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Abstract
Extensive research has been conducted on the characterization of hundreds of date palm

(Phoenix dactylifera L.) cultivars worldwide. However, the population genetics of date palms

has never been studied. In this study, we collected 200 individuals from 19 populations of differ-

ent geographical locations in Sudan. The collection sites were grouped according to the type of

dates (date palm fruits) that dominates in the area. Tenmicrosatellite markers were used to inves-

tigate the genetic diversity within and among populations and the correlation between the gen-

etic and geographical distances. The tested microsatellite markers showed a high level of

polymorphism. A total of 261 alleles were detected at the ten loci. The overall mean value of fix-

ation indices equalled 20.163, which shows the presence of excess heterozygosity. However,

the x2 tests conducted for every locus in each population indicated no significant deviation

from the Hardy–Weinberg equilibrium. The analyses of molecular variance exhibited that

about 95% of the total genetic variation existed within populations, while significant differen-

tiation within the type groups could be detected. Although significant isolation by distance

(r 2 ¼ 0.552, P , 0.05) was detected by a Mantel test, it seems that the spatial effect has

become complicated as a result from the exchange and introduction of different kinds of

plant materials by date palm growers and traders, as well as seed dispersal. This complexity

was clearly apparent in the weak clustering relationships among most of the tested populations.
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Introduction

Thousands of date palm cultivars exist in different growing

countries. These cultivars have been developed by con-

tinuous selection performed by date palm growers

all over the world to improve crop yield and quality.

Extensive research has been conducted on the characteriz-

ation of date palm cultivars regarding a wide range of

morphological and chemical characters, and many studies

have focused on investigating the genetic diversity and

relationships among date palm cultivars using different

molecular markers (Sedra et al., 1998; Cao and Chao,

2002; Al-Khalifah and Askari, 2003; Soliman et al., 2003;

Zehdi et al., 2004a,b; El-Assar et al., 2005; Adawy et al.,

2006; Elshibli and Korpelainen, 2008). While high genetic

diversities have been reported among date palm cultivars,

cluster analyses based on different genetic markers have

been unable to discriminate cultivars from different geo-

graphical locations (Cao and Chao, 2002; Zehdi et al.,

2004a,b; El-Assar et al., 2005; Elshibli and Korpelainen,

2008). Besides genetic markers, cultivar characterization

also includes, for example, crown structure, thorn arrange-

ment, leaf shape, leaflet arrangement and seed shape, but

the fruit characters remain as the main features that

differentiate the cultivars (Nixon, 1950; Elhoumaizi et al.,

2002; Zaid and de Wet, 2002a; Jaradat and Zaid, 2004).* Corresponding author. E-mail: sakina.elshibli@helsinki.fi
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Date palm cultivars are classified, according to the dry

matter content, and the concentration and type of sugars,

into soft and dry types of dates. In Sudan, the dry type

dominates in the area from the Egyptian border in

the north of Sudan to the south around Abo-Hamad

(198 320N, 338 210E; Osman, 1984). The geographical

change from dry to soft types of dates is gradual. For

example, in Sudan, there are some areas in between

where the commercial production of both types is

successful. The grouping of date cultivars according to

the chemical and morphological characters is not always

supported by specific genetic characteristics (Sedra et al.,

1998; Trifi et al., 2000; Elshibli and Korpelainen, 2008).

As cultivar selection and propagation should follow

cloning through offshoots, the absence of specific clones

in most tested cultivars was surprising, suggesting that

the propagation cycles performed by farmers have been

interfered by a mixture of plants derived from seeds.

Such unexpected observations may support the view that

the environment has a strong effect on the array of geno-

types, which is then reflected as a wide range of ecotypes

and agronomic diversity (Elshibli and Korpelainen, 2008).

In many production areas in the world, serious stresses

resulting in considerable losses have been reported on

date palm culture. These stresses include, for example, dis-

eases, drought, desertification and floods (Baaziz et al.,

2000; Zaid et al., 2002; United Nations Environment

Programme, 2007). Millions of date palm trees were lost

within one decade in north Africa due to such natural

disasters (Baaziz et al., 2000). These facts suggest that large

numbers of traditional cultivars in many countries may

be diminishing, and it has been suggested that urgent

conservation efforts are needed worldwide (Chao and

Krueger, 2007).

Date palm is a multipurpose tree, with a history of culti-

vation and utilization in north Africa and Middle East for at

least 5000 years. However, its exact origin is unknown

(Wrigley, 1995). Date palm is a diploid, perennial,monoco-

tyledonous plant with separate male and female trees. The

tree has two apparently independent propagation strat-

egies: sexual and asexual (Zaid anddeWet, 2002c). Asexual

propagation (offshoot propagation) is used for the cloning

of selectedmaterial.On theother hand, sexual propagation

results in largenumbers of seeds, and theoffspring canpos-

sess a range of character combinations, including also traits

other than fruit and yield quality. For instance, the charac-

ters may include resistance and/or tolerance to biotic and

abiotic stresses, and, thus, they may be useful attributes

for scientific selection in long-term breeding strategies.

The geographical distribution of date palm covers awide

range of environmental conditions; it grows and flourishes

from 392m below to 1500m above sea level with an alti-

tude range of 1892m (Zaid and de Wet, 2002b). Besides

the wide range of geographical distribution, also the

biological nature of date palm is expected to affect the

genetic structure and culture of date palm worldwide.

Yet, the population genetics of date palms has never

been studied. In this study, we aim to study the genetic

structure and genetic diversity of date palm populations

collected from different geographical locations in Sudan.

This work is expected to provide new and valuable infor-

mation for better understanding of the adaptation

and ecological roles of date palms.

Material and methods

Study sites

Field work was conducted in Sudan in different locations

situated between latitudes 148 and 208 450N and longi-

tudes 308 190 and 358 70E. According to rainfall character-

ization, our research sites belong to three different

subregions regarding annual rainfall trends (Hulme,

1990): the arid north (168N north to the Egyptian

border), the semi-arid central region (between 128N and

168N) and the winter rainfall region along the Red Sea

coast (Fig. 1). To classify different sites in relation to

the type of dates that dominate in the area, we used

the categorization given by Osman (1984; Table 1).

Plant material

The plant materials collected from 200 individual trees

represented 19 populations of date palms. A single

orchard or farm was considered as one population.

Ten trees were assigned randomly to each population

in all locations except for Nori, Elbaoga and Elbasheery

(20, 12 and 8 trees, respectively). Seeds were germinated

in sand soil in an incubator for 2 months under a tem-

perature condition of 278C. Young, healthy leaves were

harvested for direct DNA extraction, where each tree

was represented by a single seedling.

Microsatellite analysis

Total genomic DNAwas extracted from fresh leaves, using

a DNAeasy Plant Mini Kit (Qiagen, Hilden, Germany). Ten

pairs of primers were used to amplify (GA)n microsatellite

loci using markers developed by Billotte et al. (2004) for

Phoenix dactylifera. The amplification reactions were per-

formed in a volume of 5ml. The 5-ml reaction mixture con-

tained about 3 ng of genomic DNA per each microlitre of

reaction volume, 0.1ml of 10mMdNTPmix, 0.3UofDyNA-

zymee II DNA polymerase with a reaction buffer contain-

ing 10mM Tris–HCl (pH 8.8), 1.5mM MgCl2, 50mM KCl

and 0.1% Triton X-100 (Finnzymes) and 0.5ml of each of
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two 5mM primers. The reverse primers were fluorescently

FAM (6-Carboxyfluorescein) labelled at the 50 end. The

thermocycler (model PTC-200; MJ Research, Inc., Water-

town, MA, USA) was used for amplifications with the

following programme: a denaturation step of 4min at

948C followed by 35 cycles of denaturation for 45 s at

948C, annealing at 528C for 45 s, elongation for 1min

at 728C and a final elongation step of 8min at 728C. The

amplification products were first detected using electro-

phoresis with 1.4% agarose gels and by staining with ethi-

dium bromide. For final analyses, 2ml of amplified DNA

(diluted to 1:50) and 12ml of MegaBACEe ET400-R DNA

Size Standard (GEHealthcareCompany, Slough,Berkshire,

UK) were loaded onto 96-well plates. Genotyping was car-

ried out using an automatic DNA analyser, MegaBACE 1000

(Amersham Biosciences, Buckinghamshire, UK). Allele

size scoringwas performed byMegaBACE software, Mega-

BACE Genetic Profiler 2.2 (Amersham Biosciences, 2003).

Data analysis

Basic descriptive statistics, including genetic diversity

indices [number of alleles, observed heterozygosity

(Hobs), expected heterozygosity (Hexp)] in each popu-

lation, as well as the estimator FST (Wright, 1969) and

Fig. 1. The locations of 19 populations of date palms collected from Sudan and genotyped with ten microsatellite markers.
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the test for the Hardy–Weinberg equilibrium, were calcu-

lated using Arlequin 3.11 (Excoffier et al., 2005). The

sequential Bonferroni corrections were applied when

necessary (Rice, 1989). The fixation indices were calcu-

lated using the formula F ¼ 1 2 Hobs/Hexp. The signifi-

cance of the deviation of the fixation index from zero

was tested using a x2 test (Li and Horwitz, 1953). Allele

frequencies were used in the parsimony analysis con-

ducted using PHYLIP 3.65 (Felsentein, 2005); Gendist

was used to compute Nei’s genetic distances (Nei,

1972), Kitsch to estimate phylogenies from distance

matrix data and Consense to find the consensus tree

applying the extended majority rule. Support for the

inferred tree topology was evaluated using the bootstrap

approach (Felsentein, 1985) with 1000 replicates.

Analyses of molecular variance AMOVA; Excoffier et al.,

1992) were performed at different hierarchical levels. We

classified the collection sites according to the type of

dates that dominates in the area (Fig. 1) as follows: the

dry type production area includes the sites from Elgabah

to the north, the soft type production area ranges from

Aselia south to the Albasly along the Atbara River, and the

area between Elgabah and Aselia, which is regarded as a

separate group because there is considerable production

of both types of dates. The sites in the Elbasheery oases

(the Abogaida and Elbasheery populations) in the central

semi-arid region of the country in north Kordofan are

considered as a separate group apart from the River Nile

side, as also the collections from Salum along the Red Sea

coast in the east side of the country. Analyses of molecular

variance were also performed separately for the dry, soft

and mixed types of date populations, as well as for

the populations in Elbasheery oases. The Salum samples

representing only one population were excluded in these

analyses. For each analysis, 1000 permutations were per-

formed to obtain significance levels of variance using

Arlequin 3.11 (Excoffier et al., 2005). To test the presence

of isolation by distance, a Mantel test (Mantel, 1967) was

applied for data including pairwise geographical distances

and FST/(1 2 FST) values between populations (Rousset,

1997). The coordinates of different locations (Table 1)

were defined and given by the General Administration

for Survey in the River Nile State in Sudan (2007). The

Aselia and Abogaida locations were approximated using

the travelling distance from Mugrat Island and Elbasheery

locations, respectively. The geographical distances

were calculated using the Longitude Latitude Distance Cal-

culator version 4.2.3 (http://www.csgnetwork.com/

latlongdistcalc.html, 2007).

Results

For the pooled samples, the ten microsatellite primer

pairs produced 261 alleles with high levels of expected

(0.771–0.906) and observed heterozygosities (0.813–

0.995; Table 2) per locus. High levels of genetic diversity

were observed in all tested populations at the multi-locus

level, as indicated by gene diversity estimates ranging

from 0.765 to 0.849 with an average of 0.809. Over the

ten loci examined, the mean observed heterozygosity

(Hobs) was higher than the expected heterozygosity

Table 1. Geographical description, type of dates (TD), number of polymorphic loci (P), mean number of alleles (A), expected
heterozygosity (Hexp), observed heterozygosity (Hobs) and fixation index (F) for the populations of Phoenix dactylifera

Location Latitute Longitude TD P A Hexp Hobs F

Sisab (Sai Island) 208 450 308 190 Dry 10 6.5 0.781 1.000 20.280
Morka (Sai Island) 208 430 308 200 4500 Dry 9 6.7 0.810 1.000 20.235
Kowika 208 400 3000 308 210 1500 Dry 10 5.9 0.773 1.000 20.294
Dalgo 208 70 308 40 4500 Dry 7 6.9 0.802 0.990 20.234
Badin Island 198 390 3000 308 230 3000 Dry 10 5.8 0.796 0.880 20.106
Masho 198 330 308 360 Dry 10 6.5 0.797 0.990 20.242
Selaim 198 80 5400 308 300 Dry 10 7.8 0.827 0.910 20.100
Gaab-Elsawani 198 30 3000 308 60 1500 Dry 8 7.0 0.801 0.852 20.064
Elgabah 188 90 308 450 Dry 8 7.9 0.842 0.927 20.101
Nori 188 320 4500 318 540 1500 Mixed 10 11.3 0.845 0.888 20.051
Elgorair 188 160 1000 318 410 2000 Mixed 10 6.9 0.822 1.000 20.217
Elgoraibah 188 70 3000 318 350 3000 Mixed 9 5.8 0.789 0.960 20.217
Aselia 198 330 338 90 1500 Soft 9 6.4 0.793 0.940 20.185
Mugrat Island 198 300 4500 338 150 Soft 10 7.4 0.826 0.900 20.090
Elbaoga 188 170 338 540 3000 Soft 10 8.8 0.849 0.867 20.021
Albasly 178 280 348 100 3000 Soft 10 7.0 0.819 0.940 20.148
Abogaida 148 300 308 10 – 9 7.5 0.832 0.869 20.044
Elbasheery 148 308 100 – 9 5.3 0.773 0.975 20.261
Salum 198 230 2200 378 60 3900 – 10 6.5 0.823 1.000 20.215

All F values were not significantly deviated from the Hardy–Weinberg equilibrium (P . 0.05).
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(Hexp) in every date palm population, resulting in a nega-

tive fixation index (F) with an overall mean value of

20.163 (Table 1). However, the x2 tests conducted for

every locus in each population indicated no significant

deviation from the Hardy–Weinberg equilibrium.

The FST values within populations varied from 0.000 to

0.146 (negative FST values considered zero; Table 3). The

Salum and Badin Island populations showed significant

differentiation compared with each of the other 18 popu-

lations. The Aselia population, which belongs to the soft

type of dates, was significantly differentiated from all

populations belonging to the dry type and from the

Nori population, while not significantly differentiated

from the Elgoraibah and Elgorair populations. Nori,

Elgorair and Elgoraibah are considered as locations for

the mixed type of dates (Fig. 1). A similar trend was

observed in the Mugrat Island population. Other popu-

lations showed either significant or non-significant

levels of pairwise differentiation without any relation to

the location and/or type of dates produced in the area.

This trend was clearly observed in the populations from

the Elbaoga, Elbasheery and Abogaida locations.

The Elbasheery population was significantly differen-

tiated from the Abogaida population. Both populations

are located in north Kordofan within the Elbasheery

oases area, completely isolated from the Salum population

on the Red Sea coast and all other populations along the

River Nile (Fig. 1). The Elbasheery population showed

non-significant differentiation from the Sisab population

in the Sai Island in the far northern part of the Sudan,

while the Abogaida population possessed the same trend

related to the Sai Island (Sisab and Morka), Selaim, Gaab-

Elsawani and Elgabah populations along the River Nile in

the area of the dry type of dates. The average value of FST
equalled 0.049, which shows that only about 5%of the gen-

etic variation was present among populations.

When the whole dataset was studied using AMOVA, it

was observed that most genetic variability was present

among individuals within populations (Table 4a).

However, significant differentiation within the type

groups could be detected. A similar trend was observed

when populations of different types of dates were ana-

lysed separately (Table 4b): most of the genetic variation

was observed within populations. Yet, significant differ-

entiation among the populations representing each type

of dates was also detected.

A tree was created to test the genetic relationships

between different populations (Fig. 2). Bootstrap values

do not support most of the clusters. However, each of

Morka, Sisab,Masho, SlaimandKowika constitute adistinct

groupwithbootstrap values ranging from50 to 57%.On the

other hand, the following groups of populations showed

stronger genetic relationships compared with other

groups: the Nori and Elbaoga populations (86%); the

Badin Island and Salum populations (86%); the Elgoraibah

and Aselia populations (63%); the Elgoraibah, Aselia and

Elgorair populations (54%) and the Elgoraibah, Aselia,

Elgorair and Mugrat Island populations (51%).

The geographical distances between population pairs

in this study ranged between 4.8 and 2533 km. According

to the Mantel test, a significant isolation-by-distance effect

was observed when analysing data for all the 19 popu-

lations (r 2 ¼ 0.552, P , 0.05).

Discussion

The presence of high genetic diversity among date palm

cultivars has been reported in Tunisia and Sudan (Zehdi

et al., 2004a; Elshibli and Korpelainen, 2008). However,

these studies were based on individual collections to

investigate the genetic relationships between cultivars;

almost all studied samples were references to cultivars

(females). The high intrapopulation genetic diversities

(mean 0.809) detected in this study indicate that the

studied populations possess an abundant source of

variation that is needed for evolutionary responses in a

changing environment and for breeding purposes to

Table 2. Genetic diversity of pooled samples, including observed and expected heterozygo-
sities and fixation index (F) for each locus

Locus Repeat motif
Total number

of alleles Hexp Hobs F

mpdCIR010 (GA)22 30 0.810 0.985 20.216
mpdCIR015 (GA)15 25 0.835 0.980 20.174
mpdCIR016 (GA)14 16 0.771 0.995 20.291
mpdCIR032 (GA)19 28 0.906 0.813 0.103
mpdCIR035 (GA)15 26 0.877 0.863 0.016
mpdCIR050 (GA)21 33 0.920 0.824 0.104
mpdCIR057 (GA)20 35 0.861 0.991 20.151
mpdCIR070 (GA)17 24 0.839 0.985 20.174
mpdCIR078 (GA)13 22 0.869 0.99 20.139
mpdCIR093 (GA)16 22 0.821 0.954 20.162

All F values were not significantly deviated from the Hardy–Weinberg equilibrium (P . 0.05).
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improve the agronomical and commercial characters

of date palm. The observed levels of genetic diversity

are in line with those reported in other woody, wind-

pollinated tree species. Zhang et al. (2006) reported an

average expected heterozygosity equalling 0.779 among

five natural populations of Quercus aquifolioides exam-

ined with microsatellite markers. Moreover, tree species

with both sexual and asexual modes of reproduction

may maintain higher levels of genetic diversity (Hamrick

et al., 1992), as it was observed in this study on date palm

with the mean Hexp equalling 0.851.

The excess heterozygosity of the 19 tested populations,

as indicated by the negative mean values of fixation

indices, is not surprising, as 100% cross-pollination of

date palm trees results in the hybridization of genotypes.

This result is in line with our previous study on the

genetic diversity of a wide range of date palm cultivars

(Elshibli and Korpelainen, 2008), in which we suggested

that the exchange of offshoots (propagules) of date palm

cultivars may result in heterozygous populations.

However, the distribution of genetic constituents may

result also from the introduction of seedlings after

fruit consumption. Yet, the deviations of the observed

heterozygosity from the Hardy–Weinberg equilibrium

were generally non-significant.

In general, the microsatellite loci exhibited low FST
values among different populations of date palms,

which show that the observed high genetic variability is

maintained locally within populations. These values

agree with those observed by Zehdi et al. (2004a) and

Elshibli and Korpelainen (2008) in different groups of

date palm cultivars collected from Tunisia and Sudan.

According to the measured FST values, generally there

is no clear trend in the differentiation of populations

originating from different locations. However, the

distinct differentiation of the Salum population (mean

FST ¼ 0.116, P , 0.001) from all other 18 populations is

not surprising and can be mainly attributed to the effect

of geographical distance (2530–2015 km). Other charac-

teristic features of the Salum location on the Red Sea

coast include the rainy winter season and the altitude

of the Red Sea Hills (up to 2000m; Google Earth, 2008;

Babiker and Gudmundsson, 2004) situated between the

Salum location (173m) and the River Nile banks.

Pollination of date palm naturally takes place by wind,

bees and insects, and is found to yield a fair fruit set in

various areas within the date palm growing countries

(Zaid and de Wet, 2002d). Natural pollination of date

palms is characterized by 100% seedling composition.

However, commercial date production necessitates artifi-

cial pollination. Date growers are aware of the import-

ance of artificial pollination and practise it according to

different traditional methods or by using a mechanized

device. Pollen grains selected from male trees according

to the well-verified effects of xenia (effect of pollen

grains on the size of fruits and seeds) and metaxenia

(effect of pollen grains on the time of fruit ripening;

Ahmed and Ali, 1960; Nixon and Carpenter, 1978; Zaid

and de Wet, 2002d). It is worth mentioning that pollen

grains are usable as fresh or dried and can be stored

for the next season as well. The use of dry stored

pollen grains is essential when early female blooms

take place before adequate numbers of male spathes

open, a situation well experienced by date palm

growers (Zaid and de Wet, 2002d). On the other hand,

pollen grains are stored and exchanged for their favour-

able metaxenia effect. In this regard, the dispersal of

pollen grains is expected to be more extensive, and

the exchange process between farmers is expected to

be more effective along the River Nile rather than in

the Salum location, where the dispersal of pollen grains

may remain effective only within the location.

Table 4. Analyses of molecular variance (AMOVA) for 19 populations of Phoenix dactylifera L. based on ten microsatellite
markers: (a) populations were structured into five groups based on geographical location and type of dates, (b) AMOVA per-
formed separately for each group of populations from production areas representing different types of dates

Samples Source of variation df
Variance

components Variance (%) Fixation index P value

(a)
All groups Among groups 4 0.083 1.97 0.020 (FCT) 0.002

Among populations within groups 14 0.141 3.33 0.034 (FSC) 0.000
Within populations 381 4.005 94.70 0.053 (FST) 0.000

(b)
Dry type Among populations 8 0.154 3.76 0.038 (FST) 0.000

Within populations 171 3.946 96.24
Soft type Among populations 3 0.077 1.85 0.019 (FST) 0.001

Within populations 80 4.100 98.15
Mixed type Among populations 2 0.167 3.97 0.040 (FST) 0.000

Within populations 77 4.039 96.03
Elbasheery oases Among populations 1 0.165 4.90 0.049 (FST) 0.004

Within populations 34 3.207 95.10
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The significant differentiation between the two popu-

lations from the Elbasheery oases, accompanied by

non-significant differentiation of one of these populations

from date palms in the Sai Island (Sisab population; Fig. 1)

was surprising, especially if we consider the distance

between the two sites (750 km) and the location of the

Elbasheery oases apart from the River Nile and other

date palm production areas. It is clear that some factors

other than geographical distances play an important

role in affecting the gene flow and genetic structure of

date palm populations worldwide. These factors may

include the exchange of propagation and/or pollination

material, and seed dispersal. Within Sudan, it has been

reported that in the 1960s the Horticultural Adminis-

tration in Sudan collected 86,000 offshoots of date palm

from the Halfa Valley (218 470N, 318 220E), where they

were under the risk of flooding during the construction

of the High Dam. These offshoots were redistributed to

farmers in other regions of the country (Nixon, 1967).

On the other hand, at some time, the Horticultural

Administration in Sudan served the farmers by collecting

date palm offshoots from their orchards for rooting, and

redistributed them to interested farmers, while some cul-

tivars were introduced from Tunisia and Saudi Arabia

(Osman, 2001).

The populations in the Elbasheery oases showed mod-

erate gene flow (FST ¼ 0.05) compared with other groups

of populations. The isolation by distance from other

populations present along the River Nile may cause diffi-

culties in exchanging and dispersing plant materials to

those locations. This situation may lead to the develop-

ment of small isolated populations of date palms in

the Elbasheery oases and highlights the need for better

management of date palm culture in that region.

Fig. 2. Neighbour-joining tree illustrating the relationships among 19 populations of date palms collected from Sudan. The
tree is based on Nei’s, (1972) pairwise genetic distances. The primary allele frequency data were bootstrapped 1000 times.
Only bootstrap values of at least 50% are shown.
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The observed high degree of genetic variability within

populations compared with relatively low levels of genetic

differentiation among the 19 populations, detected also

when the groups were analysed separately, may confirm

the idea of effective dispersal, which decreases population

structuring. In date palm, the dispersal agents include seed,

pollen grains and offshoots. Offshoots and pollen grains

are mainly distributed between farmers within a village,

province or country, while seed dispersal takes place

by travellers and traders across geographical borders.

The dispersal effect on the effective population size is a

function of the variance in dispersal distances (Loveless

and Hamrick, 1984). Long-distance seed dispersal and

propagule establishment prevent population divergence.

On the other hand, date palm trees have a characteristic

long-lived cycle in nature. Although the average economic

life of a date palm tree is estimated to be up to 50 years, the

tree may stay productive up to 150 years (Chao and

Krueger, 2007). Such long generation times also increase

the effective population size and prevent population

divergence (Loveless and Hamrick, 1984).

The presence of considerable variability (P , 0.01;

Table 4a) between date palm populations as related to

the type of date production area agrees with the general

classification of these areas according to themorphological

and chemical characters of fruits and cultivars. When

moving from northern Sudan at the Egyptian border to

the south, the type of date palm fruits tends to change

from the dry to semi-soft type and to the soft type.

This trend seems to follow the degree of aridity, varying

from the arid region in the north to the semi-arid

region in the central part of the country (Hulme, 1990),

including the Khartoum area where all commercial date

production comprises soft type dates. Unfortunately, the

Khartoum area was not included in this study because of

a failure in seed germination. Although our results

significantly contribute to the knowledge of date palm, it

is clear that the classification of different types of dates

related to the production area and the characteristic

environmental features need to be investigated further in

detail in future studies.

Significant (P , 0.05) isolation by distance, revealed by

a Mantel test, was observed. This observation was detect-

able for the Salum location. However, it seems that the

spatial effect has become complicated as a result from

the exchange and introduction of different kinds of

plant materials by date palm growers and traders. This

complexity was apparent in the weak clustering relation-

ships among most of the tested populations, while a

close relationship was detected, for example, between

the populations from the Badin Island and Salum on

the Red Sea coast. This kind of relationship can be

attributed mainly to the human activity in exchanging

disparate material. However, there is no specific statistical

data of the activity of date palm growers in these

locations, which could further explain the observed

spatial genetic pattern of the populations. Comparable

relationships have also been reported by Sedra et al.

(1998); Cao and Chao (2002); Zehdi et al. (2004b) and

Elshibli and Korpelainen (2008), who independently

tested cultivar samples from Tunisia, California, Morocco

and Sudan with different molecular markers.

The available evidence indicates that the genetic struc-

ture of date palms is governed by multiple factors. Three

main factors, which indicate the involvement of a natural

mechanism, were apparent as affecting the genetic differ-

entiation of the trees in the form of populations and/or

cultivar groups. These factors include: the geographical

isolation by distance, the biological nature of the tree

and the environmental characters of the specific region,

e.g. the degree of aridity is represented strongly in fruit

characters and slightly in population differentiation.

However, the history of cultivation and cultural practices

are difficult to trace but may constitute a stronger effect

in the structuring of date palms. The complex exchange

processes of date palm germplasm throughout the world

following cultivar and/or pollen grain selection, along

with the random distribution of dispersal agents point

out that, among other factors, the human impact possibly

creates the highest influence on structuring date palm

genome worldwide.
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