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EXECUTIVE SUMMARY AND RECOMMENDATIONS
 

Harvesting and postharvesting needs must be urgently
 
considered for System B. Suitable crops have been identified and
 
developed to the point that some of them are now providing
 
harvestable amounts for marketing. Postharvest technology is
 
needed to prepare these crops for marketing.
 

Very little postharvest information has been generated in Sri
 
Lan:a. Some work has been done by entrepreneurs to satisfy their
 
own immediate needs for canning, juicing, freezing and exporting

fresh fruits and vegetables. However, no organization is
 
responsible for providing farmers, wholesalers, processors and
 
marketers with the harvest and postharvest information needed for
 
their operations. This information must be available if Sri
 
Lanka's agricultural products are to be competitive in
 
international markets.
 

This two-person team cf postharvest specialists has reviewed
 
many sectors of the food chain related to producing, handling and
 
marketing crops that are produced or may be produced in System B.
 
The following is a summary of our recommendations.
 

For the Near Future (next 1-3 years)
 

1. Construct and test big onion storage facilities during
 
September - November 1990. Work with the Cocperative
 
Wholesale Establishment (CWE) to control imports of big
 
onions if farmers store onions.
 

2. Provide a simple packing shed with a cold storage room so
 
exportable crops can be graded, packed and precooled for
 
test shipments.
 

3. Provide refrigerated transport to keep test shipments of
 
products cold during transit from System B to the Colombo
 
harbor or airport.
 

4. Construct and demonstrate simple solar driers at the farm
 
and village level. Consider a similar project with fuel­
fired driers which would produce larger volumes of high
 
quality dried product.
 

5. Consider growing pineapple for both processing and fresh
 
export. This would require a contract arrangement between
 
the processor, exporter, and producers to provide an
 
adequate supply. The variety Smooth Cayenne should be
 
produced for the fresh export market.
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6. Consider increasing the production of processing tomatoes.
 
Contract production is probably the best way to assure
 
adequate supplies at a predetermined price for canners.
 

7. Consider papaya as an export crop. The Hawaiian Solo
 
variety is what the fresh export market now uses and
 
expects. Serve both the export and local markets.
 

For the Longer Term (3 years or more)
 

1. Establish a national Centre for Postharvest and Food
 
Technology. This facility should have the responsibility,
 
personnel and budget to develop and provide information on
 
harvest and postharvest needs and technology. Research
 
should include work on the storage life of products, drying,

canning, juicing, freezing and brining/fermentation. Of
 
particular importance is economic research on postharvest

issues. An institution with a mandate to conduct such
 
research is vital if Sri Lanka's farmers, wholesalers,
 
processors, and exporters are to be competitive in domestic
 
and international markets.
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I. INTRODUCTION, BACKGROUND AND PROCEDURES
 

INTRODUCTION AND BACKGROUND
 

The Mahaweli Agriculture and Rural Development (MARD) Project

Paper (PP) requires that the MARD technical assistance team
 
provide production and processing technology suitable to satisfy

domestic and international markets for diversified crops.

Participation in both domestic and export markets is the goal of
 
the MARD Project. MARD will seek export markets, not to the

exclusion of import substitution or the satisfaction of domestic
 
requirements, but to establish a viable economic and sustainable
 
agricultural base.
 

The PP calls for an assessment of the needs of farmers and
 
entrepreneurs in System B for postharvest technology and
 
investment. It specifies that a study of System B be carried out
 
to provide information which will guide investors in their
 
choices of technology, placement, and targets for postharvest

activities.
 

The Mahaweli Economic Agency (MEA) and the MARD Project,

after a Yala and Maha season of joint operations in the field in
 
collaboration with the Employment, Investment, and Enterprise

Development (EIED) Division of the Mahaweli Authority of Sri
 
Lanka (MASL), have identified the following crops as having

potential in System B:
 

1. Asparagus 12. Butternut squash

2. Grapes 
 13. Red onion (shallot)

3. Garlic 14. Big onion
 
4. Gherkins 
 15. Silverskin onion
 
5. Eggplant 16. Root chicory

6. Okra 17. Mangoes

7. Greengram 18. Citrus
 
8. Peanut 19. Papaya

9. Cowpea 20. Red chilli
 
10. Sesame 
 21. Thbasco chilli
 
11. Zucchini (courgette)
 

Production of ducks, ornamental fish, food fish, prawns, milk and
 
beef is also considered feasible.
 

MEA/MARD has conducted a pre-feasibility study for a pickling

plant based on a successful gherkin outgrower program in System

B. Other crops produced in the area may also need to be
 
processea in System B if they are to realize their full
 
commercial potential. Processing, in this context, refers to any

activity which prepares a crop for market, including packing

fresh perishables, drying, canning, making juice, brining,
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freezing, and packaging. Storage, transport, and mjrchandising

all come within the scope of postharvest handling.
 

MARD proposed that a postharvest study for System B be
 
conducted by the University of Idaho Postharvest Institute for

Perishables (PIP). 
 PIP 	provided two specialists, Mr. Jack Ross
 
(agricultural engineer) and Dr. Joel Hamilton (agricultural

economist), for a-period of eight weeks. 
 The terms of reference
 
included the following activities:
 

1. 	Consult with MEA's coordinator, senior agronomist, and

marketing manager; EIED managers for marketing, special

projects and investor services; USAID; and the MEA/MARD field
 
team. 
Discuss and revise terms of reference if required.
 

2. 	Visit diversified crop plantings and existing postharvest

investments in System B, including commercial farmer
 
operations; 
meet current and potential investors in the

System; and visit the Rice Processing Centre in Anuradhapura

to learn about postharvest work already done at that
 
institution.
 

3. 	Meet with MEA and EIED staff in Colombo about discussions
 
with potential investors in postharvest activities in System
 
B.
 

4. 	Visit System H.
 

5. 	Return to System B and prepare assessment including:
 

a. 
harvest technology and practices required and recommended
 
for diversified crops in System B, based on priorities

established by MARD and in light of target markets;
 

b. 	postharvest technology and practices required and
 
recommended for System B crops in light of target
 
markets;
 

c: 	 timing recommended for profitable investment in
 
required/recommended harvest and postharvest technology

and for application of required recommended practices;
 

d. 	economic analysis of 
returns to four selected investments
 
in harvest and posthaivest technology in System B (these

will be chosen in consultation with MEA/MARD/EIED

personnel in the field); and
 

e. 	proposed implementation pian for MARD-funded program to
 
test innovative harvest and postharvest technology in
 
System B. This plan should include both small- and
 
large-scale experiments to be carried out with farmers,
 
groups of farmers, and commercial investors.
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6. 	Present a draft report at least 10 days before departure from
 
Sri Lanka.
 

7. 	Present a seminar in Welikanda on the results of the
 
assessment at least one week before leaving Sri Lanka.
 

8. 	Present a seminar on the results of the assessment at
 
MEA/Colombo and at USAID at least four days before leaving
 
Sri Lanka.
 

9. 	Incorporate comments and suggestions into the report and
 
leave a final draft before departure.
 

PROCEDURES FOR EVALUATING POSTHARVEST NEEDS
 

The team benefited from the guidance of Dr. Max Goldensohn
 
and Mr. I.K. Weerawardena, MARD. Of the many people, facilities
 
and locations visited, the following were typical:
 

1. 	Mr. P.H.K. Dayaratna, Project Co-ordinator (System B)
 
MEA of MASL, Colombo.
 

2. 	Numerous people in the EIED Division of MASL in Colombo.
 

3. 	Ms. Allison Brown, Agricultural Development Officer, USAID,
 
Colombo. Other appropriate USAID personnel were contacted,
 
including Dr. John Flynn.
 

4. 	System B, including many MEA/MARD/DAI staff and operating
 
personnel, also farming operations and farmers.
 

5. 	Parts of System C.
 

6. 	System H to review onion storage ideas, a plant for freezing
 
chickens, and various farming operations.
 

7. 	The Rice Processing Research and Development Centre,
 
Anuradhapura. Reviewed its recent postharvest work in
 
pulses.
 

8. 	University of Peradeniya, Postgraduate School of Agriculture,
 
and the Central Agricultural Research Institute of the
 
Department of Agriculture in Peradeniya.
 

9. 	Canneries in Colombo.
 

10. 	Exporters of fresh perishables in Colombo.
 

11. 	Export Development Board in Colombo.
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12. Ceylon Institute of Scientific & Industrial Research,
 

Colombo.
 

13. 	Cooperative Wholesale Establishment, Colombo.
 

14. 	Agrarian Research and Training Insititute, Colombo.
 

15. 	Mr. Larry Tengan, Area Director, Animal & Plant Health
 
Inspection Services, US Department of Agriculture re export

phytosanitary situations. Office in New Delhi, India.
 

16. 	Gave a series of seminars on our conclusions and
 
recommendations. This included one seminar for MEA/MARD

personnel at Welikanda, and four seminars in Colombo for MEA,
 
EIED, ARTI and USAID audiences.
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II. HARVEST AND POSTHARVEST NEEDS OF SYSTEM E
 

GENERAL ISSUES
 

System B is still in the stage when farmers and various
developmental organizations are determining which crops are

practical and economically feasible. Including a harvest and

postharvest technology component in the project at this stage of
development is very timely because for the next 2 or 3 years the

technology required will be tested in the production and

maiketing system. Simultaneous development of all three
 
components allows the entire system to be tested, altered as

needed, and quickly put into operation.
 

Postharvest techniques are 
sometimes considered to be
established technical practices which are easily implemented.

While this is often true for specific crops, varieties and
conditions, for a new area 
such as System B where experience

offers no guidelines, postharvest technology from similar

situations must be adapted. While 
some technology will be
directly transferable, there will be many situations in which it
will have to be tested before it is practiced commercially.
 

Agro-crops and horticultural farms could be profitably

introduced into the Mahaweli System by means of several different
agro-administrative systems. 
 The prererred system may be cne in

which a network of producer and grower units supply produce to a
nucleus farm for processing, thereby adding value to the final
 
product.
 

RECENT HARVEST AND POSTHARVEST WORK IN SRI LANKA
 

Postharvest technology includes a broad range of activities.

For perishable fruits and vegetables it may include any or all of
the following functions: 
 harvesting, handling, transporting to
the processor or 
the storage facility, processing as needed,
storing, and transporting to market. 
 These functions can involve

methods of harvest, field boxes for transport, cooling, packing

for fresh export, dehydration, freezing, canning, juicing,

brining, packaging, precooling and transport to market by land,
 
sea or air.
 

With the development of diversified crop production in System

B, the need for postharvest technology applicable to Sri Lanka

has become very urgent. Practices from other countries 
can
sometimes be applied without modification but some-methods should
 
be adapted to region-specific conditions.
 

Very little scientific research on harvest and postharvest

technology has been done by either the private or public sector
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in Sri Lanka. The exception is paddy and coconut, which this
 
study excludes in order to concentrate on an assessment of
 
postharvest needs for other crops that can be grown in System B.
 

The private sector has done only that research and
 
development work required to process and market the items they

sell. Although much of this work has been empirical rather than
 
scientific, it is satisfactory for the intended application.
 

Although no public agency in Sri Lanka has been assigned the
 
responsibility to conduct and coordinate research to develop

postharvest technology, some work har, been done by the following
 
public institutions:
 

1. The Ceylon Institute of Scientific and Industrial Research
 
(CISIR) in Colombo has done some elementary work on
 
dehydrating foods and handling fresh perishables. With
 
additional equipment this work could be expanded.
 

2. The Rice Processing Research and Development Center (RPRDC)
 
at Anuradhapura has conducted some research on processing and
 
storing pulses. This program could be expanded with a modest
 
investment.
 

3. The Soyabean Food Research Centre at Peradeniya, which works
 
exclusively with soybeans, has some equipment that could be
 
adapted for processing crops grown in S~stem B.
 

The postharvest reseaich which has been done includes very

little on the economics of postnarvest procedures, i.e. the costs
 
of handling, transportation, packaging, processing and
 
merchandising. While some useful crop price data is being

collected, the effort is not coordinated, data are not
 
comprehensive and are sometimes difficult for researchers to use.
 
Any effort to expand postharvest research in Sri Lanka should
 
have a strong economic component.
 

This report recommends both immediate and long-range types of
 
postharvest work that should be done. Existing facilities and
 
organisations can be helpful either as they now exist or with
 
some modifications.
 

PREVIOUS RECOMMENDATIONS FOR A NATIONAL CENTER FOR
 
POSTHARVEST AND FOOD TEC}OLOGY RESEARCH
 

In 1986, "A Study of Food Processing and Product Development

Technology - Sri Lanka" by Bunnell and Ross (of this postharvest

study team) recommended the establishment of a National Centre
 
for Postharvest and Food Technology Research and Processing. In
 
spite of considerable interest the recommendation was not
 
implemented.
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In April, 1990 a proposal by CISIR (primary author Dr.
 
Shanthi Wilson Wileratnam) recommended a Postharvest Technology
 
Unit for fruits, vegetables and root crops. This proposal
 
includes postharvest and marketing procedures, basic equipment
 
(four controlled temperature rooms, temperature and humidity
 
instruments, a model packing house) and personnel requirements.
 
It should be considered in any future decision for a facility to
 
conduct postharvest technology research and development work in
 
Sri Lanka. The proposed location is at CISIR in Colombo.
 

POSTHARVEST RESEARCH IN OTHER COUNTPIES
 

Malaysia and Thailand, which have climates and crops similar
 
to those of Sri Lanka, decided more than 10 years ago that
 
extensive harvest and postharvest technology were needed to
 
provide fruits and vegetables for local markets and export,
 
whether fresh or processed.
 

The Food Technology Division of the Malaysian Agricultural
 
Research and Development Institute (MARDI) near Kuala Lumpur was
 
given the responsibility and the budget to develop and
 
disseminate postharvest technology. MARDI facilities include
 
several cold rooms for simulated shipping tests and a packaging
 
laboratory for research and development (R & D) work. Bananas
 
and papayas are typical of the type of crops with which MARDI
 
works. The results of their investigations are well accepted by
 
entrepreneurs. Their R & D work, which is expanding, includes
 
many subjects which are needed for crops in System B. More
 
information about MARDI can be obtained from:
 

Mr. Abdullah Hassan
 
Malaysian Agricultural Research & Development Institute
 
P.O. Box 12301, G.P.O.
 
50774 Kuala Lumpur, Malaysia
 
Telephone (03) 948-6401
 

Postharvest R & D work in Thailand is done by three
 
institutions, all located near Bangkok: a) the Thailand
 
Department of Agriculture, b) Kasetsart University, and c) the
 
Thailand Institute of Scientific and Technological Research (a
 
private laboratory). The results of the work done by these
 
reputable institutions are used regularly by entrepreneurs.
 
Information about Thailand's R & D system can be obtained from:
 

Mrs. Dara Buangsuwon
 
Director
 
Plant Pathology & Microbiology Division
 
Department of Agriculture
 
Bangkhen, Bangkok 10900
 
Thailand
 
Telephone: (02) 579-4127
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India has similar facilities for postharvest work. Some of
 
them have been visited by Sri Lankans interested in postharvest
 
technology.
 

Neighbouring countries have. recognized the need for
 
postharvest technology and have responded with facilities and
 
budgets. Sri Lanka has yet to do this.
 

NEAR-FUTURE POSTHARVEST NEEDS FOR SYSTEM B
 

Near-future postharvest needs are defined as those required

by System B within the next 2-3 years. One of the most immediate
 
needs is big onion storage for the September 1990 harvest. As
 
this harvest will exceed one month's domestic consumption, the
 
capability to store big onions for two months (or even one month)

will be necessary to prevent loss by decay. In addition, onion
 
storage will allow farmers to sell their onions when the market
 
is not over-supplied and prices are higher. We recommend that 
a
 
type of onion storage similar to that used in India and already

being considered by the Deputy Resident Project Manager in System

H be tried during September - November 1990. The urgent need for
 
big onion storage is an example of implementing a postharvesting

technology method before it has been tested for local conditions.
 

The following recommended activities will produce appropriate

technology for System B within the next two years. They are not
 
listed in order of priority.
 

1. 	Construct and test storage facilities for big onions in
 
September - November 1990. This should be co-ordinated with
 
the CWE so that big onion imports and prices are regulated so
 
that farmers will be able to supply local demands at
 
satisfactory prices.
 

2. 	Construct four cold-storage rooms (two rooms at each of two
 
locations in System B), capable of temperatures of 30C-180C
 
and with humidity control. This will permit storage of two
 
or more crops at different temperatures at any given time at
 
each location. These rooms could also be used as precoolers.

It may be advisable to begin by building only one cold
 
storage room, constructing the remainder later. These rooms
 
should be located in designated industrial areas of System B.
 

3. 	Consider purchasing a refrigerated semi-trailer for use as 
a
 
portable cold storage room which could be moved from one area
 
to another as needed, e.g. where fresh perishables are being

packed. 'This type of unit can be used only for storage.

While it does not function well as a precooler, it is better
 
than no precooling.
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4. 	Consider purchasing a small portable hydro-cooler. However,

before committing to a hydrocooler at a cost of about Rs 2
 
million (US$50,000), cooling by means of a tank of
 
recirculating water cooled by block ice should be tried.
 
Blocks of ice weighing 50 kg can be purchased for Rs 50 per

block from the Fish Filleting Plant at Minneriya. It is
 
estimated that six blocks of ice would cool a test shipment

(I ton) of asparagus in 4 hours. A tank and pump for this
 
"ice bath" would cost about Rs 200,000 (US$5,000) and, if so
 
designed, could be used later in a hydrocooler by adding

refrigeration equipment to it. If asparagus is the only crop
 
to be hvdrocooled, this approach may be worth considering for
 
early test shipments.
 

5. 	Purchase or lease for 6 months or a year a refrigerated lorry

to transport harvested crops to Colombo.
 

6. 	Construct a small packing house to pack test shipments of
 
crops for export. More than one such facility may be needed
 
within the next six months or a year. Located at the site of
 
the first two cold storage rooms, it should be a simple
 
low-cost building with a roof and no sides (except for
 
protection of the cold storage rooms from sun and rain). The
 
facility should be labor intensive with no mechanized
 
equipment such as belt conveyors, sizers, box fillers or box
 
sealers. Therefore, the only equipment needed is tables on
 
which produce can be sized by hand, graded for quality and
 
hand packed into boxes for shipment to market. The tilled
 
boxes should be precooled and shipped by refrigerated

lorries. Flexibility to pack numerous crops is important.
 

This packing house should have the capability to apply decay

control chemicals such as benomyl or TBZ and then to dry the
 
product before packing. This can be done by means of a
 
simple dip tank to hold the solution of chemicals and water
 
into which produce can be dipped by hand. The drier should
 
have an 18" wade rubber conveyor belt to carry produce
 
through a flow of air from an electrically powered blower.
 
Air 	for drying is not usually heated but heated air produces

better results when relative humidity is high (65- 95
 
percent). Both the decay control dip tank and the dryer can
 
be mounted on wheels so they can be moved easily.
 

The 	question of ownership or management of a small packing

house can be addressed in various ways. We suggest that
 
participating farmers assume group ownership. Alternatively,
 
a large company such as Expolanka or Nidro Supply Ltd. could
 
own 	and manage such a facility. Public ownership and
 
management is considered the least desirable option.
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7. 	Construct and demonstrate two types of solar driers:
 

a) 	A solar drier with no additional source of power, which

is suitable for home use. Information on this type of
 
drier is available from:
 

MRS. D.M.P. RATNAYAKE
 
Training Officer (Home Economics)
 
In-Service Training Institute
 
Department of Agriculture
 
Gannoruwa, Peradeniya
 

MR. PRAMITH PRIYANANDA, Food Engineer

Ceylon Institute of Scientific & Industrial Research
 
P.O.Box 787
 
363, Bauddhaloka Mawatha,
 
Colombo 7
 
Telephone: 693807 or 698620
 

b) An indirect solar drier with supplemental heat. The

supplemental heat source is used when solar energy is
 
insufficient or not available. Information on this type

of drier is available from:
 

Postharvest Institute for Perishables (PIP)

Attention: Mr. Harvey Neese, Director
 
College of Agriculture
 
University of Idaho
 
Moscow, Idaho 83843
 
Telephone: (208) 885-6791 Fax: 
(208) 885-6642
 

A copy of the PIP manual for the two types of driers will be
 
left with Dr. Max Goldensohn, MARD/MDS, Pimburattewa. In

addition, a copy of a new manual scheduled for completion in
 
August 1990 will be sent to MARD/MDS as soon as it is
 
available.
 

8. 
Make some test shipments for export when sufficient product

becomes available. These shipments should be a joint venture

with MARD, a private entrepreneur, Sri Lanka government

agencies (if appropriate) and an importer in the country of
 
destination.
 

LONG-RANGE POSTHARVEST NEEDS FOR SYSTEM B
 

In addition to the near-future needs and recommendations
 
discussed above, there will be a continuing need for long-range

research and development work on harvesting and postharvesting

technology. If this work is initiated soon, initial results can
 
be obtained by 1993-1994.
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There is a need for research on storage life of products as
 
affected by such variables as ethylene, carbon dioxide, relative
 
humidity, exposure to light, maturity and bruising. Research
 
should also be done on drying, canning, juicing, freezing and
 
brining/fermentation. Initial storage trials for big onions in
 
Yala 1990 should be followed up by testing and development of
 
larger storage structures.
 

A research facility is needed to provide postharvest and food
 
processing technology such as that discussed in the paragraph
 
above. It is recommended that a National Centre for Postharvest
 
and Food Technology be established in Sri Lanka. This type of
 
facility was recommended in two earlier reports:
 

a) 	A Study of Food Processing and Product Development
 
Technology - Sri Lanka. J. Bunnell and J. Ross. 1986.
 

b) 	Postharvest Technology Unit for Fruits, Vegetables and
 
Root Crops. S.W. Wijeratnam, CISIR. 1990
 

The need exists now, so action should be taken to establish
 
this type of facility within the next year. Its functions should
 
be clearly defined and an on-going budget should be provided for
 
its operation. The facility should have an explicit
 
responsibility to de economic research on postharvest issues. If
 
such a facility is not established, Sri Lanka will not have the
 
postharvest and food processing technology necessary for its
 
farmers, wholesalers, processors, and exporters to be
 
competitive in domestic and world markets.
 

OBSERVATIONS ON SYSTEM H
 

We were impressed by farming practices in System H during our
 
two visits to the area. Paddy is the most widely grown crop,
 
followed by onions and chillies. They appear to be properly and
 
successfully grown, no doubt due in part to good technical advice
 
from Mahaweli staff.
 

The large volume of big onions which will be harvested in
 
September 1990 makes obvious the need for onion storage. Mr.
 
Y.P. de Silva's recommendation for onion storage will be tested
 
by several farmers this Yala season. This program is critically
 
important and should be supported.
 

The chicken production and packing operation of Mahaweli
 
Livestock Enterprise is well managed and its production,
 
processing and storage facilities appear to be good. Its
 
progress will indicate whether such an enterprise should be
 
expanded to include other meats and perhaps replicated in other
 
parts of the Mahaweli project.
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The biggest concern in System H is insufficient irrigation
 
There is an
water for Yala production on all project lands. 


obvious need to improve water use efficiency of existing crops
 less water during
and to find other crops or businesses which use 


Yala. While this need is recognized in the region, there does
 

not appear to be much progress on developing low water use
 

activities.
 

Tree crops (such as mangoes, macadamia nuts, or avocados)
 

which might grow well and use less water than paddy should 
be
 

investigated. Enterprises like cattle feedlots or hog production
 

could provide alternative sources of income, as could non­

agricultural businesses such as a factory to manufacture 
plastic
 

boxes to handle fruits and vegetables.
 

There is some concern that sun-drying of chillis by spreading.
 

them on the ground or at the edge of paved roads leads to quality
 
It is


problems from contamination by insects and foreign matter. 


doubtful that drying chillis by solar or petroleum fueled 
driers
 

is an economically viable procedure, except possibly for the
 

export market.
 

We were informed that local chilli farmers have formed 
an
 

association to help in marketing, purchasing supplies and
 
Such indigenous associations have
obtaining bank loans. 


tremendous potential and should be encouraged.
 

MISCELLANEOUS RECOMMENDATIONS AND COMMENTS
 

1. 	Grade Standards. Universally accepted grade standards must
 

be met if prcducts are to compete in world markets. Both the
 

United States Department of Agriculture and the European
 

Community have published grade standards. If a Grade 1 is
 

requested by a customer, usually the package must be marked
 

Grade 1.
 

one 	product cannot always be obtained for
2. 	A lull load of 

refrigerated lorries or overseas refrigerated containers,
 

Charts are available
thus necessitating a mixed load. 

showing which products are compatible for mixed loads.
 

Europe, Japan arid the USA) have
3. 	Most foreign markets (such as 

strict regulations regarding chemical residues in food.
 

These chemical tolerances must be known and satisfied.
 

An occasional tour of port and air cargo facilities is
4. 	
Some knowledge of these operations
advised for shippert'. 


could help to avoid or correct important shipping problems.
 

5. 	A good communication system is necessary for business 
to be
 

conducted efficiently. A serious effort should be made to
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improve communications, whether by telephone, telefax or
 
radio.
 

6. Aflatoxins, poisons that 
are both systemic and carcinogenic,
 
are produced by mold growth in pulses, some oilseeds and
 
nuts. 
 The best way to prevent mold growth and the possible

development of aflatoxins on the stored crop is 
to reduce its
 
moisture content to a specified level and store it in a dry

place where any temperature changes are moderate. Rapid

temperature change during storage can cause moisture and mold
 
development. Product temperature, air temperature and dew
 
point are factors contributing to moisture condensation on a
 
product. These factors must be considered when decisions are
 
made on storage of various crops.
 

7. There may be a time when System B will need processing

facilities such as freezers, canneries, or pickle factories.
 
in anticipation of such needs and prior to investment, test
 
batches of produce should be made. Work on freezing of
 
produce can be done at the Fish Filleting Plant, Minneriya or
 
at the Mahaweli Livestock Enterprise facility in System B.
 
Canning work can 
be done in Colombo at Lanka Canneries,

Kelani Valley Canneries, or others. Pickling can be
 
evaluated at facilities in Colombo, although some special

equipment may be needed. Of course, the ultimate objective

is to make it possible for private enterprises to construct
 
processing facilities to use System B products, with MEA/MARD

providing technical and organizational assistance.
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III. FIVE SELECTED POSTHARVEST ISSUES
 

This section discusses five postharvest issues which might

influence crop diversification in System B. These examples,

selected in consultation with MEA/MARD staff, represent

postharvest handling issues which pertain to many other crops in
 
System B, other Mahaweli systems, and Sri Lanka as a whole.
 

1. BIG ONION STORAGE
 

Because domestic demand outstrips local production, Sri Lanka
 
imports substantial quantities of onions. The market recognizes

two major types, red onions and big onions. The demand for big

onion cannot be supplied by domestic production, thus requiring

large imports. While domestic production of big onions is still
 
a small fraction of total onion consumption, domestic production

has increased rapidly in recent years from 8,700 metric tons (mt)

in 1988 to 12,400 mt in 1989 and a projected 20,000 mt in Yala
 
1990. The cost of big onion production as estimated by EIED is
 
Rs 4.92 per kg (Table 1).
 

The Market Environment
 

Due to the importance of onions in the Sri Lankan diet, the
 
Government of Sri Lanka (GSL) maintains market control through

the Cooperative Wholesale Establishment (CWE), the sole importer

and wholesaler of onions. CWE's actions with respect to onion
 
imports (approximately 3,000 mt per year) are the main
 
determinant of domestic onion price movements. The quantity and
 
cost of big onion imports is shown in Table 2.
 

Until Yala 1987, onion consumption for any given month
 
exceeded domestic production in that month. Therefore, CWE's
 
role was to make up the shortfall with imports and maintain price

stability. Figure 1 shows that price stability was achieved
 
fairly well until mid-1987.
 

The goal of price stability was more elusive during Yala 1987
 
and Yala 1988 when big onion production increased. CWE continued
 
to import onions, even during harvest, resulting in depressed

farmer prices. Depressed prices were followed by significant

price increases. These problems were compounded by a shortage of
 
Indian onions and consequently higher import prices in the last
 
few months of 1987.
 

Beginning in Yala 1989, big onion acreage in Sri Lanka
 
increased to the point where the amount harvested during October
 
exceeded total demand for that month. Although CWE imports were
 
cut to almost zero, there was a severe glut and farm prices were
 
severely depressed. In an effort to support producer prices the
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CWE purchased large quantities of big onions from farmers for
 
storage. Unfortunately, 629 mt (46 percent) of the 1368 mt
 
purchased for Rs 17 million were lost to spoilage and shrinkage.

Revenues from onion sales were only Rs 6.5 milliorn and CWE lost
 
Rs 13.5 million, including procurement and marketing costs. Due
 
to this spoilage and the cutback of imports, the onion glut of
 
October 1989 was followed a month later by a severe shortage and
 
prices in Colombo's Pettah market were above Rs 63 per kg.
 

Table 1. Estimated costs (Rs/ha) of production of irrigated
 

onions.
 

Operation Labor Machinery Inputs Total
 

Nursery
 
Preparation 1,600 - - 1,600
 
Fertilizer 200 50 290
 
Weeding 1,300 - - 1,300
 
Pest/disease control 100 50 250 400
 

General land preparation
 
Ploughing - 1000 - 1,000
 
Harrowing - 500 - 500
 
Beds/ridges 3,500 - - 3,500
 

Seed material - - 11,050 11,050
 

Plant/transplant 4,500 - - 4,500
 

Fertilizer 1,500 - 2,995 4,495
 

Weed control 7,000 25 500 7,525
 

Pest/disease control 900 100 1,040 2,040
 

-Water management 2,500 - - 2,500
 

Watching/bird scaring 3,500 - - 3,500
 

Harvesting 3,000 - - 3,000
 

Processing 2,000 - - 2,000
 

TOTAL 31,600 1,675 15,925 49,200
 

Yield 10,000 kg/ha
 
Cost of production 4.92 Rs/kg
 

Source: EIED
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Table 2. Quantity, cost and value of onions imported into Sri
 
Lanka, 1985 - June 1990.
 

Year Imports Cost Value Year Imports Cost Value
 
(mt) (Rs/kg) (Rs mil) (mt) (Rs/kg) (hs mil)
 

1985 J 546 6.37 3.478 1988 J 2628 9.90 26.015 
F 500 5.85 2.925 F 4900 6.81 33.367 
M 600 5.86 3.314 M 1500 5.42 8.130 
A 1498 5.98 8.965 A 3180 11.57 36.780 
M 550 5.87 3.229 M 5220 11.32 59.102 
J 0 - - J 2550 10.91 27.819 
J 
A 

1750 
3597 

6.59 
6.75 

11.537 
24.295 

J 
A 

2350 
3400 

11.14 
10.71 

26.186 
36.420 

S 1710 7.19 12.294 S 3100 11.40 35.345 
0 
N 
D 

4977 
4978 
6032 

7.48 
7.95 
8.49 

37.236 
39.596 
51.231 

0 
N 
D 

1700 
950 

3164 

10.96 
10.36 
13.25 

18.640 
9.844 
41.916 

1986 J 4600 8.04 36.992 1989 J 5000 15.62 78.107 
F 4538 8.04 36.499 F 2515 13.15 33.079 
M 6472 8.17 52.877 M 3410 13.45 45.849 
A 2575 8.18 21.073 A 1700 13.68 23.261 

M 4698 8.25 38.778 M 4700 10.41 48.910 
J 6100 8.29 50.590 J 1028 9.87 10.138 
J 7656 8.05 61.594 J 650 9.94 6.464 
A 1594 8.81 14.041 A 1625 7.88 12.810 
S 2446 8.83 21.591 S 650 9.94 6.464 
0 2130 9.32 19.842 0 0 - -
N 4652 10.07 46.845 N 0 - -
D 3794 10.10 38.308 D 1673 8.15 13.631 

1987 J 3020 10.02 30.250 1990 J 1035 8.21 8.497 
F 2249 9.79 22.010 F 720 8.23 5.926 
M 3594 9.50 34.123 M 1760 8.84 15.558 
A 3750 9.39 35.205 A 3150 8.84 27.846 
M 2000 9.45 18.905 M 2094 10.56 22.113 
J 3475 9.52 33.096 J 5369 10.56 56.697 
J 2700 9.56 25.812 
A 3100 9.56 29.636 
S 2250 15.52 34.920 
0 746 18.50 13.801 
N 2554 16.56 42.299 
D 4490 13.21 59.324 

Source: CWE 
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Onion Production for Import Substitution
 

Onion imports are a significant drain on Sri Lanka's limited
supplies of foreign exchange, about Rs 30 million being spent
monthly. While increasing domestic onion production can reduce
foreign exchange expenditures, big onion production presently
substitutes for imports only during the month of harvest. 
In
order to extend the import substitution effect beyond the month

of harvest, storage is necessary. If reduction of foreign
exchange expenditure is a goal of the GSL it can 
justifiably
subsidize domestic production to substitute for imports. 
 This
 
means that the GSL could pay more than the import price in
November to producers who agree to store big onions into
 
November.
 

At present, domestic big onion production satisfies only one
 or two months of requirements, hence storage beyond two months is
not necessary. 
As domestic production increases, the GSL will
need to consider investing in higher cost, longer-term onion
 
storage.
 

implications for Storage of Big Onions in Yala 1990
 

The market and production environment implies the following:
a) the actions of the CWE are 
a major force in determining onion
prices. 
Thus the GSL should have clear policy goals with respect
to the onion market in order 
co guide CWE actions, b) there will
be a need to store big onions from September harvest for

consumption in late October and November. 
The CWE projects that
for Yala 1990 big onions will be produced in the following

quantities (mt): 

August - 1,000 
September - 11,000 
October - 5,000 
November - 3,000 
TOTAL - 20,000 

As long as prices remain above Rs 5 per kg (the unit cost of
production), onion production will be profitable. 
However, it is
important to distinguish between profits acquired by selling at
harvest and potential profit from storage.
 

Economics of Onion Storage
 

Farmers will store big onions if it is profitable to do so.
Storage is profitable only if the increase in price during the
 
storage period exceeds the cost of storage.
 

Onions destined for storage require special attention. They
must be deprived of water for a period prior to harvest, lifted
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at the proper stage of maturity, and cured before being placed in
 storage. The common practice of removing the tops for separate

sale must be discontinued and injury or bruising of the crop must
 
be avoided.
 

These practices reduce the total weight of onions for sale,

hence must be considered as costs. The preharvest cutback of
 
water and fertilizer reduces harvest weight. Curing onions
 
involves additional weight loss, and finally there will be drying

and spoilage losses. These losses increase as 
the period of
 
storage lengthens.
 

Onion storage facilities also involve costs, the level of

which depends on the technological sophistication of the
 
facility. 
Assuming that two months storage is sufficient, the
 
following will discuss the small-scale storage facilities
 
proposed in System H. Such structures, designed to use local

construction materials and free flow of air, should permit one to
 
two months of storage with acceptable levels of spoilage and

shrinkaae loss. 
 They are low cost and accessible to small-scale
 
famners. Required onion storage procedures are described in more
 
detail in Section II and Appendix C.
 

Estimated costs and returns from small-scale on-farm onion
 
storage are shown in Table 3. This budget compares curing and

storing onions for two months with selling uncured onions and
 
tops separately at harvest. Critical assumptions are: a harvest­
time price of Rs 10 per kg, an after-storage price of Rs 20 per

kg, a 7 percent curing weight loss, and a further 15 percent loss

due to drying and spoilage. Under these assumptions, storage of

2 mt for two months would yield a profit of Rs 9,282 
or a return
 
of Rs 4.64 per kg of cured onions.
 

These assumptions may not be valid for Yala 1990. 
 A large

onion harvest will result in very low prices for uncured onions.

Thus, it will be important for farmers to cure onions for sale at
 
harvest as well as for storage. Table 4 estimates the net
 
returns to storage versus the net ::eturns from selling properly

cured onions at harvest. The breakaven after-storage price would

be Rs 12.53 per kg, meaning that storage costs are covered if
 
onions worth Rs 10 at harvest are worth Rs 12.53 per kg after two
 
months (Figure 2). The net return to storage per kg of cured
 
onion is Rs 6.35.
 

The returns to storage shown rtbove will occur only if the
 
assumptions used in .the analysis are valid. 
At this time, for

example, the CWE target price at 
harvest is uncertain. In
 
addition, this type of storaqe has not been tested in Sri Lanka,

though it is used in other parts of South Asia. 
Therefore,

assumptions regarding spoilage and drying losses are not based on
 
research or experience.
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Table 3. 
Costs and returns from storing big onions compared to
 
selling uncured onions (assumptions: a storage facility

of 2 mt; storage for 2 months; prices - Rs 10 in, Rs 20
 
out).
 

Assump-


tions 


Returns from stored onions
 

Weight of properly cured onions (kg) 2000 

Weight loss from spoilage (kg) 300 


Total weight after storage -

Value after storage (1700 kg @ Rs 20) 


Storage construction costs
 

Construction 

Life of structure (years) 

Cost of capital (% per year) 


Annual interest & amortization (Rs) 

Annual repairs (Rs) 

Total structure costs (Rs) 


Opportunity costs of onions to be stored
 

Harvest weight of improperly
 
handled, uncured onions (kg)1 


Value of onions if sold at harvest
 
(2250 kg @ Rs 10/kg) 


Weight of onion tops at harvest (kg) 

Value of onion tops at harvest
 
(1000 kg @ Rs 1/kg) 


Total value if sold at harvest (Rs) 


I000 

5 


20 

-

-

-


2250
 

-

1000 


-

Calc- Sub­

ulated total
 

- -

1700 ­
34,000
 

- -

334 ­

100 ­
- 434 

22,500
 

-


1,000 ­

- 23,500 

Opportunity costs of investment in stored onions (Rs)
 

Cost of capital (20% per year for 2 months) 783
 
Total net returns from storage 9,282

Net returns (Rs/kg cured weight) 
 4.64
 

Additional weight if not cured - 1-50 kg

Additional weight from extra water and fertilizer if not
 
handled properly before harvest - 100 kg
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Table 4. 
Costs and returns from storing big onions compared to
selling cured onions at harvest (assumptions: a storage

facility of 2 mt; life of structure - 5 years; storage

for 2 months; prices - Rs 10 in, Rs 20 out).
 

Returns from stored onions
 

Weight of properly cured onions (kg)

Weight loss from spoilage (kg) 


Total weight after storage (kg) 

Value after storage (1700 kg @ Rs 20) 


Storage construction costs
 

Construction (Rs) 

Cost of capital (% per year)


Annual interest & amortization (Rs)

Annual repairs (Rs) 


Other curing and storing costs (Rs)
 

Household labor 

Total 


Opportu::ity costs of onions to be stored
 

Weight of properly cured onions (kg)

Total harvest weight (kg) 


Price at harvest (Rs/kg) 

Value of onions sold at harvest (Rs) 


Weight of tops at harvest (kg) 

Price of tops at harvest (Rs/kg)

Value of tops at harvest (Rs)


Total value if sold at-harvest (Rs) 


Assump-


tions 


2,000 

300 

-

-


1,000 

20 

-

-

-

-


2,000 

-

10 

-


0 

1 

-

-

Calc- Sub­

ulated total
 

- -

-
 -

1,700 ­
- 3,400
 

-
 -

-
 -

334 ­
100 ­

200 ­
- 200
 

-
 -
2,000 ­

- -

20,000 ­

-
 -

-
 -

0 ­
- 20,000 

Opportunity cost of investment in stored onions
 

Cost of capital (% per year) 
 20 - -
Length of storage (months) 2 -

Total opportunity cost on investment (Rs) 

­

- - 667 

Total net returns from storage Rs 12,699
 

Net returns/kg cured weight 
 Rs 6.35
 

21
 



I14 

Breakeven price after storage
 
Varying storage period and prices
 

Profit from storage (Re/kg) 
8 

6 

0
 
-2. .. 
 .............
.....
 

-6
 

10 20 

Price after storage (Rs/kg) 

- Rs 101kg, 2 months -4- Rs 12/kg, 2 months 
* Re 10/kg, I month -0- Re 10/kg, 1 month 



Figure 3 shows changes in breakeven prices given different
 
loss assumptions. With a price of Rs 12 per kg at harvest and a
 
Rs 20 per kg price after storage, storage is profitable until
 
losses exceed 36.4 percent. However, if the price after storage

is only Rs 15 per kg, a storage loss exceeding 15.2 percent

eliminates profits.
 

Importance of GSL Onion Price Policy on Big Onion Storage
 

Using Pettah market wholesale prices from the first weeks of

October and December for 1986-1989 indicates that storing onions
 
would have been profitable for three out of four of those years.
 

First week First week Profit
 
Year Oct. price Dec. price from storing
 

1986 14.3 13.7 -2.32
 
1987 9.8 17.8 
 4.71
 
1988 11.5 20.1 4.92
 
1989 10.8 63.3 
 42.38
 

However, this observation is not a safe guide for the
 
future. The difference between harvest glut low prices and
 
post-harvest price peaks may give a misleading impression of the
 
profits possible from onion storage. The magnitude of price

changes Detween harvest glut and post-harvest periods are not
 
inherent features of the onion market. 
 They are instead the
 
direct consequence of decisions made by the CWE. In Yala 1987,

1988 and 1989 those decisions failed to achieve price stability.
 

If CWE actions were successful in stabilizing onion prices,

the private sector would not store big onions because it would be
 
unprofitable. The GSL and the CWE 
can foster an economic
 
environment that encourages onion storage by refraining from
 
imports and purchasing domestic onions during postharvest months
 
at prices high enough to make st6rage profitable.
 

One proposal currently being considered is for CWE to
 
purchase Yala 1990 big onions for Rs 10-12 per kg at harvest, for
 
Rs 15 per kg a month later and for Rs 20 per kg two months later.
 
The CWE has emphasized that under any such program it would
 
purchase only those big onions which have been properly cured for
 
storage.
 

The CWE is concerned that weather problems in lndia may make
 
it difficult to import onions at reasonable prices once the
 
domestic Yala 1990 crop is consumed. Figure 4 shows that onions
 
imported from India in May and June cost Rs 11.56 per kg, below
 
the long-term import price trend. Given the seasonal pattern of
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Indian onion prices one 
could expect a price increase of Rs 2-3
 per kg 2rom mid-year to the end of the year (Figure 5). 
 This
 
suggests that the cost of importing onions this November and

December could easily be above Rs 15 per kg. 
 Since Pettah
wholesale prices are usually Rs 5--6 per kg above import prices

when the market is relying on imports, wholesale prices could be
expected to be approximately Rs 20-21 per kg in December. 
With

prices at these levels, giving farmers a guaranteed price for
 
stored onions is appropriate.
 

Proposed Actions by MEA/MARD
 

MEA/MARD should encourage farmers to store onions produted

this Yala season. 
 This should include a vigorous extension
 program on how to 
cure and store big onions properly and on-farm

demonstrations of small-scale onion storage structures described
 
elsewhere in this report.
 

It is recommended that the CWE create an 
environment which
 
encourages big onion storage or at least does not discourage

storage. 
 MEA/MARD should provide information to assist the CWE

in making good import and pricing decisions. Assistance in

collecting and analyzing data 
on onion acreage, production and
prices would be useful to CWE, as would analysis of the way that
 
red onions fit into the picture.
 

MEA/MARD should also assist the CWE to store Yala 1990

onions. 
Because farmer storage is 3ust getting started, CWE is
the only organization that is likely to store large quantities of

onions this season. It would be preferable if farmers and

private traders, rather than CWE, assume this role in the future.
 

In addition, MEA/MARD should investigate whether alternative
 
onion varieties, cultural or storage practices would enhance
 
storage and spread out the timing of the big onion harvest.
 
MEA/MARD should make an 
effort td import seeds of varieties which
 
store well. The storage experience in India can 
serve as a
 
guide.
 

2. SMALL-SCALE FRUIT AND VEGETABLE DEHYDRATION
 

Fruits and vegetables produced in System B could be preserved
by dehydration. Dehydration technology ranges from large-scale

industrial dehydrators to small-scale driers suitable for use at
the village or household level. 
 In the future, large-scale fruit

and vegetable dehydration might be appropriate in System B, and

is an option that should be investigated by MEA/MARD. However,

small-scale drier technology is more suitable for System B's
 
present situation.
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Reasons for Promoting Fruit and Vegetable Dehydration.
 

One of the prime goals of the MEA/MARD project is to
diversify System B's crop production away from paddy. 
The search
for export crops that can be profitably grown in System B is in
support of this goal. One problem faced by the export
development effort is insufficient export quality production and
 a lack of farmers who know how to grow such crops. 
 Promotion of
household and village industry will encourage sufficient local
production for eventual entry into the export market. 
Parallel

development of domestic and export markets will promote

diversification of crop production into higher value fruits and
vegetables needed for processing. This will generate

value-added, improve local diets, and make entry into the export

market more feasible.
 

Small-scale food drying might solve the problem of how to
transport fruits and vegetables to markets outside System B.

Colombo is distant and transport is slow. 
There is no network of
cold storage and refrigerated transport which some 
products would

require. 
On-farm or village drying minimizes handling and
storing between picking and processing. Drying ccnverts products
which 
are highly perishable and have low value per unit weight

into products which are 
light weight, high value and 
can be
 
stored and transported easily.
 

Design of Small-Scale Solar Driers
 

Some work on 
solar drying with small-scale solar driers has
been done in Sri Lanka. Researchers at 
the Central Agricultural

Research Institute have investigated the drying properties of
 
several fruits and vegetables.
 

The Rice Research Institute (RRI) has experimented with

small-scale solar driers for drying paddy. 
Their experimental

models included those with the solar collector separate from the
drying chamber, forced air circulation to increase efficiency and
capacity, and the use of drying agents to 
remove moisture from
the incoming air. 
Forced air circulation increases construction
 
and operation costs and restricts use to situations where

electricity is available. 
RRI has discontinued this research.
 

The Inservice Training Institute (ISTI), Peradeniya, trains
extension personnel in the use 
of solar driers for farm and
village level processing of fruits and vegetables. The drier

which they recommend can be built by village craftsmen using

local materials for a cost of 
approximately Rs 1000. It can dry
about 2 kg of fresh fruit per day. 
While good results have been
obtained with this design, relocating and enlarging the airholes
 
would enhance convection circulation.
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CISIR has developed several successful small-scale solar
 
driers, both with and without forced air. Their convection
 
models, similar to those used by ISTI, have an estimated capacity

of 5 kg per day and cost less than Rs 1000.
 

The designs proposed by ISTI and CISIR are "direct" solar
 
driers in which the sun shines directly on fruit placed on racks
 
in a glass covered box. PIP, which has had considerable
 
experience with solar drying of fruits and vegetables in South
 
Asia, recommends an "indirect" drier. This design, which
 
features a convection flow of warm air from the collector into a
 
separate drying chamber, has an estimated capacity of 8 kg per

day. Construction of PIP's indirect drier requires more
 
materials and greater skill than direct models and will cost an
 
estimated Rs 4000 when modified to use local materials.
 

The PIP design also has supplemental heating, which could be
 
a significant factor in making high quality dried products.

Without supplemental heat, product quality suffers if drying is
 
not complete in one day. Rice straw or banana trash, low cost
 
agricultural waste, could be used for fuel to provide

supplemental heat.
 

Sketches of the drier designs proposed by ISTI, CISIR and PIP
 

are included in Appendix D.
 

Use of Solar Driers
 

The following discussion touches briefly on the main points

of solar drying. More in-depth information is provided in a PIP
 
manual on solar drier construction and food preservation

available at the MARD office.
 

A variety of procedures must be followed for drying different
 
fruits and vegetables. Most crops must be specially prepared to
 
speed drying, to preserve or enhance color and flavor, and to
 
enhance keeping qualities. Cutting the fruit or vegetable to be
 
dried into properly sized pieces is crucial. Pre-drying with
 
sulphur, sulphite or heat is often used. Anti-oxidants such as
 
ascorbic acid or lemon/lime juice are often used to prevent

browning of dried fruits.
 

It is important to know when to stop the drying process.

Over-drying, which may cause color, flavor and palatability

losses and shattering of the dried product, indicates that a
 
greater quantity of material could have been processed. Under­
drying results in spoilage. The amount of material to be dried
 
and the expected drying time dapend on temperature, humidity and
 
extent of cloud cover. Products which dry unevenly must be
 
subjected to pre-storage conditioning to equilibrate moisture
 
levels throughout the product. Success in achieving proper

dryness is largely a matter of feel and experience.
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The PIP manual states that most vegetables should be dried to
 
not more than 4-5 percent moisture and that moisture in fruits

should be reduced to 15-20 percent. Fruits require.less drying

because their sugar content helps to retard spoilage. The water
 
content and approximate drying ratio of some common fruits and
 
vegetables are given in Table 5.
 

Proper storage of dried materials is essential. It prevents

further drying, rehydration and insect attacks. Exposure to
 
light may cause bleaching. Properly dried and stored fruit
 
should keep with little deterioration for several months and
 
possibly for a year or more.
 

Successful introduction of small-scale drying on a wide scale

in System B will require an extension program to teach drier
 
operators the appropriate procedures for preparing, drying and
 
storing the most common fruits and vegetables.
 

Economics of Solar Drying
 

Almost all crops grown in System B can be solar dried.
 
Initial emphasis should be on drying crops which are 
surplus to
 
household needs or are available at low prices. 
 One or a group

of households might use a drier to preserve excess production of
 
crops such as mangos, bananas, papayas, cassava, eggplant or
 
bitter gourd. Crops such as onions or tomatoes could be bought

for drying when prices are low. Solar driers could also be used
 
to dry red chillies, although drying only chillies does not
 
justify owning a drier. Dried products can be consumed within
 
the household or sold both in local and distant markets.
 

Solar drying is accessible to most households because of its

low capital cost and ease of operation. The benefits of solar

drying include a more nutritious and diverse diet and food cost

savings from a steady supply of 
home grown fruits and vegetables.
 

Solar drying can augment household income. Investment costs
 
are confined to the cost of the drier and operation expenses are
 
low unless electricity is used for forced air circulation or
 
purchased fuel is needed for supplemental heat. The costs of
 
fruits or vegetables are either their purchase price or the price

they would have obtained if sold fresh. Other input costs may

include costs of sulphur, sulphite, anti-oxidants and packaging

materials.
 

There is no evidence that fruits or vegetables are presently

being solar dried in System B. Dried products are not available
 
in System B. However, other dried foods such as 
fish, chillies
 
and spices are traditionally consumed. Dried bitter gourd

(probably air dried) is sometimes available and imported dry

dates and raisins can be found in many markets. While locally

dried fruits and vegetables might initially be a novelty, a
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market could be developed. Dried pineapple, mango and papaya

should sell as sweets, while dried vegetables could be used in
 
traditional curries.
 

Table 5. Water contents drying ratios and maximum drying

temperature ( C) for a variety of fruits and
 
vegetables
 

Crop Moisture content (%) Drying Max. drying

Initial Final ratio temperature
 

Cauliflower 80 
 6 0.21 65
 
Carrots 
 70 5 0.32 75
 
Green beans 
 70 5 0.32 75
 
Onions 
 80 4 0.21 55
 
Garlic 
 80 4 0.21 55
 
Cabbage 
 80 4 0.21 55
 
Sweet potato 75 7 0.27 
 75
 
Pota'zo 75 13 0.29 
 75
 
Spinach 80 10 0.22 
 -

Cassava 62 17 
 0.46
 
Cassava leaves 80 10 0.22 -

Chillies 
 80 5 0.21 65
 
Grapes 
 80 15 0.24 70
 
B.,nanas 
 80 15 0.24 70
 
Guavas 80 0.22
7 65
 
Okra 80 20 0.25 
 65
 
Pineapple 80 10 0.22 
 65
 
Yans80 10 0.22 65
 
Nutmeg 80 20 
 0.25 65
 
Coffee beans 55 12 0.51
 
Copra 30 5 0.74 -

Groundnuts 
 40 9 0.66 50
 

Source: PIP
 

Initial emphasis should be on production of dried products

for local "pola" and urban markets. While for some crops,

village level solar driers designed with supplemental heat could
 
achieve export quality standards, entry into the export market
 
should be encouraged only after those involved gain proficiency

and experience.
 

Pineapple was used to illustrate the costs involved in sclar
 
drying using the PIP design (Table 6). Pineapple was chosen
 
because it grows well in System B and it has an intermediate
 
drying ratio. It is assumed that the drier costs Rs 4000. 
With
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Table 6. Estimated costs of drying pineapple using PIP's solar
 

drier design.
 

Assump- Celc- Sub­

tions ulated total
 

Cost of drier construction (Rs/year) 

4,000 -Construction cost 

5 -Life of drier (yrs) -

Cost of capital (% per year) 20 ­
- 1338
Annual interest/amortization 
 400 -


Annual repairs 

- - 1738


Total drier costs 


Capacity of drier
 

200 -

Days coeration/year 

­

Capacity/day (kg wet) 
8 ­

- 1600 -Input required/year (kg wet) 

Ratio dry to wet material (%) 

22 -

Production of dried product/year (kg) - 352 -

Cost of input material
 

2.5 -

Price (Rs/kg wet) 
 0.1 ­(Rs/kg wet)
Preparation costs 
 - 2.6 ­

input material (Rs/kg wet)
Total cost oi 
 -
input material (Rs/year) 
4160
 

Cost of ­

of dried product inventory
Opportunity cost 


Cost of capital (% per year) 


Average holding time (months) 

Opportunity cost of holding (Rs/yr) 


Labor cost
 

Days of labor/drier batch 

Labor cost (Rs/day) 

Labor cost (Rs/yr) 


Other costs
 

Packaging material (Rs/yr) 


Total cost of dried product
 

Rs/yr 

Rs/kg dry 


20 
3 
-

-
-
-

-
-
207.68 

0.25 
40 
-

-
-
-

-
-

2000 

- 176 

8282 
23.53 
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a capacity of 8 kg per day it will dry 1.6 mt of fresh pineapple
 
to yield 352 kg of dried product if used 200 days per year. It
 
is estimated that about one quarter day of labor is required to
 
prepare the food, monitor the drier, and handle the dry product.

Wage rates are approximately Rs 40 per day. Assuming the cost of
 
fresh pineapple at Rs 2.5 per kg, the total cost of dried product
 
is Rs 23.53 per kg.
 

The costs of drying pineapple using the ISTI solar drier are
 
presented in Table 7. Compared to the PIP design, the initial
 
investment is much lower (Rs 1000 vs Rs 4000), thereby making it
 
accessible to more farmers. The annual turnover is also much
 
lower (Rs 2500 vs Rs 8000). However, the unit cost of product

using the ISTI drier is higher than that of the PIP model, making
 
it less attracti-'e. The higher unit cost results from the
 
assumption that labor requirements for the two driers are
 
similar.
 

How households value labor will determine the choice between
 
the two driers. If family labor is available the smaller drier
 
may be the most suitable. If labor is in short supply the larger
 
model which uses labor more efficiently is more suitable.
 

Pineapple is only one example of a crop that can be dried.
 
Various crops will have different drying ratios and fresh product
 
prices. Figure 6 shows how drying ratios and fresh market prices

affect the cost of the dried product. For example, at a Rs 2 per

kg fresh price, a leafy vegetable with a 15 percent drying ratio
 
would cost over Rs 25 to dry; at Rs 10 per kg for a fruit with a
 
drying ratio of 20 percent, the cost of the resulting dry fruit
 
would be over Rs 60 per kg.
 

As markets for dried fruits and vegetables are undeveloped in
 
Sri Lanka, it is not possible to definitively determine the
 
economic feasibility of drying. However, costs of production

estimates are consistent with what local people will be willing
 
to pay. Dried vegetables should find a market at Rs 30-50 per
 
kg, and dried fruits at Rs 40-60 per kg or higher. At such
 
prices, drying of fruits and vegetables can be a viable method of
 
marketing fruits and vegetables from System B.
 

Costs of Larger Scale Driers
 

It is our considered opinion that small-scale solar driers
 
are economically feasible. However, there is also potential for
 
large-scale fruit and vegetable drying.
 

A drier five times the size of the PIP'drier is probably the
 
limit for that kind of design. A solar drier of that size would
 
be adequate for a small commercial fruit or vegetable drying
 
operation. Costs should be similar to those shown in Table 6.
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Table 7. Estimated costs of drying pineapple using ISTI's
 
solar drier design.
 

Assump-


tions 


Cost of drier construction (Rs/year)
 

Construction cost 1,000 

Life of drier (yrs) 5 

Cost of capital (% per year) 20 


Annual interest/amortization ­
-Annual repairs 


Total drier costs -


Capacity of drier
 

150
Days operation/year 

Capacity/day (kg wet) 2 


Input required/year (kg wet) -

Ratio dry to wet material (%) 22 


Production of dried product/year (kg) -


Cost of input material
 

Price (Rs/kg wet) 2.5 


Preparation costs (Rs/kg wet) 0.1 


Total cost of input material (Rs/kg wet) 
 -

Cost of input material (Rs/year) -

Opportunity cost of dried product inventory
 

Cost of capital (% per year) 20 


Average holding time (months) 3 


Opportunity cost of holding (Rs/yr) -


Labor cost
 

Days of labor/drler batch 0.2 

40
Labor cost (Rs/day) 


Labor cost (Rs/yr) -


Other costs
 

Packaging material (Rs/yr) 


Total cost of dried product
 

Rs/yr 

Rs/kg dry 


Calc-


ulated 


-

-
-


334 

100 

-


-

-


300 

-


66 


-

-

2.6 


-


-

-


-


-

-


-


Sub­

total
 

-

-
-

-
-


434
 

-

-
-

-

-

-

-


780
 

-

-


39
 

-

-


1200
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2486
 
37.67
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Cost of solar drying 
(various fresh prices; drying ratios) 

Cost (Rs/kg dry)
120 

Lq60]-'"--­

80 

. 

20 .. 

0 

15 20 

- Rs 2/kg 

.---Rs 8/kg 

I I 

25 30 35 

Drying ratio (percent) 

- Rs 4/kg 

as10/kg --

i 

40 

RA 61kg 

Rs 12/kg 

i 
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Drying using fuels is also possible, though generally more
 
costly. However, high fuel costs could be eliminated by-using

agricultural waste. Rice hulls, a waste product that is 
a
 
disposal problem for rice mills, could be used. 
The RPRDC has
 
done research on using rice hulls to fuel a fluidized bed furnace
 
for drying parboiled rice. Such a furnace could be adapted to a
 
moderate-scale fruit or vegetable drier. Both larger solar
 
driers and waste fired driers have enough potential to warrant
 
further investigation.
 

Another possible drier is an off-the-shelf petroleum fueled
 
model. It might be economically feasible in spite of higher fuel
 
costs. Keels Agro Products Ltd. uses a kerosene fueled drier at
 
its mushroom production facility. Information from this source
 
indicates that this type of drier could be used for fruits 
or
 
vegetables.
 

Estimates of the costs of drying pineapple using a Keels type

drier are shown in Table 7b. The estimated cost of the drier
 
(available from Taiwan) is Rs 200,000. Buildings would cost an
 
additional Rs 200,000. It is assumed that the drier's capacity

is 300 kg of fresh product and that it would dry 200 batches per
 
year. Each batch would require 3 person-days of labor. The
 
drier uses 70 liters of kerosene to dry 300 kg of mushrooms.
 
Since the amount of water to be removed from pineapple is less
 
than mushrooms, we have assumed 60 liters per batch or 0.2 liters
 
per kg. Electricity is needed to power the kerosene burner and
 
perhaps an additional air blower. With these assumptions the
 
cost of producing dried pineapple is Rs 33.3 per kg. This cost
 
would decline somewhat if the utilization rate were increased,
 
e.g. if 300 batches were dried per year, the cost would decline
 
to Rs 30.5 per dry kg. While the cost of this facility is
 
about one-third greater than the solar drier cost, it should
 
still be profitable to operate. One attractive feature of the
 
larger drier is its ability to meet quality and cleanliness
 
standards required for export.
 

Proposed Actions By MEA/MARD
 

MARD should promote fruit and vegetable drying on several
 
levels. It is worth promoting small household-scale driers as
 
they can provide local markets with dried product. For
 
entrepreneurs, small-scale drier technology may serve as the
 
first step toward a larger scale commercial enterprise. The
 
prospects for larger scale solar driers or driers fueled by

agricultural waste or conventional fuels are good and these
 
should also be.promoted by MARD.
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Table 7b. Estimated costs of drying pineapple using a kerosene
 
fueled drier with 300 kg capacity. 

Assump- Calc- Sub­

tions ulated total 

Cost of drier construction (Rs/year) 

Construction cost 400,000 - -

Life of drier (yrs) 

Cost .of capital (% per year) 

Annual interest/amortization 

Annual repairs 


Total drier costs 


Capacity of drier
 

Days operation/year 

Capacity/day (kg wet) 

Input required/year (kg wet) 

Ratio dry to wet material (%) 

Production of dried product/year (kg) 


Cost of input material
 

Price (Rs/kg wet) 

Preparation costs (Rs/kg wet) 

Total cost of input material (Rs/kg wet) 

Cost of input material (Rs/year) 


Opportunity cost of dried product inventory
 

Cost of capital (% per year) 

Average holding time (months) 

Opportunity cost of holding (Rs/yr) 


Labor cost
 

Days of labor/drier batch 

Labor cost (Rs/day) 

Labor cost (Rs/yr) 


Other costs
 

Packaging material (Rs/yr) 

Supplemental fuel (units/kg wet) 

Cost of fuel/yr @ Rs 6.5/unit 


Electricity for forced air (kwh/kg wet) 

Cost of electricity/yr @ Rs 36/kwh 


10 - ­
20 - ­

- 95,409 ­
- 15,000 ­
- - 110,409 

200 - ­

300 - ­

- 60,000 ­
22 - ­

- 13,200 ­

2.5 - ­

0.1 	 - ­

- 2.6 ­

- - 156,000 

20 - ­

3 - ­

- - 15,708 

3 - ­

50 - ­

- - 30,000 

- - 6,600
 
0.2 	 - ­

- - 78,000
 
0.02-,- ­

- - 43,200 

Total cost of dried product: Rs 2486/yr; Rs 37.67/kg dry
 

37
 



Studies should be done to determine which local fruits and
vegetables are most suitable for drying, what drierdesign is

best for local conditions, and what preparation and drying

practices work best.
 

An extension demonstration program should be launched to
 
promote single household use of small-scale solar driers as well
 as larger scale cooperative enterprises involving several
households. Personnel from PIP might be used to advantage in
 
this program.
 

The extension program should be supported by an effort to
develop markets for dried fruits and vegetables. Promoting

household uses for these products would be an important

beginning.
 

MEA/MARD should persuade a commercial-scale fruit or
vegetable dehydrator to locate in System B. 
This effort. must be
supported by information on appropriate technologies, heat
 
sources, and markets.
 

3. PINEAPPLE FOR PROCESSING
 

Sri Lanka has produced pineapple for fresh consumption and
processing for many years. Moderate exports of both fresh and
processed pineapple were made in the past but present export is
almost exclusively fresh shipments to the Maldives and the Middle
 
East.
 

Pineapple Culture, Varieties and Markets
 

Conditions in System B are 
suitable for pineapple production.
Small quantities are grown on homestead plots. However, field
production is possible on 1 hectare irrigated allotments as 
well
 
as in areas 
assigned for larger scale commercial farms.
 

The Mauritius variety, which is very sweet and flavorful, is
preferred for both fresh and processed markets in Sri Lanka.

Although well accepted for the fresh market in the Maldives and
the Middle East, it would be considered an exotic in most other
world markets, where Smooth Cayenne is more popular. Some Smooth

Cayenne was grown several years ago when Sri Lanka's export of
fresh pineapple was more important than it is today. 
Producers

could ccvert to Sweet Cayenne in a few years if developing new
markets ...
s dependent on supplying that variety. Yields and

production costs are similar for the two varieties.
 

The Processing Market for Pineapple
 

Since present pineapple production satisfies the domestic
 
fresh market, any increase in production will have to be absorbed
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by the processed and fresh export market. The discussion which
 
follows will focus on the processing market.
 

Two firms, privately owned Kelani Valley Canneries and
 
government owned Lanka Canneries, are the major processors of
 
fruits and juices in Sri Lanka. They depend heavily on the
 
processing of passion fruit juice but also process a wide range

of other crops, including pineapples, as both canned fruit and
 
juice. Lanka Canneries' exports accounted for Rs 10 million of
 
total sales of Rs 100 million.
 

Fruit canning in Sri Lanka is labor intensive. This applies

particularly to Mauritius pineapple, which is poorly suited for
 
mechanized processing because of its small diameter, large core
 
and rough surface. Topping, stemming, peeling, coring and
 
sectioning are done by hand. It is our opinion that labor
 
intensive operations are appropriate when the daily wage for
 
casual labor is as low as Rs 60. Although most processing plant

equipment is quite old, it is fully functional.
 

Major difficulties cited by canners include a reliable supply

of product; the high price of sugar; and the high price,

unreliable quality and tariff problems of 
cans and glass bottles.
 

Most movement of product from farmers to processors depends
 
on a network of "registered suppliers" and independent middlemen
 
who operate collecting centers and oversee transportation to
 
processing plants. Processors usually buy the product at the
 
cannery gate. Lanka Canneries is paying a gate price of Rs 3-3.5
 
per kg for Mauritius pineapples with stems and tops.
 

Field and transport handling of pineapples in Sri Lanka is
 
rudimentary. Each pineapple is harvested with top and long stem
 
and piled on the ground. Loading and unloading of lorries is
 
done by tossing individual fruits or baskets of fruit from hand
 
to hand. These are stacked in a random pile on which workers
 
often ride. The fact that pineapple can tolerate such handling

is part of the reason for looking at it as a candidate crop.

These methods may not cause excessively high postharvest losses,
 
even for produce grown in areas as distant from processing plants
 
as System B.
 

At present there is no farmer-processor contracting fcr
 
pineapples and no formal outgrower program. If pineapple

producticn is to be increased in System B, some form of agreement

with a processor will be required.
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Costs and Returns from Growing Pineapple for Processing
 

EIED estimates of pineapple yield and production costs as
 
shown in Table 8 are used ab a basis for an analysis of costs and
 
returns from growing processing pineapples in System B (Table 9).
 

It is assumed that pineapple prices will be Rs 3.5 per kg.

Estimates of transportation costs are sketchy because information
 
is not available on transporting and marketing costs of fruits
 
and vegetables.
 

One component of transport costs is hiring a lorry. The
 
estimate used in this analysis is Rs 3000. The actual rate will
 
depend on the volume shipped and the availability of backbaul
 
cargo. Since the volume of pineapple production in System B is
 
quite small, there will be'difficulty in matching quantities

harvested to the size of a lorry load. If a harvested amount
 
does not meet minimum load requirements it will not be shipped.

Mixed lorry loads are possible, but not desirable. Table 9
 
assumes that 80 percent of the production from 1 hectare will be
 
processed, with the rest sold locally. Table 9 also assumes that
 
an average lorry load is 4000 kg.
 

It is assumed that the costs of assembling, loading and
 
supervising total Rs 0.3 per kg. Part of this is labor costs and
 
part management and supervision. These costs will vary depending
 
on how pineapple production is organized in System B. If
 
production occurs on one or a few commercial farms, assembly and
 
supervision costs are lowered; if production is widely dispersed

in household plots and small portions of irrigated allotments,
 
the task of organization and assembly will be more difficult and
 
costly. Shipping from a number of small farmers would require an
 
accounting system to record quantities received and payment to
 
individual producers.
 

The traditional way of handling and transporting pineapples

is adequate. While handling and transporting the fruit in large

boxes might reduce losses, machinery to handle such boxes is not
 
available. Moreover, boxes are expensive and a system would have
 
to be developed to return them to System B. A system of
 
temporary horizontal dividers in the lorry would reduce crushing
 
and allow for better air circulation.
 

Table 9 assumes that 90 percent of deliveries are acceptable

and that 90 percent of rejected pineapples can be sold at a
 
reduced price on the Colombo fresh market. It is also assumed
 
that 75 percent of the pineapples which are not shipped are sold
 
in the local market, again at reduced prices.
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Table 8. Estimated costs of production (Rs/ha) of pineapple in
 
System B.
 

Labor Inputs Total
 
Year Year Years Year Year Years 5 yrs
 
1 2 3-5 1 2 3-5
 

Land preparation 900 - - - - - 900 

Planting 
Pits, furrows 1000 .- - 1000 
Materials - - - 10500 - - 10500 
Treatment 150 - - 200 - - 350 

Weed con:rol 450 450 1350 1800 1800 5400 11250
 

Fertilizer 300 450 1350 5898 5510 205200 34028
 

irrigation 	 - - - 200 200 600 1000
 

Pest/disease
 
control 200 200 900 660 880 2640 5580
 

Flower induction 150 300 900 150 300 900 2700
 

Bird scaring 300 300 900 - - - 1500
 

Harvesting 750 1500 4500 - - - 6750 

Desuckering - 400 1500 - - - 1900
 

Less value 
of suckers sold - - - - -3750 -18000 -21750 

TOTAL 	 4200 3700 3800 19408 4940 4020 55708
 

Net average cost of production for 5 years = Rs 11142
 

Yield (kg/ha) 	 Year 1 8250)
 
Year 2 15000)
 
Year 3 20000) Average yield 15650 kg/ha
 
Year 4 20000)
 
Year 5 150001
 

Average cost of 	production = 0.71 Rs/kg
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- -

- -

- -

- -

- -

Table 9. Costs and returns from growing pineapple for
 
processing, assuming a 5-year planting life.
 

Assump-


tions 


Net cost of production from EIED budget 

Average costs over 5 years (Rs/ha/yr) 
Average yield over 5 years (kg/ha/yr) 

-
-

% harvest suitable for shipment 80 
Quantity suitable for shipment (kg/yr) 

Costs of transport 

Cost of lorry/trip (Rs)l 3000 

Average lorry load/trip (kg) 4000 

Lorry costs (Rs/ha/yr) -


Cost of assembly, loading, unloading
 

Labor cost (Rs/load) 400 

Supervision, accounting (Rs/load) 800 

Total assembly and loading 
 -


TOTAL PRODUCTION/MARKETING COSTS (Rs/ha/yr) 


Revenues from sale of product
 

% of load accepted by processor 90 

Amount accepted (kg/ha/yr) -

Sale price to processor (Rs/kg) 3.5 

Returns from processor (Rs/ha/yr) -


Shipping loss salvage (% of reject) 90 

Amount of salvage (kg/ha/yr) -

Sale price of salvage (Rs/kg) 2 

Returns from salvage (Rs/ha/yr) ­

% of unshipped product sold 90 

Amount of local sale (kg/ha/yr) -
Local sale price (Rs/kg) 2 
Returns from salvage (Rs/ha/yr) -

Total returns (ha/yr) 


Net returns (ha/yr) 

(Rs/kg) 


Assume 3.13 trips/yr
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Calc- Sub­

ulated total
 

- 11142
 
15650 ­

12520 ­

-
 -

-
 -

- 9390
 

-
 -


- 3756
 

24288
 

-
 -
11268 ­

- 39438 

-
 -

1127 ­
-
 -
- 2254 

2348 ­

- 4695 

Rs 46387
 

Rs 22099
 
Rs 1.41
 



Given the assumptions noted in Table 9, pineapple production

for processing should be profitable. Even if transport and
 
handling estimates are 50 percent higher than the assumed rates,
 
production would still be profitable.
 

It is important to note that Table 9 treats labor as a cost,
 
amounting to Rs 3860 to grow the crop and Rs 3756 for assembly,

loading and unloading. If family rather than hired labor is
 
used, as would be true on small farms, family income from
 
pineapple production would increase Rs 7600 over the estimated
 
net return of Rs 22,000.
 

Revenues from pineapple production depend on the condition of
 
the crop when it arrives at the processor. Even with quite high

transport losses and low salvage prices, pineapple production

remains profitable (Figure 7).
 

Successful production of processing pineapple in System B
 
will require production of sufficient quantities to justify

organized shipping to Colombo. It will not work if production is
 
located in a few scattered 0.1 ha plots on allotted or household
 
land. It would be best to begin pineapple production for
 
processing with a commercial farmer growing at least 10 ha. A
 
processor-grower contract would encourage investment by a
 
commercial farmer and assure the processor of steady supplies.

Once production and marketing is underway, the enterprise could
 
be expanded to include outgrowers.
 

The benefits to processors from increased pineapple

production in System B should not be underestimated. Processors
 
complain that they cannot get reliable supplies of fresh fruit
 
and that farmers abandon the processing aarket when fresh mi.rket
 
prices increase. If processors participate in assembly and
 
transport of pineapples their supplies from System B will be
 
assured. Farmers would utilize a transport system organized by
 
processors rather than organizing their own transport.
 

Recommendations For MEA/MARD Action
 

MEA/MARD should encourage the establishment of a commercial­
scale pineapple farm in System B, preferably with contractual or
 
other ties to a processor. MARD should recommend varieties and
 
cultural practices, and assist in the organization of transport.
 

We also recommend that MEA/MARD sponsor research on
 
alternative shipping methods, such as using temporary horizontal
 
dividers in the lorry to limit stack height in lorries to 18
 
inches and shipping pineapples without tops or stems.
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Breakeven pineapple transport loss
 
(at different prices of salvaged fruit)
 

Profit (Rs/kg)1.6: 

0.2 

0
 

................. ....
................
................. ................................................................
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Percent unacceptable at factory gate
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4. TOMATOES FOR FRESH AND PROCESSED MARKETS
 

Tomatoes have been identified as a crop that will grow well
in System B. 
The MARD project has recently encouraged System B
farmers to e:cpand their tomato production.
 

The Tomato Market
 

Tomatoes grown in System B can be marketed locally,
transported tu urban fresh markets or sent to processing plants.
The fresh market, either local 
or urban, is limited because
tomatoes are not a traditional item in the Sri Lankan diet. 
 The
greatest potential for market growth is in supplying processors,
most of which are 
located near Colombo. The perishability of
tomatoes and the distance between System B and Colombo make
postharvest loss a 2ritical problem.
 

While the price of fresh tomatoes in Colombo's Pettah market
is often higher than the price paid by processors, the processing
price sometimes acts as 
a floor price. This is a source of
friction between growers and processors. Processing companies
cannot operate efficiently if they must depend on supply gluts.
On the other hand, farmers have no incentive to provide a regular
supply of tomatoes for processing if fresh market prices are
h:.gher. 
 There is little (if any) contract production to assure a
regular supply of tomatoes for processing.
 

Increasing scale and improving technology of tomato
production should reduce production costs and contribute to an
acceptable balance between fresh and processing prices. 
A lower
price for fresh tomatoes should also stimulate demand in that
market. A smaller and less erratic spread between fresh and
processed prices should facilitate farmer-processor contracting.
A more systematic flow of 
tomatoes to processors might allow them
 
to pay higher prices.
 

Tomato Handling and Postharvest loss
 

Damage or spoilage losses of tomatoes shipped to Colombo are
reported to be as much as 
40 percent. This loss can be
substantially reduced by proper variety selection, handling and
 
transport.
 

Selection of the correct tomato varieties is essential. The
Roma type is generally preferred for processing and is widely
accepted for the fresh market in some countries. It is medium
sized, pear sharad, with firm flesh, high pulp yield and a
relatively tough skin. 
 As most tomatoes produced in System B
will have to survive transport, the production of Roma tomatoes

should be encouraged by MEA/MARD.
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Transportation and handling are 
critical to successful tomato
production in System B. 
Tomatoes are currently shipped in wooden
boxes which hold approximately 20 kg and cost Rs 15-20 each in
Colombo. 
These boxes cost twice as much in System B but part of
the cost is recoverable on delivery at the Pettah market.
 

Plastic boxes, which many countries use for shipping
tomatoes, have several advantages (less fruit damage from sharp
edges and crushing) but must be imported at a cost of about Rs
150 per box. The boxes would have to be shipped back to System B
for re-use, a particularly complicated situation in the case of
the fresh tomato narket. 
Plastic boxes which nest compactly
would minimize the backhaul cost. 
 It is not certain that locally

made collapsible wooden boxes proposed by EIED would be any

cheaper or easiEr to backhaul.
 

Postharvest losF of 
tomatoes could be reduced if coldrooms
and refrigerated tra:isport 
were available, technology that is not
economical]y feasible from System B at this time. 
 We propose
that tomatoes be handled and shipped in the traditional way but
that timing and careful handling be emphasized. Tomatoes should
be picked in late afternoon, packed in the evening, and loaded on
lorries early the 
iext morning to assure arrival at the
processing plant by evening. 
This plan would involve a minimum
of 36 hours between picking and processing and shoulf keep

shipping losses to approximately 10 percent.
 

Costs and Returns fiom Growing Tomatoes
 

ETED estimates of tomato yields and production costs as shown
in Tal le 10 
are used as a basis for an analysis of costs and
returns from tomatoes grown for the processing market (Table 11)
Handling and transport costs 
are similar to those for pineapple,

except for additional costs for packing and boxes.
 

The cost of packing boxes is estimated at Rs 1 per kg whether
boxes are backhauled to S,,stem B or a box cre:it is received in
Colombo on traditional wooden boxes purchased in System B.
Packing costs are estimated at Rs 0.5 per kg. 
 This would cover
the costs of tables fur sorting and packing, shelter from sun or
rain and lights for packing at night. Produce must be sorted
carefully to discard any damaged, diseased or overripe fruit.
 

Revenues from tomatoes grown for processing have been
computed in the same way as for pineapple. Assuming that the
processing price for acceptable tomatoes is Rs 6 per kg, that
most of the rejected produce is sold in the fresh market at 
a
reduced price, and that the material which is not shipped will be
sold in System B, Table 11 shows that tomato production for the
processing market will be profitable. While the profit margin is
only 15 percent of expected revenues, it is important to
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Table 10. Estimated costs of production (Rs/ha) of irrigated
 

tomatoes.
 

Operation Labor Machinery 
 Inputs Total
 

Nursery
 
Preparation 400 
 - - 400
 
Fertilizer i00 - 45 145
 
Weeding 600 - - 600
 
Pest/disease control 100 
 - 270 370
 

General land preparation
 
Ploughing 
 - 1650 - 1650
 
Harrowing 
 - 390 - 390 
Beds/ridges - 150 - 150
 

Seed material ­ - 225 225
 

Plant/transplant 600 
 - - 600
 

Fertilizer i000 - 3189 4189
 

Weed control 3000 
 - - 3000
 

Earthing 1500 - - 1500
 

Pest/disease control 
 250 150 950 1350
 

Water management 500 
 - - 500 

Watching/bird scaring 2250 - 2250 

Harvesting 10000 - - 10000 

TOTAL 20300 2340 4679 27319
 

Yield 12000 kg/ha

Cost of production 2.28 Rs/kg
 

Source: EIED
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Table 11. 
 Costs and returns from growing tomatoes for
 
processing.
 

Assump-


tions 


Cost of production from EIED budget
 

Costs estimated by EIED (Rs/ha) 

Average yield est. by EIED (kg/ha) 

­

-

% harvest suitable for shipment 80 

Quantity suitable for shipment (kg) 
 -


Costs of transoort
 

Cost of lorry/trip (Rs) l 3000 

Average lorry load/trip (kg) 4000 

Lorry costs (Rs/ha) -


Cost of assembly, loading, unloading
 

Labor cost (Rs/load) 400 

Supervision, accounting (Rs/load) 800 

Total assembly and loading 
 -


TOTAL PRODUCTION/MARKETING COSTS (Rs/ha) 


Revenues from sale of product
 

% of load accepted by processor 90 

Amount accepted (kg/ha) 
 -

Sale price to processor (Rs/kg) 6 

Returns from processor (Rs/ha) 


Shipping loss salvage (% of reject) 80 

Amount of salvage (kg/ha) -
Sale price of salvage (Rs/kg) 2 
Returns from salvage (Rs/ha) 

% of unshipped product sold 	 90 

Amount of local sale (kg/ha) -

Local sale price (Rs/kg) 4 

Returns from salvage (Rs/ha) 


TOTAL RETURNS (Rs/ha) 


Net returns 	(Rs/ha) 

(Rs/kg) 


Asstune 2.4 trips/season
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Calc- Sub­

ulated total
 

- 27319 
12000 ­

- -


9600 ­

-
 -

- 7200
 

-
 -

-
 -
- 2880 

51799
 

-
 -

8640 ­

-
 -

- 51840
 

-
 -

768 ­
-
 -

- 1536
 

1920 ­

-
 -
- 7680 

61056
 

9258
 
0.77
 



recognize that production costs include over Rs 20,000 per

hectare for labor, much of it family labor in the case of small
 
operations. The economics of tomato production therefore are
 
much more attractive when considering total returns, that is,

returns to family labor and land. 
Figure 8 shows that profits

from tomato production are sensitive to the amount of damage

during transportation and the salvage value of the damaged

product.
 

The fact that pr.ices for fresh tomatoes are often higher than
 
for processing tomatoes supports our conclusion that tomato
 
production in System B is a profitable enterprise and should be
 
encouraged by MARD.
 

Serving both fresh and processed markets could present

problems. If processors are at a disadvantage by receiving

tomatoes only when they are a glut on the fresh market, they

should be willing to offer a premium contract price for an
 
assured supply of known quantity and quality. Cooperating with a
 
processor could help the producer organize transportation.
 

Proposed Actions by MEA/MARD
 

MEA/KARD should expand on-farm tomato production trials to
 
the extent that test shipments of at least 1 mt are possible.

These shipments should determine if traditional packing and lorry

transport can deliver tomatoes to processors with acceptable

levels of loss. It would be advantageous to do this with the
 
advice and cooperation of a processor. A marketing plan should
 
be developed well in advance of harvest.
 

MEA/MARD should make sure that varieties selected are

appropriate for their intended use and will transport well.
 
Processors should be involved in this selection.
 

Experiments should be conducted on alternative field and
 
packing boxes to see if they will reduce loss.
 

MEA/MARD should encourage a commercial farmer to grow

tomatoes. 
This is the most feasible way to produce sufficient
 
quantities for test shiipments and to achieve the necessary scale
 
(a minimum of 10 ha) for commercial entry into the tomato market.
 
Small-scale tomato growers could be linked to this market as
 
outgrowers.
 

5. PAPAYA AS A FRESH EXPORT CROP
 

There should be export potential for some of the wide range

of tropical fruits grown in Sri Lanka. 
Small quantities of
 
several tropical fruits, including papayas, are exported to the
 
Maldives, a market that does not require the same packing,
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variety and quality standards as most other international
markets. 
Some fresh fruits and vegetables, primarily pineapples,

are also exported to the Middle East.
 

While there is potential to increase exports of fresh
pineapple, the potential for other fruits, such as papaya, is
worth investigating. 
Papaya has the advantage of being a fast
growing crop, bearing within five months of planting. There is
also a well developed international market for it.
 

Domestic and Export Markets for Papaya
 

Papayas are grown and consumed throughout Sri Lanka. 
 Small
quantities are grown in System B, primarily on household plots.
Most of the production is marketed in the area through village
stalls and weekly polas. 
 Pola prices are erratic, ranging from
Rs 1 to Rs 6 per kg.
 

There is, however, an urban market for papaya in Sri Lanka.
The Pettah market in Colombo-handles papayas from producing areas
less distant than System B. 
Although the fruit is handled
without cold storage and is packed in large wooden boxes for
shipping, appearance is good and losses are 
not too severe.
 

Long distance shipping of papaya, such as 
from System B to
Colombo, makes proper postharvest handling imperative. 
 This
means cold storage, refrigerated transport, and better packaging
-- all of which put System B at 
a competitive disadvantage with
closer production areas. 
 If commercial papaya production is to
be successful in System B, at least some of 
it will have to go
into the fresh export market.
 

Large quantities of papaya are imported by Japan, Hong Kong,
Singapore, Europe, North America and the Middle East. 
 These
markets, which are 
supplied by countries in South Asia, Africa
and Central/South America, pay high prices but have very high
quality standards. 
 To enter these markets, Sri Lanka would be in
competition with several other countries. 
 Sri Lanka's advantage
of cheap labor is offset by its lack of infrastructure and

Lxperience.
 

The international market for papaya is dominated by varieties
of Hawaiian Solo and Solo Sunrise types. 
Because papayas cross
pollinate freely, pure Solo lines have not been preserved in Sri
Lanka. However, we did see papaya in the market that could pass
for the Solo variety. 
Any effort to grow papayas for export from
System B must be based on 
varieties acceptable to the
international market.' System B would be 
a good place to
reintroduce the Solo variety, because the isolation of these
plantings would minimize the problem of cross pollination.
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Costs of Shipping Papayas to the Export Market
 

Almost no information was found on production and postharvest
costs of papaya for either domestic or export markets. EIED does
 
not have any such information. Sri Lanka suffers from a general

lack of such information and if it is serious about export

marketing it is imperative that research be conducted in these
 
areas.
 

Table 12 provides only a sketzch of the major cost items which
will be incurred when exporting papayas. We have attached rough

estimates to some of these items.
 

Papayas must be harvested and handled very carefully. Fruit
 
must not be allowed to fall from the tree and field boxes must
 
not have sharp edges which can cut the fruit. Picked fruit must
 
move quickly to a packing facility for sorting so only uniform,

blemish free, medium sized fruit at the proper stage of ripeness

is packed for shipping.
 

Simple packing facilities with sheltered worktables are

adequate. Equipment for dipping and drying the fruit will be

required if chemical delay prevention is used. Locating the

packing shed adjacent to cold storage would facilitate cooling of

the fruit imnediately following packing.
 

Fruit for export must be packed in properly constructed and

attractively printed corrugated cardboard boxes. 
Non-standard

packaging is unacceptable. If proper fiberboard boxes are not

available in the country, they will have to be imported.
 

Once the fruit has been chilled it must not be exposed to
 
warm humid air, which will 
cause moisture condensation on the

fruit and accelerate decay. 
Papaya should be shipped by air

freight. 
 Transport to the airport should be by refrigerated

lorry, probably a refrigerated container which could serve as 
a
coldroom at the airport, which does not have any cold storage

facilities at the moment.
 

The cost of producing papayas is a minor part of the costs
 
involved in the export chain. 
 We estimate the cost of commercial

production in System B at Rs 3-4 per kg. 
Air cargo rates are

roughly US$1.50 (Rs 60) per kg to Europe and slightly more than

US$1 (Rs 40) per kg to the Middle East. Additional costs will
 
include import tariffs (Saudi Arabia 
- 17 percent, Bahrain - 10

percent); inspection and clearance fees, which are minimal to the

Middle East; and brokerage or commission fees. As payment will
 
not be immediate, the irfterest 
on money invested before payment

is received must be considered a cost. The value at final
 
destination is currently Rs 84 per kg.
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Table 12. Estimated costs (Rs/kg) of shipping papaya to
 

Middle East markets.
 

Item costs Sub-total
 

Assembly and packing costs 
 12
 
Labor
 
Packing shed, equipment

Shipping boxes 10
 

System B cold storage 5
 

Land transportation to airport 
 7
 
Refrigerated transport hire
 
Labor - loading/unloading
 
Airport cold storage
 

Air transportation/destination costs 
 55
 
Airport handling charges

Airfreight 40
 
Airport handling charges
 
Tariff charges
 
Customs and inspection fees
 
Insurance
 
Brokerage fee
 

Financial transaction costs
 

TOTAL 
 79
 

The success of any System B effort to produce papayas for
 
export will depend on providing low cost cold storage in System

B, refrigerated transport to the airport, and guaranteed air
 
cargo space. One exporter indicated that with papayas presently

selling for US$2.15 in the Middle East, a reasonable profit could
 
be made by shipping them air freight (which would account for
 
more than half of his cost). The meagre cost information
 
available prevents us from firmly concluding that papaya

production for export is economically feasible for System B.
 
However, we are optimistic that it will prove viable and
 
recommend that it be pursued further.
 

Recommendations to MEA/MARD
 

MEA/MARD should help System B farmers to produce papayas for
 
the export maiket and to organize their postharvest handling.

This should done in cooperation with an exporter experienced in
 
exporting fresh fruit from Sri Lanka.
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MEA/MARD should facilitate the construction of cold storage

and fruit packing facilities in System B.
 

Most of the conclusions about papayas should apply equally to
fruits such as bananas, pineapples and perhaps mangos. 
 Fresh
test shipments of all these fruits should be made to develop the
confidence and expertise of everyone involved.
 

COMMENTS ON THE VIABILITY OF THE FIVE OPTIONS
 

This section has explored the viability of five areas of
postharvest handling that might contribute to the diversification
 
of crop production in System B.
 

Programs to promote storage of big onions should be a high
priority of MEA/MARD. The problem is immediate. Large
quantities of big onions will be harvested in September and
October of this year and provisions have not yet been made to
store them. The stage is set for a worse harvest glut than
occurred last year. 
 If CWE pursues a rational import and local
purchase policy, and if farmers can be helped to properly cure
and store their crop, then on-farm storage of big onions 
can be
 
highly profitable.
 

Solar drying of fruits and vegetables looks promising. By
converting crops to an 
easily stored and transportable form,
drying addresses twc, serious disadvantages faced by System B ­lack of 
storage and distance from markets. Drying can be viewed
both as 
a way to store surplus production for family consumption
and as a household industry. 
Drier costs are low enough to make
it feasible for households to purchase them. 
While a significant

local market for such dried fruits and vegetables does not yet
exist, there is 
reason to be optimistic that one can be
developed. 
MARD should launch an extension program to
demonstrate the construction and use of small-scale solar driers.
In addition, large-scale fruit and vegetable drying should be
promoted with the expectation of serving both domestic and export

markets.
 

Pineapples are tough enough to survive transportation to the
 processor even with traditional handling methods. 
 Therefore,

pineapple production should be profitable in System B and should
be encouraged. Expansion should focus first on 
commercial
 
farmers with contractual ties to a processor.
 

Postharvest handling is critical for a highly perishable crop
such as tomato. Handling and transport costs and the risk of
product loss are much greater than for pineapple and the profit

potential is correspondingly less. 
 Still, with appropriate

postharvest handling it should be profitable to produce tomatoes
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in System B. Again, efforts should focus on commercial farmers
 
with contractual ties to a processor.
 

Transport and handling costs are major considerations in the
 
export of fresh tropical fruits. International standards for

varieties, quality, handling and packing are well established and
 
must be met. Costs related to these activities, rather than crop

production costs, determine profitability. The crucial issue is
 
whether the cost of getting fruit from the field to the shipping

point can be kept sufficiently low to make exports from System B
 
profitable. We recommend that MEA/MARD organize production to
 
obtain sufficient product for fresh test shipments in cooperation

with an experienced exporter.
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APPENDIX A
 
RECOMMENDED PUBLICATIONS
 

1. 	Book #3, Processing Procedures for Canned Food Products
 
CTI Publications, Inc.
 
2619 Maryland Avenue
 
Baltimore, Maryland 21218-4576, U.S.A.
 
Cost: US $70 each (airmail to Sri Lanka)
 

Describes canning of vegetables, fruits, juices and fruit
drinks, marine products, dry pack products (pork and beans),

meat and poultry pioducts, and soups; preserving (jams,

jellies), pickles (brining, curing), mayonnaise (salad

dressing).
 

2. 	International Plant Quarantine Treatment Manual. 
 FAO 	Plant
 
Production and Protection Paper No. 50.
 

Lists cold treatment, vapour heat treatment, fumigation and
 more. 
 Based on work of Oliver 0. Stout as revised by Herbert
L. Roth. 
Published by Food and Agriculture Organization of

the 	United Nations in Rome, Italy in 1983. 
 Recent revisions
 
may 	be available.
 

3. 	Tropical Products Transport Handbook No.688. 1987. 
 Brian M.
McGregor, Agricultural Marketing Specialist, 
Export Services

Branch, US Department of Agriculture, Office of

Transportation, Washington, D.C. 20250-4500, U.S.A.
 

This handbook is an excellent reference for anyone packing,

storing, and shipoing fresh fruit and vegetables for export.

The 	cost is under US $5.
 

Subjects include grading practices, grade standards,

packaging (materials, methods, types of packs,

standardization, pallets), 
use 	of refrigeration, transport,

loading patterns in reefer containers, mixed loads, chill
sensitivity, moisture loss sensitivity, ethylene sensitivity,

sanitation, and how to get copies of US grade standards.
 
There is a special section for tropical and subtropical

fruits and vegetables listing storage temperatures,

postharvast treatments, precooling, common package sizes,
 
storage life, and much more.
 

4. 	Solar Drying and Food Preservation. Kenneth D. Hoyt,

Postharvest Institute for Perishables, University of Idaho,

Moscow, Idaho 83843.
 

This pamphlet covers 
concepts of food preservation with a
focus on drying, along'with the essentials on solar drier

design, construction and use. Construction plans are

included. 
A revised version of this publication will be
 
available in August 1990.
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APPENDIX B
 

PERSONS CONTACTED
 

The following is a partial list of people and agencies

consulted in the course of this study:
 

Harvey Neese Director 
Postharvest Institute of Perishables 
University of Idaho 

Max Goldensohn Vice President 
Development Alternatives Inc. 
MARD/MDS, Pimburattewa 

Henry Harmon Marketing 
Development Alternatives Inc. 
MARD, Colombo 

Carl Hittle DAI/MARD/MDS, Pimburattewa 
Jane Gleason 
I.K. Weerawardena 
Martin West 

P.H.K. Dayaratne MEA/MASL, Colombo 

Arnold Perera EIED/MASL, Colombo 
W.A.J. Anton Fernando 
U. Pethiyagoda 
Basil E. Pereira 
Sunil Amarasinghe 
Indra Phillips 

Allison Brown USAID, Colombo 

John Flynn 

M.A.H. De Zoysa EDB, Colombo 

James Perera 
Mrs. I.R. Seneviratne 

Kelani Valley Canneries 
Colombo 

R.S. Ramanayake Lanka Canneries, Colombo 
Palitha Abeygunawardena 

Shanthi Wijesinghe 
Lasantha Wickremasooriya 

Consolidated Business Systems 
Colombo 

Senerath Ekanayake CARI, Peradeniya 

Mrs. I.S. Padnisan 

M.Dulasiri Fernando RPRDC, Anuradhapura 

Y.P. de Silva DRPM, System H/MARD 
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Larry Tengan 

Shanthi Wilson Wijeratnam 

Pramith Priyananda
 

Friedrich Paproth 


Geoffrey Peters 


Michael Wynne-Parker 


G. Ralasuriya 


Y.D.A Senanayake 


Dr. H. P. M. Gunasena 


Dr. H.M.G. Mcrath 

Dr. Bogahawatte 


C.Kudagamage 

Senarath Ekanayake
 

Henry Gamage 

D.M.P. Ratnayake 


Gamini Seneviratne 

W.A. Jayaratne
 

T.A. Kirthisena 

R.D.W.W. Jayasekara 


H.P. Premasiri 


Lester Caspersz 


Yevindra Ilangakoon 

S. Samarasekara 


APHIS/USDA, New Delhi, India
 
CISIR, Colombo
 

Fritzpickles, Polonnaruwa
 

MED, Colombo
 

Private Investor, London
 

Ag. Economics, DOA, Peradenlya
 

Postgraduate School of Agriculture
 
Peradeniya
 

Dean of Agriculture
 
University of Peradeniya
 

Agricultural Economics Department

University of Peradeniya
 

CARI, Peradeniya
 

In-Service Training, DOA
 
Peradeniya
 

Agr. Research and Training Inst.
 

Cooperative Wholesale Establishment
 
Colombo
 

Mahaweli Livestock Enterprise
 
System H
 

Hotel Equipment Supplies Ltd.
 
Colombo
 

Keels Agro Products Ltd.
 
Ekala, Ja-Ela
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APPENDIX C
 

ADDITIONAL COMMENTS ON ONION CURING AND STORAGE
 

It is important to condition onions for storage while they
 
are still in the field. This process, called field conditioning,

should start a month or so before harvest.
 

The first step is to stop application of nitrogen fertilizer
 
about one month before harvest. Tests for soil nitrogen content
 
should be made to determine local conditions. High residual
 
nitrogen in the soil delays onion maturity.
 

Irrigation should be.stopped about two weeks before onions
 
are mature. Local conditions will determine this period. If the
 
soil has good water-holding capacity, onions will continue to
 
size even after irrigation water is withheld. However, drying up

the field will hasten onion maturity and lead to more even
 
maturity throughout the field. During the maturing period,

nutrients continue to move from leaves into the bulb, increasing

its solids content. This movement of nutrients to the bulb
 
continueu even after the tops fall over.
 

Irrigation continued after onions have matured may allow rot
 
organisms in the soil to separate the dry wrapper-scales from the
 
root plate. These scales fall off during harvest, resulting in
 
many bald onions.
 

HARVEST OPERATIONS
 

Proper harvest practices must be followed for storage onions
 
because storage rots start in the field.
 

An onion field is ready to harvest when 25 percent of the
 
tops have fallen over. Leaving onions in the field too long

after they mature can result in a loss of outer wrapper-scales
 
and more bald onions.
 

After onions have been lifted, allow the tops to dry 2-4 days

before topping. Tops should be well wilted but still tough

enough - not brittle - that onions can be handled and topped
 
easily.
 

Rapid drying after topping is necessary to seal out organisms

which cause rot. If onions are topped before they are properly

cured, plant juices which are still running in the neck provide

the environment conducive to several storage rots, especially

neck rot. Treat onions gently because punctures or breaks will
 
allow rot organisms to enter the bulb, probably resulting in rot
 
during storage.
 

59
 



CURING ONIONS IN THE FIELD
 

After topping, onions should field cure for 8 days to 3 weeks
before they are bulked into storage. Be sure onions are
thoroughly dry before putting them in piles for curing. 
This
curing period after topping is important. If cured onions are
stored outside for a short time before shipping, store them in
shaded areas to protect them from sun and rain. 
 Onions left in
direct sunlight will get too warm. Storing in shaded areas
should allow-for good air movement through the piles. 
 In Sri
Lanka, curing will take place in the ficld near where they are
 
topped.
 

Summary of Steps to Prepare Onions for Storing
 

1. 	Stop applying fertilizers, especially nitrogen.
 

2. 	Stop irrigating.
 

3. 	Lift onions after 25 percent of the tops have fallen over.
 

4. 	Allow onions to properly dry before topping.
 

5. 
Do not bruise onions by rough handling during topping,

gathering, or other handling.
 

6. 	Allow onions to field cure from eight days to three weeks
 
before storing.
 

7. 	After gathering from field, do not stack onions in direct

sunlight or in areas-of low air circulation before shipment
 
or storage.
 

STORAGE OF BIG ONIONS
 

For the big onion harvest season in September 1990, it is
recommended that simple on-farm storage be constructed and
tested. It 
can be made from simple materials, most of which are
found on farms, and costs about Rsi000 for a shed with a
capacity of 1 mt. 
 No outside source of power is needed. Natural
ventilation is by ambient breezes. 
As good ventilation is basic
 
to successful onion storage, the 4 ft wide and 1 ft depth of
onions is important. The sketch on 
the following page shows how

this storage structure would be constructed.
 

The goal of this method of handling (preha~vest, harvest,
curing, and storing) is to extend the marketable period of big

onions by at least one month and preferably two months.
 

60
 



APPENDIX D
 

SOLAR DRIER DESIGNS
 

The following are sketches of the solar drier designs

proposed by ISTI, CISIR and PIP. 
Actual working driers based on

the first two designs can be 
seen at the ISTI and CISIR offices.

More detailed drawings of the PIP design can be obtained from the
 
MARD project office.
 

BIG ONION STORAGE
 

Thatched or plastic roof
 

Plastic roll-up to
 
keep out severe rain
 

Store.onions to depth of 1 foot. 
 If more depth is needed, install
 
another floor for a second level of 1 foot depth of onions.
 

Leave a 6 inch space between lower and upper layers.
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UNIVZRSy OF IDAHO SOLAR DRYZR 

The University of Idaho's Ag-iculeural Engineering Depa_-ment has 
prepared detailed plans 
for n indirect solar food dryer with 
supnlemenza! heater 
which is suitable for use 
in tropical areas. A
 
sketch of the dyer is shown below. Plans for the food dryer are 
available from:
 

Postha-vest Institute for Perishables
University of Idaho 
Moscow, Idaho 83843
 
U.S.A. 
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APPENDIX E
 

COLD STORAGE FOR SYSTEM B
 

The primary uses for fruit and vegetable cold storage in
System B would be to precool crops after packing for shipment and
to store them until shipped. Precooling lowers the ambient
temperature to the desired storage and/or transit temperature.
This process, sometimes referred to as 
removing field heat, is
absolutely essential to maintain the quality of fruits and
vegetables. The rate of respiration and ripening increases two
to three times for every 100C above the recommended storage
temperature, shortening the storage life and lowering the quality

of the product.
 

Another factor essential to long shelf life and quality is
the relative humidity of the atmosphere immediately surrounding
stored fruits and vegetables. A relative humidity of 85-95
percent is recommended in fruit or vegetable storage rooms 
in
order to prevent moisture loss from the product, which reduces
 
shelf life and quality.
 

Careful control of relative humidity and temperature are very
important for both local and export markets, but particularly for
crops to be exported. 
The shelf life must be long if the product
is to survive the transport period and meet the high quality
standards of export markets. 
 For these reasons, cold storage is
absolutely essential if there are to be any fresh exports of

fruits or vegetables grown in System B.
 

The types of precooling of most interest in System B are:
 

1. Room cooling - boxes of fruits or vegetables are stored in a
conventionally refrigerated room and cooled by normally
circulating cold air. 
Cooling to recommended temperatures
may take 24-48 hours. 
 This methods requires good movement of

air throughout the packed box.
 

2. Forced air cooling ­ boxes of fruit or vegetables are stacked
in a refrigerated room and cooled by forcing cold air through
the boxes. 
This requires special ducts and chambers to
capture and direct the cold air under pressure so it moves

quickly through the product. Cooling to recommended
 
temperatures may take 1-2 hours. 
 This method is used
especially for products which can't be subjected to
 
hydrocooling.
 

3. Hydrocooling 
- cold water (usually at 0.5-1.0°C) is forced

through boxes of product. This special type of cooler is
used when rapid cooling is essential and cold water can be
used as the cooling agent. 
 Cooling to recommended
 
temperatures may take 12-30 minutes or longer. Asparagus and
eggplant are examples of crops which are often hydrocooled.
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Hydrocoollng equipment can be made portable by mounting it 
on
 
wheels. Hydrocooling is the most expensive of the three
 
methods because of the cost to cool water to near 0°C and
 
because it requires expensive waxed boxes for the products.
 

Room cooling is recommended for the near future in System B.
 
A conventional cold storage room capable of temperatures of

30-180C and humidity control would be the most flexible and
 
practical for this development period. Such an installation
 
could also be used later as a regular cold storage room. If test

shipments require fairly rapid cooling, they can be placed in an
 
open stacking pattern in the cooler so cold air circulates freely

around the product. Another option for rapid cooling is a cold
 
storage room with portable blowers and temporary wood or canvas
 
ducts by which cold air is forced through the product. For
 
cooling most test shipments of small to moderate volume, the
 
conventional cold storage room should be satisfactory.
 

Cold storage rooms for System B should be large enough to
 
accommodate export test shipments and to be of use 
to farmers,

packers and exporters after the experimental development phase is
 
completed. Therefore, it is recommended that each cold storage
 
room have a capacity of 20 mt of packed product.
 

A facility consisting of 2 fully insulated 20 ton cold
 
storage rooms should cost about Rs 
3.2 million (US$80,000). This
 
includes a building with cold rooms and refrigeration equipment

capable cf providing temperatures of 3-180C and maintaining

relative humidity up tc 
90 percent. The power requirements would
 
be 440 volts, 3 phase, 30 amperes. This type of electrical hook­
up, which is generally available in residential areas, should not
 
be particularly costly. 
The main costs, interest, amortization,

repairs and maintenance, and power cost total just over Rs 1
 
million per year (Table 13). If this is spread over 800 tons of
 
product, the cost is only Rs 1.38 per kg.
 

Because production of crops suitable for fresh shipment is

just getting started in System B, we recommend a smaller facility

with one 20 toi coldroom functioning as both a cooling and a cold
 
storage room. The .cost of this facility would be about 55
 
percent of the larger one. Its daily capacity would be less
 
(because of the added cooling load) and the electricity

consumption per kg of product would be higher. 
The cost of
 
cooling 200 mt of product would be about Rs 3.08 per kg (Table

14). Therefore, the volume actually handled through such a
 
facility is critical. Figure 9 shows that costs rise sharply as

utilization falls --
to the point where it would cost nearly Rs
 
30 per kg if the facility handled only 20 tons of product in a
 
year. It is obvious that volume must quickly reach the 100 ton
 
per year range if this enterprise is to be economically

successful.
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Table 13E. Costs of constructing and operating a coldroom (two

20 ton rooms operated as cold storage).
 

Assump- Calc- Sub­

tions ulated total
 

Costs of cold room (Rs)
 

Cost of cold room 2,800,000
 
Cost of building 400,000 -
Total construction cost ­- 3,200,000 


Life of facility (yrs) 10 
 -

Cost of capital (% per year) 20 - -

Interest & amortization (Rs/yr) 
 - - 763,273 

Annual repair and maint. (% per yr) 5 - -

Total repair and maint. (Rs/yr) - 160,000
 

Assumed use of coldroom
 

Days used per year 200 - -

Tons per day 
 4 -

Total product handled (tons/yr) - 800
 

Electricity costs of coldroom
 

Non-operative days/yr 
 20 -

Cost if empty or cool (Rs/day) 400 -

Addn. cost/mt added (Rs/mt) 50 - -

Total electricity cost (Rs/yr) 
 - 178,000
 

Total cost of coldroom
 

Rs/yr 
 1,101,273
 
Rs/kg product 
 1.38
 

The MARD technical assistance team asked us 
to visit existing

cold storage facilities in Systems B and H to make
 
recommendations regarding their possible use for handling fruits
 
or vegetables. The only coldrooms in System B are two food
 
storage refrigerators which were part of the recreation
 
facilities at the Zachary-Dillingham construction camp. The

refrigerators are not functional and the estimated cost of

repairs is Rs 600,000-700,000. The location of these coldrooms
 
is not suitable for a long-term fruit and vegetable packing

operation because of their proximity to residential and

administrative areas and their distance from fruit and vegetable

packing sheds. It is questionable if these facilities have

adequate cooling capacity for our needs. However, if capacity
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Table 14E. Costs of constructing and operating a coldroom (one

20 ton room used for cooling and cold storage).
 

Costs of cold room (Rs)
 

Cost of cold room 

Cost of building 

Total construction cost 


Life of facility (yrs) 

Cost of capital (% per year) 

Interest & amortization (Rs/yr) 


Assump-


tions 


1,540,000 

200,000 


-


10. 

20 


Annual repair and maint. (% per yr)
Total repair and maint. (Rs/yr) 

5 

Assumed use of coldroom 

Days used per year 
Tons per day 
Total product handled (tons/yr) 

100 
2 

-

Electricity costs of coldroom 

Non-operative days/yr 
Cost if empty or cool (Rs/day) 
Addn. cost/mt added (Rs/mt) 
Total electricity cost (Rs/yr) 

20 
200 
200 

Total cost of coldroom 

Rs/yr 
Rs/kg product 

Calc- Sub­

ulated total
 

- -

- -

1,760,000 -

- -

- -

- 419,800 

-
 -

- 88,000 

- -

- -

200 ­

-
 -

-
 -

-
 -

- 109,000
 

616,800
 
3.08
 

proves to be adequate and repairs economical, these coldrooms are
 
one possible short-term solution to cold storage needs for test

shipments. The lower capital investment for this option

indicates that cost per kg would be roughly two thirds of that

shown in Figure 9 at each level of facility usage.
 

The coldroom facility at the Mahaweli Livestock Enterprise in
System H is intended for freezing and storing chicken. It could

be utilized for test shipments of frozen fruit or vegetable

products but not for fresh shipments. (It might also be useful

for processing and freezing the ducks produced in System B.)
 

68
 



Cost of cold storage 
(as a function of use) 

Rs/kg 
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Another short-term option for the cold storage needed for
 
test shipments is to locate a refrigerator container temporarily

in System B. Perhaps one of the shipping companies would be
 
willing to loan or lease such a container. While this option

would be far from ideal, it should be adequate to make possible a
 
few test shipments. For very small test shipment volumes this
 
option would undoubtedly be cheapest, but with increasing volume
 
a permanent coldroom facility would be needed.
 

The following local contact can provide more information
 
about cold storage rooms and hydrocoolers, equipment

specifications and costs:
 

Mr. Lester J.B. Caspersz, Managing Director
 
Hotel Equipment & Supplies Ltd.
 
80K Cyril C. Perera Manwatha
 
Colombo 13, Sri Lanka
 
Telephone (01) 434957
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APPENDIX F
 

PREFERRED METHODS OF HANDLING FRUITS AND VEGETABLES
 

This appendix is a summary of the preferred methods and
conditions for handling, storing and packing a fruit or vegetable
crop for market. 
This section also provides an estimate of the
storage life of the product if all of these recommended practices
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PREFERRED 	METHOD OF HANDLING
 

CROP - CHILLIES, RED
 

HARVESTING METHOD : By hand 

HARVEST COLLECTION : Wagon or lorry within 48 hours
(Method, duration) of harvesting 

AT GRADING CENTRE : 48 hours ini piles 
PREGRAD:NG STORAGE
 
(Durat2.on, Tvpf. of stacking) 

GR.\DTNCOSPECIFICAT.xS: Not determined for 	 Sri Lankci. 

PACKAGING 	 -. Type 

- Air F]o, 

- Pattern or 


Bulk Fill
 
- Size 

COLI.. -	 ggrdding 
- Post Packing 
- 2,,rage 

Temwperature 
- Duration of 

storage before 
t ransporting 

TRANSPORTATIO'" 	- Type 
- Stacking 

Remnants of in,,,r-ct pa ,ts is 
uidesirable. 

: Gunnies 
: Ventilation required 
: Bulk 

: 25 - 50 	pounds 

: Ambi ent 
: In direct sunlight 
: Ambi ent 

: 2 weeks
 

: Lorry 
: In gunnies 

- Palletization: None 

PREFERRED - For Storage : Ambient
 
TEMPERATURE - For Transport: 
Ambient
 
AND RELATIVE 
HUMIDITY
 

SENSITIVITY 

TRANSIT AND STORAGE LIFE 
 : 1 - 2 months
 
ASSUMING ABOVE FOLLOWED
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PREFERRED METHOD OF HANDhING
 

CROP - GREEN GRAM 

HARVESTING METHOD 


HARVEST COLLECTION 

(Method, duration)
 

AT GRADING CENTRE 

PREGRADINC STORAGE
 
(Duration, Type of stacking)
 

GRADING SPECIFICATIONS 


PACKAGIXG - Type 
- Air Flow 
- Pattern or 

Bulk Fill 
- Size 

COOLING - Pregrading 
- Post Packji g 
- Storage 

Temperat ure 
- Duration of 

storage before 
transporting 

TRANSPORTATION 


PREFERRED 

TEMPERATURE 


AND RELATIVE
 
HUMIDITY
 

SENSITIVITY 


- Type 

- Stacking 


: By hand, dry 2 - 3 days
 

: By wagon or lorry
 

: 48 hours
 

: Not known
 

: Gunnies
 
: Ventilation required
 
: Bulk
 

50 - 100 pounds
 

Ambient
 
: Ambient
 
: Ambient
 

I month
 

Lorry
 
: In gunnies
 

- Palletization: None
 

- For Storage : Ambient
 
- For Transport: Ambient
 

: Aflatoxin develops if mold
 
grows on beans
 

TRANSIT AND STORAGE LIFE : I month or more 
ASSUMING ABOVE FOLLOWED 
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PREFERRED METHOD OF HANDLING
 

CROP - OONONS, RED 

HARVESTING METHOD 


HARVEST COLLECTION 

(Method, duration) 

AT GRADING CENTRE 

PREGRADING STORAGE
 
(Duration, Type of stacking)
 

GRADING SPECIFICATIONS 


PACKAGING - Type 
- Air Flo; 
- Pattern or 

Bulk Fill 
- Size 

COOLING - Pregrading 

- Post, Pdcking 
- Storage 


Temperature 
- Duration of 

-: 


storage before
 
transporting
 

TRANSPORTATION 
- Type 

- Stacking 


: Dig by hand
 

: Wagon or 
lorry within 4 hours
 
of harvesting 

8 hours 

: None
 

: Gunnies
 
: Ventilation required
 
: Bulk
 

50 pounds
 

: Ambient 
: Ambient 
: Ambient 

: I week
 

: Lorry
 
: In gunnies
 

- Palletization: 
None
 

PREFERRED 
TEMPERAT".;RE 

- For Storage 
- For Transport; 

Ambient 
Ambient 

AND RELATIVE 
HUMIDITY 

SENSITIVITY 

TRANSIT AND STORAGE LIFE 
 1 month or more
 
ASSUMING ABOVE FOLLOWED
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PREFERRED METHOD OF HANDLING
 

CROP - PEANUTS
 

HARVESTING METHOD 
 : By hand, dry 2 - 3 days
 
HARVEST COLLECTION 
 : Wagon or lorry

(Method, duration)
 

AT GRADING CENTRE 
 : 2 days

PREGRADING STORAGE
 
(Duration, Type of stacking)
 

GRADING SPECIFICATIONS 
 : US grade standards are available
 
Must be clean and dry, no obvious 
or insect infestation, no ranci­
dity, nuts must be plump and not
 
shrunken.
 

PACKAGING - Type 
 : Gunnies
 
- Air Flow : Ventilation required

- Pattern or 
 : Bull;
 

Bulk Fill
 
- Size 
 : 50 pounds
 

COOLING - Pregrading 
 : Ambient
 
- Post Packing 
 : 5 - 10 Degrees C. - ,trage : 5 - 10 Degrees C. 

lemperature
 
- Durati on of 
 I month
 

storage before 
transporting
 

TRANSPORTATION 
- Type 
 : Lorry, refrigerated if 
peanuts
 
are cold
 

- Stacking 
 In gunnies 
- Palletization: 
None
 

PREFERRED 
 - For Storage : 5 
- 10 Degrees C or
TEMPERATURE 60% R.H.
- For Transport: 
5 - 10 Degrees C or 60% 
R.H.

AND RELATIVE
 
HUMIDITY 

SENSITIVITY 
 : High moisture leads to mold
 
growth and thus aflatoxins
 

TRANSIT AND STORAGE LIFE 
 : I monch or more

ASSUMING ABOVE FOLLOWED
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PREFERRED 	METHOD OF HANDLING
 

CROP Z SESAME
 

HARVESTING METHOD 


HARVEST COLLECTION 

(Method, duration)
 

AT. GRADING CENTRE 

PREGRADING STORAGE
 
(Duration, Type of 
stacking)
 

GRADING SPECIFICATIONC 


PACKAGING - Type 

- Air Flow 

- Pattern or 


Bulk Fill
 
- Size 


COOLING 	 - Pregrading 
- Post Packing 
- Storage 

Temperdture 
- Duration of 

storage before 
transporting 

TRANSPORTATION 
-- Type 
- Stacking 

: By hand, dry in pod
 

: Wagon or lorry
 

: 1 week
 

: Not known
 

: Gunnies
 
: Ventilation required
 
: Bulk
 

: 50 pounds
 

: Ambient
 
: '\mbienL
 
: Ambient
 

: I month
 

: Lorry
 
: In gunnies
 

PREFERRED 

TEMPERATURE 


AND RELATIVE
 
HUMIDITY
 

SENSITIVITY
 

- Palletization: None 

- For Storage : Ambient 
- For Transport: Ambient 

TRANSIT AND STORAGE LIFE 
 : 1 month 	or more
 
ASSUMING ABOVE FOLLOWED
 

76
 



PREFERRED METHOD OF HANDLING
 

CROP - ZUCCHINI (COURGETTE)
 

HARVESTING METHOD 
 : Pick by hand, place in field
 
boxes of 
15 kg. Plastic boxes
 
are best.
 

HARVEST COLLECTION : Wagon or lorry within 4 hours
(Method, duration) 
 of harvesting
 

AT GRADING CENTRE 
 Up to 4 hours, leave in stacked
PREGRADING STORAGE 
 field boxes in shade. Cool to
(Duration, Type of stacking) 
 10 Degrees C if longer tlhan 4 hrs
 

GRADING SPECIFICATIONS 
 U.S. No: 1, have portion of stem
 
attached, fairly young arid 
fairly

tender, faily well formed, firm,

free front decay, free fron d,,s­
colouration, cuts, bruises, 
scars
 
and dirt. 
 Also U.S. 'co: 2
 

PACKAGING - Type : Corrugated fibreboard boxes, wood 
wirebound crates
 

- Air Flou : Ventilation holes required 
- Pattern or Bulk
 

Bulk Fill 
- Size 21 - 13.5 kg, 8 - 10 kg. 

COOLING - Pregrading : Ainbjent if soon afte. licir\esting, 
otherwise 10 Degrees C.- Post Pac-ing : 5 - 20 Degree.0 (. 

- Storage : 5 - 20 Degrees C. 
Temperaturt­

- Duration of 
 : 4 - 12 hours
 
storage befor.­
transporting
 

TRANSPORTATION 
- Type : Refrigerated Lorry 
- Stacking : Ventilated column stacking 
- Palletization: 120 x 100 cm
 

PREFERRED 
 - For Storage : 5 10 Degrees C, 95% R.H.-

TEMPERATURE 
 - For Transport: 5 - 10 Degrees C, 95% R.H. 
AND RELATIVE 
HUMIDITY 

SENSITIVITY 
 : Chilling injury below 5 Degrees
 
C., bruising, ethylene sensitive
 

TRANSIT AND S,'ORAGE LIFE 
 : 1 - 2 weeks
 
ASSUMING ABOVE FOLLOWED
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PREFERRED METHOD OF HANDLING
 

CROP - PINEAPPLE, SMOOTH CAYENNE (for export and processing)
 

HARVESTING METHOD 
 : Cut stem (peduncle) with knife,

place fruit in field box of
 
20.kg, protect from bruising
 

HARVEST COLLECTION 
 : Wagon or 
lorry within 6 hours
(Method, duration) 
 of harvesting
 

AT GRADINO CENTRE 
 : Store up to 8 hours, leave
PREGRADING STORAGE 
 pineapple in stacked field boxes
(Duration, Type of Stacking)
 

GRADING SPECIFICATIONS 
 : U.S. Fanc-, U.S. N1 , U.S. No 2. 
Usually picked full ripe for
 
processing, 1/4, 1/2 or 3/4 ripe

for fresh export market.
 

PACKAGIXG - Type 
 : Corrugated Fibreboard boxes
- Airf I o, : VentilatIon holes required
- Pattern or : Pattern 

Bulk Fill 
- Size : 18 kg with 6-10 fruits per box
 

COOLINC. -
 Preli ading : Ambient Temperatur*". 
- Post Packing 
 : 7-13 Deg C
 
- Storage : 7-13 Deg C
 

Tempera tur.
 
- Duration of 
 : 24 hours 

storage before
 
transporting 

TRANSPO.TATIo.: - Type : Fresh - refrigerated !,rry" or" 
reefer contdiller

Processing ­ ambient temperature 

- Stacking : Vertical in lorry
column stacking 

- Palletization: 120 x 
100 cm
 

PREFERRED 
 - For Storage : 7-13 Deg C at 
85-90.% R.H.
TEMPERATURE - For Transport: 7-13 Deg C at 85-9096 R.H.

AND RELATIVE 
HUMIDITY 

SENSITIVITY : Chilling injury belltw 7 Deg C. 
Will not continue to ripen

after harvesting 

TRANSIT AND STORAGE LIFE 
 : 2-4 weeks depending on ripenessASSUMING ABOVE FOLLOWED 
 (3/4 ripe has shorter storage
 
life than 1/4 ripe)
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PREFERRED METHOD OF HANDLING
 

CROP - ASPARAGUS
 

HARVESTING METHOD 
 Use knife to cut byohand. Place
 
immediately on wet gunny bags in

lavers about 2 inches deep, cover
with another wet gunny bag to
 
prevent drying.
HARVEST COLLECTION : Wagon or lorry within I hour of(Method, duration) 
 harvesting
 

AT GRADING CENTRE 
 Store up to 2 hours. Leave
PREGRADING STORAGE 
 asparagus in cool place not
(Duration, Type in
of stacking) sun.
 

GRADING SPECIFICATIONS 
 U.S. No:l, U.S.No:2. Green aspa-
Not determined for Sri Lanka ragus should be 9 - 10 inches 
in length and at least half of
'the length should be above groundc
Top quality a$,pdragu; is straiglt,
1/2 inch maximum diameter, at 

PACKAGING - Type least 2/3 uineen.
: Corrugated fiberboard, waxed, 
pyramid shaped. 
Put wet paper or
 
moss 
under butts of asparagus
 
stalks.
 

: 6 hours
 

-
-

Air Flow 
Pattern or 

Bulk ril]" 

: 
: 

Ventilationi holes required
Bulk but stemf; upriyllt and para-

COOLING 
- ,z 
- Pregrading 15 

Ambient 
kg
teinpeiatLire-, iii shjad-., 

- Post PackiJig 
covered with wet gunny bags
Hvdrocool immediat el y t(, 0 - 2 
Degrees C using chloriiated 
water. Requires 9 minutes iii a 

- Storage 
good hydrocooler. 
0 - 2 Degrees C. 

Temperature 
- Duration of 

storage before
 

TRANSPORTATION transporting
- Type : Refrigerated lorry or air cargo

- Stacking 
 : Vertical column stacking of boxes
 
- Palletization: 
120 x 100 cm
PREFERRED 
 - For Storaqe 
 : 0 - 2 Degrees C at 
95 - 100% R.H.
TEMPERATURE 
 - For Transport: 0 - 2 Degrees C at 95 - 1006 R.H.

AND RELATIVE
 
HUMIDITY
 

SENSITIVITY 
 : Freezing injury at 
-1 Degrees C,
 
Loses moisture easily.
 

TRANSIT AND STORAGE LIFE 
 : 2 - 3 weeks
 
ASSUMING ABOVE FOLLOWED
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PREFERRED METHOD OF HANDLING
 

CROP - GHERKINS (FOR BRINING)
 

HARVESTING METHOD 


HARVEST COLLECTION 

(Method, duration) 


.7 GRADING CENTRE 

PREGRADIXC, STORAc, 
'Duration, TypL of stacking) 

(RADINC.,PECIFI"-TI0XF 

PACKAGIXG 	 - Type 
- Ait Flow 
- Pattern or 

BU 11. F . I] 

-

(ING 
-

Pre.ridi 
PC P 

ri: 
I:. 1k.,g 

- (.) l'IC r. 

Teml.e.-atui e 
- DuLrat€ll (if 

storage before 
t.ranlo.O.ing 

TRANSPORTATION 


PREFERRED 

TEMPERATURE 

AND RELATIVE
 
HUMIDITY
 

SENSITIVITY
 

- Type 
- Stacking 
- Palletization: None
 

- For Storage : Ambient in brine solution
 

- For Transport: Ambient in brine solution
 

TRANSIT AND STORAGE LIFE 

ASSUMING ABOVE FOLLOWED
 

: Pick by hand, place in plastic
 
bucket
 

: Hand carry or haul to sizing and
 
grading tables withing minutes
 
of harvesting. Keep shaded.
 

: Start sizing and grading withiii 
2-.or 3 hours of harvestiint. , 
stackling of buckets required. 

: Sjz]Ig and gradiig done b ]ejigtil 
lack of misshapein appearaiice anid 
blemishes. 

: 125 Kg. plastic dium
 
: Not ipplicable
 
: Bulk
 

: 25 i,c; 

., i,:it ,._Iperat.u,,e
 
: Awbielit temperat 1.u'
 
: Abieiit temper ,iLit e ]Ii 0)1W!, :3Uii
 

or shade.
 
I weekh
 

: Unfrigerated lorry
 
Not applicable
 

: I - 2 months
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PREFERRED 	METHOD OF HANDLING
 

CROP - GARLIC
 

HARVESTING METHOD 


HARVEST COLLECTION 

(Method, duration)
 

AT GRADING CENTRE 

PREGRAIING 
 STORAGE 

(Duration, Type of stacking) 


GRADING SPECIFICATIONS 


PACKAGING 	 - Type 

- Air Flow 

- Pattern or 


Bulk Fill
 
-	 Size 

COOLING 	 - Pregr adirig 
Post Packing 

- Strage 
Temperat ur'e 

- Duration of 
storage before
 
transporting
 

TRANSPORTATION -	 Type 

-	 Stacking 


: Pull by hand. Cure for one week
 
or more in the field after har­
vesting
 

: 	Wagon or lorry in boxes 
or bulk
 

: Is reasonably hardy, like onions

One wee); to 2 months before pack­
ing for market is typical.
 

U.S.No::, 	 U.S.No:2. No:] should 
be mature arid well cured, compact
with cloves well filled and fair>.
 
plump, free from 	 decay and damage,
with minimum diameter of each bull 
not less thdai 1 1/2 :riches. 

: Corrugated fiberboard boxes
 
: Ventilatiori holes 
 required 

Bullk
 

: 	 9 kg or 14 kg or swall boxes of 
2 - 3 cloves 

: Ambient 
0 Degrees r. 

: ) r egrees C. 

: 	Wagon or lorry. Not refrigerated
 
for local 	market. 

: 	Vertical column stacking
 
-	Palletization: 
None
 

PREFERRED 
 -	For Storage : 0 Degrees C at 
70% R.H.
TEMPERATURE 
 -	For Transport: 0 Degrees C at 70% R.H.
 
AND RELATIVE
 
HUMIDITY
 

SENSITIVITY 


TRANSIT AND STORAGE LIFE 

ASSUMING ABOVE FOLLOWED
 

: 	 Must be well cured in field 
before storage 

: 	 6 to 7 months 
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PREFERRED METHOD OF HANDLING
 

CROP - O=RA
 

HARVESTING METHOD P'.ck by hand, place in field 
boxes of 15 ­ 18 -g. Plastic 
box is best.
 

HARVEST COLLECTION : Wagon or lorry 2 - 4 hours after(Method, duration) harvesting 

AT GRADING CENTRE Deteriorates quickly so 
store
PREGRADING 
STORAGE 
 only a fei. hours such as2'Duration. Type c.f stacking) hours. Leave ini 	
4 

field box, stack 
field boxes. 

GRADING SPEC IcFC.-_m'Tr:) : " ... ;::f LsiNto pods If )!:,-a
"-f sij~iar varietal cliara-iFt ics t,h1 cli a]-(- f I '-_Sh: t Id - J, 
:adly* ls; a)en, fir-"- f.-ow' c*;" 
and f mrl!d(,i Cg t'guMH-d hiJ\ li-<jid ­
.cal r other means.
 

PACIKAGIX, -( Tvpe 
 : Corrugate d fiberl)(drCd b(,,es
-Al FA.I \ent ilation holes iequiied 
- Patteri or : Bulk
 

Bull, Fill
 
- z-1 kg *)1 18 ku 

g I 
I I 

-	 "wd . .e I t1 I. s;r , .. t.;t .! 
S 	 . ::. ac 'l~;; - - - I . 

Degr ees 
g 10 

Temperature
 
- D.r tion (,f 
 : 4 1. 10 hours 

storage before 
t raulsporting 

TRANSPORTATIO).' - Type : Refrigerated lorry 
- Stacking : Vertical column stacking 
- Palletization: 120 x 100 cm 

PREFERRED 
 - For Storage : 7 - 10 Degrees C at 90 
- 95°% R.H.
TEIPERATL'RE - For Transport: 7 - 10 Degrees C at 90 - 95% R.H.
AND RELAMVE 
HUMIDITY 

SENSITTVITY : Chilling injury below 7 Deg. C 
Bruising, moisture loss, ethy­
lene
 

TRANSIT AND STORAGE LIFE 
 : 7 - 10 days
ASSUMING ABOVE FOLLOWED 

82
 



PREFERRED METHOD OF
 

CROP- SQ&UASH, .'.!TERNUT
 

HARVESTING METHOD 
 : Pick by hand, place in field box
 
of 15 - 20 kg. Plastic bok is best

May also be handled in bulk.
 

HARVEST COLLECTION 
 Wagon or lorry. 2 or 
3 days after
(Method, duration) 
 harvesting
 

AT GRADING CENTRE 
 : Is a long storage crop so
PREGRADING STORAGE one
 
week storage is OK.


(Duration, Type of stacking)
 

GRADING SPECIFICATIONS 
 : U.S.No: 1 and U.S.No:2, Some ble­
mishes are allowed. 

PACKAGING - Type : Corrugated fiberboard box or
 
wireboard wood crate 

- Air Flow : Ventilation is required 
- Pattern or Bulk 

Bulk Fill

Size 
 1 1/9 Bushels, 9 kg, i9 kg or
 

20 - 23 kg
 
COOLING - Pregrading Ambient
 

- Post Packing 10 - 13 Degrees C. 
- Storage 10 - 13 Degrees C. 

Temp ra ture
 
- Duration of one
Up to week 

storage before
 
transporting
 

rRANSPORTArFI - Type : Refrigerated lorry or refr.gera­
ted container. Unrefrigerated is
 
used 
for local deliver..
- Stacking : Vertical column stacking


- Palletization: 
120 x 100 cm
 

PREFERRED 
 - For Storage 10 
- 13 Degrees C at 50-70% R.H.
TEMPERATURE 
 - For :ralisport: 10 - 13 Degrees C at 50-701- R.H.
 
AND RELATIVE
 
I:\TIDITY 

SENSITIVITY 
 : Chilling injury below
 
10 Degrees C. Ethylene sensitive.
 

TRANSIT AND STORAGE LIFE 
 : 2 - 3 months
 
ASStUING ABOVE FOLLOWED
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PREFERRED METHOD OF HANDLING
 

CROP Z EGGPLANT
 

HARVESTING METHOD 
 : Pick b%, hand, place in field box 
of 15 to 20 kg. Plastic box is 
best. 

HARVEST COLLECTION : Wagon or lorry within 4 hours:(Nethod, duration) of harvesting 

AT GRADING CENTRE 
PREGRADING Store up to 6 hours, ]eav . inSTOR.AGE stacked field boxes in shad(­(Duratiot, Type 
 of stacking) 

GRADING SPECIFICA-TTO"': U.S. Fanv., 
?ACKAGI'G - T'pe : Waxed f fb rbocdrd ',.- ,; ­

board wood crates 

- Pattern or : Pattern- or Bu.]), 
Bulk F1ll 

S-ze­ : - tcl F. kg 

COOLING - Pregrading Ambient .f packed :',on after 
harvest. ntherwise co2 to 212 
15 Degrees :' 

­

- Prst Packinig : 12 Degree! C , the'- f-, t.:.-. ,, " h vd - ,- ' 'd 
- ::t:rage : :2 r)egrees C
 

Tempera t ure
 
- Dilrat ioll (f 
 , 7 I)*:.2 t kib :st:)'age before better 

t ralisporting 

TRANSPORTATION - Type Refrigeiated lor,ry,
- 2 t c."i,J mm; a:i cargc.: ', L+t . lc x ' .+"' l I1ll lIil S t .. l 

- Palletazation: 120 x (; :Cm 

PREFERRED 
 - For Storage 12 Degrees C:. at 90-95* R.H.:TEMPERATURE 
 - For Transport: 12 Degrees C. at R.H.90-950 

AND RELATIVE 
HUMIDITY 

SENSITIVITY : Chilling injury at 
10 Degrees C,
bruising, ethylene sensitive 

TRANSIT AND ,3TORAGELIFE 
 : I week

ASSUMING ABOVE FOLLOWED 
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PREFERRED METHOD OF HANDLING
 

CROP - LIEES = Y MEXICAN, PERSIAN
 

HARVESTING METHOD 
 : Harvesting by hand, put in field 
boxes of 20 kg. Plastic box is 
best. 

HARVEST COLLECTION : Wagon or lorry within 12 hours
N(ethod, duration) 
 of harvesting
 

AT GRAD:NG CENTRE 
 Store up to 2 days, leave inPREGRAD:G STORAGE 
 stacked field boxes in shade.
(Duratnon, Type of stacking)
 

GRADING SPECIFICATIONS 
 : U.S.No:l, Uniform green color,
only minor blemishes allouv-,e. 

PACKAG!IXG - Type : Corrugated fiberboard ho: - Air Flow : Ventilation holes required 
- Pattern or 
 : Bulk
 

Bulk Fill
 
- Size : 18 kg box
 

COOLINGr - Pregrading : Ambient temlperdture 
- Post Packing : 9 - 10 Degree.: C. 
- Storage 9 - 10 Degrees C. 

Temperature 
- mirat i,,n of : 1 t, 2 d _vs 

storage before 
transporting
 

TRANSPO.-?ATION - Type : Refrigerated lorry, reefer 
container
 - Stacking : Vertical column stackin of'boxes - Palletization: Usually 120.,100 cm, 7 boxes high
 

PREFERRED 
 - For Storage 
 : 9 - 10 Degrees C at 9096 R.H.
TEMPERATURE - For Transport: 9 - 10 Degrees C it 90% R.H.
AND RELATIVE 
HUMIDITY
 

SENSITIVITY 
 : Chillling injufy at 
4 Degrees C.
 

TRANSIT AND STORAGE LIFE 
 : 6 weeks
 
ASSUMING ABOVE FOLLOWED
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PREFERRED METHOI) OF HANDLING 

CROP ORANGES - NAVEL, VALENCIA
 

HARVESTING METHOD 
 : Harvest by hand, put 
in field
 
boxes of 20 kg. Plastic box is
 
best. 

HARVEST COLLECTION : Wagon o)r lorry within 8 hours(Method, duration) of harvesting 

AT GRAE:NG CENTRE Store up to 2 days, leave inPREGRAE'IXG STORAGE stacked field bo.:es .r.shade.

,Dura . ri, Type ,)f stacking)
 

*,R D!*,: 3PECTFICATIONS : U.S.Fancv, U.S.'T-:I, '.,C; .I:e,
 
Minimal blemishes permitted.
 

PAC"- T' 
 Corri-11a-.ed fib-'rhuard-- Afl flow" ' Vent 2 a: n c :, .: eclt.i: ,d 
- Patte,.n :or Fatt.err:
 

Bulk Fill
 
- 2ize 
 : 18 kg brox, 2 e s 1)L1 

boy. 

COOLING - Pregrading Ambient t.emperature 
- Post Pdcling 8 Degirees C. 
- Storage : 8 Dpg.- s C.
 

-,i t lire
 
- bur- 1t. ,ln (if : L ,': 
 daysF. 

F; t (,I ige b fr) . 
t ransapolrt±lijg 

TRAN3PrF'.TATION.X Type Refrigerat ed 1Iorr\ , " f r 
Con t.a . ti , 

- ;tdcking : Verti a : ] Li I S t(It.aki I, x.e.; 
- Pal etizat ] cm20:.10C hiigion: I*SULd , 7 bo:'xes 

PREFERRED - For Storage 8 Degrees C d' on" R.H.
TEMPERATU'RE - For Transport: 8 Degrees C at 90% R.H. 
AND RELATIVE
 
HUMIDITY 

SENSITI *ITY Chil1Aing injury belo)w P Degr-,-'E 
C. 

TRANSIT AND STORAGE LIFE 3 6- weeks depending on original
ASSUMING ABOVE FOLLOWED fruit condition 
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PREFERRED METHOD OF HANDLING
 

CROP- PAPAYA - SOLO 

HARVESTING METHOD 
 : Harvest by hand, put in 
field
 
boxes of 20 kg.
 

HARVEST COLLECTION 
 : Wagon or lorry within 4 hours
(Method, duration) 
 of harvesLing
 

AT GRADING CENTRE 
 Store up to 4 hours, leave inPREGRADIXG STORAGE 
 field boxes, stack field boxes,
(Duration, Type of stacking) 
 not refrigerated
 

GRADING SPECIFICATIONS 
 Hawaiian or U.S.No:1,harvested
 
mature green, marketed one quarter

to three quarters ripe, green 
to

yellow-orange. Small blemishes 
permitted
 

PACKAGI'G - Type 
 Corrugated fiberboard box, nlews­
paper or padding beten fruits.
 - Air Flow Ventilation holes in box 

- Pattern or 
 Pattern
 
Bulk Fill
 

- Size 
 6 - 12 Crunt in box, 4.5 to 10 kg 
COOI.TN, - Pregrading Ambient temperdtui t oi ]I. 

- Post Pack]ng :0 - 13 Degrees C.
 
- t , CgE. : 10, 3 egrees C. 
Temperature 

- Dui ation of : 48 hours ct less 
storage before 
tranisport ing 

TRANSPORTATION 
- Type : Refrigerated lorry, reefer
 
container or air 
cargo
- Stacking : Veitical column stacking of boxes 

- Palletization: 
Usually 120x100 cm,
 

PREFERRED - For Storage 10-13 Degrees C at 85-90% R.H.
TEMPERATURE For Transport: 20-13 Degrees 7 at 85-90% R.H.
 
-


AN'D RELATIVE
 
HUMIDITY 

SENSITIVITY 
 : Chillling injury below
 
7 Degrees C, Bruises easily,

produces ethylene.
 

TRANSIT AND STORAGE LIFE 
 : 6 weeks
 
ASSUMING ABOVE FOLLOWED
 



PREFERRED METHOD OF HANDLING
 

CROP - ONIONS, BIG (FOR SRI LANKA MARKET)
 

HARVESTING METHOD 
 : Dig by hand, ]pave on ground in
 
field.
 

HARVEST COLLECTION 
 : Dry and 
cure before collecting.
(Method, duration) 
 See special instr-ticions for 
onion curing before str:rri'. 

AT GRADING CENTRE : Try to store one or t ,o n1011th' .1PREGRADING STORAGE 
 ventilated storage.

(Duration, Tvpre of stacking)
 
GRADIVc SPECIFICATIONS 
 : Four sizes - under I iih,
 

inches, 2 
Ies . 'Ila r III t , r 'I:J .e 

-
.- )Jl 

decay, r(, d Uh ] . 

PACl',AG. :<G - Type 
- .\i " Flow : 

Gunny 
.1pen 

bags (,f ope:n 
hc-a\e Jdg. 

i%-a\ ­
psr-Ir t.., 

ventilat ion 
- Pattern or : B.uk 

Bulk Fill 
- Size 1.1ual 1y 23 kg .'(,hg 

. LIN..,r• P rer ading Ambi .n ' 'hq,,.:,x u, 
- ist Packing : Ahd1 ielit. tl'-I!e I I 

- itage : Ambi lent t',r1f-nl r. wi ,* 2110w- 1 
[* ra J (u:) cf !ncIII,1l !c ( t V'.i ' I : .I ll u,,l.,IiTt! rage - f';re st:;a Ce ) .j 

, ranl ,ortI nng 

TRA..'Sf)PTATTm.% - Type : W%, cart, I,,ri , 
- Stacking 
 : Any system tlhat desnr't bruise 

onijoins. 
- Palletizationi: 
None
 

PREFERRED 
 - For Storage : Ambient
 
TEMPERATURE 
 - For Transport: Ambient 
A''D R"E-LATVE 
HUMIDITY 

SENSITIVITY 
 : Good ventilation is needed
 

TRANSIT A\D STORAGE LIFE 
 : 1 month (try to get 
2 mo-Iths
 

ASSUMING ABOVE FOLLOWED 
 storage)
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PREFERRED MTPHOD OF HANDLING
 

CROP - MANGOES (HALDE, 

HARVESTING METHOD 

HARVEST COLLECTION 

(Method, duration) 


AT GRADING CENTRE 

PREGRADING STORAGE 

(Duration, Type of stacking) 

GRADING SPECTFICATIONS 


PACIAGcI; - Type 

*ct t eI 
Bulk Fil] 

- ize 

COOLING - Pregrading 
Post Pdcking 

- Storaqe 
Tr- pnl-i -it ilr -, 

- dtjc)nI ,f 
'ttoragp efc,rf 
traiisport I rg 

TRANSPORTATIO\ 
- Type 
- Stackiiig 

IRVIN, KIETH, KENT, OROQ 
TOMMY ATKINS)
 

By hand. Place in field boxes 

: Wagon or lorry within 4 hours
 
of harvesting
 

: 6 hours. Leave in field boxes 
in shade. 

: Green 
- ye ]]o to red blush, 
dependinig un variety. 

: One lavtr fberbraard box. P1astir 
siee\ ) eacl lioadjgt;. 

P 

: 116 count, 4.5 to 6 kg 

Ambient
 
: 13 Degrees C.
 
: 13 Degrees C.
 

: 21 LU . 

: Refrigerated lorrv 
: Vert ical c,]mn c;ta-li rig

- Palletizati,j: 120.\100 
cm,
 
PREFERRED 
 - For Storage 
 : 13 Degrees C at 
85-90% R.H.
TEMPFRATI'RF 
 - For Transport: 
33 Degrees C at 85-90% R.H.
 
AND RELATIVE
 
HUMIDITY
 

SENSITTVTTY 
 : Chillling injury at 
1.0 Degrees
 
C. Later staining is a problem.
 

TRANSIT AND STORAGE LIFE 
 : 2 - 3 weeks
ASSUMING ABOVE FOLLOWED
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PREFERRED METHOD OF HANDLING
 

CROP - CUCUMBERS 

HARVESTING METHOD 

HARVEST COLLECTION 

(Method, duration) 


AT GRADT:NG CENTRE 
PREGRAZ, 7%'G STORAGE 
(Durat.-,:'., Type of stacking) 

(;R<\DI\,, :;PECIFIC:ATIO\S 

P- . u Type 

- Air Flow 
- Pattern or 

BuLk Fill 
Size 

rOOI T'\Y - - PP t-Ir ' ncg:" d-: i 

- Storage 
T,,twperat iirf­

-- Dur,itj'on of 
'; trage beffore 
t ralsport ing 

: By hand. Place in field bo.es
 

Wagon or Lorr% within 4 hours 
of harvesting 

24 hours, leave in 
stacked 
field boxes ini shdde. 

: .C.Fanc\.','tiaF', ". .r 
U.S. No: 1 

: Waxed fibr ib , : i,,,., '.,,, , -

: 
bouLnd 

11tI 
6ou1 , " des 
atjuj l. esI I,-.( qI: 

Semi-pattern 

: 21 - 25 kg, ,r 13. kg if III 
pat tern 

: .\r :i.b i,.l It ..hr~:i'a? ,) 
-

: 10 - 13 Degiee!e C. 

: 48 hours 

TRANSPORTATTON - Type : 
- St ack-ing : 
- Palletization: 

Refrigerated L,'rry 
\ eut.i 1ated ct,luini stacking 
120 x 100 cm 

PREFERRED - For Storage : 10 - 13 Degrees C, 95% R.HF
TEMPERATU:RE 
 - For Transport: 10 - 13 Degrees C, 95% R.H.
 
AND RELTIVE 
HUMIDITY 

SE.SITP':TY : se wax and fungicide for 
fresh cucumbers.
 

TRANSIT AND STORAGE LIFE 
 10-14 days
ASSUMING ABOVE FOLLOWED
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PREFERRED METHOD OF HANDLING
 

CROP - GRAPES
 

HARVESTING METHOD 


HARVEST COLLECTION 

(>ethod, duration) 


AT GRADING CENTRE 

PREGRADING STORAGE
 
(Duration, Type of stacking)
 

GRADING SPECIFICATIONS 

PACKAGING - Type 

- Air Flow 
- Pattern or 

Bulk Fill 
- Size 

COOLING - Pregrading 

Pust Pacli:ig 
- Storage 

Temperature 
- D).ration of 

storage before 
transporting 

TRANSPORTATION - Type 
- Stacking 
- Palletization: 

PREFERRED - For Storage 


: By hand. Place in field boxes or 
pack directly into shipping con­
tainer. 

: 	 Wagon or lorry within 4 houra of 
harvesting 

: 	Up to 4 hours
 

: 	 US Extra Fancy Table, Extra Fancy 
Export, Fancy Table, Fancy Export 

: 	 Corrugated fibreboard or polysty­
rene foam.
 

: 	 Ventilation holes required 
: 	Bulk
 

: 	10 - 21 kg 

: 	Not applicable, park in fir-d
 
for table grapes;. 

: 0.5 - 0 Degrees C. 
: 0.5 - 0 Degrees C. 

: 	 2 - 8 weeks for American \'irf e­
ties, I - 6 months for Venefera 
\'arieties 

: 	 Refrigerated lorry 
: 	 Vertical column stacking 

120 x 100 cm 

: 	0.5 - 0 Degrees C or 90-95% R.H.
 
TEMPERATURE - For Transport: 0.5 
-	 0 Degrees C or 90-95% R.H.
 
AND RELATIVE
 
HUMIDITY 

SENSITIVITY 

TRANSIT AND STORAGE LIFE 

ASSUMING ABOVE FOLLOWED 


: 	 Use sulphur dioxide treatment to 
limit decay 

: 2- - 8 weeks for American 
varieties, 1-6 months for Vine­
fera varieties
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PREFERRED METHOD OF HANDLING
 

CROP,- ROOT CHICORY
 

HARVESTING METHOD 
 : By hand
 

HARVEST COLLECTION 
 : By lorry within 48 hours

(Method, duration) 
 of harvesting
 

AT GRADTNG CENTRE : 48 hours. Stacked in pilesPREGRA.1' G STORAGE Cut into 2 inch lenigths, dry(Durat:-ri, Type c-f stacking) until ,,Lztside is hard. 

GRADINr SPECIFICATIONS : N rt ,nc wn. 

PACK.f,.,7 - Tvpr GuII, i (-s
 
- -ir Flnc 
 Ventilation required 
- Pattern or Bulk 

Bulk Fill 
- Size 50 - 200 pcrjul1df 

(:OOLING Pregrading : Ambi ent 

- t,', age : ] - 2' 
T-nmlpe rat Ur P 

Duration of : ,
 
st(rage beforf­
t rauisport 4 ng
 

TRANSPOR:..\TTON - Type : Lorry 
- Stacking : In gunnies 
- Palletizatic,i: None 

PREFERRED 
 - For Storage : 15 
- 20 Degrees C.

TEMPERATURE 
 - For Transport: 15 - 20 Degrees C. 
AND RELATIVE 
HU>IIDTTYSSTI'T 

SENS 17TITY : Not known 

TRANSIT AND STORAGE LIFE 
 : 2 - 3 weeks probably but not well
ASSUMING ABOVE FOLLOWED 
 known.
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PREFERRED METHOD OF HANDLING
 

CROP - TOMATOES
 

HARVESTING METHOD 
 : By hand. Place in field boxes
 

FARVEST COLLECTION 
 : By lorry within 4 hours
 
(Method, duration) 
 of harvesting
 

AT GRADING CENTRE 
 : 6 hours. Leave in field boxes 
in

PREGRADING STORAGE 
 shade.
 
(Duration, Type of stacking)
 

GRADING SPECIFICATIONS 
 : U.S.No:l, Combination, No:2, No:3 

PACKAGING - Type : Fibreboard boxes 
- Air Flom : VentilatiL, holes required
- Pattern or 
 : Pattern and Bulk
 

Bulk Fill 
- Size : 8 - 15 kg 

COOLING - Pregrading : Ambient 
- Post Packing : 18-22 Degrees C for green 

13-15 Degrees C for ripe
- tur age : 18-22 Degrees C for green

T p'i erature ]3-15 Degrees C for ripe
ruration of : 24 hours 

storage before 
transporting 

TRANSPORTATION - Type 
 : Refrigerated lorry 
- Stacking : Vertical column stacking 
- Pailetizaton: 120 x 100 cm 

PREFERRED 
 - For Storage 18-20 Degrees C for green

TEMPERATURE 
 13-15 Degrees C for ripe

AND RELATIVE 
 90% R.H.

HUMIDITY 
 - For Transport: 18-20 Degrees C for green 

13-15 Degrees C for ripe
 
90% R.H.
 

SENSITIVITY : Use ethylene for ripening
 

TRANSIT AND STORAGE LIFE 
 : 1 - 3 weeks green,

ASSUMING ABOVE FOLLOWED 
 4 - 7 days ripe 
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APPENDIX G
 

TECHNICAL INFORMATION ON FRUIT AND VEGETABLE
 
STORAGE, PACKING, AND GRADING
 

This appendix consists of miscellaneous information related
 
to fruit and vegetable grading, storage, packing and transport.

It is included to assist those whose background is in areas
 
different from food production processing or marketing.

Hopefully this information can be useful for operational

decisions or as background information in making policy decisions
 
related to these topics.
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Ensure Quolity Control With Grading 

Importers and consumers of fruits and vegetables, plants, and cut flowers demand 
high duality fresh products in return for the high prices they pay. Growers and 
shippers should use the buyer's specifications for grading to monitor quality, con­
dition. size, and maturity. While not all products have official grade standards. 
common sense tecnnioues' can De used to ensure the packing and transpor-at:on 
of oniy high quality items. 

Since most of these products are new to many people, uniform !iigh duality :n ao­
pearance and taste is essential to increasing importer and consumer willingness to 
try the products and ouy them again. Packing, precooling, refigerating, transocrt­
ing, storing, and selling poor quality products wastes time, money, and mater;als. 

Grading Practices Clean and treat products only as necessary: 
" wash off dirt and debris from harvest operations. 
" discard bruised, cut, decayed, insect infested, odd sized, immature, or over­

ripe items. 
* use ohly officially approved fungiciaes/bactericides to limit decay on certain 

procucts, strictly in accordance with the label instructions. 
* use only offic:ally approved wax coatings to reduce moisture loss on certain 

procuc:s, strictly in accordance with the label instructions 
o use only officially aoproved oesticicles or procedures for certain products :o 

eiiminate insect pests. strictly in accordance with the label instructions and heami1 
and safety regulations. 

e remove field heat (precool) as soon as possible after harvest. 
* use ethylene gas for cerain products to ripen and improve color. 

Sort and package produce by size and level of maturity: 
" use voluntary grace standards or buyer's specifications.
" place only uniform sizes or amounts in each shipping container. 
" place only products with a uniform level of matunty in each container. 
* clearly mark the grade, size, weight, or count on the container. 

Equipment manufacturers can prvido advice on harvesting, wasning, sorting, siz­
ing, weighing, waxing, drying, precocling, and packaging equioment suitable for a 
particular operation. The U.S. Food and Drug Administration (FDA), the Environ­
mental Protection Agency (EPA), and chemical companies can provide the most 
current information on U.S. regulations for fungicides, bactericides, waxes, and 
pesticides. Foreign countries that regulate the use of these chemicals also can 
provide information. APHIS must monitor any necessary quarantine treatments of 
imported and exported products. 
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Grade Standards 

Official Inspections 

The USDA Agricultural Marketing Service (AMS) maintains 156 standards covering 
85 products as well as inspection instructions. They are listed in Appendix 2. The 
standards and instructions give guidance on size, color, shape, texture, maturity, 
cleanliness, and defects. The standards are voluntary except in the case of the 
products mentioned below. 

Under USDA domestic marketing orders only the following items are subject to 
mandatory grade, size, quality, or maturity regulations: 

avocados kiwitruit Irish potatoes 
dates limes prunes 
filberts canned ripe olives raisins 
grapefruit onions tomatoes 
table grapes oranges walnuts 

Regulations for imports of the above items must conform to the domestic market­
ing orders and apply only when the marketing orders are in effect. Shippers ana 
importers must keep aoreast of the changing dates and scope of the orders. 

Some U.S State governments and industry trade associations have grade stan­
dards or regulations fo. particular products. Examples are Hawaiian graces for 
ginger root. papaya. and pineapple; Puerto Rican grades for coconuts, and incus­
try grades for bananas 

Inspections for grace, condition, size, or maturity may be reauested by snippers 
receivers, importers. or any other financially interested party The inspections can 
be done at the shipping point, receiving market, and in the case of imports, at :he 
port of entry. Regardless of whether the inspection is voluntary or manoatory, 
licensed federrli or federal/state agricultural employees will perform the inspection 

and issue an official inspection certificate. A fee is charged for these inspections 

All domestic and imported raw or processed fruit and vegetaoles are subject to in­

spection by the FDA for illegal pesticide residues or other contamination according 
to tolerances established by the EPA. These tolerances are called "defect action 
levels." Products with prohibited or excessive pesticide residues or contamination 
must be reconditioned. reexported, or destroyed. 

All imported fruits, vegetables. plants, cut flowers, and other plant material are 
subject to inspection by APHIS for harmful insects, diseases. and pr9hibited items 
at the U.S. port of entry. APHIS requests 12 hours notice prior to the arrival of the 
ship, plane, or trucK in order to have inspectors on hand. By prior arrangement. 
APHIS will inspect products in the country of origin under a preclearance program 
Fees are charged for this service. 
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Depending on type of product, insect, or disease, shipments Zre either released, 
treated with pesticide and released, destroyed, or reexDorted. Importers atnemoting 
tc bring in prohibited items are subject to fines, The U.S. Customs Service assists 
APHIS in ensuring that agicultural products are prooerly cleared through 'he ;ort 
of entry. 

When reau2.,ted oy the receiving country, exports of U.S.-grown fruits. vegetaoies. 

plants, or cut flowers are inspected for ;nsects or d,sease and provided with a 
onvtosanitarv certificate by APHIS or U.S. State Deoarments of Agriculture. AMS 
provides certifications or grade ana quality for fresh products and a verificaticn 
program for frozen or otherwise processed agricultural products. 

Quality control with grading helps growers and shippers to meet the needs ot 
different marKets, pass inspections, become reliable suPpliers, and receive higher 
prices for their products. Quality control reduces the risk of financial loss from 
downgraded or rejected shipments. 
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i.S. Grade Standards Write: Fresh Products Branch; USDA-AMS, FV; Room 2056-S, Washington, DC,
20250, for single free copies of any of these standards. 

Vegetables (Fresh Market) 

Anise, Sweet... .................................. 

Artichokes, Globe .................................. 

Asoaragus, Fresh .................................. 

Beans, Lima. ............. ................... 

Beans, Snap ........................................
 
Beets........................................... 

Broccoli, Bunched Italian Sprouting .................. 

Brussels Sprouts .................................. 

Cabbage .................................... 
 ...Cantaloups 

Carrots, Bunched ..................................
 

Carrots With Short Trimmed Tops ................. 

Cauliflower ...................................... 

Celery .......................................... 

Corn, Green ..................................... 

Cucum bers ...................................... 

Cucumbers, Greenhouse ............................ 


Carrots, Topped......................................1928 


Eggplant........................................ 
 1211/33 10/29/53
Endive. Escarole or Chicory2......................... 10/1/64 . 0..9/53
Garlic................................... 
.........9. 

Greens. Beet .................................... 

Greens, Collard Or Broccoli ......................... 

Greens, Dandelion................................... 

Greens, mustard and Turnip......................... 

Honevaew And Honey Ball Type Melons 

Horseradish Roots............ .....................

Kale..... ............... ............... ........ 

Lenuce .......................................... 

Lettuce, Greenhouse Leaf.............................. 

Mushrooms ..................................
 
Okra.......................................... 

Onions. Bermuda.GranexGrano Type.................

Onions. Creole...................................... 

Unions, (Other Than Berrnuda.Granex. 

Grano and Creole Types)......... 

Onions. Common Green............................. 

Onion Sets. ...................................... 

Parsley.......................................... 

Parsnips. ................ ...... ....... .........
Peas, Fresh............ .......................... 

Peas, Southern.................................... 

Peppers, Sweet................................... 

Pottoes......................................... 

Potatoes, Seed. ..... .............................. 

Radishes...................................... 

Rhubarb (Field Grown). ............................ 

R omaine .. ...................................... 

Shallots, Bunched............................... 

SPinach Leaves ...................................
. 
Spinach Plants.................................... 
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Established Amended 

.. 190 3/15f73 
1926 5115/69 

414/46 4/1/66 
. 15/38 

811/36 
811155

1930 7/12/43 
1/18/54 
9/1/45 ... ...

4/......................................
415/61 6/30/68 
12/15/37 9/18/54 

12120/65
3/2/42 9/18/54 
8/7/39 3/15/68 

8/1 5/46 4/7/59 
1927 5/18/54

1.1/13/53 3/1/58 
101134 

611159 
41153 

214155 
.3/8/53 
5/20/37 411/67 

727/36 .. ...
412534 ...........
 

3/15/34 1211/75
10/1/34 9/1/64 

. 3....1928 7/15/66 
.1218/28 

.3129/37 3/20/85 
5/15/41 410/43 

101/717/31/4 . ................. 

6/20/47 ......
 

6/1 /35 2/1/40
 
7/30/30
 
12 . 70/45
211/34 6/1/42 

7/13/56 .
 
7/29/46 12015/63
 

1917 21
 
4/2972
 
7/16/54 1011/68


3 /10133 21/66
 
1928 8 /10/60 

12 0/146 . 
1227/46 ............
 

1931 11/19/56 



1/6/84 

Vegetables (Fresh Market)-Continued 

Souash, Fall And Winter Type &
 
Pumpkins .............................. 


Sauash. Summer ..... .................. 
Sweetootatoes ............. 
Tomatoes. Fresh. .. ...... . ... 
Tomatoes. Greennouse ........ 
Turnips Or Rutaoagas ...... 


Watermelons. .... ......... .... 


Vegetables (Fresh Market-Consumer)
 

Broccoli, Italian Sorouting . ......... ..... 

Brussels Sprouts ...... .......... ............ 

Carrots, (Buncned Topped.
 

Short Trimmed Tops) . . .......... .... 
Celery ............... ................... 
Corn (Husked on the Cob) 
Beet Greens .. 

Kale ... 
Parsnips 
Potatoes . 

Spinach Leaves .
 

Tomatoes .. ........... ... ................ 

T urnips ............... ......................... 


Vegetables For Processing 

Asparagus. Green ..... .. ................ 

Beans. Lima. Fresh Shelled ..................... 

Beans, Snap ............ ....................... 

Beets . .................... .... ... ............... 

Broccoli ...... .......... ....................... 

Cabbage ...... ............................... 

Carrots .......................................... 

Cauliflower ...................................... 

Corn, Sweet ..................................... 

Cucum bers, Pickling ...... ....................... 

M ushrooms ........................ ............. 

Okra ............................................ 

Onions ......................... ................... 

Peas, Fresh Shelled, For Canning Or 

Freezing ....................................... 
Peas, Southern ................................... 

Peppers, Sweet .................................. 

Potatoes For Chipping ............................. 

Potatoes ........................................ 
Spinach ......................................... 
Sweet Potatoes, For Canning Or 

Freezing ......................................... 
Sweet Potatoes, For Dicing Or Pulping 
Tomatoes, Italian Type For Canning .................. 

Tomatoes, Green ................................. 

Tomatoes ....................................... 


Established 

11/15/44 
326/45 

1...7/1/63 
93134 

4/19/66 
8.11/55 

5115.37 

10/2850 
9119/50 

7/17154 
3/27/49 
5/11/50 
11/1/58 
8;26!50 
1.323,154 
1218/47 
5/19/49 

10110/48 
8/20/54 

Established 

2/15/41 
11/5138 

4/25/85 
1Z'5/4 5 
4129/51 
1117144 
1/17/44 

914/59 
5/11/50 

1210/36 
4/1/64 

12115/65 
1/17/44 

1/15/46 
7/13/56 
3/22/48 

1/1178 
6/15/37 

1931 

7/24159 
7123/51 

517/57 
4/15/50 

9/3/34 

Amended 

10/13/83 

4115176 

1/15178 

. 

... .... 

Amended 

4/5/72 
6/6/53 

7126/59 
.. .... .. 

10/4/59 
... ...... 

7/30/84 
...........
 

5/15/62 
. . .. .. . 

............ 

............ 

...........
 

............
 
6/1/65 

............ 

..... ...... 
4/14/83 
7/10/56 

............
 

............
 

............
 
7/11/83 



U.S. Inspection 

Instructions 

Nuts and Special Products Established Amended 

Alm onds. Shelled .............. .................. 8/23/51 8/151i60
 
Almonds In The Shell ....... ..................... 8123/51 7/15i64
 
Asoaragus Plumosus .............................. 616/30
 
Brazil Nuts In the Snell ... ...... .................. 10/1/64 8/25i66
 

Christm as Trees ... ........ ..................... 11/1/57 411/73
 

Filberts In The Snell . ..... ...... ............... 9/4/48 9/170
 
Gladiolus Corms (Bulbs) .. ....... ............ 4/5/82
 
Mixed Nuts In Tne Shell . .... ......... ..... 8/1/65 8/13/81
 

Peanuts, Shellec Soanisn Type ........ ............ 9/1/39 7115165
 

Peanuts. Sheilea Runner Type ..................... 9/1/39 7131/56
 
Peanuts, Shelled Virginia Type ..................... 8/31/59
 
Peanuts. Cleanec Virginia Type In The
 
Shell ... . .. .... ........................... 11/1/34 8/31/59
 

Pecans, Shelled .............................. 10/115/52 7/15i69
 

Pecans In The Sheli ............................. 10/1/51 10/15176
 

Peonies, Cut. In The Bud . .................. 4/1/38
 

Tomato Plants ... .... 12/10/42 /3/44
 
Walnuts, Shelled tzJuqlans regia) 1/25/59 -1/66
 

Wainuts (Jugans regia) In The Sheil 9/12164 11115i76 

Write: Fresh Prcauc's Branch: USDA-AMS, FV: Room 2056-S. Wasnington, DC. 

20250, to pJrcrnase copies of any of these instructions. 

Latest 
Issue CostMarket 

..... 7166 $19.60General 
Almonds. Sheiled .. .... ............. 3155 ' 60 

AdDies .. .. ...... ... .... 1/78 1400 

Bananas . ....... .............. 1/73 3.10 
3.................. 1.30?/55Beans, Snao And Green Shell 


Beets, Turnips And Rutabagas .................... 10/77 .50
 

Broccoli. Buncned Italian Sprouting .................. 12/80 3.30
 

Brussels Sprouts ..... ...... ................... 9/57 80
 

Cabbage ... . .. ... . . ................... 6/70 3.40
 

Cantaloups. Honevaew. Honey Ball And 
Other Similar Melons ...... .................... 9/67 4.20 

Carrots. Buncned. And With Short-
Trimmed Toos .. .. ........................... 3/56 2.70 

Carrots, Topped ................................. 4166 2.50 

Cauliflower .. .. .............................. 2/70 2.10 

Celery ...... . .. . ........................... 9/65 2.80 
7/7 1 3.90Cherries, Sweet .. .............................. 


Citrus. (Oranges.Grapetruit-Lemons) 
1/65 5.60CA & AZ . . . .. ............................ 


Citrus. (Oranges-Graoefruit­
4/83 12.60Tangerines) FL .. .......................... 


C;trus. (Oranges-Graefruit)Texas 
FL, CA & AZ) 10169 4.30And States Other Than 

10/72 3.00Cranberries .... .................................. 
970 1.90Cucum bers ...................................... 


Eggplant ........................................ 11/79 2.30
 
i 



Fruit (Fresh Market) 

Apples ......................................... 

Apricots ......................................... 

Avocaaos, Florida ............................... .
 
BiueDerries .......................... ........... 

Cnerries, Sweet ...................... ........... 

Cranberries, Fresh ............................... 

Dewberries And Blackberries ........... . ......... 

Grapes, Bunch, American. (Eastern Type) ............ 

Gra'es, Juice, (European Or Vinifera Typej ;........ 
Grapes, Table, (European Or Vinitera Type) .......... 
Grapetruit, (Califomia And Arizona) 
Grapefruit, Florida .................... ... ...... 
Grapefruit, (Texas And States Otner Tnan 

Florioa, Calitornia. & Arizona) ..................... 
Kiwfrurt ......................................... 
Lemons..........................................315/41 
 9/1/64
Limes, Persian (Tahiti) ......................... 

Nectannes........................ ... ....... 

Oranoes. (California And Arizona) ................. 

Oranges And Tangelos, Florua ........... 

Oranges, (Texas And States Other Than 

Florida, Caliornia And Arizona) .................... 
Peaches ............................ ........... 
Pears, Summer And Fall ........................... 
Pears. Winter.......................................7/840 
 9110/55 
Pineappies ............... . ... ................ 

Piums And Prunes, Fresh .. ....................... 

R aspberries ...................................... 

Strawberries ..................................... 

Tangerines ...................................... 


'Tangerines, Florida ................................ 


Fruit For Processing 

Apples ........................................... 


Berries........................................... 

Blueberres ...................................... 
Cherries, Red Sour, For Manufacture 
Cherries, Sweet, For Canning Or 

Freezing....................................... 

Cherrier, Sweet, For Export For 

Sulphur Brining ................................. 

Cranberries ...................................... 

C urrants ........................................ 

Grapes, Bunch, American (Eastern Type) 

For Processing and Freezing ...................... 
Grapes, For Processing and Freezing 
Peaches, Freestone, For Canning, 
Freezing Or Pulping ............................... 

Pears ........................................... 
Raspberries .................................... 
Strawberries, Growers' Stock For 

Manufactm 

Established Amended 

9/1137 3125176 
5 25128 

9/3157
 
6/11/66
 

1927 5(7/71 
8/26,7 1 ... 

213128 
7/19/43 9/8/83 
7120139 
7120139 4129/83 
3/15/41 1/9/50 
9/14152 12/1/80 

11/3/55 10/1/69 
9/9/82 ........... 

8131152 
7/27/38 

11/26/49 
10/14/55 

9114/48 

4/2233 
6/27/40 

6120!58 
4/23/66 
9123157 
12/1/80 

10/1159 
6/15152 
8120!55 

12/4131 2123!53 
5/31/45 6/30/73 
5/29/31 .... . .... 

11 19134 7/1/65 
1012741 9/18/48 
10/18152 12/1/80 

912/46 6/6/61 

6/2/47 
95/5 0 ............
 

4/20/41 ............
 

6/1/46 

5/28/40 ............
 
8/24/57 ............
 

5/ 18/52 ............
 

7/5/43 ............
 
9/1/77 ............
 

5/4142 6/1166 
7/1/70. ............
 

5/185 ... ........
 

...................................6/1/35

Strawbenies, Washed And Sorted For . . . , 



Maintain Quality With Effective Packaging 

Proper packaging of fruits and vegetables, plants, and cut flowers is essential to 
maintaining product quality during transportation and marketing. Inaddition to pro­
tection, packaging in the form of shipping containers, serves to enclose the 
product and provide a means of handling. It makes no sense to ship high nuality, 
high value, perishable products in poor quality packaging which will lead to 
damage, decay, low prices, or outright rejection of the products by the buyer. 

Packaging must withstand: 
" rough handling during loading and unloading. 
" compression from the overhead weight of other containers. 
" impact and vibration during transportation. 
* high humidity during precooling, transit, and storage. 

Materials 	 Packaging mateals are chosen on the basis of needs of the product, packing 
method, precooling method, strength, cost, availability, buyer specifications, and 
freight rates. Importers, buyers, and packaging manufacturers provide valuable 
recommendations. Materials used include: 

e fiberboard bins, boxes (glued. stapled, interlocking), lugs, trays, flats, dividers 
or partitions, and slinsheets. 

" wood bins, crates (wirebound, nailed), baskets, trays. lugs, pallets. 
* 	paper bags. sleeves, wraps, liners, pads, excelsior, and labels. 
• plastic bins, boxes, trays. bags (mesh, solid), containers, sleeves, film wraps. 

liners, 	dividers, and slipsheets 
e foam boxes, trays. lugs, sleeves, liners, dividers, and pads. 

Bins, boxes, crates, trays, lugs, baskets, and bags are considered shipping con­
tainers. Baskets, however, are difficult to handle in mixed loads of rectangular box­
es. Bags provide limited product protection. The fiberboard box is the most widely 
used container. Styles include: 
• one-piece slotted box in which the glued, stapled, or self-locking flaps (Fig. 1).
* 	two-piece half slotted box with a cover (Fig. 2). 
* two-piece half slotted box with a full telescoping cover, providing strong walls 

and comers (Fig. 3). 
@three-piece Bliss-style box featuring stapled or glued ends providing strong 

corners (Fig. 4). 
* one-piece box with a full telescoping cover (Fig. 5). 
• one-piece box with a tuck-in cover (Fig. 6). 
* 	self-locking tray (Fig. 7). 
* interlocking box with wire or fiberboard tabs or hardboard end inserts and 

plastic end cps. providing stacking strength and alignment. (Fig. 8). 

A minimum 1896 kPa (275 lb/in2) bursting test strength fiberboard is recormmended 
for boxes intended for export. The strength is needed for the handlings, transport 
conditions, and high humidity the boxes must endure. 
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Fiberboard Box Styles 

I i
 a 


Figure 1. One-piece box. Figure 2. Two-piece box with cover. 

I i i II
 

- - - - - - - - - - - - - - - I I I
 
, ,, II I I
 

Figum-3. Full telescoping box. Figure 4. Bliss-style box. 

Source: Fibre Box Asmoiaon (6). 
//
 



Fiberboard Box Styles 
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Figure 5. One-piece telescoping box. Figure 6. One-piece tuck-in cover box.
 

Figure 7. Sell-locking tray. Figure 8. Interlocking box.. 

Source: Fibre Box Assocation (6).
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Materials 	 Fiberboard ooxes for products which are packed wet or with :ce must be wax­
impregnated cr coated with water resistant material. The compression strength of 

untreated fiber.oard can be reduced more than one hall in conditions of 90 oer­
cent relative humidity. In addition to maintaining box strengmh. wax heips to reduce 
the loss of moisture from the product to the fiberboarC. All glued boxes should oe 
made with a water resistant adhesive. 

Holes are provided in most fiberboard boxes to provide ventilation ot oroouc: heat 

irespiration) and ailow circulation of cold air to the product. Handholds orovide a 

means cf handling boxes during loading and unloading. All holes must be 

cesigned and placed in a manner that does not substantially weaken the box. 

Wood crates are still popular with some shippers due to the material strength and 
resistance to high numidity during precooling, transit, and storage. Wood crates 

are constructed in a manner that allows a lot of air circulation around the packed 

product. 

The maiority of fiberboard boxes and wood crates are designed to be stacked tor 

to Dottom Compression strength and product protect:cr. are sacrificed when boxes 

or crates are stacked on their ends or sides. MisaligneC Coxes can rose up to 30 

c-ercent of their strength, wnile cross-stacked boxes can iose up to 50 oercent of 

their oo to bottom compression strength. 

Various maierials are added 'o shipping containers to crovide additional strength 

and :roouct protection Dividers or partitions and coubie or triple thickness sides 

and ends in fiberooard boxes provide additional compression strength and reduce 
product damage. 

Pads, wraps, and sleeves and excelsior also reduce bruising. Pads also are used 
to provide moisture as with asparagus; provide chemical treatment to reduce de­
cay as with sulfur dioxide pads for grapes; and absorb ethylene as with potassium 
permanganate pads in boxes of bananas and flowers. 

Plastic film liners or bags are used to retain moisture. Perforated plastic is used 

for most products to allow exchange of gases and avoid excessive humidity. Solid 

plastic is used to seal the products and pfovide for a modified atmosphere by 
reducing the-amount of oxygen available for respiration and ripening. This is done 
for bananas, strawberries, and tomatoes. 

Paper and polystyrene foam 	liners help to insulate the product from hot or cold 
temperatures when they are 	shipped in unrefrigerated air cargo holds. Wet 
newsprint is used to provide 	moisture to fresh cut herbs and flowers. 

Shiopers should check with APHIS prior to utilizing packing materials made out of 
plant parts such as straw or leaves. Some items are prohibited entry into the Unit­
ed States and other countries. Soil also is restricted. 



Methods 

i ypes of Packs 

Packing methods include: 
9 field packing-products are placed in fiberboard boxes or wood crates during 

harvesting. Some products are wrapped. The filled containers are then taken to a 
precooling facility to have the field heat removed. 

* shed packing-products are processed or packed indoors or under cover at a 
central location. The product is brought from the field to the packing shed in tulk 
in field crates, bins, or trucks. The products are precooled either before or atter 
they are placed in shipping containers. 

* repacking-products are taken out of one container, regraded, and placed in 
another. This is often done to make smaller containers for the retailer or consumer 
packages.
 

Types of packs include: 
* volume fill-products are placed by hand or machine into the container until 

the desired capacity, weight, or count is reached. 
* tray or cell pack-products are placed in molded trays or cells which provide 

separation and reduced bruising. 
e place pack-products are wrapped and carefully placed in the container. This 

provioes reduced bruising and a pleasing appearance. 
* consumer pack or prepack-relatively small amounts of product are pack­

aged. weighed, and labeled for retail sale. 
e fiim or shrink wrap-each fruit or vegetable is individually wrapped and sealed 

in film to reduce moisture loss and decay. The film may be treated with lungicides 
or diher chemicals. 

e modified atmospnere-individual consumer packs, shipping containers, or 
pallet loads of containers are sealed with plastic film or bags. The oxygen level is 
reduced and the carbon dioxide level is increased. This reduces product respira­
tion and slows the ripening process. 

Shipping containers must be sized and filled correctly. Containers which are very 
wide and weigh more than 23 kg (50 Ib) encourage rougher handling, product 
damage. and container failure. Overfilling causes product bruising and excessive 
bulging of the sides of the container, wnich leads to decreased compression 
strength and container failure. Underfilling also causes product damage. The 
product is bruised as it moves around inside the shipping container during trans­
port and handling. 
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Current produce shipping 	containers 

A current commercial container 

Outside dimension of Measured gross Caoa,.-:ty 
Produce a current standard veight or printed on 

item container mm tin) count container 

Avc:aos (Haas) 	 440 x 355 x 184 48 count ­

(17.32 x 13.97 x 7.24) 

Beans tgreen) 	 392 x 304 x 304 28.5 lb 1 Du 
(15.43 x 11.97 x 11.97) 

8rz:ohi 	 508 x 300 x 272 14 bunchles ­

(19.9 x 11.81 x 10.7) 

600 x 425 x 285 17 head ­Ca::age gareen) 
(23.62 x 16 73 x 11.22) 

Ca".:ace tgreen 585 x 360 x 340 14 head 1.3/4 bu 
(aznrox 7' ciameter) (23.03 x 14.17 x 13.38) 

x 335 x 340 16 head ­Ca:-age ired) 	 641 
(25.23 x 13.18 x 13.38) 

515 x 380 x 290 35 count ­Ce-erM(icnican 3") 
(20.27 x 1496 x 11 41) 

-.	 454 85 count 1.1/9:moers ,Suoer Seiec:t x 308 x 305 

(17.67 x 12.12 x 12.00) 

-:=;ant 460 x 315 x 305 19 count 1-1/9 ou 
(18 11 x '2.40 x 12.00) 

;;piani 	 365 x 285 x 215 - 5/9 ou 
(14.37 x 11.22 x 846) 

Graoeiruit 127) 	 444 x 305 x 273 (CA) 27 count 4/5 bu 
(17 48 x 12.00 x 10.74) 

455 x 298 x261 (FL) 
(17.91 x 11.73 x 10.27) 

Graoerruil 136) 	 444 x 305 x 273 36 count 4/5 bu 
1" 
 455 x 298 x 261
 

ouG.aoetruit 140) 	 444 x 305 x 273 40 count 4/5 
". 
 455 x 298 x 261
 

G'acetru: ,148) 444 x 305 x 273 48 count 4/5 bu 
455 x 298 x 261 

415 x 360 x 150 23 lb 23.5 1b
Graces 


515 x 320 x 330 25.5 lb ,.114 OuGreens soinach turni. 

Kaie :ollardi 	 (20.27 x 12.59 x 12.99) 

Lemons (115 & 119) 450 x 300 x 260 115 & 119 4/5 ou 
(1771 x 11 81 x 10.23) 

e2rons 1165 & 172) .30 x 300 x 280 165 & 172 4/5 C. 
(16.92 x 11.81 x 11 02) 

Source Turczyn ano Antnonv 129i 
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Current produce shipping containers 

Acurrent commercial container 

Outside dimension of Measured gross Capacity 
Produce a current standard weight or printed on 

item container mm fin) count, container 

550 x 415 x 285 24 head -Lettuce (4-5") 
(21.65 	x 16.33 x 11.22) 

550 x 415 x 285 24 head ­(d.112-5-1/2") 

(5-1/2-6-112") 	 550 x 410 x 285 24 head ­

460 x 410 x 210 5 count -Melons iHoneydew) 7-3/4 in 
(18 11 x 16.14 x 8.26) 

Ckra 	 484 x 230 x 164 0.436 ou. ('/2) 
(19.05 x 9.05 x 6.45) 

0ranges 188) 455 x 298 x 261 (FL) 8R count 4/5 bu 

(17.91 x 11.73 x 10.27) 

444 x 305 x 273 (CA) 
(17.48 x 12.00 x 10.74 

Oranges i IGO) 455 x 298 x 261 100 count 4/5 ou 

444 x 305 x 273 

Oranges '3) 455 x 298 x 261 113 count 415 bu 

444 x 305 x 273 

Peacnes isouth. 2-1/4") 450 x 290 x 300 41.7 lb ­

(17.71 x 11.41 x 11.81) 
Peacnes iwestern) 

(2.1/4") 445 x 356 x (146 - 171) - 25 Ib 
(17.51 x 14.01 x (5.75 - 6.75) 

(2-3/8") 445 x 356 x (146 - 171) 	 25 lb 

(2-7116") 445 x 356 x (146 - 171) 	 25 Ib 

(2-5i8") 445 x356 x(146.-171) 	 25lIb 

(2-13/16") 445 x 356 x (146 - 171) 	 25 lb 

(2-718") 445 x 356 x (146 - 171) 	 25 lb 

Pears 1110) 	 457 x 310 x 234 39.5 Ib ­

(17.99 x 12.20 x 9.21)
Source: T,,rc,..y a,,n, Anthon (29).t 



Current produce shipping containers 

A current commercial container 

Outside dimension of Measured gross CaDacirv 
Produce a current standard weignt or printeo on 

item container mm (in) count container 

Peooers (Cuban) 	 40 x 315 x 305 28.3 lb 1.1/9 bu 
(18.11 x 12.40 x 12.00) 

452 x 312 x 305 75 count 1-1/9 OuPepoers (green) 
(17.79 x 12.28 x 12.00) 

-	 1 buPeooers (not) 	 405 x 305 x 301 
(15.94 	x 12.00 x 11.85) 

480 x 306 x 319 - 1-1/9 fluPecoers red) 
(18.89 x 12.04 x 12.55) 

495 x 325 x 240 53.3 lb 50 0bPotatoes iwnte nl1s) 

iround recs) (19.48 x 12.79 x 9 4.4)
 

450 x 305 x 305 17 nead 1.1/9 fluRomaine 
(17.71 	 x 12.00 x 12.00) 

460 x 315 x 305 36 count 1-1/9 ouScuasn (Acorni 
(18.11 x 1240 x 12.00) 

Scuasn .utiernutn 	 460 x 315 x 305 23 count 1.1/9 fu 
(18.11 x 1240 x 12.001 

- 30 lo.cmatoes 	 470 . 300 x 240 
(18.50 	x 11.81 x 9.44) 

x 316 1-1/9 fluZLccnini 	 480 x 303 
(18.89 x 11.92 x 12.44) 

Source 7urczyn ana Antnonv (29). 
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One-piece fiberboard box of papaya protected with paper pad­
ding and labeled with brand name stickers. The papaya are 
packed by count and placed in a single layer..-- V 

' . 'I. ' "
 

Foam mesh sleeves and shredded paper protect these papaya 
from bruising. Each fruit is labeled with a brand name sticker. 
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Full telescoping box of pineapple, packed flat to avoid compres­
sion damage to the top of the fruit. Each pineapple has a color­
ful orand name label. 

AI 

G"LL
 
e-. 
 -

Bliss-style fiberboard box of tray packed avocados. Vertical 
fiberooard taos interlock the boxes when they are stacked on 
paliets. The 2 layers of avocados are placed on molded fiber­
board trays. Product count and storage instructions are printed 
on the box. 

1lp­



Nailed wood pyramid crates of asparagus. The crates provide 
compression strength and ventilation. A moistened pad is placed 
at the bottum of the asparagus stalks to maintain quality. 

/'JP"------'----o"4.0 ' 

Full telescoping wax Impregnated fiberboard boxes of asparagus 
packed vertically, with openings to allow ventilation of heat from 
product respiration. A moistened pad is provided at the bottom 
of the box. 
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Mixed Loads 
and Storage 

Use Recm'mmended Transit and Storage Procedures 

Harvesting and packaging of most products should be closely coordinated witn 
transportation to minimize time in transit and storage and maxImIze oroouct tresr­
ness in the hands of consumers. Some products, nowever. can De consolidate. in 
storage before or after transportation to obtain lower freight rates or higher prices 

During transportation and storage of loads of one oroduc:. mIe temperature anc 
relative humidity should be as close as possible to the recommenoec levels tc 
achieve the maximum product life While transport retrigeratlion uni: !nermostats 
are sometimes set higner to avoid freezing inju' storage facilities are better aoie 
to control temperature and can provide conditions at the recommened level 
without damaging the products. 

During transportation of refrigerated loads in trailers and van containers, the ooe'­
ation of the refrigeration unit and temperature of the load comoartment should De 
checKed regularly by the carrier Gauges are provided for this Durcose on mos: 
equipment Many van containers also are proviaec with an exterior electronic o" 
mechancal temperature recorder. 

Many products are often transported in mixed loads or stored 
with other products. They must be compatible in terms of: 

* recommended temperature. 
* recommended relative humidity. 
* production of ethylene. 
* sensitivity to ethylene. 
* production of odors. 
* absorption of odors. 

The following compatibility and sensitivity tables take the aDove factors into 
account for transit and storage periods of 1 day or more. Compromises are mace 
for temperature and humidity levels. In any of thie groups, the more valuable 
products should determine the transit and storage conditions of the other com­
modities. Informat'on on the compatability of many tropical fruit and vegetables is 
limited to temperature and relative humidity conditions. Separate transit and 
storage are recommended for bananas, citrus, nuts, potatoes, onions, plants, cut 
flowers, florist greens, and nursery stock. 

lSouces of informaion for the compatibility and sensitivity tables are: Oebney, Blacker, and Reddino
(5), Hardenourg, Watada, and Wang (7), Lipton and Harvey (10). Safeway Stores. Inc. (25), Society of
American Florists (28). 
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Compatability groups 

Group 1: Fruits and vegetables, 0 to 20C (32 to 360 F), 90-95/o relative humidity. Many
products in this group produce ethylene. 

apples 
aorcots 
Asian pears 
Barbados cnerry 
beets. topped
berries (exceot 

crancernes) 
casnew aodie 
cherries 
coconuts 
figs inot with 

apples) 

'CZrus troateo wain 

grapes (without 
sulfur dioxide)


horseraoisr, 

kohlraoi 

leeks 

longan 

loduat 

lycnee 

mushrooms 

nectarines 

oranges' (Florida 


and Texas) 

:ponenyl may give odors to oiier products. 

parsnips 
peacnes 
pears 
persimmons 
plums 
pomegranates 
prunes 
quinces 
racisnes 
rutabagas
turnips 

Grouo 2: Fruits and vegetables. 0 to 20C (32 to 360 F), 95-100/o relative humidity.
Many products in this group are sensitive to ethylene. 

amaranth' 
anise 
articnoe" 
asoaiaqus 
bean sprouts 
peels' 
Belgian ,ncivo, 
berries iexcect 

cranberries i 
"OK :rIoV 
"rccco:i " 
brussels scrouis" 
cavoaae' 
carrots ' 
cauliflower 
celeriac' 
celery" 
cherries 

'these orocucts can 

corn. sweet' 
dalikon* 
endive' 

escarole" 

grapes iwilhout 


sulfur dioxide) 

horseradish 

Jerusalem articnoKe 

Kiwifruit 

konlraoi • 


eatv greens 

leeks' (not with 


figs or grapes) 

lettuce 

1o oOK 

mushrooms 
onions. green' (not 

with figs, grapes. mushrooms. 
rhuoaro. or corn) 

oe tta-iceo. 

parsley" 
parsnips" 
peas' 
pomeoranate 
raddichio 
radishies• 
rnuoarD 
rutaaqas•
salsily 
scorzonera 
snow Deas 
sDinacn • 
turnips' 
waterchestnut 
watercress" 

Group 3: Fruits and vegetables. 0 to 20C (32 to 360 F), 65-75%., relative humidity.
Moisture will damage these products. 

garlic onions, dry 

Group 4: Fruits and vegetables, 4.51C (40'F), 90-95% relative humidity. 
cactus leaves lemons' 
cacus nears lycnees
caimito kumauat 
cantalouoes" mandarin' 
ciementine oranges" (Calif.
cranberries ano Arizuna) 

pepino 

tamarillo 
tangelos'
tangerines' 
ugll fruit' 
yucca root 

'Citrus Ireaiocl wiln ionenyl may give Odors io oiher products. 
.. can ie IOD.iced. 
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Compatability groups- Continued 

Grouo 5: Fruits and vegetables, 10CC (500 F). 85-90% relative humidity. Many of these 
prooucts are sensitive to ethylene:. These products also are sensitive to chilling injury. 

oeanr kiwano 
calamondin maianga 
cnayote cKra 
:ucumber ciive 
eggplant rJePDers 
naricot vel )otatoes, storage 

pummeio 
souash, summer 

isoh snell) 
tamarind 
taro roo: 

Grouo 6: Fruits and vegetables,, 13 to 150C (55 to 60 0 F). 85-900/c relative numidity.
Many of these products produce etnylene. These prcoucts also are sensitive to chili­
ing injury. 

atemoya 
avocados 
Daoaco 
Dananas 
Ditter melon 
otack sapote 
Doniato 
oreadfrut 
caristel 
carambola 
cnerimoya 
coconuts 
leijoa 
ginger root 

granadilla 
oraoetruil 
ouava 
Jaooticapa 
lacktrutl 
langsat 
lemons* 
limes' 
mamey 
mangoes 
manaosteen 
meions (except 
cantaloupes) 

'citrus ireaied with biphenyl may give odors to other products 

Group 7: Fruits and vegetables, 18 to 21°C (65 to 700F), 

licama sweetpotatoes-

pears tomatoes, 


(for npening) mature green 


8 5

'separate from pears and tomatoes due to ethylene sensivny. 

Group 8: Flowers and florist greens, 0 to 20C (32 to 36 0F), 

allium 
aster, China 
Douvardia 
carnation 
chrysanthemum 
crocus 
cymbidium orchid 

adiantum (maidenhair) 
cedar 
dagger and wood 
ferns 
galax 
woodwardia fern 

freesia 
gardenia 
hyacinth 
iris, bulbous 
lily 
lily-of-the-valley 
narcissus 

ground pine 
ilex (holly) 
juniper 
mistletoe 
mountain-laurel 
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papavas 
passioniru! 
pineapDIe 
Diantain 
potatoes. new 
pumoKin 
ramoutan 
santof 
soursop 
sugar a:oDe 
souash. winter 

(naro snell) 
tomatihos 
tomatoes, ripe 

9- 0 /c relative humidity. 

watermeton 
white sapote 
yams. 

90-95% relative humidity. 

peony, tight 
buds 

ranunculus 
rose 
squill 
sweet pea 
tulip 

rhododendren 
salal (lemon 

leaf) 
vaccinium 
(huckleberry) 



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

APPENDIX H
 

COMPUTER FILES SUBMITTED WITH THIS REPORT
 

The text, tables and graphs in this report are submitted as
 
files on a computer disk. The spreadsheets for the tables and
 
graphs may be useful later. As improved cost information on
 
postharvest handling becomes available, this 
can be inserted into
 
the spreadsheets. Files included are as follows:
 

Filename 	 Contents
 

FINAIREP 	 Final draft of the 
text of this report in
 
Word Perfect 5.0 format.
 

HANITNG 	 ASCII file for pages on preferred ha-'! 
methods for Appendix F. Tsnls file 
loaded into WordPerfect if it is n-cessary to 
further edit these pages. 

TABLE!.WK1 These are the LOTUS 123 soreadsheets used to
 
produce the tables included in part III of TABLE14.WKI f: the
 
report.
 

The figures are submitted as named graphs in LOTUS "23
 
spreadsheets, and as .PIC files of the completed graphs. T.e
 
same name has been used for The 
.PIC files and the assc-:ated
 
named graphs:
 

Ficure 
Graph and .PIC 

Filenames 
Spreadsheet 

Filename 

1 PETPRICE ONIONPET 
2 BREAKPRC BREAKEV 
3 BREAKLOS BREAKEV 
4 PRICEMO ONIONS 
5 PRICEIND ONIONIND 
6 DRYCURVE DRYCURVE 
7 BREAKPIN BREAKT&P 
8 BREAKTOM BREAKT&P 
9 COOLCOST COOrCOST 
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