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ABSTRACT
Date palm (Phoenix dactylifera L.) has been an important crop in the desert regions
of Asia and North Africa for centuries know adopted in many countries. Alexander the great
and Arab conquerors introduced date fruit in Indo-Pak subcontinent after that date extended
as a food item. Date palm is among the oldest cultivated plants in history of mankind, being
used as food for 6000 years. Date is a world agricultural industry with total production of 7.5
million metric tonnes (MT) of fruit and Pakistan contribution is 10.34 metric tonnes. Date
palm (2n=36) is dioecious monocotyledonous belonging to Arecaceae family. Fertilization
and fruit set are consequences of pollination as there is an interesting but uncommon effect
known as metaxenia, the direct influence of pollen on maternal tissues of date palm. Pollen
not only control the fruit set, size of fruits and seeds but also effect the time of ripening. As
pollen grains caused the great diversity and variations in size, quality and ripening time so 9
different pollen sources were selected to study the differential behaviour of pollen parents on
fruit characteristics of two female cultivars i.e Hillawi and Khadrawy. Fruit was harvested at
Khalal stage from controlled pollinated treatments and pysicochemical analysis was carried
out to study the metaxenial effect of different pollen. Physical characters including ripening
time, bunch weight, fruit length, fruit width, fruit area, pulp weight, seed weight and
biochemical characters, total sugars, DPPH, ascorbic acid, total phenolic contents, total
soluble solids, total proteins, sucrose, glucose, fructose, and enzymatic activities (peroxidase,
catalaze, superoxidase ans protease)

were highly variables. Data regarding all

physicochemical characters was analyzed statistically using the two factor factorial in
Randomized Complete Block Design (RCBD) that showed the significant differences in all
variables. Duncan multiple range test was used to discrete the means (using the statistica 9.1)
revealed that different pollen sources respond variably. Among 9 pollen sources M8 (Sq.no.
32) was superior because it was positively associated with most of the variables. Fruits
developed from M8 pollination were prominent with high bunch weight more sweetly in
taste (high total sugars), good fruit area, enriched with protein, reduced seed weight, high
antioxidant and enzymatic activity and reduced ripening time. M7 (collected from Uni
campus) retained highest capability for ascorbic acid, reduced ripening time, good fruit
length and width, reduced seed weight. For more positive correlation of pollen parents M8
was followed by M7, M3, M5 and M4. Strong positive correlation was found among most of
15

the traits. All the new combinations developed from pollinating the 2 date palm cultivars
with 9 pollen sources were categorized by principle component analysis. The morphological
and biochemical dendrogram generated from Wards method can distinguished these
combinations into 3 and 2 clusters for cultivar Hillawi and Khadrawy respectively. Our
results showed that physicochemical traits (using XLSTAT software) were very appropriate
for studying the metaxenail effect that can be used for further breeding targets as
economically very important regarding yield and quality.
For hybrid identification 12 Simple Sequence Repeats were used to identify the true
hybrid of date palm developed from the seeds, resulted from the controlled pollination from
their respective parents. Main objective of this study was to identify the true hybrids
respective to their parents to carry out the further breeding programmes. Out of 12, only 6
SSR primers clearly produced the SSR amplification with the size ranging from 125 to 500
bp. These six microsatellite primers resulted in 66 microsatellite loci with a mean of 11 loci
per primer. Total 6 primers identified the true to type as well as ambiguous hybrids. Primer
mpdCIR-10 identified the maximum no of true hybrids 13 (81.25%) out of 16 while 3
ambiguous hybrids (18.75%). In comparison, DP159 detected only 10 (62.5%) true hybrids
and maximum ambiguous hybrids i.e 6 (37.5%). 75% true hybrids were determined with
primer mpdCIR16 and mpdCIR25 followed by the mpdCIR15 and mpdCIR93 (68.75%).
12 microsatellite primers were used with 30 date palm samples which showed that
microsatellites were highly polymorphic, having a great number of alleles. Total 124 alleles
were scored with a mean of 9.08 alleles per locus while allelic range varied from 5 to 16
using primers mpdCIR15 to mpdCIR57, respectively. With primer mpdCIR10 highest
microsatellite loci were amplified while with mpdCIR15 only 4 different microsatellite loci
were scored. Our objective was to identify microsatellite markers that could be used to
differentiate between male and female date palm (Phoenix dactylifera) in saplings to
cultivate the large number of productive female trees. These primers produced 15
polymorphic loci specifically in male date palm samples and the seedlings harboring the
unique fragments were further characterized as male plants. Increasingly 38.46% of these
loci were scored as homozygous alleles while 61.53% heterozygous allelic loci were
determined. Primer mpdCIR48 produced a specific locus (250/250) in all male samples
where as the same locus was absent in female samples. Similarly a locus of 300/310 bp
16

reoccurred in 6 date palm male samples which indicated that this is a promising candidate
marker to detect the sex in date palm. The data resulted from combination of 12 primers
enabled the seedling samples of date palm cultivars to divide into two groups i.e., male and
female regarding their sex expression comparative to the parents (male + female) using the
principle coordinate analysis (PCoA).
Genetic diversity in date palm breeding parents and its population was investigated
using 19 loci of microsatellite (SSR) primers. 6 female accessions, 8 male parent and 16 new
combinations resulted from controlled crossing were included as reference material. Our
objective was to determine the genetic distance and relatedness among breeding parents and
its population for the improvement of the existing date palm germplasm. Microsatellites were
highly polymorphic with wide range of alleles and reproducible fragments with the scorable
size of 60 to 500 bp. Total 135 alleles with the mean of 7.50 per locus were scored. Average
major allele frequency was 0.65 ranged from 0.50 in marker mpdCIR-15 to 0.95 in primer
pair DP-175. The pylogenetic tree separated all the parent from the progeny but 31% and
69% variations were observed among and within the populations respectively using the
analysis of molecular variance. High level of heterozygosity (0.66) was found among the
parents and its population. The results depicted that male and females were distinct from
each other but progeny developed from male and female combinations fall between these two
parents. These co-dominant markers will be a starting point for researchers making use of the
markers for genetic mapping and diversity analysis of date palm.
Results showed that physicochemical traits (using XLSTAT software) were
appropriate for studying the metaxenial effect that can be used for further breeding targets as
economically very important regarding yield and quality. These new hybrids may facilitate to
exploit the new plant material in future. These preliminary results emphasized the importance
of breeding of more diversified parents, progeny development and sex determination to
expand the germplasm base and add more commercial cultivars in Pakistan.
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CHAPTER 1
INTRODUCTION
Date palm (Phoenix dactyliferaL.) has been an important crop in the desert regions of
Asia and North Africa for centuries but now adopted in many countries. It is believed to be
native from Arabian Gulf and North Africa. Alexander the great and Arab conquerors
introduced date fruit in Indo-Pak subcontinent after that date extended as a food item. Date is
a world agricultural industry with total production of 7.5 million metric tonnes (MT) of fruit
and Pakistan contribution is 10.34 metric tonnes (FAO, 2010). In Pakistan, it is the 3rd
major fruit crop after citrus and mango, and about 325 varieties of date palm are reported
(Botes and Zaid, 2002). In Pakistan most significant areas regarding dates production are;
Punjab (Jhang, Muzafar Garh, Bahawalpur, Dera Ghazi Khan), Sindh (Khairpur), Khyber
Pakhtunkhwa (Dera Ismail Khan) and Balochistan (Turbat and Khuzdar) (Markhand et al.,
2010). From the worldwide 100 million date trees distribution, 62 million are found in Arab
world and has formed the basis of fortitude for many ancient nomade (Mohammad et al.,
1983). Date palm (2n=36) is dioecious monocotyledonous belonging to Arecaceae family.
The Arecaceae family consists of 200 genera and 500 species (Dowson, 1982). Phoenix is an
important genus in the family which is most captivating (Munier, 1973) as they exert great
variation in their reproductive morphology where single sex flowers are present on more than
85% palms (Dransfield et al., 2008). The date palm fruit contains high sugar (mainly
reducing) contents and it provides 314 kcal of energy from 100 g of the date flesh (Al Farsi
and Lee, 2008). The date palm fruits are rich source of nutrition especially in the arid regions
where very few plants can grow due to the harsh environmental conditions. In formal
language dates are known as Sugar Palm (Al-Shahib and Marshall, 2003). Due to unique
characteristics and its role in survival of people living in hot and arid environments it can be
truly called as “tree of life”. Without the presence of date palm, survival and development of
human race in hot and barren areas of world was not feasible. As well as date is prominent in
its cultural and religious values throughout the world. Its very important in the religious
ceremonies of Islam, Hinduism, Judaism and Christianity.
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The date palm contains a cylindrical, large, unbranched trunk with dead scars. Its
height goes from 18 m (Nixon, 1958) and 30 m (Barrow, 1998) with constant diameter. Date
palm is considered highly dioecious but some citations on hermaphroditic nature of male
palms have been found (Sudherasan and Abo El-Nil, 1999). Hundered -125 green leaves (37m) can be produced by adult date palm and each leaf have 150 numbers of leaflets,
containing spines on petiole. Depending upon cultivar variations in leaves and spines have
been observed. Flowers are enclosed in the spathe, borne on fruit stalk or tapering rachis
which support attachment of numerous fruits. Female flowers are with nice and sweet odor
and yellow color; whereas male flowers are creamy yellow and fleshy in appearance.
Date fruit is a single seeded berry with fleshy mesocarp and fibrous endocarp
(Mansour, 2005) and constitute about 85% to 90% of total date fruit weight (Hussein et al.,
1998). One male tree can pollinate fifty female trees and fruits are produced only by female
tree. Color of date fruit changes from dark green (unripe) to yellow or red when mature and
finally black and reddish brown when become soft (Al- Shahib and Marshall, 2003). Date
fruit differ in their size (4-7×2-3 cm) (Barrow, 1998). Suckers (offshoots) are used for
commercial propagation of date palm. Generally date palm produces 20-30 suckers at top
(aerial) or base (basal) depending upon the cultivars and cultural practices throughout their
life. The average life of date palm may be upto 100 years (Hashempour, 1999). Date passes
through four developmental stages after pollination are named on Arabic terms, viz
Hababouk (immature and pea sized), Kimri (green hard), Khalal (coloured crunchy stage),
Rutab (ripe stage, soft texture, crisp) and Tamar (full ripe, soft flesh with reduced moisture)
(Al-Shahib and Marshall, 2003; Fadal et al., 2006). Fresh date is nutritionally superior and
delicious compared to dried dates (Vinson et al., 2005; Al-Farsi et al., 2005).
Date palm is among the oldest cultivated plants in history of mankind, being used as
food for 6000 years (Amer, 1994). Due to its significant nutrition, environmental and
aesthetic benefits, in addition to health and economic values could be used from generations
to generations. Every part of date palm is very valuable so it suggest useful prospects for
fighting diseases and hunger. In the hot arid and semi arid areas of the world date fruit is an
imperative constituent of diet containing carbohydrates (total sugars 44% - 88%), fats (0.20.4%), proteins (2.3-5.6 %), fibers (6.4-11.5%), minerals and vitamins(Al- sahib and
Marshall, 2003). In dates carbohydrates are in the form of fructose and glucose, all are easily
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absorbed by human body. It was reported by Al- Showiman (1998) that dates are rich source
of protein as compared to other fruits such as apples, oranges, bananas and grapes (0.3%,
0.7%, 1.00% and 1.00% proteins, respectively). It is most fascinating that date contains
twenty three different amino acids which are absent in most popular fruits (Al-Farsi et al.,
2005). Dates contain a remarkable amount of dietary fiber and considered a good source of
minerals e.g iron, potassium and calcium the functional constituents of date includes useful
quantities of antioxidents. Antioxidents are thought to play a vital function in the prevention
of cardiovascular diseases (Renaud and De Lorgeril, 1992; Fuhrman et al., 1995)
neurodegenerative diseases, such as Parkinson’s and Ahlzeimer’s diseases (Joseph et al.,
1999; Okuda et al., 1992; Clarke, 1999), as well as cancers (Wargovich, 2000; Dragsted et
al., 1993), and continuous ageing (Prior and Cao, 2000; Ames et al., 1993; Gaulejac et al.,
1999).
Usually female date flower contains three carpels and after effective pollination only
one develops ordinarily into fruit while other ablates. Triple parthenocarpic fruits of
economic values develop due to ineffective pollination (Reuveni, 1986; Zaid and de Wet,
1999). Some date fruits show better yield when selected males are used for pollination rather
than others (Djerbi, 1995). Fertilization and fruit set are consequences of pollination as there
is an interesting but uncommon effect known as metaxenial, the direct influence of pollen on
maternal tissues of date palm (Janick, 1979). Pollen not only control the fruit set, size of
fruits and seeds but also effect the time of ripening (Swingle, 1928). Pollen grains can cause
a great diversity and variations in size, quality, yield and maturity of date fruits. Date palm
growers used readily available pollen due to which fruit size, productivity and quality of
palms varies from year to year (Nixon, 1956; Ahmed and Ali, 1960; Al-Delaimy and Ali,
1969; Osman et al., 1974). As the pollen have the more precised and definite effect on the
parts of seed and fruit lying outside the embryo so it is requisite to select and identify the
superior male plants.
Date palm breeding is a long term fact (Carpenter and Ream, 1976). A breeding
program usually depends upon the objectives for breeding, for assessment of genetic
diversity among creating resources and germplasm, for development of new genotypic traits.
A breeder may be interested for genetic variation either intra-specific (within the dactylifera
species) or inter-specific (across the species within the genusPhoenix). Breeding objectives
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are locally confined due to lack of worldwide consortium and depends upon the regionally
defined biotic and abiotic stress. The selection and evaluation criteria for progenies and their
diversity vary from one program to another; however, conventional breeding objectives are
for yield enhancement, salt and drought tolerance and pest resistance. But in this crop
successful selection and improvement criteria for consumer preference is the size, color,
taste, texture of the fruit etc. For assessment of variation tremendous efforts have been made
among the local germplasm in many countries (Al Khalifah and Askari, 2003; Al-Ruqaishi
et al., 2008; Elshibli and Korpelainen, 2009; Saker et al., 2006; Sedraet al., 1998; Trifi et al.,
2000; Zivdaret al., 2008).
Sex determination is a method of physical partition of male and female gameteproducing structures to different individuals of a species. In the past different approaches, i.e.
histological, morphological and genetic has been used in higher plants to determine the sex at
early stage. A genetic test proved to be useful because identification of sexes is impossible by
observing chromosomes under microscope. For plant breeders and genetists, development of
molecular markers holds many promises in different areas of research. Dellaporta and
Calderon-Urrea (1993) highlighted that plant exhibits very unique systems for the sex
determination because the production of unisexual flowers in many species is independent
and it is operated by many and different novel mechanisms; hence there is not a single
mechanism to explain the sex determination.
A major problem for breeders is the identification of sex in saplings so they can
cultivate a large number of productive female trees. Moreover, selection of superior males is
also very important. It is very difficult to identify the gender of the trees at the age of 5 years
until it reaches the reproductive age (5-10years) as this species is very slow flowering. For
speeding up the breeding programs early sex determination is very important. Date palm
gender cannot be determined before the first flowering so that breeding programs has not
been employed to stabilize the genetic diversity (Bendiab et al., 1993). From the last decades
various molecular techniques have been used to determine the plants gender, including the
use of molecular markers, i.e. RAPD RFLPs and SSR techniques. (Mulcahy et al., 1992;
Biffi et al., 1995; Sedra et al., 1998; Trifi et al., 2000).
There are great variations within date palm (Phoenix dactylifera L.) males in Pakistan
but unfortunately it is unexplored due lack of breeding programmes. Therefore, there is a
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need to explore these variations to find the best males on the basis of nutritional value,
production and yield. Molecular characterization can help in identification of sex in saplings
and also help in finding the best date palm male with large number of hybrid germplasm
although not commercial but can be exploited. This germplasm will help in development of
new accessions also can be used for genetic amelioration.
The objectives of the present study are to


enhance date palm germplasm through hybridization.



study the metaxenial effects of different pollen parents on fruit characteristics of
female parents



assess the genetic variability and sex type using molecular markers
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CHAPTER 2
REVIEW OF LITERATURE
2.1

History of Date Palm
Date palm is the oldest cultivated plant and it’s thought to be originated from

Mesopotamia (Iraq), Gulf region and Indus civilization. During the excavation the existence
of date fruit in storage vases of Moen-jo-Daro revealed the presence of date fruits in Sindh as
2000 B.C. ago (Jandan, 1974). On the other hand from Pakistani areasMehargarh IB and IIB,
mineralized and silicified seeds of 6000 B.C. have been examined (Costantini, 1985). While
some scholars considered that date palm was introduced by Alexander the great in Indo-Pak
subcontinent (Pasha et al., 1972; Nixon, 1951). There is perception of some scientists that
probably date were brought in Sindh by forces of legend and dawn of ancient history
Muhammad Bin Qasim in 712 A.D. as date palm was basic food source of Arabian Peninsula
(Popenoe, 1913). During wars at their camping places they eat and throw the date seeds
which results in flourishing of date palm in Indus valley.
2.2

Ethnobotanical and Dietery Uses:
Every part of date palm is being used as leaves for making baskets, hand fans, ropes,

crates, mats, hats and furniture. For houses and fences, wood and leaves provide timber and
fabric for creating wind protection and providing favorable microclimates for nurseries and
horticulture.
Dates are generally consumed as fresh, short shelf life fruits at the Khalal and Rutab
stages, or they may be dried to the low moisture, Tamr stage differentiated by its good
storability. Dowson (1982) narrated that date at Kimri stage is used by poor people, usually
when the fruits had been trimmed to remove the astringent juice. Besides fresh consumption,
dates are used in different ways. Dates are not only used for manufacturing of date extracts
and syrup (El-Shaarawy et al., 1989) but also in preparation of salami like rolls and fruit
cakes. Many workers have reported the utilization of dates in modern industries (Dowson and
Aten, 1962; Hamad et al., 1983; Mikki et al., 1983; El-Nakhal et al., 1989; Sawaya et al..
1989). Date pits and date press cakes (by product of juice production) are consumed as
animal feed stuff. Organic waste material produced from processing can be used for compost
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preparation. In agriculture shredder leaves of date palm are being used as mulching material
or as potting media or a feed stuff of ruminants.
2.3

Metaxenic Effects
As date palm is dioecious in nature, male and female flowers are produced on

separate plants, pollens are born on male flowers while female flowers bear fruit. Naturally
date palm is wind pollinated but artificial pollination is very critical agricultural practice to
ensure the good fruit production and quality (Asif et al., 1986). Normally a female date
flower is consisted of three carpels from which only one develops into normal fruit while
others two disintegrate. Due to incomplete pollination triplet parthencarpic fruits without
economic values are produced (Reuveniet al., 1986; Zaid and Wet 1999). There is
asynchronization of maturation of male and female flowers, so it is needed to preserve the
pollen from one year to next in order to make it available at the time of pollination for
producing dates with kernels (Boughediri et al., 1995). Seasonal supply of date pollen may
also be whipped out due to late frost (Popenoe, 1973).
Usually date flowers come into view in early spring and pistillate flowers varies in
receptivity from variety to variety as in Ashrasi some pistils are receptive for 20 hours but it
requires pollination just before opening of spathe; however, first 10 days are the best
receptive time for pollination in most of varieties (Albert, 1930; Ream, 1976). Some other
factors which play an imperative role in date palm pollination are suitable temperature for
pollen grain germination i.e. 35ºC. Fruit setting is negatively affected due to wind and
rainfall. Manual and mechanical pollination is performed with different equipments or
devices to ensure good fruit setting (Zirari, 2010). Artificial pollination is the key to success
for frequent and vigorous fruit setting. To keep the long time viability of pollen, method of
spathe removal and pollen extraction is very important. To reduce the pollen loss from bees
and wind male inflorescence should be cut just before opening in early morning. A skilled
person is required to incise the male inflorescence 1 or 2 days before natural bursting of
spathe. Pollen should be placed at appropriate place because pollen stored at high
temperature (near stove or exposed directly to sunlight) loss their viability rapidly (Gerard,
1932; Charll, 1908) while pollen kept at moderate temperature hold their longevity for two or
three months.
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There is very important and interesting phenomena observed in date palm called
metaxenia i.e., the direct influence of pollen on maternal tissues of fruit(Janick, 1979). Pollen
not only carries the pollination and ensures the fruit setting but also control the ripening time,
fruit and seed time (Swingle, 1928). In different cultivars of date palm affect of pollen on
maternal tissues was studied (Comelly, 1960; Ahmad and Ali, 1960; Al-Delaimy and Ali,
1969; Nixon and Carpenter, 1978; El-Hammadi et al., 1977). Palms that have different origin
show great variations in pollen quality. Some date palm cultivar had rigorous yield when
selected males were used for pollination rather than random (Djerbi, 1995). Pollen has not
only direct affect on the fruit characteristics outside the embryo or endosperm but also have
effect on the flavor or aroma (Ben Sallah and Hellali, 1998). In marginal areas metaxenic
effects to accelerate the fruit maturity at significant level since high temperature was the
dominant factor effecting the ripening time and fruit maturity (Farag, 2005). Time of
ripening is an important consideration especially in those areas having very short period of
warm temperature during date palm growth and development and threatened by rain or frost.
2.3.1

Metaxenic Effects on Physical Parameters:
Artificial pollination influences the market competitiveness and economic expansion

in agriculture for good quality fruits, vegetables and seeds for most of the part where
unfavourable environmental conditions exist (Beachar et al., 1999). For yield and quality
improvement artificial pollination is the key step. Date palm pollen has diverse
characteristics. Depending upon the flowering, pollen viability and spathe characteristics viz
spathe size, weight, number of strands/spathe and number of flowers/strands varies from one
another (Nasir et al.,1986). Variability among the male trees due to reproductive and
vegetative characters has also been reported (Al-Ghamdi et al., 1988). Marzouk et al. (2002)
assessed the morphological characteristics of several male palm cultivars and found a
positive correlation among initial fruit set, bunch weight and fruit retention. It was observed
that pollen quality, pollen germination and pollen tube growth are the key factors
determining the variations in date palm cultivars. Therefore, it is concluded that pollen
source had significant effect on date fruit quality (Shaheen et al., 1986a).
Data regarding the use of different male pollen within 10 date cultivars revealed that
fruit length, diameter, shape, weight and volume were significantly different (AI-Obeed and
Abdul-Rahman, 2002). Metaxenial effect of nine male pollen grains on physical parameters
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for two consecutive years (2007 and 2008) was evaluated. All the male parents respond
variably to fruit length, diameter, pulp weight and fruit weight (Iqbal et al., 2011). Mustafa
(2006) studied the effect of male parents from three different locations (Asswan, El-Sharkia
and El-Fayoum). The results depicted that the best quality date fruits were produced from
Asswan cultivars compared to pollen sources of El-Sharkia and El-Fayoum. Different
scientist studied the effect of pollen sources on several cultivars of female date plants and
summarized their results as Muhtaseb and Ghanim et al. (2006) compared the pollen effect
on quality and yield of cultivar Mejhool. Maximum fruit weight was obtained from the
spathes pollinated with Dayyat1, Mejhool and Aqaba males while minimum in case of Jarvis
and Boyer pollen sources. Similarly the highest flesh weight was gained from Jarvis,
Dayyat1 and Barakah pollen while the least from Mejhool male pollen. Varietal differences
showed that Sheshi cultivar provide maximum fruit length while in Khalal variety the highest
fruit length was observed under all small, medium and large grouping (Al-Abdoulhadi et al.,
2011).
In Dera Ghazi Khan (Punjab, Pakistan) environmental conditions five main cultivars
of date palm (Khudarwy, Zaidi-1, Dhakki, Shakri and Gulistan) were examined. The most
outstanding cultivar among all was Dhaki with the highest fruit length (35.87 mm), pulp
weight (10.47g) and fruit weight (11.20 gm). In Dhaki maximum fruit yield per plant was
recorded followed by Gulistan (86.75 kg), Zaidi-1(62.25 kg), Khudarwi (62.00 kg) and
Shakri (57.80 kg) (Iqbal et al., 2012). It was evaluated from physical characterization of
some date fruits that flesh weight (9.62 + 1.80 g) was more than pit weight (5.31 + 1.60 g) in
dried and semidried dates, respectively (Sotolu et al., 2011).
The effect of different pollen sources on five date palm (Bent-Aisha, Hayany,
Samany, Zaghloul and Algany) cultivars was studied and statistical data illustrated that
maximum fruit diameter was obtained in Samany cultivar while the highest fruit length was
observed in Zaghloul cultivar (Mansour, 2005). Among all other cultivars Dhaki is the
outstanding cultivar in Pakistan in which greater rate of fruit length, weight and width were
measured (Khan et al., 2008) while Aseel was regarded the most precious cultivar in terms of
fruit size and shape among eighty five cultivars pollinated using different pollen sources
(Markhand et al., 2010). Evaluation of Zaghloul cultivar under two environmental conditions
was carried out and confirmed by physical and chemical analysis which revealed that
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environmental conditions of Aswan were excellent for producing fruits with superior
characteristics and high quality (Soliman, 2006). For higher thickness, volume, density, fruit
length, weight and flesh thickness (Khalal) proved the best among five date cultivars (Ismail
et al., 2006). Al-Khayri (2002) applied the pollen from 8 different male parents and the
results depicted that general appearance of fruit was influenced by the genetic variations in
both male and female.
Fluctuation in fruit yield was observed by changing the pollen source and pollination
duration (El-Makhtoum and Abdel-Kader, 1990). It was estimated by pollinating the Nebut
Seif cultivar with different pollen source that Barhee cultivar recovered more yield in Nebut
Seif (Hussain et al., 1979). Peak value of yield was resulted when female spathes were
pollinated immediately after dehiscence (Nasir et al., 1994).Fruit yield and physical
parameters of Hillawi, Samani, Khadrawy and Zaghloul were significantly influenced when
pollinated from pollen sources of Siwi, Maghal, Ahmat and Zaghloul cultivars (Higazy et
al., 1983). When pollen from Alaam cultivars were applied than Hillawi cultivar was
observed with more yield as compared toKhadrawy (Helail and Kholey, 2000). Remarkable
differences in yield of Hayam cultivar of date palm were observed when pollen from
Mejhool was used (Muhtaseb and Ghnaim, 2006). Succary cultivar was pollinated with four
date palm males (Barhi, Seleg, Succary and Nebut Seif) and one treatment of mixed pollen. It
was concluded that pollen sources considerably affect the fruit physical characteristics. The
highest fruit length (3.15 cm) was achieved under the influence of Nebut Seif while
minimum fruit length (2.94 cm) was by mixed pollen. Maximum bunch weight was achieved
by Seleg pollens while the least was yielded by Barhee cultivar. While taking chemical
properties into consideration Seleg male source showed high value of soluble solids (%) and
Nebut Seif achieved the highest total sugars (78.2%) (Bacha et al., 2000). Hani et al. (2006)
pollinated the Majhool variety with seven different pollen sources and it was concluded that
Aqaba male source was the best for fruit weight improvement while Boyer for the longest
fruit length. Similarly, the highest TSS value was experienced by Aqaba.
One of the most important and determining factor for the good fruit quality and better
yield is pollination timing when pollination is belated than fruit setting is reduced with
inferior fruit quality (Ream and Furr, 1969). It had been observed that fertilization occurred
after 48 hours of pollination and two out of three carpels are aborted after seven to eight days
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interval (Marzouk et al., 2002). It was confirmed that maximum receptivity of date palm is
for 24 hours after which it starts declining

(Nasir et al., 1994) but contrary results were

found that stigma could remain receptive for many days. Pereau and Le Roy (1998) stated
that receptivity is totally dependent upon the cultivar. Stigma receptivity of date palm flowers
varies from cultivar to cultivar and pistillate flowers do not show receptivity for long extent
(Shaheen, 1986) as Ashrasi stigma losses its viability instantly after spathe opening;
therefore, it is advised to pollinate this cultivar just before natural opening of spathe
(Dowson, 1982). If pollination is deferred after spathe cracking for 6, 9 or 12 days then
bunch weight is significantly reduced compared to the spathe pollinated at first day of spathe
opening (El-Kassas and Mehmoud, 1986).
It was observed that combination of pollen variety and pollination timing is very
valuable fact for the best fruit quality and flesh weight. So when pollen of El-Kharga and
Aswan were used then superior fruit in terms of TSS, sugars and acidity was obtained
(Osman and Soliman, 2002). Many researchers observed the compatibility of different pollen
sources for specific female and incredible results for fruit setting were found. Similar type of
pollen has not been found effective due to negative correlation among the fruit quality, pollen
germination, pollen viability and bunch weight while positive correlation has been observed
in fruit setting and fruit retention so for each female parent separate male pollen should be
ensured (El-Salhy et a l., 1997). To confirm this statement, pistillate flowers of Khadrawy
cultivar were pollinated with Saki, Khadrawy and Nebut Seif pollen parents; satisfactory
results were observed in Khadrawy and Nebut Seif while outstanding in Saki (Abo-Hassan et
a l., 1983). In another experiment characteristics of male parents were studied and it was
confirmed that different males have notable influence on fruit setting percentages (Iqbal et
a l., 2004).
Like pollen sources, incredible effect of pollination methods was reported on date
palm yield (Soliman and Kosary, 2002).EI-Kassas and Mahmoud (1986) stated that
remarkable increase in date production was observed when hand pollination was compared to
mechanical pollination but contradictory results were found by El- Mardi et al. (2002). Even
yield and quality of date fruit was beneficially improved by bagging of spathes with canvas
and gauze material (El-Salhy, 2000). Various techniques being used for artificial pollination
includes dusting, placement and liquid spray. Among all these methods placement method is
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regarded best for maximum yield and fruit set in Dhaki cultivar compared to liquid spray and
dusting methods (Khan and Ghafoor, 1993).
2.3.2

Metaxenic Effects On Chemical Parameters:
In consumers point of view fruit quality is the most essential factor that decides

the market worth of fruit. Date fruit quality is conspicuously affected by the different
pollen sources (Rahemi, 1998). Date fruits contain high sugar content, a large ratio of
potassium, iron and iodine, but very minute amount of proteins and fats (Al-Farsi et al.,
2005b; Erskine et al., 2004).
2.3.2.1 Antioxidant Activity:
Antioxidants (oxidation inhibitors) express the substance type that reduce the
oxidative damage but differ in their chemical structure (Pokorny et al., 2001). In plants
and human body antioxidants are used as defensive and protective agents to protect the
cell oxidation. Various factors such as growing conditions, season, type of cultivars,
geographic origin, fruit developmental stage, fertilizer, total amount of sunlight and
storage are responsible for antioxidants differences in date palm cultivars (Al-Farsi et
al., 2007a). Due to the presence of flavonoids, vitamin C contents and phenolics, dates
have radical scavenging activity (Mansouri et al., 2005; Biglari et al., 2008). The
importance of antioxidants has been enhanced many times because of scavenging free
radicals capability that is related to detrimental diseases (Silva et al., 2007).
An experiment was conducted on three date palm cultivars using oxygen radical
absorbance capacity (ORAC) and it was conducted that date fruits are rich source of
antioxidants (11,681-20,604 µmol of Trolox equivalent (g) (Al-Farsi et al., 2005 a,b). The
reported value of antioxidant activity of Khoct Kenta with ABTS method was 1148
µmol, and 886.62 in Deglet Nour, while activity with DPPH method was as Allig (0.72),
Kentichi (1.68), Deglet Nour (1.53) and Khouet Kensta (1.96) (Saafi et al., 2009). The
palm dates were studied under ORAC method for the (F.W.) antioxidant activity and
results showed that the activity was 146-162 µmol Trolo x equivalent/g (Al-Farsi et al.,
2007a).
The antioxidant activity of date pit extracted with different reagents was
evaluated. The value of antioxidant activity was found 8.16%, with petroleum ether
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extraction while pits extracted through methanol water were lacking this activity
(Mohammed and Al-Okbi, 2005).
Fifteen cultivars from USA and Saudi Arabia were studied during two growing
seasons to check the effect of growth location and the method of antioxidant activity
estimation i.e. DPPH and ABTS. Maximum antioxidant activity was observed in second
year samples compared to first year fruits when estimated by ABTS and DPPH
methods. It is a general assumption that ABTS analysis gave higher antioxidant activity
while DPPH showed higher reproductivity (Al-Turkey et al., 2010). Storage of date
fruits (4.4) for 6 months increased the antioxidant concentration (Biglari et al., 2009).
The FRAP power of Medjool cultivar was 34% less than Hillawi cultivar (Rock et al.,
2009).
Different methods affect the antioxidant activity. Antioxidant activity estimated
by lipophilic and hydrophilic (ORACEL) for two date palm cultivars was lower than
reported by Al-Farsi et al. (2007a) and Wu et al. (2004). Baharaini dates were studied
for antioxidant activity. Using the method of ferric reducing power, the antioxidant
activity of Banraini dates was found 0.94 µmol Trolox equivalent/100 g (F.W.) (Allaith,
2008). The antioxidant activity of Algerian date fruit was examined by using 2, 2diphenyl-1-picryhydrezyl radical (DPPH) and range of antioxidant potential was 0.080.22 of antiradical efficiency (AE) (Mansouri et al., 2005). The antioxidant potential by
FRAP assay valued as 11.65-387.34 µmol Trolox equivalent 100 g (DW) and by ABTS
assay ranged as 22.83-50.33 µmol Trolox equivalent 100 g (DW) (Biglari et al., 2008);
while FRAP value possessed was as Khalas (12.0), Khawaja (18.9) and Berhi (3.4) (AlLaith, 2009).
On fresh weight basis the antioxidant capacity of date palm cultivars with
ethanol and aqueous extracts was 31.86 mg ascorbic acid equivalent antioxidant
capacity/100 g (Chaira et al., 2009; Saleh et al., 2011).
The chemical analysis of date fruit fibres indicated that antioxidant value
affected by a various drying methods (sun drying, oven and freeze) and maximum value
was observed in sun dried kentichi cultivar fibers (Borchani et al., 2011). Two methods
FRAP and TEAC showed 594.71 µmol TE/100 g (DW) and 329.45 µmol/100 g (DW)
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radical scavenging activity (Abbas et al., 2008). The sap of Deglet Nour cultivar showed
47.64% of DPPH inhibition radical value (Thabet et al., 2009).
Among ten date palm cultivars maximum value of FRAP was estimated in
Khenizi cultivar i.e. 3297.48 µmol/100 g (DW) and 56.61% was DPPH inhibition
(Khanavi et al., 2009). It is important to consider that dates consumed at Tamar (fully
ripened) stage provide sufficient antioxidant values that are approximately equivalent
to oranges, sweet cherries, Brussels sprouts and apple (Blamhoff, 2005).
2.3.2.2 Total Sugars:
It has been estimated that 314 Kcal energy is obtained from 100 g of fresh date
so is rich source of sugar (reducing) (Al-Farsi and Lee, 2008). Dates have high contents
of glucose (C6H12O6). The value of total and reducing sugar rose up to 58.6% and
49.00%, respectively, in cultivar Hillawi (Awad et al., 2011b). The sugar contents were
found in range of 67.4-77.2 when two date cultivars were examined while percentage of
reducing sugars was from 12.6-76.6% (Elshibli and Korpelainen, 2009). Chemical
composition of eleven (11) date palm cultivars studied and it was observed that
reducing sugars varied from 79.93-88.02 g/100 g (DW) while two cultivars i.e. Deglet
Nour and Bajo had considerable amount of sucrose (Borchani et al., 2010). The Deglet
Nour cultivar was characterized for sugar contents and the data revealed that sucrose
contents were 54% while reducing sugars varied from 26-51% (Mrabet et al., 2008).
Barhee and Khalas cultivars were assessed from sugar contents under industrial
and commercial storage conditions for 2 months and 1 year at -3oC and 25oC,
respectively. These two cultivars behaved differently under different stage conditions
for different time periods. Fructose level was not significantly influenced by the storage
temperature while glucose level was affected upto 81% (Ismail et al., 2008). The
composition of sugar content in date palm waste was estimated as 32% glucose and
30% fructose (Shafiei et al., 2010).
Fruit developmental stages significantly affect the sugar contents as these goes to
increase at rutab and tamar, last two stages (Sawaya et al., 2006). At tamar stage total
sugars in Deglet Nour were 63.16% while Alig cultivar had 47.92% at khalal stage.
Sucrose contents are negatively correlated with increase in fructose and glucose levels
(Amira et al., 2011; Vayalil, 2012). In cultivar Dhakki the total sugars (reducing and
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non-reducing) were estimated maximum at fully ripped stage (Iqbal et al., 2011).When
date paste of 3 date cultivars was assessed, some percentage of reducing sugars was
comprised of fructose (31%), glucose (30%) and total sugars (53.0 g/100 g) without
sucrose was detected.
The analysis of 2 date palm by-products for chemical composition showed that
the range of sucrose (52.7 and 13.9%), fructose (12.6 and 29%) and glucose (13.7 and
29.9%) were present in Deglet Nour and Allig cultivars, respectively (Elleuch et al.,
2008; Abbas et al., 2011). The value of sugar contents vary according to the
developmental stages of cultivars. The value of reducing sugars varied depending upon
the cultivar i.e. Piarem (12.9-52.6%), Deiry (12.5-54.3%) and Shahani (26-63%)
(Rastegar et al., 2012). The screening of thirty two cultivars for sugar composition
described that predominant sugars were fructose 12.62-43.31 g/100 g and glucose 16.4154.23 g/100 g (FW) but no sucrose was found at tamar stage (Sahari et al., 2007).
The sugar profiling of second grade quality fruit depicted high sucrose contents
and low reducing sugars, while range of total sugars was 73.30-89.50 g/100 g DW
(Besbes et al., 2009). 80% total sugars were analyzed in Birhi and Safri (Al-Hooti et al.,
2002). Total sugar contents in three date palm cultivars were assessed using HPLC and
Khalas cultivars showed the higher sugar value 59.96% (total sugars), followed by
glucose (33.97%), fructose (23.65%) and sucrose (2.34% )with least value (Ali et al.,
2009).
2.3.2.3 Total Phenolic Contents:
All the phenolic compounds do not possess the antioxidant activity.
Approximately 5000 models of phenolic compounds have been known but only few of
this exhibit the antioxidant activity. (Robards et al., 1999; Karadeniz et al., 2005). Metal
chelator, single oxygen quencher, hydrogen donor and redox properties (reducing
agent) are the key factors responsible for the antioxidant property of phenolics. This
activity is totally dependent upon the presence of number of hydroxyl groups and their
site (Rice-Evans and Miller, 1998). In fruits and vegetables phenolices prohibit the lipid
peroxidation (Rankin et al., 1993) so these play a major role in antioxidant activity
(Allaith, 2008).
Date fruits are rich source of phenolic compounds and its value varies with
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variations in cultivars (Al-Farsi et al., 2007a). In dried and fresh dates quantitative and
qualitative variations in phenolic acids contents were observed and these variations
disclose the variation in genetic diversity of date cultivars (Allaith, 2008; Vayalil, 2012).
Changes in fruit stage significantly affect the total phenols as it has been described by
Eid et al., (2011) that phenolic contents increased from kimri to khalal stage but a
sudden decrease from rutab to tamar stage of date palm. Fourteen weeks after
pollination, total phenols concentration was 2.18 mg/g (FW) and this level decreased to
very low level (0.14 mg/g FW) at tamar stage (Al-Qurashi, 2010). The value of total
phenolic contents varied from 209.42 mg GAE/100 g (FW) to 447.73 mg GAE/100 g
(FW) in two date palm cultivars Kentichi and Allig cultivars, respectively (Saafi et al.,
2009).Phenolic activity of sixteen date palm cultivars was determined at tamar stage
and its value was 152.10 mg/100 g in date flesh that is equal to 85.9 mg/100 g (FW). The
phenolic activity of Irani dates on dry weight basis ranged 2.89-141.35 mg GAE/100 g
(Biglari et al., 2008). Phenolic acid pattern varied from cultivars to cultivars and
dependent upon the developmental stages. Nine phenolic acids (P-coumaric, Vhydroxybenzoic, caffeic, ferulic, vanillic, o-coumaric acid, syringe and protocatechuic)
and four free phenolic acids (foulic acid, syring acid, vanillic acid and protocatechuic
acid) were determined. Among all the acids Ferulic acid was the major component of
pyhenolics for all date cultivars ranged from 140.67 to 296.67 mg GAE /100 g (FW)
(Nadeem et al., 2011).
In fresh and dried date cultivars (Fard, Khasaband Khalan) the value of total
phenolic contents were 217-343 mg of ferulic acid equivalent (FAE/100 g and 134-280
mg of FAE/100 g, respectively (Al-Farsi et al., 2005 a,b). These varieties also had
considerable amount of free phenolic acid (2.61-12.2 mg/100 g) and bound phenolic acid
(6.84-30.25 mg/100 g FW). Additionally, it was also determined that date pits are good
source of total phenolics (31.02-4430 mg GAE/100 g (FW) while on fresh weight basis
date fruit contained 72-246 mg gallic acid equivalent (GAE/100 g) (Al-Farsi et al., 2007
a). The phenolic model of seven date palm cultivars value was 2.49-8.36 mg GAE/100 g
on fresh weight basis (Mansouri et al., 2005). Maximum range of phenolic contents was
observed in Deglet Nour and Medjool cultivars comparative to the previous studies and
its range fall between 661 and 572 mg GAE/100 g (FW) (Wu et al., 2004 a,b).
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RP-HPLC-DAD and ESI-MS were used for the evaluation of polyphenolic
extract. Caffeoylsinapylquinic acid was 72.23% while phenolic activity of syrup was
394.53 mg/100 g. Ajwa, Barni and Khalan cultivars were evaluated for polyphenolic
contents and profile was made at four ripening stages (Kimri, Bisar Rutab and Tamar)
by the use of LC-MS and HPLC-dioede array detection. Results showed a lot of
variations not only at different developmental stages but also within cultivars. So
profile ranged in Ajwa (148.3, 47.5, 22, 18.4), Berni (120, 27, 21, 20) and Khalas (94, 30,
9, 19) mg GAE/100 g, respectively, at each developmental stage (Eid et al., 2013) while
Al-Laith (2009) conducted similar study on three date palm cultivars and measured
434.3, 397.2 and 283.3 mg GAE/100 g (DW) of total phenolics.
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Ten (USA) and 5(SA) cultivars were studied during two growing seasons to
evaluate the influence of growth location on date palm phenolic contents. Phenolic
profile showed the maximum value for SA4 (Gur) 507.0 mg GAE/100 g FW followed by
US3 (Deglet Nour) 488.0 mg GAE/100 g (FW) during second growing season. While
minimum value was observed in US9 (Medjool) 225.0 mg GAE/100 g (FW), US8
(Khalana) 241.9 mg GAE/100 g FW and USI 258.4 mg GAE/100 g FW (Al-Turkey et
al., 2010). The second grade fruits of date palm cultivars contained the same phenolic
contents i.e. 280.6-681.8 GAE/100 g as of high quality (Besbes et al., 2009). The Medjool
cultivar paste obtained from processing contained 225.0 mg GAE/100 g of total phenol
concentration (Zapata et al., 2011). Total phenolic contents of eleven date palm
cultivars were determined from hydrophilic (aqueous) and hydrophobic (ethenol)
extract. TPC value was not more than 9.70 mg/GAE/100 g on fresh weight basis (Chaira
et al., 2009). FC reagent method was used to determine the TPC in three types of date
(soft semi dry, and dry). The highest value of TPC (123.87 mg GAE/100 g DW) was
found in Kharak dates by using the multivariate analysis of variance and principle
component analysis (Abbas et al., 2008). TPC of date fruits was examined after
different drying treatments (freez, oven and sun dried) and it was concluded that Allig
cultivars retained maximum TPS value (369.95, 320.95 and 365.20 mg/g) for freeze,
oven and sun dried dates, respectively (Borchani et al., 2011; Saleh et al., 2011).
Chemical examination was carried out on date palm sap for determination of total
phenolics and 7.4 mg GAE/100 ml of total phenolic activity was found (Thabet et al.,
2009).
2.3.2.4 Enzymes:
Enzymes are necessary for formation, conversion and maturation of date fruit
and four enzymes are considered very specific regarding their activities for ultimate
quality product.
i.

Invertase:- convert the sucrose into fructose and glucose.

ii.

Polygalacturonase and pectinesterase:- plays vital role in softness of fruits.
Conversion of insoluble pectic elements into soluble pects occurs in the presence
of these both enzymes.

iii.

Polyphenol oxidase:- contribute to the biochemical deviations belonging to
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tannins, significantly important in non-oxidative browning mechanism in dates
under open and controlled conditions.
iv.

Cellulase:- Liable to convert the cellulose in short chain substances and increase
solubility and ultimately lead the glucose formation, hence reducing fiber
content.
In open and controlled conditions enzymes show sensitivity to heat treatment.

Deglet Nour was given the heat treatment of 55°C for 20 minutes on peroxidase activity
(POD), polyphenol oxidase (PPO) and total phenolic conents (TPS). In heat treated and
non-treated samples, the activity of both enzymes PPO and POD decreased (Khali and
Selselet-Attou, 2007). Activity of enzymes changed with change in maturity stages. It
was observed in Sudanese dates that cellulose and polygatacturonase have very slow
activity at green (Kimri stage) but a rapid increase was observed when fruit started
ripening (Mustafa et al., 1986). The pectinase and cellulose have found their way in
manufacturing food products to produce the concentrated date syrup at tamar stage of
fruit development from different origin (Al-Hooti et al., 2002; El-Shornonby et al.,
2009).
The enzymatic antioxidants activities of glutathione peroxidase (GPx),
Superoxidase dimutase (SOD), and Catalase (CAT) were analyzed in Deglet Nour
extract for the damage prevention initiated by toxic elements with the dimethoade the
activity of SOD and GPx was enhanced while catalase activity decreased significantly
(Saafi et al., 2011; Awad et al., 2011a). Invertase enzyme exhibits the high sensitivity for
heat, irradiation (10-50 Gy, for disinfection) and long storagte (Zare et al., 2002).
Cellulase, invertase, B-salactgosidase, pectic methylesterase, Endoul, 4-b-D-glucanse
are responsible for fruit softening at matured developmental stages because their
activity was determined minimum at kimri stage but increase to higher concentration at
ripened stage (Rastegar et al., 2012).
2.3.2.5 Total proteins:
Date flesh contains a very small amount of protein. If the amino acid pattern is
studied then the range of protein is only 2.5-5.6% in date palm; this amount is too small
not to be considered important on nutritional basis (Al-Shahib and Marshel, 2003).
Protein precipitates the tannins and plays important role in non-oxidative browning
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(Millard reaction). Protein contents are at peak value at initial/early stage (Kholol) and
gradually reduced during development and maturation (Awad et al., 2011b). Date palm
sap was significantly analyzed with two dimensional electrophoresis (2DTs) and
spectrometry analysis. Date palm sap was identified with 52 newly identified proteins
with SDS-PAGE that involved in glycolysis (Thabet et al., 2010).
Five date palm cultivars were analyzed to study the effect of maturity on protein.
Protein contents of all the cultivars increased upto ripened stage (2.22-5.02 g/100 g FW
except Deglet cultivar which had higher protein at khalal stage (Amira et al., 2011;
Vayalil, 2012). The protein contents increased in climacteric fruits but decreased in non
climacteric fruits (Farahneky and Joubari, 2011). Al-Farsi et al. (2007b) examined the
sun dried date palm cultivar (Shahol, Mabseeli and Um-Sallah), by products and their
syrup for proximate analysis and the highest protein contents were 5.23 g/100 g and
3.62 g/100 g in Mabseeli and Shahal cultivars, respectively while in Allig and Deglet
Nour the protein concentration was 2.1-3% (Elleuch et al., 2008).
Amino acids of seventeen types are present in the seeds of Allig and Deglet Nour.
In all the studied cultivars glutamic acid was the most prominent amino acid
representing 16.77% and 17.83% of the total amino acids, respectively (Bouaziz et al.,
2008). The effect of temperature and storage was studied on two cultivars but no
significant changes were observed in protein content after short term (2 month) and
long term (1 year) storage i.e., 2.4-3.6 g/100 g (Ismail et al., 2008). Protein contents ratio
is very high in date pits comparatively date flesh. Date pits contained 9.9-13.5% protein
content where as when date pits were compared on wet and dry basis then higher
protein value was found (7.08 kg/100 g) on dry basis followed by wet basis (6.96 kg/100
kg) (Hamada et al., 2002; Rahman et al., 2007). Three varieties of date palm were
examined chemically for determination of protein contents at different maturity stages.
Protein profiling showed that maximum protein contents were found in Khastave
cultivars (2.0% FW) at tamar stage while Khadrawi contained 4.0% DW (Auda et al.,
1976).
On dry weight basis protein contents decreased as dates got maturity (Myhara et
al., 1999). Three cultivars Khadrai, Bitrari and Taasfirt possessed the highest protein
concentration at kimri (green) stage but glycine, aspartic acid, proline, lysine, alanine
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proline, leucine, and glutamic acid were reported higher at khalal and tamar stage
(Ishurd et al., 2004). Date fruit contained proteins with higher molecular weight and
ranged 80-135 kD as confirmed by SDS-PAGE (Al-Helal, 1988; El-Sohaimy and Hafez,
2010). The protein profiling of 34 cultivars showed the range from 1.6 to 5.0 g/100 g
(fresh weight basis) (Sahari et al., 2007). It was concluded that differences in results
might by due to the storage differences, seasonal variability and cultivars variation.
Protein content in thirty four cultivars were determined and results showed that
average protein contents were 3.3 g/100 g on fresh weight basis (Sahari et al., 2007)
while 2.16-2.78% was reported in Iraqi cultivars (Al-Gboori and Krepl, 2010) and 2.29
g/100 g (DW) protein was observed in Deglet Nour sap (Thabet et al., 2009). Some
values were revealed by UAE date fruits (2.3-2.7 g/100 g) and are in agreement with
Sawaya et al. (1982, 1983) and Ismail (2006), whereas the highest protein value (1.81
kg/100 kg) was reported by Rahman and Al-Farsi (2005).
2.3.2.6 Ascorbic acid:
Vitamin C is the water soluble vitamin that takes part in reversible oxidation
processes and become a part of co-enzymes. These are different group of the substances
required in small amount for proper body functioning but not produce calories but act
as a catalyst. Usually dietery plants are rich in natural pytochemical antioxidants
containing vitamins (ascorbic acid, a-tocopherols and vitamin A) (Rice-Evans et al.,
1997; Demmig-Adams and Adams, 2002). Generally fruits and vegetables are well
thought the major source of ascorbic acid but it had been estimated that dates contain
only small amount of this vitamin. Yousef et al. (1982) studied the four cultivars of date
palm and listed the value of ascorbic acid in Halawi (3.56 mcg/100g), Sayer (17.50
mcg/100g), Khadrawi (3.20 mcg/100g) and Zahdi (2.40 mcg/100g). Sixteen Bahrain
cultivars were characterized for ascorbic acid contents using the ferric reducing
antioxidant power (FRAP) assay at three ripening stages. Significant correlation was
observed for the ascorbic acid (r = 0.385) only at biser stage, but neither for rutab stage. In
two successive seasons date palm cultivar Helali was physically and biochemically studied
and it was observed that ascorbic acid concentration was maximum early in the season
(14.82mg/100 FW) and then suddenly decreased (7.74 mg/100 g FW) upto 10 th week and its
level at full maturity accomplished 6.10 mg/100 g FW (Al-Qurashi, 2010). Date fruit holds
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the six types of vitamins although vitamin C has very low concentration (0.002-0.02%) but
nicotinic acid, B1 thiamine, B2 riboflavin and vitamin A are also there (Al-Shahib and
Marshall, 2003). Awad et al. (2011) studied the five cultivars of date palm at ripening and
developmental stages during 2009-2010 and correlated the antioxidant activity vitamin C in
three cultivars Medjool (R2= 0.79), Helali (R2=0.81) and Khenazy (R2= 0.92) while ‘LonetMesaed’ and ‘Barhee’ cultivars were found with non significant correlation.
2.3.2.7 Total Soluble Solids (TSS):
TSS is defined as percentage of various soluble solids in the juice containing acids,
vitamins, proteins and sugars while sugars are the major component. Fruit quality is
influenced by the pollen sources as reported in cultivar Shahani but total soluble solids of this
cultivar were not significantly affected (Rahemi, 1998). Date palm cultivar Zaghloul attained
the higher value of TSS, being pollinated with refrigerated and fresh pollen while this trend
decreased when pollinated with the pollen stored at room temperature. Kassem et al. (1994)
concluded that delay in pollination increased the TSS value. When Zaghloul and Samani
cultivars were pollinated with the mixture of pollen grains and boric acid (100, 200, 300
ppm) then TSS was recorded at maximum value (Ashour et al., 2004). TSS contents were
evaluated for the cultivar Zaghloul being pollinated with Aswan and El- Kharga cultivars
after 6 days of spathe appearance and 9 days after with El-Arish cultivar and it was noted that
not only the pollen source but also the time of pollination greatly influenced the TSS contents
(Osman and Soliman, 2002). In another experiment TSS contents were recorded higher
when pollinated with Zaghloul, Hayany and Maghal 1 male palms (Abdel-Hamid, 2002).
Methods of pollination significantly affect the TSS value. Soliman and Kosary (2002)
pollinated the date palm trees via different method of pollen application i.e. insertion of male
strands into female spathes, application of pollen grains and wheat flour mixture and a piece
of cotton containing pollen grains and wheat flour dusted over female inflorescence. It was
also observed that TSS was significantly affected when different pollination methods were
used in combination of pollen source (Al-Kosary and Soliman, 2003).
2.4

Molecular Characterization Using Molecular Markers

2.4.1

Hybrid developments and confirmation
Conventional breeding experiments from the last four to five decades on a

commercial level in date palm are insufficient. To sustain the quality and quantity of dates,
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an experiment was conducted during 1960 and 1970. Main objective of this experiment was
to check the cultivars receptiveness with the targeted and non targeted crosses and to
generate the resistance against diseases. This breeding experiment was not too much
successful due to the lengthy life cycle of plant, produces the segregated populations,
persistent selection & back crosses. Vegetative clonal propagation and tissue culture are the
major techniques which were used for the improvement of plants characteristics and also
eliminate the above mentioned problems.
Reorganization of goals, evaluation of existing genetic variability along with
germplasm and existing resources with selected new trait genotypes that match with the
primary goals are the three major portions of a victorious breeding experiment.
Major predictable breeding goals of an experiment could be increased productivity,
resistance against the insect pests and diseases and tolerance against salt and drought. In
many countries similar type of experiments were conducted to check the variability of
different germplasm at local level but due to the reason of the extensive life-cycle of the plant
minute enhancement of traits was achieved (Al Khalifah and Askari, 2003; Al-Ruqaishi et al.
2008; Elshibli and Korpelainen 2009; Saker et al. 2006; Sedra et al. 1998; Trifi et al. 2000;
Zivdar et al. 2008).It will become possible in future after the repeated efforts in date palm
breeding that dates improve physio-chemical characters, postharvest, biotic and abiotic
stresses.
In 1948, breeding experiments to produce the high quality male and female parents
were started in USA. The main objective of these experiments was the seeds propagation by
using the technique of crossing and backcrossing of the male parents with desired females
cultivars (Barrett, 1973; Nixon and Furr, 1965). For the production of numerous plantlets of
identified parents and to get the better-quality lines, a broad breeding plan of experiments
was conducted in 1948 at Indio, California (Torres and Tisserat, 1980).
Swingle (1928) carried out an experiment at the maturity time of fruit in 1928. In this
experiment it was observed that the growth of maternal structure, as well as the seed cover
and pericarp effected due to the direct influence of the pollen on embryo sac and this
phenomenon is called Metaxenia. Swingle’s reported that maturity time and fruit size was
dependent on pollen type and this justification was later on experimentally verified. ElKharbotly et al. (1998) observed that weight of fruit and seeds, TSS, volume of seed and
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other phenotypic and genotypic traits are totally interrelated if we backcross F1 and F4
population with the use of AFLP markers. They experienced 35 primer combinations to
prepare the further linkage map by identification of polymorphic markers with the use of
APLP markers with parental clones.
Hela et al. (2000) conducted an experiment by the use of RAPD sequences on
random genomic collections of Tunisian date palm varieties. They inserted DNA
recombinant with the attached fragments of 200 to 1600bp range and reported that the
genomic collections can be used for the probe hybridization, preparation of resistance
markers and sex identification of phylogenetic trees.
Wong and Bernardo (2008) designed a breeding program on African oil palm
dependent on genome wide screening. In this experiment they compared the results of
expenses and reimbursement of marker-assisted persistent collection with the other
collections applications. Further they reported that marker-assisted persistent collection is
more expensive and prolonged if we compare with other measured techniques by means of
smallest unit of 50 progenies. Furthermore, we need a huge segregating population if we
want to use marker-assisted persistent collection technique in date palm breeding.
It was also reported (Zietkiewicz et al., 1994; Zehdi et al., 2004a) that both the
techniques of molecular markers and genetic engineering in date palm are not too much
productive because the plant have longer life cycle for generating new crop; however, both
the techniques are more significant as compared to other techniques. A number of
experiments were conducted with the objective to produce bayoud resistance traits (Sedra
1995; El Hadrami et al., 1996; El Hassni et al., 2004) because it was a major component of
IPM applications that have objective to control on further spreading of diseases.
For the purpose of suitable genotypes selection between the Moroccan and Algerian
populations, many breeding experiments of date palm were conducted for initiation in
Morocco (Louvet and Toutain, 1973, Saaidi, 1979; 1992) and Algeria (Fernandez et al.,
1998). One of the major objectives of these experiments was to enhance the resistance in
bayoud disease and produce high quality of date palm fruits that might become the breeding
plan parents. For this purpose wild varieties with different genotypes having appropriate
traits of disease resistance and fruits quality and quantity have selected. Male inflorescence
having more extent of resistance against the Bayoud disease was positioned on the female
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receptive flowers having trait of more quality fruits. New genotypes which produced after the
end result of this experiment of cross hybridization were further rechecked and used in green
houses and in vitro experiments against the Bayoud resistance and quality of fruits
production.
Further to the previous experiments some breeding programs were also conducted in
USA, Algeria and Morocco for the enhancement of disease resistance against Bayoud but not
significantly accomplished due to the longer lifecycle of plant and have taken minimum 30
years duration for the regeneration of F1 and F2 and backcrossing (Bouguedoura, 1991).
In general the major goal of any breeding project is to produce the maximum quality
and quantity of fruits by utilizing the local resources (Carpenter and Ream, 1976) and too
some extent resistance against diseases, heat, cold, saline, drought, minimum drainage,
waterlogged and others soil relevant problems. Amendments of fruit worth, seed dimension,
evenness, ripening, maturity time and reduction of skin disconnection in varieties which are
very sensitive or have minimum resistance. For the dates, manipulations of male date palm
are required which have characteristics of metaxenia. From seed to the flowering the
minimum average time is about 6 years, so major problems in success of date palm breeding
is time (Nixon and Furr, 1965). One more disadvantage of date palm breeding is again the
time related that to take good number of offshoots, minimum 5 years are needed.
To check the inheritance characteristics of date palm cultivar 'Deglet Noor' through
inbreeding, Arizona University USA in 1912 conducted an experiment as an initiative
breeding program. This breeding program also was not successful because quality of fruit
which was produced by this progeny was not good but fruit color was changed to some
extent as a result of inheritance, so this project also stopped lop after the third generation
(Nixon and Furr, 1965).
Furr and Nixon (1965) conducted an experiment on date and Sudhersan et al. (2009)
on citrus. They selected the female cvs. Sultana, Medjool and Barhee and pollinated with the
pollen which were initiative form species P. Pusilla having dwarf characteristics. To check
the inheritance of dwarf verities the resulting progenies are presently going through
collection and testing. To select the parents’ varieties and optimal crosses, genetic difference
formed throughout hybridization has taken as a standard along the agronomic practices.
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In date palm plant breeding program, metaxenia is a significant phenomenon to create
genetic variation. Genetic variability plays a major role in successful production of crops
with new agronomic or resistant characteristics. For the development and establishment in
polygenic traits, a new technique of marker assisted selection is needed to be implemented
(Bernardo, 2001) in date palm breeding programs.
2.4.2

Sex determination:
Sex determination at early stages is very important to facilitate the breeding

programs. We are unable to differentiate the date palm sex at early stages so one cannot
employ the genetic diversity programs until it reached at reproductive stage (5-10 years)
(Bendiab et al. 1993). As date palm is a dioecious, so sex chromosomes are observed in
homomorphic form. An extra-heterochromatin present on the both arms of the male
chromosomes is considered to be sex determinant (Siljak-Yakovlev et al., 1996).
Chromosomes manipulation is an important step for assured creation of female producing
trees. Establishment of a method for gender discrimination before flowering could be most
important for speeding up breeding and screening of gender at early developmental stage,
thereby saving of time, cost, other resources and economically advantageous (Bawa, 1980).
Historically, breeding programs to continue the genetic diversity are lacking due to
absence of simple and perfect method for gender differentiation before first flowering
(Aberlenc-Bertossi et al., 2011). Date palm progenies contain equal proportion of male and
female plants which has been directed to the hypothesis that sex is found genetically (Daher
et al., 2010). Siljak-Yakovlev et al. (1996) proposed the sex chromosomes existence in date
palm on the base of cytological studies with chromomycin staining. However the genes
associated with sex have not been determined. Similarly the process of developmental stages
that arrest the sterile sex organs has not been studied in detail. They concluded that
cytologically and genetically there is no apparent difference between male and female
individual and genetically it’s an important task to discriminate the sex agronomically in
monoecious and dioecious species due to the longevity. Efforts have been made to
understand the basic requirement of gender determination at early stage and use of the
isozyme analysis (Torres and Tisserat, 1980), peroxydases (Majourhat et al. 2002), and
molecular marker tools with random amplified polymorphic DNA (RAPD) (Moghaieb et al.,
2010).
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Biochemical studies give in a little information for sex identification of immature
plants and gender specific DNA sequences offers a more capable and efficient method for
gender determination (Qacif et al., 2007). Various efforts had been made to comprehend the
genetic basis of sex evaluation of plants at early stages of development with molecular tools
(Biffi et al., 1995; Hormaza et al., 1994). Aspargus, Mercurialis, Vitis and Spinacia are the
well documented examples in which sex identification was hindered due to the existence of
additional factors and alleles that change the ultimate effect of sex determining genes
(Durand and Durand, 1990).
The recent techniques offer a new tool for genetic characterization and linkage maps
construction with the use of polymerase chain reaction (PCR). Arbitrary primers were used
for the DNA template amplification in random amplified polymorphic DNA (RAPD)
technique (Welsh and McClelland, 1990). Very effective studies have been made on
numerous plant species for linkage and evolution studies (Halward et al., 1992; Carlson et
al., 1991). RFLPs and RAPD markers are effectively used for molecular studies of date palm
(Ben-Abdallah et al., 2000; Trifi et al., 2000) endeavored to discriminate the sex specific
DNA with different molecular techniques (RAPD and ISSR) for the collection and
reformation of outstanding male pollen. This selection offered specific markers for male and
female plants of date palm.
Soliman et al. (2003) examined the four unkown male and four female Egyptian date
palm trees for genetic comparison using the RAPD (Random Amplified Polymorphic DNA)
technique. The results depicted that four females (Amhat, Zaghloul, Siwi and Samany) were
genetically similar up to the range of 87.5 to 98.9%. It was concluded from the banding
profile that three males and four females were genetically related. Rania et al. (2008) claimed
that this is the first report on gender discrimination in date palm with ISSR and RAPD
analysis. In this study 3 positive female specific and 2 male specific were identified while
ISSR generated 5 male specific markers while 70 to 87% polymorphism was exposed by
RAPD and ISSR respectively. Sharma et al. (2008) investigated the sex specific inter-simple
sequence repeat (ISSR) marker at seedling stage to determine the male and female plants in
Simmondsia chinensis (Link) Schneider. They studied the male pooled samples with 42
primers, among all the primers only one primer UBC-807 was a more promising for male
identification with a unique band of 1200bp. Sex differentiation is economically
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advantageous in dioecious plants. For Pistacia yield enhancement male and female separation
is greatly valued. Four female parents as well as male plants of Pistaciawere characterized for
RAPD PCR amplification. Among 32 primers only 2 primers (FPKI106 and FPK105) clearly
discriminate between male and female. As these are reproducible so can be suggested for sex
discrimination of Pistacia vera cultivars (Ehsanpour and Arab, 2009).
Al-Mahmoud et al. (2012) introduced PCR-based assays in numerous date palm
cultivars to accomplish the sex determination. For gender specific polymorphism primers
were designed that confirmed distinctive genders of multiple varieties with more than 90%
accuracy. So this method for distinguishing sex proved the best and more helpful at the
earliest stages of plants. Reddy et al. (2012) recognized the seedling sex in papaya through
RAPD which had been significant contribution and returns to farmers.
Microsatellites are valuable tools for carrying out the genetic studies. Elmeer and
Mattat (2012) reported the microsatellite markers for distinguishing the male and female date
palm plants. They used 14 SSR primers with 129 date palm leaves and 34 tissue culture
plants not only for determining the genetic diversity of Qatar date palm with 254 loci but also
detected 9 male plants. It was found that primer mPdCIR048 coded for heterozygous alleles
reoccurred 4 times only in male samples while 117 female were lacking this primer, so this is
a promising character to determine the male sex.
2.4.3

Genetic diversity:
Biochemical and molecular polymorphism is considered more efficient and effective

complementry to morphological variations(Gauther et al., 2002). Differentitation among
directly linked cultivars are mostly unreliable and tremendously difficult by using
morphological traits due to the direct inffluence of environmentconditions (Gauther et al.,
2002; Elhoumaizi et al., 2002). Therefore, DNA marker technology has made its way most
importantly for DNA fingerprinting recently. For this purpose numerous markers have been
used to characterize the genetic diversity, random amplified polymorphic DNA (RAPD) have
been applied to determine the date palm accessions in Morocco (Sedra et al., 1998), in Egypt
(Soliman et al., 2003; Adawy et al., 2006) in Algeria, (Benkhalifa, 1999), in Saudi Arabia
(Al-Khalifah and Askari, 2003) and Tunisia (Trifi et al., 2000). Molecular techniques are
more functional for evaluating the genetic diversity compared to traditional strategy for
utilizing and conserving the plant genetic resources (Ghebru et al., 2002). For evaluation of
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genetic diversity and links of accessions DNA-based markers proved the best. In Egypt and
California Amplified Fragment Length Polymorphic (AFLP) markers have been used to
identify the date palm polymorphism (Cao and Chao, 2002; El-Assar et al., 2005). Simple
Sequence Repeats (SSR) or Microsatellites have been applied to study the genetic diversity
as these are highly polymorphic, co-dominant, reproducible and locus specific. Microsatellite
have been produced and applied for plant genetic diversity analysis in Phoenix dactylifera
(Billotte et al., 2004). 16 microsatellite markers were developed by using the (GA)n
microsatellite-enriched library. Recently, two repeats (GA)n and (GT)n of microsatellite
enriched library were constructed to develop the 17 microsatellite loci (Akkak et al., 2009).
These microsatellites have made their use to assess the genetic relationship and diversity in
Oman (Al-Ruqaish et al., 2008), in Tunisia (Zehdi et al., 2004a), in Qatar (Ahmed and AlQaradawi, 2009) and in Sudan (Elshibli and Korpelainen, 2007). However, for evaluation of
DNA polymorphism in date palm, the improvement and development of large no of
microsatellite would be essential.
For cultivar identification, genetic mapping, to unveil the genetic diversity and
characterizing the pedegrees, SSR resources are useful (Billotte et al., 1999). For date palm
polymorphic characterization SSR markers play an important role not only for cultivars
identification but also for promoting the germplasm utility. Elshibli and Korpelainen (2008)
discovered elevated genetic diversity in Sudan and Morocco germplasm but weak genetic
relationship between Sudan cultivars. Exact relationships and genetic diversity of 15 diverse
cultivars of Qatri date palm were resoluted by SSR markers (Ahmed and Al-Qaradawi,
2009). Abu Mann cultivar was found divergent to other cultivars. Barhi and Sultana were
found quite similar which suggessted to rename these as a single cultivar with different
names. For date palm genotyping 1000 SSR markers have been developed (Hamwieh et al.,
2011). Thirty of these SSR markers were used to investigate the genetic diversity in 11 date
palm cultivars located at different sites in Qatar (Elmeer et al., 2011). 10 primer pairs showed
polymorphism ranging 0.8-0.9 from these thirty

primer pairs. 30 date palm cultivars,

corresponding 24 female parents and 6 male parents were evaluated with 22 SSR primers in
Iraq. SSR markers identified high degree of polymorphism, and level of heterozygosity for
all cultivars was 0.503 (Khierallah et al., 2011). Soliman et al. (2003) used random amplified
techniques to compare the four females and four unknown male date palm cultivars of Egypt.
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Genetic resemblance was observed in four female date palm (Zaghloul, Amhat, Samany and
Siwi) ranging 87.8 - 98.8%. Banding pattern narrated that 3 and 4 males were genetically
related to 4 female parents. Elshibli and Korpelainen (2008) investigated the Sudan
germplasm, representing 37 females and 23 male accessions by using 16 loci of
microsatellite primers. Eight female parents from Morocco were used as reference material.
These markers identified high degree of polymorphism. The results indicated that clear
geographic pattern was not followed by the Sudan accessions but F values and genetic
distances revealed that Morocco cultivars demonstrated significant differentiation as
compared to Sudan cultivars.
Abdulla and Gamal (2010) applied three types of markers such as RAPD-PCR,
protein and ISSR on four most important cultivars of Saudi Arabia (Khalas b1, Med300l b1,
Sugay1 b1, and Sukkarib1). Five ISSR and RAPD markers were used to evaluate the
intervarietal variations. All the markers showed the intervarietal polymorphism including the
protein markers but most of the cultivars had the least genetic diversity. These results could
be used for assorting the possible parents to produce the mapping populations. Zehdi et al.
(2004a) used the ISSR technology to expose polymorphic fingerprints and revealed the
genetic diversity. They assessed the set of Tunisian date palm from selected ISSR primers.
The identified phenotypic groups were in agreement obtained from RAPD and agronomic
traits. Among 12 simple sequence repeats (SSR) motifs AG were most abundant. Eleven
genotypes of date palm were assessed for genetic diversity with new primer pairs of genomic
DNA microsatellite markers. Out of thirty, ten primers (33.4%) produced polymorphic
bands, while thirteen primers (43.3%) generated the monomorphic banding pattern and
remaining seven primers (23.3%) failed to amplify. Average gene diversity was 0.80 varied
from 0.6 (marker DP168) to 0.9 (marker DP 157+DP175), (Elmeer et al., 2011).
This review concludes that pollen grains caused a great diversity and variation in size,
yield, quality and maturity of date fruits so it is requisite to select and identify the superior
male plants. Breeding programme is important for assessment of genetic diversity among
creating resources and germplasm, for development of new genotypic traits. Molecular
techniques have been used to determine the plant gender, including the use of molecular
markers, i.e. RAPD and SSR techniques. For the development and establishment in
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phylogenic traits, a few technique of marker assisted selection is needed to be implemented
in date palm breeding programmes.
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CHAPTER 3
MATERIALS AND METHODS
The present research work was conducted at the Institute of Horticultural Sciences,
Department of Biochemistry, and Centre of Agricultural Biochemistry and Biotechnology
(CABB), University of Agriculture, Faisalabad. This research is basically comprised of
metaxenial studies and genetic diversity, hybrid confirmation and sex determination using
molecular markers. The detailed methodology and procedures for these experiments are
described below.
Table 3.1:- Accession description along with morphogenetic characters studied
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3.1

Metaxenial Studies:

3.1.1

Pollen Collection
Nine male date palm trees as pollen parents were selected from three different

locations i.e., Horticultural Fruit Garden Square No. 9, Square No 32 and Agriculture
Research Institute D.I. Khan as shown (Table 3.1). Inflorescence of mature male was
collected immediately after spathe cracking and was placed in paper bags. Later on these
inflorescences were spread on newspaper and placed under shade and moisture free area for
drying. To avoid the moisture, papers had been frequently changed under the inflorescence.
Each sample was handled separately to avoid any possible mixing. After one day strands
were separated from rachis and spread over newspaper for further anther dehiscence and
finally the pollen powder was stored in paper bags.
3.1.2

Pollination
Three trees of uniform vigor and age of two cultivars namely, Khadrawy and Hillawi

were used as female parents at Horticultural Fruit Garden Sq. No. 32. Altough these cultivars
are genetically different and there fruit is being eaten at different stages but we studied both
cultivars simultaneously to compare the effectiveness of pollen parents, as both are major
commercial cultivars of Punjab (Pakistan). All the trees were subjected to similar cultural
practices in the experimental research area. On each female tree nine spathes were selected
for pollination in the month of March. To protect the inflorescence from stray pollen, female
spathes were covered with paper bags before opening. One spathe on each replicate was
pollinated with one male parent. Pollination was performed one by one while keeping the
other inflorescence bagged. Pollination was done by inserting 5-6 male strands in inverted
position inside the female inflorescence. Some pollen grains were also dusted over the bunch
and then covered with paper bag and tied by using plastic string. Pollination was performed
manually by climbing over the tree. The worker washed his hands thoroughly to avoid any
possible mixing of pollen grains. After four weeks of pollination bags were removed to allow
bunches to grow fruit further.
3.1.3

Fruit collection
Fruits were collected at khalal stage (full size, crunchy) after 4 months of pollination

and the following analysis were carried out
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3.1.4

Physical parameters

3.1.4.1 Ripening time (days)
Ripening time of fruits was examined by observing the total number of days required
by the fruit from setting to khalal stage.
3.1.4.2 Fruit Weight (g)
Ten fruits were selected randomly, weighed on electric balance and mean weight was
calculated in grams.
3.1.4.3 Fruit length (mm)
The length of 10 fruits was measured with vernier caliper in centimeter and mean
length was calculated in centimeters.
3.1.4.4 Bunch weight (kg)
At harvest time bunch weight was determined in kilograms.
3.1.4.5 Seed weight (g)
Seeds were pitted from 10 randomly selected fruits and weighed in grams and mean
value was calculated.
3.1.4.6 Pulp weight (g)
Separated pulp after seed pitting was weighed using the electric balance.
3.1.5

Extraction for Biochemical analysis:
The edible part (flesh) of date palm fruits (0.5 g) was grinded in mortar and pestle

with 2 mL methanol: water (95% v/v) at room temperature 25°C±4. The extracts were
filtered and centrifuged at 13,000xg, at 4°C for 5 mints. The residues were discarded and the
supernatant were separated and stored at 4°C until use.
3.1.6

Proximate Analysis

3.1.6.1 Estimation of Soluble Protein Contents:
The soluble proteins of the fruits extract was determined by Bradford method
(Bradford, 1976). Fifty µL of the sample was taken in micro centrifuge tube and 2 ml of
Bradford (BioRad.) reagent was added. Blank had the Bradford reagent. Absorbance was
taken at 595 nm. Protein content was determined by standard curve prepared with different
concentrations of bovine serum albumin (BSA).
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3.1.7

Determination of different biochemical parameters

3.1.7.1 Total Soluble Sugars
The total soluble sugar of date fruits extract was measured by a modified method of
Sadasivam and Manickam (1992). Extract (100 µL) was taken and 900 µL of dist. H 2O was
added to it. 1 mL of Anthrone reagent was added and kept in boiling water for 8 minutes.
Then reaction mixture was cooled and absorbance was taken at 630 nm. The amount of
soluble sugars in the sample was calculated using a standard graph prepared by plotting
concentrations of the standard on the X-axis versus absorbance on the Y-axis.
3.1.7.2 Total soluble solid (°Brix)
A digital refractrometer (ATAGO RX 5000, Japan Development Assistance) in Plant
Tissue Culture Cell was used to measure total soluble solids in fruits at khalal stage.
Equipment was calibrated with distilled water by attaining reading at ≤ zero. A drop of
extracted juice sample was placed on the tip of lens of refractrometer and its lid was closed.
Reading was noted each time by pressing start button. Then washed the lens of
refractrometer with distilled water and dried with tissue paper before each juice sample was
loaded.
3.1.7.3 DPPH radical scavenging assay
The antioxidant activity of the date palm (Phoenix dactylifera L.) fruits extract was
assessed by measuring their scavenging abilities to 2, 2-diphenyl-l-picrylhydrazyl (DPPH)
stable radicals. The DPPH assay was performed as described by Arem et al. (2012). The 4
mg of DPPH was dissolved in methanol to make the solution 1000 mL. The 50 µL aliquot of
various concentrations (25, 50, 75, 100 µg/mL) of the date fruit samples and extract was
added to 5 mL of a 0.004% methanol solution of DPPH. After a 30 minutes incubation period
at room temperature, the absorbance was read against a blank sample at 517 nm. Butylated
hydroxytoluene (BHT) was used as a positive control. For each sample, three replicates were
recorded. The disappearance of DPPH was read using microplate ELISA reader (BioTek,
USA). Inhibition of free radical by DPPH in percent (%) was calculated in the following
way:
I % = (Ablank -Asample/Ablank) X 100
Where A-blank is the absorbance of the control reaction mixture excluding the test
compounds, and A-sample is the absorbance of the test compounds. IC50 values, which
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represented the concentration of date fruit extracts that caused 50% neutralization of DPPH
radicals, were calculated from the plot of inhibition percentage against concentration.
3.1.7.4 Total Phenolic Contents (TPC)
TPC was determined by using Folin-Ciocalteu reagent method as described by
Ainsworth and Gillespie (2007). The 10 mL of FC-reagent was dissolved in distilled water to
make the solution 100 mL. In 100 mL of each sample, 200 µL of FC-reagent was added and
vortex thoroughly. The 800 µL of 700 mMNa 2C03 into each sample and incubated at room
temperature for 2 h. Sample (200 µL) was transferred to a clear 96-well plate and absorbance
of each well was measured at 765 nm. Amount of TPC was calculated using a calibration
curve for Gallic acid. The results were expressed as Gallic acid equivalent (GAE) per dry
matter.

y = 0.0055x + 0.0987
R 2 = 0.9968

2
1.8

Absorbance (765 n m)

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
0

50

100

150

200

250

300

350

Concentration (µg/mL)

Figure 3.1:-

Standard curve of gallic acid used as standard

3.1.7.5 Ascorbic Acid
For estimation of ascorbic acid 900µL dist. H 2O, 100 µL sample extract, 1ml DCIP,
100 µL 0.1% meta H3 PO4 will be mixed in a test tube and absorbance will be recorded at
520nm.
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Standard curve of Vit C
y = 0.0179x - 0.0143
R² = 0.9855
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Figure 3.2:-

Standard curve of Ascorbic acid

3.1.7.6 Sugars Profiling
Sugars level was measured according to high-performance liquid chromatography
(HPLC) methods as described by Booij et al. (1992). Sugars were extracted from the date
fruits (10 g) in 20 mL of ultrapure water for 10 min (stirring frequently through magnetic
stirrer to aid dissolving the sugars). The extracts were then centrifuged at 13000xg for 10
minutes and the supernatant were separated. Each sample was filtered over 0.45µm
membranes filters and analyzed by high performance liquid chromatography (HPLC).
3.1.7.7 Liquid Chromatography Conditions
Liquid Chromatography separation was carried out at room temperature on a Razex
RCM-Monosaccharides Ca+2 , Phenomenex. The mobile phase was a100% double distilled
water. The HPLC was connected to a refractive index detector (ReID) RID-10 AL
(Shimadzu, Japan). The flow rate and injection volume were 1 mL/min and 20µl,
respectively. Identified sugars were quantified on the basis of peak areas of external
standards consisting of glucose (1%), fructose (1%) and sucrose (1%) solutions. Total
reducing sugars were obtained as a sum of glucose and fructose values. Each sample was
carried out from integrated peak areas of the sample against the corresponding standard
graph. Results were expressed as percentage of dry weight.
3.1.7.8

Enzymatic Studies:
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3.1.7.8.1 Extraction:
Phosphate buffer with pH 7 was used as extraction buffer. Fruit samples were made
dirt free by washing with tap water and then with dist. water. To remove excess moisture
samples were dried and cut to uniform small pieces. Fruit sample and extraction buffer were
mixed by a ratio 1:2 i.e., 1 g of each sample was mixed with 2 mL of extraction buffer. This
mixture was ground in pestle and mortar and centrifuges the mixture at 4ºC for 10 min. The
residues were discarded and supernatant was separated to remove particles. The filtrates were
stored at4ºC (Terras et al., 1993)
3.1.7.8.2 Catalase (CAT)
Activity of catalases (CAT) was measured using the method of Liu et al. (2009) with
some modifications. The CAT reaction solution (3 mL) contained 50mM phosphate buffer
(pH 7), 5.9 mM H2O2 and 0.1 mL enzyme extract. The reaction was initiated by adding the
enzyme extract. Changes in absorbance of the reaction solution at 240 nm were read every
20S. One unit of CAT activity was defined as “an absorbance change of 0.01 units per min”.
The activity of each enzyme was expressed on protein basis. Protein concentration of
the crude extract was measured by the method of Bradford (1976), as discussed earlier.
3.1.8.1.1 Superoxide Dismutase (SOD)
The activity of SOD was determined by measuring its ability to inhibit the
photoreduction of nitroblue tetrazolium (NBT) following the method of Giannopolitis and
Ries (1977). The reaction solution contained 0.222 g methionine in 15 mL of dist. water,
0.015 g of NBT in 17.5 mL of dist. water, 0.0375 mL of Triton-X in 17.5 mL of dist. water,
0.0132 g of riboflavin in 17.5 mL of dist. water and 0.2 M buffer.
Assay

Volume

Phosphate buffer

500 µL

Methionine

200 µL

NBT

100 µL

Triton-X

200 µL

Riboflavin

100 µL

Extract (Sample)

100 µL

Dist. Water

800 µL
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The test tube containing the reaction solution was placed under UV lamp for 15 mins
before adding riboflavin, the absorbance of the solution at 560 nm was determined with a
spectrophotometer. One unit of SOD activity was defined as “the amount of enzyme that
inhibited 50% of NBT photoreduction”.
3.1.7.8.3 Peroxidase (POD)
Activities of peroxidase were measured using the method of Liu et al. (2009) with
some modifications. The POD reaction solution contained 50mM phosphate buffer (pH: 5),
20 mM guaiacol, 40 mM H2O2 and 0.1 mL enzyme extract. Changes in absorbance of the
reaction solution were determined at 470 nm. One unit of POD activity was defined as “An
absorbance change of 0.01 units per min”.
The activity of each enzyme was expressed on protein basis. Protein concentration of
the plant extracts was measured by the Bradford (1976) as discussed above.
3.1.7.8.4 Protease
The activity of protease was determined by casein digestion assay described by
Drapeau (1974). A series of tubes were equilibrated with 2 mL of 1% Casien at 35ºC for 5
min. To all the tubes 100µL of protease extract was added and mixed well. Exactly 10 min
after adding samples, reaction was stopped by adding 2mL TCA solution (10%) and mixed
well. Tubes were allowed to stand for 10 min and the reaction solution was filtered. The
absorbance of filtrate was measured at 280 nm. One unit of protease activity was defined as
“the amount of enzyme that released acid soluble fragments equivalent to 0.001 units per
min”.
3.2

Data analysis:
The experiment was laid out according to two factor factorial in randomized complete

block design (RCBD). Multivariance analysis was performed to find principal component
value and clustering the accessions on the basis of similarities of various physicochemical
characters following XLSTAT program. One way analysis of variance (ANOVA) was also
practiced for statistical analysis and significant variations between means were also recorded
by Duncan’s Multiple Range test at P <0.05% on quantitative data to record best cultivated
genotypes.
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3.3

Molecular Studies
Molecular studies on date palm were carried out in the Plant Genomics and

Fingerprinting Laboratory at Centre of Agricultural Biochemistry and Biotechnology
(CABB), University of Agriculture Faisalabad.
3.3.1

Plant collection
Leaf samples of eight male and six female date palm trees were collected from two

locations i.e., Horticultural Fruit Garden Square No. 9 and Square No 32 while the leaves of
one year old progeny developed from these parents was collected from the Fruit Plant
Nursery, University of Agriculture, Faisalabad (Table 3.1). Young leaves from mature trees
was randomly sampled, washed thoroughly with the water followed by 2-3 times rinsing with
distilled water, packed in plastic zipper bags and stored at -80°C until DNA extraction.
3.3.2

DNA extraction
Gene JET Plant Genomic DNA Purification Mini Kit was used to extract the DNA by

following the manual instructions of the kit (Thermo Scientific).
1. 100mg of each sample was cut into small pieces and placed into a vial containing
stainless steel beads. This vial and beads were precooled with liquid nitrogen and
grounded to fine powder by using grinding mill (Reisch, MM 400).
2. Immediately transfer the tissue powder into a 1.5 mL microcentrifuge tube containing
350 µL of Lysis buffer A. Vortex for 10-20 s to mix thoroughly.
3. Add 50 µLof Lysis Buffer B and 20 µL RNase A.
4. Incubate the sample for 10 min at 65°C vortexing occasionally.
5. Add the 130 µL of precipitation solution and mixed it by inverting the tube 2-3 times and
incubated the samples for 5 min on ice.
6. All the samples were centrifuged at ≥20000×g (≥ 14,000 rpm) for 5 minutes.
7. 450-550 µL supernatant was collected and transferred to the clean microcentrifuge tubes.
Than 400 µL of plant gDNA binding solution and 400 µL of 96% ethanol was added and
mixed it well.
8. Now transfer half of the prepared mixture (600-700 µL) to the spin column and
centrifuged for 1 minute at 8000 rpm. The flow through the solution was discarded and
remaining mixture was applied on the same column. Again centrifuged it at 8000 rpm.

57

9. 500 µL wash buffer-I (ethanol was added to prepare the wash buffer) was added to the
column and centrifuged it for 1 minute at 8000 rpm. The flow-through was discarded and
placed the column back into the collection tube.
10. 500 µL of wash buffer-II (100% ethanol had been added) was added to the column.
Centrifuge it at maximum speed at 14000 rpm.
11. Collection tube was made empty. Placed the purification column back into the tube and
re-spin the column for 1 minute at 14000 rpm.
12. The collection tube containing the flow-through solution was discarded and column was
transferred to a sterile 1.5 mL microcentrifuge tube.
13. To elute the genomic DNA, 100 µL elution buffer was added to the centre of the column
membrane, then it was incubated for 5 minutes at room temperature and centrifuged it at
10,000 rpm for 1 minute.
14. Repeat the step 13.
15. The purified DNA was obtained and stored at -20°C.
3.3.3

Quantification of DNA
The extracted genomic DNA was quantified by using Nanodrop ND-1000

spectrophotometer (Nanodrop Technologies, Wilmingtion, Dalware). The quality of DNA
was checked by running all DNA samples on 0.8% gel electrophoresis and good quality
DNA samples were selected and remaining samples were again processed. The working
dilutions of all DNA samples of 15ng/ µL were made using the stock DNA concentration for
SSR analysis.
3.3.4

Microsatellite/ Simple Sequence Repeat (SSR) Analysis

3.3.4.1 PCR Amplification
For microsatellite analysis 19 SSR primers of CIR and DP series were used. Eleven
labeled primer pairs were selected from the series described by Billotteet al. (2004) and the
sequence of 8 new primers DP series were selected from the list published by Hamwieh et al.
(2010). List of these primers with the length of the primer, sequence information, repeat
motifs and status of amplifications are given in Table (3.2).
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Table 3.2:-

Forward and reverse primer sequences, repeat motifs, expected sizes of
microsatellite loci and its status of amplification of SSR loci of Date palm

Sr.
No

Primer code

Primer forward sequence

Primer Reverse sequence

Exp. Size

Motif
repeat

Tmp(0C)

status of
amplification

1

mPdCIR010

ACCCCGGACGTGAGGTG

CGTCGATCTCCTCCTTTGTCTC

114-236

(GA)22

55.9

**

2

mPdCIR015

AGCTGGCTCCTCCCTTCTTA

GCTCGGTTGGACTTGTTCT

104-150

(GA)15

51.6

**

3

mPdCIR016

AGCGGGAAATGAAAAGGTAT

ATGAAAACGTGCCAAATGTC

104-198

(GA)14

51.7

**

4

mPdCIR025

GCACGAGAAGGCTTATAGT

CCCCTCATTAGGATTCTAC

192-244

(GA)22

49.3

**

5

mPdCIR032

CAAATCTTTGCCGTGAG

GGTGTGGAGTAATCATGTAGTAG

248-310

(GA)19

51.5

**

6

mPdCIR035

ACAAACGGCGATGGGATTAC

CCGCAGCTCACCTCTTCTAT

154-198

(GA)15

53.9

**

7

mPdCIR048

CGAGACCTACCTTCAACAAA

CCACCAACCAAATCAAACAC

108-198

(GA)32

50.2

**

8

mPdCIR057

AAGCAGCAGCCCTTCCGTAG

GTTCTCACTCGCCCAAAAATAC

214-284

(GA)20

55.4

**

9

mPdCIR070

CAAGACCCAAGGCTAAC

GGAGGTGGCTTTGTAGTAT

154-230

(GA)17

48.7

**

10

mPdCIR085

GAGAGAGGGTGGTGTTATT

TTCATCCAGAACCACAGTA

110-201

(GA)29

50.4

**

11

mPdCIR093

CCATTTATCATTCCCTCTCTTG

CTTGGTAGCTGCGTTTCTTG

150-188

(GA)16

51.8

**

12

DP159

AGCTCCAATTTGCTGCAGAG

GCTGACCTGGAGTCCAAAAC

156-172

(TC)27

54.3

**

13

DP160

AAGAGCGACAATCATGACCA

GGAAATTGAAGGGCATCTTG

108-136

(GAAA)5

57.7

*

14

DP168

GCAGCAAAGCCCTTAGGC

GGTGTTATGTGCAGCCAATG

163-175

(CAT)8

54.3

**

15

DP169

GCATGGACTTAATGCTGGGTA

GGTTTTCCTGCCAACAACAT

129-223

(AAT)12

57.1

**

16

DP170

TCTTTGGGCTTACGACAACC

GTATGGCCCAAGATGCAGAT

195-227

(AGGG)5

55.9

**

17

DP171

GTGGGAGTAGCGAGGTATGG

GTCCGGCACTTTAGGAAGTT

197-218

(TTC)10

56

*

18

DP172

GGTGTTTGGGCCTATTTCCT

GTCCTCCTCCTCCTCTGTCC

199-235

(AGG)11

54.2

**

19

DP175

ACACACACACACACACACACC

GTGGCTTCTTTTTGGCTGTC

196-274

(CA)19

57.6

*

PCR Reagents (1X)
All the optimized PCR reagents used in SSR (PCR) analysis of date palm samples
were as under:
Reagents
Template DNA
dNTPs
Buffer
MgCl

Concentrations
30 ng
2.5 mM
10x
25 mM

SSR Primer (F+R)
Taq DNA polymerase
Double distilled H O

10 ng/ µL
5 U/ µL

2

2

Volume
2.0 µL
6.4 µL
2.0 µL
2.0 µL
2.0 µL
0.2 µL
5.8 µL

SSR PCR amplification was performed in advanced primus 96 thermocycler using the
following reaction conditions:
Initial DNA denaturation at 95°C for 10 minutes
Denaturation at 95°C for 30 seconds
Annealing at 55°Cfor 30 seconds

35 cycles

Extension at 72°C for 1 minute
Final extension step at 72°C for 7 minutes
Storage at 4°C
3.3.4.2 Agarose Gel Preparation Procedure
1. The comb and the gel casting tray were assembled in such a way that comb did not
touch tray.
2. 2.5% agarose gel was made, 100ml of 0.5X TBE buffer was poured in the flask and
2.5g of agarose was added in the same flask and mix gently. The flask was wrapped
loosely and boiled in the microwave until the granules of agarose made an equivalent
mixture.
3. The agarose solution was cooled to about 50° C, the solution was poured into the
casting tray, ensuring that there was no bubble in the tray gel.
4. The gel was cooled until it became opaque within 20 to 30 minutes. The gel was
submerged by filling the tank 1L of 0.5X TBE buffer which cover the gel by about
half a centimeter.

5. The combs were removed by lifting it at one end, tilting the comb as it comes out.
Pulling the comb straight up creates a vacuum in the wells, which tends to lift the
whole gel out of the tray. Ensure that the wells were submerged and filled with
buffer.
6. The PCR product (3 µL methyl blue loading dye had been added) was loaded with the
pipette into a single well in the gel.
7. After loading all samples the gel tank was covered with the lid. The red wire was
connected with the positive charge and black wire with negative. The gel was run at
80 volts.
8. When samples had covered the 75% distance then power supply was turned off.
9. Transferred the gel into a plastic tray. Visualized the bands on the ultra
transilluminator to confirm the amplification of the primer and photographed with gel
document system.
10. Disposed off the gel into the trash. The gel tank and tray was washed with distilled
water and dried for further use.
3.3.4.3 Polyacrylamide Gel Electrophoresis (PAGE)
3.3.4.3.1 Glass Plates Preparation:
Both the glass plates (long and short) were carefully washed with detergent, rinsed
meticulously with tap water and then with deionized water to remove detergent residues
because detergent microfilms left on the glass plates may result in a high (brown-colored)
background upon staining the gel. Then plates were systematically cleaned with 95% ethanol
and wiped out with a tissue paper. A fresh binding solution (3 μl of Bind Silane, 1 ml of 95%
ethanol, 0.5% glacial acetic acid) was applied on short glass plate to chemically crosslink gel
to plate. It put off the gel tearing during staining. Using a fine tissue paper plates were
completely cleaned and back plate was covered with binding solution. After 5 minutes, plate
was gently wiped thrice using fine tissue paper saturated with 95% ethanol in one direction
and then perpendicular to the first direction. This step was performed to take away the excess
binding solution to evade long glass plate from contamination. Long glass plate was treated
with SigmaCote® using a tissue saturated with it and after 10 minutes, excess SigmaCote®
was removed by wiping plate with a fine tissue. Excess SigmaCote® may cause inhibition of

staining. The treated surfaces were not allowed to come into contact with one another. Both
the plates were clumped after placing spacers inside (0.4 mm thick spacer).
3.3.4.3.2 Polyacrylamide Gel Preparation
Freshly prepared 6% polyacrylamide gel (20:1, acrylamide: bisacrylamide) was used
to resolve amplicons of SSR primers. The gels were cast at least 90 minutes before use.
Following ingredients were used to prepare 1 liter solution of gel:
Reagents

Quantity

Acrylamide: Bisacrylamide

4.5 ml

Buffer (10x TBE)

3 ml

TEMED and Ammonium Persulfate (APS) were added just before pouring the gel (30 ml).
10% ammonium per sulfate (APS)

353 μl

Tetra Methylethylenediamine (TEMED)

34 μl

The gel was immediately poured after addition of APS and TEMED. It was poured
from one side with a constant flow to avoid formation of bubbles and if formed then gently
tapped the plate to remove bubbles. Squaretooth comb was inserted into the gel to
polymerize between the plates. Leftover gel solution in a beaker was used as a
polymerization control.
3.3.4.3.3 Vertical Gel Electrophoresis
After polymerization, plates along with gel were placed in a vertical electrophoreses
apparatus. The wells of gel were thoroughly flushed with a syringe filled with 1x TBE buffer.
Electrophoresis was performed with the vertical gel electrophoresis system (Protean II Xi
Cell, BIO-RAD), using 1x TBE as running buffer at 200 V. Loading dye (1 μl) was loaded
into the wells and gel was pre-run for 30 minutes or until 50°C temperature achieved before
loading the SSR products. Loading dye (2 μl) was added to 3 μl of each PCR product and
was loaded along with DNA size standards (50 bp) in designated lanes. The gel was run at
200 V until bromophenol blue was two-thirds down the length of gel. In a 6% PAGE,
bromophenol blue migrates at about 25 bp. Then the apparatus was disassembled, by
unclamping glass plates and removing the spacers gently with the help of a plastic wedge.
Gel, still attached to short plate was ready for staining with ethidium bromide.

3.3.4.3.4 Ethidium Bromide Staining
Gel was placed in a shallow plastic tray and was immersed in staining solution (8 µl
ethidium bromide dissolved in 100 ml of deionized water) for 20 minutes to develop
fluorescent bands. The gel was washed with deionized water for 5-10 seconds (longer rinses
result in weak or no signal). Picture was saved using the ChemiDoc™ MP System with
Image Lab™ Software.
3.4

Statistical Analysis:
The bands of DNA fragments on SSR analysis was scored in a (0-1) binary format (0

for absence, 1 for presence) for allele(s) on respective locus. Efficacy and degree of
polymorphism of reported SSR markers were accessed through power marker (Liu and
Muse, 2004), Analysis of Molecular Variance (AMOVA) was performed for estimation of
genetic variance within and among populations was performed in GenAlEx 6.1 (Peakall and
Smouse, 2006), principle component analysis for accessing genetic diversity in accessions
was performed in PAST (Hammer and Khoshbakht, 2005) and Cluster analysis
(Dendrogram) to quantify genetic relationship between genotypes was carried out using
PopGEN (Yeh et al., 1999).

CHAPTER 4
RESULTS
4.1

Metaxenial studies in date palm breeding parents:
The present study was conducted to explore the direct influence of different pollen

parents on the physicochemical traits of two date palm cultivars, Hillawi and Khadrawy.
Fresh fruits at Khalal stage were harvested randomly from all date palm combinations
produced by crossing the two female parents with 9 different pollen sources and physical
analysis was performed immediately after harvest while for biochemical analysis samples
were stored at -80˚C until analysis.
The investigation on metaxenial studies was divided into two groups.
4.1.1

Physical analysis
Physical analysis included maturity time, bunch weight, fruit length, fruit width, fruit

area, fruit weight, pulp weight and seed weight.
4.1.2

Biochemical analysis
This included total sugars (TSS), 2-diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid,

total phenolics, total soluble solids, enzymes catalase (CAT), peroxidase (POD), superoxide
dismutase (SOD), protease and total soluble protein contents.
4.1.1

Physical Analysis

4.1.1.1 Maturity Time (days):
The data regarding the maturity time in date palm fruits was recorded and analyzed
statistically according to two factor factorial in Randomized Complete Block Design
(RCBD). Analysis of variance showed significant differences for the fruit maturity time
(Table 4.1). Duncan’s multiple range test was used to discrete the means at 5% confidence
interval and their means are presented in Table 4.2. The table indicates that the mean
maturity time of two varieties varied using the different types of male pollen. After fourteen
to sixteen weeks of pollination two varieties showed the significant variation for maturity
time and Hillawi took less time (107.11±2.07 days) to mature than Khadrawy (121.67±1.89
days); however, interaction with pollen parents showed M8 the best (94 days) for early

maturity followed by M4, M7, M3, M2,M1, M6 and M5. The results showed that open
pollination (M0) significantly
Table 4.1:-

Analysis of variance for maturity time in date palm fruits

Source of variation

Degree of
freedom
2

Sum of squares
34.778

17.389

Varieties

1

2860.167

2860.167

344.16**

Pollen parents

8

4837.333

604.667

72.75**

Variety x P. Parents

8

362.000

45.250

5.44**

34

282.556

8.310

Blocks

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
Table 4.2:-

Effect of different pollen parents on the maturity time (days) in date palm
cv. Hillawi and Khadrawy

Pollen
Parents
Mo

Hillawi
128.67 ± 0.88b

Khadrawy
139.00 ± 1.15a

133.83 ± 2.40A

M1

110.67 ± 1.20ef

118.67 ± 0.88c

114.67 ± 1.91C

M2

99.67 ± 2.60h

126.00 ± 1.00b

112.83 ± 6.02C

M3

102.33 ± 0.88gh

121.00 ± 0.58c

111.67 ± 4.20C

M4

99.33 ± 0.33h

112.67 ± 1.33de

106.00 ± 3.04D

M5

116.67 ± 2.03cd

129.00 ± 0.58b

122.83 ± 2.91B

M6

111.33 ± 2.73ef

128.67 ± 1.76b

120.00 ± 4.14B

M7

101.33 ± 3.84h

113.00 ± 1.53de

107.17 ± 3.20D

M8

94.00 ± 1.15i

107.00 ± 2.08fg

100.50 ± 3.10E

107.11 ± 2.07B

121.67 ± 1.89A

Mean

Varieties

Mean

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

delayed the maturity time in both cultivars Hillawi and Khadrawy. Interaction effect showed
that minimum number of days (94±1.15 days) were taken by Hillawi when it was pollinated
with M8 and maximum (128±0.88 days) in open pollinated (M0) but in Khadrawy it was 113
and 139 days, respectively.
4.1.1.2 Bunch weight (kg):
ANOVA Table (4.3) shows the significant effect of different pollen sources and
varieties while their interaction was non significant.
Table of means (Table 4.4) represented that the pollination treatment in cultivar
Hillawi produced more bunch weight (13.81±0.57 kg) compared to Khadrawy (13.98±0.50
kg). The mean values of male parents depicted that effect of M1, M2, M3, M5, M6 and M7
(12.28, 13.43, 13.70, 13.42 and 13.03 kg) was similar for bunch weight development and
grouped in same class while M4 and M8 (15.80±0.50 and 17.45±0.68 kg) were statistically
most distinct. It was perceived that pollination of Hillawi and Khadrawy with M8 pollen
attained the highest increment in bunch weight 18.83±0.44 kg and 16.07±0.44 kg,
respectively. Open pollination in Hillawi and Khadrawy gave the lowest bunch weight 7.9
and 7.5±0.17 kg, respectively. The different trends in production observed, emphasize the
importance of pollen parents in date palm.
4.1.1.3 Fruit Length (mm):
The interaction of varieties for different male sources showed the non-significant
association for fruit length in date palm. Two varieties also did not vary significantly for fruit
length; however, F value was significant for different pollen sources (Table 4.5).
The effect of different pollen sources on fruit length of two date palm cultivars at
Khalal stage was statistically similar (Table 4.6). Mean value of Hillawi (34.28±0.79 mm)
and Khadrawy (33.53±0.97 mm) showed very narrow distance for fruit length. However,
pollen parents comprised the four groups. First group contained M8 (37.37±0.57 mm); the
second group was comprised of M1 (34.37±0.94mm), M2 (34.55±0.93mm), M4
(34.95±1.05mm), M5 (34.20±1.24mm), M6 (34.78±0.36mm), and M0 (22.72±0.74 mm)
made a third group while an intermediate forth group was formed containing M3 (36.29±0.81
mm) and M7 (35.93±0.83 mm).

Table 4.3:-

Analysis of variance for bunch weight (kg) in date palm

Source of variation
Blocks

Degree of
freedom
2

Variety

Sum of squares

Mean squares

F-value

0.390

0.195

1

7.260

7.260

4.88*

Pollen parents

8

340.327

42.541

28.64**

Variety x P. Parents

8

18.500

2.312

1.55NS

34

50.497

1.485

Error

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.4:-

Pollen
parents
M0

Effect of different pollen parents on the bunch weight (kg) in date palm
cvs. Hillawi and Khdrawy
Varieties

Mean

Hillawi
7.90 ± 0.21

Khadrawy
7.50 ± 0.17

7.70 ± 0.15E

M1

12.00 ± 0.58

12.57 ± 0.73

12.28 ± 0.44D

M2

14.17 ± 0.83

12.70 ± 1.27

13.43 ± 0.75CD

M3

14.33 ± 0.67

13.07 ± 0.22

13.70 ± 0.42CD

M4

16.67 ± 0.67

14.93 ± 0.49

15.80 ± 0.54B

M5

13.67 ± 0.33

13.17 ± 1.50

13.42 ± 0.70CD

M6

13.50 ± 0.00

14.87 ± 0.44

14.18 ± 0.36C

M7

13.23 ± 0.39

12.83 ± 0.99

13.03 ± 0.48CD

M8

18.83 ± 0.44

16.07 ± 0.44b

17.45 ± 0.68A

Mean

13.81 ± 0.57A

13.08 ± 0.50B

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).

Table 4.5:-

Analysis of variance for fruit length (mm) in date palm fruits

Source of variation
Blocks

Degree of
freedom
2

Variety

Sum of squares

Mean squares

F-value

52.583

26.292

1

7.483

7.483

2.39NS

Pollen parents

8

896.699

112.087

35.86**

Variety xP.Parents

8

36.454

4.557

1.45NS

34

106.263

3.125

Error

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.6:-

Effect of different pollen parents on the fruit length (mm) in date palm
cv. Hillawi and Khadrawy

Pollen
parents
M0

Varieties

Mean

Hillawi
24.13 ± 0.82

Khadrawy
21.31 ± 0.34

22.72 ± 0.74C

M1

33.57 ± 0.31

35.18 ± 1.91

34.37 ± 0.94B

M2

35.20 ± 0.11

33.90 ± 1.98

34.55 ± 0.93B

M3

36.67 ± 0.33

35.90 ± 1.75

36.29 ± 0.81AB

M4

36.01 ± 0.84

33.89 ± 1.93

34.95 ± 1.05B

M5

33.15 ± 1.44

35.25 ± 2.14

34.20 ± 1.24B

M6

34.56 ± 0.31

34.99 ± 0.71

34.78 ± 0.36B

M7

37.00 ± 0.26

34.85 ± 1.49

35.93 ± 0.83AB

M8

38.20 ± 0.17

36.53 ± 0.94

37.37 ± 0.57A

Mean

34.28 ± 0.79A

33.53 ± 0.97A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).

4.1.1.4 Fruit Width (mm):
Data presenting the fruit width in date palm as a result of different male pollen
parent’s activity on two cultivars Hillawi and Khadrawy is cited in Table 4.7. Analysis of
variance depicted the significant differences between two varieties and pollen parents while
the interaction of varieties and pollen parents was non significant.
The effect of different pollen parents on fruit width of two date palm cultivars at
Khalal stage and fruit width varied significantly in both cultivars (Table 4.8). Mean value of
fruit width indicated that fruits were wider in cultivar Khadrawy (22.83±0.54 mm) as
compared to Hillawi (16.96±0.46 mm). The pollen sources showed different impact on fruit
width. The maximum fruit width was recorded in M8 (22.21±1.33 mm) followed by M3
(21.76±1.46 mm) and M7 (21.25±1.18 mm) which were statistically at par with each other
(Table 4.8). The open pollinated yield the minimum fruit width (13.91±0.96 mm).
4.1.1.5 Fruit Area (mm2):
Analysis of variance revealed that varieties and pollen parent treatments were
significantly different while interaction effect of male parents and varieties had non
significant effect on fruit area (Table 4.9).
Statistical analysis showed that the pollination treatment in cultivar Khadrawy
(777.96±35.17 mm2) produced more fruit area as compared to Hillawi (589.51±25.84 mm2)
(Table 4.10). It was perceived that pollination of Hillawi and Khadrawy with M8 pollen
attained the highest increment in fruit area 737.78±19.06 mm 2 and 916.95±21.61 mm2
respectively, however it was at par with M3 (789.20±55.25 mm2) and M7 (761.26±38.65
mm2). Open pollination produced the lowest fruit area (313.25±14.8 mm2). Different male
plants behaved variably so these results highlight the importance of controlled pollination
with selected male parents.

Table 4.7:-

Analysis of variance for fruit width (mm) in date palm fruits

Source of variation

Degree of
freedom
2

Sum of squares
1.012

0.506

Variety

1

464.793

464.793

314.29**

Pollen parents

8

281.066

35.133

23.75**

Variety x P.Parents

8

22.690

2.836

1.91NS

34

50.280

1.479

Replication

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.8:-

Effect of different pollen parents on the fruit width (mm) in date palm cv.
Hillawi and Khadrawy

Pollen
Parents
M0

Hillawi
11.83 ± 0.32

Variety
Khadrawy
16.00 ± 0.44

Mean
13.91 ± 0.96D

M1

15.67 ± 0.29

24.08 ± 0.96

19.87 ± 1.93C

M2

17.85 ± 0.49

21.82 ± 1.30

19.84 ± 1.08C

M3

18.69 ± 0.92

24.84 ± 0.58

21.76 ± 1.46AB

M4

17.43 ± 0.94

23.14 ± 0.19

20.28 ± 1.35BC

M5

16.97 ± 0.96

23.60 ± 0.65

20.29 ± 1.57BC

M6

16.23 ± 0.89

23.07 ± 0.50

19.65 ± 1.60C

M7

18.69 ± 0.51

23.81 ± 0.29

21.25 ± 1.18ABC

M8

19.31 ± 0.47

25.11 ± 0.49

22.21 ± 1.33A

Mean

16.96 ± 0.46B

22.83 ± 0.54A

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).

Table 4.9:-

Analysis of variance for fruit area (mm2) in date palm fruits

Source of variation

Degree of
freedom
2

Sum of squares
17643.110

8821.555

Varieties

1

479427.373

479427.373

90.12**

Pollen parent

8

1054556.558

131819.570

24.77**

Variety x P.Parent

8

84019.792

10502.474

1.97NS

34

180875.148

5319.857

Blocks

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.10:- Effect of different pollen parents on the fruit area (mm2) in date palm
cv. Hillawi and Khadrawy
Pollen
Parents
M0

Varieties
Khadrawy
340.94 ± 11.21

Hillawi
285.55 ± 14.51

M1

Mean
313.25 ± 14.85D

525.79 ± 8.09

850.14 ± 76.16

687.96 ± 80.21C

M2

628.29 ± 18.66

744.38 ± 83.75

686.34 ± 46.33C

M3

685.78 ± 38.22

892.61 ± 55.74

789.20 ± 55.25AB

M4

628.98 ± 47.43

784.09 ± 44.80

706.54 ± 45.32BC

M5

560.54 ± 19.92

834.51 ± 72.16

697.52 ± 69.81BC

M6

561.13 ± 32.98

807.18 ± 23.37

684.15 ± 57.91C

M7

691.71 ± 23.17

830.81 ± 45.77

761.26 ± 38.65ABC

M8

737.78 ± 19.06

916.95 ± 21.61

827.37 ± 42.08A

Mean

589.51 ± 25.84B

777.96 ± 35.17A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).

4.1.1.6 Pulp Weight (g):
It is reveled from analysis of variance Table 4.11 that two cultivars and pollen parents
had significant effect over date palm fruit pulp weight but their interaction was not
associated.
Mean values presented in Table 4.12 indicates that fruits of Khadrawy (8.38±0.33 g)
had more pulp weight than Hillawi (6.24±0.22 g). The pollen parents were divided into 3
groups. The first group contained two males M8 (9.10±0.75 g) and M3 (7.86±0.69 g) while
second group comprised of M1, M2, M4, M5, M6 and M7 which were at par with M3. Open
pollination (M0) made the third group with least pulp weight (4.96±0.83 g.
4.1.1.7 Seed Weight (g)
The analysis of variance (Table 4.13) showed that when different pollen sources were
used for determining the metaxenial effect they had significant effect on seed development;
however, varieties and interaction of varieties and pollen parents did not respond
significantly. So, irrespective to the varieties pollen parents influenced the seed weight in
dale palm fruits.
Table 4.14 demonstrated the significant effect of pollen parents on seed weight. Open
pollination M0 made a separate group than other pollen sources which were non-significantly
different with each other; however, M3 yielded maximum (1.38±0.19 g) seed weight. In
cultivar Hillawi, seed weight ranged from 1.08±0.058g to 1.37±0.109 with male parent M0
and M8, respectively, whereas Khadrawy produced the lowest seed weight (0.6±0.04 g) with
open pollination (M0).
4.1.1.8 Fruit Weight (g)
Different pollen parents used to study the metaxenial effects that exhibited the
significant effect on fruit weight of varieties and pollen but their interaction was nonsignificant (Table 4.15).
Two varieties were significantly affected for fruit weight when were pollinated with 9
different pollen sources (Table 4.16). Khadrawy had more fruit weight (9.64±0.35 g)
compared to Hillawi (7.35±0.17 g). Comparison of pollen parents proved the superiority of
M8 (9.82±0.71 g) but this was non-significantly different with M1, M3, M4, M5, M6 and
M7. M0 produced the lowest fruit weight (5.81±0.31 g).

Table 4.11:- Analysis of variance for pulp weight (g) in date palm fruits

Source of variation
Blocks

Degrees of
freedom
2

Sum of squares

Mean squares

6.029

3.015

F-value

Varieties

1

61.867

61.867

45.46**

Pollen Parents

8

55.511

6.939

5.09**

Variety x P. Parnets

8

5.253

0.657

0.48NS

34

46.263

1.361

Error

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.12:- Effect of different pollen parents on fruit pulp weight (g) in date palm
cvs. Hillawi and Khadrawy
Pollen
Parents
M0

Varieties

Mean

Hillawi
4.29 ± 0.30

Khadrawy
5.63 ± 0.41

4.96 ± 0.38C

M1

6.21 ± 0.62

8.45 ± 1.58

7.33 ± 0.91B

M2

6.11 ± 0.33

7.96 ± 0.57

7.04 ± 0.51B

M3

6.61 ± 0.08

9.10 ± 0.90

7.86 ± 0.69AB

M4

6.48 ± 0.01

8.19 ± 0.60

7.34 ± 0.47B

M5

5.91 ± 0.05

9.07 ± 0.84

7.49 ± 0.80B

M6

6.04 ± 0.15

9.14 ± 1.00

7.59 ± 0.83B

M7

6.37 ± 0.13

7.86 ± 0.56

7.12 ± 0.42B

M8

8.16 ± 1.13

10.04 ± 0.80

9.10 ± 0.75A

Mean

6.24 ± 0.22B

8.38 ± 0.33A

Means sharing similar letter in a row or column are statistically non-significant (P>0.05).

Table 4.13:- Analysis of variance for seed weight (g) in date palm fruits
Source of variation
Blocks

Degree of
freedom
2

Sum of squares

Mean squares

0.19348

0.09674

F-value

Varieties

1

0.14674

0.14674

3.13NS

Pollen Parents

8

1.19864

0.14983

3.19**

Variety x P. Parents.

8

0.63299

0.07912

1.69NS

34

1.59587

0.04694

Error

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.14:- Effect of different pollen parents on seed weight (g) in date palm cv.
Hillawi and Khadrawy
Pollen
Parents
M0

Varieties

Mean

Hillawi
1.08 ± 0.058

Khadrawy
0.61 ± 0.046

0.85 ± 0.112B

M1

1.28 ± 0.009

1.05 ± 0.077

1.16 ± 0.062A

M2

1.18 ± 0.044

1.06 ± 0.185

1.12 ± 0.089A

M3

1.20 ± 0.063

1.56 ± 0.395

1.38 ± 0.196A

M4

1.32 ± 0.093

1.17 ± 0.048

1.24 ± 0.057A

M5

1.20 ± 0.104

1.02 ± 0.019

1.11 ± 0.063A

M6

1.16 ± 0.038

1.16 ± 0.099

1.16 ± 0.048A

M7

1.32 ± 0.040

1.37 ± 0.197

1.34 ± 0.091A

M8

1.37 ± 0.109

1.17 ± 0.068

1.27 ± 0.072A

Mean

1.23 ± 0.026A

1.13 ± 0.067A

Means sharing similar letter in a row or column are statistically non-significant (P>0.05).

Table 4.15:- Analysis of variance for fruit weight (g) in date palm
Source of variation
Blocks

Degree of
freedom
2

Sum of squares

Mean squares

2.908

1.454

F-value

Varieties

1

70.235

70.235

64.12**

Pollen parents

8

60.004

7.501

6.84**

Variety x P. Parents

8

7.183

0.898

0.81NS

34

37.240

1.095

Error

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.16:- Effect of different pollen parents on fruit weight (g) in date palm cv.
Hillawi and Khadrawy

Pollen
parents
M0

Hillawi
5.38 ± 0.27

Varieties
Khadrawy
6.24 ± 0.46

Mean
5.81 ± 0.31C

M1

7.49 ± 0.61

9.50 ± 1.52

8.49 ± 0.86AB

M2

7.29 ± 0.31

9.02 ± 0.39

8.16 ± 0.45B

M3

7.81 ± 0.12

10.66 ± 0.52

9.24 ± 0.68AB

M4

7.80 ± 0.11

9.36 ± 0.60

8.58 ± 0.44AB

M5

7.11 ± 0.06

10.09 ± 0.83

8.60 ± 0.76AB

M6

7.20 ± 0.14

10.30 ± 0.92

8.75 ± 0.81AB

M7

7.69 ± 0.14

10.33 ± 0.84

9.01 ± 0.70AB

M8

8.43 ± 0.13

11.22 ± 0.73

9.82 ± 0.71A

Mean

7.35 ± 0.17B

9.64 ± 0.35A

Means sharing similar letter in a row or column are statistically non-significant (P>0.05).

4.1.2

Biochemical analysis

4.1.2.1 Total Sugars (%):
It is depicted from analysis of variance Table 4.17 that two cultivars, pollen parents
and their interaction had significant effect over total sugars in date palm fruit.
The mean values of total soluble sugars (Table 4.18) recorded at Khalal stage realize
that two cultivars had significant differences in soluble sugars (Table 4.18). The highest
soluble sugar value was estimated in Hillawi (26.63±0.85%) while Khadrawy produced
19.26±0.68% soluble sugars.
Differences among the 9 pollen parents for total soluble sugars at Khalal stage
indicated that maximum sugar % was recorded by pollination with M8 (28.67±2.11%)
followed by M3 (26.33±1.67%) while minimum sugar (%) was obtained when pollinated
with M0 (15.67±1.52%). The interaction between these two factors exhibited maximum
sugar (%) when Hillawi was pollinated with M8 (33.33±0.33%) followed by the M2
(30.00±0.58%), M3 (30.67±0.33%) and M7 (25.50±1.77%) which were statistically similar
with each other. Minimum sugar (%) was found when Hillawi cultivar was pollinated with
M0 (19.00±0.58%). In cultivar Khadrawy sugar (%) varied from 24.00±0.58%
to12.33±0.33% when pollinated with various pollen parents.
4.1.2.2 2, 2-diphenyl-1-picrylhydrazyl (DPPH) (µg/mL):
Data regarding DPPH of date palm fruit was statistically analyzed according to the
two factor factorial in Randomized Complete Block Design. ANOVA for different pollen
sources, varieties, and their interaction showed the significant association for DPPH (Table
4.19).
Data was analyzed using the Duncan’s Multiple Range (DMR) test to discrete the
means at 5% confidence interval (CI). The mean values of DPPH are shown in Table 4.20.
The comparison of two date palm cultivars showed the superiority of Khadrawy
(61.30±2.35 µg/mL) over Hillawi (41.85±2.36 µg/mL) for DPPH. The effect of 9 pollen
parents on date palm cultivars was showed at two pollen parents, i.e. M3 and M6 were
statistically non significant with each other. M3 and M4 had the similar effect possessing the
DPPH value of 46.00±3.46µg/mL 44.01±7.49 µg/mL, respectively. The interaction between
pollen parents and varieties indicated that cultivar Hillawi possessed the highest value when
pollinated with M8 (63.24±0.89 µg/mL) followed by M7 (53.61±1.67 µg/mL) which was at

Table 4.17:- Analysis of variance for total sugars (%) in date palm

Source of variation

Degrees of
freedom
2

Sum of squares
1.778

0.889

Varieties

1

733.352

733.352

652.34**

Pollen parents

8

749.000

93.625

83.28**

Variety x P. Parents

8

42.481

5.310

4.72**

34

38.222

1.124

Blocks

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.18:- Effect of different pollen parents on total soluble sugars (%) in date palm
cv. Hillawi and Khadrawy
Pollen
Parents
M0

Varieties

Mean

Hillawi
19.00 ± 0.58gh

Khadrawy
12.33 ± 0.33j

15.67 ± 1.52D

M1

26.33 ± 0.33c

17.00 ± 0.58i

21.67 ± 2.11C

M2

30.67 ± 0.33b

20.67 ± 0.33fg

25.67 ± 2.25B

M3

30.00 ± 0.58b

22.67 ± 0.33de

26.33 ± 1.67B

M4

23.67 ± 0.33d

18.00 ± 0.58hi

20.83 ± 1.30C

M5

23.33 ± 0.67de

17.67 ± 0.88hi

20.50 ± 1.36C

M6

24.00 ± 0.00d

19.33 ± 1.45gh

21.67 ± 1.23C

M7

29.33 ± 0.33b

21.67 ± 0.88ef

25.50 ± 1.77B

M8

33.33 ± 0.33a

24.00 ± 0.58d

28.67 ± 2.11A

Mean

26.63 ± 0.85A

19.26 ± 0.68B

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

Table 4.19:- Analysis of variance for DPPH in date palm fruits

Source of variation

Degrees of
freedom
2

Sum of squares
3.888

1.944

Varieties

1

5108.412

5108.412

1446.21**

Pollen parents

8

6332.660

791.583

224.09**

Variety x P. Parents

8

1346.837

168.355

47.66**

34

120.097

3.532

Blocks

Error

Mean squares

F-value
0.55

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.20:- Effect of different pollen parents on DPPH (µg/mL) in date palm cv.
Hillawi and Khadrawy

Pollen
parents
M0

Varieties

Mean

Hillawi
24.58 ± 0.66j

Khadrawy
41.16 ± 1.33gh

32.87 ± 3.77G

M1

41.94 ± 0.65g

73.13 ± 1.02b

57.54 ± 7.00BC

M2

52.04 ± 0.73f

65.13 ± 1.05c

58.59 ± 2.98B

M3

38.43 ± 0.51h

53.57 ± 1.51f

46.00 ± 3.46EF

M4

27.34 ± 0.58j

60.69 ± 1.31de

44.01 ± 7.49F

M5

33.41 ± 0.58i

65.36 ± 1.36c

49.39 ± 7.17D

M6

42.03 ± 0.55g

50.79 ± 0.77f

46.41 ± 2.00E

M7

53.61 ± 1.67f

57.97 ± 1.01e

55.79 ± 1.31C

M8

63.24 ± 0.89cd

83.89 ± 1.75a

73.56 ± 4.70A

Mean

41.85 ± 2.36B

61.30 ± 2.35A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

par with M2 while minimum was with M0 (24.58±0.66 µg/mL). In cultivar Khadrawy DPPH
value varied from 41.16±1.33 µg/mL (M0) to 83.89±1.75 µg/mL (M8).
4.1.2.3 Ascorbic Acid (mg/100g):
Data presenting the ascorbic acid of fruits resulted from the pollination of date palm
cultivars, Hillawi and Khadrawy with nine selected males was recorded and statistically
analyzed using the two factor factorial in Randomized Complete Block Design (RCBD). The
analysis of variance exhibited the significant effects only for male parents irrespective to the
varieties (Table 4.21).
Nine different pollen parents affected the ascorbic acid values at khalal stage. M7
possessed the highest value of ascorbic acid (6.20±0.51 mg/100g) followed by M5
(5.58±0.32 mg/100g) and M6 (5.02±0.43 mg/100g) while its value was minimum in M0
(1.88±0.68 mg/100g) (Table 4.22).
4.1.2.4 Total Phenolics (TPC) (mg GAE/100g):
It is reveled from analysis of variance (Table 4.23) that two cultivars and male plants
had significant effect over date palm phenolic contents. Interaction of male parents along
with two varieties was associated. It means that pollen patents had the potential to influence
on total phenolics in date palm.
The data presented in Table 4.24 revealed that fruits of Hillawi (318±17.182 mg
GAE/100g) had more TPC than Khadrawy (314.05±15.2 mg GAE/100g). The means of male
plants divide these males into 7 highly significant groups. The first group contained only one
male M8 (485.70±3.94 mg GAE/100g) while M5, M2 and M7 shared the group 2 nd, 3rd, and
4th, respectively. M3 and M4 were the members of group 5 th while M6 and M1 shared the 6 th
group and M0 fall under a separate 7 th group. Interaction showed the great variations in the
TPC of date palm (Table 4.24). Maximum TPC was obtained in cultivar Hillawi when it was
pollinated with M8 (491.20±4.59 mg GAE/100g) followed by M7 (389.48±15.46 mg
GAE/100g) and M5 (365.02±3.10 mg GAE/100g). In cultivar Khadrawy maximum total
phenolic contents were observed in the combination of M8 (480.20±5.14 mg GAE/100g)
followed by M5 (381.75±4.87 mg GAE/100g) which was at par with Hillawi pollinated with
M7 (387.75±5.46 mg GAE/100g). The minimum value of TPC was noted in both cultivars
with M0.

Table 4.21:- Analysis of variance for ascorbic acid in date palm fruits

Source of variation

Degree of
freedom
2

Sum of squares

Mean squares

0.378

0.189

Varieties

1

0.689

0.689

0.50NS

Pollen parents

8

71.126

8.891

6.55**

Variety x P. Parents

8

15.006

1.876

1.38NS

34

46.082

1.355

Blocks

Error

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01).

Table 4.22:- Effect of different pollen parents on ascorbic acid (mg/100g )in date palm
cvs. Hillawi and Khadrawy

Pollen
parents
M0

Varieties

Mean

Hillawi
2.73 ± 1.27

Khadrawy
1.03 ± 0.03

1.88 ± 0.68D

M1

4.93 ± 1.00

3.40 ± 0.66

4.17 ± 0.64BC

M2

4.33 ± 0.09

4.03 ± 0.38

4.18 ± 0.19BC

M3

4.50 ± 0.26

3.50 ± 0.31

4.00 ± 0.29C

M4

5.10 ± 0.55

4.27 ± 0.24

4.68 ± 0.33BC

M5

5.40 ± 0.25

5.77 ± 0.63

5.58 ± 0.32AB

M6

4.70 ± 0.17

5.33 ± 0.90

5.02 ± 0.43ABC

M7

5.47 ± 0.44

6.93 ± 0.75

6.20 ± 0.51A

M8

3.57 ± 1.37

4.43 ± 0.27

4.00 ± 0.65C

Mean

4.53 ± 0.27A

4.30 ± 0.34A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).

Table 4.23:- Analysis of variance for total phenolics in date palm
Source of variation

Degree of
freedom
2

Sum of squares
66.465

33.232

Varieties

1

214.674

214.674

Pollen parents

8

303045.656

37880.707

1275.02**

Variety x P.Parents

8

67042.057

8380.257

282.07**

34

1010.135

29.710

Blocks

Error

Mean squares

F-value

7.22*

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.24:- Effect of different pollen parents on total phenolics (mg GAE/100g) in
date palm cvs. Hillawi and Khadrawy
Pollen
parents
M0

Varieties

Mean

Hillawi
190.19 ± 3.13n

Khadrawy
212.15 ± 1.99m

201.17 ± 05.18G

M1

230.48 ± 4.61l

318.83 ± 0.62fg

274.66 ± 19.87F

M2

346.24 ± 0.62e

338.76 ± 2.42e

342.50 ± 02.01C

M3

322.81 ± 0.88f

254.62 ± 0.51j

288.72 ± 15.26E

M4

283.02 ± 2.76i

301.33 ± 0.68h

292.18 ± 04.29E

M5

365.02 ± 3.10d

381.75 ± 4.87c

373.39 ± 04.54B

M6

243.93 ± 2.79k

312.05 ± 1.50g

277.99 ± 15.30F

M7

389.43 ± 5.46c

226.74 ± 2.86l

308.08 ± 36.48D

M8

491.20 ± 4.59a

480.20 ± 5.14b

485.70 ± 03.94A

Mean

318.04 ± 17.18A

314.05 ± 15.28B

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

4.1.2.5 Total Soluble Solids (oBrix):
Analysis of variance revealed (Table 4.25) that two female cultivars were nonsignificantly associated but pollen parents had significant effect over total soluble solids of
date palm fruits. The interaction effect of male parents along varieties was noted as highly
significant.
The mean values of total soluble solids recorded at khalal stage are presented in Table
4.26. Differences among the 9 male pollen parents for total soluble solids indicated that
maximum TSS was found by pollination with M8 (13.84±0.59 oBrix) followed by M3
(12.17±1.03 oBrix) which was at par in M2 (10.87±0.23 oBrix), M5 (10.70±0.82 oBrix) and
M7 (11.42±0.80oBrix). The interaction between varieties and pollen parents showed
maximum TSS when Hillawi was pollinated with M8 (15.13±0.08 oBrix) followed by the M3
(13.69±0.26 oBrix) which was statistically similar to M4, M5 and M8 with Khadrawy. M0
yielded the lowest value of total soluble solids (Table 4.26).
4.1.2.6 Soluble Protein Contents (µg/mL):
Analysis of variance concluded significant differences of total protein contents in two
cultivars (Table 4.27). Similarly pollen parents had the potential to bring changes in the total
protein contents but their interaction effect with cultivars was non significant.
The highest protein contents were recorded in cultivar Hillawi (5.31±0.27µg/mL)
while Khadrawy yielded only 4.71±0.18 µg/mL of protein contents (Table of means 4.28).
The differences in pollen parents were statistically significant and M8 produced the highest
protein contents (7.00±0.46 µg/mL). The other best pollen parents were M7, M1, M3, M4
and M5 in descending order and were statistically at par. M6 (4.49±0.08 µg/mL) was the
lowest to yield protein content among the different pollen parents but was statistically similar
to M1, M2, M3, M4 and M5 (Table 4.28).

Table 4.25:- Analysis of variance for TSS (Total Soluble Solids) in date palm
Source of variation

Degree of
freedom
2

Sum of squares

Mean squares

4.299

2.149

Varieties

1

1.870

1.870

1.22NS

Pollen parents

8

162.658

20.332

13.31**

Variety x P.Parents

8

67.242

8.405

5.50**

34

51.931

1.527

Blocks

Error

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)
Table 4.26:- Effect of different pollen parents on (TSS) total soluble solids (̊ Brix) in
date palm cvs. Hillawi and Khadrawy
Pollen
parents
M0

Varieties

Mean

Hillawi
7.77 ± 0.15gh

Khadrawy
6.87 ± 0.23h

7.32 ± 0.23E

M1

9.33 ± 0.18efg

8.84 ± 0.41fgh

9.09 ± 0.23D

M2

10.99 ± 0.01c-f

10.76 ± 0.49c-f

10.87 ± 0.23BC

M3

13.69 ± 0.26ab

10.65 ± 1.72c-f

12.17 ± 1.03B

M4

8.80 ± 0.47fgh

11.52 ± 1.93b-e

10.16 ± 1.08CD

M5

8.95 ± 0.03fgh

12.46 ± 0.54bcd

10.70 ± 0.82BC

M6

9.88 ± 0.18efg

10.52 ± 0.70def

10.20 ± 0.35CD
11.42 ± 0.80BC

M7

12.92 ± 0.20bc

9.92 ± 0.95efg

M8

15.13 ± 0.08a

12.56 ± 0.33bcd

Mean

10.83 ± 0.47A

10.46 ± 0.43A

13.84 ± 0.59A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

Table 4.27:- Analysis of variance for soluble protein contents in date palm
Source of variation
Blocks

Degree of
freedom
2

Sum of squares

Mean squares

2.430

1.215

F-value

Varieties

1

4.835

4.835

11.49**

Pollen parents

8

51.290

6.411

15.24**

Variety xP. Parents

8

5.381

0.673

1.59NS

Error

:-

14.300

0.421

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.28:- Effect of different pollen parents on soluble protein contents (µg/mL) in
date palm cvs. Hillawi and Khadrawy
Pollen
parents
M0

Hillawi
3.20 ± 0.22

Varieties
Khadrawy
3.03 ± 0.14

Mean

M1

6.02 ± 0.36

4.64 ± 0.29

5.33 ± 0.37BC

M2

4.62 ± 0.30

4.51 ± 0.11

4.56 ± 0.14C

M3

5.61 ± 1.04

4.56 ± 0.31

5.08 ± 0.54BC

M4

4.81 ± 0.07

5.34 ± 0.73

5.07 ± 0.35BC

M5

5.28 ± 0.11

4.32 ± 0.08

4.80 ± 0.22BC

M6

4.62 ± 0.11

4.36 ± 0.02

4.49 ± 0.08C

M7

5.87 ± 0.42

5.41 ± 0.14

5.64 ± 0.22B

M8

7.75 ± 0.69

6.24 ± 0.05

7.00 ± 0.46A

Mean

5.31 ± 0.27A

4.71 ± 0.18B

3.12 ± 0.12D

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).

4.1.2.7 Sugar Profiling:
4.1.2.7.1 Sucrose analysis
Data regarding the date palm fruits sucrose contents was analyzed statistically and
analysis of variance showed the significant differences in the total sugar concentrations for
varieties, pollen parents and their interaction (Table 4.29).
Duncan’s Multiple Range (DMR) test was used to discrete the means at 5%
confidence interval (CI) and the means for sucrose in date palm fruits are mentioned in Table
(4.30).
The results signify the importance of different pollen parents on sucrose contents in
two date palm cultivars at khalal stage. Mean value of sucrose was 12.59±0.60 % and
8.67±0.59 % in Hillawi and Khadrawy, respectively. All the pollen parents had significant
effect over sucrose contents. Six distinct groups were formed with M8 having the highest
sugar contents (11.50±1.61 %). M2 and M6 were statistically similar followed by M7
(11.50±1.61 %). Interaction of pollen parents and varieties showed that cultivar Hilllawi
pollinated with M8 and M6 gave the maximum values (18.00±0.58 % and 14.00±0.58%)
respectively, of reducing sugars. At khalal stage Khadrawy possessed the highest reducing
sugars when pollinated with M8 (13.00±0.60 %) but least with M0 (4.00±0.58 %), while in
controlled pollination minimum value was 6.00±0.58 % with M1.
4.1.2.7.2 Glucose Analysis (%):
It is revealed from analysis of variance (Table 4.31) that two cultivars and pollen
parents differ significantly for glucose contents of date palm. The interaction effect of pollen
parents along with varieties was associated and indicated that pollen parents had the potential
to bring the changes in glucose contents in date palm fruits.
The mean values of glucose are presented in the Table 4.32. The glucose value was
more in Hillawi (18.63±0.94%) than Khadrawy (14.96±0.91%).
Differences among the 9 male pollen parents for glucose contents also indicated the
superiority of M8 (23.83±1.08%) over other pollen parents. M8 was followed by M3
(22.33±1.15%) and M6 (20.17±1.33 %) while minimum sugar % was obtained with open
pollination M0 (10.00±0.97%). The interaction between these two factors showed that
maximum glucose % was recorded when Hillawi was pollinated with M8 (26.00±0.58%)
followed by the M3 (24.67

±0.88%) and M6 (23.67±0.58%) which differ statistically with

Table 4.29:- Analysis of variance for sucrose contents in date palm fruits

Source of variation

Degree of
freedom
2

Sum of squares
18.926

9.463

Varieties

1

208.074

208.074

449.44**

Pollen parents

8

424.259

53.032

114.55**

Variety x P. Parents

8

39.593

4.949

10.69**

34

15.741

0.463

Blocks

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.30:- Effect of different pollen parents on sucrose contents (%) in date palm
cvs. Hillawi and Khadrawy
Pollen
parents
M0

Varieties

Mean

Hillawi
8.00 ± 0.58hi

Khadrawy
4.00 ± 0.58k

6.00 ± 0.97F

M1

11.00 ± 0.58ef

6.00 ± 0.58j

8.50 ± 1.18E

M2

15.00 ± 0.58b

12.00 ± 0.58de

13.50 ± 0.76B

M3

12.00 ± 0.58de

7.00 ± 0.58ij

9.50 ± 1.18D

M4

10.33 ± 0.33f

7.00 ± 0.58ij

8.67 ± 0.80DE

M5

10.00 ± 0.58fg

9.00 ± 0.58gh

9.50 ± 0.43D

M6

14.00 ± 0.58bc

12.00 ± 0.58de

13.00 ± 0.58B

M7

15.00 ± 0.58b

8.00 ± 0.58hi

11.50 ± 1.61C

M8

18.00 ± 0.58a

13.00 ± 0.58cd

15.50 ± 1.18A

Mean

12.59 ± 0.60A

8.67 ± 0.59B

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

Table 4.31:- Analysis of variance for glucose contents in date palm

Source of variation

Degrees of
freedom
2

Sum of squares
25.037

12.519

Varieties

1

181.500

181.500

530.62**

Pollen parents

8

1111.926

138.991

406.34**

Variety xP. Parents

8

56.667

7.083

20.70**

34

11.630

0.342

Blocks

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.32:- Effect of different pollen parents on glucose contents (%) in date palm
cvs. Hillawi and Khadrawy
Pollen
parents

Varieties
Hillawi

Mean
Khadrawy

M0

12.00 ± 0.58j

8.00 ± 0.58l

10.00 ± 0.97I

M1

14.00 ± 0.58i

12.00 ± 0.00j

13.00 ± 0.52H

M2

20.00 ± 0.58e

19.67 ± 0.33e

19.83 ± 0.31D

M3

24.67 ± 0.88b

20.00 ± 0.58e

22.33 ± 1.15B

M4

16.00 ± 0.58g

12.00 ± 0.58j

14.00 ± 0.97F

M5

15.00 ± 0.58h

14.00 ± 0.58i

14.50 ± 0.43G

M6

23.00 ± 0.58c

17.33 ± 0.67f

20.17 ± 1.33C

M7

17.00 ± 0.00f

10.00 ± 0.58k

13.50 ± 1.59E

M8

26.00 ± 0.58a

21.67 ± 0.88d

23.83 ± 1.08A

Mean

18.63 ± 0.94A

14.96 ± 0.91B

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

each other. In cultivar Khadrawy Glucose ranged from 8.00±0.58% to 21.67±0.88% when
pollinated with M0 (open pollinated) and M8 (controlled pollination), respectively.
4.1.2.7.3 Fructose analysis (%):
Table 4.33 of analysis of variance showed that the cultivars, pollen parents and their
interaction had highly significant effect for fructose in of date palm fruits.
The mean values of fructose recorded at khalal stage in two cultivars had significant
differences in fructose contents (Table 4.34). Sucrose value was high in Hillawi
(17.07±0.66%) than Khadrawy (12.48±0.62%).
The differences among the 9 pollen parents for fructose contents depicted that
maximum sugar was recorded by pollination with M3 (17.83±1.08 %) followed by M6
(17.17±1.05%) and M8 (16.83±1.45 %) which were statistically at par. Interaction between
these two factors was found statistically significant. M8 and M3 were at top and possessed
the highest value (20.00±0.58%) of fructose when pollinated Hillawi. Low fructose % was
found when Hillawi cultivar was pollinated with M0 (9.00±0.58%). In cultivar Khadrawy
fructose was high with M3 (15.67±0.88%) followed by M6 (15.00±0.58%) and M4
(14.00±0.58%) and were statistically similar (Table 4.34).
4.1.2.8

Enzyme activity:

4.1.2.8.1 Peroxidase (POD) (IU/mL protein):
Data regarding the peroxidase activity was statistically analyzed at the Khalal stage
and analysis of variance revealed the significant differences in the POD for pollen parents
non-significant differences in varieties (Table 4.35).
The comparison of means explained (Table. 4.36) that among pollen parents M5 and
M8 were reported the best regarding their POD activity and these were statistically similar
with higher values (1.528±0.011 and 1.497±0.044 IU/mL protein, respectively). M6, M4, M3
were ranked second with the values 1.360±0.016, 1.328±0.053 and 1.313±0.050 IU/mL
protein, respectively; whereas M0 showed the low (0.222±0.014 IU/mL protein) peroxidase
activity at Khalal stage. The interaction effect of varieties and pollen parents was statistically
significant. In cultivar Hillawi maximum POD activity was exhibited by M5 (1.517±0.009
IU/mL protein) followed by M3 (1.420±0.012 IU/mL protein) and M8 (1.410±0.015 IU/mL
protein). Differences in the mean values of cultivar Khadrawy revealed that peroxidase
activity was high when it was pollinated with pollen source M8 (1.583±0.044 IU/mL protein)

Table 4.33:- Analysis of variance for fructose contents in date palm

Source of variation

Degrees of
freedom
2

Sum of squares
36.111

18.056

Varieties

1

284.741

284.741

251.09**

Pollen parents

8

466.667

58.333

51.44**

Variety x P.Parents

8

33.259

4.157

3.66**

34

38.556

1.134

Blocks

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.34:- Effect of different male parents on fructose contents (%) in date palm cv.
Hillawi and Khadrawy
Pollen
parents
M0

Varieties

Mean

Hillawi
9.00 ± 0.58k

Khadrawy
6.00 ± 0.58l

7.50 ± 0.76E

M1

17.00 ± 0.58cd

10.00 ± 0.58jk

13.50 ± 1.61D

M2

19.00 ± 0.58ab

12.67 ± 2.33hi

15.83 ± 1.78BC

M3

20.00 ± 0.58a

15.67 ± 0.88def

17.83 ± 1.08A

M4

16.00 ± 0.58de

14.00 ± 0.58fgh

15.00 ± 0.58C

M5

18.00 ± 0.58bc

13.67 ± 0.88gh

15.83 ± 1.08BC

M6

19.33 ± 0.67ab

15.00 ± 0.58efg

17.17 ± 1.05A

M7

15.33 ± 0.67d-g

11.67 ± 0.88ij

13.50 ± 0.96D

M8

20.00 ± 0.58a

13.67 ± 0.33gh

16.83 ± 1.45AB

Mean

17.07 ± 0.66A

12.48 ± 0.62B

Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

Table 4.35:- Analysis of variance for POD activity in date palm
Source of variation

Degree of
freedom
2

Sum of squares

Mean squares

0.00510

0.00255

Varieties

1

0.00311

0.00311

1.40NS

Pollen parents

8

8.40076

1.05009

472.27**

Variety x P. Parents

8

0.41090

0.05136

23.10**

34

0.07560

0.00222

Blocks

Error

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.36:- Effect of different pollen parents on POD activity (IU/mL protein) in cvs.
Hillawi and Khadrawy
Pollen
parents
M0

Hillawi
0.218 ± 0.024j

Varieties
Khadrawy
0.227 ± 0.019j

Mean
0.222 ± 0.014F

M1

0.901 ± 0.023h

0.610 ± 0.054i

0.756 ± 0.070E

M2

1.127 ± 0.009g

0.909 ± 0.056h

1.018 ± 0.055D

M3

1.420 ± 0.012cd

1.207 ± 0.030efg

1.313 ± 0.050B

M4

1.213 ± 0.007ef

1.443 ± 0.023bc

1.328 ± 0.053B

M5

1.517 ± 0.009ab

1.540 ± 0.021a

1.528 ± 0.011A

M6

1.343 ± 0.009d

1.377 ± 0.030cd

1.360 ± 0.016B

M7

1.140 ± 0.017fg

1.257 ± 0.018e

1.198 ± 0.028C

M8

1.410 ± 0.015cd

1.583 ± 0.044a

1.497 ± 0.044A

Mean

1.143 ± 0.073A

1.128 ± 0.086A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

and M5 (1.528±0.011 IU/mL protein) but low with open pollination M0 (0.227±0.019 IU/mL
protein).
4.1.2.8.2 Catalases (CAT) (IU/mL protein):
Analysis of variance (Table 4.37) showed that the cultivars, pollen parents and their
interaction were significant for catalase activity in date palm fruits at Khalal stage.The
comparison of two date palm cultivars means at khalal stage revealed high catalase activity
(CAT) value in Khadrawy (1.62±0.124 IU/mL protein) than Hillawi (1.42±0.11 IU/mL
protein) (Table 4.38).
The differences among the pollen parents for CAT indicated high catalase activity by
pollination with M8 (2.48±0.139 IU/mL protein.) followed by M4 (1.88±0.045 IU/mL
protein) and M3 (1.90±0.159 IU/mL protein.) while minimum was obtained with M0
(0.30±0.039 IU/mL protein.). Interaction between these two factors showed that M8 was at
top and possessed the highest value (2.75±

0.027 IU/mL protein and 2.21±0.150 IU/mL

protein) of catalase activity in Khadrawy and Hillawi, respectively. Minimum CAT value
was found when Hillawi cultivar was pollinated with M0 (0.26±0.069 IU/mL protein). In
cultivar Khadrawy best pollen parents for catalase activity were M4 (2.09±0.205 IU/mL
protein) and M3 (1.97±0.007 IU/mL protein) (Table 4.38)
4.1.2.8.3 Superoxide Dismutase (SOD)IU/mL protein:
Superoxide dismutase (SOD) activity was statistically worked out analyzed at the
Khalal stage in date palm fruits and analysis of variance explained the highly significant
differences in the SOD value of varieties, pollen parents and their interaction (Table 4.39).
Table (4.40) showed the comparison of two varieties that Khadrawy produced higher
SOD (1197.25±13.34 IU/mL) than Hillawi (1162.72±14.44 IU/mL protein). The pollen
parents used for pollination showed that M8 (1304±03.74 IU/mLprotein) was the best
regarding SOD activity. M2 and M5 were ranked second with the values 1213.50±14.48
IU/mLprotein and 1211.83±17.97 IU/mL proteinrespectively; whereas M0 was the lowest
(1075.73±09.81 IU/mLprotein) for superoxide activity but was at par with M4
(1190.83±00.48 IU/mLprotein). The interaction effect of varieties and pollen parents
indicated that the cultivar Khadrawy and Hillawi exhibited high SOD with M8
(1308.33±4.63 and 300.67±5.81 IU/mLprotein, respectively). The other best pollen parents

Table 4.37:- Analysis of variance for catalases (CAT) for date palm
Source of variation

Degree of
freedom
2

Sum of squares

Mean squares

0.0246

0.0123

Varieties

1

0.5622

0.5622

22.43**

Male plant

8

17.2709

2.1589

86.14**

Variety x Male plant

8

1.8550

0.2319

9.25**

34

0.8521

0.0251

Blocks

Error

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.38:- Effect of different male parents on catalases (CAT) activity (IU/mL
protein) of Hillawi and Khadrawy
Pollen
parents

Varieties

Mean

Hillawi

Khadrawy

M0

0.26 ± 0.069j

0.34 ± 0.038j

0.30 ± 0.039E

M1

0.91 ± 0.026i

1.54 ± 0.109efg

1.23 ± 0.150D

M2

1.28 ± 0.049gh

1.48 ± 0.012fg

1.38 ± 0.051D

M3

1.78 ± 0.033cde

1.97 ± 0.007bcd

1.88 ± 0.045B

M4

1.71 ± 0.219def

2.09 ± 0.205b

1.90 ± 0.159B

M5

1.13 ± 0.015hi

1.39 ± 0.007gh

1.26 ± 0.060D

M6

2.03 ± 0.024bc

1.30 ± 0.003gh

1.67 ± 0.165C

M7

1.45 ± 0.076fg

1.73 ± 0.060def

1.59 ± 0.076C

M8

2.21 ± 0.150b

2.75 ± 0.027a

2.48 ± 0.139A

Mean

1.42 ± 0.115B

1.62 ± 0.124A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

Table 4.39:- Analysis of variance for Superoxide dismutase (SOD) activity in date
palm
Source of variation
Blocks

Degree of
freedom
2

Sum of squares

Mean squares

80.704

40.352

F-value

Varieties

1

16099.432

16099.432

332.02**

Pollen parents

8

198414.693

24801.837

511.49**

Variety x P.Parents

8

71127.290

8890.911

183.35**

34

1648.630

48.489

Error

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.40:- Effect of different pollen parents on Superoxide Dismutase (SOD)
(IU/mLprotein) activity in date palm cvs.Hillawi and Khadrawy
Pollen
parents

Hillawi

Varieties
Khadrawy

Mean

M0

1056.13 ± 5.49k

1095.33 ± 8.19j

1075.73 ± 09.81F

M1

1090.67 ± 5.81j

1286.00 ± 3.46b

1188.33 ± 43.78C

M2

1181.33 ± 1.33ef

1245.67 ± 3.48c

1213.50 ± 14.48B

M3

1110.67 ± 2.96i

1153.33 ± 1.67g

1132.00 ± 09.66E

M4

1191.00 ± 1.00e

1190.67 ± 0.33e

1190.83 ± 00.48C

M5

1251.67 ± 1.67c

1172.00 ± 4.93f

1211.83 ± 17.97B

M6

1151.67 ± 3.84g

1121.33 ± 2.91hi

1136.50 ± 07.12E

M7

1130.67 ± 3.48h

1202.60 ± 1.00d

1166.63 ± 16.17D

M8

1300.67 ± 5.81a

1308.33 ± 4.63a

1304.50 ± 03.74A

Mean

1162.72 ± 14.44B

1197.25 ± 13.34A

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

for Khadrawy regarding SOD activity were M1 (1286.00±3.46 IU/mLprotein) and M2
(1245.67±3.48 IU/mLprotein).
4.1.2.8.4 Protease (IU/mL protein):
Data regarding the date palm total protease activity was analyzed statistically and
analysis of variance showed the significant differences for varieties, pollen parents and their
interaction (Table 4.41).
Duncan’s Multiple Range (DMR) test was used to discrete the means at 5%
confidence interval (CI) and the means for protease activity of date palm are mentioned in
Table 4.42.
The results signify the importance of different pollen parents on protease activity of
two date palm cultivars at khalal stage. Mean value of protease varied as
225.07±8.93IU/mLprotein and 219.34±8.14 IU/mLproteinin Hillawi and Khadrawy,
respectively. All pollen parents had highly significant effect over protease activity. Male
parents were grouped statistically into eight statistically distinct groups with M8 at top.
Interaction of male pollen sources and varieties responded significantly for protease activity
at khalal stage. Maximum protease activity in cultivar Hillawi was observed when it was
pollinated with M8 (25.11±0.49IU/mLprotein) followed by M6 (265.31±3.74IU/mLprotein)
and M3 (255.86±1.82IU/mLprotein) and the least in the M0 (114.23±1.69IU/mLprotein).
The cultivar Khadrawy possessed the highest activity of protease when pollinated with M8
(268.17±2.98IU/mLprotein) but least in M0 (268.17±2.98IU/mLprotein), while in controlled
pollination minimum value was 207.48±1.41IU/mLprotein with M1.
4.1.2.9 Descriptive statistics and correlation analysis for physical variables of fruits of
date palm cvs. Hillawi and Khadrawy affected by different pollen parents:
Physical variables were analyzed to study the comparative effect of different pollen
parents on two mother parents of date palm, i.e. Hillawi and Khadrawy. These variables
included the maturity time, bunch weight, fruit length, fruit width, fruit area, fruit weight,
pulp weight and seed weight. Descriptive statistics indicating the maxima, minima, means,
standard deviation and coefficient of variation (CV) is shown in Table 4.43 which presents
high range of physical variations. Some traits presented high CV value like fruit width
(50.8%), fruit area (74.3%), pulp weight (63.6%), maturity time (27.3%) but it was less than
20% for fruit length and bunch weight. Maturity

Table 4.41:- Analysis of variance for protease activity in date palm
Source of variation

Degrees of
freedom
2

Sum of squares
14.500

7.250

Varieties

1

443.812

443.812

29.52**

Pollen parents

8

101510.771

12688.846

844.24**

Variety x P.Parents

8

554.737

69.342

4.61**

34

511.014

15.030

Blocks

Error

Mean squares

F-value

NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant (P<0.01)

Table 4.42:- Effect of different pollen parents on protease activity (IU/mLprotein)in
cvs. Hillawi and Khadrawy
Pollen
parents
M0

Hillawi
114.23 ± 1.69i

Varieties
Khadrawy
114.45 ± 1.08i

Mean
114.34 ± 0.90H

M1

204.08 ± 1.40h

207.48 ± 1.41h

205.78 ± 1.17G

M2

225.46 ± 0.46f

218.96 ± 0.87g

222.21 ± 1.52F

M3

255.86 ± 1.82c

239.23 ± 1.33e

247.55 ± 3.85C

M4

204.16 ± 0.78h

207.81 ± 3.08h

205.99 ± 1.64G

M5

237.90 ± 2.50e

228.04 ± 1.32f

232.97 ± 2.54E

M6

265.31 ± 3.74b

256.18 ± 2.25c

260.74 ± 2.82B

M7

246.62 ± 1.91d

237.54 ± 1.76e

242.08 ± 2.34D

M8

272.02 ± 5.09a

264.33 ± 1.97b

268.17 ± 2.98A

Mean

225.07 ± 8.93A

219.34 ± 8.14B

Means sharing similar letters in a row or column are statistically non-significant (P>0.05).
Small letters represent comparison among interaction means and capital letters are used for
overall mean.

Table 4.43.

Descriptive analysis of physical variables of fruit of date palm (Phoenix
dactylifera L.) cvs. Hillawi and Khadrawy affected by different parents

Variable
Maturity time (days)

Minimum
94.0

Maximum
139.0

Mean
116.5

Std. deviation
31.8

CV(%)
27.3

Fruit length (mm)

29.2

37.0

33.1

5.5

16.8

Fruit width (mm)

11.8

25.1

18.5

9.4

50.8

Fruit area (mm2)

285.5

917.0

601.2

446.5

74.3

Pulp weight (g)

4.2

10.0

7.1

4.1

57.4

Seed weight (g)

0.6

1.6

1.1

0.7

63.6

Fruit weight (g)

5.4

11.2

8.4

1.7

20.2

Bunch weight (kg)

7.5

18.8

13.4

2.7

20.1

Table 4.44.

Variables
MT
FL
FW
FA
PW
SW
FWT
BW

Correlation coefficients among physical variables of fruits of date palm
cvs. Hillawi and Khadrawy affected by different pollen parents
MT
1
0.413
-0.886
0.392
0.653
-0.920
0.128
-0.709

FL
1
-0.686
0.696
0.774
-0.621
0.526
0.179

FW

1
-0.536
-0.671
0.988
-0.093
0.523

FA

1
0.692
-0.562
0.473
0.117

PW

SW

1
-0.670
0.796
-0.046

1
-0.084
0.571

FWT

1
0.400

BW

1

Abbreviation: Maturity time (MT), Fruit length (FL), Fruit width (FW), Fruit area (FA), Pulp
weight (PW), Seed weight (SW), Fruit weight (FWT), Bunch weight (BW)

time varied from 94 to 139 days with the mean value of 116.5 days. All the date palm
combinations showed the fruit length variations from 29.3 to 37.0 mm. Fruit width ranged
from 11.8 to 25.1 mm with the mean value 18.5 mm. Pulp weight of fruits ranged from 4.2
to10 g while mean value was 7.1 g. Seed weight was also analyzed which ranged 0.6-1.6.
Fruit weight varied from 5.4 to 11.2g. Bunch weight ranged from 7.5 to 18.8 kg with the
mean value of 13.4 kg.
Strong positive correlation was resulted among different physical traits (Table 4.44).
The highest positive correlation was found between seed weight and fruit weight (0.988).
High correlation was observed between traits like fruit weight and pulp weight (0.796), pulp
weight and fruit area (0.692), maturity timeand pulp weight (0.653), fruit weight and fruit
length (0.526), bunch weight and fruit width (0.523), fruit weight and fruit area (0.473), fruit
length and maturity time (0.413) and between the bunch weight and fruit weight (0.40).
Contrary to positive correlation occasional negative correlation also existed witinin
these physical traits. The highest negative correlation existed between fruit width and
maturity time (-0.886), seed weight and pulp weight (-0.670), fruit width and fruit length (0.686) and seed weight and fruit area (-0.562).
4.1.2.10

Principle component analysis for physical variables of date palm cvs. Hillawi
and Khadrawy

Factor analysis was based on 8 physical traits between the parents and their progeny.
Eigenvalue and cumulative variation are shown as scree plot (Fig. 4.1). Eigenvalue of first
three components dropped sharply but it remained stagnant for other components. Similarly
cumulative variations increased sharply for first four components and 98% variations were
covered by four factors so it was adequate to study just first 4 components for 8 physical
traits. Principle component analysis showed that that all the traits were summarized in first
four components with 98.64% of total variations (Table.4.45). Variability of 58.68% was
explained with first component which accounted for the fruit weight, seed weight and bunch
weight. The second group was featured with 27.80% variability and maximum contribution
was from bunch weight followed by fruit weight, fruit length fruit area, and pulp weight. The
third component explained the 7.88% variations with heavy loadings of fruit weight, pulp
weight, maturity time and fruit width. Fourth component retained 4.28% variability with
major contribution from fruit area and fruit weight.

A linkage map was developed based on variables of first two factors which accounted
for 86.49% total variations (Fig. 4.2). This 2D plot explained that physical traits including
fruit width and seed weight, pulp weight and maturity time were strongly correlated
compared to other traits.
PCA plot (Fig. 4.3A) divided all the combination into two groups based on
morphological studies. One group included HM1, HM5 and HM6 but rest of the
combinations were confined to a single group and showed close resemblance with each
other; however, HM8 and KM8 was highly divergent. Similarly HM0 and KM0 were
different from other combinations but both have close association for each other.
PCA biplot (Fig. 4.3B) for all the combinations developed from 9 pollen parents and
2 mother parents showed that HM8 developed from cultivar Hillawi and pollen parent M8
had close association for bunch weight, fruit weight and seed weight. KM0 and HM0 were
not positively correlated with any physical fruit trait. HM8 was associated with more fruit
width and also some associations for seed weight but KM8 was positively correlated for fruit
weight. HM7 was related to early maturity timings but all other combinations piled near the
centre of axis and difficult to differentiate.
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Figure 4.1:-

The scree plot for physical variables of fruit of date palm cvs. Hillawi and
Kudrawy affected by different pollen parents

Table4.45:-

Eigenvalues and cumulative variance of the first 4 components for
physical variables of fruit of date palm cvs. Hillawi and Kudrawy affected
by different pollen parents

Traits

F1

F2

F3

F4

MT

-0.395

-0.296

0.263

0.047

FL

-0.365

0.282

-0.368

-0.515

FW

0.427

0.203

0.200

0.238

FA

-0.335

0.264

-0.395

0.798

PW

-0.409

0.244

0.351

-0.027

SW

0.428

0.228

0.149

0.044

FWT

-0.200

0.513

0.599

0.017

BW

0.158

0.589

-0.308

-0.190

Variability (%)

58.683

27.807

7.876

4.279

Abbreviation: Maturity time (MT), Fruit length (FL), Fruit width (FW), Fruit area (FA), Pulp
weight (PW), Seed weight (SW), Fruit weight (FWT), Bunch weight (BW)

Variables (axes F1 and F2: 86.49 %)
1

BW
FWT

0.75

F2 (27.81 %)

0.5

F.L FA
PW

SW
F.W

0.25
0

-0.25

MT

-0.5
-0.75
-1
-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

F1 (58.68 %)

Abbreviation: Maturity time (MT), Fruit length (FL), Fruit width (FW), Fruit area (FA), Pulp
weight (PW), Seed weight (SW), Fruit weight (FWT), Bunch weight (BW)
Figure 4.2:-

PCA analysis based on first two components for physical variables of date
palm cvs. Hillawi and Kudrawy affected by different pollen parents

Observations (axes F1 and F2: 86.49 %)
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Abbreviation: Maturity time (MT), Fruit length (FL), Fruit width (FW), Fruit area (FA), Pulp
weight (PW), Seed weight (SW), Fruit weight (FWT), Bunch weight (BW)
Figure 4.3:-

A,B PCA plot (A) and biplot (B) based on first 2 components for physical
variables of fruits of date palm cvs. Hillawi and Khadrawy affected by
different pollen parents

4.1.2.11

Descriptive statistics and correlation analysis for biochemical variables of
fruits of date palm cvs. Hillawi and Khadrawy affected by different pollen
parents

Descriptive statistics of 13 biochemical traits was presented in Table 4.46 to highlight
the effect of different pollen parents on date palm cvs. i.e., Hillawi and Khadrawy. Total
sugars, total proteins, 1,1-diphenyl-2-picrylhydrazyl (DPPH), total phenolics contents,
peroxidase, catalaze, superoxide dismutase, total soluble solids, ascorbic acid, protease,
sucrose, fructose and glucose were analyzed for comparative study. Statistical summary
indicating the maxima, minima, means standard deviation and coefficient of variations (CV)
was recorded for all the combinations. In all date palm combinations total sugars varied from
12.33 to 33.33% but individual sugars i.e sucrose, fructose and glucose ranged from 4 to
24%. Protein contents were found in the range of 3.0-7.7 µg/mL. The highest CV value was
observed in CAT (40.8%), followed by the ascorbic acid (38.2%), POD (36.3%) and sucrose
(32.5%) but least was found in SOD activity (15.1%). Enzymatic activity of CAT (0.21.6µg/mL) and POD (0.26-2.75µg/mL) was very close but very high in SOD (1056.21308.0µg/mL).
Strong positive correlation was observed among 13 biochemical traits in all date palm
combinations (Table 4.47). All the indiviual sugarsi.e fructose (0.868), sucrose (0.857) and
glucose (0.757), and total protein (0.734 µg/mL) are stongly correlated with total sugars.
Total phenolic contents showed

high positive correlataion withprotein (0.710). High

correlations were recorded between glucose and fructose (0.806), glucose and sucrose
(0.794), fructose and sucrose (0.783), protease and total soluble solids (0.730), protease and
CAT (0.799), POD and protease (0.867), TSS with total phenolic contents (0.764). Contrary
to positive correlation occasional negitive correlaton also existed witinin these biochemical
traits.

Negative correlation was recorded

between DPPH and total sugars (-0.249),

fructoseand DPPH (-0.201) however, TSS was negatively correlated with SOD (-0.192),
ascorbic acid (-0.157),total sugars (-0.260), sucrose (-0.154), glucose (0.100) and protease(0.062).

Table 4.46:- Discriptive analysis of biochemical variables of fruits of date palm
(Phoenix dactylifera L.) cvs. Hillawi and Khadrawy affected by different
pollen parents.
Variable

Minimum Maximum Mean Std. deviation CV(%)

Total sugars (TS)

12.3

33.3

22.9

5.5

24

Protein (PRO)

3.0

7.7

5.0

1.1

21.9

1,1-diphenyl-2-picrylhydrazyl (DPPH)

25.2

73.1

51.0

14.1

27.7

Total phenolic contents (TPC)

190.2

491.2

318.2

83.4

26.2

Peroxidase (POD)

0.2

1.6

1.1

0.4

36.3

Catalaze (CAT)

0.3

2.8

1.5

0.6

40.8

1056.2

1308.0

1182.1

178.1

15.1

Total soluble solids (TSS)

6.9

15.1

10.6

2.1

20.0

Ascorbic acid (AA)

1.1

8.4

4.5

1.7

38.2

114.2

272.0

222.2

44.8

20.2

Sucrose (SUC)

4.3

18.0

10.7

3.5

32.5

Fructose (FRU)

6.7

20.3

14.6

3.8

26.2

Glucose (GLU)

8.3

24.7

16.5

4.1

24.7

Superoxide Dismutase(SOD)

Protease (PROT)

Abbreviation: Total sugars (TS), Protein (PRO), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Total phenolic contents (TPC), Peroxidase (POD), Catalaze (CAT), Superoxide dismutase
(SOD), Total soluble solids (TSS), Ascorbic acid (AA), Protease (PROT), Sucrose (SUC),
Fructose (FRU), Glucose (GLU)

Table 4.47:- Correlation coefficients amongbiochemical variables of fruits of date
palm cvs. Hillawi and Khadrawy affected by different pollen parents

Variables
TS
PRO

TS

PRO

DPPH

TPC

POD

CAT

SOD

TSS

AA

PROT

SUC

FRU

GLU

1
0.734

1

-0.249

0.038

1

TPC

0.505

0.710

0.281

1

POD

0.451

0.620

0.219

0.581

1

CAT

0.383

0.669

0.472

0.570

0.739

1

SOD

-0.260

-0.061

0.402

0.029

-0.299

0.039

1

TSS

0.643

0.738

0.283

0.764

0.675

0.685

-0.192

1

AA

0.057

0.131

0.146

-0.017

0.534

0.172

-0.157

0.099

1

PROT

0.604

0.698

0.335

0.623

0.867

0.799

-0.062

0.730

0.399

1

SUC

0.857

0.720

-0.067

0.684

0.534

0.519

-0.154

0.682

0.043

0.727

1

FRU

0.868

0.660

-0.201

0.455

0.657

0.460

-0.224

0.570

0.123

0.715

0.783

1

GLU

0.757

0.577

0.033

0.600

0.613

0.660

-0.100

0.757

-0.029

0.750

0.794

0.806

DPPH

1

Abbreviation: Total sugars (TS), Protein (PRO), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Total phenolic contents (TPC), Peroxidase (POD), Catalaze (CAT), Superoxide dismutase
(SOD), Total soluble solids (TSS), Ascorbic acid (AA), Protease (PROT), Sucrose (SUC),
Fructose (FRU), Glucose (GLU)

4.1.2.12

Principle component analysis for biochemical variables of date palm cvs.
Hillawi and Khadrawy
Factor analysis based on 13 biochemical variables of all date palm combinations

developed through open and controlled pollination was computed using multivariate analysis.
Eigenvalue and cumulative variation are shown with scree plot (Fig 4.4). Eigenvalue of first
four components dropped sharply but it remained stagnant for other components. Similarly
cumulative variations increased sharply for first six components and covered 93.55%
variations. PCA showed that that all the traits were summarized in first fiver components
with 93.54% of total variations (Table. 4.48). 54.63% variability was explained with first
component in which except SOD all other variables contributed for the variations. The
second group was featured with 15.078%variabilty and maximum contribution was from
DPPH, CAT and SOD. The third component explained the 10.95% variations with heavy
loadings ascorbic acid, POD, protease and fructose. Fourth component retained 5.708%
variability with major contribution from SOD, ascorbic acid, fructose and total sugars. Fifth
factor was prominent with 4.27% variability and maximum contribution was from protein
and total phenolic contents.
A linkage map based on variables of first two factors was developed which accounted
69.71% total variations (Fig. 4.5). This 2D plot explained that biochemical traits including
total sugars, glucose, fructose and sucrose were strongly correlated compared to other traits;
similarly, enzymatic activity like CAT, POD and protease also showed positive correlation
but SOD was most divergent.
PCA plot (Fig. 4.6A) based on biochemical analysis of fruits of various breeding
parents and combinations showed that KM1, KM8 and HM8 were the most divergent as
compared to other combinations.Two clear groups were formed; one containing the
combinations KM2, KM3, KM4, KM5 and KM6, and the other had HM1, HM2, HM3, HM4,
HM5, HM6, and HM7.However, variations existed within the second group. KM0 and HM0
also made a separate group but in negative quadrate so are of less importance.
PCA biplot (Fig. 4.6B) for all the combinations developed from 9 pollen and 2 female
parents showed that HM8 developed from cultivar Hillawi and pollen parent M8 were more
sweet (glucose) in taste. KM6 had high TSS, protease and POD. KM1 showed the close
associations for SOD activity; however,rest of the combinations was confined to close group.
KM0 and HM0 grouped irrespective of any biochemical activity.
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Figure 4.4:-

The scree plot component for biochemical variables of date palm cvs.
Hillawi and Kudrawy affected by different pollen parents

Table 4.48:- Eigenvalues and cumulative variance of the first 4 components for
biochemical variables of fruits of date palm cvs. Hillawi and Kudrawy
affected by different pollen parents

Traits

F1

F2

F3

F4

F5

TS

0.30

-0.34

-0.08

0.18

0.09

PRO

0.31

-0.02

-0.09

0.03

0.50

DPPH

0.06

0.65

-0.08

-0.13

-0.14

TPC

0.29

0.13

-0.25

-0.28

0.46

POD

0.31

0.14

0.37

-0.07

-0.08

CAT

0.29

0.31

-0.01

-0.09

-0.28

SOD

-0.07

0.38

-0.46

0.69

0.11

TSS

0.33

0.08

-0.08

-0.36

0.08

AA

0.08

0.19

0.70

0.36

0.30

PROT

0.34

0.17

0.14

0.16

-0.15

SUC

0.33

-0.19

-0.15

0.11

0.09

FRU

0.31

-0.27

0.03

0.30

-0.22

GLU

0.33

-0.09

-0.16

0.05

-0.48

Variability %

54.63

15.07

10.95

5.71

4.27

Abbreviation: Total sugars (TS), Protein (PRO), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Total phenolic contents (TPC), Peroxidase (POD), Catalaze (CAT), Superoxide dismutase
(SOD), Total soluble solids (TSS), Ascorbic acid (AA), Protease (PROT), Sucrose (SUC),
Fructose (FRU), Glucose (GLU)

Variables (axes F1 and F2: 69.71 %)
1

DPPH
0.75

SOD

0.5

CAT
AA

F2 (15.08 %)

0.25

PROT
POD
TPC
TSS)

0

PRO
GLU

-0.25

SUC
fFRU

TSS

-0.5

-0.75

-1
-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

F1 (54.63 %)

Abbreviation: Total sugars (TS), Protein (PRO), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Total phenolic contents (TPC), Peroxidase (POD), Catalaze (CAT), Superoxide dismutase
(SOD), Total soluble solids (TSS), Ascorbic acid (AA), Protease (PROT), Sucrose (SUC),
Fructose (FRU), Glucose (GLU)

Figure 4.5:-

PCA analysis based on first two components for biochemical variables of
fruits of date palm cvs. Hillawi and Kudrawy affected by different pollen
parents

Observations (axes F1 and F2: 69.71 %)
6

4
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Biplot (axes F1 and F2: 69.71 %)
16

12

DPPH
8
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SOD
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KM7
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4

0

-4

-8

-12
-20

-16

-12

-8

-4

0

4

8

12

16

F1 (54.63 %)

Abbreviation: Total sugars (TS), Protein (PRO), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
Total phenolic contents (TPC), Peroxidase (POD), Catalaze (CAT), Superoxidase (SOD),
Total soluble solids (TSS), Ascorbic acid (AA), Protease (PROT), Sucrose (SUC), Fructose
(FRU), Glucose (GLU)
Fig 4.6A,B:- PCA plot (A) and biplot (B) based on first 2 components for biochemical
variables of fruits of date palm cvs. Hillawi and Khadrawyaffected by
different pollen parents

Figure 4.7:-

Cluster analysis of pollen parents based on physicochemical analysis in
cultivar Hillawi

Fig. 4.7 shows the dendrogram that clustered the 9 combinations of Hillawi cultivar
(developed from pollination with their respective pollen parents) into three phenotypically
correlated clusters. First cluster had only one genotype HM8. Similarly second cluster also
shared a single combination i.e., HM0

but last group was comprised of rest of all

combinations in which one subgroup was confined to HM7 and HM3 and the second
subgroup contained HM1, HM6, HM5, HM2 and HM4.However, HM1 and HM6, and HM5,
HM2 and HM4 were closely linked with each other.

Figure 4.8:-

Cluster analysis of pollen parents based on physicochemical analysis in
cultivar Khadrawy

Fig. 4.8 reveals the phenotypical clustering of 9 combinations of pollen parents with
cultivar Khadrawy based on physicochemical analysis. First group had only single
combination i.e., KM0 while the second group was comprised of HM8. The third group
enclosed two sub groups. One subgroup was confined to KM3 and KM7 while the second
subgroup included KM5, KM6, KM4, KM2 and KM1where KM6 and KM5 showed close
associations. Similarly KM2 and KM4 were closely linked but KM1 was divergent.

4.1.2.13 Correlation coefficients among physicochemical variables of fruits of date
palm cv. Hillawi
Strong positive correlation was observed between physicochemical traits in date palm
cultivar Hillawi (Table 4.49). Strong positive correlation was found between fruit weight and
pulp weight (0.9495), bunch weight and pulp weight (0.9255), fructose and protease
(0.9074), total soluble solids and total sugars (0.9063), pulp weight and protease (0.9142).
High correlation was observed between the traits like fructose and peroxidase (0.8926), pulp
weight and fruit area (0.8938), fruit area and protease (0.8706), sucrose and total sugars
(0.8569), fruit area and total sugars (0.8538), DPPH and total sugars (0.882) and between the
total soluble solids and DPPH (0.802). Contrary to positive correlation negative correlation
also existed between physicochemical traits like maturity time and fruit area (-0.9398),
followed by pulp weight and maturity time (-0.8736) and the maturity time and total sugars
(-0.8549).
4.1.2.14 Correlation coefficients among physicochemical variables of fruits of date
palm cv. Khadrawy
Correlation analysis showed strong associations between the physicochemical
variables of all combinations of date palm cv. Khadrawy. Strong positive correlation was
observed between fruit weight and fruit area (0.9623), SOD and DPPH (0.9414), pulp weight
and fruit area (0.9368), total soluble solids and POD (0.9273), pulp weight and fruit area
(0.9156),fruit weight and total sugars (0.868) and bunch weight and protease (0.8287) (Table
4.50). Contrary to positive correlation occasional negative correlation also existed within
these variables as maturity time was strongly negatively correlated with protease activity
(0.9652), catalase activity (-0.9207) and with superoxide dismutase (-0.7163).

4.2

Hybridization in date palm for germplasm enhancement
To maintain the quantity and quality of date, experiment was conducted with the

objective of analyzing the cultivars receptiveness and response regarding targeted and non
targeted pollen sources. Genetic variations generated through hybridization are criteria for
the parents and hybrids along the agronomic characters.
Polymorphic molecular markers like Simple Sequence Repeats (SSR) were used to
identify the true hybrids of date palm. Total 12 SSR primers were used in this study but only
6 primers clearly produced the SSR bands amplification with different sizes ranging from
125 to 500bp. These six microsatellite primers resulted in 66 microsatellite loci with a mean
of 11 loci per primer.
4.2.1

Hybrid confirmation of date palm genotypes with mpdCIR10
The gel picture (Fig.4.9) depicted that primer mpdCIR10 amplified the highest

microsatellite loci. Hybrids from 15 to 22 had the contribution from 8 male sources and
female Hillawi except 22 hybrids that showed the resemblance with Khadrawy. Progeny
from 23 to 30 were the result of breeding between Khadrawy (female) and 8 male accessions.
Hybrid 15 (HM1) was the combination of male 1 and cultivar Hillawi (9, 10, 11). True
hybrid HM1 shared one locus (135 bp) from female parent and two loci of 150 bp and 225 bp
from the male parent (Figure 4.9). Hybrid 17 (HM3) was the true hybrid of male parent M3
and female parent of cultivar Hillawi (9, 10, 11) . It gained one locus (135 bp) from female
parent while 3 loci of 125bp, 200 bp and 325 bp from the male parent that confirmed it as the
true hybrid of HM3. Similarly hybrid 18(HM4) showed the banding pattern of male parent
M4 and female parent from Hillawi. Contribution from female parent was of two loci 135 bp
and 200 bp while male parent contribute two fragments of 125 bp and 175 bp. HM5 (19) was
the true hybrid of Hillawi (female) and male parent M5. It shared the female loci of 135 bp
and 200 bp and three loci (125, 175 and 225 bp) loci from male parent. Hybrid 20 (HM6)
was the result of hybridization of male 6 and female (Hillawi). It showed the close
resemblance of two parents in which two common loci (135bp and 160 bp) from both male
and female parents were observed but additional female loci of 200bp was also present in
true hybrid HM6.

Table 4.51:- SSR primers detail and summary of genetic diversity information by
locus in date palm parents and progeny cv.Hillawi and Khadrawy used
for Hybrid Confirmation
Sr.No

P.code

AS

MAF

G.no

GD

HZ

PIC

1

mPdCIR010

145-340

0.51

18

0.58

0.31

0.50

2

mPdCIR015

140-190

0.5

4

0.54

0.73

0.46

3

mPdCIR016

100-220

0.55

10

0.51

0.33

0.40

4

mPdCIR025

210-320

0.62

10

0.48

0.36

0.42

5

mPdCIR057

175-500

0.58

17

0.5

0.38

0.42

6

DP159

125-175

0.63

7

0.46

0.54

0.37

Total

3.39

66

3.07

2.65

2.58

Mean

0.57

11.00

0.51

0.44

0.43

P.code= Primer code AS= Allele size MAF= Major allele frequency GN= Genotype number
GD= Genetic diversity HZ= Heterozygosity PIC= Polymorphic information contents
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Hybrid identification of 30 date palm genotypes including 8 males (1-8)
and 6 females (9-14) along their progeny (15-30) with SSR primers
mpdCIR10. M is 50 bp ladder (Fermentas USA)

4.2.2

Hybrid confirmation of date palm genotypes with mpdCIR15
Hybrids from 22 to 30 (KM1, KM2, KM3, KM4, KM5, KM6, KM7 and KM8) were

attained from the female parent cultivar (Khadrawy) and 8 male date palm accessions.
Hybrid 23 (KM1) got the homozyygous locus of 135 bp from female parent while 2 loci of
150 bp and 225 bp from male parent M1. Similarly KM4 (26) was the true hybrid of
Khadrawy and male 4. It shared one locus of 125 bp and a common locus in both parent of
135 bp while one heterozygous locus of 200bp from the male parent. Hybrid 28 (KM6)
showed the close resemblance with male parent M6 and female parent of Khadrawy. KM8
had attained one locus of 125bp from female parent (Khadrawy) while two loci (135 bp and
200bp) from the male parent 8. It was confirmed that all these hybrids were the true hybrid
from their respective parents (Fig. 4.10).
Hybrids produced as a result of crossing between the 8 male accessions and 2 female
varieties resulted in 16 new combination. Primer mpdCIR15 revealed that progeny from 15
to 22 (HM1, HM2, HM3, HM4, HM5, HM6, HM7 and HM8) were the hybrids of Hillawi
with 8 male date palm accessions while hybrids from 23 to 30 (KM1, KM2, KM3, KM4,
KM5, KM6, KM& and KM8) were originated from 8 male parents and a female parent
(Khadrawy). Both varieties which were used as female parents have the same banding pattern
with two heterozygous locus (135/140 bp). T Hybrid 15 (HM1) shared the common
heterozygous locus (125bp and 145 bp) from both the parents male and female respectively.
HM4 (18) attained the hererozygous locus from female parent (Hillawi) while a
monomorphic locus of 190/190 bp was contributed from the male parent M4. Similarly
hybrid 19 (HM5) acquired a heterozygous locus from female parent (Hillawi) but
monomorphic locus (190/190 bp) from the male parent M5. All the hybrids produced from
Khadrawy (Female parent) and 8 male accessions shared the common heterozygous locus
(135/140 bp) from female while monomorphic locus from male in progeny 25 (KM3), 26
(KM4) and 27 (KM5) respective to their parents. KM6 (28) hybrid showed the pattern
similar to its parent (Khadrawy and M6).

Figure 4.10:- Hybrid identification of 30 date palm genotypes includes 8 males (1-8)
and 6 females (9-14) along their progeny (15-30) with SSR primers
mpdCIR15. M is 50 bp ladder (Fermentas USA)

4.2.3

Hybrid confirmation of date palm genotypes with mpdCIR16:
Primer mpdCIR16 was used to identify the hybrids from the progeny of date palm.

Progeny from 15 to 22 was the hybrids of 8 male accessions and female of cultivar Hillawi
while progeny from 23 to 30 was produces from 8 male accessions and female of cultivar
Khadrawy (Fig. 4.11). Hybrid 15 (HM1) received a heterozygous locus (245/255 bp) from
male parent M1 (1) and a single locus of 190 bp from the female parent ant made it true
hybrid. Male parent 2 (M2) and female parent 9 (F9) added a locus of 260 bp and 190 bp
respectively in hybrid plant 16 (HM2). Hybrid 18 (HM4) acquired a heterozygous locus
from the male parent M4 of (245/255 bp) and a locus of 190 bp from the female parent plant
while a unique fragment of 210 bp was also observed. Hybrid 19 (HM5) also shared the
heterozygous loci (245/255 bp) from male parent M5 (5) while a monomorphic single locus
(190 bp) from female parent and confirmed it a true hybrid. In hybrid 21 (HM7) two loci
(255bp and 190 bp) were observed with sharing of two parents 7 (M7) male and 9 (H9)
female respectively. Hybrid 23 (KM1) was the combination of male parent 1 M1) and the
female parent of cultivar Khadrawy. It shared the one heterozygous locus (245/255 bp) from
male parent 1 (M1) and a heterozygous locus190/200 bp from the female 12 (K12) and a
unique band of 220 bp. Hybrid 26 (KM4) and 27 (KM5) showed the similar pattern of their
parents. Hybrid 28 (KM6) received the locus of 190 bp from their respective male and female
parents.
4.2.4

Hybrid confirmation of date palm genotypes with mpdCIR25:
Microsatellite primer mpdCIR25 identify the hybrids produced as a result of crossing

between selected male accessions and female varieties. Hybrids from 15 to 22 (HM1, HM2,
HM3, HM4, HM5, HM6, HM7 and HM8) belonged to cultivar Hillawi and 8 male parent
accessions while hybrids from 23 to 30 (KM1, KM2, KM3, KM4, KM5, KM6, KM& and
KM8) were produced from cultivar Khadrawy and male parents. Females of variety Hillawi
had a monomorphic locus of 210 bp that is present in all the hybrids while male specific
fragment differ. Hybrid 15 (HM1) share a locus from female (210 bp) as well as two loci
(220 bp and 290 bp) from male M1 but a unique locus of 250 bp was also observed. Hybrid
16 (HM2) got a monomorphic locus (210 bp) from female but 2 loci (240 bp and 320 bp)
were contributed from male M2. Hybrid 17 (HM3) was a true hybrid of Hillawi and M3 as

female and male contributed their loci i.e single locus (210 bp) and two loci (225 bp and 320
bp).
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Figure 4.11:- Hybrid identification of 30 date palm genotypes including 8 males (1-8)
and 6 females (9-14) along their progeny (15-30) with SSR primers
mpdCIR16. M is 50 bp ladder (Fermentas USA)

Figure 4.12:- Hybrid identification of 30 date palm genotypes including 8 males (1-8)
and 6 females (9-14) along their progeny (15-30) with SSR primers
mpdCIR25. M is 50 bp ladder (Fermentas USA)

respectively but a very unique fragment of 160 bp was appeared which was absent in both of
the parents. Hybrid 20 (HM6) was the clear reflection of the parents as it had a homozygous
locus (210 bp) from female parentHillawi and one homozygous locus (225 bp) from male
parents. Three loci (190 bp, 300 bp and 320 bp) from the male M7 (7) parent and a single
locus of 210 bp from female parent was contributed in hybrid plant 21 (HM7). Hybrid 22
(HM8) attained a single fragment (210 bp) from female dale palm variety Hillawi while 2
fragments of 280 bp and 310 bp from male parent M8 (8). These are the true hybrids of date
palm variety Hillawi with their respective male parent. Hybrid 23 (KM1) was the true
combination of date palm female variety Khadrawy and male parent M1. It shared the two
loci (210 bp and 230 bp) from the female and a single locus of 310 bp from the male parent 1
(M1). Hybrid 25 (HM3) received 1 locus (320 bp) from male parent M3 and 2 loci (210 bp
and 230 bp) from the female parent of Khadrawy. Two loci of 210 bp and 230 bp from
female 12 (K12) and two loci from male parent M4 were contributed in hybrid 26 (KM4).
Hybrid 28 (KM6) acquired the fragments from both the parents along with a unique fragment
of 275 bp. Hybrid 29 also shared the one locus (300 bp) from male parent and two loci (220
bp and 290 bp) from female parent of cultivar Khadrawy. F13 (13) female added its two
fragments 210 bp and 230 bp while 8 (M8) added two fragments of 280 and 310 bp in hybrid
30 (KM8). The Figure (4.12) depicted the true hybrids of date palm.
4.2.5

Hybrid confirmation of date palm genotypes with DP159
Primers were selected from the Hamwieh et al. (2010). Only that primer DP159 was

used that clearly differentiate the hybrids from the progeny. A polymorphic band common in
all the females is present in all hybrids (Fig. 4.13). Hybrids from 15 to 22 had the
contribution of 8 males and female variety Hillawi while hybrids from 23 to 30 have shared
from eight male accessions and female from variety Khadrawy. Hybrid 15 have the
contribution from male 1 and female 11 while hybrid 22 and 30 share the same pattern from
male 8 so these are the true hybrid of male 8 with Hillawi and Khadrawy respectively.
Similarly hybrid 19 and 27 had the same banding pattern as male 5 and females Hillawi and
Khadrawy respectively. Hybrid 18 and 27 share the common male i.e Male 4. Male 7 showed
its pattern in progeny 21 and 29 with its respective females so this picture depicted complete
banding pattern and confirm the true hybrids of date palm that can be explored in future.
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Figure 4.13:- Hybrid identification of 30 date palm genotypes including 8 males (1-8)
and 6 females (9-14) along their progeny (15-30) with SSR primers DP
159. M is 50 bp ladder (Fermentas USA)

4.2.6

Hybrid confirmation of date palm genotypes with mpdCIR93:
A highly polymorphic microsatellite marker mpdCIR93 was used to identify the

hybrid produced within the progeny. Progeny plants from 15 to 22 were cross of 8 male
parents accessions female variety Hillawi while from 23 to 30 were the resultant progeny of
similar male parents along the female variety Khadrawy. Hybrid 15 (HM1) was the true
hybrid of male parent (1) M1 and female parent Hillawi (Fig. 4.14). A heterozygous loci of
175/180 bp was obtained from the male parent while female shares two loci of 225 bp and
240 bp in hybrid 15 (HM1). Hybrid 16 (HM2) shares the 1 locus (175 bp) from male parent
(2) M2 and two locus (225 bp and 240bp) from female 10 (F10). Female 10 contribute the
two bands of 225 bp and 240 bp but male parent 5 (M5) contributed heterozygous locus of
175/180 bp in hybrid 19 (HM5). Hybrid 22 (HM8) received a heterozygous fragment of
165/170 bp from the male parent while two loci of 225 bp and 240 bp from female parent 10
(F10). Hybrid 23 (KM1) comprised of two parents 1 (M1) with 1 locus (175 bp) from male
parent while a locus 210 bp from the female parent (225 bp) with two new combinations.
Similarly hybrid from 24 to 30 shared some common bands from the female parent and from
their respective male parents and resulted progeny are considered true hybrid of date palm.
Total 6 primers identified the true to type as well as ambiguous hybrids (Table 4.52).
Primer mpdCIR10 identified the maximum no of true hybrids 13 (81.25%) out of 16 while 3
ambiguous hybrids (18.75%) comparatively, DP159 detected only 10 (62.5%) true hybrids
and maximum ambiguous hybrids i.e 6 (37.5%). 75% true hybrids were determined with
primer mpdCIR16 and mpdCIR25 followed by the mpdCIR15 and mpdCIR93 (68.75%).
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Figure 4.14:- Hybrid identification of 30 date palm genotypes including 8 males (1-8)
and 6 females (9-14) along their progeny (15-30) with SSR primers
mpdCIR93. M is 50 bp ladder (Fermentas USA)

Table 4.52:- A summary of hybrid confirmation by SSR markers in date palm
hybridization
Sr.
No.

Primer code

No of true
hybrids

No of ambiguous
hybrids

% True
hybrids

% of ambiguous
hybrids

1

mPdCIR010

13

3

81.25

18.75

2

mPdCIR015

11

5

68.75

31.25

3

mPdCIR016

12

4

75

25

4

mPdCIR025

12

4

75

25

5

mPdCIR093

11

5

68.75

31.25

6

DP159

10

6

62.5

37.5

Mean

11.5

4.5

71.875

28.15

4.3

Determination of sex in date palm plantlets by using molecular markers
The microsatellites studied were highly polymorphic, having a great numbers of

alleles. Total 109 alleles were scored with a mean of 9.08 alleles per locus while allelic range
varied from 5 to 16 using primers mpdCIR15 to mpdCIR57 respectively (Table 4.53).
The 12 primers examined in this study effectively generated clearly amplified SSR
bands with different sizes ranging from 100bp with primer mpdCIR16 to 500bp with primer
mpdCIR32 and mpdCIR57 (Table 4.53). 12 microsatellite primers used with 30 date palm
samples formed 118 microsatellite loci with a mean of 9.83 per primer. With primer
mpdCIR10 highest microsatellite loci were amplified while with mpdCIR15 only 4 different
microsatellite loci were scored.
Total of 12 SSR primers were successfully identified which yielded the specific loci
in male and female plants separately. These primers produced 15 polymorphic loci
specifically in male date palm samples and same DNA fragments were identified in date
palm seedlings (Table 4.54), and the seedlings harboring the unique fragments were further
characterized as male plants. Increasingly 38.46% of these loci were scored as homozygous
alleles (Table 4.54) while 61.53% heterozygous allelic loci were determined. Male-6 was
detected with minimum markers, only 2 markers identified this male while maximum was in
male-4 in which 10 markers out of 12, detected the male characters (Table 4.54) followed by
the male-5 (7 markers), male 2, male 3 and male-7 (6 markers), while rest of the male
samples M8 and M1 were identified with 5 and 4 markers respectively.
Primer mpdCIR48 produced a specific locus (250/250) in all male plants where as the
same locus was absent in female plants. Primer mpdCIR25 identified 6 male plants with a
specific homozygous locus 270/270. Similarly primer mpdCIR10 amplified the two different
fragments, one homozygous locus (230/230 bp) in male-2 while one heterozygous locus
(230/240) in male- 4 and male-5. Using the marker mpdCIR16 one homozygous fragment of
(190/190bp) was scored in male-1; while another fragment of 180/180bp was identified in
male-3. Primer mpdCIR25 characterized 6 male plants out of 8 and a locus of 270/270 bp
was present in male samples of 1,2,4,5,7,8. Likewise mpdCIR32 amplified a specific
fragment 290/294 bp in three male samples. Three heterozygous loci were scored in male 4,
5 and 6 while a single homozygous locus (235/235 bp) was only amplified in male-8.

Table 4.53:- SSR primers detail and summary of genetic diversity information by
locus In date palm parents and progeny cvs.Hillawi and Khadrawy
Sr.no

Primer code

1
2
3
4
5
6
7
8
9
10
11
12

mPdCIR010
mPdCIR015
mPdCIR016
mPdCIR025
mPdCIR032
mPdCIR035
mPdCIR048
mPdCIR057
mPdCIR070
mPdCIR085
mPdCIR093
DP168

Allele
size
145-340
140-190
100-220
210-320
300-500
190-275
125-200
80-500
150-410
180-400
75-240
190-300
Total
Mean

Major
allele
Freq.
0.51
0.5
0.55
0.62
0.67
0.69
0.74
0.58
0.65
0.55
0.7
0.74
7.5
0.63

Genotype
no
18
4
10
10
9
8
5
17
13
8
9
7
118
9.83

Allele
no
15
5
9
8
9
8
5
16
10
7
9
8
109
9.08

Gene
diversity
0.58
0.54
0.51
0.48
0.43
0.42
0.39
0.5
0.45
0.51
0.38
0.4
5.59
0.47

Herozygosity
0.31
0.73
0.33
0.36
0.4
0.24
0.28
0.38
0.38
0.66
0.35
0.28
4.7
0.39

PIC
0.50
0.46
0.40
0.42
0.34
0.36
0.33
0.42
0.38
0.40
0.32
0.34
4.7
0.39

Table 4.54:- Sixteen Homozygous and heterozygous allele (base pairs) marker that
identify male date palm trees
M1

M2

M3

M4

M5

M6

M7

230/230

335/340

230/240

230/240

160/170

160/170

160/170

170/170

270/270

270/270

270/270

270/270

290/294

290/294

M8

1

CIR 10

2

CIR 15

3

CIR16

190/190

4

CIR25

270/270

5

CIR32

6

CIR35

7

CIR48

8

CIR57

9

CIR70

300/310

300/310

10

CIR85

160/162

160/162

11

CIR93

12

DP168

250/250

180/180

290/294

240/235

240/235
245/250

245/250

245/250

245/245

295/295

80/85

80/85

170/175

245/250

170/175
300/310

300/310

270/270

240/235

235/235

245/250

245/250

170/175
300/310

Great variations were observed in primer mpdCIR57 where a locus of 85/85bp was
found in male- 3 and male- 4 and a fragment of 295/295 bp was found in male - 2 that is the
most promising locus to determine the male plants from progeny. Moreover primer
mpdCIR70 differentiate the two male plants with a heterozygous locus 300/310bp and a
similar locus was identified in male-2, male-3, male-4 and male-5 and male-6 with the primer
DP168 (Fig. 4.17). Following two allele sized 170/175bp amplified with primer mpdCIR 93
and 160/162bp (exhibited by primer mpdCIR93) were repeated twice in male 4 and male 7
while there was not any existence of these alleles in six female date palm trees.
The data resulted from combination of 12 primers enabled the seedling samples of
date palm cultivars to be divided into two groups i.e male and female regarding their sex
expression comparative to the parents (male + female)

using the principle coordinate

analysis (PCoA) with the past software. Preferably Hamming distance was selected
compared to the other distance because for shared characteristics it does not consider the
common absence of allele. For present study it was therefore considered to be most suitable,
that included highly polymorphic data of microsatellite straddling ploidy at two levels.
PCoA suggested the total four broad groups comprising 8 male parents, 6 female
parents 11 male progenies and 5 female progenies.

Trees are autonomous with 29%

variations explained by first axis and 14 % by the second axis. Figure (4.15 & 4.16) depicted
the variation within the parents, among the parents and progeny. Male parents were found
highly diverse from female parents and progeny. Among male parents M8 and M5 were
more divergent than other male plants, whereas the female sample number 20, 21 and 22
(H1, H2, H3) belong to same variety were closely compared with K1, K2, and K3 while K3
showed some genetic distances.

Figure 4.15:- Scatter plot of first and second principle coordinate analysis (PCoA) of
male and female parents based on the SSR from 12 primers

Figure 4.16:- Scatter plot of first and second principle coordinate analysis (PCoA)
using the hamming distance measures in convex hulls based on the SSR
from 12 primers

Fig 4.17:-

Sex determination of 30 date palm genotypes including 8 males (1-8) and
6 females (9-14) along their progeny (15-30) with SSR primers DP168. M
is 50 bp ladder (Fermentas USA)

4.4

Genetic characterization of breeding parents and its population:

4.4.1

Genetic Diversity among parents:
A total of 19 date palm specific microsatellites primer pairs were used to assess the

genetic variability from which 18 were highly polymorphic except the primer DP160 which
amplified monomorphic banding pattern (Fig.4.18) and it was excluded from the results. 18
primers detected molecular variability and generated the polymorphic banding pattern among
14 genotypes (8 males and 6 females). Size of scorable and reproducible bands ranged from
75 to 500 bp. Fig. 4.19 represents the date palm male and female banding pattern with
primers mpdCIR25 and DP159 showing the genetic variability. All microsatellite primers
were polymorphic, possessing wide range of alleles, a total of 123 alleles with a mean of 6.83
per locus were scored, however allele numbers varied from 2 (DP171, DP175) to 15 with
primer mpdCIR57. Moreover 14 microsatellite primers applied on 8 males and 6 female
samples scored 123 loci with a mean of 6.83 per primer (Table 4.55). SSR primer mpdCIR10
produced maximum number of loc i.e. 18 whereas only 2 microsatellite loci were determined
with primer DP175.
The mean value for genetic diversity was 0.38 ranged from lowest 0.1 (for locus
DP172) to higher diversity 0.58 (for locus mpdCIR15). Primer pair mpdCIR15 had the
maximum heterozygosity (0.79%) while primer pair DP175 generated only 0.1%. Average
major allele frequency was 0.69 ranged from 0.46 in marker mpdCIR15 to 0.95 in primer
pair DP175. Increasingly polymorphism information content (PIC) that is more exclusively
used in genetics for polymorphism estimation for a marker locus applied in linkage analysis
ranged from 0.09 with marker DP172 to 0.48 with primer pair mpdCIR15, while average
value was 0.32 per marker.
A similarity matrix between male and female date palm cultivars showed an average
similarity coefficient ranging from 0.00 to 1.00. Cultivars studied showed the narrow genetic
base. The least similarity coefficient value (0.4619) was estimated between 2 &12 (M2 and
K3) that showed how far the relationship between these two male and female and highest
similarity coefficient (0.8758) was observed between the cultivar Khadrawy number 13 &
14 (K2 and K3)which seemed to be nearest between two varieties so these can be closely
grouped (Table 5.56). All other cultivars of male and female exhibited different levels of
similarity but still were grouped with each other.

The phylogenetic diagram (Phylogram) depicted the divergence between the male and
female parents and suggests their tree branching (Fig. 4.20). Male trees cluster separately
from female parents. This phylogenic tree showed the two main clusters, the first contained 8
males (M1, M2, M3, M4, M5, M6, M7 and M8) while second cluster included 6 females
(H1, H2, H3, K4, K5 and K6). First cluster was further divided into two subgroups. One
subgroup contained two males M7 and M8 that were very close to each other as they share
some allelic range but divergent from rest of the males while second subgroup included 6
males in which M1 and M5 showed close associations followed by M2 and M3 while M4
and M6 had resemblance with each other but all these 6 males had their relativeness with
each other so clustered in a same subgroup. In second subgroup H2 and H3 showed their
close associations with each other but different from rest of the female parents. Similarly K5
and K6 had close resemblance but H1 and K4 were different but shared a same subgroup.
Analysis of molecular variance showed the 40% variations among the populations
while 60% variations between the populations (Table 4.57). Polygenetic dendrogram
grouping of 14 date palm male and female parents could be confirmed from Principle
Component Analysis generated by 18 SSR markers used in this study (Fig. 4.21). It revealed
the high genetic diversity among all the parents, some male and female parents were
scattered in all planes of PCA plot and showed the broad genetic base. H2 and H3 presented
in first plane showed the close association with each other but distinct from other female
parents (H1, K1, K2, and K3). Similarly male parents (M1, M3 and M5) closely resembled
present in same plane but different from M6 however, this group was distinct from M2, M4,
M7 while M8 was divergent from rest of the male parents. Hence the results showed genetic
variations between male and female parents and concluded that H2 and H3 could produce the
more promising hybrids when combined or breed with M2, M4 and M7.
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Figure 4.18:- Diversity estimation of 14 date palm parents including 8 male (1-8) and 6
females (9-14)with their monomorphic band amplification using SSR
primer DP160
14 13 12 11 10 9 8 7 6 5 4 3 2

1

Figure 4.19:- Diversity estimation of 14 date palm parents including 8 male (1-8) and 6
females (9-14 )with their polymorphic band amplification using SSR
marker mpdCIR 25 and DP159

Table 4.55:- Genetic diversity information using 18 SSR makers for 14 date palm
parents.
Primer code

AS

MAF

GN

AN

GD

HZ

PIC

mPdCIR010

145-340

0.57

17

15

0.52

0.30

0.46

mPdCIR015

140-190

0.46

3

5

0.58

0.79

0.48

mPdCIR016

100-220

0.82

8

7

0.23

0.18

0.20

mPdCIR025

210-320

0.58

9

7

0.49

0.21

0.43

mPdCIR032

300-500

0.79

6

7

0.25

0.41

0.20

mPdCIR035

190-275

0.77

7

7

0.30

0.19

0.26

mPdCIR048

125-200

0.63

7

5

0.47

0.32

0.38

mPdCIR057

175-500

0.76

12

13

0.33

0.38

0.28

mPdCIR070

150-410

0.63

8

9

0.41

0.64

0.33

mPdCIR085

180-400

0.60

7

7

0.47

0.62

0.36

mPdCIR093

75-240

0.69

9

9

0.40

0.38

0.33

DP159

125-175

0.61

7

7

0.49

0.50

0.40

DP168

190-300

0.79

5

6

0.30

0.33

0.25

DP169

125-175

0.56

6

7

0.50

0.55

0.41

DP170

260-300

0.55

5

5

0.52

0.50

0.45

DP171

225-250

0.79

2

2

0.34

0.43

0.28

DP172

75-200

0.95

3

3

0.10

0.11

0.09

DP175

60-135

0.93

2

2

0.13

0.10

0.12

Total

12.47

123.00

123.00

6.84

6.94

5.72

Means

0.69

6.83

6.83

0.38

0.39

0.32

AS= Allele size MAF= Major allele frequency GN= Genotype number AN= Allele number
GD= Genetic diversity HZ= Heterozygosity PIC= Polymorphic information contents

Table 4.56:- Genetic similarity matrix between date palm parents with Nei’s and Lei’s
similarity indices using popgen (ver 1.44).

M1
M5
M2
M3
M4
M6
M7
M8
H1
K5
K6
K4
H2
H3

Figure 4.20:- Cluster analysis of 14 date palm parents with19 SSR markers.

Table 4.57:- Analysis of molecular variance of date palm parents.

Source

df

SS

MS

Est. Var.

%

Among Pops

1

71.071

71.071

8.481

40%

Within Pops

12

155.000

12.917

12.917

60%

Total

13

226.071

21.398

100%

Table 4.21:- Two dimensional PCA plot for 14 male and female date palm parents
generated from 18 SSR primers.

4.4.2

Genetic diversity among progeny:
16 date palm hybrids developed from male and female breeding were analyzed with

total 19 SSR markers to assess the genetic variability while only one primer DP160 amplified
the monomorphic pattern and rest of the 18 SSR primers were highly polymorphic. Figure
4.22 represented the date palm progeny banding pattern from primer mpdCIR25 and also
revealed the genetic variability. The size of scorable and reproducible bands ranged from 75
to 450 bp. The microsatellite primers analyzed in this study were polymorphic, possessing
wide range of alleles, a total of 122 alleles with a mean of 6.78 per locus were scored,
however allele numbers varied from 2 with primersDP171, DP175 to 15 with primer
mpdCIR57. Moreover 18 microsatellite primers applied on date palm progeny formed 122
loci with a mean of 6.78 per primer (Table 4.58). SSR primer mpdCIR10 produced
maximum 16 different microsatellite loci whereas only 3 microsatellite loci were determined
with primer DP175.
Genetic diversity mean value varied from 0.09 for locus DP172 to 0.52 for locus
mpdCIR10. Mean value hetrozygosity was maximum 0.69 for primer pair mpdCIR15 and
mpdCIR85 but at par in DP172 i.e 0.09. Average major allele frequency was 0.69 ranged
from 0.51 in marker mpdCIR85 to 0.95 in primer pair DP172. Increasingly polymorphism
information content (PIC) that is more exclusively used in genetics for polymorphism
estimation for a marker locus applied in linkage analysis ranged from 0.08 with marker
DP172 to 0.42 with primer pair mpdCIR10, while average value was 0.32 per marker. Figure
(4.23) showed that 16 accessions of progeny had been successfully divided into three main
groups. First group contained 2 accessions of date palm progeny (F1 and F2). The second
group included seven hybrids (F3, F8, F6, F9, F7, F4, F5 and F16) and third main group
includes five accessions of date palm progeny i.e. F10, F11, F13, F14 and F15 grouped
independently. First main group was divided into two subgroups. In first subgroup F3 and F8
were closely related and clustered with F6, F9, F7 and F4 but second subgroup included two
accessions of date palm progeny (F5 and F16) and showed strong relationship and narrow
genetic base. In second main group F12 did not group with any accession while F10, F11,
F13 and F14 showed their genetic similarities by clustering in the same subgroup and shared
some allelic range. F12 resulted from combination of M7 and cultivar Khadrawy was most

divergent from rest off population. These results indicated that SSR markers used in this
study are valuable tool for genetic separation of date palm progeny.
Analysis of molecular variance showed that variations among and within the
populations was 41% and 59% respectively (Table 4.60).
A similarity matrix between date palm progeny showed an average similarity
coefficient ranging from 0.00 to 1.00. These hybrids showed the narrow genetic base.
Similarity coefficient value was least 0.5130 for 7 and 15 (HM7 and KM7) that showed how
far the relationship between these two hybrids (Table 4.59). Highest similarity coefficient
was obtained between two hybrids 8 and 9 (HM8 and KM1) which appeared to be closest
between these two hybrids so these were closely grouped. All other cultivars of male and
female exhibited different levels of similarity but still were grouped with each other.
The principle component analysis of date palm progeny produced from 18 SSR
primers could be used for further confirmation of phlogenetic grouping. This picture depicted
the diversity of the date palm new combinations (progeny) throughout the axis. KM1, HM3
and KM4 were included in the same group while HM5, HM8, HM5 shared the same group
but all the members of this group were so closed that it was difficult to distinguish them (Fig
4.24). HM1, HM2 and KM2 were included in the same group but there were great variations
among the group as HM1 and HM2 were close to each other but KM2 was at par. KM8,
KM7, KM4, KM5, KMo and KM6 were present in the same group however, KM8 and KM7
were distinguished from rest of the members of this group but KM4, KM5 and KM3 were so
closed that it was difficult to distinguish them. For the quality and variety improvement we
can cross the members of different groups to produce the new combinations in future.

Figure 4.22:- Diversity estimation of date palm hybrids using marker mpdCIR 25.
Diversity estimation of 16 date palm hybrids with their polymorphic
band amplification using SSR marker mpdCIR 25. M is a 50bp ladder

Table 4.58:- Genetic biodivesity information using 18 SSR makers for date palm
progeny
Sr.No

P. code

AS

MAF

GN

AN

GD

HZ

PIC

1

mPdCIR010

145-340

0.60

16

14

0.52

0.33

0.46

2

mPdCIR015

140-190

0.59

4

5

0.49

0.69

0.40

3

mPdCIR016

100-220

0.72

6

7

0.32

0.47

0.25

4

mPdCIR025

210-320

0.70

7

7

0.38

0.48

0.33

5

mPdCIR032

300-400

0.77

8

8

0.31

0.39

0.26

6

mPdCIR035

190-275

0.65

8

8

0.48

0.29

0.41

7

mPdCIR048

125-200

0.88

3

3

0.19

0.25

0.15

8

mPdCIR057

175-450

0.70

14

15

0.38

0.39

0.33

9

mPdCIR070

150-410

0.67

11

10

0.43

0.16

0.37

10

mPdCIR085

180-400

0.51

6

6

0.53

0.69

0.42

11

mPdCIR093

75-240

0.79

7

7

0.28

0.33

0.22

12

DP159

125-175

0.65

6

6

0.43

0.58

0.33

14

DP168

190-300

0.70

7

8

0.44

0.23

0.37

15

DP169

125-175

0.66

6

6

0.40

0.60

0.31

16

DP170

260-300

0.63

4

5

0.45

0.69

0.37

17

DP171

225-250

0.69

3

2

0.43

0.38

0.34

18

DP172

75-200

0.95

3

3

0.09

0.09

0.08

19

DP175

60-135

0.64

3

2

0.41

0.33

0.31

12.48
0.69

122.00
6.78

122.00
6.78

6.95
0.39

7.36
0.41

5.72
0.32

Total
Mean

AS= Allele size MAF= Major allele frequency GN= Genotype number ANo= Allele
number GD= Genetic diversity HZ= Heterozygosity PIC= Polymorphic information
contents

Figure 4.22:- Cluster analysis of date palm progeny with 19 SSR markers

Table 4.59:- Genetic similarity matrix between parents with Nei’s and Lei’s similarity
indices using popgen (ver 1.44)

Table 4.60:- Analysis of molecular variance among hybrid population
Source

df

SS

MS

Est. Var.

%

Among Pops

2

185.588

92.794

8.818

41%

Within Pops

27

346.813

12.845

12.845

59%

Total

29

532.400

21.663

100%

Figure 4.24:- Two dimensional PCA plot for hybrid population generated from 18 SSR
primers

4.4.3

Genetic diversity among parents and progeny:
All the date palm parents and progeny developed from the combination of these

parents were studied using the 19 SSR primers, 18 provided good amplification with
polymorphic nature, were used to access the genetic diversity. Banding pattern for parents
and progeny were shown (Fig. 4.25). Fragments were reproducible with the scorable size of
60 to 500. All microsatellite markers used in this study were highly polymorphic with wide
range of alleles. Total 135 alleles with the mean of 7.50 per locus were scored. Allele
number varied from 2 with primer pairs DP171, DP175 to 16 with primer pair mpdCIR57.
18 microsatellite primers resulted in 145 loci with a mean of 8.06 per primer (Table 4.61).
Primer DP175 produced 2 microsatellite loci while the primer mpdCIR10 determined 18
different loci. Genetic diversity varied from 0.06 for primer DP175 to 0.58 for primer
mpdCIR10. Mean value of heterozygosity was maximum (0.66) for primer mpdCIR85 while
least (0.02) in primer pair DP175. Average major allele frequency was 0.65 ranged from 0.50
in marker mpdCIR15 to 0.95 in primer pair DP175. Increasingly polymorphism information
content (PIC) that is more exclusively used in genetics for polymorphism estimation for a
marker locus applied in linkage analysis ranged from 0.06 with marker DP175 to 0.50 with
primer pair mpdCIR10, while average value was 0.35 per primer.
The phylogenetic tree showed 2 major groups that all the parents were separated from
the progeny (Fig. 4.26). First group was divided into 2 subgroups. First subgroup comprised
of 8 males (M1,M2,M3,M4,M5,M6,M7,M8) and the second subgroup contained 6 females
(H1,K5,K6,K4,H2,H3) in which K5 and K6 showed more resemblance and H2,H3 were
closely associated while H1 and K4 were more diverse. The second main group showed the
grouping among progeny or hybrids produced from breeding parents. Three subgroups were
observed in which first subgroup contained only two hybrids (F1,F2), second subgroup
included F3, F8, F6, F9, F7, F4, F5, F16 and third subgroup contained F10, F11, F13, F14,
F12 while F15 was most divergent from rest of the progeny.
Analysis of molecular variance showed that variations among and within the
populations was 31% and 69% respectively (Table 4.63).
Range of maximum and minimum similarity indices among parents and progeny
genotypes were determined with Nei’s and Le’s similarity indices using popgen (Ver 1.44).
These parents and progeny had the narrow genetic base (Table 4.62). Least similarity

coefficient value (0.4146) was determined for hybrid HM7 and male 2 (M2) that showed the
wide genetic base between this hybrid and parent. The highest similarity coefficient (0.8758)
was obtained between the female number 14 (K3) and female number 13 (K2) that appeared
to be closest and closely grouped. All other cultivars of male and female exhibited different
levels of similarity but still were grouped with each other.
Principle component analysis for the parents and the progeny showed the variations
among parents and progeny accessions but also between the male and female parents.
Variations were observed along the axis (Fig. 4.27). First quadrate contained K1, K2, K3,
H2, H3 as the same group but variations among this group were also present. The second
group contained 5 hybrids (HM3, KM6, HM8, HM4, & KM6 ) that were closely clustered
and showed the narrow genetic base. Third group comprised of 9 hybrids, which showed the
close resemblance within the same quadrate. The last group was observed with 8 males (M1,
M2, M3, M4, M5, M6, M7 & M8) and one female (H1) but all the males showed the diverse
nature as compared to the females that were closely clustered, although these were present
within the same group. This picture depicted that both male and female date palm trees were
distinct from each other but progeny developed from male and female combinations fall
between the parents.

Figure 4.25:- Diversity estimation of 16 date palm parents and progeny and their
polymorphic band amplification using SSR marker mpdCIR 25

Table 4.61:- Genetic biodivesity information using 18 SSR makers for date palm
parents and progeny.
Sr.No

P.code

AS

MAF

AN

GN

GD

HZ

PIC

1

mPdCIR010

145-340

0.51

15

18

0.58

0.31

0.50

2

mPdCIR015

140-190

0.5

5

4

0.54

0.73

0.46

3

mPdCIR016

100-220

0.55

9

10

0.51

0.33

0.40

4

mPdCIR025

210-320

0.62

8

10

0.48

0.36

0.42

5

mPdCIR032

300-500

0.67

9

9

0.43

0.4

0.34

6

mPdCIR035

190-275

0.69

8

8

0.42

0.24

0.36

7

mPdCIR048

125-200

0.74

5

5

0.39

0.28

0.33

8

mPdCIR057

175-500

0.58

16

17

0.5

0.38

0.42

9

mPdCIR070

150-410

0.65

10

13

0.45

0.38

0.38

10

mPdCIR085

180-400

0.55

7

8

0.51

0.66

0.40

11

mPdCIR093

75-240

0.7

9

9

0.38

0.35

0.32

12

DP159

125-175

0.63

7

7

0.46

0.54

0.37

13

DP168

190-300

0.74

8

7

0.4

0.28

0.34

14

DP169

125-175

0.61

7

7

0.46

0.58

0.38

15

DP170

260-300

0.58

5

5

0.5

0.6

0.43

16

DP171

225-250

0.53

2

3

0.5

0.4

0.37

17

DP172

75-200

0.95

3

3

0.09

0.1

0.08

18

DP175

60-135

0.97

2

2

0.06

0.02

0.06

mean

0.65

7.50

8.06

0.43

0.39

0.35

total

11.77

135

145

7.66

6.94

6.72

AS= Allele size MAF= Major allele frequency GN= Genotype number ANo= Allele
number GD= Genetic diversity HZ= Heterozygosity PIC= Polymorphic information
contents

Figure 4.26:- Cluster analysis of date palm parents and progeny with 19 SSR markers.

Table 4.62:- Genetic similarity matrix between parents with Nei’s and Lei’s similarity
indices using popgen (ver 1.44).

Table 4.63:- Analysis of molecular variance among date palm parents and hybrid
population.
Source

df

SS

MS

Est. Var.

%

Among Pops

1

114.516

114.516

6.669

31%

Within Pops

28

417.884

14.924

14.924

69%

Total

29

532.400

21.594

100%

Figure 4.27:- Two dimensional PCA plot for 14 male and female date palm parents
generated from 18 SSR primer

CHAPTER 5
DISCUSSION
5.1

Metaxenial studies:
Two female parents Hillawi and Khadrawy were used in this study although

genetically different. Hillawi is used most preferably at khalal stage while Khadrawy at rutab
or tamar stage because it had high phenolic and antioxidant contents at this stage but we
studied both cultivars at the same time to compare the effectiveness of pollen parents as both
are major commercial cultivars of Punjab (Pakistan).
Some physical and biochemical variables were selected to study the direct influence
and efficacy of different pollen parents on two date palm cultivars, i.e. Hillawi and
Khadrawy. These variables are important tools to characterize the best genotypes as pollen
parents (Roddriguez et al., 2008). The well defined traits related to fruit quality and fruit
yield are economically very important and targeted traits for plant breeders. The findings of
this study revealed that morphological and biochemical variables are reliable for
discriminating and estimating the qualitative variables in breeding parents.
5.1.1

Physical traits:
Among 8 physical traits studied in this experiment, ripening time is the one of most

important components. Earlier ripening of date palm is the desirable factor forPakistani
farmers in order to save the crop from monsoon rains which cause huge economic losses.
Maturity time of Hillawi and Khadrawy was significantly affected by 9 pollen parents;
however, M8 was most prominent regarding the earlier maturity in both cultivars where as
M2 reduced the maturity time in Hillawi and M7 in Khadrawy. Perean-Leroy (1958) studied
the effect of 24 different pollen parents and found the similar results. Results of this study are
also in line with Iqbal et al. (2012) who declared the M5 pollen the best to bring down the
earlier ripening in date palm cultivars. Our results are also favored by the findings of AlDelaimy and Ali (1969) and Nasser and Al-Khalifah (2006) who studied the effect of date
palm pollen on maternal tissues.
Bunch weight ranged from 7.90 to 18.83 kg in two varieties in response to different
pollen sources (Table 4.43). Similar range in bunch weight was determined in Zaghloul

cultivar using different pollen sources (Soliman, 2006). Rehaman et al. (2002) recorded the
maximum bunch weight when pollinate the Saki female parent with Serey pollen. El-Kosary
(2009) pollinated the Barhee cultivar with pollen from three different areas and recorded the
bunch weight that ranged from9.7kg to 11.02kg. Iqbal et al. (2012) contradicted these
findings because they found no significant effect of pollen sources on bunch weight of
cultivar Dhakki . Our results are also favored by the findings of El-Kassas (1983), ElKassas and Mohamed (1984), Nour et al. (1986), Moustafa (1998), Hussain et al. (2001),
Al-Wasfy (2005), Abdel-Galil et al. (2007) and Al-Obeed and Soliman (2011) who observed
increase in bunch weight in various date palm cultivars by using different pollen sources.
Fruit length and fruit weight ranged from 21.3-37.0 mm, 5.4-11.2 mm respectively
and depicted high variability in fruit area. Shafique et al. (2011) reported the variations in
fruit length of date palm cultivar Dhakki under the influence of three different pollen parents.
Similar positive correlation between pollen parents, fruit length and fruit width was reported
by Moustafa (2001), Bacha et al. (2000), Hani et al. (2006) and El-Kosary (2009). Similarly
fruit weight, seed weight and pulp weight was affected by of different male parents and the
physical parameters showed corresponding variations with their respective pollen source.
Our data is in agreement with Swingle (1928), Hussein et al. (1976), El-Sabrout (1979),
Abdelal et al. (1983), AI-Ghamdi et al. (1988), AI- Idany (1988), El-Makhtoun andAbdelKader (1993), Soliman (2002), Al-Wasfy (2005), Al-Hamoudi et al. (2006), Abdel-Galil et
al. (2007), Saad (2008), El-Kosery (2009) andAl- Qureshi (2010) for fruit length and width.
Interesting relationships were explained through observed correlations. It was
concluded that the fruit with more weight also have high seed weight, pulp weight and early
maturity. For instance, physical variables showed more negative correlations. On the basis of
strong correlations between pulp weight and fruit weight (0.796), fruit area and pulp weight
(0.692), pulp weight and maturity time (0.653) fruit length and fruit weight (0.526), fruit
width and bunch weight (0.523) it could be concluded that these factors were equally
important and could be used successfully for selection of superior male plants.
The results of PCA showed that most of the variables made their way in first two
components including fruit weight, seed weight, bunch weight, fruit length, fruit width, fruit
area and pulp weight. This signifies the importance of these traits not only for the assessment

and characterization of superior male parents but are equally important for diversity
estimation.
5.1.2

Biochemical traits:
Total soluble sugars recorded at khalal stage in two cultivars significantly differed

and maximum sugar was attained with M8 followed by M3 but minimum in open pollinated
fruits. Osman et al. (2002) pollinated the Hillawi cultivar with pollen from three different
sources (Aswan, Rashid and Giza) and this cultivar respond variably for total sugar contents.
Our findings are also in partial agreement with the report of Higazy et al. (1983). Moustafa
(2001) obtained the total sugar % in the Seewy cultivar (32.20, 34.600 and 33.10%) when
pollen from El-Sharkia, Asswan and El-Fayoum zones was applied, respectively. HPLC
profiling revealed large number of sugars but most prominent and abundant were glucose,
fructose and sucrose. Glucose contents showed higher degree of variations than fructose and
total reducing sugars. Previous findings reported that glucose and fructose are most abundant
sugars and sucrose with a small quantity but varies from variety to variety (Mustafa et al.,
1986; Al-Hooti et al., 1997). Using the HPLC method, data regarding the total sugars was
similar to those found in Tunisian (Amira et al., 2011), United Arab Emirates (UAE) and
Iranians (Rastegar et al., 2012) date palm cultivars.
The comparison of two date palm cultivars had significant differences in their means,
interaction effect of pollen parents and two varieties respond differently when pollen from 9
sources were applied and its value ranged from 32.87-73.56 µg/mL. The results of present
study are in range with the finding of Kim et al. (2002) and Awika et al. (2003). When
Iranian dates were studied using ABTS assay its results ranged from 228-500 µM TAE/100g
DW (Biglari et al., 2008). Our results revealed that fruits of Hillawi had more TPC (318.17
mg GAE/mg) than Khadrawy (314.05 mg GAE/mg). Pollen parents have potential to bring
changes in TPC of date palm as its value was 201.17 and 485.70 mg GAE/mg with M0 and
M8, respectively. These results are similar to the findings of Saafi et al. (2009) who
determined the phenolic range 209.42 mg GAE/100g (FW) and 447.73 mg GAE/100g (FW)
in two cultivars, i.e. Kentichi and Allig, respectively. Phenolic compounds are the vital part
of date fruit and different cultivars possess varying amount of antioxidents (Al-Farsi et al.,
2007a). The concentration of TPC was found maximum at khalal stage (Eid et al., 2011).
Contradictory values of total phenolics were also observed by Mansouri et al., (2005), Chaira

et al., (2009), Thabet et al., (2009) and Eid et al., (2011). The values of Results of TPC in
present study were almost similar or higher when compared with some other common fruits,
such as papaya (28 mg/100g), (Lim et al., 2007), oil palm (4.1-12.4mg GA/100g), (Czerniak
et al., 2011), guava (138 mg/100g) and raspberries (228 mg/100 g FW) (Proteggente et al.,
2002), apple (48 mg/100 g FW) and banana (51 mg/100g) (Lim et al., 2007).
The total soluble solids were 7.77 to 15.10°Brix in both cultivarswhen different
pollens were applied. Our results are parallel to the results of Osman et al. (2010) who
concluded that pollen collected from different regions were very effective for improving the
TSS percentage. These results are also similar to AI-Obeed and Abdul-Rahman (2002) and
partially in line with EI-Hammady et al. (1977), EI-Sabrout (1979), Khalifa et al. (1979) and
Bacha et al. (2000) but contrary to Rahemi (1998) who reported that pollen source did not
significantly affect the total soluble solid contents; however, the present study agreed that
pollen sources are effective for TSS change in date palm. These effects might be due to
genetic variability, vigor, growth and spathe characteristics (Nasir et al., 1986) and tree age
(Ibrahim et al., 1994).
Date palm flesh contained very small amount of proteins. It ranged 3.03-7.55µg/mL
when Khadrawy and Hillawi cultivars were pollinated with M0 and M8 respectively.
Similarly Amira et al. (2011) and Vayalil (2012) reported protein range of 2.22-5.02 g/100 g
FW in date fruits. Protein level was the highest at Khalal stage which may be due to some
enzymatic activities. Protein contents expressed comparable tendency in dates examined
from Lybia (Ishurd et al., 2004), Iraq (Auda et al., 1973), United Arab Emirates (Sawaya et
al., 1982, 1983; Ismail et al., 2008), Oman (Myhara et al., 1999; Al-Farsi et al., 2007a), Iran
(Sahari et al., 2007; Rastegar et al., 2012), Saudi Arabia (Awad, 2011; Awad et al., 2011b),
Tunisia (Ahmed et al., 1995; 2008; Bouaziz et al., 2008), , and other countries (Al-shahib
and Marshal, 2003; Vayalil, 2011). However, Amira et al. (2011) and Rastgar et al., (2012)
(in date fruits) disagreed with present findings. This variation in protein development might
be due to variations in origin and diversity among the cultivars, exposure to sunlight and
locality.
Vitamin C value was very close in two date palm cultivars but it showed significant
differences for pollen sources. It was recorded as 1.03 and 6.93 mg/100g in cultivar
Khadrawy when pollen from M0 and M7 was applied respectively. Amount of vitamin C

increased at early fruit development stage but gradually decreased with advancement in
development. This increase in acorbic acid during development might be due to dilution of
the compound during ripening and amount of this compound does not accumulate
progressively during development (Awad, 2011). This data is supported by the findings of
Yousaf et al. (1982)who reported the value of ascorbic acid in four date palm cultivars, i.e.
Zahdi (2.40 mcg/100g), Halawi (3.56 mcg/100g), Khadrawy (3.20 mcg/100g) and Sayer
(17.50 mcg/100g).
The comparison of means at khalal stage showed that M8 was over the entirebest
pollen source for all the enzymatic activities. Value for catalase (CAT) varied from 0.30-1.98
IU/mL. Similarly POD SOD was determined with a wide range of variation, i.e. 1075.731304.50 IU/mL. Protease activity was recorded from 114.34 to 268.17 IU/mL. Activity of
enzymes changed with maturity and rapid increase was observed when fruit ripened
(Moustafa et al., 1998). High range of enzymatic activity might be due to covering of spathes
as individual female spathe was covered with paper bag to reduce the chances stray pollen
contamination during pollination.
A strong correlation was found in total phenolic contents and antioxidant activity in
two date palm cultivars. Positive correlation between antioxident activity and total phenols
has been reported in date palm (Mansouri et al., 2005; Al-Turkey et al., 2010) and in other
fruits (Holasova et al., 2002; Javanmardi et al., 2003: Leontiwicz et al., 2003). Sucrose,
fructose and glucose are strongly correlated to total sugars.Similarly all enzymes showed
positive correlation with each other. The difference in findings might be due to different
mechanisms, analytical techniques and reaction conditions, while other factors like soil,
location, temperature, sunlight are also reported to be responsible for difference in studied
biochemical parameters.
This study identified the three best pollen sources based on physical and biochemical
traits. We used potential combinations through the breeding of 9 different pollen parents with
two female parents. On the basis of physicochemical results the best combinations can be
selected that might be a good selection in future. These priority combinations can be tested in
future on commercial scale. Among all the pollen sources M8 was declared as the best pollen
parent based on the most of the studied traits. M8 showed good results when pollinated with

Hillawi for early ripening. Most of the best traits e.g. fruit length, fruit width, total sugar,
pulp weight, DPPH , total phenolics, TSS and total proteins are associated with M8.
5.2

Hybrid confirmation
Date palm is a key economic and environmental factor in arid climates around the

world. Present study revealed the importance of Simple Sequence Repeats (SSR) markers for
hybrids identification, developed from different parent combinations. Microsatellite markers
are highly polymorphic, locus specific and reproducible. So far only few microsatellite
markers have been developed (Hamwieh et al., 2010). SSR marker has been extensively used
for hybrid identification and genetic purity estimation in other crops e.g. pear (Yamamoto.,
2001), peach (Wang et al., 2002) and tomato (Liu et al., 2007). Recent investigations of
hybrid analysis with SSR markers for date palm progeny showed that SSR markers have
been successfully exploited for hybrid confirmation.
The microsatellites evaluated in this study were highly polymorphic comprised of
great numbers of alleles. Total 53 alleles with mean of 8.83 alleles per locus were determined
that was same determined by Elmeer and Mattat (2012) i.e 8.86. The microsatellite detected
the number of alleles per locus were more than those amplified by Ahmad and Al-Qaradawi
(2009) who examined the 15 date palm cultivars and marked different alleles with a mean of
4 alleles per locus. Result of this study were also more than 7.14 alleles per locus in Tunisian
date palm accessions (Zehdi et al., 2004a) but less than the Elshibli and Korpelainen (2007)
who reported 21.4 alleles per locus. This huge difference might be due to different genotype
were being used or more number of Microsatellites (16) used in this study.
Six SSR primers used in this study clearly amplified the SSR bands size ranged from
125 to 340bp were almost equivalent to the findings of Ahmed and Al-Qaradawi (2009)
which ranged from 100-300bp. Genetic diversity varied from 0.38 to 0.58 for the locus
mpdCIR93 and mpdCIR10 showed the diversity among parents and the hybrids. This level of
genetic diversity is lower than Sudanese date palm germplasm (0.70) as reported by the
Zehdi et al. (2004a) and Tunisian date palm i.e 0.853 (Elshibli and Koropelainen, 2007). As
all the progeny developed by hybridization so it might be supposed that they shared common
genetic basis and the narrow genetic base is quite obvious. However, some progeny diverged
from others due to mutational events that occurred during selection.

In this study SSR markers were used to identify the hybrids. Using the six primers
71.87% hybrids were detected that amplified the true bands from both the parents. However
28.15% individuals did not show amplification with 6 identified primers, suggesting that
these individuals may be false hybrids developed from crossing or pollinating with stray
pollen. Although female inflorescence was covered with paper bag before opening of spathe,
one spathe on each replicate was pollinated with one male parent while keeping the other
inflorescence bagged. At the moment when paper bag was removed for pollination there may
be chances of some stray pollen to pollinate female inflorescence that resulted in ambiguous
hybrids not true to type with their respective parents. Except the band sharing, male and
female hybrids have some unique bands not present in both parents. Perez et al. (1999)
reported that hybrid genotypes could be identified by non parental bands that slowly migrate
through the gel than allelic bands. Presumably, these slower moving bands were considered
heteroduplex molecules. Nevertheless they were examined as a single band on agarose gel
while on 7% acrylamide gel it produced two distinct bands. Heteroduplexes are characterized
as double stranded DNA molecules resulted from two distinct alleles and therefore, they
enclosed mismatching. Concisely, non parental extra bands are useful for true to type and
genetic purity testing, also for the off type or ambiguous hybrids developed from
monomorphic markers (Hashemi et al., 2009).
As part of date palm accessions parents selection and breeding programs in Pakistan,
the result of this study has enhanced the date palm germplasm with new combination, a
potential vigour has been developed that can be exploited in future and can be multiplied for
commercial purpose.
5.3

Sex determination:
Sex determination is a fundamental and significant developmental process in the plant

life cycle of all sexually reproducing plants and economically very important. Sexual
phenotypes in commercial crops dictate the method of cultivation and breeding. Date palm
sex identification at early stage is important for commercial production because female plants
are more valued economically. Productive date palm plantation demands a well balanced
male to female ratio for good agricultural practices and to ensure the enough pollination
percentage.

Dioecious plants retained more predominant system for genetics and sex

chromosomes evolution. Sex determination is a physical process in which individuals of a

species are separated regarding their male and female producing structures. It is not possible
to differentiate the sexes apart by just examining the chromosomes under microscopes so a
genetic test to discriminate the male and female plants proved to be best.
Total of 12 microsatellites used in this study for sex identification at seedling stage
were highly polymorphic; generate high number of alleles that confirmed the good
transferability showed by the Billotte et al. (2004). Some primers had problematic loci that
already been reported for erratic amplification (Billotte et al., 2004 and Ahmad and AlQaradawi, 2009) so these were excluded from the study i.e mPdCIR44 and mPdCIR78 as
well as in previous experiment mPdCIR48 did not amplified (Zehdi et al., 2004b and
Henderson et al., 2009) but in the present study it was successfully amplified and with low
magnification. Total 109 alleles were amplified with mean of 9.08 alleles per locus and
approximately same results were observed (8.86) by Elmeer and Mattat (2012) but less mean
value (7.14) was recognized in Tunisian date palm, however more number of alleles (21.4)
were scored from Sudan and Morocco date accessions (Elshibli and Korpelainen, 2007).
Moreover, range of alleles varied from 5 with primer mPdCIR48 to 16 with primer
mPdCIR57 that was more than 3-13 (Elmeer and Mattat, 2012) and 4 alleles per locus
(Ahmad and Al-Qaradawi, 2009). In this study more number of alleles were appeared than
previous study that showed more polymorphism in Pakistani date palm cultivars however,
huge difference of Sudan cultivars may be due to different genotype were being used in
addition to more number of Microsatellites (16).
Twelve primers used in this study scored the band size ranged from 70 to 500 bp with
primer mPdCIR93 and mPdCIR57 respectively and it was contradictory to Ahmed and AlQaradawi (2009) and Zehdi et al. (2004b) who amplified the bands sizes ranged from 100 to
300 bp and173 to 318 bp respectively. Genetic diversity varied from 0.38 to 0.58 with a
mean value 0.47 that is less than Sudanese date palm germplasm (0.70) by the Zehdi et al.
(2004a) and Tunisian date palm i.e 0.853 (Elshibli and Koropelainen, 2007). As all the
progeny developed by hybridization so it is supposed they shared common genetic basis.
However, some progeny diverged from others due to mutational events that occurred during
selection.
In agriculturally important plants like date palm, kiwi fruit, pistachio and papaya
female produce the commercial crop while in asparagus better quality harvest is obtained

from male plant. So identification of such type of plants at early developmental stage is of
great importance. Moreover studies on dioecy through marker technology could provide
better understanding for development (Ainsworth et al., 1998) and evolutionary pathways of
dimorphism (Charlessworth and Charlessworth, 1978; Charlessworth, 1996).
Total of 19 loci were scored from 12 primers that identified the male progeny and
these results are in line to Elmeer and Mattat, (2012) who presented 22 loci only in date palm
using 14 primers. Increasingly 42% of these loci were determined as the homozygous while
58% were heterozygous allelic loci and these findings are in agreement with the results of
Al-Dous et al. (2011) who identified and scanned the 3.5 million SNP genotypes in the date
palm genome for male and female polymorphism that segregate with sex. They examined
that same heterozygous genotypes were shared by the male genomes whereas female genome
shared the similar homozygous genotypes.
In plants sexually antagonistic polymorphism have been observed but the allele that is
adventitious for one sex will be deleterious for the other sex. Rice (1984) hypothesized that
antagonistic polymorphism should relatively be frequent on X chromosomes while should be
exceptional on autosomes. Moreover, Fry (2010) gave the plausible assumption that is
reverse to Rice (1984) that gave the evidence for sexually antagonistic variations are related
to autosomes. However to resolve this issue more work is needed, it is very early to conclude
that X chromosomes is a hot spot and responsible for the accumulation of sexually
antagonistic variations.
Previously different markers have been used to determine the male specific DNA
fragments in many dioecious plants. Moghaieb et al., (2010) determined the sex specific
RAPD (Random amplification of polymorphic DNA) markers and they identified the 13
female specific and 5 male specific markers that can be applied for male and female
screening at early stages. Similarly male specific DNA fragment of 730 bp have been cloned
in Cannabis sativa (Sakamoto et al., 1995), Silene latifolia (Domison et al., 1996) and Reddy
et al. (2012) Carica papaya . For date palm sex identification RAPD and ISSR identified the
3 positive male specific and two male specific in addition to five positive male specific
markers for RAPD and ISSR respectively (Rania et al., 2008). Al-Mahmoud et al. (2012)
developed the multiple assays for distinguishing the gender at seedling stage using PCRRFLP.

Principal Coordinate Analysis (PCoA) suggested total four groups of male female
parents and male female progeny that showed 29% variations along first axis and 14 % along
second axis that are similar with the findings of Elmeer and Mattat (2012). Male and female
parents comprised of separate groups that did not overlap while grouping of male and female
progeny into male and female fall between two parents group that showed the sharing of
alleles from both the parents and confirmed the true type hybridization.
In date palm, limited no of suckers are produced i.e 15-20 throughout the female life
so farmers are currently facing the problem to propagate from seeds. But farmers are unable
to identify the gender of the date palm trees until it reaches the reproductive age (5-10years)
as this species is very slow flowering. The use of the flowering and vegetative characters
(Rhouma, 1994) and isozymes markers (Salem et al., 2001) are less productive as it takes a
long time to evidence. So fortunately SSR markers were used for molecular discrimination
for unlimited date palm cultivars. This study is more precise and accurate compared to other
date palm studies i.epastid DNA halophytes (Sakka, 2003) and isoenzymes (Salem et al.,
2001; Booij et al., 1995). This data proofed that SSR markers are more influential, powerful
and key identifiers of date palm sex for speeding up the breeding programs.
A major problem for breeders is the identification of sex in saplings so they can
cultivate a large number of productive female trees. Moreover, selection of superior males is
also very important. It is very difficult to identify the gender of the trees at the age of 5 years
until it reaches the reproductive age (5-10years) as this species is very slow flowering. For
speeding up the breeding programs early sex determination is very important. Date palm
gender cannot be determined before the first flowering so that breeding programs has not
been employed to stabilize the genetic diversity (Bendiab et al., 1993). From the last decades
various molecular techniques have been used to determine the plants gender, including the
use of molecular markers, i.e. RAPD and SSR techniques. Different efforts have been made
to develop the methods for identification of sex and to understand the genetic basis of sex
determination via molecular markers (Mulcahy et al., 1992; Biffi et al., 1995). To
characterize the genotype molecular markers as RFLPs and RAPD have been used (Sedra et
al., 1998; Trifi et al., 2000).

5.4

Genetic diversity:
In the present study, genetic diversity and genetic relationship of different male

accessions most known female parents and their hybrids was examined through
microsatellite genotyping. The genetic characteristics of female parents were also compared
to the male parents. Total 19 SSR primers were used, one was monomorphic so it was
excluded and 18 microsatellites were highly polymorphic possessing large no of alleles. In
this study, number of alleles per locus amplified was higher than those detected by Zehdi et
al. (2004 a) for Tunisian date palm, in which 14 microsatellite identified 100 different alleles
while more no of allels per locus were found by Elshibli and Korpelainen (2007) and Elshibli
and Korpelainen (2008) that examined 343 alleles from 16 microsatellite markers.
Eighteen primers used in this study scored the band size ranged from 75 to 500 bp
with primer mPdCIR93 and mPdCIR57 respectively and it was more than Ahmed and AlQaradawi (2009) and Zehdi et al. (2004b) who amplified the bands sizes ranged from 100 to
300 bp and173 to 318 bp respectively. Genetic diversity varied from 0.06 (DP175) to 0.58
(mPdCIR10) with a mean value 0.43 that is less than Sudanese date palm germplasm (0.70)
by the Zehdi et al. (2004a), Qatri date palm (0.80) by Elmeer et al. (2011) and Tunisian date
palm i.e 0.853 (Elshibli and Koropelainen, 2007). These great variations in diversity are
observed due to a unique mechanism observed in SSR for generating the allelic frequency
known as replication slippage. This phenomenon is expected to repeat more frequently than
the polymorphism detected with RAPD analysis through insertion/deletions and single
nucleotide mutation (Powell et al., 1996). In this study lower genetic diversity was observed
as compared to reported earlier because the progeny used in the present study wasdeveloped
by hybridization so it is supposed they shared common genetic basis. Heterozygosity (73%)
was more than 42% by Elmeer et al. (2011) but less than 0.84 and 0.82 (Elshibli and
Koropelainen, 2007).
The mean value of major allele frequency (0.65) was more than 0.32 observed by the
Elmeer et al. (2011). Polymorpic information content (PIC), commonly used in genetics as
an estimation of polymorphism for a marker locus is a reflection of frequency and allele
diversity among varieties. PIC value exposed that mPdCIR10 was considered as an excellent
marker for 30 tested genotypes. There was a school of thought that within a microsatellite
locus allelic variations could be correlated with number of repeats so a positive correlation

was found between the PIC value and number of repeats in tomato (Smulders et al., 1997; He
et al., 2003; Pritesh et al., 2010). Primer DP175 with lower PIC (0.06) has 19 repeats and
mPdCIR10 with high (0.55) PIC value has 21 repeats. Present findings are in agreement with
the finding of Pritesh et al. (2010). Other school of thought emphasized that PIC value and
number of nucleotides per repeat has no direct influence on each other. Moreover it has been
reported that polymorphism level is more in di-nucleotides compared to tri-nucleotides in
ryegrass (Jones et al., 2001) and rice (Blair et al., 1999).
In the present study, genetic diversity of date palm parents and progeny was robustly
represented within the group rather than between and among the groups. These results are in
agreement with other reports for Algerian, Moroccan and Tunisian date palm cultivars using
the microsatellite markers (Zehdi et al., 2004a) and also isozyme markers (Bennaceur et al.,
1991; Salem et al., 2001). Analysis of molecular variance showed that variations among and
within the populations was 31% and 69% respectively for progeny and parents. Shapcott et
al. (2009) signify the partitioning of variations among (35, 17%) and within (65, 83%) the
population through AFLP and SSR markers respectively.
A similarity matrix among parents, progeny and between parents and progeny showed
an average similarity coefficient ranged from 0.00-1.00. Cultivars studied showed the narrow
genetic base. The least similarity coefficient value (0.4619) was estimated between 12 & 2
(K3 and M2) that showed how far the relationship between these two male and female and
highest similarity coefficient (0.8758) was observed between the cultivar Khadrawy 13 & 14
(K2 and K3) which seemed to be nearest between two varieties so these can be closely
grouped. Female parent Khadrawy (K2) and male parent M2 have been identified as the best
male and female parents so the developed plant would be the potential combination from
these two parents that might be performed excellently in future when tested in field trials
after 5,7 years. Among all the hybrids HM7 and KM7 exhibited the least similarity so these
hybrids might be used for further evaluation or may be more promising than their respective
parents. Least similarity coefficient value (0.4146) was determined for hybrid HM7 and male
2 (M2) that showed the wide genetic base between this hybrid and parent which could be an
ideal candidate for backcrossing for quality and crop improvement. Most of the cultivars
showed the 50% similarity so these cultivars and their progeny have narrow genetic base.
Our results are in line with the findings of some other scientists; they reported the narrow

genetic base with more than 50% similarity (Askari et al., 2003; Al-Khalifah & Askari, 2003;
Al-Moshileh et al., 2004; El-Tarras et al., 2007). Similarly, qatri date palm showed the
similarity coefficient from 0.00 to 0.75 (Ahmad and Al-Qaradawi, 2009) while in Tunisian
date palm it varied from 0.3008 to 0.7885 (Zehdi et al., 2004b).
The pylogenetic tree demonstrated the divergence between the parents and the
progeny and illustrated their branching. All the parents were clustered separately from the
rest of the progeny. From the one major group male and female formed two separate groups.
Elmeer et al. (2011) reported the separate grouping of male parents from female parents.
Principle component analysis for the parents and the progeny showed the variations
among parents and progeny accessions but also between the male and female parents. All the
males showed the diverse nature compared to the females that were closely clustered,
although these were present within the same group. This picture depicted that male and
females were distinct from each other but progeny developed from male and female
combinations fall between these two parents Figure 4.16.
Parental selections should be made on the basis of the genetic distance and
assessment of diversity. Dias et al. (2003) reported that variations between two parents are
due to allelic differences between them. Fewer variations were found among the genotypes of
the same cluster and crossing between them is not as much desirable segregates. So crossing
between the distinct and potential parents from different groups and cluster is needed to
produce the desirable genetic combinations and heterosis (Roy et al., 2013).
Molecular markers can be effectively used for competent selection of desired
agronomic traits because these are independent to environmental changes and depends upon
only on plant genotypes. Currently several molecular markers have been employed as RAPD
technique was used for cultivar genotyping (Trifi et al., 1998 & 2000; Ben-Abdallah et al.,
2000) and for examining the genetic diversity and phylogenetic relationship (Al-Moshileh et
al., 2004; Al-Khalifah & Askari, 2003; El-Tarras et al., 2007). Genetic maps (El-Kharbotly
et al., 1998) were constructed in date palm using AFLP fingerprinting and also variety
clustering and genetic diversity was carried out (Jubrael et al., 2005; Cao & Chao, 2002;
Rhouma et al., 2007). AFLP found the moderate to high diversity in these samples. 38
Tunisian date palm accessions were studied using PCR-based RFLP technique in plasmid
DNA for genetic polymorphism and genotyping (Sakka et al., 2003). For estimation of

genetic diversity Karim et al. (2010) used ISSR marker among 10 date palm accessions and
characterized with 50 % diversity between cultivated and native. But SSRs are more common
and widely used because it is hyper-variable for the repetitive DNA motifs in eukaryotes
genome (Hamada et al., 1984); Vosman and Arens, 1997; Ralloet al., 2000; Van der Schoot
et al., 2000).
Genetic diversity is the valuable tool for vulnerability reduction and crop
improvement in plants. Genetic diversity can be used in several breeding programs to
enhance the genetic variation through crossing the cultivars at high genetic distance or
introgression of the exotic germplasm in base population. On the basis of molecular marker
genetic diversity estimates can be compared with minimum genetic distance that revealed
that two cultivars were not essentially derived (Lefebvre et al., 2001).
Female parent Khadrawy (K2) and male parent M2 have been identified as the best
male and female parents so plant we have developed are potential combination from these
two parents that might be performed excellently in future when tested in field trials after 5,7
years. Among all the hybrids HM1 and KM2 and KM7 are most divergent hybrids, can be
used for further evaluation or may be more promising than their respective parents.

CHAPTER 6
SUMMARY
Present research work was designed by including the pollination of two date palm
cultivars, i.e. Hillawi and Khadrawy with 9 pollen sources for hybrid development and
identification, sex differentiation at early stage and diversity analysis as there is need to
conduct a comprehensive study on date palm for selection of superior male plants that can
improve economic characters of date palm. For the purpose, 21 physicochemical traits were
selected to check the efficacy of 9 pollen sources on two date palm cultivars. Most of the
traits of economic interest especially yield and quality was included.
6.1

Metaxenial studies:
Physical characters including ripening time, bunch weight, fruit length, fruit width,

fruit area, pulp weight, seed weight and biochemical characters, total sugars, DPPH, ascorbic
acid, total phenolic contents, total soluble solids, total proteins, sucrose, glucose, fructose,
and enzymatic activities (peroxidase, catalaze, superoxide dismutase and protease) were
highly diverse. Duncan multiple range test used to discrete the means revealed that female
parents responded different pollen sources variably. Among 9 pollen sources M8 (Sq. No.32)
was superior because it positively associated with most of the variables. Fruits developed
from M8 pollination were prominent with high bunch weight, more sweet (high total sugars),
good fruit size, enriched with protein, low seed weight, high antioxidant and enzymatic
activity and reduced ripening time. M7 (Uni. campus) retained the highest capability for
ascorbic acid, low ripening time, good fruit length and width, low seed weight. Strong
positive correlation was found among most of the traits. All the new combinations developed
from pollinating the both date palm cultivars with 9 pollen sources were categorized by
principle component analysis. The morphological and biochemical dendrogram generated
from Wards method distinguished these combinations into 3 and 2 clusters for cultivar
Hillawi and Khadrawy, respectively. The results showed that physicochemical traits were
appropriate for studying the metaxenail effect that can be used for meeting breeding targets
like yield and quality.

6.2

Genetics:

6.2.1

Hybrids identification
Seeds extracted from all date palm breeding combinations were planted to establish

seedlings in screen house at Fruit Plant Nursery and leaf samples were collected from this
progeny and their respective parents. Polymorphic molecular markers like Simple Sequence
Repeats (SSR) were used to identify the true hybrids of date palm. Total 12 SSR primers
were used but only 6 primers clearly produced the SSR bands amplification with different
sizes ranging from 125 to 500bp. These six microsatellite primers resulted in 66
microsatellite loci with a mean of 11 loci per primer. Total 6 primers identified the true to
type as well as ambiguous hybrids. Primer mpdCIR10 identified the maximum number of
true hybrids; 13 (81.25%) out of 16 while 3 ambiguous hybrids (18.75%). Comparatively
DP159 detected only 10 (62.5%) true hybrids and maximum ambiguous hybrids, i.e. 6
(37.5%). 75% true hybrids were determined with primer mpdCIR16 and mpdCIR25 followed
by the mpdCIR15 and mpdCIR93 (68.75%).
6.2.2

Sex identification:
The 12 primers examined in this study effectively generated clearly amplified SSR

bands of different size, ranging from 100bp with primer mpdCIR16 to 500bp with primer
mpdCIR32 and mpdCIR57. 12 microsatellite primers used with 30 date palm samples formed
118 microsatellite loci with a mean of 9.83 per primer. With primer mpdCIR10 the highest
microsatellite loci were amplified while with mpdCIR15 only 4 different microsatellite loci
were scored.
Total 12 SSR primers were successfully identified which yielded the specific loci in
male and female seedlings separately. These primers produced 15 polymorphic loci
specifically in male date palm samples and same DNA fragments were identified in date
palm seedlings, and the seedlings harboring the unique fragments were further characterized
as male plants. Increasingly 38.46% of these loci were scored as homozygous alleles while
61.53% heterozygous allelic loci were determined. Male 6 was detected with minimum
markers, only 3 markers identified this male while maximum was in male 4 in which 9
markers detected the male characters followed by the (M2) (6 markers) while rest of the male
samples (M1, M3, M5, M7and M8) were recognized with 5 markers. Primer mpdCIR48
produced a specific locus (250/250) in all male plants where as the same locus was absent in

female plants. Moreover, heterozygous locus of 300/310bp was identified in M2, M4 and
male with primer DP168 and these two markers were more promising for gender
discrimination in date palm saplings.
6.2.3

Genetic diversity:
A total of 19 date palm specific microsatellite primer pairs were used to assess the

genetic variability from which 18 were highly polymorphic while 1 primer (DP160)
amplified monomorphic banding pattern. The microsatellite analyzed were polymorphic,
possessing wide range of alleles, a total of 123 alleles with a mean of 6.83 per locus were
scored; however, allele number varied from 2 with primer pairs DP171, DP175 to 15 with
primer mpdCIR57. The phylogenetic tree showed 2 major groups and all the parents were
separated from the progeny. Analysis of molecular variance showed that variations among
and within the populations was 31% and 69%, respectively. Range of maximum and
minimum similarity indices among parents and progeny genotypes were determined with
Nei’s and Lei’s similarity indices using PopGen (Ver 1.44). These parents and progeny had
the narrow genetic base. The least similarity coefficient value (0.4146) was determined for
hybrid HM7 and male 2 (M2) that showed the wide genetic base between this hybrid and
parent. The highest similarity coefficient (0.8758) was obtained between the female 14 (K3)
and female 13 (K2) that appeared to be closest and closely grouped. All other cultivars of
male and female exhibited different levels of similarity but still were grouped together.
Principle component analysis for the parents and the progeny showed the variations among
parents and progeny accessions but also between the male and female parents.
The results of this study are helpful for breeding progarmmes, as it has generated a lot
of germplasm, conserved in the Experimental Date Palm Fruit Orchard Square No.32,
University of Agriculture, Faisalabad (Pakistan). These new hybrids may facilitate to exploit
the new plant material in future. These preliminary results emphasized the importance of
breeding of more diversified parents, progeny development and sex determination to expand
the germplasm base and add more commercial cultivars in Pakistan.
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APPENDICES

Appendix # 1

Glucose
Fructose

Sucrose

Glucose

Fructose

Sucrose

Peak values of sugars using HPLC in cvs Hillawi and Khadrawy

Appendix # 2

10X Tris-borate EDTA buffer (TBE):

Tris base

108 gm

Boric acid

55 gm

0.5 M EDTA (pH 8.0)

40 ml

Make up the final volume with distilled water to 1000 ml.

1X Tris-borate EDTA buffer (TBE):

10X Tris-borate EDTA buffer (TBE) 100 ml
Make up the final volume with distilled water to 1000 ml.

Appendix # 3

Fermentas gene ruler 50 bp DNA ladder

