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Abstract 
Multivariate statistical analyses procedures were employed in data reduction of six fruit qualitative traits in addition to economic value and a 
final score of fruit quality, scored at the “tamr” fruit ripening stage of 203 date palm cultivars grown in 20 ecogeographical regions in six 
countries in the Arabian Peninsula. Phenotypic diversity indices varied tremendously among (0.885 to 1.122) and within (0.086 to 0.998) 
countries. These cultivars represent a complex gene pool within which historical movements of germplasm, recent introductions and human 
selection are shaping their genetic structure. The relatively low amount of variation (49%) explained by the first three principal components, and 
the portion of total diversity (0.761) partitioned among ecogeographical regions (32%), among populations (45%) and among cultivars (23%) 
indicate the presence of a highly diverse germplasm among and within countries. Discriminant analysis correctly assigned 55 to 88% of the 
germplasm to its country of origin; fruit color, ripening and shape provided the basis for this level of discrimination. Anthropogenic factors were 
reflected on the number of traits forming two-, three- or four-trait log-linear models for each country. However, fruit color, shape, size and 
ripening and their interactions predominantly reflected differences in consumer preferences in these countries. “Hot spots” were identified in 
some ecogeographical regions where unique variants of quality traits are found with high frequencies. 
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Introduction 
Date palm (Phoenix dactylifera) cultivation is centered in a 
rainless belt of the deserts south of the Mediterranean Sea and 
in the southern fringes of the Middle East, from south Iran in 
the east to the Atlantic coast of North Africa in the west. All 
over these hot deserts, a date palm oasis still is a welcome 
sight, where water and shade are available, and the sugar-rich 
fruits (60-70% sugar, mainly glucose and fructose) serve as an 
important food1. 
  Countries in the Arabian Peninsula are both part of the center 
of origin and constitute a major part of the center of diversity 
of date palms2; they are the home to the world’s highest 
production and consumption of dates3. Date palm trees were, 
and still are, integral components of the farming systems in 
arid and semi-arid regions, especially in the oases of the Middle 
East whether in small farm units or as large scale plantations4. 
Most date plantations are intercropped with vegetables, cereals 
or fodder crops in the first few years and subsequently with 
low growing fruit trees and grapevines. The tremendous 
advantage of the date palm tree is its resilience, its long term 
productivity, and its multipurpose attributes1. The fruits, 
depending upon the cultivar and its growing conditions vary 
in size, weight, color, shape, texture, softness and maturity, 
thus offering wide scope for selection5. 
  Date palm trees are very productive and the fruit yield may 
be as high as 100-200 kg per tree per year, however, some 
researchers3,4 reported yields as high as 400 kg/tree/year. 
Estimates vary as to the number of date palm cultivars in the 
world and in each major date-producing country. According 
to recent report4 there are approximately some1,500 known 

date palm cultivars around the world. However, Bashah6 quoted 
a number as high as 5,000 cultivars. Each cultivar is derived 
from a unique single seed, cloned and multiplied vegetatively1. 
More recently, however, an increasing number of date palm 
cultivars are being propagated through tissue culture7. Cultivars 
throughout the oases of the Middle East derive their importance 
from their local adaptation to climatic, edaphic and socio- 
economic conditions8 and quality of their fruit9. Of the 
estimated 120 million date palms in the world, over two-thirds 
are in Arab countries3. Approximately, 800 different kinds of 
dates are available in the Arab countries; these account for 
60% of the world’s production4,9. In addition to its local and 
regional commercial value, the date palm plays an important 
role in the diet and social life of communities across the oases 
of the Middle East3,10. 
   Some of the desirable quality traits in the fruits of date palm 
include: glossy black fruit, late maturity, firm texture, moisture 
tolerance, superior quality and long fruitstalk11. Bedouin Arabs, 
who eat dates on regular basis, show an extremely low 
incidence rate of cancer and heart disease3. Dry or soft dates 
are eaten out-of-hand, or may be seeded and stuffed, or chopped 
and used in a great variety of ways: on cereal, in pudding, 
bread, cookies, ice cream, or candy bars. The fruit is a one- 
seeded berry consisting of a fleshy mesocarp covered by a thin 
pericarp; a hard endocarp surrounds the seed or pit1. The fruits 
are arranged on spikelets bearing 20-60 individual fruits, and 
the spikelets are attached to a stalk to form a bunch. The number 
of bunches per tree varies from 5 to 30, depending on the 
cultivar, nutrition, management and age of the tree3. 



Food, Agriculture & Environment, Vol.2 (1), January 2004 209 

The fruit is a high energy food of high sugar content, as well 
as a good source of iron and potassium12. Surplus dates are 
made into cubes, paste, spread, powder (date sugar), jam, jelly, 
juice, syrup or vinegar. Cull fruits are dehydrated, ground and 
mixed with grain to form a very nutritious stockfeed13, whereas 
low quality dried dates are fed to camels and horses in the 
Sahara desert14. 

Threats to the millions of date palms in the Arabian Peninsula 
have been highlighted recently in a number of reports and 
workshops4,9. The red palm weevil [(Rhynchophorus ferrugineus 
(Olivier)] is threatening the region’s multimillion dollar date 
industry and the very survival of the date palm trees. On the 

other hand, drought, due to a lengthy rainless period and drying 
up of many water wells, and as a consequence, increased water 
and soil salinity, are two serious threats to the expanding date 
palm plantations in most parts of the Arabian Peninsula. Due to 
economic and social factors, the diversity of date palm groves 
in most countries in the Arabian Peninsula15 and North Africa16 
is declining and the composition of these groves as to the number 
of cultivars witnessed a sharp decline in recent years. 

For a successful date palm industry, accurate estimates of 
genetic diversity and its partitioning, especially for fruit quality 
traits, within and among gene pools in this center of origin and 
center of diversity, are important considerations.  This is 
particularly important for date palm due to its long generation 
time and, in particular, due to the associated costs of maintaining 
mature female date palms17,18. The objectives of this study were 
to characterize a representative sample of date palm cultivars 
as to the quality and economic value of their fruits, quantify 
available diversity in fruit quality and identify ecogeographical 
regions rich in one or more desirable variants of quality traits. 

Materials and Methods 
Field surveys were conducted in six countries of the Arabian 
Peninsula to collect data and information on date palm cultivars 
being grown throughout each country (Table 1) with the 
objective of characterizing cultivars as to the quality and 
economic value of their fruits. A questionnaire was developed 
by a panel of experts, pre-tested on 10 farms in the United 
Arab Emirates and, after verification it was distributed to 
cooperators in 20 ecogeographical regions in six countries in 
the Arabian Peninsula. Specific information on local names of 
date palm cultivars, their distribution, economic value and 
quality of their fruit were collected. A descriptor list of fruit 
shape, ripening, softness, quality, and consumption stage (Table 
2) was provided in the questionnaire. Participants in each 
country and ecogeographical region within country were 
requested to classify typical fruits of each cultivar according 
to these descriptors. Records on a total of 203 date palm 
cultivars with unique names were collected and entered into a 
database by country, ecogeographical region within country 
and cultivars within ecogeographical regions (referred to 
hereafter as populations). 

Qualitative trait Levels of qualitative trait and their description 
Economic value Commercial (C), Semi-commercial (SC), Non-commercial 

(NC) 
Fruit color Yellow (Y), Red (R), Light red (LR), Dark red (DR), 

Yellowish red (YR), Reddish Yellow (RY), 
Light yellow (LY), Yellow orange (YO). 

Fruit shape Ovate (O), Obovate (OB), Ovate elongated (OE), Ob- 
ovate elongated (OBE), Cylindrical (C), Spherical (S), 
Global (G). 

Fruit ripening Early (E), Medium (M), Late (L). 
Fruit size Small (S), Medium (M), Big (B), Very big (VB). 
Fruit softness Dry (D), Semi-dry (SD), Soft (S). 
Fruit quality Low (L), Medium (M), Good (G), Excellent (E). 
Consumption stage Bisr (B), Tamr (T), Rutab ( R), Tamr & Rutab (TR). 

Table 2. Qualitative traits scored on fruit of 203 date palm cultivars grown in six 
   countries in the Arabian Peninsula and their description. 

Table 1. Number of date palm cultivars by country and region 
within six countries of the  Arabian Peninsula. 

Country Regions within          Number of cultivars 
country          Ecogeographical         Country 

region 

Bahrain Manamah   4 
Budiaya   3 
Janabiya 13 
Jesra   2 

22 
Kuwait 18 

18 
Oman Dakhlia   6 

Dhahra 10 
Batinah 18 
Shargia   5 
Musandam   4 

43 
Qatara Doha North 14 

Doha South 12 
26 

Saudi Arabia Western Region 15 
Eastern Region 14 
Central Region 16 

  45 
United Arab Ras Al Khaymah 12 
Emirates (RAK) 

Al Dhaid 11 
Masfoot 10 
Western Region   6 
Central Region 10 

  49 
Total 203 
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Data Analysis 
The overall objective of the data analysis was to utilize fruit 
descriptors of date palm to assess the level of diversity in fruit 
quality traits, quantify intra- and inter-country diversity among 
cultivars, and utilize results of this analysis to formulate a 
regional project for the assessment of diversity of date palm 
genetic resources in the participating countries. Relative 
phenotypic frequencies of categorical traits, based on random 
fruit samples at the tamr maturity stage, of a minimum of 5 
typical  trees per cultivar were used to calculate a polymorphic 
diversity index (I) for each country and ecogeographical region 
within country as described by Zhang and Allard19. Total 
diversity (HT) and its components for each country was 
calculated and the proportion due to each of ecogeographical 
regions within countries, populations within ecogeographical 
regions and cultivars within populations were calculated using 
frequencies of all categorical data20. Principal components 
analyses (PCA) were performed on the variance matrices21 for 
germplasm from each country. Correlations between the first 
three PCs and the initial eight traits were calculated to aid in 
interpretation of the analysis. Discriminant functions for the 
whole collection were calculated to mathematically predict the 
country of origin based on fruit quality traits. The a priori 
probabilities were set to be proportional to the sample size 
from each country in relation to the whole collection21. 
Discriminant loadings and their univariate F-ratios were used 
to rank traits according to their discriminating power among 
countries. Frequency data per ecoregeographical region and 
country were used to calculate squared Euclidean distances 
between ecogeographical regions and between countries for 
subsequent unweighted pair group method with arithmetic 
average (UPGMA) clustering of all 20 ecogeographical regions 
and six countries21. The multi-trait organization of phenotypic 
variation within the whole germplasm collection and within 
germplasm form each country for all six fruit quality traits 
was analyzed with log-linear models. The most parsimonious 

models with best goodness-of-fit to the frequency tables of 
the observed data sets, were obtained by model selection 
procedures22 based on the partitioning of likelihood-ratio 
statistics (G2). Multiple regression analyses were used to 
identify quality traits that can be used to predict economic value 
in each country, and the trait variant of the highest frequency 
was identified for each trait and country of origin. Finally, “hot 
spots” for specific variants of quality traits were identified 
based on the frequency of these variants and the level of 
polymorphic variation within each ecogeographical region and 
country of origin. All statistical analyses were conducted using 
several modules in the statistical packages STATISTICA23, 
unless otherwise specified. 

Results 
Polymorphism: Basic statistics for fruit quality traits, along 
with the economic value and a fruit quality grade are presented 
in Table 3. A large portion (42.2%) of date palm cultivars were 
classified as non-commercial with a high diversity index of 
1.128. Not all trait variants contributed equally to the 
phenotypic diversity indices as suggested by the discrepancy 
between the number of variants (NA) and number of effective 
variants (NE) for each trait, and by the trait variant with the 
highest frequency. These frequencies indicate that cultivars 
producing medium size, semidry, yellow and ovate fruits 
consumed at the tamr stage of maturity are predominant in the 
date palm germplasm surveyed in this study. 

The overall phenotypic diversity index averaged over the 
whole germplasm collection was 1.123 (Table 4) with a high 
coefficient of variation (23%) as indicated by the standard 
deviation. However, phenotypic diversity indices for germplasm 
varied tremendously among (1.122 in the UAE to 0.885 in Saudi 
Arabia) and within (0.086 in the Western region of the UAE to 
0.998 in Masfoot in the UAE) countries. Nevertheless, the 
standard deviations associated with most phenotypic diversity 
index estimates were extremely high (>0.3) and approached, 
and sometimes exceeded, the value of the phenotypic diversity 

Qualitative trait NA TV f NE I 

Economic value 3 Non- commercial 0.422 1.95 1.128 

Fruit color 7 Yellow 0.495 3.25 1.508 

Fruit shape 7 Ovate 0.389 3.69 1.510 

Fruit ripening 3 Medium 0.622 1.18 0.947 

Fruit size 4 Medium 0.57 2.42 1.060 

Fruit softness 3 Semidry 0.503 2.23 0.875 

Fruit quality 4 Good 0.438 2.86 1.138 

Consumption stage 3 Tamr 0.578 2.08 0.820 

Mean 4.25 2.71 1.123 

Standard deviation 0.264 

Table 3. Number of observed trait variants (NA), trait variant (TV) with the highest frequency (f), effective number of trait 
variants (NE) and estimates of Shannon’s Information Index (I) for 6 quality traits, in addition to an overall quality score and 
economic value, scored on 203 date palm cultivars in six countries in the Arabian Peninsula. 
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index (e.g., Budiaya and Jesra in Bahrain). 
Mean separation among country-based phenotypic diversity 

indices (Tukey HSD for unequal number of observations) 
indicated that although there were highly polymorphic cultivars 
from UAE (I=1.122), Kuwait (0.989) and Oman (0.962), they 
were not significantly different from cultivars from Saudi Arabia 
(0.885), Bahrain (0.866) and Qatar (0.772) due to the high 
standard deviations associated with these estimates. 

Genetic diversity analysis: Total diversity (HT) was estimated 
as 0.761 for the whole region (Table 5), however, it ranged 
from 0.55 in Bahrain to 0.934 in the UAE. Components of total 
diversity based on the whole germplasm collection indicated 
that 32, 45 and 23% of HT are partitioned among ecogeograhical 
regions, among populations and among cultivars, respectively. 
These ratios varied widely when total diversity for each country 
was partitioned into its hierarchical components. Kuwait was 
the only country to be considered as one ecogeographical region, 
with 40 and 60% of total diversity partitioned among 
populations and among cultivars, respectively. The portion of 
diversity component partitioned among ecogeographical regions 

was highest in Oman (48%), followed by UAE (45%), Saudi 
Arabia (42%), Bahrain (28%) and Qatar (21%). On the other 
hand, the portion of diversity component partitioned among 
populations was highest in Kuwait (40%), followed by UAE 
(30%), Bahrain (29%), Qatar (27%), Saudi Arabia (21%), and 
Oman (20%). Diversity among cultivars within populations, in 
most countries, accounted for >25% of total diversity, with 
Kuwait being the highest (60%), and UAE being the lowest 
(23%). 

Principal components analysis: Six principal components were 
needed to explain 82.5% of total diversity in the whole 
germplasm collection; this is a quantitative indicator of the high 
level of diversity available for the quality traits in the whole 
germplasm collection. The first three principal components (Fig. 
1) explained, on average, 49% of total variance in the whole 
germplasm collection, however, percent variance explained in 
germplasm from individual countries was 68% in Bahrain, 72% 
in Kuwait, 58% in Saudi Arabia, 56% in Oman, 71% in Qatar 
and 52% in UAE. When all germplasm was considered, fruit 
color (0.69) and fruit size (0.73) loaded high on PC1 which 
explained 18% of total variance. Fruit economic value (0.56), 
fruit ripening (0.51) and fruit softness (0.45) loaded high on 
PC2 which explained 18% of total variance, whereas fruit shape 
(-0.62) and fruit quality (0.75) loaded high on PC3 which 
explained 13% of total variance. 
  Visual comparisons among countries, based on trait loadings 
on PC1, PC2 and PC3 axis indicate that germplasm from almost 
each country has a unique pattern of trait association and loading 
on the first three PCs. However, relatively similar patterns were 
observed among germplasm from Bahrain, Kuwait and Qatar, 
on the one hand, and among germplasm from Oman, UAE, and 
to some extent Saudi Arabia, on the other. 
   A minimum of one (economic value, Oman) and a maximum 
of four traits (e.g., Qatar and Saudi Arabia) were associated in 
any one PC in this germplasm. Fruit color and shape were 
associated in one PC in germplasm from Bahrain, Qatar and 
UAE but not in the remaining countries. Similarly, fruit size 
and ripening were associated in one PC in germplasm from 
Bahrain, Saudi Arabia and UAE. Economic value loaded high 
on one PC with one or more traits; it was associated with fruit 
quality in Bahrain and Saudi Arabia; with fruit softness in Oman; 
with fruit shape, fruit size and fruit quality in Kuwait; with 
fruit color, fruit shape and fruit quality in Qatar; and with fruit 
quality in UAE. 

Cluster analysis: UPGMA separated UAE germplasm from 
the rest at the maximum relative distance (100%) in the 
dendrogram (Fig 2). The remaining germplasm was separated 
at successive distances from the origin, with germplasm from 
Saudi Arabia joining UAE germplasm at 45% of maximum 

GD components Bahrain Kuwait Oman Qatar Saudi Arabia UAE Region 
Total diversity  0.550   0.760  0.875  0.623  0.823  0.934  0.761 
Ecogeographical regions % 28 0.0 48 21 42 45 32 
 Populations % 29 40 20 27 21 30 45 
 Cultivars % 42 60 32 52 37 25 23 

Table 5. Partitioning of genetic diversity (GD) into its components at the regional and country levels based on eight 
qualitative traits scored on fruits of 203 date palm cultivars in the Arabian Peninsula. 

Country           Regions      I 
                          within country                 Mean                   s.d. 
Bahrain            Manamah              0.443 0.396 

Budiaya 0.318                     0.340 
                       Janabiya 0.834    0.454 

Jesra 0.260                     0.358 
Mean                            0.866 0.438 

Kuwait                                          0.989                 0.189 
Mean 0.989                     0.189 

Oman Dakhlia    0.571                0.434 
                        Dhahra                               0.686                 0.260 

Batinah                           0.898                0.353 
                       Shargia                                0.516                0.455 

Musandam    0.454                0.286 
                       Mean                                   0.962                0.302 
Qatar Doha North    0.813                0.380 
                        Doha South              0.669                   0.354 

Mean 0.772                    0.369 
Saudi              Western Region                   0.848                0.202 
Arabia Eastern Region    0.789                0.253 
                        Central Region                   0.775                0.265 

Mean    0.885                0.127 
United RAK 0.975                    0.386 
Arab Al Dhaid 0.893                    0.367 
Emirates          Masfoot                              0.998                0.413 

Western region    0.086               0.245 
                        Central Region 0.929  0.416 

Mean 1.122                   0.364 
Region                                          1.123               0.263 

Table 4. Within country polymorphism (mean and standard 
deviation, s.d. of Shannon’s Information Index, I) based on 
frequencies of categorical data for six quality traits scored on203 
date palm cultivars grown in six countries in the Arabian Peninsula. 
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distance, followed by germplasm from Kuwait (30%) and Qatar 
(5%). Germplasm from Bahrain and Oman were the last to 
cluster and were closest to each other. A cluster model (Fig. 2) 
based on squared Euclidean distances separated the six 
countries into four significantly different clusters at the 20% 
linkage distance. Germplasm from three countries (Bahrain, 
Qatar and Oman) clustered in one, whereas germplasm from 
Kuwait, Saudi Arabia and UAE each formed a single cluster. 

An intricate hierarchical nested cluster of ecogeographical 
regions was revealed by the UPGMA clustering procedure 
indicating that the relationships among germplasm from 
different ecogeographical regions are complex (Fig. 3). Except 
for Kuwait which was considered as one ecogeographical 
region, ecogeographical regions from the remaining countries 
displayed different patterns of clustering within and among 
countries. 

Germpalsm from the Manamah ecogeographical region was 
totally separated from the remaining three ecogeographical 

regions in Bahrain; it differed drastically from the rest by having 
high frequency (50%) of the unique global fruit shape. In 
addition, germplasm from Janabiya was closer to germplasm 
from Qatar, a geographically close country to Bahrain. 
Germplasm from three ecogeographical regions in Oman 
(Dhahrah, Batinah and Musandam), geographically closer to 
the western part of the UAE than to other parts of Oman, 
clustered closer to germplasm from the Western and Central 
ecogeographical regions in the UAE. The remaining two 
ecogeographical regions in Oman (Dakhlia and Shargia) 
clustered close to the germplasm from the western part of Saudi 
Arabia. A cluster model (Fig. 3) based on squared Euclidean 
distances separated the 20 ecogeographical regions into 11 
significantly different clusters at the 20% linkage distance. A 
maximum of three ecogeographical regions from one (e.g., 
Saudi Arabia) or two (e.g., Bahrain and Qatar) countries were 
clustered in one, whereas ecogeographical regions from the 
same country (e.g., Oman and UAE) were clustered in two 

Country Two-trait model Three-trait model Four-trait model 
All [Color*Shape]; [Color*Shape*Ripening* Softness]; 

[Ripening*Size] 
[Color*Ripening*Size* Softness] 

Bahrain [Color*Shape] 
Kuwait [Color*Shape]; 

[Color*Size] 
Oman [Color*Shape]; 

[Ripening*Softness] 
Qatar [Color*Shape]; 

 [Color*Ripening]; 
[Shape*Ripening] 

Saudi Arabia [Color*Shape]; 
[Color*Ripening] 

United Arab Emirates [Ripening*Softness]                     [Color*Ripening *Softness] [Color*Shape*Ripening*Size]; 
[Color*Ripening*Size*Softness] 

Table 7. Log-linear models describing non-random association of quality traits scored on fruits of 203 date palm 
   cultivars from six countries in the Arabian Peninsula. 

Predictor traits Bahrain Kuwait Oman Qatar Saudi Arabia United Arab Emirates 
Fruit color Dark red Light red Red Yellow Yellow Yellow 

61% 55% 58% 64% 70% 70% 
Fruit softness Soft Soft Semi-dry Soft Semi-dry Dry & Semi-dry 

100% 72% 72% 60% 60% 44, 49% 
Consumption stage Rutab Rutab,Tamr Rutab Rutab Rutab, Tamr Rutab, Tamr 

78% 38, 33% 70.5% 100% 47, 45% 45,  53% 

Table 8. Predictors of fruit economic value for date palm cultivars (R2=0.655), along with trait variant of 
   highest frequency (f) in each of six countries in the Arabian Peninsula. 

Country                          Bahrain         Kuwait          Oman Qatar Saudi       United Arab 
  Arabia     Emirates 

                                                             Percent correct classification (diagonal in bold) 
Bahrain                 63.0             0.0              17.0               0.0                8.0 12.0 
Kuwait                   0.0           88.0                6.0               0.0                6.0   0.0 
Oman                               4.0          2.0                 75.0              2.0               10.0            7.0 
Qatar                     0.0            0.0           25.0  55.0      7.0 13.0 
Saudi Arabia           5.0                2.0                 18.0               5.0                70.0            0.0 
United Arab Emirates       0.0            0.0                15.0  2.0 4.0            79.0 

Table 6. Classification matrix (%) of 203 date palm cultivars grown in six countries of the Arabian 
    Peninsula and based on discriminant analysis of 8 qualitative traits. 
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Figure 1. Quality trait loadings on the first three principal components for date palm germplasm from six countries in the 
     Arabian Peninsula. 
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significantly different clusters. 

Discriminant analysis: Linear discriminant function analysis 
was employed to test the hypotheses that the country means of 
the six fruit quality traits for the germplasm from all six 
countries are equal. Percent correct classifications of the 
country of origin, based on classification functions, ranged 
from 55% in germplasm from Qatar to 88% for the germplasm 
from Kuwait (Table 6). Consequently, misclassification of 
cultivars ranged from 12 to 45% in germplasm from Kuwait 
and Qatar, respectively. The highest portion of misclassified 
germplasm (25%) from Qatar was classified as part of the 
Omani germplasm. 

Discriminant analysis correctly predicted country of origin 
of date palm cultivars (55 to 88%) using a small number of 
variables measured on numerous individual plants, with an 
overall ratio of 1 trait to 25.5 date palm cultivars. Discriminant 
analysis was useful in identifying the most influential traits and 
their discriminating power. This is indicated by the discriminant 
loading (DL) and the univariate F-ratios21, the joint ranking of 
which suggests that fruit color (DL= 0.89, F=22.6), fruit ripening 
(DL=0.67, F=12.8), fruit shape (DL=0.62, F=10.9), fruit 
softness (DL=0.58, F=10.4, fruit size (DL=0.58, F=9.2) and 
consumption stage (DL=0.42, F=9.6), in decreasing order, 
provided the basis for discrimination among fruits of date palm 
cultivars across the region. All F-ratios were highly (P<0.01) 
significant. 

Log-linear models: Two log-linear models described quality 
trait associations of date palm cultivars for the whole region 
(Table 7). The first was a two-term, two-trait model and the 
second was a two-term, four-trait model. Fruit color, shape, 
ripening and size were common to both models, whereas fruit 
softness appeared in the four-trait model. 

Log-linear models for individual countries shared four quality 
traits, however, in different combinations. The most interactive 
trait was fruit color, with 11 trait combinations, followed in 
decreasing order by fruit ripening (eight combinations), fruit 
shape (six combinations), fruit softness (four combinations) and 
fruit size (three combinations). A two-term, two-trait log-linear 
model fully described fruit quality in all countries, except for 
Bahrain (one-term, two-trait model) and UAE (one-term, two 
trait model, one-term, three-trait model and two-term, four-trait 
model). 

The pronounced non-random associations among two or more 
traits in the whole collection and in germplasm from each 
country may reflect either farmers’ conscious selection, or an 
association between phenotype and utility of the fruit (i.e., 
ripening, softness, consumption stage). 

Prediction of economic value: Variation in three quality traits 
(fruit color, softness and consumption stage) explained 65.5% 
of the variability in the economic value for date palm cultivars 
in this study (Table 8). However, trait variants with the highest 
frequency for each predictor trait varied among countries, thus 
reflecting consumer preferences in each country. Red fruit color 
and its variants (i.e., light or dark) predominate in germplasm 
from Bahrain, Kuwait and Oman, whereas yellow fruit color 
predominates in germplasm from Qatar, Saudi Arabia and UAE. 

The soft fruit variant in germplasm from each of Bahrain, 
Kuwait and Qatar, and the dry or semidry fruit variant in 
germplasm from Oman, Saudi Arabia and UAE were most 
predominant. A large portion of the fruit is consumed at the 
rutab stage in each of Qatar (100%), Bahrain (78%) and Oman 
(70.5%), whereas fruit is consumed almost equally at the rutab 
and tamr stages in each of Kuwait, Saudi Arabia and UAE. 

“Hot spots” for specific quality variants: Ecogeographical 
regions that can be described as “hot spots” for certain variants 
of quality traits are presented in Table 9. Unique variants of 
quality traits are present with high frequencies in certain 
ecogeographical regions (e.g., semi-dry fruit in Shargia, Oman, 
and red fruit color in Western region, Saudi Arabia) but not in 
others, whereas a highly desirable trait variant (e.g., ovate fruit 
shape in seven ecogeographical regions in six countries) is 
found in several ecogeographical regions with moderate 
frequencies. The high frequency of global fruit shape (50%) 
in Manamah is the predominant variant notwithstanding the 
high level of polymorphism (I=1.039) for this trait in Bahrain. 
Similarly, large fruit size, characteristic of the cultivar Anbarah9 
from Medina (Western region, Saudi Arabia) is a unique variant 
found with a relatively low frequency (28.9%) and was 
associated with a high polymorphic index (I=1.059). 

Figure 2. UPGMA clustering of date palm germplasm 
from six countries in the Arabian Penensula. The dashed 
line indicates the linkage distance at which differences 
among clusters are significant (P<0.05). 
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Figure 3. UPGMA clustering of date palm germplasm from 20 ecogeographical regions in six countries in the Arabian Penensula. 
The dashed line indicates the linkage distance at which differences among clusters are significant (P<0.05). 
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Discussion 
Traditional date palm production in the Arabian Peninsula9,10 
and North Africa7, two major date palm production regions, is 
based on thousands of distinct cultivars exhibiting a wide range 
of adaptation, growth habits and fruit characteristics24,25. Fruit 
morphology and quality traits of date palm were the subject of 
descriptive5 and often incomplete studies25 in countries of the 
Middle East and North Africa. However, more recent studies 
in the United Arab Emirates12 described chemical composition 
of a limited number of date palm cultivars as influenced by the 
ripening stage and other studies in North Africa24 presented 
multivariate fruit descriptors for a small number of cultivars. 
Varietal differences as to fruit ripening and quality are largely 
unknown or not documented for the large number of date palm 
cultivars in the Arabian Peninsula. This study was the first 
attempt at quantifying the phenotypic variation and partition 
genetic diversity into its components for a representative sample 
of date palm cultivars from the Arabian Peninsula. 

The survey and study were undertaken to evaluate the extent 
and range of genetic diversity available for fruit quality traits 
in germplasm of 203 date palm cultivars, Phoenix dactylifera 
from six countries in the Arabian Peninsula. Reports are 
conflicting as to the number of date palm trees and varieties in 
each country in the Arabian Peninsula. Al-Farisi13 reported that 
Oman has 12 million trees, 7.3 million of which are fruit- 
bearing. Moreover, he indicated that there are 230 date palm 
varieties 20 of which are grown commercially. Bashah6 reported 
a total of 450 date palm cultivars in Saudi Arabia. However, 
the Medina date market, alone contains about 150 varieties, the 
most popular and most expensive of which is Anbarah9. The 
United Arab Emirates, being the lead country in date production, 
was reported10 to have 40 million date palm trees and a minimum 

of 200 cultivars, 68 of which are the most important 
commercially. 

 At a regional level, low quality dates constitute 42.2% of all 
cultivars, however, they occupy about 60% of total area planted 
to date palm in Oman13 and almost none in Kuwait4. These dates 
are of poor quality, small in size and unsuitable for human 
consumption. However, the cost of maintaining and irrigating 
these large numbers of un-productive trees is high15. 
Nevertheless, some of these non-commercial varieties are high 
in sugar content which makes them suitable for industrial uses 
for a wide range of products9,13. 

The high levels of polymorphism displayed by germplasm 
form individual countries and ecogeographical regions within 
countries were associated with relatively high values of standard 
deviations (e.g., in Budiaya, Bahrain and western region, UAE), 
hence the low level of statistical significance among countries 
and among ecogeographical regions. It is postulated7,17 that the 
long-term intra- and inter-country selection for specific traits 
resulted in the highly diverse germplasm in this center of origin 
and center of diversity of date palm. 

The overall partitioning of genetic diversity based on fruit 
traits suggests that the surveyed date palm cultivars represent a 
complex gene pool within which historical movement of 
germplasm, recent introductions and human selection are 
shaping the genetic structure. The date palm, as a clonally- 
propagated perennial crop is unique in that it is composed of 
genetically discrete clones representing cultivars without the 
benefits of a dynamic mutation-recombination system1. 
Although most variation at the regional level (45%, Table 5) 
was found to reside among populations, however, substantial 
differences were found in genetic diversity components among 

Country Eco-geographical region Quality trait 
with highest frequency                 f                         I 

Bahrain                Manamah                                 Global fruit shape 0.50  1.039 
         Budiaya                                Ovate fruit shape                       0.667                   0.637 

                             Janabiya Late ripening fruit    0.357                    1.272 
        Jesra                                Ovate-elongated fruit                0.500                   0.693 

Kuwait                    Ovate fruit shape                     0.440                    1.215 

Oman         Dakhlia          Medium/late fruit ripening         0.375 each             1.082 
Dhahra                         Ovate fruit shape                       0.539                     1.157 

       Batinah       Ovate fruit shape                        0.372              1.711 
                           Shargia                  Semi-dry fruit                     1.000                     0.000 

       Musandam         Semi-dry fruit            0.750                     0.562 

Qatar      Doha North                               Yellow fruit color                       0.688                      1.037 
                          Doha South Ovate-elongate fruit shape         0.667        0.824 

Saudi                 Western                 Very big fruit size                    0.286                     1.059 
Arabia       Eastern                                      Ovate/ Ovate-elongate fruit     0.39 each               1.223 
                          Central                   Late ripening fruit                    0.350                     1.094 

United              RAK                                           Light-yellow fruit color           0.334                       1.724 
Arab      Al Dhaid                             Ovate fruit shape    0.400                       1.255 
Emirate             Masfoot                 Yellow fruit color                   0.360                       1.507 

    Western                                  Red fruit color          1.000                       0.000 
                        Central                                       Medium fruit size                      0.607       1.061 

Table 9. Quality traits with the highest frequency (f) and their Shannon’s Information Index (I) values for 
   date palm cultivars grown in six countries in the Arabian Peninsula. 
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and within populations. In addition, a substantial portion of 
genetic diversity was found within populations in at least two 
countries (e.g., 60% in Kuwait and 52% in Qatar), thus 
confirming an important genetic characteristic of clonally- 
propagated perennial crops17. The data in Table 5 confirms the 
suggestion17 that the strong artificial selection and clonal 
propagation of perennials such like date palms, greatly alters 
their original genetic structure. 

Results of the multivariate analyses, including PC analysis 
(Fig. 1), the different groupings associated on the country- (Fig. 
2) and the ecogeographically-based (Fig. 3) UPGMA tree, the 
relatively low (55-88%) correct classification of germplasm 
(Table 6) and the different log-linear models describing trait 
association in germplasm from individual countries (Table 7) 
complement each other and confirm the complex 
multidimensional nature of relationships among different quality 
traits among and within countries. 

The first three principal components accounted for only 
49%of total variation in the whole germplasm collection, and 
the first six principal components were needed to account for 
82.5% of total variation indicating the high level of variation in 
the germplasm17. The nature and level of organization of genetic 
diversity in this germplasm are graphically displayed on the 
agroecologically-based UPGMA tree (Fig. 3). We identified 11 
clusters (numbered at the dotted line, Fig. 3) significantly 
different from each other at 20% of the maximum linkage 
distance. This suggests that a sizable amount of variation is 
available among populations within these clustered 
ecogeographical regions17,24. 

Anthropogenic factors were reflected on the number of traits 
forming two-, three- or four-trait log-linear models (Table 7). 
Undoubtedly, fruit color, shape and ripening stage and their 
two- and three-way interactions predominantly reflect 
differences in consumer preferences in different countries9,10. 
Additionally, the long-term intra- and inter-country selection6,18 
for specific fruit quality traits is reflected on the level of 
polymorphism and the portion of genetic diversity apportioned 
in the regional, ecogeographical, population and cultivar 
hierarchy. 

References 
1Wrigley, G. 1995. Date palm, Phoenix dactylifera (Palmae) pp. 399- 

403 In: J. Smartt and N.W. Simmonds (eds.). Evolution of crop plants. 
2nd edition. Longman, UK. 

2Zohary, D., and M. Hopf. 1993. Domestication of plants in the Old 
World: The origin and spread of cultivated plants in West Asia, Eu-
rope, and the Nile Valley. Clarendon Press, Oxford.  p.278. 

3FAO. 1982. Plant production and protection paper No. 35. Date pro-
duction and protection. FAO, Rome. P 294. 

4Al-Afifi, M. and A. Al-Badawi. 1998. Proceedings of the First Inter-
national Conference on Date Palm, Al-Ain, UAE. March 8-10, 1998. 
p. 643. 

5Sedra, M.H., H. Filali and D. Frira. 1993. Observations sur quelques 
caracteristiques phenotypiques et agronomiques du fruit des variet-
ies et clones du palmier dattier selectionnes. Al Awamia 82:105- 
120. 

6Bashah, M.A. 1996. date variety in the Kingdom of Saudi Arabia. 
Guidance Booklet, Palms and Dates. King Abdulaziz University 
Press. Riyadh. Saudi Arabia. 

7Azeqour, M., M. Amssa and M. Baaziz. 2002. Identification de la 
variabilite’ intraclonal des vitroplants de palmier dattier issus de 

culture in vitro par organogene’se: e’tude morphologique. C.R. 
Biologies 325:947-956. 

8El-Wakil, H.E. and M.M. Harhash. 1998. Evaluation of some date 
palm cultivars grown in Siwa oasis. Pp. 583-599. In: M. Al-Afifi, 
M. and A. Al-Badawi. (eds.). Proceedings of the First International 
Conference on Date Palm, Al-Ain, UAE. March 8-10, 1998. 

9Mikki, M.S. 1998. Present status and future prospects of dates and 
date industry in Saudi Arabia. Pp. 469-507. In: M. Al-Afifi, M. and 
A. Al-Badawi. (eds.). Proceedings of the First International Confer-
ence on Date Palm, Al-Ain, UAE. March 8-10, 1998. 

10Salem, J. 1998. date production and marketing in the UAE. pp. 531- 
543. In: M. Al-Afifi, M. and A. Al-Badawi. (eds.). Proceedings of 
the First International Conference on Date Palm, Al-Ain, UAE. 
March 8-10, 1998. 

11Bouabidi, H., M. Reynes and M.B. Rouissi. 1996. Crite’res de 
caracte’risation des fruits de quelques cultivars de palmiers dattiers 
(Phoenix dactylifera L.) du sud Tunisien. Annales de Institut Na-
tional de la Recherche Agronomique 69:73-87. 

12Ahmed, I.A., A.W.K. Ahmed and R.K. Robinson. 1995. Chemical 
composition of date varieties as influenced by the stage of ripening. 
Food Chemistry 54:305-309. 

13Al-Farisi, M.A. 2003. Clarification of date juice. Int. J. Food Sci. 
Tech. 38:241-245. 

14Karla, S.K. and J.S. Jawanda. 1992. Fruit characteristics and quality 
assessment of some promising date palm cultivars at Abonar. Punjab 
Hort. J. 12:39-43. 

15International Center for Biosaline Agriculture (ICBA). 2000. An-
nual report for 2000. Dubai, UAE. p. 38. 

16Bendiab, K., M. Baaziz and K. Majourhat. 1998. date palm cultivar 
composition of Moroccan palm groves as revealed by leaf isozyme 
phenotypes. Biochem. Syst. Ecol. 27:71-82. 

17Aradhya, M.K., G. Dangl, B.H. J-M. Boursiquot, M.A. Walker, P.M. 
Carole and C. Simon. 2003. Genetic structure and differentiation in 
cultivated grape, Vitis vinifera L. Genet Res, Camb. 81:179-192. 

18Elhoumaizi, M.A., M. Saaidi, A. Oihabi and C. Cilas. 2002. Pheno-
typic diversity of date-palm cultivars (Phoenix dactylifera L.) from 
Morocco. Genetic Resources and Crop Evolution 49:483-490. 

19Zhang, Q. and R.W. Allard. 1986. Sampling variance of the gentic 
diversity index. J. Jered. 77:54-55. 

20Yeh, F. C., R-C. Yang, T.B.J. Boyle, Z. –H., Ye, and J.X. Mao. 2000. 
POPGENE, the user-friendly shareware for population genetic analy-
sis. Molecular Biology and Biotechnology Center, University of 
Alberta, Canada. 

21Rohlf, F.J. 2000. NTSYSpc Numerical taxonomy and multivariate 
analysis system. Version 2.1. User guide. Exeter software. 

22Agresti, A. 1990. Categorical data analysis. Wiley International, New 
York. 

23StatSoft, Inc. 2001. STATISTICA (data analysis software systems), 
version 6, www.statsoft.com. 

24Reynes, M., H. Bouabidi, G. Piomp and A.M. Risterucci. 1994. 
Caracte’risation des principales varie’tes des dates cultive’es dans 
la re’gion du Dje’rid en Tunisie. Fruits 49:189-198. 

25Sedra, M.H. 1992. Evaluation and selection of cultivars and clones 
of date palm for resistance to Bayoud disease. Arab J. Plant Prot. 
10:155-160. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


