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ABSTRACT

The date palm is one of the oldest domesticated crops. Utilization in the
Middle East resulted in many local varieties that represent genetic diversity.
Conservation of this genetic diversity is imperative. Date palm germplasm
and its evaluation made possible the development of the date industry in the
USA. Workers in the USA also developed local seedling varieties, identified
superior local males, and conducted a breeding program to produce back-
crossed males and intervarietal hybrids. Other Phoenix spp are briefly
discussed.

Additional .Index Words Phoenix dactylifera, breeding, metaxenia,
hybrids, genetic diversity

INTRODUCTION

Plant germplasm is living tissue from which new plants can be grown. It
contains the unique genetic information that gives plants their individual
characteristics and links generations of living plants to one another. The
genetic diversity of plants, developed by evolution, hybridization, natural
selection, and manipulation by humans, provides the basis for the food
production that supports the world's population. This diversity is threatened
by habitat loss, development, the shift to cultivation of a small number of
advanced lines, and other factors. Wilkes (1988) recognized this problem and
pointed out that plant germplasm is in reality biological information passed
down through generations in an unbroken chain. Once this chain is broken
that unique germplasm is lost forever. This has lead to the necessity of
protecting and preserving plant genetic diversity for current and future use.

Preservation of the genetic diversity represented in all the plant
ecosystems throughout the world has become a major issue of international
concern. The loss of increasingly large numbers of plant species through
habitat destruction threatens the availability of a diverse plant germplasm
base which will be needed to feed future generations (Holden and Williams,
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1984; Wilkes, 1988; Brown et ai, 1989; Holden et ai, 1993; National
Research Council, 1993; Chrispeels and Sadava, 1994). Similar losses have
occurred in existing plant collections through inadequate maintenance.

Ideally, genetic resources should be conserved in situ. However, the
factors mentioned above, especially habitat loss, make maintenance of
genetic resources in situ somewhat precarious. Consequently, ex situ
conservation is often necessary to salvage genetic resources. Genetic
materials may be lost through disease, weather, etc, and so ex situ collections
should be maintained in many cases even when there is not an immediate
threat of habitat loss. Ex situ collections are also more accessible for
researchers and necessary for characterization and evaluation. Maintenance
of germplasm in a disease-free state is also desirable, and this is often
possible only in ex situ collections.

Agricultural utilization of many crops involves a narrow range of
genetic material, both in the US and abroad, making these crops vulnerable to
genetic erosion. Genetic diversity in the centers of origin is threatened or
severely threatened by habitat loss caused by deforestation, population
pressure, fire, hydroelectric development, clearance for agriculture or other
development, tourism, etc (WWF and IUCN, 1994-1995). These factors may
be especially imp0l1ant in countries such as India and China, which have
rapidly expanding populations coupled with rapid economic/industrial
development. This situation makes ex situ conservation of genetic resources
imperative in some cases.

This statement is not meant to diminish the importance of in situ
conservation and habitat preservation, but to put into perspective the very real
potential for loss of genetic resources conserved in situ. Ex situ collections
are also important as they make germplasm more readily available for
distribution to users; make possible the collection of characterization and
evaluation data; and help reduce possible errors in documentation.

Assessment of the genetic vulnerability of any crop requires knowledge
of the extent and distribution of genetic diversity. This is acquired by
systematic sampling and mapping of the flora of the geographical areas in
which the species in question are found, as well as an assessment of ex situ
collections. Unfortunately, information on natural and semi-natural
germplasm is often limited on the international 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, information may be
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available at the local or national level, but not to the international genetic
resource conservation community.

The information that is available is often simply a catalog of plants
present in an area, with little more than names and phenotypic descriptions.
Often even information on the frequency of occurrence is lacking. More
detailed characterization and evaluation data is needed to adequately assess
the actual amount of genetic diversity present. This data should include both
descriptive data and molecular level genetic analysis of germplasm existing
both in situ and ex situ.

THE GENUS PHOENIX

The genus Phoenix, which includes the date palm (Phoenix dactylifera),
is the sole member of the tribe Phoeniceae of the Monocotyledonous family
Palmae (Moore, 1963; Bailey Hortatorium, 1976). Phoenix spp are either
single trunked or clumping. Trunks range in size from nearly trunkless to
over 30 m. Phoenix spp may be distinguished from other palms having
feather-type leaves by the modification of the basal leaflets into spines, the
presence of a terminal leaflet, and a central fold or ridge on the leaflets,
which cause the leaflets to remain erect at all times. Phoenix spp are
dioecious, with the inflorescences arising among the leaves. The small, pale
yellowish flowers are borne singly, with the sepals being united into a
cupule. There are 3 petals. Female flowers have 3 carpels, only one of which
matures; male flowers generally have 6 stamens. The fruits of Phoenix spp
are drupes of variable size, depending on the species, with a single grooved
seed.

The taxonomy of Phoenix is not well established and lacks an
authoritative treatment. There is disagreement between various taxonomic
treatments and. some confusion about species names and validity. Phoenix
spp hybridize readily, which can lead to confusion, especially when several
species are present, as may occur in ex situ collections. There is some
suggestion that all species should be treated as a single species (Wrigley,
1995). The following discussion should be taken as an approximation based
upon what is undoubtedly incomplete information.

Although 19 species have been named, most taxonomies list about 12
species as valid (not necessarily the same 12)(Table 1). It is apparent that P
acaulis, P canariensis, P dactylifera, P paludosa, P reclinata, P rupicola,
and P sylvestris are widely accepted as good species. However, there is some
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confusion over the other spp. Miller et al (1930), Chevalier (1952), Moore
( 1963), Munier (1973), and Bailey Hortatorium (1976) have similar schemes,
with a few exceptions. Chevalier (1952) and Munier (1973) accept P
atalantica as a valid species, although it is probably a hybrid of P dactylifera
that does not deserve species status. Chevalier (1952), Moore (1963), and
Munier (1973) use the species P farinifera, while Miller et al (1930) and
Bailey Horatorium (1976) prefer P zeylanica. There is some confusion over P
farinifera, P pusiUa, and P zeylanica. Moore (1963) and Bailey Hortatorium
(1976) use P Loueirii for the P Hanceana and P humilis of other workers.
Most of the other specific epithets shown in Table 1 are more obscure and
lack any botanical standing. In addition to these, Moore (1963) and Bailey
Hortatorium (1976) list a number of specific epithets with no standing (P
Andersonii, P cycadifolia, Pformosana, P glauca, P hybrida, P leonensis, P
natalensis, P porphyrococca, and P tomentosa. These treatments of Phoenix
taxonomy do not deal with the recently described P theophrasti (Greuter,
1967).A usable treatment of Phoenix is shown in Table 2.

Phoenix is widespread in the tropical and subtropical areas of southern
Asia and Ati'ica (Figure 1). It does not occur in the New World, except when
cultivated. Uses of Phoenix spp include food for man and animals, tiber,
wood, fuel, and as handsome ornamental plants. Phoenix dactylifera, the date
palm, is the 'type species' for this genus and will be discussed below. The
following brief descriptions of other Phoenix spp should be considered
approximate for some of the less well characterized species, or species of
questionable validity.

Phoenix canariensis, the Canary (Island) date palm, is native to the
Canary Islands, and is adapted to more moderate climatic conditions and
cooler temperatures than some of the other Phoenix spp. It has a stout single
trunk and can reach heights of 20 m. It is widely planted as an ornamental in
the US and the Mediterranean area.

Phoenix sylvestris, the Indian Wild date palm, is widespread in India. It
may also reach 20 m in height, but its single trunk is not as stout as that of P
caJ7arieJ1sis.Its fruits are eaten and also used to make sugar and other
products, and its leaves are used in basketry.

P rupicola, the Cliff date palm, has a thin trunk to 7 m in height. It is
native to northern India. It considered one of the most attractive for
cultivation. Pfarinifera, from southern India and Sri Lanka, also has a single
trunk, but is shorter in stature. It has edible fruit and the trunk has a floury
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pith which is also said to be edible. P pusilla (P zeylanica), is also from
southern India and Sri Lanka, and is about the same size and general
appearance as P rupicola.

P reclinata, the Senegal date palm, is a somewhat variable species from
the tropical parts of Africa. It has thin, clustering trunks, and may reach a
height of 10 m. It is widely planted as an ornamental. P paludosa, the
Mangrove date palm, is similar in appearance to P reclinata, and is native to
swampy areas in southeast Asia. It is also grown as an ornamental,.and the
two species are often confused in cultivation. P abyssinica is a poorly
understood species from Ethiopia that is said to closely resemble P reclinata.

P acaulis, P Loueirii, and P Roebelenii are short statured palms, usually
less than 2 m in height. P acaulis, which is from northern India and Burma, is
clumping, whereas the latter two species apparently have solitary trunked and
clustering trunked forms. P Roebelenii, the Pygmy date palm, is from
southeast Asia and is often grown as an elegant ornamental. P Loueirii, from
northern India and southern China, is a poorly understood species that is
often confused with P Roebelenii, which it greatly resembles. Older
references to P Hanceana and P humilis probably refer to P Loueirii.

A recently described species, P theophrasti, is not well characterized
and not well established as a valid species. It appears to be native to the
eastern Mediterranean area (Cyprus, Greece, Turkey). It is similar in
appearance to P dactylifera, although apparently somewhat smaller, and may
simply be a population of distinct P dactylifera native or naturalized in the
regIOn.

The status of genetic vulnerability is not well established for most of
these species. This is reflected in the confused state of Phoenix taxonomy.
Although many of the species are cultivated as ornamentals, there are
probably few 'pure' Phoenix in ornamental plantings due to the readiness of
Phoenix to hybridize. In addition, selection of plants for ornamental uses
would exert selection pressure towards characteristics considered
aesthetically pleasing.

There is apparently little information available about the status of these
species in the wild. Their areas of origin are in many cases threatened with
habitat loss due to some of the factors mentioned above. It is quite probable
that there is at least some threat of genetic erosion to some of the species. The
status of these species needs more attention devoted towards it. In addition to
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surveys of the areas of origin, the taxonomy of Phoenix needs to be better
understood before some of these judgements can be made. There is also a
lack of characterization and evaluation data for these species.

THE DATE PALM (PHOENIX DACTYLIFERA)

The Date Palm proper (Phoenix dactylifera) is the tallest of Phoenix
spp, reaching heights of more than 30 m. It has clustering trunks smaller in
diameter than P canariensis, but larger than other Phoenix spp. Under
cultivation, it usually appears as a single trunked tree, as the offshoots are
removed for propagative purposes. The fruit is the largest of any Phoenix sp,
reaching up to 100 mm X 40 mm in size. The fruits are very tasty and
nutritious, and are the reason that the date palm is widely cultivated in areas
with suitable climates.

Date palms evolved in a unique manner (Wrigley, 1995). They have
characteristics that adapt them to varied conditions, but differ from many
other plants which are found in these conditions. The date palm grows well in
sand, but it is not arenaceous. It has air spaces in its roots and may grow well
where soil water is close to the surface, but it is not aquatic. It grows well in
saline conditions, but it is not a true halophyte and does better in higher
quality soil and water. Its leaves are adapted to hot, dry conditions, but it is
not a xerophyte and requires abundant water.

The date palm is adapted to areas with long, very hot summers with
little rain and low humidity, but with abundant underground water. This is
expressed by the saying that the date palm 'must have its feet in running
water and its head in the fire of the sky'. These conditions are found in oases
and river valleys in the arid sub-tropical deserts of the Middle East.

Although there is some question as to where the date palm originated, it
most probably arose in the area of northeastern Africa (the Nile delta),
northern Arabia, Iraq, and western Iran (Figure 2). This is the area known as
the 'Fertile Crescent' (ancient Mesopotamia), where agriculture in the Old
World is thought to have arisen. Indeed, the date palm has been cultivated in
this area from ancient times, possibly being one of the first crops
domesticated.

The date palm has been cultured since antiquity, but its wild progenitors
(of which no examples may remain) were undoubtedly used by man long
before actual cultivation began. A date palm oasis must have been a welcome

7

- -- - -- --- --- - - --



sight to those crossing the desert. Here were water, shade, and fresh and dried
fruits high in carbohydrates. The dried fruits were easily stored and
transported after leaving the oasis. The date palm also supplied building
material, fiber, fuel, animal feed, honey (syrup), and wine.

Exploitation of the date palm by man probably began as simple
gathering of the fruits and other usable parts of the tree. At this point, there
must have been considerable genetic diversity in date palms. Later, trees

. were probably planted along the network of iITigationcanals in ancient
Mesopotamia. Selection of trees with superior characteristics probably also
originated in ancient times, along with clonal propagation by offshoot
planting. Later innovations would include hand pollination, manuring,
shading, etc. Spread of date palm germplasm was probably originally as seed,
which is much easier to transport than offshoots. After seedling populations
were established in other areas, selections could be made and perpetuated by
vegetative propagation. This gave rise to the many local varieties that are
found in the Middle East. Propagation by offshoots was probably dependent
upon the domestication of the camel, due to the weight of the offshoots and
the consequent difficulties in transporting them for long distances.

The ancient time of the 'domestication' of the date palm is well
documented (Popenoe, 1913;Oudejans, 1969;Munier, 1973; Dowson, 1982;
Sauer, 1993; Krueger, 1995; Wrigley, 1995). The earliest records of date
palm cultivation date from about 7000 BP in Mesopotamia, but it is generally
believed that date culture began thousands of years earlier. Date seeds at least
5000 years old have been found in the storage godowns at Mohenjo Daro, the
ancient city along the Indus river in the Sind, and the date palm was used in
the construction of the Temple of the Moon God in Vr (Iraq) some 4000-

..5000 years ago. The date palm is shown in the bas-reliefs at Nineveh
(Assyrian Empire). By several millennia BP, date palm culture had spread to
Palestine, Arabia, Egypt, North Africa, and western India (Figure 3). The
date had great spiritual and cultural significance to peoples of the region. The
date palm and date culture are depicted on ancient Assyrian and Babylonian
tablets, including the famous Code of Hammurabi, which contained laws
pe11aining to date culture and sales. The date palm is also found in old
Egyptian, Syrian, Libyan, and Palestinian writings.

It is in Arab culture that the date palm achieves its greatest esteem. To
them, the date palm is a sacred institution that they have been identified since
the dawn of history and which was consecrated by Muhammad in both his
public and his private life. There are many references to the date palm in pre-
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Islamic chronicles, but it becomes more prominent trom the time of the
Prophet. Muhammad lived in a town at the center of date culture. Dates were
the prophet's favorite food, and during his times of poverty he had little to eat
but dates and water for months at a time. There are 26 references to dates in
the Koran, 16 mentioning them as evidence of God's bounty. According to
Muslim tradition, a date palm was said to be the Tree of Knowledge in the
Garden of Eden and to have sheltered Mary when she was pregnant. There
are also references to the date palm in other Islamic writings, including
references to its medicinal uses.

The date palm is also mentioned a number of times in Jewish and
Christian writings. In the book of Psalms it is said that 'the righteous shall
flourish like a"palm tree' and in the Song of Songs a beautiful woman is
likened to a palm tree. The prophetess Deborah sat beneath a palm, and date
palms adorned Solomon's temple. In fact, the columnar architecture so
common in the Mediterranean area is thought to have been inspired by the
use of date palms as building material. Palm leaves were used in temple
services during the Feast of Booths and carried in victory parades. Jesus was
hailed with palm branches when he entered Jerusalem just before the
crucifixion.

This long history of exploitation and selection means that possibly there
are no examples of 'wild' Phoenix dactylifera. There may be a few
apparently wild groves still growing around oases, springs, or seepage areas,
but most of the trees that currently exist are the end results of an unknown
number of acts of selection. This includes trees which have are not currently
cultivated, and may appear to be growing wild in oases, abandoned gardens,
etc. Because of the length of time of domestication, there has undoubtedly
been some time of selection pressure put upon the ancestors of these plants at
some time in the past. However, probably evolutionary change due to human
selection has been relatively low, so there is a certain amount of genetic
diversity present in date palms. This is reflected in the many local varieties,
which have been selected for their adaptations to local conditions.
Characteristics such as" offshoot production, tolerance to humidity, and fruit
characteristics have been documented.

This state of affairs makes genetic vulnerability of date palms a less-
than-clear-cut matter. Genetic diversity in the region in general is threatened
by such factors as population pressure, overgrazing erosion, dam
construction, logging, tourism, and other development pressures (WWF &
IDCN, 1994-1995). Since no truly 'wild' date palm germplasm apparently
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exists, it can not be lost due to habitat destruction, etc. However, the genetic
diversity that does exist in the cultivated date palm can be lost due to these
factors if they result in the loss of local varieties having specific genetic
constitutions. Continued selection pressures by man; shifts to fewer, more
modern varieties; etc can also reduce genetic diversity in date palms.

This suggests that the genetic diversity of date palms should be
monitored and ex situ collections maintained. Bettencourt et al (1992) list
only about 10 collections world-wide, the largest of which are found in
Algeria, India, Iraq, Nigeria, and the United States. Except possibly for the
Nigerian collections, most accessions appear to be elite cultivars or breeding
lines, so the genetic diversity is probably rather low. Collections of date palm
germplasm are fewer and smaller than for most other crops, due to the
relatively limited geographic area in which cultivation is possible and the
relatively narrow base of genetic diversity present. In addition to preserving
germplasm, ex situ collections also increase the efficiency of its utilization.
These ex situ collections allow a careful preservation of a specific genotype;
reduce the chances of disease problems; allow documentation of
characterization and evaluation data; and permit easier experimentation to be
carried out.

DATE PALM GERMPLASM IN THE US

The date palm first probably spread out of its 'natural' home in the
Middle East via the Moorish conquest of Spain in 711. Date palms became
established in Spain, although climatic conditions are not optimal for fruit
development. After the Spanish expelled the Moors in 1492, they began their
own colonization - that of the New World. Among the many agricultural
commodities that the Spanish introduced to the Americas were date palms.
The dates brought to what is now the US by the Spanish were brought as
seeds, and were planted in relatively cool, coastal areas unsuited for good
date production. A few trees survived into the present century, but they were
notable more for their striking appearance than their fruit production.

After the conquest of what is now the western portion of the United
States by the US, interest in date growing increased. However, at that time
little was known about the climatic requirements of dates and so most
plantings of seedlings were in unsuitable locations such as Florida (Nixon,
1971). A planting of seedling dates was made in 1877 by JR Wolfskill at
Winters, California and at Yuma, Arizona, during the Civil War. The trees in
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Winters are still standing, although production is not of commercial quality
nor yield.

As experimental plantings of dates increased, it became apparent that
the arid southwest deserts of California and Arizona had the greatest chance
of being suitable for commercial date production. It was also apparent that if
a viable commercial industry was to be established, superior true-to-type
varieties were needed. A few types had been introduced as offshoots in the
early to mid-1800's (Swingle, 1904). However, these apparently did not
become successfully established. The first importation of offshoots from
which there was appreciable survival was in 1890 by the Pomology Division
of the US Department of Agriculture (Nixon, 1971) under the direction of HE
Van Deman. These proved to be offshoots derived from inferior seedlings
and did not provide the quality necessary to establish an industry in the US.

In 1900, the first successful importation of superior true-to-type
varieties was made under the direction ofWT Swingle, US Department of
Agriculture (Swingle, 1947).These varieties were imported from Algeria and
were primarily 'Deglet Noor' and 'Rhars'. These were planted near Tempe,
Arizona.

Several other successful importations of offshoots were made by the
USDA during the next several years. DG Fairchild imported varieties
including 'Barhee', 'Sayer', 'Khadrawy', 'Zahidi', 'Maktoom', and others
from Iraq, Baluchistan, and Egypt in 1901 - 1902 (Fairchild, 1903), TH
Kearney imported 'Menakher' and other varieties from Tunisia and Algeria
in 1905 (Kearney, 1906), WT Swingle brought back the 'Medjool' from
Morocco when consulting there in 1927 (Swingle, 1945), and RW Nixon
imp0l1ed 'Amir Hajj', 'Bedrayah', and 'Baghdad Khadrawy' from Iraq in
1929 (Nixon, 1950). Most of these varieties were planted and evaluated in
the US Date Garden near Indio, California.

When the promise of date culture in the US became apparent, a number
of impo11ationwere also made by commercial growers. Early importations by
BG Johnson (1903 - 1915) and HF Cole (1911 - 1913)were primarily of
'Deglet Noor' from Algeria (Nixon, 1947, 1950, 1971). P Popenoe imported
such imp0l1ant varieties as 'Halawy', 'Khadrawy', 'Kustawy', and 'Zahidi'
from Iraq in 1913, as.-Well as many' Deglet Noor' from Algeria (Popenoe,
1913). From 1920 - 1922, SC Mason of the USDA, funded by date growers,
obtained 'Saidy' and 'Hayany' offshoots from Egypt (Mason, 1915, 1923,
1927).
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With the importation of offshoots, the use of seedling dates by growers
decreased. However, there were a few varieties successfully developed from
seedlings by growers. Most notable of these growers were F Heiny and EK
Davall (Nixon, 1955, 1971).

The imported varieties were to form the basis of the US date industry.
However, while it was becoming apparent that the southwestern deserts were
the natural home of the date industry in the US, much work still remained to
be done to make date growing a viable enterprise in the US. The vast
majority of the work needed to establish this industry was performed at the
US Date Garden (later the US Date and Citrus Station) near Indio, California.

After returning from Algeria in 1900, Swingle (1904) determined that
the Salton Basin of the Colorado Desert in California was better suited than
any other area in the US for profitable production of quality dates. The
Coachella Valley, in the northern part of the Salton Basin, was particularly
promising. In 1904, the USDA established an experimental date garden east
of Mecca in the Coachella Valley. In 1907, the newly formed Salton Sea
threatened to inundate Mecca, and the headquarters for date experimentation
was moved to a new location west of Indio. Offshoots of the date varieties
imported were planted at Mecca and Indio for evaluation and selection. The
determination of the most suitable varieties for cultivation in the US, as well
as the development of cultural practices, pest management strategies, etc at
the Date Station made the development of the US date industry possible.

The Coachella Valley became the center of the US date industry, as it
has the climate most suited for date production. This is 'low desert' country-
at or below sea level and fairly far south (although it is the northernmost area
of date production in the world). This area has long, hot, dry summers
suitable for date production, with mild winters.

Other desert areas have proven to be less suitable. The Imperial Valley,
immediately south of the Coachella Valley, is generally suitable for date
production. However, it is more prone to summer moisture from the Gulf of
California, has generally heavier soils, and is farther from the main packing
houses. Consequently, although dates can be successfully grown in the
Imperial Valley, it has never developed a large amount of acreage. The Salt
River Valley of Arizona has about 3 times as much summer rainfall as the
Coachella Valley, and fruit damage can be frequent. The area around Yuma,
Arizona, and across the California state border is suitable for date production
and boasts a small industry centered around the more profitable' Medjool'.
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This variety was not released until 1944, and the industry revolving around
this variety consequently developed later than the bulk of the industry.

Other areas once considered promising for date culture proved to be
unsuitable for commercial production. Northern deserts did not develop
enough heat units to mature fruits, and winters are often cold enough to be
damaging to date palms. The Rio Grande Valley of Texas was once
considered promising, but humidity is a problem and heat units are marginal.
The same is true of Florida. The Central Valley of California is probably dry
enough, but again heat units are insufficient.

The US date industry has been mature since about the 1950's. There are
currently approximately 2500 ha in production, yielding about 20,000 metric
tons annually, for farm gate receipts of about US$ 20 million. The bulk of the
acreage is in the Coachella Valley and has stayed stable for about 40 years.
Approximately 75 % of the acreage is planted to 'Deglet Noor'. 'Medjool' is
the next most popular variety, accounting for about 15 % of the acreage. The
remaining acreage is made up of various minor varieties. Most newer
plantings or replantings are of 'Medjools' which are more profitable than
other types but costly and more difficult to produce.

DATE PALM GERMPLASM ACTIVITIES IN THE US
(RETROSPECTIVE)

There were three main areas of germplasm-related activities which
occurred in the US: varietal selection, metaxenia studies, and a breeding
program.

Varietal Evaluation

The most important date palm germplasm-related activities that
occurred in the US were varietal evaluations of the offshoots imported early
in the 20th century. The identification of suitable varieties for the Coachella
Valley and other areas lead directly to the development of the US date
industry as it exists today. The earliest evaluation of date palm varieties was
done by B Drummond and SC Mason at the Date Station (Nixon, 1971).
Much of the later work was performed by Mr Roy W Nixon, who was
instrumental in the development of many of the cultural practices used by the
US date industry as well as the varietal work.

The forms used for characterizing fruit and vegetative characters of date
palms are shown in figures 3 and 4, respectively. These forms were also used
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in evaluations of results from the breeding program (see below). In addition
to the straight~forwardcharacteristics shown, the varieties were evaluated for
such characteristics as yield, flavor, tolerance to humidity, and other
characteristics which affect performance and profitability. The results of
these investigations are summarized in Nixon (1950).

Metaxenia

Swingle (1926) coined the term 'metaxenia' to describe the direct
effects of pollen from different male trees on the somatic tissue of the date
fruit. Nixon (1928, 1934) showed that pollination of 'Deglet Noor' with
pollen from a male seedling of the 'Fard' variety produced larger dates which
matured about two weeks earlier than pollination with pollen from the variety
'Mosque'. Pollen from P reclinata, P canariensis, P Roebelenii, and P
rupicola produced smaller, later fruit than pollen from P dactylifera, whereas
pollen from P sylvestris produced slightly larger fruit than mixed P
dactylifera pollen (although not as large as some date palm male selections)
(Nixon, 1928, 1935; Crawford, 1935). Pollen from some male selections
produced larger fruit in conjunction with increased size due to thinning.
However, the increased size of the fruit produced from pollen from male
selections did not lead to an increase in checking as did the increased size due
to thinning (Nixon, 1956

These observations lent support to the common belief that some males
are better than others for pollinating certain varieties. This in turn suggests
the identification and selection of superior males and the development of
clones thereof to produce a desirable type of pollen in quantity. Nixon and
Carpenter (1978) suggest that growers observe male palms for their
performance in regard to the followingpoints:

· Time of blooming: The prospective male should flower at the same time
as its prospective female partner. This means additionally that the males
should receive the same cultural care that the females do.

· Number and size of flower clusters and quantity of pollen: Fewer males
will be required if they have more and larger inflorescences with abundant
pollen. Flowers that tend to adhere to the strands without shedding easily
are preferred.

· Compatibility: In some varieties, fruit set is better with pollen from
certain males as compared to others.
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. Metaxenic effects: The metaxenic effects are most pronounced in areas
where ripening may be slowed by cool weather, or where heat units are
marginal.

These considerations lead to the identification of several seedling male
palms of local origin with valuable characteristics. These were acquired
before 1954, and are currently included in the Date Palm Germplasm
Repository holdings.

. 'Barhee A 19' originated at the Date Station as a seedling of 'Barhee'. It
produces many inflorescences and flowers late in the season (a month or
more after the 'Crane' and 'Boyer no 11' selections). The fruit produced
by pollination from 'Barhee A19' is large but late ripening. This pollen is
suitable for use on 'Deglet Noor'.

. 'Boyer No 11' was ttom the Boyer date garden which adjoined the Date
Station. It is an unusually heavy producer of pollen (1 L per year from 25
- 35 inflorescences). It was the earliest male at the Date Station to flower.

. 'Crane' was a 'Deglet Noor' seedling from the Crane ranch. It is early,
and produces about 1 L of pollen ttom 20 - 25 inflorescences.

. 'Fard No 4' produces early but small-sized fruit. It flowers midseason but
produces only average amounts of pollen.

. 'Jarvis No l' was obtained from the Brown date garden. It flowers early
and produces numerous inflorescences that yield large amounts of pollen.
It is a good pollinator for 'Deglet Noor'.

Date Palm Breeding Program

The overall objective of date breeding is to achieve the highest fruit
quality and yield (and profitability) consistent with local requirements
(Carpenter and Ream, 1976). The latter might include:

. Tolerance or resistance to cold, extreme heat, high humidity, rain damage,
insect attacks, diseases, saline soil or water, poor drainage, and other soil-
related problems.

. Adaptation to mechanical harvesting, processing, and pest control.
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. Modification of growth habit to reduce the rate of vertical growth, reduce
the number and size of spines, increase the length and flexibility of fruit
stalks, improve distribution and numbers of fruits per bunch to increase
size and reduce thinning operations~

. Modification of fruit quality, seed size, uniformity and time of ripening,
and reduction of skin separation in soft varieties.

. Development of male palms with metaxenic characters that could be used
to manipulate fruit production.

. Development of inbred lines to produce seed with sufficiently uniform
characters to permit propagation of palms from seed.

Some other factors which should be considered (Barrett, 1973) are:

. Identification or discovery of hermaphroditic flowers or monoecious lines.

. Identification, discovery, or production of precocious lines.

The most serious drawback in date breeding is time. The average time
from seed to flowering is about 6 years (Nixon and Furr, 1965). An
additional drawback is the time required to produce enough offshoots for
trials (5 years minimum, or more if a large number are needed which would
entail several generations of offshoot production). Finally, date palms do not
reach full production until they are 10 - 15 years of age. All these factors
make date palm breeding a long-term project. This is especially true when
back-crosses are made.

Initial attempts at breeding date palms in the US were made by the
University of Arizona in 1912. These attempts were made to study the
inheritance of fruit characteristics by inbreeding of 'Deglet Noor'. Some
observations of the inheritance of fruit color were made but none of the
progeny produced fruit as good as that of 'Deglet Noor' and the project was
discontinued after 3 generations (Nixon and Furr, 1965).

In 1948, JR Furr and RW Nixon of the US Date and Citrus Station
began a comprehensive date improvement program. Other participants over
the years included CL Ream, H Barrett and JB Carpenter. The overall aims of
the program (Nixon and Furr, 1965; Barrett, 1973; Carpenter and Ream,
1976; Carpenter, 1977) were:
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. Production by back-crossing of male palms that approach the female
parent in genetic composition.

. Production of new and superior females by use of advanced back-cross
males in intervarietal hybridization.

. Selection of superior male and female seedlings with the potential for
commercial development.

The initial phase of this breeding program lasted trom 1948 - 1970 and
was concerned primarily with production of back-crossed males. Towards the
end of this period, intervarietal hybrids began to be made. The intervarietal
crossing was intensified in the early to mid-1970's. However, it was during
this period that US governmental policy with respect to the Date and Citrus
Station changed. Support levels were cut, and the breeding program
terminated. The Station was closed in 1981 and the breeding lines were
incorporated into the National Date Palm Germplasm Repository (See
below).

Back-crossed Male Date Palms

The impetus for the back-crossing program was to develop male lines
that might be useful for producing hybrids. Because date palms are dioecious,
intervarietal hybridization, a common breeding procedure for combining
desirable characteristics, is not possible. It is necessary to obtain males that
are as closely related genetically a female variety as possible before such
crosses can be made. Seedling populations of some varieties tend to resemble
the female parent in vegetative and fruit characteristics. This has been useful
in selecting for further back-crossed (BC) males with growth characters
resembling those of the female parent. Back-crossing is continued for 3 or
more generations, until males strongly resembling the female are produced. A
male after 3 back-crosses (BC3) should resemble the female parent in 93 %
of his genetic makeup. Continuing on to BC5 should produce males that are
over 98 % 'pure'.

Once this point is reached, the males produced can be expected to
transmit mainly the characteristics of their recurrent parent to any
intervarietal hybrids produced. However, it is not certain whether or not fruit
characteristics - a uniquely female trait --are transmitted by male palms.
Studies of female progeny in BC populations may suggest which fruit
characters are being transmitted and the degree of character homozygosity.
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Male progeny of back-crossing could be evaluated using exhaustive
measurements of leaf characteristics and other vegetative qualities as shown
by the evaluation form (Figure 4) in order to establish a very precise degree
of resemblance to the female parent. However, this was generally not done
due to the extreme amount of time and effort involved. However, increased
numbers of individuals in each successive BC generation show the
characteristics of the female parent. Using advanced BC males, it should be
possible to study the inheritance of characters in progeny derived from
parents with distinctive attributes.

The varieties used in making the back-crosses were the same as would
be used as female parents in later intervarietal crosses. These varieties were
selected on the basis of possessing one or more outstanding characters (as
expressed in Coachella Valley conditions) that might be desirable in a new
variety. Primary considerations were fruit characteristics, such as large size,
attractive color and appearance, good texture and flavor, good shipping and

: storing quality, time of ripening, high yield, and rain tolerance (Nixon and
Furr, 1965). The varieties utilized and some of their desirable qualities are
shown in Table 3.

Males resulting fromthe BCprojectwereselectedon the basisof good
flower characters and resemblance of leaf characters to the female parent in
the hope that there was sine linkage with fruit characters. Any male
considered desirable for intervarietal crosses was also a candidate for saving.
By 1965, 38 BC lines had been established. Some varieties had advanced to
the 3rd BC generation (BC3), and many of them strongly resembled the
female parents based upon vegetative characteristics (Nixon and Furr, 1965).
Female offspring often resembled the female parent as well. This tendency
was more pronounced in some varieties than in others, and suggested that in
some varieties it would be feasible to establish commercial plantings from
seed produced by controlled pollinations (Nixon and Furr, 1965). However,
this was never attempted, and the longer period to establish a plantation from
seed as compared to offshoots would be a major drawback to this method.

By 1976, the number of lines had been reduced to 22 lines representing
14 varieties, as a result of genetic weaknesses in some lines and changes in
breeding objectives (Carpenter and Ream, 1976). Some lines had advanced as
far as the BC5 level. The more recently developed BC males had not been
used in any intervarietal hybrids at the time the program was discontinued
(Carpenter, 1977a).There are currently 27 lines of BC males representing 11
varieties in the Date Palm Germplasm Repository (Table 4). These represent
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the lines considered most valuable at the time that the Date Station was
closed.

lntervarietal Hybrid Female Date Palms

The males produced above were to be screened for desirable male
characteristics (metaxenia), but the ultimate objective was to utilize them in
making intervarietal crosses to develop female varieties with the following
characteristics (Carpenter and Ream, 1976):

. Quality and yield equal to, or superior to, those of 'Deglet Noor'.

. Freedom from black nose, a serious physiological disorder of ripening
'Deglet Noor' fruit.

. Adaptation to mechanical harvesting and processing.

. A fruit stalk at least equal in length and flexibility to that of 'Deglet Noor'
to facilitate handling of fruit bunches.

. A moderate rate of vertical growth.

Although production of BC males commenced in 1948, it was not until
1961 that males considered appropriate for intervarietal crosses were
available. This was due to the length of time needed to evaluate the males
produced and in some cases to make additional BC's. The first intervarietal
crosses were made in 1961,and at the time of the first report on the breeding
program, little information was available on the progeny (Nixon and Furl',
1965). However, many advanced BC males flowered in 1970 and 1971,and
62 intervarietal crosses were made between 11 female and 13 BC male
parents. From 1971 to 1974, about 3,000 hybrid seedlings, of which 1,200
were females, were planted and evaluation of fruit characteristics of the
females began in the following years (Carpenter and Ream, 1976). At the
time of the report cited, nearly 70 % of the seedlings had flowered,
considered a good percentage for trees less than 4 years old from seed.
Limited data suggested that 'Empress', 'Khadrawy', and 'Thoory' females
and 'Khadrawy BC3', 'Tadala BC1" and 'Thoory BC3' males induced early
tlowering iri a high proportion of the crosses in which they are used
(Carpenter and Ream, 1976).

Limited observations of the characteristics of the crosses were
summarized by Carpenter (1977a). Most of the crosses yielded inferior
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female seedlings. Rain and high humidity during the harvests of 1976 and
1977 cause moderate-to-severe damage to fruit of many of the seedlings even
though the bunches were completely covered. Many progeny were discarded
after this initial evaluation. The characters considered most deficient in the
discarded progeny were fruit size, tolerance to high humidity and/or rain
during the khalal stage, texture, flavor, appearance, and storage
characteristics.

The crosses made in 1971 yielded 9 seedlings considered worth saving.
These included dry, semi-dry, and soft-fruited selections. Some of the soft or
dry selections had the potential to compete with commercial varieties.
However, no semi-dry selection was found that appeared to equal 'Deglet
Noor' in quality, although some may have lent themselves to mechanical
harvesting and processing.

Barrett (1971) and Carpenter (1977a) have discussed some observations
made on the seedlings produced. Although seedling populations of individual
crosses were too small for rigorous genetic studies, some observations may
have some value.

· The large fruit size of 'Medjool' appeared in many of the progeny
produced by 'Medjool BC' pollen. Similarly, the attractive appearance of
'Abada' appeared in many of its progeny.

· Fruit quality was in most cases inferior to the female parent, and in all
semi-dry progeny, inferior to 'Deglet Noor'.

· Moisture tolerance was in most cases similar to that of the mother variety,
and there were few progeny with improved moisture tolerance that did not
possess some undesirable traits.

· The desirable fruitstalk characteristics of 'Deglet Noor' were often
transmitted to its offspring.

· Some deleterious characters observed included low pollen production by
males, increased shattering, albino leaf (low chlorophyll content),
depression in vigor, and sometimes a decrease in offshoot production
(apparently not linked to vigor).
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. 'Khadrawy' has useful characteristics including small stature and small
spines. However, use of 'Khadrawy BC' males produced progeny with
small, extremely soft fruit with excessive skin separation.

The date palm breeding project was tenninated in 1978, as US
governmental policy toward the Date and Citrus Station changed. The 9
selections considered most valuable were incorporated into the Date Palm
.Germplasm Repository. They are shown in Table 5, along with some of their
characteristics. They may be considered for commercial planting or as
breeding lines, but more extensive evaluation is necessary before they can be
properly and efficiently utilized.

THE NATIONAL DATE PALM GERMPLASM REPOSITORY

What might be tenned the 'National Date Palm Germplasm Repository'
is currently a part of the USDA-ARS National Clonal Germplasm Repository
for Citrus and Dates (NCGRCD). The roots of the date palm collection lie in
the offshoots imported from the Middle East in the early part of this century
and maintained and evaluated at the Date and Citrus Station. This collection
of Old World (Nixon, 1950) and local (Nixon, 1955) date varieties grew to
large proportions over the years. In 1971, the decision was made to retain
only those female varieties that had commercial uses or had some valuable
characteristics for breeding new varieties. As US governmental support for
the Date and Citrus Station decreased, the date breeding program was
terminated, and the most valuable materials incorporated into the National
Date Palm Germplasm Repository in 1977 (Carpenter, 1977b). The Date and
Citrus Station was completely closed in 1981, and the date palm collection
was repropagated as offshoots to the USDA-ARS Irrigated Desert Research
Station in Brawley, California, about 100 km south of Indio in Imperial
County.

The NCGRCD was established by the USDA Agricultural Research
Service in 1987 as a part of the US National Plant Germplasm System
(Shands, 1995). The mission of the NCGRCD is to acquire, preserve,
distribute, and evaluate germplasm of Citrus and related genera, date palms,
and related Phoenix spp. The date palm gennplasm collection was
incorporated into the NCGRCD in 1989.

US governmental support for the Brawley station began to decrease in
the early 1990's. The threat of closure prompted the repropagation of the
collection to the University of California Coachella Valley Agricultural
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Research Station (CVARS) in Thennal, California. CVARS is attached to the
University of California, Riverside (UCR). The main NCGRCD facilities are
located on the UCR campus, located approximately 125 km from Thermal.
Thermal is only a few km from Mecca, the original site of the US Date
Garden, and is a more suitable area for date culture (Krueger, 1995).

The collection currently consists of26 female varieties (Table 6), 27 BC
male lines (Table 4), 9 intervarietal hybrids (Table 5), and 5 superior males
(Table 7), for a total of 67 accessions. These accessions are free of pathogens
due to a California state quarantine of the date production area, and are
available for distributions to qualified researchers world-wide as offshoots,
seed, and pollen.

Although date palms make up a minor part of NCGRCD
responsibilities, there are some date palm germplasm-related activities taking
place. These include continuation of the BC program to produce BC5 males.
With the development of molecular-based techniques, it may be possible to
more precisely screen BC progeny for genetic similarity to the female parent.
A marker for the sex of the plant may be possible, as has been reported for
some other crops. Some characterization and evaluation observations are also
being made. Some of the male characteristics reported earlier need to be
reconfirmed. The hybrids also need further evaluation. These activities are
currently being carried out at a low level due to funding constraints. Other
areas also need attention, but must await increased resources.
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Table I. Species of Phoenix recognized by several investigators.

1Martius,CFP, De. 1836 -1850. Phoeniceae. Pp 257-276,320-321 in: Historia naturalis palmarum:expositio systematica, vol3. F Fleischer.
leipzig.

2 Beccari,O. 1890.Revistamonograficadellespecie delgenere PhoenixUnn.Pp 345-429in:Malesia,raccoltadiobservazionibotanicheintorno
all piante dell'ArcipelagoIndo-Malese e Papuano, vol3(5). FratelliBencini, Rome.
3 Miller, W, JG Smith, and N Taylor. 1930. Phoenix. Pp 2591-2594 in: lH Bailey, ed. The Standard Cyclopedia of Horticulture, vol 3. MacMillan,
NewYork.

4 Chevalier, A. 1952. Recherches sur les Phoenix africains. Rev InUBot Appl, 32:205-236.

5 Mowry, H. 1952. Native and exotic palms of Florida (revised by RD Dickey and E West). Univ of Florida Bull 152,70 pp.

6 Moore, HE. 1963. An annotated checklist of cultivated palms. Principes, 7: 119-182.

7 Munier,P. 1973. le palmier-dattier.GP laisonneuve &larose,Paris, 221 pp.

S Munier, P. 1974. Le probleme de I'origine du palmier-dattier et l'Atlantide. Fruits, 29:235-240.

9 Bailey Hortatorium, LH. 1976. Hortus Third. MacMillan, New York, 1290 pp.
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Species Martius
1

D .2 Miller et aP Chevalier4 Mowry
5

Moore
6

M . 78 Dailey 1-19eccan umer

Abl'S.I"illicaDrude + +
aClllllisRoxb + + + + + + + +
Ata/alltim A Chev + +
Cmlllriellsis Ilort ex Chab + + + + + + +
Dactl'li{eraL + + + + + + + +
Farilli{eraRoxb + + + + +
I/allccallll Naudin + +
IlIImiti' Rovle + + + + +
LOlleiriiKunth + + + +
Ol/se/evalla Griff +
Pall/dosa Roxb + + + + + + + +
pI/m ita Hort +
pl/si/la Gaertn + + + + + +
Reclianta Jaca + + + + + + + +
Roebe/illii O'Brien + + + + +
ruDicolaT Anderson + + + + + + +
Spillosa FC Schum +
Sylvestris(L) Roxb + + + + + + + +
zevlallica Trimen + + +



Table 2. The genus Phoenix: a summary.
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Species Common name Origin Notes Synonyms

P abvssinica -- Ethiopia poorly known sp --
P acaulis -- Assam,Burma fruitedible --
P canariensis Canary (Island) date Canary Islands widely cultivated as P Jubae, P tenuis

palm ornamental, fruit edible
P dactylifera Date palm NE Africa, Middle widely cultivated in suitable

East climates for fruit
P farinifera -- India poorly known sp, fruit edible
P Loureirii -- India, China Pformosana, P

Hanceana, P
humilis, P
Ouslevana

P paludosa -- SE Asia
P TJusilla -- S India, Ceylon P zeylanica
P reclinata Senegal date palm tropical Africa widely cultivated as P madagascariensis,

ornamental, fruit edible P pumila, P
senegalensis, P
spinosa, P
zanzibarensis

P Roebelenii Pygmy date palm Laos widely cultivated as
ornamental

P rupicola Cliff date palm N India
P svlvestris Indian date palm India utilized in India (sugar, fruit)



Table 3. Desirable characteristics of date varieties used in intervarietal
hybridization (Barrett, 1973).

Variet
Abada

Amir Ha..
Barhee
Badravah-
Dayri

Deglet
Beida

Deglet Noor

Empress
Halawy

Horra

Khadrawy

Kush Zebda
Medjool
Tadala

Thoory

- - - - - -

Desirable Characters

attractiveness, glossy black fruit with frost-like bloom, midseason
maturit.
high quality fruit, little spoilage of fruit in wet weathr
high quality, heavy yield, late maturity, low tannin in khalal stage
large fruit, firm texture, midseason maturi y
high quality, distinctive rich flavor, moisture tolerance, good size,
semidry texture
light-colored fruit, smooth skin, very firm texture, early maturity
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TABLE 4. BC Male Date Palms, USDA-ARS-NCGRCD.

I

I

I
I

1

30

- - - - ---- ------

Accession No PI Name
66-11-50 555405 Amir Hajj BC2
66-11-53 555406 Amir Hajj BC2
60-270-9 555412 Barhee BC3
70-41-53 555415 Barhee BC4
70-31-50 555419 Barhee BC4
60-271-2 555413 Dayri BC2
60-271-7 555414 Dayri BC2
70-41-53 555416 Dayri BC3
70-39-53 555417 Dayri BC3
64-354-22 555402 Deglet Noor BC4
69-150-52 555432 Deglet Noor BC5
69-150-50 555433 Deglet Noor BC5
64-351-1 555403 Halawy BC3
64-351-18 555404 Halawy BC3
69-152-50 555434 Halawy BC4
63-394-25 555444 Khadrawy BC3
69-154-28 555435 Khadrawy BC4
61-411-2 555423 Khalasa BC2
69-155-51 555436 Khalasa BC2
69-157-51 555439 Medjool BC3
69-156-52 555438 Medjool BC4
69-158-51 555440 Tazizoot BC3
62-431-3 555445 Thoory BC3
70-43-50 555418 Thoory BC4
66-14-52 555408 Zahidi BC2
66-14-50 555407 Zahidi BC2
66-15-51 555409 Zahidi BC2



Table 5. Intervarietal Hybrid Female Date Palm Selections, USDA-ARS-NCGRCD.
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Accession PI Parentage Size Type Color Comments
No (mm) (Rutab)

64-343-51 555401 Abada X (Medjool BC2) 45X25 soft black good black date
69-155-14 555437 Khalasa X (Khalasa BC2) 35X24 soft brown small, good

quality
71-8-1 555428 Thoory X (Deglet Noor 44X27 semi-dry buff good, mild flavor

BC4)
71-11-21 555431 Thoory X (Khadrawy 45X27 semi-dry amber-brown bright color, large

BC3) fruit, early,
susceptible to
moisture

71-12-33 555429 Thoory X (Halawy BC3) 54X25 semi-dry brown good quality, but
coarse

71-14-1 555446 Thoory X (Dayri X Deglet 48X24 semi-dry brown good flavor and
Noor BC3) texture

71-25-15 555426 Medjool X (Dayri X 43X28 soft to semi-dry black flavor good, keeps
Deglet Noor BC3) well

71-25-36 555427 Medjool X (Dayri X 68X42 soft to semi-dry brown large, mild,fair
Deglet Noor BC3) quality

71-38-10 555425 Horra X (Dayri BC2) 42X36 semi-dry to dry buff-brown low tannin,
breeding potential



Table 6. Female Date Palm Varieties, USDA-ARS-NCGR.
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Accession No PI Variety Origin
78-12 080781 Amir Hajj Mandali, Iraq
78-14 008739 Ashrashi Baghdad, Iraq
78-18 080789 Badrayah Iraq
78-15 008746 Barhee Basra, Iraq
78-19 036818 Bentamoda Dongola Province, Sudan
78-20 008567 Dayri Basra, Iraq
78-16 010834 Deglet Beida Oasis Ourland, Algeria
78-22 004611 Deglet Noor Touggourt, Algeria
78-23 008750 Halawy Basra, Iraq-- 006438 Hayany Alexandria, Egypt
78-26 008760 Hilali Masqat, Arabia (Oman)
78-17 015026 Horra Nefzaoua, Tunisia
78-21 008751 Khadrawy Basra, Iraq
78-27 008753 Khalasa Oman
78-28 011801 Khir Arabia
-- -- Khisab Basra,Iraq
78-43 074204 Medjool Bou Denib, Morocco
-- 037060 Saidy Abshawai, Egypt
78-31 008748 Sayer Iraq
79-16 010891 Thoory Biskra, Algeria
79-17 008743 Zahidi Iraq
78-13 555400 Abbada Brawley, California, USA
78-24 555442 Haziz Indio, California, USA
90-1 -- Sphinx Phoenix,Arizona,USA
-- -- TR Cathedral City, California, USA
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TABLE 7. Superior Male Date Palms of Local Origin, USDA-ARS-NCGRCD..

Accession Number
78-7
78-8
78-9
78-10
78-11

PI
555410
555420
555421
555411
555443

---- - - - --------

Name
Barhee A-19

Boyer No 11
Crane
Fard No 4
Jarvis No 1
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REPARTlTIONACTUELLEDES PHOENIX
DANS L' ANCIEN MONDE

- Ph.c/ac:t,lilera
Ph.conariensls
Ph.allanfica___Ph.reclinala

Fiqure 1. Distribution of Phoenix spp throughout the world (Munier, 1973).

i .u_.. Ph.sylveslr,s
Ph.humilis-_ Ph.paludosa

+-+ Ph.hanceona

Ph.acaulis
- +..+ Ph.farinilera
- Ph.rupicala

. Ph.Raebelinii

cToquis n- 2



PE RSE(,
~O, Oueder

~~Saoura Rhir -
AL'GER lE ~O.

\. LIBy'~b;gW~i"'"
, Fenan'-'Tassili I. ..

f
o gar-",,~ /

KOUra EGYP~~'

M,ar de ..~ '- .""
!loeas KaDuarTibestl.Borkou

~
VI

\

PROPAGATION DE LA CULTUREDU DATTIER
DANS l'ANCIEN CONTINENT. ~ Cenfres d'origine de 10 culfure du daffier

Fiqure 2. Spread of the date palm throughout the OldWorld (Munier. 1973).
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FRUIT: soft, s-d, dry; season

color, khalal

" rutab

" tamar

shape

calyx

SIze

skin

flesh

rag

flavor

SEED: color

shape

SIze g.p.

furrow

OTHER CHARACTERS

Figure 3. Fruit evaluation fonn used at US Date and Citrus Station.

36

- - -- -- -- - - ---- --



VARIETY

LOCA TION

DISTINGUISHING CHARACTERS

TRUNK: Slender, medium, heavy; height

OFFSHOOTS: few, medium, many; low, medium, high

LEAYES: Color--light, medium, deep; glaucous

Curvature--slt., med., pron.; even, out., tip

Base--narrow, med., wide; scurf--slt., med., heavy;

color

Blade: length

Spine area: length

Spines: number

. single

length sgl.

slender, med., broad; flexible, med., stiff

; short, medium, long

; % blade length

; few, medium, numerous;

paired 3's

a r

neck--Iacking, length

rachis angle--sgl.

a-r divergence

Pinnae: drooping--no, sIt., med., pron.

longest

widest

terminal

v-angle, narrowest

d-angle, base

rachis angle, a

divergence, apex

; def., indef.

a r

apex

apex
r

B.S.I.

groupmg

classes

STALK: short, med., long; slender, med., heavy

Color ;scurf--slt., med., heavy

Figure 4. Tree evaluation form used at US Date and Citrus Station.
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