India is highly seasonal and regional. Without
 

proper postharest handling technologies and procedures for
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uniform distribution of perishable foods throughout India,
 

this results in excessive supplies and large losses in some
 
regions of the country and shortage. in availability in
 

other regions. Obviously, farmers would benefit from
 

development of postharvest procedures and infrastructures
 

that extends the marketability of their commodities and
 

relocates surplus supplies from their production region.
 
Furthermore, consumers would benefit from postharvest
 

development by having increased availability to important
 

nutrient resources with reduced fluctuations in costs, by
 
having a safer supply of foad with Jegs risks of health
 

hazards caused by mycotox&ps or pathogens and by having
 

improved availability of quality af perishables being
 

marketed.
 

Prior to this PHT Subproject, most agricultural
 

research in India focused on methods to increase food
 
production without including training, facilities or
 
support for research on reducing harvested food losses.
 

Therefore, scientists, laboratories, programs and knowledge
 

have been deficient in the development and advancement of
 

information and technologies to reduce postharvest losses
 

of perishable fruits and vegetables. The Indo-U.S.
 

Subcommission on Agriculture realized that major
 

improvements in food availability and quality could be
 

accomplished by research and development of methods to
 
protect crops after they were harvested. Subsequently, the
 
PHT Subproject was designed with specific objectives to
 
strengthen the capabilities of scientists and laboratories
 

to conduct research ou postharvent problems of regional and
 

national importance.
 

1. Problem 1 

Preharvest factors and harvesting techniques can 

influence the postharvest deterioration of perishable 

horticultural commodities duritta subsequent handling,
 
storage and marketing. For example, selection of
 

cultivars, production cultural practices latent pathogen
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infection and stage 
of crop maturity at harvest greatly
 
influence 
quality and durability after harvest. 
 Also,
 
damage which may not be initially apparent, can occur from
 
adverse harvesting techniques.
 

Objective 1
 
Determine methods maximize quality
to 
 and minimize
 

postharvest losses of fruits and vegetables by improvement
 
of preharvest and harvesting techniques.
 

Included with this objective are studies reduce
to 

postharvest losses by improving the selection of cultivars,
 
production practices (fertilization, disease control) and
 
harvesting techniques. 
 In additions, economic feasibility
 
studies of any changes 
 in preharvest and harvesting
 
techniques 
were to be conducted. 
 An important sub­
objective was to disseminate information 
 on proper
 
preharvest and harvesting techniques to farmers.
 

2. 	 Problem 2
 
Large quantities of perishable foods 
are realized to
 

spoil during postharvest handling and marketing; 
 however,
 
information 
on the cause and extent 
of such losses is
 
lacking. Identification 
of the major 6nuses of losses
 
would greatly assist 
in developing appropriate remedies.
 
There are numerous technologies available 
 to reduce
 
postharvest losses 
such as proper temperature management,
 
protective coatings 
and containers and sanitation and
 
disease control; however, appropriate techniques for the
 
conditions and 
resources available in India need to 
be
 
developed.
 

Objective 2
 

Establish 
 systems for precooling, handling 
 and
 
transport of fruits and vegetables which reduce postharvest
 
losses and maintain 
 quality characteristics. 
 This
 
objective was expanded include
to 	 the determination 
of
 
causes and extent of postharvest losses from the field 
to
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the retail markets. Evaluations within this objective were 

to include studies Ch methods of precooling, 

containerization, pankins, pratective coatings, 

ventilation, regulate ripening and prevent phypiological 

disorders. Associated with the objectives were the 

requirements for economic evaluation of an}y changes to be 

recommended and for the development and dissemination of 

information.
 

3. Problem 3
 

Most horticultural crops are seasonally and regionally
 

produced which results in cycles of surpluses and
 

scarcities and large price fluctuations. Excess supplies
 

usually results in extensive postharvest losses unless
 

proper storage facilities are avaitable. Storage
 

technologies are available withutilization of temperature,
 

humidity, atmospheric gas and sanitation regulation
 

suitable for a particular commodity. However, information
 

and appropriate techniques for storage of perishables in
 

India are limited. Fmrthermore, information is lacking on
 

the storability and storage requirements of the types and
 

cultivars of crops produced in India.
 

Objective 3
 

Develop techniques for. storage of fruits and 

vegetables to minimize losoes and prolong quality 

characteristics. Within the objective were studies on the 

development of farm and commercial ; level storages, 

prestorage factors such as curing nid cul ivar and storage 

environments suitable for each crop.. Economic feasibility 

studies on conventional, and improved storage treatments arid, 

facilities were to be conducted. Instructional materials 

and programs were to be developed for farmers and 

commercial storage operators on proper storage procedures 

of perishable crops.
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4. 	 Problem 4
 
Processing provides 
a means of long 
term 	storage and
 

protection 
of nutritional 
value of 
many foods. Crops

unacceptable 
for 	fresh 
market utilization 
can 	often be

processed into 
acceptable products. Although 
there are
 
many benefits of processed foods, very small quantities of

food are processed or utilized 
in India. This 
lack 	of

utilization is based on traditional taste, availability of

fresh, unprocessed foods, poor quality of processed 
foods
 
being marketed and cost. 
Methods are needed to develop low
 
cost processing/preservation procedures, improve quality of
existing preserved 
foods, develop new acceptable 
food
 
products and develop education and demonstration programs
 
on food preservation.
 

Objective 4
 
Develop methods 
of processing 
fruits and vegetables


for maintaining 
quality components during 
storage and
 
marketing. 
Studies within 
this 	objective were to 
include

emphasis on 
development 
and 	evaluation 
of dehydration,
 
fermentation, 
 acidification 
 and 
 other methods 
 of

preservation for farm, village and commercial operations.

Studies 
were to be conducted 
 on improving quality,

packaging techniques 
and 	consumer acceptance 
of new or
 
improved processed foods. 
 The 	objectives also 
included

studies on economic assessment of 
market potentials and
 
development and presentation of instructional programs 
on
 
food preservation.
 

5. 	 Problem 5
 
Postharvest 
 and processing wastes 
 that are
unacceptable for consumption may be utilized to manufacture
 

products having value. 
For example, oils can be extracted
 
from citrus peels or mango seeds which can be utilized for
 
cooking, lubrication, 
etc. Sugar, 
vinegar, alcohols,
 
pectin, pigments, flavorents and various other biochemicals
 
can be developed from 
food 	waste materials. 
 However,
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information and technologies are lacking :n methods to
 

develop and evaluate utilization of waste materials.
 

Objective 5
 

Develop methods to utilize wastes from commercially
 

unacceptable fruits and vegetables and from processing
 

systems. Included within this objective were studies to e
 

conducted to assess the types and quantities of waste
 

generated and available for potential utilization, to
 

develop methods of utilizing waste materials and to assess
 

the economic feasibility of waste utilization for
 

manufacturing usable substances.
 

C. 	 Input/Output Matrices byObjectives
 

Development of po~tharvest research activities was
 

assigned to four ICAR research centers each having
 

different requirements for strengthening. The selection of
 

these research centers was based on their strategic
 

location in major production and/or market areas of major
 

perishable food crops and on their potential for developing
 

research capab lities to significantly reduce postharvest
 

food losses. The following research centers and crops were
 

selected to be involved with this Subproject :
 

1. 	 Indian Agricultural Research Institute (IARI),
 

New Delhi : Banana, Citrus, Mango, Onion, Potato, 

Tomato 

2. 	 Indian Institute of Horticultural Research (1I1IR), 

Bangalore : Banana, Mango, Onion, Tomato 

3. 	 Central Institute of Horticulture for Northern Plains 

(CIHNP) Lucknow : Guava, Mango, Potato 

4. 	 National Research Center on Citrus (NRCC), Nagpur : 
Banana, Citrus 
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IARI is located in New Delhi which is a major terminal
 

and cross-roads for produce handled in India. 
 IIIR, CIHNP 

and NRCC are located in regions of seasonal - often surplus 

production of their assigned crops which experience
 

extensive postharvest losses. IARI, IIHR and CI*HNP had a
 

few scientists, limited research equipment and 
inadequate
 

facilities for developing research programs on reducing
 

postharvest losses and/or processing. 
 NRCC had no
 
scientist or facilities at the beginning of this
 

Subproject; however, its development had been sanctioned
 

by ICAR.
 

Development of scientists, equipment and facilities at
 

the four research centers were designed to occur
 

simultaneous to conducting research assigned through 
the
 

technical program. IIHR, CIHNP 
 and NRCC were to conduct
 

research on all five research objectives and IARI was
 

assigned all but the first objective (Section B).
 

Postharvest technology is a multi-disciplinary field
 
which benefits from the cooperative and coordinated efforts
 

of different specialists working toward common goals.
 

Therefore, formation of 
teams of scientists specialized in
 

areas of biochemistry, physiology, pathology, microbiology,
 

engineering, economics and processing trained and focused
 

on research to reduce postharvest losses was a major input
 

of this Subproject. Furthermore, development of facilities
 

with equipment required for postharvest research were
 

essential inputs of the Subproject. Most resqarch
 

instrumentation is usable by scientists from several
 

different agricultural research disciplineR, and a
 

foundation of essential instrumentation for each facility
 

was selected for serving the needs of several 
scientists.
 

Therefore, independent inputs were not designed for
 

accomplishing specific research objectives of this
 

Subproject, since integrated efforts by several scientists
 

sharing facilities and equipment common to conducting
 

research on several objectives was developed for achieving
 

the goals of the PHT Subpro.ject.
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1. Specification of Inputs
 

a. U.S. Inputs
 

U.S. inputs to the PHT Subproject were to provide
 
training of ICAR scientists, assistance from U.S.
 

consultants, U.S. and India manufactured research
 

equipment, declining support for new staff 
 and
 
maintenance of PHT facilities, equipment and vehicleq
 

for five years (Table 1). The major inputs were
 

training and equipment acquisition.
 

b. G.O.I. Inputs
 

Inputs by GOI/ICAR were to establish units of PHT
 
scientists and supporting staff, develop facilities
 

for modern scientific instrumentation and PHT
 
research, to finance existing staff and increasingly
 

assume support for new staff and to provide in-country
 
transportation (Table 1).
 

2. Specification of Linked Outputs
 

The combination of developing units of trained PHT
 
scientists, facilities equipped and operational for PHT
 

research and supportive assistance by oonsultants was to
 
provide the capabilities to conduct research on reducing
 
postharvest food losses. 
 Evidence of progress toward the
 

development of PHT research capabilities would be observed
 
from research productivity and accomplishments by each of
 
the research centers. The quality of research and types of
 

investigations capable of being conducted would 
 be
 
substantially improved by the cooperative inputs. This
 
will result in improvements in scientific publications,
 

development of recommendations, workshop and other public
 
service outputs which address reduping postharvest lcsses
 

of perishables.
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II. 	 Technical Assessment
 

A. 
 Input Progress and Assessment
 
I. 	 U.S. Inputs
 

a. 	 Training
 

(1) 	 Progress
 

Scientists in different postharvest disciplines
 
belonging to postharvest technology units at 
the four
 
research centers were 
 provided Itraining/research
 
experience in the 
U.S. A total of 28 scientists
 
received 111.5 
months of 
training at eight different
 
research institutions in the U.S. (Table 2A-2D). 
 All
 
of the scientists employed for PHT research 
received
 
U.S. training, except one, 
 who was unable to
 
participate in his scheduled program due to 
personal
 
problems. 
 Training programs for the MIT scientists
 
were conducted at 
 nine different 
 U.S. research
 
institutions 
 not 	 including to
short visitations 

others. Typically, PHT scientists were 
in the U.S.
 
for four months, received training on appropriate
 
subjects and instrumenta-
 tion while conducting a
 
short research project, 
 attended at least one
 
professional conference 
and 	visited 
some other U.S.
 
PHT laboratories. 
 Scientists 
from the same I.C.A.R.
 
research center usua.Lly received training at different
 
U.S. 	research institutions.
 

Plans have been made 
to provide two months 
of
 
training for four or five PHT research technicians in
 
the U.S. beforethe end of the subproject. If 
final
 
clearances 
are not obtained 
for this number of
 
technicians to 
go to the U.S., then plans have been
 
tentatively developed for the training to be conducted
 

in India.
 

(2) 	Assessment
 

Originally, it was planned for each PHT scientist
 
to receive about 
12 months of training in the U.S.
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However, less time in the U.S. was allocated by
 

I.C.A.R. Reasonably, this reduction was necessary to
 

avoid adverse disruption of research programs at the
 

PHT centers. Therefore, the shorter time and fewer
 

scientists sanctioned for the project resulted 
in
 
utilization of less financial 
 support thVn was
 

allocated.
 

Training of the first scientists concentrated on
 
research methodology and instrumentation including
 

intensive short courses by equipment manufact'jrers.
 
Subsequently, more appropriate training programs were
 
developed which focused on conducting research on a
 
particular subject while using different methods and
 

equipment to conduct the analyses. This latter
 

approach was highly successful at most of the host
 

institutions, even though four months 
 including
 

orientation is inadequate to complete most research
 

projects.
 

Accomplishment of exposing PHT scientists from a
 
given I.C.A.R. research center to different U.S.
 

institutions and PHT scientists was 
appropriate both
 

for providing training and for expanding contacts and,
 

possibly, future collaborative research activities
 

between India and U.S. scientists. Most of the
 

scientists have indicated that their training/research
 

experience in the U.S. was appropriate and beneficial
 

to their current research programs. One training
 

program was expressed as being unsatisfactory due to
 

improper execution of terms of reference by the 

instructor.
 

Although PHT training programs were planned to be 
predominantly conducted during Spring to 
Fall months
 
to coincide with most postharvest/processing
 

activities in the U.S., 
most of the programs were
 

during Fall to Spring months. This shift in
 

scheduling was primarily caused by delays encountered
 

in obtaining clearance/approval for the scientists to
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travel to the U.S. The U.S. scientists were able to
 

accommodate indefinite and changing schedules;
 

however, shifts in schedules affected efficient use of
 

training time since programs could not be thoroughly
 

prepared in advance. In addition, the I.C.A.R.
 

scientists experience in the U.S. was partially
 

restricted by the environmental conditions of U.S.
 

winters.
 

The efficacy of I.C.A.R. is commendable in
 

establishing a program of sending PHT scientists to
 

the U.S. for training without excessively disrupting
 

newly developed PHT units and associated research
 

productivity at the research centers. The management
 

support services provided by Winrock have been
 

invaluable­

(3) Requirements
 

PHT scientiits and technicians will need training
 

on the operation, maintenance and use of the research
 

equipment once it is installed at the research
 

centers. Without this training, the purpose of this
 

project.will not be fully achieved.
 

b. Research Equipment
 

(1) Progress
 

Research equipment and accessories have been and
 

are being delivered to the PHT research centers. Some
 

adjustments in the amount of equipment had to be made
 

in order to stay within the allotted funding. A
 

substantial amount of U.S. and Indian manufactured
 

equipment has been purchased. ,, Combined, about
 

$1,480,000 worth of equipment has been purchased for
 

the PHT research centers. Table 3A-3D illustrate the
 

U.S. manufactured equipment items designated for this
 

subproject. About half of the items have been
 

delivered during the past six months while the
 

remainder are in India or awaiting shipment. A few
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items had to be re-bid and their purchase is pending.
 

Most of the equipment received in 1990 has yet to be
 

installed, and the gas blending system received early
 

in 1990 has only been partially assembled at one site.
 

(2) 	Assessment
 

Following the PHT management teams' visit to the
 

U.S. and meetings with PHT scientists in 1986, a list
 

of equipment required for PHT research was developed
 

and presented to USAID in 1987 for purchasing.
 

Through Winrock and the lead consultant,
 

specifications were developed.. Colorimeters,
 

spectrophotometers, viscometers and aquameters were
 

purchased and shipped to the respective research
 

centers in 1987. These first equipment items were
 

procured and shipped by Winrock, although it had been
 

agreed that Sheladia Associates would procure the rest
 

of the equipment. Approval of the Sheladia
 

subcontract was not accomplished until February 1989,
 

creating an 18 month delay. Subsequently, equipment
 

procurement progressed, even though more than 200 days
 

were required from the time Sheladia received specifi­

cations until the equipment was shipped, assuming
 

there was no requirements for re-bidding. As a
 

consequence of these delays, progress on in-country
 

training of scientists by consultants, and utilization
 

of the equipment for research purposes was curtailed.
 

Now, at the end of the project the equipment is being
 

received, and unless follow-up technical assistance
 

and purchase of over-looked parts pre provided, some 

of the sophisticated equipment may not be used 

properly. 

The equipment selected by I.C.A.R. for their
 

laboratories was highly appropriate for developing the
 

capacity to conduct PHT research and to assist in
 

solving PHT research problems. Most of the equipment
 

that was selected will serve the requirements of
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multi-disciplinary 
 PHT scientists rather than
 

individual scientists. The four 
items of equipment
 

received early in the subproject have been heavily
 
used and shared by the scientists at the research
 
centers. Items of processing equipment received less
 
priority and were 
not purchased (aseptic processing
 

and scraped surface juice concentrator units).
 

(3) Requirements
 

Assistance with installation, operation,
 

maintenance and trouble-shooting 
will be required
 

during 1991 for an orderly establishment and proper
 
utilization of the equipment transferred from the U.S.
 

Supporting services and funding are, also, needed for
 
obtaining spare parts and omitted accessories for the
 
equipment. 
Support for the technical assistance will
 
be necessary 
for nine months after the scheduled
 
termination 
date of March 30, 1990. A qualified
 

instrumentation 
engineer should be employed, even
 
though equipment representatives have the initial
 
responsibility for installation. 
The instrumentation
 

engineer should be responsible for assuring that
 
facilities are suitable for installation, coordinating
 

installation and follow-up trouble-shooting.
 

C. Consultants 

(1) Progress
 

Technical assistance has been provided by eight
 
consultants 
for a total time of 10 months in India
 

(Table 4). In 1987, a workshop on postharvest loss
 
assessment was conducted 
which proved to stimulate
 
major efforts by PHT scientists on assessing
 

postharvest 
losses of crops assigned to the PHT
 
subproject. Specialists in the areas of postharvest
 

physiology, 
 storage, pathology, processing,
 
microbiology and flavour analyses have consulted with
 
PHT scientists, presented seminars, participated in
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worhshops, assisted with new' and existing
 

instrumentation and/or presented short courses at the
 

I.C.A.R. research centers. Plans are being developed
 

for several consultants to participate with the final
 

PHT subproject conference. An instrumentation
 

engineer has assisted and should continue to assist
 

with technical requirements of the research equipment.
 

(2) Assessment
 

The technical assistance has been appropriate and
 

beneficial for the scientists and PHT subproject.
 

Less than anticipated utilization of U.S. consultants
 

has occurred due to the excessive delay encountered in
 

obtaining the research equipment. Logically, U.S.
 

consultants were planned to assist I.C.A.R. scientists
 

with the functions and use of the equipment for
 

conducting research; therefore, without having
 

received the equipment, there was less requirement for
 

technical assistance.
 

(3) Requirements
 

Technical assistance is needed for installing and
 

checking out the newly arrived equipment. This
 

assistance should be continued until all of the
 

equipment has been received. Subsequently, U.S.
 

consultants should be requested/provided for assisting
 

the PHT scientists with experiments using the new
 

scientific equipment. The U.S. consultants will,
 

p1so, assist with providing instruction on operation,
 

maintenance and trouble-shooting of problems involved
 

with utilizing the equipment. Provisions for
 

consultancy activities are needed periodically during
 

1991 whi6h include U.S. and Indian consultants skilled
 

with instrumentation. Consultants need more than one
 

month advanced notice to obtain clearances and to
 

adequately pfepare for overseas assignments.
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2. 	 G.O.I./I.C.A.R. InDuts
 

a. 	 Staffing
 

(1) 	Progress
 

PHT units were formed at each of the research
 
centers soon after the subproject was initiated. At
 
IARI, IIHR and 
CIHNP, PHT units were formed from
 
existing scientists. New scientists were recruited to
 
fill vacant positions sanctioned by I.C.A.R.
 
Presently, 29 PHT scientists are working with the PHT
 
subproject and three positions are vacant (Table 2A 
-

2D. The three vacant positions are at NRCC which was
 
the latest facility to become established. The
 
original 
design proposed that 49 scientists be
 
employed for the PHT subproject; however, this number
 
was scaled down by ICAR.
 

(2) 	Assessment
 

The units of PHT scientists are appropriate and
 
qualified in of
terms training in the multi
 
disciplinary subjects and capabilities. Mainly,
 
experience and skill with high technology research i6
 
lacking, but this should be corrected with sufficient
 
training on their new equipment.
 

(3) 	Requirements
 

Vacant positions at NRCC need to filled.
be 

Also, the scientists and technicians need to receive
 
training to a level of self-sufficiency in operation,
 
maintenance and management of the 
recently received
 
and to be acquired research instrumentation.
 
Undoubtedly, some scientists in PHT units who 
are
 
located in other departments such as economists and
 
engineers at IARI and IIHR may need to receive special
 
attention to continue work on PHT prorlems.
 

b. 	 Facilities
 

(1) 	Progress
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PHT facilities have been complrted at IIHR, are
 

adequate at NRCC, need to be completed at IARI and
 

need to be expanded/developed at CIHNP. At IIHR, a
 

new library was constructed which allowed expansion of
 

the PHT unit into the adjacent vacated space following
 

remodelling. At NRCC, facilities were acquired and
 

remodelled for PHT research. At IARI, a two story PHT
 

facility connected to the existing laboratories is
 

almost completed. At CIHNP, a leased, former
 

residence has been partially remodelled for PHT unit
 

research.
 

(2) 	Assessment
 

Facilities for PHT research have been/are being
 

completed at three of the research centers. As
 

witnessed by the arrival of the first items of
 

equipment, space was rapidly acquired for
 

installation and operation. However, at CIHNP space
 

to install and utilize the more bulky items of
 

equipment needs to be arranged. Overall, the
 

development of PHT facilities has taken more time than
 

earlier planned, although substantial development of
 

appropriate facilities has occurred during the
 

subproject for PHT research.
 

(3) 	Requirements
 

Facilities at IARI need to be completed.
 

Facilities at the four centers should be re-examined
 

by a qualified instrumentation engineer prior to
 

equipment installation. Construction of PHT
 

facilities at the CIHNP field research station which
 

have been planned need to be initiated and completed
 

as soon as possible.
 

0. 	 Workshops
 

(1) 	Progress
 

Annual workshops have been held jointly with the
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All 	India Researc6 Project on Postharvest Technology
 
of Horticultural Crops. Other workshops of the PHT
 
units have been held periodically. Quarterly meetings
 
have been held by the PHT subproject principle
 
investigators and ICAR coordinators.
 

(2) 	Assessment
 

The workshops focused on work conducted, by the
 
PHT subproject. scientists and PHT research conducted
 
at other centers. These workshops were appropriate
 

and sufficient for this subproject.
 

(3) 	Requirements
 

An international PHT symposium should 
be held
 
once facilities are completed and the equipment is in
 
operation. The workshop should be composed of invited
 
speakers having international stature for the purpose
 
of drawing world attention to PHT research 
in India
 
and the elevated caliber in capacity to conduct PuT
 
research. This program should, also, be used to
 

develop mechanisms for collaborative research
 
projects. The symposium will need to 
be held after
 

March 30, 1991.
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B. Output Progress &nd Assessment 

Research on 'objectives of the PHT subproject was 

initiated soon after the subproject was approved. A 

technical program was developed for each of the research 

centers according to their capabilities and assigned role
 

described in the subproject design document. Quarterly and 

annual reports were submitted by the center's principle
 

investigators. Annual progress reports were presented at
 

workshops held jointly with the All India Coordinated
 

Research Project on Postharv-st Technology of lhorticultiiral 

Crops. The proceedings have been published and distributed 

by ICAR since 1987 (the 1987 report contains resiilts from 

1986). A voluminous document has, also, been developed 

which contains research results collected by the PHT 

subproject research centers. 

The technical program was strictly followed which
 

resulted in the generation of a large amount of information 

during the existence of the subprpject. Althoiigh 

activities adhered to the major objectives of the technical 

program, there were major changes in the type and quality 

of data that were obtained after the scientists received 

the fi'st items of research equipment.
 

Output : The following section summarizes the major studies 

(outputs) accomplished as the result of the PHT subpro.ject
 

through 1989. All of the centers and scientists have
 

contributed to the accomplishments according to their area
 

of special.ization.
 

1. ObJective 1
 

Determine methods to maximize quality and miuilj: 

poqtharvest losses of fruits and vegetables by improvsment 

of preharvest and harvesting techniques.
 

a. Preharvest fungicides have been tested for control ing 

postharvest decay. The type of fungicide, concenlration 

and time of application for reducing posthar've.-t loss ., 
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have 
been examined, 
and recommendations 
for commercial
 
application of safe chemicals to several crops are close to 
being finalized.
 
b. Preharvest 
application 
 of gibberellic 
 acid (GA,

natural ,growth regulator) and calcium salts have been
studied. 
 GA has been observed 
to retard ripening of
 
oranges, mangoes 
and guavas while 
still on the 
trees or
 
after harvesting. 
 Calcium 
 was found 
 to 	 improve
storage/market 
life and 
color development 	 and
of mango 

guava. 
These trials have 
been 	repeated several 
times and
 
recommendations 
for 	 commercial 
application 
need to 
 be
 
developed.
 
c. 	 Several 
trials have been conducted on preharvest
application 
 of 	 sprouting inhibitors 
 for preventing

sprouting of 
onions 
or potatoes 
during storage. The
 
results have 
been 	inconclusive, and it 
appears 
that other
 
methods of inhibiting postharvest sprouting of 
thps.e crops
 
in lndia needs 
Lo be examined.
 
d. 	 The effect of time of day, maturity stage and specific
gravity at harvest on postharvest losses and qgiility of'
several crops have been studied. The 	 resilIts have I'vel
positive for reducing postharvest, spoi lapr and 
recommendations should be publisized to farmers, .hirpprs 
and market operators.
 

mangoes guavas have bcoeji 

e. The effect 

harvesting onions 

of the time 

on postharvest 

of irrigation prior 

losses and stor-ahility 

to 

was 
found to be important. 
f. Methods of harvesting and 
studi-ed. Stems left on mangoes reduced. postharvest
deterioration while stems left on guavas enhanced watp
loss and shrivelling. Also, devices for harvesting mringors
have been refined for the purpose of faci I i nag.i ri
harvesting and protecting friiits from physiernl in.jtlry. 

2. 	 Objective 2 
Establish systems for 	 precooling, handl 	ing and 
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transport of fruits and vegetables which reduce postharvest 
losses and maintain quality characteristics.
 
a. Assessment on the cause and extent of postharvest
 

losses of the 7 crops assigned to this subproject have been 
conducted. Primarily, the PHT agricultural economists and
 
pathologists at the 4 research 
centers cooperatively
 
evaluated losses attributed to harvesting, handling,
 

shipping, wholesale and retail marketing. These studies
 
have been invaluable for learning the marketing systems, 
development of an information gathering network and pin­
pointing where major efforts need 
to be concentrated for
 

reducin'g postharvest losses of each crop.
 
b. Container and wrapping materials have been studied for 
protecting perishables during storage and/or handling. 
Certain wrapping materials were more protective than 
others. Attempts are being made to use containers 

constructed of -aterials other than 
 ood for commercial
 

handling of fruits and vegetables.
 

C. A few studies have been conducted on coolinci prior to 
marketing. However, this treatment was combind with 
storagp trials and little or no relevant information on 
cooling systems for direct marketing of perishables has 
been obtained. 

Objective 3 

Develop techniques for storage of fruits and 
vegetables to minimize losses and pro]ong quality 

characteristics. 

a. Studies have been conducted on the effect of 
precooling methods for improving storage of friuit crops. 
Precooling was found to prolong storabi j i ty and, 
interestingly, reduced the development of spongy tissue in 
Alphonso mangoes.
 

b. Various postharvest applications of fingicides and 
calcium on response of reducing postharvest storage losses 
have been examined. Positive results have ben found arid 
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recommendations should be 
formulated.
 
c. Identification of pathogens responsible for market and
 
storage losses have 
been studied along with 
methods for
 
their control.
 
d. A low cost cooling system for storagre ising solar 
energy has been planned. It needs 
to be constructed 
and
 
tested.
 
e. Studies have been 
conducted 
on an evaporative 
cool
 
storage chamber. 
 The chamber has provided a reduced 
temperature 
 atmosphere 
 favourable 
 for retarding
deterioration of 
several crops. A 
large version 
of the
 
system has been constructed and will be used to e-amirnp 
its

potential commercial application. The original srnaJI scale 
chamber should have farm-level application.
 
f. 
 Studies have been conducted on postharvest 
treatments
 
to control sprouting of onions and potatoes. 
 In constrast
 
to pre'harvest 
 application, 
 the sprout inhibitor 
 was
 
effective as 
a postharvest 
treatment 
and mist application
 
was most beneficial.
 
g. Storage structures for onions have been modif'id t.o 
reduce storage losses.
 
h. Certain physiological 
and quality characteristics 
of'

stored crops in response to various postharvest. t-rrPatfir,uL.s 
have been examined at least as much as 
existing laboratory
 
materials and instrumentation allowed.
 

4. ObJective 4
 
Develop 
 methods of processing 

lIsfruits and vegPtsL,
for maintaining 
quality components during 
storage and
 
marketing.
 

a. Vprieties of fruits and vegetables have been e:amiined 
for their suitability for processing. Several (uilt Iity 
characteristics were evaluated. 
b. Extensive studies ha%e been coridticted on .iuiice 
preparations, which have included methods of preserv'tion, 
storage stability, carbonating, extracting, yields arid 
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yields and liquification of pulp by enzymes.
 

c. Methods of preservation of fruits and vegetables have
 

been investigated. Efforts have focused on the use of 

chemical preservatives, dehydration and fermentation for 

preserving different commodities or products such as wines
 

and vinegars.
 

d. Some work on the microbiology of foods hn.s benra 

conducted. 

e. Trials were established for testing packaging
 

materials for storage/marketing of dehydrated products.
 

f. Methods of peeling crops for processing were studied. 

A mechanical mango peeler was constructed. 

5. Objective 5
 

Develop methods to utilize wastes from commercially
 

unacceptable fruits and vegetables and from processing
 

systems.
 

a. Studies were conducted on extraction and 

characteristics of pectin from fruit materials and starch 

from potatoes.
 

b. Waste materials were examined for their Jotential 

utilization as animal feed. Studies included methods of 

stabilizing the waste materials during storage. A feeding 

trial was conducted using fresh and dehydrated waste
 

materials.
 

c. Alcohol and vinegar production from extracts of mango
 

wastes (peels and pits) was investigated.
 

d. The potential for developing pickled products from 

mango, peels was investigated. The development of 

acceptable products was reported. 

Output Assessment (Qualitative)
 

Fortunately, there was an abuindant amont. of rns'enrrh 

that could be conducted within each of the subprojects 

objectives without relying on imported equipment or new 

facilities. Therefore, considerable progress has been made 
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on developing background 
information and 
determining the
 
problems, potential 
solutions and capabilities 
for future
 
research. 
In some areas, sufficient advancements have been
 
made for developing recommendations 
 for commercial
 

utilization.
 

In all areas there has been evolution in improvement
of postharvest research quality and productivity- direored 
toward practical applications. 
 The stage has been
 
established for the 
generation of appropriate information
 
with the installation 
and operation 
of new equipment in
 
suitable facilities.
 

B. Progress Toward Objective
 
1. Appropriateness of Objecti-.e Prioritie:.s
 

a. ICAR/SAU Systems
 

The ob.jec t ive s were nld ron t. i fiir, lo hr. 
appropriate to ICAR responsibil ities. Develoritrit. ol 
postharvest technologies had been neglected in Indin, 
and ICAR has been able to assume an important role in 
developing research 
centers focussed 
on r--d,.,c ng
postharvest losses through the assistance of' this 
subproject. The research objectives are on-tat-get for 
contributing to the primary objective of reducing food 
losses. Through interaction with the All India 
Coordinated Research Project on Postharvest Technology 
of Horticultural Crops, the objectives of' the IT 
subproject have 
 been extended 
 to several 
 State
 
Agricultural Universities and other ICAR research 
centers for addressing as research priorities. 

Prior to this subproject, most PiT research by
the ICAR/SAU system was directed t.ownrd , mr,.r'.si,ndld 
product denorst.rat, ion/mntiffrt tg.j n.ur l.S.0l, i -11 iig
objectives that emphasize preharvest and postharvest 
development of methods to retard deteriorntion of 

http:mr,.r'.si
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fresh market produce have been particularly
 

appropriate for 
ICAR/SAU activities whil continuing
 

to involve the processing component. Althouigh
 

research on waste utilization is important as food
 
processing becomes more important in india, 
research
 
on this objective is not essential at least for near
 

future requirements. 

As it, other countries, research oh'jec:t i %res 
focused on reducing postharvest losses are 
appropriate/necessary for government and state 
university systems. The objectives dealing with 

postharvest handling, storage and marketing science 
and technologies should be vigorously purstied while 
continuing to maintain objectives toward
directed 

processing. The Central Food Technology and Research 
Institute is very well equipped and experiencf'd in 
food processing technologies and new prod,.ict
 
development. Increased efforts by ICAR in this ar-Pas 
may be an unnecessary duplication of resouirces and 
efforts. However, ICAR 
should maintain objectives
 
that include studies on processing and processed
 

products as long as the objectives are directed to
 

reducing postharvest losses.
 

Importance of U.S. Interest
 

a. Current
 

U.S. interest and involvement have been important 
for the progress accomplished by -A]CA scient.i!st.q 
toward the objectives of the PHT subproject. Training 
and technical assistance provided 
by the U.S. have
 
stimulated interest solidifiedand directions of' the 
scientists in contributing t:, the objectives of'
 
reducing postharvest losses. Basically, thn ob.jr:Live 
of providing U.S. training, technical iis.isttrnce nrid 

research equipment will have been achieved by the end 
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of the subproject. However, an orderly transfer of' 
assistance for utilizing the 
new equipment will ned
 

further U.S. intervention.
 

b. Future 

The importance of U.S. equipment transfer for 
conducting PHT research will 
be demonstrated in the
 
near future. Continued involvement by the U.S. will
 
be essential to fully accomplish the objective of this
 
subproject. The U.S. has a vast amount of':ericnce, 
expertise and technologies which can assist in 

developing appropriate systems for reduccing 
postharvest losses India.in Furthermore, interaction 
between U.S. and Indian scientists will be important
 

and synergistic in PtT development..
 

3. U.S. Role and Advantage in Cooperation
 

Involvement by the U.S. in assisting with this 
subproject has been appropriate. There sr,ver'alare 
advantages that have or may develop through U.S. 
activities with the PHT subproject such as : 
a. Development of mutual respect and trust 
for U.S. 
and Indian PHT research for futiire retr'r~ h 

collaboration.
 

b. Establishment of and progress on research of 

Mutual interest.
 

c. Development of pot'ential reciprocal benefits from 
advancement in technologies made by PIIT scientists. 
For example, discoveries of low energy reqiziring 
methods for cooling could have tremendous benefit- to
 
the U.S. as would advancements on natural additives 

which assist in preserving foods. 

d. Stimulat.ion of technology transfer to Indin hy 
U.S. manufacturers of commercial equijpmert'. 
e. Development of infrastructures requi rnd to 
export/import perishable and/or processed foods. 
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C. Progress Toward Purpose
 

1. Relevance
 

a. ICAR/SAU System
 

Excellent progress has occured in strengthening
 

PHT research capabilities at ICAR research cente-rs
 

from the formation of units of PHT scientists,
 

improvement of facilities, training ntid t.e chnicn
 

assistance and to a minor extent, the installation of
 

a few imported research instruments. Further progress
 

will be achieved when research facilities are
 

completed and the new equipment is operable. Progress
 

has been relevant to the ICAR system, and it should 

expand to thd SAU systems. An important goal of ICAIR 

is to establish centers of excellence for PHI research 

and that these centers will serve as modelc: and ag a 

resource of expertise to eventually elevat.t' thi 

capabilities and capacities for P]IT research tit SAU's 

and other appropriate ICAR research cent ,r:-:. 

2. Mutuality of Interests
 

a. Current
 

The objectives of reducing postharvest losses
 

addressed in this subproject are of mutual interest to
 

U.S. and Indian research programs/scientists. 

Currently, scientists and resourc.s otr, pr'r:-Wrlm it) 

India to conduct research on problems of mnitual 

interest with U.S. scientists. }[owever, mechriism. 

that. fncilita'te cooperative researr, h nrr limilt.el, 111d 

cooperative PHT research activities are non-existent 

between U.S. and Indian scientists.
 

http:limilt.el
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b. 	 Future
 
Mutuality 
of interest 
in research 
on reducing


postharvest 
losses of perishables will 
continue 
and

will be strengthened 
when cooperative 
 activities
 
develop.
 

3. Follow-on Cooperation
 

a. 	 Scientists-to-Scientist
 

Many scientists in the U.S. and India are willing

and capable to 
jointly establish 
research 
on PIUT

projects of 
mutual 
interest 
and benefits. 
 Progr-ams

need 	to 
be established to 
facilitate collaboration.
 

b. 	 Inter-Institutional 
(U.S. - 7ndia)
 
PHT research 
is scattered 
throughout 
 thp U.S.
with certain 
 areas 
 of strength 
 in the multi­

disciplinary field 
located 
at 
each institution 
that
contain a postharvest comporent. I lherr' 	fore,
establishment. of programs of mutual interest with ore 
or a 
few U.S. institutions would 
limit the 
diversity

required for PHT 
research. 
 Scienti.s-to-..cle.nitis.ts
 
programs 
would extend 
the availablility 
of' cnpable

scientists in the U.S. 	anrid lrndjnr/l(:Ap?/SA( .'y. ;t.r'ms
having mutual interest which would 
be more difllir,itt
 
to accomplish by 
inter-institutional 
programs.
 



RECOHMMENDAT IONS
 

Following March 30, 1991, 
the termination date set for the
 
PHT subproject, there are two 
areas of nctivity that are needed
 
and that would greatly benefit from U.S. assistance.
 

1. Equipment
 

No further purchase of major research equipment. is needed; 
however, assistance with the recently delivered and .eoL to be 
delivered equipment will be necessary. Assistance neededis for 
coordinating installation training to be providrd by theand 

manufacturers. Some, but not all, of this work will ho, c,,,pp t.pd 
by March 30, 1991. 

Furthermore, follow-up assistance is needed to procure 
missing or overlooked items or accessories which are required for 
operation of the equipment. 

The services of Winrock Inter'national would be most 
efficient for accomplishing the requirements for ,n orderly 
establishment of operational equipment. It is estimated that no 
more than $50,000 would be required for obtaining equipment parts 
and accessories. Provisions for the services of a part-time 
instrumentation engineer should also be provided. The following 
should be provided/continued through 1991 : 

a. Coordination of equipment installation.
 

b. Coordination of training of scientists and technicians 
on operation and maintenance of' equipment. Courses 
provided by the manufacturers and other in-country programs 
should be scheduled.
 

c. 
 Assistance with obtaining spare parts/accessories.
 

d. Follow-up/monitoring of operation of equipment. 
e. Identification of reliable eqtipmrnt service 
representatives/manufacturers for future r'erce. For 
example, whichb companies have or have riot fulfilled their 

obligat ions. 
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2. %Research Collaboration
 

Many of the ICAR scientists have requested to obtain thp
 
benefits of collaborative research 
with U.S. scientists. In
 
part, this was realized 
from the brief training/research
 
experience in the U.S. 
 Provisions for supporting collaborative
 

research 
for 2 years would provide substantial benefits 
in
 
assistance with using the new equipment/facilities for dlesigning
 
experiments, data collection 
and analyses. Development of
 
further cooperative research would be 
stimulated with long-term
 
benefits to both Indian arid U.S. scientists. Once colJiborative
 
research is initiated the scientists will be capable of seeking­
ouit-funding sources 
for continued activities.
 

The first year (1991) will require the assistance of U.S.
 
consultants with terms of reference, dealing with conducting 
collaborative research. 
 The second year (1992) should provide 
grants for sabbatical research activities to both U.S. and 
ICAR
 
scientists. Advertising 
for this program would roed to be
 

conducted in 1991.
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Table 1. 
Allocation of U.S. and, ICAR Inputs for PHT Subpro~Ject ,I
 
Impact Proposedil 

Items 


U.S. 4$'000)
 

Training/ 1779 


Workshops
 

Consultants 528 


Equipment 1319 


Op.Research 56 


Maintenance 420 


Staff 601 


Total : 4703 


i
Impact Proposed 1 


Items 


ICAR (Rps '000)
 

Facilities 9642 


Off.Materials 1321 


Vehicles 1036 


Maintenance 
 589 


Staff 3425 


Travel 760 


Total : 16773 


Adjusted Budget 


884 


235 


1586 


56 


420 


240 


3421 


Adjusted Budget I 


-


-


Amt.Used13 
 % Used o
 
thru Sept. 90 Adjusted Budg
 

657 	 74
 

176 75
 

1361 
 86
 

67 120
 

0.3 ( 1
 

293 122
 

2554
 

Amt.Used (3 
 % Used of
 

thru June '90 Adjusted Budgc
 

3240 37
 

1020 77
 

827 80
 

134 23
 

5816 170
 

468 62
 

11505 
 69
 

(1 	 Based on the original proposed design, allocations (percent of total) t
the respective research centers were as follows: 
 IARI, 30%; IIHR, 34%
CIHNP, 20%; NRCC, 15%. 
 Includes local currency 0 $1 = 9.5Rs. 
42 Source: Agricultural Research Project (Pro.ject No. 386-0470) 

Attachment '1' to PIL No.49 from Winrock documents. 

13 	 Source: Winrock International Quarterly Report and Workplan No.18,

August 6, 1990.
 



PERSONNEL/TRAINING
 

Postharvest Technology Personnel Established at Designated Research
 
Centers and U.S. Training Received.
 

Table 2,A. Indian Agricultural Research Institute New
(IARI), 


Delhi
 

U.S. Training
 

Name Source Speciality Month Year 
Location
 

Dr. S.K. Roy E Storage/Processing, P11T 
 1 1986 Study Tour
 
subpro.iect coordinator &
 
all India PHT coordinator,

member of management team 1.5 1990 Res.Mgt.Course
 

Dr. R.K. Pal N Postharvest Physiology 4 
 1990 U.of Arkansas
 

Dr.A.K.Chakraborty T PHT/Production Physiology 
4 1987-88 U. of Georgia
 

Mrs. V.K. Murthi T Pathology, located in 
 4 1989 U.California,
 
another Department 
 Riverside
 

Dr. S.B. Maini E Processing/Waste Utili-
 4 1987-88'Ohio State U.
 

zation
 

Dr. D.S. Khurdiya E Processing 
 4 1987 Purdue U.
 

Mr. V. Ram N Processing 
 4 1989-90 U.of Florida
 

Dr. V. Sethi E Food Microbiology/ 
 4 1987-88 Michigan State
 
Preservation 
 University
 

Dr. B.R. Atteri T Ag.Economics/PHT Loss 4 1988-89 U. of Georgia
 
Assessment. Located in
 
another Departmbnt
 

Hr. H.S. Sharma T Ag.Eng./Packaging/Cooling 
5 1987-88 Michigan State
 
Located in another Deptt. 
 University
 

Others ­ 8 Technical staff, 4 lab assistants, typist and driver
 

Source; E, existing before PHT subproject; T, transferred from another
 
program/dept; N, new addition.
 



PERSONNEL/TRAINING Cont.
 

Table 2,B. Indian Institute for Horticultural Research 
(IIHR),
 
Bangalore
 

U.S. Training
 
Name SourceI Speciality 
 Month Year Location
 

Dr.S.Krishnamurthy E PHT Physiology/Biochemistry 4 1986 U. of Arkansaf
 

(Principle investigator)
 

Dr. G.K. Rao T PHT/Preharvest Physiology 
 4 1987-88 U.of GeorgiF
 

Dr. B.A. Ullasa T Pathology, located in 
 4 1987-88 Univ. of
 
another Department 
 California
 

Riverside
 
Mr. E.R. Suresh E Food Microbiology/ 
 4 1987-88 Michigan
 

Preservation 
 State Univ.
 
Dr.K.H.Ramanjaneya 
N Processing- Left for 
 4 1989-90 USDA, Hilc
 

private sector position
 
after U.S. Training
 

Dr. n. Gowda N Processing 
 4 1989-90 U.of FloridE
 

Mr. M.S. Madan T Ag.Economics/P11T Loss 
 4 1988-89 U.of Georgie
 
Assessment
 

Mr. S.C. Mandhar T Ag.Enaineering/Packaaing/ 
 4 1989 Michigan
 
Costing 
 State Univ.
 

Others ­ 8 technical staff, lab attendant, clerk, typist
 

Refer to 2A for explanation.
 



PERSONNEL/TRAINING Cont.
 

Table 2,C. 
Central Institute of Horticulture for Northern Plains
 
(CIHNP), Lucknow.
 

U.S. Training
 

Name Source' Speciality Month Year Location
 

Dr.S.K. Kalra E Processing, Principle 
 4 1987 Purdue Univ.
 
Investigator
 

Dr. B.P. Singh N PIT Physiology/Storage 4 1986 Univ. of
 

California
 

Dr.S.E.S.A.Khader 
 N Pre-PHT Physiology/Storage 4 
 1988 Oregon Stat
 

Univ.
 

Dr. Om Prakash T Pathology 
 4 1987-88 	Univ. of
 
California,
 

Riverside

Dr. D.K. Tandon E Processing/Waste 
 4 1987-88 	Ohio State U.
 

Utilization
 

Dr. N. Garg N Food Microbiology 	 4 1989-90 Cornell Univ.
 

Dr. M.D. Singh N Ag.Engineering/Packaging/ 
4 1989 Michigan Stat(
 
Costing 
 Univ.
 

Dr. Ajay Verma T Ag.Economics/Loss 4 1988-89 U. of GeorgiE
 
Assessment
 

Others - 8 technical staff, lab assistant, clerk, typist, driver.
 

it Refer to, 2A for explanation.
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PERSONNEL/TRAINING Cont.
 

Table 2,D. National Research Center for Citrus (NRCC), Nakpur.
 

U.S. Training
 
Name 
 Source l Speciality Month Year 
Location
 

Dr.S.A.Naqvi N 
 Pathology, Principle 
 4 1989 Univ. of
 
Investigator 
 California,
 

Riverside
 
Dr.M.S.Ladania 
 N PHT Physiology/Storage 
 4 1988 Oregon Stat(
 

Univ
 
Mr. V.S. Rao N Processing Unable to leave aq
 

scheduled for training.
 

Others - 3 sanctioned professional positions are vacant 
(Physiology, Ag.
Engineering and Ag. Economics); 
 6 technical staff, lab attendant and cler
 
positions have been filled.
 

Refer to 2A for explanation.
 



,.y
 

Table 3
 

PHT - EQUIPMENT STATUS AS OF NOV. 20, 1990
 

EQUIPMENT STATUS
 

X/Y RilCORDER DELIVERED TO INST.
 
CUVETTES DELIVERED TO INST.
 
FRUIT FIRMNESS TESTER DELIVERED TO INST.
 
CONST. TEMP BATH DELIVERED TO INST.
 
C02 ANALYZER DELIVERED TO INS,
 
SYRINGES FOR GAS CHROM DELIVERED TO INST.
 
ELECTRONIC BALANCE DELIVERED TO INST.
 
FREEZE DRYER DELIVERED TO INST.
 
CENTRIFUGE DELIVERED 'O INST.
 
THERMON/HYGROM DELIVERED TO INST.
 
POUCH FILLER/SEALER DELIVERED TO INST.
 
GAS BLENDING SYSTEM DELIVERED TO INST.
 
REFRACTOMETER DELlVEPED TO INST.
 
ELECTRONIC THERMOMETER DELIVERED TO' INST.
 
STRIP CHART RECORDER DELIVERED TO INST.
 
FLOURESCENT SPECTRO. DELIVERED1TO INST.
 
COLOR DIFFERENCE METER DELIVERED TO INST.
 
AQUAMETER DELIVERED TO INST.
 
VISCOMETER DELIVERED TO INST.
 
DUAL BEAM SPECTROPHOTOM DELIVERED TO INST.
 

TEXT.MEAS. DEVICE WAREHOUSE - INDIA 
TURBIDIMETER WAREHOUSE - INDIA 
DIGITAL VACUUM GAUGE WAREHOUSE - INDIA 
INSECT LIGHT TRAP WAREHOUSE - INDIA 
RODENT CONTROL DEVICE WAREHOUSE - INDIA 
ULT-RAFILTRATION CELL WAREHOUSE - INDIA 
POWDER MILL WAR HOUSE - INDIA 
ANALYTICAL BALANCE WAREHOUSE - INDIA 

AGAR STERILIZER WAREHOUSE - U.S.A.
 
CAN OPENER & PRSSR TSTER WAREHOUSE - U.S.A.
 
TISSUE DISINTEGRATOR WAREHOUSE - U.S.A.
 
COMPUTER WAREHOUSE - U.S.A.
 
MICROWAVE OVEN & RAD TSTR WAREHOUSE - U.S.A.
 

PHASE CONTR. MICROSCOPE DELIVERY PENDING
 
REFRACTOMETER DELIVERY PENDING
 
GAS CHROMATOGRAPH DELIVERY PENDING
 
SHRINK WRAP MACHINE DELIVERY PENDING
 
WATER BATH DEI IVERY I'LN I NO
 
DIGITAL ANALYZER DELIVERY PENDING
 
PHOTOGRAPHIC SYSTEM DELIVERY PENDING
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PHT - EQUIPMENT STATUS AS OF NOV. 20, 1990
 

1lHR 

EQUI PMENT STATUS
 

XY RECORDER DELIVERED TO INST.
 
CUVETTES DELIVERED TO INST.
 
HPLC DELIVERED TO INST.
 
FRUIT FIRMNESS TESTER DELIVERED TO INST.
 
C02 ANALYZER DELIVERED 10 INSI. 
SYRINGES FOR GAS CHROM DELIVERED TO INST.
 
ELECTRONIC BALANCE DELIVERED TO INST. 
FREEZER DRYER DELIVERED TO ]NST. 
FREEZER DELIEItE 1 INST. 
THERMOM/HYGROM. DELIV E IE'D 'I() I N.ST. 
POUCH FILLER/SEALER DELIVERED 'T I NST. 
GAS BLENDING SYSTEM DELI VERED "I() INST. 
REFRACTOMETER DELIVE{ED '1O INST. 
ELECTRONIC THERMOMETER DELIVERED 10 INST. 
STRIP CHART RECORDER DELIVERED 10 I NST. 
COLOR DIFFERENCE METER DELIVERI) "1f) JNINS''. 
AQUAMETER DELIVERED '1J INST. 
VISCOMETER DELIVERED TO INST. 
DUAL BEAM SPECTROPHOTOM DELIVERFD TO INST. 

TEXT. MEAS. DEVICE WAREHOUSE - INDIA 
DIGITAL VACUUM GAUGE WAREHOUSE - INDIA
 

CONST. TEMP BATH WAREHOUSE - U.S.A. 
TURBIDIMETER WAREHOUSE - U.S.A.
 
AGAR STERLIZER WAREHOUSE U.S.A.
-
CAN OPENER & PRSS'R TSTER WAREHOUSE - U.S.A. 
INSECT LIGHT TRAP WAREHOUSE - U.S.A. 
RODENT CONTROL DEVICE WARE11OUSE - U.S.A. 
ULTRAFILTRATION CELL WAREHOUSE - U.S.A.
 
TISSUE DISINTEGRATOR WAREHOUSE - U.S.A.
 
POWDER MILL 
 WAREHOUSE - U.S.A. 
MICROWAVE OVEN & RAD TSTR WAREiIOUSE - U.S.A. 

PHASE CONTR MICROSCOPE DELIVERY PENDING
 
GAS CHROMATOGRAPH DELIVERY PENDING
 
SHRINK WRAP MACHINE DELIVERY PENDING
 
WATER BATH DELIVERY PENDING 
DIGITAL ANALYZER DELIVERY PENDING
 
COMPUTER DELIVERY PENDING
 
REFRACTOMETER DELIVERY PENDING
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PHT - EQUIPMENT STATUS AS OF NOV. 20. 
1990
 

ClINP
 

EQU I PHENT STA'I'U S 

DUAL BEAM SPECTRO. DELIVERED '1O INS'T. 
X/Y RECORDER 
 DELIVERED 'O INS1'.
 
CUVETTES DELI VERED '10 INST.
 
HPLC 
 DELIVERED TO INST.
 
FRUIT FIRMNESS TESTER DELIVERED "10 INST.
 
CONST. TEMP BATH 
 DELIVERED 1'O INST.
 
SYRINGES FOR GAS CHROM. 
 DELIVERED TO INST. 
ELECTRONIC BALANCE DELIVERPED 'IJ I NST. 
I' ER.MOM/HYGHOM . )ELIVEIE1) '1 1,.'S

POUCH FILLER/SEALER 
 DELI V'EEID 'I INS'I 
GAS BLENDING MACHINE 
 DELI VERED 101 INST. 
REFRACTOMETER DEI,1VER!-) TO I:S'I 
FLECTRONIC TIIERMME'I'ER DELI 'EI E1) 1 Q INST.
 
STRIP CHART RECORDER DELIVEV.:D 'I) Il!,I

COLOR DIFFERENCE METER 
 DELI VEPEI) '10 I NST
 
AQUAMETER 
 DELI,1\:ER IED () I IST.
VI SCOMETER DELI VERED 'I INST.
 
DUAL BEAM SPECTROPHOTOM DELIVERED TO I NST.
 

TURBI I)iMETER WAREHOUSE - I ND A 
CAN OPENER & PRSSR TSTER WAREHOUSE - INDIA 
DIGITAL VACUUM GAUGE WAREHOUSE - INIDIA 
INSECT LIGHT TRAP WAREIOUSE - INI)IA
RODENT CONTROL DEVICE WAREHOUSE - INI)IA
ULTRAFILTRATION CELL WAREHOUSE - I NDI A 
POWDER MILL 
 WAREHOUSE - INDIA
 

AGAR STERLIZER 
 WAREHOUSE - U.S.A. 
TISSUE I)ISINTFGRATOR WAREH'OUSE C.S.A.-
MICROWAVE OVEN & RAD TSTR 
 WAREHOUSE - U.S.A. 
COMPUTER 
 WAREIIOUSE - U.S.A. 

GAS (IROMA'rOGRAPII DELIVERY PENDING 
SIIRINK WRAP MACHINE DELIVERY PENDING
 
WATER BATH 
 DELIVERY PENDING 
DIGITAL ANALYZER DELIVERY I'ENI) ING 
PHOTOGRAPHIC SYSTEM DELIVERY PENDING 
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PIT - EQUIPMENT STATUS AS OF NOV. 20L9_990 

NRCQ 

EQUIPMENT 
 STATUS
 

FRUIT FIRMNESS TESTER DELIVERED TO INST
 
CONST TEMP BATH 
 DELIVERED TO IN'S'r 
C02 ANALYZER DELIVERED 10 IN';T 
SYRINGES FOR GAS CHROM. DELIVERED TO INST
 
ELECTRONIC BALANCE 
 DELIVERED T-O INST
 
THERMOM/HYGROM. 
 DELIVERED TO INST 
POUCH FILLER/SEALER DELIVERED TO INST 
GAS BLENDING SYSTEM I)ELIVEREI) I I)IN.ST 
REFRACVOME'IER DELI VEHED 'I1 I NSi 
SINGLE-BEAM SPECTROPIIOTIMO.MEIER - Do -
ELECTRONIC THERMOMETER DELIVERED TO I NS1 
S'rRI P CIIAR RECR)ERI)ER I)!I! VElI?:) I I.0 I 
COLOR DIFFERENCE ME'IER D-, IVEED 'If) INS' 

TURBI1)IME'IEI? WAREIIWII SE - I!1J 1. 
CAN OPENER & IRSSR 'IS'I'ER WAREIIOU'S - I ) I A 
DIGITAL VACUUM GAUGE WAREHOUSE - INDIA 
INSECT LIGHT TRAP WAREi!OUSE - INDIA 
ROI)ENT CONTROL DEVICE WAREHOUSE - I N1) JA 
ULTRAFILTRATION CELL WAREHOUSE - INI)IA 

AGAR STERILIZER WAREHOUSE - I!. S. A 
TISSUE ISINTEGRATOR WARltHOUSE - 1. S.A 
COMPUTER WAREHOUSE - U.S.A 

GAS CHROMATOGRAPHY DELIVERY PENDING 
SHRINK WRAP MACHINE DELIVERY PEN)ING
WATER BAII I, IVERY PEN)I NG 
DIGITAL ANALYZER DEl, IVERY IENDI NG 
PHOTOGRAPHIC SYSTEM DELIVERY PENDING 



Table 4. U.S. Consultants in India for Postharvest Technology
 

Subproject, 1985-90.
 

Name Speciality Month Year
 

Dr.Lou Riesenburg PHT Loss Assessment 
 0.75. 1987
 

Dr. M. Menegay PHT Loss Assessment 0.75 1987
 

Dr. Ron Buescher PHT Physiology/Technical 2.0 
 1988
 
Adviser
 

Dr. J. Eckert PHT Pathology 1.25 1988
 

Dr. H. Chan PHT Physiology/Processing 1.25 1988
 

Dr. D. Richardson Storage/Handling/Physiology 
 1.0 1990
 

Dr.D.Splittsotesser Food Microbiology 
 2.0 1990
 

Dr. J. Acree Flavor Analysis/Sensory 1.0 1990
 
Evaluation 

Total : 10.0 



TERMS OF REFERENCE
 

"Conduct 
 a technical assessment 
 on the
 
Postharvest Technology 
of Fruits and Vegetnbles
 
Subproject 
 of the AgriculLural Research
 

Project/India."
 

Provide a description of the subproject as 
being
 
implemented 
 and to provide a qualitative
 
assessment of the subproject 
including impact
 
todate. 
 The technical assessment should be
 
conducted according 
to the outline entitled 'ARP
 
Technical 
 Assessment Subproject' which was
 

provided.
 



CONDENSED VITAE
 

lON BUESCIIER, Professor
Department of Food Science, University of ArkansAs272 Young Avenue, Fayetteville, Arkansas 72703 
 U.S.A.
 

Office 
: (501) 575-4775 
 Fax : (501) 575-6936"
 

Bjrthdate /Locatjion 
April 25, 1943 
 Washington, Indiana 

Educaton
 
Ph.D. 1973 
 Purdue University,

Postharvest lorticulture/Physioljogy
 

M.S. 
 1967 Purdue Uniiversity 
Horticultural Crop Physiology
 

B.S. 1965 Purdue Unive'rsity
1iorticulture / Marketing 

A.S. 1963 
 Vincennes University
 
Agriculture
 

EmDploment
 
1973 - Present University of Arkansas,
 

Department of Food ScienceR
 

1969 - 1973 Purdue University,
 
Departmeit of Horticultuare 

1967 - 1969 Poirdue Urnivo-rsity, 
Internatiowal Programs if,Agricuiture 

Con- u] La i e s 
Winrock International 1996 - Prselit.
Vlasic Foods, Inc. 
 1987 - I'reseint
 
Mt. Olive Pickle Co. 

Green Bay Food Co. 

1990 
1990 

Africare 1990Holland Co. 
 19R7 - 1989
HI.J. Heinz 19H1 - 1985 
Campbells' Institute 
 1985
 
Postharvest Institute
 

for Perishables 
 19H2, 1984, 1945, 1990
 

Fore _gti Work_ .xpe rnire#c 
l ,..I t llodwarha r' ne Arinh Ifrlliil Iv 
I1( i n 1 It I Vim I nrwi 
Fgypt 
 Mexico
 


