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Pineapple Working Group (PWG)

Dear PWG colleagues:

It recently occurred to me that this is the 10th anniversary of
Pineapple News and I also overlooked the 10th anniversary of the PWG at
the meeting in Mexico in April of 2002, just seven months shy of the
anniversary date of the first symposium held in Honolulu in 1992.  I
would like to thank all who have supported the PWG and Pineapple News
over these past ten years by your presence at symposia, and by your
monetary and written contributions.  We have seen both change and
progress during the life of the PWG.  Including some of the changes I
have written about below, we have a new chair of thePWG (see next
column).  Progress is especially notable due to improved technology and
expanded access to it.  In particular, the newsletter has gone from no
distribution over the internet to the point where more half of the

newsletters are distriubed that way.  It has made communication
much faster and greatly reduced the expenses associated with
producing and mailing the newsletter.  Please note also that the web
address of the newsletter has changed to
http://tpss.hawaii.edu/pineapple/pineappl.htm.

Allen Duncan Chairs Pineapple Working Group

I am pleased to announce that Allen Duncan, Managing
Director, Summperpride Foods Ltd., East London, South Africa, has
agreed to chair the Pineapple Working Group.  Allen attended the 4th

International Pineapple Symposium and was one of those from South
Africa who extended the invitation to participants at the Veracruz
meeting to come together again in South Africa for the 5th

symposium..
Allen’s interesting background bodes well for a quality run as

chairman of the PWG.  Allen was born in Grahamstown, South
Africa, and after attending school there went on to obtain a degree in
agriculture management from Natal University, Pietermaritzburg.  He
returned to the family farm where he worked in partnership with his
father from 1985 until his father’s death in 1987.  He continued a
successful farming operation with his brother growing chicory,
pineapples, canary seed, maize, and bonsmara cattle until he sold out
to his brother in August of 2000.  Allen became an executive member
of the Pineapple Growers Association (PGA) in 1987 and became
vice chairman from 1991-93.  Allen was involved in the formation of
the Pineapple Technical Work Group of the PGA, was elected vice
chairman from its inception, and became chairman two years later. 
The groups focus was on controlling runoff and erosion from
pineapple farms to prevent the government from closing them. 
Through research, grower education, liaison with government
departments, and manufacture of machinery, run-off was controlled
to such an extent that in the early 1990's the group was a world-wide
leader in this field. The group was closed down in the mid 1990's
because run-off control was no longer an industry problem.

In 1993 Allen resigned from the PGA to spend more time with
the development of Summerpride Foods, which was formed in
December of 1993.  Allen was asked to take the position of
Managing Director of Summerpride in 2000 at a time when the
company was in severe financial distress.  Allen was successful in
negotiating with creditors and others to keep the company going and
brought it back to profitability in 12 months, an accomplishment of
which he says he is very proud.  Summerpride currently processes
108000 tons of fruit, has a turnover of approximately R200 million
and employs 570 permanent people with up to a maximum of 1,070
people on double shift.  The company currently exports canned fruit
and juice concentrates to 31 countries worldwide and supplies 90%
of South Africa’s canned pineapple needs.

Allen has also been involved in grower education and in 1998,
organized a course for farmers to improve farmer business acumen.
This then led to the formation of financial Study Groups and some
spectacular results have been achieved.

With Allen’s experience with pineapple and in managing public
affairs and people, the successful planning of the next symposium
seems assured.

Change in the Pineapple Industry

Over the past several months I have communicated via email
with three scientists who spent the early part of their professional
careers at the Pineapple Research Institute of Hawaii.  All three are
now over 80 years old but still very interested in what is going on in
the world and with changes in pineapple culture and management. 
Dr. Donald Gowing worked at the PRI in the early 1950s before
going overseas to work on sugarcane production in Iran.  Dr. Gowing
wrote a seminal paper on the effects of temperature and photoperiod
on flowering of pineapple and little new information has been
developed on the effects of those factors on pineapple flowering.  Dr.
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Marlow Thorne was head of the soils department at PRI and, among other
things, conducted early studies of the effects of irrigation on pineapple. 
Dr. Thorne left the PRI in the 1950s and went on to a distinguished career
in soil science at the University of Illinois.  Dr. Don Smith, spent about 10
years at PRI working on a variety of soil fertility and plant nutrition
issues.  When Dr. Smith left PRI, he joined Del Monte Corporation where
he worked until retirement.

I mention these gentlemen because it has been a pleasure to
correspond with them, but also because in inquiring about changes in
pineapple culture and management, they have reminded me of the extent
to which the industry has changed since I first began working with
pineapple in 1965.  In 1965, ‘Smooth Cayenne’ was the principle variety
being grown and most of the fruit were processed.  Competition for the
canned market intensified in the late 1960s with the expansion of the
industry in the Philippines, and by the entry of Thailand as a major grower
and processor of pineapple fruit.  This expansion in countries where labor
costs were low placed intense pressure on the canning industry in Hawaii
and in the early 1980s Dole and Del Monte closed their canneries and
shifted their main areas of production to Thailand and the Philippines. 
This shift and the development of refrigerated shipping resulted in a
transition in Hawaii to fresh fruit production.

The shift to fresh fruit production brought with it a miriad of
problems that had only been briefly explored by an industry focused on
processing.  Fruit grown for processing were harvested mostly in summer
because fruit quality was best then.  With an increased focus on fresh fruit
production, the industry move to year-around production so as to provide
fruit to the marketplace throughout the year.  This resulted in new
problems for the industry.  Fruit harvested in the cooler months was of
low quality because of high acidity.  High translucency, a sought after
characteristic for canned fruit, made fresh fruit more fragile and therefore
was undesirable.  The incidence of natural induction became a more
serious problem as growers attempted to maintain plants in the vegetative
state during the cooler winter months.  Where rainfall was seasonal,
irrigation was required to keep vegetative plants growing so fruit of
acceptable size could be harvested on schedule.  Nutrient and water
management also became important components of practices designed to
reduce natural induction.

In addition to changes in cultural practices required to sustain a
viable fresh fruit operation, the early 1980s saw the beginning of a gradual
shift in the fresh fruit market from ‘Smooth Cayenne’ to hybrids.  In the
Americas, Del Monte led this change when they took a hybrid pineapple
named MD-2 to Costa Rica and began propagating it.  The story of how
this came about is a private one, but it seems likely that once plant
performance was found to be acceptable, numbers of plants were
increased.  No doubt test marketing was carried out once sufficient fruits
were available and perhaps this took place in the early 1990s.  The fruit of
MD-2 clearly were a success in the marketplace because the fruit of MD-2
is now widely available in the United States and Europe and growers have
been, and perhaps still are, paid premium prices for it.  Perhaps a decade
after Del Monte’s successful venture began, Dole began to expand
production of their own low-acid hybrid pineapple.  In the past several
years, inquiries from Central America indicate that planting material of
MD-2 has become a widely sought after commodity and fruit of this
hybrid now appear to be more prevalent than ‘Smooth Cayenne’ in the
markets of the U.S. and Europe, especially during the winter months.

Taiwan (see News from Taiwan), Australia, Brazil (see News from
Brazil below) Malaysia, and perhaps other countries have also developed
hybrid pineapples specifically for the fresh fruit market.  This trend of
new varieties of pineapple in the marketplace is completely consistent
with the expanded variety of temperate fruits that can be found there.  It is
unfortunate that pineapple growers have had to confront the challenges
associated with year-around production of fresh pineapples at the same
time that support for research to investigate and understand some of the
important problems has declined.  Individual growers are at a particular
disadvantage because they may not have the training or resources needed
to conduct the controlled experiments needed to solve problems associated
with new cultivars or changes in cultural practices required to support a
successful fresh fruit operation.  Regrettably, that situation does not
appear likely to change in the foreseeable future.

TFNET Effort to Develop Organic Pineapple
Technical Guidelines 

The following information was provided by Jantien Emmons,
Jantien.Emmons@fao.org, with minor changes and additions by D.
Bartholomew

The International Tropical Fruits Network (TFNET), with
financial and technical support from the Food and Agriculture
Organization of the United Nations, convened an international
workshop on technical guidelines for organic cultivation of tropical
and sub-tropical fruits in July 2002. The workshop was attended by
participants from Sri Lanka, Bangladesh (BRAC), Cuba (IIFT),
Malaysia (TFNET, DOA, MARDI, private growers and NGO),
AGRECOL, IFOAM and FAO.  The overall conclusions of the
workshop were:
1. It was recognised that farmers have difficulty finding practical
information about the organic cultivation of specific fruit crops in the
tropics and subtropics and that there is scope for collaboration among
fruit crop specialists and the organic agriculture community in order
to generate and disseminate production guidelines that will help
farmers meet certification requirements and get returns.
2. It is important to recognise that the principles of organic
agriculture imply a completely different approach to developing crop
management systems; nonetheless, crop science in all its derivations
offers much knowledge that can be adapted and used in this pursuit.
3. The mechanism of informal, flexible work groups, based on
voluntary collaboration and sharing of information, was found to be
appropriate for activating both editorial initiatives and research and
technology generation to meet the specific needs of organic tropical
fruit growers. It will be important to find ways of integrating the
experience of pioneering organic farmers in the method of work
adopted.
4. The joint sponsorship by FAO, IFOAM, and TFNET of these
initiatives should be a significant message to potential collaborators,
as well as sponsors and donors, and will help to impress upon the
scientific, organic and trade communities the importance of
collaboration for mainstreaming organic agriculture.

Workplans for compiling technical guidelines for the organic
cultivation of citrus, mango, papaya, and pineapple were agreed
upon.  A detailed workplan has been developed for pineapple and the
lead coordinator/writer for technical guidelines for pineapple was
H.M.S. (Subha) Heenkenda of Sri Lanka (subhahee@sltnet.lk).  It
was projected that the guidelines would be completed by August,
2003.

Date of 5 th Symposium in South Africa Fixed

Allen Duncan, chair, Pineapple Working Group, writes that an
executive committee has been formed to organize the next pineapple
symposium.  Allen chairs the committee and the Scientific Division
will be chaired by Dr. Piet Jobert of the ARC/ITSC.  The date of the
symposium will be 11-15 May, 2005.  The venue is still under
discussion and no doubt will be announced soon.  The main
pineapple growing area of South Africa is in the Eastern Province of
South Africa, and a map of South Africa and of the Eastern Province
can be found at the Summerpride Foods website at
http://www.summerpride.co.za.

ISHS Membership and Benefits

The ISHS is one of the foremost organizations promoting
cooperation and communication among researchers, growers and
consumers in the horticultural industries.  The aim of the ISHS is to
promote and encourage research and to facilitate the cooperation of
scientific activities and knowledge transfer on a global scale by
means of its publications, events and scientific structure.  The ISHS
provides the structure under which our Pineapple Working Group
functions and provides for the publication of meeting proceedings in
a volume with high visibility.  An important benefit of membership is
to support an organization with the goal of improving horticulture
across the globe.  Detailed information about ISHS and the benefits
of membership can be found at  http://www.ishs.org .  All titles and
abstracts of all issues of Acta Horticulturae are available there and
members have access to up to 10 Acta articles at no additional cost. 

mailto:Jantien.Emmons@fao.org
mailto:(subhahee@sltnet.lk).
http://www.ishs.org
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For more information go to the ISHS web site or contact the society by
writing to: ISHS Secretariat, P.O. Box 500, 3001 Leuven, Belgium (E-
Mail: info@ishs.org).

Contributions to Pineapple News
Please plan now to contribute to the next issue of Pineapple News.

When submitting articles for publication in the newsletter, please follow
the guidelines below.
1. All contributions should be written in English. Assistance with

editing will be provided.
2. Preferred contributions are timely news about research on issues

related to culture, processing, storage, and marketing of pineapple,
new, interesting, or unique problems encountered by growers, and
status reports on the pineapple industry within a country or region.

3. If possible, please send contributions by E-mail as attached files in
MS Word or rich text format or on floppy disks.  Printed copy should
be clean and sharp so it can be scanned to speed conversion to a
wordprocessor format.

4. Columns in tables should be separated with tabs.  Do not use Tables
features of word processing programs.

5. Submit photographs that can be scanned or provide jpg image files
having a resolution of at least 300 dpi so they can be printed in grey
scale with a laser printer with acceptable resolution.

6. Mail contributions and inquiries to: D.P. Bartholomew, Dept. of
NREM, Univ. of Hawaii, 1910 East-West Rd., Honolulu, HI
96822 U.S.A. (Phone (808) 956-7568; Fax (808) 956-6539; E-mail:
duaneb@hawaii.edu.  Pineapple News is available on the Web at:
http://tpss.hawaii.edu/pineapple/pineappl.htm.

7. Address corrections: Please send mailing and E-mail address
corrections to D.P. Bartholomew at the above address.�

Organic Pineapple Working Group

One Year after It's Formation, the Chair
Discusses the Issues

Douglas Hinds, Chair, OPWG, Apdo. Postal No. 61, Cd. Guzman, Jalisco,
49000 Mexico; cedecor@gmx.net.

Just over a year ago, at the 4th International Pineapple Symposium
held in Veracruz, Mexico and published soon afterwards in the 8th edition
of Pineapple News, the existence of an Organic Pineapple Subgroup of the
Pineapple Working Group (OPWG) chaired by this writer was announced. 
As a result of the announcement, inquiries and membership applications
arrived from growers and researchers in Australia, Costa Rica, Cuba,
Dominica, Guyana, Hawaii, India, Ivory Coast, Mexico, Papua New
Guinea, the Philippines, South Africa, and Sri Lanka.

A little later, a Proposal for the OPWG's orientation, scope and
activities was drafted and sent to all members, after the email addresses
were provided for a few affiliates that didn't include that data in their
membership applications, thanks to members and others who did us the
favor of calling them in order to procure that data.  In order to determine
the current state of the art as practiced by our OPWG membership, the
Proposal was followed by an Organic Pineapple Production Poll which
was also sent to all members, many of whom responded in detail.

In order to provide a significant degree of support for the
membership, the OPWG must successfully deal with a number of critical
issues which have not yet been sufficiently defined by the members.
These issues include: Information Sharing as contemplated in OPWG
Policy and in Practice, the Design and Implementation of a Collaborative
Research Project, Joint Promotion of the Organic Pineapple Industry and,
the Feasibility of Group Marketing, all of which were put into focus.  Two
related issues are: Sharing Information with Non-members and, the
Publication of Information Provided by Members.

Not all of these issues have been resolved to date, which has impeded
our attacking together the underlying technical issues related to organic
pineapple production.  These issues include Flower Induction, Pest and
Disease Control and Fertilization using both on-farm and off-farm sourced
organic materials for Compost and Compost Tea fabrication, along with
Crop Rotations, Green Manures, Companion Planting and for mineral

requirements, Rock Dusts. Until these issues are resolved, the
viability and functioning of the OPWG itself will be somewhat
limited compared to what could be accomplished by a totally unified
and open group of farmers and researchers..

Understandably, those group members already cultivating and
marketing organic pineapple are not eager to share their knowledge
and experience with their competitors.  However, in many cases the
wide geographic separation of members makes that danger a moot
issue and the researchers within the group are much less subject to
these kinds of impediments.

Partly in order to stay clear of the conflicts of interest and partly
as a logical follow up to the formation of the group itself, the group's
first steps concentrated on identifying each member's principle
problems and the relative importance of each problem within his or
her operation.

How Organic Agriculture Differs
Unlike conventional agriculture, which depends on synthetic

agrochemicals, Organic Farming is an agricultural production system
based on the presence and activity of living organisms.  In addition to
those microorganisms that inhabit the soil and facilitate the
accessibility and assimilation of the nutrients crops require, a myriad
host of beneficial organisms that include earthworms, birds,
predators, parasites, pathogens, plants repellant to pests (the principle
vectors for crop diseases), and plants attractive to pests are involved.
Other accepted practices include the employment of natural
hormones that attract pests to insect traps and the use of sterile male
pests that on mating with their counterpart, leave no progeny. 
Compost teas, fairly recent additions to the organic growers arsenal,
have been shown to control a number of plant pathogens.  For more
information on the subject, search the web using the key words
compost tea and plant pathogen.  (For more information on the
subject see:  http://attra.ncat.org, http://www.ibiblio.org/ecolandtech,
http://www.soilfoodweb.com  and
http://www.ams.usda.gov/nop/indexIE.htm.)

At present, the demand for Organic Pineapple outstrips the
fruit's availability and obviously, high quality organic pineapple is
likely to procure a higher price than that brought by conventional
.pineapple.  In general, the yearly growth of the Organic Market is
significantly higher than that occurring in the conventional produce
industry and that should hold true for organic pineapple also, once
the problem of supply has been resolved.  At least one of the major
players in the conventional pineapple industry is working toward
developing and marketing an organic product.

Organic Production in Mexico
In Mexico, most pineapple growers are not land owners and

must rent the few hectares they are able to finance pineapple
production on, usually with governmental support. Most of this
product is directed to the relatively unstable national market, which
is frequently unable to assimilate large enough quantities of the
product, once the season's peak has arrived.

Two years ago, in the aftermath of extremely serious losses
suffered by pineapple growers after a glut caused the market to
plummet, many who had grown pineapple all their lives ceased to
plant that tropical fruit.  The grave loss suffered by all growers was
due to four principle factors: An excessively high dependency on
expensive and contaminating agrochemicals that make pineapple an
unusually expensive crop to produce; a total absence of
industry-wide planning and corrupt leadership within the unions most
poor pineapple farmers form part of, along with unstable national
prices, which plunge whenever the national market becomes
saturated. 

There is no significant market for organic food in Mexico at
present and this is not expected to change in the foreseeable future. 
Therefore, organic food is cultivated almost exclusively for
distribution in the USA, Canada, Europe, Japan and increasingly,
other economically important areas of Asia.  The principle
advantages of exporting pineapple are a far more stable price range
and the ability of export markets to assimilate much larger quantities
of fruit.  However, at present, most pineapple grown in Mexico is

mailto:ISHS@agr.kuleuven.ac.be).
http://agrss.sherman.hawaii.edu/pineapple/pineappl.htm.
http://attra.ncat.org,
http://www.ibiblio.org/ecolandtech,
http://www.soilfoodweb.com
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consumed within the country and therefore, subject to the market
aberrations mentioned above.

Furthermore, with a few notable exceptions, Mexico's pineapple
production system is much less efficient that that found in the principle
pineapple producing countries and both the yield (tons per hectare) and
cannery yield (boxes per ton) are notoriously lower.  Consequently,
Mexico is unable to compete with Thailand, Vietnam, the Philippines,
Malaysia and Indonesia within the conventional canned and frozen
pineapple industry.

On the other hand, within the fresh pineapple industry, whether
Conventional or Organic, Whole or Fresh Cut, Mexico is better able to
compete within the international market, above all in the USA market; if
only Mexico's pineapple growers could get together and organize a well
planned pineapple production and marketing project–a goal that is
included in the support we attempt to provide growers.  At present, only
eight per cent of the pineapple sold in the US market is of Mexican origin,
despite the climatological, geographic and political advantages (i.e. trade
agreements) Mexico enjoys in relation to the USA and Canada.

Although not required for organic certification, Fair Trade and an
Equitable Treatment for farm workers are increasingly important as a
necessary adjunct to organic food, since Social Responsibility is
considered by many to be closely related to it's Ecological counterpart. 
However, a fair deal for poor pineapple growers is dependent in part on
opening direct distribution channels, with fewer intermediaries found
between the grower and the consumer. Consumers will also benefit, with
lower prices and fresher pineapple that is picked riper, as a result.

For many other consumers, rather than any appreciation for it's
ecological benefits, the demand for organic food is driven by it's
certifiable absence of genetically modified organisms and the traceablity
required by the organic certification process, which greatly augments the
degree of food security associated with organic food in general.

We hope that growing organic pineapple will help improve the living
conditions in the regions where pineapple is grown in Mexico, particularly
since the economy of these regions depends almost exclusively on this
one crop.  Even the fountains in the town square of Loma Bonita, Oaxaca
(a city whose economy depends more than 95% on it's pineapple
production), are constructed in the shape of a pineapple, for instance.  

Undoubtedly, a well organized organic pineapple production project
that takes advantage of Mexico's potential could do wonders for the poor
farmers  in Mexico's Southeast, where the vast bulk of Mexico's pineapple
production occurs on unirrigated land in the Papaloapan Basin.  Along
with chairing the OPWG, we hope to provide these poor farmers with all
the support required to achieve that end.�

News From Australia

2002 Pineapple Field Day

The Pineapple Field Day for 2002 was held at the Glasshouse
Mountain Sports Club on July 19.  The program was more limited in
scope than those presented in past years and fewer of the presenters wrote
up material for the Field Day Notes.  The technical program included
presentations on:
! Fresh pineapples and hybrids by Nick MacLeod, Golden Circle Ltd;
! Disease resistance screening in pineapples by Garth Sanewski, DPI;
! Technical update 1 by Doug Christensen, Golden Circle Ltd;
! Technical update 2 by Tim Wolens, Golden Circle Ltd;
! Commercialisation strategy for new pineapple hybrids by Chris

Adriaansen, Business Manager, QHI, DPI;
! Farm safety courses by Peter Chapman, Workplace Health & Safety

Advisor (Rural) Nambour;
! Report on diazinon residue trials; Andrew Kennett, Agristudies &

Associates;
! Report on the Fourth International Pineapple Symposium, Mexico;

Col Scott and Tim Wolens, Golden Circle Ltd;
! Future directions in land management issues by Stan Ward, DPI

Forestry, Beerburrum;
! New Golden Circle website features for growers by Jonathan Davies,

Golden Circle Ltd ;
! Farm budgeting by Gavin Crawley-Smith, ANZ bank.

Symphylid Chemical Observation Trial at
Yeppoon

Tim Wolens and Doug Christensen, Golden Circle Limited

Trial Outline
An informal design to screen treatments for Symphylid.

The soil is a structured clay loam (Vertisol) at Cawarral with a
pH of 5.3.  Digging at the site found white grub and symphylid in
existing crops and symphylids were easily found inside moist soil
clods in the fallow soil before trial installation.

This trial was installed in October 2000, with Metham applied
after significant rainfall allowed ideal soil moisture and planted with
Smooth Cayenne slips three weeks after fumigation.  The plant crop
was harvested on 15 January 2002.

Treatments, Materials and Methods
Treatments where pre-plant soil incorporated by mini-spray

boom attached to a rotary hoe, or in the case of Metham, blanket soil
injection with cutter-bar boom to 0.3M depth.  Small plots were
hand-sprayed as a simulated boom spray.  The plant population
density was 43,391 plants ha-1.
1. Main Treatment (Combination Treatment of Metham ,
Chlorpyrifos and Lindane).  The commercial pineapple field was
treated with chlorpyrifos (Lorsban 500EC) and lindane (Lindane
200SC) during early ground preparation and at hilling respectively.
The Metham fumigation treatment was applied two weeks before
hilling.
2. Test Strip – A test strip of Metham alone was installed alongside
the combination treatment.
3. Small Plots – Randomised pairs of chlorpyrifos, lindane, fipronil
(Regent 200SC) and bifenthrin (Talstar 100EC) where applied at the
side of the commercial crop.
Note- There were no post plant applications for any treatment.

Main Results Summary

Table 1.  Plant crop summ er fruit (average process grade weight) and
calculated process fruit yield.

Treatment W t., kg Sma lls, % juice Yie ld, T
ha -1

Control 1.45 24 47.81
Lindane 200SC 1 1.25L 1.47 26 47.0
Lorsban 500EC  5L 1.57 17 56.42
Metham Sodium 600L 1.67 8 66.66
Lorsban and Lindane 1.92 0 83.31
with Metham, rates as above.

Fruit yield per hectare was relatively low over-all due to the
traditional low density planting style (wide bed spacing). But fruit
size in the successful combination treatment of metham with residual
pesticides (lindane and chlorpyrifos) was excellent.

Symphylid Chemical Observation Trial Discussion
There was strong evidence that the causal organism of crop

damage was symphylid due to a conspicuous presence of this pest in
the experimental area.  Symphylid began to re-establish in the
fumigated bed soil from two months after planting, but took five
months to re-appear in the lindane treated areas.  Control of the pest
was most effective where the combination of metham fumigation and
residual pesticides were applied.

The metham and metham combined with soil residual
insecticide treatments related to commercial scale treatments and
were visually very even and consistent by crop appearance and data
sampling.  However, the small plot areas looked to be subject to a
high degree of environmental bias.  Differences in small-plot results
with the registered chemicals, Lindane and Lorsban in this case
should be therefore treated with caution. 

One strong assertion is that the rates of experimental insecticide
used in this Yeppoon trial are very much inadequate for soil control
of symphylid– results were similar to untreated (data not presented). 
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Subsequent trials at Gympie show early promise of good
experimental control at much increased rates of the experimental
pesticides, broadcast soil incorporated. This development has resulted in
the installation of further fully replicated small plot trials by Cropcare for
possible future registration applications for one experimental. 

Also from other trials it would be expected that the lindane small
plots should have responded to a greater degree than these small plot
results.

Ornamental Pineapples

G. M. Sanewski, Maroochy Research Station, Nambour. Australia.

A small market exists for ornamental pineapples, either for the cut
flower market or the landscape market.  A small scale breeding program
(approx 5,000 seedlings) conducted at Maroochy Research Station has
developed varieties potentially suitable for either market.  Three varieties
will soon be released for the cut flower market and 3 varieties for the
landscape market.  Ananas bracteatus was used as a parent for the cut
flower types because of its bright red cone.  A. lucidus cv Selvagem 6 was
used as a parent for the landscape types because of its chocolate/red leaf
colour.  The cut flower types generally have a bright red cone on a long,
thin scape.  One, an intergeneric cross, is bright pink.  The landscape
types are generally moderate in vigour with narrow, chocolate/red leaves
and a small pink/red fruit on a long, thin scape.  One is a dwarf, clumping
type with green leaves.  Varieties to be released include Anna Red, Anna
Belle, Anna Rose, Anna Flame, Anna Pink and Anna Min.

News from Brazil

Alternative Technologies for the Cultivation of
Pineapple
  
Getúlio A. Pinto da Cunha, Embrapa Cassava and Fruit Crops, P.B. 007,
44380-000 Cruz das Almas/BA - Brazil.  getulio@cnpmf.embrapa.br

Pineapple is grown  in Brazil mainly in the NE, SE and N regions,
where it represents an important source of income and employment.  In
general, this crop is cultivated on small farms, usually less than 10
hectares, involving, in most of the cases, family labor.  But there are also
medium and large growers, all of them demanding technologies that can
contribute to reducing the risks and increasing the productivity of the
crop, both indispensable for increasing income and improving the farmer's
quality of life.

Pineapple ranks third among the tropical fruits cultivated in Brazil,
with production in 2001 of about 1,35 billion fruits produced on an area of
59,123 hectares (IBGE/LSPA, 2002).  Pineapple was the first plant to
have flowering artificially controlled on a commercial scale, and this
made economical cultivation possible.  However, the low efficiency of
flowering control and the incidence of fruit sunburn, mainly in small
plantings where the farmer doesn't have enough money to invest in
technologies, increases the risks of growing pineapple.  In the case of fruit
sunburn, the losses can reach more than 70% of fruit production.  Hence,

the great importance of the use of alternative technologies that make
the production of pineapple economical and improve fruit quality,
which directly increases its commercial value.
  
The Technologies 
1.Increase in the Effectiveness of the Treatment for Floral Induction
(TIF) - TIF in pineapple culture aims at inducing uniform flowering
and, thus, concentrating harvesting in a short period of time,
improving the economics of production and scheduling production as
a function of market demand.  Ineffective control of flowering
practically makes pineapple cultivation uneconomical.

The technology described here is based on the use of ethephon
to force pineapple flowering.  When applied to the plant, the
ethephon is decomposed, liberating the ethylene, which then induces
flowering.  The amount of ethephon used, and thus the cost of flower
induction, can be reduced by speeding up the decomposition of
ethephon by raising the solution pH above 7.0.  This can be done
using low-cost substances such as calcium hydroxide (Ca(OH)2) at
0.35 g L-1 of water.  First, the Ca(OH)2 is dissolved in a small amount
of water along with sufficient urea to make a final diluted
concentration of 2% .  Water is added to make the final solution
volume and 0.25 to 0.50 mL ethephon is added per liter of solution. 
Forcing is accomplished by applying 30 to 50 mL of the solution per
plant.  That represents a 25% to 40% reduction in the concentration
used by growers.  The higher amounts of ethephon (0.50 mL) should
be used when the application time coincides with periods of the year
that are unfavorable for floral induction (long and sunny days with
high temperatures), and also in vigorous plants.  The schedule of
application should be the same used with other techniques (at night,
early in the morning or in the late afternoon).

2. Protection of the Fruit against Sun Scald or Sunburn - Considered
as a serious defect by the National System of Vegetal Classification
/Brazilian Ministry of Agriculture, sunburn happens as the result of
exposure of the fruit to direct sun, mainly in the period between 12
and 2 pm.  Sunburn is more severe when the fruit bends over or
lodges.  Fruit sunburn occurs in all pineapple producing areas where
harvesting coincides with the hotter time of the year, but mainly in
the North region of the country.  Sunburn decreases fruit quality and,
if not controlled, causes losses of more than 70%, and may even
make pineapple cultivation unfeasible.  To avoid this problem, the
fruit should be protected, mainly at the side the sun sets, with grass
from weeding, with used newspaper or, with the leaves of the plant. 
In the latter case, three methods can be used: a) tying the longest
leaves above the fruit with a string; b) fixing pickets along the
planting lines spaced 2.50 to 3.00 m apart and  along which parallel
strings are passed and tied  (crossed or in zigzag); those strings
support the leaves in the vertical position and thus protect the fruits
collectively; c) tear the longest leaf in the middle up to half its length
and without detaching it from the plant wrap up the other leaves,
which are lifted up around the fruit and tied above the crown. Under
climatic conditions favorable to the occurrence of sunburn, the
protection should be accomplished as soon as the fruit is formed.   
  
Advantages and Impacts of the Technologies  

The advantages and impacts of the technologies here described,
are: 1. Yield increase (increase in the number of fruits
harvested/area); 2. Improvement of fruit quality (absence of
sunburn); 3. Decrease in production costs (smaller amount of floral
inductor and no need of used newspaper), with consequent increases
in the profitability of the culture (more fruits sold at better prices).  In
comparison with the usual techniques, the elevation of the pH of the
ethephon solution decreases the amount of product required while the
protection of the fruit with the plant’s leaves reduces the cost of
inputs.  At present, in the areas where ethephon is used, the
concentrations are very high, reaching from four to 16 times more
than that recommended in this paper.  The described technologies can
be used, not only by small but also by medium and large growers,
including agricultural enterprises, that cultivate pineapple with
commercial purposes.  Both technologies are of low cost and,
therefore, accessible to all pineapple growers. Artificial floral
induction is indispensable in all the producing areas where pineapple
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is cultivated in an economical way, while the protection against sunburn is
already practiced in most of the areas where it occurs.

The technologies presented here received the “FRUTAL Technology
Award/2002”, during the 2nd. Symposium of Technological Innovations,
accomplished in Fortaleza/CE-Brazil, September/2002.

‘Imperial’, a New Pineapple Variety from
Embrapa

José Renato Santos Cabral (plant breeding), Arsitóteles Pires de Matos
(plant pathology) and Domingo Haroldo Reinhardt (plant physiology,
crop management), Embrapa Cassava & Fruits, Caixa Postal 7, 44.380-
000, Cruz das Almas, Bahia; email: jrenato@cnpmf.embrapa.br 

The pineapple varieties most cultivated in Brazil have been ‘Pérola’
and ‘Smooth Cayenne’, both susceptible to Fusarium disease, the main
phytossanitary problem of this crop in the country.  To minimize losses
due to that disease it is very important to use healthy planting material, to
eliminate contaminated plants as soon as possible and to do preventive
chemical control, requiring at least three to four applications of fungicides
before and during the flowering period of the plants.  These practices
increase costs and reduce considerably the chance of producing organic
pineapples.  However, the most efficient and economic method for
controlling this disease is the use of genetically resistant cultivars.

Since 1984 Embrapa Cassava & Fruits has been carrying out a
genetic improvement program to produce pineapple varieties resistant to
fusariosis and that produce fruits of good quality that meet the markets’
demands.

The ‘Imperial’ pineapple is a ‘Perolera x Smooth Cayenne’ hybrid
obtained in 1998.  In agronomic performance trials carried out in different
Brazilian pineapple production areas, this hybrid has been superior to the
other genotypes studied.  It is not affected by fusariosis and produces
fruits with a yellow pulp, high sugar content, and excellent flavor in
sensorial analyses. Another desired character of this new variety is that its
leaves don’t have spines, just like the ‘Perolera’.  A summary of the most
important characteristics of the ‘Imperial’ variety is given below in the
Table 1.

In Brazil, the ‘Imperial’ variety is recommended for cultivation in
regions with environmental conditions appropriate for the pineapple crop,
especially where fusariosis has been a production-limiting factor.  The
cultural practices used for the other varieties may also be applied to this
new one, except for those directed to control fusariosis.  The variety
produces fruits with qualities for both the fresh fruit market and for the
canning industry.

Table 1 .  Plant and  fruit characteristics of the ‘Impe rial’ pineapple va riety.

Characters evaluated Values obtained†

Plant height (to  fru it base, cm) 49.1
‘D ’ leaf leng th  (cm) 68.0
Peduncle  leng th  (cm) 20.8
Peduncle  diamete r (cm) 3.1
Leaf type Sm ooth
Leaf color Dark green
Slips per plant 9.0
Su cke rs per p lant (a t fruit ha rvest) 1.0
Fruit weight without crown (g) 1672
Fru it leng th  (cm) 18.5
Fru it d iamete r (cm) 13.5
Crown weight (g) 120
Crown leng th  (cm) 17.8
Fruit format Cylindrical
Rind co lor (ripe fru it) Yellow
Pu lp co lor (ripe fru it) Yellow
Fru it core  diamete r (cm) 2.4
Total soluble solids (TSS, °Brix) 15.8 
Total t itrable acidity  (TTA, % as citr ic acid) 0.62
Ratio (TSS/TTA) 25.48
Re action to  Fusariosis Resistant
†The values are averages obtained from several cycles of study at Cruz das
Almas, Bahia, in a low ferti li ty soil  (yellow latossoil) and under rainfed
conditions.  At this site the climatic condit ions are the following: averages
annual rainfall , 1.150mm, with fewer rains in the summ er; temperature of
24°C, with  extre mes ranging  from  about 17°C to 33 °C; relativ e a ir humidity
of 78% and sun radiation of 2.200 hours.

Fruit Pulp Quality Gradients in ‘Pérola’
Pineapple

Domingo Haroldo Reinhardt (plant physiology, crop management),
Valdique Martins Medina (post-harvest physiology) and Ranulfo
Correa Caldas (experimental statistics), Embrapa Cassava & Fruits,
Caixa Postal 7, 44.380-000, Cruz das Almas, Bahia; email:
dharoldo@cnpmf.embrapa.br
Alberto de Almeida Alves, (researcher) Agricultural Research
Corporation of Bahia State (EBDA), Itaberaba region, Bahia; Pedro
Paulo Simas Santos, president, Cooperativa dos Produtores de
Abacaxi de Itaberaba (COOPAITA) and Rodrigo Estevam Herrera,
undergraduate student, Agronomy College, Federal University of
Bahia, Cruz das Almas, BA.

‘Pérola’, the most cultivated and consumed variety of pineapple
in Brazil, has a relatively long fruit, which botanically is an
inflorescence, generally composed by 50 to 150 individual fruits
(fruitlets), each originated by parthenogenesis from one complete
flower.  As with the whole plant, the inflorescence is formed in a
spiral and development begins from the base, so the fruitlets at the
base of the inflorescence are physiologically older than those above.
This age difference among fruitlets results in similar variation in
fruitlet maturation.

The Brazilian Ministry for Agriculture, Livestock and Food
Supply (MAPA) established the criteria of classification and patterns
for commercial pineapple fruits in the country, including such
specific qualitative requirements as their minimum sugar content (12
°Brix), size (weight) ranges, and degrees of apparent maturity (rind
color).  Taking into account the internal gradient in physiological age
in pineapple fruits, quality control procedures strongly depend on
correct methods of fruit sampling and evaluation.  Specific
knowledge of the internal fruit quality gradients is fundamental for
the definition of those procedures.

In the 2002 ‘Pérola’ pineapple production season, fruits were
harvested from commercial fields in Itaberaba, the main production
zone in Bahia.  Analyses of the gradients in the most important pulp
quality attributes were carried out at the Plant Physiology and Post-
Harvest Technology Laboratory of Embrapa Cassava & Fruits, Cruz
das Almas, BA.  The first study was done on fruits of two size ranges
(large – 1500 g to 1800 g; small – 900 g to 1300 g) and two apparent
maturation stages corresponding to rind color stages (green-ripe, with
up to 15% of yellow rind area; colored – with more than 40% of
yellow rind area).  In the second study fruits of intermediate size
(1300 g to 1400 g) with less than 5% of yellow rind area (green-ripe)
were used.

Regardless of fruit size and stage of maturation, rather large
vertical gradients were measured in total soluble solids (TSS)
contents, total titrable acidity (TTA), ratio (TSS/TTA) and vitamin C
content.  TSS contents were the highest in the lower one-third  of the
fruits (15.0 °Brix), reached 13.9 °Brix in the middle one-third, and
12.4 °Brix in the upper third resulting in an average difference
between upper and lower sections of 21%.  The vertical gradient for
the TTA was smaller and in the opposite direction, i.e., decreasing
from an average 0.53% equivalent citric acid in the top to 0.42% in
the lower one-third of the fruit, an average difference of 26%.  These
same tendencies were observed for the vitamin C content, though
with less regular differences than for the TTA.  On average, the
vitamin C content was 29% higher in the upper one-third of the fruit
(20.3 mg 100 g-1 of juice) than in the lower third (15.7 mg 100 g-1 ).

The ratio TSS/TTA followed the same trends as the TSS, being
25.6 in the upper, 34.3 in the middle, and 38.7 in the lower one-third
of the fruits with a maximum average contrast of 51.2%.  The
TSS/TTA ratios of large (34.3) and small (31.4) fruits were similar,
but TSS and TTA were higher for small fruits (14.8 °Brix and
0.50%) than for large ones (12.8 °Brix and 0.43%).  Vitamin C
content was higher for large fruits (20.4 mg 100 g-1) than for small
ones (14.9 mg 100 g-1).

As expected, more mature fruits had a higher average TSS level
(14.6 ºBrix) and a lower TTA level (0.37%), resulting in a ratio
(41,5) that was 71.9% higher than that of green-ripe fruits.  However,

mailto:jrenato@cnpmf.embrapa.br
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the vitamin C content of colored fruits (13.4 mg 100 g-1) was 62.6% lower
than that of green-ripe ones (21.8 mg 100g–1).

In the second study, transverse gradients in the fruit were analyzed. 
The TSS content was higher close to the central cylinder (on average, 11.8
°Brix) than in the area close to the rind (11.2 °Brix), giving a difference of
5.4%.  In the area between the core and the rind (the central portion), the
TSS was 11.3 °Brix.

The horizontal gradient of TTA was larger and in the opposite
direction of that for TSS, i.e., decreasing from 0.67% near the rind to
0.49% near the core; the average value for the central portion was 0.58%. 
Thus there was an average difference of 36.7% between the flesh near the
rind and that near the core.  Like the TSS content, the ratio TSS/TTA also
increased from an average of 17.7 near the rind, was 21.1 in the center of
the flesh, and 25.7 near the core, resulting in an average difference
between the rind and the the core of 45.2%.

The gradients observed for the most relevant internal quality
attributes of ‘Pérola’ pineapple fruits and, above all, their amplitudes,
showed the special attention that the sampling and the quality control
analyses deserve.  Preferably the rind should be removed and
measurements should be made on well homogenized juice extracted from
the whole fruit.  However, if this is not possible due to operational
problems (labor force, time consumption), a sample consisting of one-
fourth of the upper half collected from one side of the fruit and one-fourth
of the lower half collected from the opposite side of the fruit should be
taken, homogenized, and analyzed.

Pineapple at the XVII Brazilian Fruitculture
Congress

Domingo Haroldo Reinhardt (plant physiology, crop management) -
Embrapa Cassava & Fruits, Caixa Postal 7, 44.380-000, Cruz das Almas,
Bahia, Brazil; email: dharoldo@cnpmf.embrapa,br

The Brazilian Fruitculture Congress (CBF) has been the main
scientific event on the fruit industry organized by the Brazilian Society of
Fruitculture (SBF) every other year.  The 17th Congress, held from
November 18 to 22, 2002, was the first one held in the North (Amazon)
region of the country, in this case in the city of Belém, capital of the State
of Pará.

There were about a thousand participants from all Brazilian regions
and some other countries.   More than 600 posters were displayed, in
addition to 60 oral presentations on selected papers, four conferences and
12 technical panels on the most actual and relevant issues of the fruit
industry, R&D activities and educational aspects of fruitculture.  Thirty
papers addressed pineapple.  Only citrus, banana and passion fruit were
the objects of a higher number of papers than pineapple.  The main themes
addressed by the pineapple papers were the following: 7 on
micropropagation (PBZ and other growth regulator effects, NaCl effects,
micorhizae x plantlet growth), 3 on propagation (management of slips on
plants and after their removal), 1 on genetic improvement (evaluation of
new genotypes), 4 on fertilization and nutritional aspects (K and B x fruit
quality), 2 on physiological aspects (salinity, natural flowering), 2 on pest
control (control of fusariosis and fruit borer by mechanical protection of
the inflorescence, control methods of the mealybug), 1 on irrigation
(effects on quality of ‘Pérola’ fruits under conditions of a tropical
subhumid climate), 2 on flower induction (efficiency in different seasons)
and 7 on post-harvest management and processing (minimal processing,
evaluation of juices).  The papers presented at the Congress were printed
on a CD and distributed to the participants.  The CD should be available
for purchase at the SBF (Sociedade Brasileira de Fruticultura), whose
present address is: UFPEL/Faculdade de Agronomia, Caixa Postal 354,
CEP 96001-970 Pelotas, RS, Brasil; phone/fax 0xx53 275 9371; email:
sbfruti@ufpel.tche.br; web site at www.ufpel.tche.br/sbfruti.�

News from Costa Rica

Latin America to Take Lead in the Organic
Pineapple Market

Gabriela Centeno, Market Analyst, Sustainable Markets Intelligence
Center (CIMS; http://www.cims-la.com ), Alajuela, Costa Rica,
Email: gabriela@cims-la.com.

The global consumption of pineapple has increased
exponentially over the past decade.  The demand for organic certified
and more recently Fairtrade certified pineapple also shows an upward
trend, even though production of this pineapple continues to be
limited due to some technical issues.  According to the FAO and
ITC, the United States imported over $3,000,0001 of pineapple
certified as organic during 2001, representing nearly one percent of
total pineapple imports.

In order to follow and understand the trends of the organic
pineapple market, the Sustainable Markets Intelligence Center
(CIMS, www.cims-la.com), recently conducted comprehensive
research of the current and future situation of the supply of organic
pineapple in Latin America.  The most important results are
presented below.

Commercial-scale production of organic pineapple in Latin
America began in the late 1990's.  However, many of the pioneer
companies are no longer in business.  Natural disasters such as
Hurricane Mitch (which struck Honduran production areas), the high
costs of certification2, low prices paid to producers3, as well as
technical difficulties such as prohibition of ethylene for flowering
induction, have influenced the industry and limited its expansion
during the past three years.

From August to December of 2002, CIMS identified 350 small-
sized farms and 10 processing companies working with organic
pineapple in Latin America. CIMS contacted these companies and
obtained detailed production information including volumes, market
destinations, varieties and produce availability during the year.

The results obtained show that the region's total fresh organic
pineapple production for 2002 exceeded 9,000 tons per year and the
leading producing countries are Honduras and the Dominican
Republic.  Approximately 15 percent of the pineapple produced in
Latin America is traded as fresh product, while only 85 percent is
processed.   Thirty four percent of the processed fruit is dehydrated
and 66 percent is turned into juice, chunks, crush, marmalade,
vinegar or wine.

The main market for Latin American organic pineapple is the
European Union.  Participating companies reported that 70 percent of
the region's total organic production goes to European countries, 20
percent goes to the United States' market and small quantities
(around 5 percent) goes to other markets such as Canada and Japan. 
The remaining organic pineapple that can not be exported is sold in
local markets, usually without differentiation from the conventional
fruit.

In addition to the companies currently engaged in the organic
system, CIMS identified 110 small-sized farms and five new
processing companies in a transition period to become organic
certified.  Based on the information gathered, CIMS projects
significant growth of the Latin American supply of organic pineapple
in the next two to three years.  CIMS estimates that the region's total
production of fresh organic pineapple in 2005 will exceed 15,000
tons per year, 85 percent above current production levels.  Countries
like Costa Rica, Nicaragua and Bolivia could become important
suppliers.

On the demand side, CIMS has found that traders in the largest
markets are seeking new suppliers of organic pineapple that fulfill all
the requirements of the conventional fruit, as well as the organic
standards.  Consistent year-round supply is also a highly sought after
supplier characteristic.

It is important to emphasize that farm gate prices for organic
pineapple are about 20 percent higher than conventional product and
30 percent higher at the wholesale level.  This price premium may
change in the medium term as the international supply of organic
pineapple continues to grow.   For instance in Europe, leading
importers claim that the market differential will level-off in the next
two or three years for this kind of tropical fruit.

Certainly, the current global organic pineapple supply shortage
is one of the main triggers for this projected growth, as well as the
ethylene prohibition in the European Union.  Furthermore, CIMS

mailto:dharoldo@cnpmf.embrapa,br
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forsees a significant growth in the industry because some producers have
discovered new ways to overcome technical constraints related to
flowering induction and the former prohibition against using ethylene has
been removed from the National Organic Program (NOP) in the United
States4.  The latter is also being debated within the European Union and
the chances are high that this particular constraint will be removed there
too5.

1CCI (Centro de Comercio Internacional), CTA (Centro Técnico para la
Cooperación Agrícola), FAO (Organización de las Naciones Unidas para
la Agricultura y la Alimentación).  2001. Los mercados mundiales de
frutas y verduras orgánicas. FAO. Roma, Italia. 334p.
2Consequence of the hard transition period (36 months for the United
States legislation and 2 years and the first harvest for the European
Union).
3Sometimes traders keep the entire premium price, paying to the producer
as a conventional product.
4Van Es, M. 2003. Organic Certification Officer for Dole, Latin America.
5Jaén, B. 2003. Executive Director, Proagroin. Costa Rica.
-------------------------------------------------
CIMS is a non-profit business promotion organization based in Costa Rica
that aims to facilitate trade of sustainable products and services within
Latin American countries and from this region to the most developed
markets. CIMS provides market information, consulting and research
services.�

News from Cuba/Italy

Evaluation of Different Soil Preparation
Techniques for Pineapple Production

Jorge S. Pérez de Corcho Fuentes1, Pedro Tomba Moreno1, Massimo
Zoli2, and Francesco Garbati Pegna2.
1Facultad de Ingeniería. Universidad de Ciego de Avila. Carretera a
Morón, Km. 9. Ciego de Avila. CP 69450. Correos:
jorpede@facmeca.unica.cu, ptomba@hotmail.com.
2 Dipartimento de Ingegneria Agraria e Forestale. Università di Firenze.
Piazzale delle Cascine, 15. Firenze. 50144. Italia. Correos: mzoli@unifi.it,
garbati@unifi.it.

Although Cuba is no longer a major pineapple producer, pineapple
growing is considered of paramount importance for the country’s
economy.  It is hoped that production will expand considerably in the near
future, with production planned for around 60,000 t per year.  Production
presently is well below that with an area under cultivation of only about
5,000 hectares and productivity is very low, consistently below 10 t per
hectare over the last ten years.  About 65% of that area is in the province
of Ciego de Avila with the other main production areas in the provinces of
Pinar del Rio, La Habana, Las Villas and Houlgin. The variety most
grown is Espanola Roja, characterized by its tolerance of low fertility, its
general resistance to major pests and diseases, and the good quality of its
fruit.  However, production of ‘Smooth Cayenne’ pineapple has been
increasing in recent years.

Pineapple mechanization in Cuba follows the lines of other main
producing countries, even though the particular social conditions here
draw this sphere to assume prime importance.  As far as the machinery
used is concerned, most of it is made on the island because of the
difficulty of purchasing on the international market, and they are generally
rougher models of the original ones along which lines they are fabricated. 
There are also original adaptations to local conditions.

In the traditional pattern eliminating crop residues requires about two
months.  The residual vegetation, amounting to 100 to 200 t ha-1, is
roughly shredded by vertical axis mowing machines with rotating blades
of about 1.5 m in diameter (Figure 2, Figure 3).  Once the shredded
residues have dried out, they are burnt.  Ploughing and harrowing with
disc instruments follows and is normally repeated for up to 10 times or
until the plant residue particle size is reduced to the point that it no longer
hinders subsequent field operations.  While the use of the moldboard
plough is not unusual, disc instruments are preferred on account of the
minor drawbar pull needed.  The main consequences of these practices are

that the larger residues are not completely incorporated in the soil
while the smaller ones are buried too deep.  Further, the limited depth
of tillage doesn’t allow a favorable development of the plants.

Cuban researchers are now starting to tackle these problems and
aim to achieve an overall technology for pineapple cultivation that is
more sustainable.  Special efforts are directed to improving soil
preparation techniques, increasing soil conservation and organic
matter content, and reducing compaction and energy inputs.  Organic
pineapple farming is also being considered.  One fundamental step in
this direction will be the improvement of the soil preparation phase,
including chopping of the plant residue and tillage.

With these goals in mind the University of Ciego de Avila has
evaluated alternative methods of chopping plant residue and of soil
tillage. These methods, which also have been tested with the aim of
convincing the farmers of their profitability, are already in use in
some other producing countries, but they have not been evaluated in
depth in this environment.

The trials, which took place in 2002, included the use of a
model BNU-160 mulcher produced by the Italian firm Nobili and a
subsoiler produced locally.  The work was carried out in the Empresa
Piña of Ciego de Avila.  The morphology of the land in this area is
flat and the soils are of the red ferralitic type.  The trials were carried
out in fields planted with ‘Smooth Cayenne’ pineapple with a
spacing of 0.9 x 0.4 x 0.3 m, which corresponds to a density of
51,000 plants ha-1.  The residual plant mass was estimated to be 70 t
ha-1.  The BNU-160 mulcher was coupled to an 80 kW Valtra Valmet
985 S tractor and tested at three different speeds while the improved
tillage consisted of a first subsoiling followed by 2 passages with a
tiller and a final disc harrowing. These operations were compared
with the traditional soil preparation methods.  Several trials were
observed and a detailed description was presented at Unica 2002
(Pérez de Corcho, et al., 2002).

The main results were that one pass with the BNU mulcher
(Figure 4, Figure 5) reduced the mass of pineapple plants to smaller
particles compared to the mower.  Also, tractor speed did not
influence particle size so proceeding at higher speeds (~ 2 m/s) is
more convenient.  The higher cost of this implement is compensated
for by its higher performance and increased hourly working capacity.

Concerning the cultivation techniques, although for technical
reasons it was not possible to reach a depth greater than 0.24 m with
the subsoiler, this reduced-tillage method left the chopped residues in
a more superficial layer than the traditional one (Figure 1).  As for
mulching, keeping the residues in a well-amalgamated superficial
layer helps to prevent erosion and to maintain soil moisture.  As
expected with this vertical action the soil structure was also better
than with the traditional tillage and the water infiltration capacity
higher.  A rough economic evaluation of the two techniques was also
favorable to the vertical tillage.  Trials are still in progress to evaluate
more precisely the energy requirements of the different technologies.

As a result of this first work the management of Empresa PiÁa
showed interest in these alternative techniques and encouraged
further tests, with plans to adopt them in the next campaigns. 
Actually the performances of the BNU are still being tested in terms
of power consumption and the soil structure is being analyzed
periodically.  In the future other soil preparation methods will be
evaluated. 
Reference
Pérez de Corcho J., Tomba Moreno P., Zoli M., Garbati Pegna F.  
2002. Evaluación de tecnologías de acondicionamiento de suelos
para la producción de piña en la provincia Ciego de Ávila, Cuba – V 
Conferencia Científica Internacional Unica 2002, Ciego de Avila,
Cuba.
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Figure 1.  Effect of mulcher (A) and rotary mower (B) and travel

speed (V1, 1.4 m/s; V2, 1.6 m/s; V3, 1.8 m.s) on distribution of

pine apple res idue  with  depth  in so il.

Figu re 3. R esidu e size  after on e pa ss w ith the C H-60 m ower.

Figure 2. Chopping residue in a weed-infested f ield with the

CH -60 m ower.

Figure 5. Residue size after one pass with the BNU-160

mulche r.

Figu re 4.  F ield chopp ed w ith BN U-160 m ulche r.

News from India

Plant Regeneration from Basal Disc Slices
of Second Generation (M2) “Spineless
Variants” of Pineapple Fruit Crowns

Minal Mhatre, Nuclear Agriculture & Biotechnology Division,
Bhabha Atomic Research Centre, Trombay, Mumbai 400 085, India. 
email: mmhatre@magnum.barc.ernet.in

In vitro-derived pineapple explants were established in the field
for trials.  Spineless variant plants were identified and their
performance was studied.  Fruiting in spineless plants was found to
be delayed, the fruits were smaller in size and weighed less than the
spined plants.  The crowns of the fruits of the spineless plants were
also small and were devoid of spines.  The dormant axillary buds
from these crowns were too tender and difficult to isolate and did not
sprout in culture.  However, after removal of all of the crown leaves,
the remaining basal disc (2-3 cm) was cut into thin slices and
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cultured on MS (Murashige and Skoog, 1962) medium supplemented with
NAA, IBA and Kinetin. Sixty-two percent of the explants sprouted and
produced multiple shoots (3-4 shoots in each explant).  These were
isolated, subcultured and maintained as second generation (M2) of the
variant spineless line of pineapple.  Shoots (5 cm) were rooted on RM-
liquid rooting medium (Soneji et al., 2002) and are ready for transfer. 
Their performance in the field will be evaluated with respect to the
spineless character.

References
Murashige T. and Skoog F. (1962). A revised medium for the rapid

growth and bioassays with tobacco tissue cultures. Physiologia
Plantarum, 15: 473-97.

Soneji, J.R., Rao, P.S. and Mhatre, M.  (2002).  Somaclonal variation in
micropropagated dormant axillary buds of pineapple (Ananas
comosus L., Merr.). J Hort Sci & Biotech 77: 28-32.

Transformation of Pineapple Leaf Bases with
the Megainin Gene Analogue, MSI-99

Minal Mhatre, Nuclear Agriculture & Biotechnology Division, Bhabha
Atomic Research Centre, Trombay, Mumbai 400 085, India.  email:
mmhatre@magnum.barc.ernet.in

Megainin is a known antimicrobial peptide isolated from the skin
secretions of the African clawed frog Xenopus laevis.  Earlier, a synthetic
substitution analogue MSI-99 was subcloned into plant expression vectors
pMSI164 and pMSI168 and used successfully for banana and tobacco
transformation to impart resistance to diseases (Chakrabarti et al., 2003). 
Leaf bases of pineapple (Ananas comosus L., Merr.) were transformed
with pMSI164 and pMSI168 and selected on kannamycin and cefotaxime
containing media.  Only 6% explants produced callus and 2% explants
produced multiple shoots.  Callus as well as the shoots have been isolated
and multiplied.  DNA was isolated from the callus and PCR amplified
using forward and reverse primers (168 and nos) and the plasmid as
positive control.  Although the transformed callus did not exhibit the 180
bp band as per expectations two non specific larger sized bands were
observed. Confirmation of transformed nature of the callus as well as the
shoots is being done with Southern hybridization.  

Reference
Chakrabarti, A, Ganapathi, T.R., Mukherjee, P.K. and Bapat, V.A.  2003. 

MSI-99, a magainin analogue, imparts enhanced disease resistance in
transgenic tobacco and banana. Planta 216: 587-596.�

News from Malaysia

Pineapple Residues: from Burning to Products
Development

O. H. Ahmed*,  M. H. A. Husni, A. R. Anuar, and  M. M. Hanafi,
Department of Land Management, Faculty of Agriculture, Universiti Putra
Malaysia, 43400 UPM Serdang, Selangor, Malaysia.  E-mail:
osman60@hotmail.com

Introduction
Malaysia is perhaps the only country in the world that largely

cultivates pineapple on peat.  The usual way of recycling pineapple
residues before subsequent replanting in mineral soils is through
shredding and ploughing these residues into the soil.  But probably due to
the inability of peat to support heavy-duty tillage implements, pineapple
residues on peat are managed through burning.  Due to the ever-increasing
awareness about environmental pollution, concerns have been expressed
about the long-term effects of burning of crop residues, including those of
pineapple.  In line with this, some attempts have been made to develop a
more sustainable means of handling pineapple residues.  This paper
communicates the progress made in managing these residues on and off
peat.

Findings
The 1997 economic loss in the agricultural sector due to haze in

South- East Asia necessitated the comparison of the economic
viability of burning pineapple residues with removal of these residues
before replanting.  In their economic valuation study of pineapple
residue, Husni et al. (1999) observed that the practice of removing
pineapple residues before replanting was economically viable.  Air
pollution associated with burning was estimated to cost US$ 620 ha-1

against the cost of US$ 23.50 ha-1 associated with residue removal. 
This study, however, failed to address the issue of who or how to
manage the residues after removal.  This pressing issue might have
prompted Ahmed et al. (2002) to investigate the feasibility of leaving
pineapple residues to decompose in-situ rather than removing them. 
Ahmed et al. (2002) studied the economic viability of these residue
management practices and concluded that the unburned practice was
economically viable.  The problem with the unburned practice is that
about 5.5 Mg ha-1 of pineapple residue is produced per a cropping
season (2 years).  If this large amount of residue is left to decompose
in-situ, it is anticipated that the adoption of this practice without a
very careful handling of these residues could lead to fire, pests, and
disease outbreaks.  They observed that it took more than 10 months
for the pineapple residues to start decomposing.  Further, there is the
problem of adding more organic matter to a poorly decomposed peat
with time.  In line with this, an idea of extracting humic substances
from composted pineapple residues using potassium (KOH) produced
from pineapple leaves was conceived.  Besides the numerous
agricultural benefits associated with humic substances, this product
development approach ensures that pineapple residues will become
more of an asset than a liability to plantation owners as the residues
could be sold or exchanged for potassium-fulvate or potassium-
humate as sources of slow release K.  The preliminary information
from this innovative idea is subsequently highlighted.

A KOH with about 50 % K and compost have been produced
and a reaction between these two substances has enabled the
production of about 20 % humic acid (Ahmed et al. 2003). and
potassium-rich fulvic acid (43 % K) or potassium fulvate (Ahmed
2002).  A reconstitution of humic acid has also led to the production
of a potassium-rich humic acid or potassium humate that contains 38
% K (Ahmed et al. 2003).  A scale up model of this study requires
further studies on the slow-release nature of K and the economic use
of these fulvate and humate as slow-release fertilizers.
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News from Mexico

Postharvest Quality of Three Pineapple
Cultivars in Different Planting Densities in
Mexico
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Daniel J. González-Ortiz, Teresa Martínez-Damián, Andrés Rebolledo-
Martínez, Laureano Rebolledo-Martínez and  Daniel Uriza-Ávila.

INIFAP-Campo Experimental Papaloapan. Km 66 carretera Cd. Alemán-
Sayula, Apartado postal 43, C.P 95641, Isla, Veracruz, México. E-mail:
cepap_mx@yahoo.com, andresrebo@hotmail.com

Three cutivars of pineapple, ‘Smooth Cayenne of Mexico’,
‘Champaka’ and ‘MD-2', were grown at planting densities of 30,000,
45,000, and 60,000 plants ha-1 and the post-harvest behavior of their fruits
was studied.  The experiment was established in the south of Veracruz,
state, Mexico, at 18 °N latitude in an Aw0 climate and Dystric Cambisol
soil.  The fruits were harvested from 11 to 24 May, 1999 and were stored
for 16 days under laboratory conditions at a temperature of 22°C at noon.
Physicochemical and physiological variables were evaluated every 4 days
during the 16-day period, except weight, respiration and bottle form. The
cultivar MD-2 presented the minimum grade of bottle form, and
‘Champaka F-153’ the maximum grade.  The percentage of bottle-form
fruit was greater at lower planting densities while the smallest fruits were
harvested at the highest planting density.  ‘MD-2’ had smaller fruit than
‘Champaka F-153’ and ‘Smooth Cayenne of Mexico’.  ‘MD-2’ fruit
remained firm longer than did the fruit of the other cultivars and also had
the lowest acidty.  Fruits of ‘Smooth Cayenne of Mexico’ had the highest
acidity.  The TSS/acidity ratio was greater for ‘MD-2’, with initial values
of 22.6 and dropping to 20 after 16 days, while fruit of ‘Smooth Cayenne
of Mexico’ had initial values below 17 dropping to about 15 by day 16. 
The ascorbic acid level of ‘MD-2’ was five times that of ‘Smooth
Cayenne of Mexico’ and ‘Champaka F-153’.  Fruit of ‘MD-2’ also had the
highest respiration rate while that of ‘Smooth Cayenne of Mexico’ and
‘Champaka F-153 were less than that of MD-2 and similar to each other. 
‘Smooth Cayenne of Mexico’ and ‘MD-2’ had the lowest levels of
production of acetaldehyde and ethanol, compared to ‘Champaka F-153’.
The greatest acetaldehyde and ethanol levels were observed in fruits from
the lowest planting density.�

News from Nigeria

Irrigation Efficiencies for Pineapple in Nigeria

Sabbas N. Asoegwu (sasoegwu@futo.edu.ng /asosab49@yahoo.com) and
Julius C. Obiefuna (obiefuna@futo.edu.ng ).  Federal University of
Technology, P.M.B. 1526, Owerri, Imo State, Nigeria.

Itroduction
Pineapple (Ananas comosus) is becoming an important commercial

crop in Nigeria for both fresh market, export and as raw material for the
local fruit juice industry (Asoegwu, 1987).  Pineapple production in
Nigeria is expanding from the traditional rainforest zone, where it is
grown without irrigation, into the middle belt zone to the north, where
irrigation is needed to obtain good yields.  Rainfall in this zone ranges
from 650 to 2100 mm  y-1 with a 4 to 6 month dry season.

Pineapple growth in the dry season is limited and so will require
irrigation.  The main objectives of irrigated pineapple management are to
get more stable and better fruit yields, to improve fruit quality (da Silva
Souza and Reinhardt, 1998), and to produce fruit during the off-season in
Nigeria when fruit prices are high, bringing a greater return to the farmers. 
To  improve pineapple production in Nigeria, sprinkler irrigation as well
as other technologies should be tried and improved upon.  Because of the
limited availability of water for irrigation, the efficiency with which this
water is used to produce marketable yields of pineapple is important.  A
study was conducted to evaluate the efficiencies of: water conveyance
(Wc), water application (Wa), water storage (Ws), and water use (WUE)
of sprinkler-irrigated field-planted ‘Smooth Cayenne’ pineapples.

Experimental Procedure
The study was conducted on the sandy loam soil (Ultisol) in the

National Horticultural Research Institute (NIHORT), Mbato Substation,
Okigwe, Imo State, Nigeria (05° 35' N, 07° 23' E) at 330 m above sea
level and average annual temperature is 25.8°C.  The soil has a pH in
calcium chloride of 4.9 to 5.9, low chemical fertility (in PPM, P, 17.9 to

19.5; K, 20.3 to 22.8; and N, 24.6 to 25.2) and a cation exchange
capacity (CEC) of 12.0 mEq/100 g.  The soil is well drained and
deep with intermediate texture.

Four sprinkler irrigation treatments were given in which two
received 50% of consumptive use less effective rainfall every 7 or 14
days (0.5I7, 

0.5I14), a third received 100% of consumptive use less
effective rainfall applied every three days (1.0I3) and a non-irrigated
control (Io).  The sprinklers had a throw of 7.0 m at the middle of
each plot.  The plots measured 6.0 x 6.0 m and  were planted with
suckers at the 10-leaf stage spaced 0.5 m x 0.5 m apart, totaling 121
suckers.  The middle 49 suckers (leaving 2 outer rows round each
plot) were used for analysis (Figure 1).  The treatments were
replicated four times.

The following parameters were measured using appropriate
techniques: water from reservoir (Wr); water delivered to the farm
(Wf); water stored in the root zone (Ws); runoff (Rf) and deep
percolation (Df); water needed in the root zone prior to irrigation
(Wn). The suckers were planted in April and harvested after 15
months with irrigation treatments applied for 6 months (October to
March).  At each irrigation, 25 mm of water was applied to the crop. 
NPK fertilizer was routinely applied at 100 kg ha-1 in 3 split doses. 
Weeding was done at the appropriate time.

Results and Discussion
Water conveyance efficiency (Ec) (Table 1) was between 66.0

and 67.0% for the irrigation treatments due to leakage from lateral
joints in transporting water 3.2 km from the source to the field.  A
shorter conveyance distance would reduce leakages and improve
conveyance efficiency.   Water application efficiency (Ea) decreased
from about 66.0% for the control (Io) to about 59.0% for treatment
1.0I3 due to the leakages during conveyance and greater runoff (Rf).

The water storage efficiency (Es) increased with increasing
irrigation from 68.4% at Io to 74.4% at 1.0I3 (Table 1).  The deep soil
with good texture resulted in increased water storage as irrigation
increased. That the effective efficiency of water use (Eu) in the field
decreased with increased irrigation (Table 1) showed that water
losses due to runoff and deep percolation increased with irrigation
frequency.  This lost water did not reach plant roots and would affect
harvested crop yield.

While the potential yield of pineapple in t ha-1 was estimated to
be 131.2 for treatment Io, 144.5 for treatment 0.5I14, 158.1 for
treatment 0.5I7, and 192.5 for treatment 1.0I3, actual yields for the four
treatments were only 83.4%, 82.3%, 82.0%, and 81.8% of potential
yields.  This showed that more irrigation reduced the conversion ratio
in pineapple. The field water use efficiency (WUE), which is the
ratio of harvested yield to total water applied (Wt, field irrigation and
rainfall), decreased with increasing irrigation from 0.5397 at Io to
0.5196 at 1.0I3 and the data were
best fit by the equation WUE=0.574 - 1.833-04 Wt  (r = - 0.9488). 

In terms of costs and benefits and taking the monetary values of
cost items and yield (Table 2), more frequent irrigation increased
costs and produced heavier fruits and more suckers.  While the
benefits increased with increasing  irrigation, the benefit/cost ratio
decreased from 2.305 in Io to 1.364 in 1.0I3. The benefit/cost ratio in Io

was about 69% higher than in 1.0I3.  However, if the Ea, Ec, Es, Eu, and
WUE are improved by reducing leakage, runoff, and deep
percolation, the benefit/cost ratio of the irrigation plots may outstrip
that of no irrigation.  Also, reduced water application may reduce
runoff and help improve efficiencies.
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Figure  1. P lot layout with

location of suckers (o) and the

sprink ler (!); plants in the

square were harvested.

Table 1: Data for irrigation eff iciencies.  Treatments are no-irrigation control
(Io) and  0.5 o r 1.0 times consum ptive u se w ith irrigation a t 3 (I3), 7 (I7) or 14
(I14) day intervals.

Parameter                     Trea tment                               

Io

0.5 I14

0.5 I7

1.0 I3 LSD

No . of irriga tions  (Ni) 0 13 26 60
Wr* =  N i x  25  mm 0 325 650 1500
Wf mm 0 215 432 1004
Rain (Pmm , Apri l-Dec.-June) 2027 2027 2027 2027
Wt =  Wf +  Pmm 2027 2242 2459 3031
Rf +  D f mm 690 795 942 1243
Ws = Wt - R f - D f mm 1337 1447 1517 1788
Wn = Ws + 617  mm 1954 2064 2134 2405
Ec = (Wf / Wr) x 100% 0 66.2 66.5 66.9 ns
Ea = (Ws / Wt) x 100% 65.96 64.54 61.69 58.99 1.26
Es = (Ws / Wn) x 100% 68.42 70.11 71.09 74.35 0.69
Eu = (Wn / Wt) x 100% 96.4 92.06 86.78 79.35 2.35
Potential  yield ( t/ha) = Py 131.2 144.5 158.1 192.5 10.8
Harvested yie ld  (t /ha) =  Hy 109.4 118.9 129.6 157.5 6.5
F ie ld  (WUE) (t/ha-cm) 0.5397 0.5302 0.5269 0.5196 0.0027

*Abbrevia tions  are  Wr, wate r from rese rvoir; Wf, wate r delivered to  the fa rm;
W t, total w ater applied ; Ws, water storage in th e root zo ne; Rf, runo ff; Df,
deep percolation; Wn, water needed in the root zone prior to irrigation; Ec,
water conveyance efficiency; Ea, water application eff iciency; Es, water
storage efficiency; and Eu, effective efficiency of water use; WU E, water use
efficiency.

Table 2. Benefit/Cost Analysis.    Treatments are no-irr igation control (Io)
and 0.5 or 1.0 t imes consumptive use with irr igation at 3 (I3), 7 (I7) or 14
(I14) day intervals.

Input C osts Io

0.5 I14

0.5 I7

1.0 I3

Fixe d co sts † 45,155 45,155 45,155 45,155
Irrigation +  labour (N  30 /mm) 0 9750 19500 45000
Total co sts 45155 54905 64655 90155

Income from y ie ld  (N)
Income (fruits, N 1.25k/kg) 136750 148625162000 196875
Income (suckers, N 0.50k each) 12500 13150 14250 16250
Tota l income 149250 161775176250 213125

Pro fit or be nefit 104095 106870111595 122970
Be nefit/cos t ratio 2.305 1.946 1.726 1.364
†Fixed costs per hectare include 33612 suckers1@N0.5k each, land
preparation costs @ N 5000, planting @ N 0.20k per sucker, weeding and

fertilizing @  N 1 ,500 , and  harvesting  @  N 0 .45k  per sucker.�

News From Sri Lanka

Calcium and Potassium Fertilizers Affect
Pineapple Fruit Quality

H.M.I. Herath, Postgraduae Inst. of Agriculture, Univ. of Peradeniya, Sri
Lanka; D.C. Bandara, and D.M.G. Abeysinghe Banda, Dept. of
Agricultural Biology, Faculty of Agriculture, Univ. of Peradeniya, Sri
Lanka

Pineapple (Ananas comosus ‘Mauritius’) is the major fruit crop
grown in Sri Lanka.  The objective of this experiment was to control
the development of Internal Browning (IB) of pineapple under cold
storage by basal application of combinations of calcium and
potassium fertilizer.

Field experiments were conduced at two locations in the major
pineapple growing districts in Sri Lanka.  The treatments consisted of
100, 125, and 150 kg ha-1 of calcium and 55, 110, and 220 kg ha-1 of
potassium applied in nine treatment combinations.  The control
treatment was a plot without calcium or potassium.  Pineapple
‘Mauritius’ was planted in a randomized complete block design with
three replicates.  Fruits were hervested at the 5% maturity stage and
uniform sized fruits were stored in a cold room at 15°C and 80 to
85% relative humidity.  The fruits were removed from the cold room
at weekly intervals for four weeks and analyzed after 72 hours of
storage at room temperature.  The IB intensity was determined using
a visual scale (0 to 5 where 0 = no IB and 5 = 100% IB).  Ascorbic
acid, total soluble solids (TSS), pH, fruit calcium, titratable acidity,
and the percentage weight loss were determined.

IB development in fruits harvested form all the calcium and
potassium treated plots were significantly lower than the control up
to the fourth week of cold storage.  Fruit calcium and potassium
contents were higher in all the treatments than in the control.  There
were significant effects (p<0.05) of calcium and potassium levels on
percentage weight loss, TSS, acidity, and pH up to the fourth week of
storage.  Pineapple fruits harvested from plots treated with 150 kg ha-

1 calcium and 220 kg ha-1 of potassium had significantly higher
(p<0.05) fruit calcium and potassium contents, reduced weight loss,
and higher TSS up to the third week of cold storage.  Ascorbic acid
and titratable acidity were also higher in this treatment.

Effect of Different Calcium Fertilizers on
Pineapple Fruit Quality

H.M.I. Herath, Postgraduae Inst. of Agriculture, Univ. of Peradeniya,
Sri Lanka; D.C. Bandara, and D.M.G. Abeysinghe Banda, Dept. of
Agricultural Biology, Faculty of Agriculture, Univ. of Peradeniya,
Sri Lanka

The objective of the experiment was to investigate the effect of
difference sources and amounts of calcium fertilizer on the control of
Internal Browning (IB) development in pineapple (Ananas comosus
‘Mauritius’) fruit under cold storage.

Field experiments were conducted at two locations in the major
pineapple growing districts in Sri Lanka.  The calcium sources (1.
lime, 2. CaO-fused magnesium phosphate and dolomite, and 3.
CaCO3CMgCO3) were applied at 100, 125, and 150 kg ha-1.  The
control  was a plot without calcium.  Pineapple ‘Mauritius’ was
planted in a randomized complete block design with three replicates. 
Fruits were hervested at the quarter ripe maturity stage and uniform-
sized fruits were stored in a cold room at 15°C and 80 to 85%
relative humidity.  They were removed from the cold room at weekly
intervals for four weeks and analyzed after 72 hours of storage at
room temperature.  The IB intensity was determined using a visual
scale (0 to 5 where 0 = no IB and 5 = 100% IB).  Ascorbic acid, total
soluble solids (TSS), pH, fruit calcium, titratable acidity, and the
percentage weight loss were determined.

Fruits from all of the calcium treatments had significantly lower
IB than did the control after the first week of cold storage.  The fruits
harvested from the 125 and 150 kg ha-1 treatments had significantly
lower IB from the first to the fourth week of cold storage.  The fruit
calcium content of the two treatments were also significantly higher
(p<0.05) than the control from the first to the fourth week.  Ascorbic
acid content of fruits from all the calcium treatments were
significantly higher (p<0.05) than the control after the first week. 
Fruits from the 125 and 150 kg ha-1 lime treatments had significantly
higher ascorbic acid contents from the first to the third week.  The
percentage weight loss was significantly lower (P<0.05) than the
control from the first to the fourth week in the above two treatments. 
They also had significantly higher (p<0.05) TSS values from the first
to the fourth week.  Of all the treatments, lime at 125 and 150 kg ha-1

was most and equally effective in reducing IB development and
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enhancing fruit quality.  From a cost standpoint, lime at 125 kg ha-1 was
the most effective treatment.�

News From Taiwan

Production News From Taiwan

Kuan San, Chiayi Agricultural Experiment Station, Chiayi, Taiwan
(Email: kuansan@dns.caes.gov.tw), and communicated by Chin Ho Lin,
National Chung Hsing University, Taichung, Taiwan (Email:
chlin@mail.nchu.edu.tw).

The pineapple industry in Taiwan has been marked by a drastic
change in the past 25 years.  Pineapple products were mainly canned for
export before 1976 with ‘Smooth Cayenne’ as the main variety.  The
industry has adjusted to changes in the international economic structure
and shifted to domestic fresh market production.  The important varieties
and some of their characteristics in the current market for fresh
consumption are shown in the table below.

Tainon fresh fruit hybrids in Taiwan.

Number Varie ty  name °Br ix Ac idity Season

No .4 Sugar apple/peeling 19.5 0.43 March-May
No .6 Ap ple 15.5 0.34 April-May
No.11 Perfume 14.8 0.57 May-June
No.13 Winter honey 15.7 0.27 Aug-Feb
No.16 Sweet honey 18.0 0.47 Ap ril-July
No.17 Golden diamond 14.0 0.28 March-May, Sept-Nov
No.18 Golden osmanthus 14.1 0.39 Ap ril-July
No.19 Honey baby 16.7 0.46 April-July, Oct.-Nov

The common features of these varieties are, low acid, high sugar, fine
quality with specific fragrance and specific ripening times. All those
features helped the pineapple  industry in Taiwan convert from processing
of ‘Smooth Cayenne’ to year-around production of fresh market
pineapple.

Due to the limited suitable habitat for pineapple production, the main
production areas in Taiwan are south of Taichung and Chunghua. The
2001 statistics showed that pineapple was grown on 10,273 ha with yearly
yield of 389,000 Tons.�

News From Thailand

Thermal and Supercritical CO2 Inactivation
Kinetics of Bromelain in Pineapple Juice 

Apiradee Sriwatanapongse (M.Sc.)

Bromelain, a proteinase present in pineapple, has many industrial
uses.  It is used widely to tenderize meat, chill-proof beer, and stabilize
protein emulsifiers in latex paints.  It has also many pharmaceutical
properties.  Bromelain is believed to cause soreness and discomfort of the
mouth when excessive amounts of fresh pineapple is consumed.  The
presence of bromelain in pineapple juice also prevents gelatinization if the
juice is used as an ingredient for gelatin.  Therefore, commercial
pineapple juice has to be pasteurized to inactivate the enzyme and reduce
the number of microorganisms.  However, a complete kinetic study with
confirmation is not available.  Moreover, understanding bromelain
kinetics can help optimize processing to minimize the flavor loss during
pasteurization.  This study investigated thermal and Supercritical CO2
inactivation kinetics of fruit bromelain.  Thermal inactivation kinetics
parameters such as isothermal rate constants (ke) at specific temperatures,
the frequency factor (A), and the energy of activation (Ea), were
experimentally determined.  A model for bromelain thermal inactivation
was developed to predict the residual enzyme activity in response to any
varying time-temperature treatment.  Moreover, the effect of high pressure
carbon dioxide treatment on bromelain inactivation in pineapple juice was
explored.  The thermal inactivation of bromelain was studied at 55, 60, 63,

65, and 67°C and was found to follow first order kinetics.  The
isothermal rate constants of bromelain at any specific temperature
can be predicted by the Arrhenius equation.  Using the kinetic
parameters found, the bromelain inactivation models were developed
and validated for both constant temperature and dynamic temperature
histories.  The Supercritical CO2 treatment on bromelain in pineapple
juice did not affect bromelain activity in our study at either 31 Mpa
and 55°C for 2 hours, or at 34.5 Mpa and  46°C for 3 hours.  Rather,
the inactivation of bromelain was caused by heat but not by pressure
or by carbon dioxide.
Editors Note: I regret that I lost the source information for this
contribution.�

News From the United States (Hawaii)

Pineapple Mealybug Wilt Associated-virus
1: An Example of Intergeneric Viral
Recombination?

M.J. Melzer1, A.V. Karasev2,, and D.M. Sether1 and J.S. Hu1

1Dept. of Plant and Environmental Protection Sciences, Univ. of
Hawaii, Honolulu, HI 96822, U.S.A.
2Dept. of Microbiology and Immunology, Thomas Jefferson
University

The plant virus family Closteroviridae is classified into three
genera: Closterovirus, Crinivirus, and Ampelovirus, which are
vectored by aphids, whiteflies, and mealybugs, respectively. 
Cladistical analysis using various viral genes also supports this
classification.  Pineapple mealybug wilt-associated virus-1
(PMWaV-1) is a mealybug-transmissible closterovirus and therefore
a putative member of the genus Ampelovirus.  In this study, a 10
kilobase region of the PMWaV-1 genome was cloned from viral
dsRNA and sequenced.  The genome organization of PMWaV-1 was
found to be that of a typical ampelovirus.  Minor discrepancies,
however, were evident in the 5’-terminal region of the genome. 
These included the position and putative mechanism of the open
reading frame (ORF)1a/1b +1 ribosomal frameshift and lack of an
intergenic region between the polymerase and p6 ORFs.  The
significance of these minor discrepancies became apparent after
cladistical analyses were performed on ORFs in the 5’- and 3’-
terminal regions of the genome.  Analyses of ORFs from the 3’-
terminal region placed this virus within the genus Ampelovirus, but
analyses of ORFs from the 5’-terminal region placed this virus
outside of the three current closterovirus genera.  Therefore,
PMWaV-1 may have a recombinant genome with the 3’-terminal
region coming from an Ampelovirus, and the 5’-terminal region
coming from an undescribed closterovirus genus.

Abstracts of Research on Mealy Bug Wilt of
Pineapple

Diane Sether, Plant & Environmental Protection Science, University
of Hawaii, Honolulu, HI 96822; E-mail: sether@hawaii.edu

Mealybug wilt of pineapple (MWP) is a devastating disease
worldwide, the etiology of which is unknown. Two closteroviruses,
Pineapple mealybug wilt associated virus-l (PMWaV-l) and
PMWaV-2, were identified in pineapple from Hawaii and around the
world.  Both viruses are transmitted by pink pineapple mealybugs,
Dysmicoccus brevipes, and grey pineapple mealybugs, D.
neobrevipes.  PMWaV-2 was shown to be an integral factor in MWP
etiology.  Typical MWP symptoms developed in pineapple plants
infected with PMWaV-2 that were exposed to mealybugs.  MWP did
not develop in PMWaV-I-free or PMWaV-1-infected plants that were
exposed to mealybugs or in plants infected with PMWaV-l, PMWaV-
2, or both viruses if kept mealybug-free.  MWP resulted in a 35%
reduction in yield when compared to yields of PMWaV-free plants. 
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Yield reductions were dependent onl time of MWP symptom
development; the earlier the expression of symptoms the greater the
impact on plant crop fruit yield.  Both PMWaV-1 and PMWaV-2
suppressed yield in the ratoon crop.  Spatial analysis of PMWaV-2 spread
and MWP symptom expression in mealybug-inoculated pineapple plots
showed patterns of aggregation within rows and within beds but not
between beds.  Initial occurrence of MWP symptomatic plants showed
upderdispersed which was consistent with the random occurrence
ofPMWaV-2plants.  After six months of mealybug exposure, patterns of
both PMWaV-2 incidence and MWP were overdispersed.  PMWaV-1 and
PMWaV-2 were detected in MWP symptomatic and healthy looking
pineapple samples from around the world but PMWaV-2 infection was
correlated with 100% of the MWP symptomatic samples that were
PMWaV-1-free.  PMWaV-2 infection occurs at a lower frequency than
PMWaV-1 infection in the Hawaiian grown pineapple selections and
several hybrids.  Infections of at least one PMWaV were found in 73% of
the pineapple accessions maintained at the USDA-ARS National Clonal
Germplasm Repository in Hilo, HI. No plants commonly found growing
near or in pineapple fields were identified as hosts for PMWaV-1 and no
pineapple gerrnplasm was immune to PMWaV-1.  PMWaV-1 was
eliminated through bud propagation Ifrom infected crowns. 

Transmission of Pineapple Mealybug Wilt-associated Virus-1 by Two
Species of Mealybug (Dysmicoccus Spp.)
Abstract

Closterovirus-like particles associated with mealybug wilt of
pineapple were acquired and transmitted by the pink pineapple mealybug,
Dysmicoccus brevipes (Cockerell), and the gray pineapple mealybug, D.
neobrevipes Beardsley.  Mealybugs acquired Pineapple mealybug wilt
associated virus-1 (PMWaV-1) from infected pineapple plants or detached
leaves from infected pineapple.  The virus was detected in plants by tissue
blot immunoassay and confirmed by immunosorbent electron microscopy. 
Plants exposed to mealybugs reared on PMWaV-1-free pineapple tissue
remained uninfected.  An increased rate of virus spread by D. brevipes
was associated with the presence of ants.  All stages of D. neobrevipes
acquired PMWaV-1, although vector efficiency decreased significantly in
older adult females.  The probability of a single third instar immature
transmitting virus was 0.04.  Both species of mealybugs acquired and
transmitted PMWaV-1 from infected pineapple material that had been
clonaly propagated for decades and both species acquired PMWaV-1 from
sources previously infected with the virus by the other mealybug species.

Differentiation, Distribution, and Elimination of Two Different
Pineapple Mealybug Wils Associated Closteroviruses Found in
Pineapple
Abstract

Surveys for Pineapple mealyubug wilt associated viruses-1
(PMWaV-1) and PMWaV-2 were conducted on pineapple samples from
Hawaii and around the world.  Tissue blot immunoassays (TBIAs) with
two different monoclonal antibodies (Mab) specific to either PMWav-1 or
PMWaV-2 indicated that both closterviruses are widely distributed
throughout the pineapple growing areas of the world.  In the worldwide
survey, PMWaV-1 was found in 80% of the mealybug wilt of pineapple
(MWP) symptomatic and 78% of the asymptomatic pineapple plants
tested.  A subset of plants was tested for PMWaV-2; 100% of the
symptomatic plants and 12% of the asymptomatic plants were positive for
this virus.  A reverse transcription-polymerase chain reaction (RT-PCR)
assay was developed to differentiate between PMWaV-1 and PMWaV-2. 
Oligonucleotide primers were designed using distinct regions of the HSP
70 homolog genes of the two viruses.  PMWaV-1-and PMWaV-2-specific
RT-PCR assays and TBIAs were used to screen pineapple accessions
maintained at the USDA-ARS NCGR in Hilo, HI, for PMWaV infection;
73% of the accessions were found infected with at least one PMWaV. 
Pineapple accessions found PMWaV-free were challenged with
viruliferous mealybugs to test for immunity to PMWaV-1.  No immune
germplasm was identified.  Potential alternative virus hosts were screened
for infection with virus-specific RT-PCR assays and TBIAs and were also
challenged with viruliferous mealybugs.  No alternate hosts of PMWaV-1
or PMWaV-2 were identified.  PMWaV-1 infection was eliminated
through axillary and apical bud propagation from infected crowns. 
Strategies to manage MWP are discussed.

Closterovirus Infection and Mealybug Exposure are both
Necessary Factors for the Development of Mealybug Wilt of
Pineapple Disease
Abstract

The roles of Pineapple mealybug wilt associated viruses
(PMWaVs) and mealybug (Dysmicoccus spp.) feeding in the etiology
of mealybug wilt of pineapple (MWP) were evaluated.  Container-
grown pineapple (Ananas comosus) plants from five commerically-
grown Hawaiian proprietary selections and a field study utilizing a
randomized complete block design were used to test four treatments
for induction of MWP: 1) PMWaV-1-free and 2) PMWaV-1-infected
plants maintained mealybug-free, and 3) PMWaV-1-free and 4)
PMWaV-1 infected plants that received monthly applications of
nonviruliferous mealybugs.  A second closterovirus, PMWaV-2, was
identified in some of the test plants during the course of these studies
and shown to be an integral factor in MWP etiology.  Typical MWP
symptoms developd in plants infected with PMWaV-2 that were
exposed to mealybugs.  MWP did not develop in PMWaV-1-free or
PMWaV-1 infected plants that were exposed to mealybugs or in
plants infected with PMWaV-1, PMWaV-2, or both viruses if kept
mealybug-free.  Plants from all five Hawaiian proprietary selections
of pineapple tested developed MWP when PMWaV-2 infected plants
were exposed to mealybug feeding.  A PMWaV-2 specific
monoclonal antibody was produced that decorates the virus particles
in immunosorbent electron microscopy and detects the virus in tissue
blot immunoassays.  PMWaV-2 was acquired and transmitted by
pink and grey pneapple mealybugs (Dysmicoccus spp.) to pineapple
plants which subsequently developed MWP symptoms while
sustaining mealybug populations.

Yield Impact an dSpread of pIneapple Mealyug Wilt Associated
Virus-2 and Mealybug Wilt of Pineapple in Hawaii
Abstract

The impacts of mealybug feeding and Pineapple mealybug wilt
associated virus-1 (PMWaV-1) and PMWaV-2 infection on
pineapple fruit yield and the spread of PMWaV-1 and mealybug wilt
of pineapple (MWP) were evaluated under field conditions with a
randomized complete block design.  Plots of PMWaV-1-free or
infected plants were maintained mealybug-free or inoculated with
mealybugs (Dysmicoccus spp) at monthly intervals.  Plants infected
with PMWaV-2, an integral part of MWP etiology, were nested
within plots that were maintained free of mealybugs and in the plots
of PMWaV-1 infected plants exposed to mealybugs.  MWP, which
only developed in PMWaV-2 infected plants exposed to mealybugs,
resulted in a 35% reduction in yield when compared to PMWaV-free
plants.  Yield reductions were dependent on time of MWP symptom
development; the earlier the expression of symptoms the greater the
impact on fruit yield.  An interaction effect between PMWaV-
infection, inclusive of both PMWaV-1 and PMWaV-2 infected
plants, and mealybug exposure was detected in the plant crop
(P<0.02) but not in the ratoon crop (P>0.59).  This could be
explained by the presence of MWP symptom expression during the
plant crop and subsequent plant recovery in the ratoon crop.  Virus
infection, inclusive of PMWaV-1 and PMWaV-2, suppressed yield
(P<0.01) in the ratoon crop.  The commercially desirable fruit sizes
were most frequently obtained from PMWaV-free plants.  Spatial
analysis of PMWaV-2 spread and MWP symptom expression in
mealybug inoculated plots showed patterns of aggregation within
rows and within beds but not between beds over the course of the
study.  Initial occurrence of MWP symnptom expression in mealybug
inoculated plots was underdispersed indicating random occurrence of
PMWaV-2 plants.  After six months of mealybug exposure, patterns
of both PMWaV-2 incidence and MWP were over dispersed.

Nematode Control Research in Hawaii

Brent Sipes, Dept, of Plant and Evnironmental Protection Science,
University of Hawaii, Honolulu, 96822

Hawaii faces the continued loss of nematicides from the market. 
This past summer Bayer Chemical Co. announced that it will
discontinue production of the organophosphate Nemacur®. To meet
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this challenge, we have been evaluating several promising alternatives.
DiTera® and Actigard® lead the pack.

DiTera, from Valent BioSciences, is the fermentation product of the
fungus Myrothecium.  The behavior of this biologically-based product is
somewhat different from that of the organophosphates.  Application of 25
kg ha-1 is effective while amounts in excess of 45 kg ha-1 are ineffective.
We are now investigating the efficacy of multiple applications of lesser
amounts of DiTera.  Some formulations of DiTera are applicable for
organic pineapple production.

Actigard, from Syngenta, induces systemic acquired resistance in
plants.  In greenhouse experiments, a single dip or drench application of
100 ppm Actigard at planting reduced root-knot or reniform nematode
reproduction by 50% 9 months later.  Greater amounts of Actigard are
phytotoxic and multiple applications of Actigard do not reduce nematode
reproduction further. We are preparing to field-test Actigard and
determine if yield is increased comparative to the reduction in nematode
reproduction.

Idomethane is showing promise as a replacement soil fumigant.  Our
initial test gave good control of reniform nematode.  This compound is a
general biocide like methyl bromide but does not deplete ozone in the
atmosphere.  It’s chemical properties are slightly different from methyl
bromide, but similar enough to require only slight adjustments in
fumigation equipment and land preparation.  Previously, idomethane was
produced only in limited quantities and thus was prohibitively expensive. 
The chemical is now being produced commercially and sold under the
tradename Midas®.

On the nonchemical front, we continue to investigate intercycle cover
crops and genetic modification of pineapple cultivars for nematode
control.  Sunn hemp, Crotalaria juncea, is our most promising intercyle
cover crop as an alternative to preplant fumigation.  Also, pineapple
genetically modified to express cystatine protease inhibitiors is showing
promise.  Some transformants support only 10% of the nematode
reproduction that occurs on a non-transformed pineapple plant.  However,
most of the transformants do not grow as well as their non-transformed
counterparts.

We have evaluated several reduced-risk nematicides in the
greenhouse.  In most cases, the reduced environmental risk has translated
into reduced (i.e. negligible) nematode control.  New products marketed
as nematode controls will continue to be evaluated.

Micro-lepidoptera, A New Pest Problem on
Pineapple in Hawaii

Glenn Taniguchi and Mark Wright, Dept. of Plant and Environmental
Protection Sciences, Univ. of Hawaii, Honolulu, HI 96822, U.S.A.

During the past three years the pineapple industry of Hawaii has been
dealing with at least two micro-lepidoptera (small-bodied lepidoptera),
which have become serious problems at times. One pest that is well
documented in the literature is Neodecadarchis flavistrata (Walsingham),
family Tineidae, which is known to feed on dried leaf tissues.  If the insect
feeds on the dry leaf bracts that surround the base of the fruit and in the
process damages the fruit epidermis, the fruit responds by producing a
gummy exudate that darkens and blemishes it.  A second micro-
lepidoptera that has not been documented  as a pest on pineapple in
Hawaii is Opogona sacchari (Bojer), family Tineidae.  The insect is
known as a scavenger feeder on dead leaf tissue.  In the past few years, it
has become an important pest on newly planted crowns. The insect feeds
on the dead basal leaves of the crown that are under the planting mulch.
However, the larvae often bore into the core of the crown, thereby killing
it.  Losses have reached 30% in newly planted fields.  Little is known
about these pests and their association with pineapple.

A third micro-lepidoptera, which is well documented in the literature
as being associated with pineapple, is Pyroderces rileyi (Walsingham),
family Cosmopterigidae.  However, there is little information in the
literature regarding the nature of the damage the insect does to the plant or
fruit. In Hawaii, the insect is abundant around the basal area of the fruit,
but it usually does not cause significant damage to the fruit or plant.

Several other species of Neodecadarchis and other micro-lepidoptera
are also mentioned in the literature as being associated with pineapple, but
data on these species apparently have not been collected.  All species of

the micro-lepidoptera were recorded in Hawaii in the early 1900's,
but were not considered to be important pests of pineapple.  Their
recent rise to prominence as pests of pineapple may be due to the
shift from ‘Smooth Cayenne’ to hybrids.  Casual observations
indicate that the hybrids are more susceptible to insects than is
‘Smooth Cayenne’, and in particular, are more prone to produce
gummy exudate, a visual defect, than is ‘Smooth Cayenne’.  The
recent problems associated with micro-lepidoptera could also be due
to the gradual dissipation of residues of chlorinated hydrocarbon
pesticides in the soil, which has allowed the populations of these
insects to increase in pineapple fields.  The life history of many of
the micro-lepidoptera have not been well described so future research
emphasis will be on insect life history studies and on the
development of control measures.�

News From Vietnam

Low-cost Micropropagation Procedure for
Pineapple

Le Van Be, Department of Crop Science, College of Agronomy,
Cantho University, Vietnam

Abstract
Micropropagation of pineapple (Ananas comosus (L.) Merr.) has

been studied in Vietnam and other countries.  In Vietnam, however,
production of micropropagated plants can not become a popular
practice in pineapple production because of its high cost. 
Multiplication and rooting stages can be carried on outside of a
growth chamber with a low concentration of BA.  Explants were
transferred to MS proliferation medium supplemented with 0-1.0 mg
L-1 of BA from which were obtained 0.8 to 8.6 useful shoots per
explant and 1 mg L-1 of BA plus 0.5 mg L-1 of IBA from which were
obtained 7.8 unsatisfactory shoots per explant after eight weeks of
growth.  The plantlets proliferated as well outside as inside the
growth chamber.  By proliferating plants outside the growth
chamber, the cost of production of plantlets was reduced by 13%.

Introduction
The area of pineapple production in the Mekong Delta area

belonging to South Vietnam is about 1,622 hectares (Lieu, 2002),
mainly planted with the Queen variety.  ‘Queen’ has been grown for
many years and has degenerated and is seriously infected with
mealybug wilt resulting in low yields of fruit of poor quality. 
Government projects aim at restoring the area through importing new
varieties and renewing the old one.  Conventional propagation
practices are easy to apply but the multiplication rate is low when
compared with in vitro micropropagation. 

Studies of rapid proliferation of pineapple in vitro have been
published in Vietnam (Uyen et al., 1993; Phuong and Tram, 1997) as
well as elsewhere (Mapes, 1973; Mathews, 1979; Pannetier and
Lanaud, 1976; Wakasa, 1979; Mathews and Rangan, 1979; DeWald
et al., 1988; Fitchet, 1990; De Almeida et al,.1997; Daquinta et al.,
1997).  While the procedures for mass propagation of pineapple have
been described, such plantlets are rarely used in Vietnam's
commercial pineapple production.  At a cost of 2,000 to 2,500 VND
per plantlet, the price of plantlets is high compared with a return of
600 to 800 VND per kg of fruit 15 to 16 months after planting.  So
farmers cannot invest in micropropagated plants.  Scientists have
tried to find other procedures for reducing the cost of production, for
instance, large scale production using the temporary immersion
system (Escalona et al., 1999), automatic subculture (Hartney, 1986),
or by using natural daylight to promote photoautotrophic growth
(George, 1993).

In the study reported here, multiplication and rooting stages
were carried out under ambient conditions in a net house (30-31oC
and 6,000-8,000 lux).  If pineapple plantlets can be grown as well
outside of a growth chamber as in controlled conditions (24oC,
2,000lux), plantlets can be produced a less cost, the target of this
study.
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Materials and methods
Multiplication stage

Shoot proliferation on liquid basal MS medium was supplemented
with 0.0, 0.2, 0.4, 0.6, 0.8, or 1.0 mg L-1 BA and 1.0 mg L-1 BA plus 0.5
mg L-1 IBA, 30 g L-1 sucrose, with 30 ml of media in vessels 3 cm in
diameter and 17 cm high.  Lateral buds cultured for 10 weeks on MS
medium with 1.0 mg L-1 BA were used as starting material.  Then the
plantlets were partially immersed in media containing the different
concentrations of BA so the vessels did not need shaking.  The vessels
were divided into two groups with one group placed in the growth
chamber (24°C, 31.4 mmol m-2 s-1, 12 h photoperiod) and the other group
was placed in natural conditions in a net house (30-31°C, 94.2-125.6
mmol m-2 s-1, 8-10 h daylight).  Shoot increase, weight of shoot clumps,
and height of plantlets were observed eight weeks after subculture. 
Chlorophyll a contents of the leaves was analyzed by Wellburn's (1994)
method.  Chlorophyll was extracted with 80% acetone and analyzed with
a Shimadzu UV-1201V- spectrophotometer.  The experiment was
designed with two factors (BA concentrations and growing conditions)
with eight replications, each vessel representing a replicate containing two
shoots.  The data were  analyzed using SPSS v.10 software.
Rooting stage

After eight weeks of subculture, plantlets more than 2.5 cm were
rooted in vitro with and without 1 mg L-1 NAA.  Conditions for rooting
were in the growth chamber and ambient conditions of the net house as
described above.  Each vessel contained 5 shoots with five replications per
treatment.
Calculation of multiplication coefficient (K)

The propagation rate of shoots in culture (plants year-1) could be
calculated by the equation (George, 1993):

where N is the number of shoots or plants at the end, No is the number of
propagules at the beginning of a subculture, T is the number weeks in the
time interval of interest, and t is the interval in weeks between
subcultures.

Results 
Multiplication stage

Shoot number and clump weight all increased with increasing BA
concentration from 0.2 to about 1.0 mg L-1 BA while shoot height only
increased to 0.8 mg L-1 BA (Table 1).  Adding 0.5 mg L-1 IBA did not
produce more or taller shoots than BA alone but did produce a much
greater clump weight.  However, in that treatment there were many shoots
less than 3 cm  high that were not useful for the rooting phase of the
study.  Chlorophyll a content tended to decrease with increasing
concentration of BA up to about 0.4 mg L-1.

There was no significant effect of growing conditions on adventious
shoot number, weight of shoot clumps, or height of shoots (Table 1). 
Chlorophyll a content was higher in natural light than in the growth
chamber, presumably because the natural light level was greater than that
in the chamber.  Vessel contamination was 16% in the outside conditions
but only 3% in the growth chamber.
Rooting stage

Treatments with 0 mg L-1 BA and 1.0 mg L-1 BA and 0.5 mg L-1 IBA
were excluded because the shoots were not suitable for the rooting phase
of the study.  While BA concentration during shoot development had no
effect on rooting, there was a significant difference in plantlet height
among BA treatments used in the multiplication stage (Table 2).

Using 1.0 mg L-1 NAA had no significant effect on plantlet weight,
root number or plantlet height but it did increase root length.  Roots were
significantly longer when plants were grown in the growth chamber
(Table 2) but other plantlet parameters were unaffected by growing
conditions.  It was assumed that the stronger natural light reduced root
growth.  During rooting, 10% of the vessels became contaminated in
natural conditions despite protection with plastic sheeting while only 2%
were contaminated in the growth chamber.

Discussion
Jones and Murashige (1974) found genetic variation among

micropropagated Aechmea plants (family Bromeliaceae).  Addition of BA
did not enhance shoot bud regeneration from callus but increased the
appearance of albino types (Mathews and Rangan, 1981).   Working with

the cultivars Queen and Smooth Cayenne, Fitchet (1990) obtained an
average of 6.0 plantlets per explant with 2.0 mg L-1 zeatin added to
MS medium during the proliferation phase.  Almeida et al. (1997)
applied 2 mg L-1 BAP to get 4.7 plantlets per explant while Bhatia
and Ashwathia (2002) obtained the highest multiplication rate with 2
mg L-1 BAP.  Similar results were obtained in this study (Table 1) at
the higher concentrations of BA.  Numbers of adventious shoots
increased greatly in 1 mg L-1 BA plus 0.5 mg L-1 IBA, with many
unusable shoots, especially when shoots were poduced in the growth
chamber.  It was assumed that hyperhydricity was the cause of the
excessive proliferation of unusable shoots because Debergh (2000)
reported that raising the BA concentration of a liquid multiplication
medium under conditions of low light density evokes hyperhydricity.

Rates of multiplication of pineapple in vitro are much higher
than those achievable in conventional propagation systems, but high
multiplication rates in conjunction with high levels of hormones in
the growth medium can result in genetic instability and the
production of "off-type" plants (Sharrock, 1992).  New shoots were
tallest with BA concentrations of 0.6 to 1.0 mg L-1 and it was thought
that growth in height was stimulated more by higher concentrations
of BA.  Contrary to other results (George, 1993), a BA-auxin mixture
in this study inhibited growth in height of shoots and resulted in
callus formation at the base of the explant .

Proliferation in vitro in outside conditions was equal to growth
in the growth chamber and such culture could reduce the cost of in
vitro propagation.  Further, plantlets grew well in both conditions
during the rooting stage.  The effect of BA concentration on plantlet
height (Table 2) was significant; the event is unknown.
Multiplication rate

The multiplication coefficient from only one explant depends on
the number of plantlets and the subculture interval time (Geogre,
1993).  Drew (1980) obtained 1.25 million pineapple plantlets in six
to eight months from 30 explants.  Pannatier and Lanaud (1976) were
able to obtain one million plantlets, in a one-year period, starting
from only one explant.  According to the data of Table 1, using 1 mg
L-1 BA achieved an average 8.6 shoots per 8-week subculture
interval.  Applying the K coefficient, the multiplication rate is
hypothetically about 1.2 million plantlets per year from one explant,
not accounting for the 16% loss due to contamination.
Production cost

Productioin costs include those for the laboratory for production
of plantlets during a period of one year plus the costs for facilities,
supplies, energy, and labor to grow plants to the size required for
planting in the nursery or field.  The estimated cost per plant for 2.6
million plants over a one-year time period were 162 VND for the
growth chamber and 147 VND for the shade house resulting in a
savings of about 11% for the shade house relative to the growth
chamber.  Shade house costs were lower primarily because of
reduced expenses for faciities, lamps, labor and energy.  Growing
plants in the shade house was feasible and significantly reduced the
cost of plantlet production.
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Table 1 .  Effect of b enzyladenine  (BA ) and grow th co nd itions  (GC ) (growth
cham ber, 24°C, 31.4 m mol m -2 s -1, 12 h photoperiod; outsid e, 94.2  to 12 5.6
mmol m -2 s -1,  8-10 h daylight) on adventit ious shoots of lateral buds cultured
in liqu id m ed ium  for e ight w eeks a fter su bculture. 

BA † Number Weight Height Ch lorophyll,

0 0.8 a‡ 2.08 a 1.97 b 5.00 a

0.2 4.0 ab 1.73 a 1.86 bc 3.17 b

0.4 5.2 bc 2.18 a 2.38 b 2.88 bc

0.6 5.4 bc 2.42 ab 3.45 a 2.78 bc

0.8 7.7 bc 3.11 ab 3.68 a 2.12 bc

1.0 8.6 c 3.75 b 3.57 a 2.72 bc

1.0+ 0.5 IBA 7.6 bc 6.46 c 0.91 c 2.47 bc

Chamber 5.2 3.07 2.52 2.6

Outside 6.1 3.15 2.57 3.2

F test BA * * * *
F test GC – – – *
†Categories are: concentration of benzyladenin (BA), or BA and
indolebutyric acid (IBA), mg L-1;  average number of shoots; weight of shoot
c lumps  in  g; height o f shoots  in  cm; and  concen tra tion o f chlo rophyll a  in  mg
ml-1.  
‡Va lues  follow ed by the sa me lette r do  not differ a t P#0.05.  The significance
of the  calc ulate d F  valu es are : –, no t sign ifican t; *, significa nt a t 0.05  leve l.

Table 2.  Effects of naphthaleneacetic acid (NAA) concentrations and
growth  con dition s (G C) (g row th ch am ber, 24°C, 31.4 m mol m -2 s -1,  12 h
photoperiod ; outside , 94.2 to 1 25.6 m mol m -2 s -1,  8-10 h daylight) on
rooting of plantlets after four weeks of subculture in l iquid rooting
medium. Values followed by the same letter do not differ at P £ 0.05.
The analysis of variance gives the significance of the calculated
F-value s: -, no t sign ifican t; *, a s ignifican t at 0.0 5 lev el.

BA † W t., g Ro ots L, cm Height, cm

0.2 1.26 6.32 3.2 7.08 bc
0.4 1.22 6.23 2.7 6.76 c
0.6 1.16 5.97 3.1 8.59 a
0.8 1.07 5.84 3.0 7.76 ab
1.0 1.03 6.05 3.1 8.07  a
0 NAA 1.29 6.15 2.76 7.87
1.0 NAA 1.01 6.13 3.25 7.45
Chamber 1.22 6.4 3.3 7.96
Outside 1.09 5.8 2.7 7.37
F test BA – – – *
F test NAA – – * –
F test GC – – * –
†Categories are: concentration of benzyladenin (BA) in mg L -1 during
the sho ot m ultiplication  stag e; p lantle t we ight in  g; Roots pe r plantlet;
Ro ot len gth  (L), and  Plantlet h eigh t.
‡Va lues  follow ed by the sa me lette r do  not differ a t P#0.05.  The
significance o f the calculated  F value s are: –, not sign ificant; *,

sign ifican t at 0.0 5 lev el.�

Notices

Web Sites of Possible Interest

1. Integrated pest management in Hawaii, including information on
pineapple at http://www.extento.hawaii.edu/IPM/Default.asp.
2. Summerpride Foods in East London, South Africa
http://www.summerpride.co.za/.�
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Directory of Professionals

This listing is maintained as a convenience for those seeking
assistance from professionals with experience in pineapple
production and processing.  If you have such expertise and are able
to provide consulting services, please send you rname, address, E-
mail address, and areas of expertise to D.P. Bartholomew
(duaneb@hawaii.edu).

Ian Greig. Tel. 813-908-7698. email: iang@ag-consult.com; web:
www.ag-consult.com.  Management and technical services for all

phases of pineapple production.  Pineapple industry and market
analysis.

Jerry D. Vriesenga;  194 Dole Road; Wahiawa, HI  96786; E-mail: 
hsvries@msn.com .  Production and management of pineapple.�

Commercial Services

Maintain CF 125 is available for use in plant propagation from Bhushan
Mandava, Repar Corporation, P.O. Box 4321, Silver Spring, MD 20914 
Tel: 202-223-1424  Fax: 202-223-0141  
E -Ma il: mandava@compuserve.com 

Proprop (3-chloropropionic acid) for fruit enlargement and Multiprop
(chlorflurenol) for plant propagation are available from Pieter J.
Erasm us, ICON  Chem icals (P ty) Ltd., P.O . Box  122 45, A ston  Ma nor,
1630 South Africa Tel: 2711-914-5762  Fax:: 2711-914-5763
E-Mail: perasmus@ worldonline.co.za.�
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