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Abstract

A study was carried out to identify past and present commercial date
varieties in the United States. The date industry began in the 1890s with the first
importation of named variety offshoots from North Africa and the Middle East.
From 1890 to 1929, the U.S. Department of Agriculture imported 1,076 lots of date
offshoots containing about 20,000 individuals of standard date varieties. Other
introductions were made by private growers. Medjool was one of the last varieties to
be introduced, in 1927. Imported offshoots were grown primarily in Arizona and
California. Commercial production commenced in 1912 with the first harvesting and
marketing of Deglet Noor fruits. California emerged as the major producing state
owing to more favorable climatic conditions. In 1950, Nixon described 160 imported
date varieties in the United States. The current study found only 16 imported
commercial varieties, originating from four countries: Algeria, Egypt, Irag and
Morocco. Most prominent are Barhee, Deglet Noor, Halawy, Khadrawy, Medjool,
Thoory and Zahidi. In 1955 Nixon also described 40 American varieties that had
been selected and reproduced from the imported varieties; since that time a few
more American varieties have been added. On a small scale, nine American varieties
currently are grown commercially, the three most important are Empress and
Honey, both derived from Thoory; and Blond Beauty, derived from Deglet Noor.
Date palm germplasm is preserved in four collections, two in California and two in
Arizona; together they include nearly all of the current imported commercial
varieties, but are inadequate for the American commercial varieties. Date
production in 2003 amounted to 16,662 mt on a total of 2,145 ha. Deglet Noor is the
most important commercial date variety, representing about 70-75% of production;
Medjool is second with 20-25%; all other commercial varieties account for only a
few percent of total production. From a broad base of a total of about 200 imported
and American varieties, the United States date industry is now narrowly focused on
two primary and 23 secondary commercial varieties.

EARLY HISTORY AND DATE OFFSHOOT IMPORTATIONS

What is now California and Arizona was part of Mexico when the first date palms
were grown from seeds planted at Spanish religious missions established beginning in
1769. Mission gardens in warm, dry locations produced acceptable date fruits and
provided an example to settlers to cultivate the palm. Many seedling dates were planted in
both California and Arizona after the Mexican War ended in 1848, when control of the
area passed to the United States. A leading book on California fruit culture described
growing dates from seed (Wickson Hela, 1889). Late in the 19th century, it was
recognized that it would be necessary to import offshoots of named, standard, commercial
varieties to establish a successful commercial date industry. The United States
Department of Agriculture took the lead and made an initial importation of offshoots in
1890/1891, which was a failure, but interest in a date industry persisted and led to the first
successful importation of Deglet Noor and Rhars from Algeria in 1899/1900. There
followed a series of government expeditions to obtain offshoots of numerous varieties
from Algeria, Baluchistan (Pakistan), Egypt, Irag and Tunisia. Among the noteworthy
varieties introduced were Areshty, Halawy, Hayany, Khadrawy, Kustawy, Saidy and
Zahidi. Government agricultural experiment stations were established in Tempe, Arizona,
near Phoenix, and Mecca in the Coachella Valley, California, to test the imported
varieties. The last major introduction occurred in 1927 when Medjool offshoots were
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brought in from Morocco. Over the period 1890-1929, the USDA by itself imported 1,076
lots of date offshoots, numbering some 20,000 individuals, and representing 160 standard
varieties (Nixon, 1950, 1971; Popenoe, 1913; Swingle, 1904; Toumey, 1898).

Commercial importation of date offshoots paralleled the USDA program. From
1903 to 1922, about 15 private expeditions were sent to Algeria, Egypt and Iraq to bring
in additional quantities of offshoots of those varieties that had been identified as showing
promise. These efforts brought in about 43,320 date offshoots to California and Arizona,
and permitted a more rapid expansion of the fledgling industry (Nixon, 1950, 1971).

COMMERCIAL DATE VARIETIES

The United States date production currently is focused on two geographic areas.
The Coachella Valley, California, Riverside County, which includes the City of Indio, is
preeminent. It is the center for Deglet Noor growing, as well as most of the other lesser
commercial varieties. The second focus of production is in fact two adjoining areas
separated by the Colorado River: the Bard Valley, Imperial County, California and Yuma
County Arizona. Formerly, the area of Tempe, Arizona, now a suburb of Phoenix, was an
early center for dates, and many of the imported varieties were first tested there. It once
had a small commercial production. However, climatic conditions in that area are less
than ideal and date growing became most prominent in California.

Date growers in California and Arizona were surveyed to determine the relative
prominence of particular date varieties in overall production. This was necessary because
date production statistics currently are not reported by variety. Additional information
came from published sources (Johnson et al., 2002; Karp, 2002).

The criterion used to designate a commercial variety was that it was offered for
retail sale by any means, including by the grower, without regard for the quantity
marketed. The intent was to capture all varieties in the industry to provide a full picture of
the varietal diversity and to serve as a basis for assessing germplasm resources.

Commercial date varieties can be broken down into three groups: major imported
commercial varieties, minor imported commercial varieties and American commercial
varieties, all of which are minor.

Major Imported Commercial Varieties

Together, the Deglet Noor, Medjool, Barhee and Zahidi varieties account for more
than 90% of the United States date production.
1. Deglet Noor. This is the most widely planted and commercially important date variety
in the United States. It originated in Algeria and was first introduced in 1900, initially to
Arizona then to California. It was soon evident that Deglet Noor produced better quality
fruits in California and demand for offshoots led to several large importations in the
period 1911-1921. At present, Deglet Noor accounts for about 70-75% of total
production. The semidry brown fruits have an excellent flavor and ripen late. Entire fruit
bunches may be harvested resulting in a saving of labor costs. The fruit’s firm texture
minimizes damage during packing, handling and storage. This is the only commercial
variety grown that is pitted mechanically. Palms in full production yield 91-136 kg per
season. Deglet Noor produces 8-12 offshoots per palm. The center of Deglet Noor
production is the Coachella Valley, California.
2. Medjool. A late introduction from Morocco in 1927, the large size, soft flesh and
attractive appearance of the fruit has made it very popular in recent decades among
growers and consumers. Medjools command the highest market prices, which helps to
recover the additional production costs. The number of inflorescences, which may reach
30, is reduced to 22, evenly spaced around the crown. As fruits develop, they are thinned
by hand, removing entire strands and individual fruits, to allow maximum fruit size and
superior quality. Galvanized spreader rings are inserted into the bunch before fruits reach
the khalal stage to improve ventilation and reduce checking and blacknose. Typically
growers also place a mesh bag over the bunch to prevent bird damage. Fruits are
harvested by hand as they ripen. Medjool production represents about 20-25% of the
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United States total. Fruit yields range from 68-91 kg per season. Medjool is a prolific
offshoot producer. Bard Valley, California and nearby Yuma, Arizona represent the chief
Medjool production area, which has optimal climatic conditions for the variety.

3. Barhee. This soft date is unusual because of its unique fruit which has excellent eating
qualities in the khalal, rutab and tamar stages; in the ripening process changing color
from a brilliant yellow to amber and finally to a reddish brown. The fruit is crisp and only
slightly astringent in the khalal stage; becoming ever softer as it ripens further until is
almost liquid, with a rich, pleasant flavor. It is described as ripening late, but that is in
reference to the tamar stage. Introduced from Irag in 1913 Barhee dates are not widely
known in the United States, but are found in season (late August into September) in
Middle Eastern grocery markets, sold in the khalal stage. Some growers in the Coachella
Valley, where Barhee cultivation is concentrated, sell by mail order to retail customers.
Khalal fruits are harvested by cutting bunches, leaving the fruits attached. It is estimated
that Barhee represents about 1% of total date production. Barhee is a high-yielding
variety, averaging 113-136 kg per season. It is not a prolific offshoot producer, seldom
having more than six to eight per palm.

4. Zahidi. A semidry date, Zahidi was introduced from northern Iraq in 1913. The reddish
brown fruits ripen in midseason. Harvesting of entire bunches is done when fruits are
about three-quarters ripe, finishing the less mature fruits in maturation chambers. Zahidi
accounts for about 1% of total date fruit production. The Zahidi palm has a characteristic
compact crown and is vigorous and hardy, yielding 91-136 kg of fruit per season; it is a
prolific offshoot producer, 15-25. It is most commonly grown in the Coachella Valley.

Minor Imported Commercial Varieties

Table 1 lists the 12 imported varieties which each account for some minimal
commercial production. Most widely grown are Halawy and Khadrawy. In some
instances the variety is represented by only a few trees maintained by a particular grower
for apparently historic reasons, rather than for any future development plans. The overall
industry trend toward specializing in only a few varieties does not bode well for the future
of minor varieties. The most significant obstacle to expanded growth and production of
minor varieties is the need to educate both consumers and wholesalers.

American Commercial Varieties

Several California and Arizona date growers maintain a few of the 40 American
varieties (Table 2), originally described by Nixon (1955). Typically, the number of
bearing trees is small and fruit production is low. Shields Date Garden in Indio is an
exception for it represents the largest grower of American varieties, with their exclusive
Blond Beauty and Brunette Beauty dates, having 433 and 153 producing trees
respectively. The company has built and maintained their reputation through the
uniqueness of these two American varieties.

It is noteworthy that all of the American varieties listed in Table 2 produce soft
fruits, which are preferred by domestic consumers. Most of the noncommercial American
varieties described by Nixon (1955) have been lost.

CURRENT PRODUCTION LEVELS

In 2003, date production in California amounted to 16,662 mt on an area of 2,145
ha. Riverside and Imperial counties account for nearly all dates grown in California.
Arizona’s production is difficult to determine because dates are a relatively minor crop in
the state and an indeterminable amount of the production in Yuma County is transported
the short distance across the Colorado River for processing in Bard; several growers have
orchards in both Bard and Yuma. The significant expansion of date production in the
United States is taking place in Bard and Yuma, and most of the new areas are for
Medjool production.
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GERMPLASM RESOURCES

Date palm germplasm exists in four collections in the United States (Table 3),
which represents an essential genetic resource for the date industry. Altogether, the four
collections include all of the imported commercial varieties with the exception of Zagloul.
In addition, 14 currently noncommercial varieties are represented. As for commercial
American varieties, the collections lack Blond Beauty, Brunette Beauty and McGill’s No.
1 varieties, but include Haziz and Peggy Ann, which are not commercial.

CONCLUSION

Commercial date growing in the United States began with the importation of about
160 different varieties, chiefly from North Africa and the Middle East.

In addition, 40 American varieties were described. Despite this broad diversity,
the date industry today is quite narrowly focused on two primary commercial varieties
(Deglet Noor and Medjool) and 23 decidedly minor imported and American varieties.
Over the 20th century, about 75% of the date varieties once in the United States have
been lost.

In recent years, the industry trend has been to cultivate Medjools in new date
areas, and to promote expanded markets for what has been described as the finest date in
the world. The diminution of varietal diversity in the United States date industry carries
with it the risk of serious losses should a particular major variety be stricken with a
disease or insect plague. Crop diversity is one of the best forms of crop insurance,
something the date industry should consider.

To conclude on a positive note, a recent article proposes that growers consider
promoting and marketing a wider number of dates at the khalal stage (Nave, 2005). In
addition to the familiar Barhee, the article suggests that the imported varieties Halawy,
Hayany, Maktoom, Saidy, Samany and Zagloul; and American varieties Desert Gem,
Mariana (both undescribed) and Tabarzal have similar potential. The challenge is to
induce consumers to sample and acquire a taste for fresh, crisp date fruits. Developing a
market for these khalal dates could provide an economic incentive for growers to
diversify the date varieties they grow.

Note: This article is based on materials gathered for a forthcoming book:

Hodel, D.R. and Johnson, D.V. Growing Imported and American Varieties of Dates
(Phoenix dactylifera) in the United States, Based on the Work of Roy W. Nixon.
University of California Division of Agriculture and Natural Resources, forthcoming
2006.
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Tables

Table 1. Minor imported commercial varieties.

Variety Country Fruit Characteristics Notes
of Origin (color at tamar stage)
Amir Hajj, Amir Iraq Soft, reddish brown, but Ripen* midseason;
Haj, Mirhage relatively small fruit. vigorous grower and
good yields.
Dayri, Dairee, Dairi Iraq Semidry, pale purplish Ripen midseason; very
brown. hardy variety.
Halawy, Hallawi, Iraq Soft, golden brown. Ripen early; good yield
Hellawi prolific offshoot
producer.
Hayany, Hayani Egypt Soft, nearly black; Ripen early, but do not
usually sold fresh. cure well.
Iteema, Itima, Itime, Algeria Soft, reddish brown. Ripen midseason; fruits
Ytima, Yatimeh susceptible to checking.
Khadrawy, Iraq Soft, reddish brown. Ripen early; fruits cure
Khadrawi, and keep well.
Khadhrawi,
Khudrawee
Khisab, Khasab Iraq Soft, nearly black. Ripen very late; fruit
mediocre.
Maktoom, Maktum Iraq Soft, reddish brown, Ripen late; fruits very
fairly large. resistant to checking and
splitting.
Samany, Samani, Egypt Soft, brown, large. Ripen midseason; fruits
Samiani, Rashedi sour easily.
Sayer, Sayir, Saiar, Iraq Soft, reddish brown. Ripen midseason;
Sai, peduncles tend to break.
Ista’amran
Thoory, Thusi, Algeria Dry, light brown. Ripen late; vigorous and
Tsuri, Thauri robust palm.
Zagloul, Zaglul Egypt Soft, nearly black, large.  Ripen midseason; fruits

subject to checking and

souring. Not a promising

variety.

* Time of ripening is for the Coachella Valley and Imperial Valley, California; and Yuma, Arizona. Early =
ripening about 15 August and lasting 6-10 weeks. Midseason = ripening about 1 September and lasting 6-10

weeks. Late = ripening about 15 September and lasting 8-12 weeks.
Source: Nixon, 1950.
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Table 2. American commercial varieties.

Variety Origin Fruit Characteristics Notes
(color at tamar stage)
Abada Unknown; palm Soft, black; subjectto  Early ripening; breeding
resembles Deglet checking. potential.
Noor
Blond Deglet Noor Soft, reddish brown. Midseason ripening;
Beauty variety exclusive to single
grower.
Brunette Deglet Noor Soft, nearly black. Late ripening; variety
Beauty exclusive to single grower.
Empress Thoory Soft, reddish brown, Midseason ripening; from
large. same seed lot as T-R;
potential for breeding.
Honey Deglet Noor Soft, amber colored. Broad midseason ripening,
beginning before Empress
and continuing longer.
McGill’s Unknown; palm Soft, reddish brown. Season unknown; fruits
No. 1 resembles Kustawy. resemble Khalasa.
Sphinx; Unknown; possibly  Soft, black. Late ripening; high
Black Hayany. yielding and prolific
Sphinx offshoot producer; slow
vertical growth.
Tabarzal Unknown Very soft, reddish Early ripening; after
brown, large. Khadrawy.
T-R Thoory Soft, melting, reddish Early ripening; from same

brown.

seed lot as Empress.

Source: Nixon, 1955.
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Table 3. Date germplasm resources (X = female palm present in the collection).

Imported Varieties /

Origin

1. Thermal,
California

2. Brawley,
California

3. Tempe,
Arizona

4. Yuma,
Arizona

Amir Hajj, Iraq
Ashrasi, Iraq
Badrayah, Iraq
Barhee, Iraq
Bentamoda, Sudan
Braim, Iraq

Dayri, Iraq

Deglet Beida, Algeria
Deglet Noor, Algeria
Halawy, Iraq
Hayany, Egypt
Hilali, Algeria
Horra, Algeria
Iteema, Algeria
Khadrawy, Iraq
Khalasa, Saudi Arabia
Khir, Saudi Arabia
Khisab, Iraq
Maktoom, Iraq
Medjool, Morocco
Menakher, Tunisia
Rhars, Algeria
Saidy, Egypt
Samany, Egypt
Sayer, Iraq

Tadala, Algeria
Tazizoot, Algeria
Thoory, Algeria
Zahidi, Irag

X XXXX XX XXXX XXXXX

X X X

X XX X XXX X

XXX

American Varieties
Abada

Empress

Haziz

Honey

Peggy Ann

Sphinx

Tabarzal

T-R

XXX XXXX |XX

X X XXX X

XXXXX X XX XX XXXXXXXXXKXXXXXXXXXXXXX

1, 2. USDA-ARS National Germplasm Repository.

3. Arizona State University.

4. Yuma Mesa Agricultural Center, Somerton AZ.
Source: compiled from records of the collections.
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Abstract

The commercial date industry in the United States is located primarily in the
Sonoran Desert of southeast California and southwest Arizona. The industry
comprises about 3800 hectares, of which 78% is found in California and the rest in
Arizona. While date palms were introduced to the United States by the Spaniards,
small quantities were imported for experimental purposes beginning in the late
1800’s, and commercial quantities were imported in the early 1900’s. During this
period, most imported offshoots originated from Algeria, Egypt, Tunisia and Irag.
Important varieties that were imported include ‘Deglet Noor’, ‘Khadrawi’, ‘Zahidi’,
‘Hayany’ and ‘Halawy’. More recently, the ‘Medjool’ from Morocco was
introduced. This variety is becoming increasingly popular because of its large size
and high sugar content. Date palm operations are moving from areas that are under
pressure from urbanization to more remote locales. Low volume drip and microjet
irrigation is beginning to replace the tradition flood and basin irrigation methods.
Some dates are produced using organic methods because of consumer demand.
Farm operations begin in January when the trees are dethorned. Operations that
occur later in the year include pollination, training the fruit arms, strand thinning,
fruit thinning, supporting the arms, spreading the strands, bagging the developing
fruit and harvest. Individual growers are increasingly forming cooperatives to pack
the fruit at a centrally located packinghouse. At the house, fruit are graded, then
packed, and placed in storage until shipment. Dates from the region are marketed
by individual growers, and by the grower cooperatives, and sold to customers
around the world. Palm trees are also sold for landscape purposes to customers
across the United States.

INTRODUCTION

The United States date industry is facing many changes as we move into the 21
century. Among these are changes in the location and area of date plantings, changes in
the popularity of the primary cultivars grown, changes in production practices, changing
uses for the trees themselves and changing markets and marketing of the fruit.

LOCATION OF THE INDUSTRY

Date palms may be grown in several areas in the US, including coastal Georgia
and South Carolina, the Florida peninsula, the coastal regions of the Gulf of Mexico, the
lower Rio Grande Valley, southern Arizona, southern Nevada, and California as far north
as San Francisco. Additional trees exist elsewhere in protected locations. However,
because of insufficient heat necessary to mature the fruit and/or the incidence of high
humidity and rain during the period of fruit maturation, most of these locations are
unsuitable for a commercial date industry. Only Southwest Arizona and the deserts of
Southern California provide the ideal locations to grow date fruit.

Virtually all the industry exists within the Sonoran Desert, an area characterized
by high summer temperatures and low rainfall. Even within this desert, there are areas
where it is too cool to grow dates. For example, summer temperatures in Tucson, Arizona
in July reach an average of 37°C, and there are 1050 mm of rain annually, much of it in
the late summer. These conditions make the city unsuitable for a commercial date
industry. However, in the lower desert, these climactic conditions are met.
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The industry exists today in three zones. The oldest zone is within Riverside
County, and is found in the Coachella Valley. This Valley contains the city of Palm
Springs and several other areas that are popular winter vacation spots. The second zone is
in far Southeast California, in Imperial County, around the town of Bard, California. This
second zone is on the west side of the Colorado River, across from Yuma Arizona. Also
included in this area are a few date orchards on the south side of the Salton Sea. The third
zone is on the east side of the river, surrounding the city of Yuma, Arizona. Also included
in this area are a few groves as far east as 150 km east of Yuma.

ORIGIN OF THE INDUSTRY

Date seeds were first brought to the United States by Spaniards in the 1700’s as
they established a series of settlements in Southern California and Arizona (Tate and
Hilgeman, 1971). Date offshoots were planted in the Yuma area as early as the 1860’s,
but in the 1890’s the United States Department of Agriculture (USDA) imported 75 palm
offshoots from Egypt and Algeria and planted them in Arizona, California and New
Mexico. All died later. Undaunted, the USDA imported the first ‘Deglet Noor’ offshoots
from Algeria, and planted them in Tempe, Arizona in 1900. Following this, there were
many importations of offshoots by private individuals, beginning in 1903. The year 1913
saw the importation of 20,000 offshoots by private individuals. By 1922, the industry in
Coachella/Riverside County was well established. Another important milestone occurred
in 1927 when just 11 ‘Medjool’ offshoots were imported by the USDA from Morocco,
and planted in southern Nevada. The final importation of date offshoots by the USDA
occurred in 1929. Commercial plantings were established in Arizona in the early 1900’s,
but disappeared slowly over about 50 years due to urbanization. Date orchards were first
planted in Bard/Imperial County in 1957 (D. Mansheim, pers.comm.).

CURRENT AND FUTURE EXPANSE OF THE INDUSTRY

Today, the industry comprises about 3800 hectares. Coachella/Riverside County
includes 2500 hectares, about a five-fold increase since 1925 (Riverside County
Agriculture Commissioner, 2005). Bard/Imperial County includes about 500 ha (Imperial
County Agriculture Commissioner, 2005), and Arizona comprises about 800 ha (G.
Nufiez, pers. comm.), which is a sharp increase since 2000 (Fig. 1). Today,
Coachella/Riverside County boasts 66% of the entire area planted to dates in the US,
while Bard/Imperial County comprises 12%, and Arizona includes 22%.

These areas are not likely to remain static for long. There are tremendous
urbanization pressures affecting all farming in the Coachella Valley. Population
projections for the cities of Coachella and La Quinta, both very close to many date
orchards in the area, show a potential 50% increase over the next 20 years (Southern
California Association of Governments, 2004). As a result, land costs today range from
USD $150,000 to $250,000 per hectare, and much of the land has been purchased for
current or future development (P. Mauk, pers. comm.). Additionally, there is little
additional land in the area that is suitable for date production due to lack of available
water. Thus, some old date orchards are being removed, and the trees used for landscape
purposes as farmers sell the land to developers. There is no doubt that the area planted to
dates will decrease in the Coachella/Riverside County area over the next ten years.

Production area is decreasing in Bard/Imperial County for different reasons. There
iIs some urbanization pressure, and land costs are increasing, but in most cases, the
orchards are getting old, and trees are being sold for landscaping. Also, taxes and
workmen’s compensation insurance costs in California are high, compared with
neighboring Arizona (G. Vandevoort, pers. comm.).

Therefore, most new plantings are being established in Arizona. All of these
plantings are ‘Medjool’. Again, urbanization and population increase threaten established
groves in some areas, but there is ample, relatively inexpensive land that is flat, and water
quality and quantity is good. Although most dates have historically been planted in silty
or clay soil near rivers, these new plantings in Arizona (over 600 ha) are in the sand.
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Rather than using the traditional flood irrigation, these plantings use water from wells,
and employ pressurized drip systems.

Another area of increased planting is Mexico. Some producers from the Coachella
Valley are moving their operations to the area surrounding Mexicali, Mexico. This area
affords ample land, good quality water and inexpensive labor. The only threat to these
lands is political and economic instability. It is not easy for foreigners to own land in
Mexico; most farms are leased. These leases are occasionally broken by the governmental
authorities in Mexico (D. Manscheim, pers. comm.).

CULTIVARS AND PRODUCTION PRACTICES OF THE INDUSTRY

Another area of change is in the cultivars used. Coachella/Riverside County has
historically planted the ‘Deglet Noor’, a cultivar which still comprises about 65% of the
total. Only recent plantings have included the ‘Medjool’ (about 25%). Quality of
‘Medjool’ is not as high here as in Bard/Imperial County and Arizona, there is more skin
separation problems with ‘Medjool’ grown here. Other varieties comprise 10% of the
dates planted here, including ‘Amir Hajj’, ‘Barhee’, ‘Empress’, ‘Halawy’, ‘Khadrawy’,
‘Sayer’, and ‘Zahidi’ (D. Nelson, pers. comm.).

More than 95% of Bard/Imperial County and Arizona production is the *‘Medjool’.
Less than 5% of the production is ‘Barhee’, ‘Deglet Noor’, ‘Halawy’, ‘Khadrawy’,
‘Sayer’ and ‘Zahidi’. “‘Medjool’ dates must be dethorned, pollinated, trained, thinned, and
harvested like all other cultivars, but some of these operations are somewhat different.
‘Medjool’ dates are thinned only to 20 to 22 fruiting arms per tree, and there are 30 to 40
strands per arm, and 13 to 20 fruit per strand. Fruit clusters are bagged with nylon bags,
rather than paper, to protect the fruit from birds, insects and rain, and to provide warmth
to hasten fruit ripening. Fruit are harvested several times, rather than just once, and only
the ripe fruit that falls into the bottom of the bag when the cluster is shaken is removed.
Some trees can produce 100 kg of fruit (Paulsen, 2005)

Once harvested, ‘Medjool’ dates are dried to 24 to 28% moisture content, rather
than dried on the tree as are the ‘Deglet Noor’ dates. Thus the “‘Medjool’ becomes a much
more desirable product for the consumer, with a greater cost and return for the grower.
However, because of the cost of “Medjool’, the purchase of them is considered a luxury
and will decrease if the economy of the purchasing country is poor.

Another change is that several date producers in the United States are growing
their dates organically. Fertilizers provided to the trees are from organic sources and no
pesticides are used. Organic dates from all areas are certified by the California Certified
Organic Farmers (CCOF), or the National Organic Standard (NOS). Some producers are
working toward getting their fruit Eurepgap certified. Organic fruit commands a USD
$0.25 price premium per kilogram. (D. Nelson, pers. comm.).

PACKING AND MARKETING OF THE DATES

Bard/Imperial County and Arizona growers have formed a grower’s cooperative:
The Bard Valley Medjool Date Grower’s Association. As a group, they have developed a
series of grades that are more stringent than those of the USDA. “Jumbo” dates are of the
highest quality and have between 35 and 42 dates per kg. “Large” dates are of the same
high quality, but have between 43 and 51 dates per kg. “Fancy” dates can be of any size,
but must show only minor blemishes, slight skin separation, and must be moist. “Choice”
dates can be of any size, and can show some dryness, skin separation, and may be broken.
(D. Nelson, pers. comm.).

While all Coachella/Riverside County growers continue to pack their dates
individually, the Bard/Imperial County and Arizona growers pack most of their fruit
through the Datepac LLC packinghouse. The packinghouse provides the advantages of
reduced labor costs, improved product uniformity, and a year-round supply of fruit for the
purchaser. Datepac is also actively investigating automatic sorting technology for dates.

Because of the changes, there are research needs to be met. Growers would like to
see improved fruit set, particularly for young trees. Improving yield is also important, and

49



a comprehensive study of the degree of fruit thinning and its effect on yield is needed.
Use of plant growth regulators for thinning and improving fruit size should be studied.
Fertility and irrigation rates and timing, particularly on sandy soils using drip irrigation
should be investigated. Also, investigations of the effects of pre- and post-harvest cultural
treatments on skin separation are needed.

Dates from the United States are marketed around the world (Fig. 2). The most
important market is Canada, followed by various Northern and Central European
countries, Australia, the United Kingdom and Mexico (National Agricultural Statistics
Service, 2005). About 55% of the dates produced in the United States are sold within the
US or in Canada. Since 1997, production of dates in the US has stayed fairly constant;
about 20 million tons annually (Fig. 3). The value of the crop has risen as producers are
paid more for their product. Producers expect to see increasing competition within those
markets from dates from other countries.

DATE PALMS AS LANDSCAPE PLANTS

Date palms are becoming increasingly popular for use as landscape plants in the
United States. Palms now surround new shopping malls, hotels and housing
developments. Most of these are taken from commercial palm orchards in California and
Arizona. Palms are first wrapped so that no offshoots can form, then they are dug, the
fronds are tied, and they are loaded onto flatbed trucks and transported to the buyer. Upon
arrival, they are set into the ground, each with their own source of irrigation water. Often,
each palm is located next to a light, so the tree can be illuminated at night. Fronds are
untied once trees have started growing in their new location.

Older trees are likely to be sold if they have grown too tall to harvest. Younger
trees can be sold if “the price is right”. Some growers are now planting orchards at
reduced spacing with the intention of harvesting the fruit while the trees are young, then
selling them when they reach the appropriate height. The price for a mature palm can
reach USD $600.00 per meter of height (G. Vandevoort, pers. comm.). In 2004, 40
hectares of trees were sold in Bard/Imperial County, and additional trees were sold in
Coachella/Riverside County.

CONCLUSION

The date palm industry in the US is changing. Urbanization is forcing production
to move, the main cultivars are changing, cultural and packing practices are evolving,
new research is needed, markets are changing and now date palms are being used for
landscaping purposes. Through all this, the US date industry will continue to produce and
market a quality product.
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The South African Date Palm Industry - Strengths and Weaknesses
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Abstract

The date palm industry in the Republic of South Africa is a new comer to
date palm production. It is geographically far from the known date palm production
areas of the world. For this reason, it has been isolated from the technology available
and the markets. Will the date palm industry survive in the Republic of South
Africa? The strengths and weaknesses of date palm production and marketing are
highlighted and discussed under the following sections: Location and Growing
Areas, Cultivar Selection, Climatic Conditions, Labour versus Mechanization,
Production and Harvesting, Marketing and Economic Viability and Sustainability.

INTRODUCTION

The first date palms (Phoenix dactylifera L.) in the Republic of South Africa were
planted from seed only about a century ago. The first commercial cultivar plantation was
established 27 years ago in the Northern Cape region from Medjool offshoots shipped in
from Yuma in the United States. The date palm industry in South Africa is therefore still
young.

Although South Africa is far from the main date palm growing areas in the world,
its location in the Southern Hemisphere gives it an advantage in producing out-of-season
fresh fruit. The production of date fruit in South Africa is still not sufficient to supply the
local demand. There is therefore potential for expansion. However, there are still some
problems facing the local growers.

To date only a few studies have been made on the date palm industry in South
Africa and there are few references from which to draw data (McCubbin, 2003). This
study therefore aimed to conduct a current survey on the date palm industry in the
Republic of South Africa with specific emphasis on the weaknesses and strengths.

MATERIALS AND METHODS
The date palm growing areas are divided into 2 main regions: the Northern Cape
and the Limpopo (Fig. 1). Data was collected from 2 date palm growers in the Northern
Cape region and 2 date palm growers in the Limpopo region. The data collected covered
problems associated with:
a) Cultivar selection
b) Climatic conditions
c) Pests and diseases
d) Production and harvesting
e) Labour and mechanization
f) Marketing
g) Planting schedules for future

RESULTS AND DISCUSSION

Northern Cape Region

1. Location and Climatic Conditions. The Northern Cape region is situated far from the
export ports: approx 800 km from Durban to the east and approx 500 km from Cape
Town in the south. Johannesburg, from where the majority of goods are airfreighted, is
also more than 500 km away. Therefore, whether for export or for local markets, the
transport costs are significant, especially taking into consideration the rising oil prices
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over the past year. This is a drawback for this region.

On the other hand, the climatic conditions are ideal for the production of good
quality date palm fruit, especially Medjool. The date palm plantations in this region draw
their water mainly from the Orange River. The rainfall is in winter and thus not during the
fruiting season. Conditions are hot and dry and a light brown even colouration is obtained
with no or little loose skin on the fruit. The higher humidity levels in some countries
cause the skin on the fruit to loosen. Good export prices are obtained for the high quality
fruit.

About 2 years ago there were more than 10 commercial date palm growers on
farms near Pofadder, Upington, Henkries, Kakamas, Grobelaarshoop and as far as Ceres.
Due to financial constraints and various hardships, many farmers and companies have
been taken over or are now jointly managed by one large company in the region that
exports not only dates, but grapes and other agricultural produce. The expertise obtained
by this large company has been used to manage the smaller plantations on a profitable
basis, while at the same time utilizing the packing facilities at one central site. About 90%
of the commercial date palm plantations in this region is now owned or managed by this
one company.

2. Cultivar Selection. The highest percentage of plantings is of the Medjool variety
(75%) (Fig. 2). This variety was chosen for its large fruit and export potential. Barhee
(15%) was chosen due its popularity and potential for harvest in both the fresh and dry
state. A small percentage (5%) of seedling palms and other varieties such as Khadrawy,
Deglet Noor and Khalas still remain. These cultivars and the seedlings are gradually
being replaced by Medjool off-shoots as they become available.

3. Production and Harvesting. With the phasing out of seedling plants, which are being
replaced with Medjool off-shoots, and some new plantings of Medjool tissue culture
plants by other farmers, there is still a large percentage of palms that are not yet in full
production. The largest date palm grower manages over 200 ha of date palms. There is
approximately another 85 ha of date palms grown in the region, totaling 285 ha in all. In
the previous year approximately 1000 tons of Medjool fruit and 300 tons of Barhee were
harvested. A major strength in this area is that there is little or no disease found. Pollen is
harvested from over 450 male palms for pollen distribution throughout the country and
good pollination practices are observed. Three mechanical harvesters are used for the
harvesting of fruit from tall date palms.

4. Marketing. The marketing of date palm fruit is the main strength of this region as 90%
of the date palm fruit produced here is marketed and packaged by one company. In
addition, the company also markets fruit produced from a plantation in Namibia at Naute.
The date palm fruit is sorted and graded and the best quality is exported. Approximately
60% of total Medjool fruit is exported and the remaining 40% is used for the local market.
The Medjool fruit was exported to Europe this past year. The fruit is sold locally as edible
loose dates packaged in punnets for supermarkets in three major cities. Although the
export markets are still lucrative, profitability is not increasing. The stronger South
African Rand and higher oil prices have lessened profitability.

South Africa still imports more than 250 tons of fruit each year and the local

demand for fruit is growing as more people become familiar with the fresh fruit. Farmers
do not store fruit until the next season as all fruit is sold within the year of production.
5. Planting Schedules for the Future. The main focus has been on the removal of
cultivars other than Medjool and Barhee and replacing these with Medjool off-shoots.
Off-shoots from their own plantation are preferred to introducing tissue cultured plants
due to reports of off-types. However, new plantations of tissue culture plants have been
established near Loriesfontein. Of the 3 date palm producing tissue culture laboratories
that were operating in South Africa 5 years ago, none exists today. Plants have to be
sourced from outside the country.

Limpopo Region
1. Climatic Conditions and Location. Temperatures in this region reach 38-40° C. The
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Limpopo River provides enough water for the commercial plantations. This region has a
summer rainfall where rain occurs from September to February. This normally
corresponds with fruit set, resulting in rotting of the fruit. This is a major drawback for
the region. The Limpopo region is about 400 km away from Johannesburg where the fruit
is sold locally or can be exported. Governmental land claims in the region have not
affected the date palm farms.

2. Cultivar Selection. Besides a small 2 ha trial block with various clones of tissue
cultured plants planted 20 years ago, the date palms planted in this region are mainly of
the Medjool variety. Forty hectares of date palms were established here. The choice of
cultivar has been a weakness, as it ripens when the rains come. The high humidity causes
the fruit to sour and ferment. A variety such as Barhee would have been preferable, but in
a country where the Barhee fruit are not known, the marketing would have been difficult.

3. Production and Harvesting. Only one farm continues to harvest their fruit in this
region. Less than 20 tons was harvested. The occurrence of the African Palm Weevil,
Rhynchophorus phoenicis F. (Zaid et al., 1999) (Fig. 3) continues to destroy the date
palms in the region and most farmers are removing their date palms. The black scorch
disease was also found to be present here. Manual labour is used for the harvesting of
fruit.

4. Marketing. As mentioned, there is very little produce in this region. The fruit obtained
is specially dried in tobacco ovens and marketed locally in small punnets. No specialized
packhouses have been set up for packaging and marketing.

5. Planting Schedule for the Future. Farmers in this region are not optimistic after years
of soured fruits caused by rain. They do not intend to expand their plantings in the future.

CONCLUSIONS

Will the date palm industry in South Africa survive? It is quite clear that in the
Limpopo region it will continue to be a struggle with the elements, and expansion will not
occur unless technologies are developed to reduce the souring of fruit. Alternatively, as
markets for cultivars that ripen during the Khalal stage, eg. Barhee, are explored and
opened, this cultivar may be produced successfully in this region.

In the Northern Cape however, the industry has strengthened substantially and has
grown to be a competitive enterprise in the export and local markets. Its strengths have
been its location in the Southern Hemisphere and, through good management of one
company, its high quality fruit for export. The centralization of packing through one
packhouse has ensured that the quality is maintained. The one major company has
promoted the use of its packing facilities to date palm farmers. Newcomers will need to
erect good packhouses or be encouraged to tap into existing infrastructure and resources.

Date palms remain a long term investment which only a few can afford. Other
lucrative agricultural crops such as grapes and pecans are also being planted in the region.
But for those who have the capital and are willing to maintain the high quality standards,
the date palm industry in South Africa looks likely to survive for many years to come.
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Abstract

In 1998 four date palm varieties were introduced to the Gaza Strip: Hallawi,
Zehedi, Ameri and Berhi. Varieties were randomly distributed over three
geographic areas (North, Middle and South) to a number of farmers. Sites were
selected after comprehensive study of official records to find common climatic
conditions in the different locations in the Gaza strip. The readings included
maximum and minimum temperatures and relative humidity. The average
cumulative thermal units were then calculated from the beginning of May till the
end of October. Also included were the average rain trends. Fruit set and production
rates were recorded as well as the average production for each variety. The average
cumulative thermal units during the period of 1990-2001 were 1792 thermal units.
The data indicated that Gaza is suited to the introduction of semidry varieties. The
period of fruiting and ripening goes from May until October when it is dry (no rain).
This time is also characterized by a mild increase in relative humidity which
facilitates increase in fruit setting as well as rate of production.

Rainfall in Gaza ranges from 200-400mm annually It increases in the north
and decreases towards the south. There was a clear effect of climatic conditions as
well as geographic location on the rate of fruit set of the introduced varieties. Al
Hayani, the commonly grown variety, performed the best over the 3 regions wih an
average fruit set of 87.6%. Al Hallawi had the highest off-shoot production (7-
offshoots) compared to the other varieties. Alberhy produced the lowest number of
offshoots and this was attributed to the varieties themselves. It was concluded from
the study that the common climatic conditions in Gaza strip are suitable for planting
new varieties along with Alhayani, the traditional variety. Also semidry varieties
could be introduced. The possibility of success for the dry varieties under the
conditions of middle and south districts would depend on specific treatment.

INTRODUCTION

Gaza lies on the eastern coast of the Mediterranean Sea. It has a total area of
363.06 square kilometers. Limited area and increasing population have made Gaza the
most crowded place in the world. Population density is up to 2653 persons per square
kilometer. Gaza lies north of the equator at a lattitude of 31.13 to 31.36° N. This is
responsible for its good climate all year round.

The total area of historical Palestine is 27 009 square kilometers. However the
suggested Palestinian state in Gaza and West Bank covers only 6209 square kilometers,
which is equal to 22.95% of the area of historical Palestine: 21.6% West Bank and 1.35%
Gaza Strip.

Geographic Location
1. Palm Trees. Palm trees are grown predominantly in the middle and southern areas of
Gaza, where about 3000 "Donoms" are grown (The Donom equals 0.10 hectare). Ninety
percent of these palm trees are Al Hayani species while the other 10% are species such as
Bent Al Eish.

Palm tree cultivation has developed rapidly in recent years. About 10000 palm
trees have been planted during the last 8 years. (Reality of Palm Trees in the Territory/
Albanna, Mofeed Fayez PARC).

Proc. 111" IC on Date Palm
Eds: A. Zaid et al.

Acta Hort 736, ISHS 2007 59



Climate is the most important factor and determines the areas for successful palm
tree cultivation. In the summer certain degrees of temperature must be available (called
effective heat units) to help physiological changes to take place in the fruits. On the other
hand, the warmth of winter days helps the growth of young bunches and their early
flowering (Chandler, 1950). It is noted that palm trees growng in areas where
temperatures in the shade are less than 18°C do not produce fruits. Fruits are obtained
only when the temperature is 25°C in the shade (Decandolle, 1855).

2. Humidity. A standard level of humidity is required during the red date stage (khelal)
and the black date stage (rutab) because the fruit loses a lot of its moisture before
reaching the dry date stage. A rise in atmospheric humidity leads to physiological
disorders in the development of fruit, which leads to a delay in ripening and the
appearance of some physiological diseases. Fruit may even fall, which would mean
commercial loss.

3. Rain. Even with the availability of the required heat for ripening of fruit (Fathi Hussein
et al., 1979, 1950), rainfall is usually considered a very important factor in the cultivation
of palm trees.

Therefore, climate elements throughout the year must be well studied. Such
studies are useful to predict the likelihood of successful cultivation of certain varieties of
palm trees when introduced into another area or country. (Fathi et al., 1979)

It is known that certain varieties of palm tree require similar temperatures if grown
in different areas. Generally, areas that experience heat units over 18°C (1150 T.H.U.) are
suitable for soft early species. On the other hand, areas which have a total of 1800-2600
T.H.U. are more suited to the growth of species characterized by their dry and semi-dry
dates (Zaid and de Wet; Hussein et al. ,1979. Albaker, Al-Behr, 1972; Al Juburi, 1993).

This study examined the effective heat units for the successful cultivation of date
palm and the monthly changes in these units. Changes in the climate, especially during
the time of fruit ripening in Gaza were also considered.

The aim was to investigate the possibility of introducing new varieties and their
likelihood of success in Gaza conditions.

METHODS AND MATERIAL
This study was carried out in two stages.

The First Stage

Statistics were collected from a climate watch station which is situated in Gaza
city. Average annual temperature was calculated from 1990-1995. This study was
concluded in 1997. It led to the introduction of four new varieties (Berhi, Zuheidi, Ameri
and Al Hallawi) to the area.

From 1990-2001, the average heat degrees were recorded. The following factors
were considered:
1. Mean maximum temperature
2. Mean minimum temperature
3. Cumulative thermal units range
4. Mean relative humidity
5. Total rainfall in mms

Concerning the total cumulative thermal units, the mean maximum temperature
was calculated for each month starting from May until the end of October every year for
12 years from 1990-2001.

The Second Stage

This stage involved the introduction of four new varieties: Berhi, Zuheidi, Ameri
and Al Hallawi. They were cultivated in the northern area (Beitlahia), middle area (Deir
albalah) and southern area (Rafah). These varieties were planted from 1998 — 2000. They
were distributed at random to farmers in different numbers. Records were kept of growth,
fruit set and fullness, percentage of fallen fruit, production quantities and the production
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of offshoots. This took place during the fruit set and development period from April to
August 2005. Results were taken from some farmers who had all experimental varieties.
Average fruit set for each variety was determined by manually counting three strands
from three bunches distributed at random on each palm tree. Eventually successful fruit
fullness in addition to number of offshoots for each tree and each variety were recorded.

RESULTS AND DISCUSSION

First: Climate and Temperature

Temperature is considered one of the most important atmospheric elements that
dominate the distribution of water on earth. It is also the criterion by which we measure
the quantity of thermal energy that the air wins from sun rays or earthly temperature.

Daily temperatures increase from sunrise until 3 o'clock in the afternoon, before
declining gradually and reaching their minimum at 3 o'clock in the early morning. Many
factors influence the daily change in temperature such as clouds, rainfall and the nature of
earth’s surface.

In Palestine temperatures vary according to geographical location, lattitude and
exposure to dominant winds and marine effects.

Tables 1 and 2 show that January is the coldest month and August is the hottest
month. Average temperatures in November vary from one region to another but there is a
general decline in temperatures in all parts of Palestine from November. There is a
gradual increase in temperatures starting from March, and during Khamaseen wind time
temperatures may rise to reach 40°C. This is because Gaza lies in the transitional zone
between the climate of the Sinai Desert and the climate of moderate Mediterranean Sea.
The average temperature in winter is 14.6°C and in summer it is 27.7°C. The temperature
ranges from 18.1-30.4°C in summer and from 10.7 to 24.4°C in winter. It is noticed that
the further from the coast, the higher the temperature (Palestinian Environmental
Encyclopedia). Table 3 and Figures 2 and 3 show that the total thermal degrees vary from
one year to another: 1990 experienced the least average thermal units (1655.5) and the
most occurred in 1998 (1931.9). The average thermal units from 1990 to 2001 was 1792.

Conclusion

It is concluded that the total cumulative thermal units in the area is suitable for
cultivating new varieties, especially the semi-dry varieties that are grown under specific
conditions (Abduljabbar elbakr, 1982; Humaed Aljuboury Date Palm Trees, 1993).

Second: Rain

Rain quantities and averages in Gaza vary from year to year. Rainfall ranges from
200-400mm a year. From 1967 to 2001, the average rainfall in Gaza was 408mm.
Rainfall in Gaza has surpassed recordings during the previous 30 years.

Rainfall decreases from north to south (Rafah),from 450 to 200 mm. Most rain
falls from the middle of October to the end of May. The rest of the year is quite dry.

Conclusion

The conclusion is that the fruiting period from May to October is a dry period.
This facilitates increase in fruit setting as well as rate of production (Hussain et al., 1950;
1979)

Third: Relative Humidity

Relative humidity is influenced by distance from the sea. Table 5 shows that the
most humid months in Gaza are from May to August. In September relative humidity
starts to gradually decline. The relative humidity in the coastal areas of Gaza ranges in the
summer from 65% during the daytime to 80% at night. In the winter it ranges from 60%
during the daytime and 80% at night.

Relative humidity decreases to 30% during the time of Khamasine winds. It
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reaches its minimum percentage during the transitional months from September to
October and from April to May. This is because of the blowing of desert winds during
autumn and spring.

Conclusion

We conclude that relative humidity during the time of fruit set and production is
moderate and suited especially to the stages of red dates (khelal) and black dates (rutab)
(Alshurfa, moh-yoseef-1982).

Table 5 shows monthly relative humidity levels in Gaza.

Fourth: Ratios of Fruit Setting and Production

Table 6 reveals the variation in fruit set and production among species. Al Hayani
gave the highest fruit set in all areas with an average was 87%. The next highest were Al
Zuheidi (67.9%) and Al Berhi (63%). Al Halawi gave the highest fruit set in the southern
area (81.3% mean), however it did not produce fruit in the middle area because there were
many offshoots on the trees. The percentage of Al Hallawi fruit set in the north was
48.2%. Al Ameri achieved 50.2% fruit set in the middle area this year, but did not
produce any fruit in the north or the south.

Table 8 shows the average number of bunches. Al Hayani gave the highest
average with 7 bunches per tree. Al Zuheidi was next with an average of 4 bunches. Al
Hallawi had the highest production in the southern area of 6 bunches and 4 bunches in the
northern area. In the middle area, Al Hallawi did not produce any fruit this year. Al Ameri
produced 5 bunches in the middle area. Production of Al Berhi varied, with 3-4 bunches
in the middle area but only one in the southern area. This was due to weak trees and
negligence.

Conclusion

It is clear that there is a great effect of climate and geography on the average fruit
set and fruit fall. This average differs from one variety of palm tree to another and
depends also on good service. These results indicate that there are various successes with
different relative ratios according to the species that are included in the study.

Fifth: Average of the Production of Offshoots

Table 7 reveals the similarity in production of offshoots among Al Ameri, Al
Hallawi and Al Zuheidi, with on average of 4 for each species noting the variation that
occurred in the different geographical areas. Al Hayani, on the other hand, produced the
highest average number of offshoots in all three areas. Al Berhi produced only one
offshoot in the southern area.

Conclusion

The production of offshoots depends on the variety and the service it receives, and
on the climate and geography in the area of cultivation (Ibraheem, Sonbul 1989; Humeed
Aljubury, 1993).
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Tables

Table 1. Average annual temperatures from 1990 to 2001 in Gaza.

Years

Temp

(°C) 90 91 92 93 94 95 9 97 98 99 2000 2001
max 249 245 25 247 239 241 249 237 247 243 235 24

min 179 162 181 174 169 171 173 167 177 176 172 189
average 215 223 212 22 209 206 207 202 212 211 206 211
grass 162 175 171 168 17 16 16.7 151 166 164 162 16.9
see 223 218 224 219 211 221 218 22 221 226 218 225
Table 2. Average daily maximum temperature (°C) in Gaza.

MONTH JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AVRE
MAX 181 182 202 212 247 277 299 304 294 271 239 202 243
MIN 107 111 131 151 186 218 237 244 230 205 164 122 176
AVR. 146 147 169 184 220 248 269 277 267 241 202 162 211
Table 3. Thermal heat units (1990 -2001).

Month

Year May Jun Jul Aug Sep Oct total

1990 159.1 250.1 3275 3398 2975 2815 16555

1991 187.1 2478 311.8 338.3 296.7 280.8 1662.5

1992 166.1 259.7 3254 3332 3881 2787 1751.2

1993 190.7 2959 3375 3514 3139 3104 1799.8

1994 217 2699 337.2 358.7 356.3 3544 18935

1995 179.8 315 365.8 378.2 333 251.1 18229

1996 229.4 273 356.5 368.9 336 272.8 1836.6

1997 186 285 362.7 341 309 263.5 1747.2

1998 210.8 273 359.6 430.9 360 297.6 1931.9

1999 207.7 291 368.9 3844 342 282.1 1876.1

2000 179.8 285 375.1 372 321 2325 1765.4

2001 210.8 261 3379 3689 321 263.5 1763.1

Total 193.7 2755 3472 363.8 3312 280.7 17921
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Table 4. Average rainfall in Gaza (1967-2001).

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Aver
Quantities 1105 711 397 124 59 0 0 0 1.8 375 41.7 883 4089
Table 5. Average relative humidity in Gaza (1990 — 2001).
Months Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec Aver
Perc 669 673 695 67 731 73 75 761 72 706 653 675 70.3
%
Table _ 6. Percentage fruit set of
4 Loc Middle Average introduced varieties and
Var South North A|Hayani.
Hayani 823 915 891 87.60%
Barhi 598 693  go2  63.00%
Hallawi 813 0 482  43.20%
Zuhadi 622 /83  e32  67.90%
ANri 0 50.2 0 16.70%
Table 7. Number of offshoots produced.
Average Territories Average of the production of offshoots
Varieties North Middle South
7 Hayani 7 6 8
1 Barhi 2 0 0
5 Hallawi 2 5 10
4 Zahedi 3 2 6
4 Amri 1 1 10
Table 8. Average number of bunches produced.
Territories Average of brunch production Average
Varieties South Middle North
Hayani 7 7 8 7
Berhi 1 4 3 3
Hallawi 6 0 4 4
Zahedi 4 5 3 4
Amri 0 5 0 2

65



Figures

—e— MAX
—=— MIN

AVR.

_—o

-

P

./

——

DEC NOV OCT SEB AUG JUL JUN MAY APR MAR FEB JAN

month

35.0
30.0
25.0
20.0
15.0
10.0
5.0

0.0

C)

average daily temp(

Fig. 1. Average daily and annual maximum temperature.

2000

- 1950
- 1900
- 1850
- 1800
- 1750
- 1700
- 1650
- 1600
- 1550
- 1500

1 0 99 98 97 96 95 94 93 92 91 90

years

Fig. 2. Value of thermal heat units (°C).

66

total annual heat units



—eo— may
—m—jun
jul
—»—Aug
—¥—seb
—e— oct

1

500
450
400
350

S
300 5
250<
2002
150 §
100
50

0 99 98 97 96 95 94 92 91 90

years

Fig. 3. Thermal heat units (1990-2001).

o rainfall
quantiti
es

7

AY

quantities (mm)

Fig. 4. Rainfall quantities (1967-2001).

Sep

Aug

jul
month's

jun

@ ~ ~ ~N N ~
© o N 5 o

humidity percentage

64
62
60

58
feb ian

—e— Average

Fig. 5. Relative humidity.

67



O north

E middle

00 south 100
90

— 70

— 60 % fruit setting

— 40
— 30
— 20
— 10

Amri Zuhadi Hallawi Barhi Hayani

veraities

Fig. 6. Percentage of fruit set.

@ north

H middle

O south 12

10

No - offshoots

| -2
I Lo

T T T

Amri Zahedi Hallawi Barhi Hayyani

veraities

Fig. 7. Average production of offshoots.

68



O north

B middle

O south

|
T

|
T

OFRLNWAUIOONO O

|
T

T

Amri Zahedi Hallawi Berhi

Hayyani

no of bunches

Fig. 8. Average number of bunches.

69



Date Palm Cultivation in Chile and Peru (South America): Current
Status and Future Prospects for Development

Alejandro Pavez Wellmann*, Hugo Escobar Araya? and Dennis V. Johnson®
Geographer and Consultant Arica, Chile
Unlver5|dad de Tarapaca, Ch|Ie and Date Palm Global Network, Arica, Chile
% Consultant, 3726 Middlebrook Ave, Cincinnati OH 45208, USA

Abstract

This article analyzes the current situation and perspectives for the
development of date palm (Phoenix dactylifera L.) cultivation in Chile and Peru.
These two countries are situated on the western coast of South America on the
Pacific Ocean, both are desert areas with a climate suited to date fruit production.
Local varieties of dates have been derived from seed in Peru and Chile and
developed along the length of the 2,300 km coastal strip and up to an elevation of
1,500 m. These seedling dates currently represent an unstudied natural germplasm
bank that has adapted over the course of 400 years in geographic isolation and in the
absence of date pests and diseases. They have developed within an environment of
lower summer temperatures, accumulation of thermic units and higher relative
humidity compared to the desert areas of North Africa and the Middle East. By
contrast, they possess advantages to deal with optimal conditions of luminosity,
active photosynthesis and the absence of rainfall and frost. As a result of these
conditions there have developed multiple date palm genotypes, some with notably
large fruit size of high quality. Flowering occurs between August and October,
producing harvestable fruits during the months of March to August, with variation
according to elevation and specific local conditions. Nevertheless, commercial date
production is minimal and of a low level of technology, with minimal development of
processing techniques. Some date palms are grown for ornamental purposes. Date
fruit are almost unknown outside the production zones and date consumption does
not exceed 2 g per person per year.

EARLY HISTORY OF THE DATE PALM IN SOUTH AMERICA

The precise time period when P. dactylifera was introduced to the New World is
unknown, but it was almost certainly brought about by Spanish colonial administrators.
The palm’s propagation by seed and acclimatization were carried out by Spanish religious
orders in the 16th and 17th centuries. Date seeds presumably came from Morocco and the
initial area of their development was on the Central Coast of Peru. In 1612, the Jesuit
scholar Bernabé Cobo (1964) wrote a detailed account of the date palm in the Viceroyalty
of Peru, pointing out that ‘the fruits from the date palms grown in the floodplain of the
(Pisco) valley ripen as well as the date fruits brought in from the Barbary Coast of
Africa.’

Date palms are frequently mentioned in official documents of the Jesuits that
provide historical evidence of their establishment in 14 large landholdings during Peru’s
Colonial Period. It appears that the initial purpose for planting date palms was to provide
a source of leaves for ceremonial use for Palm Sunday and other religious celebrations
during the week before Easter. These festivities are similar to those still practiced in
Elche, Spain. The cultivation by seed of date palms for edible fruits was important only in
specific locations where proper fruit ripening could occur, such as Zafa, Pisco and Ica, in
Peru. In 1767, when the Jesuit Order was expelled from Peru and elsewhere in Spanish
South America, it can be speculated that the date palm had reached its greatest importance
and extent. Shortly thereafter, the labors of 200 years of agricultural development by the
Jesuits were abandoned to the desert and the date palms have survived to the present day
primarily by natural reproduction in a feral state, receiving neither supplementary
watering nor any care.

Given the considerable trade between the Peru and Mexico in the 16th and 17th
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centuries, Peru was possibly the source of date seeds carried to Mexico, especially to Baja
California, where they were established and still persist, Likewise, the traditional
cultivation practices in Coastal Peru and Baja California are similar (Aschmann, 1957). In
all of these cases, the introduction and propagation of date palm was effected with seeds.
As a result there currently exists a large number of varieties (cultivars) derived from
natural selection, that are very heterogeneous and neglected, and consist of populations
with equal numbers of male and female palms.

In Chile also there are varieties that are remnants of the Spanish Colonial Period.
From 1965 to 1970, the government took action to introduce standard varieties of date
palms for commercial fruit production. Offshoots obtained from California in the United
States were established in the Tarapaca region. At the Esmeralda de Pica Experiment
Station, 240 offshoots of the ‘Zahidi,” ‘Medjool’ and ‘Deglet Noor’ varieties were
planted. From this source, offshoots have been propagated and planted on a small scale at
various locations near the cities of Arica, Pica and Iquique.

GEOGRAPHIC DISTRIBUTION IN CHILE AND PERU

In the coastal desert of Peru and Chile there are reports of various scattered
locations of date fruit production over the wide latitudinal range of the Pacific Coast and
the western slopes of the Andes Mountains. Date palms are found from Zafia in Chiclayo
(7° S) to Pica in Chile (20° S), covering a long, narrow strip of 13 degrees of latitude and
a distance of 2,300 km along the coast, extending inland no more than 120 km. It is worth
noting that this latitudinal distribution, north to south, is the greatest in the world for P.
dactylifera.

Likewise, P. dactylifera reportedly produces fruit over a broad range of elevation,
from sea level up to 1,500 m elevation in the valleys of the western slopes of the Andes
Mountains, such as in the Pisco and Ingenio valleys in Peru, and the Codpa and Tarapaca
valleys in Chile. This distribution represents the greatest range of adaptation to elevation
by date palm in the world (Fig. 1).

It is important to add that there are more geographic zones suitable for date palm
cultivation, from the interior of the coastal valleys in Peru at higher latitudes to the south
in Chile. According to reports of climatic suitability in Chile, it would be possible to
adapt the date palm to locations some 1,000 km south of Iquique along the coastal strip.
In addition to the locations listed in Table 1, there are suitable climatic conditions in the
interior of the Taltal and El Salado valleys (26° 30" S Lat.), Copiap6 Valley (28° S Lat.)
and at San Félix Valley in Vallenar (29° S Lat., at 1,600 m and about 125 km from the
ocean).

CLIMATIC CONDITIONS

General Description

The Pacific Coastal desert of Peru and Chile is under the permanent influence of
the Pacific anticyclone, which creates conditions of extreme atmospheric stability. This
anticyclone is comprised of descending air currents which, upon reaching the ocean
surface and because of the presence of the cold Peru (Humboldt) Current, which runs
northward along the coast, creates a chilling of the atmosphere and the formation of a
thermic inversion below 1,200 m in altitude. In this littoral zone a very dense fog cover is
produced, resulting in condensation at about dawn, which then dissipates during the day.

The Andean Mountains that emerge above this thermic inversion, up to 6,880 m
elevation (Ojos el Salado, Chile), represent a zone of receptivity to precipitation
originating from the subtropical humid air masses of the Amazon Basin to the east. This
produces orographic precipitation in the summer months (December to March) as the air
moves up and over the eastern slopes of the Andes. These subtropical air masses in turn
are forced to descend as subsiding air down the western slopes of the Andes which
produces adiabatic heating by compression (the foehn effect). As a result, the relative
humidity of the coastal desert is reduced to about 20% and this perpetuates conditions of
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extreme dryness both day and night, lack of precipitation and leads to noticeably high
levels of solar radiation.

The presence of the Pacific Ocean, which has relatively low water temperatures
given the latitude, regulates and moderates to a considerable degree the thermic regime of
the coastal desert of Chile and Peru. This is evidenced by the absence of cold periods and
frost, a noticeably mild desert climate, which is the product of a daily cycle of air
exchange between the coastal strip and the ocean, and with the presence of breezes of
humid air over the entire year (ONERN, 1971a, 1971b).

Temperature

In all of the area studied, conditions of moderate subtropical climate prevail,
moderated by the marine influence, but with an evident thermal stability. The highest
temperatures are reached between December and March (summer), whereas the lowest
temperatures occur in from June to August (winter). Average minimum temperatures
rarely drop to 8° C on the coastal fringe and there is no occurrence of frost. Nevertheless,
temperature range increases toward the interior of the continent and in response to
increasing elevation, reaches a diurnal range of temperature of 30° C, such as occurs at
the Esmeralda Station in Chile, at 1,180 m elevation, located 110 km from the ocean.

Table 2 indicates that the desert coastal strip of Chile and Peru experiences both in
summer and in winter, a large number of hours with temperatures above 8°C. This is
caused by the absence of winter cold, and stimulates the biological activity of P.
dactylifera without interruption over the entire year. The total number of hours per year
with temperatures above 8°C reaches a maximum of 8,760 hours in Paracas, Peru, and at
Azapa in Arica, Chile. This figure exceeds 8,000 hours in practically all of the coastal
valleys. It should be noted that in the Azapa Valley there are date palms which
continually flower and fruit over the entire year. This climatic indicator (i.e. number of
hours with temperatures above 8°C), creates a special need to carry out relevant studies
regarding the future adaptation of P. dactylifera.

With respect to the heat units necessary for successful fruit production in P.
dactylifera (above 18°C), the areas near the coast (Paracas and Azapa) experience a lower
number of degree/days than is recommended for commercial date fruit production (Tables
3 and 4). By contrast, the interior valleys in southern Peru (e.g. Rio Grande de Nazca) and
the Tamarugal Pampa in Chile (e.g. Esmeralda) can be considered the best endowed as far
as heat is concerned in the world, for these locations record more than 5,000 degree/days
per year.

Nevertheless, date fruit characteristics vary. At locations close to the coast and
with lower heat accumulation (e.g. Azapa), date fruits are soft and juicy, while date fruits
grown in interior desert locations (e.g. Esmeralda) tend to be hard and dry.

Precipitation

The strip of coastal desert of Peru and Chile is considered to be the driest place on
earth, where rainfall very rarely occurs. There is only sporadic rainfall of short duration,
on one or two days in infrequent years, which is followed by dry, sunny periods.

However, in northern Peru (e.g. Zafa, Chiclayo), summer rainfall is determined by
the presence of the El Nifio effect, a periodic and recurrent event which alters the
conditions of climatic stability and produces rainfall of considerable magnitude and
duration during the months of date fruit growth, between December and April (Table 5).

Relative Humidity

Compensating for the lack of precipitation, the coastal desert strip of Peru and
Chile experiences, up to an elevation of 1,200 m, relative humidity that is relatively high
over the entire year, with small monthly differences (Tables 6-A and 6-B). This is
especially noticeable during the evening and morning hours, when relative humidity
frequently reaches saturation point (100%). Later in the day, solar radiation dissipates the
fog cover as temperatures increase, resulting in decreased relative humidity.
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By contrast, the desert areas in the interior of the continent, which are at higher
elevations, are characterized by humidity conditions comparable to the deserts of the
Northern Hemisphere and are subject to dry, warm descending air from the Andes. This
relates directly to the greater diurnal and seasonal temperature oscillations, the occurrence
of frost and high solar radiation over the year.

The elevated ambient humidity in the valleys of the Pacific Coast of South
America considerably minimizes evapotranspiration from cultivated crops in desert
agriculture. Based on field observation, it is possible that plants like P. dactylifera are
able to capture a certain amount of humidity (the volume to be determined) directly from
the evening and early morning fogs. To date, there have been no studies carried out to
determine the water requirements of P. dactylifera under irrigation in Chile or Peru.

The elevated ambient humidity and high degree of cloud cover mostly restrict
quality commercial date fruit production to the coastal fringe of Central Peru, comprising
the area between Chiclayo to the north and Chincha to the south, including the Peruvian
capital of Lima. Therefore, in Peru, optimal conditions of relative humidity for P.
dactylifera can be found in the dry, sunny valleys of the Ica, Arequipa, Moquegua and
Tacna, and also in the interior valleys located to the north of Lima, but at higher
elevations and at some distance from the ocean.

Hours of Sunshine

The coasts of Peru and northern Chile are located geographically in the torrid zone
of the earth, between the latitudes of 7 and 20° S, close to the equator. For this reason, the
area receives higher solar radiation than the traditional zones of date palm cultivation in
the Northern Hemisphere, which are located in a subtropical belt between the latitudes of
18 and 39° N.

This particular equatorial zone is distinctive because of the local climatic
conditions that have been described (high atmospheric pressure, air subsidence and the
cold Peru Current). In this coastal zone of Peru and northern Chile, there is a high number
of hours of sunshine over the year, which reach a maximum in the interior desert
locations at higher elevations (e.g. Esmeralda, Chile) (Table 7). The months with the
highest number of hours of sunshine correspond precisely to the months of date fruit
production and ripening (October to May). This condition, combined with the absence of
precipitation during the harvest period, provides the potential for the production of date
fruits of high quality.

Although no detailed studies for P. dactylifera have been carried out regarding
photosynthetically active radiation (PAR), it must reach exceptionally high levels in the
interior coastal valleys of southern Peru and northern Chile. Combined with the
extraordinarily high levels of degrees/days, the absence of a cold period and frost, and the
lack of precipitation, a scenario is created of unsurpassable natural conditions for the
development of date palm cultivation.

SOIL AND WATER CONDITIONS

Agriculture in the deserts of northern Chile and southern Peru have in common
limited water resources, resulting in high levels of salt in both the water and the soil. For
this reason, land areas dedicated to agriculture are those where both surface water and
underground water are available, characterizing specific localities that in general occur in
the valleys located between the ocean and the Andes Mountains.

The date palm adapts well to saline soils and high levels of boron, a circumstance
which favors its cultivation in a wide range of soils of varying quality. In Peru, the major
concentrations of date palms occur on the plains of Pisco and in the Ica Valley, situated
on desert soils containing high levels of salts, but endowed with ground water of good
quality at a depth of 2-10 m, the aquifer fed by streams descending from the Andes
(Soldi, 1982).

Table 8 illustrates the soil conditions in a series of valleys that represent the
agriculture found in the northern part of Chile. These areas lie between approximately
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1,500 km of latitude between the cities of Arica and Copiap0, from 18° to 29 ° S. Over
this large area, there exist various locations favorable to date palm cultivation such as the
Lluta, Azapa, Chiza, Camarones Suca, Liga, Mifii-Mifie, Quillagua, Taltal and Copiap6
valleys, some of which are characterized by soils with high levels of salts and boron
(Figs. 2 and 3).

Each area in Table 8 represents a variety of agroecological conditions, which are
present throughout the Atacama Desert. When assessing the electrical conductivity of the
soil (CE), one encounters extreme salinity in the Copiapd, Taltal, Liga and Suca valleys.
The Taltal, Suca and Lluta valleys are characterized by extreme levels of boron. The
Lluta and Camarones valleys are typically saline with serious limitations regarding their
use. In these valleys local varieties of alfalfa and maize, both of which are tolerant to high
levels of salinity and boron, are cultivated.

The Azapa, Chaca and Mifi-Mifie valleys offer the best soil and water conditions
with scarcely any limitations to the cultivation of a number of fruits and vegetables. These
include olives, citrus fruits, guavas, mangoes, tomatoes and green beans. Despite its
elevation of 2,000 m, the Mifi-Mifie Valley experiences ideal microclimatic conditions
for all types of subtropical agriculture including mangoes, bananas and citrus fruits. Date
palms which bear fruit year round are grown in Azapa (Figs. 4 and 5).

Given that electrical conductivity is an indication of salinity, the Azapa and Mifii-
Mifie valleys suffer no limitations in this regard. However, other valleys show medium to
high levels that indicate certain limitations, especially in the Lluta and Taltal valleys.

However, although there are limitations because of the concentration of mineral
salts and boron in the northern region, the development of an important agricultural
industry is still possible. Some examples of crops exotic to northern Chile are maize,
mangoes and olives, which have been cultivated for over 300 years and can grow under
conditions of high salinity and boron. Table 9 refers to a study regarding the quality of
irrigation water used in the same valleys.

The Tamarugal Pampa, Chile

The Tamarugal Pampa is a large, flat plateau with an area of 1.5 million ha,
extending 300 km from Tiliviche, north of lIquique, to the Loa River, within the Atacama
Desert. It is located at a latitude of approximately 20-22° S, an elevation of 1,000-1,200 m
and about 50 km from the coast. In this area there are various oases that support the
cultivation of tropical and subtropical fruits such as mangoes, citrus fruits, guavas and
cherimoyas. Underlying the Tamarugal Pampa extends one of the most important aquers
discovered in northern Chile since 1995, containing an estimated 26,000 million m® of
fresh water which is near the surface, at a depth of 5-30 m (JICA, 1995).

This area is characterized mainly by the presence of dry lakes with salt deposits at
the surface and by the presence of a large forest of Prosopis tamarugo, which covers over
26,000 ha of land. of which 3,000 ha is natural forest in the middle of the desert (Figs. 6
and 7). The rest of the land has been forested to create new areas of vegetation. The
natural forest contains ideal soil conditions for agriculture over the dry lakes, and its
characteristics differ from the artificial forest (Escobar et al., 1998). Table 10 shows the
soil quality in both areas.

CURRENT STATUS OF DATE PALM CULTIVATION

Peru has been the only producer of date fruits in South America for over four
centuries, and it is estimated that in the 18th and 19th centuries date cultivation reached
its widest distribution. The major production zone is located in the Department of Ica
(300 km south of Lima), where the traditional date growing areas are found in the districts
of Paracas in Pisco; Villacuri, Cachiche and Ocucaje in Ica; and Rio Grande in Nazca
(INIA, 1998). Decades ago, Gray (1929) briefly described and provided photographs of
date production in the Lanchas and Chunchanga Pampas, which are located between
Pisco and Ica.

According to Letts and Pavez (2000), in the area including Pisco and Ica in Peru,
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there exist 50,000 female seedling dates of productive age, but about 90% of them are
long abandoned and exist in a feral state. Currently, only about 4,000 palms are harvested
under disorganized conditions, and about 1,000 palms under commercial plantation
conditions where they receive care and irrigation. Likewise, there are some 300,000
offshoots of female palms of adequate size for transplanting, but they are of little value
because they are from seedling dates where no varietal selection has been done.

Another report (INIA, 1998) indicates the existence of 60,000-80,000 productive
date palms in all of Peru. In terms of numbers, the Peruvian date palm populations
represent the most important in all of South America. In Peru, palm groves also exist in
the Zafia, Chilca, Palpa-Rio Grande, Nazca, Acari, Yauca, Camana, Tambo, Ilo and La
Yarada/Tacna valleys.

Date fruit production in Peru has shown a tendency to decline in the past ten years,
fluctuating between 128 mt in 1998 and 260 mt in 2004. The variation is assumed to
result from the varying number of palms harvested each year. Assumed yields are very
low, with an average of no more than 3,000 kg/ha and 20-30 kg per palm. It must be
emphasized that these production figures derive from the harvest of palms that, typically,
do not receive any care, irrigation, pollination or pest and insect control. Nevertheless,
these nearly feral palms, once pruned, pollinated and given normal care, can achieve high
production from individual palms. For example, there are palms that bear as many as 48
fruit stalks and yield more than 500 kg of ripe fruit (Pavez, 2001).

Nearly all of the dates produced are consumed within the production area. There is
only one organized company in Peru (Huerto Alamein S.A.) that packages and markets
dates commercially. It is located in Lima. There are a few artisanal processors of local
importance making preserved dates, e.g. Zafia dates and Camana dates in Arequipa. On
the domestic Peruvian fruit market, date fruits are almost unknown, as is their potential
for processing and incorporation into the food industry.

In Chile, according to the agricultural census (INE, 1997), there are three small
date plantations with a total area of 35.8 ha, and 26 home gardens containing 377 date
palms. Mature date palms can be found in home gardens in the Lluta, Azapa, Chaca,
Codpa and Camarones valleys, in the vicinity of Arica and in the Suca, Mifii-mifie,
Camifia and Tarapaca gorges, inland from Iquique at elevations of 1,200-1,500 m. The
principal small date plantations are located in Pica, on the Tamarugal Pampa at 1,200 m
elevation and about 110 km from lquique.

Chilean date fruit production has surpassed 20 mt in some years, however, the
chief plantation and experiment center (Fundo Esmeralda in Pica) is currently not in
production (Fig. 8). As in Peru, date fruits are almost all consumed within the production
area of Tarapacd; while the domestic Chilean market ignores this fruit and its potential for
processing and incorporation into the food industry. This is despite the fact that Chile is
the principal fruit exporter of the Southern Hemisphere and is developing a powerful
export food industry on a world scale. The current annual consumption of dates in Chile
is only 2 gr. per person. Decades ago it was much higher, but was based on imported
dates.

In Chile, there is an increasingly important market for date palms for ornamental
use in the coastal cities of Arica (Figs. 9 and 10), Iquique and Antofagasta. Nurseries
exist for both P. dactylifera and P. canariensis. In the city of Arica alone it is estimated
that 10,000 date palms are grown for ornamental purposes in urban areas, parks, camp
grounds and in nurseries for propagation. All of these palms come from seed.

FUTURE PROSPECTS FOR DEVELOPMENT

The primary importance of the seed-derived cultivars found in Chile and Peru is
that they constitute a natural germplasm bank of date palms that have adapted to local
conditions over 400 years of geographic isolation. They have developed under conditions
of lower summer temperatures, lower heat units and higher relative humidity compared to
the deserts of North Africa and the Middle East. By contrast, they possess the advantage
of optimal conditions of luminosity and radiation for photosynthesis and an absence of
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rainfall and frost. This provides specific locations such as Azapa in Arica, Chile, and
Paracas in Pisco, Peru, with an uninterrupted period of vegetative growth over the entire
year, without winter dormancy, resulting in successive phenological stages in adult palms.

As a result of these environmental conditions numerous date palm cultivars have
developed, some with fruit of superior quality and size. Among them are cultivars with
fruits weighing 42-45 g, growing under semi-wild conditions, such as in Azapa in Arica.
It is of major importance to collect these local cultivars in both countries as they are under
threat of depredation and loss of biodiversity. We need to protect them in germplasm
collections, with the aim of implementing a program of rehabilitation and development of
local varieties that can compete, even in world markets.

Certain locations in both Peru and Chile have strong potential for the cultivation of
selected established varieties such as ‘Deglet Noor’, “‘Medjool’ and ‘Zahidi.” There is an
enormous untapped domestic market for dates in the two countries, as well as elsewhere
in South America, that could be developed by Peruvian and Chilean date growers and
exporters.

There is no reason why both the promising local varieties and imported varieties
cannot be developed on parallel tracks.

CONCLUSIONS

The natural conditions found on the Pacific Coast of South America in Peru and
northern Chile constitute ideal conditions for the development of date palm cultivation on
a large scale.

This coastal zone offers conditions suited to the growth of varieties of P.
dactylifera and development of commercial date fruit production on a strip extending for
2,300 km from north to south, and from sea level to 1,500 m elevation. The presence of
snow-capped mountains, glaciers and lakes along the higher western slopes of the Andes,
assure a reliable source of surface and underground irrigation water, in considerable
quantities and in most cases of good quality.

In Peru, the climatic conditions of the Central Coast between Chimbote and Pisco,
is characterized by a high incidence of cloud cover, which limits commercial date
production to interior valleys in the southern departments of Ica, (south of the port of
Pisco), Arequipa, Moquegua and Tacna, on the western slopes of the Andes, up to 1,500
m elevation.

In the case of northern Chile, favorable conditions are found in the Tamarugal
Pampa. Similar conditions are found on plateaus, slopes and valleys located inland from
Avrica, from the Peruvian border southward to the Tamarugal Pampa, at elevations of 200-
1,400 m.

Because of geographic location and climatic characteristics, this area presents
conditions of high temperatures throughout the year, resulting in intense photosynthesis,
which translates into high production potential of the best quality fruits containing a high
accumulation of sugars and high nutritional value.

Date fruit harvest normally occurs during a long seasonal window extending from
March to August, a period when there is no production from the large date growers of the
Northern Hemisphere. These circumstances are important for giving direction to the
future production of dates destined for export, which should include varieties of high
value and superior quality, chiefly of the soft date varieties.
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Tables

Table 1. Reported locations of Phoenix dactylifera growth in Peru and Chile.

Country Region/Location Latitude (°S) Elevation (m)  Distance from the
ocean (km)

Peru Zaha /Chiclayo 6° 55 120 16
Peru Paracas /Pisco 13°51° 5 0
Peru Cachiche/lca 14010 400 45
Peru Ocucaje/lca 140 22" 330 60
Peru Rio Grande/Nazca 14032 265 55
Peru Camané/Arequipa 16° 40° 5 5
Peru llo/Moquegua 17042 35 8
Chile Azapa/Arica 18032 250 15
Chile Tarapaca /lquique 190557 1,500 70
Chile Esmeralda/Pica 20°30° 1,180 110

Table 2. Average monthly temperatures (° C) at locations where date palms are grown.

Location/Country Maximum Minimum (coolest Annual
(warmest month) month) Average
Paracas/Peru 29.4 9.8 18.7
Ica/Peru 33.3 6.6 21.2
Ocucaje/Peru 35.6 5.9 20.6
Azapa/Chile 28.5 115 19.0
Esmeralda/Chile 34.1 1.0 18.8
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Table 3. Average maximum daily temperatures (°C).

Month Paracas/Peru  Ica/Peru  Ocucaje/Peru Azapa/Chile Esmeralda/Chile
January 28.9 31.7 33.1 28.0 34.0
February 28.8 33.3 35.4 28.5 34.0
March 29.4 32.6 35.6 21.7 33.3
April 26.9 30.9 34.8 25.1 31.7
May 26.1 28.2 33.7 22.7 29.9
June 23.5 25.0 27.0 20.3 28.5
July 22.7 23.6 25.1 19.3 29.5
August 21.9 24.1 26.3 19.5 31.1
September 22.4 25.5 29.2 20.7 32.3
October 22.4 27.1 29.1 22.1 34.0
November 23.5 27.8 31.3 23.9 34.1
December 25.9 30.4 32.4 26.0 33.9
Annual 25.2 28.3 31.1 23.7 32.2
average

Table 4. Accumulation of degree/days of heat (base 18°C).

Month Paracas/Peru Ica/Peru  Ocucaje/Peru Azapa/Chile Esmeralda/Chile
January 337.9 424.7 468.1 310.0 496.0
February 302.4 428.4 487.2 294.0 449.2
March 353.4 452.6 545.6 300.7 474.3
April 267.0 387.0 504.0 213.0 411.0
May 251.1 316.2 486.7 145.7 368.9
June 165.0 210.0 270.0 69.0 315.0
July 145.7 173.6 220.1 40.3 356.5
August 120.9 189.1 257.3 46.5 406.1
September 132.0 225.0 336.0 81.0 429.0
October 136.4 282.1 344.1 127.1 496.0
November 165.0 294.0 399.0 177.0 483.0
December 244.9 384.4 446.4 248.0 492.9
Annual 2,621.7 3,767.1 4,764.5 2,052.3 5,177.9
total

Table 5. Precipitacion (mm) at selected locations.

Location/Country Total Annual Monthly Precipitation  Rainiest
Precipitation (rainiest month) Month
Paracas/Peru 1.6 0.5 August
Ica/Peru 4.4 1.2 January
Ocucaje/Peru 0.3 0.2 December
Azapa/Chile 0.5 0.3 January
Esmeralda/Chile 0.6 0.3 February
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Table 6-A. Average daily relative humidity (%) at selected locations.

Location/Country Maximum Relative Minimum Relative Annual
Humidty Humidity Average
Paracas/Peru 87.0 77.0 81.5
Ica /Peru 99.0 39.0 69.3
Azapa/Chile 97.0 41.2 72.0
Esmeralda/Chile 85.0 20.0 31.4

Table 6-B. Average monthly telative humidity (%) at selected locations.

Month Paracas/Peru  Ica/Peru  Azapa/Chile Esmeralda/Chile
January 82.0 67.5 68.9 40.8
February 80.5 67.0 70.1 42.6
March 80.5 68.0 72.1 43.5
April 80.5 68.0 72.9 36.9
May 82.5 69.5 74.1 28.1
June 83.0 73.0 75.8 28.0
July 81.0 74.5 75.2 23.7
August 81.0 715 74.2 25.0
September 82.5 69.5 72.3 23.7
October 815 67.0 70.4 23.3
November 81.5 68.5 69.4 28.6
December 81.0 68.0 68.4 32.7
Annual 815 69.3 72.0 314
average

Table 7. Average hours of sunshine in selected locations.

Month Paracas/Peru  Ica/Peru  Azapa/Chile Esmeralda/Chile
January 217 223 261.8 350.3
February 199 177 252.8 299.6
March 213 217 265.4 322.4
April 211 223 247.8 312.0
May 177 235 215.4 257.3
June 136 196 177.0 243.0
July 119 184 198.8 313.1
August 153 205 193.7 313.1
September 168 221 217.5 333.0
October 198 260 246.7 334.8
November 197 235 249.5 348.0
December 201 218 269.4 356.5
Annual average 2,189 2,594 2,795.8 3,783.1
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Table 8. Chemical analysis of the soil in selected valleys of northern Chile (in saturation
extracts).

Lluta Azapa Chiza Suca Liga Mifii- Taltal Copiap6

Mifie
pH 7.6 7.6 8.5 1.4 6.9 8.1 7.1 8.2
C.E.(mS/cm) 3.07 5.25 2.38 40.6 16.19 0.84 27.1 62.1
Ca (meg/l) 10.1 304 6.3 70.2 75.3 3.7 59.0 41.6
Mg (meg/l) 4.8 4.6 2.0 26.2 19.2 1.0 39.8 135.0
Na (meqg/1) 141 1463 145 315.2 66.4 3.4 157.0  265.2
K (meg/l) 1.5  1.05 0.8 4.2 1.4 0.3 13.0 7.0
HCO;(meqg/l) 2.8 2.7 9.4 75 4.2 2.8 3.8 10.8
Cl (meg/l) 18.3 29.63 11.0 317.2 140.3 5.2 228.8 388.9
SO4 (meg/1) 6.9 27.5 3.7 52.4 14.8 0 0 165.0
B (mg/l) 13.2 7.82 3.1 17.6 8.8 1.8 24.5 6.4

Source: Escobar et al., 1995.

Table 9. Chemical analysis of irrigation water in the different valleys in northern Chile.

Lluta  Azapa Chiza  Suca Mifii- Taltal Copiapd

Mifie
pH 7.0 8.6 7.6 6.8 8.2 7.0 7.0
C.E. (mS/cm) 3.15 0.66 1.83 2.01 0.9 5.43 2.06
Ca (meg/l) 5.4 0.9 1.3 16.6 3.2 24.0 9.0
Mg (meg/l) 5.3 0.5 15 2.2 1.1 10.7 5.5
Na (meg/l) 20.4 3.1 13.0 4.1 5.3 18.2 6.1
K (meg/l) 1.1 0.3 0.2 0.3 0.2 1.0 0.4
HCO3; (meg/l) 2.3 3.38 7.7 3.2 49 35 45
Cl (meg/l) 22.0 1.62 8.5 6.7 0.94 45.4 3.7
SO4 (meg/l) 6.5 3.7 2.8 11.8 0.8 5.2 11.2
B (mg/l) 16.6 0.8 2.2 1.9 1.3 1.2 1.4
R.A.S. 8.8 2.9 11.1 1.3 3.6 4.4 2.3

w

Source: Figueroa et al., 199

Table 10. Chemical characteristics of the soil in forests of Prosopis tamarugo Phil.

Natural forest Planted forest
pH 8.5 7.4-8.02
C.E. (mS/cm) 2.1 2.8-16.89
Ca (meq/l) 4.4 4.0 -1000.0
Mg (meg/l) 2.8 0.6 - 154.6
Na (meg/l) 311.0 463.2 — 2697.0
K (meg/l) 47.7 19.0-231.5
HCO3 (meqg/l) 298.9 74.7-149.4
SO, (meg/l) 88.8 453.6 — 4500.0
B (mg/l) 9.2 23-47.6
R.A.S. 45.2 7.3-89.5
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Table 11. Date palm phenology at the Esmeralda Experiment Station.

Variety Flowering period Harvest period
‘Deglet Noor’ Aug - Sep October — November
‘Medjool’ Jul - Aug April = June
‘Zahidi’ Aug - Sep September — October

Source: Olave, 1985.

Table 12. Commercial date production in Peru.

Year Area (ha) Production (mt) Yield (kg/ ha)
1966 150 808 5,386
1986 270 777 2,877
2004 97 260 2,680

Source: FAOSTAT - Agriculture, 2005.

Table 13. Importation of dates into Chile.

Year Imports quantity Imports value
(mt) (US$1,000)
1972 1,369 133
1977 362 128
2004 27 18
Figures

Corporation. R =

Fig. 1. Location map of western South America showing where the date palm is adapted.
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Fig. 2 and 3. Specimens of P. dactylifera in Camarones, Chile, under conditions
extremely high salinity and boron.

Fig. 4 and 5. Exceptional fruiting of P. dactylifera in the Azapa Valley, Arica, Chile

where mature palms produce fruit continuously throughout the year under

conditions of adequate soils and water. Photographs taken during the
month of July. Source: Escobar et al., 1998.

Fig. 6 and 7. The contrast in natural conditions of the Tamarugal Pampa between areas of
salt crust and Prosopis tamarugo forest.
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Fig. 8. Date palms in the Esmeralda oases, Pica, Iquique, Chile.

Fig. 9 and 10. Ornamental use of Phoenix canariensis and P. dactylifera in parks and as
street trees in Arica, Chile.
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Abstract

Khuneizi date is one of the high quality date cultivars grown in Minab area.
However, if grown along the coastal strip where humidity is high, its fruits become
sour and fall before ripening. Because of the damage caused to date tissue by
unfavorable climatic conditions, it is necessary that this fruit be ripened using
artificial methods to prevent the destruction and waste of the date. For this reason a
factorial experiment was conducted in Minab in 2000. This cultivar was ripened
with both physical and chemical treatments including controlled heat and humidity.
In this investigation the laboratory conditions for artificial ripening of dates to
prevent date rancidity were evaluated. Khlalas were treated at two TSS levels and
pre-treatment properties of the dates were evaluated. These properties included
qualification of TSS, total sugar and reduced sugar percentages. The treatments
included salt solution (5 and 10 percent), acetic acid solution (2 and 5 percent) and
freezing time (24, 48 and 72 hours at -8 degree centigrade). Dates were then placed
in four different temperatures, including 40, 50, 60 or 70 degrees centigrade. The
best treatment was freezing followed by placement of the ripened dates at 50 degree
centigrade for 48 hours, for khalals containing up to 36 percent TSS at picking time.
This treatment resulted in the highest rate of TSS and percentage of rutab from
khalal.

INTRODUCTION

Date palm in the growing area of Hormozgan province covers 33998 hectares. A
variety of cultivars is grown. Khuneizi is considered to be one of the better cultivars.
Artificial ripening is a good option for dates after part of the maturing process has
occurred on the tree. This process is done in rooms with controlled temperature, humidity
and ventilation. The temperature should not be more than 50°C, and the relative humidity
depends on the cultivar. Ripening is directly dependent on the temperature and relative
humidity of the environment. When the temperature and relative humidity increase, the
dates ripen more quickly. Under natural conditions on the tree, the period from the
ripening of the first date until the last is a month. This can be a hazardous time for the
crop. In this period some ripe dates fall and are attacked by pests. Artificial ripening is a
way of avoiding this situation. There are several different methods for artificial ripening
including:

1. Hanging of date clusters with hooks on wooden scaffolding or windows or putting
them in front of the sun (Benjamin, Mahdi et al., 1975).

2. In some countries like Egypt and Spain, the fruit is put into a salty solution, then laid
in the sun for rapid maturing and marketing (Ashmawi et al., 1955).

3. Inthe USA, fruit is firstly put at -27°C, and then placed in higher temperatures for 32
hours. However, ripe fruit produced using this method should be kept in the refrigerator
(Asif et al., 1983).

In Tunisia the artificial ripening process starts with freezing, before the fruits are
placed in 38 - 48°C for 24 hours. In North Africa and Spain, fruit are sprayed with light
vinegar and kept for one day wrapped in cloth. Khadrawi dates that are picked after khalal
stage are yellow, hard and acrid. They are processed to soft, sweet and edible fruit by
using an acetaldehyde solution (1 and 6 percentage). The processing time for Hallawi
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when freeze ripened, is less than the time required for chemical and temporal processing.
In Bahrain the freezing process is used for ripening of the Khuneizi cultivar. Since
humidity at khalal stage is 50 - 60 percent, fruit tissue is soft and transportation is
difficult, therefore we can decrease the humidity of this stage in 50°C (Ashmawi et al.,
1955).

When dates have about 30 percent humidity, they cannot be preserved using
regular methods. The best way of improving the shelflife and transportation of these dates
is to use cold storage. If dates are stored at 5°C and 0°C they can be preserved for 4 - 6
months (Barreveld, 1993).

MATERIALS AND METHODS
This research was carried out on two days during date ripening (July 10 and July
19) using a randomized factorial design with 3 treatments. In this investigation, 5 trees
growing under the same conditions were selected at Minab Agricultural Research Station.
After sampling, the clusters were carried to the laboratory for quality analyzing (TSS) in
Hormozgan Agricultural and Natural Resources Research Center. We collected fruit at
different stages of maturity to determine precisely when they contain 36-40 percent TSS.
We used two methods for processing including physical and chemical methods.
1. Physical Method:
Fruit were frozen at -8°C for three lengths of times (24, 48 or 72 hours) before being
placed in an oven at 40, 50, 60 or 70°C with 50-70 percent relative humidity for 20 hours.
2. Chemical Methods:
(i) Fruit were floated in a salty solution of two concentrations (5 or 10 percent) before
being placed in an oven at 40, 50, 60 or 70°C with 50-70 percent relative humidity for 72
hours.
(i) Fruit were floated in acetic acid of two concentrations (2 or 5 percent), before being
placed in an oven at 40, 50, 60 or 70 °C with 50-70 % relative humidity for 72 hours.
After treatment fruit quality factors such as TSS and reduced and total sugar
percentages were measured (Benjamin et al., 1975.)

Quality Analysis Methods
1. TSS. The solid materials were measured from the date extract (25gr date) and then
mixed with 100ml of distilled water. TSS was calculated using a refractometer.
2. Reduced Sugar Percentage. Percentage of reduced sugar was measured using Lan-
Eynons method in the presence of Methylen blue.
3. Percentage of Total Sugar. Percentage of reduced sugar was measured using Lan-
Eynons method in the presence of Methylen blue.

No control treatment was conducted in the khalal stage. Dates were placed in 40,
50, 60 or 70°C and were then stored in the fridge to extend their shelflife (Ranganna,
2000; Saraei, 1996).

RESULTS

The results showed that the interaction effect of salt and heat treatment for both
TSS levels (29 and 36 percent) was significantly different at 5 percent level with
Duncan’s multi-range test. Both levels of salt treatment (5 and 10 percent) were effective
for ripening of khalal stage dates but since the treatment had unfavourable effects on date
taste, we do not advise use of the higher concentration (10 percent) (Tables 1, 2 and 3).

Also for the acid treatment the results showed that the interaction effect of acid
and heat treatment for both TSS levels (29 and 36 percent) was significantly different at 5
percent level with Duncan’s multi-range test. Even though both levels of acetic acid
treatment (2 and 5 percent) were effective for the ripening of dates at the khalal stage,
they had unfavourable effects on date taste and colour. We do not recommend the higher
concentration of this treatment (Tables 4, 5 and 6).

Results showed that the interaction effect of freezing and heat treatment for only
one TSS level (36 percent) was significantly different at 5 percent level with Duncan’s
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multi-range test. This treatment increased the reduced and total sugar percentages. Using
this treatment we were able to successfully store the khalal stage dates for long periods.
Colour and taste of the fruit in this method were favourable (Tables 7, 8 and 9).

When khalal dates with TSS less than 36% at picking were ripened at 50 and 60°C
with 70 percent relative humidity, the fruit became undesireable with many cracks and
wrinkles on the fruit skin caused by the treatments. When TSS was higher than 36-40
percent in the khalal stage, artificial ripening resulted in high quality fruit including
colour, taste and sweetness.

The freezing method combined with heating and humidity resulted in increased
quality of dates and reduction of damage caused by pests. High temperatures (60°C) were
effective for artificial ripening and for reduction of humidity of khalals, however, it
changed the fruit taste when cooked, so is unsuitable for this purpose.
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Tables

Table 1. Effect of salty solution and heat treatments on TSS percentage.

July 10 July 19
Year 10% 5% Control Salt 10% 5% Control Salt
treatment treatment  Heat
Heat
33.09¢ 37abc 32c 40 34.6b 42ab 36.4b 40
2000 42.2abc  38.8abc  33.8bc 50 40.2ab 36.3b 48.4ab 50
44ab 46.8a 42.2abc 60 44.4ab  40.6ab 52a 60
34.4bc 38.09abc  37.80abc 70 38.4ab 39ab 44.2ab 70
32abc 32abc 31.50abc 40 38b 39.5b 37b 40
2001 32.40abc  30.8 28¢c 50 40b 3850b 39 50
32.40abc  38a 33.50bc 60 46a 43.9a 40b 60
32abc 36ab 30.20bc 70 36.5b 45.50 37 70
Table 2. Effect of salty solution and heat treatments on reduced sugar percentage.
July 10 July19
Year 10% 5% Control Salt 10% 5% Control Salt
treatment treatment
Heat Heat
29.81cd  32.10bcd 26.24d 40 27.64e  41.02bcd 33.04dc 40
2000 33.10abcd 33.92abcd 38.labc 50 43.46abc  36.27cde 36.27cde 50
40.11ab  41.11a 37.63abc 60 46.44ab  38bcd 50.66a 60
32.35bcd  36.25abc  35.36abc 70 40bcd 46.44ab  44.84abc 70
27.64bc  24.13cd  26.20bcd 40 33.1b 26.67c  31.72bc 40
2001 2352cd  20.83d 26.67bcd 50 30.22bc  26.33c  31.72bc 50
31.03ab  35.36a 27.38bc 60 26.74c  31.03bc  30.72bc 60
25.83bcd  31.14ab  30.40ab 70 27.28c 39 31.34bc 70
Table 3. Effect of salty solution and heat treatments on total sugar percentage.
July 10 July 19
Year 10% 5% Control Salt 10% 5% Control Salt
treatment treatment
Heat Heat
26.85b  39.12a  27.64b 40 23.65¢ 38.86ab  36.19ab 40
2000 27.27b  33.92ab  37.10ab 50 36.19ab  33.04b  3257b 50
41.11a  40.11a  3552ab 60 44.86a  38ab 39ab 60
33.04ab  4la 32.10ab 70 39ab 40.11ab  43.46a 70
28.77¢ 29.40bc  26.74c 40 38.39ab  33.93ab  39.93ab 40
2001 30.45bc  28.68¢c 27.14¢ 50 31.72b  34.6lab 37.10ab 50
28.94¢ 35.36ab  33.04abc 60 39.21ab  39.21ab  37.10ab 60
28.30c 37.64a  35.36ab 70 34.20ab 42352  35ab 70
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Table 4. Effect of acid solution and heat treatments on TSS percentage.

Year July 10 July 19
5% 2% Control Acid 5% 2% Control Acid
treatment treatment
Heat Heat
29.6d 33.4bcd  32cd 40 39.2cd 32.3e 36.4dc 40
2000 38abcd 33.2bcd  33.8bcd 50 43.2bc 46ab 38.40 50
30.60abc  41.2bcd  42.2ab 60 46.2ab 46.2ab 52a 60
43.8a 37abcd 37.8abcd 70 42hbcd 40.8cd 44.2bc 70
2001 25.5b 27b 31.5ab 40 38.4bcd 36de 37cde 40
27b 32ab 28b 50 38.6bcd 33.8e 39bcd 50
315 34ab 33.5ab 60 43.40a 41ab 40abc 60
33ab 37a 30.2ab 70 41.6ab 43a 37cde 70

Table 5. Effect of acid solution and heat treatments on reduced sugar percentage.

July 10 July 19
Year 5% 2% Control Acid 5% 2% Control Acid
treatment treatment
Heat Heat
2000 28.08cd 33.61bcd  26.36d 40 31.66dc  26.9c 33.04cde 40
31.57bcd  31.14bcd 38.1ab 50 42.22abc  42.22abc  36.27bcde 50
33.90bc 37.27ab 37.63ab 60 43.75ab  50.34a 50.66a 60
44.7a 36.27ab 35.36bc 70 39bcd 38bcde 44 .86ab 70
2001 19.53e 22.53dc 26.2abcd 40 34.6lab  35.45ab  34.2ab 40
24.19bcde  27.64ab 26.67abcd 50 3% 28.40b 32.17ab 50
23.39cde  27.72abcd 27.38abcd 60 36.27ab  30.47b 33.79ab 60
29.23abc  32.35a 30.22ab 70 28¢c 35.52ab  30.4b 70

Table 6. Effect of acid solution and heat treatments on total sugar percentage.

Year July 10 July 19
5% 2% Control Acid 5% 2% Control Acid
treatment treatmen
Heat t Heat
29.33a 27.64a 27.64a 40 34.54bcd 28.18d 36.19bcd 40
2000 35.36a 29.23a 37.1a 50 34.68bcd 47.5a 32.57cd 50
35.92a 39%a 35.52a 60 40.11abc  40abc 39abc 60
36.97a 33/1a 32.10 70 40.11abc  33.1cd 43.46ab 70
2001 22.44hc 21.17c 26.74abc 40 41.72a 40.44a 45.70a 40
22.67bc 33.07ab 27.14abc 50 42.99a 37.53a 42.24a 50
29.53abc  30.45abc  33.04ab 60 39.95a 33.77a 43.45a 60
29.8labc 31.34abc  35.36a 70 44.42a 33.87a 46.45a 70

Table 7. Effect of freezing and heat treatments on TSS percentage.
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July 10

July19

Year 72 48 hour 24 hour Control Freezing | 72 hour 48 hour 24 hour Control Freezing
hour
treatment  Heat treatment  Heat
31.4b  30.6b 30.80b  32b 40 39.6bhcd 30g 30.2fg 36.4cdef 40
2000 32.40b 32.55b 32.60b 33.8ab 50 40.35bc 34.40defg  32.4efg 38cde 50
33.60 34.95ab 37ab 42.20a 60 33.60defg  32.4efg 35.60cdefg  52a 60
32.4b  35.20ab 33.60ab 37.80ab 70 30.75fg 36.2cdefg 34.30cdef  44b 70
2001 30.5a 29a 27a 31.50a 40 35.60f 35.4f 36ef 37cdef 40
30a 28a 29 28a 50 35.60f 36.8cdef  36ef 39bcd 50
30a 32a 26a 33.50a 60 36.4def 38.7bcde  39ab 40ab 60
3la 33a 26a 35.20a 70 39.4abc 41.80a 38.40bcde  37cdef 70
Table 8. Effect of freezing and heat treatments on reduced sugar percentage
July 10 July 19
Year 72hour 48 hour  24hour Control Freezing 72 hour 48 hour 24hour Control Freezing
treatment Heat treatment Heat
31.14abc 31.14abc 30.59abc 26.36¢ 40 33.90cd 27.17d 33.92cd 33.04cd 40
2000 34.6labc 34.6labc 30.40abc 38.45a 50 32.35cd  36.52c 31.89cd 36.27c 50
36.27ab  36.27ab  36.52ab  37.63ab 60 36.52c 38c 35.52¢ 50.66a 60
33.6labc 33.6labc 33.79abc 35.36ab 70 36.40c 39.21hc 34.02cd 44.86ab 70
2001 20.59b 20.59b 24.11ab  26.20ab 40 33.04bcd 33.04bcd  33.79abcd 31.72bcd 40
20.59b 20.56b 2451ab  26.67ab 50 33.04bcd 34.54abcd 35.11abcd 31.72bcd 50
22.60ab  22.6ab 20.35h 27.38ab 60 35.36abc  36.27ab 36.27ab 30.59d 60
25.76ab  25.76ab 22.53ab  30.40a 70 36.19ab  38a 36.27ab 31.34cd 70
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Table 9. Effect of freezing and heat treatments on total sugar percentage.

July 10 July19
Year 72hour 48 hour 24hour  Control Freezing | 72 hour 48 hour  24hour Control Freezing
treatment  Heat treatment  Heat

29.23a 31.66a 33.92a 27.64a 40 37.39abc  30.82c 34.94bc  36.54abc 40

2000 28.08a 34.6l1a 29.86a 37/1a 50 35.99bc  39.68abc 33.77c 37.07abc 50
30.59a 36.52a 34.6la  35.52a 60 38.98abc  39.12abc  36.79abc  46.83a 60
31.66a 32.71a 32352 32.1a 70 39.43abc  40.6%9abc 34.98bc  45.0l1ab 70

2001 27.72bcd 22.85d  25.76cd 27.17bcd 40 34.54bcd  33.04c 35.36abc 33.93bc 40
23.52d 21.03d 24.92cd 27.14bcd 50 33.04c 35.36abc  36.19abc  37.lab 50
25.77cd  23.37d 23.43d 33.04ab 60 35.36abc  37.1ab 36.27abc  37.1ab 60
30.84abc  26.24cd 24.42cd  35.36a 70 38a 38a 38a 35.52abc 70
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Abstract

The study aimed to highlight the de facto situation of the date palm industry
in Palestine and to improve the circumstances. Change is required from providing
good quality and variety of seedlings to ensuring a suitable marketing infrastructure
to promote date production both locally and abroad. In this context, the study dealt
with the high economic feasibility of date palm cultivation and its impact on the
Palestinian economy with reference to the experience of the Palestinian farmers.

The study indicated that the two geographic locations with ideal climate and
environmental conditions are the Jordan Valley and Gaza Strip. The advantages
and characteristics of the date palm variety Medjoul are described, as well as the
experience of PARC and other organizations in resuming the cultivation of date
palm and caring for its various issues. The study exposes the problems and
constraints that face this cultivation, such as the continued Israeli control of
fundamental resources (land, water, market and borders), which is causing high
production, transportation and marketing costs. Marketing infrastructure and
services are fragile and weak, and there are limited official support policies for date
palm cultivation and for the agriculture sector generally.

This study revealed good potential for cultivating Medjoul in the Jordan
Valley, due to its suitable climate and environmental conditions and the existence of
the necessary production inputs. Furthermore, date palm is able to withstand high
temperatures and does not need huge amounts of water.

The study concluded with a number of practical recommendations to
overcome the aforementioned obstacles, especially those relating to farmer’s
performance, who must abide by quality criteria and standards.

INTRODUCTION

The Palestinian farmer is recognized as one of the best farmers in history, known
for his/her diligence in transforming the arid rocky lands into arable lands with high
productivity of fruits, vegetables and field crops. The Jordan Valley, particularly Jericho,
the oldest city in the world, is the earliest cultivated land worked by Palestinian peasants
five thousand years ago. The Palestinian peasant utilized the existing springs to irrigate
and produce vegetables in this area, which had become the Palestinian food basket,
especially in winter when production ceased in the hilly and coastal areas.

Date palm cultivation has been in existence for centuries in the Jordan Valley,
Gaza Strip and Sinai. One of the Arab travellers wrote that the Arab conquerors faced a
major problem due to the date palm forests in Jericho when they conquered the city.

Throughout history date palm cultivation has deteriorated and almost disappeared,
leaving behind small areas of land cultivated with date palm. This has been a result of the
hostile Israeli policy of pumping large amounts of fresh water to the Israeli settlements,
which were constructed on the Palestinian Occupied Territories. As a result, the water
became too salty to grow a variety of vegetable crops, so Palestinian farmers, knowing
the feasibility of date palm, started to grow it in very limited areas. Upon Israel’s refusal
to sell seedlings to the Palestinians during the Intifadah, some Palestinian farmers and
investors resolved to establish a pilot project to accumulate expertise and produce
seedlings needed for the expansion of date palm cultivation.

This study aimed to highlight the date palm industry in Palestine, and pave the
way for improved date palm cultivation, starting with the provision of seedlings, and
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assistance with the costs of cultivation and marketing.

The success of date palm cultivation will have a positive impact on the Palestinian
agricultural economy, particularly in the Jordan Valley and Gaza Strip. It will generate
employment opportunities for farmers and needy families. Furthermore, it will create an
alternative to, and a replacement for, production from the Israeli settlements. More
importantly, it will provide food security to poor families, especially in times of political
crisis and during closures and curfews imposed by the Israeli occupation power. Dates are
a part of a balanced diet, easily stored under difficult conditions, and an important food
product in the life of Palestinians who use them in their foods and as a traditional desert.

LOCATIONS OF DATE PALM CULTIVATION

Date palm cultivation is concentrated in Gaza Strip where palm trees depend on
rainfall (approximately 300- 400 ml annually) and shallow underground water (1-3 meters
below the surface in some areas). Date palms, particularly Hayyani variety, are mainly
grown in house gardens and along the sides of farms and roads. One thousand dunums of
the 300 square km of the area of Gaza Strip are cultivated with commercial date palm.
New model farms are also spreading using new cultivars.

In the Jordan Valley (400 square km), date palm cultivation is concentrated in
Jericho or ‘the date palm city’, as people call it. Commercial date palm plantations
covering 2000 dunums have recently been started. The local baladi varieties (around 35
kinds) are cultivated around houses, farms and roads. Most of the production is sold fresh
while the remainder is dried and sold as pastry.

During the 1980s, the Agricultural Development Association (PARC) focused
attention on cultivating date palm, realizing the suitability of the soil and water salinity.
However, only a few farmers responded positively to PARC’s attempts after they realized
the likelihood of success and economic return.

After some years, PARC established a plan to encourage farmers to grow date
palm making use of the local varieties, particularly Hayyani, by providing farmers with
technical support and extension services. PARC also initiated a pilot project to increase
Medjoul variety in the Jordan Valley. The total number of date palms which PARC and
the Ministry of Agriculture cultivated was estimated at 25000, most of which were of
Medjoul variety.

DATES MARKETING

The share of dates in the Palestinian market in terms of consumption and spending
has been relatively stable since the last decade. The annual average of local consumption
has reached the global level of 0.9 kg per capita. The growth in local demand for dates is
attributed to the natural population growth. Date consumption increased by 28.4% during
the years 1994-2000. An increase of 190% in total date consumption is expected by 2020
compared with 1994. Date production in 2004 was 175 tons, which constituted 7.1% of
local market needs. The rest of the market demand was met by imports from Israel and
other Arab countries.

Date imports constitute a very modest percentage of total food imports. Dates
make up only 0.17% of Palestinian food consumption. This is due to the local food
consumption pattern, rise in the price of dates and the existence of numerous alternatives.
To improve and develop the local date market, consumption patterns must be changed by
promotion of this product, highlighting its values and nutrients. A suitable marketing
infrastructure must also be provided.

Significant problems face date production and marketing in Palestine.

High Cost of Production

Date production requires intensive labor and expertise, most of which are acquired
from workers who have worked or are still working in the Israeli settlements. Since they
receive higher wages in the Israeli settlements, employing them incurs a higher cost.
Mechanical lifts used in the production process are expensive. They are estimated to cost
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15000-20000 US$. Other problems that increase production costs include; the inability to
obtain seedlings of good quality resulting from Israel’s imposed obstacles to prevent
imports, the high cost of the local offsets which reaches 50-60 US$, and the long time that
it takes to produce local offsets. These factors restrain the expansion of date palm
cultivation.

Transport and Shipping High Costs

Transport and shipping costs form 30% of the total cost of Palestinian exports and
imports. This percentage is four times greater and double the cost of Jordanian and Israeli
products, respectively. The high cost of transport and shipping is due to the imposition of
costly conditions and restrictions such as inspections, as well as extra customs imposed
by lIsrael on Palestinian goods, e.g. the total shipping cost of one container carrying
Palestinian products is 50% more than the total shipping costs of Israeli goods.

Weak Marketing Facilities

Palestinian agricultural products, particularly dates, suffer from poor marketing
facilities such as grading, filling, transport and storage. This results from an internal
failure in the export sector, which is made up of weak technical, management and
financial infrastructure of small companies and projects. It is worth noting that unilateral
efforts to employ technology and to penetrate the markets, as well as develop marketing
infrastructure will not help. A collective effort is required to reinforce bonds between
production and marketing in order to create a high competitive capacity. Responding to
the local and external market quality standards is a catalyst for further investments in
marketing infrastructures and facilities.

The cultivation of Medjoul date palm in the Jordan Valley helped to solve the
problems facing agricultural production, however local and external marketing processes
still face the following problems:

1. Unequal Competition in the Local Market. This is the result of constant dependence
on lIsraeli dates, which are unsuitable for export. These products are displayed in a
manner that increases their price in the Palestinian market. Also there is a large problem
of Israeli dates being dumped through smuggling in the Palestinian markets. There is an
absence of national regulations to control such activities. Thus, Israel maintains its control
over the Palestinian market, continuing to destroy the Palestinian agricultural products
and deprive local producers of benefiting from the local sale of their dates. Local date
production constitutes only 5% of the local consumption, and should easily be absorbed
in the local market. This situation has negative impacts on the future of date palm
cultivation and production.

2. Competition in the European Export Markets. The Palestinian production of
Medjoul is of no lesser quality than the Israeli product, and yet it faces the following
obstacles:

(i) weak modern marketing mechanisms and the use of the manual methods in washing,
grading, filling and drying processes;

(if) poor knowledge by farmers and exporters of global markets in terms of requirements
and patterns of consumption;

(iii) lack of commitment by farmers and exporters towards quality standards, particularly
in postharvest processes;

(iv) insufficient support for farmers from official and unofficial authorities all through the
production processes;

(v) poor agricultural extension services throughout the production processes.

We suggest that the best approach to solve date production marketing is to
concentrate and expand the use of modern technologies.

Limited Support for Date Palm Cultivation

The low priority given to the agricultural sector by the government in their official
politics, combined with the general lack of official support to this sector, have been
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significant in undermining the competitiveness of Palestinian products. Dates are the most
marginalized crop, therefore the lack of subsidy to this crop is reflected in the high
production costs and the low state of dates in the local market, as well as in the failure to
penetrate external markets.

MEDJOUL DATE PALM

The Medjoul variety is one of the newly introduced varieties into Palestine. Its
cultivation has succeeded in the Jordan Valley in the past 15 years. Date palms are
resistant to difficult environmental circumstances, including high water and soil salinity.
They grow in nearly all kinds of soil, but grow particularly well in sandy soil. Date palms
endure high temperatures, strong winds and hurricanes, despite the fact that some
varieties require dry weather for the drying process and long term storage, such as Dajlat
El-Nour and Zhaidi. Others varieties need high humidity such as Birhi and Hayyani. For
this reason, certain varieties will flourish in a given location, at the expense of other
varieties, e.g. Hayyani in Egypt, Zhaidi in Irag, and Dajalt EI-Nour in Tunis and Algeria.
These characteristics are an advantage to date palms.

Morocco and Tunis are the habitat of the Medjoul variety, which was taken to
California by the Americans during the First World War. The Americans noted the large
size of the dates, the mild percent of sugar, as well as the humidity inside the medium
sized dates. They realized that this variety could be sold both fresh, if kept in cold
storages, and dried. By keeping 25% of the date’s humidity, dry dates could be stored for
two years without decay or rot.

Medjoul derives from the Arabic word ‘majhoul’, which means ‘unknown’. It is
so called because the origin of this variety is not accurately known. Because it is difficult
for the Americans to pronounce the letter “H”, the name Medjoul was used. The
Americans took good care of the proliferation of this variety. When Israel asked the
United States to provide them with varieties of date palms, the Americans sent a shipment
of different varieties that included 50 trees of Medjoul. Though the Israelis did not
welcome these Medjoul palms, as they preferred to receive lraqi varieties like Zhaidi, El-
Khalas and EI-Amri, they cultivated them in Bisan (Beit Sha’an) station where they bore
very good results.

Consequently, Israel intensified efforts to obtain and cultivate this variety, so that
Medjoul is now the main variety in Israel. By 2003, there were more than one million
date palms in Israel, most of them of the Medjoul variety. Israel cultivates only small
quantities of other varieties of date palm and plans to increase the number of
commercially grown date palms by using refined sewage water for irrigation. The
cultivation of date palm has spread from Agaba gulf in the south up to Bisan plains.
However, it is preferred to cultivate date palm in Wadi Araba between the Dead Sea in
the north and the Red Sea in the south because this area enjoys a dry climate suitable for
high productivity and quality that meets the market need. Israel presently exports large
amounts of date fruit, particularly to Europe, at a price of 9 US$ per kilo.

KEY ARGUMENTS PERTAINING TO DATE PALM CULTIVATION

(i) Date palms take only five years to establish and produce. Productivity lasts for 20
years. At 25 years of age, date palm trees are sold to public gardens for beautification
projects at a price of 200 USD.

(i1) One offset costs 50- 60 USD, and seedlings proliferated by tissue culture cost 50 USD
each.

(iii) The cost of establishing one seedling reaches 100 USD. This includes service,
fertilizers, labor, water and price of the offset itself.

(iv) Technical and management supervision is deemed very important for the success of
date palms. It is worth noting that in Palestine, experienced and qualified agricultural
workers and technicians do exist. They have worked for more than 25 years in this field
on established farms.

(v) A seedling requires an average of 50 cubic meters of water annually in the first five
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years. After the fifth year it takes 100 cubic meters.

(vi) Date palms are planted in a space measuring 8x9, which means an average of 14
seedlings are planted per dunum. They can also be planted in a space of 8x8 or 7x8 or
7x7, allowing up to 20 seedlings to be planted per dunum.

(vii) It is preferred to cultivate 80% Medjoul variety and to divide the rest of the land
equally between Birhi and Zhaidi varieties.

(viit) Two cooperatives for date palm farmers are in existence in the Jordan Valley and
Gaza Strip. Both cooperatives encourage and sponsor cooperation between farmers in
cultivation, date processing and marketing, purchasing of seedlings and providing
extension.

(ix) There is abundant water in the artisan wells, which is relatively saline but suitable for
date palm cultivation. There are also other water sources such as springs and streams that
can be used in the future for irrigating .

(x) The local price for one kilo sold to merchants is 3 USD and when sold directly to
consumers it is 4-6 USD. The global price for this variety is 6-9 USD after it has been
packed.

(xi) The cultivation of offsets is quicker than the cultivation of seedlings that are
proliferated by tissue culture; they take nearly two years. Although the chances of success
with offsets are less than with seedlings, offsets are preferred because of their resistance
to disease and insects. Offsets produce quicker than seedlings.

(xii) According to the results reported by Palestinian farmers, a date palm tree produces
up to 150 kg per year, however, production drops to 80 kg after the tenth year.

(xiit) The average percentage of success with offsets after cultivation is 90%. It is
preferred to cultivate them in early summer i.e. in April and May.

(xiv) The middle and southern parts of the Jordan Valley are well suited to the cultivation
of Medjoul because temperatures are hot but the humidity is not too high.

(xv) Tissue culture cultivation has been negatively affected by the presence of seedlings
from Ra’s An-Naquora farm (north of Israel). These seedlings, which were imported from
France, were sick and did not grow normally. Furthermore, they did not possess the same
characteristics of the original Medjoul date palm tree. The estimated number of affected
seedlings was 12000.

ECONOMIC CALCULATIONS IN TERMS OF THE COST AND
PRODUCTIVITY OF DATE PALM
a) Establishment costs per one seedling in US dollar:

- Entrenched offset price per seedling: 55

- Uprooting transport and planting per seedling: 5

- Major and minor pipes per seedling: 10

Total: 70 USD
b) Annual running costs:

- Water cost per seedling: 15

- Labor per seedling: 3

- Fertilizers and medicines per seedling: 2

- Admin. cost per seedling: 5

Total: 20 USD

Total cost during the first 3 years per seedling: 20x 3= 60 USD

Total cost from year one to the 4" year: 70+ 60= 130 USD per seedling
c) Productivity:
(i) Production of dates starts in the third year in small amounts. It is preferred to discard
these dates in order to strengthen the tree and allow more offsets to be produced.
(if) Productivity in the fourth year is estimated at 20 kg and this increases by an annual
average of 10 kg until the tree reaches up to 80 kg after ten years. Productivity might
reach up to 100 kg annually.
(iii) Productivity depends on the strength of the tree, how much care it is given including
fertilization, and the age of the tree.
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(iv) Offset production starts in the forth year and continues up to the tenth year with an
average of 7 offsets per one tree; i.e. one offset per tree after cultivation in the third year
up to year 10.

(v) A date palm seedling gives back all money spent on cultivation with the sale of half of
the offsets it produces.

- Offset selling: 40 USD x 7 offsets= 280 USD. The date production is a net profit.

- Cultivation cost until production: 130 USD.

Note: the cost of one offset is 10 USD including entrenching, preparation and uprooting.
Therefore, the selling of the offset is estimated at 50 USD from which 10 USD are
deducted for entrenching. As such, the net profit becomes 40 USD per offset (Table 1).

Profits after Year 10

Taking into consideration the weather conditions and technical pollination
mistakes, it is assumed that 20% of the income will be deducted i.e. $40. As such, the
minimum income of one tree is estimated at $180.

Working on a cultivation figure of 14 trees per dunum (8x9 meters), then we can
obtain 2520 USD as a net income of one dunum cultivated with Medjoul. This is the
highest income that can be achieved compared to the income that other crops can achieve.
Note: the price of one kg of unprocessed dates is estimated at $3, whereas the price of one
offset after deducting the cost of uprooting and entrenching is estimated at $40.

RESULTS

(i) We conclude that potential for Medjoul date palm cultivation in the Jordan Valley is
good, due to the suitable climate and environmental conditions besides the abundance of
necessary input for cultivation. Furthermore, date palms endure high temperatures and do
not need large amounts of water, and the land between the palms can be cultivated with
with other cash crops.

(it) According to our production estimation the area of land needed for cultivating
Medjoul date palms could reach up to 3000 dunums. This area is within reach in
Palestine.

(iii) In the short term, the local marketing potential for Palestinian Medjoul dates is
limited because of Israeli competition and the lack of laws and regulations to protect and
control the local production. However, in the long term the potential is improved
especially if consumer interest and demand is increased. Moreover, promotion by the
producers themselves, care for the appearance and quality of the dates, and publicity
concerning the nutritional value of dates, shouldl increase the marketing potential of
dates, especially if part of the production is processed locally and is used in other food
industries.

(iv) It is clear that the Palestinian Medjoul dates have a big advantage in penetrating
directly into European markets, especially if we can add value to them by modernizing
the production and marketing infrastructure, and abide by quality standards and criteria.

RECOMMENDATIONS

Although the introduction of Medjoul date palm to the Jordan Valley is only
recent, it is a promising crop. Continued success requires support from the Ministry of
Agriculture, PARC and agricultural societies, and other relevant stakeholders in the
following ways:
(i) Provision of loans to farmers as the investment in date palm cultivation takes 5 years
before there is a harvest.
(if) Provision of extension services pertaining to the selection of offsets, how to plant,
care for and protect them from insects, how to apply pollination, fertilization and
sprinkling processes, etc.
(iii) Providing offsets at suitable prices as the price of the offset currently constitutes 50%
of production costs.
(iv) Providing farmers with lifts at low prices or providing loans so that they can purchase
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them.

(v) Capacity building of farmers’ cooperatives by participating professionals. This will
help to overcome the problem of scarcity of qualified and experienced laborers.

(vi) Construction of a factory in the Jordan Valley for grading, filling and storing dates.
(vii) Encouraging the private sector and investors to invest in the industry.

CONCLUSION

The difficulties facing the local marketing of dates should inspire a search for
global markets. At a time when the demand for Medjoul dates is increasing, production is
still limited. Although the profit average of Medjoul dates is high compared to other date
varieties, the shift to Medjoul cultivation is not tangible or quick enough. Unless we
overcome some of the obstacles facing date cultivation and invest large funds in this
sector, there will not be a quick conversion to date palm cultivation.

The following prerequisites would ensure the foundation of an economically
feasible date palm industry in Palestine. As a consequence, thousands of employment
opportunities would be provided, land would be protected, and a profitable income would
be provided to families and companies working in the Medjoul date sector:

(i) abiding by quality standards and criteria;

(i) investment in marketing facilities by the private sector;

(iii) installation of cold storages;

(iv) provision of transport and shipping services;

(v) establishment of communication links between local exporters and importers in the
global markets, particularly in the European Union states;

(vi) the adoption of measures to prevent smuggling of Israeli dates onto local markets by
issuing laws to protect local production, producers and consumers against dumping;

(vii) publicity and promotion campaigns to introduce the nutritional values of dates to
consumers.
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Tables

Table 1. Expected costs and production of dates and offsets per one seedling in the first
ten years.

Year Costs Production: Kg + 1 offset Difference in income

UiSr,]D per one seedling
™ 10 - -
2" 20 - -
31 30 - -
4" 30 22 kg (60$) + 40$ 70
5t 50 30 kg (90%) + 40$ 80
6" 60 40 kg (80$) + 40$ 60
7" 60 50 kg (150$) + 40$ 130
g 60 60 kg (180$) + 40$ 160
ot 60 70 kg (210$) + 40% 190
10" 60 80 kg (240%) + 40$ 220
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Abstract

In vitro propagation of date palm (Phoenix dactylifera L.) through different
methods of tissue culture has resulted in large-scale multiplication and distribution
to different regions of the world of some elite cultivars which was otherwise difficult
to achieve using traditional propagation from offshoots. Propagation by either
offshoots or tissue culture generally results in true-to-type plants but some off-types
with abnormal phenotypes have developed in tissue cultured plants which may be
due to somaclonal variation. In the present study random amplified polymorphic
DNA (RAPD) analysis was performed with the aim to detect genetlc variation at
plantlet stage in female plants of cultivars, '‘Khalas’, ‘Barhy" and 'Sukkary’, along
with the males of ‘Barhy’ and ‘Sukkary’, propagated from offshoots, seeds and
through tissue culture. The cultivars showed unique RAPD banding patterns. To
facilitate RAPD analysis the 13 DNA samples were divided into two sets of
populations. In the first population amplification profiles of 6 DNA samples
belonging to two offshoot-derived and four TC-derived plants of cv. Khalas were
compared with each other. Out of 18 primers screened, 13 detected polymorphism.
The cluster analysis by unweighted paired group method of arithmetic mean
(UPGMA) showed two clusters. The genetic distances ranged from 0.634 to 0.825 in
the similarity matrix based on Nei and Li's similarity coefficients. In the second
population 7 DNA samples belonging to male and female ‘Barhy’ and ‘Sukkary’
derived from seedlings and offshoots and a tissue cultured ‘Barhy’ were compared.
All 7 genotypes revealed a unique banding profile with 14 primers used. The genetic
distances ranged from 0.232 to 0.810. In this population two clusters were also
detected. Offshoots and tissue cultured plants of "Khalas' when compared showed
low level of polymorphism. However tissue cultured '‘Barhy’ showed a high level of
genetic variation when compared with offshoot-derived and seedling-derived male
and female 'Barhy’. A significant level of genetic variation was also observed among
the cultivars of 'Sukkary' and ‘Barhy’. RAPD appears to be an efficient technique
for the early detection of genetic variation in plants propagated by tissue culture and
from offshoots.

INTRODUCTION

The date palm (Phoenix dactylifera L.) (2n=2x=36) is of great socio-economic
importance in the Kingdom of Saudi Arabia (KSA). It is believed to have originated in
Mesopotamia (Wrigley, 1995). The number of known date palm cultivars distributed all
over the world is approximately 5000, out of which about 450 are found in the Kingdom
of Saudi Arabia (Bashah, 1996). Saudi Arabia is one of the largest date producing
countries in the world.

Date palm is a dioecious plant and its heterozygous form makes its progeny
strongly heterogeneous (Munier, 1981). Thus the propagation of date palm from offshoots
is preferred to seedlings. Since propagation through offshoots is slow with a low survival
rate, tissue culture of female plants has been preferred for mass production of true-to-type
plants of elite varieties in demand. Propagation by both offshoots and tissue culture
generally results in true-to-type plants, but some off-types with abnormal phenotypes
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have developed in tissue cultured plants. These abnormalities may be due to somaclonal
variation.

Problems concerning fruit set and fruit quality of many date palm cultivars
propagated through tissue culture are also thought to be associated with incompatibility of
pollen from unidentified male trees (El-Ghayati, 1983). Farmers have been pollinating for
years with limited background knowledge of the genotype of the males. The male gamete
is derived from pollen and the growing pollen tube secretes chemicals responsible for the
development of fruit. The identification, selection and determination of genetic diversity
among male date palms through DNA-based RAPD markers, could help in selecting male
plants of good quality that match with female cultivars. This window for further research
could assist in designing crossing programs that will maximize the yield and improve the
quality and quantity of the fruits.

The cultivars of date palm are currently identified on the basis of their
morphological features such as leaf shape, pinnae, fruit stalk and fruit characteristics
(Nixon, 1950). In recent years, several other methods have been used to identify date
palm cultivars. Morphology of pollens was used to identify four male date palm cultivars
and other Phoenix species (Tisserat and Demason, 1982). Identification and evaluation of
genetic diversity between cultivars on the basis of morphological markers is difficult.
Identification of trees is not usually possible until the onset of fruit, which takes at least
five years. Further, to characterize a variety a large set of phenotypic data is required that
is difficult to assess statistically and is variable due to environmental effects (Sedra et al.,
1996). Biochemical markers (isozymes and proteins) have proven effective in varietal
identification of date palm (Bendiab et al., 1993; Bennaceur et al., 1991). However, they
give limited information and are an indirect approach for detecting genomic variation.
Among the different techniques used in generating molecular markers, for direct detection
of genomic variation at the DNA level, RFLP markers (Restriction Fragment Length
Polymorphism) have been evaluated for date palm clone identification (Corniquel and
Mercier, 1994), but the technique is laborious and requires radio-labelling of the probes.
A rapid technique called Random Amplified Polymorphic DNA (RAPD) may prove to be
one of the best molecular techniques to generate markers for the study of a large number
of DNA samples and is both time- and cost-effective (Williams et al., 1990; Welsh and
McClelland, 1990).

Random Amplified Polymorphic DNA (RAPD) markers have been successfully
used for cultivar analysis and species identification in most plants, due to the technical
simplicity and speed of the methodology (Gepts, 1993; Askari et al., 2003; Al-Khalifah
and Askari, 2003; Sedra et al., 1998; Mokhtar et al., 1998).

The objectives of the present study were (1) early detection of genetic variation in
offshoot and TC-derived plants and (2) to determine the genetic relationship among
diverse date palm cultivars.

MATERIALS AND METHODS

Plant Materials

A total of 13 samples of young leaves were collected from different male and
female plants of the date palm cultivars ‘Khalas’, ‘Barhy’ and ‘Sukkary’, grown both
from offshoots and tissue culture. Young leaves of male and female plants grown from
seedlings were also included (Table 1).

Total Genomic DNA Extraction and PCR-Amplification

Total genomic DNA was extracted from each of the leaf samples of cv. ‘Khalas’,
‘Barhy’ and ‘Sukkary’, following the protocol described by Dellaporta et al. (1983). The
quantity and quality of the DNA were then measured by Hoefer DyNA Quant 200
(Pharmacia Biotech).

PCR-amplification reactions were performed as described by Al-Khalifah and
Askari (2003). A total of 46 RAPD primers were used belonging to A, B, C, D and F
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series, purchased from Operon Technologies Inc., Alameda, California, USA. The
amplified RAPD products were separated by electrophoresis according to their molecular
weight in 1.4 % agarose gels submerged in 1 X TBE buffer. The DNA profiles were
visualized on UV transilluminator and documented by using Gel Documentation System
(Bio Rad). To facilitate the analysis 13 samples were divided into two sets of populations.
In the first population amplification profiles of 6 DNA samples i.e. two offshoot-derived
and four TC-derived ‘Khalas’ were compared with each other and the bands of DNA
fragments were scored as present (1) or absent (0). In the second population 7 DNA
samples of male and female ‘Barhy’ and ‘Sukkary’ grown from seedlings and offshoots
and a tissue cultured ‘Barhy’ were compared. The data of all the primers that showed
polymorphism (13 primers of population I and 14 primers of population II) was applied to
estimate the similarity on the basis of the number of shared amplification products (Nei
and Li, 1979). A software "Diversity Data Base" (Bio Rad) was used. Dendrograms were
also constructed on the basis of similarity coefficients by using unweighted-paired group
of arithmetic means (UPGMA).

RESULTS AND DISCUSSION

The average yields from 300 to 500 mg of young sprouting leaves ranged from 10
to 30 pg ml"' DNA. To facilitate RAPD analysis the 13 different DNA samples were split
into two sets of populations.

Population |

In the first population 6 DNA samples extracted from leaves of two offshoot and
four TC-derived ‘Khalas’ were amplified with 18 different RAPD primers. Unique
banding patterns were revealed by the 6 samples with 13 primers. Different primers
produced different levels of polymorphism among the samples (Fig. 1a). A total of 138
DNA fragments were amplified, with an average of 2.9 RAPD markers per primer. Out of
138 amplified fragments, 98 (71.01%) were polymorphic.

The pair-wise genetic distance estimates of the 6 samples were analyzed and are
given in Table 2a. The similarity matrix is based on Nei and Li's similarity coefficient.
The genetic distances ranged from 0.634 to 0.825. Cluster analysis using UPGMA
revealed cluster groups as shown in Fig. 2a. Offshoots and tissue cultured plants of
'Khalas' when compared showed low level of polymorphism.

Population 11

In the second population a set of 7 DNA samples of male and female ‘Sukkary’
grown from seedlings, male and female ‘Barhy’ from seedlings, male and female ‘Barhy’
from offshoot, and a tissue cultured ‘Barhy’ were amplified. All 7 genotypes revealed a
unique banding profile with 14 primers and thus can be used for identification and
selection of good performing genotypes. Each primer indicated a different level of
polymorphism among the genotypes (Fig. 1b). A total of 187 bands were generated, with
an average of 4.6 RAPD markers per primer. Out of a total 187 amplified fragments of
DNA, 123 (65.7%) were polymophic.

The pair-wise genetic distance estimates of the 7 genotypes were analyzed and the
similarity matrix based on Nei and Li’s similarity coefficients are given in Table 2b. The
genetic distances ranged from 0.232 to 0.810. Maximum similarity was observed between
male and female ‘Barhy’ from offshoot (0.81). Tissue cultured ‘Barhy’ in general showed
a minimum degree of similarity with all other genotypes ranging between 0.238 to 0.321.

Cluster analysis using RAPD resulted in two cluster groups as shown in Fig. 2b. In
cluster B, out of 4 genotypes, male and female ‘Barhy’ from offshoot were more closely
related compared to the rest of the 7 genotypes, with a highest value in the similarity
matrix for Nei and Li’s coefficient (0.81). Female ‘Sukkary’ from seedling was 61%
similar genomically to male and female ‘Barhy’ while male ‘Barhy’ from seedling was
46% genomically related to the three genotypes of the cluster. In cluster A male Sukkary
was 60.2% genomically similar to female ‘Barhy’. Tissue cultured ‘Barhy’ was 38%
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genomically related to male ‘Sukkary’ and female ‘Barhy’, and that was the lowest
percentage of similarity among the 7 genotypes.

RAPD appears to be an effective technique for the identification of date palm
genotypes. Polymorphism among the date palm genotypes is low (Askari et al., 2003; Al-
Khalifah and Askari, 2003) in comparison to other cultivated species like rice (Farooq et
al., 1994a), wheat (Farooq et al., 1994b), and cotton (Khan et al., 2000). RAPD markers
should be of high value for date palm germplasm characterization and genetic
maintenance. A low polymorphism and the lack of evident organization observed among
the genotypes taken into consideration could be due to the nature of introduction of the
date palm trees into the country and also due to the unorganized maintenance of the
germplasm. Development of new recombinants by seedling selection and sexual
reproduction and also the exchange of the genotypes between the different plantation
areas may have been the main cause for the low diversity among the germplasms. The
data generated so far suggests a narrow genetic diversity. In the present communication
the average genetic similarity among the genotypes of date palm was more than 50%
which makes it difficult to differentiate among the male genotypes compared to more
stable females. Nevertheless the results suggest that RAPD markers can be successfully
used for the DNA fingerprinting of male date palm if a considerable number of genotypes
are included in the experiments and also the number of RAPD primers is increased to
generate more data. Only then can a decisive conclusion be made.
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Tables

Table 1. List of 13 DNA samples of leaves, rachis and pollens of male and female date
palm from four different cultivars used for determining genetic phylogeny.

No. Sample name Cultivar Source

1. Offshoot Leaves Khalas Research Station, KACST

2. Offshoot Leaves Khalas

3. Leaves TC1 Khalas Tissue Culture Lab. NRERI, KACST
4. Leaves TC2 Khalas "

5. Leaves TC3 Khalas "

6. Leaves TC4 Khalas "

7. Female leaves Barhy Riyadh date palm Farm

8. Male leaves Barhy "

9. Female leaves (seedling) Sukkary "

10.  Male leaves (seedling) Sukkary "

11.  Female leaves (seedling) Barhy "

12.  Male leaves (seedling) Barhy "

13.  Tissue Cultured leaves Barhy Tissue Culture Lab. NRERI, KACST
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Table 2 a. Similarity matrix for Nei and Li's coefficients of 6 DNA samples of two
offshoot and four TC-derived plants of date palm cv. Khalas obtained from RAPD

markers.
1 2 3 4 5 6
‘Khalas’ OD 1 100.0
‘Khalas’ OD 2 76.5 100.0
T.C. 1 3 67.2 69.4 100.0
T.C2 4 652 69.0 825 100.0
T.C3 5 709 649 71.1 720 100.0
T.C4 6 696 634 713 694 81.3 100.0

Table 2 b. Similarity matrix for Nei and Li's coefficients of 7 DNA samples of male and
female ‘Barhy’ and ‘Sukkary’ grown from seedlings and normal plants and a tissue
cultured ‘Barhy’ of date palm obtained from RAPD markers.

1 2 3 4 5 6 7
100.0
60.2 100.0
47.1 283 100.0
374 253 262 100.0
355 29.1 282 45.0 100.0
342 349 321 632 48.0 100.0
232 345 238 59.2 441 81.0 100.0

'Barhy' Female SD
'Sukkary' Male SD
'‘Barhy' T.C.
'Sukkary' Female SD
'Barhy' Male SD
'Barhy' Female OD
'Barhy' Male OD

NN bW~
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Fig. 1. Banding patterns showing different levels of polymorphism.

0.67 0.80 0.90 1.00

Khalas Sh
Khalas N
0.67 T.C. 4
0.81

T.C.3
0.71 T.C.2
0.83 T.C.1

0.76

Fig. 2 a. A dendrogram of phylogenetic relationships among 6 DNA samples of two
offshoot and four TC-derived plants of cv. 'Khalas', based on Nei and Li's
similarity coefficients obtained from 13 RAPD primers.
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Fig. 2 b. A dendrogram of phylogenetic relationships among 7 DNA samples of male and
female ‘Barhy’ and ‘Sukkary’ grown from seedlings and offshoot plants and a
tissue cultured, based on Nei and Li's similarity coefficients obtained from 14

RAPD primers.
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Abstract

The date palm represents a major environmental and economic factor in arid
climates in many countries around the world. Selection of specific varieties in large
date palm groves is decreasing the genetic variation and increasing the susceptibility
to a wide variety of diseases and reduced productivity. We are proposing to establish
an international consortium to sequence and annotate the entire date palm genome
in order to identify those genes responsible for disease resistance and growth
characteristics that will allow us to enhance the quality and quantity of the date
crop.

INTRODUCTION

Date palm contributes significantly to the economy of arid regions of the world
including, but not limited to, the Middle East, Northern Africa and Southwestern USA.
As a result it is imperative to continue to develop cultivars that are best suited to specific
regions in terms of growth, disease resistance, fruit quality, fruit quantity and drought
resistance among other characteristics. In order to take an efficient approach to the
modification of the date palm, we are proposing to establish an international consortium
of genetic scientists, breeders and growers to sequence the date palm genome. The results
of this effort will allow us to improve cultivars in a specific and efficient way based on
the genotypes determined from this effort.

Goals of the International Consortium

The central goal of the international consortium will be to determine the sequence
of the date palm genome and provide annotation for the genome that will allow
identification of genes relevant to specific phenotypes in the plant. Upon annotation of the
genome it will be the goal to determine specific polymorphisms that are relevant to
development of disease resistance, fruit quality, drought resistance, etc. These
polymorphisms will allow determination of the genotypes that lead to specific phenotypes
and further identification of genes relevant to the specific phenotypes. We then will be
able to identify specific modifications of the genome to produce the phenotypes of
interest. This will accelerate the genetic manipulation of the species.

How Will We Accomplish the Goals?

Table 1 shows the sizes of some related genomes. The palm date genome contains
250 megabases in the genome split into 36 chromosomes (Barakat, 1999; Zehdi, 2004)
which makes it a relatively small genome. Genomic sequencing will require several
routine steps that include DNA purification, cloning of fragmented DNA into bacterial
artificial chromosomes (BAC), arraying the clones for sequencing, sequencing, assembly
and annotation. The initial steps in the process will be contracted to laboratories that
provide these technologies as services. We can purchase arrayed clones from a laboratory
in the USA at a cost of $0.30 USD per clone. We will require approximately 100,000
clones to complete the project for a total of $30,000 USD. The latest technology
introduced by 454 Life Sciences (Branford, CT, USA) will allow complete sequencing of
one cultivar in less than six months at a cost of $2 million USD. This time frame and low
cost has not been available until very recently and should be exploited for this project.
This includes the assembly of the sequences into large contigs (continuous sequences)
that will be ready for annotation and gene identification. We will at this point enlist a
central laboratory, likely in United Arab Emirates, to create a web based data collection
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and annotation website to allow free access of all consortium members to rapidly
evolving data and information. Members will be able to add data from their laboratories
and access data from the other member laboratories through this website.

Upon completion of the initial sequencing we will need to recruit laboratories to
accomplish the “fill in” sequencing portion of the project, which involves obtaining and
sequencing BAC’s that contain sequences that were not identified in the initial
sequencing. Many laboratories that are medium to high throughput sequencing
laboratories around the world will be involved in this stage of the sequencing. During the
fill in sequencing stage we will recruit and engage bioinformatics laboratories to identify
gene regions throughout the genome utilizing comparative genomics and other plant
genomes that are previously annotated. At this point we will incorporate two groups to
identify expressed genes (functional genomics) and sequencing laboratories to sequence
specific genes in additional cultivars (intraspecies comparative genomics). These groups
will be divided into areas of interest such as fruiting genes, disease resistance genes, etc.
These groups will focus on areas of interest and contribute information to the consortium
through the user interface of the date palm genome website.

Functional genomics laboratories will utilize microarray technologies to identify
qualitatively and quantitatively all of the genes expressed under given conditions in
specific tissues. These experiments will be carried out on several different cultivars to
identify expression patterns that are relevant to specific phenotypes in areas such as
fruiting quality, disease resistance, drought resistance, etc. (see Table 2 for categories that
will be included in the studies). Comparative genomics laboratories will be similarly
divided according to the interest of individual laboratories and data will be compiled on
the web site described above.

Genetic engineering laboratories (transgenic facilities) will then be recruited to
introduce changes in the desired genomes with the sequences identified by functional and
comparative genomics laboratories. Cultivars that are genetically engineered utilizing
this advanced information will then be put into production in culturing and expansion
laboratories. Those cultivars that respond appropriately will then be placed into
“production” in appropriate facilities.

CONCLUSIONS

We are proposing to establish an international consortium to sequence and analyze
the genome of the date palm. Due to the significant economic impact of this product in
arid regions we plan to focus the effort in those regions that will benefit the most from the
genetic modification of this plant. The initial stages of this effort will involve collecting
information on those laboratories throughout the world that are interested in participating
in the consortium and identifying sources of funding for this project.
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Tables

Table 1. Size of related genomes that have been previously sequenced.

Species Genome Size
Pine 21,000 Mb
Rice 430 Mb

Date Palm 250 Mb
Arabidopsis 120 Mb
Human 3,000Mb

Table 2. Categories of genes that will be examined for expression and polymorphisms
(from www.tigr.org).

Metabolism  Cell Surface Cellular Cell Motility Biological Niche
Components Growth,
Organization

and Division
Biosynthesis, Obijects Morphology, Chemotaxis, Optimal
catabolism and (membranes, intercellular  flagella, etc. environmental
inteconverison complexes) structures conditions, hosts
of localized at or intercellular
biomolecules near the surface structures

of cells
Transport DNA Handling Virulence Selfish Genetic Quantitative
Elements Content

Movement of Exchange, repair Host range andStowaways on the Counts,
molecules and modification factors ship of life: introns, abundances and
across of DNA associated inteins, phage, etc. other metrics
biological with
membranes pathogenesis
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Abstract

The potential of biochemical and molecular markers in sex identification of in
vivo grown and in vitro differentiated cultures of date palm was investigated. In
vitro zygotic lines were proliferated from both mature and immature zygotic
embryos of date palm. The mature embryo showed more potential in the in vitro
differentiation responses compared with immature embryos. Incorporation into
tissue culture medium of 3 mg/L 2ip + 5 mg/L 2,4-D gave the highest percentages of
embryo germination and growth. Biochemical markers presented as enzyme
activities was used for identification of sex type of date palm cultures. High levels of
peroxidase activity were observed in adult female and offshoot female samples. Acid
phosphatase and glutamate oxaloacetate enzymes gave a strong difference between
male and female date palm. Early estimation of sex type of in vitro differentiated
lines has been realized using the activity levels of the two enzymes. Random
amplified polymorphic DNA (RAPD) technique was used to compare genetic
material from male, female and unknown lines of date palm. RAPD analysis showed
a relatively close relation between the two females (adult and offshoot) cultures, as
they shared a large number of homologous bands. Although there is low relationship
between male and female, results of similarity could not confirm link to sex or
estimate the sex type of unknown clones.

INTRODUCTION

Date palm is a dioecious, perennial monocot plant that is commercially important
in the Middle East and North Africa. The entire tree of date palm is utilized to provide
food, shelter, fiber, clothing, furniture and many other products. Moreover, the date palm
tree successfully tolerates extremely adverse environmental conditions, including
drought, high temperature and salinity, which are the peculiar criteria of desert lands. It
makes a significant contribution toward the creation of equable microclimates within the
fragile oasis ecosystems, thus enabling sustainable agricultural development in many
drought and saline affected regions (Barreveld, 1993). The genetics, morphology,
morphogenesis and physiology of date palm is somewhat less understood than other fruit-
tree crops. It has been difficult to study because they are native to tropical regions, have
long life cycles and have diverse and unique growth habits compared to other fruit-
producing trees. Date palm breeding is a long-term endeavor (Carpenter, 1979). Selection
of high fruit-producing seedlings must await flowering. Most date palm varieties do not
flower until 5-7 years after the germination of the seeds. Further, no viable means exists
to identify male and female progeny in date palm. Propagation of date palm through seeds
or zygotic embryos is desirable for improvement of the cultivars and for selection of
disease resistance, fruit quality and high yield. Also, the early determination of sex type is
very important for speeding up breeding programs. Plant tissue culture techniques offer
excellent tools for rapid proliferation of sexual clones of date palm and other similar
dioecious plants. The culture of mature embryos excised from ripened seeds is used to
eliminate seed germination inhibitors or to shorten the breeding cycle. Immature embryo
culture can also be used to germinate unique interspecific or intergeneric hybrids that do
not survive in nature (embryo rescue) (Hodel, 1977). Embryo culture techniques involve
isolating and growing immature or mature zygotic embryos under sterile conditions on an
aseptic nutrient medium with the goal of obtaining viable plants (Mark, 1994). Despite its
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economic and ecological importance, little research has been undertaken on genetic
characterization of germplasm and varieties of date palm. Recently, molecular markers
have been introduced in date palm programmes (Shah et al., 1994; Fernandez and
Tantaoui, 1994; Coriquel and Mercier, 1994; Saker and Moursy, 1998). No data is
available regarding molecular analysis of male and female plants or genetically based sex
differentiation of date palm. There have been reports of understanding sex differentiation
in Aspargus officinalis (Bracale et al., 1990) and the use of RAPD techniques for sex
determination of papaya plants (Saker and Rady, 2003). For male sex-associated genetic
factors, Y chromosome-specific restriction fragments have been reported from white
campione (Dominson et al., 1996).

The objectives of this work were to study the in vitro proliferation of sexual lines
of date palm through culturing of immature and mature embryos, analysis of male and
female plants using biochemical and molecular markers and early estimation of the sex
type of plantlets derived from embryo culture.

MATERIALS AND METHODS

Explants and In Vitro Culturing

Immature (excised from green fruits) and mature (from colored fruits) zygotic
embryos of date palm (Phoenix dactylifera L.) cv. Zaghlool were used as tissue culture
explants. Fruits were surface sterilized with 70 % ethanol for 3 min, 100 % commercial
clorox (5.25 % NaOCl) for 20 min and thoroughly washed with sterilized distilled water.
Under aseptic conditions, embryos were extracted from the seeds and placed on culture
media. To study the role of growth regulators on in vitro differentiation of embryos of
date palm, immature embryo explants were cultured on Murashige and Skoog (MS)
medium supplemented with different combinations of 2,4-D, BA and 2ip. To investigate
the effect of embryo maturation on in vitro morphogenic responses, immature and mature
embryos were cultured on three selected combinations of growth regulators dependent on
previous experiments. All cultures were incubated in the dark during the first two weeks
of culturing and then transferred to light (3000 lux) with a 16/8 photoperiod at 25°C.
Morphogenic responses presented as organogenesis (%), fresh weight (g) and callus
frequency (%) were recorded after four weeks of culturing. Experiments were designed in
completely randomized design and the data were statistically analyzed using Standard
Error (SE) described by Snedecor and Cochran (1967).

Enzymes Extraction and Activities

One gram leaf samples of adult female, offshoot female, adult male and in vitro
differentiated zygotic lines (selected randomly) were taken and enzymes were extracted
using 500 mM tris buffer, pH 7.0 containing 1 mM EDTA, 300 mM ascerbic acid, 2 % B-
mercaptoethanol, 10 mM EDTA, 5 % Tritonx-100 and 10% (w/v) PVP.

Esterase activity was determined as described by Gottlieb (1974). Assay reaction
mixture (Im) contained 60 M mol sodium phosphate buffer, pH 7.0, 2 M mol of p-
nitrophenylacetate, suitable dilution of enzyme and complete to one ml by distilled water.
The change in absorbance was followed for 5 min with 30 sec intervals at 405 nm at room
temperature. One unit of esterase was defined as the amount of enzymes which liberates
one M mole of p-nitrophenol under standard assay conditions and specific activity was
expressed as unit/mg protein. Peroxidase activity was determined according to Chance
and Maehly (1955) by montoring the guaiacol oxidation by measuring the increase in
absorbance at 470 nm of reaction mixture containing 0.45 ml of 5 mM hydrogen peroxide
and an appropriate amount of crude extract. One unit of enzyme activity was defined as
the amount of enzyme which caused on O.D change at 470 nm per min at 25°C under
standard assy conditions. The activity of acid phosphatase was determined according to
the method described by Dinan et al. (1983). Glutamate oxaloacetate (GOT) was
determined colourimetrically according to the Reitman and Frankel (1957).
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Randomly Amplified Polymorphic DNA (RAPD) Analysis

DNA isolation was performed using the Cetyl Trimethyl Ammonium Bromide
(CTAB) method of Doyle and Doyle (1990). Half a gram of fresh samples was ground to
powder in liquid nitrogen with a pre-chilled pestle and mortar, suspended in 5 ml
preheated CTAB buffer, and incubated at 65°C for 1 hour with occasional shaking. The
suspension was then mixed with 1/3 volume of chloroform, mixed gently, centrifuged and
the upper layer was transferred to a new sterilized tube. Extraction was repeated with an
equal volume of chloroform. The aqueous layer was transferred to a new tube, 2/3 volume
of isopropanol was added and nucleic acids were either spooled using a Pasteur pipette or
sedimentated by centrifugation. The pellet was washed carefully twice with 70% ethanol,
dried at room temperature and resuspended in 0.5 ml TE buffer. The enzyme, RNAse A
(20pg) was added to the resuspended mixture to digest any contaminating RNA and the
tube was incubated at 37°C for 30 min. To remove the enzyme and other contaminating
protein, phenol/chloroform extraction was performed.

The polymerase chain reaction (PCR) mixture (25 pl) consisted of 0.8 units of Taq
DNA polymerase, 25 pmol dNTPs, and 25 pmol of random primer, and 50 ng of genomic
DNA. The reaction mixture was placed on a DNA thermal cycler. The PCR program
included an initial denaturation step at 94°C for 2 mins followed by 45 cycles with 94°C
for 1 min for DNA denaturation, annealing as mentioned with each primer, extension at
72°C for 30 seconds and final extension at 72 °C for 10 minutes were carried out. The
amplified DNA fragments were separated on 2% agarose gel and stained with ethidium
bromide. Four 10-mer primers (Operon technologies Inc., Alameda, California) randomly
selected were used in RAPD analysis. A 100 bp DNA ladder (Promga) was used as a
Marker with molecular size of 1000, 900, 800, 700, 600, 500, 400, 300, 200 and 100 bp.
The amplified pattern was visualized on a UV transilluminator and photographed. The
genetic similarity was calculated using the average linkage between groups according to
Lynch (1990).

RESULTS AND DISCUSSION

Effect of Growth Regulators on In Vitro Differentiation

The effect of the supplementation of basal MS-medium with 2,4-D at 5 and 10
mg/L and in combination with 3 mg/L of both BA and 2ip on differentiation of cultured
immature zygotic embryos of date palm are summarized in Table (1). It should be noted
that the morphogenic responses varied depending on the type of growth regulators.
Generally, 2ip showed a superiority over BA in shoot differentiation and organogenesis.
However, 2,4-D alone was suitable for callus induction. The highest percentage of
immature embryo germination (70%) and the highest value of fresh weight of
differentiated cultures (1.30 g) were observed with medium containing 5 mg/L. 2,4-D + 3
mg/L 2ip. The lowest percentage of germination (20%) and subsequently the average
fresh weight (0.7 g) were registered on medium containing 10 mg/L 2,4-D. However, the
highest frequency of non-morphogenic responses was noticed when BA alone was added
to culture medium. Addition of 2,4-D alone enhanced callus proliferation and 60 % of the
cultures proliferated callus onto MS supplemented with 10 mg/L 2,4-D. The quick and
high morphogenic potential recorded here may be due to the meristematic nature of
immature embryos as reported by Tisserat (1979 a,b). The results of the present study also
revealed that 2ip was more effective in germination and shoot proliferation of in vitro
cultured immature embryos of date palm (Fig. 1-A,B). However, relatively high levels of
2,4-D stimulated callus proliferation. Similar observations were reported by Tisserat
(1984) and Saker et al. (1998).

Effect of Embryo Maturation on In Vitro Differentiation

Data of morphogenic responses of immature and mature zygotic embryos of date
palm cultured in vitro are presented in Table 2. Results indicated that mature embryos
showed relatively more potential than immature embryos in their responses to callus
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proliferation. Also, the highest percentages of organogenesis and differentiation to
complete plantlets were observed with mature zygotic embryos of date palm. This may be
due to endogenous hormones and higher storage proteins and carbohydrates contained in
mature embryos. Inclusion of 3 mg/L 2ip in the culture medium strongly enhanced the in
vitro germination of mature embryos and this treatment produced the highest percentage
of organogenesis (85) and resulted in the highest percentage of complete plantlets (75).
However, the highest value of fresh weight of differentiated cultures was recorded when
mature embryos grew on medium containing 5 mg/L 2,4-D +3 mg/L 2ip. It is important
here to mention that the various responses in vitro of both mature and immature zygotic
embryos of date were recorded over a relatively short period (3-4 weeks). This illustrates
the value of this simple technique in date palm improvement through either genetic
manipulation or traditional breeding programs. The present results are in accordance with
those of Saker et al., (1998) and Bekheet et al. (2001). However, Mater (1983) used
medium contained 2 mg/L IAA + 2 mg/L Kin for plant regeneration from immature
embryos of date palm.

Plantlets Development and Acclimatization

Shoots derived from proliferated zygotic embryos were transferred into charcoal
containing medium for in vitro elongation and rooting improvement. The plantlets with a
healthy root system were successfully transplanted to free-living conditions within a short
period of acclimatization (Fig. 1-C). Tisserat (1984) reported that a high survival rate
(nearly 100 %) could be obtained when date palm plantlets with 2-3 foliar leaves with a
shoot length greater than 10 cm (and a well-developed adventitious root system) were
transplanted in pots containing a mixture of peatmoss and vermiculite.

Enzymes Activities

As a step to identify biochemical markers linked to sex in date palm, the activities
of esterase, peroxidase, acid phosphatase and glutamate oxaloacetate (GOT) in adult
female, offshoot female, adult male and two zygotic lines differentiated in vitro
(randomly selected) were measured. Data of esterase activities revealed no clear variation
amongst the five clones of date palm cultures. However, high levels of peroxidase
activities (1116 and 914 units/g fresh weight) were recorded in adult female and offshoot
female, respectively. Concerning acid phosphatase and GOT, there were clearly
differences between both female clones and the male clone. It is important here to observe
that there was a strong similarity between one zygotic line (1) and the male clone in the
activities of the three enzymes. Based on the obtained results, it could be concluded that
acid phosphatase and GOT activities can distinguish male from female date palm on a
biochemical level and can be used primarily to estimate the sex type of in vitro
differentiated zygotic lines. Biochemical markers presented as peroxidase banding
patterns have been used for sex identification in papaya by Saker and Rady (2003).
Moreover, the search for genes associated with sex chromosomes in asparagus was
initiated by screening for enzyme variants encoded by polymorphic loci (Bracale et al.,
1990). Their results indicated that gene expression in young male and female flowers i is
very similar and only later does differential expression take place.

Rapid Analysis

The PCR-based markers for sex prediction in date have the advantage that they are
not affected by environmental conditions in which the plants are grown or by epistasis
(gene interaction). Thus, sex prediction can be done at any developmental stage of plant
growth. In this study, DNA isolated from adult female, offshoot female, adult male and
two randomly selected clones of zygotic lines differentiated in vitro were subjected to
RAPD analysis. Six random primers (k1-k6) were screened in RAPD analysis for their
ability to produce sufficient amplification products (Table 4). The results of DNA
fingerprints generated by PCR amplification using the six random primers are presented
in Figures 1 and 2 and Table 5. The number of fragments generated per primer varied
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between 1 and 5. The total number of bands was 22 and the average percentage of
polymorphism was 51.6. The primers k3 and k4 gave the highest number of bands (5) and
percentage of polymorphism (80). As shown in Figures 1 and 2 and Table 5, some clones
are closely related to each other and have similar patterns of bands but possess one or
more different bands that can differentiate between them. RAPD profiles of PCR products
using primer k1l indicated that unique DNA fragment (1000 bp) is present in female
clones and this band is completely absent in the adult male clone. However, other
polymorphic bands were detected among either male or female clones with other primers
tested. Data of similarity index (Table 6) revealed that there is low relationship between
male and female clones. Also, female clones are relatively closely related to each other
and they have a large number of homologous bands. Concerning the in vitro differentiated
cultures, there was high similarity with each other. Due to the weak relationship of in
vitro plants to either male or female clones, we cannot confirm a clear link to sex or
estimate the sex type of these unknown clones. Our results are in line with those of
Soliman et al. (2003) on date palm. They added that identification of male date palm
needs more advanced molecular studies. In this respect, SCAR has been used successfully
to design markers for sex determination in hop (Polley et al., 1997) and asparagus (Jiang
and Sink, 1997). Moreover, markers were generated by DNA amplification fingerprinting
(DAF) for male, female and hermaphrodite papaya progenies of a cross between Khaeg
Dum (Thai cultivar) and Richter Gold (Australian cultivar) (Somsri et al., 1997). In
addition, randomly amplified polymorphic DNA (RAPD) markers were also developed
for interspecific Carica hybrids (Magdalita et al., 1997).
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Tables

Table 1. Effect of different combinations of growth regulators on the in vitro
morphogenic responses of immature embryos of date palm.

Culture media Organogenesis Fresh weight (g) Callus No responses

(%) frequency (%)
(%)

MS-basal medium 40 1.10£0.11 20 40

MS+ 5 mg/L 2,4- 30 0.85 +0.09 50 30

D

MS+ 10 mg/L 2,4- 20 0.70+0.20 60 20

D

MS+ 3 mg/L BA 30 0.95+0.12 - 70

MS+ 3 mg/L 2ip 60 1.20 £0.30 10 30

MS+ 5 mg/L 2,4- 35 0.70 £ 0.15 25 40

D+ 3 mg/L BA

MS+ 10mg/L 2,4- 20 0.75+0.18 40 30

D+ 3 mg/L BA

MS+ 5 mg/L 2,4- 70 1.30 £0.08 10 20

D + 3 mg/L 2ip

MS+ 10 mg/L 2,4- 50 0.90 = 0.25 20 30

D +3 mg/l BA

Each treatment is the average of 20 replicates. +SE
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Table 2. Effect of embryo maturation in combination with selected culture media on in
vitro morphogenic responses of zygotic embryos of date palm.

Cultures
Organogenesis Callus induction ~ Fresh weight (g) developed to
Culture media (%) (%) complete
plantlet (%)
IE ME 1E ME 1E ME IE ME
MS basal medium 40 60 20 20 1.05 1.20 20 40
+0.10 +0.15
MS + 3 mg/L 2ip 60 85 10 15 1.25 1.40 20 75
+0.20 +0.30
MS+5 mg/L 2,4-D + 65 80 15 20 1.33 1.70 25 70
3mg/L 2ip +0.09 +0.20

Each treatment is the average of 20 replicates.

+SE

IE = Immature embryo ME = Mature embryo.

Table 3. The activity levels of esterase, peroxidase, acid phosphatase and glutamate
oxaloacetate(GOT) enzymes in male and female plants and in vitro differentiated

zygotic lines.

Type of culture Enzymes

Esterase Peroxidase Acid phospatase GOT
Adult female 160 1116 92 249
Offshoot female 137 916 79 214
Adult male 130 350 132 190
Zygotic tissue culture (1) 138 390 125 180
Zygotic tissue culture (2) 153 475 71 206

Table 4. The sequence of the selected random primers, total number of amplification
products per primer, number of polymorphic bands and percentage of polymorphism.

Total No. of Percentage
Primer  Sequence (5'—3) number polymorphic of polymorphism
of bands bands

K1 TGGCGACCTG 4 3 75

K2 GAGGCGTCGC 1 4 -

K3 CCCTACCGAC 5 4 80

K4 TCGTTCCGC 5 4 80

K5 CACCTTTCCC 4 3 75

K6 GAGGGAGAG 3 3 -
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Table 5. RAPD products of different date palm clones, generated by PCR amplification
using the random primer from K1 to K6.

Primer M.W. of Date palm cultures

bands Male Female Female Vitroplant ~ Vitroplant

(bp) (adult) (adult) (offshoots) (1) 2)
1000 - - - +
700 -
500 +
1000
800
500
400
1000
800
500
400
700
400
200
100
900
450
200
850
700
600
300

K1

Vo o+t
_|._
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4+ 4+
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I e I
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1
e i i S R R

[ I

K6
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i A o
1

1

+ o+t
1
1

Table 6. Genetic similarity index of male and female plants and in vitro differentiated
zygotic lines of date palm.

Clone Adult Adult Offshoot Zygotic Zygotic

male female female tissue tissue
culture (1)  culture (2)

Adult male 100

Adult female 40 100

Offshoot female 46 46 100

Vitroplant (1) 25 27 36 100

Vitroplant (2) 33 50 50 25 100
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Figures

Fig. 1. A) Germination of immature embryos of date palm cultured in vitro. B) Shoot
proliferation on MS+ 5 mg/L 2,4-D + 3 mg/L 2ip. C) Date palm plantlets adapted
to free living conditions.

Fig. 2-A. RAPD profile of adult male, adult female, offshoot female, vitro plant 1,
vitroplant 2 and the DNA marker (M) from left to right using random primers
re. K1, K2, and K3.

Fig. 2-B. RAPD profile of adult male, adult female, offshoot female, vitro plant 1,
vitroplant 2 and the DNA marker (M) from left to right using random primers
i.e. K4, K5, and K6.
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Abstract

The aim of this study was the use of RAPD-PCR technique to ensure the
genetic stability of date palm plantlets produced by tissue culture. To achieve this,
shoot tip explants (0.5- 1cm) were excised from date palm offshoots (Barhee) and
divided into four equal parts. These parts were cultured on MS media containing
NAA (25mg/l), 2-ip (2 mg/1l) and activated charcoal (3 gm/l). Nodular callus was
produced from shoot tip explants after four subcultures. Somatic embryos developed
and formed shoots and roots. At the end of the propagation process young date palm
plantlets were produced. RAPD-PCR analysis using universal primers was
performed on DNA extracted from the samples taken randomly from the stalk at the
process stages: somatic embryos and plantlets, and also from the fresh healthy leaves
of the mother offshoot (Barhee). PCR conditions were optimized. Reproducible
RAPD patterns were obtained using 30 primers. Three primers (OPC.16, OPG.08
and OPN.16) of the 30 produced polymorphic bands in some of the samples tested
when compared to the DNA fingerprint of the mother offshoot. After mass
propagation of date palm via somatic embryogenesis, genetic variation has been
reported for several cultivars and has been affected by the plant genotype, number
of in vitro subcultures (age of cultures), the nature of the explants and the
composition of culture media. Here we report for the first time in Iraq, the efficiency
of RAPD fingerprints as a control technique and a simple fast molecular marker for
the detection of genetic variations in regenerated plantlets so that tissue culture can
be successfully applied for large scale propagation of elite varieties.

INTRODUCTION

Date palm (Phoenix dactylifera L.) was one of the earliest cultivated tree crops in
Mesopotamia. It is considered to be an essential and important plant crop in the Arabian
region. Date palms are usually propagated by offshoots, which are mainly produced
during the early life of the palm in limited numbers, dependmg on variety and other
factors. Propagation by seeds is undesirable and 1mpractlcal (Jassim, 1999; Zaid and De
Wet, 2002). Prior to 1991, Iraq was the largest producer of dates in the world (Food and
Agriculture Organization, 2004). However, as a result of the war, date palm populations
have been severely decreased, e.g. the 16 million date palm trees around Basrah was
reduced to 3 million in 2003 (MacFarquhar, 2003). Therefore, increasing efforts are being
made to propagate high quality varieties.

Plants tissue culture techniques have been used to propagate date palms by
somatic embryogenesis, and hundreds of somatic embryos were produced using shoot tips
as explants (Omar, 1988; Tisserat, 1991; Jasim and Saad, 2001). Most of the commercial
laboratories focus on micropropagation of date palm. Although successful results were
reported, no evaluation strategies have been used at an early stage to assess the uniformity
of tissue-cultured trees. Long lived plants may have mutants even in apical meristem
(Klekowski, 1985). In the last few years, variations have been noticed in in vitro date
palm plants (Barhee, Medjool and khalas), e.g. delay in fruiting, fruit set failure and dwarf
trees (Al- Wasel, 2000; Zaid and De Wet, 2002). These cases greatly affect the utilization
of tissue culture for micropropagation. Various techniques are used to certify the trueness-
to-type of the plantlets produced, and recently developed DNA molecular markers for this
crop may allow researchers to evaluate tissue culture techniques (Corniquel and Mercier,
1994). In this study Random Amplified Polymorphic DNA (RAPD) markers were used as
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a reliable, fast and simple fingerprinting tool to confirm if the palms derived from tissue
culture are true-to-type to the mother plant.

MATERIALS AND METHODS

Plant Materials and Tissue Culture

Young healthy offshoots were separated from selected date palm mother plants
(Barhee) growing at Basrah Date Station, Iraq, and were used for in vitro propagation and
DNA extraction. Offshoots were dissected acropetally until the shoot tips were reached.
Shoot tips consisting of the apical meristem and soft inner leaves (5 mm in length) were
removed from offshoots and placed in an anti—oxidant solution (100 mg ascorbic acid and
150 mg citric acid per liter of water). After surface sterilization, the shoot tips were
divided longitudinally into four equal segments as described by Tisserat (1979). Shoot tip
pieces were cultured on agar media for callus initiation and growth in conical flasks
containing 50 ml of the medium which was composed of MS salts and growth regulators
such as: NAA (25mg/L), 2-ip (2mg/L) and activated charcoal (3000mg /L). The pH of all
media was adjusted to 5.7 before addition of agar as described by Jasim and Saad (2001).
Embryogenic nodular callus initiated from shoot tip segments after 6-8 months.
Micropropagation was achieved by transferring small masses of embryogenic nodular
callus from high auxin cultures to media containing 0.1mg/L NAA, 200mg/L glutamine
and 40g/L sucrose. Uniform sized somatic embryos about 1.5-2 cm were cultured
separately on the same media to complete their germination and produce whole plantlets.

DNA Extraction

Total cellular DNA was extracted from healthy leaves of offshoots and from
samples taken randomly from the stalk at the process stages: somatic embryos and from
the leaves of plantlets. Around 1.5-2 g of leaf tissue was ground to a fine powder in liquid
nitrogen. Ten milliliters of hot (60°c) 1x CTAB extraction buffer (1% CTAB, 0.7M
NaCL, 0.1M Tris-HCL pH 8, 20 mM EDTA and 1% - mercaptoethanol) were added,
mixed well, and incubated at 60°C in a water bath. After 30 min of incubation with gentle
swirling, the resulting cell lyses were extracted with an equal volume of chloroform /
isoamyl alcohol (24:1, v/v). The cell lysate was then centrifuged at 8000g at 20°c for 20
min. The aqueous phase was transferred into another tube and precipitation occurred with
the addition of 0.66 volume of isopropanol. The precipitate was then collected by
centrifugation at 8000 g at 20°c for 20 min. Pellets were washed with 70% ethanol, dried
and dissolved overnight at 4°C in 1ml of TE buffer (10mM Tris — HCL pH 8.0, ImM
EDTA). After purification, the resultant DNA (marked as stalk DNA) was quantified and
its integrity was determined after agarose gel electrophoresis as described by Sambrook et
al. (1989).

RAPD Analysis

A total of 30 random decamer primers (Operon Technologies, Alameda, USA)
were used for RAPD amplification based on the protocol of Williams et al. (1990). PCR
reactions were carried out in 25 pul volumes containing 25 ng of total genomic DNA,
0.2uM of a single primer, 100 mM of each dANTP, 10 mM Tris — HCL pH 8.3, 50 mM
KCL, 2 mM MgCL; and 0.5 unit Taq DNA polymerase ( perkin — Elmer/Cetus). The
mixture was covered with 25 pl of mineral oil. Amplification was performed in Thermal
Reactor-Hybaid using program for RAPD: I cycle at 94°c for 4 min, 40 cycles as follows:
- 94°¢ for 1 min, 36°c for 1 min, 72°c for 2 min, the last cycle at 72 °c for 7 min, and an
optional soak period at 4 °c. Amplification products were loaded on 1% agarose gels and
stained with ethidium bromide (0.5 mg/ml). Amplifications for each primer were
performed at least twice and only reproducible products were taken. DNA was visualized
on a UV transilluminator and photographed using Polaroid black and white film (667-
type). Fragment length was estimated by comparison with standard size markers (A DNA
digested with hind L1I).
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RESULTS AND DISCUSSION

Initiation of in Vitro Cultures

Shoot tip explants cultured on a callus induction medium containing MS salts,
supplemented with a high level of auxin NAA (25mg/l), organic nitrogen (200mg/1
glutamine) with an enriched sugar concentration (40g/1 sucrose) proved to be effective for
initiation of good callus growth and somatic embryogenesis in date palm tissues. Our
results indicated that the addition of both glutamine at 200mg/l and sucrose at 40g/l
increased callus quantity and numbers of somatic embryos produced, compared to the
control treatment (0 mg/l glutamine and 30g/1 sucrose). This might be because the amino
acid nitrogen was more available for absorption than inorganic nitrogen. Sucrose as a
source of energy was needed by somatic embryos for growth. This result was consistent
with previous studies (Letouze et al., 1998; Jasim and Saad, 2001).

Following repeated subculturing, the aggregated yellowish callus was initiated
from the first shoot tip cultures after 6-8 months. Subculturing of embryogenic callus to
media containing a low level of auxin, NAA (0.Img/l), enhanced separation and
enlargement of free single nodules and their subsequent germination into small normal
embryos (Fig. 1a,b). At this stage of in vitro culture, embryos were transferred to a semi-
sold medium containing half strength MS salts, 30g/1 sucrose and 3g/1 activated charcoal.
The cultures were placed under light of SOumoles m™~ s for 16 hours light and 8 hours
dark.

The resulting plantlets (10-12 cm long) via somatic embryogenesis survived
acclimatisation to soil inside a glasshouse (Fig. 2).

Genetic Stability of Somatic-Embryo-Derived Plants

Initially, the RAPD technique was applied as a preliminary genetic comparison
between amplified DNA patterns of plants derived from offshoot and plants derived from
tissue culture at two stages: somatic embryos (2 samples) and plantlets (4 samples). Total
cellular DNA was extracted from the samples tested.

A preliminary experiment was conducted to generate RAPD patterns with a large
number of primers to identify those that would be suitable in the present study. To ensure
reproducibility of RAPD marker data, the primers generating no or faint (non
reproducible) bands were discarded (OPE.08, OPE.20, OPM.20, OPP.10, OPS.13 and
OPT.16). Thirty primers showed clear and good amplification results. Most of them,
about 27, generated monomorphic banding patterns for all the samples tested (Table 1).

Similar results were reported in previous molecular marker studies (Letouze et al.,
1998; El-Hammady et al., 1999). An example of a RAPD monomorphic banding pattern
obtained by the primer (OPC.14) is shown in Fig. 3(a).

Only three of the thirty primers showed polymorphic banding patterns in one
sample (somatic embryo). These primers were OPG.08, OPC.16 and OPN.16, as shown
in Fig. 3(b,c,d). The number of amplified fragments generated by these primers varied
from 5 (OPG.08) to 7 (OPN.16) with an average of 6 bands for each sample. Molecular
weight of the scored bands ranged from 0.2 to 2.3 kb. Polymorphisms were detected by
the presence or absence and molecular weight of amplified fragments for each primer
used. For example, it appears from Fig. 3(b,c,d) that there was genetic changes in the
DNA amplificaion pattern for sample 3 (somatic embryo) when compared to the
offshoots and other plants derived from somatic-embryos. Table 2 summarized the
genetic variations revealed by RAPD markers.

Some genetic variation is expected between plants derived from somatic embryo
and mother offshoots, although plant tissue culture has been regarded as a rapid means of
vegetative propagation in which identical (phenotypically and genetically) clones are
produced. Somaclonal variation in some species may result from changes in nuclear,
mitochondrial or chloroplast genomes. Previous studies were reported on somaclonal
variation in some species resulting in inferior off-types with little commercial value, for
example, sugarcane and banana (Taylor et al., 1995; Henry, 1997). Dwarfism and
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abnormal floral development were reported as somaclonal variation in tissue culture-
derived date palm trees (Al- Wasel, 2000).

Frequency of variations depends on many factors: plant genotype, type of
technique used, type of explants, type and concentration of growth regulators, age of
callus culture or number of sub-cultures. In our case, at least two reasons could be put
forward to explain the results: firstly, long lived plants (date palm and fruit trees) may
have mutant tissue in their apical meristems (Klekowski, 1985), and secondly, the
technique used for propagation (somatic embryogenesis) is based on callus production,
multiplication, and long culture maintenance periods (Al-Wasel 2000).

Several different DNA molecular methods have been used to screen date plants
derived from tissue culture for genetic stability e.g. RFLP, RAPD, AFLP and more
advanced ISSR (Corniquel and Mercier, 1994). Each technique has its own requirements,
sensitivity and reliability. Molecular marker techniques are now relatively routine. RAPD
techniques have been reported to be useful for studying genetic variation in date palm
(Letouze et al., 1998; El-Hammady et al., 1999). This technique has many advantages
such as: experimental simplicity, universal primers, small amount of DNA required, no
prior DNA sequence information is required and no radioactive detection. Consequently,
more samples can be analysed in one day. We have demonstrated that RAPD markers are
an efficient, easier and faster way to evaluate the genetic stability of plants derived from
somatic embryo by comparison of their amplified DNA patterns to those of the mother
offshoots.

In conclusion, date palm is a much neglected plant crop in Iraq, especially in the
last ten years. Therefore increasing attention is being given to micropropagation of high
quality varieties. The RAPD technique is useful to confirm genetic stability at an early
stage of plants derived from tissue culture. These control techniques (PCR-RAPD) must
be updated as new scientific advances in DNA markers are developed, so that tissue
culture can be successfully applied to large-scale propagation of elite varieties.
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Tables

Table 1. The set of Operon primers that showed monomorphic bands in all samples
tested.

1 OPAO1 7 OPB.03 13 OPCO05 16 OPD.01 21 OPE.O1
2 OPAO2 8 OPB.05 14 OPC.07 17 OoPD.02 22 OPE.02
3 OPA.03 9 OPB.06 15 OPC.14 18 OPD.05 23 OPE.03
4 OPA.O5 10 OPB.07 19 OPD.08 24 OPE.05
5 OPA.08 11 OPB.09 20 OPD.09 25 OPE.O7
6 OPA20 12 OPB.10 26 OPE.08

27 OPE.20
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Table 2. Polymorphisms revealed by RAPD markers using the primers (OPG.08, OPC.16
and OPN.16). (+) presence of the amplified band. (-) absence of the amplified band.

Samples tested
M W bp of
polymorphic
bands 1 213|4]5]6|7
offshoot
Primers
OPG.08 | 2000 + + - T+ [++ [+
OPG.08 | 1800 + o+ +]+]+
1
OPC,16 | 2300 T T+ [+ [+ =
OPC.16 | 2000 + o+ +]+]+
2
OPN.16 | 1900 + + |-+ [+[+]+
OPN.16 | 400 + o+ +]+]+
3

Figures

Fig. la. Formation of somatic embryos from dividing cells derived from the shoot tip
explants.

132



Fig. 1b. The development of somatic embryos into plants in a growth room in which light
and temperature were carefully controlled.

Fig. 2. Healthy date plantlet with good root system after transfer to the soil.
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Fig. 3. (a) Monomorphic patterns of the samples tested [(1) Barhee offshoot (2,3) somatic
embryos,(4,5,6,7) date plantlet using the primerOPC.14], (b,c,d):Polymorphic
banding patterns using the primers (OPG.08,0PC.16,0PN.16), M:Standard

molecular weight marker (A DNA digested with Hind III).
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Abstract

Two tissue culture techniques, namely organogenesis and embryogenesis,
were compared using ten United Arab Emirates date palm varieties (Phoenix
dactylifera L.). The frequency of somaclonal variation in the resultant plants was
compared and related to the types of variation at the DNA level, estimated by AFLP
analysis (amplified fragment length polymorphism). The experimental conditions for
the generation of reproducible AFLP markers were optimized using EcoRI and
Msel primers. All ten date palm varieties were distinguished by AFLP
fingerprinting.

The incidence of somaclonal variation in plants regenerated through
organogenesis tissue culture was low in contrast to the plants derived from asexual
embryogenesis. Furthermore, organogenesis derived plants were genetically closer
to the mother plant.

INTRODUCTION

The date palm (Phoenix dactylifera L.) is one of the most important fruit crop
trees in a number of Middle East countries. In the United Arab Emirates (UAE), the date
palm plays economic, environmental and social roles. The tree was the major source of
staple food, shelter, fiber and furniture for earlier societies, as well as being a source of
many other by-products and raw materials which are essential to traditional lifestyles in
the UAE. Demand for this tree has increased tremendously during the last three decades.
Sexual propagation using seeds is not appropriate for commercial production because of
the dioecious nature of date palm and high genetic heterozygosity of the species, and
results in a lack of uniformity in male and female seedlings. Vegetative propagation using
offshoots ensures clonal varieties with economically important traits and true-to-type.
However, this traditional method is not ideal because it is slow and inefficient for the
rapidly growing demands of the date industry. Therefore, biotechnology has provided a
promising asexual alternative for the production of plantlets of elite date palm varieties.
Plant tissue culture techniques have been employed to clone a wide range of economically
important palms, e.g. coconut (Eeuwens, 1976), oil palm (Rabechault and Martin, 1976)
and date palm (Reuveni et al., 1972; Tisserat, 1979a, b; Zaid and Tisserat, 1983a, b).

Organogenesis and asexual/somatic embryogenesis are the two techniques
currently used in various laboratories in the world for in vitro mass propagation of date
palm. However, these techniques are not without problems. One of the major weaknesses
of mass propagation using plant tissue culture techniques is the appearance of undesired
plant off-types (somaclonal variants) which are clearly different from the mother plant.
Variation phenomena have been described in about 150 different plant species derived
from tissue culture techniques (Pierik, 1987), including date palm. In a commercial
laboratory where thousands of plantlets are generated from a single explant, genetic
uniformity is critical. Unfortunately, in date palm, should an off-type plant be produced
with modified fruiting characteristics, such a plant will only be detected four to five years
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after purchase from the laboratory, by which time the plant has incurred substantial
development costs for the farmer.

Correct 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 sometimes variable due to
environmental influences (Sedra, 2001; Sedra et al., 1998; Kunert et al., 2003).
Performance characteristics (pollination, yield, and fruit quality or disease susceptibility)
are expressed only in the mature date palm after several years of development. Vegetative
characteristics such as leaf length, leaflet zone, leaflet angle, thorn area and thorn length
and angle were not reliable traits to assess the uniformity of tissue culture-derived plants
against conventionally propagated plants, since there were significant differences not only
between the tree types (either tissue culture-derived or conventionally propagated) but
also among trees of the same type (Al-Wasel, 2000a, 2000b; 2001).

Due to developments in the field of molecular genetics, various techniques to
verify the trueness-to-type, and/or to analyze genetic variation have emerged during the
last decade. These include histocytological examination, iso-enzyme analysis and, more
recently, DNA fingerprinting techniques such as RFLP (restriction fragment length
polymorphism), RAPD (random amplified polymorphic DNA), AFLP (amplified
fragment length polymorphism), microsatellites, RDA (representational difference
analysis) and microchip technologies.

DNA fingerprinting techniques have an advantage in that the DNA content of a
cell is independent of environmental conditions, organ specificity and growth stage
(Ainsworth et al., 1996; Kunert et al., 2003). Differences in DNA sequences between
genotypes and the somatic stability of DNA sequences within each individual provide the
basis for using DNA as a molecular marker (Weising et al., 1995).

The PCR (Saiki et al., 1985; 1988a, b) has been the basis of a growing range of
newer techniques such as RAPD method (Williams et al., 1990), arbitrarily primed PCR
(AP-PCR; Welsh and McClelland, 1990), DNA amplification fingerprinting (DAF;
Caetano-Anolllés et al., 1991), simple (short) sequence repeat (SSR) or microsatellites
(Taylor et al., 1992; Wu and Tanksley, 1993), short tandem repeat (STR), sequence
tagged site (STS; Chee et al., 1993), sequence characterized amplified region (SCAR;
McDermott et al., 1994), cleaved amplified polymorphic sequence (CAPS; Chaturvedi
and Al Mssallem, 2001) and amplified fragment length polymorphism (AFLP; Vos et al.,
1995).

In most cases, no one fingerprinting technique is ideal for all applications. None of
the diagnostic marker techniques so far applied to date palm has fulfilled all of the
requirements in terms of cost, ease of use, cultivar identification, applicability to in vitro
material and mature plants, ability to detect both genetic and epigenetic variations and the
detection of off-types. However, AFLPs satisfy more conditions than any other technique
and are becoming the tool of choice for many applications and organisms. A fundamental
advantage of AFLP is that its utility can be assessed with a small number of primer pairs
that can be extended for more in-depth studies.

AFLP is a recently developed powerful DNA fingerprinting technique that uses
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 RFLP technique is combined with the
power of PCR. The execution of AFLP is technically demanding and requires competent
users with experience in molecular biology techniques (Karp et al., 1997). AFLPs have
been used in a wide variety of fields such as identification of molecular markers for
species evaluation. Because of the highly informative fingerprinting profiles generally
obtained, AFLPs can be applied in studies involving genetic identity and breeding (Bai et
al., 1999; Ma and Lapitan, 1998), population studies and genetic diversity analysis
(Winfield et al., 1998; Zhu et al., 1998), linkage mapping (Virk et al., 1998) and sex
identification (Griffiths and Orr, 1999). AFLPs allow delineation of complex genetic
structures (Powell et al., 1996), and provide reliable and informative multilocus probes
(Winfield et al., 1998). The differences in fragment lengths generated by this technique
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can be attributed to base changes in the restriction/adapter site, or to insertions or
deletions in the DNA fragment. Dependence on sequence knowledge of the target genome
is eliminated by the use of adapters of known sequence that are ligated to the restriction
fragments. The overall power of AFLP is based upon the molecular genetic variations that
exist among closely related species, varieties or cultivars. These variations in DNA
sequence are ultimately exploited by the AFLP technology to routinely generate
fingerprints of particular genotypes. The AFLP technique has proved to be useful for
generating molecular markers in oil palm (Singh et al., 1998). AFLP has also proved to be
useful in date palms (Lacaze et al., 2000).

The aim of this study was to develop a molecular fingerprinting method to identify
date palm varieties and to assess the variability at the DNA level in plants regenerated
from tissue culture; i.e. to verify the trueness-to-type of tissue culture-derived plants. The
focus of this study was to optimise experimental conditions for the generation of
reproducible AFLP markers. Implementation of a diagnostic marker system as a quality
assurance tool in the date palm production process would have the following benefits: to
identify closely-related cultivars and to quantify the proportion of specific plant off-types
in commercial tissue culture propagation.

MATERIALS AND METHODS

DNA lIsolation
1. Plant Material. The plant material used in the DNA isolation study was collected from
both in vivo and in vitro samples of date palm (Phoenix dactylifera L.). In vivo leaflets,
harvested from fruiting adult trees, were taken from the upper third section of the leaflets.
In vitro samples were taken from the same date palm varieties under tissue culture
propagation (bud generative tissue, leaves of differentiated buds, embryo, and callus
stages) derived by two different techniques (i.e. organogenesis and asexual
embryogenesis).
2. DNA Isolation Procedure. Various studies conducted to develop an appropriate
protocol for date palm DNA isolation resulted in the following method: samples stored at
-70°C were transferred to ice, cut into small pieces (100 mg), wrapped in aluminium foil
and immediately placed in liquid nitrogen. 100 mg pieces of leaves from buds in the
multiplication stage derived through the organogenesis method and leaves from embryos
derived from embryogenesis were similarly wrapped and frozen in liquid nitrogen.
Precooled mortars and pestles were used to grind plant tissue to a fine powder
(Fig. 4). To facilitate the grinding process and also to keep the extraction as cool as
possible, liquid nitrogen was added during grinding. Because date palm leaves have a
high proportion of fibre (Fig. 3), 50 mg of a crushed glass Pasteur pipette was added to
mature leaf tissues of adult trees (this procedure was not necessary for tissue culture-
derived samples). Using a small precooled spatula, the powder was transferred to a
precooled 2 ml microcentrifuge tube which was then immediately returned to the liquid
nitrogen until all samples had been ground. Once the grinding process was accomplished,
840 pl of pre-heated (65°C) extraction buffer [2 % w/v CTAB, 1.42 M NaCl, 20 mM
EDTA, 100 mM Tris-HCI, pH 8.0, 2 % w/v polyvinylpyrrolidone (PVP-40000), 5.0 mM
ascorbic acid, 4.0 mM diethyldithiocarbamic acid (Doyle and Doyle, 1990)] was added.
This was mixed and incubated at 65°C for 5 minutes. 14 ul RNase A (20 mg/ml) was
added and the mixture was incubated at 65°C for 15 minutes. 684 pl of a chloroform:
isoamyl alcohol mixture (24:1, v/v) was then added and the mixture was shaken by hand
before being centrifuged at full speed (13,200 rpm) for 10 minutes (Eppendorf 5415 D) at
room temperature. 600 pl of each supernatant was transferred to a new microcentrifuge
tube and the DNA was precipitated by adding 0.7 vol. of isopropanol (420 pl). The
samples were mixed and immediately centrifuged at full speed (13,200 rpm) for 10
minutes. The DNA pellet was washed with 150 pl of 70 % ethanol, and was then
centrifuged at 13,200 rpm for 5 minutes. The ethanol was discarded and the pellets were
air-dried for 5-10 minutes and dissolved in 15 pl of TE, pH 8.0. The genomic DNA
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samples were stored at 4°C. Nucleic acid concentration and purity were determined using
a spectrophotometer (SP 8-100, UV/VIS, PYE Unicam).

AFLP Study

The genomic DNA was digested with two restriction enzymes (Apol and Msel),
with Msel (T/TAA) as the frequent cutter, and Apol (Pu/AATT Py) as the rare cutter. For
restriction digestions with Apol, 0.75 pg of genomic DNA was digested in a total reaction
volume of 40 pl, containing 5U Apol (4 U/ul), 4 ug BSA and 1x NEB Buffer 3. Reactions
were incubated at 50°C for 3 hours. For restriction digestions with Msel; the Apol-
digested DNA was digested in a total volume of 50 pl, with 5U of Msel (10 U/ ul), 1 ng
BSA, and 1x NEB Buffer 3. Reactions were incubated at 37°C for 3 hours.

Adaptor Preparation

In screw-capped tubes, stock solutions (200 uM) of adaptors (WD20 + WDS50,
WDA47 + WDA48; Table 1) were prepared at a concentration of 50 uM. The adaptors were
boiled for 5 minutes, and allowed to cool slowly to room temperature (tubes were placed
in a water bath at 37°C, then transferred to a fridge at 4°C and then moved to —20°C).

Ligation of Adaptors

The fragments resulting from the Apol plus Msel digests were ligated to double-
stranded adaptors (Table 1). Msel and EcoRI adaptors were adjusted to 50 pmoles/pl and
5 pmoles/pl, respectively. To the 50 pl of restricted DNA, 9 pl of ligation mixture
comprising the following components was added:

Ligation of adaptors: Final con. /reaction

10x OFA Buffer 3 1X 1wl

5 mM ATP 1.2 mM 24 ul

Apol adaptor (5 pmols/ul) 5 pmols 1wl

Msel adaptor (50 pmols/ul) 50 pmols 1wl

d.H,O 3.60 ul
ol

1 ul of T4 DNA ligase (5 U/ul) was then added, the tubes were flicked to mix the
contents, spun briefly and incubated in a water bath at 37°C for 3 hours. The tubes were
then kept at —20°C or at 4°C overnight.

Preamplification Reactions (Non-selective Amplification)

PCR reactions were performed in a GeneAmp® PCR system 9700 machine
(Perkin Elmer Life Sciences). Non-selective preamplification reactions used standard
EcoRI and Msel primers (Table 1).

Primer Mix Final conc. / 50 ul reaction /reaction
10x NH4 PCR buffer 1X 4 ul
50 mM MgSO4 2 mM 2ul
10 mM dNTPs 0.25 mM 1.25ul
WD16 (100 ng/ul) 100 ng 1wl
WD19 (100 ng/ul) 100 ng 1wl
dd.H,O - 10.75 wl
20 pl
Taq Mix Final conc. / reaction /reaction
10x NH4 PCR buffer 1X 1.0l
Taq DNA polymerase (5 U/ul) 25U 0.5ul
d.H,O - 8.5ul
10 pl

To each thin-walled PCR tube, 20 pl of adaptored DNA, 20 pl primer mix, and 10
ul Taq mix were added. Tubes were gently mixed and briefly spun. The genomic DNA
fragments were preamplified using the following AFLP PCR programme:

94°C : 1 min.
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Step 1 (Denaturation) 94°C : 30 sec.
Step 2 (Annealing) 52°C : 30 sec. x 20 cycles
Step 3 (Extension)  72°C : 60 sec.
4°C: 0
Amplification Reactions (Selective Amplification)

Stock solutions of adaptors used in AFLP studies were prepared in 200 ul aliquots
(50 ng/ul EcoRI stock and 15 ng/ul Msel stock) and stored at -20°C. Kinase labelling of
the EcORI primer was carried out in a volume of 30 ul (for 48 reactions: 6 ul EcoRI
primer (50 ng/ul), 3 ul 10x forward buffer, 15 pl d.H,O, 5 ul O- 33P-ATP, 1 ul T4
Polynucleotide kinase (10 U/ul)). The final solution was mixed, briefly spun, and
incubated at 37°C for 1 hour, then was placed on ice. For PCR amplification, to each well
of the microtitre plate, the following solutions were added: 1 pl preamplified template
(1:10 dilution), 2 ul Msel primer, and 7 pl of AFLP PCR Mix. The AFLP PCR Mix for 48
reactions (420 pl) contained 60 pl 10x NH4 PCR Buffer, 24 pl 50 mM MgSOy, 12 pl 10
mM dNTPs, 291.6 pl d.H,O, 30 pl labelled EcORI primer, 2.4 pul 5 U/ul Tag DNA
polymerase. To prevent evaporation, and to protect the reactions from any contamination,
the PCR plate was sealed with an autoclaveable adhesive sealing sheet.

The amplification conditions were as follows: 13 cycles: denaturation at 94°C for
30 seconds; annealing (annealing temperature lowered by 0.7°C each cycle i.e. 65°C,
64.3°C, 63.6°C, 62.9°C, 62.2°C, 61.5°C, 60.8°C, 60.1°C, 59.4°C, 58.7°C, 58°C, 57.3°C)
for 30 seconds; extension at 72°C for 60 seconds. The final temperature reached was
56.6°C. 23 cycles: denaturation at 94°C for 30 seconds; annealing at 56°C for 30 seconds,
extension at 72°C for 60 seconds. After the selective amplification process was
accomplished, the samples were placed on ice. The annealing temperature for each primer
used in all AFLP experiments was adjusted according to the formula [(total number of Cs
+ total number of Gs) x 4] + [(total number of As + total number of Ts) x 2].

Following PCR amplification and prior to electrophoresis, an equal volume of
formamide loading dye (98 % deionised formamide, 10 mM EDTA (pH 8.0), 0.05 %
xylene cyanol, 0.05 % bromophenol blue) was added to each PCR sample to give a total
volume of 20 pl. Samples were denatured in a PCR machine at 94°C for 2-3 minutes and
stored in a freezer at -20°C. The AFLP gel electrophoresis covered acrylamide gel
preparation, polyacrylamide gel electrophoresis (PAGE), gel drying and autoradiography,
and developing AFLP autoradiographs.

Data Analysis

Cluster analysis using UPGMA clustering analysis (unweighted pair-group
method using arithmatic averages) (Sokal and Michener, 1958) was used to develop
dendograms revealing the genetic similarities relationship among the ten different date
palm varieties and also among the different sources of plant material based on the
similarity matrices derived from each type of primer combinations. Based on the presence
and absence of the amplified fragments, similarity matrices were generated according to
the Dice Coefficient (Sneath and Sokal, 1973).

Three different studies were run in order to improve the AFLP protocol and render
it easier and more efficient, as well as to fingerprint the ten date palm varieties with their
three production sources (offshoots, organogenesis and embryogenesis techniques).

RESULTS

DNA Isolation of UAE Date Palm Varieties

At the time of conducting this research, few published methods for the isolation of
date palm DNA were available. The first aim was therefore to develop a reliable method
of DNA isolation suitable for both the fibrous leaf tissues and softer tissue culture
samples of date palm. It is important that the same method is used for these two types of
samples since using two different methods might affect AFLP patterns.
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Plant Material Preparation

To achieve successful DNA isolation in terms of purity and amount, attention was
paid to the harvesting process and the selection of healthy date palm leaf samples. The
plant material used in the present study was collected from both in vivo and in vitro
samples of date palm and was harvested from ten of the most important UAE varieties
(Aboumaan, Barhee, Hilali, Jech Ramli, Khlass, Maktoumi, Rziz, Sakii, Sukkari, and
Sultana). Fresh leaflets were harvested from fruiting adult trees propagated from
offshoots and located at a well-maintained private farm in Al Ain city/UAE (Kuwaitat).
Samples from the two tissue culture techniques (organogenesis and asexual
embryogenesis) at different stages were also collected.

DNA Preparation

PCR-based methods are widely used in plants for marker-assisted breeding and
high-resolution mapping. Because these studies require analysis of large populations, a
DNA extraction method that is fast, inexpensive and yielding high quality DNA is
needed. Good quality DNA samples are required for obtaining reliable and reproducible
results in AFLP analysis (Chen and Ronald, 1999). Therefore, various studies were
conducted to develop an appropriate protocol for date palm DNA isolation. To achieve
this aim, several published protocols were tested, first on the varieties Medjool and
Zaglool (derived from tissue culture and grown in Imperial College glasshouses) and
then, on three UAE varieties (Aboumaan, Barhee, and Khlass) derived from tissue culture
material. The protocols included those of Aitchitt et al. (1993), Ouenzar et al. (1998) and
Chen and Ronald (1999). Final tests involved isolating DNA from 30 samples derived
from ten UAE date palm varieties. The results obtained from the protocol published by
Chen and Ronald (1999) were promising, although the DNA was slightly degraded in
some cases. The DNA samples isolated from leaves harvested from the softer and less
fibrous greenhouse plants (Medjool and Zaglool) showed slightly less degradation than
those harvested from adult trees. This protocol was originally used for isolating DNA
from a variety of plant species (rice, grape, maize, squash, tomato, peppermint and
walnut). The date palm is characterized by hard and fibrous tissues (Fig. 3) and several
modifications, included the grinding process, tissue/buffer ratio and the concentrations of
extraction buffer and RNase were made for date palm.

The grinding process is a key step which significantly affects DNA extraction.
Grinding should be executed as quickly as possible to yield a fine powder (Fig. 4) and the
plant material should not be allowed to thaw during its disruption. Grinding as stated in
the original protocol which used soft leaf crops was found impractical and inefficient for
disruption of date palm leaf tissues. The use of a mortar and pestle proved to be more
effective, causing less degradation. Using a mortar and pestle, a fine powder of tissue
culture leaf samples and callus was achieved within 1-2 minutes, while 3-4 minutes were
required for adult tree leaf samples. Addition of glass powder (50 mg) to tissue derived
from adult trees facilitated the grinding process, but this step was not necessary for
samples derived from tissue culture which are softer.

The DNA vyields were still low (2.25 - 3.75 pg/100 mg tissue). Three different
plant sources (adult trees, organogenic and embryogenic cultures) were used in an
experiment with different types of leaves. Leaflet sections of about 20 cm, taken from the
upper third part of the leaves from the middle of the crown (Fig. 1a, b) were found to be
more suitable than those from other regions (leaflets from the bottom of the leaf or from
all parts of the outer leaves). The more fibrous nature of the other tissues including
leaflets taken from lower parts resulted in more degradation and low DNA yield (data not
shown). In vitro plantlets derived from the two different tissue culture techniques
(organogenesis and asexual embryogenesis) and derived buds and embryos were also
found to be the most suitable of the tissue culture samples. Bud generative tissue and
callus were found to be impractical due to hardness of the liquid nitrogen frozen tissue
which makes the grinding process difficult. Different amounts of leaf tissue (25, 50, 100,
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150, and 200 mg) were used to determine the optimum amount of tissue to be used in
DNA extraction, while maintaining the amount of extraction buffer. Low amounts of leaf
tissue (25 and 50 mg) resulted in low DNA yields, while high amounts resulted in an
increase in DNA yield but a decrease in DNA quality. The amount of tissue which gave
the best compromise was 100 mg. DNA isolated from tissue culture samples showed less
degradation than DNA isolated from greenhouse tissues.

To improve the DNA quality, the protocol was modified in terms of extraction
buffer and chloroform: isoamyl alcohol volumes. The volume of these was increased by
factors of 1.2, 1.25 and 1.3 (Table 2). These modifications significantly reduced DNA
degradation, the best DNA being obtained when the extraction buffer and chloroform:
isoamyl were used at 1.2x. Some of the DNA bands are of a much higher molecular
weight, which might be due to DNA-polysaccharides complex formation.

The DNA isolated from some tissue samples was contaminated by RNA.
Therefore, the concentration of RNase used in the original protocol required modification.
In addition to the original amount (140 pg), four additional RNase amounts (20 mg/ml)
(70, 140, 280, 560 and1120 pg) were used. Lower amounts of RNase (70 and 140 pg) did
not remove the RNA, whereas 280, 560 and 1120 pg RNase (20 mg/ml) completely
removed the RNA from the samples. 280 pug of RNase was adopted as the standard.

Assessment of the Modified DNA lIsolation Protocol

The modified protocol was found effective for isolating DNA from date palm
samples regardless of the source of the tissue (adult tree, organogenesis and
embryogenesis tissue cultures). The isolated DNA was pure and intact for the majority of
samples. DNA purity, estimated at Ajc/Azg values, ranged from 1.5 to 2.0.
Concentrations ranged between 300 and 1000 ng/pul (4.5 pg — 15 pg / 100 mg tissue). To
conclude, the modified protocol used for isolating the DNA from ten UAE date palm
varieties was tested several times on a large number of date palm tissue samples from
different sources. High quality non-degraded and non-contaminated DNA was obtained
(Figs. 5a, b, and c).

AFLP Development

Genomic DNA of over 300 different samples extracted from ten date palm
varieties from adult trees and tissue culture-derived plants (organogenesis, and
embryogenesis) was digested with Apol and Msel. Msel and EcoRI adaptors were ligated
(50 pmoles/ul and 5 pmoles/pul, respectively) to the digested DNA (0.125ug) and the
products were PCR amplified. Three separate experiments were conducted to optimise the
AFLP protocol adopted for the fingerprinting of the ten date palm varieties from their
three different sources (offshoots (adult), organogenesis and embryogenesis tissue
culture-derived plants).

Optimization of the AFLP Technique for Date Palm

The aim of this experiment was to assess the effectiveness of different primers on
a trial basis for 24 samples derived from 6 varieties (Aboummaan, Barhee, Zaghlool,
Khlass, Hilali, and Jech Ramli) of adult trees and tissue culture samples. Using Apol +1
(C as selective nucleotide) and Msel +2 primers (CC, CG, CT, GA, GG, GT, TA and TC
selective nucleotides). The separation of the AFLP fragments by electrophoresis in
denaturing polyacrylamide gels resulted in a large number of bands (about 600) which
could not be scored with accuracy. Most of these bands were diffuse and difficult to
identify.

To reduce the high number of fragments, reactions with additional selective
nucleotides were carried out. The following primers were used with ECORI = E+G,
E+GG, E+GGA, E+GGAT, E+GGATC and Msel = M+AA, M+AAG, M+AAGT,
M+AAGTA (Table 3). Adult tree samples of Aboumaan and Barhee were used to provide
the DNA. Using these primers, fewer bands were generated which were clearer and it was
possible with some primers to differentiate between the two varieties (Fig. 6). The
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number of bands obtained with the first primer combination varied from 151 to 227
(Table 3). With each of the four Msel primers, the total number of bands decreased with
selective nucleotide addition to the ECORI primer. For example, from 227 with EcoRI+1
to 151 with EcoRI+5. Adding selective nucleotides to the Msel primers also decreased
fragment numbers. For example, for the ECORI+1 primers, band numbers were 227, 170,
151 and 159, respectively. Several primer combinations produced fragments which were
too diffuse to score. The level of bands which were polymorphic varied considerably with
primer combination; from less than 1 % to over 16 %. From (Table 3), it is clear that the
best primer combination was Msel+AAG/ECORI+GGA which produced the smallest band
number (110) and the highest level of polymorphic bands (16.4 %).

Assessment of AFLP Reproducibility in Date Palm

Having found primer combinations that produce clear AFLP patterns, it was very
important to show that the AFLP technique was reproducible. Twelve leaf samples (100
mg leaf material) were harvested from each of two individual Khlass plantlets derived
from organogenesis tissue culture. DNA was extracted from the 24 leaf samples and the
best 10 (based on DNA amount and quality) from each plantlet were used in AFLP
reactions. AFLP fingerprints were generated exactly as before using the primer
combination ECORI+GGA/Msel+AAG. The number of bands obtained (about 110) was
identical in all samples and there was complete uniformity in the banding patterns (Fig. 7).

AFLP Fingerprinting of UAE Date Palm Varieties

The aim of this study was to assess the usefulness of the AFLP technique for
fingerprinting date palm varieties. DNA samples were isolated from adult trees,
organogenesis and embryogenesis tissues from ten date palm varieties (Aboumaan,
Barhee, Hilali, Jech Ramli, Khlass, Maktoumi, Rziz, Sakii, Sukkari, and Sultana). An
AFLP ﬁngerprinting study was carried out using three primer combinations of ECORI+3
and Msel+3 (E+GGA / M+AAG, E+GGA / M+ACT and E+TAT / M+AAG).

Variation between Varieties

The primer combination of EcoRI+3 (E+GGA) and Msel+3 (M+AAG) was tested
and showed partial discrimination between the ten date varieties at the adult stage (Fig.
8). In total, 23 differential bands were evident (Table 4). A number of bands (either as a
novel or a missing band) were specific to only a single variety: Barhee was the only one
(out of ten varieties) that lacked band 20 and 49; Maktoumi lacked band 2; Sultana had
band 29; Sakii had band 38a; Rziz had band 68a (Table 4). Thus, five of these varieties
could be distinguished by the presence or absence of a single AFLP fragment.
Furthermore, 6 different bands were absent or present with just two out of ten varieties:
band 4 was absent in Sukkari and Sultana only; band 18 was absent in Maktoumi and
Rziz; band 41 was absent in Barhee and Sultana; band 42 was absent in Hilali and Jech
Ramli; band 45 was absent in Khlass and Sakii and band 46 was present in Barhee and
Sukkari (Table 4). Consequently, taking all these specific-variety bands into account,
discrimination between all ten date varieties was possible with a single primer
combination.

Based on the presence or absence of the amplified fragments, similarity matrices
(Table 5) were generated according to the Dice Coefficient. These similarity tables were
used to produce dendograms by Unweighted Pair Group Method with Arithmetic Average
(UPGMA) (Sokal and Michener, 1958). These dendograms (Figs. 10 and 11) revealed the
genetic similarities between the ten date palm varieties and also between the different
sources of plant material (adult tree, organogenesis and embryogenesis). The higher the
number, the greater the genetic closeness between the varieties.

The dendogram showed that the ten date palm varieties were composed of five
clusters, (I, IL, III, IV, and V) (Fig. 10). Sultana (cluster V) did not belong to any of the
cluster groups and stands by itself from all remaining varieties. It was 0.60 genetically
similar to the other nine varieties. The genetic distance between varieties within the
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clusters (I, II, III, and IV) was 0.87, 0.79, 0.82 and 0.75, respectively. The average
similarity among the ten varieties was more than 0.74. The average genetic distance
between the varieties within four clusters was about 0.8. This high genetic distance
reflected the relatively high genetic similarity between varieties. Indeed, the highest
genetic distance (0.87) was found between Khlass and Sakii (cluster I), followed by Hilali
and Jech Ramli (0.82) (cluster III), and Maktoumi and Rziz (0.81) (part of the cluster IV),
and Barhee and Sukkari (0.79) (cluster II). The remaining variety (Aboumaan) was
related to both clusters III (Hilali / Jech Ramli) and IV (Maktoumi / Rziz), but fell into the
former one. These relationships may be related to the origins of the date palm varieties.
For example, Khlass and Sakii, which had the highest genetic similarity (0.87), are
originally from the Kingdom of Saudi Arabia. The second highest genetic similarity (0.8)
among the remaining varieties was between Hilali and Jech Ramli. Again, these two
varieties were originally from the UAE. However, these two groups were relatively
closely related (0.65 and 0.72, respectively) to the other varieties which were mostly from
Iraq.

Variation between Tissue Sources

AFLP fingerprints from the tissue culture plants were compared with those from
the adult tree leaf samples (Fig. 8, Table 6). Surprisingly, in some cases, the fragment
banding patterns within a variety were different. Six varieties, however, showed no
differences in banding patterns between the three sources of plant material. These
varieties were Aboumaan, Barhee, Hilali, Maktoumi, Sakii and Sultana (Table 6). Three
varieties (Jech Ramli, Khlass and Rziz) gave identical banding patterns between the two
tissue culture sources (organogenesis and embryogenesis) but these differed from the
adult tree patterns. Jech Ramli had 5 differential bands (1, 2, 3, 40 and 74), Khlass had 10
differential bands (4, 22, 29, 40, 41, 48, 50, 51, 74 and 92) and Rziz had 5 bands (1, 2, 18,
42 and 68a). The differences between the adult tree patterns and the tissue culture patterns
could be due to the intra-varietal polymorphism among date palm varieties. It is known
that there is intra-varietal polymorphism among some date palm varieties (Devanand and
Chao, 2003). For example, there are three well-known types of the variety Khlass that
come from three different geographical regions (KSA, Oman, UAE). Each one has
specific characters although they originate from the same genotype (Shabana, personal
communication). Thus, the original explants used may have derived from offshoots that
were different from the ones used as the sources of leaf samples. Alternatively, the
offshoots used in tissue culture may actually be of a completely different variety.

Sukkari showed similar banding patterns between the adult and organogenesis
sources but were different from the asexual embryogenesis pattern. Here, there were 9
differential bands (bands 1, 4, 18, 40, 42, 48, 50, 51 and 74). It is proposed that these
differential bands may be a consequence of the callus phase in the embryogenesis
method. The number of differential bands observed when the 40 embryogenesis samples
of Khlass were analysed ranged from 1 to 15. Therefore, it is possible that the observed
variation in this instance is a consequence of somaclonal variation.

The tissue culture samples from Jech Ramli and Rziz both differed from their
adult tree samples but were clearly identical to each other. They must, therefore, have
come from a mis-classified offshoot that was neither Jech Ramli nor Rziz. The patterns
are closer to Rziz than they are to Jech Ramli. However, they both lack band 68a which is
characteristic (its absence) of Maktoumi.

DISCUSSION

DNA-based molecular markers have emerged as powerful tools for determining
genetic relationships (Negi et al., 2004). The availability of a suitable DNA isolation
procedure is a prerequisite for performmg DNA-based marker studies on plant species
(Diaz et al., 2003) and AFLP analysis requires high quality DNA for obtaining reliable
and reproducible results (Chen and Ronald 1999; Lacaze et al., 2000). In this work, the
testing of several genomic DNA isolation procedures was an essential prerequisite in
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order to select the most suitable method for date palm. The procedure must be suited to
the hard and fibrous nature of date palm tissues and it must also yield reproducible results
to enable the DNA analysis of large sample sizes of different date palm cultivars. Three
different genomic DNA isolation procedures were tested for their potential use with date
palm tissues: (1) A CTAB extraction method (Aitchitt et al., 1993), (2) A Tris-based
isolation procedure, followed by phenol extraction (Ouenzar et al., 1998) and (3) the
DNA isolation protocol of Chen and Ronald (1999). A modified Chen and Ronald (1999)
method was found to be the only isolation procedure of the three tested to yield good
quality DNA. The method was suitable for the isolation of DNA from all the date palm
tissue samples used in this work, regardless of the source of the tissue (adult trees or
tissue culture samples) or of variety. The DNA yields obtained from highly fibrous date
palm tissues were 4.5 to 15 pg per 100 mg tissue (300-1000 ng/ul), which were similar
yields obtained previously from other plant species with less fibrous tissues (tomato,
peppermint, rice, grape and maize; Chen and Ronald, 1999). The two other methods
tested in this study either yielded DNA contaminated with polysaccharides or DNA that
was badly degraded. Genomic DNA yields obtained by Aitchitt et al. (1993) and Ouenzar
et al. (1998) ranged from 3 - 3.5 pg per 100 mg fresh leaves. This was three to four times
lower than those obtained by Chen and Roland (1999), although they reported that the
DNA produced by both methods showed little degradation.

Similar results to those of this study were reported by Diaz et al. (2003) when they
tested several genomic DNA isolation protocols, including the method of Aitchitt et al.
(1993) on date palm samples derived from in vivo and in vivo production. The purest,
most intact genomic DNA samples resulted from a CTAB extraction method according to
Dellaporta et al. (1983), which yielded 400 ng/ul of DNA from 200 mg leaf tissue.
However, they also reported that there were important differences between varieties in the
quality and quantity of the DNA extracted. These findings contradict the results obtained
in this study, in which the quality and quantity of the DNA extracted from the ten date
varieties were not variety-dependent.

The integrity of the genomic DNA extracted from fresh leaves harvested from the
ten adult date palm varieties was not affected during the shipping of the tissues from the
UAE to the UK on dry ice. In addition, the plant material was stored for several months at
-70°C, during which time no significant differences were found in the quality of the DNA
isolated. The maintenance of genomic DNA stability in date palm during cold storage was
also reported by Diaz et al. (2003).

AFLP Fingerprinting Study

In the past, it has been difficult to identify date palm cultivars based on
morphological characteristics, and even more difficult to identify genetic strains of
commercial cultivars (Devanand and Chao, 2003). In recent years, several molecular
methods have been used for the identification of date palm cultivars. Differences between
cultivars were detected by isoenzymes (Saker et al., 2000), RFLP (Corniquel and Mercier,
1994), RAPD (Corniquel and Mercier, 1994; Saker and Moursy, 1998; Sedra et al., 1998,
Al-Khalifah and Askari, 2003) and RDA (Vorster et al., 2002) and AFLP (Lacaze et al.,
2000; Cao and Chao, 2002; Devanand and Chao, 2003; Diaz et al., 2003).

In this study, the AFLP technique was used to identify ten commercial UAE date
palm varieties and to assess the genetic variation among plants originating from both
offshoots and tissue culture regeneration systems. A variety of primer combinations with
different selective bases (+1 to +5) tested on Aboumaan and Barhee tree varieties
revealed different polymorphisms between the samples. A primer combination of E+3
/M+3 which revealed the highest level of polymorphism (16.4 %) was chosen for
fingerprinting the ten date palm varieties (Aboumaan, Barhee, Hilali, Jech Ramli,
Maktoumi, Rziz, Sakii, Sukkari and Sultana). Diaz et al. (2003) also tested sixty-four
primer combinations on three date palm varieties, and concluded that not all the primer
combinations revealed polymorphisms in each variety. The best results were obtained
with five primer combinations of ECORI and Msel, all with three selective nucleotides.
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Other combinations amplified too many or too few fragments. In this work the three
primer combinations, E+GGA/M+AAG, E+GGA/M+ACT and E+TAT/M+AAG
generated a total of 330 AFLP fragments and a sufficient number of polymorphic bands
(23, 19 and 26, respectively) with percentage polymorphisms of 21%, 17% and 23%,
respectively. Surprisingly, half of these varieties were easily identified from the others by
the presence of one or two variety-specific bands. Furthermore, all ten varieties could be
identified with only one AFLP primer combination when all differential bands were taken
into account. Similarly, Kjaer et al. (2004) tested 18 primer combinations on Sago palm
(Metroxylon sagu; Arcaceae) and concluded that the most useful polymorphic bands were
generated with EYACT/M+CAT and E+ACC/M+CTT. Although a relatively low number
of polymorphic bands were obtained from the two primer combinations, they were
sufficient to enable the identification of 76 accessions of Sago palm in Papua New
Guinea.

In the AFLP work of Diaz et al. (2003), five primer combinations displayed
between 8 and 25 polymorphic bands in the date palm variety Medjool, whereas varieties
Bou-Fegous and E-528 yielded between 10 and 28. These primer combinations yielded
significant differences, allowing genetic characterization. An AFLP study carried out on
23 Medjool and 33 Deglet Noor date accessions in the USA revealed that four AFLP
primer sets of (E+2 and M+3) were sufficient to identify intra-varietal variation within
Medjool and almost none in Deglet Noor (Devanand and Chao, 2003). In previous work,
Cao and Chao (2002) stated that AFLP markers could efficiently identify individual date
cultivars and they were able to detect polymorphisms in 21 date cultivars by using four
primer sets.

Lacaze et al. (2000) tested 20 primer combinations (ECORI+3 / Msel+3) to identify
those combinations giving the maximum discrimination between two date varieties of
diverse geographical origin (Khlass and Medjool). Two primer combinations, giving a
total of 45 polymorphic bands, gave a clear discrimination between all varieties tested.

In wild palm (Euterpe edulis Mart) an AFLP study was performed to detect
genetic variation in 150 plants from eleven populations. Five pairs of primers (+3)
provided a total of 429 markers, 395 (92 %) of which were polymorphic (Cardoso et al.,
2000). In a different study, Adin et al. (2004) used the AFLP technique as a tool to
compare genetic diversity in peach palm (Bactris gasipaes Kunth) populations managed
by either indigenous or colonist farming communities in Peru. The genetic variation was
detected using two primer combinations of E+3 / M+3 which generated 144 polymorphic
bands. In oil palm, eight primer combinations of ECORI+3 and Msel+3 selected randomly
were able to screen 10 progenies from two crosses using the AFLP technique (Singh et
al., 1998).

The AFLP technique is a useful tool for cultivar identification and assessment of
genetic variation in different palm genomes. Apart from Cao and Chao (2002) who used
EcoRI+2, the majority of investigators including the present study used EcORI+3 and
Msel+3 for generating polymorphisms among plants. This primer combination appears to
be adequate for fingerprinting varieties and species within the palm family. Date palm
shows levels of AFLP polymorphism that are similar to those in other palm species.

The AFLP technology has also proved to be a useful tool in other plant species for
several applications. The AFLP technique is clearly a valuable fingerprinting technique
for many plants, for example Brassica napus (Sobotka et al., 2004), wheat (Tyrka, 2002),
tomato (Suliman-Pollatschek et al., 2002), garlic (Ipek and Simon, 2002; Ipek and Simon,
2001); apricot (Hagen et al., 2002), sunflower (Gedil et al., 2001) and Pinus sylvestris
(Lerceteau and Szmidt, 1999). AFLPs are also useful in estimating genetic diversity, such
as in Argentinean garlic (Allium sativum L.) (Lampasona et al., 2003) and Brassica vigra
(Negi et al., 2004).

Cluster analysis of the AFLP data showed that the ten date palm varieties are
composed of five clusters based on their genetic similarity. Khlass and Sakii were the two
most closely related cultivars. Hilali was closely related to Jech Ramli. These
relationships may be attributed to the geographical origin of the date palm varieties.

145



Khlass and Sakii are originally from Saudi Arabia while Hilali and Jech Ramli are
originally from the UAE. This hypothesis is supported by results obtained from AFLP
analysis on Sago palm accessions, which showed a significant correlation between
genetic and geographical distances (Kjaer et al., 2004) and also with date palms from
Saudi Arabia (Al-Khalifah and Askari, 2003).

AFLP analysis confirmed the trueness-to-type of tissue culture plantlets derived
from both tissue culture techniques with adult trees propagated vegetatively by offshoots.
However, this was true for only six of the ten varieties tested. Lacaze et al. (2000) also
used an AFLP technique to confirm varietal status of tissue culture-derived date palms.

In four varieties, AFLP variation was also detected between adult trees and tissue
culture samples. This genetic variation could be due to the use of different genetic strains
of the same variety that can only be differentiated by molecular markers. In the UAE,
there are three well-known accessions of the variety Khlass that come from three different
geographical regions (KSA, Oman and UAE) and which cannot be distinguished by
morphology. However, it has been recognized for some time that there is genetic variation
within commercial date varieties. Mason (1927) reported large and small-fruited strains of
Hayany which were indistinguishable in vegetative characteristics. Different strains of
Deglet Noor were later reported by Fawcett (1931) and Nixon (1950) with unique fruit
colour or late ripening. Differences in band patterns within trees of the same variety have
been detected in Medjool, Deglet Noor and Barhee accessions propagated from offshoots
using RAPD, RFLP and AFLP markers (Corniquel and Mercier, 1994; Devanand and
Chao, 2003). This variability appears to be common in clonally propagated crops, such as
almond, cherry, and olive (Devanand and Chao, 2003).

AFLP variation was also observed between plants of the same variety that were
propagated by tissue culture. Sukkari samples derived from embryogenesis showed band
variation when compared to those from adult trees and organogenesis-derived plants of
the same variety. It is likely that this is a consequence of tissue culture and could have
been induced in the callus production stage due to the use of high concentrations of 2,4-D.
In vitro production of date palm via somatic embryogenesis requires the application of a
relatively high concentration of 2,4-D or NAA for the initiation process (Tisserat, 1979;
Bhaskaran and Smith, 1995). However, these auxins are known to be associated with
genetic instability in plants (Karp, 1989; Phillips et al., 1994; Cullis, 1999). Callus
obtained from tissue culture is highly heterogeneous (Reynolds and Murashige, 1979;
Tisserat and Demason, 1980) and it is also highly susceptible to mutational changes
during somatic embryogenesis (Tisserat and Torres, 1979; Torres and Tisserat, 1980).
More than 500 published scientific articles have described the existence of genetic
variability in plant tissue culture (Orton, 1983).

The results presented here showed that AFLP can be successfully used for
molecular marker testing of different date palm varieties with high resolution and
reproducibility and allows the identification of in vivo and in vitro-plants. The present
research confirmed the reliability and reproducibility of the AFLP technique. The use of
AFLP potentially allows not only differentiation between varieties but also between
samples derived from one variety which show somaclonal variation. The AFLP technique
appears to be a powerful tool to generate large numbers of markers that are useful in
cultivar identification and estimating genetic diversity between different palm genomes. It
is sensitive enough to detect low levels of variation, allowing discrimination between
highly related varieties. Thus, it is possible to look for linkages between molecular
markers and agronomically important traits, and also to identify genetic variation at
different stages of the breeding process.

FUTURE WORK

Our future aim is to fingerprint elite UAE date palm varieties in order to compare
their genetic relationship with each other, and also to distinguish between them and
international (imported) varieties. The identification of genetic variation of date varieties
using AFLP techniques will change the direction of future date palm germplasm
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collection and preservation efforts. Furthermore, more light is to be shed on intravarietal
polymorphism. This could mainly be applied to renown date varieties, such as Aboumaan,
Barhee, Khlass, and Medjool, in order to assess potential variations within each. Another
future aim, that could be considered a challenge for the date palm industry, is to render
the developed AFLP techniques cost-effective and develop an easily applicable DNA-
based diagnostic tool that can be standardized for both variety identification and detection
of tissue culture off-types. Furthermore, there is a need to convince authorities and
decision makers to accept “DNA fingerprints” as “signatures” in legal cases.
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