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Dedication

We are greatly honored
to dedicate these proceedings,
as humble effort, to :

HIS HIGHNESS, SHEIKI

IAYED BIN SULTAN AL NARAYAN,
PRESIDENT OF THE

UNITED ARAB EMIRATES
It is an expression of gratitude
to His Highness for his generous
support to scientific research
and an appreciation for his
encouragement to the workers
in agriculture and his special
care for the date palm tree.
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His Highness Sheikh Zayed Bin Sultan Al Nahayan
President of The United Arab Emirates
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His Highness Sheikh Nahayan Mabarak Al-Nahayan

Minister of Higher Education and Scientific Rescarch,
Chancellor of The U.AE. University




FOREWARD:

Date palms have been associated with people's life for many years,
especially in the United Arab Emirates. It is believed that this tree is
blessed since it is mentioned in many verses in the Holy Qura'an and in
many of the sayings of the Profit. The date palm tree has been a source of
nutrition and a shelter against harsh conditions. No wonder, date palms

have been of great importance in the Arab world.

Since one of the main goals of United Arab Emirates University is to
meet the needs of the society, the UAE University in cooperation with
Department of Agriculture and Livestock, Al - Ain sponsored this First
International Conference on Date Palms. The Faculty of Agricultural
Sciences, Dept, of Plant Production organized this Conference during the
period of March 8 — 10, 1998,

Date palm growers, producers, and extension specialists face many
problems that could be solved through scientific research. This
conference created the opportunity for linking research with community
needs, In many cases, cultural practices that could improve the yigld and
quality of dates are neglected. The high tolerance of the tree [0
environmental stresses and its ability to yield even under sub optimal
conditions may be behind such negligence.

Research discussions and constructive dialogues of this conference
show the potential of date palm tre¢ to have much higher yield and
quality. The conference also directed growers towards the use of modern
technology to accurately identify cultivars, improve cultural practices,
and genectic improvement reduce the loss of dates before and after
harvest, and utilize dates by-products.

His Highness, Sheikh Zayed Bin Sultan Al Nahayan, the President
of the UAE, has been emphasizing the importance of agriculiure in
building the nation's civilization and the necessity of planting date palm
trees in different farms. Thus, the great expansion in agricultural
investments and the tremeéndous increase in date production in UAE
reflect the wise perspective of the president. The appropriate environment
provided by that conference created opportunities for fruitful discussions
and interactions that help in solving the growers' problems,



Such commitment to the role of the University in serving the
community has been instructed and followed up by His Highness Sheikh
Nahayan Mabarak Al-Nahayan, Minister of Higher Education and
Scientific Research Chancellor of the University.

We appreciate the joint sponsorship of the Department of
Agriculture and Livestock, Al-Ain for their participation in organizing
this conference.

We are pleased to present in these proceedings the referred research
papers that resulted from the First International Conference on Date Palm
held at Al-Ain during the period of March 8 - 10, 1998.

We would alse like to express our sincere thanks and appreciation to
His Highness Sheikh Nahayan Mabarak Al-Nahvan for his valuable
assistance and uimost efforts and constructive direction to ensure the
success of this international conference and his continuous support for
high standards in scientific research.

Thanks are also due to the organizing and scientific committees and
the editorial board. The efforts made by the prominent scientists who
kindly referred the research papers are highly appreciated.

It 15 our hope that these proceedings which gathered the scientific
efforts of some of the best date palm scientists in the world would be
helpful for date palm producers, exiensionists, and researchers.

Prof. Mahmoud A. Alafifi,
Dean, Faculty of Agricultural Sciences.



DATE PALM GERMPLASM: OVERVIEW AND UTILIZATION IN
THE USA
Robert R Krueger'
' USDA-ARS National Clonal Germplasm Repository for Citrus &

Dates, 1060 Martin Luther King Blvd, Riverside, California 92507-5437,
USA

ABSTRACT

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

discussed.

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

INTRODUCTION

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

Preservation of the penetic diversity represented in all the plant
ecosystems throughout the world has become a major issue of international
concern. The loss of increasingly large numbers of plant species through
habitat destruction threatens the availability of a diverse plant germplasm
base which will be needed to feed future generations (Holden and Williams,



1984: Wilkes, 1988; Brown et al, 1989; Holden er al, 1993; National
Research Council, 1993; Chrispeels and Sadava, 1994). Similar losses have
ocecurred in existing plant collections through inadequate maintenance.

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

possible only in ex situ collections.

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

imperative in some cases,

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

Assessment of the genetic vulnerability of any crop requires knowledge
of the extent and distribution of genetic diversity. This is acquired by
systematic sampling and mapping of the flora of the geographical areas in
which the species in question are found, as well as an assessment of ex situ
collections. Unfortunately, information on natural and semi-natural
germplasm Is often limited on the intemational level. This is due toths
remoteness of some of the material, a lack of resources devoted to assessing
these areas, and political considerations. In some cases, information may be



available at the local or national level, butnotto the international penetic
resource conservation comununity.

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

both i sitw and ex sit.
THE GENUS PHOENIX

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

The taxonomy of Phoenix is not well established and lacks an
authoritative treatment. There is disagreement between various taxonomic
treatments and some confusion about species names and validity, Phoenix
spp hybridize readily, which can lead to confusion, especially when several
species are present, as may occur in ex situ collections. There is some
suggestion that all species should be treated as a single species (Wrigley,
19935). The following discussion should be taken as an approximation based
upon what is undoubtedly incomplete information.

Although 19 species have been named, most taxonomies list about 12
species as valid (not necessarily the same 12) (Table 1). It is apparen: that P
acaulis, P canariensis, P dactylifera, P paludosa, P reclinara, P rupicola,
and P gylvestris are widely accepted as good species, However, there i3 some



confusion over the other spp. Miller er af (1930}, Chevalier (1952), Moore
(1963), Munier (1973), and Bailey Hortatorium {1976} have similar schemes,
with a few exceptions. Chevalier (1952) and Munier (1973) accept P
atalantica as a valid species, although it is probably a hybrid of P dactviifera
that does not deserve species status, Chevalier (1952), Moore (1963), and
Munier (1973) use the species P farinifera, while Miller er af (1930) and
Bailey Horatorium (1976) prefer P zeplanica. There is some confusion over P
farinifera, P pusilla, and P zeylanica. Moore (1963) and Bailey Hortatorium
(1976) use P Loueirii for the P Hawnceana and P humilis of other workers.
Mast of the other specific epithets shown in Table | are more obscure and
lack any botanical standing. In addition to these, Moore (1963) and Bailey
Hortatorium (1976) list a number of specific epithets with no standing (F
Andersonii. P cyeadifolia, P formosana, P glauca, P hybrida, P leonensis, P
natalensis, P porphyrococca, and P tomentosa. These treatments of Phoenix
taxonomy do not deal with the recently described P theophrasti (Greuter,
1967). A usahle treatment of Phoenix is shown in Table 2.

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

questionable validity,

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

the US and the Mediterranean area.

Proenix sylvesiris, the Indian Wild date palm, 1s widespread in India, It
may also reach 20 m in height, but its single trunk is not as stout as that of P
comariensis. Tts fruits are eaten and also used to make suger and other

products, and its leaves are used in basketry.

F rupicola, the CIiff date palm, has athin trunk to 7 min height. It is
native to northern India. It considered one of the most attractive for
cultivation. P farinifera, from southern India and Sri Lanka, also has a single
trunk, but is shorter in stature, It has edible fruit and the trunk has a floury



pith which is also said to be edible. P pusilia (P zeylanica), is also from
southern India and Sri Lanka, and is about the same size and general

gppearance as P rupicola.

P reclinara, the Senegal date palm, 15 a somewhat variable species from
the tropical parts of Africa. It has thin, clustering trunks, and may reach a
height of 10 m. It is widely planted as an ornamental. P paludosa, the
Mangrove date palm, is similar in appearance to P reclinata, and is native to
swampy areas in southeast Asia. It is also grown as an ornamental, and the
two species are often confused in cultivation. P abyssinica is a poorly
understood species from Ethiopia that is said to closely resemble P reciinata.

P acaulis, P Loueirii, and P Roebelenii are short statured palms, usually
less than 2 m in height. P acawulis, which is from northem India and Burma, is
clumping, whereas the latter two species apparently have solitary trunked and
clustering trunked forms. P Roebelenii, the Pygmy date palm, 15 from
southeast Asia and is often grown as an elegant ornamental. P Loweirii, from
northern India and southern China, is a poorly understood species that is
often confused with P Roehelenii, which it greatly resembles. Older
references to P Hanceana and P humilis probably refer to P Loweirii,

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

region.

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

aesthetically pleasing.

There is apparently little information available about the status of these
species in the wild. Their areas of origin are in many cases threatened with
habitat loss due to some of the factors mentioned above, It is quite probable
that there is at least some threat of genetic erosion to some of the species. The
status of these species needs more attention devoted towards it. In addition to



surveys of the areas of origin, the taxonomy of Phoenix needs to be better
understood before some of these judgements can be made. There is also a
lack of characterization and evaluation data for these species.

THE DATE PALM (PHOENIX DACTYLIFERA)

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

with suitable climates.

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

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

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

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



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

Exploitation of the date palm by man probably bepan as simple
gathering of the fruits and other usable parts of the tree. At this point, there
must have been considerable genetic diversity in date palms. Later, trees
were probably planted along the network of irrigation canals in ancient
Mesopotamia. Selection of trees with superior characteristics probably also
originated in ancient times, along with clonal propagation by offshoot
planting. Later innovations would include hand pollination, manuring,
shading, ete. Spread of date palm germplasm was probably originally as seed,
which 1s much easier to transport than offshoots. After seedling populations
were established in other areas, selections could be made and perpetuated by
vegetative propagation. This gave rise to the many local varieties that are
found in the Middle East. Propagation by offshoots was probably dependent
upon the domestication of the camel, due 1o the weight of the offshoots and
the consequent difficulties in transporting them for long distances.

The ancient time of the ‘domestication’ of the date palm is well
documented (Popenoe, 1913; Oudejans, 1969; Munier, 1973; Dowson, 1982;
Sauer, 1993; Krueger, 1995; Wrigley, 1995). The earliest records of date
palm cultivation date from about 7000 BP in Mesopotamia, but it 1s generally
believed that date culture began thousands of years earlier. Date seeds at least
5000 years old have been found in the storage godowns at Mohenjo Daro, the
ancient city along the Indusriver in the Sind, and the date palm was used in
the construction of the Temple of the Moon God in Ur (Traq) some 4000 -
5000 wears ago. The date palm is shown in the bas-reliefs at Nineveh
(Assyrian Empire). By several millennia BP, date palm culture had spread to
Palestine, Arabia, Egypt, North Africa, and western India (Figure 3). The
date had great spiritual and cultural significance to peoples of the region, The
date palm and date culture are depicted on ancient Assyrian and Babylonian
tablets, including the famous Code of Hammurabi, which contained laws
pertaining 1o date culture and sales. The date palm is also found inold
Egyptian, Syrian, Libyan, and Palestinian writings.

It is in Arab culture that the date palm achieves its greatest esteem. To
them, the date palm is a sacred institution that they have been identified since
the dawn of history and which was consecrated by Muhammad in both his
public and his private life. There are many references to the date palm in pre-



Islamic chronicles, but it becomes more prominent from the time ofthe
Prophet. Muhammad lived in a town at the center of date culture. Dates were
the prophet's favorite food, and during his times of poverty he had little to eat
but dates and water for months at a time. There are 26 references to dates in
the Koran, 16 mentioning them as evidence of God'’s bounty. According to
Muslim tradition, a date palm was said to be the Tree of Knowledge in the
Garden of Eden and to have sheltered Mary when she was pregnant. There
are also references 1o the date palm in other Islamic writings, including

references to its medicinal uses.

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

crucifixion.

This long history of exploitation and selection means that possibly there
are: no examples: of ‘wild" Phoenix dactlifera. There may be a few
apparently wild groves still growing around oases, sprines._or seenage areas



exists, 1t can not be lost due to habitat destruction, etc. However, the genetic
diversity that does exist in the cultivated date palm can be lost due to these
factors if they result in the loss of local wvarieties having specific genetic
constitutions, Continued selection pressures by man; shifts to fewer, more
modern varieties; etc can also reduce genetic diversity in date palms.

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

DATE PALM GERMPLASM IN THE US

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

After the conquest of what is now the westem portion of the United
States by the US, interest in date growing increased. However, at that time
litle was known about the climatic requirements of dates and =0 most
plantings of seedlings were in unsuitable locations such as Florida (Nixon,
1971). A planting of seedling dates was made in 1877 by JR Wolfskill at
Winters, California and at Yuma, Arizona, during the Civil War. The trees in

10



Winters are still standing, although production is not of commercial quality
nor yield.

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

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

ATiZona.

Several other successful importations of offshoots were made by the
USDA during the next several years. DG Fairchild imported varicties
including ‘Barhee’, ‘Sayer’, ‘Khadrawy’, ‘Zahidi’, *Maktoom’, and others
tfrom Iraq, Baluchistan, and Egypt in 1901 — 1902 (Fairchild, 1903), TH
Kearney imported ‘Menakher' and other varieties from Tunisia and Algeria
in 19035 (Kearney, 1906), WT Swingle brought back the ‘Medjool’ from
Morocco when consulting there in 1927 (Swingle, 1945), and R'W Nixon
imported *Amir Hajy', ‘Bedrayah’, and ‘Baghdad Khadrawy' from [rag in
1929 (Nixon, 1950), Most of these varieties were planted and evaluated in
the US Date Garden near Indio, California,

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

Davall (Nixon, 1953, 1971).

The immportad varieties were to form the basis of the US date industry.
Howewver, while it was becoming apparent that the southwestern deserts were
the natural home of the date industry in the US, much work still remained 1o
bz done to make date growing a viable enterprise in the US. The vast
majority of the work needed to establish this industry was performed at the
US Date Garden (later the US Date and Citrus Station) near Indio, California.

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

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

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

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

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

DATE PALM GERMPLASM ACTIVITIES IN THE US
(RETROSPECTIVE)

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

program,
Varietal Evaluation

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

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

Metaxenia

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

to thinning (Nixon, 1956

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

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

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

are preferred.

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

marginal.

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

Repository holdings.

» ‘Barhee A19" originated at the Date Station as a seedling of ‘Barhee”. It
produces many inflorescences and flowers late in the season (2 month or
more after the *Crane’ and ‘Boyer no 11" selections). The fruit produced
by pollination from ‘Barhee A19" is large but late ripening. This pollen is
suitable for use on ‘Deglet Noor®,

» ‘Boyer Mo 11’ was from the Boyer date garden which adjoined the Date

Station. It is an unusually heavy producer of pollen (1 L per year from 23
— 35 inflorescences). It was the earliest male at the Date Station to flower.

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

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

# ‘Jarvis No 1° was obtained from the Brown date garden. [t flowers early
and produces numerous inflorescences that yield large amounts of pollen.
It is a good pellinator for ‘Deglet Noor’.

Date Palm Breeding Program

The overall objective of date breeding is to achieve the highest fruit
quality and yield (and profitability] consistent with local requirements

(Carpenter and Ream, 1976). The latter might include:

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

telated problems.

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

size and reduce thinning operations,

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

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

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

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

Identification or discovery of hermaphroditic flowers or monoecious lines,

» [dentification, discovery, or production of precocious lines.

The most serious drawback in date breeding is time, The average time
from seed 1o flowering is about 6 years (Nixon and Furr, 1965). An
additional drawback is the time required to produce enough offshoots for
trials (5 vears minimum, or more if a large number are needed which would
entail several generations of offshoot production). Finally, date palms do not
reach full production until they are 10 - 15 years of age. All these factors
make date palm breeding a long-term project. This is especially true when
back-crosses are made.

Initial attempts at breeding date palms in the US were made by the
University of Arizona in 1912. These attempts were made to study the
inheritance of fruit characteristics by inbreeding of ‘Deglet Noor'. Some
observations of the inheritance of fruit color were made but none ofthe
progeny produced fruit as good as that of ‘Deglet Noor’ and the project was
discontinued after 3 generations (Nixon and Furr, 1963).

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

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

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

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

below).
Back-crossed Male Date Palms

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

over 98 % ‘pure’.

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

parents with distinctive attributes.

The varieties used in making the back-crosses were the same as would
be used as female parents in later intervarietal crosses. These varieties were
selected on the basis of possessing one or more outstanding characters (as
expressed in Coachella Valley conditions) that might be desirable in a new
variety. Primary considerations were fruit characteristics, such as large size,
attractive color and appearance, good texture and flavor, good shipping and
storing guality, time of ripening, high yield, and rain tolerance (Nixon and
Furr, 1965). The varieties utilized and some of their desirable qualities are
shown in Table 3.

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

By 1976, the number of lines had been reduced to 22 lines representing
14 varicties, as a result of genetic weaknesses in some lines and changes in
breeding objectives (Carpenter and Ream, 1976). Some lines had advanced as
far as the BC5 level. The more recently developed BC males had not been
used in any intervarietal hybrids at the time the program was discontinued
(Carpenter, 1977a), There are currently 27 lines of BC males representing |1
varieties in the Date Palm Germplasm Repository (Table 4). These represent
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the lines considered most valuable at the time that the Date Station was
closed.

Intervarietal Hybrid Female Date Palms

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

* Quality and yicld cqual to, or superior to, those of ‘Deglet Noor".

¢ Freedom from black nose, a serious physiological disorder of ripening
‘Deglet Noor® fruit.

Adaptation to mechanical harvesting and processing.

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

e A moderate rate of vertical growth.

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

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

characteristics.

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

harvesting and processing,

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

have some value,

® The large [ruit size of *Medjool’ appeared in many of the progeny
produced by “Medjool BC® pollen. Similarly, the attractive appearance of
‘Abada’ appeared in many of its progeny.

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

e Moisture tolerance was in most cases similar to that of the mother variety,
and there were few progeny with improved moisture tolerance that did not

possess some undesirable traits.

o The desirable fruitstalk characteristics of ‘Deglet Noar® were often
transmitted to its offspring,

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

The date palm breeding project was terminated in 1978, as US
governmental policy toward the Date and Citrus Station changed. The9
selections considered most valuable were incorporated into the Date Palm
Germplasm Repository. They are shown in Table 5, along with some of their
characteristics. They may be considered for commercial planting or as
breeding lines, but more extensive evaluation is necessary before they can be

properly and efficiently utilized.

THE NATIONAL DATE PALM GERMPLASM REPOSITORY

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

County.

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

US governmental support for the Brawley station began to decrease in
the early 1990"s. The threat of closure prompted the repropagation of the
collection to the University of California Coachella Valley Agricultural
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Research Station (CVARS) in Thermal, California. CVARS 15 attached to the
University of California, Riverside (UCR). The main NCGRCD facilities are
located on the UCR campus, located approximately 125 km from Thermal,
Thermal is only a few km from Mecca, the original site of the US Date
Garden, and is a more suitable area for date culture (Krueger, 1995).

The collection currently consists of 26 female varieties (Table 6), 27 BC
male lines (Table 4), 9 intervarietal hybrids (Table 5), and 5 superior males
(Table 7), for a total of 67 accessions. These accessions are free of pathogens
due to a California state quarantine of the date production area, and are
available for distnbutions to qualified researchers world-wide as offshoots,

seed, and pollen.

Although date palms make up a minor pant of NCGRCD
résponsibilities, there are some date palm germplasm-related activities taking
place. These include continuation of the BC program to produce BC5 males.
With the development of molecular-based techniques, it may be possible to
more precisely screen BC progeny for genetic similarity to the female parent.
A marker for the sex of the plant may be possible, as has been reported for
some other crops. Some characterization and evaluation observations are also
being made. Some of the male characteristics reported earlier need to be
reconfirmed, The hybrids also need further evaluation, These activities are
currently being carried out at alow level due to funding constraints, Qther
areas also need attention, but must await increased resources,
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Table 2. The genus Phoenix: a summary,

Species Common name Origin Notes Synonyms

P alyssinica | -- Ethiopia poorly known sp -

P acaulis e Assam, Burma fruit edible --

P canariensis | Canary (Island) date | Canary Islands widely cultivated as P Jubae, P tenuis

palm omamental, fruit edible
P dactylifera | Date palm NE Africa, Middle widely cultivated in suitable
East climates for fruit

P farinifera | -- India poorly known sp, fruit edible

P Loureirii | - India, China P formosana, P
Hawceana, P
humilis, P
Qusleyana

P paludosa | - SE Asia

P pusilla — S India, Ceylon P zevilanica

Preclinata | Senegal date palm | tropical Africa widely cultivated as P madagascariensis,

ornamental, fruit edible P pumila, P

senegalensis, P
spinosa, P
zanzibarensis

P Roebelenii | Pygmy date palm Laos widely cultivated as

ornamental
P rupicola CIliff date palm N India - ;
P sylvestris Indian date palm ! India utilized in India (sugar, fruit)
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Table 3, Desirable characteristics of date varieties used in intervarietal
hybridization (Bamett, 1973),

Variety Desirable Characters
Abada attractiveness, glossy black fruit with frost-like bloom, midseason
maturity
| Amir Hajj | high quality fruit, little spoilage of fruit in wet weathr
Barhee high quality, heavy yield, late maturity, low tannin in khalal stage
Badrayah large fruit, firm texture, midseason maturity
Dayri high quality, distinctive rich flavor, moisture tolerance, good size,
semidry texture
Deglet light-colored fruit, smooth skin, very firm texture, early maturity
Beida
Deglet Noor | superior quality, distinctive rich flavor, semidry texture, early
maturity
Empress high quality, attractiveness, good size, distinctive rich flavor
Halawy high quality, distinctive rich flavor, moisture tolerance, early
maturity '
Horra Good size, very firm texture, long fruitstalks, midseason maturity
Khadrawy | High quality, dwarf stature, moisture tolerance, precocious
flowering, sparse spines, early maturity
Kush Zebda | Superior fruit quality, distinctive rich flavor, long fruitstalks
Medjool Large fruit, moisture tolérance, early maturity, good quality
Tadala Large fruit, moderate moisture tolerance, attractiveness, early
maturity
Thoory Light-colored fruit, moderately large fruit, very firm, moisture

tolerance, late maturity
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TABLE 4. BC Male Date Palms, USDA-ARS-NCGRCD.

| Accession No | P1 Name
B6-11-50 555405 Amir Hajj BC2
B6-11-53 555406 Amir Hajj BC2
60-270-9 555412 Barhee BC3
70-41-53 555415 Barhee BC4
70-31-50 555419 Barhee BC4
60-271-2 555413 Dayri BC2
60-271-7 555414 Dayri BC2
70-41-53 555416 Dayri BC3
70-39-33 555417 Dayri BC3
f4-354-22 555402 Deglet Noor BC4
(69-150-52 555432 Deglet Noor BCS
69-150-50 555433 Deglet Noor BC5
64-351-1 555403 Halawy BC3
04-351-18 355404 Halawy BC3

| 69-152-50 555434 Halawy BC4
b3-394-25 355444 Khadrawy BC3
GO-154-28 | 333435 Khadrawy BC4
61-411-2 555423 Khalaga BC2
69-155-51 553436 Khalasa BC2
69-157-51 555439 Medjool BC3
69-156-52 555438 Medjool BC4
69-158-51 555440 Tazizoot BC3
62-431-3 555445 Thoory BC3
T0-43-30 555418 Thoory BC4
66-14-52 555408 Zahidi BC2
66-14-50 555407 Zahidi BC2

| 66-15-51 555409 Zahidi BC2
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Table 5. Intervarietal Hybrid Female Date Palm Selections, USDA-ARS-NCGRCD.

Accession

Pl

l

Parentape Size Type Color Comments
No {rmim) | (Rutab)
64-343-51 | 555401 | Abada X (Medjool BC2) | 45X25 | soft black pood black date
69-155-14 | 555437 | Khalasa X (Khalasa BC2) | 35X24 | soft brown small, good
quality
71-8-1 535428 | Thoory X (Deglet Noor 44X27 | semi-dry buff good, mild flavor
BC4)
71-11-21 | 555431 | Thoory X (Khadrawy 45X27 | semi-dry amber-brown | bright color, large
BC3) fruit, early,
susceptible to
moisture
71-12-33 | 555429 | Thoory X (Halawy BC3) | 54X25 | semi-dry brown good quality, but
COarse
71-14-] 555446 | Thoory X (Dayri X Deglet | 48X24 | semi-dry brown good flaver and
l Noor BC3) texture
71-25-15 | 555426 | Medjool X (Dayri X 43X28 | sofl to semi-dry | black flavor good, keeps
Deglet Noor BC3) well
71-25-36 | 555427 | Medjool X (Dayri X 68X412 | soft to semi-dry | brown large, mild. fair
Deglet Noor BC3) quality
71-38-10 | 555425 | Horra X (Dayri BC2) 42X36 | semi-dry to dry | buff-brown | low tannin,
breeding potential
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Table 6. Female Date Palm Varieties, USDA-ARS-NCGR.

Accession No Pl Variety Origin
78-12 080781 Amir Hajj Mandali, Irag
Ta-14 008739 Ashrashi Baghdad, lrag
78-18 0E0T7EY Badrayah [rag
T8-15 DOET46 Barhee Basra, Irag
78-19 036818 Bentamoda Dongola Province, Sudan
78-20 D0BS6T Dayri Basra, [rag
78-16 010834 Deglet Beida | Oasis Ourland, Algena

| 7822 004611 Deglet Noor Touggourt, Algeria
78-23 08750 Halawy Basra, Irag
-- 006438 Hayany Alexandria, Egypt

| 78-26 DO8760 Hilali Masgat, Arabia (Oman})
78-17 015026 Horra Nefzaoua, Tunisia
T8-21 008751 khadrawy Basra, Irag
78-27 0D0B753 Khalasa Oman
78-28 011801 Khir Arabia
-= - Khisab Basra, Irag

| 78-43 074204 Medjool Bou Denib, Marocco
- 037060 Saidy Abshawai, Egypt

| 78-31 008748 Sayer Irag
79-16 010891 Thoory Biskra, Algernia
79-17 (08743 Zahidi Irag

1 78-13 555400 Abbada Brawley, California, USA
78-24 | 555442 Haziz Indic, Califomnia, USA
901 -- Sphinx Phoenix, Arizona, USA
= = TR Cathedral City, California, USA
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TABLE 7. Superior Male Date Palms of Local Origin, USDA-ARS-NCGRCD..

Accession Number Pl Name MNotes
78-7 555410 | Barhee A-19 | late; produces large fruit
78-8 555420 |BoyerNo ll | early; prolific
78-9 555421 | Crane early; prolific

78-10 555411 | Fard No 4 produces early, small fruit
T8-11 555443 | Jarvis No | early; prolific
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FRUIT: soft, s-d, dry; season
color, khalal

" mutah

tamar

shape

colyx

size

skin

flesh

rag

flavor

SEED: color

shape

Size 2p.

furrow

OTHER CHARACTERS

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

LOCATION
DISTINGUISHNG CHARACTERS

TRUNK: Slender. medium, heavy; height
OFFSHOOTS: few, mediom, many; low, medium, high
LEAVES: Color--light, medium, desp; glaucous
Curvature—sit, med., pron.; even, out,, tip

Base—narrow, med,, wide; sourf—slt, med., heavy;

‘color
Blade: length
Spine area: length - 8% blade length

Spines: number __; Tew, medium, munerous;

: short, medium, leng

single pitired F&
length sgl. : r
slender, med., broad; flexible, med., stff

neck--lacking, length : def., indef.

rachis angle--sgl a

a=r divergence

Pinnee: drooping--no, slt., med., pron.
longest
widest

termingl

v-angle, narrowest apex
d-angle, base apex

rachis angle, a I T

divergence, apex
BSL
Erouping
clagses
STALK: short, med., long; slender, med., heavy

Color yscurfeglt, med., heavy
Figure 4, Tree evaluation form used at US Date and Citrus Station.
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STUDIES ON POLLINATION OF DATE PALMS
Abbas A, Moustafa
Hort. Dept., Fac. of Agric., El-Fayoum, Cairo Univ., Egypt
ABSTRACT

This study was carried out on “Seewy” date palm grown at El-Fayoum
Governorate, Egypt to determine the proper time of pollinating female
spathe from its cracking time which give appropriate fruit set, yield and
good fruit properties. Female spathe was pollinated at different times, i.e.,
just after cracking, 2, 4, 6 and 8 days from cracking. The obtained results
revealed that earlier pollination either just after spathe cracking or after two
days from cracking time increased fruit set % with low quality of fruits. On
the other hand, delaying pollination to 4 days from spathe cracking gave
lower fruit set % and lesser bunch weight, but it was the most beneficial
treatment which gave a high quality of fruits. Such effect is similar to the
effect of fruit thinning and was accompanied by improving fruit quality.
Consequently, such treatment could be considered as a recommended
treatment under the conditions of this study.

“Additional Index Wrods”: Date palms, Pollination, Fruit set, Yield, Fruit
quality.

INTRODUCTION

The date palm tree is one of the oldest cultivated fruits in the world.
Arab Nation is leading in date production because of the suitability of its
climate for palm growth and fruitfulness. In Egypt, date palm is one of the
most important fruits and widely distributed in different districts. There are
three main types of dates based on fruit moisture content, i.e., soft, semi-dry
and dry cultivars. El-Fayoum Governorate is considered one of the main
districts of semi-dry date production in Egypt, especially “Seewy™ cultivar.
Therefore, it is required to ensure good fruit production through
understanding some horticultural practices that affect tree growth and
productivity. Pollination is one of the major practices in this concemn
(Mixon, 1951; Brown et al., 1969; Ream & Furr, 1970; Shaheen, 1986;
Gasim, 1993 and Kotb, 1993). Pollination is an expensive practice due to
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the pattern of flowering of palm trees and climbing several times to the
crown (Al-Baker, 1972; Hussein et al., 1979 and Hussein, 1982).
Observations indicated to the need of “Seewy™ palms grown at El-Fayoum
Governorate to intensive pollination for several times to cover the long

flowering season and to ensure good yield.

The determination of length of time during which the female flower of
date palm remain receptive to fertilization is very important. In this concern,
Leading (1928), Albert (1930), Reuveni (1970) and Shaheen (1986) showed
that pistils do not remain receptive long and the period of receptivity differs
among the cultivars. Shaheen (1986) cleared that the pollination of the
female spathe just after cracking gave higher fruit set percentage. Leading
(1928), Albert (1930), Al-Delaimy & Ali (1969) and El-Kassas & Mahmoud
(1986) found that with most cultivars of dates, maximum set of fruit was
obtained from pollinations within three or four days after spathe creaking,
but fair sets may be obtained in some cases up to eight or ten days.

The main goal of this study is to determine the proper time of
pollination after female spathe cracking which results in appropriate fruit set
and yield and improved fruit quality.

MATERIALS AND METHODS

This study was conducted during two successive seasons of 1995 and
1996 on “Seewy” date palm (Phoenix dactvlifera, L.) of about 30 years old
grown in a loamy sand soil at El-Bassionia orchard, El-Fayoum
Governorate, Egypt. In both seasons, five uniform vigorous palms were
selected according to bearing the same number of female spathes. The
selected palm trees were subjected to the same cultural practices. The leaf
bunch ratio was maintained at 7 : |. Ten female spathes of nearly equal size
were selecited on each selected palm tree in both seasons, while the other
spathes were removed. Pollination was done by using pollen grains from the
same male palm tree in the two seasons.

The 10 female spathes on each palm were labelled and subjected to the
lollowing pollination treatments during both seasons: pollination just after
spathe cracking, two, four, six and eight days from cracking. Subsequently,
each treatment was replicated five times, using two female spathes per every
replicate tree in a complete randomized design. All spathes were bagaed,
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each in a large paper bag just after cracking and it remained covered after
pollination for approximately two weeks to prevent contamination from air
or other surrounding pollinating treatments.

Five female strands were randomly selected from each bunch. On these
strands, number of setting fruits was counted after 21 days from pellination,
then fruit set percentage was calculated for each treatment. All bunches
were harvested at full colour stage during the second week of QOctober in
both seasons. The average bunch weight (in kg.) was determined for each
treatment, Samples of 30 date fruits were taken at random from each bunch
for the determuination of physical and chemical fruit properties, i.e., fruit
weight, seed weight, flesh weight, flesh %, seed %, flesh / seed ratio, fruit
dimensions, total soluble solids % (using a hand refractometer), total sugars
% (estimated by the method of Schaffar and Hartman, 1921) and total
titratable acidity % (AO.A.C., 1965). The obtained data were statistically
analyzed according to Snedecor and Cochran (1972).

RESULTS AND DISCUSSION

Fruit Set %

From data in Tables (1 & 2) it can be shown that the percentage of fruit
set varied according to pollination time of female spathe. The results
showed that percentage of fruit set was decreased with delaying pollination
after spathe cracking in both scasons. Statistical analysis revealed that
delaying pollination to four, six or eight days after spathe cracking
significantly reduced the percentage of fruit set as compared with earlier
pollination whether just afier spathe cracking or after two days from
cracking in both seasons. The increase in the percentage of fruit set occurred
by earlier pollination may be due to that the pollen grain tube can easily
germinate and elongate to penetrate the stigma and style of the female
flower resulting in better fertilization and fruit set (Brown etal., 1969).
However, Leading (1928), Albert (1930), Al-Delaimy & Ali (1969), Ream
& Furr (1970), Reuveni (1970), Marie (1971), Rahim (1975), El-Kassas &
Mahmoud (1986) and Shaheen (1986) found that delaying pollination after
female spathes cracking of date palm reduced the percentage of fruit set.
They also reported that maximum set of fruit with most date cultivars was
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obtained from pollination within three or four days after female spathe
Opening.

Yield Per Bunch

As shown in Tables (1 & 2), the average bunch weight in both seasons,
was not significantly affected if the female spathe was pollinated just after
cracking comparing with those pollinated after two days from eracking.
Delaying pollination to four, six or eight days from spathe cracking resulted
in a significant reduction in the average bunch weight as compared with
pollination just after cracking in the two seasons. These reductions were
estimated in 1995 season to be 21.3%. 25.9% and 27.9%, respectively in
comparison to bunch weight obtained from pollination just after cracking. In
1996 season, the percentage of reduction was 21.2%, 32.7% and 34.7%
when  pollination was delayed to four, six and eight days from spathe
cracking, respectively comparing with bunch weight resulted from
pollination just after cracking, Such results may be attributed to poor fruit
setting as a result of delaying pollination. These findings agree with those
reported by Leading (1928) and El-Kassas & Mahmoud (1986), who found
that if pollination was delayed to more than a week from its cracking, the
vield would be greatly reduced. In this concern, Leading (1928), Albert
(1930), Brown & Bahgat (1938), Reuveni {1970) and Moustafa et al. (1986)
reported that the length of time during which the female flowers of date
palm remained receptive varied according to cultivar, temperature and
humidity during flowering period.

[t is worthy to mention that the significant reduction in bunch weight
due to pollination after 4 days from spathe cracking may be responsible of
improving the fruit quality. This finding is strongly supported by El-Kassas
and Mahmoud (1986) on Zagloul dates.

Physical and Chemical Fruit Properties

Tables 1 and 2 exhibited the effect of different pollination times
following female spathe cracking of “Seewy” date palm on fruit
characteristics in 1995 and 1996 seasons.
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The fresh weight per fruit was significantly increased when pollination
was delayed to 4, 6, or § days from spathe cracking in the two seasons.
Meanwhile, delayving pollination by 4 days from spathe cracking resulted in
the greatest fruit weight in both seasons. Such results might be due to the
effect of delaying pollination on lowering fruit set percentage and fruit
number per bunch as well as the reduction in fruits compactness which
prevents their accumulation within bunch. Consequently, such fruits take

the opportunity of natural growth (Nixon, [931).

The average seed weight was not significantly affected by any of the
experimental treatments in both seasons. All treatments were similar in

effecting seed weight.

Data proved that delaying pollination up to 4 days from spathe
cracking significantly increased the average flesh weight, flesh weight %
and flesh / seed ratio than pollination just after cracking. This is clearly
shown in both seasons of study. Meanwhile, pollination after four davs from
female spathe cracking resulted the highest flesh weight (18.56 & 18.50
gm.), flesh weight % (89.79 & 89.81%) and flesh / seed ratio (8.80 & 8.81)
in the first and second season, respectively. These increases which occurred
by pollination after four days from spathe cracking might be due to
consistent increase in fruit weight.

In both seasons, fruit length and diameter increased by delaving time of
pollination up to 4 days after spathe cracking, where such treatment gained
the greatest dimensions of fruit in the two seasons.
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Table (1) :  Effect of different pollination times from female spathe cracking on fruit set,
yield and fruit quality of “Seewy" date cultivar in 1995 season.

PallEnotion Gime afer Feunn | Bupch | Foai Sead Fleh | Flesh Seed | Flesw | Froit dimestions . | T55 | Totad | Toanl

female spabe cracking sel Wi, wi. wi. Wi, wi wi, swed | lemgth | [ % sgars | ecidiy
Y (kg.) | 3| e} ) [pe) 5% e mtio | femd | fem) o e
Juslﬂdhlﬂ'i':ting. Hn.w2 I5.2% 1502 L0 1342 | ®5ll 1589 | 6.2 4.1 2.4 3630 | 3030 ) .30
T duys adber erscking d510 | 1500 | MeSD | 200 1449 | B7.29 | 1271 | 6E7 4.51 242 3620 | 3130 | 031
4 days alior cracking T2.40 12400 | 2067 | 2.1 18,54 9,79 10,21 i 5. 2,63 040 | 3260 | 023
& days mfer cencking TEED | 103 | 1928 | 2158 17.00 | 3883 | 1117 | 7.95 4,55 .58 AD.80. | 3275 | Q.23
K days after crncking 6350 | LLon | I84s | 216 620 | EB29 | 11T | 754 4.17 149 ITE | 3200 | 0.26
LED. ar 5% 1.3, 0,33 046 M. 0.56 033 .32 027 014 0.8 1.62 0.58 K
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Table (2) :

yield and fruit quality of *Seewy” date cultivar in 1996 season.

Effect of different pollination times from female spathe cracking on fruit set,

Follrmison time afler

Fruit

Buncl

Fruit

Fleshy

Seed | Flesh | Flesh | Seed Frutl dimengions | T5% | Totul Total

ferale spathe cracking s wi, wi. wi Wi, Wl wil s seed | lemgth | Dhem, 85 sugnrs- | acididy
% kg | fgm) | {gm}' | (pm) b a ik | fem.) fcm. } . ta
Just afler cnicking BOueE | 1445 15328 | .11 P07 |a3a iy | 1381 | 624 W20 47 IT10 | 3y 0.5
A days alfter erncking TR | 1455 1702 |412 15.00° | B7.62 1238 | 708 .64 155 17440 | 3210 036
& elmys after cracking GRAN | 11T | 260 | 1 1850 | RERT | W19 | EAI in 1649 4RO | 34,20 | 020
& days adber cracking GGED | W00 | Me00 | 303 ITE7 | B35 | 1065 | B39 L B H ACGG | 3475 0.5
B days slier cracking G045 | 970 1900 | 214 1696 | ERE0 | 1.20 | 793 442 2,60 IRe0 | 32ED | 423
LS50 s 3% 117 | el 43 b .43 125 .26 | 028 0,34 004 137 | 064 .03
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The present data clearly indicated that delaying pollination to 4 or 6
days from the time of spathe cracking significantly increased the TS5% and
total sugars % than pollination just after cracking, This is true in both
seasons of studv. However, the difference between the two treatments was

negligible.

As shown in the attached tables, it is obvious that pollinating the

femmale spathe, 4 or 6 days after its cracking significantly decreased the
acidity than pollination just after cracking in both seasons. However,
pollination by 2 days from the time of cracking did not sighificantly affect
the titratable acidity content in the fruits as compared with pollination just
after cracking in the two studied seasons.

In general, these findings concerning the response of “Seewy” fruit
physical and chemical properties to pollination at different times from
female spathe cracking go in line with those found by Nixon (1951),
Reuveni (1970), Al-Baker (1972), Hussein (1982), El-Kassas & Mahmoud
(1986 and Moustafa et al. (1986) on several date cultivars.

From the foregoing results, it is noticed that earlier pollination of
“Seewy” date palm under El-Fayoum Governorate conditions either just
afier female spathe cracking or after two days from cracking nme gave
higher fruit set percentage with low quality of fruits due to the great number
of fruits per bunch. On the other hand, pollination after 4 days from the time
of spathe cracking caused lower fruit set and less bunch yield, but it gained
better fruit properties due to the lesser number of fruits per bunch. Such
effect is similar to the effect of fruit thinning and was accompanied by

improving fruit quality.
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ABSTRACT

Date palms of the Fard cultivar were pollinated for three successive
vears using hand pollination (HP), hand duster (HD) and motorized
duster (MD). One part of pollen was mixed with 5, 7 and 9 pants of
wheat flour and applied by the hand and motorized dusters; whereas 3
inverted male strands per female spadix were applied by hand. Sugars,
pectin and titrable acidity percentages were determined on a dry weight
basis. Fruit set, volume, weight and total yield were also assessed. No
significant differences were observed in the fruit set volume, weight and
yield with respect to method of pollination. Similar results were
obtained for moisture, total and reducing sugars. The hand duster
produced the highest fruit set (24.8 fruits/strand) and the motorized
duster the lowest (20.6 fruits/strand). The hand duster produced the
lowest pectin (2.06%) in Bisir (khalal), the lowest sucrose cemlent in
Tamr (2.7%) and the highest acidity in Rutab (1.08%). The lowest
reduction rates in pectin (14.5%) and in acidity (17.5%) from Bisir to
Rutab were found in fruits from the hand duster, an indication of the late
ripening, However, the disappearance of this difference in later stages
makes fruits of the three methods ripen simultaneously. Consequently
the hand duster is favored because it is more convenient and efficient
No significant effect was found of the pollen concentration on most of
the physical and chemical parameters. The hand pollinated fruits
contained higher pectin during Bisir, lower acidity in Rutab and higher
sucrose in Tamr than 19 pollen ratio. Reducing the pollen ratic from
15 to 1:7 to 1:9 did not affect pectin and acidity during Bisir and Rutab.
But m Tamr the lowest pollen concentration produced the least acidity.
Reduction rates of pectin and acidity from Bisir to Rutab was an
indication that the latter occurred at a faster rate. Sucrose was greater in
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hand pollinated fruit than in any of the 3 pollen concentrations. None of
the detected differences gives any of the pollen ratios superiority over
the others. Intersction between pollination method and pollen ratio
showed significant differences in physical and chemical charateristics of
the fruits between methods, but not between pollen ratios. Pectin was
lower in fruits produced from the hand duster at a ratio of 1:7 and 1:9,
and motorized duster @ 1:9 than from hand pollination, The higher the
pallen concentration applied by the hand or with a motorized duster, the
faster the reduction rate of pectin. It was -25.9, + 0.06, - 13.6% and -
36.6, -19.2 and -31.3%, between Bisir and Rutab of hand and moterized
dusters at 1:5, 1:7 and 1:9 pollen ratios, respectively. It was concluded
that since the tested treatments did not seriously affect any of the
physical and chemical characteristics of the Fard dates, mechanical
pollination was recommended to overcome the problems associated with
hand pollination. The hand duster, with a 1:9 pollen ratio was favoured
over the motorized duster and hand pollination.

INTRODUCTION

The dicecious nature of the date palm necessitates the transfer of
pollen from the staminate palm to the pistillate in order to obtain an
economically feasible yield.  The date palm is naturally wind pollinaled,
but this method and pollination by insects have proven inefficient and
economically  unfeasible (Clor et al1974; Al-Bakr, 1972). The
traditional method of hand pollination which involves climbing the
palm, has become impractical under the changing socio-economic
structure in areas where date palms are Intensively grown. I requires
experienced pollinators, has a high labor cost and is time consuming
(Shabana et al., 1985 Hamood et al., 1986; Ibrahim 1988 and Al-Juburi,
1995). Under these circumstances, mechanical pollination has been
recommended. The majority of researchers in this field were interested
in the physical characteristics of the fruits in one or two seasons,
Information about chemical characteristics of date fruit as affected by of
the method of pollination and pollen concentration is scarce. The present
rescarch was intended to study the effect of pollen concentration and
method of pollination on fruit set, size, weight, vield and its content of
sucrose, reducing sugars, pectin and acidity of the date fruit.

MATERIALS AND METHODS

The Fard cultivar grown at Nizwa area was selected for this
experiment which continued for three successive seasons starting in
1991.  Randomly selected palms were at approximately equal height in a
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factorial experiment with 4 replications. The Khori cultivar was used as
the source of pollen,

Three methods of pollination were assessed by hand, with a
motorized  pollen duster and with a band pollen duster.  With hand
pollination, the pollinator climbs the palm and places 3 dry inverted
male strands into the female spadix and then ties the distal end of the
spadix. He does this operation whenever a spadix opens. A hand pollen
duster involves the use of a locally made device consisting of a small
piston pump, connected to a reservoir, and mounted on aluminium pipes.
Air pressure is exerted inside the piston pump by pulling a string down
and the pollen is pushed out by releasing the string Motorized pollen
duster consists of a small air compressor operated by a two stroke
gasoling engine, a 10L pressurized air storage tank, a sprayer gun and a
set of light weight plastic pipes. A hand pistol is used 1o release pressure
and push the pollen through the pipes.

Pollen for the hand and motorized dusters was mixed with wheat
flour (grade 1) at | part pollen to 5,7 and 9 parts flour. Mechanical
pollination was carried out from the ground 3-4 times for each palm.
This was found necessary because of variations in size, time and rate of

opening of the spadixes.

Fruit samples were collected randomly, by removal of 6 strands at
the Hababook stage and 4 strands for the Kimri, Bisir (khalal), Rutab
and Tamr stages. These stages of fruit development are classified on the
basis¢ of momphological differences. For example, Hababok stage, the
fruits are small, conical-shaped and light green in color with green strips.
Kimri stage they are larger than Hababok, ovate and dark green in color.
With the Bisir stage they have reached a maximum size, and are red and
yellow., Rutab stage shows a browning of the top _ of fruit (distal end ).
The other two thirds portion are red and vellow. Finally at the Tamr
stage, all fruit turn dark brown incolor.

All collected fruits were immediately placed in plastic bags and
kept on ice. In the laboratory samples were kept in a freezer (-18
pending physical and chemical analysis. The percentages of moisture,
total sugars, reducing sugars and sucrose were analysed according to
AOQAC (1984). Pectin was measured according to Less (1975) and
titrable acidity (citric acid) followed AOAC (1966). Results were then
compuled on a dry weight basis, The volume of fruits was measured by
water displacement (ml).
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Qtatistical analysis was carried out using SAS package. The
analysis of variance (ANOVA) was employed and the LSD wvalues were
calculated for the averages of three years results.

RESULTS AND DISCUSSION

Effect of pollination method:

The results of the three year averages showed no significant
differences in fruit set, size, weight and yield when hand pollination,
hand duster or motorized duster were used. These results are in
agreement with Al-Juburi (1995). Similar results were obtained in the
case of moisture, total sugar and reducing sugar percentages during any
of the five developmental stages of the fruit (data not presented). On
the other hand, while the hand duster produced a larger number of fruits
during Tamr than the motorized duster, it was not significantly different
from hand pollination (Table I). This is in agreement with the findings
of Brown etal. (1969); Hamood et al. (1986); Shabana (1988) and Al-
Juburi (1995),  Furthermore, the motorized duster produced the lowest
number of fruits in spite of the fact that it is known to deliver the largest
amount of pollen. We can speculate that this was more likely an effect
of wind blowing the pollen off-target and a stronger pressure exerted to
push pollen through the pipes (Shabana et al. 1985).

The lowest pectin concentration (2.06%) during the Bisir stage was
produced by fruits from the hand duster method. However, peciin in
fruits produced by hand pollination was at par with that in fruit of the
motorized duster. In  contrast acidity percentages did not show any
significant effect of the pollination method during Bisir (Table 1). In
Rutab, however, the hand duster fruits contained a higher acidity
percentage than hand pollination fruits and they were at par with those
of the motorized duster fruits. It has been reported that reductions in
pectin and acidity percentages indicate the onset of the ripening process
(Ahmed and Ahmed [995; ElMardi et al. 1995; Rouhani and Bassiri,
1976; Abdullatif 1988), Consequently the rates at which pectin and
acidity were reduced (Table 1) in the developing date fruit from Bisir to
Rutab can be considered as rates of ripening (Hasegawa et al. 1969; Al
Jasim and Delaimy 1972 and Rygg 1946). Calculated reductions in
Pectin while the date fruit was developing from Bisir to Rutab were in
the following order: hand pollination (34.4%) > motorized duster
(29.57%) > hand duster (14.5%). On the other hand reductions in
acidity during the same period were as follows: hand pollination {66.3%)
> motorized duster (33.3%) > hand duster (17.5%). These resuits
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indicate that fruits produced by the motorized duster and hand
pollination were ripening at faster rates than those of the hand duster
because they showed higher reductions in pectin and acidity.

Furthermore, hand pollinated fruits produced @ higher reduction in
acidity than those produced by the motorized duster. These results
indicate that hand pollinated fruits ripen at a faster rate than the
motorized duster’s which in turn ripened faster than the hand duster’s
fruits. They also indicate that the larger number of fruits produced by
the hand duster ripened later than the smaller number of fruits preduced
by the motorized duster. Such an effect of fruit number on maturity is
generally related to the increased competition among fruits for available
food (Nixon, 1936; Nixon and Crawford, 1942, Nixon, 1940). Results in
Table | also show that Tamr produced by hand pollination contained a
higher sucrose percentage than that produced by the hand and motorized
dusters. Such a patern in sucrose concentration may indicate that hand
pollinated fruits during “Tamr’ were chemically less matured than those
produced by the motorized and hand dusters (Al-Bakr, 1972; Cavell,
1947). This result contradicts with the above findings for pectin and
acidity reductions which showed that hand pollinated fruits were
ripening at a faster rate than fruits produced with the other twe methods.
Similar contradictory conclusions may be drawn if pectin and acidity
were considered at separate individual stages. Therefore the rate of
ripening as determined by the change in compound concentration from
one stage of development, to the other provides a more reliable measure

of ripening attributes.

Effect of pollen concentration

Pollen concentration produced similar patterns as in the method of
pollination, on fruit size, weight, total yield and moisture, total sugars
and reducing sugars contents. Slight differences were observed in pectin
concentration  during Bisir and Rutab (Table 2). Hand pollination
produced fruits, with higher pectin than the lowest pollen concentration
(1:9) during ‘Bisir” and “Rutab’, but it was at par with the two other
concentrations wviz: 1:7 and 1:5, In addition, no significant effect of
pollen concentration was observed on pectin during ‘Tamr’ (data is not
presented). These results indicate that low pollen concentration (1:9) can
produce the same effect on the pectin content as high pellen
concentration (1:3) does. Thus indicating no effect of the amount of
pollen on the activation of pectinase enzymes and providing a clue for
economizing on pollen application. On the other hand, the acidity
percentage during Rutab was higher at [:5 (1.03%) than for hand
pollination (0.59%), while it was at par with the other two treatments.
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Moreover during ‘Tamr® no significant difference was obsarved in
acidity between these treatments (Table 2). During *Tamr’ a 1:5 pollen
ratio produced fruits with higher acidity (0.51%) than the 19 ratio which
produced an acidity level of 0.43%. These results indicatz that the
pollen concentration influenced the titrable acidity of the fruits which in
turn influenced the softening and browning of the dates (Al-Bakr, 1972).
Resulis of pollen concentration on pectin and acidity indicate that the
pollen concentration produced a more pronounced effect on acidity in
the period between ‘Bisir’ and ‘Rutab’ than on pectin during the same
period. Further more, in each of the pollen ratios, acidity reduction
berween ‘Bisir' and ‘Rumab’ was lower than between ‘Rutab’ and
‘Tamr', This is explained by the reductions in pectin concentration and
acidity level which peint out that in the period between ‘Bisir’ and
‘Rutab’; the latter was reduced at a faster rate (ranging from 23.13 to
53.07%) than the former (ranging from 11.8 to 31.5%) (Table 2). Such
faster reduction in acidity is more likely a result of the increased activity
of the polyphenol oxidases and the reductions in acidity between ‘Bisir'
and ‘Rutab’ and ‘Rutab’ and ‘Tamr’ respectively on the three isomeric
monocaffeoylshikimic acids. Such a sitwation has been reported to occur
during the softening process of the date fruit (Al-Jarah, 1982; Abdullatif,
1988). Thus it can be seen that the effect of thess enzymes continues
during the ‘Tamu® stage and influences the dark pigmentation of the

fruits.

The sucrose percentage was significantly higher in the Tamr
produced by hand pollination than by the other pollen concentrations. It
can also be seen that the highest sucrose concentration in the Tamr
produced by hand pollination was associated with the highest reductions
in acidity between Bisir and Rutab stapes, but the lowest reductions
between Rutab and Tamr, (Table 2). This indicates that conversion of
organic acids to sucrose between the Rutab and Tamr stages was
enhanced in fruits from the hand pollinated palms as reflected by the
highest sucrose content. The high acidity during Rutab of the three
poilen dilution treatments was associated with lower reductions in
acidity indicating the interference of acidity with ripening (Ryge 1948).
The reason for the effect of pollen when directly released from the
anther on acidity and sucrose could not be explained with the present set
of experiments. However, it is more likely a result of enzymetic activity
which is temperature dependent.




Effect of the interaction between the method of pollination and pollen concent

No significant effect was found by the interaction between any of
the mechanized methods and pollen concentration on the tested
parameters during any of the developmental stages. Slight differences
were ohserved on pectin during Bisir and sucrose during Tamr (Table 3).

Hand pollination produced significantly higher peciin in the Bisir than
the hand duster using 1:7 and 1:9 pollen ratio. It could also be seen in
Table 3 that there was no significant effect of pollen concentration when
the hand duster was used. The higher the pollen concentration used by
the motorized duster, the higher the pectin concentration in the Bisir.
These variations did not appear in the Kimri and Rutab stages. Results
in Table 3 also show that the rate at which the date fruit was softening
between the Bisir and Rutab stages (as indicated by the reduction in
pectin) was greater at the highest pollen concentration when any of the
mechanized methods was used (hand duster = 25.9%; motorized duster =
36.6%) as compared to 13% and 31% respectively. It was also grester in
fruits produced from hand pollination (34.7%) than in fruits produced by
1;7, and 1:9 pollen ratios. This reduction in pectin of fruits at 1:5 pollen
was the lowest in the hand duster fruit between Kimri and Bisir, whereas
in the motorized duster fruits, the pectin concentration was increased by
25.8%. buch wvariations are more likely a result of competition among
the fruits for the available food and ventilation as influenced by the
changes in size and number of fruits, (Al-Bakr, 1972, Al-uaburi, 1993).
It may also involve an alternating phenomenon in such a way that a
compound at high concentration this season will be at very low
concentration in the next season (El-Mardi et. al. 1993).

Sucrose during Tamr stage was significantly higher in hand pollinated fruits
(5.13%) than in any of those pollinated mechanically except in fruits produced by
the motorized duster with a 1: 7 pollen ratio (3.74%)..

CONCLUSIONS

Results. of the three wyears provided no evidence of drastic changes
in the physical and chemical charateristics of the fruit as a function of
the pollination method The main differences in the effect of these
methods were on ripening attributes, specifically a reduction in pectin
concentration and acidity which occured between the Bisir and Rutab
stages. Hand pollinated dates matured at a faster rate than those
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produced by hand and motorized dusters. However, this effect was
found to occur for a short period and before the fruits reached the fully

ripened stage of Tamr. Therefore, we cannot consider hand pollination
to be superior over the mechanized methods.

The pollen: flour ratios (i.e. pollen voncentration) study produced similar
patterns as the pollination methods experiments. The lower pollen ratio 1:9 was
found superior to the 1:5 ratio as it provides for pollen conservation.

No  significant differences in the physical and chemical
charateristics of the date fruit were produced by hand pollination
compared with the hand and motorized dusters at any of the three pollen
concentrations. The significant differences in pectin during Bisir and
sucrose during Tamr were found insufficient to judge any of the
treatments supertor over the others. For convenience, efficiency and
pollen saving, a hand duster with a 1:9 pollen ratio is recommended to

pollinate the Fard cultivar.
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Table 1. Effect of pollination methods on number of fruit and changes in pectin, acidity and sucrose content of the Fard date
during fruit developmental stages.
Mool freits pér Pectin {50) Acidity () Sucrase )
Methods of sirand Reduction Reduction
Pollination Tamr Bisir Kutab Bisir Kulab Tamr
Mean D | Mean | SD | Mean | SD Yo Mean | SD Mean 50 o Mean =0

Hand 2360 | 637 | 304a | 149 | 2068 | 0.50 344 175a | 169 | 0590 015 66.3 513a 325
Pollination ah
Hand duster 24800 | 687 | 2060 | 1.14 | 1.76a | O.61 145 [.3la | L.14 |.08a 0.7 17.5 2700 | 1.93 |
Motorized JEEDL | 580 | 268a | 120 | 1.89a | LT 205 ldd o | 111 | D96 ab .56 333 3.00h 132
duster
P 0.2 0016 006 0,007

Numbers followed by the same letter in the same column are not significantly different at the 0.05 level.
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Table 2.

developmental stages,

Effect of pollen concentration en changes in pectin, acidity and sucrose content of the Fard dates during different

. Reduction
S = PECTIN (%) thﬁwlnn = Acidity (%) = n Acl dﬁmh Sucrose (%)
- 15T : I&ir i51r = =
Concenimation (Khalal) Pt Pectin (Khalal) Rutaky Tamr Rutab_| Tamr Tamr
Mean | 5D Mesn S0 b bean | 5D Mean | 5D Mean S0 e Mean B
Hand Pollination 3lda | 140 Z06a | 050 3440 1.75a | 1.69 D30k | LIS iS50 ab | 007 66.30 | 180 5.13a | 325
| pollen : § flour | 273ab | 1.50 | L.87 ab | 057 3150 1.34a | 120 103a | 075 051a §0.04 2313 | Sl Xne | LIS
Lpoflen: T floue | 220ak | 1.13 202a | 0,72 11,80 1300 | 0.09 1.02a | D6 DAGab | 0,10 53.07 | 550 3450 | 44
lpollen : 9 flour | 2.08b | 0.83 139k | .64 23.50 F48a | 120 102a | D68 D43 | Q0o 4333 | 580 103k | 230

Numbers followed by the same letter in the same column are not significantly different at the .05 level
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Table 3. Interaction effect of method of pollination and pollen concentrations on changes in pectin and sucrose content of
Fard date during different development stages,

PECTIN % CHANGES IN PECTIN SUCROSE
CONCENTRATION (%)
Kimri Bisir Rutab Kimn Bisir Tamr
i 1o
Bisir Rutab

Mean | SD Mean =l Mean | SD % % Mean 5D
Hand Pollination 265a | 1.50 1.14a 1.49 | 2.06a | 0.50 +18.5 -34.7 5.13a 3.25
Hand 1 pollen : 5 flour | 2.80a | 1.31 | 2.55 abe .49 1.3%9a | 0.64 -8.9 =255 204 b 0.79
Duster 1 pollen : 7 flour | 237a | 1.52 1.77¢ .50 1.78a | 0.59 253 +.06 115k 2.54
| pollen : 9flour | 2.11a| 146 | 1.84 be 0.83 | 1.59a | D.62 -12.8 -13.6 291b 2.02
Motorized | 1 pollen : 5 flour | 232a | 1.61 292na 1556 | 1.85a | 0.51 +25.8 6.6 242 h 1.45
Druster 1 pollen : 7 flour | 299a | 1.04 | 2.81 ab 1.12 | 228a | 0.78 -6.0 -19.2 1.74 ab 2.41
1pollen: 9 flour | 3.22a | 1.73 | 2.30ab | 0.81 | 1.58a | 069 -28.0 -31.3 3.15b 2.04

Number followed by the same letter in the same column are not significantly different at the 0.05 level.
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ABSTRACT

Intensely colored Zaghloul dates are demanded in the market. Most
fruits are consumed at the khalal stage. Growers are atlempting to
acceleratee and improve color intensity before the rain season and are
after early marketing to obtain higher prices. The spray of ethephon alone
did not achieve their goals consistently. In this study, medified ethephon
formulations were used two weeks before harvest to enhance its
cffectiveness either by using some enhancers or film-forming materials.
Ethephon at 1000 ppm in the presence of ethanol (2%, viv) and glyeerol
(1.3%, w/v) resulted in significantly higher anthocyanin content in the
fruit than the control or ethephon alone. The addition of urea at 100 mM
to the previous formulation caused even higher anthocyanin content in
the fruit in both seasons of study 1995, and 1996 seasons. The
application of either ethanol, urea, or glycerol alone did not result in any
significant increase in anthocyanin content when compared with the
control, The use of the film-forming chemicals, namely NU-Film 17 or
Dormant Spray along with ethephon resulted in a consistent trend of
higher anthocyanin content when compared with ethephon alone or the
control. This increase, however, was not statistically significant. Other
parameters such as TS8S, acidity, fruit size and weight, and seed weight
were measured. The results proved that by modifying ethephon
formulation, color development and intensity could be enhanced by
preharvest application.

Additional Index Words: anthocyanin, Ethrel, surfactants, khalal,
ethanol, glyceral, urea,

INTRODUCTION

Zaphloul dates are highly demanded in the market. This cultivar is
mainly consumed at the khalal stage. There is a trend of higher export to
the Arab market. The consumers look for fruits with greater color
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intensity and uniformity. Delaying harvest could result in more
anthocyanin in the fruit. However, farmers are forced to harvest their
dates before the rain season. Rain causes cracking, acceleration of the
rutab stage, and increasing the susceptibility to infection by pathogens.
Hence, it is really desired to accelerate color development and increase

its intensity and uniformity.

An ethylene-releasing compound, namely ethephon, has been used
to achieve these goals (Balaket, 1988; El-Hammady et al., 1992). The
results of ethephon, however, were inconsistent and farmers complain
about the lack of effectiveness (Farag et al., 1992). Ethephon applications
had to be accompanied with severe pruning in order to be able to enhance
rpening of Samany dates (Hussein et al., 1993), Thus, many researchers
have been attempting to accelerate ripening of dates after harvest
{Khalifa et al., 1975; Rouhani and Bassiri, 1977). [t was found that due to
the hydrophilic nature of ethephon, its diffusion across the cuticle is very
slow (Farag, 1989) and its penetration across the cuticle could be
enhanced by changing its formulation (Farag and Palta, 1992). It was
also found that the use of a wetting agent along with the sprayved material
would result in increasing the contact angle and the reduces the surface
tension of the drops but may not increase the actual penetration across
the fruit cuticle (Farag, 1989). Furthermore, early application of ethephon
after fruit set resulted in a significant yield reduction (Maximos et al,

1980; Mougheith and Hassaballa, 1979).

The objectives of this study were to accelerate color formation of
Zaghloul dates and increase its intensity by using a new formulation of
ethephon.  This formulation aims at enhancing the effectiveness of
sprayed ethephon either through the actual penetration (Farag, 1989) or
forming a film on the fruit surface.

Materials and Methods:

Zaghlou| date palm trees growing at Edko, Beheira were used in this
experiment. Trees were twenty years old, uniform, healthy, and growing
in sand loamy soil. On each trée, bunches at the southern part of the tree
were sprayed to the runotf using a hand sprayer on Sept. 15 and 16 in the
two consequetive seasons 1995, 1996 respectively. The study included
two separate experiments.

Experiment 1.

Treatments were: watet, ethephon at 1000 ppm, ethanol (2%, viv),
urea (100 mMj}, glycerol (1.5%, viv), the combination of ethephon at
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1000 ppm plus ethanol and glycerol at the same mentioned
concentrations, and finally the combination of ethephon plus ethanol and
glycerol along with urea at the same above concentrations.

Experiment 2:

Film-forming materials along with ethephon were used. Treatments
included: the surfactant tergitol at 0.2%, v/v, ethephon at 1000 ppm, NU-
Film 17 plus tergitol, Dormant Spray at 0.2%, v/v; from Miller Chemical
& Fertilizers Corporation.; ethephon plus NU-Film 17 and tergitol,
ethephon plus Dormant Spray and tergitol. Concentrations when not
mentioned were the same as above,

Fruits were harvested two weeks after spray by taking |5 strands
randomly from each harvested bunch, Ten fruits were randomly sampled
from the strands taken from each bunch. Thus, thirty fruits were used for
the determination of various parameters. After harvest, fruit weight (gm),
volume (cnr') and seed weight (gm) were determined. Total soluble
solids were measured by hand refractometer. Juice titratable acidity was
detected by titration against 0.1 N NaOH. The determination of
anthocyanin in fruits was done by the method of Fuleki and Francis
(1968). Three replications were used with each treatment in a completely
randomized design. One tree represented one replication. Analvsis of
variance and the least significant difference for the means were obtained

by the Mstart statistical program.
Results and Discussion

Experiment 1:

The data indicated that the formulation of ethephon in the presence
of ethanol and glycerol caused a significant increase in anthocyanin
content of the fruit during 1995 season. Similar trend was obtained in
1996 season but the difference was not statistically significant. The
“addition of wurea at very low concentration (100 mM) to the above
formulation caused a significant increase in anthocyanin content of the
fruit as campared with the control in both seasons. The difference
between the formulation of ethephon with and without urea was not
significant in terms of their effect on anthocyanin production (Table 1),

Furthermore, the single treatment with either ethephon, urea,
ethanol, or glycerol did not result in a significant increase in anthocyanin
content of the fruit in both seasons as compared with the conitrol.
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Titratable acidity of the fruit juice (Table 1) was not significantly
affected by any of the treatments when compared with the control during

both seasons.

With regard to total soluble solids of the juice, it was found that
ethephon treated fruits had higher TSS in the fruit than the control during
both seasons. The formulation containing ethephon plus ethanol and
glycerol in addition to urea also resulted in a significant increase in TSS
compared with the control. The same above formulation but in the
absence of urea caused a higher TSS than the control especially in the
second season. It could be noticed that the spray of urea alone had an
appreciable increase in the TSS values. Ethanol spray, however, did not
cause any significant change in TSS when compared with the control in

both secasons (Table 1).

In terms of fruit size, ethephon alone or in formulations caused a
reduction in this character at harvest compared with the control during
1996 season (Table 1). This reduction, however, was not significant
during the first season except with ethephon formulation containing
ethanol, glycerol, and urea: Moreover, the magnitude of this reduction

was negligible when compared with the control.

Similar trend was found with fruit weight. Ethephon aloneorin a
formulation caused a slight reduction in fruit weight especially in the
second season. Furthermore, ethanol or urea or glycerol alone caused a
statistically significant reduction in fruit weight and size in both seasons
compared with the control (Table 1).

Seed weight was not statistically different between ethephon
formulations and the control during the first season. However, ethephon
treatment in the presence of ethanol, glycerol, and urea caused a
significant reduction in seed weight during the second season when
compared with the control. Ethephon treatment was not consistent in its
effect on seed weight in both seasons. However, this reduction was
statistically significant during the first season (Table 1).

Experiment 2:

The data proved that the film-forming chemicals, namely NU-Film
or Dormant Spray, did notenhance anthocyanin production either alone
or when each of them was combined with ethephon as compared with the
control (the surfactant), This trend of result was consistent during both
seasons of study, Meanwhile, ethephon in the presence of tergitol did not
result in significant increase in the amount of anthecyanin as compared.
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Table 1. Some fruit characteristics of Zaghloul date palm fruits as influenced by various ethephon formulations
during 1995 and 1996 seasons.

Trestments Anthacyanin Total Saluble Acidity Fruit Size Fruit Weight Seed Weight
Conteni Saolids (%4) %) (em’) (e (2)
(g o0 g}

1995 |5 15495 | 5, | 1945 1996 1093 1996 | 1595 1596 1903 |5t
1 a2 15,21 1927 11,87 053 051 25.40 2103 2263 21487 L9 1.8
2 1835 20,25 17.97 18,93 034 0,40 26.03 .17 752 26.47 202 .12
3 19,12 nmn 1977 1820 4 045 250 2380 27.73 24,63 1.87 1.7%
4 14.E5 1918 .33 17.87 nAas LLE I8 41 25.14 2740 24.17 172 &
5 14.02 16,83 16.13 213 051 .45 2237 25.13 2340 2480 1.93 2.04
ﬁ 1528 b0 PLIE 1123 LR £ (.54 a2.m 2193 21LRB7 2230 1.9 L.B7
7 1425 16.22 16.73 18,13 046 63 24.47 73,50 24.73 4.1 .32 .10
LSD at |23 5.56 1.46 4 .21 013 .67 (93 1.7 T 3T 1.0
(0.05)

Numbers under treatments means: 1, control; 2, ethephon+ethanol+glycerol; 3, ethephontethanol+glycerolHurea;

4, ethephon; 5, ethanol; 6, urea; 7, glycerol.
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with tergitol during both seasons. The spray of ethephon in the
presence or absence of the surfactant did not make any difference with

regard to the amount of anthocyanin in the fruit (Table 2).

With regard to the total soluble solids (Table 2), their values were
similar for most treatments during both seasons. There was only a
significant increase in TSS by ethephon plus Dormant Spray treatment
during 1995 season only except the significant increases in TSS by
ethephon plus dormant Spray treatment in 1995 and by ethephon alone in
1996. Generally, ethephon alone or in combination with either of the film
forming materials gave higher TSS than the surfactant but the difference

was not statistically significant.

Titratable acidity, on the other hand, did not significantly vary
among the treatments in both seasons. Although there was a reduction in
acidity values due to spraying either ethephon plus NU-Film or plus
Dormant Spray when compared with the control but it was not
appreciable difference (Table 2).

The spray of ethephon alone or in combination with NU-Film lead
to a reduction in fruit size in both seasons when compared with the
control. However, fruits sprayed with ethephon plus tergitol had greater
fruit zize than the control during both seasons. Dormant Spray treated
fruits had similar values of fruit size to the control in 1996 season.
However, NU-Film spray resulted in significanily lower fruit size than
the control in both seasons. The trend of results for fruit weight was
generally similar to that of fruit size during both seasons. There was only
a reduction in froit weight caused by ethephon in the presence of NU-
Film during the second season when compared with the control,
Ethephon plus Dormant Spray, on the other hand, resulted in greater fruit
weight than the control during both seasons.

With regard to seed weight, values were similar for all treatments in
both seasons (Table 2).

This study proved that ethephon at 1000 ppm in the presence of
ethanol (2%, wv/v) and glycerol (1.5%, wv/v) enhances anthocyanin
production in the fruit as compared with the control or ethephon alone.
The addition of urea at 100 mM to the previous formulation caused even
higher anthocyanin content in the fruit in both seasons of sudy. These
results agree with Farag, 1992, Farag and palta, 1992. Earlier application
of ethephon resulted in acceleration of anthocyanin formation but along
with fruit thinning (El-Hamady et al., 1983; El-Hamady et al., 1992;
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Abd-Alaal, et al., 1983). Ethephon could be more effective on date palm
fruits with early applications after fruit set due to the reduced resistance

of the fruit cuticle to ethephon diffusion.

The application of ethephon is known to increase total soluble
solids contents (Khalifa et al., 1975; Rouhani and Bassiri, 1977). This

conclusion agrees with our finding that ethephon alone or in formulation
increased the total soluble solids as compared with the control.

Preharvest application of ethephon was found to enhance ripening
and markedly increase the total soluble solids (Mougheith and
Hassaballa, 1979). Ethephon application was also found to improve fruit

quality (Maximos, 1980)

This study provided evidence that ethephon has the ability to
increase and accelerate anthocyanin content of date palm fruits when
applied in a moditied formulation.
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Table 2. Some fruit characteristics of Zaghloul date palm fruits as influenced by ethephon in the presence of film-

forming compounds during 1995 and 1996 seasons.

Frealmenis Anthagyanin Total Seluble Agidity Fruiil iz Fruit Weight Seed Weight
Cantent Solids (%) 6 {em’) (g) (g)
{EI'HHJ 2l

1545 1594 1995 15t I st 1926 I [995 9% I F455 | 956 I 15995 | 456
I 1520 15.& 1953 16.73 .57 .58 1580 14.67 I4.53 2593 |-t 175
v 102 i540 |7.E0 21.47 .57 [T 1927 1100 1510 2127 .50 &,00
3 L6 A6 1580 17,33 15,71 42 53 1550 16.67 1487 1643 .57 1.80
4 1137 1692 1540 |8 73 1,50 047 2343 .17 21218 17.49 208 206
5 1730 1K .50 1883 17,93 .50 .52 1720 1973 2637 197 210 1.58
{:' 1562 17.62 60 18.53 44 033 Ii40 £4.B0 2703 IT40 .00} L3
:I' 1426 1630 1553 17.33 . 5R LEE 2037 27.30 2733 27403 151 1.8
LSD 313 A5 in 116 [T s 092 123 .30 .23 [ 1.34
(at 0.05)

Numbers under treatments mean: 1, Control; 2, ethephon; 3, NU-Film; 4, Dormant Spray; 5, ethephon+NU-Film

6, ethephon+Dormant Spray; 7, ethephon+Tergitol.
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EFFECT OF NAPHTHALENEACETIC ACID ON FRUIT
RIFENING AND QUALITY OF (Khenazi, cv.) DATE PALM.

Hasan R. Shabana, Rashid M. K. Al-Shiraqui
Mansoor 1. Mansoor  Walid M. Al Safadi
Ministry of Agriculture and Fisheries, P, O. Box 1509, Dubai, UAE

ABSTRACT

Preharvest application of Naphthaleneacetic acid (NAA) at 50 and
100 ppm concentrations to immature “Khenazi" cultivar date palm Fruits
12-13 weeks after pollination (late chemri stages) was investigated. The
result showed that fruit size, quality and ripening were higher for treated
fruits compared with the control. In general NAA increase fruit size and
delay ripening 1 to 2 months, at 50 and 100 ppm NAA.

INTRODUCTION

Attempts result (4,3,9) in using growth regulators to improve size,
ripening and qualities of date fruits were discouraging. Failure to achieve
encouraging results stimulated investigation (2,6) to determine the most
responsive physiological stage of fruit development responsive to
application of growth regulators. A physiologically active stage known as
the “Depressed period” during the early second sub-stage of chimri stage
was found in “Zahdi™ and “Sayer” date palm (3,7,8).

Chemyri is immature green colored stage of dates, which may be
differentiated in two sub-stages. The first sub-stage is characterized by
rapid increase in fruit size and weights, while fruit weight rate decreased
in the second sub-stage in comparison to the first sub stage.. Application
of NAA at 40, 50, 60 100, 150-ppm concentrations during the depressed
period caused an increase in fruit size and weight for treatments (100 and
150 ppm) fruit never rapined (3,7). The increase in fruit size after
treatment with NAA at 40, 50, 60, 100 and 150 ppm during the depressed
period was mainly caused by cell enlargement (1), These results indicated
that the synthetic growth regulator NAA might be used for improvement
of various important fruit characteristics (size, weight, ripening, etc.),
when the fruits are treated the fruit at depressed period. The depress
period is a function of genetics and environmental factors (9). Therefor,
it is necessary to determine the depress period before treating date palm

i



fruit with growth regulators.

This paper reports the effect of two concentrations of NAA on
various fruit characteristics of “Khenazi” cultivar date palm under United
Arab Emirates climatic conditions.

MATERIAL AND METHODS

During the growth seasons of 1995 and 1996 on eight years old
“Khenazi” cultivar date palm trees were selected for the experiment at
Homraniva agriculture experimental station, (Ras Al Khaimah, UAE).

Fruit bunches on the selected tress were treated with NAA during
the depressed period of fruit development 12 — 13 weeks after pollination.
All bunches under treatments had been pollinated from one male palm

ree.

NAA at 50 or 100 ppm was sprayed on bunchs in early morning
with | litter plastic hand sprayers. A drop or 2 of tween 20 was added to
the NAA solutions as wetting agent. Control bunches were sprayed with

distilled water and tween 20.,

Fruit samples were collected in two cases The first sample was
collected from bunches as complete strands, so [fruits were in various
ripening stages, while second sample were'collected randomizely from
bunches in tamr stage only,

Volume, weight, fruit and seed, pulp weight, pulp to seed weight
ratio, length, width, length to width ratio of fruits and ripening percentage
were measured. Samples were collected in both years 1995 and 1996,
Treatments were amanged in a randomized block design with each
treatment replicated five times. Averages of the two vears data were

analyzed.

RESULTS AND DISCUSSIONS:

The results in Table 1 of the first sample indicated significant
increases in volume, weight, length, width and ratio of length to width of
fruits in the treated experiment compared with the control. Pulp weight
and ratio of pulp to seed weight in treated fruit for both concentrations
(50 and 100 ppm) were highly significant. Seed weight of treated fruit
was significantly higher than untreated fruit (Table 1). Fruit and pulp
weight in NAA (100 ppm) treated fruits were significantly higher than
that in 50 ppm.
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In Table (1) percentage of fruit nnpening in mid of September were
[00% in untreated bunch, while percentage of fruit ripening in treated
ones was 30.60 and 27.93% for 50 and 100 ppm NAA, respectively.

Table (2) shows second sample (tamr stage) which were collected
from all treatments. Fruit volume and weight, weight of seed and pulp,
and ratio of pulp to seed weigh were significantly higher for treated fruits.
The increases were not so high as in the first sample.

Fruit dimensions, length and width, had been increased in treated
fruit compared with control. Length to width ratio was not significantly
increased in treated fruits (Table 2).

In general WNAA delayed fruit ripening at least 1 to 2 months in 50
and 100 PPM of Khenazi date palm cultivar. Similar results recorded in
pervious investigation (3,7). Disturbance in the hormonal balance of

developing fruit may cause the delay.

However, a delay in fruit ripening as recorded in the present
experiment has some advantageous, because fruits in the rutab stage can

be harvested late in the season for local fresh consumption, Fruit size,
quality and ripening of Khenazi date palm cultivar was improved by
applying NAA at 50 and 100 ppm concentration.
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Table 1. Effect of NAA on fruit characteristics and ripening of “Khenazi” dates (Data are averages for 1995 and 1996

SEasons).
NAA Fruit Fruit Seed Fulp Pulp/seed Fruit Fruit Length/ | Ripening % |
ppm volume | weight (g) | weight {g) | weight (g) | weight length width Width
(cc) ratio {cm) (em) Ratio
] 8.00 1.82 (.65 i W 11.03 3.38 2.04 1.66 100.00
50 1575 1572 0,80 14.92 18.65 4.46 2.54 1.76 30-60
100 15.50 16.64 0.82 15.82 19.29 441 2.56 1.72 27.93
LSD 5% 1.63 1.81 0.14 1.02 2.53 0.12 (.08 0.43
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Table 2. Effect NAA on fruit characteristics of “Khenazi” dates (tamr stage) (Data are averages for 1995 — 1996 seasons).

NAA Fruit Fruit Seed Pulp Fulp/seed Fruit Fruit Length/
ppm volume | weight (g) | weight (g) | weight (g) | weight length width Width
(cc) ratio {cm) {cm) Ratio
0.0 £8.00 7.82 0.65 7.17 11.03 3.38 2.04 1.66
50.0 10.00 10.46 0.68 9.8l 14.43 3.93 2.28 1.72
100.0 10.25 10.58 0.69 9.89 14.33 3.82 2.29 1.67
LSD 5% 1.05 0.98 0.02 1.03 1.98 0.03 0.02 0.25

77




INTERACTION EFFECTS OF THE SEQUENTIAL
APPLICATIONS OF SOME GROWTH REGULATORS ON
THE GROWTH OF DATE PALM TREES
(PHOENIX DACTYLIFERA L.)

El-Hodairi, M. H.Albahi, A. Ibrahim, S5.B. and the late Hamza,
MLA. Regional Agricultural Research Center, Fezzan,

P.0.Box.19315, Sebha, Libya .
ABSTRACT

Seguential application of growth regulators (paclobutrazol and
uniconazole} have significant effect on the growth of date palm trees.
Four application treatments of both paclobutrazal and uniconazole at
1000 mg/l at 30 days intervals produced long lasting effects on
vegetative growth and enhanced the fruit cluster formation. The
height and trunk of the tree and the length of leaves were
significantly retarded by paclobutrazol and uniconazele. However,
the number of offshoots and fruit clusters were significantly
increased by both growth regulators whereas they had no significant
effect on the leaf number and leaflets. There was no difference
between the effects of paclobutrazol and uniconazole treatments,

Additional  Index Words: Growth retardant, offshoot,
stimulation

INTRODUCTION

During recent years considerable attention has been given to
the possibility of controlling the growth and cropping of fruit trees by
means of chemical regulators. Hormones have been implicated as
inhibitory factors in apical dominance (Treharne et al 1985).
However, a discrepancy exists as to the role of gibberellins in the
apical control of lateral buds. Growth regulators explored the
possibility of inducing parthenocarpy in fruit of date palm, hastening
or retarding ripening, and stimulating flower initiation (El-Hodairi et
al. 1992).

Growth retardant may be deseribed as chemicals which
primarily inhibit subapical cell division and elongation hence
reducing the growth of the aerial parts. It has already been suggested
that growth regulators are required to increase the yield and
uniformity of the crops. However, research during the last 35 years
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has indicated that these chemicals can stimulate photosynthesis
enzymes (Treharne et al. 1985), effect respiration and delay leaf
senescence and can alter the partitioning of assimilates (El Hodairi,

1987).

Date palm (Phoenix dactylifera L) is a high energy food and
regarded in Libya as a popular food commodity. Itis known that
Libya produce more than 120,000 metric tons per vear. The
production of offshoots is limited in date palm depending on tree
ages vigour and cultivar Al-Jabbory, 1993. Date palm produces

leaves in 3 to 5 stages (period) per year, depending on the
environmental condition and the biological activity of the date. The

number of leaves produced in each stage are 3 to 5 leaves which are
growing closely at the beginning. Root system could be stimulated by
NAA, El Hodairi et al., 1992; El Hodairi etal., 1993, and by drip
irrigation{ Al Ghamdi, 198R).

The fact that many physiological processes, such as shoot
elongation, flower initiation and root development, depend on a
balance between growth regulators, rather than on the absolute
amount, suggests a wide scope for the use of synthetic growth
retardant. Paclobutrazol (PP333) is a very potent plant regulator and
effective on a very wide range of species where its principal mode of
action is the inhibition of gibberellin biosynthesis. The other growth
retardant has been developed in Japan is uniconazole (5.3307-D)
which has similar mode of action as paclobutrazol.

Regulating date palm tree growth is a major problem
confronting date palm growers. Hence the economic success of
modern type of date palm orchard depends upon the ability of the
grower to bring his trees into dwarfing growth. The object of the
present study was to investigate the extent to which such factors as
tree height, offshoot, flowering and fruiting of date palm could be
controlled.

MATERIAL AND METHODS

This rescarch was carried out at the Sebha Date Palm stripe
(Latitude 27°North, altitude 14.3°East). In October 1993 sixty three
year old Tafsirt date palm trees were chosen, which were as nearly
identical as possible. The trees had been planted in rows, 8 meter
apart. The soil type of the field was sandy soil, the trees were
irrigated by net piping irrigation, which give 10,000 m® per hectar.
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Sixty kg of manure fertilizer was applied to each tree in every winter
and 800 g ammonium phosphate was given to each tree in spring
each year, spraying was done in November each year with superacid
40 EC to protect the plants from insects. In early October, 1993 one
of the following sequential treatments of 50 ml paclobutrazol and
uniconazole were applied by pouring them to the apical bud of the
experimental trees: water control; single application at 1000 mg/;
two applications at 1000 mg/l; three applications at 1000 mg/l; four
applications at 1000 mg/l. The intervals between the sequential
application were 30 days. Tween 20 at 0.1% v/v was included as a

wetting agent in all treatments.

The experiment was designed as a complete randomized block
with factorial arrangement 2x5x6, two growth regulators
Paclobutrazol and uniconazole at five levels of sequential
applications, with 6 replicates of each treatment, which were
allocated at random in each of the 6 blocks. It was designed so that
the significance of the treatment effects could be tested by analysis of
variance. Where the results are shown, SE represent standard error,
L.5.D. represent the least significant differences between treatments
at 5%(*) or 1% (**) or 0.1% (***) level of probability (P), N.S.
means Not Sigrmficant between treatments.

The tree height and trunk length and the number of leaves,
were counted every month in the first year, then these parameters and
the number of offshoots produced per tree were all recorded in
December every year. The number of fruit clusters and the number of
fruits and the weight of fruits were recorded in September. The
inflorescences were hand pollinated in March every year.

RESULTS AND DISCUSSION

Growth  regulators  (Paclabutrazol and Uniconazole)
significantly reduced tree height, leaf length throughout the period of
four years (Table 1).meanwhile, effect of sequential application was
clear as it reduced trunk length in 1997 and the effectiveness
increased by increased the number of application, and four times
applications of uniconazole at 1000 mg/l was more effective than
paclobutrazel (Table 2). However, there was no significant effect on
the. number of leaves. These are in agreement with the results
reported by El-Hodairi, et al., 1996 in that using one dose of these
growth regulators.
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A long-term shoot retarding effect was obtained with all
paclobutrazol and uniconazole treatments. These growth retardant
effects may be due to gibberellin biosynthesis inhibition properties
(El Hodairi, et al, 1996). The production of offshoots could be
increased as the results in table | indicated that growth retardants,
paclobutrazol and uniconazol; increased the number of offshoot
production in 1997 (Table 1). These effects of growth retardant may
be due to the change in source - Sink relationship, hence, the axillary
bud under the base of leaves could be stimulated (El Hodairi 1987).

The effects of sequential applications of growth retardant on
flower induction were varied, but both paclobutrazel and uniconazole
generally enhanced flowering (table 1 and table 2) as the number of
fruit clusters were significantly increased especially by multiple dose
of both growth retardant. The fruit weight per cluster and the total
fruit weight per tree were highly significant increased by multiple
application of both growth retardants. However, there was no
difference between paclobutrazol and uniconazole on these
parameters (Table 2). The positive effects of sequential application at
30 days intervals of these growth retardants on the fruit parameters
could be due to an increase in crop demand it met by enhanced
photosynthesis and prolonged leaf activity when the tree bearing fruit
hence these growth retardants altering the movement of assimilates
(El Hodairi, 1987).

In conclusion, four application treatment of both paclobutrazol
and uniconazole at 1000 mg./l at 30 day intervals between
applications had the most marked long-term dwarfing effect on
Tafsirt date palm trees. Another beneficial result is the improvement

of fruiting and offshoot production of treated trees.(Figures 1,2,3,4,5
and 6 ).
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Table 1. Effects of sequential applications of growth regulators (paclobutrazol and unicanazole) on some growth characters of date palm trees

(means of 12 trees).

Sequential applications | Tree height increase tree height increase (em) | Leaf length {(cm) 1997 | Mumber of offshoot Mumber of frult clusters
| of growih regulators {cm) 1994 1557 1957 per men 19497
wialer contral 13583 2850 27542 TA17 233
LI 132.50 218.75 268,33 13.42 A1)
I 2 132.08 220,83 255.92 13,58 4.57
10003 11750 21625 243,16 1267 4 (K8
L 103.33 19325 219,16 1333 517
L&D 26,86 T 2973 304 143
a1} {p.at o) (P at (i) (F. at-0.007 (P.at [LOS)
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Table 2, Effects of sequential applications of paclobutrazol and unicorazole on some growith choracters of date palm trees (mean of & irees)

Seoquenial Tureber of frui Mumber of Length of tree trunk Number of frait Weight of fruit per Toual firuit
opplications (30 chusters per trec shosatres { [995) fem) 1997 clusters 1597 cluster (kg) 1997 weight/tree (kgh
dovs intzrvals) i 19595) 1547
Pachobutrazol {mg'l)
“Water conirol 1. EHK 1437 10567 16T 042 2.08
O ] 500 G467 0 174.00 .40 G687
000 383 4,43 8300 386,50 2.58 12.87
0o i.50 3.50 8550 442.30 2.31 B.11
10004 i.a? 38 15967 332,83 | =03
Uniconazole (mg/l)
Water control 050 333 00 G583 .58 LaY
| b 1 1.67 3.17 £7.17 A 1652 693
ToEx2 (B3 300 a3 0 33717 1.88 240
P03 383 4 () 78.33 38513 I.78 B4
Ton0xd .50 2.3 1233 IGE.17 1.94 1244
SE {df 45] for 082 .65 T 44 57 24 i.43
COMIPArNG pay wo
walues
Sig. Of effects ol
Sequentinl - e 48 B aa W
applications
Paclobutrazol x N& M N5 M8 HS HE
Uniconxzali

Paclox umice %
mql:nli'l.ml

aa




PREPARATION AND EVALUATION OF EGYPTIAN
DATE SYRUP
BY
Bolbol R. Ramadan

Foed Science & Technology Dept., Faculty of Agric., Assiut Univ.,
Assiut, Egypt

ABSTRACT

Date syrup (dibs) was prepared from Saidy date (Semi-dry) variety
and three seedling date (Manthour; M,;, M> and M) fruits. Data revealed
that the extraction rate of sugars was increased according to the
water/flesh ratio increased. The produced date syrups were evaluated for
their physico-chemical characteristics and compared with cane syrup
(Molasses). The moisture, total sugars, crude protein, ash and TSS
content of date syrup ranged as: 25.14-29.30%, 71.20-9]1.09%, 2.28-
3.86%,. 1.75-2.28% and 69.04-75.00%, respectively., Results of the
organoleptic evaluation proved that syrup of dates are considered highly
desirable than molasses. Date syrup had good storage ability.

Additional Index Words: Date molasses, syrup, dibs, seedling date
{Manthour), composition, preparation, organoleptic evaluation.

1- INTRODUCTION

The importance of the date palm tree { Phoenix dactylifera L..) was
appreciated by many nations over the centuries. This is due to the
economical as well as the nutritional value of its fruit, hence it is one of
the eldest cultivated tree crops (Fayadh and Al-Showiman, 1990). The
date culture in Egypt extends from north, the relatively cool and humid
coastal region of Alexandria to south, the hot and dry region of Aswan
(about 1500 Km). This wide climatic range gives nise to an equally wide
variation in the date (soft, semi-dry and dry) varieties. Although there
are many varieties of dates in Egypt, only twenty are widely commercial
distributed. Besides, there are a great number of seedling date palms
(Manthour), as a result of sexual reproduction, some of them are highly
desirable for fruit qualities (Ragab, 1953; Hussein et al., 1979; Youssef
and Ramadan, 1987; Moustafa et al., 1989; Nour er al., 1989 and

Ramadan, 1995).
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Egypt had 7.25 million date palm trees producing 677,934 tons
with 93.35kg fruits per tree, in 1995, The average of date consumption
per capita was 9.3 kg in 1993 (The Agric. Economy, Bull. 1995, Egypt).

Egypt lies in the first largest producer among Arab countries
(680,000 tons) followed by Saudi Arabia (597,000 tons) and Irag

(550,000 tons), FAO (1996).

The surplus date fruits of inferior grades, which not accepted for
the packaging industry are sold at low prices. These fruits differ in their
composition but still it is considered as a good source of sugars, minerals
and other substances (Ramadan, 1995). Industrially, i1t is utilized for
produce several products such as syrup, jam, date-jelly, date-kutter, date-
butter, liquid sugar, vinepar, ethyl alcohol, single cell protein, ... ete. (Al-
Saady and Benjamin, 1983; Khatchadourian er al., 1983, Mustafa er al.,
1983a; Yousif er al., 1987; Yousif et al., 1989).

Date juice extraction and date syrup were studied by Benjamin ef
al., 1982; Hamad er al., 1983; Mikki er af., 1983; Mustafa er al., 1983b
and El-Shaarawy et al., 1989. Date syrup (dibs) is probably the most
commen derived date product. It is produced as an incidental by-product
when bagged humid dates are heaped for several months, some syrup
oozes out by the force of their own weight. Also, it is produced in the
home and village by extraction and boiling down of juice, and on a semi-

and full indusirial scale (FAO, 1993).

Since ancient times, in Egypt, date syrup locally known as “Date
molasses” and produced as an accidental by-product in the storage of
bagged, humid dates. This way give not more than 6% of the date weight
and the syrup guality not be controled (FAO, 1993). Although, there
were a continuous increase in sugar production from both cane and beet,
unless this is not enough to meet the population increasing in Egypt,
Therefore, it is essential to find an other new untraditional sources such
as date syrup and find away for utilization of seedling and low quality
dates. Therefore, the aim of the present study is to preparate date syrup
from a surplus of inferior grades of dates and to evaluate the yield.

2- MATERIALS AND METHODS

1.1- Date samples:

Saidy date variety and three of unclassified (Manthour or
seedling) date fruits; M,, M; and M;, were used to preparate the date
syrup in this investigation. The former, Saidy, one of the finest cultivars
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(semi-dry) in Egypt. It was obtained from Kharja Date Packing Factory
during the sorting operations of the high quality fruits. The date fruits of
M,, M: and M; were collected from the local market at Kharja oasis, the
New Valley Governorate. All date samples were obtained during the

1996 season, at over ripe stage.

Representative part of date bulk was used for some physical
evaluation. Another part was pitted and the flesh was minced just before

chemical analysis. The residue fruits were washed, pitted, the flesh was
cut into small pieces, and kept refrigerated in sealed polyethylene bags.

2.2- Preparation of date syrup:

The weighed flesh of date samples were beiled in sufficient
amount of water for 20 min. and blending. The slurry was filtered
through a cloth with a hand press. The residue pulp was rewashed with
hot water (850-85°C) for 10 min. and filtered again twice, to make up the
water/pulp ratio as 2, 2.5 and 3.0/1. The collected raw date juice was then
centrifuged at 7,000 rpm for 30 min. The clear extract was concentrated
under vacuum using rotary evaporator apparatus at 70°C to obtain one
fourth or third of the total extract volume. The produced date syrup was
packed in scaled glass bottles and stored &t room temperature (20-30°C).
Date syrup was analyzed and evaluated compared with the sugar cane
molasses from the local market.

2.3- Analytical Methods:

2.3.1- Physical and chemical evaluation:

Fruits of the studied date samples were evaluated for fruits number
per kg, weights of fruit, flesh and pit; flesh/pit ratio; and fruit flesh
percentage.

- Total soluble solids (TSS) and refractive index were determined by
an “Abbe” refractometer at 20°C.

- The pH value was determined using a research pH-meter.

- The color of the diluted date syrup (20% TSS8) was measured as
optical density at 520 nm using a spectrophotometer,

- Moisture was determined by oven method according to Auda ef al.
(1976).
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- Reducing and total sugars were determined according to Lane and
Eynone method. Non-reducing sugars were calculated by difference.
Sugars, crude protein and ash were determined as mentioned in
ADAC (1990). Potassium and sodium were determined using Flame
photometer 400. Calcium, magnesium and iron were determined
using Atomic absorption Spectrophotometer 2380 as described in

AQAC, 1990.

2.3.2- Organoleptic evaluation:

Organoleptic evaluation of date syrup samples were determined by
a taste panel comprised of the 15 staff members at Assiut Univ., Assiut,
Egyvpt. The panel scoring system applied was: color, 20 points; taste, 30
points; consistency, 20 points; and acceptability, 30 points, This system
was applied for some date products by Sumainah and El-Nakhal (1984),
Yousif er al. (1987) and Ramadan (1990 and 1995). Data were subjected
to analysis of variance and least significant difference (LSD) at 5%
probability according to Snedecor and Cochran (1930).

3- RESULTS AND DISCUSSION

3.1- Physical and chemical evaluation of dates:

From data presented in Table (1) it was observed that, the number
of fruits’kg varied from 115-232 fruits for Saidy and M, respectively.
Consequently, the mean weights of fruit and flesh of Saidy date were the
highest (8.70 g and 7.30 g) followed by M. (8.00 g and 7.14 g). While,
M; date had the lowest fruit and flesh weights, It could be noted from
the same Table (1) that, M, date had the highest flesh/pit ratio and fruits
flesh percentage. Whilst, My date was the lowest level for the same
previous parameters.

Table . Physical characteristics of date fruits,

Date Fruits Fruit Flesh Pit Flesh/pit | Fruit
samples | No.kg | weight g | weightg | weightg | ratio | flesh %

Saidy 115 .70 1.30 1.40 3.22 83.91

M, 178 5.62 4.63 0.99 4.68 82.38

Ma 125 8.00 7.14 0.86 8.40 89.25

M, 232 4.31 3.43 (.88 3.90 79,58

Results showed that, M> was the best among the seedling dates and
superior than Saidy vanety in most physical properties. These results are
in the line with that reported by Hussein and Hussein (1983), Nour et al.
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(1989) and Ramadan (1990 and 1995). On the other hand, the studied
dates were not merited with the Egyptian Standard Organization (1963)
for the semi-dry dates (weight of 100 fruit not less than one kg).

The data of gross chemical composition (Table, 2} showed that, the
studied date samples contained predominant amount of sugars and
moderate levels of crude protein and ash. Saidy date variety recorded a
higher amount of sugars and crude protein. The obtained data are in close
apreement or even less than that reported by Salem and Hegazi (1971),
Auda et al. (1976), Yousif et al. (1982), Khatab er al. (1983), Nour et al.
(1989) and Ramadan (1990, 1995), Hussein ef @/, (1976) reported that,
the dry and semi-dry dates had a moisture content less than 20% and 20-
30%, respectively. However, it was clear from the data in Table (2) that,
the moisture content of all studied dates were less than the recorded
average of semi-dry varieties. This might be reasoned to a higher loss in
moisture content after harvesting during storage and marketing, and
made them to be included within the dry varieties characteristics.

Table 2. Chemical composition® of date fruits (on dry basis).
Date | Moisture Sugars % Crude Ash
samples % Reducing | Non-Red, | Total | protein% | %
Saidy 11.20 80.52 328 83.80 3.81 195
M, 932 71.90 1.69 T35% 2.39 1.93
M, 7.58 73.64 0.79 74.43 3.20 1.62
M 12.56 70.28 0.59 T0.87 2.70 1.98

*Averape of three replicates,

3.2- Extraction of date juice:

The effect of water to date pulp (W/D) ratio in the sugar extraction
rate (SER) of the extracted date juice was presented in Table (3). These
data revealed that, there was a positive relationship between the
extraction rate of sugar and W/D ratio. This positive relationship could

be due to the
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Table 3. Effect of water/date pulp ratio (W/D) on sugars extraction

percentage.
W/P 2/1 2.5/1 3/1
Date pulp Sugar extraction %o
Saidy 72.04 87.12 93.45
M, 62.76 77.80 93.64
Ma 61.86 75.18 52.23
M 75.09 89.35 96.91

increased  rate of molecular diffusion, reduced liquid viscosity and better
liguid solid contact. Consequently, the increase in the extraction rate, the
residual sugar in the draft date decrease. Moreover, it is evident from
data in Table (3) that, SER was relatively affected by the moisture
content of date pulp. Whereas, date fruits, M, (highest moisture content)
recorded the highest SER at all W/D ratios (96.91% at 3/1, W/D ratio).
Benjamin er al, (1982) reported that, the optimum conditions to
maximize the extraction rate of 96% were temperature, 85°C; diffusion
time, 50 min.; draft percent, 250% and slightly flaked. The best
extraction method by autoclaving dates at 15 Lb/sq. i. for 10 min. with
2.5 times their weight water (El-Shaarawy ef al., 1989). Water to date
ratio was evidently a very important parameter in solids extraction, for
technical and economic reasons. A high ratio will assist rapid and
thorough extraction. However, the low TSS of the extract is not easy to
preserve on the industrial scale and will require very high energy to
concentrate. A too low W/D ratio will leave much of the soluble solids

unextracted, Table (3).
3.3- Evaluation of date syrup:
3.3.1- Physical properties:

Data concerning the physical characteristics of date syrup and cane
molasses are presented in Table (4). The color of used dates was ranged
from light and dark brown (Fig. 1). The total soluble solids (T55) and
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Figure 1. The morphological picture of the studied (Saidy, M;, M;, Ms)
dates, syrups and cane molasses (M,)

Table 4. Characteristics of date syrup compared with cane molasses.

Eff Tgg | Refractive 0.D. of
Syrup | % index PH 20% TSS
EE at 20°C at 520 nm
Saidy (S) 920.8 | 69.04 1.4630 3.4 0.45
M, 904.4 |70.05| 1.4650 3.6 0.48
M, 888.84 | 75.00 | 1.4775 3.7 0.55
M 878.10 | 72.02 | 1.4700 4.0 0.43
Molasses M, - 73.00 1.4725 3.5 0.58

refractive index of the date syrup were higher. This is principle due to
the high level of sugars and relatively low moisture content. The pH
value ranged from 3.4 to 4.0 for date syrups. The high level of acidity in
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syrups contributed to its stability against microorganisms. The results
confirm those previously recorded by Mohamed and Ahmed (1981) for

Libyan date syrup and Mikki et al. (1983).

The optical density of 20% TSS of date syrups and cane molasses
were 0.43-0.55 and 0.58, respectively. The concentration ({TSS),
refractive index and pH value of cane molasses are in the line of those in
date syrups (Table, 4). The above data showed that, the prepared date
syrup had high acidity, TSS and total solids contents, therefore the

expected storage ability will be high.

Moreover, it was concluded from the datain Table (4) that, one
kilogram of each date pulp could be produce about 878 to 921 g syrup.

3.3.2- Chemical composition:

The chemical composition of the date syrup compared with the

cane molasses were mentioned in Table (5). From such data, it was
observed that, there was a narrow rage in the moisture content among
date syrup and cane molasses. Data also shown that, the reducing sugars
of date syrups were the main dominant and comprised about 96% or
above of its total sugars content. This is due to the used date fruits,
Whilst, the cane molasses contained a very low amount of reducing
sugars (1.34%) and a very high level of non-reducing sugars. Crude
protein and ash contents of the date syrups were in the same trend of
their fruits. Molasses contained approximate amounts of crude protein
and ash with date syrups. Date syrups and cane molasses were rich in
sodium, potassium, calcium, magnesium and iron contents.

Table 5, Chemical composition® of date syrup compared with cane

molasses (on dry basis).
Sugars % Mliserds mg 7 100z
= =k
g 2 B Crude
Simip e B E Towt | Promein | 290 | g K oo | o | e
b i " *
i
SadyiS) | 2936 | #7585 | 384 | 0100 | 348 | 198 | TEBI | 19931 | 78026 | 14592 | 338
M 2656 | 6861 | 159 | 720 | 240 | 200 | 3n4s | uses | w320 | 2299 | 33
M 2581 | w024 | o34 | o078 | 386 | 1m1 | 361w [ 1eave | ez | asese | o
M 20 | 8936 | osz | sems | 2w | 238 | 3wz | 23ae7 | seidl | 6207 | 33
Motusses iy | 2eva | t3a | smay | oaai | 23 | is3 | 3560 | oosr | 3esss | o0sa0 | 136
* Average of three replicates.
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The present data are in the same line with that reported by Mikki et
al, (1983) and Mustafa ef gl (1983b) and higher than that published by
Mohamed and Ahmed (1981) and Al-Saidy et al. (1982),

3.3.3- Organoleptic evaluation of syrups:

The prepared date syrups were palatability tested in terms of color,
taste, consistency, and acceptability compared with cane molasses, and
the results are listed in Table (7). It was evident from these data that, M,
syrup recorded the highest average scores for color, acceptability, and
total score; and equal in their taste score, with M, syrup. With regard to
the same data, it was clear that, the cane molasses recorded the lowest
scores of all sensory evaluation terms. There were no significant
differences inbetween all studied date syrups in their color, taste,
consistency and total score and among date syrups except between M;
and M; syrup in their acceptability (Tables 6, 7). On the other hand,
there were significant difference among all date syrups and cane
moelasses in their organoleptic test except between M; syrup and cane
molasses in their acceptability. The results, stated that the prepared date
syrups are highly desirable and more acceptable than cane molasses.

Table 6.  Analysis of variance for organoleptic evaluation of date
syrup compared with cane molasses.

- Mean square
YON. | PE " Caer T Taam | Comakoey | Accepts ahility | Tom soare
Samples | 4 | 26.713°% | 16.978% | B4&T** | 18.130° 251.672°°
Reop. 14 |o766 |16989 |5.006 13.470 126.163
Eszor 56 |3.006 3180 1987 4.816 27 416

** High significance difference (above 0.05 level).

Table 7. The average of organoleptic evaluation of date syrup
compared with cane molasses.

Syrup Color | Taste | Consistency | Acceptability | Total score
20 30 20 30 100
Saidy {S8) 16.67* | 25.07" 16.87° 25.10% 83.70°
M, 17.00° | 25.90° 17.07* L f ki 85.30°
M 15.93" | 25.20° 17.20* 23.83™ 82.17"
M; 17.20° | 25.90° 16.73" 25.70" B5.53"
Molasses | 13.80° | 23.30° 15.33" 23.10° 75.53"
M,
LSDy 0 1.268 | 1.304 1.031 1.605 3.830
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CONCLUSION

1- To maximize the sugar extraction mate for 96% or more, the date
pulp was boiled for 20 min. and mixed with warm water (80-85°C)
by 1/3 ratio.

2 - The composition and sensory evaluation of date syrups confirmed
that, it was rich in sugar, minerals, high acceptability and good
expected storage ability.

3- Dates of seedling and inferior grades can be successfully use for
syrups preparation and as unconventional source of sugar.
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