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Advances in Asian Horticulture

NEWS FROM THE BOARD

Jung-Myung Lee, Secretary of the ISHS Board
Jung-Myung
Lee

HORTICULTURAL STATISTICS

More than 60% of the world’s population is
Asian, but the mean arable land area per per-
son is the lowest among the six continents

RRapid economic growth in several Asian
countries has been accompanied by tremen-
dous changes in their horticultural sectors.
Marked economic growth in China and India
(Chindia!), and explosive increases in inter-
national trade of all kinds are truly influen-
cing the world in many ways, easily recog -
nized in our daily life. For example, horticul-
tural crops produced in China and books
written by scientists in India can be found
everywhere in the world. The purpose of this
article is to examine the current status of
horticultural crop production in Asia, some
of the changes in horticultural technology
taking place in several Asian countries, and
the increasing role of Asian horticulturists in
various ISHS professional activities including
membership and symposia.

(Table 1). Therefore, securing adequate food
and income has been one of the most urgent
tasks in many Asian countries. In order to cope
with this constant pressure, Asian people have
developed technology for securing more pro-
duction from their land, based largely upon
their varied experiences and traditional infor-
mation. Some of the familiar examples are
extensive use of organic fertilizers, vegetable
grafting in order to achieve successful cultiva -
tion of the same crop successively in the same
place, protected cultivation which allows mul -
tiple cropping per year with yields twice that of
field cultivation combined with higher prices,
and co-cultivation of different crops in the same
area (either in field- or under protected cultiva-
tion) to increase productivity per unit area.
Common examples of double cropping are the
cultivation of horticultural crops with short
growing period before and/or after rice harves-
ting, successive cropping by transplanting seed-
lings of the succeeding crop about two weeks
or even one month before the final harvesting
of the main crops, use of rootstocks to reduce
the damage caused by successive cropping,
growing horticultural crops during the winter

under protected structures, and co-cultivation
of tall and sun-loving plants such as maize or
cotton with low-growing leafy vegetables with
tender leaves and shoots. Furthermore, farmers
are desirous of growing vegetables and fruits
that ensure higher income than agronomic field
crops.

In 1983, only 23% of the world’s fruit was pro-
duced in Asia, while in 2005, Asia accounted
for 76% of the world’s fruits and 82% of the
world’s vegetables (Table 1). These statistics
underscore the explosive increases in produc -
tion and consumption of horticultural crops in
Asia during the last 20 years. Consequently,
Asia has now become a world center for horti-
cultural crop production. A corresponding
explosive increase in practical and theoretical
horticultural research has occurred as evi -
denced by the various horticultural meetings
worldwide that have occurred in Asia, including
the International Horticultural Congress (IHC)
2006 held in Seoul, Korea. Of the 2006
registrants 1,328 (66.2%) were Asians reflec-
ting the keen interest of Asian horticulturists in
exchanging information and sharing the results

Item Asia Europe North America South America Africa Oceania Total

Population (million) 3918 725 332 558 888 33 6454.

Arable Land (million ha) 507 284 255 107 199 50 1402.

Area/Population (ha/person) 0.13 0.39 0.77 0.19 0.22 1.52 0.22

Vegetable Production Area (%) 74.6 5.4 1.6 0.3 14.6 0.4 100.

Vegetable Production (%) 82.4 5.9 2.1 2.9 6.4 0.3 100.

Fruit Production Area (%) 71.4 2.3 0.1 13.0 11.7 1.5 100.

Fruit Production (%) 75.8 1.2 0.1 10.5 10.5 1.9 100.

ISHS Country Members 11 26 3 3 6 3 52.

ISHS Individual Members

1992 (%) 10.5 44.0 24.0 4.0 7.0 3.5 100.

1998 (%) 10.0 47.0 21.0 3.0 7.0 4.0 100.

2003 (%) 11.0 42.0 20.0 7.0 8.0 5.0 100.

2006 (%) 19.1 37.8 26.5 5.1 4.1 7.5 100.

2007 (%) 27.0 33.4 22.0 4.4 4.7 8.2 100.

2007 Actual No. 1960 2443 1597 323 340 598 7261.

No. ISHS symposia 50 50 20 7 5 9 141.
(2003-2007)

Table 1. Some statistics on world horticulture. Source: www.fao.org.
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Figure 1. Horticultural advancement in some Asian countries: (A) cucumber machine grading and packaging in Japan; (B) Typical solar-lean
greenhouses in China; (C) hot pepper transplanting machine over the black PE film mulched ridge in Korea; (D) monorail transport of pots at a
Taiwan commercial nursery; (E) grafting of vernalized Asian pear twig with one flower bud to produce temperate zone pears in the tropical
area in Taiwan; (F) Royal Flora Horticultural Exposition in Thailand that attracted 4 million visitors over a 3 months period; (G) Roadside retail
shop of various local-grown vegetables in Vietnam; (H) Citrus orchard in newly reclaimed land in China; (I) Tropical fruit in Vietnam.
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of their research and experience. The number of
Asian ISHS members has also been markedly
increasing in recent years and about one third
of total ISHS symposia have been held or
scheduled to be held in Asia from 2003 to 2007
(Table 1).

ADVANCES IN CULTIVATION
TECHNOLOGIES AND
RESEARCH

The quality of seedlings or transplants and care-
ful management of the current crop are fre-
quently considered the most important factors
in intensive farming as indicated by the slogan:
“Raising good transplants accounts for half of
successful farming and good harvest.” Hybrid
rice is an example of the combined scientific
efforts of farmers and scientists and has led to
triple cropping of rice in the same paddy field in
tropical and subtropical Asia. Exploitation of
new crops and/or underutilized plant species
has also been very popular among Asian horti-

culturists and many are looking for functional
substances from these crops for nutraceutical
and medicinal uses.

Generous research funding has been allocated
to biotechnology in several Asian countries,
even though concerns about the practical appli-
cations of research outcomes persist in many
areas. Many researchers are dealing with analy-
ses of quantitative trait loci (QTL) and molecular
markers for marker-assisted selection. In addi -
tion, many Asian countries are eager to breed
their own cultivars in order to avoid paying
royalties to multinational companies and scien-
tists and institutions are eager to obtain patents
from their research.

Some recent advances in Asian Horticulture are
summarized in Table 2. Continuous efforts have
been focused on securing higher yields from
the very limited cultivation areas that are
available. Considerable efforts have been
expended in Japan, Taiwan, and Korea on new
technologies to minimize the inputs of labor
and energy. Improving seeds and seedlings is

considered the main area for further improve-
ment, followed by quality enhancement, and
labor-saving technologies as shown, for
example, in the automatic selection and gra-
ding of cucumbers in a large packing house in
Japan (Fig. 1A). Year-round use of protected
structures for horticultural crop production can
be found in most Temperate Zone areas of Asia
(Fig. 1B). Simple and easy-to-handle machines
are more popular among most Asian farmers
because of the small size of the family-owned
land and the irregularity of cultivated land (Fig.
1C, D). Pear growers in Taiwan are using graf-
ting methods, involving shoots with flower
buds that have received chilling elsewhere, to
produce high-quality Asian pears under tropical
environmental conditions (Fig. 1E). Numerous
orchids are grown or collected from the wild in
Thailand for export worldwide and for exposi -
tion (Fig. 1F). Both vegetable (Fig. 1G) and fruit
production (Fig. 1H, I) are expanding rapidly.
Various herbal products are produced in India
for world markets. Internet sales are rapidly
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net income. The prices of some of the vegeta-
bles in China are only one-fifth or one-third of
the prices in Korea or Japan. A strong trend of
international trade is expected to increase
further for several decades.

COLLABORATION BETWEEN
ASIAN COUNTRIES

Keen awareness of the impacts of horticulture
and horticultural processes is spreading among
Asian horticulturists and economists. Frequent
meetings of horticulturists have been taking
place among Asian horticulturists to seek
suitable ways for further collaboration among
Asian countries, in addition to ISHS activities via
symposia, workshops, and congresses. ISHS is
very interested in promoting regional coopera -
tion of Asia-Pacific societies and supporting
regional meetings as in the case of the first
Symposium on Horticulture in Europe (SHE),
which will be held in February 2008 in Vienna,
Austria. Careful, but intensive, Asian contacts
will be desirable in this regard for ISHS including
pursuing country membership for China and
other unaffiliated Asian countries. ISHS, with
continually-increasing number of members
(Fig. 2), will be continuing its goal to harmo nize
the diversities arising from culture, location,
habit, religion, and economic development for
the advancement of global horticulture. 

Quality improvement Production of high-quality crops

Production and certification of environmentally-friendly horticultural produces

Use of protected structures for high-quality crop production

Development of equipment for rapid and reliable evaluation

Extensive labeling of quality using barcode on package

Labor saving technology Various transplanting and harvesting machines

Labor-saving management systems for protected cultivation

Automatic grading and packaging system

Readjustment of arable land for machine operation

Use of alternative bearing to save fruit harvesting labor

Increasing use of simple grafting machine

Elaborated handling, transport (mono-rail) and storage

Biotechnology Identification and registration of gene and molecular markers

Control mechanism of gene expression

Creation of new crops with desirable traits

Internet sale Seeds, fresh produces, and processed ones

Various equipment and handy horticultural kits

Trade & marketing Increased use of imported fruits
Packaging revolution

Table 2. Recent activities in selected areas of horticulture in Asian countries.

Figure 2. Number of ISHS individual members.
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increasing in and between some selected coun-
tries. Practical achievements of Asia-oriented
biotechnology are beginning to be achieved
(Table 2).

EXPLOSIVE INCREASES IN
INTERNATIONAL TRADE OF
HORTICULTURAL PRODUCE

Marked increases in the international trade of
horticultural produce have been achieved
recently and this is especially true with most
Asian countries. Significant differences in mar-

ket price are regarded as the major reason for
these trade increases, but other factors are
involved, such as gradual reductions or exemp-
tions of tariffs imposed on imported products,
increases in the trade agreements between
countries, preferences for exotic delicacies all
over the world, and increasing demand for safe
and high quality foods. Many farmers in deve-
loping countries are eager to produce crops or
products for export rather than domestic uses
to increase their incomes. In many cases, the
farmers also collect considerable subsidies from
the government, thus further increasing their

Periurban horticulture is getting popular
in Southeast Asian countries.

Growing ginseng under special shading
in Korea for high quality.



ISHS • 6

The Board of the ISHS met on 19-23 October
at Florianopolis, Brazil. The meeting coincided
with the VIIIth International Symposium on
Temperate Zone Fruits in the Tropics and
Subtropics. It also provided an ideal opportuni-
ty to meet with leaders of various horticultural
science societies from across South America.

MEMBERSHIP

The number of individual ISHS members has
reached a new record – 7,273 as of the end of
August 2007. These members come from 141
different countries. This represents sustained
linear growth in individual membership over the
past 10 years. The most recent increases have
come as a direct result of the 27th International
Horticultural Congress that was held in Seoul in
August 2006. The retention rate of new mem-
bers who join as a result of their attendance at
an ISHS scientific meeting is in excess of 75%.
Current membership services, therefore, appear
to be achieving a high degree of satisfaction
amongst those joining in this way.

The region with the greatest number of mem-
bers is still Europe, followed by Asia and then
North America. The country with the greatest
number of members is the USA but the region
with the most rapid growth in membership is
Asia. In addition, the Society has 175
Institutional Members (primarily libraries sub -
scribing to ISHS publications).

PUBLICATIONS

The number of scientific meetings held each
year, and hence the number of Acta
Horticulturae published, continues to grow.
There will be 36 Acta Horticulturae published
this year, including 6 from IHC2006. This repre-
sents around 1,900 articles and 13,000 pages
of text! In spite of this overall growth in
activity, there has been no reduction in the
average number of papers in each Acta or in
the size of those papers (Table 1). Plans are for
52 scien tific symposia to be held during 2008 –
a record number for the Society.

In addition to the continuing publication of
Acta Horticulturae, increasing numbers of
Scripta Horticulturae are being prepared.
Scripta Horticulturae No. 5 Proteaceous Orna -
mentals - Banksia, Leucadendron, Leucosper -
mum and Protea was published in 2007 in coo-
peration with the International Protea
Association. A number of new Scripta are
expected in 2008 including the International
Code of Nomenclature for Cultivated Plants.

Chronica Horticulturae continues to improve
with excellent feature articles as well as reports
on scientific symposia and other content of
interest to members. However, maintaining
such a high volume of interesting material
requires a lot of cooperation from members.
New articles are welcome at any time on topics
relevant to global horticulture.

The most significant new development within
ISHS, with regard to publications, is a new
partnership with the trustees of the Journal for
Horticultural Science and Biotechnology. ISHS is
now the organization of choice for posting the
electronic version of this prestigious publication
– members can access this Journal from
www.PubHort.org and can use their download
credits as they currently do for articles from
Acta Horticulturae. It is planned that other
member services in relation to this and other
Journals will develop over time.

FINANCES
The continued growth in the activities of the
Society means that budget lines for both reve-
nue and expenditure are often exceeded. The
challenge for both the Board and the
Secretariat is to keep the two in balance and to
ensure that there is a surplus at the end of each
year in order to secure reserves that can be
directed to new initiatives. That surplus for
2006 was Euro 67,000 (against a budget provi-
sion of Euro 2,300). While it is too early to pre-
dict an accurate result for the end of 2007, a
surplus is again predicted.

The matter of Country-State Membership dues
has been contentious for some time. A small
subcommittee of Council has been reviewing
options for revising these dues and has put
some recommendations forward to the Board
for consideration. The Board is now evaluating
those options and will take recommendations
to the next meeting of the Council, which will
be held in Agadir, Morocco in April 2008. The
number of country members is now 49 but
some are struggling to pay the dues, particu -
larly those countries where the dues are paid by
a national society for horticultural science.

INTERNATIONAL HORTICUL-
TURAL CONGRESS 2010
The preparation of the 28th International
Horticultural Congress - Lisboa 2010 continues.
The theme of the Congress is ‘Science and
Horticulture for People’, which emphasises the
importance of horticultural science to humanity
and the need for interaction between those
involved in horticultural science and those that
benefit from it.

A high diversified scientific programme is
envisaged including colloquia, symposia, semi-

ISHS Board Meeting at
Florianopolis, Brazil

Ian J. Warrington, ISHS Vice President

Ian J. Warrington

Year Number of pages Number of articles Number of
Acta

(total) (average) (total) (average) Horticulturae

1997 13,138 526 1,842 74 26

1998 11,937 459 1,576 61 27

1999 11,952 443 1,659 61 28

2000 13,832 407 1,782 52 34

2001 10,610 442 1,559 65 25

2002 14,197 473 2,157 72 30

2003 14,121 441 1,901 59 32

2004 15,763 438 2,137 59 32

2005 16,548 473 2,251 64 34

2006 13,151 453 1,871 65 33

Table 1. Acta Horticulturae published over the last 10 years (1997-2006) showing average
numbers of pages and average numbers of papers.
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nars and workshops to cover a wide range of
topics within horticultural science and techno-
logy. The social programme and the technical
visits of the Congress will provide the opportu-
nity to interact with the city of Lisbon and with
the latest developments of horticulture in
Portugal and Spain.

The first announcement will be mailed in
January 2008 but some information about
the Congress is already available at:
www.ihc2010.org.

PARTNERSHIPS
The current Board has had a deliberate policy of
strengthening its linkages with other societies
and organizations that have a role in horticul -
ture or horticultural science globally, regionally
or locally. The intention has been to enhance
the membership services to existing ISHS mem-
bers by broadening the databases and informa-
tion sources that can be provided to them, as
well as delivering ISHS services to members in
partner organizations. Members will be aware
of the developments that occurred previously in
this regard with the International Society of
Citriculture, the Global Crop Diversity Trust, the
International Peat Society, and the International
Network for the Improvement of Banana and
Plantain (INIBAP).

A new partnership is being concluded with the
International Plant Propagator’s Society (IPPS),
where ISHS will host all previous IPPS
Conference Proceedings for downloading from
the PubHort database. Both the Royal
Horticultural Society and the International
Society for Mushroom Science (ISMS) are
discussing options for a stronger association
with ISHS. In addition, ISHS had just secured a
formal agreement with EMBRAPA (Empresa
Brasileira de Pesquisa Agropecuária or the
Brazilian Agricultural Research Corporation)
that will give EMBRAPA scientists greater access
to ISHS horticultural knowledge resources.

WEBSITE
The ISHS website has had a makeover and
members are encouraged to visit the site to see
the new look as well as such features as the
Newsfeed.

RELOCATION OF ISHS
OFFICES
The ISHS Secretariat will soon be moving to
new offices at Leuven but all contact details will
remain unchanged. The reason for the move
centers on the university wanting access to the
current office space. The new area within the
university will provide more space and retain all
of the advantages of this particular location.

OUTREACH AGENDA
Developments continue across a range of initia-
tives where ISHS is building bridges to institutes

and agencies more directly engaged with inter-
national development. With our membership
base and our products and services, ISHS can
help build professional capacity for the research
and education needed to support the expan -
sion of horticultural industry in developing
countries. It is now widely recognized that hor-
ticulture can improve both livelihoods and the
amounts and quality of produce available for
consumption.

The ISHS Board is represented on the Global
Horticulture Initiative (GlobalHort) Board of
Directors but the program of work is still in the
formative phase. It is anticipated that
GlobalHort will provide support to a number of
ISHS symposia during 2008. Good progress has
been made with linkages to the Technical
Centre for Agricultural and Rural Cooperation
(CTA; Wageningen, The Netherlands) who
recently supported attendance at the Inter -
national Symposium on Breadfruit Research
and Development held in Fiji in April, 2007. Our
Society also intends to continue discussions
with a number of CGIAR institutes who have an
interest in horticultural crops, in order to see if
partnership arrangements can be realized.

MEETING WITH SOUTH
AMERICAN HORTICULTURAL
SCIENCE SOCIETY LEADERS

During its visit to Florianopolis, the ISHS Board
was able to meet with the Presidents of a num-
ber of Horticultural Science Societies from
South America.

Argentina. Ing. Agr. Ricardo Andreau,
President, Asociación Argentina de Horticultura
(ASAHO)

Mr. Andreau is the newly elected President of
this national society, replacing Dr. Claudio
Galmarini. He was elected during the 30th
Annual Congress of ASAHO where more than
100 oral papers and 400 posters, covering all
horticultural science areas, were presented. The
weak state of the Argentine currency means
that members struggle to pay for the ISHS
country dues but the benefits of ISHS member-
ship were acknowledged. For more information
see www.asaho.com.ar. Recently the ISHS re -
ceived invitations for patronizing two symposia
in this country in the coming years: the XI
International Pear Symposium in 2010 or 2011
and the VII International Symposium on New
Floricultural Crops in 2011.

Brazil. Dr. Paulo César Tavares de Melo,
President, Associação Brasileira de Horticultura
(ABH)

This society, founded in 1961, represents vege-
table science and industry professionals in
Brazil. It has more than 600 members and holds
an annual Congress (the Congresso Brasileiro
de Olericultura). Key aims are to work with
other sectors to improve the consumption of
fresh fruit and vegetables, to develop underuti-
lized crops, to adopt sustainable production
methods, and to cope with being displaced off
high quality land by the expansion of biofuel
production. For more information see
www.abhorticultura.com.br.

Opening ceremony of the VIIIth International Symposium on Temperate Zone Fruits in the
Tropics and Subtropics.
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Dr. Jose Luiz Petri, President, Sociedade
Brasileira de Fruiticultura (SBF)

This very large Society covers all aspects of fruit
production in Brazil. Its science congress alone
attracts 1000-1500 members. It publishes a
newsletter and a scientific journal – Revista
Brasileira de Fruticultura – and hosts a number
of regional, national and international scientific
symposia, some of which are in partnership
with ISHS. For more information see
www.sbfruti.com.br.

Dr. Antonio Fernando Caetano Tombolato,
President, Sociedade Brazileira de Floricultura e
Plantas Ornamentais (SBFPO)

This Society holds a congress every two years,
usually together with the national tissue culture
society. It publishes a magazine twice a year in
a CD-Rom format and has strong links with
many societies in different states within Brazil.
For more information see www.sbfpo.com.br.

Chile. Dr. Jorge Retamales, President, Sociedad
Chilena de Fruiticultura

This society has hosted some 6 ISHS symposia
over the past 9 years demonstrating its close
affiliation to the ISHS. The industry in Chile is
facing challenges because of a weakened US
dollar, a shortage of fruit scientists in Chile, a
poor output of scientific publications, poor
industry engagement with scientific research
and a low level of innovation. The Society plans
to develop an electronic journal and to increase
activity with underutilized plants.

ISHS Board members and South American horticultural science society leaders. From left to
right: Drs. Ricardo Andreau, Jorge Retamales, Jose Luiz Petri, Paulo César Tavares de Melo, Horst
Berger Stumpe, Diego Miranda Lasprilla, Norman Looney, Antonio Monteiro, Ian Warrington,
Jung-Myung Lee, Jules Janick, Rob Bogers, Andres V. Casas Diaz, Roberto Zoppolo, Fernando
Riquelme Ballesteros  (Spanish representative) and Antonio Fernando Caetano Tombolato

Dr. Horst Berger Stumpe, President, Sociedad
Agronomica de Chile

This is the oldest horticultural science society in
Chile and will celebrate its 100th Anniversary in
2010 with a large congress in Santiago. It has
been holding annual meetings since 1949 that
typically attract around 200 registrants. It has
some 180 members. The other horticultural
science societies, which have each evolved from
the Sociedad Agronomica de Chile, are all quite
small. (See also www.sach.cl).

Colombia. Dr. Diego Miranda Lasprilla,
President, Sociedad Colombiana de Ciencias
Horticolas

This is a new Society covering all aspects of hor-
ticulture. It has 134 members including 10 insti-
tutions. They have a 20-year development plan
and formal statutes covering their operation.
They also have their own journal. A special sym-
posium on Passiflora is planned for in March
2008 and they will host a special symposium on
Tomato in the Tropics also in 2008. (See also
www.soccolhort.com).

Peru. Dr. Andres V. Casas Diaz, President,
Sociedad Peruana de Horticultura

This Society has an annual meeting but it does
need re-building and supporting by the private
sector. The main crop of interest in Peru is aspa-
ragus but avocados, grapes and mangoes are
all exported, primarily to the USA and Europe.
Indigenous crops, especially those with natural
products, are likely to receive increasing atten -

tion. In August 2008 Peru will be the host coun-
try of the International Symposium on Soilless
Culture and Hydroponics, and the XII
International Asparagus Symposium is planned
for in 2009.

Uruguay. Dr. Roberto Zoppolo, INIA Uruguay

Dr. Zoppolo provided information about horti-
cultural science and research in Uruguay. The
horticultural sector is relatively small but attracts
colleagues from academia, industry and
government research organizations. An annual
meeting is organized but the scientific scope of
the program is limited.

The ISHS Board greatly appreciated the efforts
that each of these Presidents and colleagues
made to travel and meet to discuss issues of
mutual interest across a number of areas.
Maintaining member interest, strengthening
linkages with industry, developing stronger
export sectors and evaluating the opportunities
arising from indigenous and underutilized
plants, came across as common themes. Many
of these individual scientific societies wanted to
see stronger linkages between the societies
within South America. All left better informed
about the products and breadth of activities
within the ISHS. The Board’s objective of raising
awareness of our Society and strengthening ties
with these national Societies was, therefore,
fully realized.

In summary, the Board has a very full and active
agenda. The range and scope of the member-
ship and of all ISHS activities continue to grow.
The services to members continue to increase
and the quality of those services continues to
improve thanks to a very professional and busy
Executive Director and his team at headquar-
ters. You are encouraged to visit the society
website for other news of the Board’s and
Society’s activities. 
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ISSUES

Transgenic Technology: Pro-Poor or
Pro-Rich?1

“PRO-POOR GROWTH” -
A DEFINITION

Success in accomplishing the Millennium
Development Goals (MDG) requires fast and
sustainable growth in the so-called “developing
world” (see Table 1). Most poverty alleviation
approaches acknowledge therefore the need to
grow. However, many of these approaches
could be improved by a better understanding of
both the sources of growth and of how growth
leads to poverty reduction. In this regard,
“international aid” organizations use the
phrase “pro-poor growth” to refer to the
growth that benefits the poor in a location,
country or region, in such a way that the in -
comes of the poor will rise faster than overall
average income.

A comprehensive measure of “pro-poor
growth” considers the non-income dimensions

Rodomiro Ortiz and Melinda Smale

TTransgenic crops were originally developed for temperate climates and industrialized agricul-
ture. Nonetheless, genetic engineering has the potential to address some of the most challen-
ging biotic and abiotic constraints faced by farmers in non-industrialized agriculture, which are
not easily addressed through conventional plant breeding alone. These constraints include insect
pests and viruses, as well as drought. A second advantage of genetic transformation is that it
can add an economically valuable trait while maintaining other desirable characteristics of the
host cultivar. For example, enhanced product quality or micronutrients can be added to a well-
adapted cultivar that already yields well under local conditions. This feature is particularly attrac-
tive for semi-commercial, small-holder farmers in non-industrialized agriculture, who are more
likely to consume as well as sell their farm products. Farmers in developing economies face pro-
blems with access to the markets that can supply productivity-enhancing inputs and income
from sales of farm products, and unless investments are to support the development of local
market infrastructure, including the flow of information, transgenic seed will not be profitable.
Profitability will indeed remain the most important factor that drives farmers to adopt and retain
new technology anywhere in the world. Whether a technology that is profitable for farmers can
be developed depends on factors such as research capacity, environmental and food safety
regulations, intellectual property rights, and performance of agricultural input markets. The poor
of the developing world should benefit from the deployment of desirable transgenic crops that
follows scientifically-sound biosafety and food safety standards and appropriate intellectual
property management and stewardship. Use of transgenic crops should be the result of social
consensus.

of poverty, such as malnutrition, access to edu-
cation, and child mortality. Giving the poor
better access to assets and markets will lead to
growth because it allows more of a country’s
resources – its people – to become highly pro-
ductive. “Pro-poor growth” should reduce
inequality, enabling relatively poor people to
participate in, as well as benefit from, the
growth process. Greater equality speeds growth
by enhancing the ability of the poor to contri-
bute to production and removing the causes of
social and political tensions, which encourages
investment and improves well-being.

Transgenic plant breeding could offer a means
for achieving “pro-poor growth” if it leads to
sustainable increases in crop yields that raise
farmers’ incomes and improve food security,
contributing to the eradication of extreme
poverty and hunger (MDG 1). Furthermore,
transgenic technology that promotes locally
available crops with enhanced micronutrient
content and protein quality may provide a
means for healthy food options that may
reduce child mortality (MDG 4) and general
malnutrition, which will allow better-fed chil-

dren to achieve universal primary education
(MDG 2). Likewise, genetically engineered crops
that reduce pesticide use and facilitate the
diversification of cropping systems by raising
per hectare yields can contribute towards
ensuring environmental sustainability (MDG 7).
Global partnerships for development (MDG 8),
which combine actors from public, private, and
philanthropic organizations, are needed in order
to ac quire proprietary genes, methods and
knowledge, leverage resources, and ensure
effective and efficient delivery of both the tech-
nology and the associated “know-how” to
poor farmers.

However, for transgenic crop technology to rea-
lize its potential among relatively poor farmers
in the non-industrialized agricultural economies
of the developing world some issues need to be
urgently addressed. Technical change in Asia’s
Green Revolution benefited many farmers and
consumers, but large numbers of food-insecure,
rural poor remain across Asia and other conti-
nents. Farmers who do not yet grow modern
cultivars of major cereal crops reside primarily
on more marginal lands and more remote loca-
tions. Others grow crops that have received less
research investment by scientific research in
either public or private institutions. Typically,
either isolation from markets, the crops they
grow, or poverty itself limit their use of pur -
chased inputs in farming. Below we review
some of the issues that need to be addressed,
also referring to existing literature about the
impacts of transgenic crop technology in the
developing world. An understanding of both
constraints and potential will improve the
chances that engineering systems will bring the
benefits of transgenic crop technology to the
poor.

DOES PROPRIETARY
RECOMBINANT-DNA
TECHNOLOGY HAVE THE
POTENTIAL TO BENEFIT THE
RESOURCE-POOR?

Transgenic crops have been available in the
market for about one decade. Such genetically-
modified crops possess special traits that can

1 The views expressed in this manuscript are solely those of
the authors and do not reflect the official policies of their
present or past employing organizations, nor the ISHS.
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benefit both farmers and consumers, in both
industrialized and non-industrialized agricul -
ture. Today, transgenic food crops include traits
such as pest resistance (mainly to insects and
viruses), herbicide tolerance, altered nutritional
profile, and enhanced storage life.

In principle, genetic resistance to a crop pest
cuts yield losses from pest damage and cash
outlays on pesticides, contributing to more
stable yields and a less toxic environment.
Smallholder farmers in non-industrialized agri-
culture pay particularly high relative prices for
chemical inputs because input and output mar-
kets do not function as well. They are provided
with less information and know less about safe
application practices. They are more likely to
grow their crops in the more variable rain-fed
environments of the tropics. Use of herbicide
tolerant cultivars can decrease management
costs, releasing time for other economic activi-
ties, while also contributing to a less toxic pro-
duction environment. Diversifying income sour-
ces is one major strategy for reducing the
variability of farm income as agricultural econo-
mies change. Consumers, as well as farmers,
could benefit from the use of more nutritious
transgenic crops. In non-industrialized agricul-
ture, semi-commercial farmers typically orga -
nize their production with household labor,
consuming part of their farm produce. Other
transgenic crops in the research and develop-
ment pipeline, such as those with tolerance to
abiotic stresses or enhanced input efficiency,
could provide similar benefits to farmers, con-
sumers, and the environment.

So far, relatively few transgenic crop-trait com-
binations are grown worldwide (mainly field or
row crops such as canola, cotton, maize and
soybean). Most of these have been developed
for wealthier farmers in temperate environ-
ments of industrialized agricultural countries.
Research teams often report advances for other
crops (including fruits and vegetables) and
traits, but they are far from reaching growers
and consumers in non-industrialized agricul -
ture.

TRANSGENIC FRUITS,
VEGETABLES, ROOT AND
TUBER CROPS FOR THE
DEVELOPING WORLD

Some horticulturists have been working on the
genetic engineering of fruits and vegetables.
For example, research teams in Africa, America,
Asia, Australia and Europe are breeding new
bananas and plantains with enhanced resis -
tance to black Sigatoka, as well as transgenic
papaya, sweet potato, potato, tomato, or
eggplant that withstand better viruses, fungi, or
nematode and insect pests. Such promising
technology can benefit both the poor growers
of the developing world as well as their sur-
rounding environments. Similarly, recent advan-
ces in plant-based production of an oral hepa -

titis B vaccine (HBV) in crops such as potato, let-
tuce, or carrot can address human health issues
of the developing world. In this regard, bana-
nas, which are often eaten raw or as fresh
ripened fruit by children, offer a suitable delive-
ry mechanism for HBV to millions of people
worldwide. Moreover, food safety of those
resource-poor people eating cassava as the
main staple, especially in rural African areas,
can be enhanced by growing cyanide-free culti-
vars that are being bred also by transgenic
approaches. Likewise, increasing crop carote-
noids by metabolic sink manipulation through a
transgenic breeding approach appears feasible
in some vegetable crops. Success in this task
will benefit human nutrition and health.
Furthermore, transgenic root and tuber crops
with suitable starch composition for the indus-
try also provide new means for diversifying
income generation of farmers who will grow a
new high value agricultural product.

Above are just a few examples of transgenic
research advances in crops and traits that can
benefit both farmers and consumers that
depend on horticulture for a living, eating and
well-being. However, to reach end-users some
hurdles regarding intellectual property or bio -
safety guidelines that may follow an extreme
“precautionary principle” approach, as well as
pro-poor seed delivery systems, and society’s
acceptance of transgenic plant sources for hor-
ticulture are needed. The involvement of well-
informed stakeholders throughout the poten -
tial transgenic crop chain will be needed to
succeed in this endeavor.

EVIDENCE ON ECONOMIC
IMPACT IN THE DEVELOPING
WORLD

On 1st August 2007, a search of CAB Direct
showed nearly 10,000 references containing
the letters “economic” and “biotechnology.”
(The search language was used to ensure that
all related words were considered, such as bio-
technological.) However, only about 125 are
peer-reviewed articles, which have been pu -
blished based on application of a stated econo-
mics method to empirical data collected about
the use of transgenic crops in developing agri-
cultural economies. About half of these articles
assessed potential benefits before the adoption
of the technology. The remainder documents
the impact of transgenic crops on farmers after
the cultivars have been adopted. In these stu-
dies, only three crop-trait combinations (insect-
resistant maize and cotton, and herbicide-tole-
rant soybeans) and six countries (India, China,
South Africa, Argentina, Philippines and
Mexico) are represented so far. Articles are
often written by the same groups of authors,
and thus represent case studies that have been
conducted with increasingly sophisticated
methods over successive cropping seasons.

Examination of this literature suggests that the

balance sheet of the evidence presented at the
farm, industry and trade level is promising, but
mixed. Most industry- and trade-level analyses
are assessments of potential rather than actual
impact, and while based on carefully crafted
assumptions, these assumptions may not be
borne out in practice. There are numerous
methodological limitations to be overcome in
the farm-level analysis, which are related in part
to the short period since release of the trans -
genic crop, the spatial and temporal variability
of yields and pest pressures, the heterogeneity
of farmers and their objectives, and the few
crop-trait combinations explored. Most impor-
tantly, findings from these crop-trait combina -
tions should not be generalized to horticultural
crops.

ENSURING AVAILABILITY OF
TRANSGENIC CROPS

Before transgenic crops can be made available
to farmers in developing agricultural econo-
mies, a number of institutional hurdles must be
overcome. At this time, the most important of
these appear to be related to intellectual pro-
perty rights, public awareness, biosafety guide-
lines (or lack of them), and food safety proto-
cols. Appropriate measures need to be sought
to overcome these hurdles.

To ensure that poor farmers can afford to pur-
chase transgenic seed, owners of the techno -
logy will need to pursue new paradigms of pri-
vate-public-philanthropy partnerships. Are the
main actors involved willing to work out arran-
gements to facilitate access by poor farmers of
transgenic crops? What will be the level of fees
charged for transferring technology? How will
contracts be negotiated between farmers and
seed suppliers?

One of the main biosafety issues refers to gene
flow, which is not something peculiar to trans-
genic plants since it is as old as life itself be -
cause gene flow occurs at any time when one
organism breeds with a relative, and thereafter
passing their combined DNA to the resulting
offspring. The main ecological issues regarding
gene flow of transgenic crops are related to (1)
altering wild species’ genetic identity, (2) endo-
wing a wild relative with a “fitness” gene that
may lead to a “super-weed,” (3) transferring a
pest-killing trait that may be desirable for a crop
but in a wild plant may affect the ecosystem by
attacking beneficial insects or soil organisms,
and (4) the potential for invasiveness of a gene-
tically engineered crop, i.e., the transgenic crop
becoming a pest species. Natural selection,
rather than gene flow rates, remains however
as the most important factor governing the
spread of favorable alleles into any habitat.
Involving resource-poor farmers in the bio -
safety assessment will benefit from their tradi-
tional knowledge of managing biodiversity into
their farming systems as well as to envisage
new approaches for transgene containment in
agro-ecosystems.
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Transgenic plants without any undesired genes
are also needed to overcome any resistance for
the deployment of genetically-engineered
crops. Some systems are available for releasing
marker-free transgenic crops, e.g. through co-
transformation or highly efficient gene transfer
protocols for engineering plants without any
marker-aided selection that require the scree-
ning to identify transgenic events, and recombi-
nation for removal of specific undesired gene
sequences from transgenic plants. Similarly, the
introduction of isolated genes with their native
promoters from crossable species or from the
crop plant itself provides another means to
address some negative views regarding the use
of genes from non-crossable species for bree-
ding new crops. The use of plant-derived genes
for introducing useful traits and plant-derived
promoters will overcome some concerns about
the deployment of genetically-engineered crops
into agro-ecosystems.

One of the main concerns will be the uninten-
tional spread of transgenic traits into conventio-
nally-bred crop or landrace gene pools of the
same species. In this regard, local knowledge of
resource-poor farmers will be needed to avoid
such gene flow to hamper the efforts for main-
taining distinct cultivars for the marketplace.
Likewise, appropriate measurements should be
taken when transgenic and conventional crops
of the same species “co-exist” in the same loca-
tions if some farmers wish to grow crops for
GMO-free markets. Such regulations will bene-
fit from recognition of the practices farmers use
to maintain the genetic integrity of their culti-
vars in their fields.

MAKING TRANSGENIC
CROPS PROFITABLE

Availability of transgenic crops does not ensure
that they will be adopted by farmers. To be
widely adopted by farmers in developing agri-
cultural economies, the benefits of their adop -
tion must exceed their costs for a large propor-
tion of farmers, from one season to the next.
Since most of these farmers are not fully com-
mercialized, satisfying this objective involves
considerations other than pure profits. Real pri-
ces faced by farmers for seed, other inputs,
labor, and farm products are different from
those observed on the market, because they
embody transaction costs that depend on mar-
ket access and vary by farmer.

As in industrialized agriculture, however, the
profitability of adopting transgenic seed
depends primarily on (1) the crop-trait combi-
nation, (2) the performance of the material, (3)
the seed-to-grain price ratio, and (4) risk and
uncertainty. For example, if herbicides are not
used intensively, which is often the case for
poorer farmers in non-industrialized agriculture,
there will be no advantage to adoption of her-
bicide-tolerant cultivars. If the crop is grown by
a minority of wealthy farmers for export, as is
the case for some horticultural crops in Africa,

neither adoption nor the benefits from adop-
tion will be widespread.

The performance advantage of the transgenic
cultivar relative to the next best alternative
depends on the spatial and temporal variability
of the production environment and on the local
adaptation of the host germplasm, as is the
case with any improved cultivar. In addition, the
transgene construct affects performance. This
point has been demonstrated by detailed stu-
dies conducted in India, China, and South
Africa on the variability in benefits earned by
farmers from growing Bt-cotton. Thus, while
direct transfer of a cultivar is not likely to suc-
ceed as well as backcrossing with local mate -
rials, adaptation also involves a longer research
and development phase, decreasing overall
benefits because of the time value of money.

In the case of transgenic crops, seed-to-grain
price ratios are heavily influenced by the tech-
nology transfer fee, which is passed on to far-
mers in the seed price. The case of Bt-cotton in
Argentina has demonstrated that failure to
negotiate the appropriate transfer fees can curb
the adoption rate and the overall benefits
earned by not only farmers, but also by innova-
tors and society as a whole. In contrast, the
capacity of the Chinese system to develop a
wide range of materials at low cost contributed
to the adoption of Bt-cotton. As is the case for
all crops, both seed and product markets need
to perform well to support adoption. Market
failure was a major cause of fluctuating adop -
tion rates for Bt-cotton among smallholders in
South Africa. Vertically-integrated marketing
arrangements supported the adoption of Bt-
cotton in Mexico.

Farmers in developing agricultural economies
face relatively more risk related to the variabi lity
of the production environment, the uncertainty
of buying and selling on local markets, and the
difficulty of obtaining credit to offset this risk.
Semi-commercial growers of maize, a major
food crop in some regions of Africa, are not
good credit risks for lenders. At the same time,
retail trade in seed is relatively less advanced,
and the traders who are capable of transporting
seed rapidly and in the small quantities that are
affordable to smallholders often have no access
to credit. Export of products to countries with
strong anti-GM lobbies poses risks in terms of
the hard currency that is so important to poorer
nations. Currently, this factor may be decisive
for horticultural and vegetable products des -
tined for most European markets. Thus, careful
assessment of the crop-trait combination with
respect to market potential, as well as invest-
ment in the strengthening of seed and product
market channels, will be fundamental to assu-
ring the profitability of transgenic crops, even
when their performance is shown to be supe -
rior in on-farm trials.

While the first step in achieving economic bene-
fits from transgenic technology is its adoption
by farmers, once adopted, what matters for

society as a whole is the distribution of benefits
among farmers, consumers, and innovators.
This distribution is affected by many of the
same institutional factors mentioned above.

OUTLOOK

The farmers who have benefited most from
transgenic crops so far are largely found in the
industrialized agricultural economies of higher
income countries, such as the USA. The expla-
nation for this outcome is simple. First, the life
science corporations based in higher income
countries have the financial resources and
scientific expertise to advance most rapidly in
developing transgenic crops. Second, life
science corporations originally developed the
crop-trait combinations that were suitable for
these farmers because corporations seek large,
reliable markets in order to generate profits.
Since the first generation of transgenic crops
was developed for and also benefits these far-
mers and innovators, some have dubbed it
“pro-rich.” Yet, many researchers working in
the public domain, as well as those working in
the private sector, are seeking ways to make the
next generation of transgenic crops “pro-poor.”
By “pro-poor”, we mean that the technology
benefits farmers in the less industrialized agri-
culture economies of lower income countries.

Horticulture remains in the infancy regarding
the use of transgenic crop technology due to
the lower resources invested (especially by the
multinational private seed sector) in contrast
with a handful of transgenic field crops that are
grown today by, or available to, farmers world-
wide. Hence, research towards release of trans-
genic crops that benefit the poor (both growers
and consumers) should be pursued with the
appropriate private and public funding level.
International or regional undertakings can faci-
litate this process, which can also benefit for
accessing proprietary technology through spe -
cial institutional arrangements whose main goal
will be to serve the resource-poor in rural areas
and consumers therein as well as urban people
who barely survive with their low income and
bad diets. Of course, a pragmatic approach will
be needed when deciding whether or not to
pursue a transgenic plant breeding approach.
Surely, if conventional plant breeding can do it,
let’s use it first.

More socio-economic and policy research is
needed to understand better what factors may
enhance the probability of successful adoption
and farm level impacts of transgenic crop tech-
nology. Public awareness campaigns through
flow of valid information about transgenic
crops are also important for society’s accep -
tance of this new technology. Valid information
ensues from providing facts based on evidence
about the benefits and risks of transgenic crop
technology and its deployment in the agro-eco-
systems. End-user surveys will improve the
understanding of the need for transgenic crops
as well as help identify priority traits.
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A transparent, participatory process that fol-
lows science-based biosafety and food safety
standards for deployment and monitoring of
transgenic crops, will allow the resource-poor
farmers and consumers to increase their wealth
and health, and minimize risks in their agro-
ecosystems. In this pro-poor endeavor, the
owners of proprietary technology and “know-
how” should be also willing to share such
assets with the resource-poor because elevating
their standard of living, and thereby improving
society development, will allow markets to
expand in this 21st Century. “Making poverty

Rodomiro Ortiz (geneticist) and Melinda Smale
(economist) work as director of resource
mobilization of the Centro Internacional de
Mejoramiento de Maíz y Trigo (CIMMYT,
Mexico), and senior research fellow of the
International Food Policy Research Institute
(IFPRI, Washington D.C., USA), respectively.
Both organizations belong to the Consultative
Group on International Agricultural Research
(CGIAR), which was established in 1971 as a
strategic partnership of countries, internatio-
nal and regional organizations and private
foundations. In collaboration with national
agricultural research systems, civil society
and the private sector, the CGIAR fosters
sustainable agricultural growth through high-
quality science aimed at benefiting the poor
through stronger food security, better human
nutrition and health, higher incomes and
improved management of natural resources.
For further information contact either co-
author of this article at r.ortiz@cgiar.org or
m.smale@cgiar.org

Rodomiro Ortiz Melinda Smale

Table 1. The Millennium Development Goals and targets relevant to horticulture.

1. Eradicate extreme poverty and hunger

2. Achieve universal primary education

3. Promote gender equality and empower women

4. Reduce child mortality

5. Improve maternal health

6. Combat HIV/AIDS, malaria and other diseases

7. Ensure environmental sustainability

8. Develop a Global Partnership for Development

Millennium Development Goal Targets relevant to horticulture directly (D)
or indirectly (I)

1. Halve, between 1990 and 2015, the propor -
tion of people whose income is less than one
dollar a day (D)

2. Halve, between 1990 and 2015, the propor -
tion of people who suffer from hunger (D)

3. Ensure that, by 2015, children everywhere,
boys and girls alike, will be able to complete a
full course of primary schooling (I)

5. Reduce by two-thirds, between 1990 and
2015, the under-five mortality rate (I)

9. Integrate the principles of sustainable develop-
ment into country policies and programs and
reverse the loss of environmental resources (I)

12. Develop further an open, rule-based, predic -
table, nondiscriminatory trading and financial
system (I)

13. Address the special needs of the least deve -
loped countries (I)

18. In co-operation with the private sector, make
available the benefits of new technologies (I)

ABOUT THE AUTHORS

history” requires a new mission-driven mindset
of both private and public sector that should
understand the moral imperative for changing
today’s world into a more equitable “global
village” in which profit margins are balanced
with society’s development needs. Otherwise,
transgenic crop technology benefits may not
reach the poor farmers and consumers of this
world, facing great global challenges such as
climate change or the technology divide that
will impact negatively the livelihoods of those
people in most need if no pro-poor actions are
taken now.
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ANDEAN ROOT AND TUBER
CROPS (ARTCs)

The best known ARTCs include arracacha, achi-
ra, yacon, mauka, and ahipa from the inter-
Andean valleys; and ulluco, oca, mashua,
maca, and 8 potato species from the highlands.
These crops are grown from southern
Venezuela to northwestern Argentina with the
highest varietal diversity and uses in the region
between central Peru to central Bolivia. Table 1
presents basic botanical information and cur-
rent uses of these ARTCs.

Oca

The name oca is derived from the Quechua
word Ok’a, occa, uqa. Oca is a perennial herb
whose top part senesces, with the tubers per-

Indigenous Andean Root and Tuber Crops:
New Foods for the New Millennium

William M. Roca, Cecilia Ynouye, Ivan Manrique, Carlos Arbizu and Rene Gomez

TThousands of years before the arrival of
European explorers, Andean farmers had
domesticated at least 180 plant species; out
of these, at least 20 are roots and tubers.
Multiple landraces of species like potato
were selected and maintained by farmers
over thousands of years. Recent studies con-
firm the potential value of such intra-speci-
fic diversity for securing food availability and
reveal sources of bioactive products for
human nutrition and health.

Table 1. Main features of Andean roots and tubers.

Main current uses

Common name Botanical name Family Altitude (m) Edible part Fresh Traditional processing

Achira Canna edulis Cannaceae 1000-2900 Rhizome Baked, boiled, industrial starch Starch

Ahipa Pachyrhizus ahipa Fabaceae 1500-3000 Root Snacks, salads

Arracacha Arracacia xanthorriza Umbelliferae 1500-3000 Root Boiled, baked, soups, stews, 
fried, baby food, puddings Kawi

Maca Lepidium meyenii Brassicaceae 3500-4500 Hypocotyl - Juices, bakery, biscuits, drink

Mashua Tropaeolum tuberosum Tropaeolaceae 2800-4000 Tuber Boiled, baked Tayacha

Mauka Mirabilis expansa Nyctaginaceae 3000 Root Boiled, baked, soups, puddings Boiled, baked, soups, 
puddings

Oca Oxalis tuberosa Oxalidaceae 2800-3800 Tuber Boiled, baked Kaya

Olluco Ullucus tuberosus Basellaceae 2800-3800 Tuber Soups, stews Lingle, chullqi, tuntilla

Native potato Solanum andigena, S. phureja, Solanaceae 3000-4300 Tuber Boiled Chuño, tunta, moraya
S. chaucha, S. goniocalyx, 
S. curtilobum, S. ajanhuiri, 
S. juzepczukii, S. stenotomum

Yacon Smallanthus sonchifolius Asteraceae 1800-3000 Root Snacks, syrup Sugar

Figure 1. A plant of the oca cultivar
yuraq oqa from farmers of the commu-
nity of Qasanqay, Ayacucho, Peru, 3600
masl (a). Heterostyly of the flower facili-
tates cross-pollination (b). Leaves resem-
ble clover in shape, and mature tubers
are mainly of claviform and cylinder
shape, their color ranges from white to
deep grayish purple (c), and are used to
plant oca in the Andes. Harvest occurs 7
months after planting.
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sisting to reinitiate growth in the next season
(Fig. 1). The basic chromosome number of oca
is x=8, whereas the ploidy of the wild Oxalis
species ranges from diploid to hexaploid, and
cultivated oca is an octoploid. Oca is cultivated
in sandy soils; in Peru, oca is grown on approxi-
mately 22 000 ha, yielding up to 20-40 tonnes
(t) per hectare. Besides the Andes, oca is also
grown in Mexico and New Zealand (King,
1988).

Ulluco

The name ulluco is derived from a Quechua
word, ulluku. Ulluco includes two subspecies:
tuberosus, comprising all the cultivated ullucos
and aborigineus, all the wild forms. The latter
species may be the ancestor of tuberosus. The
basic chromosome number is x=12; wild ullucos
are triploids and the cultivated ranges from
diploids to tetraploids. The plant (Fig. 2) prefers
soils rich in organic matter, and the period
between planting and harvest ranges from 140
to 200 days, depending on the variety, latitude
and altitude (NRC, 1989). Yield is 20-30 t/ha;
the total area of cultivation in Peru is 20 000 ha.

At times of overproduction, like oca, ulluco is
dehydrated into a product that can be stored
for years. Ulluco is sold in rural and urban mar-
kets of the Andes, usually at higher prices than
potatoes, and appears to contain enough diver-
sity to attempt its cultivation outside the Andes,
such as the temperate zones of the World.

Mashua

The name is derived from the Quechua word
maswa or mashwa. Mashua includes two sub-
species: tuberosum and silvestre, but only the
former sets tubers. Although the two species
appear to be sympatric in the Andes (Sparre
and Anderson, 1991), the wild ancestor of mas-
hua is still unknown. The plant (Fig. 3) prefers
soils rich in organic matter and its yield can
reach 70 t per hectare. It is widespread in
Colombia (NRC, 1989), and in Peru 8000 ha are
cultivated. Traditionally, mashua tubers are
exposed to the sun to increase their sweetness
and reduce odor due to cyanide content.

Arracacha

The name arracacha is derived from a Quechua
word, rakacha. The wild species Arracacha in -
cise, which is sympatric with the cultivated arra-
cacha, is its closest relative (Blas, 2005).
Arracacha is a tetraploid of 2n=4x=44 and is
restricted to relatively cool, but frost-free, mon-
tane environments, and frequently grown with
maize, beans, or underneath coffee plants
(NRC, 1989).

Arracacha (Fig. 4) was introduced from the
Andes into Central America, apparently at the
end of Colonial times. The plant was also
moved to Jamaica by the British, who further
introduced it into their colonies, with some suc-
cess in India and Sri Lanka at the end of the

Figure 2. Growing plant of cultivar puka ulluco from farmers of Qasanqay community,
Ayacucho, Peru, 3600 masl (a). Ulluco stems are glabrous and ridged with colors ranging
from green to grayish red. Leaves are alternate and have ovate, cordate, deltoid and semi-
reniform shape. Bisexual flowers rarely set seeds (b). Tubers are mainly round, cylinder and
semifalcate shaped with colors ranging from white and yellow to purplish red, including
variegation (c). The crop is harvested 7 months after planting (d).
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Figure 3. A plant of the mashua cultivar Cristopa yawarnin (Christ’s blood) from the farmers
community of Qasanqay, Ayacucho, Peru, 3600 masl (a). Mashua is a perennial tuberous herb
resembling nasturtium whose upper part dies at the end of the growing season in the Andes.
The plant is glabrous in all parts, with green yellowish to dark green stems; leaves are alter-
nate and peltate with twining petioles. The flowers are orange color with long peduncles,
and sepals fused at the base forming a spurred calyx, zygomorphic, and single ones (b).
Mashua sets many seeds of orthodox behavior. Tuber color ranges from white to deep
grayish purple (c). They are harvested 7 months after planting (d).
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19th century (Hodge, 1954). Arracacha is an
important food in the Andes, but it is outside
the Andes where arracacha appears to have a
brighter future. Approximately 30 000 ha are
grown in southern Brazil for fresh consumption
and for the industry of baby food and instant
soups.

Achira

The name derives from the Quechua word achi-
ra. There are 30 to 60 species of achira in
America and Asia (Maas and Maas, 1988);
most of them produce fleshy starchy rhizomes
with different degrees of success (Fig. 5). C.
paniculata, and C. iridiflora are sympatric with
the edible Canna in the Andes, and might be
their ancestors. Achira’s basic chromosome
number is x=9. Diploid and triploid achiras are
grown for their starchy rhizomes. The diploid
achiras are inbreeders and set viable seed
easily. The edible achira has not changed much,

Figure 4. Arracacha plants close to
maturity (a) (Photo: F. dos Santos). The
upper part of the plant resembles cele-
ry. The compound leaves vary from
pale green to purplish grey. The flo-
wers are small, of yellow or purple
color, arranged in umbel inflorescence
(b). Although the plant sets seeds occa-
sionally in the Andes, it is however pro-
pagated by cormels. Arracacha can be
harvested 8-12 months after planting
(c) (Photo: F. dos Santos). Diversity of
the crop appears to be evenly distribu-
ted in the warm Andean valleys of
Colombia, Ecuador, Peru, and Bolivia
and three main cultivars, ‘Amarillo’
(yellow), ‘Blanco’ (white) and ‘Morado’
(purple) can be found (d). The rate of
cross-pollination in arracacha is high
and used for breeding purposes in
Brazil (dos Santos, pers. commun.).

Figure 5. Achira is a perennial, with
alternate leaves of ovate elliptic to
ovate oblong shape. The inflorescence
has flowers from red to yellowish
orange color (a). The fruit is a capsule
and the seeds need scarification to
germinate (Maas and Maas, 1988). The
rhizomes are fully expanded for
harvesting 8-10 months after planting
(b). The plant appears to be daylength
neutral (NRC, 1989).
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but the ornamental ones are basically the result
of improvement programs for better quality
blooms (Motial, 1982). Baked achiras can last
several weeks under ordinary storage condi -
tions. Achira starch is an important income
generator in several Andean rural villages. In
Vietnam, around 30 000 ha are grown to make
prized noodles (Ho and Hao, 1995).

Figure 6. Yacon is a perennial compact
herb with pilose stem up to 2-3 m height
(a), with opposite triangular or rather
hastate leaves. It is close to sunflower
(b). Storage roots are expanded and
ready for harvesting 7-8 months after
planting (c). Reaction of the plant to
daylength is neutral (NRC, 1989).
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Yacon

The name is derived from the Quechua word
yaku, alluding to the high water content of its
storage roots. Yacon has 2n=58 chromosomes.
There are at least 21 species of Smallanthus, all
from the Americas. The richest diversity is found
on the eastern Andean slopes between Peru
and Bolivia, which seems to be the center of
origin of the species (Grau and Rea, 1997).

Harvested yacon root (Fig. 6) productivity ran-
ges from 30 to 40 t per hectare, although yields
of up to 100 tonnes have been reported in
Brazil and Peru. In the past two decades, yacon
was introduced from the Andes to New Zealand
and then to Japan. From Japan it was distribu-
ted to Korea and Brazil. Yacon is currently culti-
vated in USA, Philippines, Czech Republic and
lately in China. Yacon is eaten raw as a fruit and
could also be processed.

Maca

The name maca is derived from the Quechua
word maca. Maca is an inbreeder with 64 chro-
mosomes. Maca cultivation is mostly restricted
to the highlands of the central Peruvian Andes,
with populations morphologically very uniform.
Maca’s domestication probably occurred in the
Bombon plateau, Peru. The plant (Fig. 7) prefers
very cold climates, with adequate moisture, and

Figure 7. Maca is an annual herb (a), but
managed as a biennial crop. The first
year maca grows vegetatively forming
edible hypocotyls 6-8 months after plan-
ting (b). The second year maca grows
reproductively to set flowers and seeds.
Leaves are produced at the centre of the
rosette and are highly resistant to frost.
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the estimated yield of fresh hypocotyls is 15-20
t per hectare. Total cultivation area in Peru is
approximately 2000 ha. Maca is becoming a
popular medicine and has the reputation to
enhance human and animal fertility.

Mauka

The name is derived from the Aymara word
mauka. The species Mirabilis expansa is appa-

Figure 8. Mauka is compact perennial
herb with branching basal shoots from
which opposite ovoid and rather coria-
ceous leaves emerge. The small flowers
range from white to purple color. The
plant sets many viable seeds, but the
usual way to propagate the plant is by
cuttings (a). Its storage roots resemble
cassava (b).

rently the only one setting tuberous roots
within the family. Although the species has
been described since 1794, it remained in
obscurity until 1965 when Rea and Leon (1965)
re-discovered it in the rural community of
Yokarguaya, Camacho, Bolivia at 2900 m. The
plant (Fig. 8) is a good substitute for cassava,
arracacha or sweetpotato. The roots are ex -
posed to sunlight before consumption to re -
move their unpleasant bitter taste. The foliage
can be used as a livestock feed.

Ahipa

The name ahipa is derived from the Quechua
word aqipa or ashipa. The species Pachyrhizus
ahipa is an inbreeder of 22 chromosomes;
orthodox seeds are used to propagate the crop
(Sorensen, 1996). Greatest diversity and uses

Figure 9. A full grown plant of ahipa
(P. tuberosus) from San Ramon CIP’s
Experimental Station, Junin, Peru, 800
masl. The species is a herbaceous vine
grown in the highland rain forest of
Peru and Ecuador from sea level to 1500
m. P. ahipa, on the other hand, is an
erect to semi-erect herbaceous tuberous
plant that sets only one swollen root,
which is thickened at the top end tape-
ring toward the tips “radish-like”
(Sorensen, 1996).

occur in Bolivia. Other cultivated species are: P.
tuberosus, and P. erosus. The plant (Fig. 9) is
usually cultivated in family orchards. There are
no records of known wild ancestral material
(NRC, 1989).

Native Potato

The name papa is derived from the Quechua
word papa. Potato landraces were domestica-
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Figure 10. Variation in shape and color of native potato tubers from the Andes.This is a
sample of the collection maintained in CIP genebank, Lima, Peru. Each tuber represents a
distinct cultivar of the 7 species (a): S. stenotomum subsp. stenotomum (1-7); S. stenoto-
mum subsp. goniocalyx (8-12); S. phureja (14-15); S. x ajanhuiri (13); S. x juzepczukii (16-
19); S. x chaucha (20-23); S. tuberosum subsp. andigenum (24-42); S. x curtilobum (43-44).
Variability also is high in tuber flesh color and texture as it is expressed after boiling har-
vested tubers (b). Likewise, chips produced from thin tuber slices show pigmentation pat-
terns proper to each cultivar (c). The International Potato Center (CIP) has assembled the
world’s largest and most complete collection of native potatoes, comprising 4,383 mor-
phologically unique accessions.

ted in the Andes. Native potatoes are very well
adapted to the extremely hostile conditions in
the high Andes. Their morphological diversity is
related to the genetic diversity, with ploidies of
2n=2x=24 for S. stenotomum subsp. stenoto-
mum, S. stenotomum subsp. goniocalyx, S.
phureja and S. xajanhuiri; 2n=3x=36 for S.
xchaucha and S. xjuzepczukii; 2n=4x=48 for S.
tuberosum subsp. andigenum; and 2n=5x=60
for S. xcurtilobum. Native potatoes were disco-
vered by the Spanish when they arrived in Peru
in 1532-34; they were transported to the
Canary Islands in 1560-65 and to Spain in
1570.

Due to their glycolakaloid content, two groups
can be distinguished within the native potatoes:
bitter and non-bitter. The bitter group includes
the species S. xjuzepczukii, S. xcurtilobum and a
form of S. xajanhuiri; bitter tubers are traditio-
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nally processed (frozen, washed and dehydra-
ted) into white chuño, moraya or tunta to make
the tubers edible and storable for a long time.
The non-bitter group contains many more varie-
ties and is mainly used as a fresh product, and
for processing and industrialization (Fig. 10). In
the highlands, potatoes are grown by farmers in
small parcels of less than 0.3 ha. At those harsh
conditions, yield ranges from 4 to 8 t per ha.

POTENTIAL OF ARTCs FOR
NUTRITION AND HEALTH

ARTCs constitute a major source of carbohy -
drates (59-96% on DM basis) and calories (NRC,
1989). However, it is not well known that these
crops are also important sources of chemical
components that can greatly promote health
and enhance nutrition.

Starch is the most important nutritional consti-
tuent of ARTCs (Table 2); its physicochemical
and nutritional properties vary significantly,
both within and between species (King and
Gershoff, 1987). Therefore, the uses and appli-
cations in food and industry are also variable.
For example, arracacha and achira starch grains
are very small (~10 μm), with high levels of
amylopectin, above 85%, and excellent digesti-
bility. These starches are ideal sources for chil-
dren and dieting people. Native potatoes, with
high dry matter content (24-32%), have excel-
lent culinary quality. They can be consumed
fresh and processed as French fries, chips,
mashed potatoes, chuño (tunta and moraya),
among other uses (Table 1).

Yacon is the only ARTC that stores fructooligo -
saccharides (FOS) rather than starch (Table 2).
FOS are particular fructose-containing carbohy-
drates that the human body cannot metabolize,
but they are fermented by beneficial bacteria of
the colon. FOS have been reported to help
reduce cholesterol and triglyceride levels,
enhance calcium assimilation, strengthen the
immune system and prevent colon cancer.
Yacon is probably the only vegetable source
with high FOS content (40-60% DM).

Protein content of ARTCs is generally low, but
can be particularly high in selected olluco,
maca, mashua, and ahipa cultivars (10.0, 10.2,
15.7 and 17.5% DM, respectively). There are
mashuas, ocas and ollucos with lysine contents
higher than milk, beef and fish (Table 2), while
other essential amino acids like isoleucine, leu-
cine, lysine, phenylalanine, triptophan, threo -
nine and valine have been occasionally reported
to occur at higher levels than the doses recom-
mended by FAO/WHO (King and Gershoff,
1987). The lipid content of ARTCs is very low
(less than 1% DM), except maca (2.2% DM).
Maca lipids are usually found in the form of
unsaturated fatty acids like linoleic, oleic and
palmitic acids, and sterols like campesterol and
sitosterol (Table 2).

ARTCs are also a very important source of bio-
logically active compounds with antioxidant,
anticarcinogenic or antimicrobial attributes, for
example. Glucosinolate, benzylglucosinolate
and p-methoxybenzylglucosinolate, and the
products derived from their hydrolysis, i.e. iso -
thiocyanates, are abundant in maca (Piacente et
al., 2002) and mashua. These compounds have
been reported to have anticancer-related pro-
perties (Noratto et al., 2004). Moreover, maca
also contains unique compounds like the ami-
des of fatty polyunsaturated acids, known as
macaenes and macamides (Muhammad et al.,
2002). These have been related to fertility
enhancement in humans and animals. Human
subjects consuming powdered maca for 4
months showed significant increase in sperm
number and motility, while sperm morphology
remained normal (Gonzales et al., 2001). On
the other hand, male rats fed with mashua
showed a 45% drop of testosterone/dihydro -
sterone levels in their blood (Johns et al., 1982).
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Figure 12. Artisanal yacon processing
plant installed in Oxapampa, Peru. Most
common yacon processed products in -
clude: syrup, ships, tea and flour.

Figure 11. Display of maca derived products commercialized in Andean countries. The most
important in terms of commercial value are: flour and gelatinized flour, snacks, pills, liquors,
and energized food and drinks. Total maca flour volume exported from Peru in 2006 was
271.6 MT.

Common name Major chemical constituents References

Achira Starch, Fe, K Hermann (1994), 
NRC (1989)

Ahipa Starch, amylopectin, protein, K, vitamin C, rotenone Forsyth and Shewry (2002), 
Sorensen (1996)

Arracacha Amylopectin, ß-carotene, ascorbic acid, NRC (1989)
niacin calcium, Fe

Maca Starch, unsaturated fatty acids, sterols, Dini et al. (1994),
glucosynolates, isothiocyanates, flavonoids Valentova and Ulrichova (2003)
macaenes, macamides, lysine, alkaloids, Fe, Ca

Mashua Starch, protein, carbohydrates, phenols, Campos et al. (2006),
glucosynolates, isothiocyanates, anthocyanin King and Gershoff (1987)
carotenoid, vitamin A and C

Mauka Starch, protein, Ca, P and K NRC (1989)

Oca Starch, vitamin C, anthocyanins, carotenoids, oxalates Campos et al. (2006), 
King and Gershoff (1987)

Olluco Starch, protein, betalains, betaxanthins, mucilage, Ca Campos et al. (2006), 
King and Gershoff (1987)

Native potato Starch, protein, vitamin C, phenols, anthocyanins, Campos et al. (2006),
carotenoids, pigments, Ca King and Gershoff (1987)

Yacon Fructooligosaccharides, phenols, sesquiterpenic Grau and Rea (1997),
lactones, tryptophan, chlorogenic and caffeic acids, K Valentova and Ulrichova (2003)

Table 2. Major chemical constituents found in Andean root and tuber crops.

Native potatoes are rich in vitamin C (Andre et
al., 2006). It is estimated that the daily con-
sumption of a medium-size tuber might be suf-
ficient to satisfy half of the vitamin C require-
ments of an adult person. Oca, mashua and
native potato exhibit strong antioxidant activity
due to their high phenolic, carotenoid and
anthocyanin contents (Table 3). Some mashua
cultivars show antioxidant values (9800 μg
TE/g) higher than blueberry cv. Premier (9572
μg TE/g), a well-known source of antioxidants
with hydrophilic capacity (Campos et al., 2006).

The leaves of yacon have been reported to have
hypoglycemic properties (Aybar et al., 2001).
These are rich in sesquiterpene, lactone and
phenolic compounds with high antioxidant
activity, such as chlorogenic acid and some deri-
vatives of caffeic acid. However, the nature of
the hypoglycemic principle is still unknown.
Dehydrated leaves of yacon are marketed for
diabetes treatment in Japan, Brazil and Peru.
Commercialization of processed yacon and
maca products has drastically increased in the
Andean countries in recent years (Figs. 11 and
12).

ARTCs offer a great potential to become new
and important nutraceutical sources to favor
human health. Besides, they can also be of inte-
rest to other industries, for example seeds of
ahipa contain rotenone, a powerful insecticide
in organic agriculture; mashua, maca and yacon
contain chemical compounds with nematicide,
insecticide, fungicide and bactericide properties
(Valentova and Ulrichova, 2003; Guimaraes,
2001). Moreover, papa, oca, ulluco and mashua
tubers contain strong and stable color pigments
(Rodriguez-Saona et al., 1998) demanded by
the food and cosmetic industry.
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Metabolites and AOC Native potato Mashua Oca Olluco Other
(n=15) (n=11) (n=14) (n=15)

Phenolic compounds 0.6-2.3 0.9-3.4 0.7-1.3 0.4-0.8 3.3
(mg chlorogenic acid equiv./g) (strawberry)

Anthocyanins 0.1-0.8 0.5-2.1 0.1-1.3 0 1.4-3.9
(mg cyanidin 3-glucoside equiv./g) (blueberry)

Carotenoids 2-5 1-25 2-25 0 90
(μg ß-carotene equiv./g) (carrot)

Hydrophilic antioxidant capacity 860-3780 955-9800 1637-4771 483-1524 6900-9572
(μg trolox equiv./g) (blueberry)

Dry matter 25.1-31.9 8.8-11.2 15.1-18.9 11.6-15.0 -
(%)

Table 3. Secondary metabolites and hydrophilic antioxidant capacity (AOC) of four indigenous
Andean tuber crops.
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HORTICULTURAL SCIENCE NEWS

HUNGER, POVERTY, AND
MAIZE

The Millennium Development Goals (MDG) are
the commonly accepted framework for measu-
ring development progress in international
research and development organizations.
Horticulture provides a means for addressing
hunger and poverty (MDG 1), since more food
and better farmer incomes can be sought by
sustainably producing vegetables and fruits.
Indeed, HVAP may provide means for reducing
poverty and for diversifying intensive cropping
systems relying sometimes on a few main staple
crops (e.g. coarse-grains). Research on HVAP
should consider innovations to enhance yield
and quality of the produce, ensure income-
generating options for the poor, and create
value-chains that may also benefit from agro-
processing. The genetic endowment of maize –
often regarded solely as cereal crop – offers ver-
satile uses for the consumers seeking more
healthy and nutritious vegetables in their diets.
Furthermore, maize’s huge genetic diversity
capitalizes on some mechanisms for the crea -
tion of new alleles and allelic combinations (e.g.
as shown initially by Barbara McClintock’s
research on “jumping genes” or transposable
elements), as well as its out-crossing nature (viz.
a viz. self-pollinating or clonally propagated
crops). Last but not least, maize possesses a
unique C4 system that leads to high photosyn-
thetic potential, and bred-cultivars also show
high nitrogen use efficiency.

Specialty Maize: Global Horticultural Crop

Maize appears to be among the first crops
domesticated (> 9000 years ago), and was used
in pre-Columbian America primarily for human
food, and secondarily as animal feed and fod-
der. The crop name could derive from the word
mahiz (meaning “source of life”), as it was
called in pre-Columbian times by the native
Indian Americans of today’s Haiti. Many indige-
nous groups in Meso-America believe that
maize represents the origin of life itself; maize
is, therefore, very closely linked with cultural
tradition. During the pre-Columbian times
maize products were used by diverse, ancient
cultures, which led to the broadening of its
genetic base for multiple uses.

Maize was introduced to Europe in returning
ships from the second voyage of Columbus and
rapidly spread worldwide. Maize cultivation
started in southern Spain (Seville, Andalucía)
towards the end of the 15th century, and sub-
sequently was grown in Africa as a feeding
source for the growing numbers of slaves wai-
ting their trips to southwest Asia or the
American continent. The multiple diversity
flows from the American continent to the rest
of the world widened the maize genetic base
that allowed further selections while spreading
to all other continents. Later on, the crop star-
ted being used as food and fodder by consu-
mers in Africa, Europe, and Asia, and maize
ranks, after wheat and rice, as the third most
important human food source in the world.
Today, maize is the most widely grown crop by

Rodomiro Ortiz, Margarita Fernandez, John Dixon, Jonathan Hellin 
and Masa Iwanaga

country number, agro-eco-zones; and shows a
great culinary adaptation to diverse culture
worldwide. Likewise, in modern times the pro-
cessing industry uses maize as raw source for
feeding grains, silage, starch, vegetable oils,
and more recently for bio-ethanol, thereby
making maize the most important crop by total
outputs and cash value.

The United States of America remains as the
leading maize producing country worldwide,
but Latin America is the main food consumer of
maize, as opposed to its consumption as a fod-
der for livestock and poultry. Maize kernels are
an important ingredient in many of the world’s
cuisines, e.g. Mexico’s enchiladas, China’s baby
corn, Italy’s polenta, Rumania’s mamaliga,
Hungary’s puliszka, Ghana’s kpekple, D.R.
Congo’s bidia, Zimbabwe’s sadza, East Africa’s
posho, and sweet corn, popcorn, grits, and
corn flakes of the United States of America.
Maize is also included in alcoholic beverages
such as Tennessee’s whiskey and Kentucky’s
bourbon, as well as beer, while corn oil has

TThe growth in high-value agriculture worldwide is partly driven by rising incomes, urbaniza tion,
and perhaps changing preferences. As income rises, the share of the food budget allocated to
starchy staples declines relative to more expensive food items. High value agricultural products
(HVAP) with a high price per kilogram, per hectare, or per calorie, include fruits, vegetables,
meat, eggs, milk, fish and non-timber forest products. Can commodities, such as maize, be con-
sidered as HVAP? Well, maize is truly a crop for all seasons and its wide diversity opens windows
for producing multiple products. Most people value maize for its dry grain, which is a staple for
millions of poor people. Furthermore, diverse maize types (e.g. floury maize) are ingredients of a
wide range of traditional diets, and provide a means for new market opportunities elsewhere in
the developing world (e.g. colored maize for corn chips, ear silks for tea, the husks for tamales
leaves, or the fresh vines for silage). A wide range of vegetable maize products are also harves-
ted before maturity – most importantly baby corn, sweet corn and green pick maize, of which
the first two are traded internationally. In order for maize and other HVAP to contribute to pover-
ty reduction, attention has to be directed at the improved functioning and performance of value
chains, and especially on how to improve the governance and coordination of the value chains
so that producers benefit more.

Maize genetic resources for vegetable uses,
child food and other products (e.g. silage
and bio-ethanol), which add value to the
commodity chain, depend on allelic diversi-
ty from farmers’ fields.
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many culinary uses including making mayon -
naise. Other uses include the manufacture of
corn sweetener (now a billion dollar industry)
and the latest expanding use is for the produc-
tion of ethanol. The industry also benefits from
corn starch (or corn flour by most of the
Commonwealth country members), which is
the starch of the maize grain after grinding the
endosperm of the kernel. Corn starch is used as
a binder or thickener in many cooking recipes
as well as for producing environmentally-friend-
ly products, e.g. biodegradable discs, or repla-
cing talc in baby powder. The diverse use of
maize shows its ability for cross-cultural adapta-
bility, gastronomic availability, and culinary
versatility.

VEGETABLE MAIZE

Maize has been consumed in the American
continent as food since ancient times in a great
variety of forms. Among the most common are
elote, kancha, mote, chicha, choclo, confite
and other food preparations using floury maize
as main ingredient, e.g. tamal, sanku, patashka,
humita, chochoca, lawa, mashika, mazamorra
or pepián among others.

Elote (or elotl in Aztec’s náhuatl or mazorca tier-
na in Spanish) includes maize types grown in
Meso-America, particularly Mexico, for eating
in the milk or soft dough stage. They are also
known as roasting ears, green corn, or corn-on-
the-cob in North America. Kcancha is a toasted
or parched floury or sweet corn. Some urban
consumers eat it before meals, as a bread sub-
stitute, or it is carried by the Andean farmers for
snacks during their work. Confite is a popped
corn, and may be also known as kcancha in
many areas; Mote is made by boiling dry floury
grain, and eaten as the usual food at lunch and

supper throughout the Andes, especially of
Peru and Bolivia.

Chicha is the corn beer that results from fer-
mentation of an aqueous extract of pre-germi-
nated corn grain. The drinking of chicha
appears to be high along the Peruvian coast,
where it is called claro and jora, respectively.
The red or cherry pericarp corn is preferred for
use in preparing the non-alcoholic chicha mora-
da. Abati is the name of an alcoholic beverage
produced from fermented maize in Argentina
and Paraguay. Other Latin American maize-
non-alcoholic beverages and porridges include
acupe (Venezuela), cachiri and fubá (Brazil),
champuz and napú (Colombia and Peru), and
atole, pozole, and sendechó (Mexico).

Choclo is the quechua’s name for the boiled
green corn of South America. In South America,
only floury cultivars are used for choclos, whose
national yield in Peru was 8.6 tonnes (t)/ha after
harvesting 40,384 ha in 2004. Their immature
ears are harvested and the still fresh, naturally
humid kernels used for cooking soups such as
the sancochado or puchero, or to accompany
main entry-dishes such as the spicy Peruvian
cebiche. After harvesting the fresh corn ear,
some farmers can use the maize plants as
green-fodder for feeding their livestock raised
in closed pens, i.e., with almost no pasturing.

Some lately derived races (e.g. “Huachano”
from Peru) were selected by farmers as a choclo
(green) corn for summer production due to its
earliness and small ear. Other specialty types are
‘Blanco Urubamba’ from the Peruvian race
“Cusco Gigante”, or farmers’ cultivars from the
race “Cacahuacintle”, grown by egidatarios
(small landholders) in the Toluca Valley (Mexico)
with average yields of 4 t/ha (from harvesting

20,000 ha). Quantitative genetic research in
both ‘Blanco Urubamba’ and “Cacahuacintle”
suggests small or almost nil variation between
populations, which could result from seed
exchanges among farmers and visual selection
for phenotypic uniformity, thereby reducing the
genetic variation for ear traits.

Such specialty maizes are also among the few
horticultural species included in the “multilate-
ral system” of the International Treaty of Plant
Genetic Resources for Food and Agriculture,
which facilitates access and provides a benefit
sharing mechanism that acknowledges their
breeding of this and other food species by
farmers since the pre-Columbian times.

Huitlacoche is the Aztec’s nahuatl word for
Ustilago maydis – the Basidiomycete fungus pro-
ducing common smut in maize ears. This name
was given because of the black dusty spore mas-
ses that resemble soot or smut, which occurs
throughout most maize growing regions, and
more severe in humid, temperate environments
than in hot, humid, tropical lowlands.
Huitlacoche recipes are well-known as a special-
ty in Mexico’s cuisine. The fungus forms large,
swollen, kernel-like globules with soft black flesh
covered by a silvery grey skin. This delicacy food
with an inky, mushroom flavour was eaten by
the Aztecs and today one can buy fresh
Huitlacoche in Mexico, and canned for export.

Vegetable Maize Horticulture

The intensive vegetable maize cropping prefers
warmer temperatures and more water than the
extensive, field (or row) maize for appropriate
growth. The crop also benefits from an ade -
quate soil labor prior to planting, especially to
avoid soil crusts or water logging at the early

These large, purple maize kernels are used
to make chicha morada – a popular drink in
Peru.

Ear of maize cultivar ‘Blanco Urubamba’,
which shows the largest maize kernels
worldwide.

Huitlacoche or common maize smut in an
ear in a field plant.
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plant stages. Some farmers carry out thinning
after high planting density to eliminate weak
seedlings. The kernel’s milky stage determines
the time of harvesting ears that kept their
husks. Some extra-early sweet corn cultivars
need 75 days after planting, whereas between
75 and 80 days suffice for early-maturing culti-
vars.

Initial estimates of the global value of sweet
corn, baby corn and green maize suggest that
maize is one of the five most profitable vegeta-
bles in the world (Table 1). The “big five” pro-
ducers of vegetable maize are China, USA,
Mexico, Peru and Thailand. The areas of vege-
table maize in each main producing country are
given in Table 2. The global retail value of vege-
table maize is estimated to range from US$ 13
to US$ 32 billion, which ranks second after
tomato (US$ 56 billion) and compares favorably
to watermelon, onions and brassicas (each
worth about US$ 18 billion).

In 2004, 168,480 t of green maize with a total
value of about US$ 150 million were imported
by 41 countries. Similarly, 148 countries were
involved in the international trade of sweet
corn products with a total value in excess of

US$ 573 million (for a total volume of 603,327
t), whereas frozen sweet corn exports of 65
countries included 244,618 t for a total value
exceeding US$ 212 million. Of course, the trade
volumes and total value of vegetable maize are
smaller than those of yellow maize grains in
international trade (in excess of 83 million t for
about US$ 11.8 billion). Nonetheless, specialty
maize exports continue increasing, e.g. Peru
started exports of ‘Blanco Urumbamba’ due to
its price (about US$ 700 per tonne) in the inter-
national market that values its very large maize
kernels.

Sweet Corn: Adding Value through Genetic
Enhancement and Agro-Processing

This type appears as the most popular specialty
maize due to its high sugar content, due to the
homozygous recessive sugary-1 (su1) genes, in
the kernels at the milky stage, which allows its
harvest as a vegetable. Another recessive
mutant, shrunken-2 (sh2), may double the
sugar content of the kernels at the “roasting
ear” stage. Slowing conversion of sugar into
starch at ambient temperature reduces the
need for refrigeration of the produce after har-

vest. Sweet corn genotypes combining the
recessive allele sugary-enhancer (se) together
with su1 can show twice the sugar content and
phytoglycogen levels, thereby conferring a
creamy texture.

Crop World USA Mexico Peru Kenya Thailand China

Horticultural maize 13,864-32,913 3,101 904-1,594 298 157-277 276-315 4,278-9,872

Tomato 56,700 1,662 564 26 69 71 2,100

Watermelon 19,520 343 143 4 n.a. 60 5,800

Onions (dry) 18,082 1,101 n.a. 51 18 7 2,900

Cabbage & brassicas 18,900 554 20 2 n.a. 39 1,400

Table 1. Value (US$ million) of horticultural maize1 compared to other vegetables2.

n.a. = not available data or unreliable information for calculating value
1 Horticultural maize refers to those harvested fresh or unripe and includes green maize (South American choclo, Meso-American elote, sweet corn, maize in the cob, or African green-pick

maize) and baby corn
2 All data sourced from FAOSTAT 2005 except vegetable maize calculated by authors from available information through web search or national statistics

Region/Country Horticultural maize Tomato Watermelon Onion (dry) Cabbage and brassicas

East and Southeast Asia
China 466,666 1,305,053 2,014,500 900,830 1,719,450
Thailand 86,500 11,500 30,000 19,200 24,000
Indonesia 85,500 50,020 n.a. 85,534 64,261

South Asia
India 45,000 540,000 20,000 530,000 280,000

Africa
Kenya 75,790 16,000 650 5,500 35,000
Nigeria 161,000 127,000 n.a. 41,000 n.a.

Latin America
Peru 41,758 4,895 2,159 15,968 2,142
Brazil 137,035 59,286 82,000 56,891 n.a.

North America
Mexico 70,114 118,681 41,966 39,737 6,260
United States 260,140 166,670 55,200 65,370 29,830

Table 2. Area (ha) under horticultural maize production compared to top vegetables1.

n.a. = not available data or unreliable information for calculating acreage
1 All data sourced from FAOSTAT 2005 except vegetable maize calculated by authors from available information through web search or national statistics

Resource-poor farmers in marginal zones of
the Andean highlands sell green ears in
markets of nearby towns for extra income.
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Northern Hemisphere consumers eat the pro -
duce fresh in salads, or buying in cans or frozen
after processing. Sweet corn ears can be eaten
after boiling in water with salt, or with butter
on the kernels after baking them in the oven
(the latter dish also known in some areas as
corn on the cob). The kernels can be taken out
of the cob and used as side-dish. This crop
ranks second in farm value for agro-processing
and fourth in commercial value among vegeta-
bles in the United States of America.

Baby Corn: Thai’s Government, Public-
Private Sector Success

This specialty maize is not a special cultivar but
rather the result of harvesting young (imma -
ture) cobs of regular-sized, extra-early field or
sweet corn cultivars, which were selected to
produce baby corn cobs within a month after
planting. The immature ears may be hand-har-
vested prior to pollination and before sugar
starts accumulating in the kernels, whose color
can vary depending on the cultivar used for pro-
ducing this specialty maize, e.g. yellow - due to
the carotenoid content, white, blue or pink.
Baby corn breeders select new cultivar sources
according to ear quality rather than yield. The
most preferred quality traits for this specialty
maize are small kernel size, straight row kernel
alignment, and tapered tips. Other important
characteristics are short plant height (< 1.8 m)
to facilitate the harvest; and the ease for the
ears to be pulled from the stalk. If baby corn
fields are near to field maize or sweet corn
plantings, farmers often de-tassel the latter to
avoid contaminating the former.

Today, farmers grow baby corn in China, in
some parts of Southeast Asia - since it is signifi-
cantly used in Asian cuisine, and more recently
in Central America and Africa to export to
North America and Europe, respectively. Baby
corn cobs are often sold in their husks to main-
tain moisture and ear quality. Well known baby
corn exporters include Thailand, Sri Lanka,
Taiwan, China, Zimbabwe, Zambia, Indonesia,

South Africa, Nicaragua, Costa Rica, Guatemala
and Honduras. The Netherlands appears as an
exporter for Europe but because it imports baby
corn from Asia and Africa, and re-exports baby
corn to northern Europe as well as the Middle
East. Major baby corn markets are United
Kingdom, the United States of America,
Malaysia, Taiwan, Japan and Australia.
European consumers prefer fresh baby corn to
be completely free of wrapper leaves and silk,
and they would like to see baby corn laid neat-
ly in clear plastic trays that are aligned next to
each other so as to create a relatively level sur-
face. The cob tips in each layer should be poin-
ting the same direction.

Thailand became the largest trader of both
fresh and canned baby corn products and once
accounted for 80% of the world’s trade in baby
corn. Maize, due to its wide adaptability, high
yielding ability and fast growing habit was
brought to the country for diversifying paddy
rice fields. Thai farmers were able to build on
this early success and to further use the young
cobs as a vegetable and as a source of foreign
exchange earnings due to the exports of baby
corn, whose crop area in the country trebled
from 1987 to 1989. Furthermore, within less
than 2 decades the total exports of canned
baby corn went from 67 t for a total value of
US$ 38,000 (1974) to 36,671 t and a total
value of US$ 33 million (1992). Cooperation
between the Thai Government and the industry
facilitated the agro-processing of the crop, and
public awareness campaigns increased the use
of baby corn in the domestic market. Likewise,
two other important factors, behind what the
Asian Pacific Association of Agricultural
Research Institutes (APAARI) acknowledges as a
“success story” in the region, were the involve-
ment of the local Thai private seed sector –
which had access to open-pollinated seed for
multiplication at low cost, and the steady
growth of markets for exporting the local baby
corn produce.

“Maize is Life”: Green Corn for Rural and
Urban Consumers in Sub-Saharan Africa

Maize is a staple food in some areas of sub-
Saharan Africa, particularly in Eastern and

Githeri, a mix of maize and beans, is a
dietary staple in Kenya.

Baby corn (above), sweet corn, and green
maize or corn on the cob are among vege -
tables that can enhance farmers’ incomes in
many locations worldwide.

Southern Africa (Table 3), where some urban
people once stated in interviews that “... any
family that has no maize, has no food”.
Furthermore, farmers often tell in surveys or
participatory rural appraisals that “Whenever, if
I miss maize, I feel as if I am losing somehow ...
maize has got very big energy ...”.

Green maize (fresh on the cob) is eaten
parched, baked, roasted or boiled and plays an
important role in filling the hunger gap after
the dry season in Africa. For example a traveler
in the Sudan savanna of West Africa can see
along roadsides in villages and towns or along
highways green maize boiled on the cob or
roasted. In this African sub-region, green maize
becomes available as early as in April when
farmers take advantage of the residual soil
moisture to grow the crop along the river banks
or in the fadamas (or inland valleys). Such early
harvests help to alleviate hunger at the time
when previous harvests may be largely deple-
ted, and when other crops and traditional
maize cultivar plantings are not ready for har-
vesting. Likewise, green maize farmers and the
petty vendors selling the produce on the road-
side are benefiting from this early harvest of
fresh maize.

Public open pollinated cultivars and hybrids are
bred in this continent through research partner-
ships involving national agricultural research
institutes, universities, civil society organiza -
tions, local private seed sector, maize regional
networks under the aegis of sub-regional
research organizations, and international agri-

Country Maize total Green maize Tomato Onion Banana-plantain

Ethiopia 2743.9 137.2 55.0 162.0 84

Kenya 2138.4 320.8 260.0 58.0 1020

Malawi 733.1 260.0 35.0 50.0 660

Tanzania 3230.0 484.5 145.0 55.0 752

Uganda 1350.0 67.5 14.0 147.0 10515

Zimbabwe 550.0 27.5 11.5 2.4 85

Table 3. Vegetable (green) maize (000 t) in Eastern and Southern Africa1.

1 Source: FAOSTATS, 20 Nov. 2006, data for year 2004 and considering 15% of total maize harvest as green-pick corn for
Kenya, Malawi and Tanzania, and 5% for Ethiopia, Uganda and Zimbabwe (Wilfred Mwangi - former Permanent Secretary,
Min. Agric., Gov. of Kenya, CIMMYT, Kenya, personal communication)
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Journal e-search period Presence in article Word in title Annual average

ASHS
Journal American Society 1996 to mid-2007 23 16 1.5
for Horticultural Science

HortScience 2001 to mid-2007 54 291 4.5

HortTechnology 1999 to April 2007 66 18 2.0

ASA
Agronomy Journal 1998 to mid-2007 49 6 0.6

CSSA
Crop Science 1998 to mid-2007 56 7 0.7

Table 4. Recent “sweet corn” articles in US research society peer-refereed journals.

ASHS = American Society for Horticultural Science, ASA = American Society of Agronomy, CSSA = Crop Science Society of
America
1 Including 3 germplasm registrations by US Land Grant Univ. maize breeders: ‘NE-EDR sh2’ yellow shrunken2 population,

‘Snowstorm’ white sh2 hybrid and its female parent UFISH 8029, NE-EDRsu1 and NE-EDRbt1 populations with sugary1 and
brittle1 endosperms

Green maize – ears that are harvested early – is often sold after roasting on the streets in
Africa.

cultural research centers of the Consultative
Group on International Agricultural Research
(CGIAR): the International Institute of Tropical
Agriculture (IITA, Ibadan, Nigeria) in West and
Central Africa, and focusing particularly in the
lowlands, and the International Maize and
Wheat Improvement Center (CIMMYT) in
Eastern and Southern Africa, aiming especially
the mid-altitudes and the highlands. In some
areas, local maize growers prefer open-pollina-
ted cultivars because their seed will be cheaper
than hybrid seed, and farmers, particularly the
resource-poor, can plant their saved grain if
they do not have the means to buy fresh seed.
Stability traits, especially for growing the crop in

stress-prone, low-input or marginal environ-
ments, are the drivers of maize breeding in sub-
Saharan Africa, irrespective of the produce
being harvested as green maize or dry grain.
Eastern and Southern African farmers often do
an early (60 days after planting) harvest as
fresh, green maize (5% - 15% of the total
crop), depending on the local market prices.
Very recently a multi-national seed company
and a non-governmental development organi-
zation teamed-up in Kenya and Tanzania, where
90% of the farmers allocate some of their land
for producing maize. This joint undertaking
aims to enhance the green (fresh) maize marke-
ting value chain for East African small-scale pro-

ducers, which will enable resource-poor far-
mers to increase production and profitability by
using improved inputs such as hybrid seed.

Vegetable Maize: Still a Research-
Neglected and Underutilized Species?

It was interesting to notice that in the tri-socie-
ty crop monograph series for maize (Corn and
Corn Improvement, 3rd ed., 1988), only one of
986 pages was dedicated to sweet corn and no
reference was given to baby corn or other vege-
table maize types. An e-search (using “sweet
corn” or “baby corn” or “vegetable maize” as
key words) of recent research articles in the
main journals of the American Society for
Horticultural Science (ASHS), American Society
of Agronomy and Crop Science Society of
America also revealed that few articles are
published on sweet corn annually (0.6-4.5) in
each of the society peer-refereed outlets (Table
4). No article was found when the search used
“baby corn” or “vegetable maize.”

Most of the research included in the society
journals belongs to researchers from the US
Land Grant University system, which still pro -
vides sweet corn bred-germplasm to users in
North America. The most important North
American journals publishing sweet corn
research are from the ASHS, with HortScience
the top journal for this specialty maize (4.5 arti-
cles per year-). An e-search using as key words
“vegetable maize” among the holdings of
CIMMYT Library only provided six entries but all
unrelated to specialty maize.

The research agenda of the CGIAR did not give
priority attention to specialty maize types, espe-
cially when such types provide plenty of options
for enhancing incomes of the resource-poor of
the developing world. With the knowledge
available in CGIAR centers on maize genetic
resources enhancement and crop husbandry, as
well as with overall assessments of cropping
systems and value chains, the agenda of inter-
national agricultural research for specialty
maize should be led by relevant international
public good-undertakings whose impacts will
benefit the small holders who grow the crop
and poor urban and rural consumers who in -
clude such nutritious food in their diets world-
wide. In this regard, a global challenge research
agenda needs to emphasize how a HVAP such
as specialty maize can improve the livelihoods
of the poor. Perhaps, the more interesting
research hypothesis to pursue in a global agen-
da should be about income generation through
organizing participatory value chains, and pro-
moting conservation through use of the gene-
tic resources endowment of the specialty traits
for each of the horticultural maize types, rather
than focusing on nutritional aspects or crop
husbandry research. The allocation of interna-
tional agricultural research resources for resear-
ching in each specialty maize needs to consider
the area under the target crop type and expec-
ted livelihoods impacts, as well as the area
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grown for each by resource-poor farmers, the
potential changes in income and stability for
these farmers due to the expected research out-
puts, and other benefits such as income gains
for farm workers or gains in nutrition for poor
consumers - especially if lowering prices enhan-
ces consumption of specialty maize.

The International Society for Horticultural
Science or the Global Horticultural Initiative can
facilitate the dialog among the main “players”
in both public and private sectors as well as
national and international organizations for
implementing if not a joint global undertaking,
at least agreeing on a common research agen-
da and platform for horticultural maize. This
example can be used for other main food sta-
ples with potential HVAP (e.g. bean, cassava,
cowpea, potato, soybean, yams) due to their
genetic endowment and culinary uses, and
whose intensive cropping and fresh produce
marketing provide a mean for aligning them
with other horticultural crops.

OUTLOOK

Further assessment is needed to understand
better the value of maize as a vegetable for the
livelihoods of the very poor people. Due to the
“supermarket revolution” and the emphasis on
export trade in the developing world, the
potential positive impacts of HVAP are often
oversold to smallholders and other resource-
poor farmers because the suggested markets
for their produce are sometimes rather small.
Nevertheless, modernizing horticulture in the
developing world and assisting resource-poor
farmers to be competitive both in global and
own local markets will help them to improve
their earnings and living standards.

An analysis of horticultural maize value chains
may reveal where inefficiencies in the chain
exist and by bringing different stakeholders
together, these chains can be made to work
more effectively and efficiently through partici-
patory approaches, e.g. learning alliances
aiming to link small farmers successfully with
markets. In some areas of the developing
world, new cultivars with specialty traits, grown
sustainably, harvested as per international

Quality protein maize (QPM) and vitamin
A-, Fe-, Zn-micronutrient enhanced maize
are potential vegetable sources for poor
children of the world.

norms and meeting international food safety
and trade market standards will be needed.
However, in other areas it will be more impor-
tant to learn how to produce and commercia -
lize some available horticultural maize types
rather than to research on what specialty maize
to produce.

In addition to providing food calories, vegetable
maize provides protein and minerals. For exam-
ple, green pick maize, which is eaten in more
than half of maize producing countries, is the
source of food that breaks the hungry season
for millions of hungry children. Adding quality
protein of enhancing micronutrients such as
iron, zinc or vitamin A in vegetable maize types
will improve significantly the diet of children,
particularly among the resource-poor in Africa,
Asia and Latin America.

Highly nutritious green maize will improve
the diet of children worldwide.

Horticultural maize produces significantly
higher returns on investment than the dry corn
harvests, and provides a means for job creation
along the value chains where the crop may be
involved as a high value crop due to its versa tile
uses, whose nutritional traits can be further
genetically enhanced. Without doubts, we
envisage a great future for maize as a horticul-
tural crop due to its broad genetic diversity,
wide adaptation for cultivation worldwide, and
various culinary uses. A global maize horticultu-
ral agenda will assist in exploiting such un -
tapped value potential -both genetically and
economically, which will further impact on the
livelihoods of maize growers, processors and
consumers worldwide, and especially the deve-
loping world resource-poor.
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THE WORLD OF HORTICULTURE

Watermelons: New Choices, New Trends

WORLD PRODUCTION

The principal watermelon producing countries
(Table 1) are China, Turkey, Iran, United States,
and Egypt. China produces over 50% of the
world supply. China and Turkey have the largest
area devoted to watermelon production. Yields
are highest in China and the United States and
somewhat lower in the other major producing
countries. FAO lists watermelon production in
101 countries.

HISTORY

Watermelon is indigenous to the dry plains of
tropical and subtropical Africa, perhaps in the
general area of present day Botswana. They
were disseminated around the world from 800
to 1600 CE with continuous selection for desira-
ble qualities. Watermelons were appreciated in
ancient Egypt and there is an image of a large
striped watermelon (Fig. 1A) on a tomb pain-
ting, about 3100-2100 BCE. Small fruited types
can be found in paintings of the Renaissance
(Fig. 1B) and Baroque (Fig. 1D) periods as well
as a 16th century Korean screen painting (Fig.
1C). Watermelons remain very popular in many
areas of the world and many types have been
selected. Planned improvement by public and
private groups began in the late 19th and early
20th centuries. By the mid-20th century, the
most successful open-pollinated cultivars in the
U.S. were, ‘Charleston Gray’ (C.F. Andrus,
USDA), ‘Jubilee’ (J.M. Crall, University of
Florida), ‘Crimson Sweet’ and ‘Allsweet’ (C.V.

Donald N. Maynard, Xingping Zhang and Jules Janick

MMany new advancements in the pro-
ducts available in the watermelon section of
supermarkets and green grocers in recent
years have created expanding interest in an
ancient fruit. For example, seedless water-
melons now represent over 80% of the
watermelon fruit offered for sale in the
United States and some other countries.
Fresh-cut watermelon sections in containers
offer ready-to-eat fruit. Miniwatermelon (2-
3 kg) seedless fruit designed for today’s
smaller families are readily available. This
revolution in watermelon, the result of years
of research and development worldwide,
recently exploded on world markets.

Hall, Kansas State University), and ‘Sugar Baby’
(M. Hardin, Geary, Okla.). ‘Crimson Sweet’ is
still popular and widely grown throughout the
world. ‘Charleston Gray’ is the major open-pol-

linated cultivar in Venezuela, Africa, and the
Middle East and ‘Sugar Baby’ is still grown in
Southeast Asia.

Hybrids replaced open-pollinated cultivars

Country Production Crop area Average yield
(Mt) (1,000 ha) (kg/ha)

China 69,315 2,221 31,203

Turkey 3,800 2,137 27,737

Iran 2,150 100 21,500

United States 1,669 55 31,139

Egypt 1,500 62 24,193

Table 1. Principal watermelon producing countries, 2005. Source: FAOSTAT.

A

B

C

D

Figure 1. Historical images of watermelon: (A) Old Kingdom (3100-2100 BCE) tomb painting of
ancient Egypt. Source: Manniche, 1989. (B) Fresco by Giovanni da Udina from the ceiling of
the Loggia of Cupid and Psyche, 1515-1518, Villa Farnesina, Rome. Source: Janick and Paris,
2006. (C) Korean painting, by Shin Saimdang (1504-1551). Source: Yun-Chan Huh, 2007. (D)
Detail of watermelons painted by Michelangelo Merisi (Caravaggio) ca. 1603. Source: Janick,
2004.
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because they were more dependable and provi-
ded exclusivity to commercial seed companies
and breeders who provided most of the new
introductions by the end of the 20th century.
Nearly all commercial watermelon production in
Japan, Korea, and China has been based on
hybrid cultivars since the 1990s. Hybrids predo-
minate in the developed countries throughout
the world in the early 21st century. ‘Sangria’,
the first hybrid ‘Allsweet’-type cultivar, charac-
terized by an attractive rind pattern with deep
red, high quality flesh (Fig. 2) was developed by
Tom V. Williams of Syngenta Seeds in 1985.
This accomplishment led to development of an
array of such types in the United States.

However, the most important change in the
modern watermelon was the development of
seedless fruit. Two scientists at opposite ends of
the world were responsible for this monumen-
tal discovery and its application. First, O.J. Eigsti
of Chicago State University recognized the
impact of colchicine on induction of polyploidy
in his famous 1938 paper. Then, Hitashi Kihara,
a world-renowned Japanese plant geneticist,
developed the first triploid watermelon. His
results, first published in 1947, were based on
research in polyploidization via colchicine,
hybrid breeding, and studies on the physiology
of parthenocarpy. To accomplish this feat, the
chromosome number of the female parent,
2x=22, usually with a gray-rind, was doubled

with colchicine (4x=44), to produce a tetra-
ploid. (Some breeding programs now use dini-
troanilines to successfully induce tetraploidy in
watermelon). A selected tetraploid is then
crossed with a diploid male parent, usually a
striped-rind type, to produce a striped-rind
triploid, 3x=33, which is sterile but when polli-
nated with a diploid produces seedless fruit.
Kihara’s work was unknown outside of Japan
until 1951 because of World War II. It became
known in the western world through a report in
the Proceedings of the American Society for
Horticultural Science that was recognized with
the Vaughan Award for the outstanding paper
in vegetable crops. The concept was commer -
cialized in the U.S. by Eigsti with the introduc -
tion of ‘Tri-X 313’ (Fig. 3) in 1962 and the for-
mation of the American Seedless Watermelon
Seed Corporation. ‘Tri-X 313’ is still a popular
cultivar in many parts of the world and has
many look alikes, using the same tetraploid
parent, under various names. It took many
years for triploids to become a major factor in
the watermelon industry because of several
deficiencies in early cultivars such as poor seed
germination, presence of hard seeds in the
fruit, erratic performance, and high seed costs.
At the present time new technologies have
been developed for successful triploid water-
melon production and harvest (Fig. 4).

MINIWATERMELONS

The decrease in the size of families in the latter
part of the 20th century, led to a demand for
small fruit known as ice box watermelons in the
U.S. Improvements in small watermelons were
made with the introduction of ‘Minilee’ and
‘Mickylee’ in 1986 by J.M. Crall. These cultivars
are still being grown on a limited basis and are
sometimes used as pollenizers for triploid water-

melon production. ‘Quetzali’, produced by
Syngenta Seeds is an icebox type cultivar with a
‘Crimson Sweet’ rind pattern, is popular in
Central and South America for export to Europe.

The first true miniwatermelon cultivar ‘New
Hampshire Midget’, was developed by A.F.
Yeager at the University of New Hampshire and
introduced in 1951. It was a step in the right
direction but had a brittle rind that was subject
to cracking and had a full compliment of black
seeds. Many hybrid seeded miniwatermelons
are grown in Asia, especially in China, in the
winter or early spring seasons. Most of the cul-
tivars have a very brittle rind that necessitates
special padding during shipping and handling.
Some growers and distributors even harvest
fruit before it is fully mature, but this practice
adversely impacts fruit quality and should be
strongly discouraged. The major advance
occurred in the early 21st century with the

Figure 2. Sangria and other hybrid
‘Allsweet’ type cultivars have a unique
rind pattern and very high quality flesh.
Photograph by courtesy of Syngenta
Seeds.

Figure 3. Tri-X 313 was the first commer-
cially successful triploid watermelon cul-
tivar. It and many similar cultivars are
widely grown throughout the world.
Photograph by courtesy of Syngenta
Seeds.

Figure 4. Tri-X 313 watermelon harvest near Yuma, Arizona, USA, Spring 2006.

Figure 5. The PureHeart™ series of mini-
seedless watermelons offer an array of
rind types with deep red, high quality
flesh. Photograph by courtesy of
Syngenta Seeds.
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introduction of the hybrid personal size seedless
watermelons by Xingping Zhang of Syngenta
Seeds from genetic material derived from Asia.
These important new watermelons are sold
under the PureHeart™ brand in the United
States and Solinda™ brand in Europe. An array
of rind patterns are available (Fig. 5) and all are
characterized by thin rinds and deep red seedless
flesh. Other companies quickly seized on this
concept and began marketing seeds of their
own miniwatermelon cultivars. These water -
melons have become extremely popular based
on a combination of superb flavor, crisp flesh,
seedlessness, and convenient size.

POLLENIZERS

Staminate triploid watermelon flowers do not
produce sufficient pollen to effect complete
pollination. Thus, diploids were planted in sepa-
rate rows or within the row to provide additio-
nal pollen. Each diploid plant requires a dedica-
ted area within the field so the entire field may
have had only 50 to 80% triploids, depending
on the planting configuration. In 2003, the
seed industry made available distinct pollenizers

Figure 8. Large-scale protected waterme-
lon production in China.

Figure 7. Triploid watermelons grafted
on C. maxima x C. moschata rootstock.

Figure 6. Triploid watermelons are propagated from containerized transplants.

that can be interplanted among the triploid
plants allowing for essentially 100% of the field
to be planted with triploids. This concept has
further advanced triploid production. More
recently, bioregulators such as 1-(2-chloro-4-
pyridyl)-3-phenylurea (CPPU) have been used to
promote fruit set without the aid of bees for
watermelons grown in protected culture.

PROPAGATION

Watermelon is propagated by seeds, either
planted directly in the field or by planting in
trays in a greenhouse (Fig. 6) and later trans-
planting to the field. There is a trend towards
greater use of transplants by commercial
growers because of the precise requirements
for triploid watermelon seed germination and
the uniformity of the resulting crop, even
though the cost may be greater.

Watermelon is grafted (Fig. 7) in some produc-
tion areas, most notably in Japan and Korea,
where nearly all of the plantings utilize this
technique. Grafted watermelon also is widely
used in China, Spain, and Italy. Grafting on to
rootstocks resistant to Fusarium oxysporum and
those tolerant of cold soils are the primary rea-
sons for grafting. Popular rootstocks for water-
melon are bottle gourd (Lagenaria siceraria),
interspecific hybrid squash (C. maxima x C.
moschata), or wild watermelon (Citrullus lana-
tus var. citroides). Commonly used grafting
methods for watermelon are hole insertion,
tongue approach, and cleft. With the pending
ban on the use of the broad-spectrum soil
fumigant methyl bromide, it is likely that graf-
ting will be used even more in the future and
for more uses other than those already invoked.
Grafted watermelon plants produce fruit with
firmer and redder flesh over a longer period of
time. The grafted watermelons produce more

fruit per plant with better quality to justify their
higher cost. Grafted watermelon, particularly
on interspecific hybrid squash rootstock, can
grow on soils with higher salt concentrations
than non-grafted watermelon can tolerate. It is
expected that more grafted watermelons will
be grown in Europe and the Americas in the
future. Grafting robots have been developed in
Japan and Korea to replace the enormous
amount of hand labor required.

PROTECTED CULTURE

Protected culture in unheated plastic houses
(Fig. 8) is very important for early season water-
melon production in China, Korea, Japan, Spain
and Israel where production is on a very large
scale. The early watermelon crop in north
China, Korea, and Japan is normally started in
plastic houses in December with up to three lay-
ers of cover (small plastic hoops inside the
larger plastic house and straw sheet on the top
of large plastic house or small plastic hoop
during the night). Protected culture along with
grafting allows growers to harvest watermelon
in April when late frosts still occur and it is still
snowing. Plastic house production is also used
in southern China during the rainy season to
protect the watermelon crop from excessive
rain. Growers get up to three crops from a
single planting when grafted watermelon is
grown in plastic houses, because the vine is
pruned back after the fruit is harvested to allow
new vine growth and fruit set on the new vine.
Protected production is increasing because of
earliness, high quality, and yield and open field
production is decreasing in Korea and northern
China. In China, there are 20,000 ha of water-
melons grown in passive greenhouses (Fig. 9)
and at least 200,000 ha grown in plastic
houses. There were 16,385 ha of plastic house
production, out of a total watermelon produc-
tion area of 20,553 ha in Korea in 2006.
Watermelons grown in plastic houses in Asia
are pruned to 2-4 branches and are hand-polli-
nated. Small-fruited cultivars are grown on a
trellis at high density (Fig. 10) of two plants per
square meter. The large-fruited cultivars are
usually grown on the ground with vine pruning
before fruit set. On the other hand, plastic
house production in Europe and the Middle
East usually uses bee pollination without
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Figure 10. Small-fruited watermelons
are trellised in protected culture in
China.

Figure 9. Large-fruited watermelons are
grown in ground beds under protected
culture in China.

pruning. Growth regulators are often used to
improve fruit set in plastic house production.
The commonly used growth regulators are NAA
and CPPU. Much effort is being made by
private companies to develop cultivars with
improved fruit set and fruit development under
low temperatures and low light intensity.

PRESENT SUCCESS, FUTURE
PROSPECTS

At present watermelons have been vastly
improved with the development of succulent,
highly nutritious fruit that are available in forms
suitable to every need. Greenhouse production
in Asia has caused a revolution in the high end
market; in Japan watermelons often sell for
US$ 50 or more. However, the new develop-
ment is that watermelon is now being recog -
nized as having nutritional importance. In addi -
tion to their refreshing character it is now
known that watermelons are important sources
of the phytonutrients lycopene and citrulline. 

Until recently, the pigment lycopene was
thought to be important only as it contributed
to flesh color. Watermelon flesh has an average
of 4100 μg/100 g (range 2300-7200) lycopene
compared to an average of 3100 μg/100 g in

raw tomato, 3362 μg/100 g in pink grapefruit,
and 5400 μg/100 g in raw guava. Lycopene is
one of the major carotenoids in Western diets
and accounts for about 50% of the carotenoids
in human serum. Remarkable inverse relation -
ships between lycopene intake or serum values
have been observed in particular for cancers of
the prostate, pancreas, and to a certain extent
of the stomach. In some studies, lycopene was
the only carotenoid associated with risk reduc-
tion. According to Penny Perkins-Veazie of
Agricultural Research Service of the U.S.
Department of Agriculture, the benefits of

Jules JanickDonald N. Maynard Xingping Zhang
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citrulline are vasodilatation and vasoprotection
(better oxygen movement to capillaries, re -
duced blood pressure, and reduced coronary
heart disease), alleviation of sickle cell anemia
symptoms (largely from the vasodilatation), and
protection of the heart through reduced forma-
tion of foam cells. Citrulline is being studied as
a substitute for arginine, which is used to treat
heart patients but because of the way it is meta-
bolized, people can experience unfavorable
symptoms. So, watermelon not only tastes
good but is good for you, a combination that is
hard to beat.
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The books listed here are non-ISHS-publi-
cations. For ISHS publications covering
these or other subjects, visit the ISHS web-
site www.ishs.org or the Acta
Horticulturae website www.actahort.org

BOOK REVIEWS

Following Almond Footprints (Amygdalus
communis L.): Cultivation and Culture, Folk
and History, Traditions and Uses. Sulle
Orme del Mandorlo (Amygdalus communis
L.): Coltura e Cultura, Folclore e Storia,
Tradizioni e Usi. D. Avanzato and I. Vassallo
(eds.) 2006. Scripta Horticulturae 4.
International Society for Horticultural
Science. 165p. ISBN 90 6605 679 7. €30.

This unusual publication, an ISHS Scripta, stres-
ses the history, culture, and folklore of almond.
The 165 page bilingual work, presented side by
side in Italian and English, contains 34 chapters
from 26 countries (from Albania to the USA),
contributed by 56 authors. It is profusely illus-
trated in color.

Almond is an ancient central Asian crop cultiva-
ted in the Mideast for millennia. It was intro -
duced into Spain in the 8th century by Arab
incursions and is now a ubiquitous nut crop in
Mediterranean climates. At present the main
production area for almond is California.
Introduced in the mid-18th century to
California’s coastal missions, almond has now
moved inland to become an intensive,
industrialized crop. Bearing surface area is over
245 thousand ha (292 thousand ha total),
produc tion is about 2.4 tonnes per hectare, a
total production of 588,000 tonnes valued at
2.6 billion dollars. Over 80% of California’s
almonds are exported, mostly to Europe, and
almond has become the highest value food
export of the United States.

There are many uses of almond. The kernels are
the principal use, fresh and roasted, for con-
sumption out of hand, as well as blanched,
sliced, diced, and flaked for a myriad of pro-
ducts, especially confections, pastries, pud-
dings, as well as processed products such as
milk substitutes including ice cream. In Sicily
almond paste, produced from crushed almonds
and sugar, has become a famous Sicilian delica-
cy called marzipan, which is shaped and dyed
to mimic other fruits and products (see the
cover of this issue) and becomes a specialized
culinary art form. In Sicily, children gleefully
receive a basket of marzipan on All Saints or All
Souls’ Day (similar to the American Halloween)
symbolizing a treat from the dead. A French
delicacy is nougat made from almond, sugar,

New Books, Websites

and eggwhite. Almond syrup is used as a refres-
hing summer drink. In the Mid East the imma-
ture green fruits are consumed before the shell
hardens when the kernel is crispy; these green
fruits are also pickled. Almond oil is used as a
medicinal and as a cosmetic for its moisturizing
properties. The wood is used as firewood, the
dried husk, 25% sugar is used as a cattle feed,
and the shell can be used to produce charcoal.
With its high amounts of tocopherols, Vitamin
E, potassium, and magnesium the almond has
been transformed into a health product and
nutraceutical. Almond has traditional medicinal
uses such as a cough preventative. The early
flowering tree has high ornamental value.

As would be expected almond has become part
of the folklore of many countries and has be -
come a culinary favorite based on delicious
cakes and confectionary products that are
based on almond, as well as hundreds of uses
in cookery, fish amandine is but one example.
My favorite is the twice-baked (hence the
names zweibach, biscotti, biscuit) delights
made with almond. The Italian version I recom-
mend is called cantuccini or cantucci, chock full
of almonds, crisp and crunchy, not too sweet,
and admirably suited to be dunked in the
amber colored Vin Santo.

Reviewed by Jules Janick, Purdue University, USA

Biological Control of Plant Diseases. S.B.
Chincholkar and K.G. Mukerji (eds.). 2007.
The Haworth Press, Inc., New York, USA.
426p. ISBN 978-1-56022-327-6 (hardback).
$69.95. ISBN 978-1-56022-328-3 (paper-
back). $49.95. www.haworthpress.com

This book reviews the currently used biological
control agents for plant diseases and patho -
genic organisms. It also provides information on
the potential uses of biological control agents in
worldwide agricultural and horticultural crop
production.

Safety and environmental concerns have resul-
ted in the removal of many key synthetic agri-
chemicals from the grower arsenal for protec -
tion of crops from damaging pests and patho-
gens. The use of biological control strategies
provides the opportunity for economic, self-per-
petuating pest and disease control methods
that are, in most cases, free from residual side
effects. The use of biological control methods
for plant diseases is likely to become increasing -
ly important in future crop protection.

Whilst the book consists of chapters written by
a number of authors and there is a certain
amount of repetition, it does provide a useful
summary and discussion of the present biolo -
gical control methods available for disease con-
trol in a number of important crops.

The book consists of 15 chapters dealing with
biological control in specific crops and the
mechanisms of biological control of specific
plant pathogens.

Chapter 1 reviews “Biological Control of Fungal
Soilborne Pathogens of Strawberries” including
microbial ecology of antagonistic microorga-
nisms in the rhizosphere, screening strategies
for antagonistic microorganisms as biological
control agents, examples and products, and
application techniques.

Chapters 2 and 3 discuss the “Use of
Arbuscular Mycorrhizal Fungi for Biological
Control of Soilborne Fungal Plant Pathogens”
and “Arbuscular-Mycorrhiza-mediated Plant-
Pathogen Interactions and the Mechanisms
Involved” respectively. The focus is on
Arbuscular Mycorrhizal Fungi for control of fun-
gal root pathogens in horticultural systems and
the triggering of plant defence responses.

Chapter 4 details the “Role of Rhizobacteria in
Control of Plant Diseases”, particularly the anti-
biosis mechanisms involved in bacterial-fungal
interactions and parasitism, and the production
and role of extracellular enzymes.

Chapter 5 describes “The Role of Competitive
Root Tip Colonization in the Biological Control
of Tomato Foot and Root Rot” and the use of
novel competitive root tip-colonisation mutants
of Pseudomonas fluorescens.

Chapter 6 covering “Biological Control of
Onion White Rot” discusses current biological
control research and future research needs with
reference to strategies for biological control and
integrated disease management.
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Chapter 7 highlights “Biological Control of Fruit
and Vegetable Diseases with Fungal and
Bacterial Antagonists” focussing in particular
on the use of strains of Trichoderma species and
Agrobacterium species as antagonists.

Chapter 8 is “An Overview of Biological Control
of Fruit and Vegetable Diseases” describing
sources of biological agents for use in prehar-
vest and postharvest control of fruit and vege-
table diseases, mechanisms of control, and
some of the commercial products available.

Chapter 9 describes “Novel Biological Control
Methods for Gray Mold Diseases of Vegetables
and Fruits Using Bacillus subtilis 1K-1080” detai-
ling the use of Bacillus subtilis in Japan, its effec-
tiveness in controlling crop diseases, new
methods of application of formulations of the
biological control agent, and petal-spraying of
Bacillus subtilis with a fruit-enhancing hormone.

Chapter 10 deals with “Strategies for Biological
Control of Fungal Diseases of Temperate Fruits”
with particular reference being made to post-
harvest diseases of pome fruit, biological fumi-
gation, strategies for enhancing efficacy of bio-
logical control agents by manipulation of the
agents and the physical and chemical environ-
ments, and their integration for improved
disease control.

Chapter 11 describes “Biological Control of
Various Diseases of Major Vegetables in Korea”,
particularly those diseases affecting peppers,
cucumbers, sugar beet, strawberries, tomatoes
and eggplants, and watermelons. A discussion
on future perspectives in the use of biological
control agents is included at the end of this
chapter.

Chapter 12 entitled “The Nature of Fungal
Mycoparasitic Biocontrol Agents” outlines stra-
tegies for plant protection involving ecological
approaches and control based on fungal anta-
gonism in the biological control of phytopatho-
genic fungi.

Chapter 13 details “Applications of Plant Tissue
Culture for Studies of Fruit Tree Defense
Mechanisms” and contains sections on in vitro
screening and selection for disease resistance in
fruit trees and a general description of plant
defence mechanisms. The chapter concludes
with a discussion of the limitations and pro-
blems associated with the use of plant tissue
culture studies to identify plant resistance to
diseases.

Chapter 14 describes the use of “Microbial
Chitinases: Effective Biocontrol Agents”. Details
are presented on microbial sources of chitina-
ses, their classification, and production
methods for chitinases and their commercialisa-
tion as biological control agents.

Chapter 15 reviews “Fungal Phytopathogen
Suppression Using Siderophoregenic Bio -
inoculants” discussing siderophore-mediated
biological control mechanisms, competition for
iron, and induced systemic resistance as a
defence mechanism against plant pathogens.

The chapters each contain original material and
provide some useful solutions to the problems
associated with the biotechnology of biological
control of plant pathogens associated with
important diseases of some of the world’s
major horticultural crops. 

It is most unfortunate that the book contains a
surprisingly large number of annoying typogra-
phical and spelling errors, and even transposi -
tion of illustration captions, that should have
been corrected during the editorial processes.

Despite this, the information contained in this
book of review articles should be of value to
those students, scientists, agriculturalists and
horticulturists, and growers interested in the
future control of plant diseases without the use
of agrichemicals.

Reviewed by Christopher Hale,
Chair ISHS Commission Plant Protection

Postharvest: An Introduction to the
Physiology and Handling of Fruit, Vege -
tables and Ornamentals. 5th edition. R.B.H.
Wills, W.B. McGlasson, D. Graham and
D.C. Joyce. 2007. UNSW Press, Sydney,
Australia and CABI Publishing, Wallingford,
UK. 227p. ISBN 978 0 86840 980 1 and
978 1 84593 227 5 (paperback).
AUD$44.95 and £29.50/$60.00/€47.00.
www.unswpress.com.au and www.cabi.org

Postharvest physiology and technology of fresh
produce and ornamentals has become a ma ture
profession and the authors of this 5th edi tion of
Postharvest have done a great service pro viding
up-to-date information about basic and applied
aspects for a successful handling of fresh fruit,
vegetables and cut flowers. Besides the reduc-
tion of losses occurring throughout the post-
harvest chain, a growing emphasis is now
addressed on maintaining quality, food safety
and quality assurance of horticultural produce:
the different aspects to be considered in the
postharvest handling and the operations re -
quired for the total quality management (TQM)
are clearly described in this accurate book. The
13 chapters are rationally organized following
the concept that, in order to reduce deteriora -
tion during the period between harvest and
end use and for a successful implementation of
TQM, a throughout understanding of the struc-
ture, composition, biochemistry and physiology
of horticultural produce is needed. The role and
the effects of main environmental factors (tem-
perature, humidity, and storage atmosphere)
markedly influencing postharvest behaviour are
clearly described making easier the understan-
ding of the principles of modern storage and
packaging technologies and the need of accu-
rate measurements of storage environment.

Together with physical loss, reduced quality
levels - due to physiological and compositional
changes - represent the most important cause
of postharvest loss: thus, a specific chapter clas-

sifies the physiological disorders reviewing, in
particular, those induced by low temperature in
deciduous tree and sub-tropical citrus fruit
crops. Since control of diseases is a key factor in
the postharvest handling of perishable horticul-
tural produce, basic information on the infec -
tion process together with the description of
different treatments – including the postharvest
management of organically grown produce –
are clearly provided.

From a practical point of view, of particular inte-
rest is the chapter dealing with the evaluation
and management of quality. Quality criteria and
postharvest factors influencing quality are
thoroughly listed and traditional and novel
technologies for determining maturity and/or
defects are described and illustrated. These
aspects are directly or indirectly linked to the
management of quality and must be considered
when setting up assurance programs that are
worldwide increasing in number and scope
(e.g. safety). General recommendations for
storage of different commodities are also inclu-
ded in the last chapter of this book useful for a
wide range of people interested and involved
in postharvest science and technology of
perishable horticultural crops.

Reviewed by Pietro Tonutti, Sant’Anna School of
Advanced Studies, Pisa, Italy

MORE HELP WITH PLANT
NAMES FROM HORTAX
(www.hortax.org.uk)

Following their very attractive and informative
leaflet, The Names of Garden Plants, the
Horticultural Taxonomy Group (HORTAX), has
now produced a more detailed booklet called
simply Plant Names, an accessible but in-depth
look at how plant nomenclature works. Highly
readable, this is an essential guide for students,
plant-hunters, breeders and gardeners unravel-
ling their catalogues and Plant Finders. Even if
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you know the difference between a subspecies
and a hybrid, you’re sure to learn something
new. The examples are fascinating and give an
insight into the difficulties presented in creating
and regulating this international system.
Anyone wanting a copy but without access to
the internet may contact Dr. Crinan Alexander,
Royal Botanic Garden, Edinburgh EH3 5LR,
Phone: (44) 131 248 2911.

HORTAX, founded in March 1988, is an emi-
nent group of taxonomists and horticulturists
working to improve the standard and accuracy
of cultivated plant names.

NEW TITLES

Beagle Ristaino, Jean (ed.). 2008. Pioneering
Women in Plant Pathology. APS Press, Saint
Paul, USA. 352p. ISBN 978-0-89054-359-7.
$89.00. www.shopapspress.org

Datnoff, Lawrence E., Elmer, Wade H. and
Huber, Don M. (eds.). 2007. Mineral Nutrition
and Plant Disease. APS Press, Saint Paul, USA.
278p. ISBN 978-0-89054-346-7. $89.00.
www.shopapspress.org

Horst, R. Kenneth and Cloyd, Raymond. 2007.
Compendium of Rose Diseases and Pests.
2nd Edition. APS Press, Saint Paul, USA.

96p. ISBN 978-0-89054-355-9. $59.00.
www.shopapspress.org

Johnson, Dennis A. (ed.). 2007. Potato Health
Management. 2nd Edition. APS Press, Saint
Paul, USA. 250p. ISBN 978-0-89054-353-5.
$89.00. www.shopapspress.org

Madden, Laurence V., Hughes, Gareth and van
den Bosch, Frank. 2007. The Study of Plant
Disease Epidemics. APS Press, Saint Paul, USA.
432p. ISBN 978-089054-354-2. $89.00.
www.shopapspress.org

Rimmer, S. Roger, Shattuck, Vernon I. and
Buchwaldt, Lone (eds.). 2007. Compendium of
Brassica Diseases. APS Press, Saint Paul, USA.
136p. ISBN 978-0-89054-344-3. $59.00.
www.shopapspress.org

Schwartz, Howard F. and Mohan, S. Krishna
(eds.). 2007. Compendium of Onion and Garlic
Diseases and Pests. 2nd Edition. APS Press,
Saint Paul, USA. ISBN 978-0-89054-357-3.
$59.00. www.shopapspress.org

van der Vossen, H.A.M. and Mkamilo, G.S.
(eds.). 2007. Plant Resources of Tropical Africa
14. Vegetable oils. PROTA Foundation,
Wageningen, Netherlands / Backhuys
Publishers, Leiden, Netherlands / CTA,

Wageningen, Netherlands. 237p. ISBN 90-
5782-191-2 (book only). € 28 (industrialized
countries), € 14 (developing countries). ISBN
90-5782-192-9 (book + CD Rom). € 35 (indus-
trialized countries), € 17.50 (developing coun-
tries).

van der Vossen, H.A.M. and Mkamilo, G.S.
(eds.). 2007. Ressources végétales de l’Afrique
tropicale 14. Oléagineux (traduction).
Fondation PROTA, Wageningen, Pays-Bas /
Backhuys Publishers, Leiden, Pays-Bas / CTA,
Wageningen, Pays-Bas. 261p. ISBN 90-5782-
195-0 (livre seul). € 28 (pays industrialisés),
€ 14 (pays en développement). ISBN 90-5782-
196-7 (livre + CD Rom). € 35 (pays industriali-
sés), € 17.50 (pays en développement).

WEBSITES

www.ishs.org/news/ newsflashes about various
horticultural items

www.isa-arbor.com/src/rfp/RFP-TreeRoot
Systems.pdf: Request of the International
Society of Arboriculture (ISA) Science and
Research Committee for proposals to conduct a
comprehensive literature review of all relevant
research to Tree Root Systems in Urban Settings:
Growth and Development. For more informa -
tion contact Steve Bevil at sbevil@isa-arbor.com

Courses and Meetings
The following are non-ISHS events. Make sure to check out the
Calendar of ISHS Events for an extensive listing of all ISHS mee-
tings. For updated information log on to www.ishs.org/calendar

Greenhouse Crop Production & Engineering Design Short Course, 20-23
January 2008, Tucson, Arizona, USA. Info: Glenn McCreedy, email:
gmcc@ag.arizona.edu, web: http://guest.cvent.com/i.aspx?1Q,P1,
75CA131E-AFE9-4FB9-90FD-87EC7BDFF0A2

Advanced Course on Sustainable Energy Crops in the Mediterranean, 5-9
May 2008, Zaragoza, Spain. Info: CIHEAM - Mediterranean Agronomic
Institute of Zaragoza, Apartado 202, 50080 Zaragoza, Spain, Phone: 34
976 716000, Fax: 34 976 716001, email: iamz@iamz.ciheam.org, web:
www.iamz.ciheam.org

1st European Turfgrass Society Conference, 19-20 May 2008, Pisa, Italy.
Info: Simone Magni (paper submission – editorial information), Phone: +39
050 599238, Fax: +39 050 540633, email: smagni@agr.unipi.it; Filippo Lulli
(Conference secretariat), Phone: +39 050 599230, Fax: +39 050 540633,
email: flulli@agr.unipi.it, web: www.agr.unipi.it/ETSC

First International Conference on Drought Management: Scientific and
Technological Innovations, 12-14 June 2008, Zaragoza, Spain. Info:
CIHEAM - Mediterranean Agronomic Institute of Zaragoza, Apartado 202,
50080 Zaragoza, Spain, Phone: 34 976 716000, Fax: 34 976 716001,
email: iamz@iamz.ciheam.org, web: www.iamz.ciheam.org/medroplan/
zaragoza2008

5th International Symposium on Adventitious Root Formation, 16-20 June
2008, Alcala de Henares, Madrid, Spain. Info: Dr. Carmen Diaz-Sala,
Dpt. Plant Biology, University of Alcala, 28871 Alcala de Henares, Madrid,
Spain, Phone: 34.91.8854911, Fax: 34.91.8855066, email: car-
men.diazsala@uah.es, web: www.rooting2008.fgua.es

International Conference on Sustainable Agriculture for Food, Energy
and Industry, 2-6 July 2008, Sapporo, Japan, in association with the
International Committee of Sustainable Agriculture (ICSA). Info: Prof. Osaki
Mitsuru, Convener, email: mosaki@chem.agr.hokudai.ac.jp or icsa2008
@sgp.hokudai.ac.jp, web: http://www.sgp.hokudai.ac. jp/ICSA2008/

International Society of Arboriculture (ISA) ‘s 84th Annual Conference &
Tradeshow, 26-30 July 2008, St. Louis, Missouri, USA. Info: Steve Bevil,
International Society of Arboriculture, P.O. Box 3129, Champaign, IL
61826-3129, Phone: 217.355.9411, Fax: 217.355.9516, email: sbevil@isa-
arbor.com, web: www.isa-arbor.com

Plant Growth Regulation Society of America (PGRSA) 35th Annual
Conference, 3-7 August 2008, San Francisco, CA, USA. Info: Dr. Matthew
Fidelibus, PGRSA Program Chair, Assistant Cooperative Extension Specialist,
Department of Viticulture and Enology, University of California, Davis,
Kearney Agricultural Center, 9240 S. Riverbend Ave., Parlier, CA 93648,
USA. Phone: (1)559-646-6510, Fax: (1)559-646-6593, email:
MWF@uckac.edu, web: http://www.pgrsa.org
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Diseases and pests are recognized as the
most important threat to the sustainable pro-
duction of bananas and plantains, affecting
both commercial growers and small-scale far-
mers. While the application of pesticides is an
option for large-scale commercial producers,
this approach is not feasible for most smallhol-
ders. Even for large-scale producers, there are
signs that chemical control is no longer
sustainable. Alternative means of control are
urgently needed to deal with the ever-increa-
sing pest and disease problems.

The International Society for Horticultural
Science (ISHS) and the Global Programme for
Musa Improvement (ProMusa) organized their
first joint symposium focusing on ‘Recent
advances in banana crop protection for sustai-
nable production and improved livelihoods’ in
South Africa from 10 to 14 September 2007.
Participants from 25 countries came together in
a three-day symposium to discuss the status of
banana diseases and pests, and progress made
in their control. After a field visit to nearby
organic banana farms, participants re-grouped
for a 1-day workshop to identify priorities for
collaborative research and joint action. In total,
46 oral papers and more than 40 posters were
presented. The abstracts booklet (in pdf form)
can be downloaded from http://www.promu -
sa.org/news/ISHS_ProMusa_program.pdf.

The programme included the following
sessions:

1. Management of bacterial and viral diseases

2. Enhancing soil health for pathogen and pest
management

3. New approaches to foliar disease manage-
ment

4. Understanding diversity, managing diseases

5. Understanding plant responses to diseases
and pest challenge

6. The role of crop improvement in pest and
disease management

7. Improving crop protection: on-farm expe-
riences and approaches for more effective
training, input delivery and information

SYMPOSIA AND WORKSHOPS

Section Banana and PlantainInt’l Symposium on Recent Advances inInt’l Symposium on Recent Advances in
Banana Crop Protection for Sustainable
Production and Improved Livelihoods

An overview of the global situation showed
that diseases that threatened banana produc -
tion when ProMusa was established 10 years
ago, such as Black leaf streak and Fusarium
wilt, still constitute a major threat to bananas
worldwide. Others, such as Xanthomonas wilt
and Banana bunchy top disease, have achieved
new significance. Various management approa-
ches have been tried with differing levels of
success. The obstacles to conventional breeding
(that has so far failed to produce resistant bana-
na varieties acceptable to consumers) and
public suspicion of GMOs seems to leave the
systematic use of chemicals as the only option
in intensive cropping systems, at least in humid,
high-rainfall areas.

However, several presentations during the sym-
posium showed that organic and integrated
approaches, combining biological and cultural
methods and making use of natural predators
and competitors, are promising. Somaclonal
variants have been successfully exploited in

Participants of the Symposium.

Field visit to a banana packing station.
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John Robinson, a leading figure in banana research in South Africa, explains subtropical produc-
tion to participants during a visit to an organic banana plantation.

CCONTACTONTACT

Drs. Inge Van den Bergh and Karen Lehrer,
Bioversity International - France Office, 1990 Bd
de la Lironde, Parc Scientifique Agropolis II,
34397 Montpellier, France, email:
i.vandenbergh@cgiar.org and k.lehrer@cgiar.org

Taiwan where they are now combined with
annual planting practices. New hybrids are
being tested in the field for their agronomic
performance and host resistance, while also
taking into account their acceptability to
growers and consumers.

With strong commitment from governments
and strict quarantine regulations, certain disea-
ses have been successfully eradicated in some
countries. The use of clean tissue-cultured plan-
ting material and short-duration planting has
helped the Philippine growers to manage BBTV
in their farms. Presentations described the
spread and management of Xanthomonas wilt
on banana in Africa, and a reclassification of
the causal agent as X. vasicola (formerly cam-
pestris) pv. musacearum was proposed.
Xanthomonas wilt is being controlled with
some success through simple management
practices, al though more still has to be done to
achieve their universal adoption. The detection
of different species of Banana streak virus and
related badnaviruses was reported, and there
was an animated discussion on whether current
stringent recommendations should be relaxed
to allow dissemination of germplasm carrying
virus sequences integrated within the banana
genome.

Among the highlights of the symposium was
the announcement that the full sequence of
Mycosphaerella fijiensis, causal agent of Black
leaf streak, is now available and that a consor-
tium is expected to annotate the genome
within 18 months. Work on transcriptomes of
the A and B genomes of banana, and cloning
banana stress orthologs was also reported.
Many talks and posters addressed the molecu-
lar understanding of Fusarium wilt and its
management. There was a general consensus
that Tropical race 4, currently restricted to Asia,
represents a major threat to Musa production in
Africa and the Americas. Support was ex -
pressed for sequencing the causal agent
Fusarium oxysporum f. sp. cubense.

Despite the continuing challenges, the Musa
R&D community expressed hope for the future
and its commitment to taking on the challenge
of bringing sustainable solutions to small-scale
producers.

The symposium was co-organized by Bioversity
International and the Forestry and Agricultural
Biotechnology Institute (FABI) of the University
of Pretoria. The meeting was made possible by
major financial support from Bioversity
International, FABI, Du Roi Laboratories and the
Technical Centre for Agricultural and Rural
Cooperation (CTA).

The proceedings will be published in Acta

Horticulturae and are expected to be available
early 2008.

Josué Tetang Tchinda, Randy Ploetz and
Inge Van den Bergh

Section Pome and Stone FruitsEighth Int’l Symposium on Modelling inEighth Int’l Symposium on Modelling in
Fruit Research and Orchard Management

How does one start a summary of such a
meeting? Very hard to say since it was all, very
successful, highly inspiring and motivating,
characterized by a friendly, open while informal
atmosphere and showing the great progress
modelling has made during the last years. And
apart from all this, our host and symposium
organizer, Dr. Jörg Samietz and his team also
managed to allow for space and interesting dis-
cussions with both newcomers to the field as

well as those being there right from the begin-
ning of the working group continuing the tra-
dition of the group.
But what happened? More than 60 participants
from all over the world met for a week in early
July 2007 in the scenic setting of Einsiedeln,
Switzerland high above the Lake Zurich.
Although the summer came to a small halt
during our stay, the spirit was held high due to
both the participants and the fabulous organi-

sation by our host, Jörg and his team from the
horticultural research station in Wädenswil,
now Agroscope Changins-Wädenswil (ACW).
We were particularly happy to welcome so
many colleagues from East-European states and
hope to continue these valuable contacts.
The programme span from the very applied
questions of designing decision support sys-
tems for growers and advisors, basic data
needed for the construction of such systems,
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climate change scenarios as a basis for future
planning decisions up to complex structural-
functional models of plant growth and the
underlying physiological and genetic control.
The topic of decision support for growers is still
very high on the agenda and it was evident that
such systems have evolved from a very simple
view of the plant and consequently very simple
and rough answers in the past to very sophisti-
cated models where the developer today faces
the challenge of presenting the complex results
in an easily understandable way. Various ways
and approaches of extracting the essential for
presentation while further developing the
underlying models have been shown and dis-
cussed intensively. Other highlights were, for
example, a number of presentations on flower
bud development, fruit growth and the interac-
tion with the environment or the pest-predator
interaction efficiency of spraying applications
and so on. Absolutely fascinating was the pro-
gress made in combining the structural models
of plant growth with physiological models. At
the last meeting those models were still very
much separated and developed side by side.
Now we could see the power of combining the
mathematical and statistical understanding of

fruit tree growth with the physiological under-
standing of fruit development and dry matter
gain. And although these models were highly
complex, they also showed the need for very
good basic data.

And here the circle was closed. Very good data
is not worth a lot without being able to inter-
pret them correctly, but similarly a very nice and
complex model is not worth a lot without the
very good data to develop and validate it. The
strength of the group is to be a forum for all,
data providers looking for ways to interpret
them correctly and develop a good understan-
ding of the mechanisms leading to the data as
well as for experienced mathematicians and
modellers trying to understand the physiolo -
gical basis of tree fruit growth and develop-
ment. I am allowed to say this since I confess to
be a non-mathematician and only through the
group, which I joined a few meetings ago, con-
verted to a modeller. To provide such a friendly
and open forum welcoming newly interested
colleagues is probably the greatest success of
the working group. I would like to thank Jörg
and his team again for providing this forum, for
the right mix of exciting sessions, discussions
and for the excursions to the development of

Participants of the Symposium.

science and understanding from the middle
ages to today (our fascinating trip to the
monastery of Einsiedeln and to the research
station). I and our next host, Dr. Gaétan
Bourgeois, hope to see you all again in the next
meeting in Montreal, Canada in 2010 and want
to invite all interested colleagues to join us.
Information will be posted on the group web -
site www.hortplus.com/ISHSModel/. See you
there at the latest and all the best.

Peter Braun

CCONTACTONTACT

Dr. Peter Braun, Chairman of the Working Group,
Geisenheim Research Center, Section of
Pomology, Von Lade Str. 1, D-65366
Geisenheim, Germany, Phone: +49-(0)6722-
502 566, Fax: +49-(0)6722-502 560, email:
braun@fa-gm.de
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The Eucarpia Fruit Section held its XII
Symposium on Fruit Breeding and Genetics in
Zaragoza (Spain) in September 16-20. This was
the first time that it was held in Spain and was
organised by the Centro de Investigación y
Tecnología Agroalimentaria de Aragón (CITA),
where the first Spanish fruit breeding pro -
gramme was established in almond by Dr.
Antonio J. Felipe in 1974. Dr. Felipe, although
retired for nearly 10 years, attended the ope-
ning ceremony and some of the sessions.

Several features distinguished this Symposium
from previous ones. Possibly the most impor-
tant was the diversity of species included in the
communications by the different participants. If
sometimes in the past these Symposia were

Section Pome and Stone FruitsTwelfth Eucarpia Symposium on FruitTwelfth Eucarpia Symposium on Fruit
Breeding and Genetics

practically considered an apple scab meeting,
this time I was proud to announce in the ope-
ning address that among the ocean of apple
research we could find many islands of
Mediterranean fruits, even some subtropical
contributions. The introductory lecture by
Dr. G. Llácer was a review of fruit breeding in
Spain, where most efforts are dedicated to
stone fruits, including some very typical
Mediterranean fruits. The Spanish attendance
was important and the Spanish results fitted
accordingly within the frame of the
Symposium.

Another important feature was the wide inte-
rest in fruit quality. In the last Symposium in
Angers the focus was already on fruit quality,
but this time quality was a reference for many
contributions. Not only two oral sessions, inclu-
ding an invited paper by Dr. A. Aharoni, were
devoted to this topic, but also many posters
included fruit quality as a research priority. The
general awareness of fruit breeders of quality,
nutrition and health indicates a clear line for
future developments in this direction.

Another oral session was devoted to the wide
HiDRAS project, whose main aim is also apple
quality, showing the increasing application of
molecular markers to different aspects of fruit
breeding. In the past, molecular markers were
mostly considered in resistance breeding, culti-
var identification and chromosome mapping,

Participants of the Symposium.

The Secretary General of Eucarpia, Dr. M.L.
Badenes, chairing a session.

Opening ceremony with the President of
Aragón, Mr. M. Iglesias, and the Convener,
Dr. R. Socias i Company.

but in this Symposium a wide array of applica -
tions for markers was considered, including
self-compatibility and physiological aspects.
Only if markers can be efficiently applied in
developing new cultivars would they be a use-
ful tool in plant breeding.

Genetic resources were also an important topic,
introduced by the invited lecture of Dr. G. Fazio
and his group from Cornell (USA), showing the
awareness of all fruit breeders in the variability
offered by the different fruit populations
around the world. However, many steps still
have to be taken in order to realize the real
value of gene variability of each fruit species,
not only the cultivated ones, but also the wild
ones.
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CCONTACTONTACT

Dr. R. Socias i Company, Symposium Convener,
Apartado 727, 50080 Zaragoza, Spain, email:
rsocias@aragon.es

Visit to the Monasterio de Piedra.

The registration team.

Prof. S. Sansavini (left) handing over the
ISHS medal to the convener (right) at the
farewell dinner.

Resistance breeding continued to be an impor-
tant topic of Eucarpia Symposia. The invited lec-
ture by Dr. D. Esmenjaud introduced this wide
subject in two oral sessions, where the molecu-
lar markers were often considered, showing
again the usefulness of their reasonable appli-
cation.

The importance of this Symposium can be mea-
sured by its attendance of 200 researchers from
all over the world, with more than 55 oral con-
tributions and 150 posters. There were also
concurrent workshops on cultivar development,
small fruits, rosaceae mapping and genetic
engineering, opening some new routes of inte-
rest for future Symposia.

The local authorities were aware of this impor-
tance and the President of the Regional
Government of Aragón, Mr. M. Iglesias, presi-
ded over the opening ceremony, together with
the Secretary General of Eucarpia, Dr. M.L.
Badenes. The field visit included a fruit orchard
and a fruit nursery, but also a visit to the
Monasterio de Piedra, a XIII Century Monastery
surrounded by a beautiful landscape of endless
waterfalls. The Symposium ended with a fare-

well dinner where Prof. S. Sansavini, former
ISHS President, thanked on behalf of the
Society the efforts of the Organizing
Committee and offered a medal of recognition
to the Convener.

The next Symposium will be organized by the
colleagues of the University of Warszaw in
2011.

R. Socias i Company
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Section Vine and Berry Fruits -
Commission Plant Protection

Fourth Int’l Phylloxera SymposiumFourth Int’l Phylloxera Symposium

The Fourth International Phylloxera Sympo -
sium brought together a group of enthusiastic
scientists from four continents. The symposium
was held in Keszthely, Hungary from 20-21
September together with the XLIXth Georgikon
Scientific Days organized by the Georgikon
Faculty of Agriculture (www.georgikon.hu). The
symposium was convened by Dr. László Kocsis
from the Department of Horticulture. The sym-
posium attracted all those scientists and stu-
dents who are working and interested in wor-
king on the small, but powerful insect, on
grapevine phylloxera and related fields. The
delegates had the opportunity to hear 11 oral
presentations and to view 7 posters. The parti-
cipants got a general picture about the present
situation of the Hungarian Agriculture during
the plenary session of the Opening ceremony.
The FAO Sub-Regional representative of Central
and Eastern Europe talked about the FAO
challenges ahead for agricultural and rural
development.

Prof. Ákos Máthé, ISHS representative, greeted
the delegates and gave an overview of the pro-
grams, activities, impacts of the society in the
global horticulture.

The technical program was divided into four
parts including a honorary lecture of Prof.
Jeffrey Granett entitled “Phylloxera whys - phyl-
loxera wise”, summarizing his 25 years contri-

Symposium delegates.

Prof. Á. Máthé (right) handing out the ISHS
medal to the convener Dr. L. Kocsis (left).

Visit in the experimental vineyard.

bution to the field of phylloxera research.
Papers were presented in the following themes:
biological control of grape phylloxera, a review
of the importance of sandy soils during the

phylloxera epidemic, nodosity populations on
rootstocks, monitoring phylloxera populations,
damage on graftings, overview on the Brazilian
situation, disease suppressions of vineyard,
reducing the risk of phylloxera transfer, under-
standing the biology of grape phylloxera. The
delegates participated in a guided poster
viewing session where the authors summarized
their results in the field of: 
� development of a targeted risk-mapping

approach for detection of grapevine phyllo -
xera,
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Poster presentation.

CCONTACTONTACT

Dr. László Kocsis, University of Pannonia,
Georgikon Faculty of Agriculture, 16. Deak F.,
H-8360 Keszthely, Hungary, email: kocsis-
l@georgikon.hu

� analysis of intra clonal variation of grape
phylloxera,

� antennal sensilla of grape phylloxera,
� phylloxera damage in a Hungarian vinedis-

trict, Badacsony,
� the new Georgian-American phylloxera resi-

stant rootstocks,
� successful field testing of a new DNA assay

for detection of grape phylloxera.

The symposium program included a visit to the
University experimental vineyard, where
demonstration experiments were presented to
the delegates about leaf gall formation control
and leaf nutrition effects on canopy.

The standard of presentations was outstanding,
creating vibrant discussion. Feedback from

delegates has been very positive and many new
ideas came up for future research and poten tial
collaborative work. The next International
Phylloxera Symposium will be in Vienna,
Austria.

László Kocsis

Commission Biotechnology and
Molecular Biology

Third Int’l Symposium on AcclimatizationThird Int’l Symposium on Acclimatization
and Establishment of Micropropagatedand Establishment of Micropropagated
Plants

The 3rd International Symposium on Accli -
matization and Establishment of Micro -
propagated Plants held in Faro, Portugal, from
12 to 15 September 2007, was organized by
the University of Algarve under the auspices of
the International Society for Horticultural
Science and it was convened by Anabela
Romano.

The purpose of this symposium was to provide
a forum for participants to share their results
and experiences in the application of tissue cul-
ture techniques for production and esta-
blishment of plant species and create a basis for
further research work.

During the four symposium days 190 research
scientists, industry representatives and profes -
sionals involved in plant micropropagation,
from 40 countries, presented the newest theo-
retical and practical achievements and possible
direc tions for the future developments of plant
micropropagation. Six plenary and 46 regular
lectures as well as 106 posters were presented.

The scientific program was designed to provide
participants with various thematic lectures in
different fields of expertise. It included five ses-
sions where current advances in plant tissue
culture techniques, root formation, plantlet
acclimatization, plantlet and microorganism

interactions and germplasm conservation, were
discussed, covering the state of the art, recent
topics and major challenges in each area.
At the opening session, Anabela Romano
(Convener of the Symposium), Rod Drew (Chair
of the ISHS Commission Biotechnology and
Molecular Biology), José Macário Correia
(President of AMAL) and João Guerreiro (Rector
of the University of Algarve), welcomed the
symposium participants and distinguished
guests.
The scientific program started with the opening
lecture delivered by Professor Yves Desjardins
from the University of Laval, Quebec, Canada,

Participants of the Symposium.
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with the theme “In vitro culture of plants: a
stressful activity!!!”. During his lecture Prof.
Desjardins presented a comprehensive survey of
the stress to which plants cultured in vitro are
subject. He made an exhaustive characteriza -
tion of in vitro culture conditions that induce
stress, and of the consequences of stress at the
transcriptome, proteome and metabolome
levels. Based on recent studies of his group on
gene expression using microarray analysis, he
demonstrated that tissue culture is perceived as
a stress by the plantlets, which respond by
activating a number of systemic defence
mechanisms and developmental responses.
These responses were analysed in terms of epi-
genetic control of plant development and the
possible mechanisms involved.

The keynote lecture of the first Session
“Current advances in plant micropropagation –
scale-up and automation”, was delivered by
John E. Preece from Southern Illinois University,
USA, on the topic “Microshoot encapsulation
for cold storage, acclimatization, and clean up
from arthropod infestations”. During his lec ture
Prof. Preece made an overview of the possibili-
ties of encapsulation for storage, in vitro mite
eradication, ex vitro greenhouse planting and
bulk encapsulation to reduce time and costs of
encapsulation.

Dr. Jorge M. Santamaría from the Centro de
Investigación Científica de Yucatán, Mexico,
delivered the keynote lecture of the second
Session “Dealing with stress in micropropaga-
ted plants”, on the topic “The in vitro environ-
ment, a stressing challenge for plants”. He gave
an overview of the stress factors within the in
vitro and ex vitro culture environment, how the
stress environment affects the physiology of the
plant and what we can do to avoid it or to
improve the in vitro systems. He also presented
some tools to study differential expression of
genes associated to stress in in vitro plants.

Dr. Prakash and Dr. Damiano during the
boat trip.

Prof. Drew handing over the ISHS medal to
Prof. Romano, convener of the symposium.

Combiness bench at the symposium.

CCONTACTONTACT

Dr. Anabela Romano, Convener, University of
Algarve (CBME), Campus de Gambelas, 8005-
139 Faro, Portugal, Phone: +351289800910,
Fax: +351289818419, email: aromano@ualg.pt

In the third Session “Advances in root
formation, field performance and mycorrhiza -
tion of micropropagated plants”, Dr. Vivienne
Gianinazzi-Pearson from the INRA/CNRS/
University of Bourgogne, France, presented a
lecture on “Biotisation: a new challenge for
microplant fitness and quality in horticulture”.
Dr. Gianinazzi-Pearson explained how to fully
exploit the potential of beneficial microbes in
micropropagation systems through biotization
of microplants, to ensure their survival and qua-
lity, particularly in horticultural systems requi-
ring less chemical inputs. Future avenues for
research and development were discussed with
aims of selecting and optimizing combinations
of beneficial microbes, and formulating pro-
ducts for micropropagated plants based on this
new technology.

In Session four “Micropropagation of specific
crops”, Paul E. Read from the University of
Nebraska, USA, delivered a lecture on
“Micropropagation revisited: Where have we
been? Where are we now? and Where are we
going?”. During this lecture historical aspects of
tissue culture and micropropagation were pre-
sented by Prof. Read. Critical contributions from
numerous researches and examples of modern
applications and future opportunities were dis-
cussed, showing that the future of micropropa-
gation is indeed a reason for great optimism.

As final keynote speaker, Florent Engelmann
from the Institut de Recherche pour le
Développement, Montpellier, France, during the
last Session “Plant biotechnology and biodiver-
sity conservation”, gave an extensive overview
of the use of biotechnologies for conserving
plant biodiversity. Dr. Engelmann showed the
great interest of in vitro culture techniques for
the conservation of genetic resources of recalci-
trant seed and vegetatively propagated species,
biotechnology products such as elite genotypes
and plant materials with special attributes, and
rare and endangered plant species.

The invited speakers together with all the parti-
cipants strongly encouraged the exchange of
ideas and views, which is essential for scientific
progress. The symposium atmosphere was
wonderful with high quality of presentations,

good discussions, and a broad diversity of sub-
jects. During a half day boat trip the partici-
pants could appreciate the beautiful Algarve
coast with its long beaches, cliffs, rock forma -
tion, caves and old fishing villages, which was
followed by an enjoyable symposium dinner.

This was the 3rd in a very successful series of
symposia and, as in the past two, this sympo -
sium offered the opportunity for old friends to
meet again and for colleagues from all parts of
the world to make new contacts and discuss
further collaborations.

The convener acknowledges the support of all
the sponsors without whom this symposium
would not be possible. Special thanks are
addressed to “Fundação para a Ciência e a
Tecnologia”, “Fundação Caloust Gulbenkian”,
The Luso-American Development Foundation,
AMAL and Industrial Laborum, for their finan -
cial support.

Anabela Romano
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Commission Biotechnology and
Molecular Biology

Int’l Symposium on Genetic Modifications -Int’l Symposium on Genetic Modifications -
Challenges and Opportunities forChallenges and Opportunities for
Horticulture in the World

This symposium was agreed upon during the
Business Meeting of the ISHS Commission
Biotechnology and Molecular Biology in Seoul,
South Korea in August 2006 and was held in
Ski (near Oslo), Norway, from 16-20 September
2007. The topic was inspired by the fact that
there is so much going on scientifically in
GMOs, and at the same time it is high time
scientists stand up for a technology that could
be very useful for the world of horticulture. The
second generation GMOs will have been made
through novel techniques and have other traits
than the first generation that has created a lot
of opposition in many countries. Since Norway
has been amongst the nations with a strong
political view on the use of GMOs, we decided
to have the symposium in Norway where the
authorities could also join and benefit from the
presentations and discussions.

The scene was set on the first evening, Sunday
Sept 16 by Prof. Rajbir Sangwan from Amiens,
France who gave a nice overview on the topic
of GMOs. Then Prof. Emer. Ingo Potrykus,
Chairman Humanitarian Golden Rice Board,
Zürich, Switzerland gave the audience an excel-
lent thought provoking presentation entitled:
“GMO-regulation is responsible for numerous
avoidable cases of death and blindness” as an
example of what GMOs can achieve for man-
kind. He blamed the GMO regulations and
NGOs for the delay in implementation of
‘Golden Rice’ – the famous rice with provitamin
A that has the potential of preventing blindness
and death due to lack of vitamin A amongst the
poorest populations in South-East Asia. The
sceptics in the audience were given food for
thought. The scientists were also blamed by
Prof. Potrykus for not standing up and advoca-
ting the technology; instead we hide in our labs
without participating in the public debate on
GMOs in our countries. We need more scien-

tists like Ingo Potrykus who is not afraid to
stand up for what he believes in!

Monday was devoted to different talks on the
technology itself, set off by Prof. Henry Daniel
from Florida, USA on chloroplast transforma -
tions. The list of achievements was impressive,
although Prof. Daniel was questioned whether
some of his promises on future applications were
a little premature; that some needed more scien-
tific evidence before promises could be made.
There is no doubt, however, that chloroplast
transformations have a great potential for the
future and Prof. Daniel is leading in his field.

His talk was followed by Prof. Frans Krens,
Wageningen, The Netherlands who gave us a
very interesting talk; a combination of science
and politics – which indeed the whole meeting
was all about. Their field trials in trans- and cis-
genic apples have been destroyed by anti-GMO
activists on several occasions. However, the pre-
sentation revealed that even if the trials were
sabotaged, it was possible to obtain a lot of
information and the scientific value of the trials
was maintained with interesting results and a
possible future for improved apple varieties
from genetic modifications. He advocated for
the use of cis-genic, but merely for regulatory
reasons, because cis-gene is more acceptable
for the public and the authorities. There are no
scientific reasons for using cis- rather than
trans-, apart from acceptance, which may be
important enough.

Mohan Jain, from Helsinki, Finland gave the
next talk on current progress in mutagenesis in
plants; although this is a slightly different, and
less precise approach for obtaining novel cha-
racteristics in plants, the methods do have
some similarities, for example that both origi -
nate from a single event in one plant cell.
Transgene technology can, therefore, learn
something from the much longer experiences
with the use of mutagenesis. Richard Veilleux,
Virginia Tech, USA followed up with a contribu-
ted paper on the combination of mutagenesis
and molecular biology; namely: “Insertional
mutagenesis in the diploid strawberry Fragaria
vesca”. This was a very interesting, but huge
task set out in this project and the audience
looked forward to the very interesting results
that may come out of this.

Two young scientists from the host university
(UMB) ended the day; first Lene Olsen who
gave a very good overview on the work done
on genes involved in the aleuron layer in barley
seed initiated by Prof. Odd-Arne Olsen. Lene
Olsen will defend her PhD thesis on part of this

work in the near future. Dr. Cristel Munster
gave a nice overview of the work on abscission
of flowers in poinsettia from Hvoslef-Eide’s
group; where both plant physiology, cell biolo-
gy and molecular biology have been used to
shred light on this interesting topic. Both these
young scientists explained the quest for genes
involved in chosen developmental processes in
plants; genes that in turn are used to geneti -
cally modify plants; either for studies on gene
functions or to obtain plants with improved
qualities in the future.

The first part of Tuesday was devoted to some
of the good examples of genetically modified
plants, especially from horticulture. Prof. Cathie
Martin, from John Innes Centre, UK started the
show by explaining some of the results they
have obtained in a European project on toma-
toes: more anthocyanins and hence antioxi-
dants were gained in purple tomatoes. We
heard about the health benefits of antioxidants.
The audience thought that this type of second
generation GMO where the consumer directly
sees the benefits for themselves, may be one of
the answers to better public acceptance of
GMOs. Robert Birch, Queensland, Australia fol-
lowed up with his contributed paper:
“Improvement of plants for consumer appeal
and health through modified sugar metabo-
lism”. He argued for a potential for using GMO
sugar cane for obtaining biofuel as an alterna-
tive energy source.

After this, there were two interesting contribu-
ted papers on Agrobacterium-mediated trans-

Lene Olsen giving her presentation and
practicing for her defense for PhD shortly.

Africa should not be left behind in the safe
use of GMOs, says Dr. Samuel E. Timpo,
invited speaker from Ghana.
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formation of plum (Sergey Dolgov, Shemyakin
Institute of Bioorganic Chemistry, Russia) and
poinsettia (Jihong Lui-Clarke, Norway), both
with the aim to obtain resistance in the plants
that would be impossible to achieve without
the use of genetic modifications.

Co-existence in horticultural crops was the next
topic, first illustrated by the invited speaker
Prof. Antoine Messean, of INRA, France on
implementation of coexistence in Europe. He
gave good examples from agriculture on the
current discussion in Europe and illustrated this
with his research on the topic. Dr. Casper
Linnestad, from the Norwegian Biotechnology
Board followed with a presentation on the dis-
cussions on the future policies on coexistence
between GMO crops, traditional varieties and
organic farming in Norway. Norway is very
restrictive on GMO issues and it was commen-
ted upon that the probable rules on coexis tence
in Norway will be virtually impossible to comply
with. Prof. Odd Arne Rognli, UMB, Norway had
the last presentation in this section on his expe-
riments on gene flow by pollen and seed in
forage grass. After this, there was a poster ses-
sion with 28 posters presented by scientists
from many countries in the world.

The last day and a half (Wednesday and
Thursday) was devoted to science policies;
patent discussions and regulations with exam-
ples and experiences from around the world.
The first part of Wednesday was devoted to
patents, where Prof. Jim Dunwell, Reading, UK
started off on an overview of the patent history
and various aspects of the patent discussion up
to this day. He told the audience that it was hor-
ticulturists who pushed for patents on plant
varieties and showed us the decline in GMO
field trials in Europe compared to the US in
recent years. Prof. Richard Jefferson, CAMBIA,
Australia then continued to present to the sym-
posium participants his Open source alternative
to ordinary patenting and argued the case that
the science world would benefit from using this
alternative to protecting our inventions and at
the same time allowing people to use the inven-
tions for the good of mankind in progress
without the inhibiting patents when a product
or a plant is to be commercialised. Although
Ingo Potrykus managed to negotiate 72 patents
involved in ‘Golden Rice’ for non-commercial
use of the rice, it is without doubt a great
hindrance in the use of biotechnology inven -
tions that there are so many patents that may
hinder the use of a new product. In fact, the
restructuring of the biotech companies is driven
by who owns which patent. Richard Jefferson
also gave the audience a lecture on the use of
the PatentLens, CAMBIAs initiative to increase
patent transparency (http://www.patentlens.
net/daisy/patentlens/patentlens.html). Both Jim
Dunwell and Richard Jefferson urged the
audience to search patent databases before
engaging in new projects to ensure that what
you are planning really is novel and not paten-
ted by someone else.

The symposium ended in a tour of some of the
countries in the world to exchange experiences
on regulations, and the need to balance the
need for risk assessments with the need for
novel plants that may improve lives worldwide.
These included: Derek Russel (Sustainable
Agriculture Group, Natural Resources Institute,
UK & Adjunct Professor, CESAR, Department of
Genetics, University of Melbourne, Australia),

Rod Drew and other participants in the
Vigeland Sculpture Park in Oslo.

Prof. Emer Ingo Potrykus, the father of
‘Golden Rice’, and Dr. Trine Hvoslef-Eide,
convener of the Symposium, in her natio -
nal dress after the Opening Ceremony.

The convener of the symposium, Dr. Trine
Hvoslef-Eide, is awarded the ISHS Medal
and this is handed over by the Chairman of
Commission Biotechnology and Molecular
Biology, Dr. Rod Drew.

Richard Jefferson gave very lively and
engaged presentations, which the audience
really appreciated, on open source paten -
ting and a crash course on searching patent
databases.

CCONTACTONTACT

Dr. Trine Hvoslef-Eide, Norwegian University of
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Samuel Edudzi Timpo (Biotechnology & Nuclear
Agriculture Research Institute, Ghana Atomic
Energy Commission, Legon, Ghana), Sergey
Dolgov (Russia), Frans Krens (The Netherlands)
and Trine Hvoslef-Eide (Norway). The critics
from Norway who had been invited unfortuna-
tely could not come after all, so the opposition
was absent from the discussion. People present
(with some of the Norwegian Authorities liste-
ning) agreed on the importance of using all the
tools in the tool box to improve plants for the
benefit of mankind; this was especially pointed
out by the people present from developing
countries. It was also agreed that scientists
need to engage themselves in the GMO debate
in their countries to ensure a debate founded
on scientific principles, rather than beliefs, mis-
beliefs and misconceptions.

The symposium participants were given the
opportunity to join an excursion on Monday
afternoon to the Holmenkollen Ski Jump and
the Ski Museum, the Viking Ship Museum and
the famous Vigeland Sculpture Park in Oslo.
After a short sightseeing on the Campus of the
Norwegian University of Life Sciences (UMB)
and the seaside resort of Drøbak, the sympo -
sium dinner on Wednesday evening was served
at an old fort in the middle of the Oslo Fjord.

My sincere thanks go to all the invited speakers
and the participants, as well as the Scientific
Committee and the Organising Committee
who made this event possible! Rod Drew, the
Chairman of Commission Biotechnology, asked
the participants whether there would be a need
for another symposium combining science and
politics of GMOs under the auspices of ISHS in
3-4 years time and two offers came to host this
in the future. This, and the fact that many par-
ticipants expressed their enthusiasm for the
symposium, tells me that we have not seen the
last of this combination symposium to cover a
very political scientific topic! 

Trine Hvoslef-Eide
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Commission Horticultural Engineering
- Commission Protected Cultivation

GreenSys2007: How DifferentGreenSys2007: How Different
Expertises May Contribute to aExpertises May Contribute to a
Successful Meeting

The GreenSys2007 conference - High Techno -
logy for Greenhouse System Management has
been held from October 4 through 7 at the
Congress Center of the University of Naples
Federico II, a charming location in front of the
sunny bay of Naples (Italy). The symposium was
co-organized by the Department of Agricultural
Engineering and Agronomy of the University of
Naples Federico II and the Department of
Engineering and Management of the Agri -
cultural Livestock and Forest Systems of
University of Bari as a co-operation of Protected
Cultivation and Greenhouse Engineering and
was a unique opportunity to bring together
horticulturists, biophysicists and engineers wor-
king on greenhouse systems. The conveners,
Stefania De Pascale for the crop area and
Giacomo Scarascia Mugnozza for the enginee-
ring section, succeeded in assembling a dense
and complete program able to convey different
perspectives in greenhouse technology and
research. Over 250 contributions (139 oral and
111 poster presentations) were presented by
scientists from 34 different countries who high-
lighted current problems in protected cultiva -

tion and possible solutions. Main topics that
were discussed at the GreenSys2007 meeting
focussed on greenhouse design, management
and climate control, plant/environment interac-
tions, education and training in greenhouse
technology. A specific session organized by
Meir Teitel (Volcani Center, Israel) and Thierry
Boulard (INRA-URIH, France) was dedicated to
Computation Fluid Dynamics (CFD) and the
potential applications of this discipline for
modelling fluxes in the greenhouse environ-
ment.

Innovation in greenhouse technology was the
topic of the first plenary lecture presented by
Gene Giacomelli (CEAC, The University of
Arizona), who provided several examples on
innovative technologies in plant environmental
control and a futuristic simulation of how a
Space greenhouse should look. The keynote
lecture on innovative technologies was the pro-
per frame for the following communications of
the first conference day, which were presented
as parallel sessions on greenhouse system inte-
gration and microclimate control, development

of sophisticated sensors and models to predict
plant environment interactions and strategies
to improve resource use efficiency in green -
house management. These issues were further
addressed in the afternoon sessions, which
focussed on plant stress control and informa -
tion systems. Many presentations highlighted
how a thorough analysis and careful interpreta-
tion of plant responses to environmental varia-
bles is necessary to develop reliable models for
improving water/energy use efficiency and pro-
duct quality in greenhouse cultivation.

The second conference day was opened by a
plenary lecture on Innovation on crop manage-
ment and plant-greenhouse interactions by Ep
Heuvelink (Wageningen UR) who discussed
recent models describing the complex relation -
ship between plant development and green-
house climate control. Special emphasis in the
following sessions was given to the most
advanced covering materials and innovative
approaches to control plant growth and pro-
duction scheduling, two critical issues for both
vegetable and ornamental greenhouse produc-

Participants of the Conference.
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tions. During the special session on
Computational Fluid Dynamics, conventional
approaches in CFD were specifically framed in
the greenhouse context, with the overall objec-
tive of unravelling problems, misconceptions
and unsolved issues that may be encountered in
applying CFD methods for modelling the green-
house environment.

Silke Hemming (Wageningen UR and Chair of
the ISHS Working Group on Light in
Horticulture) presented the third and last plena-
ry lecture on Innovative technologies for an effi-
cient use of energy by Bakker et al. This was fol-
lowed by a few presentations on applications of
robotics and new methods to reduce energy
consumption and pesticide use. Specific talks
on greenhouse design for peculiar (urban) and
extreme (extra-planetary) environments conclu-
ded the third conference day. A general discus-
sion and future perspective in greenhouse
research were finally addressed in the afternoon
closing ceremony.

After the 3-day conference, a technical tour
was organized for the GreenSys participants
interested in the local greenhouse agriculture.
Four farms, two involved in chrysanthemum
and anthurium production and two in the pro-
duction of ready-to-eat vegetables were visited.
The farms were representative of advanced
greenhouse technology in the Salerno county, a

Technical tour: group picture in an anthurium farm.

very active area in protected cultivation. The
tour was concluded with a visit at the organic
farm La Morella, a farm house where it was
possible to taste local products in an informal
and very friendly atmosphere. Overall the
Organizing and Scientific Committees did a
great job in combining good science, excellent
food, superb wines and a wonderful location
for an unforgettable meeting!

Albino Maggio and Roberta Paradiso

CCONTACTONTACT

Drs. Albino Maggio and Roberta Paradiso, Depart -
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gio@unina.it and roberta.paradiso@unina.it

Commission Landscape and Urban
Horticulture

Second Int’l Conference on TurfgrassSecond Int’l Conference on Turfgrass
Science and Management for SportScience and Management for Sport
Fields

On June 24, 2007, the 2nd International
Conference on Turfgrass Science and
Management for Sport Fields (ICTSM2007),
organized by the ISHS Commission Landscape
and Urban Horticulture and the Beijing Forestry
University, was held in Beijing Friendship Hotel,
Beijing, China. The conference lasted 6 days
and closed on June 29. More than 70 scientists,
professionals, researchers and students from 15
countries and regions attended the conference.

The intent of the conference was to promote
international cooperation and collaboration in
areas of turfgrass research as well as sport
fields’ construction and management. The aim
of the conference was not only to provide an
invaluable opportunity for scientists, professio-
nals, and students to present their latest fin-
dings in research, to share ideas, and to discuss
common issues in turf science and industry, but
also to showcase the state-of-the-art in science
and technology for sport fields’ construction
and management.

Beijing will host the 29th Summer Olympic
Games in 2008. Located in a transitional zone

with new development taking place from old
infrastructure, Beijing now confronts lots of

Opening ceremony.
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challenges on the construction and manage-
ment of sport fields for the 2008 Summer
Olympic Games. The outcome of the confe-
rence will be beneficial to the turf construction
and management of Beijing.

At the conference, many subjects related to turf
science and industry, including turf esta-
blishment and general management, turfgrass
physiology, turfgrass genetics and breeding,
pest control, turf soil and soil fertility, were dis-
cussed. A total of 88 manuscripts contributed
to the conference were received, 20 keynote
speakers from 7 countries presented the invited
talks in different subjects, as well as 24 volun-
teered presentations and 34 posters.

Since one of the purposes of the conference is
to serve for the turf construction and manage-
ment of sport fields for the 2008 Summer

Participants visiting Tianjin Olympic Center.

Poster session.
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Drs. Liebao Han and Shuxia Yin, PO BOX 116,
Beijing Forestry University, Beijing, 100083, P.R.
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Olympic Games, the subjects that participants
were interested in and discussed are the turf
projects for the 2004 Athens Olympic Games
using modular turf and the 2002 World Cup
Soccer at Korea/Japan. The field in Beijing
Olympic Stadium will also be constructed using
modular turf. There are some problems in
modular turf application. The presentations
summarized many experiences and provided
the technologies for sport field turf construc -
tion and management and will stimulate the
participants in the area.

Traffic is an inevitable factor to be considered
during sport field turf construction and
management. The subjects of turf soil and con-
nection between traffic and turf establishment
aroused enthusiastic discussion among partici-
pants.

The field tour to Tianjin Olympic Center
Stadium, Beijing Olympic Stadium and Beijing
Fengtai Softball Field was another highlight of
the conference. The participants observed and
examined the turf of the stadiums carefully and
made valuable and constructive suggestions to
the turf management on-site.

In one word, the conference was a great suc-
cess. The participants were impressed with the
quick development of turf research and indus-
try in China. The outcome of the conference
and the knowledge can be beneficial to Beijing
and all participants.

Liebao Han and Shuxia Yin

Commission Plant Substrates and
Soilless Culture

Int’l Symposium on Growing Media andInt’l Symposium on Growing Media and
HydroponicsHydroponics

The most recent symposium of the ISHS
Commission Plant Substrates and Soilless
Culture Working Group on Growing Media,
working jointly with the International Peat
Society, was held in the spectacular setting of
the Albert Hall in Nottingham, England from
2-8 September 2007. The organising commit-
tee were drawn from technical staff (Mandy
Richards, Mark Cosgrove, Pam Horne, Debbie
Baker, Jane Braithwaite) and three academic

staff (Susan Smith, Chris Terrell-Nield, Anne
Coules) along with convener-in-loco Vicky
Surrage of the School of Science and
Technology at Nottingham Trent University, all
aided by the convener, Bill Carlile, now at Bord
Na Mona (Horticulture) in Ireland.

The spacious Great Hall of the Albert Hall aided
by excellent AVA facilities provided a fine set-
ting for oral presentations, and the use of syn-
dicate rooms for poster sessions promoted

much feedback and comment there. Over one
hundred delegates attended from 32 countries:
all continents were represented. Oral sessions
included twelve keynote speakers who ad -
dressed all aspects of growing media: Susie
Holmes of ADAS in the UK reviewed Growing
Media Developments in the UK over the last
Twenty Years; Chris Blok of Wageningen
University in the Netherlands described studies
with New Growing Media; Cees Sonneveld,
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formerly of the research station at Naaldwijk,
outlined the determination of Micronutrients in
Substrates; Andreas Baumgarten of the
Austrian Agency for Health and Food Safety
reviewed Advances in Standardisation of
Analytical Techniques; Beatrix Alsanius of the
Swedish Land University and Walter Wohanka
of the Research centre at Geisenheim discussed
the Prospects for Biological Characterisation
and Evaluation of Growing Media; Jean-Charles
Michel and Sylvain Charpentier of INH at
Angers reviewed the Physical Properties of
Growing Media; State of the Art and Future
Challenges; Dimitrios Savvas from the
Agricultural University of Athens outlined
Modern Developments in the Use of Inorganic
Media in Greenhouse Vegetable and Flower
Production; Gerald Schmilewski from
Klasmann-Deilmann reviewed Growing
Medium constituents used in the EU; Munoo
Prasad, formerly at Bord na Mona, described
Practical Experiences with the Use of
Composted Materials in Growing Media;
Michael Raviv from Newe Ya’ar Research Centre
outlined Recent Advances in Disease Control
within Growing Media using Suppressive
Composts; Hans Verhagen from Stichting RHP

discussed the Stability of Growing Media from
a Biological, Physical and Biological Perspective;
and Stu Warren from North Carolina State
University reviewed Developments in Growing
Media for Containerised Nursery Production.

These review papers were complemented by 33
oral presentations of research and development
work, along with over 30 posters arranged in
two sessions. Additionally, a workshop on
microbiological aspects of growing media,
prompted by Gerald Schmilewski on behalf of
the International Peat Society, proved highly
successful, attracting much discussion and
debate.

Delegates were offered two excursions: one to
the composting facilities at the major enter prise
of Vital Earth Ltd at Ashbourne followed by a
visit to the Four Oaks Trade Show at Lower
Withington. The alternative excursion visited
Stockbridge Technology Centre near Selby, the
UK’s Central Science Laboratory at York, and
Johnson’s of Whixley, one of the UK’s principal
nursery stock growers. Delegates greatly appre-
ciated these visits, which were rounded off with
an evening reception at the National Trust pro-
perty of Kedleston Hall near Derby.

A terrific social atmosphere pervaded the whole
symposium. The welcome party allowed old
and new acquaintances to be established.
Delegates were delighted to be greeted by the
Mayor and (lady!) Sheriff of Nottingham at a
civic reception kindly provided by the City of
Nottingham in the beautiful setting of the
Council House. A round Nottingham quiz
proved popular, and the symposium dinner will
remain long in the memory of delegates. The
superb cuisine of the Albert hall was matched
by the fine entertainment provided by one of
the East Midland’s leading performers, Roy
Dewired. The award of an ISHS medal to one of
the group’s most prestigious members, Dr. Cees
Sonneveld was widely commended.

An accompanying person’s tour led by Sylvia
Carlile was fully subscribed and took in visits to
National Trust properties at Calke Abbey, and
Ilam Hall, as well as a walking tour of
Nottingham and its castle and caves, and a trip
to the world-renowned Denby pottery. The
Pretour visited Garden organic near Coventry
and the National Trust property of Charlecote
House.

Sponsors of the symposium included Eurofinns-
Agrisearch, Scotts UK, Turftech, Bord na Mona,
Klasmann-Deilmann and WRAP. The innovative
production of a crossword puzzle based on
growing media constituents proved highly
popular, and the puzzle is reproduced for rea-
ders of Chronica Horticulturae.

Overall, this was a well organised symposium
that proved popular with delegates: the

Delegates at the final session in the impres-
sive surroundings of the Albert Hall.

The symposium delegates outside the Albert Hall.

Delegates at lunch during the visit to Four
Oaks Trade Show.
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How well do you know your growing media constituents? 
Note to those unfamiliar with cryptic word puzzles 

Many of the clues are anagrams: the letters in the words can be rearranged to give a substrate. For example: if the clue 
states “Mixed pate” then the answer is “peat”, obtained by rearranging the letters of “pate”. Words such as “change”; 
“mix” or “arrange” or ? … mean some words in the clue must be rearranged. You must find these words! In a few cases 
the substrate may be in the clue. For example, if the clue states “In time to tape at noon?” the answer is again “peat” 
from the last two letters of tape (“pe” plus “at” giving “peat”).  

Clues

Le tripe? No! An inorganic medium (7) 
Manager changed but without a source of 14 (used by 5!) (6) 
Sure chill? Not in the countries where this substrate comes from! (4,5) 
In my iris home? A source of 14 (5) 
One half of our generous sponsor (8) 
Can we cut live mire? Yes, to get this inorganic medium (11) 
Is ex-Paddy clean? Yes, with this inorganic material (8,4) 

12
Didecoi-rough chap containing organic substrate (4) 

10. see 3 
11. In the bar, Kirsten is ready (4) 
12. and 8. Stewed a not-so-creme PG mix! A major UK diluent in media (9,5,5) 
13. Change on lower mail? For the major inorganic substrate … (7,4) 
14. … but change tape for the major substrate (4) 
15. see 17
16. Organic substrate (related to 9) from lace school? (5,5) 
17. and 15.  Weed glues gas to give a very unpopular potential substrate! (6,6) 
18. In a spin entirely? Type of 11 (4) 
19. Can we make up with mice? Yes for this inorganic material (6) 
20. and 23.  What is the BOD of wire? An organic substrate? (4,5) 
21. Cobalt? Put I for O and you have a source of 14 (6) 
22. Ozone tile? Deoxygenate and denitrify to get an inorganic substrate with high CEC (7) 
23. see 20 
24. Wreath? Take out H and you get the main hydroponic substrate! (5) 
25. Around c. purse? Type of 11 (6) 

Many thanks to Bill Carlile who created this word puzzle. 

When you have found the answers, please pick up the letters in the orange boxes and re-arrange them to a word that 
builds the solution. 

1.
2.
3.
4.
5.
6.
7.
8.
9.

see

Nottingham Organising Committee deserve
great credit in this respect. ISHS members atten-
ding the business meeting were very pleased to
confirm North Carolina State University as the
venue for the next meeting, and to continue
the policy that every third meeting of the group
should take place ouside Europe. In this
occasion, the meeting will be held along with
the incorporation of the Working Group on
Composts in Growing Media.

During the event of the Symposium on
Growing Media organized by the Nottingham-
Trent University, Bill Carlile was awarded with a
medal and a diploma from ISHS for his achieve-
ments and dedication as Chairman of the
Working Group on Growing Media.

Bill Carlile has been Chairman of the ISHS
Working Group on Growing Media from 1996
until 2006. Since his incorporation, and thanks
to his open mind, his friendliness, work capa -
city, and his ability to create synergies, many
things have been moving forward. In the
Working Group on Growing Media today, all
kinds of organizations, academia and industry
work together, bringing a very broad scope and
promising perspective to our activities. This was
widely proved by the broad participation of
Industry in this Symposium, not only because of
the kindness of the Sponsors that have suppor-
ted the venue, but also because almost half of
the delegates attending the meeting were in
some way or another related to Industry.

Bill Carlile has organized this Symposium at his
life-long home Nottingham Trent University. For
him it has been a difficult task because of his
moving to Ireland to work for Bord na Mona.
Despite of this, he has made his best to make of
this a very special occasion and he has certainly
achieved it.

William R. Carlile and Silvia Burés Pastor

(solutions see p. 53)

Dr. Cees Sonneveld (left) with Bill Carlile
(right), Convener, on the occasion of the
formal award of an ISHS medal to Dr.
Sonneveld in appreciation of his work with
the Growing Media working group.

CCONTACTONTACT

Dr. William R. Carlile, Bord na Mona
(Horticulture), Main Street, Newbridge,
Co.Kildare, Ireland, email: bill.carlile@bnm.ie

Dr. Silvia Burés Pastor, Bures S.A., Cami de les
Rafoles s/n, 08830 Sant Boi de Llobregat,
Barcelona, Spain, email: sbures@buressa.com

Cryptic Word Puzzle for Media Makers
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The first International Conference on Quality
Management of Fresh Cut Produce (QMFCP
2007) held in Thailand on August 6-8, 2007 at
the Radisson Hotel, Bangkok was organized by
the Division of Postharvest Technology, King
Mongkut’s University of Technology Thonburi
under the auspices of the ISHS Commission
Quality and Post Harvest Horticulture. This was
the first conference under the Working Group
on Quality Management of Fresh Cut Produce.

The main theme of the conference was the
safety issues of fresh cut produce, but there
were also presentations which touched upon
consumer trends, sensory quality, nutritional
value, state-of-the-art processing plant for fresh
cut industry and new technology to improve
shelf life and safety. These issues emphasize the
dynamic demand for more research and future
conferences on Quality Management of Fresh
Cut Produce.

At the opening ceremony, Assoc. Prof. Dr.
Vanida Bhavakul, Vice President of King
Mongkut’s University of Technology Thonburi,
welcomed 189 participants from more than 21
countries to the conference. Dr. Silvana Nicola,
Chair of ISHS Section Vegetables, gave updates
on ISHS activities. At the end of the opening
ceremony, Robert Premier from Australia delive-
red the first keynote presentation on the world
market trend of fresh cut produce along with
his experience in quality and microbiology-
based research of fresh cut vegetables. The
conference brought together many eminent
researchers and industry experts from several
disciplines to discuss development and innova-
tions in quality management with the goal to

Commission Quality and Post Harvest
Horticulture

Int’l Conference on Quality ManagementInt’l Conference on Quality Management
of Fresh Cut Produceof Fresh Cut Produce

supply quality fresh cut produce at costs affor-
dable to consumers in a global economy.

The first two days of the conference were devo-
ted to 20 keynote and invited speakers, 11 oral
and 35 poster presentations on a diversity of
topics including managing food safety risks,
effect of pre and postharvest condition on qua-
lity, safety and longevity of fresh cut produce,
innovation packaging for new fresh cut pro-
ducts, physical treatments, and marketing and
distribution systems.

There were considerable discussions among the
conference participants on finding more effec-
tive and environmentally friendly sanitizers and
processes as well as packaging technologies to
improve shelf life and flavour quality. Dr. Peter
Toivonen from Canada presented a newly
active packaging for fresh cut industry that
involved the release of 1-methylcyclopropene in
parallel with naturally produced anti-microbial

Thai classical music at the welcome reception.

Fresh produce processing plant.

Keynote and invited speakers.

volatiles. Lastly, there was a consideration for
the potential use of molecular approaches to
improve fresh cut fruits and vegetables.

The final day of the conference was a study tour
to fresh cut vegetable processing plants of The
Swifts Co. Ltd in Nakhon Pathom and the tour
continued to Kanchanaburi, to visit some histo-
rical landmarks such as “The Bridge over The
River Kwai”.

Participants and accompanying persons were
entertained at a welcome reception featuring a
wide variety of Thai foods and entertainment
including Thai classical music and dances, per-
formed by graduate students of Centre of
Excellence in Postharvest Technology, King
Mongkut’s University of Technology Thonburi.

This International Conference on Quality
Management of Fresh Cut Produce is highly
valued, exemplified by the world class section

Dr. Sirichai Kanlayanarat at the
welcome ceremony.
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CCONTACTONTACT

Dr. Sirichai Kanlayanarat, Division of Postharvest
Technology, School of Bioresources and
Technology, King Mongkut’s University of
Technology Thonburi, Thungkru, Bangkok
10140, Thailand, Phone: +662-470-7721, Fax:
+662-452-3750, email: sirichai.kan@kmutt.ac.th

of participants from many countries. The
emphasis of this conference was technology,
which by its nature, involves many disciplines
and is clearly aiming at the delivery of healthy
and equality fresh cut produce to an increasing
number of people residing in large cities. All
of this must be done in an economically
sustainable and environmentally friendly way.
Participants recommended to continue the
second conference in this series to be held in
Italy.

The proceedings of the conference were
published in 2007 in Acta Horticulturae 746
and were distributed to participants during the
conference. The proceedings are also available
from ISHS.

Sirichai Kanlayanarat

FROM THE SECRETARIAT

New ISHS Members
ISHS is pleased to welcome the following
new members:

NEW INDIVIDUAL MEMBERS:

Argentina: Dr. Silvia Radica; Australia: Mr.
Antony Allen, Kim Bettenay, Jane Brown, Paul
Crock, Mr. Chris Drysdale, Ms. Bianca Furphy,
Tony Hannaford, Mr. Ramkrishna Kolala, Ms.
Fiona Kwok, Mr. Ashley lansley, Mr. Philip
Marriott, Mr. Barry Mason, Mr. Jamie Michael,
Mr. Cameron Muir, Neil O’Sullivan, Mr. Jason
Pagliaro, Mr. Douglas Patience, Rob Pelletier,
Ms. Suzanne Toscano, Mr. Tim Underwood;
Belarus: Mr. Andrey Shabronov; Belgium: Dr.
Roger Crombez, Dr. Kathleen D’Halluin, Rory
Verleysen; Brazil: Dr. Marilena Aquino de Muro,
Prof. Dr. Paulo Roberto Grolli, Dr. Fernando
Antoni Souza de Aragão; Canada: Ms. Sade
Abiola, Ms. Janice Ashworth, Rob Corrigan,
Christine Dendy, Nick Derosa, Mr. Jeffery Huber,
Devlin Kuyek, Ms. Karen Lind, Mr. Marius Onos,
Dr. Lakshman Ranasinghe, Mr. Nick Van
Halteren, Jeff Walker; Chile: Mr. Cristian Castro,
Mr. Pablo Ruiz-Tagle, Mr. Claudio Stevens;
Colombia: Ms. Marta E. Carias; Croatia: Ms.
Antonija Gomezelj; Cyprus: Panayiotis Loucas;
Denmark: Mr. Christian Hald Madsen; Egypt:
Mr. Osama Asfour, Mr. Ahmed El-Naggar;
France: Ms. Philippe Chartier, Michel Colson,
Dr. Marie-Christine Daunay, Mr. Pierre Gaillard,
Prof. Dr. Antoine Hyafil, Ms. Karen Lehrer, Mr.
Patrick Mura, Ms. Béatrice Rhino, Mr.
Christophe Ringeisen, Thibaut Verfaille; French
Polynesia: Dr. Tahiarii Cabral; Georgia: Dr.
David Maghradze; Germany: Dr. Boese
Christian, Ms. Prize Jacobs, Dr. Luis Omar Torres-
Dorante, Dr. Ulrike Walter-Lipow; Greece:
Anestis Kolovos, Panayiotis Terzopoulos,
Andreas Voloudakis; Hungary: László Csiszár,
Márta Gyeviki, Julia Halász, Dr. Tamás Kállay,
Geza Majer, Dr. Zoltán Pék, Gergö Sándor;
India: Mr. Abhijit Bhattacharya, Mr. Rajiv
Jaiswal, Dr. Goudar Karibasappa, Mr.

Radheshyam H. Khodays, Mr. Pradeep Kumar,
Mr. Prabhakar Manikath, Mr. Raj Saddar, Mr.
John Strickland; Indonesia: Djoko Putranto;
Ireland: Dr. James Barlow, Ms. Alice D’Arcy,
Brendan O Reilly; Israel: Dr. Haya Friedman, Mr.
Ami Holtzman, Max Weijel, Iris Yedidia; Italy:
Dr. Emilio Cerchiari, Dr. Valerio Cristofori, Dr.
Gabriella Delia, Dr. Emanuela Forni, Assist. Prof.
Silvia Mazzuca, Ms. Aurelie Petit, Dr. Vincenzo
Tancredi, Franco Zenti; Jamaica: Mr. Arthur
Samiel, Ms. Jodi Spence; Japan: Assist. Prof.
Hiroaki Ito, Mr. Akira Saito, Mr. Tomio Shichiri,
Assist. Prof. Kazuhiko Shimasaki; Jordan:
Nadine Naber; Kenya: Dr. Margaret Onyango;
Korea (Republic of): Prof. Dr. Ji Heun Hong;
Libya: Mr. Farag Netfa; Malaysia: Dr.
Baharuddin Abdul Ghani, Mr. Mokhtar
Mannan; Mexico: Dr. Nicolas Hernandez, Prof.
Pedro Hernandez, Prof. Fidel León González, Dr.
Netzahualcoyotl Mayek Pérez; Myanmar
(Burma): Mr. Saw Hto Lwi Htoo; Netherlands:
Mr. Jort Gerritsen, Mr. Simon Groot, Annette
Kers-Jansen, Mr. Cecilius Randag, Frank Rijkers,
Luciano Schrama, Xiaoyi Tang, Mr. Harry van
Neer, Ms. Anita van Nieuwenhoven; New
Caledonia: Dr. Richard Gallois; New Zealand:
Mr. Se Woong An, Hilary Chisholm, Mr. Keith
Pyle, Mr. Tjitze Roeper; Norway: Dr. Muath
Alsheikh; Oman: Mr. Konstantinos Lampaskis;
Peru: Prof. Jose Palacios, Mr. Rodolfo Ruiz;
Philippines: Mr. Juanito Magno; Portugal:
Pedro Sebastião; Puerto Rico: Mr. Roberto
Lopez; Reunion: Yves Coze; Romania: Prof.
Dr. Ana Rosu; Serbia: Prof. Dr. Slavica Todic;
Slovakia: Dr. Terézia Salaj; South Africa: Dr.
Lodewyk De Lange, Mr. Rhyan Matthews, Ms.
Debbie Sharp, Mr. Pieter Zietsman; Spain: Mr.
Josep M. Benet, Mr. Francisco Llatser;
Switzerland: Ms. Catherine Baroffio, Dr.
Cédric Camps, Stephan Pfister; Taiwan: Mr.
Hong Chen Cheng, Hsiu Chen Lee; Thailand:
Mr. Chawarn Khongsub, Dr. Manatchaya
Ngarmsak, Ms. Ampavan Paitoon, Mr. Yeow Fei
Yee; Tunisia: Mr. Aounallah Karim; Turkey:

Gurur Akbarlas, Mr. Levent Ulku; United
Kingdom: Adebola Ajayi, Mr. James Anwyl,
Ms. Heidi Baker, Mr. Simon Beasley, Ruth
Crowley, Mr. Alan Davey, Mr. James Denning,
Ms. Katherine Downes, Ms. Jane Eastham, Mr.
Chris Evans, Mr. Mark Howard, Mr. Bernard
Jarman, Mr. J.P. Kim, Mr. Ian Michell, Mr.
Christopher Phelps, Mr. Alexander Smith, Mr.
Gavin Smith-Williams, Mr. John Townend, Mr.
Peter Wilhelmsen; United States of America:
Mr. Tomas Aguayo, Baltazar Ahumada, Mr.
Aydemir Arapoglu, Steve Bair, Teresa Beal, Ms.
Angela Beaman, Mr. Daniel Cambay, Tom
Carter, William Chounet, Mr. Yoann Collet,
Daniel Cooley, Assist. Prof. Melanie Correll, Mr.
Jim Crecelius, Mr. Justin Duncan, Annie Eng,
Mr. Bradley Ferguson, Brenda Gomez, Ms. Erin
Grupp, Mr. Elton Hara, Trevor Hardy, Mr. Mark
Hommes, Mr. Fred Howard, Lindsay
Hutchinson, Mr. Timothy Jones, Dr. Ramesh
Katam, Dr. Eliezer Louzada, Mr. James Lyons,
Lise Mahoney, Ms. Christine McBeth, Ms.
Genieve McDonald, Dr. Ron McHatton, Mr.
Larry Metcoff, Kristen Nettles, Ruth Nielsen, Dr.
Ken Owens, Paul Penza, Mr. Lynn Phelps,
Charles Pirkle, William Prioleau, Richard
Prohoroff, Mr. Corey Rice, Mr. Joe Ruiz, Jr., Mr.
Patrick Rusert, Dr. Madhulika Sagaram, Jane
Anne Schlechtweg, Ms. Elizabeth Schrum,
Jagtar Singh, Prof. Roberts A. Smith, Mr. David
Specca, Mr. Helmut Thiemann, Mr. Daike Tian,
Stephen Tillman Tillmann, Richard Tyson, Dr.
Kevin Vaughn, Viktor Velichkov, Mr. Francisco
Viteri, Prof. Devyn Weiser, Dr. Chengyan Yue;
Venezuela: Dr. Elba Garrido



ISHS • 50

For updates and more logon to www.ishs.org/calendar. Do
always mention your ISHS membership number or attach copy of
your ISHS membership card when registering. A reduced ISHS
members registration fee applies.

YEAR 2008

� January 6-9, 2008, Orlando, FL (United States of America):
International Symposium Application of Precision Agriculture for
Fruits and Vegetables. Info: Dr. Reza Ehsani, University of Florida,
Citrus Research and Education Ctr., 700 Experiment Station Rd., Lake
Alfred, FL 33850, United States of America. Phone: (1)8639561151 ext
1228, Fax: (1)8639564631, E-mail: ehsani@ufl.edu or Prof. L. Gene
Albrigo, 7 Winterset Drive, Winter Haven, FL 33884, United States of
America. Phone: (1)8633244942, Fax: (1)8639564631 Web:
http://www.precisionag2008.com

� February 3-6, 2008, Chiang Mai (Thailand): International
Symposium on The Socio-Economic Impact of Modern Vegetable
Production Technology in Tropical Asia. Info: Peter J. Batt,
Horticulture, Curtin University of Technology, GPO box U1987, Perth,
WA 6845, Australia. Phone: (61)8 9266 7596, Fax: (61)8 9266 3063,
E-mail: p.batt@curtin.edu.au Web:
http://www.muresk.curtin.edu.au/conference/ishsvtc

� February 17-20, 2008, Wien (Austria): I International Symposium on
Horticulture in Europe. Info: Prof. Dr. Gerhard Bedlan, Austrian
Agency for Health & Foodsafety, Institute for Plant Health,
Spargelfeldstrasse 191, 1226 Wien, Austria. Phone: (43)5055533330,
Fax: (43)5055533303, E-mail: gerhard.bedlan@ages.at Web:
http://www.she2008.eu

� March 3-7, 2008, Huelva (Spain): VI International Strawberry
Symposium. Info: Dr. José Lopez Medina, Dpto. Ciencias
Agroforestales, Escuela Politécnica Superior, Campus La Rabida,
Univ.Huelva, 21819 Palos de la Frontera - Huelva, Spain. Phone:
(34)959217522, Fax: (34)959350311, E-mail: medina@uhu.es Web:
http://www.iss2008spain.com

� March 3-7, 2008, Arusha (Tanzania): I International Symposium on
Underutilized Plant Species. Info: Dr. Hannah Jaenicke, Director,
International Centre for Underutilised Crops, PO Box 2075, Colombo,
Sri Lanka. Phone: (94)112787404ext3307, Fax: (94)112786854, E-mail:
h.jaenicke@cgiar.org or Dr. Irmgard Hoeschle-Zeledon, GFU
Underutilized Species, Via dei Tre Denari, 472/a, 00057 Maccarese,
Rome, Italy. Phone: (39)06-6118-292, Fax: (39)06-61979661 Web:
http://www.icuc-iwmi.org/Symposium2008/

� March 16-19, 2008, Palermo (Italy): IX International Symposium on
Plum and Prune Genetics, Breeding and Pomology. Info: Prof. Dr.
Francesco Sottile, Dipartimento di Colture Arboree, Viale delle Scienze
11, 90128 Palermo, Italy. Phone: (39)0917049000, Fax:
(39)0917049025, E-mail: fsottile@unipa.it Web:
http://www.unipa.it/plum2008/

� April 3-6, 2008, Beijing (China): III International Late Blight
Conference. Info: Mr. Greg Forbes, Centro Internacional de la Papa
(CIP), Apartado 1558, Lima 12, Peru. Phone: (51)13496017, Fax:
(51)13175326, E-mail: g.forbes@cgiar.org Web:
http://research.cip.cgiar.org/gilb/registrationgilb/newgilb.php

� April 6-11, 2008, Antalya (Turkey): International Symposium on
Strategies Towards Sustainability of Protected Cultivation in
Mild Winter Climate. Info: Prof. Dr. Yüksel Tüzel, Ege University,
Agriculture Faculty, Department of Horticulture, 35100 Bornova Izmir,
Turkey. Phone: (90)2323880110ext1398, Fax: (90)2323881865, E-mail:
yuksel.tuzel@ege.edu.tr Web:
http://www.protectedcultivation2008.com

Calendar of ISHS Events
� April 7-10, 2008, Mombasa (Kenya): International Conference

Banana and Plantain in Africa. Harnessing International
Partnerships to Increase Research Impact. Info: Thomas Dubois,
IITA c/o Lambourn Ltd, Carolyn House, 26 Dingwall Road, Croydon
CR9 3EE, United Kingdom. Phone: (256)75 2787808, Fax: (256)41
285079, E-mail: t.dubois@cgiar.org Web:
http://www.banana2008.com

� April 14-18, 2008, Fortaleza (Brazil): II International Conference on
Vegetable Crops - ICV2008. Info: Dr. Fernando Antoni Souza de
Aragão, EMBRAPA CNPAT, Rua Dra. Sara Mesquita 2270, Planalto Pici,
Fortaleza CE, Brazil. Phone: (55)32991972, Fax: (55)32991803, E-mail:
aragao@cnpat.embrapa.br or Dr. Ricardo Elesbão Alves, Embrapa
Agroindústria Tropical - C.P. 3761, Rua Dra Sara Mesquita, 2.270,
Planalto Pici, 60.511-110 - Fortaleza, CE, Brazil. Phone:
(55)8532991956, Fax: (55)8532991833, E-mail: reles-
baoa@yahoo.com.br

� April 20-24, 2008, Lisse (Netherlands): X International Symposium
on Flower Bulbs and Herbaceous Perennials. Info: Dr. A.T. Krikke,
PPO division Flower Bulbs, Professor van Slogterenweg 2, PO Box 85,
2160 AB Lisse, Netherlands. Phone: (31)252462124, Fax:
(31)252462100, E-mail: arend.krikke@wur.nl or Dr. Ir. J. Ernst Van Den
Ende, Applied Plant Research (PPO), Flowerbulbs, PO Box 85, 2160 AB
Lisse, Netherlands. Phone: (31)252-46-2123, Fax: (31)252-46-2100
Web: http://www.isfbp2008.wur.nl/

� April 20-24, 2008, Haarlem (Netherlands): XII International
Symposium on Virus Diseases in Ornamentals. Info: Dr. Ellis
Meekes, Sotaweg 25, PO Box 40, 2371 AA Roelofarendsveen,
Netherlands. Phone: (31)71-3326236 or Ir. A.F.L.M. Derks, Applied
Plant Research, Flower Bulbs and Nursery Stock, Prof. van
Slogterenweg 2 (P.O.Box 85), 2160 AB Lisse, Netherlands.
E-mail symposium: isvdop12@wur.nl
Web: http://www.plantenvirologie.nl/ISVDOP12/

� May 19-21, 2008, Faro (Portugal): VI International Symposium on
Mineral Nutrition of Fruit Crops. Info: Prof. Dr. Pedro José Correia,
Universidade do Algarve, FERN,, Campus de Gambelas, 8005-139
Faro, Portugal. Phone: (351)289800900, Fax: (351)289-818419,
E-mail: pcorreia@ualg.pt or Maribela Pestana, Universidade do
Algarve, FERN,, Campus de Gambelas, 8005-139 Faro, Portugal.
Phone: (351)289-800900, Fax: (351)289-818419,
E-mail: fpestana@ualg.pt Web: http://eventos.ualg.pt/mnutrition6

� May 26-30, 2008, Pruhonice (Czech Republic): I International
Symposium on Woody Ornamentals of the Temperate Zone.
Info: Dr. Frantisek Sramek, VUKOZ,
Res.Inst.Landscape&Ornam.Gardening, Kvetnove Namesti, 25243
Pruhonice, Czech Republic. Phone: (420)296528336,
Fax: (420)267750440, E-mail: sramek@vukoz.cz
Web: http://www.woodyornamentals.cz

� June 8-11, 2008, Toronto (Canada): XI International Symposium on
the Processing Tomato. Info: Dr. Jane Graham, Ontario Food
Processors Association, c/o Janisse Routledge, 7660 Mill Rd., Guelph,
ONT N1H 6J1, Canada. Phone: (1)5197675594, Fax: (1)5197634164
or Mr. John Mumford, Ontario Vegetable Growers Marketing Board,
435 Consortium Court, NGE 258 London, Ontario, Canada.
Phone: (1)519-681 1875, Fax: (1)519-685 5719
E-mail symposium: 2008worldcongress@opvg.org
Web: http://www.worldtomatocongress.com/

� June 9-11, 2008, Madrid, (Spain): IV International Symposium on
Applications of Modelling as an Innovative Technology in the
Agri-Food Chain - Model-IT 2008. Info: Prof. Dr. Pilar Barreiro Elorza,
c/ Hermosilla 86, 2 E, 28001 Madrid, Spain. Phone: (34)913363260,
Fax: (34)913365845, E-mail: pilar.barreiro@upm.es Web:
http://www.model-it2008.upm.es

NEW

NEW

NEW

NEW

NEW
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� June 16-20, 2008, Matera (Italy): XIV International Symposium on
Apricot Breeding and Culture. Info: Prof. Cristos Xiloyannis, Dip.
Scienze dei Sistemi Colt., For., Amb., Viale dell’Ateneo Lucano, 10,
85100 Potenza, Italy. Phone: (39)3293606262, Fax: (39)0971205378,
E-mail: cristos.xiloyannis@unibas.it E-mail symposium: apri-
cot2008@unibas.it Web: http://www.unibas.it/apricot2008/home.htm

� June 16-17, 2008, Vignola, Modena (Italy): II ISOFAR Conference on
Organic Fruits & 16th IFOAM Organic World Congress. Info: Dr.
Franco Weibel, Res. Institute for Orgnic Farming, FIBL, Ackerstrasse,
5070 Frick, Switzerland. Phone: (41)628657272, Fax: (41)628657273,
E-mail: franco.weibel@fibl.ch or Dr. Robert K. Prange, Agriculture and
Agri-Food Canada, Atlantic Food and Horticulture Research Centre, 32
Main Street, Kentville, NS B4N 1J5, Canada. Phone: (1)9026795713,
Fax: (1)9026792311, E-mail: pranger@agr.gc.ca
Web: http://www.isofar.org/modena2008/fruit.html

� June 23-27, 2008, Viterbo (Italy): VII International Congress on
Hazelnut. Info: Prof. Leonardo Varvaro, Dipartimento di Protezione
delle Piante, Università della Tuscia, via San Camillo de Lellis, 01100
Viterbo, Italy. Phone: (39)0761-357461, Fax: (39)0761-357473,
E-mail: varvaro@unitus.it Web: http://www.hazelnut2008.it

� July 14-18, 2008, Corvallis, OR (United States of America): IX
International Symposium on Vaccinium Culture. Info: Prof. Dr.
Bernadine C. Strik, Department of Horticulture, Ag. & Life Sci. Bldg
4017, Oregon State University, Corvallis, OR 97331-7304, United
States of America. Phone: (1)541-737-5434, Fax: (1)541-754-3479,
E-mail: strikb@hort.oregonstate.edu or Dr. Chad E. Finn, USDA ARS,
Hort. Crops Lab., 3420 NW Orchard Ave., Corvallis, OR 97330, United
States of America. Phone: (1)541738-4037, Fax: (1)541738-4025,
E-mail: finnc@hort.oregonstate.edu
Web: http://oregonstate.edu/conferences/vaccinium2008

� August 4-8, 2008, Geneva, NY (United States of America): IX
International Symposium on Integrating Canopy, Rootstock and
Environmental Physiology in Orchard Systems. Info: Dr. Terence L.
Robinson, Dept. Horticultural Science, 630 W. North Street, Geneva,
NY 14456, United States of America. Phone: (1)315-787-2227,
Fax: (1)315-787-2216, E-mail: tlr1@cornell.edu

� August 11-14, 2008, Aarhus (Denmark): IX International
Symposium on Postharvest of Ornamentals. Info: Dr. Carl-Otto
Ottosen, Department of Horticulture, Aarhus University,
Kirstinebjergvej 10, 5792 Aarslev, Denmark. Phone: (45)89993313,
E-mail: co.ottosen@agrsci.dk
Web: http://www.postharvestsymposium.dk

� August 24-28, 2008, Brisbane (Australia): VI International
Symposium on In Vitro Culture and Horticultural Breeding. Info:
Prof. Acram Taji, Agronomy & Soil Science Group, University of New
England, Armidale, NSW 2351, Australia. Phone: (61)267732869,
Fax: (61)267733238, E-mail: ataji@metz.une.edu.au
Web: http://www.une.edu.au/campus/confco/ivchb2008/

� August 25-28, 2008, Lima (Peru): International Symposium on
Soilless Culture and Hydroponics. Info: Prof. Alfredo Rodriguez-
Delfin, Univ. Nacional Agraria La Molina, Av. La Molina s/n, La Molina,
Lima 12, Peru. Phone: (51-1)3495669, Fax: (51-1)3495670,
E-mail: delfin@lamolina.edu.pe Web:
http://www.lamolina.edu.pe/hidroponia/ISHS_2008/index.html

� August 25-28, 2008, Fuzhou - Fujian Province (China): III
International Symposium on Longan, Lychee and other Fruit
Trees in Sapindaceae. Info: Prof. Dr. Pan Dong-Ming, College of
Horticulture, Fujian Agric & Forestry University, Dept. Of Horticulture,
Fuzhou, Fujian Province, China. Phone: (86)59183789299,
Fax: (86)59183735681, E-mail: pdm666@126.com

� September 1-5, 2008, Gent (Belgium): II International Humulus
Symposium. Info: Dr. Denis De Keukeleire, Ghent University,
Laboratory of Pharmacognosy and Phytochemistry, Harelbekestraat 72,
9000 Gent, Belgium. Phone: (32)478369850 or 92648055, Fax:
(32)92648192, E-mail: denis.dekeukeleire@ugent.be or Dr. Kim

Hummer, USDA ARS NCGR, 33447 Peoria Road, Corvallis, OR 97333-
2521, United States of America. Phone: (1)541.738.4201,
Fax: (1)541.738.4205, E-mail: khummer@ars-grin.gov

� September 1-5, 2008, Dresden, Pillnitz (Germany): I International
Symposium on Biotechnology of Fruit Species. Info: Dr. Viola
Hanke, Baz, Institute for Fruit Breeding, Pillnitzer Platz 3a, 01326
Dresden, Germany. Phone: (49)3512.616.214, Fax: (49)3512.616.213,
E-mail: v.hanke@bafz.de Web: http://www.biotechfruit2008.bafz.de

� September 3-6, 2008, Stellenbosch (South Africa): IX International
Protea Research Symposium and XIII International Protea
Association Conference. Info: Mr. Hans Hettasch, Arnelia Farms, P.O.
Box 192, 7355 Hopefield, South Africa. Phone: (27)227231022, Fax:
(27)227231022, E-mail: arnelia@intekom.co.za or Dr. Retha Venter,
International Protea Association, PO Box 5600, Helderberg, Somerset
West 7135, South Africa. Phone: (27)218554472,
Fax: (27)218552722, E-mail: reventer@netactive.co.za
Web: http://www.ipa2008.co.za

� September 8-12, 2008, Lillehammer (Norway): V International
Symposium on Brassicas and XVI Crucifer Genetics Workshop.
Info: Dr Magnor Hansen, Agricultural University of Norway, Dept. of
Hort & Crop Science, PO Box 5022, N 1432 Aas, Norway.
E-mail: magnor.hansen@ipf.nlh.no

� September 9-13, 2008, Evora (Portugal): VI International
Symposium on Olive Growing. Info: Prof. Dr. Anacleto Pinheiro,
Universidade de Évora, Departamento de Engenharia Rural, Apartado
94, 7002-554 Évora, Portugal. Phone: (351) 266 760 837, Fax:
(351)266 760 911, E-mail: pinheiro@uevora.pt or Dr. Manuel Pedro
Fevereiro, ITQB, Quinta do Marques, Apt° 127, 2780 Oeiras, Portugal.
Web: http://olivegrowing.uevora.pt

� September 9-12, 2008, Sadovo (Bulgaria): IV Balkan Symposium on
Vegetables and Potatoes. Info: Prof. Dr. Liliya Krasteva, Institute of
Plant Genetic Resources, 2 Drujba Str., 4122 Sadovo, Bulgaria.
Phone: (359)32629026, Fax: (359)32629026,
E-mail: krasteva.liliya@gmail.com Web: http://www.4bsvp.org/

� September 9-13, 2008, Villa de Leyva (Colombia): International
Symposium on Tomato in the Tropics. Info: Prof. Dr. Gerhard
Fischer, Universidad Nacional Colombia, Facultad de Agronomia,
Apartado Aéreo 14490, Bogota, Colombia. Phone: (57)13165498 or
3165000ext19041, Fax: (57)13165498, E-mail: gerfischer@gmail.com
or Dr. Alonso Gonzales-Mejia, CIAT, Dept. Tropical Fruits, recta Cali-
Palmira Km. 17, Cali, A.A. 6713, Colombia. Phone: (57)24450000,
Fax: (57)24450073 E-mail symposium: soccolhort@gmail.com
Web: http://www.soccolhort.com/tomato/

� September 9-12, 2008, Beijing (China): IV International Chestnut
Symposium. Info: Prof. Dr. Ling Qin, Beijing Agricultural College, No
7 Beinong Road, Changpin District, Beijing 102206, China. Phone:
(86)1080799136 or 1080799126, Fax: (86)1080799004,
E-mail: qinlingbac@126.com Web: http://www.chestnut.org.cn

� September 21-25, 2008, Baoding (China): I International Jujube
Symposium. Info: Prof. Dr. Mengjun Liu, Research Center of Chinese
Jujube, Agricultural Univesity of Hebei, Baoding, Hebei, 71001, China.
Phone: (86)312754342, Fax: (86)3127521251,
E-mail: kjliu@hebau.edu.cn

� September 22-29, 2008, Alnarp (Sweden): IV International
Symposium Toward Ecologically Sound Fertilization Strategies
for Field Vegetable Production. Info: Prof. Rolf Larsen, Department
of Crop Science, P.O. Box 44, S-230 53 Alnarp, Sweden. Phone:
(46)40-415369, Fax: (46)40460441, E-mail: rolf.larsen@vv.slu.se
Web: http://ishs2008.slu.se/

� October 5-8, 2008, Tbilisi (Georgia): International Symposium on
Current and Potential Uses of Nut Trees Wild Relatives. Info: Dr.
Zviad Bobokashvili, Georgian Res. Inst. Of Horticulture, Dept. Fruit
&Vine Crop Germplasm Inv., Gelovani Street #6, Tbilisi 0115, Georgia.
Phone: (995)93335793, E-mail: bobokashvili@gmail.com or Dr. Maya
Marghania, Kostava 41, Tbilisi, Georgia. Phone: (995)99905076 Web:
http://www.nutssymposium2008.ge/

NEW

NEW

NEW

NEW

NEW
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� October 20-24, 2008, Tucson, AZ (United States of America):
International Workshop on Greenhouse Environmental Control
and Crop Production in Semi-Arid Regions. Info: Prof. Dr. Gene A.
Giacomelli, University of Arizona, Controlled Environment Agriculture
Center, CEA Building, 1951 E. Roger Road, Tucson, AZ 85719, United
States of America. Phone: (1)5206269566, Fax: (1)5206261700,
E-mail: giacomel@ag.arizona.edu
Web: http://www.ghworkshoparidregions2008.org/

� October 22-24, 2008, Sevilla (Spain): VII International Workshop on
Sap Flow. Info: Dr. José Enrique Fernandez, Inst. de Rec. Nat.y
Agrobiol., Campus de Reina Mercedes, Apartado 1052, 41080 Sevilla,
Spain. Phone: (34)954624711, Fax: (34)954624002,
E-mail: jefer@irnase.csic.es

� November 3-7, 2008, Bogor (Indonesia): IV International
Symposium on Tropical and Subtropical Fruits. Info: Dr. Roedhy
Poerwanto, Jl. Abiyasa Raya No. 1, Bantarjati, 16143 Bogor, Indonesia.
Phone: (62)251328942, Fax: (62)251326881,
E-mail: roedhy@indo.net.id

� November 4-7, 2008, Berlin (Germany): Post Harvest Unlimited
2008. Info: Dr. Martin Geyer, Inst. für Agrartechnik Bornim, Abteilung
Technik im Gartenbau, Max-Eyth-Allee 100, 14469 Potsdam-Bornim,
Germany. Phone: (49)3315699610, Fax: (49)3315699849,
E-mail: geyer@atb-potsdam.de
Web: http://www.atb-potsdam.de/postharvest08

� November 8-13, 2008, Firenze, Faenza and Caserta (Italy): IV
International Symposium on Persimmon. Info: Prof. Dr. Elvio
Bellini, University of Firenze, Horticultural Department, Viale delle idee
30, 50019 Sesto Fiorentino, Italy. Phone: (39)0554574053, Fax:
(39)0554574017, E-mail: elvio.bellini@unifi.it or Dr. Edgardo Giordani,
Department of Horticulture, University of Florence, Viale delle Idee 30,
50019 Sesto Fiorentino )FI), Italy. Phone: (39)0 55 4574050,
Fax: (39)0 55 4574017, E-mail: edgardo.giordani@unifi.it
Web: http://www.4persimmon2008.it

� November 10-13, 2008, Mérida (Mexico): II International
Symposium on Guava and other Myrtaceae. Info: Dr. Wolfgang
Rohde, MPIZ, Calf-von-Linné-Weg 10, 50829 Koeln, Germany. Phone:
(49)2215062101, Fax: (49)2215062113, E-mail: rohde@mpiz-
koeln.mpg.de or Dr. Jose Saul Padilla Ramirez, INIFAP-Campo
Experimental Pabellon, Km. 32,5 Carr. Aguascalientes-Zacatecas, Apdo
Postal No. 20 CP 20660, Pabellon de Arteaga, Aguascalientes, Mexico.
Phone: (52)4659580167, Fax: (52)4659580167

� December 7-11, 2008, Chiang Mai (Thailand): XVI International
Symposium on Horticultural Economics and Management. Info:
Peter J. Batt, Horticulture, Curtin University of Technology, GPO box
U1987, Perth, WA 6845, Australia. Phone: (61)8 9266 7596, Fax:
(61)8 9266 3063, E-mail: p.batt@curtin.edu.au or Prof. Dr. Peter P.
Oppenheim, Deakin Business School, Deakin University, 336 Glenferrie
Road, Malvern, VIC 3144, Australia. Phone: (61)3 9244 5549,
Fax: (61)3 9244 5040
Web: http://www.muresk.curtin.edu.au/conference/ishsem

� December 7-11, 2008, Chiang Mai (Thailand): V International
Symposium on Horticultural Research, Training and Extension.
Info: Peter J. Batt, Horticulture, Curtin University of Technology, GPO
box U1987, Perth, WA 6845, Australia. Phone: (61)8 9266 7596, Fax:
(61)8 9266 3063, E-mail: p.batt@curtin.edu.au or Associate Professor
Dr. David Aldous, University of Melbourne, Burnley College, Swan
Street, Richmond VIC 3121, Australia. Phone: (61)0392506800,
Fax: (61)0392506885
Web: http://www.muresk.curtin.edu.au/conference/ishset

� December 8-12, 2008, Bangalore (India): IV International
Symposium on Acclimatization and Establishment of
Micropropagated Plants. Info: Dr. Jitendra Prakash, In Vitro
International Pvt. Ltd., #12/44, Rajiv Gandhi Nagar, Bommanahalli,
Bangalore 560 068, India. Phone: (91)80 41109273, Fax: (91)80
25727030, E-mail: invitro@bgl.vsnl.net.in Web: http://www.int-tis-
suecultureconf.org/

� December 9-12, 2008, Madurai, Tamil Nadu (India): II International
Symposium on Papaya. Info: Dr. N. Kumar, Department of Fruit
Crops, Horticultural College & Research Institute, Priyakulam, 625 604,
India. Phone: (91)4546231726, Fax: (91)4546231726, E-mail:
kumarhort@yahoo.com Web: http://www.ishs-papaya2008.com/

YEAR 2009

� 2009, Santiago (Chile): VI International Cherry Symposium. Info:
Dr. Marlene Ayala, Departamento de Fruticultura y Enología, Facultad
de Agronomía e Ingeniería Forestal, Casilla 306 Correo 22, Santiago,
Chile. Phone: (56)6864159 , Fax: (56)5534130, E-mail: mayalaz@uc.cl
or Prof. Juan Pablo Zoffoli, Av Vicuna Mackenna 4860, Dept.
Fruticultura y Enologia, Santiago 30622, Chile.
Phone: (56)2 686 4159, Fax: (56)2 5534130

� 2009, Sanliurfa (Turkey): V International Symposium on Pistachios
and Almonds. Info: Prof. Dr. Bekir Erol Ak, University of Harran,
Faculty of Agriculture, 63200 Sanliurfa, Turkey. Phone:
(90)4142470384 2319, Fax: (90)4142470384,
E-mail: beak@harran.edu.tr

� 2009, Saint-Pol de Léon (France): VII International Symposium on
Artichoke, Cardoon and their Wild Relatives. Info: Christophe
Bazinet, Bretagne Technologie Vegetale (BBV), Pen Ar Prat., 29250
Saint-Pol de Leon, Brittany, France. Phone: (33)298290644,
Fax: (33)298692426, E-mail: bazinet@bbv.fr

� February 25-27, 2009, Melbourne (Australia): VI International
Walnut Symposium. Info: Mr. Bryan Goble, Walnut Producer, 222
Kerang-Koondrook Rd, Koondrook, VIC 3580, Australia. E-mail:
btgoble@westnet.com.au or Dr. Leigh Titmus, PO Box 417, Devonport,
TAS 7310, Australia. Phone: (61)364283539, E-mail:
leigh.titmus@websterltd.com.au
Web: http://www.walnut.net.au/symposium_2009.htm

� April 4-7, 2009, Antalya (Turkey): X International Controlled and
Modified Atmosphere Research Conference. Info: Dr. Mustafa
Erkan, Dep. of Horticulture, Fac. of Agric. Akdeniz Univ., 07058
Antalya, Turkey. Phone: (90) 242 2274560, Fax: (90) 242 2274564,
E-mail: erkan@akdeniz.edu.tr Web: http://www.cama2009.com/

� April 6-8, 2009, Leuven (Belgium): I International Symposium on
Cryopreservation. Info: Dr. Bart Panis, Kasteelpark Arenberg 13,
3001 Leuven, Belgium. Phone: (32)16-321690, Fax: (32)16-321993,
E-mail: bart.panis@biw.kuleuven.be or Prof. Rony Swennen, Lab.
Tropische Plantenteelt, Kasteelpark Arenberg 13, 3001 Leuven,
Belgium. Phone: (32)16321421, Fax: (32)16321993

� April 8-12, 2009, Antalya (Turkey): VI International Postharvest
Symposium. Info: Dr. Mustafa Erkan, Dep. of Horticulture, Fac. of
Agric. Akdeniz Univ., 07058 Antalya, Turkey. Phone: (90) 242
2274560, Fax: (90) 242 2274564, E-mail: erkan@akdeniz.edu.tr
Web: http://www.postharvest2009.com/

� May 24-29, 2009, Gifu (Japan): V International Symposium on
Rose Research and Cultivation. Info: Prof. Yoshihiro Ueda, Gifu
International Academy of Horticulture, 1094-8 Shio, Kani-shi, Gifu
Pref., Japan. Phone: (81)574605547, Fax: (81)574605547,
E-mail: ueda-yoshihiro@horticulture.ac.jp

For updates logon to www.ishs.org/calendar/

NEW NEW

NEW

NEW

NEW
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NEW

NEW

�� April 27 - May 2, 2008, Westminster, London (United Kingdom):
International Symposium Plants for People and Places. Info:
Mr. Tim Hughes, Royal Horticultural Society, RHS Wisley Garden,
Woking, Surrey GU23 6QB, United Kingdom. Phone:
(44)01483212335, Fax: (44)01935816684,
E-mail: timhughes@rhs.org.uk
Web: http://www.plantsforpeopleandplaces.org/

This symposium has been cancelled due to the disappointing
response to the Call for Papers. Options for rescheduling are
being explored.
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Available Issues of Acta Horticulturae

Available numbers of Acta Horticulturae (in print for-
mat). These as well as all other titles are also available
in ActaHort CD-rom format. For detailed information
on price and availability, including tables of content, or
to download an Acta Horticulturae order form, please
check out the ‘publications’ page at www.ishs.org or
go to www.ishs.org/acta

Acta        Acta Title Acta
Number Price (EUR)

761 IHC2006 - International Symposium on Advances in
Environmental Control, Automation and Cultivation
Systems for Sustainable, High-Quality Crop Production
under Protected Cultivation 134

760 IHC2006 - II International Symposium on Plant Genetic
Resources of Horticultural Crops 141

759 IHC2006 - Global Horticulture: Diversity and Harmony, an
Introduction to IHC2006 59

758 X International Symposium on the Processing Tomato 84

757 I International Symposium on Breadfruit Research and
Development 67

756 International Symposium on Medicinal and Nutraceutical
Plants 98

755 International Conference on Quality Management in
Supply Chains of Ornamentals 118

754 International Workshop on Advances in Grapevine and
Wine Research 119

753 VI International Symposium on Kiwifruit 171

752 I International Conference on Indigenous Vegetables and
Legumes. Prospectus for Fighting Poverty, Hunger and
Malnutrition 130

751 IV International Symposium on Rose Research and
Cultivation 108

750 II International Symposium on Loquat 107

749 I International Symposium on Chamomile Research,
Development and Production 75

748 II International Symposium on Acclimatization and
Establishment of Micropropagated Plants 71

747 VIII International Symposium on Protected Cultivation in
Mild Winter Climates: Advances in Soil and Soilless
Cultivation under Protected Environment 123

746 International Conference on Quality Management of Fresh
Cut Produce 109

745 VI International Solanaceae Conference : Genomics Meets
Biodiversity 119

744 I International Symposium on Human Health Effects of
Fruits and Vegetables 103
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743 XXII International Eucarpia Symposium, Section
Ornamentals, Breeding for Beauty - Part II 58

742 International Conference and Exhibition on Soilless Culture:
ICESC 2005 65

741 I International Symposium on Fresh Food Quality Standards:
Better Food by Quality and Assurance 76

740 I International Symposium on Papaya 83

739 II International Symposium on Saffron Biology and
Technology 101

738 International Symposium on Biotechnology of Temperate
Fruit Crops and Tropical Species 163

737 I International Symposium on Organic Apple and Pear 58

736 III International Date Palm Conference 124

735 I International Guava Symposium 138

734 VIII International Symposium on Plum and Prune Genetics,
Breeding and Pomology 100

733 III International Grapevine Phylloxera Symposium 52

732 VIII International Symposium on Canopy, Rootstocks and
Environmental Physiology in Orchard Systems 140

731 III International Symposium on Cucurbits 108

730 VI International Symposium on Artichoke, Cardoon and
Their Wild Relatives 108

729 III Balkan Symposium on Vegetables and Potatoes 104

728 V International Congress on Cactus Pear and Cochineal 75

726 IV International Symposium on Pistachios and Almonds 146

725 V International Symposium on In Vitro Culture and
Horticultural Breeding 174

724 IX International Symposium on the Processing Tomato 82

723 I International Symposium on the Labiatae: Advances in
Production, Biotechnology and Utilisation 99

722 XI International Symposium on Virus Diseases of
Ornamental Plants 84

720 IV International Conference on Quality and Safety Issues
Related to Botanicals 58

719 International Symposium on Greenhouse Cooling 137

718 III International Symposium on Models for Plant Growth,
Environmental Control and Farm Management in
Protected Cultivation (HortiModel 2006) 140

717 XIII International Symposium on Apricot Breeding and
Culture 88

716 VII International Protea Research Symposium 54

714 XXII International Eucarpia Symposium, Section
Ornamentals, Breeding for Beauty 63

712 IV International Conference on Managing Quality in
Chains - The Integrated View on Fruits and Vegetables
Quality 188

709 I International Symposium on Natural Preservatives in Food
Systems 51

706 IV International Symposium on Brassicas and XIV Crucifer
Genetics Workshop 80

703 II International Symposium on Sweetpotato and Cassava:
Innovative Technologies for Commercialization 69

702 V International Pineapple Symposium 60

701 XII International Symposium on Apricot Culture and
Decline 147

698 VI International Symposium on Chemical and
non-Chemical Soil and Substrate Disinfestation - SD2004 79

692 II  International Symposium on Biotechnology of Tropical
and Subtropical Species 54

691 International Conference on Sustainable Greenhouse
Systems - Greensys2004 170

687 International Conference Postharvest Unlimited Downunder
2004 89

686 VI International Congress on Hazelnut 132

674 III International Symposium on Applications of Modelling
as an Innovative Technology in the Agri-Food Chain;
MODEL-IT 121

673 IX International Symposium on Flower Bulbs 150

671 IX International Pear Symposium 124

661 I International Conference on Turfgrass Management and
Science for Sports Fields 115

660 V International Congress on Artichoke 119

659 VII International Symposium on Protected Cultivation in
Mild Winter Climates: Production, Pest Management and
Global Competition 159

658 I International Symposium on Rootstocks for Deciduous
Fruit Tree Species 137

657 XIX International Symposium on Virus and Virus-like
Diseases of Temperate Fruit Crops - Fruit Tree Diseases 117

656 X International Symposium on Small Fruit Virus Diseases 57

655 XV International Symposium on Horticultural Economics
and Management 106

654 International Workshop on Models for Plant Growth and
Control of Product Quality in Horticultural Production 77

653 IX International Symposium on Plant Bioregulators in Fruit
Production 61

652 I International Symposium on Grapevine Growing,
Commerce and Research 108

651 XXI International Eucarpia Symposium on Classical versus
Molecular Breeding of Ornamentals - Part II 54

649 Euro Berry Symposium - Cost 836 Final Workshop 77

648 South Pacific Soilless Culture Conference - SPSCC 60

647 International Code of Nomenclature for Cultivated Plants -
Code International pour la Nomenclature des Plantes
Cultivées 55

645 VII International Mango Symposium 136

644 International Symposium on Growing Media and
Hydroponics 117

642 XXVI International Horticultural Congress: Horticulture,
Art and Science for Life - The Colloquia Presentations 60

641 XXVI International Horticultural Congress: The Knowledge
Business: Horticulture Education and Knowledge Transfer 51

640 XXVI International Horticultural Congress: Viticulture -
Living with Limitations 86

639 XXVI International Horticultural Congress: Expanding Roles
for Horticulture in Improving Human Well-Being and Life
Quality 84

638 XXVI International Horticultural Congress: Sustainability of
Horticultural Systems in the 21st Century 105

637 XXVI International Horticultural Congress: Advances in
Vegetable Breeding 84

636 XXVI International Horticultural Congress: Key Processes
in the Growth and Cropping of Deciduous Fruit and Nut
Trees 140
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635 XXVI International Horticultural Congress: Managing
Soil-Borne Pathogens: A Sound Rhizosphere to Improve
Productivity in Intensive Horticultural Systems 57

634 XXVI International Horticultural Congress: IV International
Symposium on Taxonomy of Cultivated Plants 68

633 XXVI International Horticultural Congress: Protected
Cultivation 2002: In Search of Structures, Systems and
Plant Materials for Sustainable Greenhouse Production 109

632 XXVI International Horticultural Congress: Citrus and Other
Subtropical and Tropical Fruit Crops: Issues, Advances and
Opportunities 81

631 XXVI International Horticultural Congress: Issues and
Advances in Transplant Production and Stand Establishment
Research 70

630 XXVI International Horticultural Congress: Nursery Crops;
Development, Evaluation, Production and Use 78

629 XXVI International Horticultural Congress: The Future for
Medicinal and Aromatic Plants 107

628 XXVI International Horticultural Congress: Issues and
Advances in Postharvest Horticulture 168

627 XXVI International Horticultural Congress: Toward
Ecologically Sound Fertilization Strategies for Field
Vegetable Production 71

626 XXVI International Horticultural Congress: Berry Crop
Breeding, Production and Utilization for a New Century 96

625 XXVI International Horticultural Congress: Biotechnology in
Horticultural Crop Improvement: Achievements,
Opportunities and Limitations 98

624 XXVI International Horticultural Congress: Elegant Science
in Floriculture 110

623 XXVI International Horticultural Congress: Plant Genetic
Resources, The Fabric of Horticulture’s Future 80

621 XXVI International Horticultural Congress: Horticultural
Science in Emerging Economies, Issues and Constraints 46

620 XXVI International Horticultural Congress: Asian Plants with
Unique Horticultural Potential: Genetic Resources, Cultural
Practices, and Utilization 99

619 XXVI International Horticultural Congress: Potatoes, Healthy
Food for Humanity: International Developments in Breeding,
Production, Protection and Utilization 99
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