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EDITORIAL

Activities 2002-2003
During 2002 there was a number of activi-
ties carried out within the FAO-CIHEAM
Interregional Cooperative Research Net-
work on Nuts. The current constraints fa-
ced by FAO in relation to operating the
European System of Cooperative Re-
search Networks in Agriculture (ESCO-
RENA), established in 1974, and having
currently 13 Networks affected our Nut
Network. However, due to external fun-
ding from the Spanish INIA some activi-
ties, like the publication of this Newsletter

and the publication of the Inventory of
Chestnut Germplasm, Research and Re-
ferences (RTS 65) can still be supported.

In spring 2002, an Expression of Interest
(EOI) “Network of Excellence on Sustai-
nable Nut Crop Management” was propo-
sed to the European Commission to iden-
tify research actions for the preparation of
the work programmes for the Sixth Fra-
mework Programme for Research. It
would be important for our Network to
succeed in having some support from the
EU for the enhancement of the scientific
and technical coordination among coun-
tries and fostering the communication
and involvement of key stakeholders.

However, this is difficult as strong Euro-
pean competition exists. In addition, the
Network’s Coordinator participated in a
Scientific Committee Meeting of the Inter-
national Tree Nut Council (INC) held in
Paris in October 2002 and presented a
report on the Nut Network’s activities. The
INC expressed interest to collaborate and
work closely with our Nut Network. The is-
sues of preventing and reducing kernel’s
aflatoxin contamination is of paramount
importance for the INC.

A Coordination Meeting of the three ES-
CORENA Networks jointly operated by
FAO and CIHEAM was called and held in
CIHEAM, Paris, in December 2002. Du-
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ring this meeting a working plan to define
a future Networks’ strategy (aims, actions,
participants, activities and funding) was
proposed. A report of the Network’s acti-
vities, developed from the beginning, was
also presented. Sometimes it is useful to
make a balance of the activities carried
out within the four main scopes (fostering
joint applied research, conservation, ex-
change and sustainable use of genetic re-
sources, establishing of close links
between researchers and promoting
communication and dissemination of
knowledge) and a wide range of issues
have been addressed over the past twel-
ve years. The report presented is summa-
rized on pages 4-7 of this issue.

During 2002, the Proceedings of the XII
GREMPA Almond and Pistachio Meeting
organized jointly with the Third ISHS In-
ternational Symposium on Pistachios and
Almonds held in 2001 in Zaragoza, Spain
were published in the Acta Horticulturae
series.

In June 2003 the XIII GREMPA Almond
and Pistachio Meeting will be held in Mi-
randela, Tras os Montes, Portugal and
the Proceedings will be published in the
Options Méditerranéennes. Also in Portu-
gal, Chaves, Vila Real, the III ISHS Inter-
national Symposium on Chestnut will be
held in October 2003 and the Procee-
dings will be published in Acta Horticultu-
rae.

The Nut Network’s future
Nut tree production, trade and industry is
an important economical activity related
to sustainable agriculture, often in margi-
nal lands, in both European and Near
Eastern Regions. Nuts are of major im-
portance and are typical components of
the traditional and healthy Mediterranean
diet. To accomplish sustainable develop-
ment and food security, a future combi-
ned effort in R&D, environmental mana-
gement and communication is needed.

The decreasing funding from FAO for the
Network on Nuts (budget of the 2000-
2001 biennium) and the need to be more
operative, compelled its restructurization
which was decided during the Sixth Coor-
dination Board meeting held in 2001, in
CIHEAM-IAMZ, Zaragoza and is now fully
implemented. Thus, the Network has re-
organized and simplified its structure and
is trying to focus more on development
oriented issues rather than its previous
strong genetic resources collection, des-
cription and improvement. The current
budget 2002-2003 approved by FAO no
longer provides support for ESCORENA
and the coming budget is pending an in-
ternal process of review and assessment.
However, FAO still provides secretariat
support and funding from the Spanish

Almond trees at full bloom at IRTA Centre Mas Bové, Tarragona, Spain

Trust Fund. In contrast, CIHEAM and
INIA, are fully supporting the Nut
Network’s activities planned under a logi-
cal framework.

Considering the current and future useful-
ness and relevance of the Network, it is
generally seen by its members as a use-
ful tool for better collaboration, and the
opportunities to come together are
viewed as very important for project de-
velopment. It is in this line, that recent
Network developments are focused on
research issues which are a priority for
countries in development and in transi-
tion, particularly in the Balkans, Cauca-
sus and North Africa, but also beyond,
wherever research results are relevant to
stimulating growth and relieving poverty
and hunger.

The relevance and potential usefulness
of our Nut Network is based on the avai-
lability of considerable genetic resources
and technical experience for the develop-
ment of nut tree crops in Europe and the
Near East regions. In addition, useful
contributions to rural development and
the global genetic resources understan-
ding can be made. Major research areas
of broad interest, which should be
addressed are: food safety, biodiversity,
biotechnology and sustainable manage-
ment of natural resources, including low-
input agriculture. To strengthen FAO’s
support to our Network it is necessary to
adopt a “project approach” of activities.

Genetic resources inventories
Regarding the Inventories on Germ-
plasm, Research and References, the
third Inventory on Chestnut (2001), edited
by G. Bounous, is being distributed (http:/
/www. fao.org / reg iona l /europe/PUB/
REUTS/20/2065.PDF), following the first
on Almond (1997, RTS 51) and the se-
cond on Hazelnut (2000, RTS 56). These
inventories published in the REU Techni-
cal Series (http://www.fao.org/regional/
europe/PUB), are important compilations
of the currently available species genetic
resources and information on ongoing re-
search projects and bibliography. In addi-
tion, two more inventories are being com-
piled and are at different stages of com-
pletion. The Inventory on Walnut being
compiled by E. Germain is close to com-
pletion and the Inventory on Pistachio is
being collated by N. Kaska and B.E. Ak.
All these catalogues are being funded by
FAO’s Regional Office for Europe and the
Seed and Plant Genetic Resources Servi-
ce (AGPS) together with CIHEAM-IAMZ.

In addition, a draft Descriptors List for
Hazelnut has been developed by mem-
bers of our Network and has now been
submitted to IPGRI for assessment and
eventual editing and publication.

Changes in the European Regional
Office and new appointments
In the course of the changes experienced
by ESCORENA, Mr Michel Larbier, a visi-
ting scientist seconded from INRA, Fran-
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ce, has taken on the task to evaluate and
re-organize ESCORENA. We acknowled-
ge and are very grateful to the efforts
made by R. Krell to support our Network
under circumstances of financial difficul-
ties and uncertainty. We also wish M. Lar-
bier the best success in his new task.

The Nut Network on the web
In addition to the already existing infor-
mation on the Nut Network at http://
www.iamz.ciheam.org/ingles/nuts.htm,
and on the previous FAO web page crea-
ted in 2000, the FAO European System of
Cooperative Research Networks in Agri-
culture (ESCORENA) and the Nut Net-
work web page has become interactive at
http://escorena.fao.org or http://
admintersys.fao.org/escorena/servlet/
v i e w ? o b j e c t = n e t w o r k & f u n c t i o n
=about&menu=about&structure_level
=2&structure_cd=NUTS&. Nut Network
members are invited to enter relevant in-
formation and keep the web site up-to-
date. This is a useful step forward to be-
coming more global.

NUCIS on the web
A short version of the Newsletter (edito-
rial, contents and back page) from issue
number 6 and onwards, is available on
the Internet web pages of both FAO
(http://www.fao.org/regional/europe/pu-
blic-e/nucis.htm) and CIHEAM (http://
www.iamz.ciheam.org/ingles/nuts.htm
#publications). A full electronic version of
NUCIS is available from issue number 9
and onwards (http://www.iamz.ciheam.
org/ingles/nucis9.pdf). The contents of
this Newsletter can be browsed through
and also copied and printed.

Contributions to NUCIS
As in past NUCIS editorials, we again
stress that this Newsletter must be an
effective vehicle of communication for all
the Network members. The pages of this
bulletin are open to all readers who would
like to suggest ideas or to express their
opinion about the work developed by the
Network (activities carried out and plan-
ned) or to publish short articles and re-
ports on relevant horticultural subjects of
general interest. We receive a sufficient
number of contributions from the Mediter-
ranean Basin and overseas for the arti-
cles and reports section. However, the
sections on news and notes and also on
congresses and meetings are usually dif-
ficult to cover due to the scarce informa-
tion received and thus, contributions are
most welcomed. Otherwise, the Editor
has to report on the issues he is aware of,
but certainly there must be many more is-
sues on-going throughout the year which
merit reporting. Also, the place for ‘grey’
bibliography (references and documents
which are difficult to search like Masters
or Ph Theses) is scarcely filled.

The NUCIS Newsletter is distributed
worldwide free of charge to 1.400 readers
from over 60 countries. The dissemination
of information originated by the Network is
of paramount importance and through this
bulletin has been largely successful. The
first NUCIS was published in 1993, this is-
sue of the NUCIS Newsletter is number
11 and during these nine years a great
editing effort has been made. I ack-
nowledge and gratefully thank all contri-
butors for their efforts and interest to pro-
duce and send me valuable information.
The exchange of information between
Network members through the pages of
this Newsletter is the basis for developing
collaboration. The editing task in the ele-
ven NUCIS issues already published has
been huge (NUCIS 1, 9 pages; 2, 20 pa-
ges; 3, 24 pages; 4, 28 pages; 5, 36 pa-
ges; 6, 52 pages, 7, 44 pages, 8, 46 pa-
ges 9, 68 pages, 10, 48 pages and 11, 48
pages). In order to reduce the time consu-
ming formal editing we are asking contri-
butors who send articles, news, notes, bi-
bliographic references, etc., to the diffe-
rent sections to provide them well organi-
zed and elaborated. Information should
be sent in satisfactory English. Contribu-
tions could be sent through Internet using
the Editor’s email. The alternative is to
provide them on diskette and also in prin-
ted format. This bulletin is reproduced in
black and white only, including pictures.
We thank all who have contributed to this
issue. Please send your contributions for
the next issue, number 12 (December
2003) by the end of October 2003. Finally,
we wish all Nut Network members and col-
laborators a prosperous and Happy 2003.

The Editor

The designations employed and the pre-
sentation of material in this publication
do not imply the expression of any opi-
nion whatsoever on the part of the Food
and Agriculture Organization of the Uni-
ted Nations concerning the legal status
of any country, territory, city or area or
of its authorities, or concerning the deli-
mitation of its frontiers or boundaries.

This publication contains the collective
views of an international group of ex-
perts and does not necessarily repre-
sent the decisions or the stated policy of
the Food and Agriculture Organization
of the United Nations, the International
Centre for Advanced Mediterranean
Agronomic Studies nor of the Organiza-
tion for the Economic Cooperation and
Development.

Contributions should be written concise-
ly in English. Please send contributions
on paper and diskette (Microsoft Word
or Word Perfect). Authors are responsi-
ble for the content of their papers. Re-
production of the articles is authorized,
provided that the original source is
clearly stated.
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ARTICLES
AND REPORTS

FAO CIHEAM
Nut Network

Pistachio cultivar collection at IRTA Centre Mas Bové, Tarragona, Spain

REPORT OF THE FAO-CIHEAM
INTERREGIONAL

COOPERATIVE RESEARCH
NETWORK ON NUTS

SUMMARY
The Network was established in 1990, af-
ter an Expert Consultation organized by
FAO (REU, RNE and AGPS). Promotion
of information exchange, joint applied re-
search, exchange of germplasm and es-
tablishment of links between researchers
were identified as the main objectives. In
1996, FAO and CIHEAM agreed to cos-
ponsor the Network. CIHEAM was alrea-
dy involved in fostering research nut tree
activities. From the beginning of its activi-
ties, the Network has received wides-
pread support from different national and
international institutions. Particular sup-
port was received from the Spanish au-
thorities, through INIA and IRTA institu-
tes. The main activities carried out so far
were: a) organization of specific meetings
and workshops; b) promotion of R+D acti-
vities and support of training grants for
young researchers; c) edition of invento-
ries of germplasm and research lines,
proceedings and reports; d) edition of the
NUCIS Newsletter and e) organization of
two international training courses on “Nut
Production and Economy”.

BACKGROUND AND AIMS
This report is based on that presented at
the Coordination Meeting of the ESCO-
RENA Networks jointly operated by FAO
and CIHEAM held in CIHEAM, Paris the
18th and 19th of December 2002. It pre-
sents a review of the structure and orga-
nization of the Nut Network and activities
carried out. During the meeting a working
plan to define a future Network strategy
(aims, actions, participants, activities and
funding) was proposed. A summary ac-
count of objectives, background, organi-
zation and activities of the Network on
Nuts from the beginning is presented.

Most countries in the Mediterranean re-
gion have important economic activities
related to nut crop production, trade and
industry. These activities depend on se-
veral factors that need to be integrated in
order to succeed. Some of these factors
evolve quickly and it is necessary to
adapt them to the changing conditions.
The adaptation ability can make the diffe-

rence between profit and loss.

The attainment of sustainable agriculture
and food security requires a combined
effort in research and technology develop-
ment, genetic resources conservation, en-
vironment management, education, trai-
ning, and rural development. To find solu-
tions to global problems these factors
need to be addressed at the same time to
both the developed and developing re-
gions of the world. Thus suitable technolo-
gy transfer is essential to uphold the basic
principles of sound agricultural systems
and practices.

Regarding the importance of the nut sec-
tor, FAO (REU, RNE and AGPS) called in
1990 an Expert Consultation with the ba-
sic aim of fostering cooperation between
countries in Europe, North Africa and
Near East on R&D issues in tree nuts.
From the consultation the “Interregional
Cooperative Research Network on Nuts”
was established. Promotion of information
exchange, joint applied research, exchan-
ge of germplasm and establishment of
links between researchers were identified
as the main objectives. Member institu-
tions and researchers come from the 41
European and 30 Near East Region FAO
member nations. Some Network members
also come from outside of the two Re-
gions. In 1996, FAO and CIHEAM agreed
to cosponsor the Network. The Network is
part of the ESCORENA (European Sys-
tem of Cooperative Research Networks in
Agriculture) scheme of FAO.

It is interesting to note that before the es-
tablishment of this Network CIHEAM was
already involved in related activities re-

garding nut trees. Thus GREMPA
(“Groupe de Recherches Méditerranéen-
nes pour l’Amandier et le Pistachier”) is a
Working Group coordinated by CIHEAM
since the seventies. GREMPA work is
mainly based on study and improvement
of genetic resources of Mediterranean
origin. During the eighties and the begin-
ning of the nineties, part of these activi-
ties were carried out in collaboration with
the AGRIMED programme of the DG VI of
the European Commission. Thus, during
the years 1990-1996, a research project
coordinated by CIHEAM was financed
within the framework of the CAMAR pro-
gramme of the European Commission.

From the start, the Nut Network has re-
ceived broad support from research orga-
nizations of several European and non
European countries. Particularly, two
Spanish institutes have supported consis-
tently the Network: the Instituto Nacional
de Investigación y Tecnología Agraria y
Alimentaria (INIA) and the Institut de Re-
cerca i Tecnologia Agroalimentàries
(IRTA). In addition, several international
institutions like the International Plant
Genetic Resources Institute (IPGRI) has
provided wide support in its subject over
the years. Also, close collaboration with
the ISHS (International Society for Horti-
cultural Sciences) has been carried out
during the organization of several Sympo-
sia.

STRUCTURE AND ORGANIZATION
The Network structure is based on a Co-
ordination Centre (Coordinator and Se-
cretary), supported by different Subnet-
works (Working Groups) having the mis-
sion of fostering and coordinating specific
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Pistachio orchard of 'Sirora' growing in New South Wales, Australia

activities. IRTA Mas Bové has been the
Coordination Centre from the beginning
of the Network activities. Until April 2001
there were 9 Subnetworks (7 tree crop
species and 2 disciplinary): Almond, Ha-
zelnut, Walnut, Pistachio, Pecan, Chest-
nut, Stone Pine, Genetic Resources and
Economics. From this date, and due
mainly to budget limitations, the number
of Subnetworks were reduced to 6, inclu-
ding almond and stone pine activities
within the general coordination. Two re-
presentatives, one from each supporting
institution (FAO and CIHEAM) are also in-
tegrated in managing the Network. The
current structure of the Nut Network is
shown on the back page of this Newsletter.

The general activities of the FAO-CI-
HEAM Research Nut Network are propo-
sed, discussed, agreed and planned in
the Technical Consultations (participation
of representatives of the member coun-
tries) and at the Coordination Board mee-
tings (FAO and CIHEAM Officers, Net-
work Coordinator and Subnetwork Liaison
Officers). Two Technical Consultations
(Turkey, 1990 and Morocco, 1996) and
six Coordination Board Meetings (Spain
1991, Turkey 1994, Portugal 1995,
Morocco 1996, Italy 1997 and Spain
2001) have already been held.

ACTIVITIES
The main activities carried out during the
twelve running years have been:
• Organization of specific meetings and
workshops
• Promotion of R&D activities
• Edition of proceedings and reports
• Edition of inventories of germplasm and
research lines
• Edition of the NUCIS Newsletter
• Organization of two international cour-
ses on “Nut Production and Economy”
• Training grants for young researchers

A short account of the cooperative activi-
ties and achievements is presented.

Technical Meetings
There has been collaboration with diffe-
rent institutions for the organization of in-
ternational meetings (Congresses, Sym-
posia, Meetings and Workshops). Since
1990, over 30 meetings on nut tree crops,
genetic resources and economics have
been organized, alone or jointly with other
institutions like ISHS, IPGRI, etc (Table
1). Financial support was given to some
experts to participate in them. Close col-
laboration in editing most of the corres-
ponding proceedings has been made.

Promotion of R&D activities
A major issue of the Nut Network is the
work carried out on genetic resources:
conservation, characterization and use.
Apart from the exchange of plant material
between several institutions in various
species, a number of activities listed be-
low have been developed. Another major
issue of the Network is its Subnetwork on
Economics. This working group analyses
issues related to science/society on pro-
duction, marketing, trade and con-
sumption. It can be pointed out also, in
the field of joint applied research, that
one project CAMAR CE/DG.VI (“Amélio-
ration d’espèces à fruits à coque: noyer,
amandier, pistachier”) was successfully
carried out.

Publications
The Network publishes directly or has ac-
tively participated on the edition of the fol-
lowing publications (which are listed at
the end of this report):

NUCIS Newsletter
The Coordination Centre publishes year-
ly, since 1993, the NUCIS Newsletter that
is distributed world-wide free of charge to
1.400 readers from over 60 countries.
This information bulletin presents the
Network activities and planning, articles
and reports on nut research in the world.
In addition, it includes sections on news
and notes, congresses and meetings,
events to be held and recent bibliogra-
phy.

Apart from the printed version, the latest
issues of the NUCIS Newsletter (from is-
sue number 9 onwards) are placed in the
website: http://www.iamz.ciheam.org/in-
gles/nuts.htm#publications

Proceedings and Reports
A list of the main references is presented
in Publications.

Inventories of Germplasm Resources and
Research Activities
A reference list is given in Publications.

Species descriptors list
Main contributions are listed in Publica-
tions.

Training
Advanced Courses
On the initiative of the Research Network
on Nuts, two Advanced International
Courses on “Nut Production and Econo-
mics” have been organized by CIHEAM-
IAMZ, FAO, and some national institu-
tions. Both courses were designed for
graduates working in R&D and professio-
nals of the sector. Each course was at-
tended by some 30 students from over 15
countries of the Mediterranean Basin,
Near East and Central and South Ameri-
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Table 1. Technical meetings.

Date Venue Meeting

1990, June Yalova (Turkey) Expert Consultation on the Promotion of Nut Production in Europe and Near East Regions
Nut Network establishment

1991, October Tarragona (Spain) International Walnut Meeting
Meetings of the Subnetworks on Walnut and Pecan
Meeting of the Coordination Board

1992, September Alba (Italy) Third International Congress on Hazelnut
Meeting of the Subnetwork on Hazelnut

1993, May Agrigento (Italy) First International Almond Congress
Meeting of the Subnetwork on Almond

1993, May Sciacca (Italy) IX GREMPA Pistachio Meeting
Meeting of the Subnetwork on Pistachio

1993, October Spoleto (Italy) International Congress on Chestnut
Meeting of the Subnetwork on Chestnut

1993, November Antalya (Turkey) Second Pecan Subnetwork Meeting

1994, September Adana (Turkey) First International Symposium on Pistachio Nut
Meeting of the Subnetwork on Pistachio
Meeting of the Coordination Board

1995, June Zaragoza (Spain) Meeting of the Subnetwork on Economics

1995, June Alcobaça (Portugal) Third International Walnut Congress
Meetings of the Subnetworks on Walnut and Genetic Resources
Meeting of the Coordination Board

1995, June Palermo (Italy) IPGRI-FAO Workshop on Genetic Resources of Pistacia

1995, September Rafsanján (Iran) First National Workshop on Pistachio Nut

1995, November Madrid (Spain) Meeting of the Subnetwork on Stone Pine

1996, July-August Ordu (Turkey) Fourth International Hazelnut Congress
Meetings of the Subnetworks on Hazelnut and Genetic Resources

1996, October Meknes (Morocco) X GREMPA Meeting (Almond and Pistachio)
Meetings of the Subnetworks on Almond and Pistachio
Meeting of the Coordination Board
First Technical Consultation of the Network

1996, December Zaragoza (Spain) Meeting of the Subnetwork on Economics

1997, October Roma (Italy) Meeting of the Coordination Board

1998, June Braunschweig (Germany) IPGRI-ECP/GR-FAO European Symposium on Plant Genetic Resources for Food
and Agriculture

1998, October Bordeaux (France) Second International Symposium on Chestnut
Meeting of the Subnetwork on Chestnut

1998, December Irbid (Jordan) IPGRI Workshop Genetic Resources on Pistacia

1999, September Sanliurfa (Turkey) XI GREMPA Meeting (Almond and Pistachio)
Meetings of the Subnetworks on Almond and Pistachio

1999, September Bordeaux (France) Fourth International Walnut Symposium
Meeting of the Subnetwork on Walnut

2000, February Valladolid (Spain) First International Stone Pine Symposium
Meeting of the Subnetwork on Stone Pine

2001, April Zaragoza (Spain) Meeting of the Coordination Board

2001, May Zaragoza (Spain) III International Symposium on Pistachio and Almonds
Meetings of the Subnetworks on Almond, Pistachio, Genetic Resources and Economics

ca. The First Course was held at Reus,
Spain in November 1994 and the Second
was held at Adana, Turkey in May 1998.

Fellowships
Two CIHEAM fellowships for short stays
(3 months) were granted to students from
Adana University (Turkey, 1998) and from
Ecole National d’Agriculture (Meknes,
Morocco, 1999) for training on breeding.

PUBLICATIONS

NUCIS Newsletter
Batlle, I  (ed.). NUCIS Newsletter num-
ber 1. April 1993. 12 pages. Number 2.
April 1994. 20 pages. Number 3.
January 1995. 24 pages. Number 4.
December 1995. 28 pages. Number 5.

December 1996. 36 pages. Number 6.
December 1997. 52 pages. Number 7.
December 1998. 44 pages. Number 8.
December 1999. 48 pages. Number 9.
December 2000. 68 pages. Number 10.
December 2001. 48 pages. Number 11.
December 2002. 48 pages.
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Proceedings and Reports
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(Number of papers: 31).
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TREE NUTS
IN THE MEDITERRANEAN

DIET CONTEXT

The referenced Mediterranean diet is a
moderate diet in which bread, other ce-
reals, legumes, fish, virgin olive oil, fruit,
vegetables, and red wine (consumed
usually with meals) are prevalent. The
best proof of the healthy character of the
Mediterranean diet emerged from our In-
ternational Cooperative Study on the Epi-
demiology of Coronary Hearth Disease,
more commonly known as the Seven
Countries Study. According to this and
further studies the healthy benefit of the
Mediterranean diet is due to the following
main factors: prevalence of carbohydra-
tes, particularly starchy, (which balance
the energy ratios between energy nu-
trients in diet), optimum ratio of animal
and vegetable proteins, prevalence of
monounsaturated fatty acids and adequa-
te ratio of saturated and polyunsaturated
fatty acids, satisfactory amounts of ù-3
fatty acids, low intake of food cholesterol,
relevant presence of antioxidant vitamins,
pro-vitamins and phenolic compounds,
adequate amount of dietary fibre.

What role can be played by tree nuts in
the context of the Mediterranean diet? To
examine why reasonable amounts of nuts
can improve the healthy characteristics of
the Mediterranean diet, a consideration
on terminology is necessary. As nutritio-
nist I do not like the term tree nuts, that
probably has a trade justification. In the
USA the general term of nuts is used,
which include also brazil nut, cashew nut,
coconut, macadamia nut, pecan and pea-
nut, that is really a legume prevalently
used for oil production. Before 1985 in
the FAO Food balance sheets the indivi-
dual items of nuts were used, but after
that time the term tree nuts was used for
all of them.

At this moment a pragmatic proposal can
be made. Because in the Mediterranean
countries in addition to wheat, olives, le-
gumes, vegetables, fresh fruit including
grape, dry fruits were abundantly produ-
ced from long time ago, as it will be
shown later, we can call this group of
foods “Mediterranean dry fruits”. Then it
can be split into two subgroups: Mediter-
ranean oily dry fruits, which include al-
mond, hazelnut, pine nut, pistachio nut,
walnut and Mediterranean floury dry
fruits, which include carob and chestnut.

Table 1 shows the mean values of macro-
nutrients and dietary fibre of oily dry nuts
grown in Italy and recently analyzed at
the National Institute of Nutrition in Rome
(Ruggeri, S., et al, 1988).
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Table 1. Macronutrient and dietary fibre content of dry nuts grown in Italy
(amount in 100 g, edible portion)

Water Protein Lipids Sugar Starch Dietary fibre Energy
g g g g g g kcal MJ

Almond 5.5 19.4 54.2 3.5 1.2 12.5 584 2.4
Hazelnut 4.5 13.7 64.1 4.1 1.8 8.1 642 2.7
Pine nut 4.3 32.9 50.3 3.9 0.6 4.6 602 2.5
Pistachio 3.8 18.1 56.1 4.7 3.3 10.6 607 2.5
Walnut 3.6 15.6 67.4 2.9 1.2 7.0 686 2.9

Table 2. Fatty acid content of dry nuts grown in Italy
(g/100 g, lipid fraction)

C 16:0 C 16:1 C 18:0 C 18:1 C 18:2 C 18:3 >C:20 P/S

Almond 6.96 0.48 1.89 73.48 15.87 0.20 traces 1.8
Hazelnut 7.21 0.33 2.28 80.85 8.59 0.19 0.32 0.9
Pine nut 7.06 0 3.31 39.14 46.46 0.68 3.93 4.5
Pistachio 10.38 1.11 1.02 57.80 25.63 0.04 4.46 2.2
Walnut 8.35 0.09 2.08 16.48 58.62  13.98 0.40 7.0

Table 3. Coefficient of variability
among cultivars of dry nuts grown

in Italy

Coefficient of variability %
Almond Walnut

Protein 3.3 23.7
Lipids 3.8   8.3
Sugars 38.1 36.5
Starch 20.4 42.0
Dietary fibre 9.0   9.0
Oleic acid 3.0 16.6
Linoleic acid 16.6   2.5

Table 4. Micronutrient content of italian dry nuts
(amount in 100 g, edible portion)

K Fe Ca P Thiamin Riboflavin Niacin Vit A Vit C Vit E
mg mg mg mg mg mg mg mg mg mg

Almond 780 3.0 240 550 0.2 0.4 3.0 1 0 26.0
Hazelnut 466 3.3 150 322 0.5 0.1 2.8 30 4 15.0
Pine nut   - 2.0   40 466 0.4 0.2 2.7 9 0    -
Pistachio 972 7.3 131 500 0.7 0.1 1.4 43 2   4.0
Walnut 603 2.4   61 300 0.7 0.2 1.4   8 1   4.0

Table 5. Italian meal planning guide
of 2000 kcal/8.4 MJ

(Servings per person per day)

Servings

Bread 3-4
Cereals   1
Fish 0.4
Legumes, fresh 0.6
Legumes, dry 0.4
Vegetables 2-4
Potatoes 0.5
Fruit 2-4
Oil   3
Milk 1
Yogurt 1
Cheese 0.5
Meat 0.4
Meat, cured 0.2
Eggs 0.5
Fats 0.5

Protein content is the highest in pine nut
and the lowest in hazelnut. The protein
quality of dry nuts is not very high. Che-
mical score ranges from 0.38 to 0.54 and
the limiting aminoacid is lysine. Predomi-
nant aminoacids are glutamic acid, argini-
ne and aspartic acid.The quantity of avai-
lable carbohydrates is rather low but die-
tary fibre is relevant with the highest va-
lue in almond and the lowest in pine nut.
Dietary fibre is mainly  insoluble. Table 2
shows the fatty acid content of dry nuts
grown in Italy. The oleic acid content is
the highest in hazelnut and the lowest in
walnut. Linoleic acid content is highest in
walnut and lowest in hazelnut. Linolenic
acid content is rather high only in walnut.
Accordingly the P/S ratio is the highest in
walnut and the lowest in hazelnut. It is in-
teresting to note that the fatty acid profile
of hazelnut is very similar to that of olive
oil, the typical oil of the Mediterranean ba-
sin. In both tables the mean values of the
cultivars of almonds and walnuts are re-
ported, but the coefficient of variability
among cultivars in some cases is rather
high, as shown in Table 3.

Table 4 shows the micronutrient content
of Italian dry nuts. Minerals and trace ele-
ments are present in relevant amount as
well as thiamin. Particularly rich in vita-
min E  are almonds and hazelnuts.

The nutrient content of Italian oily dry
nuts is in general not very different from
the values obtained from nuts produced
in other countries. But in some cases the
difference is rather large; this can be due
to the high coefficient of variability among
cultivars, as previously shown. This rises
a great concern on the correct use of food
composition tables, in which only mean va-
lues are reported. A better approach is to
consider  the mean with its deviation.

According to the USDA Nutrient Databa-
se tree nuts contain reasonable amount
of phytosterols, in particular beta-sitoste-
rol, which mainly competes with the ab-
sorption of food cholesterol. Pistachio is
richest in beta-sitosterol (199 mg/100 g),
followed by almond (111 mg/100 g), ha-
zelnut (89 mg/100 g) and walnut (64 mg/
100 g). According to Alary (ISF, 1997) po-

lyphenols are present in the walnut  ker-
nel in large amount (500 mg/100 g) and in
an enormous quantity (4500 mg/100 g) in
the kernel’s cuticle. However the types of
polyphenols are not specified. This may be
an important area of research which needs
particular attention from the Nucis Founda-
tion. In fact, in our Seven Countries Study
we have observed that antioxidant flavo-
noid intake is significantly and inversely as-
sociated with coronary heart disease mor-
tality (Hertog, M.G.L., et al., 1995).

The relevant presence in Mediterranean
dry fruits of oleic, linoleic and linolenic
acid in the lipid fraction with a conse-
quently high P/S ratio, the satisfactory
content of arginine in the protein fraction,
the rather high amount of dietary fibre,
the significant content of some minerals,
trace elements and vitamins, particularly
vitamin E, and the presence of some food
components with antioxidant activity
should be carefully considered for the im-
provement of the well established preven-
tive role of the classical Mediterranean
diet. For a better appreciation of this
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Table 6. Chemical composition of italian chestnut
(amount in 100 g, edible portion)

Water Protein Lipids Sugar Starch Dietary fibre Energy
g g g g g g kcal KJ

Chestnut, fresh 55.8 2.9 1.7 8.9 25.3 4.7 165 688
Chestnut, dry 10.1 6.0 3.4 16.1 41.7 13.8 287 1201
Chestnut, flour 11.4 6.1 3.7 23.6 40.0 14.2 343 1437

Table 7. Micronutrient content of italian chestnut
(amount in 100 g, edible portion)

K Fe Ca P Thiamin Riboflavin Niacin Vit A
mg mg mg mg mg mg mg mg

Chestnut, fresh 395 0.9 30   81 0.08 0.28 1.1 0
Chestnut, dry 738 1.9 56 131 0.2 0.5 2.1 0
Chestnut, flour 847 3.2 50 164 0.2 0.4 1.0 0

Table 8. Production of mediterranean dry fruits in 1999 in some mediterranean
countries (percentage of world production)

World France Greece Italy Portugal Spain Turkey African-Mdt
countries

1000 MT % % % % % % %

Almond 1632 0.3 2.1 7.0 0.7 16.1 2.1 12.0
Hazelnut   807 0.6 0.4 14.7 0.1   3.5 71.9   0
Pistachio   513 0 1.0   1.0 0   4.1   7.8   0.4
Walnut 1209 2.4 1.6   1.5 0.3   0.8   9.9   1.6
Chestnut   482 2.7 2.3 16.2 4.1   4.1 14.5   0

Table 9.
Treenuts availability for human

consumption in some mediterranean
countries, fao food balance sheet,

year 1999

Country Per capita supply
kg/year

France 3.8
Greece 9.9
Italy 6.5
Portugal 4.2
Spain 7.3
Turkey 5.4
Israel 5.5
Lybia, Tunisia 5.6

healthy effect of Mediterranean dry fruits
in a current diet, few changes in the typi-
cal Italian planning guide of 2000 kcal
(8.4 MJ) recently suggested by the Italian
Society of Human Nutrition (4) (Table 5)
are made.

Whole milk and yoghurt are substituted
with low fat milk and low fat yoghurt, the
serving of cheese is reduced to half, the
serving of cured meat is reduced to half,
the serving of fat is reduced to half (mar-
garine is eliminated). Only 20 g daily of
walnuts, e.p., are added. These changes
do not alter the energy content of the
meals, and the following improvements
can be obtained. The Mediterranean Ade-
quacy Index, that we have proposed to
assess how close or far is a diet from a
Reference Mediterranean diet, improves
from 2.9 of the suggested Italian planning
guide to 4.4 of the modified planning gui-
de, coming closer to the proposed Italian
Reference Mediterranean diet value of
7.5. The P/S ratio changes from 0.40 to
0.93, becoming closer to the recommen-
ded value of 1.0. Dietary cholesterol is re-
duced from 276 mg to 233 mg. Dietary fi-
bre increases from 31.1 mg to 32.4 mg.
Minor increases are observed for iron, po-
tassium, thiamin, folate and vitamin E.

Tables 6 and 7 show  the chemical com-
position of Italian floury dry fruits. Carob
has a low protein (3.3%) and lipid (0.7%)
content while the starch (48.9%) and die-
tary fibre (23.1%) content is high. As dry
fruit carobs were used by Cretans during
Mycenean civilization (Stella, L.A., 1965),
but nowadays their main use is as animal
feed and for pharmaceutical and food pro-
ducts. Chestnut has instead, from a nutritio-
nal point of view, a better chemical compo-
sition (Carnovale, E., Marletta, L, 2000).
The nutrient contents of dry chestnut and
chestnut flour are practically the same.
Protein content is not very high, about the
same value as rice. The protein quality is
very good (chemical score 83), the lysine,
methionine and cysteine content is high,
the limiting aminoacid is tryptophane. Al-
though lipid content is at low level, its
quality is very good; oleic acid is prevailing,
followed by linoleic and linolenic acid; the
P/S ratio is about 2. Starch and sugar con-
tents are rather high as also dietary fibre.
As shown in Table 7 mineral and trace ele-
ment contents are rather high, particularly
potassium and iron; thiamin and riboflavin
contents are also interesting. Phytosterols
are present in a reasonable amount, parti-
cularly beta-sitosterol. Content of antioxi-
dant flavonoids is currently unknown.

In a recent study, samples of fresh chest-
nuts and marroni from an area north-east
of Latium region were examined at the
National Institute of Nutrition in Rome
(Cappellini, M., et al., 2000). The values
obtained on starch fractions are interes-
ting. The rapid digestible starch (RDS)
content of the chestnut cultivar is 17.3-
18.4 % and 15.8% in the cultivar marro-
ne. The resistant starch reaches instead
42.2-43.2% of total starch  in both culti-
vars. This represents a positive nutritional
finding.

Mediterranean dry fruits originated very
likely from Asia, spread several centuries
ago into the Mediterranean basin where
they found the best climatic and soil con-
ditions for growing. Accordingly they be-
came part of the traditional diets of the
Mediterranean people  together with ce-
reals, olives,  vegetables and fresh fruits.

The production of Mediterranean dry
fruits in the Mediterranean countries in
1999 according to the FAO Yearbook of
food production (FAO, 2001) is reported
in Table 8. The values in this table should
be considered with approximation, becau-
se there is a great yearly fluctuation due
to several adversities or economic fac-
tors. Spain has the highest production of
almonds followed by African-Mediterra-
nean countries and Italy. Turkey has a
very high production of hazelnuts and the
greatest production of pistachios and wal-
nuts. Italy has the greatest production of
chestnuts followed by Turkey. The pro-
duction of Mediterranean  dry fruits in the
last century was progressively decrea-
sing, but in the last few years thanks to
the efforts of European Union, there is a
marked positive increase. How much of
this high production of Mediterranean dry
fruits is consumed by Mediterranean
people? It is difficult to know that because
Mediterranean dry fruits are not only con-
sumed as such but are used as ingre-
dients in different amounts for many dishes,
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Table 10. Yearly purchase of dry fruits at household and private institutions
in Spain (amount in kg/person/year)

 Year Total Almonds Walnuts Peanuts Hazelnut + Other

1992 2.31 0.52 0.49 0.43 0.87
1993 2.24 0.40 0.48 0.41 0.94
1994 1.85 0.34 0.39 0.39 0.74
1995 1.75 0.30 0.35 0.41 0.68
1996 1.71 0.28 0.31 0.48 0.65
1997 1.73 0.23 0.27 0.49 0.74
1998 1.70 0.30 0.22 0.43 0.76
1999 1.75 0.29 0.25 0.43 0.77
2000 2.59 0.35 0.44 0.44 1.35

cakes, pies, cookies, and as  spread
cream, hazelnut chocolate, nougat, ice
creams. Therefore it may be not easy to
assess in dietary survey the real quantity
of dry fruits in these foods. In addition we
do not know which damage can occur to
the characteristic nutrients or food com-
ponents of dry fruits during heath treat-
ment at industrial or home level, even so
if at industrial level in some cases mild
technologies are used. A rough informa-
tion of intake can be obtained from food
balance sheets. In Table 9 the dry fruit
availability for human consumption in
some Mediterranean countries in 1999
web is reported by FAO. Greece has the
highest availability, followed by Spain and
Italy; all the other countries are at about
the same level of availability. Thanks to
the kind collaboration of the very efficient
Direccion General de Alimentación, Mi-
nisterio de Agricultura, Pesca y Alimenta-
cion of Spain the yearly purchase of the
various dry fruits at household and private
institution levels  from 1992 to 2000 is re-
ported in Table 10. The consumption of
dry fruits in four Spanish population stu-

dies, as reported in Guias Alimentarias
para la Población Española (SENC,
2001) is about at the same level. As ex-
pected, the total values are much lower
than those from food balance sheets, be-
cause dry fruits that are included in food
balance sheets are in general reported in
lower amounts in dietary surveys, as ex-
plained before. In Italy the intake values
from two large scale dietary surveys are
available (Turrini, A. et al., 2001). In
1980-84 survey  the intake of dry fruits
was 2.0 g/day/person and in the 1994-96
survey the value dropped to 1.5 g/day/
person. In the 1994-96 survey only 13%
of about 2000 subjects were the consu-
mers and the highest values were in the
north-east and south regions of Italy. The
data from the Italian Institute of Statistic
cannot be used, because in the item dry
fruits both dry and dried fruits are inclu-
ded and it is very difficult to have the
broken down values.   Also in two Italian
rural cohorts of Seven Countries Study
examined from 1960 to 1991 the con-
sumption of Mediterranean dry fruits is
low. Only a reduced number of subjects

was consuming kernels in small amount
and the consumption is decreasing with
time. This is mainly due to a reduced self-
consumption connected to a more profita-
ble farm production.

Mediterranean dry fruit trees grew in the
Mediterranean basin since prehistoric
time. The first historical mention of al-
monds, pistachios and walnuts is in the
Bible (Genesis). In Egypt almonds were
found in the tomb of Tut-ankh-Amon and
pine nuts, imported from Libya and Leba-
non, in a tomb of twelfth dynasty. Walnuts
became available only in Roman period.
In ancient Greece almonds, chestnuts
and walnuts were commonly consumed.
Athenaeus in his book, the Deipnoso-
phists, describes their uses, according to
previous authors (including Theophras-
tus, author of a book on History of
Plants).

From ancient Greece the production and
consumption of dry  fruits expanded to
ancient Rome. Pliny in his Naturalis His-
toria (Plinius, 1984) describes in various
chapters of XV book the origin and cha-
racteristics of pine nuts, walnuts, hazel-
nuts,  pistachios  and chestnuts. In book
XXIII the medicinal proporties of the abo-
ve dry fruits are reported. Columella in his
De re rustica provides interesting infor-
mations on tree nut cultivation. In
Apicius’s De re coquinaria dry fruits are
used in various recipies. In Middle Ages a
special mention has to be made to chest-
nut consumption. They became staple
food for farmers living in foot hilly areas
of Italy and France. In famine periods
chestnuts were the only food consumed,
fresh, or dry or as flour, for 4-6 months,
because they were easy to obtain, cheap
or at no cost and easy to keep for a long
time. The protective effect of the Mediter-
ranean dry fruits on cardiovascular disea-
ses and probably other chronic diseases
has been carefully examined by many
studies.

Regarding the role of Mediterranean dry
fruits in the context of the Mediterranean
diet,  the following conclusive remarks
can be made. Mediterranean dry fruits
have a chemical composition that fit very
well into the healthy characteristics of a
Reference Mediterranean diet. Mediterra-
nean dry fruits were consumed for a long
time by Mediterranean people and in the
past they became emergency rations for
many Mediterranean subjects in time of
famine. Knowing now their nutritional va-
lue we can understand the reason of that.
In developed Mediterranean societies a
crisis of the Mediterranean diet occurs to-
day associated to an increase of coronary
heart disease and other chronic disease
mortality. Therefore, a reasonable con-
sumption of Mediterranean dry fruits, in

Almond marzipan, a typical Spanish confectionary
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the context of the Mediterranean diet, can
be considered highly advisable for their
protective characteristics.

This work was presented at the 2nd  Con-
ference on Nuts and Health held in Bar-
celona, 2002.
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THE SPANISH WALNUT
SECTOR IN THE WORLD

CONTEXT: A BRIEF OUTLOOK

INTRODUCTION
Walnuts is the third most produced nut
crop in the world after almonds and cas-
hew nuts: 1,246.000 t were produced in
2001, what represents 17% of the total
nut production. Walnuts are subject to in-
tense trade flows, accounting for 13% of
the value traded in 2001, although accor-
dingly to production volumes, trade is lar-
gely inferior to the biggest traded nuts, al-
monds and cashew, but only slightly less
than hazelnuts (FAO, 2002).

The world production of walnuts is spread
over temperate areas in USA, China, Tur-
key, India, and the Southern countries of
Europe. China and USA are the largest
producers, each one accounting for one
fifth of the world walnut production. Inside
the European Union (EU), the largest pro-
ducers are France, Italy and Greece, that
jointly account for half of the EU produc-
tion. The leading export country is USA,
that represents 58% of the value of world
walnuts exports, followed by France
(19%), China and India (around 16%)
(FAO, 2002). In terms of imports, Spain
and Germany rank first, accounting for
12% of total value traded.

Walnuts, as other tree-nuts, are part of
the traditional Mediterranean diet and are
consumed either as a snack or as an in-
gredient of dishes, desserts and used as
input in the confectionary industry. Al-
though more than 20 species exist in the
genus Juglans, the most important com-
mercially is the Persian walnut.

In this work, we will review some basic
aspects of the walnut sector in Spain,
whose main characteristic is the fact of
being one of the biggest importer coun-
tries in the world.

PRODUCTION
Spain is an important producer of tree-
nuts at a world level, accounting for 4,4%
of world production in 2001 (FAO, 2002).
However, the relative weight of walnuts
production is very low. Spain produced
10,000 t in 2001, what represents only
0,8 % and 8% of the world and EU pro-
duction, respectively. Walnuts production
represents around 3% of the total of Spa-
nish tree-nuts production while it occu-
pies less than 1% of their cultivated area
(MAPA, 2002). In the last 15 years, this
percentage has been quite steady, expe-
riencing only a slight increase.

Since 1985, the quantity of walnuts pro-
duced has increased by 18.6%, mainly
due to the spread of the cultivated area,
that has passed from 1.261 ha to 2.551
ha in this period (Figure 1). Although the
general trend of the quantity produced is
to increase, there are very sharp fluctua-
tions, due partly to weather and sanitary
conditions, and partly to the fact that most
of the production (65%) comes from scat-
tered trees and not from regular orchards,
what makes that some years, not only the
quantity but also the quality of the product
is negatively affected (MERCASA, 2002).

The processing and marketing sector of
tree-nuts gather 90 firms. The five largest
companies account for 40% of the market
share, while the remaining are medium
and small firms, that sell their products
mostly in regional or local markets (ALI-
MARKET, 2002). There is still a large pro-
portion of the final products sold in bulk,
what limits the differentiation strategies.

The industry, leaded by the largest com-
panies, is carrying out continuous innova-
tions in the products, through the launch of
new brands, the use of new formats, con-
tents and mixture of flavours, with the aim
of preserving their competitive position in
the market and adding value to the product,
trying to reach different market segments
and to match new consumption needs.

Figure 1. Evolution of the area harvested and production of walnuts in Spain

Source: MAPA (2002) and FAO (2002)



12 FAO-CIHEAM - Nucis-Newsletter, Number 11  December 2002

year

Im
p

o
rt

s 
(t

)

1.200

1.000

800

600

400

200

0

25.000

23.000

21.000

19.000

17.000

15.000

13.000

11.000

9.000

7.000

5.000

Exports

Imports

85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01

E
xp

o
rt

s 
(t

)

Imports 2001: $ 49.8 million
Exports 2001: $ 2.6 million

CONSUMPTION AND TRADE
Consumption per capita of nuts from
trees has increased in the last years in
Spain, and walnut has shared this trend.
In 2001, tree-nuts consumption was 2,81
kg per person (MERCASA, 2002), from
which walnuts amounted to 0,520 kg
(MAPA, 2002b). The final consumer
mainly consumes walnuts in-shell (75%)
and at home (93%, MAPAb, 2002).

Spain has become a net importer of nuts
in the last years. Apart from almonds and
chestnuts, where the balance of trade is
positive, both in volume and value, for
the rest of tree-nuts the imports exceed
the exports. Nevertheless, the main flows
of trade affect almonds, which account
for 92% of the total value of Spanish tree-
nuts exports and 45% of the imports.
Walnuts rank second with respect to im-
ports, accounting for 26% of the Spanish
imports and followed by pistachios (20%)
(FAO, 2002).

Since 1985, imports of walnuts in Spain
follow an upward trend, but, the rate of

Figure 2. Evolution of walnuts trade in Spain (t)

Source: FAO (2002)

growth has intensified in the last years,
reaching a maximum of 23579 t in 2000
(Figure 2). The volume of exports, al-
though rising in the last 15 years, is al-
most negligible in comparison with the
volume of imports. Imports come mainly
from USA (71%) France (16%) and India
(7%), while the main destination of exports
is Portugal (45%) (D.G.A./ICEX, 2002).

CONCLUSIONS
In Spain, the production of walnuts is low
in comparison with other tree-nuts, and
also insufficient to satisfy domestic con-
sumption, what has made of Spain a net
importer. Likewise, this situation makes
the domestic producers to compete with
imports, especially from USA and France.

Nuts possess some characteristics that
may trigger demand in the current context
of consumer preferences for food. First,
they are considered healthy, what mat-
ches the consumers concerns about nutri-
tion and the effect of food on their health;
second, they have been traditionally part
of the Mediterranean diet, and in this sen-

se, new segments of consumers, attrac-
ted by symbolic aspects of food such as
tradition, might find nuts appealing; and
third, new food consumption habits linked
to working constrains, enhances the de-
mand for convenience and quick con-
sumption food, what makes nuts an at-
tractive option.

Walnuts can benefit for this general trend
of consumer preferences towards nuts.
Nevertheless, in future, walnuts might
compete with new nuts species for the
Spanish market, such as macadamia and
pecan, close in taste and properties.

NOTE OF THE EDITOR
The Editor acknowledges the careful revi-
sion of the article made by A. Ninot and is
thankful for providing the following data.
The Spanish walnut producing surface
has increased from 1.200 ha to 4.000 ha
in the last 18 years. In the year 2001 the
Spanish growing surface was estimated
around 4.000 ha being mostly irrigated,
1.000 ha of orchards planted in Catalonia
and the main 3.000 ha distributed in six
different producing regions (Andalusia,
Aragón, C. Valenciana, Castilla-La Man-
cha, Extremadura and Murcia). Half of
the total acreage was already cropping in
2001 with a production of about 4.000 t of
walnuts. To this production, some 10.000 t
coming from scattered walnut trees
should be added. The total Spanish wal-
nut production accounts for 14.000 t an-
nually showing an increasing trend.
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CASHEW IN THE
INTERNATIONAL EDIBLE

NUT TRADE

INTRODUCTION
Cashew is one of the major edible nuts in
the international edible nut market. Howe-
ver, the first intergovernmental meeting of
FAO that deals with tropical fruits and
nuts describes cashew as an orphaned
commodity due to the lack of work in the
international level on this crop. The study
of the cashew as a major contributor to
the edible nut group of commodities tra-
ded worldwide assumes importance with
the development of trade in edible nuts.
There is a trend towards a greater con-
sumption of edible nuts due to the gaining
of nutrition /health as major dimensions of
quality of life. Melville (1947) had noted a
correlation in nutritive values of edible nuts
between species within a genus or family.

WHAT ARE EDIBLE NUTS?
Menninger (1977) provides the widest de-
finition where a nut is defined “as any
hard-shelled fruit or seed of which the
kernel is eaten by mankind”. This defini-
tion is so broad that even grasses and a
number of herb species have been inclu-
ded, the former are generally regarded as
cereals while the latter would be more
appropriately listed under edible seeds.
With the exception of Verheij and Coronel
(1991), most authors have accepted the
popular or everyday use of the term “nut”,
including its conservative use by Howes
(1948) to include “any seed or fruit con-
sisting of an edible, usually oleaginous
kernel, surrounded by a hard or brittle
shell”. Howes (1948), Menninger (1977)
and Rosengarten (1984) all made their
own interpretation as what to include or
exclude as an edible nut. Verheij and Co-
ronel (1991) declare “it is not possible to
define the edible fruits and nuts in such a
way that clearly sets them apart from spe-
cies in other commodity groups”. In the
context of this article edible nuts include
all the nuts, primarily table nuts, listed as
edible nuts by the FAO as part of the
FAOSTAT database.

MAJOR EDIBLE NUTS
There are twelve major edible nuts that
are marketed commercially (Woodroof,
1979; Rosengarten, 1984). They are:

Almonds
Prunus dulcis, Rosaceae

Brazil nuts
Bertholletia excelsa, Lecythidaceae

Chestnuts
Castanea spp., Fagaceae

Cashew nuts
Anacardium occidentale, Anacardiaceae

Coconuts
Cocos nucifera, Palmae

Filberts (Hazelnuts)
Corylus avellana, Betulaceae

Macadamia nuts
Macadamia integrifolia, Proteaceae

Peanuts or groundnuts
Arachis hypogea, Leguminosae

Pecans
Carya illinoinensis, Juglandaceae

Persian walnuts
Juglans regia, Juglandaceae

Pistachios
Pistacia vera, Anacardiaceae

Sunflower seeds
Helianthus annuus, Compositae

Among the nuts listed above, sunflower
seeds, coconuts and groundnuts are
used both for edible oil extraction as well
as table nuts. All other nuts are edible
treenuts and mostly used as table nuts. In
addition hazelnuts are included for com-
parison in the study.

Before comparing international trade
across the various nuts with respect to
cashew, a brief introduction to the crop
would serve as a good background

Cashew nut: Anacardium occidentale,
Anacardiaceae

DISTRIBUTION AND ECOLOGY
Cashew is a native of tropical America,
probably originating in equatorial north-
eastern Brazil. Widely cultivated in the
tropics with commercial production con-
centrated in India, Brazil and East Africa.
The recent developments in the increase
in area of cultivation is in Vietnam.  It oc-
curs in warm and humid climates with
1.000-2.000 mm of annual rainfall, from
sea level to 1.000 m altitude (FAO, 1982;
ITC, 1993).

DESCRIPTION
Cashew is an evergreen shrub or tree up
to 15 m tall; leaves simple, oblong-ovate,
6-20 cm x 4-15 cm, leathery. The inflores-
cence is polygamous, with. 60 herma-
phrodite and 10 male flowers. Pedicel
and receptacle swollen and fleshy in fruit
(cashew apple), thin-skinned, bright yel-
low, red or scarlet, eventually larger than
fruit, 10-20 cm x 4-4 cm. Fruit obliquely
kidney-shaped, 2-3 cm x 1.5-2.5 cm,
compressed, greyish-brown; mesocarp
oleaginous; seeds kidney-shaped with
thick cotyledons (Purseglove, 1987;
Kokwaro, 1986).

CULTIVATION
Fast growing, drought-resistant and easy
to grow under cultivation by direct see-
ding of germinated seeds - seedlings do
not transplant readily. Well-drained fria-

ble soils at low altitudes recommended,
frost-free with an annual rainfall of 1 000-
3 000 mm, preferably with a pronounced
dry season of 3-4 months. Cashews can
also be grown satisfactorily in semi-arid
areas but can show erratic production as
a result of relative small variations in
rainfall. Trees with a productive life span
of 30-40 years, normally bearing in fruit in
third or fourth year and, under favourable
conditions, attaining maximum produc-
tion at 7 years. The effectiveness of in-
sect pollination is variable, for example, it
is satisfactory in Tanzania, however artifi-
cial pollination required in India. Fruits
mature in 2-3 months (Menninger, 1977;
FAO, 1982; Rosengarten, 1984; Purse-
glove, 1987; ITC, 1993).

HARVESTING
Fruits are harvested when fully ripe. In
Tanzania, the nuts are collected after fal-
ling to the ground. In dry weather they
can be left on the ground until the apple
dries but should be collected daily in wet
weather. The nuts are then removed from
the apples and dried (Rosengarten,
1987).

POST-HARVEST TREATMENTS
After drying and roasting the kernels are
separated from the shells and graded.
Care must be taken when shelling to
avoid the caustic juice that squirts out on
roasting. Shelling is usually done
manually in India, elsewhere mechanical
processing has been introduced. Cashew
kernels are stored in vacuum packed,
hermetically sealed tins where cashews
remain stable at room temperatures; un-
der refrigeration a shelf life of one year
(Menninger, 1977; Matz, 1984; Rosen-
garten, 1984; ITC, 1993).

PRODUCTION AND CONSUMPTION/
UTILIZATION
Approximately 60% of cashew kernels
are marketed as salted nuts; they are
also used in confectionery and bakery
products. Un-shelled, un-roasted cashew
nuts should not be eaten (Rosengarten,
1984).

NUTRITIONAL VALUE
Cashew nuts contain approximately
12.8% protein, 46.7% digestible fat or oil
and 18% carbohydrates (Melville, 1946);
vitamin content is high (Menninger,
1977).

BY-PRODUCTS AND OTHER USES
Seeds yield an edible oil but, due to the
high value of the kernels, this is not usually
extracted. The shells or pericarp yield
cashew nut shell liquid (CNSL), which
contains toxic cardol and anacardic acid
and acts as a vesicant. CNSL has high
polymerizing and friction-reducing pro-
perties and is used as a waterproofing
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agent and preservative. Distilled and po-
lymerized, the oil is also used in insula-
ting varnishes and in the manufacture of
typewriter rolls, oil- and acid-proof ce-
ments and tiles, friction-modifying mate-
rial for brake linings, as a component of
space-rocket lubricants, inks, etc. It is
also used in tropical medicine for treating
scurvy, leprous sores, warts, ringworms,
etc. (Menninger, 1977; Rosengarten,
1984; Purseglove, 1987).

Figure 1. Quantity (t) of various edible nuts exported

Fig 2 Comparison of average unit value (exports $/kg) of various edible nuts

The cashew apple (swollen pedicel) is jui-
cy, astringent and edible; the juice may
be drunk fresh or fermented for wine; the
pulp may be made into preserves, jellies,
syrups, etc., or, in Brazil, fermented into
wine resembling Madeira. With the em-
phasis on nut production about 95% of
the world cashew apple crop is allowed to
rot. The sap from the bark provides an in-
delible ink. Timber is used for construc-
tion and general carpentry but subject to

termite attack; also used for firewood and
charcoal. Grown as a shade tree, hedges
and for dune stabilization. Flowers are at-
tractive to honey bees (FAO, 1982; Ro-
sengarten, 1984; Purseglove, 1987).

STUDY
The purpose of this article is to highlight
the differences in the trade at world level
for cashew kernels as compared to other
edible nuts. The FAO STAT database
was used to obtain worldwide trade data
of edible nuts. The total exports and im-
ports of major edible nuts were analysed
in terms of their growth in value, volume
and average unit value and inferences
made. The other nuts with which cashew
was compared are almonds, brazilnuts,
hazelnuts, and walnuts.

The following figure gives an idea of the
increase in the quantity of exports of each
of these edible nuts

It can be observed from the Figure1 that
there has been a substantial rise in the
quantity of cashew traded as compared to
other nuts and it has been on the increa-
sing mode. Almond is the leading edible
nut in terms of the quantity exported.
Walnut and brazilnut enjoy a ver small
share of the total edible nuts market. The
graph clearly gives the picture of how in-
creases in quantities have taken place in
the 1970’s. In the case of almonds as
well as hazelnuts there have been expo-
nential increase in the quantities expor-
ted. However for cashews there was a
major slide after 1976, which resulted in a
major drop in the quantity exported close
to 1978 when all the producing countries
faced problems due to pests and disea-
ses. After 1991 there has been a signifi-
cant decrease in hazelnut exports and a
significant increase in cashew exports.
There are clear inter year variations
within the five years (see the fluctuation
within the grid lines) the trends for all the
nuts show an increase in the quantity ex-
ported

Figure 2 shows that cashew enjoys the
status of a premium edible nut as compa-
red to all other edible nuts traded interna-
tionally. This is inspite of the fact that
most of cashew is still sold in the generic
form in the international market. Till the
mid seventies the average unit value rea-
lisation of all the nuts were almost closer
and also increased similarly except for al-
mond which was the premium nut at that
time. The level of fluctuation in average
unit value (AUV) was also not that high.
However after 1976, there is a huge fluc-
tuation in the prices every year. After the
decrease in the total exports of cashew
kernels close to the 1980’s the AUV of
cashew kernels have increased owing to
the low volumes. However, even with the
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increased volume of cashew kernels the
prices have remained to be high for cashew
in the international market.

The increase in the AUV even with the in-
crease in quantity of cashew kernels tra-
ded in the international market can be at-
tributed only to demand. The per capita
consumption of edible nuts in general and
cashew kernels in particular have increa-
sed to more than offset the fall in the in-
ternational process of these commodities
due to increase in supply. These repre-
sent a set of agricultural products that
have defied the logic of commodities lo-
sing prices in the international context as
trade expands and the market and supply
increases.

An analysis of the compounded annual avera-
ge growth rates of imports and exports of
the various edible nuts is given below.

Among the various nuts (on which the
analysis of this article concentrates) it is
clear that the average unit value reali-
sation for export of cashew is the highest.
Moreover, the growth rate for the quantity
of imports of cashew is the highest. This
together proves that inspite of the increa-
se in the total market for cashew kernels
in the edible nut market it still is reckoned
as a premium edible nut.

It is interesting to observe that all the nuts
have grown simultaneously in the last
three decades in terms of quantity and
value. This product category in the inter-
national context has not faced substitu-
tion resulting in the dominance of one
type of nut compared to others.

CONCLUSION
This work was conducted to study the po-
sition of cashew kernels in the internatio-
nal edible nut trade. It has been establi-
shed that it is the reigning premium edible
nut with the highest average unit value
realisation among all the edible nuts ex-
ported. Moreover this has occurred in the
context of increase in the quantity as well
as the value of all the edible nuts compa-
red. The study shows the scope for ca-
shew even as a generic commodity to
perform in the international edible nut
market. This study has implications for In-

dia as it is the largest exporter of cashew
kernels to exploit its position in the inter-
national cashew kernel market. Cashew
can contribute further to the foreign ex-
change earnings of India by sustaining
and expanding demand for cashew ker-
nels in the world.
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Edible nut Export CAGR 1961-1999 Imports CAGR 1961-1999

Qtty Value AUV Qtty Value AUV

Cashew 3 8 5 7 10 3
Almond 3 7 3 4 7 3
Brazilnut 3 5 3 3 6 3
Hazelnut 3 6 3 4 7 3
Walnut 7 10 3 5 8 3

Qtt = quantity
AUV = Average Unit Value

BIOTECHNOLOGY
FOR ALMOND IMPROVEMENT

IN AUSTRALIA

The Australian almond industry is a well-
organised agricultural enterprise, with
many businesses now in their third or
fourth generation.  There has been a
steady increase in production over the
last 20 years, and the output is now
around 8,800 tonnes of kernel annually,
with an expected increase of 13% p.a.
into the future.  The current level of pro-
duction is sufficient to satisfy the demand
by Australian consumers, but, for the pro-
jected increase to be profitable, the in-
dustry will need to establish significant
export markets.

ALMOND BREEDING
The almond breeding programme is ba-
sed on the development of new improved
varieties to maintain a competitive edge
on both local and overseas markets.
Adapted Australian cultivars such as
‘Keane’s’, ‘Somerton’, ‘McKinlay’s Magni-
ficent’, ‘Johnston’s Prolific’, and ‘Chellas-
ton’ are descended from two breeding li-
nes: the first from hard-shelled Spanish
almond types, the second from predomi-
nantly soft-shelled Californian cultivars
including ‘Nonpareil’, ‘Ne Plus Ultra’, and
‘IXL’. These local cultivars are crossed
with imported cultivars, such as ‘Ferrag-
nès’, ‘Marcona’, and ‘Lauranne’, to intro-
duce self-fertility, to increase kernel yield
and quality, and to develop pest and di-
sease tolerance.  The programme has
produced nearly 8,000 seedlings for eva-
luation since 1997, crossing up to 27 dif-
ferent varieties in one season (Wirthenso-
hn and Sedgley, 2002).  The first stage of
evaluation is based on assessing nut cha-
racteristics such as kernel weight, %
doubles, kernel appearance and taste.
Selected progeny will proceed to secon-
dary evaluation where they are propaga-
ted onto rootstock and planted at com-
mercial spacings to assess production
and other tree characteristics.

MAPPING THE ALMOND GENOME TO
IDENTIFY MOLECULAR MARKERS
LINKED TO AGRONOMIC TRAITS
An almond genome map is being cons-
tructed by Davina Gregory using the F1
progeny from a cross between ‘Nonpareil’
and ‘Lauranne’.  ‘Nonpareil’ is the major
cultivar grown in Australia, and ‘Lauran-
ne’ is a French cultivar that is self-fertile.
The project interfaces closely with the in-
ternational Prunus mapping programme,
run by P. Arús at the Institut de Recerca i
Tecnologia Agroalimentàries at Cabrils in
Spain. The map will consist of RAPD,
ISSR, and microsatellite markers, which
will be linked to the important traits of
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self-fertility, shell hardness, bloom time,
double kernels, nut size, and disease to-
lerance.  In addition, a technique for iden-
tifying the alleles that control self-fertility,
based on the difference in size and se-
quence of the introns, has been develo-
ped (Channuntapipat et al., 2001, 2002).
This technique has made it possible to
evaluate the self-incompatibility status of
almonds at their seedling stage.

MOLECULAR CHARACTERISATION OF
THE SELF-COMPATIBILITY ALLELE SF
The genomic sequence of the Sf allele
from almond has been analysed and con-
tains two introns. The full-length cDNA
has been sequenced by Katharine Malo-
ne with a view to future transformation for
self-fertility.

TISSUE CULTURE AND TRANSFOR-
MATION OF ALMONDS
Most commercial almonds are not self-
fertile, and growers need to plant about
half of their orchards to pollinise cultivars
that fetch a lower price on the market.
The major aim for transformation of al-
mond is to produce a self-fertile genotype
of ‘Nonpareil’.  This could be achieved by
conventional breeding techniques, but
many years of testing and back-crossing
would be needed to ensure that the cha-
racteristics of ‘Nonpareil’ were not lost.
Transformation offers the possibility of
achieving this goal in much less time.  So
far, the programme has achieved stable
integration of reporter genes into callus
tissue, and the next step will be to achie-
ve regeneration of shoots and roots
(Ainsley et al., 2001).  In addition to self-
fertility, the aims of this programme include
resistance to viruses and other diseases.

ANTHRACNOSE DISEASE
OF ALMOND
This disease is caused by Colletotrichum

acutatum.  The main symptoms of an-
thracnose include twig dieback, yellowing
and necrosis of leaf edges, and shriveled,
tan-coloured fruit that remain attached to
the tree as ‘mummies’. Suzanne Colma-
gro and Eileen Scott aim to identify how
the fungus survives through the winter
period when the trees are dormant, the
disease cycle of the fungus, areas where
the disease is most prevalent, and both
the morphological and genetic variation
that occurs between different isolates.
The disease occurs in other countries,
and a collaborative programme is being
set up with a laboratory in Israel.  Infor-
mation from these studies will contribute
towards the development of a predictive
model for anthracnose to assist with deve-
loping methods for disease management.

CRYOPRESERVATION OF ALMOND
SHOOTS
It is important for plant breeders to have
access to a wide gene pool, but for bree-
ders of tree crops, the space required by
the trees becomes a limiting resource.
Cryopreservation by storage of plant tis-
sue under liquid nitrogen at -196°C is an
ideal method for the long-term storage of
germplasm, and an efficient and success-
ful method has been developed for al-
mond (Channuntapipat et al., 2000).
Shoot tips have been stored for up to two
years in this manner, and plants that were
regenerated from thawed shoots showed
almost no loss of viability compared to
the initial cultures.

VIROLOGY
Part of the overall programme is to routi-
nely screen for Prunus necrotic ringspot
virus (PNRSV) and prune dwarf virus
(PDV) on the breeding parents and selec-
ted progeny as well as the industry bud-
wood repository. These two viruses are
currently the most important in Australia.

Molecular techniques involving primers
designed in our laboratory for these two
viruses and RT-PCR are used. A number
of cultivars in Australia have tested positi-
ve to PNRSV and PDV, and undergone
heat therapy to eliminate the viruses. In
the future we will also be testing for plum
pox virus (PPV) on all imported material
as the virus is not present in Australia.

THE FUTURE
Hybridizations will continue using Austra-
lian cultivars crossed to superior imported
cultivars. Selected progeny will be evalua-
ted at several sites during second stage
trials. Results from the work on S alleles
will be used to identify the incompatibility
groupings of all Australian almond culti-
vars and selected progeny from the bree-
ding programme. The long term aim is to
establish a comprehensive breeding pro-
gramme combining hybridization and mo-
lecular approaches, and encompassing
transformation and marker-aided selec-
tion as routine tools.
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THE RELATIONSHIP
OF Prunus webbii

AND ALMOND REVISITED

INTRODUCTION
Some controversies have arisen about
species identity and self-compatibility in
the wild almond P. webbii (Spach) Vierh.
Ladizinsky (1999) shook the almond
world with some statements that were in-
correct from the point of view of the re-
searchers present at the successive
GREMPA colloquia. Godini (2000) alrea-
dy pointed out some evident mistakes re-
lated to P. webbii in the Italian region of
Puglia, and I fully agree with Godini’s sta-
tements. Now I would like to make some
comments on three aspects of
Ladizinsky’s paper which, in my opinion,
need a further approach and a deeper
knowledge of the different almond spe-
cies. These refer to the almond origin, to
the presence of self-compatibility in P.
webbii, and to the identity of the different
almond species.

ALMOND ORIGIN
Although Ladinzinky’s conclusion is that
A. fenzliana is the most plausible ances-

tor of almond, the situation is complicated
by the introgression of the different wild
almond species and the full crossability of
most of them, as well as by the considera-
tion as feral or true wild for some almond
groves found in Central Asia (Popov et
al., 1929), where many different wild spe-
cies have been described (Browicz and
Zohary, 1996; Denisov, 1988; Grasselly,
1976). In my opinion (Socias i Company,
1998a), almond origin must take into ac-
count the contributions of many resear-
chers who have looked attentively at the dif-
ferent almond species and at their traits.

Almond was probably domesticated du-
ring the third millennium BC (Spiegel-Roy,
1986). It has been suggested that domes-
tication could have taken place in Central
Asia (Kovalyov and Kostina, 1935) with P.
fenzliana Fritsch., P. bucharica (Korsh.)
Fedtsch., P. kuramica (Korsh.) Kitam. and
P. triloba Lindl. probably involved in va-
rious hybridisations giving rise to the cu-
rrent almond cultivars (Grasselly and
Crossa-Raynaud, 1980; Kester et al.,
1990). Furthermore, as almond cultivars
moved towards the Mediterranean, new
hybridisations might have occurred, espe-
cially with the wild Mediterranean species
P. webbii (Godini, 1979; Socias i Com-

pany, 1990), resulting in some of the al-
mond populations found along the north-
ern shore of the Mediterranean sea from
Greece and the Balkans to Spain and
Portugal. Godini (2000) points out some
morphological similarities between P. we-
bbi and some cultivars from Puglia as a
support for this hypothesis.

Almond was presumably introduced into
the Mediterranean area through seeds
carried by caravans crossing the Central
Asian steppes on their way from China to
the West. This way of dispersal has also
been suggested for other fruit trees (Juni-
per et al., 1999) and would work in both
directions. Gustafson et al. (1988) repor-
ted that the primary sources of almond at
Kasgar, Xinjiang (China) were old se-
edling trees which had originated from
Central Asia across the Tian Shan moun-
tains. Kashgar is on the old Silk Road
connecting China and the West.

SELF-COMPATIBILITY
Special attention was paid to the study of
self-compatibility in several forms of the
Spanish population of P. webbii found in
Central Spain (Felipe and Socias i Com-
pany, 1977) due to its importance in al-
mond (Socias i Company, 1990). Most of

Flowers of a selected seedling from the cross 'Primorskiy' x 'Lauranne'
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them were self-compatible according to
their pollen tube growth, showing that this
trait is variable, as well as some morpho-
logical traits observed in the populations
scattered over the region examined (So-
cias i Company and Felipe, 1988). Other
studies on cross-compatibility were also
carried out, showing that all the forms
examined were cross-compatible with
each other, as well with cultivated al-
mond. A special case is worth mentio-
ning: a self-compatible form, as shown by
the pollen tube growth, has all sterile flo-
wers, with such a reduced ovary that the
pistil hardly had any thickening at the
base. Pollen, however, was fully viable,
as shown by its tube growth in its own
and also in other pistils.

Although Ladizinsky (1999) stated that
self-compatibility was not found in P.
webbii, Warfield (1968) had already stu-
died a Yugoslavian population of P. web-
bii in California, showing again its self-
compatibility and cross-compatibility with
almond. P. webbii self-compatibility had
also been suggested by Godini (1979) as
a possible origin of self-compatibility in
the almond population of Puglia. For this
reason, a form from the Spanish popula-
tion of P. webbii was crossed as pollen
parent with ‘Tuono’, the well known self-
compatible cultivar from Puglia. From this
cross, 36 seedlings were studied for their

self-compatibility. From those, 28 were
self-compatible, four self-incompatible
and four partially self-compatible. Follo-
wing the criterion of Socias i Company
(1984), the latter four were considered
non self-compatible, giving a total amount
of eight non self-compatible.

‘Tuono’ is heterozygous for self-compati-
bility (Socias i Company and Felipe,
1982) with a genotype S1Sf (Crossa-Ray-
naud and Grasselly, 1985), with Sf  domi-
nant over the S alleles of the self-incom-
patibility locus, according to the gameto-
phytic self-incompatibility system in
plants (Lewis and Crowe, 1958). As the S
locus is allelic in closely related species
(Pandey, 1968) and self-incompatible
seedlings appear in this cross, this form
of P. webbii must also be heterozygous
for Sf..  According to this hypothesis, the
proportion of 28 to 8 self-compatible to
non self-compatible seedlings agrees
with the expected ratio of 3:1 with a P $
0.95 with the ÷2 analysis.
This implies that this form of P. webbii is
probably of hybrid origin as being hetero-
zygous for Sf, though P. webbii in origin
must be self-compatible to give rise to
this predominantly self-compatible popu-
lation. This possibly has been the evolu-
tion of the almond population of Puglia as
suggested by Godini (1979), where all the
self-compatible almond cultivars identi-

fied (Godini, 2002) have been shown to
be heterozygous (Bo√koviæ et al., 1999).
The overlap of the distribution of P. web-
bii and the presence of self-compatible al-
mond cultivars (Socias i Company, 1990)
supports again the hypothesis of trans-
mission of self-compatibility from P. web-
bii to almond.

SPECIES IDENTITY
Although Ladizinsky (1999) concluded
that P. webbii is a derived form and not a
genuine wild type, my impression, based
on my own observations in several origi-
nal sites and the wild species collection of
Zaragoza (Felipe, 1984) and not on refe-
rences, is that it deserves a separate
identity from the cultivated almond.
However, as already mentioned, there is
a wide cross-compatibility among the dif-
ferent almond species, thus reinforcing
the opinion that Amygdalus must be con-
sidered a subgenus in itself and not a full
range genus, due to the fact that Lin-
naeus had established restricted genera
for the mostly European, well known spe-
cies with common names, whereas the
least known species were grouped in
wide genera (Socias i Company, 1998b).
Thus, the stone fruits were classified in
five different genera, a division that is
probably too specified and deserves to be
classified as a single genus with different
subgenera (Rehder, 1940).

Bee pollination of 'Glorieta's flowers
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The Spanish population of P. webbii is
found over several slopes of granitic ori-
gin, in apparently fully natural conditions,
scattered with bushes and trees up to 4-5
m high. Besides the most homogeneous
population between the towns of Mora de
Toledo and Tembleque, close to the river
Algodor, many other populations were
found in other locations, both on hills and
shores of other rivers and non permanent
water courses, and also at roadsides. In
these cases, the shrubs were probably
from natural dissemination by water, but
in some cases also by man, as they have
also been found close to olive orchards,
where they have been seeded to grow as
fences between fields due to their thorni-
ness. These populations are much more
heterogeneous, and it is possible to find a
great variation of forms, from some close-
ly resembling the cultivated almond, and
others, the wild type. Some local commu-
nicants have reported that some of these
populations have disappeared because of
people from the nearby villages removing
wood for fire.

The fruits collected from several popula-
tions were all bitter and variable in size.
The largest ones were even locally mar-
keted and in some cases used to produce
seedling rootstocks for almond, as also
occurred with the population of Macedo-
nia (Vlasiæ, 1977).

The range of variation found in these po-
pulations points to the possibility that
most of them are not pure populations of
P. webbii, but produced by hybridisation
with the cultivated almond, which is
grown in several places close to where
the wild populations are found, but with
no possibility to consider the most pure
stands as scapes from P. amygdalus
Batsch. Repeated hybridisations, as
could have happened in Puglia, to one
species or to the other have produced
this wide range of variation, maintaining
however some typical traits of the wild
type, as the branching habit, leaf size,
and bitter kernels.

CONCLUSION
The Spanish population of P. webbii se-
ems to be a hybrid pool as shown by the
morphological variability found and by the
heterozygous condition for self-compati-
bility of some forms. However, the intro-
gression of cultivated almond into this po-
pulation must be small, as the general
traits of the different populations fit quite
well with the description of the wild spe-
cies. Only for fruit size there is some de-
viation, as some forms have larger fruits
than usual for P. webbii.

Self-compatibility in this species seems to
be identical with that found in cultivated
almond, as shown by the study of its

transmission in hybrids of both species.
This reinforces the hypothesis that self-
compatibility in almond might have arisen
by hybridisation with P. webbii, thus
stressing the contribution of P. webbi to
the origin of some almond cultivars.
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MOLECULAR CHARACTERIZA-
TION OF MULTIPLE EMBRYOS

IN ALMOND USING SIMPLE
SEQUENCE REPEAT (SSR)

MARKERS

INTRODUCTION
In almond [Prunus dulcis (Mill.) D.A.
Webb], the appearance of multiple em-
bryos within the same seedcoat has been
described in seeds from different Califor-
nian cultivars including ‘Nonpareil’, ‘Pri-
ce’, ‘Sonora’, ‘Jiml’, ‘Carmel’, ‘Johlyn’ and
‘Mission’ (Kester and Gradziel, 1996; Mi-
cke et al., 1996-2001). The percentage of
polyembryonic seeds varies greatly and
is strongly influenced by environmental
conditions (Micke et al., 1996-2001). Se-
edlings from the same polyembryonic
seed are frequently viable, though often
one of the seedlings shows weak growth
and develops poorly. The characteriza-
tion of these dwarf seedlings has been re-
ported by observation of different pheno-
typic characteristics (less vigour, defor-
mation of leaves, etc.) and chromosome
staining in root tips, indicating an haploid
level of these genotypes (Gulcan, 1975).
On the other hand, Martínez-Gómez et al.
(2003) using isozyme analysis, Simple
Sequence Repeat (SSR) markers, and
mitotic karyotype studies in polyembryo-
nic seeds from the cultivar ‘Nonpareil’,
showed that the dwarf seedlings studied
appeared to be aneuploids.

In Citrus species the origin of these multi-
ple embryos has been mainly described
as apomictic (maternally derived em-
bryos), and, in some cases, sexual (deve-
lopment and fertilization of one or more
embryo sacs) (Cameron and Garber,
1968; Koltunow et al., 1996). In addition,
in almond, Martínez-Gómez et al. (2003)
suggested a sexual origin with a process
of budding of a secondary embryo from
the primary embryo resulted from a nor-
mal fertilization of ovules.

In order to clarify the genetic nature of the
multiple embryos and their origin in al-
mond, molecular characterization of mul-
tiple embryos from polyembryonic seeds
in the Californian cultivar ‘Nonpareil’ and
the two Spanish selections ‘D97396’ and
‘D97407’ has been performed using 6
Simple Sequence Repeat (SSR) markers
covering the almond genome.

MATERIALS AND METHODS
Plant material: Polyembryonic seeds
were collected in open pollination condi-
tions from trees of the Californian almond
cultivar ‘Nonpareil’ (grown in Davis,
USA), and the Spanish selections
‘D97396’ and ‘D97407’ obtained from the

cross between the new French cultivar
‘R1000’ and the Spanish cultivar ‘Desma-
yo Largueta’ (grown in Murcia, Spain).
Polyembryonic seeds were stratified in
Petri dishes at 5 ºC for 60 days (Fig. 1).
The seedcoat was then removed and em-
bryos were planted separately in flats
containing Oasis® (Oasis Grower Pro-
ducts. Kent, USA) growing medium. After
3 weeks, seedlings, with about 8 cm in
height, were planted to 1l pots with soil
(30% perlite, 70% peat moss).

DNA isolation: Total genomic DNA was
isolated using the procedure described by
Doyle and Doyle (1987) with minor chan-
ges. Approximately 50 mg of young lea-
ves were ground in a 1.5 ml Eppendorf
tube with 750 ml of CTAB extraction buf-
fer (100 mM Tris-HCl, 1.4 M NaCl, 20 mM
EDTA, 2% CTAB, 1% PVP, 0.2% mercap-
toethanol, 0.1% NaHSO3). Samples were
incubated at 65ºC for 20 min, mixed an
equal volume of 24:1 chloroform-isoamyl
alcohol and centrifuged at 6,000 g for 20
min. The upper phase was recovered and
mixed with an equal volume of isopropa-
nol at –20°C. The nucleic acid precipita-
ted was washed in 400 ml of 10 mM
NH4Ac in ethanol 76%, dried, resuspen-
ded in 50 ml of TE (10 mM Tris-HCl, 0.1
mM EDTA, pH 8.0), and incubated with
0.5ml of RNase A at 37ºC for 30 min to di-
gest RNA.

Simple Sequence Repeat (SSR) mar-
kers: 6 different pairs of primers develo-
ped in peach by Cipriani et al. (1999)
were used. They cover the almond geno-
me and were located in different linkage
groups in the Prunus map described by
Aranzana et al. (2002), UDP96-005 in
linkage group 1 (G1), UDP96-013 (G2),
UDP96-008 (G3), UDP96-003 (G4),
UDP96-001 (G6), and UDP96-019 (G8).

DNA amplifications and analysis of fin-
gerprintings: PCR reactions for DNA
amplification were performed in a volume
of 25 ml containing 10 mM Tris-HCl (pH
8.2), 1.9 mM MgCl2, 50 mM KCl, 100 mM
of each dNTPs, 0.125 mM of each primer,
one unit of EcoTaqâ DNA polymerase
(Ecogen. Barcelona, Spain) and 50 ng of
genomic template DNA. The temperature
cycle used was: 95 ºC for 3 min; 35
cycles of 94 ºC for 1 min, 57 ºC one min
and 72 ºC for 2 min; and 72 ºC for 10 min.
The PCR reactions were carried out in a
96-well block Mastercycler gradientâ (Ep-
pendorf. Hamburg, Germany). Finally,
PCR products were separated in a 3%
Metaphor® agarose (BioWhittaker. Rock-
land, USA) gel and visualized using ethi-
dium bromide (Fig. 2).

RESULTS AND DISCUSSION
Percentages of polyembryonic seeds ob-
served in 2001 were very low, 12% in

‘Nonpareil’, 3% in ‘D97396’, and 8% in
‘D97407’ (data not shown). In the three
genotypes studied, most polyembryonic
seeds had two embryos (twin seedlings),
while in around of 10% seeds three em-
bryos (triplet seedlings) were found. Poly-
embryonic seeds with more than three
embryos were not found. Polyembryony
in the Spanish selections ‘D97396’ and
‘D97407’ could also arise from the Cali-
fornian cultivar ‘Nonpareil’. These two se-
lections were obtained by hybridization
with the new French cultivar ‘R1000’, de-
rived from the cross between ‘Tardy
Nonpareil’ and ‘Tuono’. In addition, ‘Tar-
dy Nonpareil’ has been described as a
mutation of cultivar ‘Nonpareil’ (Kester
and Gradziel, 1996).

In most cases, seedlings from the same
seed showed similar growth. In remaining
seed, one of the seedlings showed weak
growth and developed poorly with high
mortality rates around 90%. These mor-
phological characteristics with the high
mortality observed agree with the des-
cription of haploids reported in peach
(Hesse, 1971; Toyama, 1974) and in al-
mond (Gulcan, 1979). Unfortunately, in
most of the cases these dwarf seedlings
died before they could be molecularly stu-
died using the SSR markers.

All the SSRs applied in seedlings from
polyembryonic seeds with dwarf and nor-
mal phenotypes showed similar polymor-
phism in both cases, twin seedlings and
triplets seedlings (Fig. 2), indicating that
seedlings from the same seed are isoge-
nic lines.

These results could indicate the same ge-
notype for both embryos and disagreed
with the hypothesis that dwarf seedlings
are haploid as indicated Gulcan (1975)
because SSR alleles were present in both
twins. On the other hand, Martínez-Gó-
mez et al. (2003) described an absence
of some alleles in the dwarf seedlings.
According with these authors, the absen-
ce of these alleles could indicate a loss of

Fig. 1. Polyembryonic seeds from ‘Nonpareil’
almond cultivar stratified in Petri dishes
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a whole chromosome or part of a chromo-
some in the dwarf seedlings, indicating a
case of monosomic aneuploidy rather
than the haploidy indicated by Gulcan
(1979). This situation has not been obser-
ved in our assayed plants probably due to
the high mortality observed and the fact
that these genotypes died before the
analysis.

The similar allelic segregation observed
in seedlings from the same polyembryo-
nic seeds as well as their distinctiveness
from the mother trees (‘Nonpareil’,
‘D97396’, and ‘D97407’) suggest a sexual
origin for both embryos. These results
confirm the previous hypothesis of Martí-
nez-Gómez et al. (2003) about the origin
of these multiples embryos in almond in-
dicating a process of budding of a secon-
dary embryo from the primary embryo re-
sulted from a normal fertilization of ovu-
les. Cameron and Garber (1968) in some
Citrus species and Kenworthy et al.
(1973) in soybean also described a
sexual origin for some multiple embryos.

Adventitious apomictic polyembryos are
commonly used for the propagation of ge-
netically uniform rootstocks for mango
and citrus (Sobrinho and Gurgel, 1953;
Koltunow et al., 1996). Kimber and Riley
(1963) have also described the use of
doubled haploids originated from multiple
embryos for obtaining homozygous di-
ploid genotypes. The occurrence of poly-
embryony in almond, however, does not
appear to be apomictic as in mango and
citrus, and the multiple embryos appear
to originate from sexual fertilization. In
addition, the dwarf seedlings from these
multiple seeds are not haploids, and so

Fig. 2. Allelic segregation of UDP96-013 SSR marker in seedlings from polyembryonic seeds (p.s.) in
‘Nonpareil’ almond cultivar, and the almond selection ‘D97396’ and ‘D97407’. M, 123 bp DNA ladder
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offer neither genetic uniformity nor homo-
zygosity. On the other hand, these geno-
types, if confirmed the lost of a whole
chromosome (aneuploid complement) or
part of a chromosome (Near Isogenic Li-
nes ,NIL) (Muehlbauer et al., 1988), could
be used for genetic (locating genes,
transfer of particular chromosomes) and
molecular (isolation and sequencing of ge-
nes, genetic transformation, etc.) studies.

Future studies should then be carried out
with a higher number of seedlings and
SSR markers studied to confirm the loss
of a whole chromosome (aneuploid com-
plement) or part of a chromosome (Near
Isogenic Lines, NIL) in dwarf seedlings
from polyembryonic seeds, as well as stu-
dies on the field performance of these
twin seedlings for elucidating genetic
control  of important agronomic characte-
ristics.
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Fig 1. Geographical distribution of Iranian pistachio cultivation

PISTACHIO PRODUCTION
IN IRAN: I GENERAL
CONSIDERATIONS

INTRODUCTION
Iran is a leading country in pistachio pro-
duction and export. Pistachio has been
cultivated for more than three thousand
years in different regions of the country.
The first cultivation areas were Khorasan
(origin of Pistacia vera var. ‘Sarakhs’),
Qom, Qazvin (origin of P. vera var. ‘Qa-
zvini’), Damghan, Semnan, and Kerman.
Its cultivation however can now be found
in many parts of Iran. Pistachio is consu-
med mainly as a table nut, but compact
wood, fertilizers, jams, and gum (from
P.mutica) are produced by using different
parts. Its kernel is also used in confectio-
nery and chocolate industries. The first
orchards in Iran were established from
growing wild pistachios, but gradually,
suitable varieties were developed. Ira-
nian best-known cultivars are basically
classified into two main groups. Regar-
ding nut shape, the first group are long-
shaped (“Badami” type cultivars): ‘Akba-
ri’, ‘Ahmad-abadi’, ‘Ohedi’; and the se-
cond group are round-shaped (“Fandog-
hi” type cultivars): ‘Kale-ghoochi’, ‘Qaz-
vini’.

PRODUCTION
Pistachio growing surface of Iran is more
than 350.000 ha (73% bearing, and 27%
non-bearing trees) producing more than
300.000 t (1.200 kg/ha) in the year 2000.
The main cultivation areas (Fig.1) are
Kerman and Rafsanjan (more than
200.000 ha, as the largest growing region
of the world), Yazd (20.000 ha), Khorasan
(10.000 ha), Fars (7.000 ha), Semnan
(5.000 ha), and Qazvin (2.500 ha).

Pistacia species
Three Pistacia species (P.vera, P.mutica,
P.khinjuk) thrive in Iran. All cultivars are
botanically originated from P.vera; the
edible ‘Sarakhs’ is a wild P.vera variety.
Other species are mainly used as root-
stocks. A special gum used by different
industries, is obtained from P. mutica.

CULTURAL CONSIDERATIONS
Propagation
The main propagation method is ring
budding in June. Inverted T-budding and
cleft grafting are also common. Other me-
thods such as epycotyle whip and splice
grafting are tested to make them more
applicable and functional (Gholipour,
2002). Micropropagation systems are gra-
dually developed and it has been planned
to develop new experimental and com-
mercial orchards using micropropagated
stands in the future.

Rootstocks
Different P.vera cultivars, wild P.vera var.
‘Sarakhs’, P.mutica, and P. khinjuk have
been used as rootstocks. Comprehensive
research works, however, have been di-
rected to test their ability, sensitivity, and
resistance to different conditions.

Mohammadi and Sepaskhah (1996), and
Mohammad-khani and Lesani (1996) re-
ported high salt-tolerance of P. vera culti-
vars, medium of P.vera var. ‘Sarakhs’,
and low of P.mutica. P.vera var. ‘Sa-
rakhs’, P.mutica, P.khinjuk, and P.vera
cultivars showed high drought tolerance
(Bani-Hashemi, 1995; Gholipour et al.,
1999; Gholipour and Zamani 2001).

Esmail-Pour (2001) reported higher pro-
ductivity of commercial cultivars on
P.vera cultivars; using the P.vera var.
‘Sarakhs’ and P.mutica as the rootstocks
resulted in medium and low productivity
respectively.

High resistance of P.vera cultivars and
high sensitivity of P.vera var. Sarakhs to
Phythophtora was reported (Bani-Hashe-
mi, 1995).

Low productivity of commercial cultivars
on P. mutica and P.khinjuk, (despite of
their suitable salt, disease, and drought
resistance) has been leading to introduce
local P.vera cultivars and P.vera var. ‘Sa-
rakhs’ as the standard Iranian pistachio
rootstocks.

Pruning
In Iranian orchards, pruning is mainly car-
ried out to remove dried, disease-infec-
ted, pest-damaged, and non-fruiting old
shoots. Recently, light heading back and
desuckering have been noted and perfor-
med.

Pest and disease
Main pests and diseases of Iranian pista-
chio orchards are listed here.

Pests (in order of importance): Agonosce-
na pistaciae, Kermania pistaciella, Idio-
cerus stali, Recurvaria pistaciicola,

Fig 2. Ring budding, Qazvin Pistachio Research
Station, Iran
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Eurytoma plotnikovi, Brachynema spp.,
Acrosternum spp., Megastigmus pista-
ciae, Lygaeus panderus, Hylesinus vesti-
tus, Polydrosus davatchii, Thaumetopea
solitaria, Pulvinaria pistaciae, Eriophyes
pistaciae, Capnodis cariosa, Forda hirsute.

Srage pests: Plodia interpunctella,
Apomyelois ceratonia

Diseases:
The most important is: Gummosis
(Phytophthora spp.); and less important
are:

Pathogenic and non-pathogenic die
back, Knot root nematodes (Meloidogyne
spp.), Leaf spots (fung. and bacterial),
Pistachio stigmatomycus, Toxic molds.

HARVEST
Considering significant phenotypic diffe-
rences resulting in high variance of ripe-
ning time, pistachio nuts are mainly har-
vested manually from September to early
November. Either a canvas rolled out in
place receives the nut picked up from the
tree or nuts are collected in canvas bags
and transferred to processing units.

POSTHARVEST
Many standardized modern units have
been developed for pistachio processing.
Mechanized processing stages in Iranian
pistachio plants are listed below:

Dehulling, removing seedless and/or un-
ripened nuts through floating, primary
mechanized clean up, drying, air-condi-
tioned storage, sorting based on splitting
character, mechanical splitting of non-
split nut, grading, secondary manual
clean up, final inspection, packing.
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PISTACHIO PRODUCTION
IN IRAN: II MAIN IRANIAN

PISTACHIO PESTS

INTRODUCTION
Pests decrease quality and quantity of
crop through their direct and indirect da-
mages. Study on their morphology, Biolo-
gical life cycle, activity, and damage is
needed to control them effectively and
economically. In this work the main Ira-
nian pistachio pests are reviewed, inclu-
ding their life cycle and control.

Agonoscena pistaciae
Morphology: a small leaf sucker, 1.6-1.8
mm length, yellow color, two pair wings,
pale-colored spots on body, with filiform
ten-segmented antenna.

Overwintering: overwinters as a winged
adult, in protected parts of tree, orchard
walls, and under dried leaves.

Activity: starts activity from middle March
on shoot upper parts and tips.

Oviposition: lays egg after blooming, in
early April, mainly on lower surface of
leaf, yellow and elliptical eggs.

Pupae: occurs ten days after oviposition,
yellow color, feeding the plant sap
through penetrating their proboscis into
tissues; transforms into adult, one month
later, after some multings.

Generation: annually 6 generations (5
complete and one incomplete); first gene-
ration lasts 45-50 days, and rests 30-35.

Distribution: is a widespread pest of Ira-
nian pistachio cultivation.

Damage: is mainly caused by the feeding
numphs, resulting in decrease in kernel
weight, nut non-splitting, current and fol-
lowing year yield loss, leaf drop, and ge-
neral tree weakness.

Control: time of psylla outbreak is impor-
tant to control effectively:
• June outbreak, which leads to decrease
in currant year yield, leaf and bud drop,
and nut blank (seedlessness).
• August and later outbreak, which results
in less damage. June spraying, plays thus
an important and critical role in control.
Since the pest is parasitized and preda-
ted by Coccinellidae, mites, Neuroptera,
and particularly Psyllaephagus sp., che-
mical control must be certainly carried out
cautiously, by selective pesticides and in
damaged zones of orchard only, to pre-
serve natural enemies. Spraying is star-
ted when 7-10 living pupae occur on 50%
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of leaves of a tree. MitacR (at concentra-
tion of 1.5 l/1000 l water), ConfidorR (0.4 l/
1000 l of water), CascadeR (0.5 l/1000 l of
water), ConsultR  (0.5 l /1000 l of water),
and DartonR (2.5 l /1000 l of water) are re-
commended.

Kermania pistaciella
Morphology: a small twig moth, with
broadened-wings width 11-13 mm, dark
color and scaly body.

Overwintering: as the larva, in pistachio
shoot

Activity: in middle March, larva goes out,
produce a cocoon, and transforms into
pupa within a short period.

Pupa: pupal period  lasts 25-30 days.

Laying egg & Larva: oviposites onto
young shoots, peduncles, and petioles.
Larvae grow and penetrate into interior
layers of shoot, feed and leave black-co-
lored refuse.

Generation: one per annum.

Distribution: a general active pest

Damage: is mainly done by the feeding
larvae, leading to significant fruit abscis-
sion in early season, shoot general weak-
ness, yield loss next year.

Control: similar to Psylla, chemical con-
trol needs attention, because of pest pa-
rasitization by Braconidae and other natu-
ral enemies. Control looks and may be
hard, because pest spends a great part of
life in stem pith. Application of a pesticide
plus oil, in March, against pupa, is effecti-
ve. Also Larvin® (1.5 kg/1000 l  water)
one week after the peak of moth flight
(determined by pheromonic traps) is re-
commended.

Idiocerus stali
Morphology: adults in yellow to brown,
with setiform eleven-segmented antenna,
short four-segmented propocis.

Overwintering: similar to Agonscena pis-
taciae

Activity: occurs from early March in mild
winter, and from April in severe cold win-
ter, feeds on the buds and shoots

Laying egg: lays eggs on the young
shoots and petioles, and particularly on
the peduncles (resulting in less occurren-
ce on seedlings and staminate trees).
Oviposition lasts normally about 15 days
(25 days in cool and rainy weather).

Pupa: occurs simultaneously with pista-
chio fruit set; penetrate their propocis into

plant tissue (particularly fruit pericarp) to
feed. Their damage accompanied by left
residues, leads to preparing a suitable
medium to saprophytes to grow. As a re-
sult, most damaged trees suffer from fun-
gus diseases such as Fumagin, resulted
in fruit dryness and drop. Pupa trans-
forms into adult in 40 days.

Generation: one per annum.

Distribution: as a general pest.

Damage: mainly is done by feeding pu-
pae. Consequently, damage decreases
after pupae’ maturity and adults occurren-
ce.

Control: spraying before pest oviposition
must be carried out. Spraying, therefore,
starts as the blooming starts and is ended
before fruit set. The second spraying time
is simultaneous with fruit set (the time of
the first pupae occurrence). Endo-
solphan® (2 l/1000 l water) is recommen-
ded.

Recurvaria pistaciicola
Morphology: a small fruit moth.

Overwintering: as the diapaused larva  in
interior layers of stem.

Activity: overwintered larva occurs in the
middle March and transforms into pupa
during 15 days. Adults appear simulta-
neously with the bud swell. Female ovipo-
sites on newly bloomed buds, flowers,
and lately set fruits. Oviposition lasts up
to 15 days. Incubation endures for two
weeks. Incubated larvae move toward
fruits; everyone enters a fruit and feeds
on its content. Then, punctures the peri-
carp and moves into adjacent fruit. Each
larva damages 5-7 fruits, approximately.
Feeding lasts 30-40 days. Then, larva
moves downward and makes cocoon, in
which transforms into pupa (in late July-
early August). One-week later, adult moth
occurs (the end of the first generation).

Generation: two per annum

Distribution: as a general pest

Damage: the pest damages pistachio nut
by:
• overwintered  larvae, which feed on
newly, set fruit in early April-early June,
• second instar larvae, feeding on the hull
and kernel of the bigger fruits (in nut split-
ting phase), in early August-late October.
Primary damage is more intense.

Control: spraying must be started when
main flower parts abscise till fruit set
(within a 10 days period). Larvin® or Mi-
tacR (1.5 l/1000 l water) is recommen-
ded.

Pistachio Fruit Wasps:
three main damaging wasps are (in plen-
titude order):

Eurytoma plotnikovi (92.5% frequency
in Qazvin)
Morphology: dark brown adults, white lar-
vae, one generation annually, overwinters
as the larva in nut kernel.

Biology: in early spring, larvae start fee-
ding on kernel, and in midspring,  adults
puncture fruit and go out, lay eggs on
newly set fruits (one egg in every fruit).
Larvae stay in place during summer, au-
tumn, and winter.

Damage: caused by larvae which feed on
the kernel.

Control: there is no advisable chemical
control. It is mechanically controled by re-
moving dropped fruits and shoots from or-
chard floor. It must be carried out in win-
ter, before the adults occurance.

Cyrtoptyx pistaciae  (5% frequency in
Qazvin): black and longer body. It is simi-
lar to Eurytoma as the view point of biolo-
gy, but with lower  plentitude.

Megastigmus pistaciae  (2.5% frequen-
cy in Qazvin): in golden-yellow color,
has two generations. First generation lar-
vae mature in June-July; second genera-
tion stay in fruit from late July to April.
Damage is mainly caused by first genera-
tion larvae.

One generation of wasps sometimes lasts
more than a year.

Pistachio Bugs
three main ones are:
Brachynema spp. (green color, with white
dots)
Acrosternum spp. (green color)
Lygaeus panderus (red color)

With 3-5 generations annually, overwinter
as the adult in wild host plants, around
the orchards.

They damage pistachio in two ways:
• directly, early season, by feeding on
nuts resulting in fruit blackness and drop.
• indirectly, transmitting Nematospora
coryli, causing pistachio stigmatomycus
late season.

It can be controlled by:
• avoidance of removing wild hosts
around the orchard,
• decrease of chemical spraying, to sup-
port natural enemies,
• chemical spraying, in the case of out-
break, using Endosolphan® (2-2.5 l /1000
l water), and Sumithion® ( 1.5 – 2 l /1000 l
water).
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Storage Pests
Plodia interpunctella as the most impor-
tant and main, damages only in storage.
As a noctornal pest, rests during day. A
generation lasts 40-45 days. The number
of generation is changed by storage envi-
ronmental fluctuation.

It damages pistachio through feeding on
kernel, and also through producing cocoon
and leaving refuses resulting in decrease
of quality.

It can be controlled
• chemically, using aluminum phosphid,
• thermally, 42oC for 12 hours in storage.
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SELECTION OF TEREBINTH
(Pistacia terebinthus L.) TREES

AS SEED PRODUCERS FOR
PISTACHIO (Pistacia vera L.)

ROOTSTOCKS IN THE
CASTILLA-LA MANCHA

REGION (SPAIN)

BACKGROUND
The introduction of the pistachio tree in
Castilla-La Mancha began in 1987. The
first private orchard was planted in 1997
using Pistacia terebinthus as rootstock.
Before that time there were only 2 or 3
plantations that used Pistacia atlantica as
rootstock.

Currently, there are around 1.500 ha de-
dicated to this crop in the region, most of
which use Pistacia terebinthus as root-
stock. Out of these about 600 ha have
been grafted free of charge since 1998 by
operators from the Agricultural Improve-
ment Centre (AIC) “El Chaparillo”.

Crop surface has increased, particularly
at the cost of a first scant private initiati-

ve, which has being influential in convin-
cing neighbouring farmers. This situation
will be decisively reinforced in the next
few years when the first significant crop
will be harvested.

Most of the planted area for this crop is
found in the province of Ciudad Real
(Viso del Marqués, Valdepeñas, Pie-
drabuena, Cózar, etc.), even though it is
beginning to become notable in some
areas of the province of Albacete (Bala-
zote, Villarrobledo, etc.) and the province
of Toledo (Los Yébenes, Mazarambroz,
Orgaz, etc.). The first pistachio fruits on
these private plantations can already be
harvested, and even more will be in 2003
year’s harvest.

After the first years of research Pistacia
terebinthus L, known in Spain as “terebin-
to” or “cornicabra” tree, a rootstock of the
pistachio tree, was found growing wild in
the regional mountains. The native nature
of this species confirmed both its climatic
and edaphic adaptation in addition to all
the benefits that this characteristic could
already provide regarding pest and/or di-
sease resistance.

Farmers buy this rootstock, normally first
leaf, from a dozen of different nurseries
spread throughout the region, and then
after two years growing in place, bud
grafting is made in summer, which is ei-

ther carried out by growers or freely by
specialists from the AIC or from the Casti-
lla-La Mancha Pistachio Producers Asso-
ciation.

The current situation of this P. terebin-
thus rootstock on the market is one of ex-
cessive invasion. Farmers purchase this
plant, many times from nurseries that are
far geographically from Castilla-La Man-
cha. Different locations may imply diffe-
rent ecosystems so they may reduce the
vigour of the tree in the field and then
would affect budding and future harvest.
In conclusion, no selection has been car-
ried out on this plant and it was unknown
where it came from (99% of the seeds are
obtained directly from wild native cornica-
bra trees (Pistacia terebinthus L). located
in different regions throughout Spain, Má-
gina mountains, Segura mountains, Tole-
do scrubland, Ciudad Real scrubland,
Central Mountain Range, etc.). If this lack
of seed source control is left to continue,
a plantation using this rootstock will pro-
duce a large heterogeneity of trees within
its population with an average vigour un-
der what is advisable.

Research carried out by the AIC with dif-
ferent rootstock (P. vera, P. integerrima,
P. atlantica and P. terebinthus), have
shown that P. vera and P. terebinthus or-
chards had a greater heterogeneity and
thus, in general, less vigorous individual

Map of the Castilla-La Mancha region: Location of pistachio tree orchards (points) and chosen areas
for the selection of Pistacia terebinthus L. clones. Zone 1, Sierra de Fuenteblanca; Zone 2, Sierra
de las Majadas; Zone 3, Sierra de Perabad; Zone 4, Sierra de Calatrava; Zone 5,  Sierra Mágina.
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plants than using P. atlantica and P. inte-
gerrima rootstocks. There was also a lar-
ge heterogeneity among native P. tere-
binthus plants. Some plants were found
to have an excellent vigour while others
showed clear signs of dwarfism. In the
“cornicabra” grafted plots, the production
harvested during the first five years is
equal to what was harvested for the P. at-
lantica grafts both with complementary
irrigation and without. Regarding coming
into bearing, the average ranged between
2-3 years from grafting for the P. terebin-
thus as compared to 3-4 years for the P.
atlantica. In conclusion, production during
the first few years for the P. terebinthus
(heterogeneous population of unselected
native trees) has been somewhat greater
than the P. atlantica due to its early pro-
duction. Nevertheless, production beco-
mes levelled as it approaches the 8th and
9th year after grafting where the tendency
seems to turn to a greater production
onto P. atlantica. Therefore, it was reaso-

nable to carry out a clonal selection from
the native P. terebinthus population not
only to regulate the market supply and
prevent future problems derived from low
vigorous plantations, but also to rise pro-
duction from the beginning which after a
few years would be well beyond the opti-
mal level.
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RESEARCH OBJECTIVE:
The main objective of this work is to ob-
tain quality mother plants as seed source
from the Pistacia terebinthus L., with a vi-
gour similar to more developed root-
stocks (P. atlantica, P. integerrima, etc.).
This work will support future pistachio or-
chards in Castilla-La Mancha, without

desregarding the possibility of obtaining
vigorous intra- or inter-specific hybrids
using as a parent one or several of the
selected clones.

DESCRIPTION, DISTRIBUTION AND
ECOLOGICAL ASPECTS OF Pistacia
terebinthus L.
The terebinthus tree (Pistacia terebinthus
L.) belongs to the Anacardiaceae family
in which 77 genders are recognised, most
of them are tropical or subtropical trees.
The presence of this family in the Iberian
Peninsula is restricted to only two native
genders (Pistacia and Rhus). Within this
Pistacia gender two wild species can be
found: Pistacia terebinthus L. (cornicabra,
corneta, charneca or terebinto in Spa-
nish) and Pistacia lentiscus L. (lentisco).
They are smaller in size, perennial,
drought resistant and have a preference
for warmer locations within the Mediterra-
nean context. In addition, the hybrid Pis-
tacia x saportae Burnat can be found with
intermediate characteristics in most of its
morphology.

This is a dioecious deciduous species
whose size can be either tree-like or
shrub-like. The most common is to find a
large shrub between 2 and 3 m tall with a
trunk diameter between 5 and 20 cm.
When young, it has a smooth greyish
bark which cracks, becoming more ochre-
coloured as the years pass. Its powerful
root system provides an efficient ancho-
rage and capacity to penetrate rocky en-
claves. It has compound uneven pinnate
leaves alternating on the stems. The flo-
wer without petals is quite small, arran-
ged in clusters of a markedly reddish co-
lour. The small drupaceous fruit measu-
res about 6 to 9 mm long and 5 to 8 mm
wide. One of the most outstanding cha-
racteristics of this plant is the frequent
appearance of galls on the branches
(caused by different species of aphids
that trigger, in each case, a different type
of gall).

It grows naturally in the Mediterranean re-
gion and extends through Southern Euro-
pe, Northern Africa and Southeast Asia.
Within the Mediterranean distribution, the
species shows broad variability. It can be
found ranging from very hot areas, almost
at sea level to cold regions near altitudes
of 1.600 m. Therefore, from a bio-climatic
point of view, it can survive permanently
in thermomediterranean land (with no or
very rare frosts, between 0 and 300 m
hight above sea level), in mesomediterra-
nean land (with winter frosts, between
300 and 1.100 masl) and in supramediter-
ranean land (with recurring winter frosts,
between 1.100 and 1.800 masl). Never-
theless, in the case of the Iberian Penin-
sula, the optimal adaptation seems to be
between 500 m and 1.400 m above sea

Terebinth tree from Sierra Mágina, Jaén, Spain

Terebinth tree (beside a wild olive) from Sierra de Calatrava, Ciudad Real, Spain
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level (asl), which means mesomediterra-
nean land with an important penetration
into the supramediterranean.

In relation to the soil preference, there is
wide range in the chemical nature of the
substratum, where it occupies both acid
and alkaline soils, however, it seems to
have a preference for limestone rich
areas. The species requires good root ae-
ration, therefore it has difficulties to thrive
in clay soils or in soils with waterlogging
limitations.

Within the Mediterranean vegetation, it is
a species that normally appears at diffe-
rent sclerophyllous formations of forest
and thicket. As a rule, its aggregative le-
vel is low showing difficulties to behave
as a dominant plant. Thus, this typical
warm behaviour usually appears in diffe-
rent types of holm oaks (Quercus rotundi-
folia), cork oaks (Quercus suber) or gall
oaks (Quercus faginea).

METHODOLOGY
The following steps were taken in the se-
lection of P. terebinthus clones:

1) Native “cornicabra” trees were located,
choosing projecting enclaves based on
bio-climatic characteristics. Good develop-
ment, health status and high seed pro-
duction were aspects considered, in addi-
tion to the edaphoclimatic characteristics
in the area (broad diversity). Five diffe-
rent areas were chosen: one in the
subbetic mountain range, three in the
Campo de Calatrava scrubland and one
in the Toledo scrubland. Initially the Cen-
tral Mountain Range was discarded
(Tiemblo district area in Avila) due to the
far away distance of this location and to
already enough previously chosen encla-
ves available. However, in the coming
years this area will also be prospected,
since interesting “cornicabra” samples,
which should be considered, have been
spotted there.

2) Selection was made of 15 female trees
(clones) and 15 male trees (clones),
choice based on their health status, vitali-
ty and rusticity, i.e. three female clones
and three male clones were chosen per
area.

3) Mother plant material (female and
male) was gathered for grafting into a pi-
lot plantation (see layout) of second leaf
P. terebinthus rootstocks of similar vi-
gour, good health and from the same
area. Nine grafts were carried out per fe-
male clone (15 x 9 = 135 grafts) and 3
grafts per male clone (15 x 3 = 45 grafts),
interspersing them in such a way that a
female clone is located next to each of
the selected male clones. Data were ob-
tained from these grafted clones based

on differences in their height, width and
health status.

4) Seeds were gathered from each fema-
le clone at the place of origin and later
sowed. Data were obtained concerning
germination, height and diameter during

the first year of growth. A random selec-
tion was made of a number of plantings
for each female clone and sowed in diffe-
rent experimental plots under both non-
irrigated and irrigated conditions. Data
were obtained with respect to behaviour
of the selected clones during the second

A B C D E F G H I J

18 TH3 CZM3 SMH1 TM2 ACH2 CZM1 CZH1 TM3 TH3  CZM2 18

17 TH1 TH2 SMH2 SMH3 ACH3 ACH1 CZH2 CZH3 TH2 TH1 17

16 CZH3 VLLM3 ACH1 SMM3 VLLH2 VLLM1 TH1 SMM1 SNH3 VLLM2 16

15 CZH1 CZH2 ACH2 ACH3 VLLH3 VLLH1 TH2 TH3 SMH2  SMH1 15

14 VLLH3 ACM3 CZH1 TM3 SMH2 ACM1 ACH1 TM1 CZH3  ACM2 14

13 VLLH1 VLLH2 CZH2 CZH3 SMH3 SMH1 ACH2 ACH3 CZH2  CZH1 13

12 ACH3 TM1 VLLH1 CZM2 TH2 CZM3 SMH1 CZM1 VLLH3  SMM1 12

11 ACH1 ACH2 VLLH2 VLLH3 TH3 TH1 SMH2 SMH3 VLLH2 VLLH1 11

10 SMH3 VLLM2 TH1 SMM2 CZH2 VLLM3 VLLH1 SMM3 ACH3 VLLM1 10

9 SMH2 SMH1 TH2 TH3 CZH3 CZH1 VLLH2 VLLH3 ACH2  ACH1 9

8 TH3 SMM2 SMH1 ACM2 VLLH2 ACM3 CZH1 ACM1 TH3  SMM3 8

7 TH2 TH1 SMH2 SMH3 VLLH3 VLLH1 CZH2 CZH3 TH2 TH1 7

6 CZH3 CZM1 VLLH1 TM2 ACH2 CZM2 TH1 TM3 SMH3  CZM3 6

5 CZH2 CZH1 VLLH2 VLLH3 ACH3 ACH1 TH2 TH3 SMH2  SMH1 5

4 VLLH3 VLLM1 ACH1 SMM1 SMH2 VLLM2 ACH1 SMM2 CZH3 VLLM3 4

3 VLLH2 VLLH1 ACH2 ACH3 SMH3 SNH1 ACH2 ACH3 CZH2  CZH1 3

2 ACH3 ACM1 CZH1 TM1 TH2 ACM2 SMH1 TM2 VLLH3  ACM3 2

1 ACH2 ACH1 CZH2 CZH3 TH3 TH1 SMH2 SMH3 VLLH2 VLLH1 1

A B C D E F G H I J

Clone Selection plot layout for P. terebinthus L.
Rootstock  P. terebinthus L.

Budded with selected P. terebinthus L. clones
Planting distance: 6 m x 4 m.

Legend

Clones Sex Location

ACH Female Sierra de las Majadas
ACM Male Sierra de las Majadas
VLLH Female Sierra de Perabad
VLLM Male Sierra de Perabad
CZH Female Sierra de Calatrava
CZM Male Sierra de Calatrava
TH Female Sierra de Fuenteblanca
TM Male Sierra de Fuenteblanca
SMH Female Sierra Mágina
SMM Male Sierra Mágina
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year of growth. Finally, during the third
year of growth, during the summer, these
clones were grafted with Pistacia vera L.
(‘Kerman’ and ‘Peter’ cultivars) and data
were obtained related to graft compatibili-
ty, transmission of vitality and overall be-
haviour under both irrigated and non-irri-
gated conditions.

5) The best Pistacia terebinthus L. clones
were selected eliminating those conside-
red to be of less interest and the selected

material was made available to the nur-
sery sector.

6) The availability programme was com-
missioned to obtain hybrids taking the se-
lected P. terebinthus, Pistacia atlantica
Desf. and integerrima Stewart clones as
parent plants, giving preference to the fol-
lowing combinations: P. terebinthus L. x
P. atlantica Desf. and P. terebinthus L. x
P. integerrima Stewart.

CURRENT RESULTS
Selected Clones (See layout)

Toledo Scrubland
1st  Sierra de Fuenteblanca (Toledo):
3 females (TH1, TH2, and TH3)
3 males (TM1, TM2, and TM3)

Area located on the Eastern slope of the
Toledo Scrubland where a large number
of P. terebinthus trees was found, gene-
rally distributed in small areas of isolated
individual trees at an altitude between
800 and 1200 masl. Precipitation is
usually less than 550 mm/year. The soil
consists of silica slate with interspersed
of quartzite and sand beds and marblei-
sed limestone on some banks.

The floral landscape is characterised by
woody forest with perennial coriaceous
leaves where the holm oak (Quercus ro-
tundifolia) is a predominant example.
These holm oak forests are quite dense
and thick, presenting a Mediterranean
type fragrant shrub-like stratum (Cistus
sp., Thymus sp., Romarinus sp., Lavan-
dula sp., etc.) in which appear larger si-
zed Pistacia lentiscus (few) Olea euro-
paea var. Sylvestris, Juniperus oxyce-
drus, etc.

Campo de Calatrava
2nd Sierra de las Majadas (Ciudad Real):
3 females (ACH1,ACH2 and ACH3)
3 males (ACM1, ACM2 and ACM3)

Seeds from selected terebinth trees

Terebinth trees from Sierra de Perabad, Ciudad Real, Spain
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3rd Sierra de Perabad (Ciudad Real):
3 females (VLLH1, VLLH2 and VLLH3)
3 males (VLLM1, VLLM2 and VLLM3)

4th Sierra de Calatrava (Ciudad Real):
3 females (CZH1, CZH2, and CZH3)
3 males (CZM1, CZM2, and CZM3)

The Campo de Calatrava, placed in the
centre of the province of Ciudad Real, is
a piece of land located in the Southern
border of the Southern sub-plateau, who-
se most outstanding characteristic is the
attractive 2.000 km2 volcanic terrain.

The Southern position occupied by the
Campo de Calatrava on the Southern
sub-plateau, along with its internal isola-
tion, produces little rainfall (around 400
mm /year) in this region.

The predominant tree within floral com-
plex is the holm oak. Along with this spe-
cies or in sectors more deteriorated by
man’s presence, there is an abundance
of different types of bushes, whose an-
nual water requirements ranges between
400 and 500 mm, such as the kermes
oak (Quercus coccifera), lentisco (Pista-
cia lentiscus) or the wild olive (Olea euro-
pea var. Sylvestris).

Other characteristics more specific to the
three chosen areas are:
• Sierra de las Majadas. Point chosen:
Pico de Peñarroya (814 m); average pre-
cipitation 650 l/year; nearest village Alco-
lea de Calatrava.
• Sierra de Perabad. Point chosen: Ce-
rro del Aguila (833 m); average rainfall
600 mm/year; nearest village Villamayor
de Calatrava.
• Sierra de Calatrava. Point chosen: Ce-
rro de la Mojina (1.068 m); average rain-
fall less than 500 mm/year. The large
‘lentisco’ (P. lentiscus) population in this
area should be pointed out and therefore
the possibility of having selected different
generations of hybrids. This factor may
be interesting to consider for future P. te-
rebinthus clone selection in this area.
The nearest village is Calzada de Cala-
trava.

Subbetic Mountain Range
5th  Sierra Mágina (Jaén):
3 females (SMH1,SMH2 and SMH3)
3 males (SMM1, SMM2 and SMM3)

Area located on the Northern slope of the
Mágina massif where there are forma-
tions dominated by P. terebinthus trees.
These groups occupy about 1.000 ha,
between 700 and 1.400 m asl. Density is
greater in the ravines (for example the
Mosquito ravine where 6 clones were se-
lected). Rainfall is aroud 500 mm/year.
Lithosols dominate with respect to the
soil as opposed to the rendzinas, with

significant rocky outcroppings and steep
slops.

The appearance of P. terebinthus trees
is not homogeneous, being much more
open in sunny spots than in more humid
locations such as shady areas and at the
bottom of ravines. In this arrangement
the holm oak (Quercus rotundifolia), wild
olive (Olea europea var. sylvestris), es-
parto grass (Stipa tenecissima), thyme
(Thymus mastichina), “cervero” (Bra-
chypodium retusum) and hawthorn (Cra-
taegus monogyna) appear.

CONCLUSION
Currently, a collection of Pistacia terebin-
thus clones has been established, the
main characteristics are good vigour, rus-
ticity, excellent phytosanitary state and
different origins having edaphoclimatic
traits. All the mother plants are placed
within the pilot experimental plantation
likewise grafted on Pistacia terebinthus.
From this plot, within the next few years,
clones will be gathered that will act as
the base whereby future pistachio tree
plantations in Castilla-La Mancha can be
established.
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CHESTNUT CULTURE:
DIRECTIONS

FOR ESTABLISHING
NEW ORCHARDS

INTRODUCTION
Chestnuts are an extraordinary horticultu-
ral opportunity for the edible nuts produ-
ced and in the genus Castanea the spe-
cies cultivated for nuts are Castanea sati-
va (European chestnut, Spanish chest-
nut, Sweet chestnut), C. mollissima (Chi-
nese chestnut), the most important in
world commerce for the nuts, and C. cre-
nata (Japanese chestnut), producer of
large size nuts. European chestnut is also
a source of timber and other forest pro-
ducts and is valuable for the environmen-
tal benefits, such as landscape and soil
protection.

World production of chestnuts is estima-
ted at 540,000 t in the year 2000, mostly
being from Asia and Europe. In Asia the
largest producers are South Korea
(119,790 t, mainly C. crenata) and China
(118,000 t, mainly C. mollissima), whilst
Italy (78,432 t) is the main producer in
Europe, followed by Turkey  (70,000 t),
Japan (26,200 t), Portugal (20,000 t),
Spain (20,000 t), Russian Federation
(14,000 t) and France (12,600 t) (FAO,
2000).

Chestnut production is very old and many
regions in Asia and in Europe have a long
growing tradition but the establishment of
modern orchards, increasing all over, is a
relatively recent development.

The main aims of new orchards are rapid
growth of the plants, to ensure the shor-
test possible unproductive phase, the re-
duction in size of the trees by employing
rootstocks and varieties not very vigorous
(Chinese, Euro-Japanese and Japanese)
and the maintenance of high standards in
both quality and health of the crop.

CLIMATE AND SOIL
The establishment of new plantations
must envisage careful choice of a suita-
ble site. Generally are preferred low and
mid-mountain areas, well exposed to sun
and not subjected to spring frosts. The
best soils are volcanic, deep or even
shallow but light and fertile, acidic (pH 5.0
- 6.5) and well drained. Chestnut avoids
heavy, clay and lime soils where drainage
is poor, because these conditions have a
significant influence on the spread of ink
disease. An annual rainfall of over 800-
900 mm ensures a sufficient water supply
for the European varieties, while the
Euro- Japanese hybrids need 1200-1300
mm/year.

PROPAGATION
The traditional method by seed is not re-
commended as this allows variability pro-
blemmes among the plants produced,
due to heterozigosys induced by cross
pollination. Only clonal propagation (graf-
ting, stooling, cuttings, tissue culture)
guarantees trueness to type.

Rootstocks
Special attention in terms of quality, size,
origin, viability and germinability of seed
and of rooting substrate is necessary to
produce good rootstocks. Rootstocks
have considerable effects over the perfor-
mance of the scion and, consequently,
over the tree growth, flowering and nut
size.

Chestnut seeds usually do not germinate
immediately when collected and require
post harvest treatment (stratification) to
overcome dormancy and resting. In natu-
re the seeds are covered over by a layer
of leaves as the tree goes into dormancy,
whilst the grower have to place the col-
lected nuts, for at least 3-4 months, be-
tween layers (5-8 cm) of sand, peatmoss
or sawdust in a stratification box, kept
usually outside in a sheltered site, well
drained and protected from extreme tem-
perature fluctuations, mice and fungal de-
cays.

During the early spring the germinated
seeds have to be sown in holes, at 30 cm
intervals, on soil worked to approximately
25-30 cm in depth, laid out in raised beds
1 m in width. The best performing soils
are well composted, light, weed less, well
drained, to avoid the risk of ink disease
while the beds can be covered with a
black plastic film, leaving a 40 cm access
space between the beds. The germina-
ting chestnuts have to be sown at a depth
of 5-6 cm (flat side down), after cutting
the primary root, at the apex, to induce
the development of lateral roots and to
avoid the formation of the main root. The
young seedlings are carefully tended and
irrigated optimise the development in dia-
meter and height and pruned to eliminate
any early lateral shoots.

Clonal propagation
The seedlings used as rootstocks are
chip budded in September, while the failed
ones will be grafted in the following spring
and will be ready for planting in autumn.
To propagate clones and cultivars, graf-
ting and budding are the most common
methods and the best results in the nur-
sery are obtained using chip budding,
whip and tongue, cleft and bark grafts.
Flute budding, a traditional method, is
time consuming and requires a large
quantity of material and is now abando-
ned by nurserymen. The propagation ma-
terial is taken from selected plants seve-
rely pruned the previous year. The sticks,
gathered in mid winter, are stored at 1°-
2°C in sand or in a cold room. For chip
budding in August-September the scion
wood is gathered, just before the opera-
tion, from mother plants in sap, when the
bark is easily detachable. Another propa-
gation method, stooling, produces roots-
tocks rooted on trees of the parent variety
and is employed to multiply some Euro-

Chestnut propagation by cutting under fog New chestnut orchard at Owl Creek Ranch,
Waterford, Sacramento, California

Full bloom of 'Marsol', an eurojapanese cultivar:
cross pollination is fundamental to obtain

heavy crops
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Japanese hybrids “free standing”. Chest-
nut is considered a species difficult to be
propagated by cutting but this method
mostly used in France, Spain and Portu-
gal is applied to hybrids. The technology
of tissue culture is being used to produce
virus free quality plants.

CULTIVARS
During the long history of cultivation,
chestnut has been essentially grown to
produce large quantities of heteroge-
neous nuts to be used for fresh con-
sumption (roasted or boiled) or to be pre-
served (dried or flour) in rural areas as a
staple for winter time. Currently the new
chestnut industry has to conform produc-
tion to supply a demand of high quality
standards nuts, regular in shape, with
good flavour and texture, sweet, easy to
peel, without pellicle intrusion and hollo-
wing kernels, no shell splitting, of large
size for fresh and candying uses, small or
medium sized for drying or flour. The tree
characters to consider are medium or low
vigour for medium or high density plan-
ting, high, precocious and regular yields,
fertility, early maturity. It is not easy to
advise the names of varieties to be plan-
ted, because productivity and traits of
cultivars are brought out to a different ex-
tent by different factors in the environ-
ment.

European varieties
The germplasm of C. sativa is rich of ex-
cellent cultivars grown in the main chest-

nut areas: Italy, France, for example,
have large number of named varieties se-
lected for candying, roasting, drying, flour.
Particular attention has to be payed to im-
port varieties from other countries for the
risk of introducing pests and diseases,
such as canker blight and ink disease.
Where the environmental conditions are
very favourable, the best varieties are the
Marrone type (‘Chiusa Pesio’, ‘Luserna’,
‘Val Susa’, ‘Castel del Rio’, ‘Marradi’,
‘Fiorentino’ from Italy; ‘Montagne’, ‘Sar-
donne’, ‘Comballe’ from France) whose
nuts are the most in demand on the mar-
ket for their large size, appreciated from
fresh market and candying (marrons gla-
cés).

Among other chestnuts, in Italy, early ma-
turing cultivars, for premium market, are:
‘Tempurive’, ‘Castagne della Madonna’,
‘Precoce di Roccamonfina’, while ‘Garro-
ne Rosso’, ‘Garrone Nero’, ‘Gioviasca’,
‘Bionda di Mercogliano’, ‘Montemarano’
produce large chestnuts for fresh market
and candying. Many varieties, with small
but very sweet and easy to peel nuts, sui-
table to be dried and for flour, have been
selected, through centuries, in Italy:
‘Frattona’, ‘Gabbiana’, ‘Siria’, ‘Pastinese’,
‘Carpinese’.

Japanese varieties
The trees are of limited development,
grafted onto Japanese rootstocks, ten-
ding to precocious bearing (4th- 5th year)
and ripening. They produce large size

nuts, sweeter than the European ones,
with a marked hilum. The Japanese varie-
ties are more requiring than the European
in terms of climate, type and fertility of
soil. The good qualities of nuts are only
evident in lower altitudes and only if the
plants are subjected to appropriate agro-
nomic cares, above all yearly pruning.
These cultivars show a certain resistance
to canker blight and to ink disease, one of
the main reasons for their introduction in
Europe. ‘Ishizuki’, ‘Tsukuba’, ‘Tanzawa’
and ‘Ginyose’ produce good sized nuts,
but the levels of productivity in Europe
are lower than those obtained in Japan.
The results of different trials, carried out
over a long period in Italy, suggest to be
careful in their utilisation on a large scale
orcharding.

Euro-Japanese hybrids
The majority of hybrids of Castanea sati-
va x C. crenata and vice versa have been
obtained in France, by INRA (Institut Na-
tional de la Récherche Agronomique) in
order to get ink disease and canker blight
resistant cultivars. ‘Bouche de Bétizac’,
‘Bournette’, ‘Maridonne’, ‘Marlhac’, ‘Vig-
nols’ are interesting while ‘Maraval’, ‘Ma-
rigoule’, ‘Marsol’, ‘Precoce Migoule’ are
used both on “their own roots” or as
rootstocks for superior varieties. The hy-
brids are early bearing and more vigorous
than Japanese. Their nuts, generally of
good size and split in low percentage, are
suitable for fresh consumption as for in-
dustrial processing, maturing earlier than
European. Euro-Japanese hybrids prefer
lower altitudes and avoid shallow soils
and colder areas subject to late frosts.

Chinese varieties
High density planting may be established
with Castanea mollissima, due to the re-
lative small tree size, young and heavily
bearing. The species is the most blight
resistant although it can be affected by
Cryphonectria. The size varies from 10 to
30 g/nut and the nuts are usually easy to
peel. More than 300 cultivars or ecotypes
are described in China and, usually, the
sub tropical types bear larger nuts than
northern and larger nuts are processed

In Tras-os Montes (Portugal) chestnut culture is
an important source of income for growers

Nine year old chestnut orchard in Piemonte, Italy Microirrigation is very important to ensure
good yields

Chestnuts in the burr at harvest Hand grading of chestnuts in a processing
factory
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and exported to South-east Asia. The
best cultivars introduced in Italy are:
‘Quinza’, ‘Duanza’, ‘Jiaoza’, ‘Jiujiazhong’,
‘Jiandingyouli’, grafted onto seedlings of
C. mollissima.

PLANTING AND POST PLANTING
MANAGEMENT
Spacing
Planting distance depends on the vigour
of the cultivar and rootstock. The pruning
technique is oriented to maximize light in-
terception to obtain good yields of quality.
Proper distances for European cultivars
vary from 10 m x 12 m to 12 m x 12 m;
Euro-Japanese hybrids, less vigorous,
should be spaced 8 m x 8 m or 10 m x 10
m. Japanese and Chinese cultivars can
be planted less spaced. In the early years
trees can be planted as close as 5 m with
the intention of thinning out the trees as
they get too dense. This system is satis-
factory so long as the thinning is done be-
fore shading occurs.

Fertilization
On the basis of preplanting chemico-phy-
sical analysis results, manure and mine-
ral fertilisers have to be incorporated in
the soil during the working. The organic
matter, generally 40-50 t/ha of manure,
has to be at least equal or higher than 2
%, added ploughing it to a depth of 20-30
cm. Mineral fertilisers with phosphorus
(10-20 ppm) and potassium (100-150
ppm) have to be added as mineral super-
phosphate and potassium sulphate res-
pectively.

The application of nitrogen, easily lea-
ched away, must be done in the spring, at
growth, in doses of 250 g/plant of ammo-
nium sulphate or ammonium nitrate to sti-
mulate the development of new sprouts in
the first year and increasing the amount
in the following years (Table 1). During
the adult phase, nitrogen is one of the
most limiting nutrients stimulating the is-
sue of new shoots and has to be applied
in small quantities in several times: once
in early spring, a second time in late
spring. The nitrogen needs to vary accor-
ding to the age of the plants. For the first
5 years the application can be about tho-
se suggested below:

From the sixth year onwards 60-80 kg/ha
per year the whole surface can be applied
(0,3 – 0,4 t/ha of ammonium nitrate). In
contrast to nitrogen, phosphorus and po-
tassium are fixed by the absorption capa-
city of the soil and can be given, instead
of yearly, at longer intervals, depending
on needs. For phosphorus, usually
applied before planting, it is not neces-
sary to add it before the 10th year. Defi-
ciencies in potassium are more common
in light texture soils and, when they are
detected, applications are suggested in a
range from 25 kg/ ha for 6 years old tree
to 120 kg/ha for trees aged over 10
years.

Irrigation
Best yields are obtained under no limiting
water conditions. The need for irrigation
will depend upon the region and its clima-
te and the rate of rainfall. Chestnuts are
difficult to establish without irrigation and
young trees will not tolerate drought es-
pecially in the early stages at planting.
Water is important for plants from the end
of spring to harvest and to determine
when it is needed, soil tensiometers are

useful. Sprinklers or drip systems are re-
commended to optimise irrigation.

Weed control
Post planting weed control is essential
during the establishment phase (3-4
years). Organic mulches (pine bark, saw
dust, grass, straw, wood chips) other than
suppressing weeds are effective in con-
serving moisture for the plants and provi-
ding organic matter after decay. To redu-
ce the incidence of weeds a weed less
zone of 1-2 m under the trees is needed
using, in alternative to mulch, registered
herbicides or tilling.

Pollination
The chestnut is a monoecious species
(producing separate female and male flo-
wers on the same tree) and the flowers
are carried on the current year’s growth.
Two types of inflorescences are found:
the male catkins, located on the lower
and medium part of the shoot, and bi-
sexual catkins towards the medium and
terminal end of the shoot. Female flowers
appear singly or in clusters of two or
three on the bisexual catkins.

Most chestnut varieties are self-sterile;
this is not only due to the flowers matu-
ring at different time but also to the fact
that pollen and female flowers have ge-
nes of incompatibility. Before planting
one must ascertain that the varieties to
be planted are genetically compatible and
that they blossom at the same time. Va-
rieties with long stamens produce abun-
dant quantities of pollen, while varieties
like ‘Marrone’ have completely sterile
male flowers. To ensure good cross polli-

Year Quantity of ammonium Distance of application
nitrate (g)  from the base of the tree (m)

1 250 1.0
2 300 1.5
3 450 2.0
4 600 2.5
5 750 3.0

Table 1. Nitrogen fertilisation in the first 5 years

Fig. 1: Productivity of a chestnut orchard in relation to the age
and the number of trees/ha
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nation it is important to plant more than
two inter-compatible varieties. Generally
the chestnut is wind pollinated although
insects, especially bees, play a role in
pollination.

Pruning
To improve speed of fruiting and nut size,
to avoid biennial bearing and to increase
the  light interception in the canopy, es-
sential for good yields, it is useful to pru-
ne shaping the trees to the chosen trai-
ning system. The open vase (open cen-
tre) is formed over the first three years
from planting and is adapted particularly
to European varieties. It involves cho-
osing the 3-4 stronger branches, regularly
placed around the trunk, with a correct
angle of insertion, to form an open vase.
At the end of the 4th year the plants are
usually well shaped and pruning is limited
to thinning out just to favour light inter-
ception, eliminating dead, broken or da-
maged branches, and to stimulate
growth. For high density plantations (150-
200 tree/ha and more) pyramid training is
useful. As for many other fruit tree spe-
cies, the central leader grows strongly
and near vertically as possible. The late-
ral branches are widely spaced around
the trunk with a wide angle of insertion to
form a pyramid  shaped framework.

Pests
The main phytophages affecting nuts of
the European chestnut are Curculio ele-
phas (Coleoptera, Curculionidae), the key
pest, and Pammene fasciana, Cydia fagi-
glandana, Cydia splendana (Lepidoptera,

Tortricidae). Female adults of Curculioni-
dae lay eggs in holes made into the deve-
loping nuts. The larvae feed the nuts du-
ring the larval stage and, after emerging
from the nuts, pupate over-winter in the
soil in a depth ranging from 5 to 15 cm. In
spring some adults emerge and move in
the canopy of host trees, while some lar-
vae, with prolonged diapause, remain in
the soil for several years. Nets beneath
the canopy have been tested as biological
control method to prevent burial of matu-
re larvae in the soil. Also mechanised
harvesting, repeated several times,
avoids the mature larvae, still present in
the fallen nuts, to penetrate underground.
The presence of predator entomopatho-
genic fungi such as Beauveria bassiana
can determine underground larva mortali-
ty.

The Tortrix moth larvae cause desicca-
tion and early fall of the infested husks
and their presence affects saleable pro-
duction, but infestation levels are always
lower than weevils levels. For Tortricidae
integrated control strategies consist in
early and scalar harvesting of the nuts
with appropriate nets, in using biological
methods, such as entomopathogenic fun-
gi Paecilomyces farinosus, and pheromo-
ne traps. In certain years the percentage
of damaged nuts by Curculionidae and
Tortricidae  is over 20-30 % of the har-
vest.

The chestnut gall wasp, Dryocosmus ku-
riphilus, is one of the most serious pests
in Japan. The adult emerges in early

Fig. 2: Scheme of the distribution of the main cultivar and pollinizers
in a chestnut orchard.

June and lays eggs inside the chestnut
winter bud. The larvae grow up rapidly
and form galls just before the bud starts
to grow in the next spring. The infested
buds avoid the formation of normal
shoots and they don’t bear female inflo-
rescences compromising the yields. The
control of the wasp by pesticides is very
difficult because the larvae stay into the
bud tissue. The development of resistant
cultivars is the main aim carried out by
most  breeding  programmes.

Diseases
The two most important diseases are
chestnut blight (Cryphonectria parasitica)
and ink disease  (Phytophthora cambivo-
ra, P. cinnamomi).

Chestnut blight had severely damaged
chestnut stands in Europe, during the first
30 years of its appearance (1940-1970),
causing high levels of mortality. After this
dramatic epidemic, the severity of the di-
sease decreased and it has been not so
destructive as it was in North America on
Castanea dentata, in the early 1900. Na-
tural biological control of blight, due to the
presence of less virulent fungal strains,
hypovirulence, is the main factor that de-
termined the re-growth of many chestnut
stands.

Ink disease causes important losses in
chestnut groves and limits the establish-
ment of new orchards. The fungus at-
tacks the roots that dye, releasing a flow
of sap, black for the oxidation of tannins.
The disease develops over several years
with the destruction of the root system
and, progressively, the death of the bran-
ches, starting from the top of the tree.

All commercially important species of
chestnuts are susceptible but C. crenata
and C. mollissima are more resistant than
C. sativa. It is impossible to identify one
factor as responsible of ink disease deve-
lopment and its control is difficult. Howe-
ver, in healthy orchards the pathogen
exists producing little or no disease and
an appropriate management of the inter-
action soil/plant/pathogen by means of
cultural practices and avoiding heavy
soils might prevent Phytophthora infec-
tions. Biological controls use Tricoderma
viride and T. polysporum and other anta-
gonistic fungi to Phytophthora, or mycorr-
hiza of several Basiomycetes fungi to ino-
culate the root systems.

HARVESTING
Chestnut harvesting is usually done ma-
nually, with an intensive labour and high
costs. To speed the work, before harves-
ting is recommended to remove litter un-
der the trees, while to reduce infection
problemmes, daily harvesting is prefer-
red. Manual techniques can be assisted
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with nets, laid around the tree either on
the ground or preferably suspended over
wires at 1,2-1,6 m above ground level.
The mechanisation is being developed
and suction or sweeper harvesters are
being used in suitable orchards.

STORAGE
Following harvesting, chestnuts should
be put into cool storage as quickly as
possible because,  despite their external
appearance, they are perishable and pre-
sent notable storage problemmes due to
their high sugar and moisture contents.
To maintain the quality of the nuts there
are traditional and new methods but both
in order to reduce metabolic activity, to
delay growth of moulds and to reduce
the percentage of wormy and mouldy
nuts.

Curing
The nuts are immersed in cold water (18-
20 °C) over 4-7 days and then thoroughly
dried, stirring them periodically. The cu-
red nuts can be stored for 5-6 months
with a fresh looking.

Sterilisation
Chestnuts are plunged in hot water
(50°C) for 45 minutes and dried on ce-
ment floors or by fans over several days.
They may be stored for 3-4 months

Drying
The water content is brought down to 10
% of the original fresh weight. Dried che-
stnuts lose the characteristics of fresh
nuts acquiring flavour in the process.
There are areas in Italy and in Corsica,
for instance, with a long tradition, which
use particular cultivars for this produc-
tion. The dried nuts are peeled and selec-
ted before marketing or before grinding
into flour.

Refrigeration
The nuts are kept at  0-2°C in ventilated
rooms with 90-95 % R.H.

Controlled atmosphere
Storage at 0-2°C with 20 % CO2,  2 % O2

and 95 % R.H. is likely to reduce fungal
infection and offer a good product.

Freezing
Whole or peeled chestnuts are frozen at -
40°C for 12 hours and then stored  at -20°
C with 80-90 % R.H. for more than one
year. Generally freezing is used for the
highest quality and valuable chestnuts, as
Marrone types.

MARKETING AND PROCESSING
The largest part of the production is
addressed to the fresh market for roasting
or boiling which covers a period of time of
six months, with a high demand at the be-
ginning of the harvesting season (Sep-

tember) through November. The chest-
nuts are graded into four sizes: small,
standard, large and special. A distinction
is made between Marroni and ordinary
chestnuts. The Italian standards outline
Marroni as a cultivar or a group of culti-
vars with an oblong shape, large size,
small hilum, light colour and lightly raised
stripes, easily peeled, rarely double ker-
nel, good flavour and consistent texture.
The French adopt a simpler definition and
classify Marrone any chestnut with less
than 12 % of double embryo chestnut.
Only a limited quantity of production (15-
20 %) of chestnuts and Marrone is pro-
cessed and commercialised as semi-pro-
cessed or finished produce.

Semi-processed chestnuts and Marroni
are peeled or peeled and frozen or pro-
cessed in purée, and are the base for a
number of different finished products.
Whole peeled chestnuts can become
water-packed in tins, dry-packed in glass
jar, vacuum packed. The best chestnuts
and Marroni, peeled and frozen, are can-
died or sent to confectionery to have mar-
rons glacés, chestnut in syrup, chestnuts
in alcohol. Chestnut purée is the base for
creams, increasing in demand, for the
trend toward dairy desserts containing
chestnut cream. Dried chestnut and flour
are packed and sold all year around.
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CHESTNUT GROWING
IN TURKEY AND RESEARCHES

ON ITS PROBLEMS

CHESTNUT PRODUCTION
Chestnut (Castanea sativa) is a species
native to Turkey (Erdem, 1951). Chestnut
production of Turkey showed a fluctuation
trend within the last 20 years. For exam-
ple, it was 58.500 t, 900.000 t, 80.000 t
and 55.000 t in 1980, 1987, 1992 and
1998, respectively (Figure 1). In addition,
the number of total chestnut trees is esti-
mated around 2-2,5 millions. The Aegean
Region has the biggest share for chestnut
production in Turkey. Other important re-
gions are Black Sea, Central North and
Marmara, respectively. World chestnut
production is about 500.000 t. It shows a
slight variation depending on the years
South Korea (120.000 t), China (117.000
t), Italy (78.000 t), Turkey (53.000 t), Boli-
via (32.000 t), Japan (26.000 t) and Fran-
ce (13.000 t) have important shares in the
world chestnut production (Anon., 1999a;
1999b).

CULTIVAR SELECTION
Chestnut is a cross fertilizing species.
There are approximately 2,5 millions
chestnut trees in different regions of Tur-
key. As most of the chestnut trees are
seedlings, various phenotypes that have
different characteristics from each other
have evolved. People selected chestnut
trees that have superior yield and quality
in their vicinity by taking advantage of this
wide genetic material since the ancient ti-
mes. Thus they improved local cultivars
through selection and vegetative multipli-
cation of these materials, especially by
grafting. Regarding the chestnut produ-
cing regions, local cultivars improved by
selection can be often seen. Different vi-
cinities of Marmara Region have local
cultivars with different characteristics.
However, grafted chestnut trees are sel-
dom encountered in the Black Sea Re-
gion (Ayfer et al., 1982). Perhaps, the
reason for this is the fact that chestnut
trees of this region have similar plant cha-
racteristics. Likewise, some vicinities of
Marmara Region have ecotypic chestnut
populations.

The first scientific study on the cultivar
selection started as a selection project by
Department of Horticulture, Faculty of
Agriculture, Ankara University and Ata-
türk Horticultural Central Research Insti-
tute, Ministry of Agriculture in 1975. At
the first step of this project, fruit samples
were taken by visiting most of the vicinity
of the Marmara Region and detailed stu-
dies were carried out on these samples
(Ayfer et al., 1977). At the second step, a
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selection study was also conducted in the
West and Middle of the Black Sea coast
vicinities from Eregli (Zonguldak) to Sinop
in 1982. In the following years, cultivar
selection studies were conducted in the
Aegean Region (Özkarakas et al., 1995)
and the Black Sea Region (Serdar and
Bilgener 1995; Serdar, 1999; Serdar and
Soylu, 1999). These studies have been
continued as local selections in these re-
gions (Akça and Yilmaz, 1999; Serdar,
2002). Chestnut genotypes having stan-
dard characteristics with superior yield
and quality were selected from these stu-
dies (Ayfer et al., 1988; Soylu et al., 1994;
Özkarakas et al., 1995; Serdar, 1999;
Serdar and Soylu, 1999).

ROOTSTOCK SELECTION
European chestnut (Castanea sativa Mill.)
is a sensitive species to ink disease
(Phytophthora spp.). Therefore, studies
on rootstock selection are necessary. It
has been known for 50 years that this di-
sease damaged the chestnut trees serious-
ly, in the Black Sea and the Marmara Re-
gions (Erdem, 1951). Chemical control for
this disease is difficult and unpractical.
Therefore, researches have been directed
to breed resistant rootstocks. Thus, cros-
sing studies between resistant Asian
chestnut species (Castanea crenata, Cas-
tanea mollissima)  and European chest-
nuts (Castanea sativa) were performed in
European countries such as Italy, France,
Spain, Portugal. As a result of these stu-
dies, hybrid rootstocks showing resistan-
ce to ink disease and showing good com-
patibility with standard cultivars were im-
proved. Two of these hybrid rootstocks
are Marigoule 15 and Maraval 74 origina-
ted from France (Solignat and Chapa,
1975). Growth vigour and degree of graft
compatibility of these rootstocks with

some of the native important standard
cultivars from the Marmara Region were
also studied and it was observed that
stock-scion relations were rather accep-
table (Ufuk and Soylu, 1999). However,
these rootstocks were found to be sensiti-
ve to chestnut blight (Cryphonectria para-
sitica).

Seedlings of native chestnut genotypes
can be used as rootstocks in uninfected
areas with ink disease. Thus, in order to
obtain rootstocks it is important to use
chestnut genotypes with high seed germi-
nation ratios and seedling emergence ra-
tios, being vigorous and homogeneous in
their growth, with only one stem, and re-
sistant to drought. With this aim, work
was conducted in the Marmara Region
(Soylu et al., 1999), the Aegean Region
(Ertan, 1999) and the Black Sea Region
(Soylu and Serdar, 1999), and suitable
chestnut types were identified. In a diffe-
rent study, growth characteristics of se-
edlings obtained from the crossings be-
tween native cultivars, depending on
years and some factors affecting these
characteristics were determined (Soylu,
1988).

PROPAGATION AND NURSERY TREE
PRODUCTION
Vegetative propagation of chestnut has
been made by layering, by rooting of cut-
tings, by in vitro culture and grafting tech-
niques. Multiplication by cuttings is possi-
ble for some genotypes. Thus, in a work
during two years on hybrids, it was deter-
mined that some genotypes showed a 60
% rooting with leafy cuttings taken in
summer (June), but dormant hardwood
cuttings taken after leave abscission fai-
led to root in a bottom heated (20-22 ºC)
medium (Soylu, 1983).

Figure 1. Variations in chestnut production of  the World and Turkey during the last
20 years (Anon., 1982, 1984, 1986, 1988, 1992, 1998, 2000).

The axillary bud culture is a widely used
technique for in vitro propagation. In the
studies of this culture, promising results
were obtained. However, the need of very
young explant source and the obligation
to continuously obtain this material, limi-
ted the use of this technique (Soylu and
Ertürk, 1999).

Grafting is the most widely used techni-
que for vegetative chestnut propagation
in Turkey.  Generally, seedling rootstocks
have been  used. It was determined that
stratification must be done for high germi-
nation rate of chesnut seeds and vigour
of seedling growth. From two to three
months of stratification period is conside-
red to be enough. (Soylu 1984, Bilgener
and Serdar 1995, Soylu et al., 1999). In
addition, stratification materials did not
affect germination rate and seedling
growth, significiantly (Bilgener and Ser-
dar, 1995). Effects of different composts
on germination and seedling growth of
chestnut seeds were also investigated
(Serdar et al., 1996). Most of the graf-
ting methods can be used in chestnut pro-
pagation. Shield, inverted shield, patch,
chip budding, pipe budding methods are
some of these techniques. Furthermore,
whip, side, bark, cleft and different forms
of grafting techniques can be applied.
Application time has a critical importance
in budding methods. In some studies on
this topic, spring budding made at the be-
ginning of May had higher graft success
than fall budding made in July-August
(Soylu, 1982; Serdar, 2000). However, in
a study conducted in the Aegean Region,
it was reported that better results were
obtained from fall budding (Özkarakas
and Önal, 1997). In addition, in a diffe-
rent study, graft success was found to
be between 84-100 % after chip
budding, patch and pipe budding made in
the middle of July (Sen et al., 1993). It
was reported that total phenolic com-
pounds in phloem tissue of rootstocks
could also affect the graft success ra-
tios. Positive correlation (r = 0.811) was
found between these two parameters
(Karadeniz et al., 1993).

For successful nursery tree production,
both graft success and nursery tree
growth are the main objectives. Concer-
ning grafted tree production, when the
quality factors (growth, height, diameter)
were taken into consideration, inverted
shield budding made at the beginning of
May gave the lowest success (13-18 cm
of bud shoot), although this technique
gave the highest graft success. In addi-
tion rather high grafting success (77 %)
was obtained from whip grafting made af-
ter bark separation of the rootstocks in
the spring and grafted nursery tree heights
were also found to be at an acceptable le-
vel (70 cm) (Serdar, 2000). Also, bark
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grafting gives high promising results on
grafting of wild trees.

FLOWER MORPHOLOGY
AND FERTILIZATION BIOLOGY
Detailed studies were made on flower
morphology and fertilization biology of
some cultivars and genotypes obtained
from selections (Soylu and Ayfer, 1981).
In this study, floral morphology, meiotic
and mitotic cell divisions, development of
embryo sacs, fruit set obtained from cros-
sed and selfed flowers, development of
pollen tubes in the styles and effect of
pollen on seed size (xenia) were investi-
gated. In another study, inheritance of
male sterility was discussed (Soylu,
1992). Flowering periods of selected ge-
notypes were determined in a different
study on chestnut selections in Erfelek
(Sinop) vicinity (Serdar, 1994).

MORPHOLOGICAL
CHARACTERISTICS
In order to determine the morphological
characteristics of some important stan-
dard cultivars, leaf morphology and sto-
mata distribution were studied (ªahin and
Soylu, 1991).

HARVEST AND STORAGE
Due to the fact that chestnut trees have
high canopies, techniques which ease
harvesting are required. In relation to this
aim, dropping of the burs and/or nuts ea-
sily is the main goal. It was found that
ethephon is a useful chemical for this aim
(Soylu et.al., 1987). Chestnuts have diffe-
rent storage requirements from other nut

species. Because of this the moisture
content of the standard nuts must be 40-
45 % RH. Therefore a more sensitive ad-
justment of temperature and moisture du-
ring storage of nuts is required. Storage
of chestnuts in natural conditions without
removing husks from fruits increases the
decays due to moulds and losses suf-
fered from physical causes. Whereas cold
storage of nuts at about 1°C and 85 ±5
RH reduced the losses markedly (Ayfer et
al., 1991). In a research for determining
the effects of various packing materials
during cold storage period (at 0°C and
75-85 RH) on quality of the nuts, the best
results were obtained from the nuts sto-
red in perforated polyethylene bags (a
hole with 4 mm diameter in 50 cm2)  (Bil-
gener and Serdar, 1997).

DISEASES AND PESTS
Diseases
The two most serious problems of chest-
nut growing in Turkey are ink disease
(Phytophthora cambivora) and chestnut
blight (Cryphonectria parasitica). The ink
disease has been known in Turkey since
1950’s. It was stated that this disease da-
maged the chestnut groves seriously in
the Marmara and Black Sea Regions (Er-
dem, 1951). The most suitable method of
controlling this disease is to grow chest-
nut on resistant rootstocks. The resistant
hybrid rootstocks can be used in infected
areas such as the mentioned before.
Chestnut blight was detected for the first
time in the Marmara Region in 1968 in
Turkey and attention was directed to this
matter (Akdogan and Erkam, 1968).
However, the disease had spread within a
short time and caused important losses in
this region (Delen, 1975). It was determi-
ned that the disease was widespread
from the Black Sea and most of the vicini-
ty of the Marmara Region and caused se-
rious damages (Ayfer et al., 1982, Ser-
dar, 1994; Baykal et al., 2000). It was sta-
ted that the disease was also seen in dif-
ferent zones of the Aegean Region in re-
cent years (Demir et.al., 1997; Soylu

1998). At the beginning, especially
effects of systemic fungicides were tested
to control the disease. It was reported
that these fungicides used via drenching
the soil were found to be effective in con-
trolling the disease (Delen, 1979). But
continuous applications increased the re-
sistance of the disease. In addition, this
method was too expensive to be used at
large scale (Delen, 1980). One of the
most effective methods of controlling the
disease is also biological control. Work
on this topic in Turkey increased after
1990. In these studies, chestnut blight
isolates gathered from different regions
were examined and some hypovirulent
strains were found to be effective on con-
trolling the disease  (Çeliker and Onogur,
1998; 2000; Gürer, 1999; Gürer et al.,
2001; Tezcan 2002) and the studies for
biological control of chestnut blight have
been continued (Çeliker and Onogur,
2002; Tezcan 2002; Aksoy and Serdar,
2003). Chestnut blight has different
effects on standard cultivars. Some culti-
vars were reported as being less sensiti-
ve (Baykal et al., 2000).

Pests
The most harmful insect species for
chestnut are fruit pests in Turkey. Among
these pests, chestnut tortrix (Laspeyresia
splendana) and early chestnut tortrix
moth (Pammene fasciana) are the most
harmful species (Seçkin, 1981). In this
study, life cycles, damage symptoms and
damage levels of these species were in-
vestigated. In further research, infestation
ratio of harvested chestnut and the time
of larval exit from fruits were determined
by sampling harvested chestnuts at diffe-
rent times in the three districts (Ayancik,
Erfelek and Turkeli) of Sinop province. It

A chestnut farm nearby Marmara Sea

A young chestnut orchard

Chestnut cultivar "Sariaslama"

A chestnut tree suffering from chestnut blight
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was seen that Cydia splendana and Cur-
culio elephas cause the infestation (Tun-
cer and Serdar, 1996).

TECHNOLOGICAL PROPERTIES AND
RECIPES OF CHESTNUTS
Chestnuts have a higher ratio of carbo-
hydrate but a lower ratio of fat and protein
than most other nuts.  In a research on
fruit content of chestnuts, some physical
and chemical properties of 55 different
chestnut genotypes grown in the Erfelek
district of Sinop city were determined.
(Üstün et al., 1999).

Chestnuts have been consumed fresh or
as a processed product. In fresh con-
sumption, roasting and boiling are widely
used. Among processed products, can-
died chestnuts are widely known. On the
other hand, chestnuts have also been
used in making different local meals
(Soylu, 1984; Torolsan, 2002).  A study
was carried out in order to assess the sui-
tability of chestnut genotypes for canning
(Üstün et al., 1998). In another study, the
causes of spoiling of candied chestnuts
and extending of storing periods of this
product were investigated (Tümer, 2002).
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THE PLACE OF ORIGIN
AND THE NATURE OF  DIOECY

IN THE CAROB
(Ceratonia siliqua L.)

The carob (Ceratonia siliqua L.) was
apparently taken into cultivation relatively
late. The earliest sound information about
its cultivation comes from Roman-time,
particularly from Jewish literary sources
(Feliks 1994; Zohary 2002). Similar to
most other fruit crops, the domestication
of C. siliqua is based on a shift from
sexual reproduction (in the wild) to vege-
tative propagation (under domestication).
However, the carob does not lend itself to
simple methods of vegetative propaga-
tion. Therefore, growing of carob clones
depended entirely on scion grafting
(budding). For this reason, this fruit tree
was apparently taken into cultivation rela-
tively late, only after the arrival to the Me-
diterranean basin of this advanced propa-
gation technology. As White (1970, pp.
248, 257-8) maintains, this probably hap-
pened only in the second half of the first
millennium BC.

In the last five years I found myself in-
creasingly involved in the assessment of
the domestication of the carob. Herewith I
wish to sum up my view on the following
two aspects: (i) The native home of this
fruit tree. In other words, what was the
distribution area of wild C. siliqua – befo-
re domestication? (ii) The partial
breakdown of dioecy in this tree – both in
the domestic clones and in the wild-
growing populations.

THE NATIVE HOME OF THE CAROB
Although wild-growing stands of C. siliqua
constitute today a conspicuous element
of the vegetation in the Mediterranean
basin, claims have been made that this
tree is a new comer here; and that its na-
tive home lies far south of the Mediterra-
nean phyto-geographic region. The advo-
cate of this mode of origin was G.
Schweinfurth (1896), a prominent Ger-
man botanist and an expert on Egypt’s
flora and archaeobotany. The following
facts led Schweinfurth to his conclusion:
(i) The carob can tolerate extreme hot cli-
mate, it flowers in the autumn, and it is
characterized by a cauliflorous habit (flo-
wers borne on the trunks). These adapta-
tions are common in South Arabian and
Ethiopian trees and shrubs. They are very
rare in Mediterranean arboreal plants. (ii)
A report by Deflers (1889) on the presen-
ce of what he regarded as wild carobs in
Yemen. On basis of this information,
Schweinfurth concluded that C. siliqua
should be considered a South Arabian
and/or Ethiopian element; and that it was
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introduced into the Mediterranean basin -
already as a cultivated crop. Following
such introduction, the carob has extensi-
vely naturalized in its new environment.
Until the Nineteen Eighties many of the
botanists engaged in the study of the Me-
diterranean flora accepted Schweinfurth’s
explanation. However, meanwhile Cera-
tonia fossils were discovered in Oligoce-
ne, Miocene and Pliocene sediments in
S. Europe and SW Asia, indicating that
the carob very likely participated in the
origin of the Mediterranean sclerophyll
dendroflora (Palamarev 1989). In addi-
tion, C. siliqua pollen grains, charred
seeds, and pieces of charred wood were
discovered in several Paleolithic and Pre-
Pottery Neolithic sites in Israel (for review
see Liphschitz 1987). They showed that
C. siliqua existed in the eastern part of
the Mediterranean basin long before the
advent of agriculture. The oldest find con-
sists of carob pollen grains retrieved from
a core of a drill sunk in the Hula valley,
north Israel (Weinstein-Evron 1983) and
dated to the Early Würm period (c. 40,000
yrs bc). It was followed by several ar-
chaeological more recent Epi-Paleolithic
and Pre-Pottery Neolithic finds dated
10,000 – 6,500 yrs bc non-calibrated ra-
diocarbon time [= 1,2000 – 7,500 yrs Cal.
BC]. These finds were further augmented

by charred seeds and wood retrieved
from late Pre-Pottery Neolithic Atlit-Yam
near Haifa (Galili et al. 1993) dated 6,100
– 5,500 yrs bc [= 6900 – 6200 yrs Cal.
BC]. All these archaeological finds ante-
date horticulture in the Near East and the
East Mediterranean. They show that con-
trary to Schweinfurth’s idea, C. siliqua
has been part of the flora of the Levant
long before its domestication.

As already argued by Batlle and Tous
(1997) what still needs clarification is the
status of the wild-growing carobs in the
western part of the Mediterranean region.
Up to date, no prehistoric finds of carob
have been reported from this part of the
Mediterranean basin. Moreover, as noted
by Kislev (1988) classic Greek and Ro-
man writers did not record the carob from
these territories. Thus Theophrastus (4th
Century BC) states that the carob grows
in Syria, western Anatolia (Ionia, Knidos),
and in Rhodes. But this writer does not
mention it from any western Mediterra-
nean countries. Pliny (23-79 AD) pre-
sents a similar account. Also he does not
record the carob from the West Mediter-
ranean, not even from Italy which was the
native country of this writer. These pieces
of evidence suggest that before the Helle-
nistic and Early Roman times the carob

Carob hermaphrodite flower

might have not occurred in the West Me-
diterranean basin. However, they are far
from being sufficient. They permit only
keeping in mind that the large wild-loo-
king carob populations that thrive today in
the warm, low altitude belt of the western
Mediterranean region could be of feral
origin. More solid evidence is needed be-
fore one could be convinced that such a
massive colonization actually took pla-
ce.

DIOECY AND SEX DETERMINATION
The carob is a dioecious species. This
mode of sex determination characterizes
not only C. siliqua but also the second
species now known in Ceratonia, namely
C. oreothauma, that was recently disco-
vered in S. Arabia and in Somalia (Hill-
coat et al. 1981). This indicates that
dioecy has been established in Ceratonia
a long time ago.

In Israel, wild populations of C. siliqua
were found to be strictly dioecious and
gender stable (Rottenberg 1999).  A re-
cent survey carried out by this worker re-
vealed that practically all individuals sur-
veyed were either male or female. Fur-
thermore, in the surveyed populations,
the proportion of pistillate and staminate
individuals conformed to the 50%-50%
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sex ratio expected in simple cases of
dioecy. Also a progeny test carried out by
Coit (1951) indicated such a mode of sex
determination. This kind of sexual dimor-
phism is apparently common in wild-
growing carob stands not only in Israel
but also in some other parts of the distri-
bution range of the carob; yet not
everywhere. Thus Batlle and Tous (1997)
reported that in wild-growing carob
stands in the Mediterranean coastal belt
of Spain female and male morphs domi-
nate, but they are also accompanied by
hermaphrodite individuals. The latter are
rare in the southern coastal belt of Spain,
and in the Algarve district of Portugal.
They become more frequent in the eas-
tern coastal belt of Spain. Finally, in the
Balearic Islands, the frequency of herma-
phrodites in wild-growing carob stands is
even higher. Some populations were
found to contain up to 70% individuals
with perfect flowers (J. Tous, personal
communication). Under domestication a
similar situation occurs. Most domestic
carob clones are female, and require the
presence of pollen donors for pod setting.
Yet some of the carob cultivars have per-
fect flowers and do not depend on exter-
nal pollination.

All in all, the available information on the
sexual structure of wild-growing carob po-
pulations in the Mediterranean basin is
still fragmentary. Yet it is clear that strict
sexual dimorphism occurs in some areas,
while in other territories dioecy is not per-
fect. This situation repeats itself in culti-
vation. Most cultivars are pistillate, but

ved from perfect-flowered cultivars. What
we have to keep in mind is that domesti-
cation of the carob could have triggered
not only a partial brake-down of dioecy in
cultivated clones. Through selection of
domestic hermaphrodites it could have
affected also sex dimorphism in wild-
growing populations.
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Carob orchard growing at Majorca island, Spain

again some hermaphrodite cultivated clo-
nes occur as well. Moreover, there are
good reasons to believe that under do-
mestication a mutation causing perfect
flowers would be favored by the growers,
since such clones would not require the
addition of pollen donors into the planta-
tion. For this reason, it is tempting to pro-
pose that similar to the situation found in
the grape vine (Zohary and Hopf 2000, p.
155) also in the carob, the original wild
forms (as well as the first cultivars) were
strictly dioecious; while under domestica-
tion hermaphrodite clones appeared and
increased in number as a result of human
selection. Yet in contrast to viticulture
(where almost all cultivars are herma-
phrodite), domestication of the carob is
more recent, and the replacement of fe-
male cultivars by perfect-flowered is only
partial.

Because carob cultivars and wild-growing
carobs frequently grow side by side, the
selection of hermaphrodite clones by the
grower could have had repercussions
also in the wild. As soon as hermaphrodi-
te clones established themselves in carob
culture, their pollen (and seeds) could
have reached adjacent, spontaneously
growing carob populations and “contami-
nate” them with the hermaphrodite muta-
tion. In other words, the occurrence of
hermaphrodite individuals in wild-growing
stands could have been brought about by
the mutant cultivars, either by direct intro-
gression (from hermaphrodite cultivars to
originally fully dioecious wild populations)
or by generation of feral populations deri-
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NOTES AND NEWS

BOOK REVIEW - CHESTNUT:
CULTURE, ENVIRONMENT

AND USES IN ITALY
AND IN THE WORLD

IL CASTAGNO: COLTURA, AMBIENTE
ED UTILIZZAZIONI IN ITALIA E NEL
MONDO
(in Italian), 2002. (Chestnut: culture, envi-
ronment and uses in Italy and in the
World) by G. Bounous. Publisher: Edagri-
cole - Edizioni Agricole de Il Sole24 ORE
Edagricole, Bologna, Italy. XIV 312 pa-
ges, 351 colour pictures. 43,5 €.

REVIEW
The chestnut (genus Castanea) has an
ancient history in Europe where it
developed in a close relationship bet-
ween people living on the plane and on
the mountain. In the evolution of the cul-
ture it is possible to follow the main
events of the mountain European eco-
nomy. Currently the interest in this tree is
increasing not only in Europe but also in
Asia (the largest chestnut producing re-
gion in the world), the Middle East, North
and South America, and Australia, where
the industry is expanding. In the past, the
chestnut, as few other agricultural and fo-
restry resources in hilly and mountainous
regions, provided for the primary needs of
the rural population, enabling them to live
in close relationship with their environ-
ment. Through the ages, the once strong
relationship between man and chestnut
has changed due to the continuous but
unavoidable contact of the rural society
with urban lifestyles and industrial cultu-
re. At the same time disease and aban-
donment contributed to the decline of
chestnut culture. New aims are rever-
sing this trend, changing the ecosystem
balance.

After a long period of difficulties, in recent
years there has been a renewed interest
in this species and its multiple functions.
Today the chestnut is still a valuable nut
and noble hardwood producer, which pro-
vides timber and firewood, forage and lit-
ter. This tree is an important element of
the forest and agrarian landscape, impro-
ving hydro-geological protection and bio-
diversity. For its aesthetic, emotional and
environmental qualities, the chestnut tree
has a high value in recreational activity
and farm-tourism. This old and giant tree

is the witness of long passed times but
also a potential protagonist of present
and future environmental and socio-eco-
nomic growth of the rural people. With its
wide array of products the chestnut is
able to produce cash crops for rural
areas, thereby contributing to the sustai-
nable management and maintenance of
the landscape. Some initiatives have
been taken to improve the value of this
heritage. If chestnut production is to in-
crease to meet rising demand then solu-
tions must be found for resolving
problemmes.

In this book, published in Italian, the au-
thor pays considerable attention to this
new interest in chestnuts and to the evo-
lution of its cultivation. A clear and detai-
led exposition of all aspects concerning
chestnut is divided into three parts in a
total of seventeen chapters. The complex
material is well organised, and is handled
in a systematic and global way, develo-
ping and explaining the topic with scienti-
fic exactitude. The chapters are well and
deeply developed and the contributions
of the co-authors and numerous experts
are particularly helpful to ensure up to
date information relating to current re-
search.

After an outline of the history of the sweet
chestnut through the ages until the pre-
sent time, the taxonomy of the different
species and their geographical distribu-
tion are dealt with. In the third chapter the
botanical characteristics, the floral and
fruiting biology and the phenology are
described. Propagation and breeding
techniques are described in great detail
and refer to traditional and innovative me-
thods.

Chapter 6 concerns cultural practices for
specialised orchards and leads into the

maintenance, the restoration and the re-
newal of traditional chestnut groves, so
important as landscape and forest ele-
ments and as nut production trees. The
section dealing with pathology and ento-
mology has been written by outstanding
experts, and presents detailed informa-
tion on the subject.  The first part of the
book finishes with a section on harves-
ting, using both traditional and mechani-
cal methods.

The second section is devoted to the
chestnut as a multipurpose tree and to its
utilisation. The post harvest quality of the
nuts, storage and processing methods
are described with a wide list of products,
old and very new, available all year
round. The chestnut as a timber species
is the subject of the 12th chapter, where
forestry aspects, management techni-
ques, characteristics and utilisation of the
timber are explained by forestry experts.
But the ecosystem is not only about nuts
and timber, because products such as
honey, mushrooms, charcoal, wild plants
and animals that are related to chestnut
life, are able to offer other incomes. The
value of the chestnut in the landscape, in
recreational activities and in the culture
throughout history is analysed. The
chestnut, once a staple food for mountain
people, is today acquiring a new standing
due to its strong links with past traditions
and to its nutritional composition. In the
15th chapter, a few recipes give a sense
of the great adaptability of this nut and its
flour in a range of dishes from first to
main course as well as desserts. Thanks
to its nutritional composition the chestnut
is a delicious, wholesome and healthy
food.

The third part of the book is an overview
on Italian and World chestnut culture. The
data collected about the Italian regions
gives the reader the idea of the importan-
ce of the culture and of the wide array of
germplasm, which is a rich resource of
biodiversity. The author and specialists
from many countries deal with the impor-
tance of the chestnut, both in Europe and
Asia, (which have a long and ancient tra-
dition in chestnut cultivation), and in
America and Oceania where a new chest-
nut industry is developing.

The book contains broad and accurate in-
formation, with a large number of tables,
graphs, statistics and photos of high qua-
lity. The images capture the attention of
the reader by both their quality and detail.
The bibliography is very extensive, and
divided chapter by chapter. The literature
cited is by no means exhaustive, but gi-
ves the readers access to a number of
supporting works, many of which are re-
view articles that list many references on
the topic.
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Giancarlo Bounous, due to his extensive
research work and many publications on
the subject, is an internationally re-
nowned chestnut expert. G. Bounous has
been able to review his broad knowledge

Chestnut growing at Viterbo, Italy

Chestnut growing at Tras-os-Montes, Portugal

and experience to the reader in this
book. The work describes the current
chestnut situation and reports the re-
search results and experiences of the au-
thor and co-authors. It is full of scientific

information essential for researchers but
it is also an easily consulted reference
work for students, technicians, extension
service operators and amateurs who wish
to know more about this versatile species.
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TO BE HELD:

Almond and Pistachio

XIII GREMPA Meeting on Almond and Pistachio
Date: June 1-5, 2003
Place: Tras os Montes, Portugal
Conveners: M. Oliveira (ITQB/IBET) and V. Cordeiro (DRAToM)
Addresses:
ITQB/IBET, Quinta do Marques
2784505 Oeiras, Portugal
Tel: 351 2144 69647
Fax: 351 2144 21161
E-mail: GREMPA@itqb.unl.pt
http://www.ibet.pt/XIIIGREMPA2003
DRA de Tras os Montes
Ministerio da Agricultura
Quinta do Valongo
5370087 Mirandela, Portugal
Tel: 278 260 952
Fax: 278 260 992

Chestnut

III ISHS International Symposium on Chestnut
Date: October 20 - 23, 2003
Place: Chaves (Vila Real), Portugal
Convener: C. Abreu
Address: University of Tras os Montes e Alto Douro
P.O. Box 202
5000-911 Vila Real - Portugal
Tel: + 351 259 350 508
Fax: + 351 259 350 480
Email: cgabreu@utad.pt

Hazelnut

VI ISHS International Symposium on Hazelnut
Date: June, 14-18,  2004
Place: Reus, Spain
Convener: J. Tous
Address: IRTA  Centre de Mas Bové
Departament d’Arboricultura Mediterrània
P.O. Box 415, 43280 Reus, Spain
Tel: 33 977 32 84 24
Fax: 33 977 34 40 55
E-mail: secretariat@hazelnut2004.com
www.hazelnut2004.com

Walnut

V ISHS International Symposium on Walnut
Date: November, 7-14, 2004
Place: Sorrento, Naples, Italy
Conveners:  D. Avanzato (MiPAF) and M.E. Malvolti (CNR)
Addresses: Istituto Sperimentale per la Frutticoltura di Roma (MiPAF)
Via di Fioranello, 52, 00134 Roma (Italy)
Tel: 39 06 79348186
Fax: 39 06 79340158
E-mail: davanzato@mclink.it

Istituto di Biología Agro-ambientale e Forestale (CNR)
Viale Marconi 2, 05010 Porano, Italy
Tel: 390763374688
Fax: 390763374330
E-mail: mimi@ias.tr.cnr.it

Almond orchard at Tras-os-Montes, Portugal

CONTENTS

Section 1:

The tree and its culture

1. Origin and historical outlines of C.s a -
tiva from ancient times, through the
Middle Age and the modern Era, to the
20th century.

2. Taxonomy and geographical distribu-
tion of European, Asian and American
species.

3. Botanical characteristics, floral and
fruiting biology, phenology.

4. Propagation and nursery production.

5. Breeding.

6. Orcharding: environment, orchard de-
sign and management, cultural techni-
ques, cultivars.

7. Restoration and management of tra-
ditional chestnut wood.

8. Pathology (with particular emphasis
on canker blight, ink disease and viruses)

9. Insects and mites.

10. Manual and mechanical harvest.

Section 2:

Uses

11. Nut utilisation (post harvest quality,
storage, processing, products).

12. Timber production. Sylviculture and
technological aspects of chestnut timber
production.

13. Other products (honey, mushrooms,
charcoal, cosmetics, medical use).

14. Landscape and traditions.

15. Chestnut in cuisine. Subsistence food
in the past; wholesome food with nutritio-
nal value and alimentary benefits today.

Section 3:
Chestnut culture in Italy and in the
world

16. Situation in Italy: production, surface
area, marketing. Overview of germplasm
and culture in Italian regions.

17. Situation in the World: Australia, Aus-
tria, Carpatic Basin, Canada, Chile, Chi-
na, France, Germany, Great Britain,
Greece, Japan, Netherlands, New Zea-
land, Portugal, South Korea, Spain, Swit-
zerland, Syria, Tunisia, Turkey, United
States of America.

E. Magnano
President

Organisation for Valorization
of Chestnut
Cuneo, Italy

Hazelnut orchard at Constantí, Tarragona,
Spain
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