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Preface

Date palm (Phoenix dactylifera L.) trees bear edible fruits under adverse conditions
of high temperature, limited water resources and high soil and water salinity. Dates
have contributed to the emergence and survival of ancient societies in desert regions
worldwide. Now they are being rediscovered as a nutritional health food due to rich-
ness in fructose, a low glycemic index sugar, vitamins and dietary fibers. Dates have
diverse medicinal properties due to high content of phytochemicals including carot-
enoids, polyphenols (e.g. isoflavons, lignans and flavonoids), tannins and sterols.
These compounds are known for antioxidant activity, cholesterol-lowering proper-
ties and chemoprevention of cancer, diabetes and cardiovascular diseases.

Date palm plantations worldwide are estimated to have over 150 million trees,
distributed between 10° and 39°N Lat. but thrive mostly between 24° and 34°N Lat.
in the Middle East and North Africa. Date production has steadily increased from
(in thousands) 2,535 mt in 1980 to 7,549 mt in 2012 (FAOSTAT database apps.fao.
org). Although modern agricultural practices have contributed to increase in pro-
duction, expansion in agricultural land and utilization of natural resources has
played an important role. Sustainable date palm cultivation in the twenty-first cen-
tury will require implementation of a set of principles drawn from existing research
results and farm-level experiences. Despite the existing body of research, realiza-
tion of the full potential of the date palm is being hindered by the lack of compre-
hensive studies of key areas: (a) Comprehensive assessment of date palm genetic
resources and their conservation, including the role of seedling palms; (b) Broad
evaluation and identification of cultivars and the role of DNA fingerprinting; (c)
Development of a set of best-cultivation practices to enhance yield and reduce post-
harvest loss for both monoculture and mixed oasis farming systems; (d) Conservation
and utilization of germplasm resources and agroforestry in light of climate change;
(e) Appraisal of the role of tissue culture according to the scale of production; and
(f) Evaluation of date palm products and marketing. This book fills the gaps in the
preceding key areas for major date-producing countries worldwide. It provides an
assessment of how to achieve these key principles across the date-producing coun-
tries with reference to the local environmental conditions and socioeconomic
practices.
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The book is published in two separate volumes; each consists of 15 chapters.
Volume 1 addresses date-producing countries within Africa, North America and
South America, whereas, Volume 2 pertains to Asia and Europe. Volume 2 begins
with an introductory chapter highlighting modern scientific discoveries and the
main book features. Chapters 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, and 14 provide an
assessment specific to an individual date-producing Asian countries including Iran,
Saudi Arabia, Iraq, Pakistan, Oman, Yemen, Israel, Kuwait, Qatar, Bahrain, Syria,
Palestine and India. Two other date-producing Asian countries not included in this
volume, due to unavailability of authors, are the United Arab Emirates, a major
producer, and Jordan, a minor producer. Europe, represented by Spain, is addressed
in Chap. 15. The volume ends with appendixes summarizing available information
on each country. The appendixes provide surveys of characteristics and distribution
of major date palm cultivars, commercial sources of dates, offshoots and in vitro
plants; and research institutes and scientific societies concerned with date palm
research and production.

In this book volume, each chapter describes the current status and prospects on:
cultivation practices and agroforestry; genetic resources focusing on threats and
research progress in genetics, breeding, conservation, and germplasm banks; role
and importance of cultivar classification and identification based on morphological
and molecular techniques; importance of micropropagation technology and research
progress toward scale-up production; and advances in dates processing, novel prod-
ucts and innovative utilizations and marketing. In addition, each chapter describes
the main characteristics of important date palm cultivars including growth require-
ments, cultivar distribution shown in a country map, production statistics and eco-
nomics, nutritional aspects as well as morphological descriptors supported with
color photos. The chapter concludes with imperative recommendations for further
development of date palm sector in the respective country.

This volume presents, for the first time, a comprehensive assessment of date
palm genetic resources and utilizations in date palm—growing countries of Africa
and the Americas. The book is a valuable resource for students, researchers, scien-
tists, commercial producers, consultants, and policymakers interested in agricul-
ture, particularly in the date palm industry. Individuals and companies throughout
the date industry would benefit greatly from the adoption of the policies and prac-
tices discussed in this book to enhance production and expand industrialization and
marketing of traditional and potentially new date products. The chapters were gra-
ciously contributed by prominent scientists of each country. All manuscripts were
critically reviewed and revised to ensure accuracy and quality. We greatly appreci-
ate all contributory authors for their contribution towards the success and quality of
this book. We are grateful to Springer for giving us an opportunity to compile this
book.

Al-Hassa, Saudi Arabia Jameel M. Al-Khayri
Helsinki, Finland Shri Mohan Jain
Cincinnati, OH, USA Dennis V. Johnson
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Chapter 1
Introduction: Date Production Status and
Prospects in Asia and Europe

Dennis V. Johnson, Jameel M. Al-Khayri, and Shri Mohan Jain

Abstract Successful future development of date palm depends largely on evaluating,
utilizing, and conserving genetic resources; assessing the value of present and poten-
tial cultivars; promoting the best cultivation, processing, and marketing practices; and
broadening the number of fruit and tree products. The date palm was domesticated at
the dawn of agriculture, new technologies were adopted for its cultivation, the palm
was dispersed widely by humans and it has become a major world tree crop with the
introduction of modern plantations. France, the USA, and international organizations
have contributed to date palm development and more recently domestic programs in
the larger producing countries. Creating a new international date palm organization to
bring together research and development efforts and to serve as a resource center
would be beneficial. Date cultivation originated in Iraq and that country has always
been a major producer; Iran, Saudi Arabia, Pakistan, Oman, and the United Arab
Emirates also are all primary world producers. These countries present a mixed pat-
tern of old and new date cultivation which receive federal government support for
research and development. In recent decades, cultivation in the Arabian Peninsula has
expanded significantly with new plantations using tissue-cultured plants. Date pro-
duction in Pakistan and India comes mostly from seedling date palms under tradi-
tional cultivation. Modern date cultivation is being established to meet the large
domestic demand. Israel’s date production is unique coming entirely from modern
plantations. Spain’s very small date production from seedling dates is a novelty and
likely to remain so. Because they are not included in country chapters, summary
accounts of date cultivation in Jordan and the United Arab Emirates are included.
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Keywords Dispersal and distribution * Domestication ¢ Food value ¢ Modern
plantations ¢ Production statistics ® Research and development

1.1 Introduction

The date palm (Phoenix dactylifera L.) is one of the most valuable domesticated
fruit trees because of ritual significance in human societies, health benefits, produc-
tive capacity in harsh semiarid and arid environments, and the range of subsistence
products from its fruits and other parts of the large palm. In planning this book, the
editors strived for complementarity with their earlier book, Date Palm Biotechnology
(Jain et al. 2011), as well as two books by other authors, Dates: Production,
Processing, Food and Medicinal Values (Manickavasagan et al. 2012) and Dates:
Postharvest Science, Processing Technology and Health Benefits (Siddiq et al.
2014). Each of these three books is composed of individual chapters, on a broad
range of topics. None of them deals with the date palm status of genetic resources
and production in each of the date palm-growing countries.

Additionally in this book, four major themes were identified as exemplified in
the book’s title. Genetic resources of the date palm are of great importance in the
future of the crop, for two reasons. First, the diversity present in the entire Phoenix
dactylifera gene pool represents an invaluable resource for conventional and molec-
ular breeding of future date palms of high fruit quality, high fruit yield, tolerance to
abiotic stresses, and resistance to major pests and diseases. Genetic erosion as well
as genetic sedimentation imperil the date palm. Second, the strong and increasing
trend toward cultivation of known elite cultivars, so evident in nearly every new date
palm plantation, is being carried on at the expense of a narrowing of the overall
cultivar diversity as traditional cultivars are less likely to be propagated and uneval-
uated seedling date palms (Johnson et al. 2013) are eradicated as if they were weeds.
Cultivar assessment, for all but a few well-known elite types, is at a very rudimen-
tary stage of knowledge. Because the unassessed cultivars are often native to a sin-
gle country, studies of promising cultivars must be organized at the national level,
with active collaboration among neighboring countries which may harbor close
relatives; in certain instances the same cultivar may be present in adjoining areas
within a country or in adjacent countries and bear different vernacular names.

Cultivation practices exhibit considerable variability across the date-growing
world. Certain accepted practices have been adapted to local environmental condi-
tions, such as early picking and postharvest ripening because of climatic limita-
tions preventing full maturity of the fruits on the trees. Best management practices
have yet to be perfected for date palm growing under a basic set of environmental
factors. The country-level practices described in this book provide a point of initia-
tion to begin developing guidelines for growers to assure them with maximum
return for their investment and labor. The novel products part of the book title was
included to prompt individual countries to examine the products derived from date
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fruits not marketed as fresh or dried products. Descriptions of derived date fruit
products in the various countries demonstrate the cottage-level and small- and
large-scale industrialization in existence. These descriptions make possible a cross-
fertilization of ideas from country to country to valorize date fruit production to the
highest level possible, which represents a potential enhancement of income to pro-
ducers and manufacturers. Although the novel products described in the book are
almost exclusively focused on the fruits, other parts of the date palm tree have a
range of other subsistence and industrial products such as those derived from the
leaves, petioles, edible heart, and stem wood. These nonfruit date products merit a
fresh in-depth assessment to update the earlier publication Date Palm Products
(Barreveld 1993).

1.2 Agrobotany, Domestication, and Dispersal of Date Palm

1.2.1 Agrobotanical Description

A mature date palm can reach 30 m in height and is the tallest of the Phoenix spe-
cies. The stem has a diameter of 40-50 cm, bearing suckering offshoots at its base
during the early years of growth. The leaves are pinnate and erect with numerous
stiff leaflets; the rachis is armed with broad sharp spines on each side. An adult palm
has a moderately dense crown of 100 or more leaves 3—6 m in length; each leaf has
a life span of 3—7 years; about 12 new leaves are produced each year. The date palm
is dioecious, bearing male and female flowers on separate trees. Dioecy in date palm
is an impediment to seed propagation and traditional crossbreeding experimentation
as equal numbers of male and female plants are produced and their gender not
apparent in the field until flowering begins. Propagated by seed, it reaches sexual
maturity at about 5-7 years of age, significantly sooner if by offshoots. Flowering is
normally annual. Fruit development from pollination to maturity is reached in about
200 days and is variable in shape, color, and size, 4—7x2-3 cm, larger than in any
other Phoenix species. Yields are highly variable, 20-100 kg per adult tree, and
depend upon cultivar, environmental conditions, and cultivation practices. The
Medjool cv. produces the largest commercial fruits. Fruits contain a single elongate
seed, variable in shape and size, 20-30x 5-8 mm, containing a useful oil. On aver-
age, a plantation has an economic life of about 50 years, although the trees will
continue to produce fruit beyond that age, albeit at lower yields. When trees become
very tall, they are more expensive to care for and harvest, which negatively affects
the production economics.

The true date palm, Phoenix dactylifera L., is one of 14 recognized species of the
genus (Barrow 1998). It is most closely related to the Cretan date palm (P. theo-
phrasti Greu.) of the Eastern Mediterranean and to the Canary Islands date palm
(P. canariensis Chab.), native to that island group, and the sugar date palm
(P. sylvestris (L.) Roxb.) which is native to South Asia. Where Phoenix species
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distributions overlap in the wild, natural hybrids occur; likewise Phoenix palms
grown in botanical gardens readily hybridize (Gros-Balthazard 2013). This facility
makes artificial crossbreeding of species easily achieved. The date palm has 36
chromosomes (n=18; 2n=36).

1.2.2 Domestication

The date palm is one of the world’s very early domesticates and a traditional Old
World fruit. Date palm, olive tree (Olea europaea L.), common fig tree (Ficus
carica L.), and wine grape (Vitis vinifera L.) together are a seminal quartet of
ancient fruit crops closely associated with the earliest stages of agriculture. The
first domestication of the date palm is believed to have taken place at least
6,000 years ago in Mesopotamia, the lands between the Tigris and Euphrates rivers,
in what is today Iraq. The area is often referred to as the cradle of agriculture. The
early history of date palm as a cultivated palm is known only from archaeological
records and ancient cuneiform clay tablets. It is presumed that wild date palms
were selected for propagation on the basis of their possessing desirable fruit
characteristics.

Over an indeterminate period of time following the first planting of date palms,
several simple but important innovations took place in Mesopotamia which fostered
the development of date palm cultivation. In roughly presumed chronological order,
the following took place:

(a) Female and male palms were distinguished.

(b) Organized plantings made with fixed spacing.

(c) Palms under cultivation segregated by gender.

(d) Irrigation and water management.

(e) Atrtificial pollination.

(f) Separation of offshoots for propagation.

(g) Stages of fruit development recognized and named.

From the latter are derived the five sequential stages of fruit growth which
were named hababauk, kimri, khalal, rutab, and tamar. Somewhere along the way,
the first cultivar was given a name, which may have been Zahidi in the Basrah
area of present-day Iraq, a cultivar prominent in that area to the present. The fore-
going is summarized from Dowson (1921, 1923, 1982), Popenoe (1973), and
Pruessner (1920).

Since the date palm was initially domesticated, new cultivars have repeatedly
been created as a result of seedling propagation and the selection of those of supe-
rior fruit quality subsequently propagated by offshoots and assigned individual
names. Cultivar names typically derive from either the particular fruit characteris-
tics, the locality where the palm originated, or the name of the farmer who
selected it.
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1.2.3 Dispersal and Geographic Distribution

From its presumed homeland in Mesopotamia, over succeeding millennia, date palms
were dispersed by humans to the east, west, and south and took hold wherever climatic
conditions and water sources were favorable for fruit production. Initial dispersal was
clearly by means of seed. Even when abandoned, dates persisted and became natural-
ized where conditions allowed. Munier (1973), in a general study of date growing,
described dispersal of date palm in two major historic routes. One route is from
Mesopotamia south into the Arabian Peninsula and eastward to undivided India. A sec-
ond route begins in Egypt (itself the location of an independent domestication of date
palm) across North Africa west to Morocco. The Caravan trade and the Nile River may
have been the means of spreading date palms southward into the Sahelian countries and
Sudan in the early days. From North Africa, dates were carried to Spain by the Moorish
invasion in the eighth century, or possibly earlier. Seedling dates were grown success-
fully for fruit in southwestern Spain, although the climate is marginal for carrying fruits
to maturity on the tree. In the sixteenth century, the Spaniards successfully introduced
date seeds to the Americas, initially to Peru and later to Mexico, and achieved modest
fruit production. In the mid- to late 1800s, there are reports of seedling dates being
grown in Southern Africa, Australia, and New Caledonia (Johnson 2010). In the past
100 or so years, as offshoots have successfully been transported over long distances,
modern date palm plantations employing elite cultivars have emerged or are emerging
in countries such as the UAE, Oman, Kuwait, USA, Mexico, India, Israel, Jordan,
Namibia, and Australia, as well as in several Sahelian countries in Africa.

1.3 The Rise of Modern Date Palm Plantations

Scientific literature on date palm published before the twentieth century consists
mostly of brief accounts of date growing in a few countries or entries in reference
volumes; an exception is the book The Date Palm in India (Bonavia 1885), which
brings together information about date growing in the Persian Gulf and British India.

The US Department of Agriculture created a program in the 1890s to promote an
irrigated commercial date industry in the American Southwest and in 1904 estab-
lished a date experiment station in Mecca, California, later moved to Indio. Offshoots
of recognized cultivars were imported from North Africa and the Middle East and
provided to pioneer farmers. Commercial date production began in 1912. Needing
a source of technical information, in 1924 the date growers created the Date
Growers’ Institute, which organized technical meetings each year and published an
annual review (DGIAR 1924-1979). The USDA published a number of technical
studies on date growing in the USA (e.g., Nixon and Carpenter 1978; Swingle 1904)
as well as bulletins on date cultivation in other countries such as Egypt (e.g., Mason
1923). Three general books have helped to popularize dates in the USA (Dunham



6 D.V. Johnson et al.

1948; Paulsen 2005; Simon 1978). US scientific publications on date palm have
made a major contribution to modern date growing. However, scientific research on
date palm in the USA was greatly reduced after cessation of the date growers’
annual meetings in 1979 and closure of the date experiment station a year later.

The French also made important contributions in the twentieth century to mod-
ern date cultivation in their North African colonies by organizing the first two inter-
national date palm conferences. In 1931 a weeklong meeting was held in Biskra,
Algeria, with presentations on broad climatic, agronomic, and economic aspects of
date production. One of the recommendations was to promote the Deglet Noor cul-
tivar (Sem Dattier 1931). It was not until 1950 that a second such conference took
place in Tunis, Tunisia. Among the recommendations made were to conduct scien-
tific research on date palm agronomy and adopt uniform fruit export standards
(Cong Int Datte 1951). French scientists produced numerous articles and technical
reports on dates in Africa, broadening the knowledge base. Pereau-Leroy (1958)
authored the first national study of dates in Morocco and Munier (1973) the first
general scientific study of date cultivation.

International backing for data palm development was provided by FAO in the
second half of the twentieth century. This was initiated by sponsorship of three tech-
nical conferences on date palm: one in Tripoli, Libya, in 1959 and two in Baghdad,
Iraq, in 1965 and 1975. No proceedings were published, but the presentations by
leading date specialists from around the world generated background materials for
the issuance by FAO of a series of important books on date palm (Dowson and Aten
1962; Dowson 1982; Barreveld 1993; Zaid 1999, 2002). Another contribution made
to date palm science was The Date Palm Journal (FAO 1981-1988).

A recent contributor to date palm development is the International Center for
Agricultural Research in the Dry Areas (ICARDA), recently relocated from Aleppo,
Syria, to Beirut, Lebanon. One of its projects focuses on increasing date production
among smallholder farmers in Iraq (Mazid et al. 2013), ravaged by war; another
involves enhancing date palm production systems in the GCC (Gulf Cooperation
Council) countries (ICARDA 2011). This project is being led by an ICARDA date
palm specialist based in Oman. A study of date harvest and postharvest handling
was a part of the project (Kader and Hussein 2009).

With the major contributions outlined above from the USA, France, FAO,
ICARDA, and numerous lesser but important efforts, a firm scientific foundation
has been established for the cultivation and processing of dates, upon which the
future of the crop is being built.

1.4 Research and Development

Apart from the international development efforts described above which have fos-
tered modernization of date palm production to varying degrees in individual coun-
tries, national programs also have played an important role. Major common problems
shared by all date-producing countries are associated with cultivation practices,
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pests and diseases, soil and water conditions, harvest and postharvest practices, pro-
cessing facilities, technical support and extension, the agricultural labor force, as
well as domestic and international marketing. The best example of differences is
pests and diseases. Remote areas of date growing in southern Africa and the Americas
have few such problems to contend with, whereas Morocco and Algeria are experi-
encing significant crop and tree losses given the occurrence of bayoud disease and
the red palm weevil. Climatic factors present problems only in certain countries
such as Pakistan and India where annual monsoon rain occurs before date fruits are
mature; but in Saudi Arabia, for instance, climate presents no hindrance to date
growing. Each date-growing country has a unique set of impediments to improving
production, and the severity of each should set the agenda for domestic R & D.

This book provides information on the research centers carrying out research on
date palm on various aspects, supported by mainly the federal government in academic
institutions and private investment. A close link exists between the magnitude of date
production and the funding to support date palm R & D. Egypt, Iran, Iraq, Saudi Arabia,
and Pakistan, each ranking among the top six producers worldwide, have established
research institutes devoted to date palm, which are funded by the federal governments.
In other date palm-producing countries, including Algeria and Morocco, date palm
research is carried out by the national agricultural research centers. In Syria and
Palestine date palm currently is considered as a minor crop, with annual production of
3,986 and 3,600 mt, respectively. The paucity of federal government funding becomes
a major obstacle in developmental efforts. Therefore, these countries must fall back on
larger date-producing countries for importing improved date palm cultivars, technolo-
gies to control pests and diseases, and agro-food-based products and other by-products.
Any important factor in domestic support for date palm research depends on the prior-
ity of the national governmental support in creating date palm-based agro-food industry
and local and international marketing boosting local economy.

Throughout the date palm world in general, insufficient attention has been given
to programs of genetic improvement employing emerging biotechnology proce-
dures. This neglect may be attributed to the limitation of research funds, inadequate
advance research infrastructure, and scarcity of experts in many of the date palm-
producing nations. Interrelated issues include the need for precise knowledge of the
genetic resources present in a country, including that contained in seedling date
populations, and the effective means to conserve genetic resources through germ-
plasm gardens and cryopreservation.

Given the problems shared by date-growing countries, it would be of great ben-
efit to create an international date palm center. The advantages of such a center
include the following:

(a) Avoid expensive duplication of effort in addressing major pest and disease
problems.

(b) Enhance opportunities for collaborative research both at the bilateral and inter-
national levels.

(c) Develop and disseminate information on best practices in date cultivation,
harvesting, postharvest handling, and marketing by developing an interactive



8 D.V. Johnson et al.

website. An excellent model for date palm exists in the Coconut Timeline
(http://cocos.arecaceae.com/).

(d) Develop international industry descriptors and standards for fruit quality and
packaging and marketing.

(e) Maintain a database of world date palm cultivars and their conservation status.

(f) Maintain information on date palm genetic diversity, genetic erosion, conserva-
tion, and utilization of germplasm.

(g) Develop programs on health benefits of dates and various commercial food
products.

(h) Develop date palm functional genomics for studying useful genes leading to
genetic improvement of date palm growing under climate change, enhanced
fruit quality, and industrial products.

1.5 Date Fruit Production Statistics

During the planning of the present book, available data on date production were
critically evaluated in order to determine the relative importance of the crop within
a country based on national production in relation to global production quantities.
The Food and Agriculture Organization of the United Nations (FAO) collects data
from member nations and publishes annual agricultural production data on major
crops. These data are the most comprehensive available and of primary concern in
this book. In addition, FAO publishes data on the value of crops, as well as import
and export quantities, but those data are of lesser importance given the focus of the
book on production.

Domestic production statistics in most countries are incomplete or difficult to
access. The exceptions are Saudi Arabia and Morocco which have published
detailed accounts of their date palm cultivation which include some data on the
numbers of palms being grown and area under cultivation, along with cultivar
descriptions (INRA 2011; Min Agr Saudi Arabia 2006).

Aggregate world date fruit production for 2012 amounted to 7,548,918 mt,
according to FAOSTAT. Table 1.1 lists reported producing countries in descending
order of magnitude. The production figures given in Table 1.1 reflect the extent of
date growing around the world. These data are a mixture of production figures pro-
vided by the various countries and FAO estimates. Burkina Faso, Ethiopia, Mali,
and Senegal, discussed in this book, are not included in FAO data, apparently
because commercial date production hardly exists yet.

There are some serious problems with the FAO data that have a bearing on this
book and need to be discussed; date production reported for five countries is incor-
rect. The production reported for China of 150,000 mt represents the production of
the red date fruit, rather than the true date palm. Red date or jujube is scientifically
Zizyphus jujuba (L.) H. Karst., a tree or shrub of the Rhamnaceae or Buckthorn
family. China has no production of true dates. A similar situation is found with
respect to the reporting of 31,675 mt of date production in Turkey. In this instance,
the figures represent production of the common fig. This misunderstanding arises
from the same Turkish word being used to refer to dates and figs. Albania’s reported
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Table 1:1 Date fruit Ranking | Country Production (mt)

?nr(;;i:lctlon by country, 2012, | Egypt 1.470.000
2 Iran 1,066,000
3 Saudi Arabia 1,050,000
4 Algeria 789,357
5 Iraq 650,000
6 Pakistan 600,000
7 Sudan (former) 433,500
8 Oman 270,000
9 United Arab Emirates 250,000
10 Tunisia 190,000
11 Libya 170,000
12 China* 150,000
13 Morocco 113,397
14 Yemen 55,181
15 Israel 42,866
16 Kuwait 34,600
17 Turkey* 31,765
18 USA 28,213
19 Mauritania 22,000
20 Qatar 21,843
21 Chad 20,000
22 Niger 17,000
23 Bahrain 15,000
24 Somalia 13,000
25 Albania* 12,935
26 Jordan 10,417
27 Mexico 6,012
28 Spain 4,000
29 Syria 3,986
30 Palestine 3,600
31 Benin 1,300
32 Kenya 1,100
33 Cameroon 600
34 Namibia 400
35 Peru 400
36 Swaziland* 330
37 Djibouti 86
38 Colombia* 30

Source: FAOSTAT (2012)
Countries which erroneously are reported to have date produc-
tion are indicated with an asterisk

production of 12,935 mt of dates is a reflection of date imports from other countries
being considered as national production; the country’s climate is unsuited to
commercial date production. Swaziland’s reported production of 330 mt is incor-
rect, because there is no commercial date cultivation within the country
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(McCubbin M, personal communication, 2014). The neighboring Republic of South
Africa has some date growing focused on Medjool cv. in the Limpopo Region
(McCubbin 2007), which does not appear in FAO statistics for the RSA. There are
no FAO trade data on date imports and exports between the two countries, so it
appears unlikely there is any connection. FAO has reported date production for
Swaziland each year since 1999, all based on either an estimate or imputation meth-
odology. The most plausible explanation is that the production reported as dates is
for some other fruit. Finally, the statistic that Colombia produced 30 mt of dates is
not from domestic production but rather from imports and exports. Climatic condi-
tions in the country also are unsuited for commercial date growing. Inclusion of
these five countries in world production totals resulted in an overstatement of
195,060 mt in 2012. India should be but is not included in Table 1.1 for unknown
reasons; data are either not collected in the country or, if they are, not submitted to
FAO. Whatever the case, according to data from a newspaper estimate cited in Chap.
14, India’s date production was estimated in 2010/2011 to be at least 120,000 mt,
which would place it among the top twelve world producers.

The quality and accuracy of national date production data vary, irrespective of
the significance of the crop to the individual country’s agricultural sector. Among
the factors at play are the following:

(a) The mix of modern formal plantation cultivation and traditional date growing where
densities vary and other crops are grown in association such as is typical in oases.
Statistical data on the former are much easier to gather and are more accurate.

(b) Planting densities in some countries are highly variable; hence it is difficult to
take data on area under cultivation and derive the actual number of trees being
grown.

(c) Data from farmers may be understated in countries where taxes are assessed on
the basis of total production and likewise the quantities of dates consumed by
growers and their families or used as livestock feed are poorly known.

(d) The level of proficiency of the national agency collecting agricultural produc-
tion data is again highly variable.

(e) Data from one producing country may be double counted. For example, Mexico’s
small date production takes place just south across the border from the Yuma,
Arizona, and Bard, California area, one of the two most important production
regions of the USA. An indeterminate quantity of Mexican dates is known to be
shipped to Yuma, Arizona, and sold through the large cooperative processing
facilities in that city. Other such examples likely exist in some African countries.

Regarding production data by date cultivar at the national level, data are nonex-
istent. National date production statistics in even the most advanced agricultural
countries such as the USA are aggregated and not collected by cultivar. As indicated
in the country chapter in these volumes, the most prominent cultivars are identified,
but their relative ranking as regards total national production is unknown. The most
reliable production data by date cultivar is derived from farm or research station
records of per tree productivity.

The lesson to be drawn from this discussion is that date palm production statis-
tics for each country must be appraised for their accuracy and reliability within the
context of the conditions which are known to exist in that country.
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1.6 Food Value of Dates

In the human diet, date fruits are rich sources of sugars, protein, fiber, minerals, and
certain vitamins. A quick energy source because of the high sugar content, dates have
been called nature’s candy; they are an excellent snack food and currently being rec-
ommended as such. When the fruits reach maturity (tamar), sucrose inverts into glu-
cose and fructose. Dates contain reasonable amounts of vitamin A, thiamin, riboflavin,
and niacin and are a good source of minerals such as potassium, calcium, and iron, as
well as of dietary fiber. The burgeoning natural food sector is promoting date consump-
tion as a functional food and as possessing antioxidant qualities. Dates are included in
the group of recommended healthy food choices for individuals suffering from type 2
diabetes. Each date cultivar has an individual profile of nutritional values. Table 1.2

Table 1.2 Nutritional value of Deglet Noor and Medjool cv. dates (nutrient values and weights are
for edible portion)

Value per 100 g

Nutrient Unit Deglet Noor cv. Medjool cv.
Proximates

Water g 20.53 21.32
Energy kcal 282 277
Protein g 2.45 1.81
Total lipid (fat) g 0.39 0.15
Carbohydrate g 75.03 74.97
Fiber, total dietary g 8.0 6.7
Sugars, total g 63.35 66.47
Minerals

Calcium, Ca mg 39 64
Iron, Fe mg 1.02 0.90
Magnesium, Mg mg 43 54
Phosphorus, P mg 62 62
Potassium, K mg 656 696
Sodium, Na mg 2 1
Zinc, Zn mg 0.29 0.44
Vitamins

Vitamin. C, ascorbic acid mg 0.4 0.0
Thiamin mg 0.052 0.050
Riboflavin mg 0.066 0.060
Niacin mg 1.274 1.610
Vitamin Bg mg 0.165 0.249
Folate, DFE ug 19 15
Vitamin A, RAE ug 0 7
Vitamin A, IU 1U 10 149
Vitamin E mg 0.05 -

Vitamin K ug 2.7 2.7

Source: US Department of Agriculture National Nutrient Database for Standard Reference, Basic
Reports 9087 and 9421. Accessed 18 Sept 2014
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gives the nutritional values for two common commercial cultivars: Deglet Noor and
Medjool. Ahmed et al. (2014) provide a good current summation of research of the
composition and nutritional value of date fruits, and Vayalit (2014) of the bioactive
compounds and functional properties of the fruit.

1.7 Date Production in Asia and Europe

Together the countries included in this volume account for just over one-half of the
world’s date production. Iran, Saudi Arabia, and Iraq consistently rank among the
top five world producers.

An insect pest problem common to the region is the red palm weevil
(Rhynchophorus ferrugineus Oliv.), of tropical South Asian origin, which has dis-
seminated westward and spread throughout the Middle East and Mediterranean
Basin. This destructive pest of date palm attacks the stem and if untreated can kill
the tree. No highly effective control measures have yet been found.

The countries in this region are characterized by large populations of seedling
dates, often grown under haphazard conditions, which have low fruit productivity.
Compared to elite cultivars, seedling dates often exhibit greater tolerance to biotic
and abiotic stresses; therefore they may harbor genetic resources of value to plant
breeders and for that reason merit scientific assessment (Johnson et al. 2013).

The South Asian date-growing countries (Pakistan and India), Spain, and the
Mediterranean parts of the North African countries share a problem of marginal
climatic conditions for date growing either because of rainfall during the period of
fruit maturation or an insufficient number of days with suitably high temperatures
to fully mature fruit on the tree. Under such conditions growers elect to plant early-
bearing cultivars which ripen before the annual monsoon rains or cooler weather,
and/or the fruits are harvested at khalal or rutab stages and artificially ripened; the
latter involving extra labor costs.

Two Asian countries, United Arab Emirates and Jordan, are not covered in this
book, despite their significance and the concerted efforts by the editors to involve
chapter authors from the two countries. Brief accounts of the date production
status in the two countries, derived from available source materials, are given
below.

1.7.1 Upnited Arab Emirates

The UAE is the ninth largest date producer in the world, having ascended rapidly to
that rank. From 1980 to 2012, the country experienced a five-fold increase in date
production (51,157-250,000 mt), according to FAO data. Currently, it is estimated
to have some 44 million date palms. In addition to its cultivation for fruit, the date
palm is by far the most common ornamental plant in the UAE.
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A considerable number of introduced and indigenous date cultivars are grown in
the UAE. Ba-Angood and Ahmed (1984) studied the chemical composition of 64
major date cultivars grown in the UAE, introduced and native, but did not give their
individual origins. A new study of genetic diversity of date palm in the UAE, also
introduced and native, enumerated 72 different cultivars, with their countries of
origin. In the study, 22 native cultivars were included: Bahlani, Khoor, Menaa, Ayn
Baqgar, Anwan, Jask Falk, Jash Jafar, Khad Alfaras, Shahil, Um AlQuareen, Um
AlSalaa, Abu AlAuzook, Abu Kebal, Azmi, Dabbassi, Jash AlAlwan, Jash Samra,
Khad Alasal, Khattery, Nawander, Salahee, and Um AlDihen (Chaluvadi et al.
2014). A comparison of the cultivar names in the two studies is challenging because
of different spellings, but it appears about 14 are common to both. These figures
suggest that overall about 120 date cultivars are grown in the UAE. Zaid (2003)
also estimated the gene pool at approximately 120 cultivars. He also enumerated 14
new cultivar introductions: Khlas, AbouMaan, Hallawi, Khissab, Khnaize, Nabut
Saif, Jabri, Hillali, Lulu, Chichi, Khadraoui, Sakii, Sultana, and Barhi.

Other date research specific to the UAE is a study by Dakheel (2003) on salinity
and drought stress and another by Al Shakir (2003) on date postharvest
technology.

Traditional date palm cultivation has existed in what is now the UAE for millen-
nia. Salem (1998) described date production according to regions of the Emirates.
The Abu Dhabi region is the largest, accounting for about 45 % of production, fol-
lowed by the Middle Region (25 %) and the North and East regions each with 15 %.
The cultural practices described are irrigation, fertilizers (manure), hand pollina-
tion, fruit thinning by bunch or strand removal, and pruning of leaves and spines.
Major constraints included lack of irrigation water and salinity of water and soils, as
well as marketing difficulties. A problem of older date farms is poorly performing
cultivars and high planting densities which reduce yields while consuming large
quantities of irrigation water. Otier (1997) also provides some information about
small-farmer practices. Among the constraints to expansion of existing date grow-
ing cited by Zaid (2003) are water resources for irrigation, a shortage of farm work-
ers, pests and diseases, and weak farm management practices. Among the pests, red
palm weevil, which reached the UAE in 1985, is the most serious (Zaid 2003).

An earlier problem of a scarcity of planting material has been dealt with. The
UAE now has ample sources of tissue-cultured date palms of leading cultivars, for
both domestic and foreign date growers, produced by the Date Palm Tissue Culture
Laboratory, UAE University, Al Ain; Green Coast Nursery, Fujairah; and Al Wathba
Marionnet, Abu Dhabi.

The UAE has made significant contributions to date palm science through orga-
nizing and hosting five international date palm conferences, with published pro-
ceedings (First Int Conf 1998; Second Int Conf 2001; Zaid et al. 2007; Zaid and
Alhadrami 2010; Fifth Int Conf 2014). Since 2000, the United Nations Office for
Project Services (UNOPS) has supported a date palm research and development
program at the UAE University in Al Ain. This program has provided technical sup-
port to the UAE, the Gulf Region, and other date-producing countries. The annual
Khalifa International Date Palm Awards, created in 2007, with a secretariat in Al
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Ain Abu Dhabi, is providing recognition to the contributions of both individuals and
institutions in the advancement of date palm cultivation and production.

1.7.2  Jordan

Date production is highly concentrated in the Jordan Rift Valley, which extends
along the entire western boundary of the country. Elevations below sea level in
most of the valley provide a frost-free environment of higher than average tempera-
tures for the latitude, conditions ideal for date growing. Reportedly, there are 335
date farms in the country containing about 250,000 trees. Date production has
experienced a significant recent increase, climbing from 220 ha in 1995 to 2,497 ha
in 2011. Production in 2012 amounted to 10,417 mt. According to a 2005 survey,
in order of importance, the major cultivars grown are Medjool, Barhi, Khadrawy,
Khalas, Deglet Noor, Zaghloul, Hayany, Zahidi, Mektour, and Ahmar Talal. The
Jordanian Date Producers and Marketing Association was created in 2005 to mar-
ket the expanding fruit production. The major constraint to increased date growing
is a reliable supply of irrigation water which is not too salty. Red palm weevil is the
leading insect pest. The foregoing information is drawn from (Rumman and
Al-Zubi 2014).

1.8 Conclusions and Prospects

Chapters covering 13 Asian date-producing countries are included in this Volume 2.
They range in importance from Iran and Saudi Arabia, each producing more than
one million mt annually, to Syria and Palestine with production below 4,000 mt per
year. The inclusion of Spain provides an exceptional instance of growing date palms
in a climatic area that is marginal for quality fruit production, but where date grow-
ing is motivated, to a large degree, by a profound historic appreciation of their dis-
tinctive ornamental value in the southwestern region of the country.

Common to all of the Middle Eastern countries is the antiquity of date cultiva-
tion, including the homeland of domestication in the Tigris-Euphrates Valley.
A history of cultivation reaching back some 6,000 years has produced a multitude
of cultivars, many of which are of commercial importance today, such as Barhi,
Dayri, Halawy, Khadrawy, and Zahidi, all historic Iraqi cvs. Seedling date popula-
tions exist throughout these countries, as well as in South Asia where the palm was
introduced about 4,000 years ago (Pareek 2015). The Asian countries represent a
rich storehouse of genetic variability of the date palm. Another shared characteristic
of Asian date-growing countries is the number of prepared products from date fruit,
such as syrup, sugar, vinegar, and alcohol, along with a host of artisanal objects
made from the leaves, midribs, leaf bases, and stem wood.

Prospects for increased date fruit production in Asia are encouraging. Attempts are
underway to rehabilitate the Iraqi date industry so ravaged by war. As discussed
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above, new plantations established in the UAE have advanced the country to be among
the top ten world producers. Saudi Arabia has maintained its prominence as a world
producer over recent decades. India has a high domestic demand for dates currently
being met chiefly from imports, giving the country a pronounced incentive to increase
production; private and public programs to that end are being pursued. Spain, the sole
European country included in this volume, has some potential to improve local fruit
production, but the dates grown are likely to remain an exotic gourmet food item.
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Chapter 2
Date Palm Status and Perspective in Iran

Saeed Hajian and Zohreh Hamidi-Esfahani

Abstract Date palm is the second most important horticultural crop of Iran after
pistachio. It is mostly grown in a southern belt of the country. More than 400 culti-
vars, among 3,000 named cultivars worldwide, are found in Iran, thus providing a
major global date palm gene pool. Recently, a comprehensive National Date Palm
Program was established to provide support for all key aspects of the date produc-
tion industry in Iran. Although most of the plantations rely on traditional practices,
the growers have started to improve their old orchards and establish new commer-
cial plantations. In the chain of cultivation practices, pollination is the most impor-
tant. Accordingly, an electric pollinator has been recently developed to efficiently
pollinate date palms. Bunch fading disorder has been the most important obstacle in
recent years. Identification studies on domestic genetic resources of date palm
began in the 1960s in Iran based on morphological characteristics leading to distinc-
tiveness, uniformity, and stability (DUS) national indices for date palm cultivars.
Moreover, scientists have recently begun to develop and employ molecular markers
to identify and characterize some elite cultivars. The top ten cultivars are Piarom,
Barhi, Zahidi, Sayer, Kabkab, Shahani, Dayri, Halawy, Haji Mohammadi, and
Dehdar Moradi. Although the fruit is still harvested according to tradition, there
have been rapid developments in postharvest operations. The fungus Beauveria
bassiana as well as gamma rays were found as efficient alternatives to methyl bro-
mide as a fumigant. Date products in Iran are categorized as semifinished, ready-to-
use, date-derived, fermented products and by-products.

Keywords National Date Palm Program e Electric pollinator ¢ Bunch fading
disorder * Genetic biodiversity * Beauveria * Irradiation * Date products

S. Hajian (P<)

Department of Plant Breeding, Date Palm and Tropical Fruits Research Institute of Iran,
61355/16, Ahvaz, Iran

e-mail: saeed1551 @yahoo.com.au

Z. Hamidi-Esfahani

Department of Food Science and Technology, Faculty of Agriculture,
Tarbiat Modares University, Tehran, Iran

e-mail: hamidy_z@modares.ac.ir

© Springer Science+Business Media Dordrecht 2015 19
J.M. Al-Khayri et al. (eds.), Date Palm Genetic Resources and Utilization:
Volume 2: Asia and Europe, DOI 10.1007/978-94-017-9707-8_2


mailto:saeed1551@yahoo.com.au
mailto:hamidy_z@modares.ac.ir

20 S. Hajian and Z. Hamidi-Esfahani

2.1 Introduction

Iran is located in southwest Asia and borders the Gulf of Oman, Persian Gulf, and
Caspian Sea. Its mountains have shaped both the political and the economic history
of the country for centuries. Iran shares its northern borders with three post-Soviet
states: Armenia, Azerbaijan, and Turkmenistan. Iran’s western borders are with
Turkey in the north and Iraq in the south, terminating at the Shatt al-Arab, which
Iranians call the Arvand River. The Persian Gulf and Gulf of Oman littorals form the
southern border. To the east lies Afghanistan on the north and Pakistan on the south.
With a land area of 1,648,000 sq km (636,000 sq mi), Iran ranks eighteenth in size
among the countries of the world (FAOSTAT 2014a).

Iran gains a wide range of climatic conditions. Winters are cold with heavy
snowfall and below zero temperatures in the northwest during December and
January. In these regions, spring and fall are relatively moderate, while summers are
dry and hot. On the other hand, winters are temperate and the summers are very hot,
having average daily temperatures in July exceeding 38 °C in the south. On the
Khuzestan Plain (south west of Iran), summer heat goes along by high humidity.
Iran commonly has a semiarid to arid climate in which most of the annual precipita-
tion falls from October through April. Annual precipitation averages 250 mm or less
in the most regions of the country. However, rainfall exceeds 1,000 mm annually
and is relatively distributed evenly within the year in the western part of the Caspian
Sea. In contrast, some basins of the Central Plateau usually receive 100 mm or less
of precipitation annually. A wide range in climatic condition makes it possible to
cultivate a diverse variety of crops such as cereals (wheat, barley, rice, and maize
(corn)); fruits (dates, nuts such as pistachios, olives, figs, pomegranates, melons,
and grapes); cotton; sugar beets and sugarcane; spices, e.g., saffron; raisins; tea;
tobacco; berberis (barberry); and medicinal herbs. Nearly, 2,000 plant species are
domestically grown in Iran; of these, date palm could be considered as one the most
historic one (Flora of Iran 2011).

Date palm is the second most important horticultural crop of Iran after pistachio.
It is well adapted to poor soil and water conditions as well as the hot and dry cli-
matic conditions in the southern belt of Iran; hence dates play a prominent role in
development and environmental sustainability of oasis landscapes and can contrib-
ute to desert rehabilitation.

The exact origin of the date palm has been lost in history; however it is clear that
it was cultivated in old Iran as early as 4,000 B.C. in the area which today straddles
the boundary between Iran and Iraq. Date palm is appreciated and cultivated because
of its high nutritional value, and it serves as an important survival food resource,
when the country experiences natural calamities and political strife.

Based on the latest reports of the Ministry of Agriculture (Jihad-e-Keshavarzi),
nearly 98 % of date palm plantations are located in the southern belt of Iran. Date
palm is grown in 13 of the 31 provinces, among them, Khuzestan, Hormozgan,
Bushehr, Fars, Kerman, and finally Sistan and Baluchestan, with more than 95 % of
total annual production, are the main producing provinces (Fig. 2.1) (Hajian 2005b).
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Fig. 2.1 Major (1-6) and minor (7-13) cultivated date palm provinces in Iran (Source:
Hajian (2005b))

Table 2.1 Ranking of Index Quantity/value World rank
I;i‘r‘llgr;:;tfllfd“s‘ry inthe " vated area 256,000 ha Ist
Harvested area 154,274 ha 3rd
Annual production 1,016,608 mt 3rd
Yield 6.6 t/ha 2nd
Export (quantity) 112, 030 mt 3rd
Export (value) 160.3 million USD 2nd
Germplasm diversity >400 cultivars Ist

Source: FAOSTAT (2014b)

More than 400 date palm cultivars, among some 3,000 named worldwide, are
found in Iran; therefore it occupies the first position in the global date palm gene
pool (Zaid and de Wet 2002). In 2011, Iran produced 1,016,608 mt of fresh dates
from 154,274 ha harvested; it was the third largest world date-producing country
after Egypt and Saudi Arabia (FAOSTAT 2014b). Exports amounted to 112,030 mt
of fruit generating a cash return of USD 160.3 million (FAOSTAT 2014b). Table 2.1
reflects Iran’s standing as a world date producer. In spite of large-scale cultivation,
high production, and a wide diversity of cultivars, the quantity of date fruit exports
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Fig. 2.2 Date Palm and Tropical Fruits Research Institute of Iran, Ahvaz City, Khuzestan Province
(Photo by Saeed Hajian, Jun 2012)

has been unsatisfactory in recent years. Traditional cultivation and harvesting prac-
tices, use of low-yielding cultivars, expensive production costs, insufficient cold
storage facilities, traditional packaging systems, high marketing costs, scarce tech-
nical knowledge of producers and exporters, insufficient investment by the private
sector, competitive global markets, and finally ineffective advertising methods have
been key limiting factors in Iran’s date industry in the last decades (Hajian 2011).

Research programs on dates commenced 50 years ago within Iran in different
disciplines including breeding, protection, irrigation, nutrition, plant cultural
improvement, and postharvest technology. The Date Palm and Tropical Fruits
Research Institute of Iran was established in 1993 (Fig. 2.2) to coordinate and sup-
port all national research programs, with headquarters in Ahvaz City, the capital of
Khuzestan Province in the southwest. The institute supports seven agricultural
research centers in Hormozgan, Kerman, Bushehr, Fars, Iranshahr, Zabol, and Jiroft,
as well as ten field stations at Omm-e-Tomeir, Bahookalat, Jahrom, Hajiabad,
Zahak, Shabankareh, Shahdad, Azizabad, Aliabad, and Minab. The headquarters
has six research departments: Plant Breeding, Agro-technical Improvement, Plant
Nutrition and Irrigation, Plant Protection, Processing and By-Products, and Research
and Technical Services.

One of the recent achievements of the institute has been the formulation of a
comprehensive National Date Palm Program. The program strongly supports key
aspects of the date production industry in Iran. To do this, more than 90 private and
governmental organizations are collaborating as major stakeholders, among them
the following:

» Agricultural Production Deputy, Ministry of Agriculture

» Agricultural Extension Deputy, Ministry of Agriculture

* Plant Protection Organization

* National Center of Agricultural Mechanization Improvement
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* National Agricultural Products Insurance Organization
* Customs Organization

* Shahid Chamran University

e Shiraz University

e Nut Exporters Union of Khuzestan Province

e Commercial Date Producers and Exporters

Formulation of the program began in July 2006 by organizing seven technical
groups affiliated with the head office. The program was formulated by consultation
and presented to all affiliated parties by the Minister of Agriculture in August 2009.
The program is subdivided in the following eight categories: Plant Breeding, Plant
Agro-technical Practices, Plant Protection, Irrigation, Nutrition, Mechanization,
Processing and Packaging Systems, and Policy Management (Hajian 2011).

In conjunction with the comprehensive plan, new date plantations were encour-
aged to cover key components including feasibility studies, suitability of the site,
selection of cultivars to be planted, site preparation, irrigation systems, and technical
practices, while financial establishment will highlight the establishment and opera-
tional costs and the cash flow statement.

2.2 Cultivation Practices

Most Iranian date palm plantations have been cultivated following traditional prac-
tices and with a high density of trees per hectare. Also they are cultivated along with
other fruit crops, mostly citrus species. However, in recent years most of the grow-
ers have begun to improve their old orchards and establish new commercial planta-
tions based on modern scientific principles (Pezhman 2002). Growers usually
perform cultivation practices of pollination, thinning, bunch management, bunch
bagging, and pruning.

Pollination is the most important of the agro-technical practices and has been
improved in recent years. Pollination development has focused on five key factors:
pollinator cultivar, pollination time, minimum quantity of pollen required, pollen
density, and pollination method. According to research results, the best male date
palm cultivars recommended as pollen sources for some of the commercial cultivars
are listed in Table 2.2.

Growers are able to pollinate the flowers 1 week before natural splitting of the
spathes until 10 days after it. The effective pollination period (EPP), for instance,
varies from 7 days before natural spathe splitting to 10 days after it in Hayani and
Medjool cvs., respectively. However studies revealed that the best time for pollina-
tion of most commercial cultivars is 1-2 days before natural spathe splitting up to 3
days after it in Iran (Table 2.3).

A few date palm plantations, especially in the south and southeast, are still pol-
linated by wind, bees, and insects, so-called natural pollination. All these regions
are characterized by their 100 % seedling date palm populations with about 50 %
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Table 2.2 Recommended male date palm pollen sources for pollination of some domestic
cultivars

Female

cultivars Recommended male cultivars Region (province) | Reference

Sayer Khekri, Ghanami, Verdi, Ahvaz (Khuzestan) | Eata (1991)
Samesmavi

Zahidi Towarz, Zahidi Jahrom (Fars) Zargari (2000b)

Shahani Shahani Jahrom (Fars) Zargari (2000b)

Kabkab Zahidi Jahrom (Fars) Zargari (2000b)

Mozafati Pollen of Jiroft male stocks Aziz Abad (Bam) Ehsani (1986)

Halili Pollen of stock no. 1002 Minab Samavi (1999)

(Hormozgan)

Haliaei Khekri, Samesmavi, Sabzparak, Jiroft (Kerman) Abazarpoor

Sorkhparak, Zard Parak (1998b)

Table 2.3 The optimal time for pollination of some of the commercial cultivars

Female

cultivar Effective pollination period Region (province) Reference

Sayer From spathe splitting to next 4 | Ahvaz (Khuzestan) | Sayahpoor (1998)
days

Mozafati 1-3 days after spathe splitting | Jiroft (Kerman) Abazarpour (1998c)

Shahani 2-4 days after spathe splitting | Jahrom (Fars) Zargari (2000c)

Kabkab 2 days after spathe splitting Bushehr (Bushehr) | Farashbandi (2000)

males that lead to low efficiency of fruit production per unit area. Commercial date
production, however, needs artificial pollination to ensure desired fertilization and
overcome disadvantages of dichogamy. Artificial pollination practices are per-
formed by traditional hand and mechanical methods in Iran. Most growers are
accustomed to pollinate their date palms by the following methods:

2.2.1 Placement of Male Strands in Female Inflorescence

The male strands are cut from a freshly cut male spathes and 4-5 strands placed in
a lengthwise inverted position, between the strands of the female inflorescence
(Hajian 2005a). It is recommended some pollen be shaken over the female inflores-
cence after placement of the strands. It is also recommended to tie the pollinated
female clusters about 10 cm from the outer end in order to keep the male strands in
place and avoid entanglement with the female cluster strands during their rapid
growth (Fig. 2.3a). This method could be done by a long wood stick for tall trees
(Fig. 2.3b). Both the above cases are very common in Khuzestan, Kerman, and
Hormozgan provinces.
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Fig. 2.3 Pollination by putting few male strands between the strands of female inflorescence in
young (a) and tall (b) trees

2.2.2 Shaking Dried Pollen Grains over Female Inflorescence
Using a Fine Cloth Bag

Pure dried pollen grains are shaken over the female clusters using a fine cloth bag
(like a stocking) 4872 h after the male inflorescence splits. The bag is filled and
tied to a long wooden pole, then shaken over the inflorescence of tall trees.
Depending upon the height of the tree, it is recommended that shaking be repeated
2-3 times to obtain the highest fruit set (Hajian 2005a).

2.2.3 Pollen Bearing Cotton Pieces Between Strands of Female
Inflorescence

This is not very common in Iran but is used by few growers. In this method, dried
pollen is dusted on a spherical piece of cotton about the size of a golf ball and 1-3
pieces placed between the strands of female inflorescences (Hajian 2005a).

All the above traditional methods of artificial pollination are based on the climb-
ing of the taller palms which is slow and costly operation and needs considerable
labor and time to complete. Accordingly, mechanical pollination has become more
popular especially in Kerman Province (Jiroft, Bam, and Kahnuj regions) in recent
years (Pezhman 2001). The mechanical device is similar to a manual back sprayer
(Fig. 2.4).

By repeatedly pressing the air pump, the air is compressed in the air tank. About
half of pollen hopper is filled by dry pure or mixed pollen grains, and when the
handle is pressed, the compressed air is released and moves through connecting
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Fig. 2.4 Mechanical
pollinator for date palm

hose. The grains move from the pollen hopper toward the nozzle through connected
pollinator pipes and are expelled over female inflorescence. It is recommended that
mechanical pollination be repeated twice with a 2-3 day interval. Mechanical pol-
linators eliminate the need to climb the palms and save labor and decrease acci-
dents. Also, the growers are able to better manage their time for pollination practices;
however, they suffer from inconvenience due to the design. It is necessary that two
workers perform the operation.

Recently, an electric pollinator has been designed and developed in Iran to facili-
tate pollination practices in date palms. The dispersing system is completely differ-
ent from the previous designs. It can be easily operated by a remote control
(Fig. 2.5a). Thus the pollination feasibility and controllability have been enhanced
for the operation. The size and weight of the tool as well as operation cost and time
reduction with the electric pollinator is superior in comparison with former mechan-
ical pollinators (Fig. 2.5b). Preliminary evaluation of the tool performance on Barhi
cv. in the Ahvaz region showed no significant difference between the fruit set of
trees pollinated by either traditional or mechanical methods. Mean fruit set attained
by the developed tool, mechanical pollinator, and traditional method was 68.12,
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Fig. 2.5 Electric pollinator

with small remote-controlled a
dispersing system (a)

facilitates pollination

practices in date palm

plantations (b)

Table 2.4 Recommended pollen density for pollination some of the commercial cultivars

Female

cultivars Recommended density Region (province) Reference

Sayer 20 % pollen+80 % pollard | Ahvaz (Khuzestan) Eata (1988)
Kabkab 20 % pollen+80 % pollard | Kazerun (Fars) Zargari (2000a)
Shahani 20 % pollen+80 % pollard | Jahrom (Fars) Zargari (2000a)
Mozafati 10 % pollen+90 % pollard | Jiroft (Kerman) Abazarpoor (1998a)

62.04, and 64.94 %, respectively (Mostaan et al. 2010). The electric pollinator can
hold 200 cm? of the pollen mixture sufficient to pollinate about 120 palms (about
1 ha) and can be done by a single worker.

Although the growers consider 15-20 male trees/ha in traditional date planta-
tions of Iran to provide naturally enough pollen grains, research over the past 20
years has showed that it could be decreased to five male trees/ha if collected pure
dried pollens are mixed with an inert filler substance (Table 2.4).

The particle size of inert filler materials (such as talcum powder, wheat pollard,
and ground date bunch remains) must be similar to the pollen grains with no harm-
ful effect on pollen viability or their germination on female stigma.

2.2.4  Pests, Diseases, Disorders, and Weeds

Bunch fading disorder has been the most important problems of Iran date palm
plantations in recent years. This disorder was first reported from Kahnodge City in
Kerman Province on Mozafti cv. in 1988 and gradually spread to other provinces
such as Hormozgan, Khuzestan, Bushehr, and Sistan and Baluchistan on Mordaseng,
Khasoui, Kabkab, and Mozafti cvs., respectively.
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-

Fig. 2.7 Covering of bunches with aluminum foil (a) and wicker baskets (b)

This disorder has been observed mostly on soft fruit cultivars during the
mid-ripening stage. Sudden wilting of the fruits that finally leads to fruit and bunch
drying which are the most important symptoms of this disorder (Fig. 2.6). The dis-
order takes place so fast (1-2 weeks) usually at khalal stage (Pezhman 2002). Due
to economic impact of this disorder, many projects have been implemented in dif-
ferent fields in order to identify its causes as well as control methods.

Based on preliminary studies, several fungi, especially the asexual forms of
Ceratocystis spp., have been isolated from infected fruit bunches in different
regions; however, their pathogenic effects have not been proven (Karampour 2001a).
It was observed that the environmental factors have more influence on the incidence
and spread of this disorder than the other factors. It seems that a sudden drop in rela-
tive humidity (<20 %) and high temperature (>43 °C) along with hot and dry winds
during fruit growth development (from khalal to rutab) have significant effects on
higher incidence and development of this disorder (Karampour 2001b). Also, poor
attention to appropriate agro-technical practices in date palm plantations plays a key
role in exacerbating the level of damage (Mirzaee and Saei 2001).

According to the latest findings, covering of bunches with aluminum foil or a
wicker basket reduces the damage (Fig. 2.7) (Pezhman 2002). In addition, cultiva-
tion of sorghum or alfalfa in infected plantations significantly improved damaged
fruits (Darini and Ezadi 2001; Davoodian et al. 2001).
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Table 2.5 The most important pests, diseases, disorders, and weeds of date palm in Iran

Pests Diseases Disorders Weeds

Oligonychus afrasiaticus Mauginella scattae | Bunch fading | Imperata cylindrica

Ommatissus binotatus Graphiola Black nose Cynodon dactylon
phoenicis

Batrachedra amydraula Bastard Alhagi camelorum

offshoot

Arenipses sabella Top bending Prosopis spp.

Oryctes elegans Cyperus rotundus

Farlatoria blanchardi Convolvulus arvensis

Pseudophilus testaceus Glycyrrhiza glabra

Microcerotermes diversus Sorghum halepense

Rhynchophorus ferrugineus Amaranthus retroflexus

Vespa orientalis Chenopodium album

Polistes hebraeus Sonchus oleraceus

Rattus rattus Xanthium strumarium

Nesokia indica Malva sylvestris

Mus musculus Solanum nigrum

Source: Pezhman (2002)

The results of implemented research on this disorder revealed that the level of
damage could be decreased significantly from 45 down to 5 % if growers perform
integrated agro-technical practices including sufficient nutrition (particularly K,O
spraying with 0.5 % solution at 2, 4, 10, and 15 weeks after pollination), regular
irrigation (4-7 day intervals from fruit set to the middle of rutab stage), and bunch
pruning (cutting one third of bunch tip) (Pezhman et al. 2005). Other important
Iranian pests, diseases, disorders, and weeds in date palm plantations are listed in
Table 2.5.

2.3 Genetic Resources and Conservation

Plant genetic resources, water, and suitable land (soil) could be considered as fun-
damental to support sustainable development agricultural programs in Iran.
Research activities have focused largely on prominent genetic resources due to limi-
tations in suitable water and soil conditions in the country.

Investigations of domestic genetic resources of date palm began in the 1960s in
Iran. Date cultivars have been developed over thousands of years by seedling selec-
tion and propagation of those palms possessing desirable fruit characteristics. Date
palm cultivars number around 3,000 worldwide; meanwhile there are more than 400
different cultivars in Iran, placing the country first in the world in that regard.

Accurate identification and conservation of new date palm cultivars has always
been of research interest to assess their value as genetic resources. The first Iranian
field collection of date palms was established in Khuzestan Province, southwestern



30 S. Hajian and Z. Hamidi-Esfahani

Table 2.6 New identified and collected female cultivars of date palm in Iran

No. of identified female No. of collected female

cultivars cultivars Province

114 25 Hormozgan

67 130 (Bam) and 150 (Jiroft) Kerman

85 40 Fars

115 30 Bushehr

33 14 Sistan and Baluchestan
65 105 (Ahvaz) Khuzestan

Source: Hajian et al. (2011)

Table 2.7 Major date palm cultivars in Iran

Province Cultivars

Hormozgan Piarom, Mordaseng, Khasi, Almehtari

Kerman Mozafti, Kalute, Mordaseng

Fars Shahani, Kabkab, Khasi, Zahidi, Gantar

Bushehr Kabkab, Shahabi, Zahidi

Sistan and Baluchestan | Mozafti, Rabbi

Khuzestan Sayer, Barhi, Zahidi, Dayri, Halawy, Khazrawi, Braim, Khasi,

Kabkab, Gantar, Haj Ghanbari, Shekar
Source: Hajian et al. (2011)

Iran, in the early 1960s; three additional collections were created in the early 1980s
within the Ahvaz, Bam, and Jiroft agricultural research stations (Hajian and
Pezhman 2004). The number of newly identified and collected female cultivars of
date palm is shown in Table 2.6. In addition, the major domestic cultivars by prov-
ince are listed in Table 2.7 (Hajian et al. 2011).

The first foreign cultivars, including Deglet Noor, Medjool, and Thoory, were
imported in 1986. These cultivars have been monitored for 15 years for the unifor-
mity of plantlets (propagated by tissue culture), and their quantitative and qualita-
tive fruit characteristics. Results revealed that Thoory cv. is tolerant of high relative
humidity and could be recommended for the southern belt of the country (Hormozgan
Province), which experiences high relative humidity throughout most of the fruiting
season.

Medjool has exhibited desirable fruit quality and quantity; however, Deglet Noor
demonstrated low-quality fruit production, probably due to special pollen require-
ments (Hajian and Pezhman 2004). Other imported cultivars are listed in Table 2.8.

Jarvis no. 1 and Fard no. 4 male cultivars as pollinators were imported at the
same time. They are being studied at the Ahvaz (Khuzestan), Minab (Hormozgan),
and Zahak (Sistan and Baluchestan) agricultural research stations.

Although the selection and conservation of elite cultivars by creating traditional
genetic resources collections, to support rehabilitative programs of old date palm
plantations as well as establishment of new ones, these collections do not provide
sufficient quantities of propagation materials. Traditional genetic conservation of
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Table 2.8 Distribution of imported commercial cultivars in agricultural research stations of Iran

Cultivars Agricultural research stations (province)

Ashrasi Khuzestan, Hormozgan, Sistan and Baluchestan

Koosh Zabad Kerman, Hormozgan, Sistan and Baluchestan, Fars, Bushehr
Abu Narenja Hormozgan, Sistan and Baluchestan, Fars, Bushehr

Deglet Noor Khuzestan, Hormozgan, Hormozgan, Kerman

Helali Kerman, Hormozgan, Fars, Bushehr, Sistan, Baluchestan

Abu Moaan Hormozgan, Sistan and Baluchestan, Fars, Hormozgan, Bushehr
Hayani Khuzestan, Bushehr

Medjool Khuzestan, Hormozgan, Hormozgan, Kerman

Fard Kerman, Hormozgan, Sistan and Baluchestan, Fars, Hormozgan
Nabat Seif Hormozgan, Sistan and Baluchestan, Fars, Bushehr

Raana Tala Kerman, Hormozgan, Sistan and Baluchestan, Fars, Bushehr
Shi Shi Khuzestan, Kerman, Hormozgan, Sistan and Baluchestan, Fars, Bushehr
Thoory Khuzestan, Hormozgan, Sistan and Baluchestan, Fars, Bushehr

Source: Hajian and Pezhman (2004)

date palms is threatened by such factors as nonagricultural land development in
centers of origins, desertification, climate change, and salinization.

The high maintenance cost of traditional field collections represents a continuous
challenge to conserving genetic diversity of date palm; an alternative is to establish
in vitro collections to facilitate access and utilization of date palm germplasm.
Preliminary conservation efforts have been initiated in recent years in Iran (Hajian
2005c¢); however, advanced studies are required to identify, characterize, and evalu-
ate the date palm germplasm. This is vital to achieving a rational and successful
utilization of date palm genetic resources. Meanwhile, date growers and research
centers should still be encouraged to continue conserving elite cultivars tradition-
ally in the oasis cultures.

2.4 Plant Tissue Culture

Mass propagation of date palms from mature specimens is impossible due to the
limited number of offshoots produced. Indeed, offshoot production is limited to the
early period in a date palm’s life span. Moreover, seed and offshoot propagation is
impractical. Since the early 1980s, many Iranian governmental initiatives have been
put forward to restock the lost groves by the private and public sectors. Scientists
and governmental policymakers believe that tissue culture should be considered as
the best method for mass propagation of date palm.

The first successes with tissue culture were achieved at the Seed and Plant
Improvement Research Institute, affiliated with the Ministry of Agriculture, in
1988-1990. Implemented researches mostly focused on Sayer and Kabkab cvs. by
embryo culture (Majidi et al. 1991; Nazeri et al. 1993), meristematic tissues
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(shoot tips and buds), and highly differentiated somatic tissues (leaf, stem, inflores-
cence, and root sections). Somatic embryogenesis, based on callus production and
multiplication, followed by growth and elongation of somatic embryos, has been
mostly applied (Davoodi et al. 2002; Eshragi et al. 2005). Up to now, this technique
had shown to be genotype independent with a high rate of multiplication along with
a high survival rate upon transfer to soil. Nevertheless, there is always a question
among date growers and scientists about the true-to-typeness of plants produced in
vitro. At the present time, three groups of tissue culture-derived plants can be found
in Iran. On average, their bearing age is 15, 9, and 6 years. Those in the first group
were micropropagated and acclimatized abroad and brought into the country at 1985.
The second group of plantlets was micropropagated abroad and acclimatized in Iran;
those in the third group were micropropagated and acclimatized within the country.

Subsequently, a private joint venture agreement was signed by the government with
Date Palm Developments Limited, a UK company, to facilitate the transfer of date
palm tissue culture technology to Iran over a period of 3 years. The technology transfer
was successfully achieved by 1996 and certified by the parent company. The private
sector subsequently acquired whole ownership of the technology and has been produc-
ing large numbers of tissue-cultured date palms for over 10 years. It is worth mention-
ing that tissue culture-derived plants of a few cultivars are subject to somaclonal
variation in particular and to genetic variations in general. These are unlike the epigen-
etic variations observed and reported in Iran, which are at the physiological level.
Iranian date growers have experienced various reproductive and vegetative abnormali-
ties on young palms since 2007. Results of a national comprehensive research project
revealed that fruit set failure was the leading abnormality throughout the country.

Barhi was found to be the most sensitive cultivar to propagate by tissue culture.
Also, younger palms generally showed more reproductive and vegetative abnor-
malities. According to recent findings, the technique used for propagation (proto-
col), nature of mother plant (chimera), type of growth regulators used, type of
explant used (ploidy gradients: apex to root), age of subcultures (>1 year), medium
composition, and incubation conditions are key factors causing the variations
(Hajian 2009). In addition, studies by means of enzymatic systems revealed that
there were some differences in the isozyme banding pattern of offshoot and micro-
propagated plants (Zivdar et al. 2008). The polymorphism of peroxidase (PRX) and
shikimate dehydrogenase (SHD) enzymatic systems confirmed that the differences
distinguished had an epigenetic basis.

Most commercial laboratories in the world are doing their best to ensure the true-
to-typeness of the produced date plant material. Various techniques such as
histocytology, isoenzyme, restriction fragment length polymorphism (RFLP), and
random amplified polymorphic DNA (RAPD) are used to produce and certify the
conformity of the plants. In most cases, fingerprinting is the technique actually
used, but it is believed that field response is the only reliable test to confirm that
palms derived from tissue culture are true to type to the mother plant (Zaid and de
Wet 2002). However, the private sector in Iran which is using tissue culture for mass
propagation of date palm has not revealed how they certify the true-to-typeness of
their produced plants.
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Furthermore, genetic transformation in date palm by means of particle bombard-
ment has been studied since the late 2000s in Iran. Studies have involved plant-
related parameters including osmotic conditioning of explants, before and after
bombardment, type of explants (embryogenic callus and somatic embryo) as well as
bombardment parameters like acceleration pressure, bombardment distance and
gold particle size (Habashi et al. 2008; Mousavi et al. 2009, 2014). Further efforts
to optimize transformation conditions and the integration of useful genes for the
improvement of date palm should be considered as prime targets in Iran.

2.5 Cultivars Identification

The biodiversity of date palms has always been one of the most important aspects
of the date palm industry in Iran. The large number of cultivars or landraces among
date plantations has made it difficult to identify and characterize all cultivars; how-
ever, initial studies commenced in early 1960s on the basis of morphological char-
acteristics. Iranian scientists have attempted to identify and characterize the required
plant cultivars for cultivation and breeding programs as well as for cultivar-right-
protection purposes. All attempts have been implemented on the basis of phenotypic
variation to the early 2000s.

Dawson and Kashani, in cooperation with other Iranian experts, first identified
400 different cultivars throughout the country in the 1950s (Kashani 1979). They
established the first field collection which included 175 elite cultivars, in Ahvaz.
This involved observations of the morphological and physiological characteristics
of an unknown cultivar to provide an official description by comparison with appro-
priate reference cultivars, which can be used to establish its distinctness, uniformity,
and stability (DUS). Subsequent studies mostly focused on fruit characteristics such
as color, shape, weight, ripening stage, TSS (total suspended solids), pH, etc.
Morphological findings based on the International Union for the Protection of New
Varieties of Plants (UPOV), system of intellectual property protection, assisted sci-
entists to determine national DUS indices for date palm in 2007 (Sadeghian 2008).
Accordingly, about 20-25 of the over 400 cultivars, as the commercial cultivars,
were recommended for cultivation in different regions of Iran. Some of them are
briefly described in Table 2.9 (Pezhman 2002).

In spite of that, there are increasing technical problems in achieving distinctness
from a large number of cultivars in Iran. Phenotypic plasticity is still an obstacle in
identification of date palm biodiversity within the country. Hence, the potential of
molecular systems for producing reliable cultivar descriptions, which are largely
unaffected by the environment, has become increasingly attractive since the mid-
2010s. The potential of molecular systems for application in cultivar registration is
therefore under careful and active consideration within UPOV. However, it is clear
that the power of molecular techniques could potentially allow discrimination
between cultivars down to the very small differences of a few base pairs within the
genome. Therefore, before their possible introduction, it has been necessary to
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consider how to ensure that sufficient genetic distance between varieties is main-
tained to be able to give certainty of continuing protection (Camlin 2003). To miti-
gate this, Iranian scientists at the Agricultural Biotechnology Research Institute of
Iran (ABRII) have recently begun to develop and employ molecular markers, statis-
tical tests, and software to identify and characterize ten date palm cultivars includ-
ing Sayer, Piarom, Shahani, Kabkab, Mazafati, Barhi, Gantar, Dayri, Zahidi, and
Rabbi. They identified specific molecular keys using seven SSR markers. The
results also proved that there was different genetic background within Dayri, Rabbi,
and Piarom mother trees (Mardi et al. 2010).

2.6 Cultivars Description

Over 400 various cultivars are known in Iran. The wide variation of date palm biodi-
versity makes it difficult to describe all of them. However, fruit and tree morphology
has been used to distinguish the cultivars since the 1960s. Morphological characteris-
tics, especially the color variation during fruit development, supplemented with leaf
morphology have shown promising results to individualize the cultivars. From fruit
set to full ripened stage, the fruits pass through distinct changes of development begin-
ning with hababouk and ending at tamar. Color variation during these stages is the
best diagnostic marker for Iranian scientists to distinguish the cultivars. In addition,
shape and size of fruits are good indicators for cultivar identification, although the size
is mostly influenced by agro-technical practices. Some Iranian botanists consider the
position of the fruit cap (perianth) to characterize a cultivar. The fruit cap entirely cov-
ers the fruit base in some cultivars, whereas it covers only the central portion in others.
Moreover, seed characters such as shape, size, margin of ventral furrow, and pulp-to-
seed weight ratio are used to identify the cultivars. Date palm botanists also consider
biochemical composition of fruits such as TSS and pH to determine cultivar descrip-
tion (Hajian 2007). Accordingly, the top ten superior date palm cultivars of Iran are
illustrated in Fig. 2.8. In addition, their descriptors are shown in Table 2.10.

2.7 Dates Production and Marketing

Over one million mt of fresh dates currently are produced each year in Iran. Statistics
show that 55-60 % of annual production is consumed domestically; 12—-16 % is
exported, leaving 24-33 % considered as surplus or wasted production. Most date
fruits are consumed directly with little or no processing, although the quantity of
processed date products is growing rapidly.

According to export statistics of FAO, Iran has typically been the second largest
date producer and exporter in the world over the decade 2002-2011. Although
export quantities have fluctuated during this period (Fig. 2.9a), the unit value has
risen significantly (Fig. 2.9b).
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Piarom Barhi

Zahidi Sayer

Kabkab Shahani

Dayri Hallawy

Dehdar Moradi Haji Mohammadi

Fig. 2.8 Popular date palm cultivars grown in Iran
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Fig. 2.9 Quantity (a) and unit value (b) dates export from Iran during the decade 2001-2011
(Source: FAOSTAT (2014b))

The knowledge of Iranian date growers about production as well as preservation
and storage of dates has improved in recent decades. Since the early twenty-first
century, reports indicate that the potential and viability for a modern date industry
exists in Iran. Most of these reports focus on economics and marketing of the crop
at the national or regional level. Although the fruits are still harvested by traditional
methods, there is rapid development in postharvest operations.

Postharvest processing of dates includes sorting, pitting, disinfestation of insects,
washing, grading, heat treatment, adjusting moisture content, coating, pasteuriza-
tion, and packaging. Although most date producers follow the processing steps, the
first fully mechanized sorting, disinfesting, and packaging pilot plant was estab-
lished in Ahvaz in 2010. It was supplemented by global standard cold storage rooms
to enhance technological knowledge of both producers and exporters. The pilot
plant includes different peripheral devices such as a washing and dryer machine
(Fig. 2.10a) and date paste maker (Fig. 2.10b).



2 Date Palm Status and Perspective in Iran 39

Fig 2.10 Date paste maker (a) and automatic washing and drying machine (b) in the first modern
pilot date processing in Ahvaz, Iran

New alternatives for fumigation of fruits by methyl bromide must be considered
as one of the recent achievements in postharvest technology in the Iranian date
industry. Novel research findings revealed that application of the fungus Beauveria
(Beauveria bassiana) is able to effectively control adult Oryctes elegans (Coleoptera:
Scarabaeidae) in storage rooms (Latifian and Rad 2012). Moreover, radiation of
Sayer date fruits by gamma ray (0.25 KGY) prolonged shelf life of the fruits in stor-
age rooms for up to 9 months. Findings proved that Plodia interpunctella and
Oryzaephilus surinamensis were efficiently controlled by this method of irradiation
(Garshasebi 2010).

Nevertheless, growing mixed cultivars, traditional harvesting, a high level of
wastes in the plantations, expensive production, low standards of packaging and
storage systems, high marketing cost, and ineffective advertising methods should be
considered as the key obstacles of postharvest technology of Iran’s date industry
(Hajian 2011).

2.8 Processing and Novel Products

Industrial producers often sort date fruits in the field just after harvesting. Sorting is
usually done manually by workers who cull damaged fruits as well as remove for-
eign materials. Date processing mostly involves removing the cap and in some cases
seeds of the dates for better marketing and reducing transfer costs (Barreveld 1993).
Removing date seeds may be done by crushing and sieving the fruits or, more
sophisticatedly, by pushing the seed out of the fruit. The next stage involves fumiga-
tion and sterilizing the fruit to prevent pest damage when they are stored. In Iran, the
major techniques to prevent insect infestation are fumigation, heat treatment, cold
storage, and irradiation, of which fumigation is the most common. Heat treatment
and cold storage are rather beneficial when applied to dates for other reasons, and
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irradiation is an effective but not yet common. Other fumigants are also used such
as carbon disulfide, hydrocyanic acid, Phostoxin, and ethylene oxide, but methyl
bromide is the most prevalent and effective technology. Nevertheless, it is worth
mentioning that the current technique of disinfestation using methyl bromide has
been prohibited by the year 2015 (UNEP 1998). Washing is usually done by auto-
matic machines to remove dust or other foreign materials using water sprays. After
washing, dates are subjected to flowing warm air to remove the moisture from the
surface of fruits (Ashraf-Jahani 2002).

At the next stage, dates are graded according to size, color, and moisture content,
after which heat treatment of 60—65 °C as a partial pasteurization is applied to limit
the activity of microorganisms, enzymes, and insects. Date drying is carried out by
using drying tunnels or solar drying. Dates are subjected to deterioration because of
fermentation, mold formation, darkening, and aroma and flavor loss. All forms of
deterioration increase with higher water content. Air drying should result in a mois-
ture content of 20 % or less to prevent the activity of molds and yeasts. If dates do
not have the recommended minimum water content, artificial hydration may be
used. Hydration is carried out for dates that have been dried by remaining on the tree
for a long time or in long-term storage. The most common method of hydration is
using low-pressure saturated steam. To remove the stickiness of the date surface,
starch solution or methyl cellulose is used. Edible oil, water, BHA (butylated
hydroxyanisole), and BHT (butylated hydroxytoluene) are used to eliminate the
roughness of date surface and make it shiny. Then, pasteurization at 66 °C for
30 min is conducted to complete the process of microbial reduction. Finally, dates
are packaged in suitable containers, labeled, and controlled for weight and toxic
metals. Subsequently, dates are transferred to cold storage chambers to retard chem-
ical and biological processes (Ashraf and Hamidi-Esfahani 2011).

Many products, such as date syrup, alcohol, animal feed, date powder, different
types of bread, marmalade, candy, chocolate, and date paste, can be obtained from
dates. Other parts of the tree are also important in the rural economy. For example,
the stem is used for making wooden boats and rafts as well as roof coverings for
rural houses in addition to serving as raw materials for fiber, paper and wood indus-
tries. The foliage is used for making handicrafts such as fans and straw hats. It is
estimated that more than 70 various products and by-products can be produced from
different parts of date palm.

Date products in Iran are categorized as semifinished date products, ready-to-use
date products, derived products from date fruits, fermented products, and by-
products from processing (Ashraf and Hamidi-Esfahani 2011).

2.8.1 Semifinished Date Products

Date Paste The production of date paste is one of the most interesting products in the
date food industry. It leads to reduced transportation and storage costs, since the seeds
(10-20 % of the total fruit weight) are removed during processing. Moreover the
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availability of date paste for the food industry is ensured throughout the year. Date
paste makes it possible to convert dates of even inferior quality into an intermediate
value-added product for the date processing industry. Date paste is usually made
from culled fruits unsuitable for marketing. For the preparation of date paste, pitted
dates (tamar stage) are either soaked in hot water (95 °C) for 5-15 s or steamed for
3 min at 69 kPa. Dates are turned into date paste by grinding. Citric or ascorbic acid
(0.2 %) may be added to lower the pH of date paste for improved shelf life and to
maintain a desirable color. Date paste can also be used as a partial substitute for flour
in bakery and confectionary products. The use of 4-8 % date paste in bread formula-
tion results in significant improvements in the dough’s rheological properties, delays
gelatinization, improves gas production and retention, extends the shelf life, retards
staling, and improves the crumb and crust characteristics. Using date paste in cookies
results in a higher spread ratio increasing with amounts added up to 20 %. It prevents
the crystallization of sucrose in cookies during the cooling off period immediately
after baking.

Extruded Date Seeded crushed dates are extruded through 0.6 cm holes and
shaped into rolls, cut into 1.3-2.5 cm lengths, and coated with dextrose or barley
flour to prevent them from sticking together. To improve marketing, it is dried and
solidified by exposure to air.

Diced Date This product is made from cutting seeded dates into pieces with a
dicer. The diced date pieces are coated with dextrose or oat flour to prevent the
pieces from sticking together. This product is usually consumed with cereals,
cooked products like cake, different kinds of bread, and sweetmeats. Adding date
pieces (10 %) to ice cream slightly reduces the overrun.

Date Powder After dilution of date paste with water, it is spread on metal trays and
dried using a tunnel or cabinet dryer until moisture is less than 5 %. The dried mate-
rial is milled and sold based on different granular sizes. This product is used in
confectionary and baby foods as a sweetening agent.

2.8.2 Ready-to-Use Date Products

Some preserved products such as pickles, chutney, jam, jelly, dates in syrup, date
butter, candy, and confectionary products are prepared from date. Dates at the kimri
and khalal stages of maturity are most suitable for preparing pickles in oil and for
chutney. Pickles in oil are prepared using pitted, sliced kimri fruit with various
spices, condiments, and mustard oil. Chutney is a generic term for a condiment
composed of fruit sugar, citric acid or vinegar, vegetables, and hot spices. Derived
from an Indian word, chutney is probably best known when mango is used as the
basic fruit, but other fruits such as dates can be utilized. Brine and salt-stock pickles
are other popular products that could be prepared from kimri dates.

Ripe dates with a high sugar content are suitable for jam making. A sugar-date
pulp ratio of 55:45 is used for jam making with 65 % sugar content, 1 % pectin, and
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pH of 3.0-3.2. For jelly making, date juice-sugar at a ratio of 1:1 is used, and the
finished product has total soluble solids content of 73° Brix and pH of 3.57.

Also, dates in tamar stage containing high sugar content are appropriate for date
butter, which is similar to peanut butter in usage. It is similar to jam making, except
the pH is adjusted to 4.7, the total soluble solids content of 75° Brix, and a sugar-date
pulp ratio of 40:60.

Dates in syrup is prepared from peeled, seeded whole dates at the khalal stage. In
this product, the syrup is concentrated to about 75—80° Brix with the pH adjusted to
2.8-3.0 with citric acid.

Date candy is prepared using date paste, roasted groundnuts, and coconut. The
use of date paste and nuts in a 60:40 ratio coated with chocolate gives a good sen-
sory quality for this type of candy. Plain date bars prepared from date fruit, almonds,
coconut, groundnuts, and pistachios can be coated with chocolate and fortified with
sesame, skim milk powder, and oat flakes.

Different desserts prepared from date fruits are ice cream, pudding, date sherbet,
and fruit yogurt. Other products include macerated date and fiber-filled dates, with
the former having medical uses. Other ready-to-use date products are different
sauces such as steak sauce. Steak sauce is a traditional product, used as a flavor with
meat dishes; it contains 10 % ground dates.

2.8.3 Derived Products from Date Fruit and Stem

In this type of production, second grade or culled fruits from large-scale date pack-
ing operations are typically used. The product list includes date spread, sherry,
medicinal alcohol, arrack (spirits), vinegar, date wine, date syrup, soft drinks, liquid
date sugar, and high-fructose liquid date sugar. Dates are mixed with water in all
these products to facilitate the separation of undesirable materials. In some prod-
ucts, added water remains in the final product, as in beverages. However, in other
products, water is added to create a suitable medium for the next process such as
fermentation.

Other products from date syrup are yeasts (rich in protein), vitamins, and also
baker’s yeast. Fat can be produced from date juice and syrup by means of some
microorganisms like Penicillium lilacinum, Pen soppi zaluski, and Aspergillus nidu-
lans. Date pulp and/or date syrup can be utilized as a substrate for oxytetracycline
formation by some suitable mutants of Streptomyces rimosus. Date seed lipids and
hydrolysate can serve as carbon and nitrogen sources, respectively, in the fermenta-
tion medium for the formation of oxytetracycline by Streptomyces rimosus. Higher
amounts of antibiotics were found with date substrates than with glucose and urea.

Date honey is concentrated date juice with colloidal compounds from which the
major part of its pigments has been removed. It is utilized in beverages, chocolate,
ice cream, marmalade, and confectionary. A kind of syrup can be obtained from the
stem tissue sap of some date palm cultivars from which sugar is extracted. Caramel
coloring made from date syrup can be used in a variety of foods, such as beverages,
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bakery, confectionary, and meat products. Another product is Tarooneh arrack
(Tarooneh distillate), which is made from the chopped male or female spathe; it
smells pleasant and has medicinal benefits.

Sago (white in color) and lagmi (date palm sap) are other products obtained from
the date palm stem. Date palm sap (tapped from the stem) has a high sugar content
(mainly sucrose), protein, ash, and phenolics. Its surface activity and foaming power
are due to the presence of proteins. Because of its antioxidant activity and nutri-
tional value, this natural juice could be used as a functional food. Sap extracted to
produce sweet lagmi must be done away from sunlight to prevent fermentation.

2.8.4 By-Products from Date Processing

Three major by-products result from date fruit processing facilities: low-grade
rejected date fruits, date seeds, and date press cake. Date fruits, unfit for fresh con-
sumption or in derived products, are commonly utilized as animal feed or as a sub-
strate for fermentation products because of their nutritive components such as
sugars, proteins, and minerals. Date seeds possess good nutritional value based on
their dietary fiber content, making them suitable for the preparation of fiber-based
foods and dietary supplements (Habibi-Najafi 2011). Date seeds are also referred to
as pits, pips, stones, and kernels. Date seeds represent on average 10 % of fruit
weight. Because they are rich in oil, proteins, minerals, and fiber, they can serve as
valuable raw materials in animal feed.

Press cake is the by-product of date juice extraction. Depending on the method
used for juice extraction, date flesh with remaining sugar, with or without seeds,
remains. Press cake is wet (about 70 % moisture) and bulky (it forms 30 % of date
weight) and deteriorates quickly; it can create a disposal problem if unutilized.
Investigations have revealed that the majority of protein exists in the press cake
itself and the majority of fat in the date seed. Press cake which includes seeds is a
rich source of dietary fiber and high levels of phenolics and antioxidants. Press cake
is utilized for animal feed as well as microbial conversions.

2.9 Conclusions and Recommendations

Iran can be considered as one of the oldest date-producing countries in the world.
Historic indigenous knowledge of date growing and large-scale cultivation, high
annual production, high yields, and a wide diversity of cultivars have provided inim-
itable conditions to further develop the date industry. Over one million mt of fresh
dates are presently produced annually in Iran. Nearly 55-60 % of annual production
is consumed in domestic markets, around 12—-16 % is exported, and the remaining
24-33 9% can be considered as surplus and wasted production. The same pattern
could be found in global domestic consumption, export, and surplus and wasted
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Fig. 2.11 Percentage of date fruits export out of production in Iran and the world

production, according to recent FAO statistics (FAOSTAT 2014b). Fig 2.11 illus-
trates that 10 % of annual production has been on average exported from Iran and
worldwide during decade 2002-2011. Similarly, around 90 % of annual production
has been globally consumed (including surplus and wasted production) in domestic
markets. Therefore, global market demands are consuming no more than 10 % of
annual production.

Efficient and innovative marketing methods must be employed to attract new
date consumers. Indeed, the potential value of eating dates is not clearly defined in
the daily human diet; most consumers do not consider dates as a fruit in the way
they do apples, oranges, or bananas. Dates are also not accepted as a nut snack such
as pistachios or peanuts. Moreover, the poorer segments of societies do not consider
dates as a desirable food. Per capita consumption in Iran, as well as in the world,
confirms the low status of dates in daily human diet. The latest statistics illustrate
that average annual fresh date fruit consumption amounted to 11.6 and 0.9 kg per
capita in Iran and in the world, respectively, in 2009 (FAOSTAT 2014b). The statis-
tics also revealed that Iran occupies fifth place in per capita consumption of dates
after Saudi Arabia, Algeria, Libya, and Egypt with 36.6, 16.3, 16.3, and 14.2 kg per
capita per year, respectively. Providing new incentives to consumers by innovation
in primary products and by-products can create new markets.

The broad patterns of date cultivation and harvesting, use of higher-yielding cul-
tivars, efficient agro-technical practices, adequate cold storage facilities, modern
packaging and transport systems, and inducement of the private sector to invest in
the date industry have to be considered as contributory approaches to develop the
industry within Iran. On the other hand, programs should be focused on gradual
replacement of cultivars with higher-yielding palms, increasing of product prices to
financially support the growers and exporters, effective use of mechanization to
decrease production expenses, broadening the array of by-product to decrease
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waste, and finally creating vigorous private (or governmental) organizations to
define high-level policies for marketing targets. Date palm research must focus on
quality improvement in production by adopting new and efficient agro-technical
practices as well as utilization of biotechnology to achieve objectives in the areas of
gene banks and transgenic plants.
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Chapter 3
Date Palm Status and Perspective
in Saudi Arabia

Salah M. Aleid, Jameel M. Al-Khayri, and Abdulaziz M. Al-Bahrany

Abstract Date palm is a major crop significantly contributing to the agroecosys-
tems in Saudi Arabia. There has been vast support and development in the agricul-
tural sector in general and the date palm sector in particular during the last decades
in Saudi Arabia. However, there are several challenges facing date cultivation, pro-
cessing, and marketing. Such difficulties relate to water scarcity and salinity, soil
erosion and desertification, insect pest infestations and disease, insufficient process-
ing and packaging facilities and technologies, as well as a decline in date fruit
demand. There is an enhancement in investment in world-class facilities and opera-
tions by leading date producers in Saudi Arabia. Large farms are prevalent in Saudi
Arabia, and they are making substantial investments in new or replacement trees not
in production signifying a further increase in production capacity; however, cultivar
selection is generally not based on technical analyses such as yield, disease resis-
tance, or water and fertilizers requirements. The aim of this chapter is to provide an
overview of major recent aspects of the date palm in Saudi Arabia, a hot and arid
region. Subjects discussed include fruit production, propagation, molecular and
genetics descriptions, field management practices, entomology and pathology, post-
harvest handling, value-added products, commercial value, and nutrition and health
benefits. Also presented are ways of minimizing the usage of nonrenewable natural
resources as well as recent findings from research and development activities.
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3.1 Introduction

3.1.1 Importance to Saudi Arabia Agriculture

Date palm (Phoenix dactylifera L.) is a unisexual fruit tree native to the hot arid regions
of the world, mainly grown in the Middle East and North Africa. Since ancient time, this
majestic plant has been recognized as the free of life because of its integration into
human settlement, well-being, and food security in hot regions of the world, where only
a few plant species can flourish (Al-Khayri 2007). Saudi Arabia has a land area of
2,250,000 km?, of which less than 0.2 % is presently under cultivation. The country is
characterized by an arid and semiarid climate. The cultivated land is estimated at
525,000 ha. However, three to four times as much land is arable but not yet put to use.
The significant feature of Saudi agriculture lies in the scarcity of water, with rainfall
averaging about 100 mm per year in most regions except the southwest, which averages
250 mm or more (Abo-Hassan 1981). Temperatures are generally high, reaching 50 °C
at times in some places in summer, when the relative humidity is also high in the eastern
Saudi Arabia. Soils are fragile and subject to erosion by wind and water, as well as deg-
radation through salinization. Over 95 % of the total land area in the Arabian Peninsula
suffers from some form of desertification, of which 44 % is severe to very severe; wind
and water erosion account for over 60 % of the desertification (Erskine et al. 2004).

The number of named date palm cultivars distributed all over the world was
reported to be approximately 5,000 (Bashah 1996). Different date cultivars taste
different from place to place, and even within one date grove, there is a range of
qualities in the same cultivar.

Date palm is the most widely grown fruit tree in areas with long dry summers and
mild winters, such as the predominating climate of Saudi Arabia. It thrives in desert
and oasis where temperatures are high but with groundwater table that is close to the
soil surface. Date fruit production is dependent on the availability of certain heat
requirements, according to cultivar. Most dry fruit cultivars are found in the dry
areas, whereas soft and semidry cultivars are confined to the humid and semidry
areas. Date palms in Saudi Arabia can grow in different types of soil, but the best
productions are recorded in light deep soils. It can tolerate high levels of salinity, i.e.,
some cultivars can survive salinity levels up to 22,000 ppm, but their growth and fruit
productivity would be affected (Erskine et al. 2004). Salinity stress exerts negative
influence on date palm growth and chlorophyll content (Al-Abdoulhadi et al. 2012).

Saudi Arabia occupies the first rank in the world in terms of average per capita
consumption of dates, reaching 34.8 kg/year in 2003 (Al-Shreed et al. 2012).

3.1.2 Production Statistics and Economics

World date palm cultivation has expanded rapidly in recent years. The global pro-
duction of date was estimated at 7.75 million mt, worth USD 3.82 billion in 2010.
Saudi Arabia is ranked as the second largest date producer in the world after Egypt
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Table 3.1 Estimated area Region Production (mt) Area (ha)
and production of dates by

region in Saudi Arabia in Riyadh 248,327 42,208

2011 Qassim 187,561 39,301
Eastern 147,305 13,625
Madinah 139,924 18,502
Hail 109,229 16,187
Jouf 46,898 5,471
Makkah 44,882 8,068
Tabuk 20,679 2,966
Asir 20,119 4,297
Najran 19,526 3,070
Baha 6,618 1,095
Jazan 326 288
Northern 152 40
Total 991,546 155,118

Source: Ministry of Agriculture (2011)

(FAOSTAT 2012). In 2011, date production in Saudi Arabia reached 991,546 mt,
from 3.7 million trees which covered an area of 155,118 ha (Ministry of Agriculture
2011). Table 3.1 shows estimated area and production of dates by region in Saudi
Arabia. The date palm orchards are distributed in various regions. Riyadh in the
Central Region is considered the highest producer of dates (25.04 %) followed by
Qassim region and Eastern region (Al-Hassa and Qatif) which represent 18.91 %
and 14.85 %, respectively. While there are about 400 date cultivars grown in four
main regions in the Kingdom, only about 50-60 cvs. are commercial (Mikki 1998).

Because of surplus date production in Saudi Arabia, domestic marketing of the
product needs to be enhanced; moreover, exports have not reached the expected
level. Also, the per capita consumption of dates in Saudi Arabia has significantly
declined over the years, due to competition from other fresh fruits and sweets, in
addition to changes in family size and eating habits, while the production has
increased. This has impacted date production negatively, in spite of support from the
government. The Kingdom currently has 64 date processing factories (Al-Shuaiby
and Ismael 2007; Anonymous 2006, 2009).

3.1.3 Current Agricultural Problems

Presently, date palm development in Saudi Arabia is of great governmental concern,
while project implementation concerns the private sector. After the ambitious
expansion of developing programs for new date palm plantation, the overall picture
is now a series of continuous new endeavors aimed at improving the date growing
areas through the introduction of labor-saving methods in cultivation and modern
irrigation systems, improved packaging, industrialization of fruit processing, and
product diversification, for example, a better utilization of lignocellulosic residues
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of the date palm tree (Mikki 1998). However, there are constraints facing the devel-
opment of date palm in Saudi Arabia. Date palm cultivation in the country has a
long history, yet the efforts exerted on research and development, although signifi-
cant, are still insufficient and fall below expectations. In general, product quality is
still low, field and postharvest losses are high, and date product and by-product
utilization needs improvement. To address these constraints, the Saudi Arabian gov-
ernment ranked date palm as having the highest research priority in setting priorities
for agricultural research (Erskine et al. 2004).

3.2 Cultivation Practices

3.2.1 Current Cultivation Practices

Date palm cultivation practices in Saudi Arabia can be summarized in the following
steps: fertilization, irrigation, pollination, fruit thinning, bending and bagging of
bunches, pesticide control, and harvesting. Most date farmers practice manual pol-
lination techniques and are generally reluctant to adopt innovative pollination tech-
niques. Proper training programs for the use of mechanical fertilization methods
need to be implemented. The three highest expenses of date farmers in Saudi Arabia
are labor, chemicals, and energy to pump water. Brown (1983) showed that among
cultural operations, harvesting, pollination, and pruning are the most labor-intensive
work, accounting for more than 80 % of the total production costs. Most of palm
trees in the old historic date palm orchards in Saudi Arabia such as Al-Hassa, Kharj,
and Madinah have been planted densely with only 2—-5 m between trees, which rep-
resents an impediment to mechanization.

In Saudi Arabia, flood irrigation is primarily practiced in Madinah and Al-Hassa.
However, most date palm farms have adapted modern irrigation techniques such as
drip and sprinkler irrigations. However, some old farms still practice flood irriga-
tion. Farmers do not keep records of water consumption; date palms are typically
overwatered, resulting in a waste of critical water resources. Al-Amoud et al. (2000)
studied the effect of different irrigation methods on date palm tree yields in Saudi
Arabia. The results demonstrated that the maximum average yield was obtained for
trees irrigated with trickle methods, followed by basin-irrigated trees. An annual
water volume of 108 m? per tree (1.08 m/ha) would be sufficient to produce the
highest water use efficiency. The trickle irrigation method has been shown to be the
best for water use efficiency, followed by the basin and then the bubbler methods
(Al-Amoud et al. 2000).

Timing between applications of fertilizers varies considerably among growers in
Saudi Arabia, ranging from every year to 3 years. Fertilizers are often applied with-
out soil sampling, with limited use of chemical fertilizers in some regions such as
Al-Hassa and Madinah. In Saudi Arabia, responses to fertilization are inconsistent
and probably depend upon cultivar, soil type, and other factors. Manure has tradi-
tionally been used in date production, but in many instances inorganic fertilizers are
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used. Many producers, even in industrialized production, consider manure to be
superior to inorganic fertilizer. Cover crops are also often grown in date groves
(Abdul-Baki et al. 2002). In a study by (Almadini and Al-Gosaibi 2007), evaluating
the effect of the use of organic fertilizer for palm trees on soil properties and fertil-
ity, the results indicate that applying organic amendments led to improved physical
and chemical characteristics of the soil and greater soil fertility, indicating the
importance of adding organic fertilizers to enhance soil quality and sustain the pro-
ductive capacity of fruit quantity and quality. Al-Kahtani and Soliman (2012)
reported that agricultural waste plus 40 % sheep manure gave the highest initial fruit
set and retained fruit, bunch weight, yield fruit weight, flesh weight, flesh thickness,
fruit volume, fruit dimensions, total soluble solids, nonreducing sugars, and total
sugars, as compared with the other treatments over two seasons.

Soil testing can be a useful tool to assess the fertilizer needs of date palms. Of the
17 essential elements, N, P, and K are commonly deficient in soils. Therefore, field
fertilizer trials predominantly involve these three elements. There is a direct rela-
tionship between soil test values and date palm yield, justifying the need to improve
fertilizer. Elprince and Alsaeedi (2007) estimated fertilizer requirements of date
palm from site variables including soil testing, water, and leaf analysis. The results
warrant the establishment of an extension service for fertilizer recommendations in
the Al-Hassa region. Presently, there is a tremendous opportunity to increase tree
yield and fruit quality simply through the adoption of improved cultivation
practices.

3.2.2 Pollination and Fruit Quality
3.2.2.1 Pollination

In most date palm growing countries, including Saudi Arabia, seedling males are
used for pollination. These seedling males are highly variable and differ greatly in
their growth, vigor, spathe characteristics, and pollen quality (Al-Baker 1972). In
some date cultivars better fruit set results from pollen of some males than others,
apparently due to compatibility of male and female cultivars (Nixon 1969). The
principal characteristics desired in a male palm are fertility, flowering early in sea-
son, and a large quantity of flowers. At room temperature, pollen will retain its
viability for 2-3 months. Soliman and Al-Obaid (2013) reported significant differ-
ences in pollen grain morphology among 11 Saudi date palm males.

Al-Ghamdi et al. (1988) evaluated eight date palm males and their effects on fruit
character of three female cultivars grown in Al-Hassa. They observed that males
varied considerably with respect to vegetative and reproductive characters. Fruit
characteristics such as total weight, pulp weight, moisture content, length, and
width were significantly affected to a degree, influenced by the genotype of both
male and female trees. In general, the male designated M1 appeared to be superior
to the other males tested based on the fruit characteristics evaluated.



54 S.M. Aleid et al.

3.2.2.2 Fruit Quality

Quality profile of dates involves an evaluation of four aspects: (a) color, shape, size,
taste, texture, pit/flesh ratio, and uniformity in color and size of the fruit; (b) mois-
ture, sugar, and fiber content; (c) defects of the fruits, which may include discolor-
ation, broken skin, sunburn, blemishes, and shrivel deformity; and (d) presence of
insect infestation, foreign matter, pesticide residues, mold, and decay (Saleem
2005). Horticultural practices, in particular, have direct effect on yield, on fruit
quality, and ultimately on the sustainable utilization of all resources within the oasis
agroecosystem, including date palm cultivars (Siebert et al. 2007). Some traditional
horticultural practices may adversely impact date yield and quality. These include
narrow spacing between trees, minimal fertilizer inputs, and inadequate irrigation
due to limited resources, in addition to inadequate pollination, fruit thinning, and
protection from biotic and abiotic stress as well as inefficient pest and disease con-
trol (Jaradat 2013). Hand pollination and fruit thinning guarantee adequate fruit set
and optimal fruit quality (Mukhtar et al. 2011).

3.2.3 Pest and Disease Control

The most important pests and diseases affecting date palm in Saudi Arabia are the
red palm weevil (RPW), Rhynchophorus ferrugineus (Olivier), and Al-Wijam dis-
ease. A phytoplasma pathogen is suspected to cause Al-Wijam; its main symp-
toms are leaf stunting, yellow streaking, and a marked reduction in fruit and stalk
size, which leads to failure in fruit production at harvest (Alhudaib et al. 2007).
The RPW has been identified by FAO as a category-1 insect pest of date palm in
the Arabian Gulf region and is a key pest in Saudi Arabia. Close spacing of palms
and open flood irrigation favor increased attack by RPW, probably due to higher
relative humidity in the plantations resulting from these practices (Sallam et al.
2012). In Saudi Arabia, RPW was reported in Qatif in the Eastern Province then
spread throughout the country, mainly through transport of infested planting mate-
rial (Al-Abdulmohsin 1987). In Saudi Arabia, the annual loss due to eradication of
severely infested palms is put at 1-5 %, with estimated value to range from USD
1.74-8.69 million, respectively, at a fixed eradication level of 20 % of infested
palms (El-Sabea et al. 2009).

Early detection of infestation is the key to the success of RPW management in
the field. Infested palms, if not detected early and treated, usually die after harbor-
ing several overlapping generations. However, palms in an early stage of attack
respond to insecticide treatment by stem injection (Faleiro 2006). Recently El-Shafie
et al. (2011) assessed the efficacy of trap-free attract and kill pheromone technol-
ogy for managing RPW in date plantations, while Faleiro et al. (2010) developed
models to validate area-wide RPW-IPM programs in the date plantations of Saudi
Arabia.
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Stored dates are attacked by insects, birds, rodents, mites, and microorganisms
including fungi. Fumigation is the most commonly important alternative to pest
control of stored dates (see Sect. 3.7.4.1 for more details).

Treatment of dates on the bunch during April to June will effectively control the
lesser date moth, date stone beetle, and greater date moth. This will affect posi-
tively the control of other ripe fruit moths and beetles, particularly the sap beetle
during August to late October. Management of date pests during this time of the
cropping season will guarantee clean undamaged and uninfected dates in the
storehouse.

Precautions have to be taken to prevent reinfestation after storage and immigra-
tion of insects from outside the storage facilities. International CODEX food safety
standards for dates list the absence of live insects and insect eggs and mites as an
important index for quality. Therefore, to reduce the quantitative and qualitative
losses due to insect pests, and to meet the international marketing standards, an
integrated stored product management program (ISPM) for dates should be estab-
lished and strictly applied (Abo-El-Saad and Elshafie 2013).

3.2.4 Cultivation Challenges and Limitations

The date palm is a drought-resistant and salt-tolerant plant. The annual water
requirement of a mature date palm ranges between 115 and 306 cubic meters
(1.15-3.06 mt/ha) (Al-Baker 1972). Scarcity of water in Saudi Arabia contrib-
utes significantly to reducing date palm productivity and even to the death of the
trees (El-Juhany 2010). Date palm cultivation requires plenty of water, and if
the current trend of palm expansion in Saudi Arabia continues, a considerable
amount of additional irrigation water will be required. However, due to the lim-
ited availability of water resources, the increase in using water conservation
measures, such as modern irrigation systems (trickle and bubbler), is necessary
(Al-Amoud et al. 2000). Moreover, there are several constraints facing the
development of date palm in Saudi Arabia, such as: (a) the presence of low-
quality cultivars; (b) poor farm management; (c) pests and diseases, and inade-
quate IPM control; (d) deficiencies in harvesting, processing, and marketing
practices; (5) shortage of qualified and national trained staff and laborers; and
(e) insufficient research and development activities (Erskine et al. 2004).
Although the cultivation of date palms has developed considerably, and great
attention has been given by the Government of Saudi Arabia; nonetheless, the
level of date productivity is low compared with other date-producing countries
(AI-Obaid 1996). The main causes of low date productivity are the increase in
the large number of the older trees, the existence of many low-quality and unde-
sirable cultivars, lack of sufficient offshoots to establish new orchards or even
renew the old ones, and the increase in cost of offshoots of good-quality culti-
vars (Al-Sakran and Muneer 2006).
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3.3 Genetic Resources and Conservation

Date palm genetic diversity is the foundation of an effective crop improvement pro-
gram to develop new cultivars resistance to current abiotic and biotic limitations.
This highlights the importance to preserve date palm germplasm by utilizing all
available means. In Saudi Arabia, limited research was encountered related to date
palm in vitro cryopreservation. General conservation efforts are evident from the
establishment of two field germplasm banks to conserve national and international
cultivars, discussed below. Moreover, to protect germplasm against degradation
threats due to the spread of pests, the authorities have implemented quarantine regu-
lations on date palm international exchange and transport within the country.

3.3.1 Threats and Degradation

Date palm germplasm biodiversity and productivity in Saudi Arabia is threatened
by a number of factors common to most date palm growing countries. In addition to
urbanization, desertification, salinization, and genetic erosion, date palm is threat-
ened by numerous diseases and insects as well as environmental stress factors
including drought, salinity, and temperature extremes that may be exacerbated as a
result by global climate change.

In Saudi Arabia, red palm weevil (RPW) (El-Sabea et al. 2009) and Al-Wijam
disease (Alhudaib et al. 2007) are the most serious pests for date palm cultivation.
Lack of efficient integrated pest management (IPM) has resulted in the spread of
pests and diseases in different regions of the country (El-Juhany 2010). It is reported
to attack mostly young date palm less than 20 years old. Reports indicated that 99 %
of the infested date palms are less than 20 years old with 75 % being in the age group
of 6-15 years which is the most vulnerable age of infestation (Anonymous 1998).

There are several factors that contribute to genetic erosion that also threaten date
palm diversity and productivity. Krueger (2011) stated that modernization of tradi-
tional oasis culture can contribute to genetic erosion of date palms due to the impor-
tation of more profitable elite cultivars to replace old or dead date palms with elite
foreign cultivars. Lately, it is noticeable that some Saudi framers are interested in
the cultivation of certain foreign elite cultivars such as Medjool. Also, certain elite
local cultivars comprise most of the cultivation areas in each growing regions, mark-
ing the decline of genetic diversity.

Water scarcity and salinity of water and soil, aggravated by typical lengthy rain-
less periods and drying of many water wells, restrict expanding date palm cultiva-
tion in most parts of the Arabian Peninsula, including Saudi Arabia (Jaradat and
Zaid 2004).

Another important threat is the shortage of skilled labor to maintain date palm
cultivation, which requires attention. Enhanced income through the opportunities
presented by modern technologies has led the majority of the small farmers to
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abandon their date palm groves (El-Juhany 2010). Neglecting these aspects can
cause the degradation of date palm germplasm and limit cultivation. It is important
to strengthen research and conservation efforts to keep these factors in check in
order to conserve date palm germplasm resources and sustain productivity.

In an effort to manipulate growth of date palm and examine the potential effects
on various physiological parameters, several studies were conducted involving
magnetic fields (Dhawi and Al-Khayri 2008a, b; 2009a, b, c; Dhawi et al. 2009) as
well as x-ray irradiation (Al-Enezi and Al-Khayri 2012a, b; Al-Enezi et al. 2012).
These studies involved exposing seeds collected from cv. Khalas in Al-Hassa, ger-
minated and grown under greenhouse conditions, and chemical analyses based on
seedling tissue. Changes were observed in germination and seedling growth as well
as physiological responses including proline accumulation, ions concentration,
DNA content, and photosynthetic pigments distribution. These studies provide
guidelines for future studies aimed at inducing growth manipulation and possibly
mutations that may contribute to enhancing the available genetic resources and
expanding the genome of the date palm (Dhawi and Al-Khayri 2011).

3.3.2 Cryopreservation

Cryopreservation is currently considered an effective method for long-term conser-
vation of date palm germplasm. Several studies to examine these factors include the
effect of different components of cryoprotectant solution. In Saudi Arabia, the only
relevant study encountered was reported by Al-Bahrany and Al-Khayri (2012a),
which showed that the revived cell samples treated with 10 % DMSO in combina-
tion with 0.75 M sucrose showed the most colony formation, greatest callus growth,
and highest embryo numbers. Accumulating fundamental knowledge of cryopreser-
vation requirements may be utilized to develop a germplasm bank for the long-term
conservation of date palm germplasm. This is of tremendous importance, especially
under current predictions of global climate change and the potential abiotic and
biotic threats that may challenge date palm cultivation in different regions of the
world.

3.3.3 Germplasm Banks
3.3.3.1 Date Palm Germplasm Bank at King Faisal University

A date palm germplasm bank was established in 1982 at King Faisal University,
Date Palm Research Center of Excellence, located at the Agricultural and Veterinary
Experimental Station in southeastern Al-Hassa (25°15'36” N lat.; 49°43’30” E
long., elev. 145 m). This collection contains national and international date palm
cultivars as well as a section for trees produced by tissue culture. The national
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Fig. 3.1 Views of the date palm germplasm bank at the Ministry of Agriculture, Date Palm
Research Center, Al-Hassa, Saudi Arabia (Photo by: Kabeel M. Ghawas)

collection comprises 510 palms representing 31 Saudi cultivars collected from 7
major growing regions (Al-Hassa, Qatif, Madinah, Besha, Najran, Jouf, and
Qassim). The international collection comprises 615 date palm trees representing
26 cultivars imported as offshoots from California, USA, and Iraq. In addition, 282
tissue culture-derived date palm trees representing 15 cultivars are obtained from
the USA, England, France, and Saudi Arabia (Al-Ghamdi 2001).

This germplasm collection encountered adverse conditions which led to the
decline of numerous trees. Degradation was mainly due to the decline of groundwa-
ter quality resulting in increased soil salinity, low soil fertility, and shallow soil
depth, as well as the location of the germplasm field over an underground salt belt
within the experimental station, high water table, and increased exchangeable
sodium percentage. Consequently, a decision was made in 2010 to transfer some of
the surviving trees to the Ministry of Agriculture Date Palm Germplasm Bank.
Currently the relocation of the date palm germplasm bank to a more suitable site
where soil conditions are more favorable is being considered.

3.3.3.2 Date Palm Germplasm Bank at the Ministry of Agriculture

The Ministry of Agriculture, Date Palm Research Center, located in northern
Al-Hassa (25°27' N lat.; 49° 33’ E long.), established a date palm germplasm bank
in 2000 (Fig. 3.1). This was implemented through the technical cooperation between
the Ministry of Agriculture and FAO to conserve elite cultivars. Subsequently, the
collection was augmented with seedling date palms through collaboration with the
Arab Center for Studies of Arid Zones and Dry Lands (ACSAD). The collection
consists of 89 cultivars collected from major growing regions of Saudi Arabia and 5
cultivars from international sources. In addition, there arel4 date palm seedling
cultivars from the Zulfi region of central Saudi Arabia (26°18’ N lat.; 44°48" E
long.) and 2 seedling cultivars from the Al-Hassa region. Moreover, the collection
contains elite male date palms collected from various regions of Saudi Arabia.

The main objectives of establishing this date palm germplasm bank were: (a)
conserve genetic diversity, (b) study the morphological and physical characteristics
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of cultivars, (c) develop a germplasm repository for plant breeding and molecular
work, and (d) study the reaction of the cultivars to major abiotic and biotic
stresses.

3.3.4 Quarantine Regulations

Due to the threats posed by biotic factors on agriculture, numerous countries have
imposed certain actions to minimize the phytosanitary risk associated with the inad-
vertent introduction and spread of pests and diseases. Saudi Arabia has approved
implementation of Quarantine Law of the Gulf Cooperation Council of the Arab
Gulf States through Royal Decree No. M/9 dated 8 March 2005 (Experts 2005). The
aim of this law is to prevent the entry and spread of agricultural pests, protection of
environmental and plant resources, and the facilitation of trade. Implementation of
the Regulations of the Quarantine Law, Article 6 of Chapter II, prohibits import of
consignments of plants or plant products or any other material of any palm species
and their derivatives. Fruits of date palm and fiber-stripped coconuts are exempted
(Ministry of Agriculture 2005).

Measures were taken in the early 1990s by the Ministry of Agriculture to restrict
the spread of pests, especially red palm weevil (Committee 1993). These acts
included (a) prohibiting transportation of date palm offshoots within Saudi Arabia
among date palm growing regions, (b) obtaining official permits to transport any
date palm offshoots within the Kingdom, and (c) strengthening extension services
to increase farmers’ awareness of the danger and prevention methods, as well as
providing on-field technical assistance to deal with infested trees.

The transport of offshoots is restricted within the country mainly because of the
lack of a protocol ensuring the phytosanitary condition of the plants. Recently,
Al-Shawaf et al. (2013) developed an insecticide-based protocol that kills larval
stages of RPW feeding inside date palm offshoots. This would allow transport of
treated offshoots to a different growth region without the danger of spreading this
devastating insect. The protocol involves dipping offshoots in 0.004 % fipronil
3.5 % (ThripGuard 35 SCTM) for 30 min.

3.4 Plant Tissue Culture

3.4.1 Importance and History

Propagation by offshoots, axillary buds growing from the base of the tree, is the pre-
ferred method as compared to seed propagation which normally produces off-type
progeny. Although seeds are a rich resource of germplasm useful for genetic improve-
ment (Johnson et al. 2013), seed propagation is not suitable for the multiplication of
known date palm cultivars because genetic traits including fruit traits are not main-
tained. Offshoots are produced only in the early life of the date palm, the first
10-15 years, in very limited number, although this number varies among cultivars.
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Offshoots must remain attached to the parent tree for 2-3 years to develop an adequate
growth and their separation from the parent tree is often difficult and expensive, and a
large number of offshoots do not survive, making this method inefficient particularly
at commercial scale. Alternatively, micropropagation is gaining increased interest as it
provides a relatively rapid means for mass clonal propagation (Al-Khayri 2005, 2007).

In the early 1980s, research on in vitro plant regeneration of date palm began in
Saudi Arabia, mostly at the Date Palm Research Center, King Faisal University,
(Abo EI-Nil 1989a, b; Abo EI-Nil and Al-Ghamdi 1989; Khalil et al. 1983; Khan
et al. 1983) and continued to build in the 1990s (Al-Khayri et al. 1996; Al-Maarri
and Al-Ghamdi 1995, 1997). This early work demonstrated successful micropropa-
gation of a number of important Saudi date palm cultivars. Subsequently, research
was focused optimizing in vitro factors (Al-Khayri 2013) and the utilization of tis-
sue culture for physiological and genetic improvement studies including tolerance
to drought (Al-Khayri 2002) and salinity (Al-Bahrany and Al-Khayri 2012b;
Al-Khayri and Al-Bahrany 2004a), the most important stress factors limiting culti-
vation in this region.

3.4.2 Research and Development

Various research institutions which are actively engaged in date tissue culture
include the Ministry of Agriculture, King Abdulaziz City for Science and Technology,
King Saud University, and King Faisal University. Relevant research by Saudi sci-
entists is chronologically presented in Table 3.2. This table reflects the studied fac-
tors to optimize somatic embryogenesis and organogenesis in various cultivars.

3.4.3 Scale-up Commercial Micropropagation

Two commercial tissue culture labs currently are involved in date palm micropropa-
gation: SAPAD Tissue Culture Date Palm Co. (http://sapad.com.sa/en) in Dammanm,
Eastern Province, and Al-Rajhi Tissue Culture Laboratory (http://www.clonebio-
tech.com/) located in Riyadh, Central Province. They provide venues for local pur-
chase as well as international export. Different sizes of in vitro plants are shipped
depending on customers’ specifications.

3.4.4 Micropropagation Protocol

A micropropagation protocol effectively used for date palm regeneration via somatic
embryogenesis is fully described by Al-Khayri (2005, 2007). Briefly it involves cul-
turing explants (sectioned lateral and apical buds of offshoots) on MS medium
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Table 3.2 Major findings of research on date palm tissue culture in Saudi Arabia

Cultivar
Helali

Not specified

Not specified

Khalas

Barhi

Khalas

Barhi, Naboot
Saif, Ruzeiz,
Hilali, Khesab

Sukury

Sukkari

Sukkari

Khenaizy

Khenaizy

Results

Callus and roots formed from various seed zones but no
plant redifferentiation was observed

NAA-containing medium resulted in highest callus
formation in all explants. Plantlets were obtained by
reculturing explants on a medium containing 1 mg L' NAA
with 0.1 mg L' kinetin

SH and B5 media induced best callus induction, while MS
medium supported best regeneration by organogenesis.
Embryogenesis was best on ER and SH media. Best level of
AC was 1.5-2gL"!

Callus growth was enhanced by the inclusion of 0.5 mg L™
thiamine and 2 mg L™ biotin. This treatment also gave the
highest number of embryos. Embryo elongation was
greatest at 0.5 or 2 mg L™! thiamine combined with 1 mg L}
biotin

The number of embryos increased in response to increasing
AgNO; concentration in the absence of 2iP, but in the
presence of 2iP, the opposite trend was observed. The
number of resultant embryos was the highest on 25 uM
AgNOs in the presence of 0.5 uM 2iP

The highest percentage of somatic embryos formed
complete plantlets (86 %) occurred on half-strength MS
containing 0.2-0.4 mg L' IBA

Optimum callus growth occurred at 50 uM AgNO; in Barhi,
Naboot Saif, and Ruzeiz, whereas Hilali grew best at

62.5 uM. Khesab maximum growth occurred at 62.5 uM.
Best AgNO; concentrations for somatic embryogenesis
were 62.5, 50, and 37.5 uM for Barhi, Hilali, and Ruzeiz,
respectively; whereas 12.5 uM was best for Naboot Saif and
Khesab

The highest numbers of buds, number shoots, and shoot
length were obtained on MS medium containing (in mg L")
0.05 kinetin+0.25 2ip+0.025 BAP+0.025 IAA +0.025
NOA +0.025 NAA

The results indicated that sucrose at a high level of 60 g
improved production of embryos. The production of
embryos was greatly enhanced by the addition of 5 % PEG
combined with 60 g L' sucrose

Addition of 60 g L' sucrose produced the highest number
of somatic embryos and longest shoot equal to that
produced by 6 % date syrup. At 10 %, the syrup caused
severe reduction in somatic embryogenesis

Using 5 % of date syrup successfully induced buds and
shoots formation; however, higher concentrations (10-20 %)
resulted in browning and dryness of plant materials

At 30 and 60 g L' of sugar, optimal shoot growth was
obtained but abnormal growth was observed at 90 and

120 g L', Fructose gave the highest dry weight. Rooting
was enhanced by 60 g L' and higher sugar

61

Reference
Khalil et al.
(1983)
Khan et al.
(1983)

Abo EI-Nil
(1989a)

Al-Khayri
(2001)

Al-Khayri and
Al-Bahrany
(2001)

Al-Khayri
(2003)
Al-Khayri and

Al-Bahrany
(2004b)

Al-Khateeb
(2006a)

Al-Khateeb
(2006b)

Al-Khateeb
(2008a)

Al-Khateeb
(2008b)

Al-Khateeb
(2008c)

(continued)
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Table 3.2 (continued)

Cultivar Results Reference
Khesab, Callus weight and numbers of somatic embryos were Al-Khayri
Naboot Saif directly proportional to CW concentration reaching (2010)

optimum at 10 and 15 % CW for Khesab and Naboot Saif,
respectively
Khesab, Barni, | The best callus growth was achieved in Khesab using W and | Al-Khayri
Barhi WPM media, Barni using SH and NN medium, and Barhi (2011a)
using SH, W, and MS media. The highest regeneration
percentage in Barni occurred on WPM, Khesab on W, and
Barhi on W and WPM media

Naboot Saif Callus growth was best with 1 g L~! of YE or CH. The best | Al-Khayri

somatic embryo formation was seenon 1 g L™! YE or (2011b)
0.5gL'CH

Barhi The growth pattern characterizing the exponential phase of | Al-Khayri
cell suspensions commenced 4 weeks after initiation. The (2012)

highest plating efficiency, 14.6 %, was obtained at cell
density of 10,000 cells ml™!

Naboot Saif Increasing PEG concentration increased total somatic Al-Khayri and
embryo numbers reaching a maximum at 10 % PEG. The Al-Bahrany
highest percentage of medium-size embryos, 52 %, was (2012)

obtained at 10 uM ABA, whereas the highest percentage of
small embryos was obtained at 50-100 uM ABA

Abbreviations: 2,4-D 2,4-dichlorophenoxyacetic acid, 2iP 2-isopentenyladenine, ABA abscisic
acid, AC activated charcoal, AgNO3 silver nitrate, B5 Gamborg medium, BAP 6-benzylaminopurine,
CH casein hydrolysate, CW coconut water, ER Eriksson medium, HE Heller medium (Heller Basal
Salt Mixture), JAA indole-3-acetic acid, /BA indole-3-butyric acid, kinetin furfurylamino purine,
MS Murashige and Skoog medium, NAA 1-naphthylacetic acid, NOA 2-naphthyloxyacetic acid,
PEG polyethylene glycol, SH Schenk and Hildebrandt medium, WH white medium (White’s basal
nutrient medium), YE yeast extract

Table 3.3 Culture stages requirements for date palm micropropagation

Hormones (mg L")

Culture stage 24-D |2iP | NAA |Light* |Stage duration (weeks)
Initiation 100 3 - Dark 9

Callus - 30 10 Dark 3

Embryogenic callus - 6 10 Light* |9

Callus multiplication - 1.5 10 Dark 12

Embryogenesis - - - Light* |12

Rooting — — 0.2 Light* |6

*Light is provided at 16-h photoperiods of 50 umol.m=2.s™!

(Murashige and Skoog 1962) supplemented with (in mg L") NaH,PO,-2H,0 (170)
glutamine (200), thiamine (5), nicotinic acid (1), and pyridoxine (1) in addition to 3 %
sucrose and 0.7 % agar. Activated charcoal (1.5 g L") is added to the medium during
the first three culture stages. Hormonal and light requirements as well as the duration
of culture stages are shown in Table 3.3 and some of the process is shown in Fig. 3.2.
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Fig. 3.2 Date palm in vitro regeneration. (a) Callus induction from shoot tip explants, (b) multi-
plication of embryogenic callus, (¢) development of somatic embryos, (d) in vitro plantlets

3.5 Cultivars Identification

3.5.1 Role and Importance

A reliable methodology for cultivar identification is important to assure the genetic
identity and conservation of date palm germplasm. Local cultivar names may not
necessarily be accurate because name duplication exists among date palm cultivars
grown in various regions. Morphological characteristics of date palm are
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traditionally utilized to identify cultivars mainly based on fruit traits and vegetative
parts; however, these traits can be influenced by environmental factors. Identification
and evaluation of genetic diversity based on morphological markers of reproductive
parts are difficult and restricted to after the onset of fruiting (El Hadrami and
Al-Khayri 2012; El Hadrami et al. 2011).

The tools of morphological identification of date palm cultivars are being consis-
tently refined. For example, Hamza et al. (2009) developed a new approach for cul-
tivar identification based on six stable vegetative characters unaffected by cultivation
conditions. They are the percentage of spined midrib part, apical divergence angle,
maximal pinnae width of the top leaf, percentage of solitary spines, spine length at
the middle, and maximal spine angle.

Alternatively, biochemical markers based on isozymes analysis have been
adapted for cultivar identification, but they provide limited information for detect-
ing genomic variations. Currently, molecular markers based on DNA analysis are
the most reliable and accurate method for genomic studies including cultivar iden-
tification, evaluation of phylogenetic relationship, and analysis of genetic control of
agronomic traits.

This section highlights the results of studies conducted in Saudi Arabia in rela-
tion to the utilization of these identification approaches in date palm, including mor-
phological descriptors as well as molecular markers based on isozyme and nucleic
acid analyses. It also provides an update of date palm genomic studies.

3.5.2 Morphological Descriptors
3.5.2.1 Cultivar Identification

Asif et al. (1989) studied popular date palm cultivars grown in Al-Hassa, which were
classified into groups based on morphological characteristics of vegetative parts
(leaf length, leaflet length and width) as well as fruit traits (color, weight, length and
diameter of fruit, pulp weight, and seed weight) and season of production. Their
classification consisted of three categories to which cultivars were assigned.

Al-Doss et al. (2001) documented variation among Saudi date palm cultivars
based upon 21 vegetative traits, 13 flowering and yield characters, and 11 fruit prop-
erties at different stages of fruit development. They concluded that the principal
component analysis can be effectively used for identification and description of date
palm cultivars based upon morphological characteristics of leaves and fruits.

Using morphological characters of dates, Al-Khalifah et al. (2012) characterized
14 elite cultivars of date palm popularly cultivated in Saudi Arabia. They found that
fruit morphological data demonstrated a high level of diversity in shape of the fruit,
color variation during ripening, length-width ratio, percentage of area covered by
the fruit cap, and fruit-base shape (Table 3.4). Fruit cap size and percentage of the
fruit base covered by the cap are important morphological markers to distinguish
cultivars where variation ranged at 25-90 % among cultivars.
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Two book resources providing fruit descriptors of Saudi date palm cultivars illus-
trated with high-quality photos were published by Al-Fuhaid et al. (2011) and
Al-Khalifah et al. (2013). The latter reference also provides molecular identifiers.

3.5.2.2 Male Identification

In an effort to improve date palm production and fruits quality, research to identify
superior pollinizers is essential. Most of date palm males available for pollinating
different female cultivars are from seed propagation, resulting in many different
local males that represent a source of genetic diversity (Soliman et al. 2013).
Studying pollen grain characteristics is important for understanding distinguishing
features, comparative morphology, ontogeny, as well as aspects of breeding systems
and hybridization (Soliman and Al-Obeed 2013). Identifying national male date
palms exhibiting superior quality including pollen viability, fertility, and compati-
bility is considered the first step towards establishing germplasm banks for conser-
vation superior pollen compatible with local cultivars (Al-Ghamdi et al. 1988).

In order to identify highly potent male palms to propagate standard male cultivars,
several studies were conducted. Nasr et al. (1989) evaluated 600 males grown in the
Central Region of Saudi Arabia based on morphological characteristics relevant to
time of flowering, spathe, strands, and weight of pollen grain per spathe. The resear-
chers found significant differences in these parameters among various males and
were successful in identifying superior pollinizers based on these characteristics.

Al-Ghamdi et al. (1988) studied date palm males cultivated on Al-Hassa farms and
classified them on the basis of morphological characteristics of vegetative growth
including number of leaves, leaf length, number of leaflets per leaf, length of leaflet,
width of leaflet, length of spines, width of spines, as well as flowering characteristics
relevant to spathe number, length, width, and fresh weight as well as pollen viability.

Similarly, Soliman et al. (2013) evaluated 10-year-old seedling date palm males
which originated from various popular cultivars at the Research and Agriculture
Experiment Station, Dirab, King Saud University, Riyadh. The evaluation was based
upon leaf morphological characters (palm crown, pinnae color, pinnae distribution,
pinnae end, pinnae bent, and leaf basal color), spathe properties (length, diameter,
strand length and weight, strands number/spathe, flowers number/strand and total
number flowers) and pollen traits (pollen grain weight and germinate percentage).
Their results indicated that as compared with other males, Sukkari cv. exhibited the
greatest leaf length, pinnae number, pinnae length, spine numbers, spathe length,
strand length, and pollen grains weight, whereas Khalas and Sukkari male cvs.
recorded the highest total number of flowers. In contrast, Sefri male cv. followed by
Sukkari, Meneifi, and Sari male cvs. germinated at the highest rate.

To investigate pollen morphological traits as a tool to facilitate the identification
of date palm males, Soliman and Al-Obeed (2013) examined morphological differ-
ence among males based on scanning electron microscopy (SEM) images reflecting
surface properties of pollen. Significant variations were detected in terms of shape,
pore frequency, and exine patterns of pollen grains proved.
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3.5.3 Biochemical Descriptors Based on Isozyme Analysis

In the late 1980s, a study involving cultivar identification was conducted by Al-Helal
(1988) using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), which separated amylase isoenzymes for fruit extracts of 13 date palm cul-
tivars. He found two bands representing a-amylase and p-amylase activities and
concluded that the amylase protein patterns appeared to be cultivar specific.
Subsequently, Al-Helal (1992) demonstrated that date palm pollen isoenzyme pat-
terns may be useful to investigate genetic variation among date palm males. He
based his observation on electrophoretic patterns of soluble protein, nonspecific
esterase (EST), glutamate-oxaloacetate transaminase (GOT), and glutamate dehy-
drogenase (GDH) of extracts of pollen grains from different date palm males.
Qualitative variations were observed based on EST and GOT isoenzymes among
males; whereas, three isoenzymes of GDH were present in the pollen extracts but
showed no electrophoretic variation.

Early sex determination of seedlings is important for expediting breeding pro-
cesses and conserve resources required to maintain trees until fruiting stage at which
sex can be determined based on flowering morphology. Al-Fredan (2013) investi-
gated the potential use of isozymes to differentiate males and female date palm
trees. The genotypes showed specific reliable mobility values for three tested per-
oxidase isozymes. Results revealed different leaf isozyme patterns for the two
female date palm cvs. Ghur and Khenaizy. Moreover, the presence or absence of
peroxidase (PRO I) was identified as a reliable marker which distinguished between
date palm genders. The most anodal loci PRO I was heterozygous present only in
males and PRO II only in females whereas PRO III was found in both genders.

To determine variations within a cultivar, Al-Issa (2013) assessed different trees
of cv. Khalas, grown at ten locations within the Al-Hassa oasis, using SDS-PAGE to
analyze leaf extracts. Dendrogram analysis revealed three clusters comprising dif-
ferent locations: Cluster 1 occupies a distinct place in the dendrogram composed of
Oyuni, Omran, Taraf, and Shoa’bah location samples reflecting monomorphism;
cluster 2 included Aqair and Ain Merjan location samples that distinguished each
by a unique band; and cluster 3 included Battalia, Gurain, Ulaijalah, and Mutairfi.
Consequently, Al-Issa (2014) reported polymorphisms in isoenzyme patterns
among cv. Khalas trees growing in the preceding locations with two to seven bands
of nonspecific esterase (EST) and two to four bands of glutamate-oxaloacetate
transaminase (GOT).

3.5.4 Molecular Descriptors Based on DNA Analysis

Molecular work involving date palm in Saudi Arabia began in the early 2000s
(Al-Mssallem et al. 2004). Currently various research institutions are involved in
molecular identification and phylogenetic and genomic studies on date palm.
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3.5.4.1 Cultivar Identification and Phylogeny

Several studies have focused on molecular analysis of the genetic diversity among
Saudi date cultivars. Most of these studies used random amplified polymorphic
DNA (RAPD), but other techniques were also used like inter-simple sequence
repeat linked simple single repeat (ISSR) for cultivar identification and unweighted
paired group method of arithmetic mean (UPGMA) for cluster analysis of various
cultivars (Table 3.5). Recently, Al-Khalifah et al. (2013) published a book present-
ing RAPD markers for the identification of 100 cultivars of date palm grown in
Saudi Arabia.

3.54.2 Genome Mapping

King Abdulaziz City for Science and Technology (KACST) and Beijing Institute of
Genomics, Chinese Academy of Science (BIG/CAS), cooperatively initiated a Date
Palm Genome Project (DPGP) in 2008, with research conducted at KACST, Riyadh.
The DPGP project is a comprehensive genome research project aimed at sequencing
the date palm genome including organelles (chloroplast and mitochondria) as well
as the nuclear genome (Zhang et al. 2011).

Table 3.5 Molecular markers research for the analysis of genetic diversity among Saudi date cultivars

Method Results Reference
RAPD Found two clusters: (A) cvs. Shahal, Um Kbar, Ajwa, Um Al-Khalifah and
Hamam, and Bareem with 0.59-0.89 Nei and Li’s similarity Askari (2003)
coefficient and (B) cvs. Rabeeha, Shaishi, Nabtat Saif, Segae,
Sukkari Asfar, Sukkari Hamra, and Nabtat Sultan with a
0.66-0.85 coefficient
RAPD Found two clusters: (A) cvs. Barhi and Ajwa and (B) cvs. Nabtat | Al-Moshileh
Ali, Ruthana, and Sukkari et al. (2004)
RAPD Found two clusters: (A) cvs. Mouakil and Khalas with 0.73 Nei | Al-Khalifah
and Li’s similarity coefficient and (B) cvs. Maktoumi and Nabtat | (2006)
Ali with 0.70 Nei and Li’s similarity coefficient (Fig. 3.3)
RAPD Found high level of genetic similarity (96.3 %) between Sefri El-Tarras et al.
and Makfazi, followed by (92.3 %) between Khalas and (2007)
Maktoumi. The similarity between Sefri, Makfazi, and Khalas
and Maktoumi was 90 %, while Sukkari similarity to the other
cvs. was the lowest (85 %)
RAPD Found two clusters: (A) red Sukkari and yellow Sukkari with El-Rayes (2009)
0.81-0.87 similarity coefficient and (B) naptet Sukkari with 1.0
coefficient
RAPD, Found two clusters: (A) Sukkari with Nei and Li’s coefficient Abdulla and
ISSR equal to 0.55 and (B) cvs. Medjool, Segae, and Khalas with Gamal (2010)
0.66—0.85 similarity
RAPD Analysis of the morphological fruits and RAPD markers of 14 Al-Khalifah

cvs. revealed similarity correlation. In addition, it was shown
that fruit shape is most influenced by genetic variation (Fig. 3.4)

etal. (2012)
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Fig. 3.3 Dendrogram of phylogenetic relationship among 19 date palm cultivars based on RAPD
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Fig. 3.4 Fruit morphology and DNA profiles of some date palm cultivars produced by A-06
primer (OPERON Tech) (Source: Al-Khalifah et al. (2012))
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Sequencing and assembling of the date palm chloroplast genome using the pyro-
sequencing technology was recently achieved by Yang et al. (2010). The chloroplast
genome was found to consist of a 158,462 bp double-stranded circular DNA mole-
cule, with a typical quadripartite structure of the large (LSC, 86,198 bp) and small
single-copy (SSC, 17,712 bp) regions separated by a pair of inverted repeats (IRs,
27,276 bp). Fang et al. (2012) assembled the mitochondrial genome of date palm,
cv. Khalas, by combining data from two next-generation sequence platforms, pyro-
sequencing (Roche GS FLX) and ligation-based sequencing (Life Technologies
SOLiD). They found that the mitochondrial genome of date palm consists of a cir-
cular molecule of DNA consisting of 715,001 bp of which 6.5 % (46,770 bp)
encodes for 38 proteins, 30 tRNAs, and 3 ribosomal RNAs and the remaining
93.5 % comprises non-coding sequences. Based om the transcriptomic data of the
mitochondrial genes expression levels in male flower, root, bud, and female flower,
as compared to tissues of seed, fruit, and leaf. In addition, they identified 120 of
single nucleotide polymorphisms (SNPs) among cvs. Khalas, Fahal, and Sukkari in
which 7 SNPs were found in the coding sequences.

To further understand gene expression during various developmental states of
date palm fruit, Yin et al. (2012) conducted a study, using Roche/454 GS FLX
instrument, to determine sequencing-based gene profiling of eight stages according
to the number of days after pollination. Stages studied included early and late stages
of kimri, khalal, and beser (late khalal) as well as rutab and tamar stages. This study
identified 7.6 million sequence tags from various fruit developmental stages, exclud-
ing tamar stage. Based on gene ontology categorization and pathway analysis, 10
core cell division genes, 18 ripening-related genes, and 7 starch metabolic enzymes
were identified. It was concluded that most genes are highly expressed in early
stages of development, whereas late stages are critical for expression of fruit ripen-
ing and metabolism-associated genes.

The most significant finding related to date palm genomic studies in Saudi Arabia
was reported by Al-Mssallem et al. (2013) who successfully sequenced the nuclear
genome (cv. Khalas) using pyrosequencing reads. Their results revealed that the
gnomic size is 605.4 Mb which covers 90 % of the genome (approx. 671 Mb) and
96 % of its genes (approx. 41,660 genes).

Recent work by Sabir et al. (2014) resulted in sequencing of the mitochondrial
and chloroplast genome, using Illumina HiSeq 2000 platform, of nine Saudi culti-
vars. Based on SNP analysis, this study revealed heteroplasmy and close phyloge-
netic relationships among cultivars.

3.6 Cultivars Description

3.6.1 Growth Requirements

While different cultivars of dates vary somewhat in their growing seasons, the pri-
mary date season in Saudi Arabia runs from March, when the green buds first
appear, to the middle of October, when the mature fruits are ready for harvest. Saudi
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Fig. 3.5 Saudi Arabia map illustrating 13 geographical regions growing different cultivars of date
palm (see Table 3.6) (Source: www.google.com)

Arabia is located in southwest Asia between 16 and 32 N lat. and 35-65 E long.
Most of the regions are within the dry tropical zone. The climate is characterized by
hot, dry, long summers where temperatures in certain areas can reach 50 °C during
the months of June to August. Generally the average temperature during summer is
around 35 °C; but in the winter season falls during the months of December, January,
and February in certain areas to below zero (Ministry of Agriculture 2011). This
vast range in temperature between winter and summer affords an optimum climate
for date palm cultivars in Saudi Arabia. Each region has its own land race cultivars
adapted to its agroecosystem.

3.6.2 Cultivar Distribution and Production

Saudi Arabia has an estimated 24 million date palms spread over the 13 different
provinces of the Kingdom (Fig. 3.5). Each province is characterized by certain date
palm cultivars. Table 3.6 shows the most famous date cultivars grown in each region
of Saudi Arabia (Ministry of Agriculture 2000).

The total area under date palm cultivation reached 155,118 ha in the 2011 grow-
ing season. There was a marginal increase in the area under date cultivation attrib-
uted to incentives provided by the government to small farmers in terms of subsidies
such as fertilizers, short-term loans, pesticides, fixed prices, and market facilities.


http://www.google.com/
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Table 3.6 Famous data palm cultivars by region in Saudi Arabia

Region Famous cultivars

Asir Sefri, Barni, Shakl, Sari, Bidaira, Ruthana, Khodry, Sullaj, Sagae

Baha Sefri

Eastern Khalas, Ruzeiz, Shaishi, Shebedi, Khenaizy, Wesaili, Ghur, Hatmi, Tayyar,
Region Hilali, Shahal, Um Raheem, Khesab, Barhi, Bakkeria, Maktoumi

Hail Hulwa, Kasba, Rikhairni, Majhoola, Hamra, Deglet Hamood, Deglet Shewayish,

Miskani, Deglet Moftah, Fankha, Swiria, Hijria, Kdhiria, Dubia, Safran, Balga,
Saddrah, Qurain, Khodhreya

Jazan Sefri, Khodry
Jouf Hulwa, Bewayda, Kathmaa, Hessaineya
Madinah Ajwa, Anbara, Safawi, Ruthana, Rabeaa, Shabli, Hulwa, Barni Al Madina, Barni

Al Ulaa, Beid, Barni Al Ais, Ruthana Alsharg, Sukkarat Alsharg, Hulya, Barhi,
Suwaida Al Mashouk, Mutaban, Wannana, Sabah, Sukkarat Albeid, Al Arous,
Looat Musaed, Gawj, Khoshaimi, Jaffari, Khodry, Shaqri, Qatara, Um Khashab,
Lubana, Jebaili, Huiwat Beida, Sukkarat Al Madina, Maktoumi

Makkah Moshwaq, Mutalbia, Alluban, Alhamri, Rabeaa, Khodry, Zafran

Najran Bayad, Sieqat, Rutab, Barni, Mouakeel, Safraa, Hamraa, Ulooq, Khodair
Northern Hulwa, Sukkari, Fankha, Safra, Khalas, Segae, Deglet, Kasba, Um Khashab,
Boarders Sullaj, Nabtat Saif, Nebtat Sultan, Maktomi

Qassim Sukkari, Asfar, Barhi, Shaqra, Um Hamam, Sukkaria Ahmar, Khalas, Nabtat

Ali, Ruthana, Hulwa, Um Khashab, Nabtat Rasheed, Wannana, Rushodia,
Maktoumi, Aseela, Lahrnia, Segae, Nabtat Saif, Um Kabar, Berairni, Hushara,
Muneifi Ahmer, Muneifi Asfar, Hulwa Wasit, Khodry, Fankba, Motwah,
Quatarah, Salmia

Riyadh Sullaj, Meneifi, Nabtat Saif, Nabtat Sultan, Khodry, Makfazi, Miskani, Dekhaini,
Sari, Sefri, Khalas, Barhi, Segae, Sukkari,Hilali, Rezeiz, Shaishee, Maktomi,
Aseela, Ghur, Nabtat Ali, Ruthana, Um Hamam, Haqaqi, Um Raheem, Halawa,
Shabal, Sabaka, Rushodia, Um Kbar, Barni, Khesab, Sukkaria Hamra,
Khashram, Um Kouz, Degl, Hhawar, Um Aldbur

Tabuk Hulwa, Barni
Source: Al-Fuhaid et al. (2011)

Total date production reached 991,546 mt in the 2011 growing season. The modest
increase in total date fruit production could be due to the slight increase in total area
brought under date palm cultivation (Alshuaibi 2011).

Growing citrus with dates, quantity sold, and the price received were significant
variables in the econometric analyses of date production cost. Date production and
its prices are related to cultivar, cost of production, and intercropping in the orchards,
as well as optimal scale of operations, all of which influence the economic effi-
ciency (Alseleem 1998). Osman and Al-Besher (1989) reported that labor was the
most important input in date production. Many of the seasonal workers are hired
and may not be under the farmer’s control. Part-time recruitment necessities
throughout the harvest season represent a key challenge for date farmers. The
Ministry of Agriculture advises the labor office to issue foreign work visas at a ratio
of one laborer per 300 palms.
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3.6.3 Description of Date Cultivars

Genotype identification of date palm is commonly based on morphological charac-
ters. Female cultivars are recognized by their fruit traits like size, shape, color, and
taste, along with vegetative morphology of the tree. Date fruits pass through four
distinct stages of maturity, i.e., kimri, beser (also referred to as khalal at early stage),
rutab, and tamar (Al-Ghamdi 1996). Young green fruits are termed kimri. The
beginning of ripening marks the beser stage, the half-ripened stage is called rutab,
and the fully ripened, soft-textured stage is called tamar. Descriptions of Saudi date
cultivars are shown in Table 3.4. There is a wide variation among date palm cultivars
in terms of fruits maturation in early, mid, or late season. Some cultivars are con-
sumed only in beser or in tamar stage, whereas others are can be consumed in both
beser and tamar stages. Fruit appearance for some Saudi cultivars is shown at rutab
stage (Fig. 3.6) and at tamar stage (Fig. 3.7).

3.6.4 Nutritional Aspects and Health Benefits of Dates

The contribution of dates to the daily intake of energy and other nutrients in Saudi
Arabia is declining. This might be due to the decrease in per capita consumption
because of the competition with chocolate and candy. There should be more atten-
tion called to the presence of value-added products from dates so that consumers
can eat dates in an indirect manner. Applied research culminating in feasibility stud-
ies is needed to promote new products fortified with dates, such as extruded baby
foods, breakfast cereals, and snacks for youth, to market with the help of food
industry in Saudi Arabia. Advertising programs endorsing dates as a healthy nutri-
tional food need to be launched by the government. Certain studies show that the
Kingdom occupies the first rank in the world in terms of average per capita con-
sumption of dates per year, which reached 34.8 kg/year in 2003.

Dates are composed of water (10-22 %), invert sugar (6275 %), protein (2.2—
2.7 %), fat (0.4-0.7 %), ash (3.5-4.2 %), total acidity (0.06-0.2 %), and ascorbic
acid (30-50 mg/100 g) on dry weight basis (FAO 1992). Total dietary fiber content
of dates fluctuates from 6.26 to 8.44 g/100 g, of which 84-94 % is insoluble fiber
and 278-301 kcal/100 g as energy expressed on a fresh weight basis, due to the high
carbohydrate content (Al-Farsi et al. 2007). Dates are rich in potassium and low in
less favorable components like fats, cholesterol, and sodium.

Dates are a good source of antioxidants. Studies on antioxidant activity and
phenolic content of various date fruits demonstrated a linear relationship between
antioxidant activity and the total phenolic content of date fruit extract (Alliath and
Abdalla 2005). Fruits of different cultivars have different total phenolics content
and antioxidant activity (Al-Farsi et al. 2007; Al-Turki et al. 2010). The antioxi-
dant properties of date fruits vary depending on their phenolic components and
vitamins C and E, carotenoids, and flavonoids (Al-Farsi et al. 2007; Mansouri
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Fig. 3.6 Morphology of some Saudi date cultivars at rutab stage (Source: Al-Fuhaid et al. (2011))
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Fig. 3.7 Morphology of some Saudi date cultivars at tamar stage (Source: Al-Khateeb and
Dinar (2002))

et al. 2005). All date cultivars are a good source of natural antioxidants and could
potentially be considered as a functional food or functional food ingredient
(Al-Farsi et al. 2007).

3.7 Dates Production and Marketing

There is a vast diversity in date palm cultivars in Saudi Arabia; the most notable
are Khalas, Sukkari, Ajwa, Anbara, Ruthana, Segae, Barhi, and Ruzeiz. Although
the cultivation of date palms has developed considerably and great attention has
been given to date production in Saudi Arabia, nonetheless, the level of productiv-
ity is low compared with other producing countries (Al-Obaid 1996). The main
causes for this decrease in date productivity are the increase in the number of the
overage trees, the existence of many low-quality and undesirable cultivars, the
lack of sufficient offshoots to establish new orchards or renew old ones, and the
increase in cost of offshoots of good-quality cultivars (Al-Sakran and Muneer
2006; Bashah 1999). In date production and marketing, primary consideration
should be given to quality. Consumer perception of date quality is mainly based
on value attributes, which include date cultivar, taste, texture, size, color, crust
cohesion, freshness, no skin fracture, and free of insects. Recently, there are
increasing consumer concerns about date quality in the Saudi market. Accordingly,
product differentiation strategies are increasingly used in date markets to attract
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the interest of consumers for various date characteristics. Differentiation is
achieved through their distinct attributes and communicated through labeling
(Aleid et al. 2014; Al-Kahtani et al. 2011).

Competitiveness of Saudi dates requires an evaluation of consumers’ desired
attributes. The recognized value may originate from product characteristics as well
as from conditions of production. These values can be measured by examining con-
sumer behavior in existing markets or by consumer interviews to assess perceptions
of price and product quality (Carlsson et al. 2005).

3.7.1 Practical Approaches

Most dates are harvested at the fully ripe tamar stage when the fruits exhibit a
deeper color, the sugar content is high, and moisture and tannin contents are low.
Typical production in the primary cultivation regions does not exceed 20—40 kg/
palm per year, although production inputs (i.e., fertilizers, pesticides) are low and
generally the palms are too closely spaced. However, in well-organized date planta-
tions, yields may reach over 100 kg/palm per year under favorable growth condi-
tions. At 30 years of age, date palms reach their high-yield period. In general, an
average well-managed palm can produce about 60-70 kg of fresh dates per year
(Organic 2002). The decline in date yields in Saudi Arabia is attributed to inade-
quate cultural practices coupled with outbreaks of pests and diseases. Pollination
and fruit thinning are critical processes in date palm production. Pollen origin in
dates affects fruit quality, yield, and annual productivity. Different pollen sources
affect fruit size, flesh and seed development, and time to fruit maturation (Al-Ghamdi
et al. 1988).

3.7.2 Optimization of Yield

Date palms require regular fertilization for high stable yield (Al-Rawi 1998).
El-Shurafa (1984) reported that date palm soils lose considerable amounts of macro-
and micronutrient elements through leaf pruning and fruit harvest; therefore, fertil-
ization is necessary. Al-Dekaili and Al-Dejaili (1989) affirmed the need for
fertilizers, especially nitrogen to obtain high numbers of leaves with long green
pinnae and high yield. Moreover, appropriate fruit thinning gives the remaining
fruits a better chance to develop to a larger size and a better quality by reducing
compaction among fruits on the bunch. It also helps to promote good flowering in
the following year (Marzouk et al. 2007). Such results could be attained either by
reducing the number or fruits per bunch or by reducing the number of bunches per
palm. Al-Obeed et al. (2005) found that the 15 % shortening of strands at pollina-
tion time led to a reasonable yield with fruit quality. Soliman and Harhash (2012)
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reported that Sukkari cv. was thinned by removing 15 and 30 % of the total number
of strands from the center of each bunch, while the control strands were used as
reference. Although thinning caused significant decrease in yield (based on both
bunch and palm weight), significant improvement in fruit quality was observed.
Thinning 30 % at 4 weeks after pollination will lead to optimum fruit quality.

3.7.3 Harvest Mechanization

Harvesting is labor intensive because dates are handpicked. On large date planta-
tions, platforms may be used to raise the workers to harvest fruit. But in most cases,
workers must climb the palms to reach and pick the fruit (Organic 2002). There are
two methods of date palm cultural operations, traditional and mechanical; the latter
is still not a common practice in Saudi Arabia. The most difficult part of the tradi-
tional date palm cultural operations involves workers ascending to the crown of the
tree; if the trees are very tall, the worker risks falling and injury or even death. Using
the tree trunk leaf bases to climb the tree in Saudi Arabia is typical of cultural opera-
tions (Nixon 1969). Al-Kiady (2000) reported that skilled specialized laborers were
becoming rare and more expensive causing a serious problem in the date production
industry.

Mechanized cultivation methods can improve date quality and is essential to
optimize this industry (Albozahar 2003). Al-Suhaibani et al. (1988) made a date
service machine in Saudi Arabia which was designed at Silsoe College, UK. They
carried out a survey on 19 orchards in Saudi Arabia and measured certain physical
properties such as tree spacing, height, trunk circumference, bunch spacing, and
ground profile to consider in their design. Shamsi (1990) designed a sprocket-type
climbing machine to harvest dates, and he later designed and developed a tree-
climbing date harvesting test rig at the same college (Shamsi 1998). This machine
climbs up the tree trunk with a worker to reach the fruit bunches. Nicklin (1993)
designed a tree-climbing rig to lift a man up into the palm.

Fadel (2005) developed a tractor-mounted machine for date palm service based
on physical properties. The machine had the capability to lift a worker and required
tools to the crown zone as high as 4.5 m. Mazloumzadeh and Shamsi (2007)
designed and developed a light tractor-mounted date palm service machine that
could reach to a maximum height of 10 m with payload up to 130 kg.

Attempts to mechanically harvest date fruits have not been successful due to
inadequate efficiency and the availability of a low cost labor in Saudi Arabia. Date
fruits have to be firm enough and resistant to mechanical damage. The developed
mechanical harvesting system needs to compensate for the differences in soil com-
pactness taking into account the characteristics of the date palm tree. Moreover, the
machine must be manufactured at a commercial scale and made available to farmers
at a reasonable cost. Similarly, mechanization of fruit sorting and sizing systems
also requires further development.
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3.7.4 Postharvest Operations

Hygienically processed and properly packed dates harvested in Saudi Arabia have
substantial potential in both domestic and international markets. Processing involves
fumigating, washing, sorting, grading, glazing, weighing, and packaging (Sindh
2010). A flowchart of date processing steps in Saudi factories is shown in Fig. 3.8.

3.7.4.1 Fumigation

Fumigation is the first step after harvesting to protect fruits from infestation. The
date industry suffers substantial losses from the ravages of insects. Infestations of
dates with moths (almond moths, meal moths), fig moth Ephestia cautella, Indian
meal moth Plodia interpunctella, beetles (sap beetles, saw-toothed grain beetles,
flour beetles), rats, mice, and ants result in contamination and loss of volume (Glasner
et al. 2002). Methyl bromide is highly effective for controlling insects in stored prod-
ucts. However, methyl bromide emissions have been found to have deleterious
effects on the atmosphere and present a hazard to human health. Therefore, in accor-
dance with the Montreal Protocol, its production and use will be eliminated by the
end of 2015 worldwide (Council 1985). Alternatives to methyl bromide include the
following: (a) phosphine, the principal alternative; (b) a controlled atmosphere high
in carbon dioxide; and (c) physical control methods such as heating or cooling
regimes, active oxygen (ozone or hydrogen peroxide), and irradiation. However,
some of these methods are very costly. In organic date palm production, carbon diox-
ide is used instead of methyl bromide (Glasner et al. 2002). Heat treatment is a com-
mon alternative for date disinfestation replacing fumigation (Belarbi et al. 2001).

3.7.4.2 Cold Storage

Dates in Saudi Arabia may need to be stored for long periods, as much as
10-12 months. Temperature is the most single important environmental factor
affecting shelf life and quality of fresh dates. FAO has developed several approaches
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to prolonging date storage using refrigeration or freezing. The process is mainly
based on slowing down fruit maturation. Most dates are harvested at full maturity
(tamar stage) when the color and sugar content characteristic of the cultivar has
fully developed. Also, tamar stage fruit has the longest potential storage life (many
months) compared to rutab or khalal (several days to weeks maximum). Fresh dates
harvested at tamar stage and stored at —18 °C provide for maximum economical
extension of shelf life and preserve edible product quality (FAO 2008).

3.7.4.3 Sorting

Sorting of dates is done manually. A chain conveyor for sorting dates is usually
used. During this step, workers sort and remove dates with any indication of infesta-
tion as well as other particles and damaged dates (Organic 2002).

3.7.4.4 Washing

Date processors generally rely on wash-water sanitizers to reduce microbial counts
to maintain quality and extend shelf life (Gil et al. 2009). Dates are typically washed
in a circular washer with sprinklers and dried using a hot air blower system in a
hygienic environment (Sindh 2010). Washing with sanitizers is important to remove
dirt and debris and for water disinfection to avoid cross-contamination between
clean and contaminated products. Most sanitizing solutions achieve higher micro-
bial reductions immediately after washing compared to water washing; however,
after storage, epiphytic microorganisms grow rapidly, reaching similar levels.
Chlorine-based sanitizers are among the most effective and efficient sanitizers when
appropriate doses are used (Gil et al. 2009).

3.7.4.5 Drying

Air-drying is designed to result in fruit moisture content of 20 % or below to prevent
growth of molds and yeasts (Organic 2002). Temperatures of 55-65 °C for drying
of soft dates are generally used (Barreveld 1993). The hot air blast removes excess
water and the dates are then loose- or press-packed, sealed, wrapped, and placed in
cold storage (Mikki et al. 1989).

3.7.4.6 Packaging

Fancy dates are usually packaged at the processing plants in Saudi Arabia. This
involves vacuum packaging of compressed or non-compressed whole dates in flexi-
ble sealed plastic coverings (Alhamdan and Hassan 1999) or polyethylene-polyamide
(PE-PA) bags. Vacuum packaging is a useful technique for reducing darkening of
dates during lengthy storage Mohsen et al. (2003). Mutlak and Mann (1984) reported
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that both enzymatic and nonenzymatic browning occurred in dates, increasing with
higher moisture content and higher temperatures, and inhibited at low oxygen poten-
tials. However, for packing loose dates, cleaned and graded dates are weighed and
packaged in cardboard boxes. Generally, the weight of these packages may be
1-20 kg, depending on domestic or international customer requirements.

3.7.5 Survey of Commercial Producers and Major Farms

Date palms in Saudi Arabia are grown primarily in groves, such as found in Riyadh,
Qatif, Qassim, Madinah, Bishah, and Al-Hassa, the latter the world’s largest oasis, in
the Eastern Province. Al-Hassa’s famous springs and the extensive irrigation net-
work they feed make it an ideal area for date growing. As far back as 4000 B.C., there
is evidence of date cultivation in what is now the Eastern Province of Saudi Arabia
(http://www.saudiembassy.net). The government supports establishing modern and
well-managed date farms, enhancing date production efficiency, and optimizing use
of natural resources such as land and water. Table 3.7 highlights business domains
and marketing practices for some active modern date palm farms in Saudi Arabia.

3.7.6 Current Export and Import

In view of the increasing cultivation and surplus date production in the Kingdom,
there is an emphasis on exports (Al-Abbad et al. 2011). Saudi Arabia exports dates
to France, Germany, and India; Tunisia and Algeria are the potential competitors
(Al-Shreed et al. 2012). Saudi Arabia exports only 48.8 mt of dates annually valued
at a unit price of USD 0.83 per kg. In general, the potential strengths of exporting
Saudi dates into international market can be summarized in the following: (a) exis-
tence of modern date palm plantations that can control the quality of dates at the
upstream and traceability, (b) existence of cultivars with low demand in the Saudi
market that meet international market requirements, (c) possibility to upgrade the
exporting packing house to be more competitive with customer needs, (d) capacity
of companies to launch new products (value addition) on the international market
(e.g., frozen dates and pastries from dates), and (e) spiritual benefits of Saudi dates
within the Muslim populations worldwide (Al-Shreed et al. 2012).

There are several technical aspects to be considered for exported dates. For
example, for exporting packed Saudi dates to the USA, exporters should consider
the following: (a) types of dates to be exported, (b) specification (sugar and mois-
ture content) as well as physical properties, (c) date packaging (size and weight of
the carton), (d) number of cartons and their weight to fill a 6 m long container of
approximately 8.6 m®, (e) requirements and specifications for exporting dates from
Saudi Arabia to USA, and (f) export mechanism. Some date cultivars have export
potential, due to their physical and chemical properties, as well as their abundant
availability, including cvs. Sukkari, Khodry, Sefri, Ruzeiz, and Khalas.
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Table 3.7 Some major date palm farms in Saudi Arabia

Farm
Al-Aseel Dates

Al-Rajhi
Endowments
(Awqaf)

Kingdom Dates

Al-Butain

Agricultural
Cooperative
Association

Dohayan Dates

Bin Zaid Dates

Zadna Trading
Company

Al-Mohamadia
Dates

Yogi and Yousef
Dates

Business identity

250,000 palms with annual
production of 3,000 mt. Has the
largest research and development
center in private sector to promote
dates framing according to
international standards

Al-Baten (200,000 palms) and the
Darmaa (50,000 palms). Guinness
record as largest palm plantation
worldwide (2005). ECCOCERT
certificated organic (2007). Farm
returns are donated to charities

Multifarms in various places in
Saudi Arabia cultivating more than
300 varieties. Supplying market
needs through two integrated and
equipped factories, with washing,
processing, and packing devises
for dates in Qassim

Nonprofit organization in Qassim
with a cold storage complex,
financed by Saudi Agricultural
Development Fund, with a capacity
of 10,000 mt. Equipped with lines
to sort, refine, fumigate (ultralow
oxygen system), and pack

Farms are based in Qassim.
Provides a large selection of dates
from all regions of Saudi Arabia
Farms and processing plant is
located in Al-Hassa Oasis, an area
classified as the most productive
of high-quality dates in the
northeast of Saudi Arabia
Providing in the vicinity of
consumers a good-quality of dates
around the year with reasonable
packed quantity

Farm and dates processing plant
located in Kharj. The farm with an
area of 18 km?. HACCP certified
2004

Dates produced and packaged

Source: Saudi Dates (2013)
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Marketing practices

Retail marketing and distribution
outlets. Existence in international
markets

Part of production sold while fruits on
the heads of palms. Another part is
marketed in sorting and packaging
stores. The rest is marketed through
direct sales in local date markets.
Fancy organic dates are marketed in
international markets

Kingdom Dates is a wholesaler,
retailer, and exporter maintaining
national and international standards
having more than 100 branches

International marketing. Care of
producer and manufacturer of dates in
Qassim region

Supplies market’s needs and delivers a
variety of sweets that are derived from
dates as raw material

Supplying local and international
markets with fresh fancy dates, dates
stuffed with almonds and cashew nuts,
as well as date paste and date syrup

Supplying local and international
markets with fresh dates, paste, and
syrup. Ma’moul (shortbread pastries
filled with date paste covered with
chocolate). Dates stuffed with nut
(almonds, cashew nuts, and walnuts)
Supplying local and international
markets with a variety of date
products. Considered one of the major
producers of date paste

Distribute dates to end retail, such as
luxury food stores, organic shops, and
boutique hotels in European and
American markets
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3.8 Processing and Novel Products

3.8.1 Industrial Processing Activities

The date industry in Saudi Arabia is highly supported by government industrial
programs. The support for well-established date processing facilities is the initiative
of the Agricultural Development Fund through interest-free long-term loans which
have advanced the spread of date processing facilities. The most important cultivars
used for manufacturing processing in Saudi Arabia are Khalas (16 %), Ruzeiz
(21 %), Khodry (15 %), Sukkari (10 %), and others (38 %). About 90 % of manu-
facturing activities in Saudi Arabia focus on the packaging process, instead of pro-
ducing value-added manufactured date products. About 56 % of date processing
factories produce value-added date products such as paste, jam, syrup, and vinegar.
There are many sources of dates as raw material in Saudi Arabia. The best source
for quality dates is at wholesale directly from farmers or through intermediate trad-
ers. Average and low-quality dates usually go to wholesale markets. About 70 % of
dates delivered to processing factories comes from farmers, 25 % from traders, and
5 % from wholesale markets (Aleid 2013a, b; Elsabea and Aleid 2012). Two impor-
tant products, date paste and date syrup, currently represent the date industry in
Saudi Arabia.

3.8.1.1 Date Paste

Date paste typically is used as a filling in pastries and biscuits in the baking industry
in Saudi Arabia, as well as a sugar substitute in cereals, puddings, breads, cakes,
cookies, ice cream, and confectionaries. Modern industrial processing lines were
installed within some large date processing facilities in Saudi Arabia. In date paste
production, dates are steamed, seeded, macerated, and converted to a semisolid paste
(Alhamdan and Hassan 1999). The extruded date paste is usually packed in high- or
low-density polyethylene or polypropylene packaging. Yousif et al. (1991a, b)
reported that date paste storage involves many challenges, including hardening,
microbial spoilage, and darkening in color. Most date sugars are invert sugars, which
increase the softness of bread and cookies (Mikki et al. 1983). Aleid (2009) found
that the incorporation of date paste (Khalas cv.) into an Arabic bread as a source of
20 % of the sugar in the recipe was recommended.

3.8.1.2 Ma’moul

Ma’moul is a Middle Eastern pastry usually filled with dates and walnuts. Recipes
for ma’moul are geographical and cultural dependent (Fig. 3.9). The two major
components of ma’moul are dough and date filling. Major ingredients of the dough
are semolina, flour, butter, sugar, yeast, and water; often, rosewater is substituted for
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Fig. 3.9 Ma’moul filled with date paste (Prepared by Maryam M. Aleid, photographed by Nasreen N.
Alsarra)

part of the water. The filling usually is made of date paste, fine pieces of walnuts,
and butter. A specific amount of the filling usually is placed inside a piece of dough
and then shaped using a specific type of wooden molding tool. The dough is then
baked and cooled and may be dusted with fine sugar.

3.8.1.3 Date Syrup

Consumption of date syrup is very popular in Saudi Arabia, as a sweetener for a
number of traditional food dishes. Low-quality dates can be used as raw material for
producing date syrup, which is a good source of glucose and fructose (Aleid 2012).
Date syrup is rich in sodium, potassium, calcium, magnesium, and iron and has a
low sodium-to-potassium ratio (1:8.3). This may be of dietetic importance, particu-
larly for those with restricted sodium intake (Aleid et al. 1999). Moisture content
strongly impacts storage stability of syrups, since it directly affects the likelihood of
undesirable fermentation (Aleid et al. 2007). Date syrup also has antioxidant activ-
ity related to total phenolic content.

Several date processing premises in Saudi Arabia have an automated date syrup
production line on a commercial scale. In date syrup extraction, the dates are placed
in a vessel and the required amount of water is added. The temperature of the mix-
ture is adjusted and it is mixed for a given time period (El-Shaarawy et al. 1989).
The mixture of the sugar solution and date fibers is filtered to separate the solid
materials and obtain a clear solution. The dilute solution obtained has a Brix of
12—15. This solution can be heated under vacuum and concentrated to a Brix of 70,
which is appropriate for long shelf life. Evaporation is normally carried out at
55-60 °C to prevent burning of the sugars. From 1 kg of dates, approximately 600 g
of date syrup with a Brix of 70 can be obtained. Date syrup can also be produced as
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an incidental by-product when bagged humid dates are heaped for several months
and syrup oozes out by the force of their own weight (FAO 1996).

Aleid et al. (2007) utilized second-grade dates of the Ruzeiz cv. to extract syrup
through high hydraulic pressure at room temperature. The sugar content of the
syrup obtained was 70-85 % dry weight; most of the sugars were reduced sugars.
This process gave a yield of 40-50 %. The color of the syrup was light brown com-
pared with syrup from a heat extraction experiment (85-95 °C) which had a dark
color and a caramelized flavor due to a high extraction temperature. However, the
extraction time for the heat extraction process was relatively short, with a higher
yield than the cold extraction process (Aleid et al. 2007). Efficient clarification of
date syrup has been achieved using an ultrafiltration membrane with a molecular
weight of 20,000 to obtain clear syrup that can be used as a flavoring agent for pro-
cessed foods. Aleid (1998) reported on the incorporation of date syrup into bread
dough recipes as a sugar substitute. Breads with 6 and 9 % date syrup, at 85 and
95 % extraction, exhibited a high total bread score compared with no sugar or 4 %
sucrose treatments. Replacement of sugar with date syrup up to 6 % was strongly
recommended.

3.8.2 Commercial Dates Processers and Packaging Plants

Date processing factories are licensed in six areas of Saudi Arabia, namely,
Riyadh, Madinah, Qassim, Eastern region, Mecca, and Asir. This industry is char-
acterized by geographical concentration. Labor and invested capitals are the most
important factors determining the economic feasibility of date factories
(Al-Tamimi 2005). In general, date processing factories depend mainly on pack-
ing activity and packing for others (farmers and private citizens) for a charge of
about USD 0.5 per kg. Table 3.8 represents some major date packaging factories
and their activities. One of the most important dates processing factories is the
government factory in Al-Hassa. The government established this factory with
annual capacity of 25,000 mt to support farmers and to ensure a minimum limit
for date prices. It packs dates and donates them to international food programs
(Elsabea and Aleid 2012; Mikki 1998).

3.8.3 Baker’s Yeast from Dates

Baker’s yeast could be produced from dates in Saudi Arabia and such an undertak-
ing could be highly feasible for several reasons. There is a daily need for baker’s
yeast but no commercial domestic production as yet. Such a value-added product
will benefit the date sector in general and thus reduce price volatility. Baker’s yeast
production is a clean process not harmful to the environment. All fresh yeast con-
sumed in Saudi Arabia is imported. Local dates of low quality available at low
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Table 3.8 Some major date processing plants in Saudi Arabia

Region Processing plant name Processing activity
Al-Hassa | Al-Hassa Company for Food Industry Date Packing, paste, syrup, sweets
Processing Plant
Al-Jawharia Dates Factory Packing, paste, syrup
Al-Jazirah Dates and Food Factory Packing
Riyadh Amal Al-Khair Dates Packing and Packaging Packing, syrup
Factory
Bateel Sweets and Chocolates Factory Packing, syrup
Nakhail Al-Watan Dates Factory Packing
Kharj Al-Babtain Factory for Dates Filling and Packing | Packing
Al-Faisaliah Dates Factory Packing
Al-Mohamadia Dates Company Packing, paste, syrup
Al-Rajhia Dates Factory Packing
Al-Yamamah Dates Packing Factory Packing
Kharj Dates Factory Packing
Madaen Star Dates Factory Packing
Qassim Al-Salehaiah Dates Factory Packing, syrup, sweets
Kingdom Dates Factory Packing, syrup, sweets
Nadheed Dates Factory Packing, paste, syrup
Qassim Agricultural Company Dates Packaging Packing, syrup
Factory
Madinah Al-Ahli Ideal Dates Packing Factory Packing
Al-Ansar Factory for Dates Packing and Packing
Wrapping
Barakat Al-Madinah Dates and Sweets Factory Packing
Madinah Al-Munawarah Dates Company Packing, stuffed, chocolate
coat
Quba Dates Factory Packing
Taiba Dates Packing Factory Packing

Source: Saudi Industrial Development Fund (2010)

prices are a potential raw material for baker’s yeast production. Research projects
for the production of baker’s yeast are important despite the high cost of the equip-
ment required. Most countries in the world which produce bread yeast use molasses
as a raw material.

The use of dates has several advantages over molasses, the traditional raw mate-
rial. These advantages include saving the cost of some minerals and vitamins not
existing in molasses but are naturally present in dates and giving the dates a com-
parative advantage for the production of baker’s yeast. The search for yeasts prefix
of high quality is the decisive element in the production process. The production of
baker’s yeast will increase the economic returns from dates and absorb part of the
surplus dates which helps to maintain the balance between production and con-
sumption, which in turn helps to stabilize prices for both producers and consumers
(Aleid 2011).
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Extensive research on baker’s yeast production from dates has been carried out at
King Faisal University in Saudi Arabia, leading to awarding of a patent on the pro-
cess registered at the US Patent Office (US Patent No. 8,323,717B2 dated Dec 4,
2012). This patent has been one of the few pioneering works focusing on develop-
ment of a fermentation process suitable for the production of baker’s yeast from date
substrates. The know-how obtained from this study could be applied to commercial
production. All calculated financial and economic criteria indicate the feasibility of
production of dry yeast, providing that this could be a productive activity as an exten-
sion line to an existing date processing factory and not as a stand-alone project.
Almost all of the baker’s yeast is produced from molasses using Saccharomyces cere-
visiae (Barnett et al. 2000). The sugars in dates are mainly glucose and fructose,
which are easily assimilated by most microorganisms (Sawaya 1986). Substrates
from pure date syrup and pure molasses for the propagation of the baker’s yeast strain
S. cerevisiae were examined (Aleid 2009). They found that the overall biomass yield
from pure date syrup substrate was significantly lower than that from pure molasses.
Despite the fact that lower biomass yield using date syrup was obtained compared to
molasses as a substrate, the use of dates as a substrate for baker’s yeast production in
Saudi Arabia as an alternative to the traditional substrate of molasses imported from
external markets will help in finding new profitable ways for the utilization of this
important, locally produced food crop and to reduce dependency on imported foods.

3.8.4 Bioenergy

The Saudi Arabian Basic Industries Corporation (SABIC) exclusively exports syn-
thetic ethanol produced from petrochemical feedstocks. The product is exported in
crude form, mostly to the USA and South Korea. In Saudi Arabia, ethanol is mainly
used for the production of perfumes, cosmetics, medicines, cleaners, paints, and
vinegar (Capital 2004). Ethanol derived from biomass has the potential to be a sub-
stitute of fossil fuel which is renewable, nontoxic, biodegradable, and more eco-
friendly. The three major classes of feedstocks for ethanol production are sugars,
starches, and lignocelluloses (Gupta and Kushwaha 2011). Raw biological materials
that can be used as feedstock for ethanol production are numerous. The Date Palm
Research Center of Excellence, King Faisal University, is currently studying date
fruits, by-products, and tree wastes as raw materials for the production of ethanol.

3.9 Conclusions and Recommendations

Agricultural production in Saudi Arabia depends mainly on irrigation from ground-
water and, to a lesser extent, on rainfall during the winter season (November to
February). Date palm plantations are constrained by severe biotic and abiotic
stresses including heat and salinity. Date crops in the Saudi Arabia suffer from many
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difficulties including high postharvest losses due to fermentation, insect infestation,
birds, and mechanical damage. The dates produced should comply with interna-
tional regulations and standards necessary for export (Kader and Hussein 2009).
Several problems and constraints might affect the future of date palm industry in
Saudi Arabia, including (a) low-quality cultivars; (b) poor farm management; (c)
losses from pests and diseases and inadequate IPM control; (d) deficiencies in har-
vesting, processing, and marketing; (e) shortage of qualified national trained staff
and laborers; (f) insufficient research and development activities.

High marketing margins and low farmer share indicate local marketing ineffi-
ciency for dates in Saudi Arabia. Moreover, a great fluctuation in prices is consid-
ered the most serious local marketing problem facing dates farmers in Saudi Arabia.
Minimizing the usage of nonrenewable underground water through greater efficien-
cies, as well as restricting the production of low-quality date cultivars, is highly
recommended. Also of importance is the conservation of genetic diversity. As a
leading date-producing country with plentiful resources, Saudi Arabian scientists
and concerned officials ought to consider developing a global strategy to conserve
date palm germplasm utilizing all conservation technologies including in vitro cryo-
preservation approaches.

There are numerous research studies in Saudi Arabia aimed at finding new ways
for economic utilization of high-quality dates and date surpluses, by-products, and
wastes. Liquid sugar, date syrup, carbonated and non-carbonated drinks based on
ultra-filtered date syrup, single-cell protein, baker’s yeast, industrial alcohol, date
paste, and date powder are some of the potential value-added products. Successful
industrial producer and processor optimization and standardization for such value-
added products will contribute to expanding the date industry. Conducting pre-fea-
sible studies which include market structure and financial evaluation of
industrial-scale production for such products from dates is highly recommended.

Governmental policy should focus on programs that limit future expansion of date
palm plantations and economize on the use of nonrenewable groundwater, as well as
limit the production of high-quality commercially feasible date palm cultivars.
Improvement in tree yield and production quality as well as alignment of production
capacity with demand is highly recommended. Launching a program to stimulate
national and international demands for Saudi dates is highly recommended.

Moreover, a long-term comprehensive plan for applied research and develop-
ment activities needs to be established. The main rationale for such plan is to accom-
modate the date palm sector’s research, training, and outreach needs according to
stakeholders’ priorities and to provide measures for monitoring progress, evaluating
outcomes, and assessing impacts. Furthermore, the operational activities for the
plan should focus on the following: (a) attracting the most qualified researchers and
staff; (b) generating funds; (c) improving operations and utilization of resources; (d)
creating effective outreach programs to the date farming community, including the
date palm industry and the society at large; (e) developing integrated research pro-
grams of high impact nationally and internationally; (f) enhancing multidisciplinary
date palm research; and (g) establishing collaboration among leading research cen-
ters nationally and internationally.
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Chapter 4
Date Palm Status and Perspective in Iraq

Hussam S.M. Khierallah, Saleh M. Bader, Kadhim M. Ibrahim,
and Ibrahim J. Al-Jboory

Abstract Iraq is the birthplace of the date palm, and historically it was the domes-
tication center of this crop. Moreover, for some years, Iraq was the largest producer
of dates in the world. Many factors negatively have affected both the production and
natural genetic diversity of the crop. However, efforts are being made by the Iraqi
authorities and researchers alike to compensate for the serious damage the date
palm sector has experienced over the past 30 years. New approaches have been
introduced including biotechnology, grove management, pest control, and industrial
practices. Production limitations have been diagnosed and constraints are on their
way to be resolved. Date palm plantations are under stress from many biotic and
abiotic factors including key insect pests like dubas bug, lesser date moth, trunk and
stalk borers, and Old World date mite. Date palm diseases cause serious damages to
date palm trees especially where stress factors are present such as palm weakness,
soil salinity, high water table, borers, and tree aging. The use of plant tissue culture
to support propagation by offshoots is necessary and started in the early 1980s. Both
direct organogenesis and callus induction with subsequent asexual embryo forma-
tion protocols were achieved. Approximately, 600 date palm cultivars were grown
in Iraq before 1980; however, currently their number is reduced to 500. Morphological
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traits have been used to describe genetic variation in these cultivars which are
mainly related to the fruit, leaf, trunk, and other parts of the tree. DNA marker
analysis in Iraqi date palm is at the developmental stage and began in 2000. Tree
management and fruit handling improvements are required urgently for better
quality production. Date trading has to be reassessed in Iraq in order to overcome
the outmoded market chains.

Keywords Cultivar characterization ¢ Diseases and pests * Genetic diversity
History  Micropropagation ® Molecular markers ® Phoenix dactylifera

4.1 Introduction

4.1.1 Historical and Current Agricultural Aspects

The date palm (Phoenix dactylifera L.) is one of the oldest cultivated fruit trees and
was well known in Babylon, Iraq, 4000 B.C. The palms were celebrated during that
period for their strength and majesty. People were heavily dependent on this tree to
provide food and wood for making tools, furniture, and baskets. Figure 4.1 shows
the blessed date palm during the Sumerian era.

While date palm trees numbered 32 million in the mid-twentieth century, this
figure dropped dramatically to approximately 12 million by 2000. The decline
was a result of numerous military conflicts in the date-producing regions since
1980. Iraq used to be the main exporter for dates, and dates represented the second
largest export revenue after petroleum. The outskirts of Basrah, the country’s
main commercial hub in the south and the most fertile land for date palm growing,
are now littered with trunks, dubbed a palm tree desert, which is a legacy of the
1980-1988 war with Iran. Just fewer than two million trees have survived. The
embargo that followed in 1990 deprived farmers of modern agricultural equip-
ment leading to poor management, while water became increasingly scarce as a
result of a dam-building in neighboring Turkey, and Iran, which reduced the flow
of the Tigris and Euphrates rivers on the Iraqi side. During the war of 2003, the
date palm industry was substantially damaged. Now, Iraqi officials are promoting
replanting programs to rehabilitate the country’s date palms. The government is
supporting a USD 150 million investment to triple the number of date palm trees
by 2021. The program, which initially started in 2005, involved planting around
30 date palm farms and the Ministry of Agriculture established a new plant tissue
culture laboratory for date palm micropropagation. Also, the government is
encouraging the private sector to rehabilitate old date palm plantations, and pri-
vate investors have been encouraged to cultivate additional sites in the Iraqi des-
erts. Overall, the Iraqi government program aims to increase the number of trees
to 40 million in the next 10 years.
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Fig. 4.1 The blessed date palm in the Sumerian era
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Table 4.1 Date production and numbers of date palm trees grown in Iraqi governorates in 2012

Average yield per tree (kg)

In production Total number of date
Governorate Production (mt) | stage Productive | palms
Kirkuk 115 65.6 65.6 3,904
Diyala 83,792 63.6 63.6 2,498,128
Al-Anbar 43,196 82.1 84.2 618,943
Baghdad 93,782 67.5 67.5 2,555,207
Babil 100,343 78.6 78.6 1,753,364
Karbala 72,217 58.5 70.7 1,496,632
Wasit 43,649 87.4 87.8 739,496
Salah- Al-Deen | 19,734 90.6 90.6 443,620
Al-Najaf 32,304 68.0 71.0 560,717
Al-Qadisiyah 31,436 75.1 75.1 710,536
Al-Muthanna 25,275 57.9 61.1 822,052
Thi Qar 40,086 60.8 64.3 1,026,675
Maysan 8,967 63.9 65.2 181,529
Basrah 60,554 60.4 64.9 1,353,793
All females 655,450 68.3 71.1 14,764,596
Males - - - 523,814
Total - - - 15,288,410

Source: Central Statistical Organization (CSO) (2012), Iraq

4.1.2 Importance to Iraqi Agriculture

The date fruit itself is a high energy food or feed item for people and livestock.
Since ancient times, the date palm has been an important food source for Iraqis.
Dates have proved to be the best resource to insure food security during food short-
ages and crises. The most commonly used parts of the date palm are its fruits, trunks,
and leaves, for commercial and, in the case of fruits, for medicinal applications.
Date fruits contain more than 70 % sugar at maturity. Dates are also processed into
paste and date palm syrup (dibis) which are used in certain prepared food recipes.
The tree is a spectacular palm for landscaping large areas. It provides shade, pre-
vents soil degradation and desertification, and thus protects the environment.

Date palm groves are found in 14 of the 18 Iraqi governorates; tree numbers in
governorates and date yields are given in Table 4.1.

4.1.3 Current Agricultural Problems

Iraq is considered the date palm’s birthplace and the tree is symbolic of Iraq. More
than 30 million trees existed in the early 1960s. As a result of wars, the number of
trees declined by more than one-half. Additionally, more than 600 cultivars were
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known to exist; however, their numbers were reduced about 500. The decline in date
palm plantations was caused by: (a) drought and water scarcity; (b) soil and water
salinity, and loss of fertility, especially in the southern region of Iraq where groves
are widespread; (c) insect pests and the shortage of spraying equipment; (d) poor
management; (e) reduction in numbers of skilled laborers; (f) high input cost vs low
output value; (g) urbanization; (h) low investment in the date palm sector; (i) no
effective rehabilitation for overaged orchards; (j) problems associated with date
processing and marketing; and (k) absence of an effective agricultural extension
service. Those impediments have caused a significant decline in date palm produc-
tion and industry.

4.2 Cultivation Practices

Iraqi farmers have long mastered the cultivation of date palm trees. They are
skilled professional laborers in this field. New technologies have been intro-
duced for tree management including pollination machinery although still at a
limited scale. Bunch bending, fruit thinning, and harvesting practices are being
conducted manually. Protection and control of pests are carried out as routine
work using appropriate pesticides. Date processing and packaging is at an
infancy stage; modern techniques are limited to a few investors. Iraq is ambi-
tious to launch a policy for competitive production and export of high-quality
dates.

4.2.1 Research and Development

Research work on date palm started early in Iraq and elite cultivars were identified
and dispersed to other regions of the world. Al-Baker (1972) stated that the numbers
of date palm trees in Iraq were the largest in the world at the mid of 1970s. Despite
the decline in tree numbers which has occurred for many reasons, but mainly
because of the continuous wars that destroyed palm groves, efforts are going on to
restore plantations. Development of date palm tree management has attracted many
Iraqi scientists to carry on research work in this vital subject (Hussain 2002; Ibrahim
1979, 1995, 1998, 2008, 2010; Khalaf 2002; Sahi 1986; Shalash and Hamood
1989).

Research has concentrated on date palm tree management, micropropagation,
and molecular markers, in addition to industrial applications. A plan by the
Ministry of Agriculture to conserve cultivars is already established in Iraq to
propagate them in vitro. Experiment stations concerned with date palm produc-
tion have been established in all date-producing governorates. A Date Palm
Research Unit was recently established in the College of Agriculture, Baghdad
University, for conservation and micropropagation of economically important
cultivars.
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4.2.2 Pollination

One of the important date palm characteristics is the metaxenia phenomenon that
affects fruit morphology and quality. It has been observed that Iraqi date palm male
cultivars differ in their pollen grain size ranging from large to small as follows:
Khakri Kratley, Khakri Adi, Khakri Smasmi, Ghanami Ahmer, Khakri Wardi, and
Ghanami Ahmer. It is worth mentioning that Ghanami Ahmer is superior in bunches
and quality of pollen grains per cluster. Differences in fruit flesh and seed weight
were recorded in Khadrawy cv. whereas no influence appeared on Maktoom cv.
fruits. Pollen grains taken from Resasi males led to enhanced maturity in Khadrawy
females; however, no effect was noticed in Maktoom fruits. Percentages of maturity
in Halawy cv. were raised when trees were pollinated with Ghanami Ahmer, but this
was not the case in Sukar cultivar (Ibrahim 2008).

4.2.3 Pest and Disease Control

The gradual decline in the number of date palm trees and low productivity in Iraq is
due to a combination of factors, including the biotic factors represented by pests and
diseases and other abiotic factors such as increased salinity, drought and climate
changes, as well as the geopolitical events which have occurred in the last three
decades. Among the most important pests directly responsible for the damage are
dubas bugs, Old World date mite, lesser date moth, and borers, along with rot dis-
eases. The production of dates has been reduced by more than 50 % due to the
abovementioned factors (Al-Jboory 1999, 2001).

The increase in date palm services costs and the low prices in the Iraqi market, as
well as the lack of institutions to handle date exports, have led to the farmers neglect-
ing their orchards and the gradual deterioration of tree health due to pests and physi-
ological factors. This case was clearly demonstrated in Basrah governorate where
the date palm numbers plunged from ten producing palms to three million weak and
low production trees. The Ministry of Agriculture took note when the drastic decrease
in date palm numbers dropped to 50 % of the previously recorded number of 32 mil-
lion trees. It was obligatory for the relevant authorities to implement a national pro-
gram to increase, improve, and protect the present date palm orchards in Iraq.

In September 2000, the National Program for the Propagation and Improvement
of Date Palm was approved, covering five research lines. Date palm protection was
among the research topics adopted in this program which includes determining an
effective solution to pest problems, replacing pesticides or reduction of their use to
the minimum, and adopting biological, physical, and agricultural control methods. A
team of experts targeted Integrated Pest Management (IPM) components as follows:

(a) Identify date palm pests and determine their economic importance.
(b) Survey and identify biological agents (parasites, predators, entomopathogenic
agents).
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(c) Monitor the crop and forecast the pest appearance by using pheromones, food,
and light traps.

(d) Determine the economic threshold for the key pests.

(e) Use of appropriate pesticides and their formulations.

(f) Follow pesticides resistance management program.

(g) Utilize correct regulations with exact use of pesticide dosages and direct-spray
techniques.

Based on the abovementioned points, the program has achieved significant
results; however, this success unfortunately has not been continued due to the col-
lapse in the political and administration structure since 2003. As a consequence,
progressive deterioration led to a decrease in the productivity and numbers of date
palms. In order to avoid this deterioration, the Iraqi government should invest maxi-
mum energies in a joint effort between the private sector and the owners of date
palm plantations and also introduce regional or international expertise to restore the
value of Iraqi date palms.

Studies of date palm pests began in 1912 when so-called aphids producing heavy
honeydew were observed on date palms in the Baghdad area. This insect was identi-
fied later as the dubas bug (Anonymous 1912). Buxton (1920), Dutt (1922), Dowson
(1936), Memarian (1947), Rao (1921), and Rao and Dutt (1922) all studied date
palm pests in Iraq, focusing on dubas bug, Ommatissus binotatus Fieb., which
appeared first in Basrah and later in all date-growing areas of the country.

El-Haidari and Al-Hafidh (1986) and Hussein (1974) categorized the insect and
noninsect pests according to their taxonomic orders: Homoptera (dubas bug, mealy
bug, scale insects), Lepidoptera (lesser date moth, greater date moth), Coleoptera
(stem borers, fruit stalk borers, frond borers, and others), Hymenoptera (yellow and
oriental red wasp), Orthoptera (locusts), Isoptera (termite), Thysanoptera (thrips),
Acarina (Old World date mite, flat mite, eriophyid mite), and stored date pests.

A field survey of date palm pests in Iraq determined the most important pests and
their severity. Table 4.2 includes the key pests attacking date palm in Iraq with refer-
ence to the degree of severity. In terms of the importance of borers and their great
damage on date palm in the middle and southern provinces of Iraq, the infection
percentage in Babel, Kerbela, and Basrah reached 90-100 %. Extensive field and
laboratory work has been undertaken in Babil governorate, Mahaweel region
(Al-Jboory and Saleh 2001Db).

Dubas bug was investigated by Hasoon (1988) and Hasan et al. (2003). The bio-
logical and ecological parameters of Old World date mite (Ghobar mite) were stud-
ied by Al-Sewidi (2003) and Al-Sewidi and Al-Jboory (2006). Al-Bahili (2004)
studied the biological and chemical control of longhorn stem borer in Basrah, while
Al-Rubaee (2003) developed a local hydraulic apparatus to inject chemicals inside
the trunk to control dubas bug and borers. Ghali (2001) studied the impact of
Chalara paradoxa fungus on date palm productivity and various factors influencing
the infection severity.

Various research groups have provided very important facts regarding the popula-
tion dynamics of bores, in a survey of living creatures inside and surrounding the date
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Table 4.2 Common insect pests infecting date palm trees in Iraq

Degree of
Name Scientific name Order and family important
Longhorn date palm | Jebusaea hammerschmidti Coleoptera, +++
stem borer Reich Cerambycidae
Fruit stalk borer Oryctes elegans Prell Coleoptera, ++
Scarabaeidae
Frond borer Phonapate frontalis Coleoptera, +
Fahraeus Bostrichidae
Dubas bug (Old Ommatissus lybicus de Berg. | Homoptera, +++
World date bug) Tropiduchidae
Lesser date moth Batrachedra amydraula Lepidoptera, ++
Meyrick Momphidae
Greater date moth Arenipses sabella Hampson | Lepidoptera, Pyralidae |+
Termite Microcerotermes diversus Isoptera, Termitidae + (+)*

Silvestri

Parlatoria blanchardii
Targioni

Parlatoria date scale Homoptera, Diaspidae | +

Ghobar mite (Old
World date mite)

Oligonychus afrasiaticus
(McGregor)

“The importance of termite infection depends on the health condition of the date palm, while
Ghobar mite infestation is higher during the dust storms which blow during summer associated
with drought and low rainfall

Acari, Tetranychidae ++ (+)°

palms. The borer population density during the period from 4/10/2000 to 10/10/2001
indicated that the longhorn stem borer is dominant in date palm trees, causing a sig-
nificant damage compared to the fruit stalk borer. Borers carry pathogens either exter-
nally or in their excrement, entering into the palm trunk through the borer holes
(Abbas and Muhee 1991). The longhorn date palm borer is mostly found at the
growth point, the base of young leaves, and fruit bunch bases, while the stalk borers
are present either at low density attacking the bunch stalk or inside the trunk. Khalaf
and Al-Taweel (2014) mentioned that six different borer species attack date palm in
Iraq causing economic damage; among them four belongs to Oryctes species.

In order to achieve the second point of the IPM component, the following bioag-
ents have been collected and identified, and some tested either in the field or in the
laboratory:

(a) Entomopathogenic nematodes on longhorn date palm trunk borer and date palm
stalk borer in Iraq (Al-Jboory 2001)

(b) Survey and classification of mite species found in/on date palm (Al-Jboory and
Saleh 2001b)

(c) New record of Megaselia sp., a parasite on the female of longhorn stem borer
(Al-Jboory and Saleh 2002b)

(d) Isolation and identification of date palm borer pathogens, Beauveria bassiana
(Al-Jboory et al. 2002, 2006), Poxviridae virus from longhorn stem borer
(Al-Jboory and Saleh 2002a), and Oryctes-like virus from date palm stalk borer
(Mohamed and Al-Jboory 2001)
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Table 4.3 Pathogens infected date palm orchards in Iraq

Economic
Pathogen Common name Infected parts importance
Mauginiella scaettae Inflorescence rot Inflorescence, spathe +++
Thielaviopsis paradoxa Black scorch (fool’s | Rachis, leaflets, growth +++
Chalaropsis radiciola disease) point, trunk, inflorescence
Diplodia phoenicum Diplodia disease Leaves, growth tip ++
Graphiola phoenicis Graphiola leaf spot | Rachis, leaflets ++
Phytophthora sp. Belaat disease Frond, growth point rot ++
Alternaria spp. Brown leaf spot Leaflets, rachis, spines ++

New species of a dubas bug eggs parasitoid, Pseudoligosita babylonica, has been
identified (Hasan et al. 2003) and many other predators on dubas bug and Old World
date mite. This research activity unfortunately ceased after 2003, and many of the
unique bioagents collected such as the two viruses and the nematodes were lost due
to the electricity network collapse. Some trials are now proceeding on date palm
borers, directed by the Ministry of Science and Technology and also at the Organic
Agriculture Center, Ministry of Agriculture, testing Bacillus thuringiensis and in
addition mass rearing Trichogramma parasitoid against the lesser date moth. Light
traps and neem oil have been used recently as an alternative to conventional insec-
ticides against borers and dubas bug (Hama et al. 2010).

Iraqi universities play a crucial role in conducting trials on date palm pests
including dubas bug (Al-Abbassi 1987, 1988; Al-Dhamin 2002, 2008; Al-Rubeai
et al. 2010; Hamad 2005; Hasoon 1988; Jassim 2007), on lesser date moth
(Al-Delamy 2004; Al-Jorany and Al-Delamy 2010b, 2013; Al-Fahdawi 1988; Aziz
1990, 2005), on borers (Al-Ali and Ismail 1987), and on date palm diseases
(Al-Asady 2003; Juber and Al-Mohamadawi 2010). Unfortunately there is no
investment for such valuable applied results in the practical implementation.

Extensive investigations were conducted during 1992 when date palm disorders
were observed in Baghdad and other date palm-growing areas in Iraq. The Ministry
of Agriculture appointed a committee and together with FAO experts (Saaidi 1992)
described four important types of diseases of date palm in Iraq: (1) neck bending
disease and date palm destruction caused by four fungi, Thielaviopsis paradoxa
(Al-Hassan and Abbas 1987), Chalaropsis radicicola (Abbas and Abood 1996;
MOA 1992), Chalara paradoxa (Ghali 2001), and Chalara radicicola (Al-Hamdany
etal. 2011); (2) dry rot and growth stunting caused by the same fungi as in the first;
(3) frond malformation and dwarfing caused by Alternaria sp., Fusarium sp., and
Thielaviopsis sp.; and (4) heart wet rot associated with many fungi, e.g., Thielaviopsis
sp., Fusarium sp., Helicocephalus sp., Sphaeropsidales sp., Thaminidium sp., and
Helminthosporium sp. The trunk and stalk borers were among the most important
disposition factor for pathogen entrance (Abbas and Muhee 1991).

Common diseases infecting date palm trees in Iraq are listed in Table 4.3 with
their economic importance (Abdullah et al. 2010; Al-Ani et al. 1971; Al-Badran
2008; Al-Beldawi and Hussain 1974; Al-Hassan and Shamseldeen 1975). Fungicides
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are the only available measure to control the most serious date palm fungal diseases
in Iraq; however, beneficial fungi such as Trichoderma have been used with positive
results against date palm diseases.

4.2.4 Agroforestry Utilization and Potential

Renewal of standing date palm plantations is regularly reviewed by governmental
officials and farmers alike. Replacement of overage trees is one of the future plans
adopted by the Ministry of Agriculture. Thus, date palm tissue culture laboratories
have been established across the date palm-growing regions in an attempt to maxi-
mize the number of in vitro offshoots besides the in vivo plantlets. Date palm trees
have been incorporated into landscaping urban and suburban areas in Iraq (Ibrahim
2006, 2008). An ambitious plan is under way to combat desertification in date-
growing governorates which are mainly subject to dust storms.

Although Iraq has the potential to restore date palm groves over the long term,
some limitations currently represent obstacles for such restoration. One of these
limitations is the meager contribution of the private sector in investing and introduc-
ing new technologies. This may be due to the current insecure political situation.
The quantity of produced offshoots, whether sourced from already established
groves or produced by tissue culture, is not able to meet the current demand. Dust
storms have badly affected date production causing the spread of Old World date
mite and consequently affecting the fruit quality. Accordingly, it is recommended
that new technologies be introduced to improve the date production quantitatively
and qualitatively. IPM is required to reduce the potential damage both in date palm
groves and during storage. Possible improvement is necessary in sorting and pack-
aging of dates to compete other producers and exporters.

4.3 Genetic Resources and Conservation

According to numerous references, including Biblical texts, the date palm is
believed to be the oldest domesticated fruit tree. Representations of the tree appear
in hieroglyphics from the Neolithic civilizations of Mesopotamia and ancient Egypt.
The earliest cultivation was found around 4,000 B.C. in Eridu, what is now Tell Abu
Shahrain, near the Euphrates River, Thi Qar governorate, and lower Mesopotamia
in Iraq. In addition date palm is mentioned in Akkadian and Sumerian cuneiform
sources dated as early as 2,500 B.C. Historically date palm covered areas extending
from the Indus Valley (now Pakistan) to Mesopotamia in the Tigris/Euphrates val-
leys (Iraq) to the Nile Valley, Southern Persia (Iran), and the Eastern Mediterranean.

The center of date palm origin is still debated with claims that it originated from
Babel in Iraq, Dareen or Hofuf in Saudi Arabia, or Harqan and other islands of the
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Arabian Gulf in Bahrain. The spread of date palms from the center of origin near
present-day southern Iraq into other areas of the Middle East, Northern Africa, and
Eastern South Asia resulted in the establishment of new date palm oases in these
areas. These human-created oases probably resulted from the introduction of a rela-
tively small range of genotypes. Subsequent clonal propagation by the planting of
offshoots of desirable types resulted in distinctive fruit types being associated with
the various oases. Even in the center of origin, selection pressure resulting from
clonal propagation of desired types over a long period of time resulted in a certain
amount of genetic erosion and the same association of characteristic cultivars with
specific oases.

4.3.1 Research in Genetics, Breeding, and Conservation

Date palm is one of the world’s first cultivated fruit tree and one of the classical Old
World fruits. It has 36 chromosomes (n=18; 2n=36). Worldwide, about 3,000 date
palm cultivars have been named. The accurate identification of cultivars for breed-
ing purposes is one of the pillars of any successful improvement program, as well as
assessing the current genetic variability within the germplasm and creating
resources. In date palm, traditional breeding objectives always include yield
enhancement, disease and pest resistance, and tolerance of saline water, saline soil,
and drought.

Efforts have been made to assess the available variability within the local germ-
plasm in Iraq. Al-Salih and Bader in 1983 began a date palm breeding research
program of Barhi cultivar. The female palm was pollinated by Ghanami Ahmer cv.
in which seeds were used as a starting material. After 6 months, the seedlings were
transferred to the field and left until fruiting stage after 4-5 years. Approximately
48 % were female and 52 % male (Al-Saleh and Bader 2013).

Many crosses between selected male and female trees were carried out in 1990
and progeny seeds were collected. F2 seeds were sown and maintained until flower-
ing. Several new clones of cv. Barhi were produced; one was superior compared
with its parents. Al-Saleh (1988) described a rapid method for breeding and
improvement of five Iraqi date palm cvs., namely, Sayer, Khsab, Lilwi, Khastawi,
and Barhi. Seeds of these cultivars were grown under the same conditions until
flowering. Selection for some distinguished male and female new offshoots was
done. The research concluded that propagation of date palm by seed is a useful,
simple, and cheap method for obtaining new cultivars.

Genetic invariability must be assured in offshoots. However, great confusion in
the discrimination process may occur if the new cultivar is growing very near to its
mother palm, which is called an off-seed tree. It is believed that off-seed trees of all
cultivars originated either from seed fallen near the mother tree and germinated
along with its true offshoots or from a vegetative bud mutation as in case of sectorial
mutation.
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4.3.2 Threats and Degradation

Iraq remains one of the leading date-producing countries in the world. Before
1991, it was the world’s largest producer (FAOSTAT 2004) and had the most
extensive date forest in the world (MacFarquhar 2003). However, a serious decline
over the past 30 years occurred due to numerous military conflicts since the 1980s.
During recent wars, large numbers of date palm trees were destroyed. Water qual-
ity became crucial due to the harmful effects of the wars which destroyed date
palm orchards in various regions, but especially in Basrah governorate, Shatt
Al-Arab region. The abandonment and neglect by many date palm growers of their
orchards was another reason for the decline, caused by low returns from date sales.
An additional reason is that farmers depend on the traditional irrigation methods;
lack of efficient drainage systems leads to salt accumulation in the soil which
affects the growth and yield of date palm orchards. The high cost of agricultural
practices such as pollination, pruning, pest control, harvesting, and marketing,
along with a deficiency in the number of skilled laborers, were also significant
reasons for the deterioration.

4.3.3 Germplasm Banks and Genetic Conservation Efforts

Iraqi date palm resources have been exposed to dramatic deterioration especially
of date palm populations during the last 30 years. However, a project to establish
new mother date palm orchards and offshoot nurseries in the 14 governorates
which grow date palm has been proposed by the General Board of Date Palm
(GBDP) and approved by the Ministry of Agriculture to stop the deterioration in
date palm sector and overcome the decline in date palm groves (Husien et al.
2009). Each governorate will collect the cultivars grown within their respective
areas, while the governorates of Thi Qar, Al-Samawah, and Al-Najaf will collect
both local and international cultivars for conservation at their date palm stations
(Fig. 4.2). Date palm offshoots will be grown in orchards at a spacing 5x5 m.
Each orchard will contain 80 % commercial cultivars, 16 % rare ones, and 4 %
male trees, maintained under drip irrigation and modern agriculture practices. The
project began in the spring 2004 in two stages: the first stage was finished in 2011,
while the second will continue until 2021 to establish producing date palm
orchards. Technical teams are instructed to investigate the offshoot sources within
each governorate and maintain records at each date palm station with information
on the cultivars grown and the region where the offshoot originated and other rel-
evant data.

A project for mapping date palm cultivars will be executed soon at the genetic
engineering labs of GBDP to classify and establish standard names of the cultivars.
The initial plant spacing of 5x5 m after 8 years will be modified to 10x 10 m by
mechanical removal of planted offshoots which will be used to establish new mother
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Fig. 4.2 Najaf date palm station established in 2008

date palms. The objectives of the project are to maintain local and international
cultivars and to provide researchers known cultivar collections to work with, as well
as for agricultural extension objectives. The total number of mother date palm
orchards established so far is 30, covering 13 governorates in Iraq with a total area
of 4,594 Traqi dunam (1 dunam=2,500 m?). More than 497 cultivars had been col-
lected up to January 2009 and efforts are continuing to collect all the cultivars grown
in the various regions of Iraq (Table 4.4).

As aresult of cooperation with the GBDP, the Date Palm Research Unit (DPRU),
University of Baghdad, was recently established, using another type of conservation
through extraction of the total genomic DNA of over 220 core Iraqi collection cul-
tivars. Quantitative and qualitative tests were carried out and ultimately the DNA
conserved by cryopreservation. This type of gene bank is now available for all
researchers who are interested in conducting molecular analysis projects of Iraqi
cultivars. Very limited work has been carried out on the cryopreservation of date
palm embryogenic cultures and therefore the development of innovative procedures
is needed for an efficient preservation of genetic resources and the management of
commercial propagation.

Preliminary studies have revealed that embryogenic cultures provide prime plant
material for in vitro mutagenesis experiments and selection of useful mutants, for
the generation of protoplasts and somatic cell hybridization, and for genetic engi-
neering. Genetic materials may be affected by diseases, climate, natural disasters,
etc., so ex situ collections should be maintained even when there is no an immediate
threat of habitat loss. In order to make germplasm more accessible for researchers,
ex situ collections are subjected to characterization and evaluation of germplasm
and utilization in breeding programs and other research activities. Maintenance of
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Table 4.4 Date palm establishments in various Iraqi date palm stations

H.S.M. Khierallah et al.

Station name Governorate Area (ha) Establishment date
Rashdeia Baghdad 100 2004
Rabee Baghdad 15.5 2005
Zaafarania Baghdad 8 2004
Latefia Baghdad 25 2005
Madaen Baghdad 34 2005
Fallujah Anbar 29 2004
Dawar Anbar 25 2005
Dawar (tissue culture) Anbar 9 2006
Eshaqi Salah Al-Deen 27.5 2004
Mandeli Diyala 37.5 2004
Kut Waset 32.5 2004
Azizia Waset 13 2005
Amarah Maysan 58.75 2004
Akad Dhi Qar 99 2004
Nuria Diwaniyah 37.5 2004
Diwaniyah 1 Diwaniyah 25 2004
Diwaniyah 2 Diwaniyah 5 2004
Samawah desert (tissue culture) Muthanna 125 2008
Khedher Muthanna 25 2004
Najaf Najaf 61 2004
Najaf (tissue culture) Najaf 63.75 2008
Husania Karbala 16.75 2004
Razazza Karbala 32 2004
Razazza (tissue culture) Karbala 18 2006
Mahaweel Babel 12.5 2005
Abu Sdera Babel 25 2005
Basrah Basrah 30.25 2004
Burjesia Basrah 35 2004
Qurna Basrah 53.25 2005
Faw Basrah 69.75 2005

Source: Central Statistical Organization (CSO) (2012), Iraq

germplasm in a disease-free state is also desirable, and this is often possible only in
ex situ collections.

Assessment of the genetic vulnerability of any crop requires knowledge of the
extent and distribution of its genetic diversity. This is acquired by systematic sam-
pling and mapping of the flora of the geographical areas in which the species in
question is found, as well as an assessment of ex situ collections. Unfortunately,
information on natural and seminatural germplasm is often limited at the interna-
tional level. This is due to the remoteness of some of the material, a lack of resources
devoted to assessing these areas, and political considerations. In some cases, infor-
mation may be available at the local or national level, but not to the international
community.
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4.3.4 Current Status and Prospects of Genetic Resources

The date palm sector in Iraq needs urgent rehabilitation through (a) supporting and
encouraging farmers and orchard owners to care for their trees and orchards and
apply modern technologies, (b) pest control in palm groves especially against dubas
bug and borers, (c) establishment of numerous field stations for growing mother
trees from different parts of the country, (d) mass production of elite cultivars using
plant tissue culture techniques, and (e) collection and characterization of all Iraqi
cultivars using different genetic markers.

An inventory and assessment for all locally grown cultivars, individual seed
trees, and rare clones to compile a database are vital steps which can be relied upon
in formulating policies, economic productivity or marketing, and selection of the
best cultivars in terms of production and quality, followed by traditional propaga-
tion and tissue culture means. The continuation of joint work between the GBDP in
collecting date palm cultivars from farmers and DPRU for molecular characteriza-
tion and genetic relationships determination will lead to achieving the ultimate goal
of generating mapping of cultivars grown in Iraq.

One of the major limitations of date palm genetics and traditional breeding is the
lengthy life cycle of this special crop. Some of these challenges are of worldwide
concern, while others are regional and country specific. To respond to these con-
straints, the objectives of the breeding programs are set according to short- and
long-term goals. The short-term objective is to replace and provide date palm
orchards with offshoots in order to sustain the perennial aspect of the culture. This
goes along with the diversification of the genetic basis that has been narrowed in
recent years due to the expansion of monoculture of elite international cultivars.

As for the long-term objective, the development of new cultivars using conven-
tional and/or nonconventional approaches would lead hopefully to resolve some of
the date palm constraints, especially dubas bug and red palm weevil, and respond to
greater opportunities and understanding of the evolution of monocotyledonous fam-
ilies. Moreover, more detailed characterization and evaluation data are needed to
adequately assess the actual amount of genetic diversity present. These data should
include both descriptive data and molecular-level genetic analysis of germplasm
existing both in situ and ex situ, such as abnormal somatic embryo differentiation,
endophytic bacteria proliferation, and somaclonal variations.

4.4 Plant Tissue Culture

4.4.1 Role and Importance

Date palm cultivation has been expanding in Iraq, as it has in most Arab countries.
Dates are propagated traditionally by seeds or offshoots, but because of heterozy-
gosity that progeny produces from seeds, the resulted trees are not identical, are
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poorer in quality than the mother plant, and are approximately 50 % males.
Therefore, propagation by offshoots is better, but the number produced from a tree
is limited, especially from superior and rare cultivars, so it does not satisfy the need
when farmers consider establishing new orchards.

The use of plant tissue culture to supplement offshoot propagation is necessary.
Before 1981, Iraq was one of the top producers of dates and had the largest date
forest in the world. A sharp decline over the past 30 years has occurred due to
numerous conflicts, long-term soil salinization, shortages of electricity, and official
negligence. While date palm trees numbered 32 million in the mid-twentieth cen-
tury, that figure dropped to 16 million by 2000. Thus, exploitation of plant tissue
culture is crucial for micropropagating distinguished cultivars toward effective
rehabilitation of Iraqi date palm orchards.

Accordingly, the government has adopted many programs aiming to increase the
number of date palms to 40 million trees in the next 10 years. On the other hand, a
few private laboratories for commercial date palm micropropagation which are
located in Baghdad (Iraqi Center for Plant Tissue Culture Ltd.), Nasriyah (Uruk
Center for Date Palm Tissue Culture), and Basrah (Technical Tissue Culture Lab.
and Fadk Company Lab.) have ongoing projects for scale-up production of several
cultivars which hopefully will succeed and thus meet the country’s demand for the
required number of offshoots.

4.4.2 Research Progress

In Iraq, early attempts at date palm micropropagation began in the 1980s. The first
took place in Basrah by Mater (1983) involving callus induction and subsequent
asexual embryo formation. Other attempts were made in Baghdad by some research-
ers in the Iraqi Atomic Energy Organization (Omar and Arif 1985) and the Scientific
Research Council (Bader et al. 1986) using zygotic embryos for callus induction.
These efforts led to the development of a complete protocol for in vitro propagation
of date palm (Mater 1986; Omar 1988b, 1992).

During the 1990s, military conflicts restricted the research efforts of many insti-
tutes. Nevertheless, a successful protocol was accomplished in the beginning of
2000s for direct organogenesis including axillary branching and enhanced adventi-
tious bud formation from shoot tips (Hameed 2001). Meanwhile, the College of
Science and the Date Palm Research Unit, University of Basrah, had also participated
in date palm micropropagation efforts. Many factors were studied influencing date
palm somatic embryogenesis and plantlet regeneration of several cultivars culti-
vated in Basrah (Al-Kaabi 2010; Al-Mayahi 2010; Al-Meer and Al-Ibresam 2008;
Al-Meer and Al-Ibresam 2010; Al-Musawi 2001; Jasim et al. 2009; Al’utbi and
Al-Husaibi 2007; Jasim 1999, 2000; Jasim and Saad 2001, 2003; Jasim et al. 2008;
Muhsen 2007; Saleh et al. 2006).

In addition, factors affecting vegetative bud formation via callus tissues were
also investigated (Abdul-Sameed 2009; Al-Khalifa et al. 2008, 2009). Khierallah
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and Bader (2007) reported a complete protocol for date palm micropropagation by
organogenesis using shoot tips of Maktoom cv.; immature inflorescence explants
were also utilized for in vitro propagation by Khierallah (2007) at the Date Palm
Research Unit, University of Baghdad. The study comprised of direct organogene-
sis, callus induction and subsequent shoot regeneration, rooting, acclimatization,
and genetic fidelity detection using amplified fragment length polymorphism
(AFLP) analysis for Barhi and Maktoom cvs.

Since plant tissue culture techniques involve the possibility of undesirable
genetic variability in the derived plants, which is not apparent until the fruiting
stage, other markers were employed to detect genetic stability in tissue culture-
derived date palm plantlets for Barhi and Maktoom cvs. using random amplified
polymorphic DNA (RAPD) markers (Ali et al. 2007; Khierallah et al. 2008) and for
Bream cv. using RAPD markers (Khierallah and Husien 2013).

4.4.3 Micropropagation Strategies

Since the initial attempts at date palm propagation by tissue culture (Reuveni 1972;
Schroeder CA 1970), two strategies of micropropagation have been achieved:
organogenesis and somatic embryogenesis.

4.4.3.1 Offshoot-Derived Explants

Selected offshoots should have a weight of 10-15 kg, be 2-3 years old and
80-100 cm in height. Offshoots should be dissected acropetally until the shoot tips
appear. The excised shoot tip ought to be about 3—4 cm in width and 6-8 cm in
length. Explant region (apical meristem with soft inner leaves) of 2 cm diameter is
excised and placed in antioxidant solution. The explant region is usually sterilized
using commercial bleach (sodium hypochlorite) 20 %. Other effective disinfection
protocols are available according to Hameed (2001), Jasim (1999), Khierallah and
Bader (2007), and Omar et al. (1992).

4.4.3.2 Somatic Embryogenesis

The most commonly used and widespread method for date palm micropropagation
is somatic embryogenesis. In Iraq, several protocols are being implemented and can
be summarized as follows: transfer disinfected date palm shoot tip explants to petri
dishes where all leaf primordia are removed except for two pairs surrounding the
apical meristem, which can be divided longitudinally into four equal segments asep-
tically and cultured on callus initiation medium. Modified MS medium was used for
this purpose. Jasim and Saad (2001) produced high callus fresh weight with certain
combinations of plant hormones.
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Recently, Ibrahim (2012) initiated callus and transferred it to embryogenic
callus proliferation medium. The medium varies from one researcher to
another, for example, it can consist of MS salts and vitamins without hor-
mones (Omar et al. 1992) or the same supplements described for callus induc-
tion medium (Jasim and Saad 2001 and Ibrahim 2012). Embryogenic calli
have been produced by various researchers (Jasim and Saad 2001; Omar et al.
1992).

Low rates of somatic embryogenesis and germination have prompted researchers to
enhance the processes. It was found that supplementing the culture medium with apple
seed powder (Saleh et al. 2006), corn seed powder (Jasim et al. 2008), vitamin E
(Al-Meer and Yaseen 2010), polyethylene glycol (Al-Mayahi 2010), and coconut
water or casein hydrolysate (Khierallah and Husien 2013) or exposure to a laser
beam (Al-Kaabi 2010) increased somatic embryogenesis and germination rates for
several Iraqi date palm cultivars.

Mature or germinating embryos initiated roots on MS medium supplemented
with 0.1 mg/l NAA plus 0.01 mg/l BA (Omar et al. 1992). Jasim and Saad (2001)
used half-strength MS salts for Barhi cv (Table 4.5). Maintenance of plantlets lon-
ger in the culture medium increased their survival rate in soil.

4.4.3.3 Adventitious Organogenesis

Direct regeneration of vegetative buds minimizes the risk of somaclonal variation
among regenerants. Moreover, the duration of the culture period is limited by
frequent renewal of the plant material. Disinfected date palm shoot tips can be
dissected as cultured explants. It is necessary that axillary buds to be used are
suitable explants. On average 16—20 explants may be obtained from each offshoot
shoot tip.

In general, MS medium is used for the initiation stage. Supplementation of
plant growth regulators depends on the culture stage (Table 4.6). Cultures pref-
erably are incubated in darkness to reduce phenolic secretions (Fig. 4.3a).
They require four subcultures at 4-week intervals until bud initiation
(Fig. 4.3b).

The formed buds subcultured on a liquid agitated multiplication medium raised
the number of buds up to an average of 12.6 (Khierallah and Bader 2007). The
physical status of the medium may be evaluated when the buds transferred to a lig-
uid medium contain the proper combination of plant growth regulators obtained
from the multiplication stage. Agitating the medium is better as compared with
stationary or solid medium to increase the number of buds (Hameed 2001; Khierallah
and Bader 2007). Hameed (2001) reported that MS stationary liquid medium pro-
duced a high number of shoots (Fig. 4.3c). Khierallah and Bader (2007) used MS
medium a supplement for rooting. According to Khierallah and Bader (2007), accli-
matization was reported. More than 85 % survival was achieved at the end of
acclimatization (Fig. 4.3d).
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Fig. 4.3 Date palm organogenesis stages. (a) Shoot tip explants of Maktoom cv. cultured in dark-
ness, (b) adventitious bud initiation, (c) elongation, and (d) acclimatization (Hameed 2001)

4.4.3.4 Micropropagation Using Inflorescence Explants

Inflorescence explants have proved to be a promising alternative explant source for
micropropagation of elite cultivars, particularly rare ones. Khierallah (2007)
described a stepwise micropropagation protocol relying on direct and indirect
organogenesis for the two cvs. Barhi and Maktoom in early spring. Explants excised
from spathes for callus induction were cultured in MS modified medium containing
100 uM 2,4-D plus 15.0 uM 2iP (Fig. 4.4a). Adventitious shoots were obtained after
callus transfer to MS liquid agitated medium supplemented with 10.0 uM 2iP plus
5.0 uM NAA.

For direct organogenesis, spathes with spikes were cultured in MS medium.
Direct organogenesis was achieved after 24 weeks (Fig. 4.4b). Multiplied buds
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Fig. 4.4 In vitro micropropagation stages of date palm using inflorescence explants. (a) Callus
formation after 12 weeks. (b) Adventitious bud formation and development from callus after 12
weeks. (¢) Bud multiplication directly from floral explants, elongation, and rooting R. (d) Plantlet
acclimatization under greenhouse conditions

increased by increasing the glutamine concentration using liquid agitated
medium.

Several factors affecting rooting and plantlet acclimatization were investigated.
Acclimatization of plantlets reached 70 and 80 % for Barhi and Maktoom cvs.,
respectively, after transfer to the greenhouse (Fig. 4.4d).

4.4.4 Genetic Conformity of Tissue-Cultured-Derived Plants

Plant tissue culture is considered a means of vegetative propagation in which phe-
notypically and genetically identical clones are produced rapidly. However, soma-
clonal variation is known to result from changes in the nuclear, mitochondrial, or
chloroplast genomes of regenerants. Accordingly, detection of genetic stability of
date palm plantlets is necessary to confirm genetic fidelity.

Ali et al. (2007) used RAPD-PCR technique for detection of genetic stability in
regenerated plantlets of Barhi cv. Reproducible RAPD patterns were obtained
using 30 primers. Three (OPC.16, OPG.0O8, and OPN.16) produced polymorphic
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Fig. 4.5 (a) Monomorphic banding patterns of samples tested revealed by OPD.06 primer for
Barhi cv., (b—d) polymorphic banding patterns using the primers (OPB.07, OPC.08 for Maktoom
and OPD.01 for Barhi cv.). Numbers on the left indicate the fragment size of molecular weight
markers (lane M) in kb. The lanes O are the banding pattern of the intact trees, while the lanes
1-10 are the banding pattern of the samples selected randomly from tissue culture-derived
plantlets

bands in some of tested samples when compared with the DNA fingerprints of the
mother offshoot suggesting the possibility of genetic variation among the resultant
plants.

Khierallah et al. (2007) used RAPD markers and tested 25 universal primers
performed on DNA extracted from fresh leaves of the mother tree and from samples
randomly taken from plantlets derived from tissue culture for cvs. Barhi and
Maktoom. Reproducible RAPD patterns were obtained with 20 primers; 17 primers
showed completely monomorphic bands in all tested samples of the progeny
(Fig. 4.5). Only three primers showed some polymorphic bands for both cultivars in
some of the tested samples compared with the DNA banding pattern for the intact
trees; these were OPD.O1 primer for Barhi cv. and OPB.07 and OPC.08 for
Maktoom. Meanwhile Khierallah et al. (2008) employed ALFP markers success-
fully to trace genetic fidelity of date palm in vitro plantlets cvs. Barhi and Maktoom
derived from inflorescence explants (Fig. 4.6).
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Fig. 4.6 AFLP banding pattern of the two date palm cvs. Barhi and Maktoom as revealed by primer
combinations P74/M95 and P104/M8S8, respectively. Numbers on the left indicate the fragment size
of molecular weight markers (lane M) in base pairs (bp). The lanes 0 are the banding pattern of the
mother trees, while lanes 1-10 are the banding pattern of the samples selected randomly from direct
organogenesis (Barhi) and indirect organogenesis (Maktoom)-derived plantlets

Recently, Khierallah and Husien (2013) generated RAPD pattern with 12 prim-
ers to identify genetic fidelity of date palm in vitro plantlets produced using piclo-
ram instead of 2,4-D for callus induction and some natural organic extracts (coconut
water and casein hydrolysate) for somatic embryogenesis. Genetic variations may
occur in plantlets derived from callus proliferated from shoot tips as well as in those
derived from inflorescences. RAPD and AFLP appear to be an efficient technique
and simple and fast DNA markers for the early detection of genetic variations in
plants propagated by tissue culture.

4.4.5 Tissue Culture Limitations and Future Directions

Expansion of date palm cultivation is faced with propagation challenges of genetic
improvement limitations. The heterozygous nature of this dioecious plant restricts
the use of seeds which produce off-type seedlings and normally are not used to
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propagate elite cultivars. The limited availability of offshoots and the difficulties of
establishing propagules from offshoots render this traditional propagation method
unsuitable, particularly for large-scale propagation. Based on recent advances in
plant tissue culture, micropropagation techniques have been developed for the rapid
mass propagation of date palm.

Some limitations associated with genetic improvement have been circum-
vented by taking advantage of tissue culture and molecular methodologies. The
scaling-up of tissue-cultured date palm in Iraq is still in flux for several reasons:
the high cost of micropropagation technology; tissue culture of date palm, which
is generally time-consuming; complicated biological events involved in each step
of micropropagation; the lack of trained labor and management; poor planning;
limited laboratory infrastructure; and mixing of research and production
concepts.

Accordingly, investment should be made toward large-scale production of
date palm in vitro. The government should offer facilities for investors in date
palm production technology. On the other hand, further research is needed to
reveal the most appropriate biochemical and molecular markers of embryogen-
esis in date palm since most of the molecular methods used to assess soma-
clonal variations have shown limitations. Indeed, cytogenetic analysis has not
shown any alterations in genome structure, and isozyme markers are subjected
to large ontogenic variation. Molecular markers are able to investigate only a
small part of the genome and they are useless in the case of epigenetic changes.
Very limited work has been carried out on the cryopreservation of date palm
cultivars in Iraq with special reference to embryogenic cultures, and therefore
the development of innovative procedures is needed for efficient preservation
methods.

4.5 Cultivars Identification

Date palm is considered a crop of great socioeconomic importance in the Arabian
region. The tree has been, and still is, at the center of the region’s comprehensive
agricultural development. It is believed that the date palm tree originated in
Mesopotamia (Wrigley 1995). The numbers of known date palm cultivars that are
distributed all over the world may be as high as 3,000, out of which about 600 are
found in Iraq. Wars and economic sanctions imposed on Iraq have negatively
affected both the production and natural genetic diversity of the crop and inhibited
the much needed impetus to rebuild the date palm industry. The collection and
genetic characterization of all Iraqi cultivars using different genetic markers is one
of the important goals in date palm rehabilitation efforts. During the last few years,
the General Board of Date Palm, Ministry of Agriculture, has collected over 510
date palm cultivars and planted them in 30 date palm stations dispersed in the south
and middle parts of the country. Such a number of genotypes reflect the much-
needed efforts to get powerful, accurate, and practical genetic markers that can be
used in a high-resolution mapping for these cultivars. The success of any plant
genetic conservation or breeding program depends on understanding the amount
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and distribution of the genetic variation present in the genetic pool. This under-
standing will be helpful in:

(a) Gathering date palm cultivars in newly established orchards using genetically
diverse cultivars to avoid genetic vulnerability to various biotic and abiotic
stresses

(b) Selection of the diverse parents in combination with the aim of segregating
progenies with genetic variability

(c) Providing further gain for selection and molecular mapping

4.5.1 Research Progress in Morphological Descriptors

Morphological traits have been used to describe genetic variation in date palm cul-
tivars, which are mainly related to the fruit, leaf, trunk, and other parts of the tree.
An early survey of Iraqi cultivars using morphological description was done by
Al-Baker (1962); he distinguished 531 cultivars and their origin, availability, and
fruit quality. Another morphological identification was done on 110 Iraqi cultivars
by Al-Jboory et al. (1971). In 1972, Al-Baker again described 627 Iraqi cultivars in
his celebrated book in Arabic, The Date Palm, adding some fruit traits to the earlier
description. Three decades later, Husien (2002) and Husien and Greab (2004) also
gave a brief description of 36 and 50 cultivars, respectively. Al-Saleh and Al-Ansary
(2005) adopted 12 phenotypic traits to describe 110 cultivars, documented with
color photos. Genetic identification of date palm cultivars using morphological
markers is usually not possible until fruits are produced and frequently requires a
large set of phenotypic data that is often difficult to assess and is sometimes variable
due to environmental influences.

4.5.2 Research in Molecular Descriptors

The development of molecular tools has changed the way in which individual culti-
vars can be identified and useful information concerning the genetic control of
many agronomic characteristics can be analyzed. The ability to apply these molecu-
lar tools depends to some extent on the amount of other genomic information avail-
able for the specific plant species. Molecular marker technologies involve the use of
isozymes followed by a series of DNA marker technologies and, most recently, by
possibilities to compare complete genomes (Cullis 2011). Development of suitable
DNA molecular markers for this crop may allow researchers to estimate genetic
diversity, which will ultimately lead to the genetic conservation of date palm. The
success of particular genetic conservation or breeding program is dependent on
understanding the amount and distribution of the genetic variation already present
in the genetic pool (Jubrael et al. 2005). In addition, biochemical studies including
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Table 4.7 Names, gender and sources of collection of 30 date palm cultivars grown in Iraq

Cultivar Gender | Cultivar Gender | Cultivar Gender

Collection at Al-Mahaweel date palm station

Usta Umran Female | Buliani Female | Chipchab Female
Tebarzal Female |Leelwi Female | Zahidi Female
Um Al-Dihen Female | Shwethi Ahmer Female | Shwethi Asfar Female
Guntar Female |Jamal Al-Dean Female | Khadrawy Female
Khestawi Female | Qul Husaini Female |Baw Adem Female
Bream Female | Halawy Female | Dayri Female
Ashrasi Female | Qitaz Female | Barhi Female
Maktoom Asfar Female Female Female

Collection at Al-Zaafarania date palm station

Meer Haj Female | Ghanami Akhder Male Smeasmi Male
Um Al-Blaliz Female | Ghnami Ahmer Male Ghulami Male
Khekri Male Greatli Male

isozyme and activity analyses of peroxidases have been used to characterize date
palms in Morocco and Tunisia (Baaziz 1988; Baaziz and Saaidi 1988; Bendiab et al.
1998; Majourhat et al. 2002; Ould Salem Mohamed et al. 2001). As such, analysis
does not reflect precisely the polymorphisms which have occurred (Al-Jibouri and
Adham 1990).

DNA marker analysis in Iraqi date palm is still at the developmental stage.
Employment of DNA marker to identify cultivars was started by Jubrael (2001) at
the IPA Center for Agriculture Research, Baghdad. Random amplified polymorphic
DNA (RAPD) markers were used to identify nine female cultivars, whereas
(Al-Khateeb et al. 2001) used the same analysis to identify eight male cultivars.
Amplified fragment length polymorphism (AFLP) markers were also been used for
genetic fingerprinting of 18 Iraqi date palm cultivars (Jubrael et al. 2005).
Microsatellite markers were also employed to assess genetic diversity in 30 Iraqi
date palm cultivars (Khierallah et al. 2011b). As a member of the research team,
Khierallah also used eight Iraqi date palm cultivars to evaluate the activity of over
1,000 simple sequence repeat (SSR) primer pairs developed by Hamwieh et al.
(2010), mining genome sequencing data for this vital crop. This work was awarded
the Khalifa International Date Palm Award for research in 2012. Recently, inter-
simple sequence repeat (ISSR) markers were adopted to estimate genetic relation-
ships among 17 Iraqi date palm cultivars (Khierallah et al. 2014).

4.5.3 Molecular Strategies for Genetic Identification

Leaves were collected from 30 well-defined reference Iraqi date palm cultivars
grown in date palm stations of the Ministry of Agriculture (Table 4.7). A total of 22
female cultivar samples were collected from Al-Mahaweel Date Palm Station, Hilla
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governorate, 80 km south of Baghdad. The remaining eight cultivar samples were
collected from Al-Zaafarania Station, Baghdad. Total genomic DNA was extracted
from young and healthy leaves according to the procedure described by Benito et al.
(1993) with minor modifications. After purification, the resultant DNA was quanti-
fied on 1 % agarose gel electrophoresis as described by Sambrook et al. (1989).

4.5.3.1 AFLP Analysis

According to Khierallah et al. (2011a), AFLP analysis was carried out for 18 of
these 30 cultivars by following the method of Vos et al. (1995), with a few modifica-
tions. The total number of bands and those exhibited polymorphism were scored
visually.

A total of 83 polymorphic AFLP fragments were detected with an average of 13.8
polymorphic fragments/primer combinations. Genetic distance was estimated using
Jaccard’s genetic similarity index and ranged from 0.07 to 0.75. Unweighted pair
group method with an arithmetic mean UPGMA ordered date palm cultivars into two
main clusters independent of their origin and sex. The first cluster consisted of three
subclusters. The first one consisted of five female cultivars and one male, while the
second subcluster consisted of five male cultivars. The third one consisted of five
cultivars; four were females and one male. The second main cluster consisted of the
remaining two female cultivars. Moreover, all primer combinations contributed to
the discrimination of date palm cultivars, suggesting the efficiency of AFLP method
in assessing genetic diversity in date palm. DNA fingerprinting techniques have an
advantage in that the DNA content of a cell is independent of environmental condi-
tions, organ specificity, and growth stage (Ainsworth et al. 1996). None of the diag-
nostic marker techniques so far applied to organisms has fulfilled all of the
requirements in terms of cost and ease of use in cultivar identification. However,
AFLPs satisfy more conditions than any other technique and are becoming the tool
of choice for many applications, and the advantage of AFLP is that its utility can be
assessed with a small number of primer pairs that can be extended for more studies.

AFLP is a powerful DNA fingerprinting technique that uses polymerase chain
reaction (PCR) to amplify a limited set of DNA fragments from a specific DNA
sample (Blears et al. 1998; Vos et al. 1995). The reliability of the restriction fragment
length polymorphism (RFLP) technique is combined with the power of PCR. AFLP
marker study showed that all primer combinations used in this study were effective
in distinguishing date palm cultivars when used individually, revealing high level of
polymorphism (Tables 4.8 and 4.9). Jaccard’s genetic similarity index showed clus-
ters consisted of five male cultivars. Two of them, Ghnami Ahmer and Ghanami
Akhder, were very closely related with 85 % similarity reflecting high similarity in
their morphological traits (Ibrahim 2008). Results also showed that there is large
genetic diversity among the studied date germplasm. Jubrael et al. (2005) reported
that high level of intervarietal polymorphism among another 18 Iraqi date palm
cultivars could be partly due to the strong outcrossing mechanism in this species,
which is likely to increase the degree of polymorphism.
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Table 4.8 Number of fragments amplified, polymorphic bands, primer efficiency, and
discrimination power of six primer combinations used for AFLP analysis

Total No.
Primer fragment | % Primer | polymorphic % % Discrimination
combination (no.) efficiency | fragment Polymorphism power
P11-aacg/ 63 25 12 19 14
M88-tgc
P104-aagc/ 33 13 7 21 8
M95-aaaa
P74-ggt/ 46 18 26 57 31
M95-aaaa
P11-aacg/ 31 12 5 16 6
M95-aaaa
P293-ggt/ 45 18 21 47 25
M62-tge
P101-aacg/ 34 13 12 35 14
M95-aaaa
Total 252 83 (33 %)

Source: Khierallah et al. (2011a)

Table 4.9 Major allele frequency, gene diversity, and polymorphism information content (PIC)
estimated by AFLP markers in 18 date palm cultivars of Iraq

Primer Major allele | Range of gene | Average of Range of | Average of
combination frequency diversity gene diversity | PIC PIC
P11-aa/M88-tgc | 0.75 0.10-0.48 0.29 0.10-0.36 |0.23
P104-aagc/ 0.78 0.10-0.48 0.29 0.10-0.36  |0.23
M95-aaaa

P74-ggt/ 0.72 0.10-0.50 0.30 0.10-0.38 | 0.24
M95-aaaa

P11-aa/M95-aaaa | 0.75 0.10-0.49 0.30 0.10-0.37 |0.24
P293-taca/ 0.72 0.10-0.50 0.30 0.10-0.38 | 0.24
M62-ctt

P101-aacg/ 0.70 0.20-0.50 0.35 0.18-0.38 | 0.28
M95-aaaa

Mean 0.31 0.25

Source: Khierallah et al. (2011a)

Although Iraqi date palm cultivars have been grown in Iraq for many years,
Jaccard’s similarity index and principal component analysis (PCA) revealed diverse
relationships among them. In addition, the topology of the dendrogram and the dis-
tribution of cultivars by PCA analysis showed that a typically continuous genetic
diversity characterizes Iraqi date palm germplasm (Fig. 4.7). In fact, the cultivars
were clustered independently of their geographic origin in spite of their phenotypic
distinctiveness.
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Fig. 4.7 Principle component analysis of the 18 date palm cultivars estimated by AFLP
marker

4.5.3.2 Microsatellites Analysis

Microsatellites, SSRs, are ideal DNA markers for population studies and genetic
mapping due to their abundance, high level of polymorphism, dispersion throughout
diverse genomes, ease to assay by PCR, and ease to disseminate among laboratories
(Udupa and Baum 2001). Microsatellite markers were used for investigating genetic
diversity in date palm (Billotte et al. 2004). Zehdi et al. (2004) applied these mark-
ers to characterize Tunisian cultivars, while Al-Rugqaishi et al. (2008) utilized these
primers to screen and analyze the genetic diversity among clonal genotypes of
Omani cultivars. Recently, the technique spread to other date palm-producing coun-
tries. Elshibli and Korpelainen (2008) investigated genetic diversity in Sudan germ-
plasm representing 37 female and 23 male accessions using 16 SSR primers. In
Qatar, Ahmed and Al-Qaradawi (2009) employed 10 primers to analyze genetic
diversity among 15 cultivars. Akkak et al. (2009) developed further 17 microsatel-
lite markers, whereas Hamwieh et al. (2010) developed 1,000 SSR markers for date
palm. A total of 33 date palm-specific primer pairs were tested, 16 of them were
developed by Billotte et al. (2004) and 17 were developed by Akkak et al. (2009) as
indicated in Table 4.10.

These microsatellite markers were employed to assess genetic diversity in 30
well-known Iraqi date palm cultivars (Khierallah et al. 2011b). Electropherogram
data were analyzed by using Foundation Data Collection software (Genetic Analyzer
Data Collection, Version 2.0, Applied Biosystems 3100). Allele size scoring was
performed by GeneMapper software (GeneMapper® Software Version 3.7, Applied
Biosystems, Carlsbad, California). The Jaccard similarity matrix (Jaccard 1908)
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Table 4.10 Major allele frequency, number of genotypes that showed polymorphic bands, number
of alleles generated, heterozygosity, gene diversity, and polymorphism information content (PIC)
estimated by 22 SSR markers in 30 Iraqi date palm cultivars

Major
allele Genotypes | Alleles Gene

Marker frequency | (no.) (no.) Heterozygosity | diversity | PIC

mPdCIR010 0.204 19 14 0.852 0.890 0.880
mPdCIR016 0.500 8 5 0.529 0.654 0.602
mPdCIR025 0.224 15 8 0.690 0.822 0.798
mPdCIR032 0.333 13 5 0.815 0.772 0.736
mPdCIR035 0.481 10 7 0.519 0.695 0.659
mPdCIR050 0.370 17 12 0.926 0.813 0.797
mPdCIR057 0.909 3 3 0.136 0.168 0.160
PdCIR070 0.533 3 3 0.000 0.604 0.536
mPdCIR078 0.320 16 15 0.760 0.832 0.816
mPdCIR085 0.313 8 7 0.250 0.779 0.746
mPdCIR090 0.391 10 9 0.261 0.781 0.757
mPdCIR093 0.741 6 6 0.296 0.434 0.415
PDCAT4 0.407 13 7 0.556 0.738 0.701
PDCAT 5 0.276 13 7 0.862 0.816 0.791
PDCAT 6 0.231 21 21 0.654 0.903 0.897
PDCAT 11 0.600 7 7 0.100 0.598 0.566
PDCAT 12 0.850 5 4 0.100 0.269 0.256
PDCAT 14 0.220 19 10 0.960 0.865 0.850
PDCAT 15 0.440 8 6 0.480 0.732 0.699
PDCAT 17 0.385 11 9 0.500 0.774 0.746
PDCAT 18 0.140 19 19 0.560 0.923 0.918
PDCAT 21 0.731 6 4 0.269 0.431 0.394
Mean 0.436 11.364 8.545 0.503 0.695 0.669

Source: Khierallah et al. (2011b)

was used for cluster analysis using the unweighted pair group method arithmetic
average (UPGMA) to study the genetic relationships among the cultivars. Jaccard
similarity index, major allele frequency, heterozygosity, gene diversity, and poly-
morphism information content (PIC) estimation were done using a software pack-
age (PowerMarker Version 1.31) (Liu and Muse 2005). The phylogenetic diagram
was drawn by PAST software Version 1.91 (Hammer et al. 2001) on the basis of the
Hamming similarity index with 100 bootstrap (Fig. 4.8). PCA was performed
according to Euclidean similarity index using the PAST software (Fig. 4.9). The 33
primer pairs of Billotte et al. (2004) and Akkak et al. (2009) were tested for their
ability to generate expected SSR banding patterns in Iraqi date palms. A total of 22
primers successfully showed polymorphic bands among the 30 cultivars (24 female
and 6 male) (Table 4.10). The genetic diversity was widely varied among cultivars
ranging from 0.168 to 0.923 at loci mPdCIR057 and PDCAT 18 estimated number
of 600 cultivars.
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Fig. 4.8 Genetic relationships among 30 Iraqi date palm cultivars based on 22 microsatellite loci
with 100 bootstrap (Source: Khierallah et al. (2011b))

Discrimination between cultivars is based on phenotypic differences, which are often
influenced by the environment. In this study, microsatellite genotyping was used to dis-
play the genetic diversity and relationships among 30 widely grown cultivars in Iraq.
Although the frequency of microsatellites varies among species, they are abundant and
dispersed throughout the genome and show higher levels of polymorphism than other
genetic markers. These features, coupled with their ease of detection, suggest their use as
molecular markers. Their potential for automation and inheritance in a codominant man-
ner are additional advantages when compared with other molecular tools (Holton 2001).
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Fig. 4.9 Principal coordinate analysis (PCA) of 30 Iraqi date palm cultivars based on 22 microsat-
ellite loci

The microsatellites examined in this study showed highly polymorphic patterns
with a great number of alleles (188) distributed in 30 date palm cultivars. The num-
ber of detected alleles per locus in this study (8.54) was higher than 7.6 alleles per
locus scored by Zehdi et al. (2004) in 46 date palm cultivars cultivated in Tunisia
and those studied by Ahmed and Al-Qaradawi (2009) representing 15 cultivars
grown in Qatar. The mean heterozygosity value detected in the Iraqi cultivars was
0.503, indicating the presence of high genetic diversity. Date palm growers believe
that Ghanami Akhder and Ghnami Ahmer are two clones belonging to the same
cultivar. However, the present investigation revealed high divergence between those
two cultivars, suggesting they are independent cultivars and confirming the results
of Al-Khateeb and Jubrael (2006) that used RAPD markers for the same purpose.
Jubrael et al. (2005) and Khierallah et al. (201 1b) suggested a common genetic basis
among date palm genotypes in spite of the differences in fruit characters and tree
morphology. Other authors reported similar results in Tunisian date palms (Sedra
et al. 1998; Zehdi et al. 2004).
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The long history of date palm domestication of an unknown origin (Wrigley
1995) and the nature of date palm culture may have played an important role in the
composition of date palm genome (Elshibli and Korpelainen 2008). New cultivars
may appear as a result of the continuous selection carried out by farmers following
sexual reproduction. Exchange of propagules, which are a mixture of vegetative and
seed-propagated materials, is conducted between farmers. All these processes
together may result in a mixed genome within the same country (Elshibli and
Korpelainen 2008). SSR analysis showed a high level of polymorphism among Iraqi
cultivars. However, cultivar nomenclature and classification still remains based on
fruit characters, including morphological, physical, and chemical traits.

4.5.4 Prospective of Germplasm Identification

Many Iraqi date palm cultivars collected from date palm stations are currently now
at a juvenile growth stage. They will take some years to reach fruiting stage and be
characterized by genetic markers. In addition, many farmers hesitate to give off-
shoots or even information about their cultivars. Undoubtedly, this will restrict cul-
tivar identification efforts.

Iraqi date palm germplasm requires further investigation and adoption of proper
markers to assist in identifying the economically and agronomically important cultivars.
RAPD, AFLP, SSR, and ISSR markers are powerful methods to discriminate date palm
genotypes and to assess genetic diversity in this fruit crop. Obviously, this would be
enhanced by using more primer sets and/or a larger number of female and male culti-
vars. Work is currently in progress to find DNA markers linked to agronomic traits. Such
markers would be important to assist in the selection and improved cultivation of this
historic tree. The network (www.Iragi-datepalms.net) was established in 2007, created
and managed by Ibrahim Al-Jboory; it targets the collection of all scattered information
on Iraqi date palm archives, past and present. The number of visitors to the website has
exceeded one-half million. This website is a reference for researchers, farmers, and
industry from different parts of the world, providing they are able to read Arabic.

4.6 Cultivars Description

4.6.1 Growth Requirements

The date palm tree is adapted to climates of long dry summers and mild winters. It has
unique characteristics to thrive in deserts and oases where temperature are high but with
underground water close to the surface (Al-Baker 1972). Under these circumstances
the tree is described as having its feet in running water and its head in the fire of the sky.


http://www.iraqi-datepalms.net/
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Date fruit production and full ripening is dependent on the availability of certain
heat requirements, according to cultivar. Most dry fruit cultivars are found in the dry
areas, whereas soft and semidry ones are confined to more humid and semidry
areas. During winter, temperatures may go below 0 °C. The low vegetative growth
point of a date palm is 7 °C, and at above that level, growth is active and reaches an
optimum at about 32 °C (Zabar and Borowy 2012). The growth rate remains con-
tinuous and stable until the temperature reaches 38-40 °C when it starts
decreasing.

When the temperature drops for a certain period to below 0 °C, it causes meta-
bolic disorders which lead to partial or total damage to leaves. At —6 °C, pinna
margins turn yellow and dry out. Inflorescences are also heavily damaged by frost.
When a frost period is forecast, inflorescences should be protected with craft paper
bags, put in place immediately after pollination. At temperatures of —9 to —15 °C,
leaves at the middle and outside of the tree canopy will be damaged and dry out
(Zabar and Borowy 2012). If these low temperatures continue for a long period
(12 h to 5 days), all leaves will exhibit frost damage and the tree will look as if it was
burnt (Dowson 1982).

The date thrives in sandy, sandy loam, clay, and heavy soils but requires good
soil drainage and aeration. The tree is remarkably tolerant of alkali soils. A moder-
ate degree of salinity is not harmful but excessive salt stunts growth and lowers the
quality of the fruit (Al-Baker 1972).

4.6.2 Cultivars Distribution and Production Statistics

About 600 date cultivars were grown in Iraq before 1980; however, the number has
been reduced to about 500 cultivars now. Cultivars can be identified by many char-
acteristics such as fruit appearance, texture, size, and shape. Fruits are of three gen-
eral types: soft, semidry, or dry. The type of fruit depends on the glucose, fructose,
and sucrose content. The classification is based on the texture or consistency of fruit
under normal conditions of ripening. Soft dates are distinguished by soft flesh, high
moisture, and high sugar content. Semidry dates feature a firm flesh, fairly low
moisture, and high sugar content. Dry dates are characterized by high sugar content
and low moisture.

Many Iraqi cultivars are considered to be commercial, such as Zahidi, Halawy,
Sayer, Khadrawy, Khastawi, and Dayri. The distribution of cultivars across the date-
producing provinces is detailed in Table 4.11 and illustrated in Fig. 4.10. Percentages
of the leading cultivar production are shown in Table 4.12. It is clear that Zahidi
occupies first place with 57.4 %, while other cultivar production is much lower. The
distribution of cultivars over Iraqi date-producing provinces is shown in Table 4.13.
Babylon governorate comes in first in production; others fluctuate in their yield and
vary in the type of cultivar.
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Fig. 4.10 Distribution of date palm cultivars in Iraq

4.6.3 Nutritional Aspects

The high nutritional value of dates is well documented; it has been said that dates
can be a full meal since they contain reasonable quantities of macro- and microele-
ments essential for human health. Minor variations in sugar content occur among
cultivars, with a few exceptions (Table 4.14). Zahidi cultivar contains almost three
times the amount of sucrose as compared with others, while Sayer contains approxi-
mately four times the amount of ascorbic acid than other studied cultivars. Other
components exhibit similar trends. Generally, dates represent a rich source for pri-
mary and secondary metabolites especially with vitamins (Table 4.15).

4.6.4 Cultivars Description

Cultivars can be classified by characteristics of fruit appearance and texture and fall
into three types:

(a) Soft dates: These are distinguished by a soft flesh, high moisture content
(>30 %), and high sugar content; main cultivars belonging to this type are
Maktoom, Barhi, Khyara, Shwethi, and Leelwi.
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Table 4.14 Nutritional value of four Iraqi date palm cultivars

Components Halawy |Sayer | Khadrawy |Zahidi |Mean
Element (mg.kg™")

P 160 130 150 140 145.0
K 8,540 8,330 8,940 8,870 |8,670.0
S 100 200 140 210 162.5
Ca 1,840 2,030 1,330 2,070 |1,357.5
Mg 560 580 600 590 582.5
Cl 2,600 3,120 2,660 3,420 2,950.0
Fe 52.6 32.1 45.0 103.7 |58.4
Mn 58.6 52.5 51.4 51.6 53.5
Cu 2717 28.9 25.4 27.5 27.4
Zn 13.9 18.2 12.9 7.4 13.1
Co 7.6 9.6 9.6 9.5 9.1
Fe 2.0 1.2 1.4 12 1.5
Sugar (% d.w.)

Total sugar 87.9 86.1 87.7 86.8 87.1
Reducing sugar 82.7 82.6 81.9 73.4 80.2
Sucrose 4.8 3.5 4.5 12.7 6.4
Glucose 43.7 44.8 44.8 32.8 41.5
Fructose 37.2 38.0 38.0 39.2 38.23
Vitamins (mg. 100 g~' d.w.)

Thiamine 99.0 130.0 |94.0 80.0 100.8
Riboflavin 173.0 1350 | 149.0 167.0 |156.0
Biotin 4.6 4.7 4.1 5.7 4.8
Folic acid 57.0 70.0 43.0 63.0 58.2
Ascorbic acid 3.6 17.5 3.2 2.4 6.7
Other components

Moisture (% f.w.) 7.3 7.5 9.5 8.3 8.1
Total soluble solid (% f.w.) 84.2 81.3 80.8 82.1 82.1
Total insoluble solid (% f.w.) 17.9 10.0 9.5 9.2 11.7
Protein (% d.w.) 2.3 2.8 2.4 2.2 24
Fat (% d.w.) 0.5 0.3 0.5 0.4 0.4
Ash (% d.w.) 1.9 1.8 2.1 1.8 1.9
Crude fiber (% d.w.) 1.8 1.7 23 2.5 2.1

Source: Yousif et al. (1982)

(b) Semidry dates: These have a firm flesh, fairly low moisture content (20-30 %),
and high sugar content; this type includes Zahidi, Dayri, and Khadrawy.

(c) Dry dates: These have a high sugar and low moisture (<20 %) content; their
flesh is dry and hard; this type includes Banafsha and Bedray.

Detailed descriptions of the most important cultivars grown in Iraq are presented
in Table 4.16 and Fig. 4.11, showing the variability in fruit morphology of the best-
known Iraqi cultivars.
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Table 4.15 Chemical composition of dates in 100 g fresh weight

Component Content (%) Minerals Content (mg)

Moisture 18 Ca 167

Total sugar 80 P 13.8

Sucrose 5.9 K 798

Glucose 39 S 14.7

Fructose 35 Na 10.1

Total soluble solid 82 Cl 2,71

Total insoluble solid 12 Mg 53.3

pH 6.0 Fe 53

Protein 22 Mn 4.1

Fat 0.37 Cu 24

Ash 1.7 Zn 1.2

Fiber 1.9 Co 0.9
Fe 0.13

Vitamins Content (ug)

Thiamine 93

Riboflavin 144

Biotin 4.4

Folic acid 53

Niacin 53

Ascorbic acid 61,000

Source: Yousif et al. 1982

Table 4.16 Characteristic of the most important date palm cultivars grown in Iraq (Al-Baker 1972)

Cultivar
Zahidi

Sayer

Halawy

Khastawi

Khadrawy

Barhi

Description

Semidry date, native to Iraq. Medium size, cylindrical, light golden brown, very
sugary; sold as soft, medium-hard, and hard. Distinguished by its large seed in
proportion to the fruit itself. This date lends itself well to processing and
softening by steam hydration. This date is known for its high invert sugar level
and is widely used to make diced dates and date sugar products. It features a
crunchy and fibrous flesh. Industrial uses

The most prevalent cultivar in Basrah, dry, dark orange-brown, medium size,
soft, and syrupy; oval curved to one side; industrial uses. Originates in Iraq
Soft. Extremely sweet, small to medium in size. Thick flesh, caramel taste, is
somewhat wrinkled in appearance, with a yellow color ripening to a light amber
and then to a golden brown. Originally from Iraq. Fresh or industrial markets
Leading fresh date in Iraq; it is syrupy and small in size, prized for dessert. For
fresh market

Semidry, very dark date. Originally from Iraq, it has many desirable qualities. It
cures well; it ripens to amber and is then cured to reddish brown, with a
caramellike texture and a sweet flavor. Industrial uses for export and fresh
consumption locally

Nearly cylindrical, light amber to dark brown when ripe; soft, with thick flesh
and rich flavor; of superb quality. For shipment needs refrigeration as soon as
picked, then curing and special packing. Native to Iraq
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Fig. 4.11 Variations in fruit morphology of common cultivars of date palm in Iraq (Source: www.
Iragi-datepalms.net)
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4.7 Dates Production and Marketing

4.7.1 Practical Production Approaches
4.7.1.1 Pruning

To optimize date yield, several cultivation practices are followed in the groves.
Pruning is an important agricultural practice to remove dry leaves and leaf bases, as
well as fiber, spines, and high offshoots. Pruning reduces insects and the spread of
diseases. It also facilitates workers when they maneuver to perform other basic agri-
cultural practices such as pollination, thinning, pulling down bunches, and bagging.
Moreover, it enhances lighting thus decreasing the humidity around the bunches.
Pruning is usually carried out once a year after harvesting, along with pollination or
when the bunches are pulled down. This operation can be done manually or mechan-
ically using a hydraulic lift and/or ladder.

4.7.1.2 Bunch Management

For effective date palm management, three practices should be carried out on
bunches: thinning, bending, and pulling down bunches and bagging.

Thinning is the first practice and it provides more nutrients to a fewer num-
ber of fruits. It increases the fruit size, enhances the quality, prevents delay in
ripening, and reduces the weight and compactness of the fruit bunch. Thinning
also decreases fungal infection and mechanical damages. This will benefit both
harvesting and packing operations. There are three different methods of thin-
ning: the first reduces the number of strands from the central part of each bunch,
the second reduces the number of bunches per palm, and the third reduces the
number of fruits per strand. Thinning can be also carried out either by certain
chemicals, by using diluted pollen grains, or by mechanical means (Soliman
et al. 2010).

Bending and pulling down bunches is the second important management practice.
Most Iraqi date palm orchards carry out this process (Fig. 4.12). The bunch is bent
over the leaves and the fruit stalk is tied to the midrib of one of the lower leaves.
Pulling down bunches to release them from among the leaves should be done care-
fully to avoid breaking the fruit stalk. Bunches should not be pulled down until the
fruit stalk is thick and sufficiently long. This process facilitates harvesting and
bagging.

Bagging is the third practice relying on covering of fruit bunches with a certain
type of paper or cloth bag. These bags protect fruit from dust and sunburn, while
also decreasing the loss or damage from insects or birds (Al-Obeed and Harhash
2010; Kassem et al. 2010).
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Fig. 4.12 Bunches bent down in date palm

4.7.2 Date Palm Fruit Storage and Packing

Date fruits are an important and nutritional food as they contain high percentages of
sugars, minerals, and vitamins. Date fruits can spoil easily, in particular the softer
cultivars; care in handling must be taken during harvesting, gathering, and grading
according to the cultivar. Most Iraqi date cultivars are harvested by cutting the entire
bunch when most of the fruits are ripe. Skilled palm grove workers cut the fruit
bunches, lower them to the ground, and place them on mats. Dates are then removed
from their bunch and carefully packed. Some growers fumigate fruits while they are
in the field to protect them from insects and various diseases. Storage is considered an
important factor for marketing to increase sales and income. Date fruits are normally
stored on the farm in centrally located, cooled storage areas and/or in regular storage
areas of a packing house. Usually, as part of the preparation process, date fruits are
fumigated to control insect populations. Packaging is a crucial process in date fruit
marketing locally and abroad and must be done according to international standards
to make the product suitable for consumers and more profitable to the producer.

4.7.3 Date Palm Fruit Processing and Pressing

In Iraq, processing of date fruit into various products is still at an early stage of
development. Although fruit processing can be very profitable, Iraqis are still using
primitive implements and methodology. Dibis production, alcohol, vinegar, liquid
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sugar, bread yeast, and citric acid are a few examples of products derived from pro-
cessed dates. Previously, Iraq had the largest packing and pressing factories for date
fruits and its various products. Different types of packaging were used, including
plastic, cardboard boxes, and wooden crates. In the 1990s, the number of pressing
factories grew to 250; however, since 2003, this sector has suffered from severe
neglect leading to the closing most of the pressing facilities. This sector, therefore,
should be given high priority to reactivate this important division of date palm fruit
processing (Zabar and Borowy 2012).

4.7.4 Marketing Status and Research

Date fruit marketing represents an obstacle for Iraqi producers because of current
regulations as well as the additional reasons, including the following: (a) The whole-
sale price of dates is rather low compared with the high cost of production. This has
led to the neglect of trees or poor management, and this reflects negatively on fruit
quantity and quality. (b) As the standard of living in Iraq has risen dramatically dur-
ing the last 5 years in Iraq, wages have increased and consequently the costs to main-
tain date palm groves have increased. (c) The shortage of modern machinery has
negatively affected the cost input, including tree management and fruit packaging.

Despite all of that, the Iraqi government has intervened and raised the price of
Zahidi cultivar fruit from IQD 190 per kg (USD 0.15) up to IQD 450 (USD 0.675),
which is considered to be a promotional amount; however, it still is undervalued.
Nevertheless, more attention has been paid to date growers, as reflected in an
increase in production over the last 2 years. A study in 2008 by FAO, using a matrix
analysis, revealed that the profitability of date growers has increased several times.
Research is now underway by different specialized institutions on handling, har-
vesting, storage, processing, and marketing of dates. This will lead to improve date
production and enable competing on the international market with better fruit qual-
ity. The private sector should invest strongly in this vital economic aspect.
Government loans are available for the private sector which may encourage date
processing industry in the near future.

4.7.5 Current Import and Export

Iraqi date production was low before 1993 (Fig. 4.13); however, exports represent a
high proportion of the dates produced. When Iraq was under economic sanctions,
most of dates were consumed locally. A general increase trend was obvious in
2002-2004, accompanied with a slight improvement in export. As stated earlier,
poor fruit quality, lack of infrastructure, inferior packaging, and the slow and inef-
ficient routines of export facilities are one of the main causes for the deterioration of
date trading. Recently the government has made facilities available for use by the
private sector with the hope of stimulating exports.
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Fig. 4.13 Date production and exports (mt) in Iraq 1985-2005 (Source: FAOSTAT 2009)

4.8 Processing and Novel Products

4.8.1 Industrial Processing Activities

Although commercial date palm populations have declined significantly in Iraq over
the last 30 years, some industrial activities are still going on. Government authori-
ties are encouraging date growers by offering incentives, such as increasing the
price of dates purchased by the government date processing factories. Zahidi is the
most commonly grown cultivar across in Iraq. Its fruits are used in several manufac-
turing activities. Dibis processing factories are located in several Iraqi governorates.
Some of these are run by the General Establishment of Dates, of the Ministry of
Agriculture. Others are run by the private sector. The dibis product is consumed
domestically and any surplus exported. Traditional date and tree products are fully
utilized in date-producing areas especially in the southern governorates. These
activities make use of all parts of the date palm tree producing furniture, folk tools,
and simple raw materials for building houses.

4.8.2 Commercial Dates Processers

No current accurate survey is available on date fruit processors in Iraq, although
several are distributed across the country. Date processing is the only manufacturing
activity supervised by the Ministry of Agriculture and has a wide spectrum of
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activities including dibis production and fresh date packaging. Tens of factories
belonging to the private sector are located in the date palm-growing regions, but
most are not registered with the Ministry of Planning.

4.8.3 Secondary Metabolites

Date fruits are practically the richest in calories and nutrients among the various
types of fruits. Ibrahim (2008) stated that 100 g of dates contains 274 cal, 72.9 g
sugars, 2.3 g fibers, 59 mg Ca, 63 mg P, 3.0 mg Fe, and 648 mg K, although those
are cultivar dependent. In addition to vitamins, dates are also rich in secondary
metabolites including pectins, tannins, green pigments, carotenoids, anthocyanins,
organic acids, and volatile compounds. Research in Iraq has focused on full utiliza-
tion of the date palm tree, and numerous papers have been published on the subject
by Iraqi researchers with special reference to extracting valuable materials for
industrial, nutritional, and pharmaceutical purposes. Such scattered research work
is rather difficult to summarize; however, it can be said to document the potentially
wide applications in food and feed alike (Ibrahim 1998).

4.8.4 Bioenergy

Date palm is a principal agricultural crop in the Middle East and North Africa. Date
palms are abundant yielding about 3,316,500 mt of palm secondary products per
year including palm midribs, leaves, stems, and fronds (Taha et al. 2001). In Iraq, 16
million trees are grown in the middle and southern portions of the country, resulting
there in a surplus production of dates and other secondary biomass such as leaves
and sheaths.

Dates have high sugar content (55-70 %/wt.). Traditionally they are used for
food or to produce sweets, dibis, vinegar, and alcohol products. In Iraq, a portion of
the biomass waste of all these industries is used as animal feed. However, in the
rural areas where local primitive dibis factories are located, biomass waste is usu-
ally dumped without treatment, while it could be used as a biofuel for domestic use
especially for operating generators. Power generators could serve thousands of local
inhabitants, save fossil fuel, create new jobs, and sequester CO, to keep a cleaner
environment. Date waste biomass mainly consists of cellulosic compounds with
some sugar, fats, and minerals. That makes it a high potential resource for biofuel
production through fermentation. This potential has been recently considered in the
Middle East and Arabic regions. The technology has been used in many agricultural
countries such as India, China, Thailand, and Brazil since at least 2006. In Iraq the
trend toward bioenergy is still in the primary stages. To the best knowledge of the
authors, only a small amount of research work has actually been done on the date
palm biomass as a biofuel resource thus far. In some seasons biomass waste is
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burned in the open or left to decay. Bioenergy may be generated from pruning
remains of date palm trees. These include dry leaves and fruit pits that could be
utilized to produce local thermal and electrical power in the rural areas without the
need for long distribution grids and large power stations. Research work should be
undertaken to investigate date palm fresh fruits, pits, and leaves for composition and
biomass value assessment.

Jaafar and Baldwin (2010) studied Zahidi cv. as a source for biomass since it is
the most abundant in Iraq, representing nearly 60 % of the country’s production.
The cellulosic, hemicellulosic structural sugars and lignin contents of Iraqi Zahidi
cultivar date pits were investigated, including extractable components for functional
food and nutrition. Structural sugars were measured to evaluate the date pits as a
biomass resource for food or bioenergy. Total lignin was 15.32 %, mainly acid-
soluble lignin, and structural sugars 59.87 %, mainly arabinose (51.6 %). This was
the first study documenting such a high content of this sugar in date pits. The results
reveal the high potential of date pits and leaves for biofuel production. Nevertheless,
further investigations are still needed to achieve an adequate economic capacity of
such potential renewable energy resources in Iraq.

The economic and environmental impacts of bioenergy production can be sum-
marized as follows: (a) it supports local and national economies; (b) it is carbon
neutral; (c) it is a cheap and renewable resource; (d) it is relatively friendly to the
environment; and (e) energy can be produced locally instead of by expensive power-
generating units.

4.9 Conclusions and Recommendations

Iraq is the oldest historic domestication center of date palm. Whereas the country
had over 32 million date palms in the mid-twentieth century, this figure dropped
dramatically to a low of approximately 12 million by 2000. The decline has come
as a result of numerous conflicts in the date-producing regions since 1980. Thus, the
government had adopted many programs aimed at increasing the numbers up to 40
million trees in the next 10 years. Plant tissue culture to support propagation by
offshoots is essential to increase date palm numbers of desired cultivars as well as
for cultivar identification using DNA marker technology. Date palm pests and dis-
eases—dubas bug, lesser date moth (Humera), and Ghobar mites—are also respon-
sible for the decline in a number of palms and deterioration in production of up to
50 % in some seasons. The Ministry of Agriculture, scientific institutes, and univer-
sities have conducted extensive investigations, together with FAO experts, to control
these pests in Iraqi date groves. Accordingly, it is recommended that new technolo-
gies be introduced in order to improve the date production quantitatively and quali-
tatively. Integrated pest management is vital to reduce the potential damage in both
date palm groves or during storage. Possible improvement is necessary in sorting
and packaging of dates to compete with other producers and exporters to expand
global date marketing.
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Chapter 5
Date Palm Status and Perspective in Pakistan

Adel A. Abul-Soad, Shaimaa M. Mahdi, and Ghulam S. Markhand

Abstract Date palm (Phoenix dactylifera L.) is the third most important fruit crop
after citrus and mango in Pakistan. This crop is found in all four provinces of
Pakistan on 90,000 ha with a production of around 600,000 mt yr~'. Pakistan’s posi-
tion is always among the seven largest producers and exporters of dates in the world.
Sindh and Balochistan provinces contribute more than 90 % of production and crop
area in Pakistan. In Sindh, Khairpur is the biodiversity center having more than 300
date palm cultivars. Date palm has a very strong effect on socioeconomic activities
of the area. The top Pakistani cultivars are Aseel, Dhakki, Begum Jangi, Rabai, and
Muzawati. Pakistani date fruit is being exported as fresh, dry, or chohara. Most
date-processing factories in Pakistan are located in Khairpur. This chapter provides
basic information describing date palm cultivation in Pakistan, major flood-affected
date palms and fruit, protection from monsoon rains, the first commercial trial for
date palm micropropagation using inflorescence explants at the Date Palm Research
Institute (DPRI) at Khairpur, and major date palm problems generally in Pakistan,
including diseases and pests, with emphasis on the Khairpur and Balochistan areas,
and date fruit drying through the use of solar dryers.
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5.1 Introduction

Date palm (Phoenix dactylifera L.), or khajoor in the local language, is called the
tree of divine providence and provides livelihood to many people. The presence of
date seeds in the excavation of Mohenjo Daro (an archaeological site at Larkana,
Sindh province) storage godown indicates that there was date palm cultivation in
Sindh as early as 5,000 years old (Ahmad and Smead 2005; Kumar 2009;
Marshal 1931). Some researchers believe that date palm was brought to the Indian
subcontinent by Alexander the Great (Nixon 1951; Pasha et al. 1972). Another
school of thought believes that date palm was probably found before Alexander the
Great as the soldiers of his army fed on harvested dates from Kech valley of
Balochistan during traveling along the Makran coast in the fourth century BC
(Qasim and Naqvi 2012). Then dates were spread in Sindh by Mohammed Bin
Qasim in 712 AD along with the Islamic religion. Arab soldiers discarded date seeds
at camp sites during wars, from which date palms grew and flourished in the Indus
Valley (Ahmad and Tahir 2005; Dhillon et al. 2005; Jatoi et al. 2010). Since the
dawn of ancient history, the date palm has been an important source of food for the
Arabian Peninsula (Beech 2003; Popenoe 1913).

In the last century and during the colonial period of the Indian subcontinent,
anumber of Arabian date palm cultivar offshoots were imported in 1910-1912 from
Basra (Iraq) by the British Indian Government and planted in Multan and Muzaffar
Garh (Punjab). These cultivars were Halawy, Khadrawy, Sayer, Zahidi, and Dayri
(Milne 1918).

The date palm tree provides communities in rural areas of Pakistan with many
benefits. People eat dates as high-energy food. During Ramadan, Muslims break
their fast each day by eating dates. Wood from the tree is used to build homes and
to make artifacts and is chopped and burned for fuel. Palm fronds are used to make
handicrafts and leaflets to weave fruit baskets and mats.

Pakistan is the seventh largest producer of dates with a total production of
557,279 mt in 2011 and is rated among the largest producers of date palm in the
world from different cultivars, grown over 93,088 ha. On average the yield of dates
i8 59,866 hg ha! (hectogram per hectare) in 2011 which is very low as compared to
Egypt, the largest producer in the world, 329,773 hg ha™! (FAOSTAT 2013). It is
worth mentioning that Pakistan also is the largest exporter in the world. The major
countries importing both dried and fresh dates from Pakistan are India, USA, UK,
Canada, Germany, Denmark, Malaysia, and Indonesia (FAOSTAT 2013). The major
cultivars are Begum Jangi of Balochistan, Aseel of Sindh, and Dhakki of Dera
Ismail Khan.

Dates are grown in all four provinces of Pakistan. The main date-producing areas
are Kech (the administrative center is Turbat) and Panjgur (Balochistan), Khairpur
and Sukkur (Sindh), Jhang, Dera Ghazi Khan (Dera Ismail Khan), Muzaffar Garh,
Multan and Bahawalpur (Punjab), and Dera Ismail Khan (Khyber Pakhtunkhwa).
Table 5.1 shows comparative date production, production area, and yield of dates in
Pakistan (Pakistan Statistical Year Book 2012).
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Table 5.1 Area, production, yield, and ranking of dates in Pakistan (2010-2011)

Area Area (ha) | Production (mt) | Yield per ha (kg) | % area | % production
Balochistan 50,100 204,300 4,078 55.6 38.98

Sindh 32,700 268,600 8,214 36.92 51.25

Punjab 5,800 42,500 7,328 6.43 8.11

Khyber 1,500 8,600 5,733 1.66 1.64
Pakhtunkhwa

Pakistan total 90,100 524,000 5,816

It is clear that Balochistan and Sindh provinces account for about 90 % of the
total Pakistan date production and the harvested area. However, dispersed date palm
cultivation of less than 10 % of the total harvested area is carried out in a few places
in the provinces of Punjab and Khyber Pakhtunkhwa (KPK), which are located in
northern Pakistan where the temperatures are low; annual average temperature is
25 °C.

5.1.1 Current Date Palm Problems

There are a number of problems and limitations for the development of the date
palm industry, which include all activities related to date palm, e.g., production,
protection, and processing. The problems vary among the four provinces of Pakistan.
Monsoon rains during the ripening of date fruit are always the most serious risk and
the largest challenge facing Pakistani growers. Irregular rainfall from the end of
June to August can destroy the entire crop whether on the tree or date fruit curing
on mats. Use of bunch covers is not cost effective, especially with the lower-quality
cultivars and high relative humidity. The unavailability of tissue-cultured palms of
local elite cultivars is hindering the establishment of new plantations and spreading
the problems associated with conventional methods using small offshoots. Modern
equipment and mechanical lines of factories, limited number of high-quality local
cultivars, hygiene, and lack of cold storage facilities are major problems facing the
date-processing sector in Pakistan.

In the Sindh date palm area, Khairpur district, growers have been suffering from
an emerging pest for the last one to two decades, which is destroying many date
palms. Red palm weevil (RPW) causes losses of date palms particularly in aban-
doned orchards. A local treatment and early diagnoses of symptoms are used to
control RPW in Pakistan. Termites, date palm lesser moth, and stem borers are
among the major pest problems affecting date palm not only in the Sindh but all
over Pakistan.

In Balochistan province, limited water resources and dependence on conserved
water in the aquifers to irrigate date palm orchards necessitate installation of new
irrigation systems such as drip irrigation to save water and avoid yield reduction
during drought periods. Dubas bugs, which suck the sap of leaflets of date palm,
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became a major threat in Kech district, particularly with the high usage of chemical
treatment to control the pest infestation levels during the last couple of decades.
Rodents, i.e., rats, attack the trunk of date palms and destroy newly planted off-
shoots in the northwest of the province.

In Punjab and KPK, in addition to monsoon rains, the humid climate of above
60 % relative humidity and low temperature, below 25 °C during fruit development
and ripening stages, restrict the type of cultivars to the soft or semidry dates and
reduce fruit quality (Abul-Soad 2013b).

In this chapter, these problems are addressed in detail, and the efforts made by
Pakistani scientists and others to solve these problems are discussed (Table 5.3).

5.2 Cultivation Practices

5.2.1 Description of Current Cultivation Practices

Date palm is an important crop of Sindh province, mainly grown in Khairpur and
Sukkur districts. Almost 85 % of the Sindh dates are produced in Khairpur alone.
Date palm production is a major source of income for local growers. In Khairpur,
maximum benefit is gained through intercropping with other plant species under the
canopy of date palms (average temperature in summer is 30-35 °C). Date palms
allow other species such as maize, banana, wheat, rice, alfalfa, and vegetables to
thrive in terms of growth. Some of these plant species need full sun and frequent
irrigation such as rice and wheat. Subsequently the distance between adult date
palms is sometimes increased to reach 10 m to allow light penetration to cereal
crops (Fig. 5.1). The relative productivity of adult date palm trees has decreased.

Fig. 5.1 Intercropping of
rice with date palm trees at
Khairpur
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Newly established date palms, 3—4 years old, also have been affected. Flood
irrigation has occasionally caused water to enter the young central fronds of the
trees and cause fungal infection from Diplodia disease (Abul-Soad 2011a).

In principle, there is no contradiction between the date palm and other inter-
cropped species in terms of fertilizer application. Nevertheless, growers formerly
ignored specific application recommendations for date palms while they applied
fertilizer for the intercrops. Date palm responds positively to the lateral addition of
organic and inorganic fertilizers, but the focus is on nitrogen fertilizer sources
required for wheat and rice. Daily flood irrigation might be causing problems for the
date palm roots especially if there is present the soilborne fungus which causes palm
wilt (Fusarium solani). Furthermore, a suspicion exists that short intervals of fre-
quent irrigation, leading to waterlogging, could be one of the reasons for date palm
decline in Khairpur where the intercropping is a common practice. Intercropping
with fruit crops, such as banana and citrus, is preferred over cereals and maize crops
which require frequent water supplement.

It is worth mentioning that during the date harvest season in Khairpur, a new
settlement is created associated with different activities of the date palm for a period
of about 2 months (July—August). Many people earn their livelihood from the date
palm. It is like a large festival which can be seen everywhere in the area. The grow-
ers are picking the rutab fruit of different cultivars, harvesting the khalal fruit to
make chohara, the local name given to the boiled date fruit at khalal stage (before
ripening). Harvested fruits are boiled for 15-30 min and then spread on mats, made
from date palm fronds, and dried in the sun for 5-6 days to obtain chohara. This is
practiced in order to harvest early to avoid the monsoon rain damage threat in July
and August (Abul-Soad 2012b). After drying, the fruits were transported by tractor
trolleys within the area (Fig. 5.2). The settlements are made up of temporary immi-
grants from surrounded areas that have come for work and are a common sight in
Khairpur. Also, the odor of chohara is in the air during these months at Khairpur.
The city of dates has become the cynosure of date exporters to look for a business
opportunity to ship Khairpur dates abroad while international demand is
increasing.

Fig. 5.2 Curing boiled date
fruit at khalal stage on mats
under solar radiation and
open air for 5-6 days
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In Khairpur, growers are accustomed to manually pick the early-ripening fruit of
Aseel and other cultivars, by climbing the palm and shaking the bunch a few times
before finally cutting the fruit bunch. The fallen fruit are collected in baskets or shal-
low trays and lowered down by a rope to another person receiving fruit on the
ground.

The conventional practice to place the fruit bunches on the ground contaminates
the fruit with dust and reduces fruit quality. In reality, the old practice should be
updated by the international better practice to use plastic sheets beneath the date
palm tree during harvest process to collect the harvested fruit bunches and keep
fallen individual fruit free of dust.

Fruits harvested at early rutab stage are often spread on mats made from the
leaflets of date palm fronds. After 5—6 days of sun curing, partially dried dates are
usually collected in wooden boxes. Ruptured skin (pericarp), reshaped, mashed, and
rotten fruit cured on mats placed in a dusty place without any conscious effort to
avoid contamination create technical problems related to cleaning the fruit in the
processing factories. The majority of dates are usually harvested during khalal stage
when the fruit is not yet edible, to avoid damage from the monsoon rains.

Pakistan occupies a primary position in terms of date fruit exports with
121,681 mt (FAOSTAT 2013) due to chohara exports to India and Afghanistan.
India was the second largest date importer in the world in 2010 (FAOSTAT 2013).
Chohara is mainly used by Hindus for ritual celebration purposes not necessarily
for eating. Without a doubt, this type of boiled date fruit would not be acceptable for
human consumption in most of the date-importing countries due to its tannin taste,
somewhat bitter, fibrous, and very dry. Nevertheless, in 2013 China placed an order
for a container of chohara; hygienic analysis by the Chinese revealed 45 % con-
tained dust particles although the fruits were washed before export. The require-
ments of the Chinese for chohara called for it to be packaged in transparent plastic
bags of 500 g each, be labeled, be free from dust particles, and have an accreditation
certificate. Hygienic handling through sun curing, sorting, transportation, and wash-
ing of chohara fruit with certified FAO detergents should resolve the problem.

At Pir or Bethak, locations where trucks carrying date fruit bunches are unloaded
by laborers, the fruit is manually detached from the fruit stalks. This is the conven-
tional practice before the drying process in a solar dryer or curing on mats in the sun
or making chohara. Fruit detachment process is usually carried out by pulling the
fruit bunch over a wooden comb fixed in the ground (Fig. 5.3), a tedious and labori-
ous process. The use of mechanical methods may be an alternative solution for the
process that would help date palm growers save time and effort and reduce the end
product cost.

Near the end of the festival, another activity of date processing begins. It is pack-
ing the cured chohara date fruits, mostly in wooden boxes, handmade baskets, or
jute sacks.

Packed fruits are commonly transported by trucks to the Khajoor date market,
which is called mandi (Sindh language) and bazaar (Urdu) at Khairpur or Sukkur.
Dates usually come from everywhere in the country to be sold during August and early
September to the processing factories as whole date fruit or for export as chohara.
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Fig. 5.3 Pulling fruit
bunches over a wooden comb
to detach the fruit before they
are boiled to make chohara

5.2.2 Practical Approach to Establish a New Date Palm Farm

Establishing date palm nurseries is not a common practice in Pakistan, to grow out
offshoots for field cultivation with a low mortality rate. Date palm growers custom-
arily obtain small offshoots by separating them from the parent plant then cultivat-
ing them directly in the field; however, this carries a mortality rate which may reach
80 %. For transporting offshoots to distant areas, the outer fronds are trimmed off
and offshoots of different sizes shipped by truck. Challenging the conventional wis-
dom in the date palm world, most of the growers prefer to establish new plantings
during June and July, in the middle of summer. It is recommended that the spring or
autumn months are the best time for offshoot cultivation to avoid high summer tem-
perature and cold stress in winter. This is a reasonable practice under the current
situation in Pakistan although there is a high infestation rate of RPW in winter.
Typical mortality rates after offshoot cultivation are about 20-40 %. Moreover, in
the Thar Desert in India, near the border of Sindh province, transplanting offshoots
in the month of September showed higher survival (90 %) as against 65 % when
transplanted in the months of March—April (Mertia et al. 2010).

Growers in Pakistan commonly cultivate the detached offshoots within the same
orchard, dispersing them among the adult date palms, which reduces the distance
between trees and increases relative humidity (Fig. 5.4). This is the reason Graphiola
leaf spot disease is widely spread in date palm orchards in Khairpur. The regular
planting distance between palms is 5-6 m. However, with the addition of offshoots,
the distance is reduced to 3—4 m in many cases in Sindh. Growers establishing new
date palm cultivation should specify a suitable piece of land in the orchard for a
small nursery and properly manage it. The distance between offshoots in the nurs-
ery could be reduced to 1-2 m in this case.

After 1-2 years of proper management, i.e., fertilizer application, irrigation, and
pest and disease management, the grown offshoots can be transplanted to the per-
manent site with an expected survival of close to 100 %. The common and
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Fig. 5.4 Offshoots were
commonly transplanted
among adult trees for new
cultivations in Sindh

Fig. 5.5 Offshoots
transplanted to their
permanent sites to establish a
new date palm farm in Sindh

inappropriate (for date palms) practice of intercropping vegetables associated with
frequent flood irrigation has resulted in 20—40 % of the established date palms being
devastated by Diplodia phoenica infection, a fungus causing root rot.

Only rarely are offshoots transplanted to a permanent location to establish a new
farm such as the Jatoi Farm in Moro district, Sindh (Fig. 5.5). In such a case, the
planted offshoots may take longer time to begin the fruiting stage (2-3 years) com-
pared to the nursery offshoots (1-2 years). In addition to that, the date palm nursery
assures reduced mortality, homogeneity in fruiting time, and more efficient use of
land and provides a higher number of palms under better management.

5.2.3 Fertilizer

Date palms need fertilizer like other cultivated crops. Intercropping with vegetables
and other crops in Sindh, the poorly managed date palm plantations in Balochistan
make chemical fertilization financially unviable. The only fertilizer use is through the
addition of farm manure in winter, a practice found in Sindh. Nevertheless, there is
an indirect application of chemical fertilizers through the amounts given to the inter-
cropped species with date palm. It is important to mention that the soil of Sindh has
Mg and P deficiency which requires exogenous application with a source for these
major elements. A fertilizer program should be tailored to the date palms, especially



5 Date Palm Status and Perspective in Pakistan 161

after the establishment phase for rapid and optimum growth. On the other hand, most
date palm plantations are not regularly fertilized in other provinces. Moreover, many
of the date palm plantations in Punjab are scattered and abandoned.

Date palm can be grown in a wide range of soil types. Deep sandy soils with a
good moisture supply are the best. Good drainage and aeration are the main soil
requirements for ideal production. Date palm tree will grow in heavier soils, but
care must be taken not to waterlog the soils. Date palms can grow in alkali and
saline soils, but growth and productivity will be affected (Abul-Soad et al. 2008).

A fertilizer application program should begin prior to cultivation in the perma-
nent site, during the land preparation phase, and continue until the date palms reach
adult status, at the optimum production phase (Table 5.2). Trade names in the rec-
ommended fertilizer programs represent examples from the Pakistani fertilizer mar-
ket. These additives are:

(a) NPK: 17-17-17 or 23-8-17 of nitrogen, phosphorus, and potassium fertilizer
(b) DAP: diammonium phosphate, 23 % P,Os+8 N/ 46 % P,0Os+8 % K,O

(c) SOP: K,0, 50 %

(d) FM: farm manure in a raw form

(e) HA: humic acid (Biofertilizer, Biopower, Bluetus)

Salt accumulates on the soil surface during January when irrigation is routinely
stopped, and there is no water in the main irrigation canals of the Indus River. Salt
accumulation is increasing in lower level lands. Heavy irrigation 1-2 times is
required to leach the salt of such lands in the Sindh Valley.

Due to the high pH of soil in Pakistan (alkali) which may reach 7-8.5, the pre-
ferred formulas of chemical fertilizers could be nitrogen in the form of ammonium
sulfate (21 % N), phosphorus in the form of calcium superphosphate (4547 %
P,0s), potassium in the form of potassium sulfate (50 % K,0), and magnesium in
the form of magnesium sulfate (27-33 % MgO). Unfortunately, fertilizer sources of
MgO are virtually unavailable in Pakistan.

5.2.4 Irrigation

Flood irrigation is the common practice when vegetables and other crops are inter-
cropped with date palm, a practice which may be increasing the decline of disease
infections associated with root rot. The common irrigation system for date palm
plantation in Pakistan can be divided into two types:

5.2.4.1 Flood Irrigation

Flood irrigation is practiced in Sindh, Punjab, and KPK provinces through smaller
irrigation canals branching from the Indus River. This irrigation method is the oldest
method known and widely applied in date palm cultivation. It has advantages of low
running costs and easy water application, and initial costs are low if the area is fairly
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flat. Disadvantages are low efficiency (percolation, time, and wasted area among
trees), labor intensive, and does not work for sandy soils. Growers are of the opinion
that this irrigation system may be responsible for date palm decline and mango
degradation in Sindh.

5.2.4.2 Groundwater Irrigation

This source is mainly used in Balochistan province where the desert environment is
prevalent. Furthermore, the groundwater depth (availability) has a major impact on
the uneven productivity of date palm in the desert areas of Balochistan. A drop of
water level to 8—10 m has caused drought impact on the date palm forcing the grow-
ers to pump deeper groundwater for irrigation of the trees. The annual rainfall varies
between 50 and 250 mm which recharges the aquifers (Abul-Soad et al. 2009).

The daily net irrigation requirement (NIR) of date palm in such areas is varied
from 97 L tree™! d~! in December to 854 L tree™ d™! in June according to a study
undertaken by the Kuwait University at similar areas (Abdul-Salam and Al-Mazrooei
2007). In Saudi Arabia, the average daily water use of a mature date palm tree was
estimated at 184.4 L tree™' d™' (Alamoud et al. 2012). The NIR of 1-year tissue-
cultured palms under Kuwait’s environment ranged between 23 and 27 m* ha™! yr™!
(Bhat et al. 2012). In fact, the water requirement is the same for the irrigated as well
as nonirrigated plantations irrelevant of the water source.

The minimum water requirement for one tree per year is estimated at 25 m?. That
quantity of water is enough for minimal vegetative growth and yield. The minimum
productivity of one date palm tree of the dominant Rabai cv. in northwestern
Balochistan was estimated at 10 kg yr~!. The low productivity was after 3—4 years
of drought (no rain) at those areas.

Newly planted offshoots in these areas are, however, manually irrigated for a
period of 2-3 years, especially during the first 6 months, until the young trees are
able to extend their roots to reach the groundwater. The extent of date palm planta-
tions is dispersed to isolated locations due to the availability of the groundwater in
northwestern Balochistan. Thus, the plantations can be divided into two categories
(Abul-Soad et al. 2009):

(a) Irrigated plantations (furrow and basin irrigation): where the plantations are
irrigated, the date palm tree will not extend its roots more than 2 m below the
surface. If there is a deficiency of irrigation water, the tree will extend its roots
to access the water in the range of its root system. In these areas where the plan-
tations are irrigated, the groundwater is at a depth of over 17 m. Mature trees
rely exclusively on pumped groundwater to provide the irrigation water, with
the root systems adapted to the depth at which the water is available. The
groundwater is deeper, and its access appears to be supported by the availability
of cheap electricity and diesel fuel. Pumps powered by diesel engines are used,
while some of the pumps are electric, sometimes the latter available from Iran.
Water is delivered to the date palm plantations through unlined surface channels
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connected to a holding basin or a small reservoir which is fed by a pump. The
increasing cost of energy is likely to make irrigated agriculture uneconomic. In
irrigated areas, plantations are irrigated approximately twice a week in the sum-
mer and once a week in the winter.

Nonirrigated plantations: the depth of groundwater typically is less than 4 m in
these areas where the mature trees depend on the shallow groundwater and are
not irrigated by the growers. Date palms can easily extend their roots to access
the groundwater. Introduction of improved irrigation systems for the date palm
plantations is required whether in the Indus River Basin or desert areas in
Balochistan using drip, sprinkler, or micro irrigation. However, water manage-
ment must take into account the level of skills available and will require training
and education of the growers. Farmer organizations could be organized for the
collective benefit of the growers, and the district authorities may have to be
involved to organize the training, collecting of production, and marketing and
to settle irrigation conflicts among date growers.

5.2.5 Flood-Affected Date Palms

Excessive flooding occurred in Pakistan in August 2010. A torrent of water threat-
ened date palms, mostly at Khairpur. Floodwater rose 1-3 m up the palm trunks in
some areas of Khairpur. The impact on the tree and fruit of date palm was recorded
(Abul-Soad 2010, 2011a). It was observed that some of the young trees (offshoots)
of new plantations died, whereas the offshoots that still attached to parent trees were
more tolerant. However, adult date palm trees were able to continue growth and
development although the lower part of the trunk was entirely immersed in floodwa-
ter for a period of time (Fig. 5.6). Large air pockets in the root tissue apparently play
arole in the respiratory system of the date palm tree (Barreveld 1993).

Fig. 5.6 Flooded date palm
orchards at Khairpur during
monsoon rain in August 2010
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Date palm is the cornerstone for the livelihood of people at Khairpur, and
flooding hinders all activities in the area during and after the monsoon rain. Water
covered the date palms and houses in the vicinity, as well. Moreover, the fruit crop
from young trees bearing fruit bunches was covered with floodwater and completely
destroyed. In addition, flooding stopped other date palm activities such as harvest-
ing, processing, and curing in the sun.

Some areas of Khairpur were protected by barriers made from soil mixed with
stones, to avoid the water overflow during the flood. At the time of the flooding,
a significant number of people who were living in unprotected areas were resettled
by the government and other relief agencies in the date palm orchards. Date trees
provided them shelter. Some of those people were the seasonal laborers who work in
the date palm industry at Khairpur during the harvest season. Rain also had a delete-
rious impact on boiled fruit on mats which were nearly dried chohara, but fermented
due to the rainfall. These fruits were collected and used to feed animals (Fig. 5.7).

Date palms were subject to heavy rainfall for many days during the flooding.
A positive result was that trees appeared flush with green afterward. Fruit produc-
tion increased relatively in the following year through photosynthesis which expect-
edly has been enhanced by rainwater. In addition, soil conditions were, as expected,
improved after floodwaters receded through the leaching of salts. Furthermore, river
silt deposited after the flooding contributed to enhancing soil fertility as it is a good
source of nutrients, particularly trace elements.

No exceptional disease symptoms emerged, particularly of the wilt disease (or as
known in Pakistan, sudden decline disease of date palm). About 1-2 months after
floodwaters receded, regular agricultural activities resumed with intercropping
under the date palms.

Date fruits take approximately 180-210 days from fruit set until maturity. The
stage sensitive to rainfall starts from full maturity (khalal stage) up to ripening (rutab
and tamar stages). Summer monsoon rains always cause a problem for the date crop,
particularly during July and August, whether fruits are still on the tree or being

Fig. 5.7 Deleterious impact
of rain on cured dates on
mats which were used as
animal feed
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cured in the sun on mats. An alternative way is to cure date fruit artificially in con-
trolled champers (dehydrators) or solar dryers. This process is necessary in order to
dehydrate rutab fruit to reach the tamar stage (kharak in Urdu) where the fruit mois-
ture content is less than 24 %. Nevertheless, the available dehydrator units are insuf-
ficient to handle the considerable amounts of dates during the harvest season.

The harvesting process before the time of the monsoon rains is a critical period.
Huge amounts of date fruit have to be harvested before the rains. Most of date palm
areas in Pakistan experience monsoon rains; consequently, a plan should be pre-
pared to minimize crop losses. A suggested plan may include:

(a) Establishment of early cultivar plantations which can be harvested earlier and
avoid the impact of the monsoon rains, e.g., Gajjar and Kasho Wari cvs.

(b) Rain-resistant cultivars may be introduced such as Orabi cv. from Damietta
Governorate, Egypt. It is a soft, late-season cultivar suited to coastal areas.

(c) Using cost-effective covering material to protect the fruit bunches.

(d) Using solar dryers to avoid curing dates in the open air on mats.

5.2.6 Fruit Bunch Covering

Date palm is usually grown in dry and arid zones where a climate of hot dry summer
and little rainy winter prevails. However, a few countries are faced with the mon-
soon rains during the fruit-ripening season in July, August, and September, such as
Pakistan, Oman, Sahara Desert (Sahel) in Africa, and USA (southern California and
Arizona). Rainfall can damage the date fruit within only 1-2 days. Rainfall for few
intermittent hours can cause cracks in the epicarp (the outermost layer of the fruit)
at late khalal stage of Otakin cv. in Khairpur (Fig. 5.8), whereas other cultivars at
early green khalal stage are less damaged.

Fig. 5.8 Cracks of date fruit
epicarp caused by
intermittent rainfall of a few
hours accompanied by
ambient humid conditions
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There is a beneficial effect of a little rain by washing away dust and sand
particles from the fruits. Zaid and de Wet (2002) mention that the amount of any
particular rain is of less importance than the conditions under which it occurs.
A light shower followed by a prolonged period of high relative humidity and
clouds may cause more damage than heavy rain followed by clear weather and
dry winds. However, the case in Sindh, KPK, and Punjab provinces is often dif-
ferent as the relative air humidity range is 50—-60 % in July through September
(SLUBGH 2013).

Rain during fruit ripening causes the fruit to crack and ferment and then mold
can develop. In order to protect the fruit bunches from monsoon rains, several types
of covering material have been experimented with, such as bituminized paper, nylon
bags, and Tyvek bags. No significant difference in chemical composition was
recorded between covered and uncovered fruit bunches with bituminized paper
(Abul-Soad et al. 2010).

Bunch covering is, however, not only practiced against rain damage, but
traditionally is also used to protect maturing fruit from birds and late season
pests and prevent early ripening fruit from falling to the ground. Covered fruit
bunches of Aseel cv. ripen a week earlier as compared to uncovered bunches in
Khairpur (Abul-Soad et al. 2010). A bunch cover may capture heat inside the
covers which accelerates the fruit ripening. To the contrary, it was reported
that rainfall near harvesting lowers the temperature and delays ripening
(Barreveld 1993).

In Balochistan, covering baskets made from the date palm leaflets (baat) have
been used to cover the date fruit bunches and protect them from hot, dry winds bear-
ing sand particles, catching falling fruit, or to prevent over drying. Mesh bags and
waterproof bags may be employed together to protect fruit bunches against rainfall
and to realize other benefits.

A unique type of bag (Tyvek®) recently appeared on the Pakistani market which
has been used on other fruit crops for similar purposes (Fig. 5.9). Tyvek® is part of

Fig. 5.9 Protection of the
date fruit bunches from
monsoon rains by Tyvek bags
in Pakistan
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a family of tough, durable sheet products used in a variety of applications. It is a
product of DuPont Company which uses rolls of Tyvek paper to manufacture the
covers. It is made from very fine high-density polyethylene fiber which makes
Tyvek® fabric lightweight yet strong, vapor permeable, yet water, chemical, punc-
ture, tear, and abrasion resistant.

Subsidized Tyvek® bags were distributed among date palm growers all over
Pakistan in 2010, but the trial failed. Growers stated that this type of bunch cover
captured moisture within the bag and rapidly deteriorated the fruit. The number of
spoiled fruit and fruit drop increased after bunches were covered with Tyvek bags
(3040 %). Such results turned the overwhelming majority of growers against
their use.

In fact, this type of bags may be feasible to cover date fruit bunches. The
optimal use is to protect date fruits against monsoon rains; the appropriate
time to cover fruit bunches of different cultivars at different places in Khairpur
was investigated by DPRI, Shah Abdul Latif University, Khairpur, with aid
from DuPont Pakistan and the Agribusiness Support Fund (ASF) (Abul-Soad
et al. 2010).

In reality, the size of the Tyvek bags might need to be modified to fit the variable
sizes of fruit bunches. Bags should not be tied at the base, leaving the lower portion
of the fruit bunch exposed to the air for more ventilation. Fruit bunches can be
safely covered 1-3 weeks before harvest in July, at the site where the experiment
has been conducted.

The climate varies within Khairpur area itself which may affect covered fruit
bunches. Covered fruit bunches near the mountains mature earlier than other areas
due to the dry weather and high temperatures. Early-ripening cultivars of dates
always have the advantage to gain higher revenue since they reach the retail market
first. It was noted that the Fasli/Toto cultivar was very sensitive to fruit drop if the
harvest is delayed. The usual harvesting time of a cultivar must be taken into con-
sideration when a grower needs to harvest the covered fruit bunches. The covered
fruit bunches of Fasli cv. must be harvested 1 week earlier (last week of June) than
the traditional harvesting time of this cultivar (first week of July). Otherwise, mois-
ture and mold are subsequently going to increase inside the bag, and the spoilage
rate will subsequently increase, and eventually 90 % of fruits will fall. Due to cli-
mate change, harvest time may be delayed 1-2 weeks after a prolonged winter
season.

Covering fruit bunch was found to be a time-consuming process; a single date
palm tree needs the efforts of one or two laborers for 30—45 min at least to cover all
bunches with Tyvek bags. Fears about moisture accumulation inside the bag remain
the main concern of growers.

In general, covering fruit bunches is a good practice to protect them from birds,
pests, dust, as well as monsoon rains. The collected fallen fruit inside the net cover
also helps avoid pest and disease problems in the following season. Using covers
should be carried out with a complete package of proper instructions according to
the needs of local cultivars, prevailing conditions at the cultivation area and time of
covering.
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5.2.7 Pruning and Dethorning of Fronds
and Pollination Approaches

Pakistani growers mostly carry out frond pruning of adult trees after harvest in
August and before spathe emergence in February. The third occasion is during pol-
lination in March and April. The lower 2-3 whorls of fronds are cut and 15 cm of
the base left in place to be used as steps to climb the tree for the common practice
of manual pruning. Simultaneously 2-3 leaf whorls are retained on the tree beneath
where the spathes are developing. Thus those fronds can help support the heavy
fruit bunches to avoid bunch stalk break, in most of the cultivars. During the pruning
operation, unwanted offshoots are removed to encourage growth of the parent palm
and remaining offshoots and to allow better access to the bearing palm.

Removal of spines is called dethorning. With a pruning knife, date spines are
usually removed from the new growth of fronds in the crown of the palm just before
the pollination season to allow easy access to the date spathes as they bloom. Such
an operation will ensure a safe approach to the spathes for their pollination and also
avoid any risk of injury to laborers during other technical practices (e.g., tying fruit
bunches down, covering of bunches, and harvesting).

In most of date palm countries, including Pakistan, the traditional pollination
technique is to place a few male spikelets in the center of the opened female spathe.
Artificial pollination can be done according to the traditional method or by using a
mechanized device. The number of spikelets depends on the cultivar and climatic
conditions. For instance, 4-5 male spikelets are used for pollination of Aseel cv. to
achieve good fruit quality. On the other hand, date palms in mountain areas, where
the climate is dry and hot, some growers use only 2-3 spikelets. It would be a good
idea to introduce powerful and famous males to Pakistan to improve the fruit quality
such as Khikri Adi and Ghannami Akhdar (Abdul Wahid et al. 2010).

Fruit quality depends mainly on the pollen grain source. Growers typically obtain
male spathes at the beginning of the season from the market with wide variation in
quality (Fig. 5.10). Using stored pollen grains for pollination is not a practice

Fig. 5.10 Fresh spathe
market at Khairpur as a
source of pollen grains used
for pollination
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Fig. 5.11 Mechanical
pollinator donated by FAO to
DPRI and date palm growers
in 2010

followed in Pakistan. Nevertheless, a study to evaluate the pollen viability of differ-
ent date palm cultivars growing in the Punjab showed that the stored pollen of
Khadrawi cv. at—20 °C had higher germination ability (71 %) after 12 months of
storage compared with Hillawi cv. (34 %). This study also found that the pollen
grains needed 24 h after thawing to germinate on an in vitro medium at 30 °C com-
pared to lower temperatures (20 and 25 °C). Air-dried pollen is enclosed in sealed
capsules before storage (Maryam et al. 2013).

Mechanical pollination was developed mostly in the USA where labor is expen-
sive and not always available. It has been one of the most important alternatives to
reduce associated labor costs by 50-70 % (Galeb et al. 1987; Nixon and Carpenter
1978). The FAO office at Islamabad, in 2010, donated a few pollinator machines
which were made in UAE to progressive growers in Balochistan and Khairpur and
also to DPRI (Fig. 5.11). But most of the growers avoided using them for reasons
such as the high price of fuel, tall trees, dense plantations, intercropping, lack of
technical training of usage, small property, and the large quantity of pollen grains
needed to fill the machine tank.

5.2.8 Pest and Disease Control

Date palm trees in Sindh, particularly Khairpur, suffer from a lethal disease called
sudden decline syndrome (Abul-Soad et al. 2011; Maitlo et al. 2013). Symptoms
resemble those of similar wilt diseases, such as palm lethal yellowing caused by
Phytoplasma which is a fatal disease of coconut and also infectious to date palm (Al
Awadhi et al. 2002; Ammar et al. 2005; Thomas 1974). The drying of fronds exhib-
ited in date palm decline disease is also similar to symptoms of bayoud disease
caused by Fusarium oxysporum Schlecht. f. sp.albedinis in Morocco and Algeria
(Djerbi 1982).
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Fig. 5.12 (a) Healthy date palm tree, (b) tree infected with sudden decline disease in Khairpur

The common symptoms of sudden decline syndrome in Khairpur start with an
orange-yellowish rachis followed by gradual drying of the pinnae. Drying starts
from old lower fronds and moves toward younger central fronds and finally with a
complete dried crown followed by death within 6 months (Fig. 5.12). The disease
may afflict adult date palm trees in winter preventing spathe emergence in February,
or infection may occur during fruit development in summer causing immature and
unripe fruit formation.

Age is not a factor for a date palm tree to be infected with the disease in view of
the fact that all ages showed common symptoms; however, males were found to be
less infected than productive females. Among the females, unhealthy trees and those
growing under adverse conditions, particularly waterlog stress, were more vulner-
able. There is a suspicion that the presence of an infection source (Fusarium solani)
associated with an adverse condition of waterlogged soils may be responsible for
the date palm decline disease in Khairpur. All the infected trees showed root rot
symptoms with vascular root tissues turning brown (2 cm in width) at 60 cm depth.
Therefore, the number of roots decreased, and the normal roots were white and
newly emerged (Fig. 5.13). It appears that soil conditions become unsuitable for
adult root growth, and the tree attempts to bring forth new adventitious roots to
survive. Intercropping with date palm and associated frequent flood irrigation lead-
ing to waterlogging may be the cause. At present it is a critical period for this dis-
ease. The number of infected trees is increasing day by day in Khairpur and
surrounding districts without a cost-effective and viable solution.

A method was developed to treat the diseased date palms consisting of a four-
tiered procedure. This procedure included cutting off infected fronds, foliar applica-
tion of copper oxychloride (0.5 % solution), soil application of Topsin M (0.3 %
solution), and chemical fertilizer application (Maitlo et al. 2013). Taking into con-
sideration the adverse impact of waterlogging, measures have to be made to improve
soil drainage.
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Fig. 5.13 Root rot associated with the sudden decline disease. (a) The vascular colorization of
infected roots, (b) healthy roots of date palm at 60 cm depth in clay soil

On the other hand, concerted efforts with sanitary procedures should be taken to
prevent the transmission of the disease to other producing areas. Also, cost-effective
and innovative solutions should be created to control such a major disease in Khairpur.

An extensive survey was made by DPRI, Shah Abdul Latif University, Khairpur,
during 2009 on the tissue boring pest of date palm, red palm weevil (Rhynchophorus
ferrugineus Oliver). The survey covered 46 orchards of 8 different locations at
Khairpur area. Results of the survey indicated that 219 date palms (5.81 %) were
infested with RPW. The pest incidence revealed that the maximum infestation per-
centage was 9.29 % for trees 8-10 years old, followed by 7.96 % for trees in the
11-15-year-old age group. However, trees 35—40 years of age had a very low infes-
tation incidence (0.02 %), (Jatoi et al. 2010).

In Khairpur, the most tolerant cultivars with a lower infestation percentage
against RPW were Muzawati (8 %) followed by Pathri (12 %), Thothar (15 %), and
Khar and Shakkri (16 %). Those cultivars which suffered a high infestation rate
were Karbaline, Dedhi, Fasli, Aseel, and Eidan Shah (Shar et al. 2012). The clear-
cut symptom of RPW infestation is brown sap oozing from the trunk associated
with a bad smell or strong evidence of holes in the trunk where the larvae make
tunnels to enter the tree. Offshoots are particularly vulnerable to RPW mostly at the
point in where they are joined to the mother palm (Fig. 5.14).

The conventional method to deal with an infested tree is to keep monitoring date
palm trees in the orchard to discover any early infestations by RPW. The control
treatment starts once the grower sees brown sap oozing from the trunk or the sur-
rounded offshoots (Fig. 5.14a). If it was an early infestation, the larvae are removed
from the tunnels and the wound covered with clay. But if the infestation is heavy, the
superficial tissue around the trunk base is removed with a metal tool and any larvae
found collected and destroyed. Tablets of Phostoxin or/and pieces of natural stone of
calcium carbide are inserted into this tissue by hand. The base of the trunk is covered
by a mud mix made of a pesticide solution (malathion at 0.3 %) clay and wheat or
rice straw (Fig. 5.14b). A few tubes may be inserted above the covered area of the
trunk and frequently filled with any suitable pesticide. In addition, fertilizer treatment
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Fig. 5.14 Infestation and control of red palm weevil. (a) Symptoms of infection in adult trees,
brown sap with bad smell, (b) controlled date palm tree after remedy application

with N-P-K chemical fertilizer was applied (500 g NPK Zarkhaze 17-17-17) every
15 days before irrigation.

Pheromone traps are used to survey and control any RPW infestation, but it is not
a common practice in Pakistan. In a study conducted in the Therhi area, Khairpur
district, 18-21 adults of RPW were captured during the first, second, and third week
of July (Shar et al. 2012).

Heavy fruit drop in Dhakki cv. has become a serious problem for the growers at
Dera Ismail Khan. More than 70 % of the date fruits dropped before maturity com-
pared to 10 % for other cultivars. About 15 % regular fruit drop every month of
Dhakki cv. was recorded (Marwat et al. 2012). Also, the irregular fruit drop of
Dhakki cv. has been noted at other locations in Sindh (Abul-Soad 201 1a). In reality,
it might be a genetic character for that cultivar. The dried fruit beetle (Carpophilus
hemipterus L.) is a cosmopolitan pest that attacks a large number of agricultural
commodities both before and after harvest (Bartelt et al. 1990). Host species include
onion and wheat which are widely cultivated with the date palm in all four provinces.
Dried fruit beetle could be the main pest causing the late date fruit drop in Pakistan.
Dried fruit beetle was detected to vastly infest fruit at late stage during harvesting
seasons in Khairpur and Dera Ismail Khan (Fig. 5.15a). The adult female, 4 mm in
length, can lay 500-1,000 eggs, and within a single month these will reach adult
stage to attack other fruits. It attacks fruit of soft, semidry, and dry dates and also
can attack stored dates. Measures that could be used to control such pest are:

(a) Fruit bunches should be covered with nylon or net covers once fruits start taking
color, to prevent adult attack. Collecting the infested fruit after harvest and
burning it is recommended.

(b) Trap baits of 1:1:1 mixture of acetaldehyde, ethyl acetate, and ethanol
(Smilanick et al. 1978).

(c) Using pheromones mixed with dates.
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Fig. 5.15 Symptoms of some major problems affecting date palms in Pakistan. (a) Dried fruit
beetle infestation during fruit ripening; (b) frond bases infested with termites; (c) early fruitlets
dropped 2 months after fruit set showing the healthy, damaged, and infested fruit; (d) dwarf date
palms growing in saline soil and low soil percolation; (e) symptoms of early infection of Graphiola
leaf spot disease as yellow sori; (f) brown spots of dried leaflets of infected leaflets with Graphiola
leaf spot disease; (g) fruit blemishes caused by high air humidity during khalal stage of Hillawi cv.
in Jhang, Punjab province; (h) furrow caused by rat attacks on small offshoots in northern Balochistan
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Termites infest an overwhelming majority of date palm trees in Khairpur, espe-
cially near the desert. Adult termites make tunnels in the fruit bunches and frond
bases on the trunk (Fig. 5.15b). No attention has been paid to the control of this pest
by either the Agriculture Department of Khairpur district or the growers, although
agricultural practices and chemical treatment can reduce the damage.

Early fruit dropping caused mainly by the date palm lesser moth (Batrachedra
amydraula Meyr.) was detected in Khairpur, particularly in the Therhi area, and
causes severe fruit loss 1-2 months after fruit set each year with more than 30 %
loss. Symptoms can be recognized by the red, damaged small fruit on the ground
(Fig. 5.15c). Also, most of the fallen fruits exhibit black spots near the cap (site of
the infestation). Frequent chemical treatment every year with cypermethrin exacer-
bated the problem and produced resistant strains as the spray was not effective after
a few years of application. The recommendation to control this problem is illus-
trated in Table 5.3.

Elevating the soil level by 0.5-1.0 m is suggested to provide a new medium for
the roots away from stagnant subsoil water, particularly in the saline soils of

Table 5.3 Major problems facing date palm production and protection in Pakistan (Abul-Soad
2013b)

Province Problem Description Recommendations
Sindh Monsoon rains | Sudden rainfall during fruit Planting local early
ripening and harvesting cultivars, e.g., Kasho
season destroys fruit bunches, | Wari, Gajjar
drying fruit on mats and Fruit bunch covering

small offshoots Solar dryers

Sudden decline | Yellowing then drying out of | Avoid new plantations

disease the mature fronds from the with polluted offshoots.
outside toward the center. Avoid waterlogging and
Root number is decreased excessive irrigation
and root rotting is occurred Stop intercropping with
followed by palm death rice, wheat, banana, and
within few months alfalfa which need

regular flood irrigation

Avoid cultivation on
water canals

Red palm Brown sap with a bad smell Regular monitoring of
weevil mostly on the lower part of date palm trees to
the trunk of adult trees or control early infestation
small offshoots. Small by Phostoxin tablets
furrows and holes on the Pesticide treatment of
lower part of the trunk which | ¢yt surfaces and
may be followed by tree wounded tissues after
decline. As there is no pruning and offshoot

management to control RPW, | detachment

symptoms are spread over all Offshoot detachment

cultivation area particularly . :
in the abandoned orchards ChoPplng, bqrn{ng, and
burying heavily infested

trees

(continued)
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Table 5.3 (continued)

Province Problem
Termites
Date palm
lesser moth

Balochistan Monsoon rains
Dubas bugs
Groundwater
deficiency

Punjab and Monsoon rains

Khyber

Pakhtunkhwa

High humidity

Description

Small tunnels on different
parts of the remaining part of
fronds after pruning, fruit
bunch stalks, and frond
midribs. Soil canals on the
base of the plants

Small fruit dropping after
1-2 months of pollination
from 30 to 50 %. Black spots
near to the fruit cap and red
deteriorated fruit on ground

As aforementioned in Sindh

Dubas excrete heavy
honeydew and dust sticks to
it. Dripping of honeydew
may damage the crops
growing under the trees. High
infestation causes 50 % fruit
yield reduction

Irrigated date palm orchards
watered by pumped water
from the aquifers and
nonirrigated date palm
orchards that depend on
shallow water conserved after
monsoon rains resulted in
yield fluctuations

As aforementioned in Sindh

Brown scars on the fruit at
khalal stage

A.A. Abul-Soad et al.

Recommendations

Spray with a termite
killer

Removing and burning
destroyed offshoots
Soil plowing with light
irrigation

Palm maintenance and
cleaning

Bunch covering and
burning fallen fruit of
last season

A couple of spray with
appropriate pesticide
before flowering and
after fruit set with

15 days

As aforementioned in
Sindh

Windbreaks help to
reduce injury and
cultural practices
Using natural enemies
Systemic insecticides at
the appropriate time are
useful in the high levels
of infestation

Using drip irrigation
systems

Padding the irrigation
canals to reduce water
leakage

Flood irrigation system
is prohibited

As aforementioned in
Sindh

Balanced irrigation

Khairpur and similar areas. It was observed that the date palms grown in soil cov-
ered with salty sewage and drainage water were dwarfed; the number of fronds
dramatically decreased and fruiting ceased (Fig. 5.15d). River silt after floodwaters
receded can be a good source of material for soil elevation. On the other hand, this
process is necessary for the intercropped species and has been followed in northern
Egypt as a method for reclamation of saline soils in coastal areas of the
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Mediterranean Sea. Mango, apple, and vegetables have been successfully inter-
cropped with date palm at Damietta Governorate in Egypt by annual or biannual
soil elevation.

Virtually all date palms seen in Khairpur were suffering from the Graphiola leaf
spot disease, or false smut, caused by Graphiola phoenicis. This problem mainly
appears because of intercropping which increases the relative humidity to above
50 %. Severe attacks of the fungi occur in October after the monsoon rains. Symptoms
begin with yellow spores called sori (Fig. 5.15¢). The fungi dry out leaflet tissue
where it occurs and then all the leaflets become dried (Fig. 5.15f). Infections are trans-
mitted from infected to uninfected tree by air and the touching fronds of very closely
planted palms. Maintaining proper planting distance and a prohibition of intercrop-
ping are the first step to control such a problem. Other means are listed in Table 5.3.

In Punjab and KPK districts, the presence of the clouds and monsoon rains during
summer causes fruit blemishes on the fruit during khalal stage. Most of the harvested
fruit of the prominent Hillawi cv. in Punjab showed brown blemishes (Fig. 5.15g).

A date palm sap-sucking insect known as the dubas bug (Ommatissus lybicus),
locally known as sherrgo, is spreading in Balochistan, particularly in Panjgur dis-
trict in the center of the province, and affecting overall date production. The dubas
bug was first detected in 1999 in Panjgur district, and it is one of the major reasons
for the low date production in Balochistan. Chemical control using different pesti-
cides has increased the problem by creating resistant strains. Both the nymphs and
adults suck the sap from the fruit stalk and fronds and may cause about 50 % of
economic losses. Biological control is one of the sustainable methods to curb the
spread of this pest (Shah et al. 2012).

In northern Balochistan, villagers in Gualishtop near Nok-Kundi claim that
within the last decade a rodent resembling a large rat has become a threat to the date
palm plantations of the area. Abul-Soad et al. (2009) conducted a study at these
areas in 2009 and recorded that the rodent moves in tunnels 30-60 cm in diameter
burrowed by them, extending to more than a hundred meters. The rodents dig their
tunnels in sandy soil approximately 0.3 m below the surface and reach the pith of
the date palm. The rodent damages the fronds at the base of the younger date palms
(10-15 years) which leads to a fungal infection and consequently devastates the tree
(Fig. 5.15h). In mature trees the rodent is said to eat the sweet and soft apical meri-
stem, resulting in death of the tree.

Rodent attacks on date palms have been recorded in Nok-Kundi, Mashkel, and
Dalbandin causing complete destruction of both adult palms and small offshoots.
This exotic pest mostly became a major threat due to some change in the equilib-
rium of natural forces, particularly because of a prolonged drought period of
4-5 years in this arid region of the province.

The Vertebrate Pest Control Institute, Karachi Univ. Campus, has made a study
covered the area of Nok-Kundi and Dalbandin. Their salient findings indicated that
mole rat (Nesokia spp.) has a narrow feeding niche and in noncrop lands of
Balochistan is largely herbivorous. Food habit studies showed that rodents
throughout the season feed principally upon the date fruits, stem, grasses, and roots,
but date palm pith was the main component of the diet.
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Rodenticide bait and trapping were used to eliminate the rodents. This attempt to
control the rodents was not successful hitherto. However, the rodenticide baiting
used was unsafe for grazing ruminants and livestock. Recognizing the damage
caused and the risk of the threat of spreading to Rajai, Wadian, and other areas,
further studies are needed to understand the nature of the problem and to develop
control techniques such as launching an augmentation program for its natural preda-
tor the barn owl. This is necessary in order to free date palm plantations in
Balochistan from this menace (Abul-Soad et al. 2009).

On an international scale, the only control measure for rodents is poison, com-
posed of a mixture of zinc phosphate at 30-50 g, 1 kg of millet flour, and 3 % cook-
ing oil. The paste is placed around the palms at the entry to the galleries. A chemical
product Finale gave excellent results at the Eersbegin project in Namibia. It is a
highly active anticoagulant bait at 0.025 g/kg as an active ingredient. The rodents die
in 4-12 days. The chemical was used (July and August 1997) in both the Eersbegin
and Naute date plantations in Namibia with a good success rate against Mus muscu-
lus (Zaid and de Wet 2002). Other problems are briefly discussed in Table 5.3.

5.2.9 Major Problems Facing Date Palm Cultivation

In Punjab, awareness about cultivars, irrigation practices, fertilizer application, off-
shoot transplantation, and insect/pest of date palm are the major factors hindering
better yield and ultimately the profit for growers. There is the need to train growers
about irrigation and fertilizer application, disease and pest management, offshoot
transplanting, and processing of dates (Ata et al. 2012). The major problems facing
date palm cultivation, production, and protection in the four Pakistani provinces are
discussed according to their potential in Table 5.3.

A study was carried out in 2007 in northwestern Pakistan to investigate the
causes of late adoption and slow dissemination of date palm cultivation and to
examine the role of education. The study showed that growers with little or no for-
mal education were late adopters of date palm cultivation. In order to increase date
palm production, the growers’ educational level, both formal and agricultural,
should be enhanced with specific focus on adoption of new agricultural practices
reflecting the latest research (Khan et al. 2009).

5.3 Genetic Resources and Conservation

5.3.1 Threats and Degradation of Date Palm in Balochistan

Balochistan has dry hot weather during the date-growing season. Annual rainfall is
below 100 mm, and the wind speed is mostly high and charged with dust. Date palm
plantations are situated in areas where the groundwater is shallow (5 m), mainly
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Fig. 5.16 Date palm plantations are threatened by sand dunes in the desert area of Hamun-e-
Mashkel in Balochistan

around the Hamun-e-Mashkel (a salt lake in the middle of the desert), and a belt
along the Iranian border where the Tahlab river basin joins the Hamun-e-Mashkel.
Date palm populations in this area may reach a half million trees. About 20 % of
these trees are dispersed in scattered villages. Livelihood in the areas is principally
dependent on date palm.

Sand dunes, drought periods, poor management, and shortage of skilled labor are
the current problems in such areas. Sand dunes can cover date palm plantations
(Fig. 5.16). Many date palms have disappeared under mountainous sand dunes built
up by steady winds during the date season.

Growers utilize baat or sondh (Fig. 5.17), i.e., baskets made from date palm
leaflets to protect the developing fruit from strong winds carrying sand particles.
Every 1-3 fruit bunches were covered with a single baat. At harvest time, the prac-
tice is to cut the baat along with upper frond to which it is tied.

Harvesting begins in July in the Mashkel area south of the Hamun-e-Mashkel,
and the harvest time varies slightly from area to area due to climatic conditions.
Harvest in areas located toward the north of the Hamun-e-Mashkel, such as
Gualishtop, Rajai, and Wadian, begins around the end of the first week of August. In
southern Balochistan at Kech and Panjgur, fruit harvest is usually initiated from the
first week of July and extends to mid-September.

The date palm is drought tolerant as compared to other fruit species and is
adapted to water stress and low water availability found in the desert and oasis con-
ditions. However, a prolonged period of drought in the southwest of Balochistan has
led to a reduction in the rate of formation of new fronds and yield. The distribution
of roots in the irrigated and nonirrigated date palm plantations varies; root numbers
are higher for regularly irrigated date palms.

For appropriate growth and development, however, extremes of water level, nei-
ther waterlogged conditions where the roots cannot breathe nor water levels deeper



180 A.A. Abul-Soad et al.

Fig. 5.17 Date palm plantations in northern Balochistan. (a) Nonirrigated date palm trees,
(b) covering bag, baat, made from date palm leaflets placed over the fruit bunches

than 5-6 m, are undesirable. The trees extend their roots to adapt to a drop in the
level of groundwater. Yield was measured of about 50 % of normal annual produc-
tion at a groundwater depth 5-6 m. The impact of lowering the groundwater level
depends mainly on the availability of supplementary water from rainfall. The date
palm tree can conserve the water for months to prolong its life.

It is difficult to measure the maximum depth to which roots can reach. However,
during a drought period, the date palm trees near the dry waterway of the Tahlab and
Washab rivers were able to extend horizontal roots up to 20 m in length to reach the
waterway.

Long periods of drought and deep groundwater levels, which measured 17 m in the
irrigated date palm plantations of Yak Mach village, forced growers to rely on pumped
water to establish new date palm plantings in the area. Wide variation in water quality
was detected between the irrigated and nonirrigated areas. The EC of groundwater at
Gualishtop area was 10,760 uS cm™' compared to 4,140 uS cm™ at the irrigated date
palm plantations of Yak Mach village. Higher salt concentration in the irrigation water
could be a contributing factor to the lower productivity at Gualishtop (on average of
10-30 kg palm™ yr') as compared to 30-50 kg at Yak Mach (Abul-Soad et al. 2009).

Similar figures were reported for other areas in the world. A drop of groundwater
level to 20 m at the Moroccan oasis of Jorf caused drought impact on the date palms,
even though the annual rainfall varied between 50 and 250 mm (EI Baali et al.
2002), forcing the growers to initiate irrigation.

Due to the poor management in such Pakistani areas, potentially useful cultivars
of very small populations (10-15 trees) are at risk of degradation and extinction.
Exceptional among the landrace cultivars is the Shandishkand which currently
exists in Gualishtop village near Hamun-e-Mashkel Lake. The crispy dried fruit of
this fabulous cultivar is in high demand by the local growers, and the challenge is to
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Fig. 5.18 Date Palm Laboratory of DPRI, SAL University, Khairpur; (a) culture room, (b) in vitro
cultures of different cultivars using shoot tip and inflorescence explants

propagate it. Tissue culture is the only solution to conserve such cultivars and other
similar landraces that are well adapted to the local environment.

Unfortunately, poor horticultural management when new plantations are estab-
lished, along with stress brought on by pest attacks, particularly rodents and mites,
has restricted new plantation expansion and reduced the productivity of these dry
land areas.

There are no genebanks for date palms in Pakistan. Nevertheless, in Khairpur,
Faisalabad, Bahawalpur, and other date palm locations within the country, collec-
tion farms have been established to collect and conserve different local and promi-
nent cultivars.

5.4 Plant Tissue Culture

The development of tissue culture techniques for mass propagation of date palm
plants has revolutionized the world date palm industry. In Pakistan, tissue culture of
date palm began two decades ago. A few plants were produced through somatic
embryogenesis and transplanted to open fields for evaluation, but the fruits were
inferior, which discouraged growers (Hussain et al. 1995; Rashid and Quraishi 1994).
A very few research laboratories are trying to develop a successful protocol for com-
mercial propagation of date palm, but without notable results (Khan and Bibi 2012).
However, on both commercial and research levels and without dedicated funding, the
Biotechnology Laboratory of DPRI, SAL University, Khairpur, succeeded in pro-
ducing, in 2010, a few thousand plantlets of six Pakistani and three foreign cultivars.
The local cultivars were Dhakki, Gulistan, Dedhi, Kasho Wari, Gajjar, and Kurh,
along with the foreign Barhee, Zaghloul, and Partamoda cvs. (Abul-Soad 2011b,
2012a; Abul-Soad and Mahdi 2010, 2012; Abul-Soad et al. 2007). The production of
tissue-cultured palms took 4-6 years and involved three sequential phases:

(a) Laboratory-based plant production (in vitro plants) for 2—3 years (Fig. 5.18).
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Fig. 5.19 The ex vitro date
palm plants 2 years of age in
the greenhouse

Fig. 5.20 In vivo date palm
plants 1 year of age planted
in open field of SAL Univ.,
Khairpur

(b) Plants establishment in a greenhouse (ex vitro plants) for 1-2 years (Fig. 5.19).
(c) A growing-on phase in a shaded nursery or net house before field cultivation for
1 year, then plants were transplanted to the open field in 2012 (Fig. 5.20).

After the full cycle of tissue culture production period, plants were cultivated in
the open field for evaluation and fruiting was expected within 1-2 years. There is
demand for tissue-cultured plants by date growers in Pakistan, but the high price of
cultivars from outside Pakistan is delaying their dissemination. The DPRI team used
the knowledge gained by a visiting Egyptian scientist who arrived in 2006 to use
inflorescence explants for date palm micropropagation to satisfy the local demand
for Pakistani and elite world cultivars.

5.4.1 Micropropagation Using Inflorescence Explants

Inflorescence-based micropropagation holds great potential for the multiplication of
recalcitrant individual male and female date palms and cultivars of commercial
interest with limited populations. A female palm from seed and bearing a superior
crop is great repository for new cultivars. This can be accomplished in a short time
with minimal efforts as compared to the traditional practice of using shoot tip
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explants (Abul-Soad 201 1b; Abul-Soad et al. 2006). Pilot production trials in DPRI
revealed that 1-2 immature spathes were enough to produce thousands of the plants,
while about 100 offshoots may be required for producing a similar number of plants
using the traditional explant, the shoot tip (Abul-Soad and Mahdi 2010). Using
inflorescence explants may be the dream of any laboratory in the world to micro-
propagate date palm. The achievement of DPRI could be a breakthrough in the date
palm growing world.

Details concerning the major research laboratories working on date palm micro-
propagation in Pakistan are (a) PRI, SAL University, Khairpur, Sindh; (b) the
Biotechnology Laboratory in HEJ Research Institute of Chemistry, Karachi
University, Sindh; and (c) Plant Biotechnology Program, National Agriculture
Research Centre (NARC), Islamabad.

5.5 Cultivar Identification

Morphological data along with the DNA-based techniques and sequencing of differ-
ent gene fragments from the chloroplast genome were used as a means to reliably
identify different date palm cultivars in Pakistan.

5.5.1 Morphological Characterization

Commercially important cultivars from Bahawalpur and Jhang have been morpho-
logically characterized. The traits studied were frond length, frond width, frond
base width, pinnae number, spine number, midrib length, midrib length with spines,
midrib length with pinnae, length of the top pinnae, fruit weight, fruit volume, fruit
length, fruit diameter, and seed weight. The data were subjected to principal com-
ponent analysis which determined that frond length, midrib length, fruit weight,
fruit volume, fruit length, and seed weight together contributed to 34.1 % variability
of the data set. Variability of 16.9 % was caused by spine number and spine area
length, while the fruit weight and fruit volume together contributed to 15.8 % varia-
tion. Variation among different cultivars in terms of seed weight was limited (8 % in
the data set). Ten traits including frond length, midrib length, spine area length,
spine number, fruit weight, fruit volume, fruit length, and seed weight contributed
more than other traits to the observed variability among cultivars (Nadia et al. 2013).

Twenty-one cultivars were used to determine physical fruit characteristics.
Results indicated that among all cultivars, Dhakki recorded the maximum fruit
weight (13.89 g fruit™!), flesh weight (12.89 g fruit™), fruit length (4.56 cm fruit™),
and volume (11.94 c¢m fruit™). Edible/nonedible ratio of different cultivars ranged
from 1.94 for Desi simple cv. to 14.50 for Aseel cv. (Nadeem et al. 2011b).

The anatomical features of root, frond, and rachis of ten Pakistani cultivars were
described. Date palm has some structural variation of these tissues to cope with an
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Fig.5.21 Polymorphism level among 25 major Pakistani date palm cultivars with GLG-16 RAPD
marker

adverse environment. The presence of stomata on one or both sides of the frond and
variation in the stomata complex were highly dependent on the environment.
Mesophyll in the frond was highly compact with large cells closely associated with
vascular bundles in the laminar portion. The roots among cultivars varied in epider-
mal size, inner and outer cortex thickness, presence of sclerenchyma layers and scle-
renchyma bundle, thickness of endodermis and pericycle, number of metaxylem
vessels, and phloem area in the vascular region. Cultivars from saline soil and low
relative humidity conditions possessed a thick sclerenchyma region, while cultivars
growing under high relative humidity developed a larger area of cortex tissue. The
date palm rachis has axial vascular bundles which were constant in size and the center
of the rachis. Among these ten cultivars, Chuwara, Zahidi, and Makran showed dis-
crete morphological characteristics and high structural variation (Ahmad et al. 2013).

5.5.2 Molecular Characterization

Genetic diversity and the phylogenetic relationships among 25 Pakistani date palm
cultivars were analyzed. The study was carried out by using six universal random
amplified polymorphic DNA (RAPD) primers. The RAPD primers showed poly-
morphism among all date palm cultivars (Fig. 5.21). Based on the pairwise compari-
son of amplification products, the genetic relationship was estimated. All date palm
cultivars showed variation at the DNA level. The average of genetic diversity among
the date palm cultivars ranged from 0.64 to 0.95. A dendrogram was constructed
using NTSYSpc program. On the basis of this analysis, the populations were clus-
tered into two main clusters and subclusters (Mirbahar et al. 2014).

For example, the RAPD primer GLG-16 produced maximum 8 DNA bands with
Aseel cv., and on the other hand no band was generated by Seedless and Kasho Wari
cvs. The most common and dominant number of 05 bands was observed with cvs.
Asul Khurmo, Asul Kurh, Karbaline, Khar, Kupro, Noori, Otakin, Dhakki, Hillawi,
Begum Jangi, Muzawati, and Basra.

On the average 4 bands were generated by this primer with all 25 cultivars.
Shakkar and Rabai cvs. produced 07 DNA bands and Sher Shahi Dokka,
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Fig. 5.22 Polymorphism level with ISSR marker HB-15 among the major 25 Pakistani date palm
cultivars. MW Molecular weight, / Aseel, 2 Asul Khurmo, 3 Asul Kurh, 4 Dedhi, 5 Gajjar, 6
Karbaline, 7 Kasho Wari, 8 Khar, 9 Kupro, /0 Nar Aseel, // Noori, /2 Otakin, /3 Dhakki, /4
Gulistan, /5 Hillawi, /16 Seedless, 17 Sher Shahi Dokka, /8 Begum Jangi, /9 Muzawati, 20
Shakkri, 21 Ab-e-Dandan, 22 Shakkar, 23 Husaini, 24 Basra, 25 Rabai

Ab-e-Dandan, and Husaini produced 06 bands, respectively, with GLG-16 RAPD
primer. This RAPD marker produced total 121 bands and an average number of 4.84
DNA bands produced with the 25 cultivars. GLG-16 marker produced 08 polymor-
phic bands and without monomorphic. This marker showed 100 % polymorphism
with 20 cultivars (Fig. 5.21).

The study was carried out using seven anchored inter simple sequence repeat
(ISSR) markers. The ISSR primers showed high polymorphism (84 %) among the
25 cultivars. The amplicon obtained was successfully used to differentiate the culti-
vars. The 25 cultivars showed variations at the DNA level. NTSYSpc software was
used to check similarity matrices and phylogenetic relationship among the cultivars.
The pairwise similarity among the cultivars ranged from 0.608 to 0.980. Therefore,
ISSR markers have divided the 25 cultivars into two main clusters and subclusters
(Mirbahar et al. 2013). For example, the primer HB-15 generated maximum 06
bands with DNA templates of Aseel, Asul Kurh, Dedhi, Gajjar, Karbaline, Khar,
Nar Aseel, Hillawi, Seedless, Sher Shahi Dokka, Muzawati, Shakkar, Husaini and
Basra and minimum 04 DNA bands with DNA templates of Kupro, Noori, Otakin,
Dhakki, Shakkri, and Rabai cvs. Five cultivars, Asul Khurmo, Kasho Wari, Gulistan,
Begum Jangi, and Ab-e-Dandan, produced 05 bands with this primer. The primer
HB-15 produced total 133 DNA bands with all 25 cultivars. The average number of
5.32 bands was generated by each cultivar with HB-15 primer. This primer pro-
duced 3 monomorphic bands and 3 polymorphic bands which showed 50 % mono-
morphism and 50 % polymorphism, respectively. The bands were of 400—1,000 bp
(Fig. 5.22).

The complete date palm chloroplast genome (cpDNA) from Aseel cv. was
sequenced using a combination of Sanger-based and next-generation sequencing
technologies. The size of the genome was 158,458 bp with a pair of inverted repeat
(IR) regions of 27,276 bp that were separated by a large single-copy (LSC) region
of 86,195 bp and a small single-copy (SSC) region of 17,711 bp. Genome annota-
tion demonstrated a total of 138 genes, of which 89 were protein coding, 39 were
tRNA, and eight were TRNA genes (Khan et al. 2012).
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Similarly, a sequence from the Saudi Arabian date palm cultivar Khalas has been
made (Yang et al. 2010). Comparison of cpDNA sequences of cvs. Aseel and Khalas
showed following intervarietal variations in the LSC region. These were the two
SNPs in intergenic spacers and one SNP in the rpocl gene and polymorphism in two
mononucleotide simple sequences repeats (SSR). Also, a 4-bp indel in the accD-
psal intergenic spacer was detected between the two cultivars. The SSC region has
a polymorphic site in the mononucleotide SSR located at position 120,710. Aseel
cv. cpDNA sequence with partial Phoenix dactylifera cpDNA sequence entries
deposited in Genbank was also compared and identified a number of potentially
useful polymorphisms in this species. Analysis of date palm cpDNA sequences
revealed a close relationship with the common bulrush, Typha latifolia. Occurrence
of small numbers of forward and inverted repeats in date palm cpDNA indicates
conserved genome arrangement (Khan et al. 2012).

Eleven cultivars were selected for molecular-based varietal identification, and
16S1rRNA, ribulose bisphosphate carboxylase large subunit (RBLC) gene, and mat-
urase K (MATK) gene from date palm chloroplast were sequenced. The studied
cultivars showed highly similar/identical sequences for these genes which are also
identical to already sequenced genome of date palm (Nadia et al. 2013).

5.5.3 Research Activities of the Date Palm Research Institute

Date palm is of economic importance in Pakistan. Nevertheless, there are only a few
small research stations specialized in date palm belonging to the agriculture depart-
ments in Sindh and Balochistan provinces. The Date Palm Research Institute (DPRI)
was established in 2006 at Shah Abdul Latif University, Khairpur. Its main purpose
is to conduct research on various aspects of date palm. Hence, the Institute has
engaged in various research activities since its establishment and has achieved
remarkable recognition within country in a short period spell of time. Adel A. Abul-
Soad is a date palm expert from Egypt and one of the lead persons in this Institute
who has worked as a foreign professor/consultant since 2006. A team of 12 research-
ers is engaged in research on various aspects of date palm, in addition to other crop
species such as mango, banana, and orchids, some for their graduate degrees. DPRI
has four departments: Biotechnology and Tissue Culture, Crop Production and
Plant Protection, Postharvest and Processing, and Germplasm Collection Farm/
Nursery.

The micropropagation of elite cultivars of Pakistan and abroad is a mandate of
the Institute. Efforts are being made to modify the cultivar structure of dates in the
country to save the crop from the monsoon rains which are synchronized with the
ripening of crop. The Institute is conducting research to enhance the quantity and
quality of dates and addressing current disease and pest problems to generate more
revenue and alleviate poverty. Despite Pakistan being one of the top date-producing
countries in the world, century-old pre- and postharvest techniques and a dearth of
advanced processing units, standardized packaging and poor marketing tools are
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major problems being dealt with by the Institute (Abul-Soad 2011a, 2013b).
Continuous efforts have been made to improve the existing date-drying facilities at
Khairpur and to work for their optimization.

The Institute is engaged in conducting studies, training courses, seminars, and
workshops for growers on different aspects of date palm. The annual Dates Festival
and Seminar at Khairpur is a mandate of DPRI. A number of local and international
NGOs are collaborating with DPRI, such as the Pakistan Agriculture Cold Chain
Development (PACCD); WINROCK International, USA; DuPont Company; Pakistan
Horticulture Development & Export Company (PHDEC); and USAID’s Agribusiness
Fund and Firms project (Abul-Soad 2013a). DPRI was assigned to conduct few proj-
ects on different aspects of date palm, such as a case study on the use of Tyvek bags
to cover fruit bunches (Abul-Soad et al. 2010). Also, a study was carried out to survey
the elite cultivars found in the different provinces of Pakistan (Markhand et al. 2010).
Nevertheless there are only a few dispersed date palm stations and projects in
Pakistan. DPRI is recognized as a Center of Excellence for date palm in Pakistan.

5.6 Cultivar Description

5.6.1 Date Palm Distribution in Pakistan

Date palm cultivars are distributed in all over Pakistan; however, about 90 % are
found in the Kech, Panjgur, Dera Ismail Khan, and Khairpur districts (Table 5.1).
The predominant Pakistani cultivars are Aseel in Khairpur and Sukkur districts and
Dhakki in Dera Ismail Khan which is now being dispersed to other parts of Punjab
and Sindh provinces. Begum Jangi is the common cultivar in Balochistan province
especially in Kech district, and Rabai and Muzawati are found in the desert areas of
Hamun-e-Mashkel salt lake and Panjgur (Fig. 5.23).

More than 300 cultivars and landraces of dates have been indentified in Khairpur,
which is the biodiversity center of dates. Elite provincial date cultivars of Sindh
include: Aseel, Karbaline, Fasli, Dedhi, Kupro, Gajjar, Kasho Wari, Began, Mithri,
Bhedir, Khar, Autaqin, and Asul Khurmo (Mahar 2007). Only Aseel and Karbaline
are of sufficiently high quality to be promoted.

In another study, fruits of 85 cultivars of Pakistani dates were collected through
the harvest season. An appropriate format was designed to record the scientific and
commonly used characteristics. These characters included fruit color at khalal
stage; shape, size (length and diameter), color, and height of perianth; fruit group
(soft, semidry, dry); edible stage; and the micropyle position and split (wide, nar-
row, deep). Furthermore, photographs of the entire fruit, longitudinal and transverse
sections and dorsal and ventral sides of the seed, were taken. The objective is to
evaluate the quality of different Pakistani dates. For example, Aseel cv. is elliptical
in shape like most of the Pakistani dates (Fig. 5.24). Measured production of fruit
production per tree is 152 kg (Markhand et al. 2008). However, the actual productiv-
ity figure is 80-90 kg tree™! under current cultivation practices.
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Fig. 5.23 Date palm distribution in the four provinces of Pakistan

A few of the evaluated cultivars show good properties. The majority of Pakistani
dates fall in the semidry group. Most of the cultivars, if not all, are sensitive to monsoon
rains, which occur during with ripening/harvest season (Markhand et al. 2010).

Very early cultivars could be harvested before monsoon rainfall, i.e., the end of July/
early August, to avoid rain damage. The earlier cultivars are Kasho Wari and Gajjar in
Khairpur and Hillawi in Jhang, Punjab province and Rabai in Balochistan (Fig. 5.24).

In the Punjab, date palm cultivation is concentrated at Dera Ghazi Khan, Muzaffar
Garh, Jhang, and Bahawalpur districts. Date palm cultivation is limited at Jhang;
Halawy or Hillawi is the common cultivar of the area (Fig. 5.24).

There is a seedless cultivar named Dora Kaheri, also called Dora Sanawan, cul-
tivated in Sanawan village near Kot Adu, Punjab. There are few thousand trees scat-
tered at the area. The general practice is that growers do not carry out pollination.
Hence, fruits ripen in September. It is desirable to get late fruit after the monsoon
rains in July—August. Sometimes, the first early whorl of spathes is pollinated
because of the availability of pollen. The khalal red fruit is harvested and mixed
with vinegar and let stand overnight to develop into a ripe soft date. These dates are
dark brown in color and seedless (unpollinated fruit). This cultivar is famously
known in the area as being seedless. If it is pollinated it will ripen in late July and
have seeds. It is consumed as a fresh date prepared with vinegar or sun dried on
mats.
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Fig. 5.24 Important Pakistani date palm cultivars
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In Khyber Pakhtunkhwa, date palm is cultivated at Dera Ismail Khan district par-
ticularly in the Paniala, Paharpur, Chawdwan, and Dhakki villages. The prominent
cultivars grown are Dhakki, Gulistan, Shakkri, Zaidi, Hillawi, Basra, Azadi, and
Khudarawi. Dhakki dates are famous among all other cultivars, and there is rapidly
growing demand for its offshoots. Total production is 11,000 mt dates, 75 % of the
total production of dates in the area from Dhakki cv., going mainly for chohara prepa-
ration. Cured date production ranges from 800 to 1,000 mt yr~' (Marwat et al. 2012).

Dhakki fruit has been physically and chemically characterized (Imranullah and
Abdul Qayum 2013). Findings revealed that the average fruit length at khalal stage
was 5 cm, fruit diameter 3.2 cm, fruit weight 26.5 g/fruit, and pulp weight 25.1 g/
fruit. Astringency in terms of citric acid reaches a maximum at rutab stage, 1.5 %.
The total yield per tree was 96 kg. However, common observation for the produc-
tion in Dhakki village at Dera Ismail Khan indicated that harvested fresh fruit at
khalal stage ranged from 50 to 60 kg tree™! of large-sized fruit.

In Balochistan, the famous cultivars are Begum Jangi, Muzafati or Muzawati,
Kehraba, and Rabai, together accounting for more than 90 % of the date palm popu-
lation, followed by the 10 % representing minor cultivars including Carba, Drage
Trownge, Shandishkand, and Ringno (Fig. 5.24). The most outstanding is cv.
Shandishkand with its crisp and tasty fruit; however, the number of palms is very
small, and they produce no offshoots. It is landrace found nowhere else (Fig. 5.24).

In the Kech district of Balochistan, minor cultivars make up about 10 % of the
total date palms, including Roghni, Hussaini, Goknah, Pashbugh, and Hallini or
Haleene. The renowned cultivar in Panjgur district is Kehraba followed by a few
other cultivars such as Muzawati, Rabai, Jawan, and Sour. Unfortunately, there are
no reliable statistics about the precise number of date palm cultivars in Pakistan.
The average fruit production of a palm of Begum Jangi cv. is about 100 kg tree™" at
khalal stage giving about 1-1.5 mond (40-60 kg) after drying. Mond is the local
weight measure used in the date market.

The weight of one bunch of, for example, Rabai cv. ranges from 3 to 6 kg. The
average annual production of the preferred cultivars is 50-70 kg tree'. The Makran
division (including Kech and Panjgur districts) produces about 90 % of all
Balochistan dates. Only a few thousand tons are marketed.

Urgent and rapidly expanding demand exists for elite cultivars. It is unknown if
the demand can be met through offshoot micropropagation of the evaluated and
selected cultivars or by importing offshoots (Markhand et al. 2010).

5.6.2 Nutritional Aspects of Pakistani Cultivars

Twenty-one Pakistani date palm cultivars were subjected to antinutritional factor
determination (phytate, oxalate, and tannins) at tamar stage based on dry fruit
weight. Tannin content range was 0.22-0.87 % of dry fruit weight. The highest
mean value was recorded in Desi cv. (0.87 %), and the lowest tannin content was
recorded in Aseel cv. (0.22 %), Dhakki cv. (0.25 %), and Hillawi cv. (0.28 %).
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Maximum phytate content was found in Dora Desi cv. (0.77 %), and minimum
value was detected in Dora cv. (0.30 %). Oxalate content ranged from 3.63 to0 6.49 %
among date cultivars. Maximum mean value for oxalate content was found in
Simple basray cv. (6.49 %) and the lowest value found in Dora cv. (3.63 %). The
study concluded that the cultivars studied are suitable for consumption and process-
ing due to their low level of antinutrients (Nadeem et al. 2011a).

Some 21 cultivars were used to determine the textural profile and total phenolic
content. Maximum water activity was found in Desi Basray cv. (0.482) and mini-
mum in Karbaline (0.323). The maximum hardness from a textural profile analysis
was recorded in Dora cv. (59.64 g), and the maximum value of fruit color was
observed in Desi red small cv. (149.10 CTn). Phenolic content ranged from 296.67
to 140.67 mg (GAE) 100 g! of fresh fruit weight. The study revealed that fruit of
Dhakki, Aseel, and Hillawi cvs. might be preferred for table purpose because of
their good physical characteristics such as large size, high fruit and flesh weight,
edible/nonedible ratio, firm texture, and nutritional properties. Other date cultivars
like Karbaline, Zaidi, and Dora are suitable for processing due to low moisture con-
tent and higher sugar content (Nadeem et al. 2011b).

5.7 Date Production and Marketing

5.7.1 Fruit Thinning

The impact of manual fruit thinning on the quantitative and qualitative characteris-
tics of Aseel cv. has been reported. Sixteen different combinations of possible man-
ual thinning methods were performed. Number of bunches, number of spikes, and
spike lengths were reduced manually after 6 weeks of pollination. The average fruit
yield was 152 kg tree™! when the number of bunches was reduced to 19 bunches
with removal of the central forth spikes. The average fruit weight increased from
10.9 g fruit™! in control treatment (no spikes removed) to 13.1 g fruit™'. Also, fruit
thinning significantly increased fruit diameter and flesh weight but did not affect
total sugar, reducing and nonreducing, or the pH of fruits (Markhand et al. 2008).

5.7.2 Solar Dryer Technology

Solar dehydration is an ancient process for food preservation. The purpose of dehy-
drating fully mature date fruit is to reduce the water content below 24 % of fresh
weight. Date fruits naturally dry on the tree reducing water content to 20 % of the
fresh weight. The shelf life of such fruit can reach up to a year. Fruit of the soft and
semidry types require dehydration if harvested at khalal stage due to particular rea-
sons during the ripening period. These reasons could be monsoon rains coincident
with ripening such as in Jordan, Palestine, Morocco, Tunisia, USA, and Pakistan.
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Fig. 5.25 The solar dryer (solar tunnel) unit. (a) The transparent plastic tunnel, (b) thirty stands
inside the tunnel used for drying the unripe date fruit

Early harvesting because of the higher relative humidity during ripening can cause
fruit drop before full ripening in Arabian Gulf countries or delay ripening in
Pakistan. Also, early harvesting could occur because of marketing demand or late
season pest attack on fruit bunches.

In Pakistan, monsoon rains mostly coincide with the date ripening months of
June to August. Monsoon rains falling continuously for a couple of hours can dam-
age the date fruit bunches at khalal stage from fungi and mold growth and skin
cracks (Abul-Soad 2010). Many trial experiments have been done by the local
growers using electric dehydrators and units made from the wood and baked bricks,
to accelerate fruit ripening after harvesting of khalal fruit (Abul-Soad 2013b).
Finally in 2012, the trails were concluded with successful trials using a plastic tun-
nel for drying unripe date fruit (Abul-Soad 2013a). Also, the tunnels can be used
during the off-season for drying other fruits, vegetables, and medicinal plants.

The solar dryer or solar tunnel is a unit comprised of a metal frame covered with
transparent plastic sheeting within which unripe date fruit continues ripening to
reach tamar stage within a period of 3 days (Fig. 5.25). By comparison, spreading
unripe fruits on mats for sun curing takes 7 days, and fruits are exposed to change-
able climatic conditions and dust. The solar dryer is provided with doors at each end
to allow room for the drying stands and the access of laborers. On one end, two
windows are covered with a metal mesh, and on the other end two exhaust fans draw
the moisture out of the tunnel.

Fans in the current model in Pakistan are controlled manually and provided with
an external source of electricity. It could be controlled automatically by a thermostat
to keep the temperature inside the tunnel in the targeted range of 60-65 °C. At
times, the temperature reaches 70 °C because of electricity fluctuations, which is a
major problem in Pakistan. Increasing the temperature to 70 °C causes an adverse
impact on fruit drying. It is worth mentioning that in the older models of solar dry-
ers at Khairpur, a solar cell was fixed beside the tunnel to provide electricity to run
the fans, but it is rather expensive for the growers. Adoption of solar cells for power
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has been hindered by the attitude of the growers that solar cells should be made
available free or at a subsidized cost.

The range of the temperature inside the tunnel was measured from 50-65 °C
from 12 a.m. to near sunset when the temperature outside the tunnel was 3540 °C.
Relative humidity measured inside the tunnel was 40-50 %, while outside the tun-
nel in the open air, it was 60-65 % on 10—12/08/2012 (Abul-Soad 2013Db).

The capacity of a single dryer is 2.5 mt approximately, loaded on 30 stands
arranged in 3 rows. Each stand consists of 7 shelves bearing about 84 kg of fresh
fruit. Each shelf is composed of a couple of perforated stainless steel trays. The
minimum production of a single solar dryer, by contrast, under the usage at Khairpur
by the growers, revealed that the output of dried fruit was about 1 mt after 2.5-3 days
(Abul-Soad 2013b). The stepwise protocol of using the solar dryer can be summa-
rized as follows:

(a) Appropriate fruit stage: date fruit is preferably harvested at early rutab stage, as
compared to khalal, to avoid failure of fruit ripening. Early harvested fruit at
khalal stage could take more time to dry inside the solar dryer and may fail to
reach the desired fruit quality. The fruit at early rutab stage is changing to a yel-
low color (Aseel, Dhakki, and Begum Jangi cvs.) or red (Muzawati cv.) with the
fruit tip turning brown.

(b) Harvesting: fruit skin of Aseel cv. is very delicate at rutab stage. Fruit must be
handled carefully during harvest to avoid dropping early-ripened fruit on the
ground and crushing them. The ground under the date palm is covered with a
plastic sheet to collect the harvested fruit bunch and any individual fruit which
falls during the harvest. This practice has recently been adopted by progressive
growers; however, the conventional harvesting practice is still commonly being
used (see Sect. 5.2.3).

(c) Containers: harvested fruit should be placed in plastic crates for transfer to the
solar dryer by small hand carts or by trucks if the fields are distant.

(d) Sorting: once date fruit reach the location of the solar dryer, they should be
sorted to discard any crushed, deteriorated, mashed, infected, ruptured, and
immature fruit types before the drying process. Sorting includes separating the
fruit into three categories according to size: small, medium, and jumbo. It is
worth mentioning that jumbo fruits are commanding high prices in the market
and have export potential. There is need to establish quality standards for the
commercial Pakistani date cultivars.

(e) Fruit detachment: at Pir or Bethak, manual fruit detachment from the fruit stalks
is the conventional practice before drying in the solar dryer or sun curing on
mats (Fig 5.3).

(f) Washing: loose fruit cannot be washed before drying in solar dryers under cur-
rent practices. However, fruit loaded on the perforated metal trays can be washed
under running tap water for 1-2 min and then placed directly into the solar dryer
at the highest shelf in the stand. Fruit is not to be loaded on the lower shelves or
left for some time after washing. This is because of the high sugar content of the
date fruit which encourages fermentation and deterioration of the fruit.
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Fig
after 3 days inside the solar dryer at Therhi, Khairpur
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. 5.26 The quality of dried date fruit of Dhakki cv. in the upper trays loaded with 3 fruit layers

Number of fruit layers on the tray: fruit loaded on the upper shelf is exposed to
higher temperature, which expands the fruit skin, than those on the lower
shelves. Increasing the number of fruit layers from 1 to 3 layers in the trays of
the upper shelf lessens the impact of high temperature and reduces the number
of swollen fruit (Fig. 5.26). Swollen fruit exhibit a separation of skin from the
underlying flesh which reduces quality. It appears that the moisture produced by
three fruit layers adds moisture to the ambient air thereby reducing the negative
impact of heat on the date fruit. Also, a few swollen fruits are observed in the
lower shelves which are loaded with a single fruit layer. Loading lower shelves
with more than one layer increases the number of rotten fruit due to moisture
accumulation.

Packaging and storage: fruit should not reach full dryness; moisture content
should be at about 24 %. Fruit is expected to lose moisture during subsequent
steps from dryer through cold storage to the retail market. Dried fruits are
loaded into plastic crates and kept for 12-24 h under shade in a protected
place or room temperature and then transferred to the market or cold storage.

It is important to protect mature dates from any new infestations in the late sea-

son and from storage pests after drying. Heat during curing or drying can be consid-
ered a sterilization treatment. In a study on cvs. Khalas, Rizez, and Shiashy in Saudi
Arabia, to evaluate the effect of solar radiation as a postharvest control treatment
against insect pests for mature date fruit, direct sunlight for 2 days was found to be

an

excellent substitute for chemical fumigation, the use of which creates safety
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Fig. 5.27 Date fruit value chain in Pakistan

concerns, to maintain quality characteristics for human consumption. The sunlight
treatment significantly increased total phenolics level to more than 175 % and anti-
radical activity in all cultivars (Saleh 2012).

5.7.3 Date Market in Pakistan
5.7.3.1 Pakistani Market Structure

In Pakistan, at least 80-90 % of the harvested fruit goes to chohara preparation, and
the remaining amount is cured for direct consumption as dates; no specialized date
fruit warehouses exist. The cured khalal and rutab fruit are packed in wooden boxes
or handmade baskets to go directly to cold storage or local wholesale markets. Cold
storage facility used for vegetables and other fruits are used to store dates as well.
Recently, three cold storage facilities have been built with a subsidy and given to
three processing factories in Khairpur, through financial assistance from USAID
Pakistan to support development in the date sector. Once cured dates reach local
markets, agents of the processing plants will be competing through auctions to buy
the good quality cured dates. Procured dates from the wholesale market are stored
under ambient conditions at processing plants in godam. The processing plants will
start their work to prepare the dates for the export outside Pakistan. The fruit for
processing is mostly from Aseel, Begum Jangi, Dhakki, Muzawati, and Rabai cvs.
and also a mixture of minor cultivars commonly called fruit mix. Imported dates of
exotic cultivars are mostly offered for domestic consumption as fresh dates, espe-
cially during Ramadan, and to be used also in the processing plants to cover the
shortage of local dates. The value chain of dates in Pakistan is illustrated as shown
in Fig. 5.27.

The second type of marketed date fruit, chohara, is mostly collected in fiber
sacks after sun curing, then transported to the local market at Khairpur or Sukkur for
auction by brokers and exported, mainly to India. The annual export of chohara
typically exceeds 100,000 mt annum' and accounts for why Pakistan is always
among the top three world exporters of dates. Nevertheless, the amount and export
value of Pakistani dates is relatively very low.

The usual measurement unit for dates in Pakistan is 40 kg (mond) which is
approximately equal in value to PKR 1,500-7,000 (USD 15-70). Production of a
single tree of Aseel cv., for example, is 100-120 kg of fresh fruit but can yield



196 A.A. Abul-Soad et al.

40-50 kg of chohara (Abul-Soad 2011a, 2012b). This is the local market price, and
the date grower receives less because the contractors are mostly carrying out the
harvest and bearing transportation costs to the local market.

There is a smaller wholesale market for dates in Karachi as compared to Khairpur
and Sukkur. Most Balochistan dates and imported dates from Iran are received in
the Karachi market, mostly packed in containers. The price of Aseel cv. reaches
PKR 120 kg™! at the maximum in Sukkur Market in December.

Only sweaty dates of soft cultivars or semidry with a low amount of tannin at
khalal stage are suitable for consumption such as Dedhi and Mithri cvs. at Khairpur,
Gulistan cv. at KPK, and Hillawi cv. at Punjab. Prices of early season dates are
always higher than the mid-season cultivars. In general, when dates reach khalal
stage, they are regarded as ready for trading as fresh fruit. Dates in khalal stage are
the first in the harvesting season and therefore have a ready market. Transportation
by refrigerated trucks delays early harvested rutab of Begum Jangi sales from
Balochistan and distant areas to reach retail markets in Karachi or wholesale
markets.

An economic zone is under construction by the Pakistan government on the main
national road at Khairpur to replace the current wholesale market. It will be equipped
with digital mega balances, a cold storage facility, and additional features. This
project is expected to facilitate and accurately track the date market.

5.7.3.2 Current Pakistan Date Imports and Exports

Date fruit trading is an expanding business both locally and globally. Pakistan was
the sixth largest date-producing country of the world in 2011. Export quantity data
shows that Pakistan’s date exports are very small compared to production. There is
a significant gap between date production and export figures. Pakistan on average
exports 20 % of production, and 80 % of the crop is either consumed locally or
wasted. Pakistan is the second most important world exporter, following UAE, and
in 2011 recorded 113,358 mt were shipped to 26 different destinations all over the
world (FAOSTAT 2013). This suggests outlets for Pakistani dates in the interna-
tional markets.

India in 2011 was the largest importer from Pakistan with an 86 % share and
Afghanistan with 6 % (FAOSTAT 2013), these representing mainly chohara dates.
The USA, UK, and Germany are the major countries importing processed dried
dates with 5, 2, and 1 % share, respectively (Fig. 5.28). It is necessary to strengthen
Pakistan’s position in the existing markets, especially USA, UK, and Germany,
through the support of the entire chain value of dates coupled with strong market
promotion and also to identify new potential markets such as Denmark, Japan, and
Australia which imported about 650 mt each in 2011 (FAOSTAT 2013).

Also, there is a need to export Pakistani dates to nondate-producing countries
near Pakistan, such as Indonesia and Malaysia which are among the top ten date-
importing countries of the world. Nevertheless, Pakistan thus far has failed to export
any dates to those countries. There is growing demand in such Muslim countries for
dates especially in the holy month of Ramadan.
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The export value of Pakistani dates is very low. Pakistan is not among the top 20
countries in terms of value of exports, although it is the second largest exporter of
the world in terms of the export quantity, with 121,681 mt in 2010, which decreased
to 113,358 mt in 2011 (FAOSTAT 2013). This production fluctuation could be
because of losses due to monsoon rains. Date exports can be increased through
improved agricultural practices and postharvest management.

A rough estimate of the export of processed dates is about 11,000—13,000 mt
yr~!. Therefore, processing plants mostly need high-quality imported dates fit for
processing (Abul-Soad 2011a, 2012b). Keeping in mind that the shortage of dates
occurs because a large quantity of stock is lost to spoilage because of limited and
far-flung processing facilities, substantial revenues could be achieved through
proper fumigation and storing. Also, the yearly demand for dates is about 10,000 mt,
but in Ramadan it jumps to 40,000 mt in Karachi alone (SMEDA 2009). To fulfill
these requirements, Pakistan imported 13,205 mt in 2010 (FAOSTAT 2013). The
major sources are Saudi Arabia with 44 %, Qatar 24 %, Iraq 13 %, and Iran with
9 % shares of the total imported dates (Fig. 5.29).
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A promotion plan for various date markets should be the mandate of the key
associations, especially the Pakistan Horticulture Development Export Company
(PHDEC). Export limitations and challenges are as below (PHDEC 2008):

(a) Date procurement from wholesale market

(b) Lack of hygienic processed and value-added products

(c) Lack of market promotion outside Pakistan

(d) Limited attempts for market expansion — access to new potential markets
(e) Transportation by nonrefrigerated modes

(f) Lack of R&D support

Moreover, the situation in Dera Ismail Khan is about to worsen regarding the
lack of information about customers, marketing, harvesting, processing, packaging,
and infrastructure to produce good quality fresh dates. If production and processing
constraints are properly handled, this may have a significant positive socioeconomic
impact on local inhabitants (Marwat et al. 2012).

5.8 Processing and Novel Products

5.8.1 Date Processing

Dates are processed to deliver products of uniform size, which are healthy and neat
in appearance. Processing in Pakistan includes storage, fumigation, sorting, wash-
ing, drying, grading, and packaging. In common practice, once cured dates arrive at
date factories in Khairpur from the wholesale market (Fig. 5.30), fruits are stored
for few weeks or months under ambient temperature. Store rooms, godam, are pro-
vided with fans and windows covered with wire net for ventilation purpose.

Stored dates under such conditions are exposed to pest infestation whether exist-
ing in the fruit or from a new infestation. Thus fumigation is carried out to kill the
different pests of all ages inside the fruit and make them fit for human consumption.
Fumigation consists of piles of dates covered with polythene plastic sheets and

Fig. 5.30 Date market of
cured dates packed in wooden
boxes and jute sacks, chohara
at Khairpur
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exposed to a noxious gas within the sheets for 72 h. Tablets of hydrogen phosphide,
trade name Phostoxin, have been widely used by technical personnel. After fumiga-
tion, rooms are carefully ventilated and the powder residue of the tablets removed.
The process of dumping/fumigation keeps on going on the one hand, while on the
other hand the fumigated dates are then passed to the another section for initial sort-
ing or storage. An initial sorting is performed to discard the rotten fruit.

For individual sale orders, date fruits are weighted and sent to villagers’ houses
on small donkey carts for pitting and decapping, washing, and drying in the sun.
Sometimes processing is extended to include chopping as well. Fruits returned to
the factory are subjected to a manual sorting and grading process by young girls
seated on wooden tables (Fig. 5.31). According to current situation, dates are clas-
sified into A, B, C, and industrial grades according to size and blemishes they have.
The sorting process could be done before sending the dates to the households; how-
ever, grading is usually carried out before packaging and sometimes according to
the specific requirements of the buyer.

Dates are graded usually by size, shape, color, and skin. Fruit properties and taste
vary among the different cultivars. A survey in the leading processing plants in
Khairpur was performed to collect fruit samples and set quality standards for the
local commercial cultivars. The preliminary results of this study, done by DPRI
members for Aseel cv., indicated that the category of jumbo fruit, i.e., grade A,
consisted of 55-60 fruit 500 g~! and grade B contained 61-74 fruit 500!, while
grade C composed of 75-115 fruit 500 g~! package according to the general concept
of fruit quality in Pakistan date factories. The lowest-quality dates (grade C) are of
sufficient quality to be consumed as fresh whole table fruit; however, the inferior
fruits were classified as industrial grade in this study (Zangejo et al. 2013). Most
date factories are processing certain Pakistani cultivars such as Aseel, Begum Jangi
Dhakki, Rabai, and Muzawati or imported cultivars from Iran and Iraq such as
Zahdi, Sayer, and Rabai.

Before the sealing of packaged date fruit, cartons are exposed to a metal detector.
Nevertheless, tiny metal particles are a big challenge for export. It needs x-ray
detection which somewhat could be unable to detect the very tiny metals within the

Fig. 5.31 Sorting the Rabai
cv. dates into three categories
according to size and
freedom from blemishes
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fruit. The processed dates are packed by a wrapping machine with polythene plastic
bags which preserve the fruit moisture. The boxes can be of different design and
weight (0.5, 1, 2, and 10 kg) based on requirements of the purchaser (Fig. 5.31).
Packaged dates are stored in cold storage at 0-5 °C for about 10 months without
change in color or freshness. Stored dates in the cold storage at 5-18 °C resulted in
color and freshness change of 10 % approximately which reduces the quality.

There are about 10-12 date-processing plants in the date city of Khairpur. The
practices used for processing are noticeably varied and need to be standardized.
This represents one of the challenges facing the industry to increase the value of
Pakistani dates and compete in the international market.

5.8.2 Limitations and Challenges Facing Processing

(a) Product development: the key problem in Pakistani date processing is the unhy-
gienic manner of harvesting and postharvest handling of the fruit. The presence
of dates contaminated with mud, sometimes found on packed Pakistani dates, is
due to the poor handling of fruit during harvest rather than from processing.
Harvest practices affect the later steps during processing. Thus it is suggested
that the fruit be harvested directly into plastic crates rather than being transported
in bulk to the packinghouse. This would prevent dust and dirt contamination of
the fruit and ensure that they arrive in good condition and not crushed. It is worth
mentioning that the NGOs working in Pakistan, such as USAID-funded compa-
nies, provide support to the growers of Khairpur with a sufficient number of
plastic crates and other materials to develop the date sector (Abul-Soad 2013a).

(b) Cold chain system: when transporting the fruit, one must also take into account
its sensitivity. It is a large problem to transfer the fruit, particularly at rutab
stage, from distant locations to the wholesale market at Khairpur or Karachi. It
requires a trip of 7—14 h to transport Dhakki cv. dates from Dera Ismail Khan or
Begum Jangi or from Turbat, Balochistan. The fruit is soft and contains mois-
ture, and high temperatures during transportation should be alleviated with
refrigerated compartments. The scenario now is that cured dates are transported,
but the early-harvested rutab, which command higher prices, is not.

(c) Introduction of new cultivars: although refrigerated transport is expensive,
introducing elite international cultivars such as Medjool would justify such a
cost and broaden export opportunities. In Karachi supermarkets, the price of a
400 g box of imported Medjool is PKR 350, while 1 kg of Aseel cv. of cured
dates reaches PKR 80-120 in the month of October.

(d) Farm management: from the above discussion, it is obvious that date palms in
Pakistan do not receive special care as far as fertilizer application and other
agricultural practices are concerned. This results in slow growth rates for the
palms and low production. A national program for date palm maintenance and
improvement is recommended in order to increase the productivity and fruit
quality and consequently increase the export value of Pakistani dates.
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(e) Quality standard creation: it is worth noting that the international markets are
mainly looking for semidry dates, tamar, with specific quality parameters, while
the Khairpur region is mainly producing dry dates, chohara, with limited export
market expect to India. Less than 10 % of exported Kharak are table fruit, while
about 90 % were for the industrial purposes such as diced fruit and syrup pro-
duction. Hygienic and big size fruits of Begum Jangi and Aseel cvs. are the
main two requirements for the Pakistani dates to compete with other countries’
cultivars in the international market. Therefore, the tissue-cultured plants of
Medjool, Deglet Noor, Ajwa, and Barhee cvs. need to be introduced to Pakistan
as they are on the top in the international market.

(f) Regulations and legislations: inspection and accreditation by local and interna-
tional entities is very important and recently was required by the Chinese to
import chohara from Pakistan. Also, there is a need for more exports to other
international markets, particularly Europe and the USA.

(g) Product promotion: through participation in international expositions, interna-
tional media, pamphlets and leafiets, workshops, and training for key stakeholder
(e.g., growers, laborers, contractors, transporters, merchants, processors).

(h) Research and development support: lack of funding is the main hindrance fac-
ing the research institutes to continue in this sector and conduct the required
investigations on either the output of current factories or to contribute in the
establishment of a world-standard processing plant.

5.9 Conclusions and Recommendations

Date palm is an essential Pakistani crop, ranked in importance after mango and
citrus. Despite the position of Pakistan among the top ten producing countries, and
one of the three largest exporters, the actual cash value of date fruits is very low.
A major reason behind this fact is the lack of knowledge about Pakistani cultivars in
the international market. Efforts are needed to promote cultivars such as Dhakki,
Aseel, Muzawati, and Begum Jangi. In reality, more proficiency and efficiency in
the date industry will lead to increased prices for Pakistani dates in the local and
international markets. There are a few trials for the commercial micropropagation
of date palms, but, under the current situation, tissue-cultured plants of the interna-
tional elite cultivars such as Medjool, Barhee, Ajwa, and Safawi should be intro-
duced with subsidized prices to growers to change the cultivar structure in Pakistan
and to increase date export opportunities.

As a rule of thumb, increasing tree productivity and enhancing fruit quality can
be achieved through elevating awareness as well as the benefits of improved agricul-
tural practices in the field. Using solar dryer technology is an emerging practice in
Pakistan to protect the harvested date fruit from monsoon rains. According to con-
ventional wisdom, attention should be paid to providing growers offshoots of early
local cultivars such as Gajjar and Kasho Wari in Sindh province and Hillawi in
Punjab. Unfortunately, the use of various materials as bunch covers has failed as a
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means to protect the fruit during the ripening period, and growers prefer to harvest
the crop at khalal stage to avoid fruit deterioration. Research must be supported to
evaluate other alternative materials to cover fruit bunches during monsoon rains.
Using plastic nets to cover the fruit bunch at khalal stage also could reduce early and
late fruit drop. About 80 % of harvested fruits are processed and boiled to prepare
chohara, mainly exported to India, with the remaining 20 % spread on mats for sun
curing and/or recently dried using solar dryers.

Sudden decline disease, associated with root rot, is currently a major threat to
date palm cultivation in Sindh. The fungal disease hits all ages and devastates the
palm within 6 months without any effective control measure at the moment. Dubas
bug pest reduces the productivity of the date palm trees in Kech, Balochistan prov-
ince, and chemical applications have failed to control it. The date palm lesser moth
and late season pests cause considerable fruit drop in Sindh (Therhi area of Khairpur)
and in Dera Ismail Khan (Khyber Pakhtunkhwa province). Three things are required
in order to increase the export window of Pakistani dates: hygienic and bigger size
fruits of Begum Jangi and Aseel cvs. and production of the world top cultivars
Medjool, Deglet Noor, and Barhee that have already market with higher prices.
Decision-makers and NGOs in Pakistan are exhibiting considerable interest in the
date-processing sector. Nevertheless, only 12—13 factories of medium capacity cur-
rently exist in Khairpur where about 50 % of the cured dates are processed. Work
inside these factories is laborious and machines rarely used. The quantity of pro-
cessed dates is 15,000 mt yr~!. There is a need for transportation of fresh fruit under
refrigeration and cold storage to extend the shelf life of processed dates and renova-
tion of the machinery lines with pitting and cleaning machines. In reality, Pakistan
is a promising country for a date palm industry but needs technology and informa-
tion transfer to achieve its potential.
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Chapter 6
Date Palm Status and Perspective in Oman

Rashid Al-Yahyai and M. Mumtaz Khan

Abstract Date palm is the primary agricultural crop in Oman, and it constitutes
80 % of all fruit crops produced and 50 % of the total agricultural area in the coun-
try. Oman is the eighth largest producer of dates in the world with an average annual
production of 260,000 mt per annum. There are approximately more than over
seven million date palms and 250 cultivars in cultivation, primarily in the northern
governorates of the sultanate. However, around 70 % of the total date production is
harvested from only 10 cultivars, and a small fraction (2.6 %) of the total date pro-
duction is exported. Only half of the dates produced are used for human consump-
tion, with the other half being utilized primarily for animal feed or considered
surplus and wasted. Dates are mainly harvested for fresh fruit consumption; how-
ever, alternative uses such as date syrup, date sugar, and other by-products can also
be found in the local market. Dubas bug and red palm weevil are the dominant biotic
factors that affect date quality and yield in Oman. Traditional methods of cultiva-
tion, small farm size, enough labor available, and poor postharvest handling and
marketing are the main issues that face date palm production in Oman. New plant-
lets are produced from tissue culture with a primary focus on superior cultivars that
are kept, among other cultivars, in the only date palm ex situ gene bank in the inte-
rior of Oman. Enhancing fruit quality by optimizing fruit size and nutritional con-
tent and rapid cultivar selectivity based on molecular techniques for better or
improved commercial cultivars will increase the marketability of Omani dates.
Furthermore, employing modern orchard layouts and mechanization of the labor-
dependent cultural practices such as irrigation, pruning, pollination, and harvesting
is vital for the sustainable and profitable production of dates in Oman.
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6.1 Introduction

The date palm (Phoenix dactylifera L.) is an ancient crop plant that has been culti-
vated for centuries in many arid parts of the world, particularly in West Asia and
North Africa. In Oman, date palm is the most important agricultural crop that con-
tinues to occupy the largest cultivated area today. The nutritious year-round fruits
from hundreds of cultivars, and the multiple benefits of the palm by-products to the
growers and the community, have given date palms special status among other crops
with significant economic, cultural, and religious importance in the country. The
large number of cultivars also contributes to the permanence of date palm cultiva-
tion because of the extensive range of climatic adaptation, given that Oman has a
diverse topography and a range of climatic zones (Al-Yahyai and Al-Khanjari
2008). Because of its extensive cultivation in Oman and the multiple uses of the date
palm in a variety of products, date palm has a special social status among Omanis.
Consequently, date palm is the main plant for home garden and landscaping, and it
is widely grown even in areas where the climate does not allow for high-quality
fruits or yield, such as in Salalah in southern Oman or the Hajar mountains.
Nonetheless, in regions suitable for date palm cultivation, dates constitute the major
source of household agricultural income for many farmers.

This chapter presents the status and prospects of date palm cultivation in Oman.
Date palm cultivation in terms of its history, current practices, and the social and
economic aspects of date production as well as ongoing research activities is dis-
cussed. The current challenges and future prospects of date production in Oman are
also addressed.

6.1.1 Historical and Current Agricultural Aspects

Throughout history, growers in Oman have mastered date palm cultivation and the
cultural practices involved during the pre-petroleum era. Many travelers to Oman
reported date palm cultivation. Popenoe (1913) wrote, “The Fardh date growers of
Oman, who are the cleverest Arab cultivators I have seen.”

This is not surprising since date palm has a long association with religion and
civilizations (Al-Yahyai and Manickavasagan 2012). The date palm tree has been in
cultivation since 2,400 BC. Drawings and manuscript writings have indicated the
importance of date palm to various civilizations in and around the Arabian Peninsula.
Date palm reinforced its importance and status following the rise of Islam in Arabia.
Due to its importance to this region in particular, 21 references to date palm are
cited in the Holy Quran and 300 in the writings of the Hadith. These emphasize the
religious and cultural significance, in addition to the nutritious and economic impor-
tance, of date palm in the sultanate.

Given its adaptation to the harsh conditions that dominate the Arabian Peninsula,
such as high temperature and long drought periods, the date palm is the most
appropriate crop plant suitable for cultivation in Oman. This is particularly important
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Table 6.1 Regional date palm distribution in the Sultanate of Oman

No. of date | Percentage | Production Percentage
Governorate palms of total (mt) of total
Al-Batinah (North and South) 3,263,862 41.87 105,929.14 45.85
Al-Shargia (North and South) 1,502,525 19.27 37,294.65 16.14
Al-Dhahira (and Buraimi) 1,333,898 17.11 29,515.50 12.78
Al-Dakhlia 1,112,959 14.28 44,006.17 19.05
Muscat 322,222 4.13 10,282.98 4.45
Musandam 234,453 3.01 3,874.09 1.68
Dhofar 23,679 0.30 132.38 0.06
al Wusta 2,188 0.03 - -
Total 7,795,786 231,034.91

Source: MAF (2005)

Musandam (3 %)

\/ Al Batinah (42 %)

Al Dhahirah!(17 %)

Muscat (4 %)

Al Dakhliah (14 %)

Al Shargia (19 %)

Al Wusta (0.03 %)

Dhofar (0.3 %)

Fig. 6.1 Regional distribution and percentage (from a total number of 7,795,786) of date palm
trees in each governorate of the Sultanate of Oman (‘Includes the Buraimi governorate. Source:
Al-Yahyai and Al-Khanjari (2008))

in this country that is characterized by low rainfall (an average 100 mm per year),
whereas the rate of evapotranspiration is tenfold. Date palm is grown primarily in
the northern part of Oman, where agroclimatic requirements meet the needs of date
production (Al-Yahyai and Al-Khanjari 2008). Date palms occupy half of the culti-
vated area and 82 % of all fruit crops grown in Oman (Al-Yahyai and Al-Khanjari
2008). Date palm is cultivated in various governorates of Oman as illustrated in
Table 6.1 and Fig. 6.1.
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6.1.2 Importance to Omani Agriculture

Oman exports mainly only two fruit crops, dates and bananas. Date palm is by far
the most significant export commodity, mainly to the United Arab Emirates (UAE),
Saudi Arabia, and India. However, date exports remain very small compared to
what the country produces. In 2011, Oman exported 7,171 mt of dates, which is
only 2.6 % of the total production for that year. The low level of exports was attrib-
uted to the poor handling of dates, poor fruit quality, and the numerous pests and
diseases that affect postharvested dates in Oman (Al-Marshudi 2002; Al-Yahyai
2007; Manickavasagan et al. 2013). Compared to other countries, Omani dates
fetched a lower price in the international market (USD 102 per mt), while countries
of limited production such as Tunisia attained four times the price (USD 418 per mt)
of dates (Mbaga et al. 2011). Improvement of fruit quality may lead to greater
exports of dates to various parts of the world where demand for dates is increasing
such as in Oceana, the Americas, and Europe (Al-Yahyai and Manickavasagan
2012). In the local market, price per kg for Fardh, the main processed cultivar,
ranges from USD 1.5 to 2.5 compared to USD 4-6 for dates imported from Iran,
Saudi Arabia, and UAE for comparable cultivars.

6.1.3 Production Statistics and Economics

Oman is ranked eighth in the world in date production (Table 6.2). The cultivated
date area in 2011 was 31,348 ha which produced 268,011 mt of fruit (FAOSTAT
2013). Since 1980, there has been an increase in production reaching nearly
300,000 mt; however, that was followed by a rapid decline in the following years for
unknown reason. The production has picked up since 2004 but continues to fluctu-
ate from year to year (Fig. 6.2). Little of the Oman’s vast production is exported,
averaging 2.6 % in the past 10 years. However, the import of dates has rapidly

Table §-2 Top 19 date- Country Date production (mt)

ar(())ggcmg countries of the Egypt 1.373.570
Saudi Arabia 1,122,822
Iran 1,016,608
Algeria 724,894
Iraq 619,182
Pakistan 557,279
Sudan (North and South) 432,100
Oman 268,011
United Arab Emirates 239,164
Tunisia 180,000

Source: FAOSTAT (2013)
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Fig. 6.2 Date production in 300,000
the Sultanate of Oman
(Source: FAOSTAT 2013)
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increased from 2,000 mt in 2007 to 12,000 in 2009 (Fig. 6.3). By 2011, imports
have increased by 74 %, whereas exports only increased by 43 %. This indicates
that a portion of the imported dates, mostly from neighboring countries, is reex-
ported. However, no data is available on the volume of reexports, as the figure
7,171 mt of dates exported in 2011 includes all types of exports (fresh dates, dry
dates, and processed).

6.1.4 Current Agricultural Problems

Date production in Oman remains traditional (Al-Marshudi 2002; Al-Yahyai 2007).
Due to the subsistence nature of date production in Oman, farmers face many issues,
namely, the traditional irrigation and fertilizer application methods (Al-Yahyai
2007). Sufficient irrigation water quantity and quality have also been a major con-
cern to date palm growers, limiting field expansion because date-growing regions
are fully dependent on groundwater extraction for irrigation. Biotic issues are also
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of great concern to growers, particularly pests and diseases. Although presently
under chemical control, pests such as the dubas bug (Ommatissus lybicus Bergevin,
Homoptera: Tropiduchidae) and red palm weevil (Rhynchophorus ferrugineus
Olivier, Coleoptera: Curculionidae) are a threat to date palm production in the sul-
tanate. Logistical problems include insufficient number of skilled laborers and
underdeveloped transport and storage facilities, market outlets, and large-scale pro-
cessing factories. In recent years, extreme weather conditions such as cyclones,
Gonu in 2007 and Phet in 2010, and flooding have severely affected date produc-
tion; events associated with climate change may be the next challenge to date palm
cultivation in Oman. The government has subsidized the replacement of date palms
destroyed by cyclones and storms. The issue of climate change is also being studied
for better preparedness in regions that may potentially be impacted by the adverse
effects of climatic catastrophes.

6.2 Cultivation Practices

6.2.1 Research and Development

Published research work is lacking on various aspects of cultivation practices in
Oman. Earlier research carried out at Sultan Qaboos University (SQU) focused on
pollination, fertilizer application, irrigation, and utilization of date palm as the most
significant issues (El Mardi 1995; El Mardi et al. 1998). Recent work has focused
on yield and fruit quality improvement and postharvest technology (Al-Yahyai and
Al-Kharusi 2012a; El Mardi et al. 2007; Manickavasagan and Al-Yahyai 2012;
Pillay et al. 2003; Williams et al. 2005).

6.2.2 Description of Current Cultivation Practices
6.2.2.1 Pollination

Pollination of date palm is carried out by hand in almost all date palm groves in
Oman. There are several male palm cultivars (called fahl) that are used for pollina-
tion, most notably Khori and Bahlani. Hand pollination is done by placing strands
of the male cultivar in the middle of the female inflorescence (i.e., spadix) (Fig. 6.4).
The number of strands varies from 3 to 12 depending on both the male and female
cultivars. Newly introduced mechanical pollen dusters have not gained acceptance
and trust among date palm growers. El Mardi et al. (2002) pollinated Fardh date
palm by hand, hand duster, and motorized duster with no effect on fruit yield,
despite the larger fruit volumes when dusters were used. They also reported that a
pollen/flour (1:5) ratio for mechanical pollination produced a lower sucrose and dry
matter and higher yield.
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Fig. 6.4 Hand-pollinated
date palm female
inflorescence with male
strands placed in the middle

6.2.2.2 Irrigation

Irrigation water is traditionally delivered to date palm groves through open canals.
The water source is mainly underground aquifers and from wells or via a system of
underground tunnels called falaj. Falaj (aka ganat) is an ancient system of delivering
water to farms in Oman. There are three types of falaj depending on the source of
water: (1) ghaili falaj, where water is diverted to canals from a flowing wadi; (2) aini
falaj, spring water; and (3) daudi falaj, where water is sourced from an underground
aquifer (Al-Ghafri 2006). Water is distributed to date palm groves in units of time.
Other sources of water have also been explored, such as the utilization of treated sew-
age water (El Mardi et al. 1995, 1998), but with limited use until now. The timing and
frequency of irrigation is largely dependent on the allocated shares of water for each
grove and is not based on empirical methods. Adoption of new methods of irrigation
(such as bubbler irrigation, which is a localized, low pressure, solid permanent instal-
lation drip irrigation system), particularly in well-irrigated groves, is slowly gaining
momentum as the government subsidizes installation of modern irrigation systems.
Al-Yahyai and Al-Kharusi (2012b) reported that chemical quality attributes of
date palm (cv. Khalas) grown in northern Oman varied in response to decreased
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frequency of irrigation water applied during fruit development. Palms irrigated
daily had higher fruit water content, juice volume, and titratable acidity (TA),
whereas total and reducing sugar content, total soluble solid content (TSS), pectin,
and dry matter were high under deficit irrigation. They concluded that fruit quality
may be enhanced using various deficit irrigation regimes.

6.2.2.3 Fertilizer Application

Date growers apply fertilizers manually using animal manure twice a year
(Al-Yahyai 2010). Chemical fertilizers are not commonly used in date palm groves
in Oman. However, most of date palm trees are intercropped with legumes used as
fodder, thus perhaps making sufficient nitrogen available to date palm. Al-Kharusi
et al. (2009) evaluated the effects of mineral and organic fertilizers with and without
the supplementation of micronutrients on the chemical characteristics and quality of
date fruits from two cultivars of date palm (Khalas and Khasab). They found that
dry matter content was highest when mineral fertilizers (NPK, in 4 applications)
were supplemented with organic peat and micronutrients. They also reported that
organic peat application over a 3-year period increased the tannin contents, whereas
the mineral fertilizers reduced it. Dry matter, tannins, and titratable acidity were
affected by cultivar and fertilizer treatment. Overall, the study found that mineral
fertilizers (i.e., NPK) have a significant impact on date fruit quality.

6.2.2.4 Pruning and Thinning

Pruning of date palm involves the removal of old, dead, or damaged leaves. The
leaves are used as by-products for making various handicrafts including crates,
ropes, and baskets, as well as a source of fuel for heating and cooking, and for house
construction. Using two types of tools (i.e., a sharp sickle called makhlab and a
harvest knife called majaz), pruning is carried out annually following harvest and to
clear up remaining fruit bunches, older leaves, and fibers. Although it increases fruit
size and quality, bunch and fruit thinning is not commonly practiced, except in rare
cases where the palm has over 20 bunches. Studies by Al-Yahyai (unpublished)
showed that thinning to 10 bunches per Khalas cv. gave the best fruit yield and
quality.

6.2.2.5 Harvest and Postharvest Handling

Dates are consumed at three stages in Oman: at the khalal stage (via cooking, called
tabseel), fresh at the rutab stage, and as dry fruits harvested at the tamar stage.
Harvesting of date palm in Oman is done following traditional methods of cutting
the date bunch then dropping it or lowering it by rope to the ground (Al-Yahyai
2007). This leads to losses in dates due to fruit separation from the bunch, fruit
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Fig. 6.5 Traditional sun drying of dates

bruising and damage, and exposure to insect infestation and pathogen infection.
After harvest, dry fruits are sun dried in the open air (Fig. 6.5), which also exposes
dates to insect damage from wasps and ants. Dried dates are stored in plastic or
wood containers. Due to poor conditions, dates are also infested during storage
(Manickavasagan et al. 2013). A recent study showed that dates can be frozen at the
khalal stage for up to a year, with little effect on the chemical composition of the
fruit (Al-Yahyai and Al-Kharusi 2012a). During fruit formation and development of
date palm, khalal stage occurs between 19 and 25 weeks after fruit set. At this stage
sucrose contents are increased, while fruit weight increment, acidity, and moisture
contents are reduced. In some cultivars at this phase, the fruit becomes palatable and
is considered of commercial maturity. Microwave energy and computer vision tech-
nology have shown promising results in identification and elimination of many of
the defective fruits during factory processing (Manickavasagan and Al-Yahyai
2012; Manickavasagan et al. 2013).

6.2.2.6 Pest and Disease Control

Date palms in Oman are infested with two major pests: the dubas bug (Ommatissus
lybicus Bergevin, Homoptera: Tropiduchidae) and red palm weevil (Rhynchophorus
ferrugineus Olivier, Coleoptera: Curculionidae). Chemical control is the method
utilized by the government to combat dubas bug. Several insecticides have been
evaluated for dubas bug control in Oman with SUMI-ALPHA® 5 EC being effec-
tive as a ground spray and KARATE® 2 ULV, TREBON® 30 ULV, and
SUMICOMBI® 50 ULV achieving some measure of success as aerial sprays (MAF
2006a). Strict quarantine measures and eradication of suspected palms infected by
red palm weevil is the common method of controlling the spread of this pest.
Al-Sadi et al. (2012) investigated fungal and oomycete pathogens associated with
root diseases of date palms in Oman. Isolated fungi and oomycetes showed that



216 R. Al-Yahyai and M.M. Khan

they belong to 34 species. They found Fusarium solani (27 %), Ceratocystis
radicicola (25 %), and Lasiodiplodia theobromae (19 %) to be the most common
pathogens associated with root diseases of date palms. Among the 21 pathogenic
species, 13 are reported for the first time in the study as new root pathogens of date
palm on a global basis. These include the following species:

Ceratocystis omanensis Fusarium acuminatum Pythium indigoferae
Cochliobolus hawaiiensis Fusarium redolens Pythium spinosum
Exserohilum rostratum Fusarium thapsinum Pythium ultimum var. ultimum
Corynascus kuwaitiensis Nigrospora sphaerica

Fusarium brachygibbosum Phoma multirostrata

Al-Sadi et al. (2012) also reported 22 other new fungal and oomycete species
that occur in Oman. However, many of these fungal (as well as viral and bacterial)
infections do not constitute a direct threat to date palm cultivation in Oman, and
little is done to control them.

6.2.3 Agroforestry Utilization and Potential

Agroecological research suggests that date palm is a suitable plant for a range of uses
in Oman, particularly in saline and marginal soil areas. Date palm plantings help com-
bat desertification, if well managed. However, no studies have been conducted to
determine the extent of date palm agroforestry utilization and potential in Oman.

There are several issues related to date palm cultivation practices in Oman
including traditional methods of management and cultural practices, fruit handling,
enhanced fruit quality, and marketing. Application of mineral fertilizers and intro-
duction of modern irrigation systems and mechanical pollination will greatly make
date production more economical and increase grower income. Al-Yahyai (2007)
outlined the areas where date palm cultivation needs further improvement. Other
areas include date processing and by-product utilization, value addition of dates,
and enhancement of marketing and exports and processing in the country.

6.3 Genetic Resources and Conservation

6.3.1 Research in Genetics, Breeding, and Conservation

The Sultanate of Oman is located in the southeastern part of the Arabian Peninsula.
The average annual rainfall in the country is less than 100 mm, which results in
making 75 % of the total area a desert or desert-like with little or no vegetation.
The remaining area varies greatly in topographic and climatic characteristics; this
allows the cultivation of various types of field and fruit crops. Date palm is the
major crop in Oman, as it covers about half of the cultivated area in the country.
Due to the diverse date plan gene pool and variability in the topographic/climatic
conditions in Oman, the date palm production season expands from May to
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November. This long season of date production makes the country distinct from all
other major producing countries. Variability in climatic conditions, topography,
and cultivation practices have also resulted in selections of numerous male and
female cultivars adapted to different regions of the sultanate. Currently there are
about 250 cultivated varieties of date palm in Oman. Thirty out of the 250 varieties
are cultivated on large areas because of their high quality and consumer demand
(Al-Yahyai and Al-Khanjari 2008).

The main objective of conserving date palm genetic material is to protect this
precious heritage from the threat of extinction, which may be caused by deforesta-
tion, environmental pollution, and natural calamities such as cyclones, floods,
drought, or fire. Another prime goal of keeping large date palm genetic resources is
for crop breeding and improvement programs.

To aid in the preservation of the extensive genetic diversity of date palm in Oman,
the Ministry of Agriculture and Fisheries Wealth (MAF) has carried out various trait
analyses, for example, morphological and molecular characterization of various
date palm cultivars. Various molecular techniques are currently being utilized to
determine the genetic diversity of date palm cultivars in Oman. A study on DNA
fingerprinting was carried out on six Omani cvs. (Bunaringa, Hilali, Khalas, Khalas
Oman, Khenazi, and Zabad) and three foreign cvs. (Barhi, Deglet Noor, and
Medjool). These cultivars were mapped because of their usage for large-scale prop-
agation through tissue culture. The Random Amplified Polymorphic DNA (RAPD)
analysis showed the similarities and the differences between the genotypes tested
(Fig. 6.6) (MAF 2006a). A total of 78 alleles were counted from which 11 were
shared in entire cultivars. The number of alleles differed according to the genotype/
primer combination. The similarities between cultivars were calculated based on the
analysis, which showed the close relationship between Omani cultivars compared to
the foreign date palm genotypes as illustrated in Fig. 6.7 (MAF 2006a). A microsat-
ellite marker (SSRs) tool was used to identify the genetic diversity in date palm

W
I
i
UNRIRAL [ |

Fig. 6.6 Fingerprinting of
four Omani date palm

cultivars using RAPD
technique (Source: MAF Khalas Oman Khanazy
2006a)
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Fig. 6.7 The relationship — Hilali
among different cultivars
based on RAPD analysis —— Zabad
(Source: MAF 2006a)
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(Phoenix dactylifera L.) clonal genotypes, which were derived through somatic
embryogenesis in Oman. Twenty-one palm genotypes representing different coun-
tries (14 Omani, 5 Bahraini, 1 Iraqi, and 1 Moroccan) were screened with ten mic-
rosatellite markers. All primer pairs generated an amplification product and a high
level of polymorphism among all the analyzed samples. Results revealed that the
genotypes from Bahrain and Iraq have a close relationship with accessions already
grown in Oman. The Moroccan genotype (Medjool) performed distinct from the
rest of the date palm genotypes (Al-Ruqaishi et al. 2008). The value of this work
was to describe and preserve the date palm genetic resources of Oman.

The government of Oman recognizes the significance of plant genetic
resource conservation and people’s involvement in such a principled initiative.
Therefore, the activities are shared and complimented with public awareness
campaigns to highlight the importance of preserving biodiversity of date palm
cultivars in the country.

6.3.2 Preservation of Date Palm Biodiversity

There has been a steady decline in the production of dates in Oman over the past
decade. This decline is mainly attributed to a combination of various factors includ-
ing increased soil salinity in major date palm-growing regions (Al-Batinah and
Al-Sharqia), desertification in areas adjacent to the desert in central Oman, heavy
insect pest infestation such as dubas bug and red palm weevil, and urbanization of
rural areas. These biotic and abiotic factors have led to a decrease in area of planta-
tions and depletion of the gene pool of some existing cultivars.

Keeping plant biodiversity intact through conservation of the existing plant mate-
rial, in particular, endangered old cultivars and introduction of new gene pool, is a
prerequisite for sustainability of any crop. However, since the sustainability of in situ
gene banks of perennial fruit crops, such as date palm, has been questioned, newer
approaches for preserving local varieties should be investigated apart from the use of
gene banks and tissue culture laboratories. These approaches may include in vitro
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preservation using cryopreservation (Bagniol et al. 1992; Engelmann et al. 1995;
Finkle et al. 1979; Mater 1987; Ulrich et al. 1979) and ex situ gene banks based on
farmer involvement (Aaouine 2000; Arunachalam 2000; Jarvis et al 2004; Sawadogo
et al. 2005). This can be achieved through certain economic incentives to farming
communities for preserving traditional agricultural practices (Siebert 2004).

At present, to assist in the preservation of the extensive genetic diversity of date
palm in Oman, detailed studies on morphological and phenological description,
chemical /biochemical analyses, and molecular identification and characterization
of various cultivars are under way.

At the Date Palm Horticulture Research Laboratory, molecular markers have
been established to map date palm genetic diversity (MAF 2006b). In 1996, conven-
tional breeding in date palm was initiated where KL96-13 accession was used as
male parent in the two different crosses (El-Kharbotly et al. 1998). This male was
used to develop a backcross population (BC1) suitable for the construction of a
genetic map by crossing it to its mother (Khalas). Khalas is known to produce high-
quality date fruits. More offsprings of the male were developed by crossing the
same male with Um-Sella cv. to produce an F1 population. Amplified fragment
length polymorphism (AFLP) technique was used to analyze BC1 population
(57 palms) from the Khalas cv. and of their parents. In collaboration with the College
of Medicine at SQU, the polymorphism studies were conducted on a DNA analyzer.
The primary analysis showed a genetic linkage between two molecular markers and
the maleness character on a distance between 9 and 29 map units. The research is in
progress to increase the number of reactions and the analysis of genetic relation-
ships. The most common cultivar in the Al-Batinah region is Um-Sella but it bears
low-quality fruit. This cultivar was also incorporated in the program of genetic
improvement of date palm. It was crossed with the male KL.96-13 (originated from
cv. Khalas) to produce an F1 population. The female from this cross is being evalu-
ated for the fruit quality. The results showed improvement in shape, color, and size
of the produced fruits (MAF 2006b).

To study the effect of pollen grains’ source on Khalas fruit quality, fruit set, and
ripening, research was conducted in two locations: Al-Barka Nursery Farm
(Al-Batinah) and Nizwa Al-Rafa’Farm (interior) in the 2007 season. Seven male
cvs. (Khori, Alnaseeb, Medgahdel, Abosaaba, Bahlani, Ghareef, and Naghayli)
were used to pollinate Khalas A’Dhahirah date palm trees. There were significant
differences in fruit set and fruit characteristics in both locations (MAF 2007). A
similar study was conducted on Zabad cv. to overcome the low percentage of fruit
set and yield. Pollen of five male cvs. was used to pollinate the flowers of Zabad cv.
The results showed that there were no significant effects of pollen grains on the fruit
set and the quality of Zabad cv. (MAF 2007).

In 2009, microsatellite or simple sequence repeat (SSR) markers were used
to fingerprint some Omani date palms cvs. (Bahlani, Buhabisha, Bunaringa,
Khinizi, Thameed, and Zabad female; Bahlani and Khori male). All samples
were analyzed using 20 SSR primer pairs which were designed for date palm
genetic mapping (Fig. 6.8). To identify genetic linkage between Khalas cv.
from Gulf Coast countries, 15 different microsatellite primers were used
(Fig. 6.9) (MAF 2009). Date palm genetic diversity was further explained on
basis of physical attributes. The physical phenotypic diversity index results
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Fig. 6.8 UPGMA cluster analysis of SSR data generated by 20 primer combinations for 40 of

Omani date palm cultivars showing patterns of genetic similarity using Jaccard’s coefficient
(Source: MAF 2009). Abbreviations are samples of the corresponding cultivars

showed large biodiversity among the selected date palm cultivars. Likely, the
similarity matrix also exhibited high similarity among date palm cultivars
ranging from 74 to 90 %. Another study by Al-Ruqaishi et al. (2008) used mic-
rosatellite markers (SSRs) to screen and analyze the genetic diversity among
clonal genotypes of date palm derived by somatic embryogenesis. The study
detected high levels of polymorphism among 21 cultivars, 14 of which were
from Oman. These studies emphasized that further studies are needed on chem-

ical and molecular evaluations to discover the genetic linkages among cultivars
(Al-Yahyai and Al-Khanjari 2008).

6.3.3 Quarantine Regulations

Quarantine regulations have been established and implemented by the MAF in
Oman. Keeping in view the trans-boundary or inland invasion of insect pests and
diseases, unwanted plant material movement is strictly prohibited. Therefore, strin-
gent plant material quarantine rules are in place which ensures a safeguard against
any plant-related catastrophic breakout. Plant quarantine principles are followed
strictly, and if any threatening disease is discovered, the site is monitored and
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Fig. 6.9 Dendrogram of similarity J. coefficients based on UPGMA cluster analysis in 16 geno-
types from Oman, Saudi Arabia, Bahrain, and Kuwait using 16 microsatellite primers (Source:
MAF 2009). Abbreviations are samples of the corresponding cultivars

movement of plant material is restricted until the problem has been resolved.
Importation of all palm types is prohibited without appropriate phytosanitary
certification.

6.4 Plant Tissue Culture

In Oman, the first tissue culture and biotechnology laboratory for date palm mass
propagation and research was established at Jimmah Agricultural Research
Station. Since its inception in 1992, it has contributing significantly to date palm
tissue culture mass production. This laboratory has its long-term strategy to
replace 3.1 million date palm trees with newly produced true-to-type plantlets.
The plan to produce 500,000 Fardh cv. seedlings in 5 years is a noteworthy ambi-
tion of this laboratory. More than 250,000 plantlets have been distributed to
growers and significant numbers of genotypes (>70) have been tested/produced
(Fig. 6.10). At the Jimmabh facility, research studies are also being conducted on
cryopreservation and improvement of existing methods to manipulate and har-
vest plants derived from somatic embryos as shown in Fig. 6.11 (MAF 2009).
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Fig. 6.10 Number of cultivars tested/produced at Jimmah Tissue Culture Laboratory, 1992-2009

(Source: MAF 2009)
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Fig. 6.11 Schematic illustration of date palm tissue culture (somatic embryogenesis) followed at
Jimmah Tissue Culture Laboratory, Oman
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Fig. 6.12 Stages of date
palm plantlet acclimatization
in (a) growth room,

(b) greenhouse, and

(¢) shadehouse conditions at
Jimmah, Oman, prior to
distribution for cultivation

In the Jimmabh tissue culture and biotechnology laboratory, a series of experi-
ments have been conducted on standardizing micro-propagation techniques for
date palms; most of the developed techniques can be widely applied to many
cultivars with necessary modifications. In this institute, two types of procedures
have been successfully employed in tissue culture of date palms (Fig. 6.11). The
most common method is somatic embryogenesis, which has many advantages
and disadvantages. With this method, mass cloning of date palm plantlets through
repetitive somatic embryogenesis has existed since 1996, and a good number of
propagules have been distributed to date farmers (Figs. 6.12 and 6.13). However,
it involves the possibility of some undesirable genetic variability in tissue
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Fig. 6.13 Production of somatic embryos (SEs) of date palm at Jimmah Tissue Culture Laboratory
and the total number of saplings distributed to farmers since 1996 (Source: MAF 2009)

culture-derived plants, resulting in some abnormal vegetative traits as well as
unusual flowering and fruiting habits, which are not usually apparent until the
fruiting stage. Genetic variations were recorded in 6- and 12-month-old cultures.
It was observed also that all morphologically abnormal shoots showed genetic
variations at the molecular level (Saker et al. 2000). One of the alternative meth-
ods used now is direct organogenesis. The successful development of this new
technique is expected to reduce the number of steps in culture, thereby shorten-
ing the duration of culture with higher concentrations of auxins which may lead
to reduced somaclonal variations.

A comparable plant tissue culture laboratory at SQU was also created with the
main objectives to train technicians in the field of plant tissue culture and to conduct
other related research and development studies. However, at Jimmah, commonly

practiced methods are adopted with little modifications according to local cultivar
requirements.

6.5 Cultivar Identification

6.5.1 Role and Importance

The diverse topographical and climatic ecoregions in Oman have allowed for the
cultivation of various types of date palm cultivars (Al-Yahyai and Al-Khanjari
2008). The documented number of cultivars is 180 female and 48 male of the 7.8
million trees of date palm grown throughout the country. However, the majority of
the total date production, in each region and in Oman in general, comes only from a
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Table 6.3 Major date palm cultivars in various governorates of the Sultanate of Oman in a
descending order of production per cultivar

Northern
Northern and Al-Dhahira | and
Southern and Southern Oman
Al-Batinah | Al-Dakhliah | Buraimi | Al-Shargia | Dhofar | Musandam | Muscat (overall)
Um Sella Naghal Fardh Mabsli Sarna Shahl Um Salla | Um Sella
Mabslui Khasab Naghal Madloki | Madloki | Qash Khunaizi | Mabsli
Khasab Fardh Khasab | Barni Qash Qash Khalas Khasab
Habash
Shahl Mabsli Khunaizi | Khasab Hajar Lulu Naghal Naghal
Naghal Khalas Khalas Naghal Faradhi | Khunaizi |Khamri | Fardh
Mesli Khunaizi | Bu Maan | Bu Narenja | Qash Qash Qadmi Shahl
Jabrin Ahmar
Khalas Handhal Suwaih | BuDaan | Khunaizi | Naghal Khasab | Khunaizi
Khunaizi Barshi Fardh Naghal |Bu Barni Khalas
Alathoq
Munawmah | Barni Khunaizi | Hassassi | Baql Qash Madloki
Salani Zabad Basri Hilali Hassassi | Barni

Source: Al-Yahyai (2010)

few commercial cultivars (Table 6.3). These cultivars are dominant because of their
marketable high fruit quality or early and late season production (Al-Yahyai 2010).
The date palm gene bank of the MAF, established at Wadi Quriat in 1988, contains
166 female and 21 male cultivars, of which 81 produce yellow fruits, 24 produce
red, and the remaining produce various other fruit colors (Al-Yahyai and Al-Khanjari
2008; Al-Zidjali 1996). This is the largest field gene bank in the country along with
a sizeable collection at the SQU agriculture experiment facility.

6.5.2 Research in Date Palm Descriptors

Date palm descriptors, both morphological and molecular, are lacking for cultivars
grown in Oman. Information gathered for record keeping that include date of flow-
ering time, yield, and fruit quality parameters from the only gene bank in Oman has
not been published yet. Two publications describing the physical and chemical
characteristics of fruits were published as illustrated books in Arabic by the Diwan
of Royal Court Affairs (Macki et al. 1998). Al-Yahyai and Al-Khanjari (2008) used
that information to assess the biodiversity of date palm in Oman. Jaradat and Zaid
(2004) also used fruit quality traits to assess the origin and diversity of date palm in
southern Arabian Peninsula, including Oman.

Date palm molecular descriptor development for cultivars in Oman now is in
progress. The MAF in Oman is currently working on developing DNA markers and
molecular descriptors for date palm cultivars.
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No commercial laboratories specializing in identification and characterization of
date palm cultivars exist in Oman. The MAF administers one tissue culture labora-
tory that is also carrying out molecular identification of cultivars for quality moni-
toring purposes.

6.6 Cultivar Descriptions

6.6.1 Growth Requirements

Date palm is chiefly grown in the northern part of Oman. Al-Yahyai and Al-Khanjari
(2008) identified two main agroclimatic zones where date palm is grown: (a) the
coastal plains that include the governorates of Batinah (north and south), Shargia
(north and south), and Musandam and (b) the interior that includes Dakhlia, Dhahira,
and Buraimi (Fig. 6.1). Both agroclimatic zones are characterized by hot summers
and cool winters, with the coastal plains being more humid, particularly during the
summer. The central governorate, Wusta, is largely dominated by desert and nomadic
lifestyle, thus the number of date palms is minimal. The southern governorate of
Dhofar is not suitable for date palm due to monsoon rains during the ripening months
of dates (May—August); however, farther inland, date palms are grown in oases bor-
dering the Empty Quarter desert. Different cultivars are grown in these various
regions due to a range of agroclimatic conditions (Table 6.5), depending primarily on
the cultivar performance under the specific climatic conditions of that region.

6.6.2 Cultivar Production Statistics and Economics

Despite the large number of cultivars, as mentioned previously, the production
of dates is largely dominated by only a few cultivars (Table 6.4). It can also been
noted from the table that the largest cultivar in production, Um Sella, is not

Table 6.4 Major date palm varieties and its total production in the Sultanate of Oman

Cultivars 2004 yield (mt) % of total Cumulative %
Um Sella 32,696.48 14.15 14.15
Mabsli 30,583.24 13.24 27.39
Khasab 26,678.61 11.55 38.94
Naghal 24,423.38 10.57 49.51
Fardh 18,051.93 7.81 57.33
Shahl 11,435.75 4.95 62.28
Khunaizi 11,340.99 491 67.18
Khalas 11,139.04 4.82 72.01
Madloki 5,423.58 2.35 74.35
Barni 4,966.3 2.15 78.65

Total 231,034.91
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destined for human consumption and used mainly as livestock feed. The most
popular cultivars for human consumption and for processing, Khalas and Fardh,
respectively, only contribute around 12 % of the total date produced in Oman.
Earlier cvs., such as Naghal which reaches rutab stage in May, and late cvs. such
as Khasab, harvested until late October, are consumed fresh and not commonly
stored for consumption during the winter months. Mabsli is a cultivar that con-
stitute a large proportion of the export market as boiled dates, most of which
(70 %) is destined for India. However, efforts are under way to expand the list
of cultivars that are suitable for boiling to expand the exports of the important
niche commodity.

6.6.3 Nutritional Aspects

The date fruit nutritional composition of sugar, acidity, fiber, minerals, and other
components have been studied under various treatments, in the field (Al-Kharusi
et al. 2009; Al-Yahyai and Al-Kharusi 2012b; Al-Yahyai 2010; El Mardi et al.
2002), during storage (Al-Yahyai and Al-Kharusi 2012a), at the consumption stage
of the dates (Al-Farsi et al. 2005a, b, 2007), and its by-products (Al-Farsi et al.
2007). This information indicated that cultural practices and postharvest handling
have a great impact on date nutritional quality. Various cultivars have varying quan-
tities of nutrient composition, particularly minerals and antioxidants.

6.6.4 Morphological Description

The only publication on the date palm cultivars of Oman is by Macki et al. (1998)
in Arabic. However, this catalog details the general physical and chemical attributes
of the reproductive part of the date palm rather than a comprehensive descriptive
analysis of the whole plant. The most popular cultivars for fresh consumption are
Khalas, Barni, and Khunaizi (Fig. 6.14), whereas Fardh (Fig. 6.15) is commonly
used for industrial packing and processing. The physical and chemical characteris-
tics of Khalas, Fardh, Khunaizi, and Barni are shown in Table 6.5.

6.7 Date Production and Marketing

The date palm tree has the ability to survive under relatively harsh climatic and soil
conditions while many other crops cannot thrive under such adverse conditions.
Therefore, it is an irreplaceable tree in irrigable desert lands that provide protection
to ground-level crops from heat, wind, and other threats and is an excellent plant
species in terms of combating desertification. Due to these characteristics, date
palm tree has been grown in Oman and the Arabian Peninsula for centuries and it is



228 R. Al-Yahyai and M.M. Khan

Fig. 6.15 Fardh dates at the

transitional stage from khalal
to rutab stage, from northern
Oman

considered to be the oldest fruit tree. Dates have high nutritive value and are the
main food source for Omanis since they began to sail the seas of this region, which
can be traced back to the seventeenth century (El Mardi 1995). Date cultivation and
use of the fruit as a basic food commodity is believed to be an integral part of the
Omani national heritage and social life.

Date palm cultivation is one of the most essential agricultural activities in
Oman. This country has diverse topographical and climatic ecoregions that allow
for cultivation of various date palm cultivars, particularly in the northern coastal
and the interior regions (Al-Marshudi 2002). Date production is sufficient to meet
the domestic demand and a significant surplus is also exported. The majority of
palm growers in Oman still use traditional methods for growing this crop from
planting until it is marketed. They are using the farming techniques which require
only limited inputs of capital and cause minimal disturbance to the environment.
Hence, the patterns of production seem truly sustainable and skills are being
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Table 6.5 Fruit physical and chemical characteristics of four date cultivars from northern Oman

Parameter Fardh Khalas Khunaizi Barni
Fruit physical characteristic

Color: khalal Orange Yellow Scarlet red | Yellowish green
Color: rutab Reddish Dark yellow | Dark red Yellow
brown
Color: tamar Dark brown | Reddish Black Brown
yellow
Fruit weight (g) 154 9.6 10.4 9.8
Seed weight (g) 0.6 0.9 0.5 1
Fruit size Large Medium Medium Medium
Fruit length (cm) 3.9 34 3.3 4
Fruit diameter (cm) 2.1 2.1 2.2 1.7
Sphericity (length/diameter) | 2.1 1.6 1.5 2.7
Chemical characteristics of pitted dry dates
Ash (%) 1.19 1.16 1.14 1.25
Moisture content (%) 39.69 55.17 48.87 42.96
Fiber (%) 1.17 0.74 1.59 2.37
Total carbs (per 100 g) (%) 95.00 89.20 94.30 91.30
Reducing sugars (%) 88.17 80.40 86.60 84.35
Nonreducing sugars (%) 5.33 6.75 5.60 5.00
Starch (%) 1.50 2.05 243 1.88
Total protein (%) 3.69 3.57 2.72 3.80
Total lipids (%) 0.39 0.42 0.47 0.56
Pectin (%) 2.75 1.76 3.00 1.52
TSS (%) 60.30 44.85 50.87 56.96
Mineral content (mg per 100 g) on dry weight basis
Potassium 762.00 800.50 786.33 790.50
Phosphorus 48.33 42.60 53.23 57.53
Magnesium 35.83 35.45 34.90 36.45
Iron 1.18 1.34 1.19 1.19
Zinc 0.35 1.78 0.51 0.57
Copper 0.56 0.72 1.43 0.86
Manganese 1.91 1.70 1.73 2.12
Sodium 4.93 5.15 4.90 5.28

Source: Adapted with permission from Macki et al. (1998)

passed from generation to generation (Al-Marshudi 2002). Most of the traditional
date palm growers are considered subsistence producers with a main objective to
only supply enough food for the family needs (Al-Yahyai 2007). Nonetheless,
tremendous development has occurred in the production and distribution of dates
during the last two decades. Now in many areas of the sultanate, date palm trees
are very well developed in terms of cultivar selection, planting, harvesting,
marketing, and storage.
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6.7.1 Optimization of Yield

Significant advances have been made in traditional cultivation methods to allow the
farmers to increase yield under all kinds of harsh environments.

The MAF and the College of Agricultural and Marine Sciences (CAMS) at
SQU are doing a commendable job to increase date palm production and to
improve fruit processing in Oman. The MAF has also developed tissue culture
laboratory to mass propagate selected high-quality date palm trees for distribu-
tion to growers. Several MAF agricultural research stations conduct applied
research and provide extension services to date palm growers throughout the
country. The MAF has also designed a strategic plan for improving date palm
production. The MAF plans to increase investments in the date sector that will
help in production of high-quality dates as well as expansion of the national and
international markets for dates throughout the year. The researchers in CAMS
have also done considerable work for the optimization of date palm yield in the
country. They have introduced labor-saving methods in cultivation, developed
modern irrigation systems, and improved packaging of the final products. All
these efforts have resulted in substantial increases in date palm production in
Oman. It has been reported that in the last decade the area under cultivation of
date remained almost the same, but the production has been almost doubled
(Al-Marshudi 2002). Much work is yet needed to improve fruit quality. At pres-
ent, Oman’s current net production value of dates is USD 132,533,000
(Fig. 6.16).
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Fig. 6.16 The net production value in the top 10 date-producing countries in the world in 2011
(Source: FAOSTAT 2011)
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Fig. 6.17 Loaded U-Shaped
harvesting platform (Source:
Courtesy of H. Jayasuriya)

6.7.2 Harvest Mechanization

Harvesting of the date palm fruit is very critical in terms of determining the quality
of the produce and hence the ultimate price. Date fruit is harvested either manually
or with some degree of mechanization, especially on large farms. The harvesting
machinery needs to be efficient and clean since it will affect the rest of the down-
stream steps such as processing, packing, and marketing.

With the subsequent development of date palm industry in Oman, harvesting
strategies have also undergone advancement, and now mechanized harvesting
(Fig. 6.17) is becoming popular. Usually the mechanized date-harvesting systems
consist of vehicles equipped with a number of long arms with baskets at the end,
where a worker can stand in the basket to pick the fruit (Mazloumzadeha et al.
2008). Research labs at SQU are working to develop new harvesting machines
adapted to the Omani date farms (Fig. 6.18).

6.7.3 Postharvest Operations

The date harvest in Oman is long, starting from May and extending until November,
about 6 months, because of the large diverse gene pool (>250 biotypes) which are
distributed throughout the northern parts of Oman (Al-Yahyai and Al-Khanjari
2008). Some date cultivars, for example, Mabsli Abou-Narenjah and Madloky, need
special heat treatment processing, before drying, called tabseel. Dates are cooked in
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Fig. 6.18 Harvesting
platform lift model (Source:
Courtesy of

H. Jayasuriya)

large quantities in a big boiling pan nearly for 45 min, until the dates are shiny and
ready to be scooped out of the pan. Drying surfaces used are the ground, simple
platforms, flat rooftops, and open containers and dates remain there for a week. Dry
dates are packed in 50 kg jute sacks and kept in a dry storage area. The Ministry of
Commerce and Industry purchases directly the dates farmers produce. The main
consumer market is India; therefore, large proportion of the product (fabseel) is
exported to India and little to other countries (Fig. 6.14). Date palm postharvest
handling of tabseel season is not just an annual farming activity; it is the time when
family, relatives, friends, and neighbors join hands to harvest, process, and work
together in the village.

The date palm harvesting season is considered to entail the hardest agricultural
work of the year as it involves most of the people who own the date palm groves.
Many factors must be considered, for example, environmental hazards especially at
the time of actual harvesting.

Before final packing, dates are graded and deformed or spoiled fruits removed,
leaving the best for marketing. The Ministry of Commerce and Industry (MOCI)
makes an announcement to the farmers about the purchase of their production from
a collection point, for overseas export. The ministry rechecks the quality, presence
of any pests or diseases, and uniformity and makes the payments according to their
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product quality. India is the major importer of the product, which has medicinal
uses and is combined with chocolate and also has a role in festival celebrations.
Dates can be eaten fresh, dried, or in different processed forms, for example, in
cookies, cakes, and bread. Honey and vinegar are also made from the date fruits.
The total dry date palm tabseel export in 2012 from Oman was 6,767 mt (MOCI
2012). Apart from traditional processing, modern factories have been established
in Oman to process dates from conditioning to packing for domestic consumption
and export.

6.7.4 Survey of Commercial Producers and Major Farms

Date palm cultivation in Oman is scattered throughout the country. However, large
commercial farms are located in Dhakhlia region (Samail), Al-Dahira region (Ibri),
and Al-Batinah and Al-Sharqia regions. Al-Sharqgia regions because of the presence
of wadis with flowing water, good soil, and favorable climatic conditions. Date
plantations have been adversely affected due to the increasing groundwater salinity
in the last few years caused by seawater incursion in Al-Batinah region. For the
most part, date farms in date-growing areas do not have formally planned orchards,
although new groves with the help of the agriculture department are being estab-
lished scientifically following the prerequisites of good agricultural practices for
sustainable crop production.

6.7.5 Marketing Status and Prospect

Dates are sold either fresh or dry. Sometimes the fresh dates are auctioned when
they are still on the tree or brought to the local market. But generally these are sold
or exported to various countries in dried form after some traditional postharvest
treatment, such as boiling (Fig. 6.19). Typically, the marketing channel is directly
from the farm to the local consumer in villages; those remote areas where transport
and logistics are inefficient pose difficulties. But in the developed areas having good
infrastructure, there are many alternatives for marketing. For example, these could
be sold on-farm, to the retailers, in local markets, or to the date factories where they
are processed for export. Whatever the selling channel, the success of marketing
depends upon the way the dates are produced, harvested, sorted, graded, processed,
packaged, and transported (Mbaga et al. 2011, Mbaga 2012). The government agen-
cies as well as private organizations involved in date industry are doing their best to
increase the marketability of Omani dates. The government is trying to improve the
infrastructure by building new roads especially in the rural areas and constructing
new local markets (Al-Marshudi 2002). The government is also supporting research
programs to improve the quality of dates, particularly, postharvest handling and
processing to improve the country’s date export in coming years.
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6.7.6 Current Import and Export

According to recent data from FAOSTAT (2013), Omani date exports have decreased
from 2001, but import quantities have increased (Fig. 6.3). There could be various
factors responsible for this trend, for example, pests and diseases, increasing soil
salinity, decreasing water availability, degradation of soil and water quality, avail-
ability of skilled labor to carry out field operations, and harvest and postharvest
losses. The government of Oman is providing incentives and technical support to
growers and industry for quality crop production and to decrease postharvest losses.

6.8 Processing and Novel Products

6.8.1 Industrial Processing Activities

Dates are a major fruit crop grown in Oman, and growers use various methods and
equipment to harvest, process, and preserve the picked fruit. In general, farmers use
plastic containers and date leaves for postharvest operations; date fruit is sun dried
in the open air or at room temperature and later transferred to cool storage places.
There are some date cultivars which are heat treated before drying, such as cultivars
used to make tabseel. The date palm processing factories follow standard opera-
tional protocols, for example, cleaning, sorting, fumigation, heat treatment, drying,
grading, conditioning, packaging, and storing. The factories which were established
in 1976 still function with their older technology and machines (Amprawum 1998).
However, at present, with the advent of science and technology, date palm process-
ing units are operating modern systems, which are much more efficient.
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6.8.2 Survey of Commercial Dates Processers

Most commercial date palm farms are located in Dakhlia Governorate (Samail),
Al-Dhahira Governorate (Ibri), and Al-Batina and Al-Shargia Governorates.
Processing units are located near the larger producing areas. The functional units of
date palm processing are based in Nizwa, Nakhal, and Al-Rusail industrial area.
The government of Oman has developed better road networks and date growers now
have easy access to take their products for sale at the factory gate throughout the
country. Keeping in view the market demand, the processing units are making var-
ied products, for example, dried and conditioned dates, date syrup, confectionary,
pits for coffee, and animal feed from fruit remains.

6.8.3 Secondary Metabolites

Higher plants, including date palm and many others, store a variety of chemical
compounds in their plant parts. These compounds are commonly divided into
two groups: the products of primary plant metabolism, for example, proteins,
lipids, and carbohydrates, which play primary roles in plant growth and devel-
opment, and secondary plant metabolism products, for example, phenolics.
These phenolic products are broadly scattered in the plant body and have no
direct relationship with primary metabolism; however, these compounds have a
significant role in combating biotic/abiotic stresses. This group includes lignins
and other phenolic substances, which gives mechanical support to the plant cell
wall, while tannins, flavonoids, and a few other simple phenolics provide pro-
tection against biotic and abiotic stress. Certain phenolics show an allelopathic
effect on adjacent plants. Other metabolites, for example, phytosterols, and
alpha-tocopherols also have substantial roles in plant growth and development
mechanisms. These metabolites have been recognized for their nutritional and
health value in the human diet. The secondary metabolites in date palm have
potential functions in human health and nutrition. An experiment was conducted
at SQU on date palm secondary metabolites on three cultivars. Date palm culti-
vars and time of harvest behaved independently as to their bioactive ingredient
contents. However, it was postulated that the dates are good source of antioxi-
dants (Singh et al. 2012). Another study was undertaken to convert surplus date
fruits into value-added products. It was demonstrated that date fruits have a high
content of natural dietary fiber and antioxidants and could be explored further
for nutraceutical prospects (MAF 2006b).

A similar study was carried out to extract the phenolics and dietary fiber from
date palm seeds (cv. Mabseli). The results showed that date seed concentrates have
a potential source of natural dietary fiber and antioxidant content. It could be pos-
sibly used as a bioactive food ingredient (MAF 2008). A study on citric acid pro-
duction from Omani date cv. Um Sella concluded that conditioning experiments are
needed for higher citric acid yield (MAF 2006b). Another similar experiment on
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citric acid production through a submergence technique showed good-quality citric
acid recovery from date cv. Fardh. Extracted citric acid from date palm has signifi-
cant industrial value (MAF 2008).

6.8.4 Indigenous Date Products

Dates can be eaten fresh, dried, or in different processed forms made from the fruits.
The date fruit is processed into diverse products, which have significant commercial
value at local and global markets. The indigenous products are mainly timber wood,
dry dates, date bars, date syrup, date juice concentrates, date jam, date butter, date
candy, date chutney, date biscuits, date pickles, etc. Date seeds (pits) have their own
value for making date coffee and for vegetable oil.

6.8.5 Bioenergy

Entrepreneurs in Sohar, Oman, have initiated an ambitious plan to transform a
petroleum-producing country into a biofuel producer. Oman will be the first Arab
country to produce biofuel from date palm fruits at a large scale. The private Oman
Green Energy Company is looking to invest a large amount of capital in new date
plantations and biofuel refinery construction in Sohar. The company is targeting the
production of green biofuel energy in particular for automobiles; it claims that they
have been successful in producing and testing ethanol from biomass attained from
the abundant date palms in Oman (Biopact 2007). Date palm sap carries a high
concentration of sugars which makes it good substrate for fermenting microorgan-
isms; it also has significant potential to be converted into ethanol and biofuel pro-
duction (Gupta and Kushwaha 2011).

6.9 Conclusion and Recommendations

The date palm (Phoenix dactylifera L.) is the oldest cultivated crop in Oman and the
Arabian Peninsula. Date palm is the main crop in Oman and occupies half of the
agricultural cultivated land. It represents 80 % of the total fruit crop production in
the sultanate with an average annual production of about 260,000 mt. To ensure a
continuous supply of dates throughout the year, many cultivars have been grown for
centuries in various agroclimatic zones of Oman. Furthermore, the date palms sup-
ply many household needs over time and their by-products have been used in ways
ranging from feeding animals to providing construction materials. Date palm has
also social, economic, cultural, and religious significance in the country. However,
there has been a slow decline in production and export in recent years. Various
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reasons could be attributed to the decline in the production of dates in Oman, which
include increasing soil salinity, decreasing water availability, labor shortage, and
labor costs, pest and diseases, postharvest losses, inadequate processing facilities,
etc. Research on date palm is developing slowly as there is no independent, public
or commercial, research facility dedicated to the date palm in Oman.

Concerted effort is required to improve the date palm industry in Oman. Extensive
research work should be conducted to increase the yield of this crop, particularly
when it undergoes water or salt stress and a scenario of climate change. An inte-
grated pest management approach should be used to control insect pests, especially
in areas where pesticide spraying is ineffective. Maximum emphasis should be
given to the awareness of local farmers about recent techniques in cultivation, post-
harvest handling, and processing of dates. The successful accomplishment of these
tasks will ultimately provide new avenues for improving date palm cultivation and
increasing production for domestic consumption and export-quality dates in Oman.

There has been marginal activity in processing and producing novel products
from date palm to the present. However, experimentation on date palm products and
their transformation into novel products has shown promise and potential, for exam-
ple, biofuel products, bioactive ingredients, and nutraceutical products. It is clear
that there is surplus production which needs more attention for conversion into
value-added products.

Traditionally date palm is propagated through offshoots, but due to limited sup-
ply, the pace of further generation perpetuation is slow. The increased biotic and
abiotic stresses have increased the vulnerability of ex situ-conserved date palm
genetic resources. The short-term conservation of genetic material is difficult
because of certain viral, bacterial, and fungal pathogen contaminations. The pre-
served genetic material in the form of embryonic cultures may lose its regenerative
capacity gradually if it is not preserved at ultra-low temperature. At present callus-
induced organogenesis has been commonly used for date palm micro-propagation
and genetic conservation. Breeding for desired characters is a long-cycle activity
and may show genetic variability or new mutations at the later stage of develop-
ment. In this way unwanted characters may appear at later stages of growth.

To keep genetic diversity of date palm alive, it is important to preserve the exist-
ing gene pool with full support and interest of academics. A realistic number of
people need to be trained in the field of plant genetic resource conservation and
utilization. Such programs require massive investments which should be backed by
the public sector. Live date palm gene banks must be maintained accordingly; how-
ever, in vitro date palm gene banks carry an advantage for keeping tissue or DNA in
controlled environment (ultra-low temperature) for a longer term. Tissue culture is
an ideal plant propagation method and therefore skilled human resources and all
necessary facilities are prerequisites before starting such endeavor.

Lack of expertise and facilities in the area of morphological and molecular
descriptors represents a great challenge toward methodological identification of
Omani date palm cultivars. Greater attention is needed to conserve the large number
of neglected (i.e., poor quality) cultivars, as they constitute an important germplasm
resource for further potential cultivar development and improvement. Breeding and
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cultivar development is also lacking in the country as little work has gone into
developing new commercial cultivars.

Overall, great steps have been taken to preserve date palm cultivation and utiliza-
tion in Oman. The country intends to plant an additional one million date palm trees
in the coming few years. However, besides increased production, further efforts are
needed to enhance fruit quality by adhering to proper management practices includ-
ing selection of male pollinizers, fruit thinning, and following proper harvesting and
postharvest handling and processing methods. This will ultimately increase exports,
which currently stands at around 2.6 % of the total production and to a limited num-
ber of importing countries.
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Chapter 7
Date Palm Status and Perspective in Yemen

Saeed Ba-Angood

Abstract In Yemen, there are more than four million date palms (Phoenix dacty-
lifera L.) occupying an estimated area of 14,464—14,955 ha during the period 2008—
2012 and producing 55,181-57,849 mt of dates in the same years. More than 321
date palm cultivars are recorded in Yemen, 42 are considered excellent. Most of the
date palm plantings in Yemen are irregular, mainly concentrated in the governorates
of Hadramaut and Hodeidah. Cultivars of Hamra, Mijraf, Sokotri, Serfaneh,
Manasif, Tha’al, and Bqal are dominant. The date palm in Yemen is suffering from
several insect and mite pests, namely, the red palm weevil which appeared in 2013;
the Dubas bug first recorded in 2000; the stalk and stem borers, Oryctes spp.; the
lesser date moth, termites, and white scale; storage pests; and the dust mite. Chemical
insecticides are used for the control of most of them. Birds, bats, and rodents are
among the serious pests. In addition, the diseases soft rot, black scorch, Graphiola
leaf spot, and inflorescence rot are recorded. Sanitation is the current means for
controlling these diseases. Two factories designed mainly for packing dates have
been established, but they are facing problems to work efficiently. Date fruits are
marketed locally. Utilization of date palm parts has been known for a long time in
Yemen. Date palm growers face problems of poor marketing of their products; lack
of handling procedures (packing and processing); high production cost (labor);
social and human obstacles such as land fragmentation, poor infrastructure, urban-
ization, and difficulty of access to soft loans; as well as unavailability of specialized
associations and alliances. Because the government of Yemen considers the date
palm as one of the most important economic and strategic crop, a national program
for promoting the date palm sector is being implemented targeting the following
objectives: rehabilitation of old date palm trees, introducing new systems for crop
management, and applying integrated pest and disease programs for major insects,
mite pests, and diseases. Two tissue culture laboratories have been established.
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7.1 Introduction

Since ancient times, date palm (Phoenix dactylifera L.) has been considered an
important economic and food security crop in Yemen. It was the only food source
in arid areas where poverty and starvation periods were recorded in the past. It plays
an important role in food production, animal feed, income and employment genera-
tion, and foreign exchange earnings, particularly for those growing high-value
introduced tissue culture cultivars such as Barhi date by-products are used in some
raw materials for local industries. The prevalent climatic and geographic conditions
make Yemen suitable for planting and producing date palms. Date palm ranks first
among the fruit crops; in cultivated areas, date palm constitutes about 25 % of the
total fruit area.

As shown in Table 7.1, the estimated area of date palms ranged from 14,464
to 14,955 ha during the period 2008-2012, producing 55,181-57,849 mt of
dates, in the same time period (MoAI 2013a). There are more than four million
date palms in Yemen; bearing palms constitute 67.4 % and the males 3 %. Date
palm cultivation is found in most governorates of Yemen (Table 7.1 and Fig. 7.1).
However, it is more concentrated in Hadramaut and Hodeidah governorates.
Hadramaut ranks first in both area and production; the number of date palms
there constitutes about 47 % of the Yemeni total. Hamra, Mijraf, Sokotri,
Serfaneh, Manasif, Tha’al, and Bqal cvs. are dominant. The majority of date
palm trees are old and in traditional plantations where both fruit quality and
productivity are low. Local production and supply is insufficient to meet the
demands of people. Yemen annually imports about 24,000 mt of dates, at a cost
of more than USD 100,000 (MoAI 2013b).

Date palm farmers face a number of challenges, including weak extension
services, the spread of pests and diseases, low-quality fruit production, low
prices, lack of marketing facilities, and insufficient storage and packing facili-
ties. Date palm farmers in Hadramaut and Al-Mahrah governorates have also
experienced a large flood disaster in November 2008, which uprooted about
500,000 date palms.

In addition, date palm farmers also face poor marketing practices in their produc-
tion, lack of efficient handling procedures (packing and processing), high produc-
tion cost (labor), social and human obstacles such as land fragmentation, poor
infrastructure, urbanization, difficulty of access to soft loans, and unavailability of
specialized associations and alliances.

Because the government considers the date palm one of the most important stra-
tegic crops, a national program to promote the date palm sector in Yemen is being
implemented which includes rehabilitation of old date palms, improving cultural
practices and introducing new systems for crop management, and applying inte-
grated pest and disease programs for major insects and diseases. The government
has established ten pilot demonstration plots for farmers and nurseries to provide
improved date palm cultivars.
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Table 7.1 Date palm cultivation area (ha) and production (mt) in Yemen (2008-2012)
Year
Governorate Area and production | 2008 2009 2010 2011 2012
Hadramaut Area (ha) 5,660 5,773 5,833 5,841 5,845
Prod (mt) 23,7762 24475 24,719 |24,833 24856
Hodeidah Area 4,934 5,033 5,088 4,986 4,963
Prod 18,125 18,669 19,224 |17,334 | 16.812
Al-Mahrah Area 998 1,018 1,032 1,033 1,033
Prod 3,066 3,158 3,196 3,203 3,219
Taiz Area 787 803 813 781 733
Prod 2,480 2,530 2,585 2,459 2,329
Shabwah Area 555 572 581 586 586
Prod 2,050 2,071 2,103 2,166 2,149
Lahej Area 506 516 537 533 546
Prod 1,918 1,956 2,035 2,008 2,011
Mareb Area 425 438 454 458 461
Prod 1,454 1,498 1,552 1,491 1,451
Al-Jawf Area 352 363 374 374 381
Prod 1,576 1,623 1,672 1,633 1,703
Sadah Area 134 134 132 121 119
Prod 423 427 412 381 359
Hajjah Area 37 37 40 35 36
Prod 115 115 132 119 115
Abyan Area 27 27 31 36 36
Prod 101 103 114 132 113
Sana’a Area 21 21 20 15 13
Prod 56 57 49 35 31
Amran Area 7 7 6 3 3
Prod 19 19 15 11 11
Al Bayda Area 5 5 4 3 3
Prod 13 13 10 8 8
Raimah Area 7 7 6 4 4
Prod 23 23 19 15 14
Al-Daleh Area 4 4 3 0 0
Prod 9 9 7 0 0
Sana’a City Area 4 4 0 0 0
Prod 8 8 0 0 0
Aden Area 2 2 2 0 0
Prod 6 6 5 0 0
Al-Mahweet Area 0 0 0 0 0
Prod 0 0 0 0 0
Dhamar Area 0 0 0 0 0
Prod 0 0 0 0 0
Ibb Area 0 0 0 0 0
Prod 0 0 0 0 0
Total Area 14,464 14,764 | 14,955 14,809 | 14,762
Prod 55,204 56,760 57,849 55,828 55,181

Source: MoAlI (2013a), Agricultural Year Book 2012
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Fig. 7.1 Map showing date palm cultivation in the governorates (see Table 7.1) (Source: www.
gsn-online.com)

7.2 Cultivation Practices

7.2.1 Chronological Account of Research and Development

There are more than 321 date palm cultivars recorded in Yemen; 42 are considered
excellent; 65 produce good quality dates and these together constitute one-third of
the total cultivars; the remaining two-thirds are considered acceptable or poor. The
mean yield varies from 27 to 63 kg per tree, which is low compared with cultivars
in neighboring countries.

The government is promoting the date palm as one of the strategic crops (date
palm, cotton, coffee, mango, and guava). The emphasis is being given to the reha-
bilitation of old palm orchards, improving irrigation methods, and upgrading stor-
age and packing facilities and marketing services. Modern date palm farms have
been established through a partnership between government and owners with high-
yielding tissue culture cultivars and a modern irrigation system.

In November 2008, date palm plantations experienced a flood disaster which
uprooted almost 500,000 trees (Fig. 7.2). The Public Corporation for Agricultural
Services (PCAS) contracted with the Flood Reconstruction Fund to provide 250,000
tissue culture date palm plantlets during 2011-2012 as assistance to farmers
(Ba-Asher and Kasim 2011).
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Fig. 7.2 Effect of floods on
date palms in Sah (Wadi
Hadramaut)

Recently, the Ministry of Agriculture and Irrigation (MoAI) established a tissue
culture laboratory at the Seiyun Agricultural Research Center in Hadramaut
Governorate for production of well-known date palm cultivars to help meet growing
demands for date palms in Wadi Hadramaut. Unfortunately, the laboratory is
encountering many problems in carrying out its task.
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Fig.7.3 Date palms grown in Yemen. (a) Date palms in the Tihama area, Al Hudaidah Governorate;
(b) date palms in the Habban area, Shabwah Governorate; (c¢) date palm offshoots and parents;
(d) date palms with old dry unpruned leaves

A program on the improvement of date palm production in Wadi Hadramaut was
implemented by the Agricultural Research and Extension Authority (AREA) in coop-
eration with the Food and Agriculture Organization (FAO) and Ministry of Agriculture
and Irrigation. AREA also organized training courses for farmers, technicians, exten-
sion agents, and researchers; prepared studies on the control of palm pests and dis-
eases, fertilization, morphological features, productivity of date palm cultivars, and
others; organized and participated in relevant local, regional, conferences, seminars,
and workshops; and prepared booklets on main date palm varieties (AREA 2013).

7.2.2 Description of Current Cultivation Practices

Date palm culture in Yemen largely remains traditional. Local propagation of date
palm is mostly by offshoots. Most of date palm plantings in Yemen are irregular; they
are grown either at the sides of irrigation canals (Fig. 7.3a) or scattered in the orchard
(Fig. 7.3b). Most of them (more than 95 %) depend on open well irrigation, others on
springs and running water. Very few depend on floods that occur every 2—3 years. Old
dry leaves are seldom removed, hanging down and impeding the operations of ascend-
ing the palms. Climbing trees is usually done by ropes. Older farmers are the only
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Fig. 7.4 Tall trees in an old
field of date palm in Doan
area, Wadi Hadramaut

Fig. 7.5 New established
date farm in Wadi Hadramaut

individuals who climb palms; they are always complaining that their sons and the
youth never want to climb trees. Normal practice allows offshoots to develop on the
parent tree and as a result of not removing them (Fig. 7.3c) for several years, along
with the close distance between trees, clumps of unpruned trees are formed with
crowded leaves competing with one another for light, water, and nutrients (Fig. 7.3d).

Tall nonproductive palms are also often found on old farms (Fig. 7.4). These random
cultivations have led to poor productivity and low fruit quality. Surface irrigation pre-
dominates, where underground water is a source of irrigation for 61 % of the date palms,
followed by springs 32 % and streams 7 %. General agricultural practices including
fertilization, thinning fruits, and crop care are ignored by most farmers and is evidenced
by the low productivity (29 kg/tree/year) comparing with neighboring countries.

However, in recently established farms, the date palms are laid out in regular
lines facilitating service and harvest operations. Spacing is usually 8 x8 m. Bunch
management techniques of fruit thinning, bending, and covering are being advo-
cated. Irrigation practices are mostly basin, but drip and bubbler water saving sys-
tems are being introduced (Fig. 7.5).

Recent field trials on fertilization have shown that treatments of 460 g N (urea
fertilizer) +460 g phosphorous and 950 g N +460 P gave good yield when tested for
Hamra cultivar (Al Bar 2003)

Pollination is done manually by tying a few strands of a male spathe and insert-
ing them among the strands of a female spadix as soon as they burst open. Sometimes,
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Fig. 7.6 Adult (a) and nymph (b) of the Dubas bug, (¢) damage symptoms by Dubas bug

several female spathes open at the same time necessitating four or five visits from a
pollinator. Dates in Yemen are harvested by workers climbing to the tops of date
palms by stepping on the stubs of leaf bases or using ropes. Ladders are seldom
used. The entire fruit bunch is cut when ripe. It is hoped that the use of machines
may be coming soon to modernize the operation.

7.2.3 Pest and Disease Management

7.2.3.1 Insects

Dubas Bug The Dubas bug (Ommatissus lybicus) has emerged as a key pest of date
palm since 2000 (Fig. 7.6a, b); it is said to have entered the country from Oman. It
was recorded first in Mahrah Governorate and then spread west until it reached
Hadramaut and other eastern and southern governorates of the country. Tihama, the
second-ranked date-palm-producing area in Yemen, currently is free of the pest. The
Dubas bug causes two kinds of damage (Fig. 7.6c) on date palm. First, direct feeding
of nymphs and adults on the sap of the leaves and to some extent on fruit bunches.
Second, there is indirect damage on leaves and fruit caused by excessive accumula-
tion of honeydew excreted by the insects, particularly during their nymph develop-
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Fig. 7.7 Damage caused by the red palm weevil (a) and (b) adult weevil (c)

ment stages, which interferes with vital biological processes such as photosynthesis,
transpiration, and crop harvest operations.