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Abstract: Date palm (2n = 36) is a monocotyledonous, dioecious plant, which belongs to the family Arecaceae. Pollens are the primary
source of diversity and improvement in quality, yield, ripening time, and size. Therefore, in this study, we investigated the differential
behavior of nine pollen sources, collected from different locations, upon pollination with date palm female cultivar Hillawi. Metaxenia
effect of pollen grains on the maternal tissues of fruits was carried out at khalal stage, whereas the seeds obtained from these fruits
were planted in a nursery for hybrid confirmation. Biochemical characteristics; proximate analysis; individual sugar (sucrose, glucose,
and fructose), total sugar, ascorbic acid, total soluble solid, and total phenolic contents; and 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
enzymatic activities (catalase, peroxidase, protease, and superoxide dismutase) were significantly variable. Dendrogram for biochemical
parameters of cultivar Hillawi, created using Ward’s method, revealed three clusters. Among the nine pollen sources, M8 was superior
because it was positively associated with most of the variables. M7 shortened the ripening time, and its progeny exhibited the highest
ascorbic acid content. Fruits developed from M8 pollination exhibited higher total sugar contents, protein, antioxidant and enzymatic
activity, and had shortened ripening time. For more positive correlation of pollen parents, M8 was followed by M7, M3, M5, and
M4. Strong positive correlation was found among most of the traits. Biochemical analyses revealed that these traits were suitable for
metaxenia studies and breeding programs, as they exhibited quality and yield enhancement. The seedlings developed from these seeds,
which were a result of controlled pollination, were identified as true date palm hybrids using 12 simple sequence repeats (SSRs) markers.
Out of 12, only six primers clearly differentiated between true and ambiguous hybrids. Primer mpdCIR-10 identified the highest number
of true hybrids 13 (81.25%). These findings will be useful for future studies.
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1. Introduction

Date palm (Phoenix dactylifera L.) (2n = 36) is a
monocotyledonous, dioecious plant, which belongs to the
family Arecaceae. The Arecaceae family comprises 200
genera and 500 species (Dowson, 1982). Date palm fruits
are nutritionally beneficial, especially in arid regions. Dates
are also known as sugar palm (Al-Shahib and Marshall,
2003). Dates are composed of 44%-88% sugars, 2.3%-
5.6% proteins, 6.4%-11.5% fibers, and small amount of
fats, minerals, and vitamins (Al-sahib and Marshall, 2003).

* Correspondence: sfiaz@uoh.edu.pk

Moreover, date fruit is an important source of 23 amino
acids that are not present in the majority of commonly
consumed fruits (Al-Farsi et al., 2005). In date palms,
pollination is important to ensure fertilization and fruit
set because date palm exhibits metaxenia, which is the
influence of pollen grains on developing maternal tissues
(Maryam et al., 2015). Pollen grains have a direct impact
on productivity, quality, yield, and fruit characteristics
of cultivar Barhai (Abd-Elhaleem et al., 2020). Due to
limited availability of date pollen, date palm growers use
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easily available pollen that affects productivity, fruit size,
and quality with time (Osman et al., 1974; Moustafa et
al,, 2019). Due to metaxenia effects on date palm fruits,
farmers prefer the most suitable pollen source that is
positively correlated with quantity and quality of fruits. So
far, many studies have been performed for seeking the most
suitable pollen parents (Shahid et al., 2017; Outghouliast
et al., 2020). Impact of pollen on nutritional properties of
Medjool cultivar was assessed in Mexico (Salomdn-Torres
et al.,2018; Salomén-Torres et al., 2020)

Although antioxidants vary in their chemical
structures, their function is to reduce oxidative damage.
Antioxidants possess free-radical scavenging ability, which
is important in case of injuries and diseases (Silva et al.,
2007). Date palms are excellent source of antioxidants and
exhibit 11,681-20,604 umol oxygen radical absorbance
capacity, which is equivalent to that of Trolox (g) (Al- Farsi
et al., 2005). Antioxidants are not present in all phenolic
compounds: in a previous study, 5000 phenolic compounds
were investigated and only a few exhibited antioxidant
activity (Robards et al., 1999; Karadeniz et al., 2005). In
vegetables and fruits, phenolics inhibit the peroxidation of
lipids (Rankin et al., 1993); thus, they are key antioxidants
(Allaith, 2008). The stage of date palm fruits affects the
total phenolic (PH) content, and PH content increases
from kimri to khalal stage, whereas it decreases rapidly
from rutab to tamar stage as the fruit ripens (Eid et al.,
2011). Two date palm cultivars, namely Medjool and
Deglet Nour, exhibited the maximum PH content, i.e.
572-661 GAE/100 g (FW) (Wu et al., 2004 a, b). Similar
to PH content, enzymatic activity also changes with fruit
maturation. Sudanese dates exhibit low polygalacturonase
and cellulose activities at kimri stage (green stage), but the
activities rapidly increase with fruit ripening (Mustafa et
al., 2018). Moreover, the cellulose and pectinase collected
at tamar stage are used in confectionary and beverage
industries for the production of concentrated date syrup
(Al-Hooti et al., 2002; El- Shornonby et al., 2009). In Deglet
Nour extract, antioxidant activity of superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT)
were investigated, as these enzymes are related to damage
prevention due to toxic elements with the dimethoade;
GPx and SOD activity increased, whereas CAT activity
decreased (Saafi et al., 2011; Awad et al., 2011a).

Borchani et al. (2010) reported content of reducing
sugars (79.93-88.02 g/100 g) in eleven date palm cultivars.
In Deglet Nour cultivar, the amount of sucrose (Suc;
54%) was higher than that of reducing sugars (26%-
51%) (Mrabet et al., 2008). Sucrose content was highly
negatively correlated with increasing levels of fructose
(Fru) and glucose (Glu) (Amira et al., 2011; Vayalil, 2012).
As the fruit ripens, protein content also increases (2.22-
5.02 g/100 g FW), but in Deglet Nour cultivar, higher
protein content was observed at khalal stage (Amira et al.,
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2011; Vayalil, 2012). Ascorbic acid (AA) or vitamin C, a
water-soluble vitamin, plays a role in reversible oxidation
processes. Generally, fruits and vegetables are considered
good sources of AA, but date palm contains less amount
of AA.

A previous study reported that AA content in Hillawi,
Sayer, Khadrawi, and Zahdi cultivars of date were 3.56,
17.50, 3.20, and 2.40 mcg/100 g, respectively (Yousef et
al., 1982). Rahemi (1998) reported that fruit quality and
other fruit parameters of Shahani cultivar are influenced
by pollen sources, except total soluble solids (TSS). The
most essential targets of breeding trials are productivity
enhancement, resistance against diseases, and insect
pests. Different trials have been accomplished to confirm
the variations in locally developed germplasm, but the
long life cycle of date palm has made incorporation of
these traits difficult (Al-Ruqaishi et al., 2008; Elshibli and
Korpelainen 2009; Saker et al., 2006; Sedra et al., 1998;
Zivdar et al., 2008). Repeated efforts in future may enhance
important traits including adaptability against biotic and
abiotic stresses and physiochemical characteristics in date
cultivars. Hamwieh et al. (2010), using the AFLP markers,
revealed that if F1 and F4 population are backcrossed,
phenotypic and genotypic traits remain interrelated. Thus,
the major objective of different breeding techniques is
ensuring good quality and quantity of fruits with limited
available resources (Carpenter and Ream, 1976; Zahid et
al., 2022).

In Pakistan, immense diversity has been observed
in male date palm plants (Phoenix dactylifera L.), but
due to lack of breeding programs, they have not been
properly investigated. Thus, it is essential to determine
the best date palm pollen parents on the basis of yield
and nutritional attributes. Therefore, in current study,
nine date palm pollen sources were tested on Hillawi
cultivar for metaxenia effects on biochemical attributes
and resultant hybrid combinations could be evaluated for
future breeding programs.

2. Material and methods

2.1 Pollen collection

Nine date palm pollen parents were collected after spathe
breaking from three locations of Pakistan (Table 1) and
dried under shade on newspaper and pollen powder was
extracted and stored in paper bags.

2.2 Pollination

Three plants of cultivar Hillawi were selected in
Horticultural Fruit Garden Sq. No. 32 of same age and
vigor. Single plant was considered as a replication because
spathes were selected on a tree for application of 9 male
pollen sources. All the spathes were covered with paper
bags to before and after pollination to ensure the true
pollination. All the trees were pollinated manually by
climbing over the tree and pollen grains were dusted
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Table 1. Description of male and female along their collection site with progeny generated.

S. No. Male Collection site Female Collection site Progeny (Hillawi)
1 MO Open pollination H1 Sq.#32 UAF HMO
2 M1 Sq.#9 UAF H2 Sq.#32 UAF HM1
3 M2 Sq.#9 UAF H3 Sq.#32 UAF HM2
4 M3 Sq.#9 UAF HM3
5 M4 Sq.#9 UAF HM4
6 M5 D.I. Khan HM5
7 M6 Uni. campus HM6
8 M7 Sq.#32 UAF HM7
9 M8 Sq.#32 UAF HMS

over the spathes and bagged. The hands were washed
thoroughly after every spathe pollination to avoid the
possible mixing of pollen grains. Bags were removed from
the bunches after four weeks of pollination for proper fruit
growth.

2.3. Fruit collection and extraction for biochemical
analysis

For biochemical analysis fruits were collected at khalal
stage for extraction for biochemical analysis. The fruit
flesh or respective treatment was grinded with 2 mL
methanol and water (95% vlv). Extracts were filtered after
centrifugation and stored at 4 °C until use.

2.4. Determination of different biochemical parameters
Protein contentoffruitextract was estimated using Bradford
method (Bradford, 1976). Using the method of Sadasivam
and Manickam (1992) total soluble sugar of date fruits
extract was measured. A digital refractometer was used for
measure total soluble solids. Reducing and nonreducing
sugars were measured with high-performance liquid
chromatography (HPLC) methods as described by Booij
et al. (1992). Total soluble solids were determined in fruits
at khalal stage using the digital refractometer (ATAGO
RX 5000, Japan Development Assistance). The scavenging
abilities of fruits to 2,2-diphenyl-I-picrylhydrazyl (DPPH)
stable radicals were measured to assess the antioxidant
activity of date palm fruit extract. The DPPH assay was
accomplished by following the method of Arem et al
(2012). Folin-Ciocalteu reagent was used for estimation
of total phenolic contents and followed the method
of Ainsworth and Gillespie (2007). For ascorbic acid
assessment a sample mixture was prepared in a test tube
using 900pL ddH,O, 1 mL DCIP, 100 uL sample extract,
100 pL 0.1% meta H,PO, and absorbance was documented
at 520 nm.

2.5 Enzymatic studies
For sample extraction a phosphate buffer with pH 7 was
used. Fruit samples were thoroughly washed with tap water

and distill water to make them dirt-free. Samples were
dried to remove excess moisture and cut into small pieces.
One-gram fruit sample was mixed with 2 mL extraction
buffer and mixture was finely grounded in pestle and
mortar. This mixture was centrifuged at 4 °C for 10 min
and supernatant was collected to remove particles. These
filtrates were stored at 4 °C (Terras et al., 1993). Activity
of catalase (CAT) was estimated with some modifications
in method of Liu et al. (2009) and enzymes activities
were expressed in terms of protein basis. Concentration
of protein in crude extract was determined following the
method of Bradford (1976). SOD activity was measured
by estimating its ability to hinder the photoreduction
of nitroblue tetrazolium (NBT) using the method of
Giannopolitis and Ries (1977) and absorbance was
measured at 560 nm with spectrophotometer. SOD unit is
defined as “quantity of enzyme that is used to inhibit photo
reduction of 50% of NBT”. The method of Liu et al. (2009)
was followed with some modifications for assessment of
peroxidase activities (POD) and changes in absorbance
of reaction solution was observed at 470 nm. One unit
of POD activity is defined as “an absorbance change of
0.01 units per minute”. Casein digestion assay was used to
determine the protease activity as described by Drapeau
(1974).

2.6 Data analysis

Experiment was laid out in RCBD design. XLSTAT was
used for multivariate analysis for clustering the accessions.
Statistical analysis was carried out by Statistics 8.1 and
significant variations between means were also recorded
by Duncan’s multiple range test at p < 0.05.

3. Results

3.1 Variability among biochemical attributes of Hillawi
cultivars pollinated with different male parents

The data collected for biochemical attributes were
analyzed using Duncan’s multiple range (DMR) test, and
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the mean values were differentiated at 5% confidence
interval (CI). The mean values of biochemical attributes
are given in Table 2. The nine different pollen parents
exhibited variation in total soluble sugar (TS) content at
khalal stage. Pollen parent M8 (33.33 + 0.33%) exhibited
the highest sugar content when pollinated with female
cultivar Hillawi, whereas the lowest amount of sugar was
observed with pollen parent M0 (19.00 + 0.58%). Female
parent possessed the highest TS content when pollinated
with M8 (63.24 + 0.89 pg/mL), followed by that with M7
(53.61 + 1.67 pg/mL), which was at par with that by M2,
whereas minimum TS content was observed with pollen
parent MO (24.58 + 0.66 pg/mL). We observed the highest
AA content with M7 pollen parent (6.20 + 0.51 mg/100 g)
compared to that with other male parents. Data presented
in Table 2 shows that all pollen grains had a significant
effect on PH content of cultivar Hillawi, with the maximum
effect observed with M8 (491.20 + 4.59 mg GAE/100 g),
followed by that with M7 (389.48 + 15.46 mg GAE/100 g)
and M5 (365.02 + 3.10 mg GAE/100 g), whereas the lowest
phenolic content was observed in case of open pollination
(190.19 + 3.13 mg GAE/100 g).

TS content was significantly low in open pollinated
plants (7.77 + 0.15gh), whereas it was the highest with
pollen parent M8 (15.13 + 0.08a), and the difference with
other parents was not significant. Moreover, plants with
pollen parent M8 produced the highest protein content
(7.45 + 0.08 pg/mL), followed by those with pollen parents
M7, M1, M3, and M5 (in descending order). Reducing
sugar content was the highest with M8 and M6 pollen
parents (18.00 £ 0.58% and 14.00 + 0.58%), respectively.
Among the different pollen sources, the highest Glu
content (26 * 0.58%) was observed with M8, followed by
that with M3 (24.67 + 0.88b) and M6 (23 + 0.58¢), whereas
the lowest Glu content was observed with open pollination
MO (12 + 0.58j). The highest Fru content was observed with
M8 and M3 pollen parents (20.00 + 0.58%), whereas the
lowest Fru content was observed with MO0 (9.00 + 0.58k).
POD activity was the highest with M5 (1.517 + 0.009 U/
mL protein), followed by activities in case of M8 and M3
pollen parents, which were significantly similar (1.41 +
0.015 and 1.42 + 0.012 IU/mL protein, respectively); fruits
with M6, M4, and M7 pollen parents exhibited similar
POD activities, i.e. 1.343 + 0.009, 1.213 + 0.07 and 1.14
0.017fg IU/mL protein, respectively, whereas M0 exhibited
low (0.222 + 0.014 IU/mL protein) POD activity at khalal
stage. Hillawi cultivar pollinated with pollen parent M8
exhibited the highest catalase (CAT) activity (2.21 £ 0.150
IU/mL protein), followed by that with M6 (2.03 + 0.024
IU/mL protein), M3 (1.78 + 0.033 IU/mL protein), and M4
(1.71 £ 0.219 IU/mL protein), whereas the lowest activity
was recorded with M0 (0.26 + 0.069 IU/mL protein).

SOD activity was statistically analyzed at khalal stage in
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date palm fruits, and analysis of variance revealed highly
significant differences in SOD activity of the pollen parents.
Fruits with M8 pollen parents exhibited the highest and
significant SOD activity (1300.67 + 5.81 IU/mL protein),
whereas fruits with M0 exhibited the lowest activity (1056
* 5.49 IU/mL protein), which was at par with that with
M1 (1090.67 + 5.81 IU/mL protein). All pollen parents
exhibited a highly significant effect on protease activity
(PRO). Male parents were grouped into eight statistically
distinct groups with M8 at the top. Maximum PRO activity
in Hillawi cultivar was observed when it was pollinated
with M8 (25.11 £ 0.49 IU/mL protein), followed by that
with M6 (265.31 + 3.74 IU/mL protein) and M3 (255.86
+ 1.82 IU/mL protein), and the lowest was observed with
MO (114.23 + 1.69 IU/mL protein).

3.2 Correlation studies of biochemical attributes
Pearson correlation analysis revealed strong positive
correlations among 13 biochemical traits in all
combinations of the Hillawi cultivar (Figure 1). TS content
was strongly correlated (p < 0.01) with PH content (r =
0.81*%), TSS content (r = 0.89**), and Suc content (r =
0.84**). Individual sugar content, i.e. Fru (r = 0.76*) and
Glu (r = 0.73%) contents, PRO activity (r = 0.71*), and total
protein content (PR, r = 0.78*) exhibited good correlation
(p < 0.05) with TS content (Figure 1). PR content exhibited
a strong positive correlation (p < 0.01) with PH content
(r = 0.84**). PR content also exhibited significant (p
< 0.05) and positive association with TSS content (r =
0.78*) and PRO activity (r = 0.70%), whereas it exhibited
weak negative correlation with AA content (r = 0.187).
Moreover, individual sugars exhibited strong positive
correlation (p < 0.01) among each other, i.e. Glu with Fru
(r = 0.79%), Fru with Suc (r = 0.72%), and Glu with Suc
(r = 0.71%*). Strong positive correlation was observed for
PRO activity with Fru, Suc, and Glu contents (r = 0.88**,
r = 0.82**, and r = 0.77%, respectively). Similar to sugars,
enzymes exhibited a strong positive correlation with each
other, i.e. PRO was strongly positively correlated with
POD (r = 0.92%%), followed by CAT (r = 0.91**), whereas it
was moderately correlated (p > 0.05) with SOD (r=0.588).
1,1-diphenyl-2-picrylhydrazyl (DPPH) exhibited highly
significant association with Suc content (r = 0.81**). We
also observed negative correlations for some biochemical
traits. AA exhibited weak negative correlation with TS
content (r=-0.23), PR content (r = -0.19), PH content (r =
-0.29), SOD activity (r = -0.21), CAT activity (r = -0.11),
Glu content (r = -0.26), Suc content (r = -0.26), and TSS
content (r = -0.39).

3.3 Principal component analysis (PCA) of biochemical
attributes

The PCA plot based on biochemical analysis of fruits
of various pollen parents revealed that the different
combinations were scattered among all four planes (Figure
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Figure 1. Correlation matrix showing the relation of thirteen biochemical traits in cultivar Hillawi. Total sugars (TS),
1,1-diphenyl-2-picrylhydrazyl (DPPH, pg/mL), ascorbic acid (AA, mg/100g), total phenolic contents (PH, mg GAE/100g),
total soluble solids (TSS, °Brix), soluble protein (PR, ug/mL), sucrose (Suc, %), glucose (Glu, %), fructose (Fru), peroxidase
(POD, IU/mL protein), catalase (CAT, IU/mL protein), superoxide dismutase (SOD, IU/mL protein), and protease (PRO,

IU/mL protein).

2). HM1, HM4, and HM5 were present in the first quadrate
and formed a separate group, whereas HMO was present in
the second quadrate. Similarly, HM8 was the most divergent
compared to the other combinations and clustered with
HM?7 and HM2 within the same quadrate (third). HM3
and HM6 were present in the fourth quadrate and formed
another group; thus, these groups were closely related to
each other but were different from HMS. In the PCA biplot,
scattering of all pollen parents along the biochemical traits
indicated diversity, with respect to each pollen parent.
The combination HMS8 was sweeter, as it was positively
correlated with Suc, Glu, PH, TS, and protein content.
SOD activity and DPPH were the highest in HM3. HM7
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*and ** represent significance at p < 0.05 and 0.01, respectively.

and HM2 exhibited a strong association with Glu content;
however, HM3 exhibited strong association with DPPH
and SOD activity. The highest POD activity was observed in
HMS6, and HM5 exhibited association with AA. However,
HMO grouped irrespective of any biochemical activity,
which indicates that this is not very important (Figure 2).

3.4 Cluster analysis

The dendrogram shows three clusters that are
phenotypically correlated with nine different combinations
of their respective parents (Figure 3). HMO formed a
separate cluster, i.e. cluster 1, as it was the most divergent
among all genotypes. Cluster 2 comprised seven genotypes
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Figure 2. Principal component analysis (PCA) plot based on biochemical traits of cultivar Hillawi. PCA biplot
showed the variation in 9 different cultivars in relation to biochemical traits. Total sugars (TS), 1,1-diphenyl-
2-picrylhydrazyl (DPPH, pug/mL), ascorbic acid (AA, mg/100g), total phenolic contents (TP, mg GAE/100g),
total soluble solids (TSS, °Brix), soluble protein (PR, pg/mL), sucrose (Suc, %), glucose (Glu, %), fructose (Fru),
peroxidase (POD, IU/mL protein), catalase (CAT, IU/mL protein), superoxide dismutase (SOD, IU/mL protein),

and protease (PRO, IU/mL protein).

and formed three subgroups. HM3 and HM7 were closely
related and clustered under the same subgroup; similarly,
HM5, HM4, and HM2 showed close association and
formed a subgroup. HM1 and HM6 were closely linked
and formed the third subgroup, but all three subgroups
were closely linked (Figure 3). Similarly, cluster 3, the last
cluster, contained only one genotype (HMS).

3.5 Hybridization in date palm for germplasm
enhancement

Simple sequence repeats (SSRs) were used for the
identification of date palm progeny developed from the
pollination of nine different pollen parents with cultivar
Hillawi. True hybrids were identified using 12 SSR primers,
and out of 12, only six primers could amplify a 125-500-
bp fragment. These six SSR primers produced 66 loci with
an average of 11 loci per primer. Major allele frequency
varied from 0.5 to 0.63 with primers mpdCIR015 and
DP159. Hybrid genotypes were moderately diverse, with
diversity being 0.31-0.54 (Table 3).

The date palm hybrid identification microsatellite
primer mpdCIR-10 determined true hybrids developed
from the selected male pollen parent and cultivar Hillawi
(Figure 4). Hybrids 12 to 19 (HIM1, HIM2, HM3, HM4,
HM5, HM6,HM7, and HM8) were combinations of Hillawi
with eight different selected male plants. A monomorphic
locus of 210 bp, which was identified in female plants, was
found in all hybrids, whereas the male fragments differed.
Hybrid 12 (H1IM1) shared one locus from the female
parent (210 bp) and two loci (220 bp and 290 bp) from
male parent M1, with a unique locus of 250 bp. In hybrid
13 (HM2), female parent contributed a monomorphic
locus of 210 bp, whereas male parent M2 contributed two
loci of 240 bp and 320 bp (Figure 4). Hybrid 14 was the
true hybrid of Hillawi cultivar and male parent M3, as
the female and male parents contributed a single locus
of 210 bp and two loci of 225 bp and 320 bp, respectively,
but a unique 160-bp fragment was present in the progeny
that was absent in both parents. Hybrid 17 (HM6) was
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Figure 3. Cluster analysis of pollen parents based on biochemical analysis in cultivar Hillawi.

Table 3. SSR primers detail and summary of genetic diversity information by locus in date palm parents and progeny cv. Hillawi 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, G. No = genotype number, GD = genetic diversity, HZ =
heterozygosity, PIC = polymorphic information contents.
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Figure 4: Hybrid identification of 30 date palm genotypes including eight males (1-8) and three females (9-11) along their progeny
(15-30) with SSR primers mpdCIR25. M is 50 bp ladder (Fermentas, USA).

the true hybrid of Hillawi and male parent M6, as it
contained a homozygous locus (210 bp) from the female
parent and another homozygous locus from (225 bp) the
male parent M6. Similarly, hybrid HM7 obtained three
loci (190 bp, 300 bp, and 320 bp) from the male parent
M7 and a single homozygous locus of 210 bp from the
female parent. HM8 obtained two fragments (280 bp and
310 bp) from the male parent M8 and a single locus of
210 bp from the female parent. Thus, the abovementioned
hybrids were the true hybrids of their respective parents.

4. Discussion

Some biochemical variables are preferred to determine
the efficacy of different pollen parents with female date
palm cultivar Hillawi. For genotype characterization,
these variables are significant tools (Rodriguez et
al, 2008). Date palm yield and fruit quality are the
most important and targeted traits for breeders due to
their economic importance. TS content observed in
cultivar Hillawi at khalal stage was significantly higher
when pollinated with M8 and the lowest when openly
pollinated. Osman et al. (2002) used three different
pollen sources, namely, Ghiza, Rashid, and Aswan, to
pollinate cultivar Hillawi and observed difference in TS
content with all three pollen sources. Hamwieh et al.
(2010) partially confirmed our findings, as they reported
differences in TS content in Seewy cultivar (32.20%,
34.60%, and 33.10%) when pollinated with three different
pollen sources (Asswan, El-Fayoum, and El-Sharkia). Al-
Najam et al. (2021) investigated the xenic and metaxenia
effects of in vitro-derived female plants of cultivar Barhee
and observed variations in TS content. Furthermore, the

quince pollen (Cydonia oblonga) dramatically improved
the fruit weight, fruit hardness, vitamin C content, sugar-
acid ratio, total phenolics and total flavonoids of apple
cultivars, which resulted in fruit quality improvement
(Zhang et al., 2019).

TSS content was 7.77-15.10 ° Brix in cultivar Hillawi.
Our findings are similar to those reported by Osman et
al. (2010) that pollen from diverse areas influenced TSS
content and age improvement. El-Hamady et al. (2010)
pollinated the “Hayany” date palm cv. with two pollen
sources and reported that it gave higher value (28.5%) at
khalal stage, when pollinated with M1 compared to M2
pollen grains. These results are also in accordance with
those reported by AI-Obeed and Abdul-Rahman (2002),
Awad and Al-Qurashi (2012), and Farag et al. (2012), but
they are contradictory to the results reported by Rahemi
(1998) that TSS content remained the same irrespective
of the pollen source; however, the present study validated
that pollen source influences TSS content in date palm.
These observed variations in TSS could be due to genetic
variations, spathe characteristics, vigor (Nasir et al., 1986),
and tree age (Ibrahim et al., 1994).

Date palm flesh is a minor source of proteins, but
in our study, the protein content was 3.03-7.55 ug/mL
when Hillawi cultivar was pollinated with male parents
MO and M8. Amira et al. (2011) and Vayalil (2012) also
investigated the protein content (2.22-5.02 g/100 g FW)
in date palm fruits. Similar protein level patterns were
observed for date palm fruits from Libya (Ishurd et al.,
2004) and United Arab Emirates (Ismail et al., 2008), but
the range was relatively higher at khalal stage than at other
stages, which could be due to enzymatic activities. Vitamin
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C content was the highest at early fruit developmental
stages but gradually decreased, which could be due to the
inability of the fruit to accumulate AA or dilution of AA
during ripening (Awad, 2011). The study by Yousaf et al.
(1982) also reported similar results and determined AA
content in Halawi (3.56 mcg/100 g), Zahdi (2.40 mcg/100
g), Khadrawy (3.20 mcg/100 g), and Sayer (17.50 mcg/100
g) cultivars.

PH content in cultivar Hillawi was 318.17 mg GAE/mg,
which varied from 201.17 mg GAE/mg to 485.70 mg GAE/
mg with different male parents. These findings are similar
to those reported by Saafi et al. (2009); they determined
PH content (210.17 mg GAE/mg and 485.70 mg GAE/
mg FW) in two cultivars of date palm, i.e. Kentichi and
Allig, respectively. The results of current study are in line
with Shahsavar and Shahhosseini (2022), who found that
total phenolics and sugar contents were varied due to
metaxenia effect of pollen source in date palm. Phenolic
compounds are an important component of date palm
fruits, and different cultivars retain different concentrations
of antioxidants (Al- Farsi et al., 2007a). Maximum amount
of PH is found in date palm at khalal stage (Eid et al., 2011);
however, variation in PH content was reported by Thabet
et al. (2009), Chaira et al. (2009), and Eid et al. (2011). PH
content in date palm fruits was similar to or higher than
that of other common fruits, i.e. 4.1-12.4 mg GA/100 g
in oil palm (Czerniak et al.,, 2011), 228 mg/100 g FW in
raspberries (Proteggente et al., 2002), 28 mg/100 g in papaya
(Lim et al., 2007), and 51 mg/100 g and 48 mg/100 g FW in
banana and apple, respectively (Lim et al., 2007).

AA content gradually increased at early developmental
stages of the fruits, but it decreased with maturity, with AA
content being 2.73 and 5.47 mg/100 g in cultivar Hillawi
when pollinated with M0 and M7, respectively, and this
finding is in accordance with the results reported by Yousaf
et al. (1982), as they reported different AA content in four
date palm cultivars Zahdi Halawi, Khadrawy, and Sayer,
i.e. 2.40 mcg/100 g, 3.56 mcg/100 g, 3.20 mcg/100 g, and
17.50 mcg/100 g, respectively.

The comparison of mean enzymatic activities revealed
that M8 was the best pollen source. Enzymatic activities
varied widely with pollen source; CAT, POD, SOD, and
PRO activities were 0.30-1.98 IU/mL, 1075.73-1304.50
IU/mL, and 114.34-268.17 IU/mL, respectively. Enzyme
activities improve with maturity; however, the increase
is rapid as the fruit ripens. In the current study, variation
in enzymatic activities could be due to the female spathe
that was covered with a paper bag to reduce astray pollen
contamination. Antioxidant activity and PH content were
strongly correlated. In date palm, positive correlation has
been observed between PH content and antioxidant activity
(Mansouri et al., 2005; Al-Turkey et al., 2010), which
is similar to that in other fruits (Javanmardi et al., 2003;
Leontiwics et al., 2003). All enzymes and sugars showed
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strong positive correlation with each other; however, some
differences were observed, which could be due to different
reaction conditions, analytical techniques, mechanisms,
and other factors, including location, temperature, soil,
and sunlight.

Theresults of the current study revealed the significance
of SSR for hybrid characterization. Although SSRs are
highly polymorphic, reproducible, and precise, few
microsatellite markers have also been observed (Hamwieh
et al,, 2010). The importance of microsatellite markers has
been broadly discussed for hybrid evaluation and genetic
purity assessment in other crops, e.g., pear (Yamamoto,
2001), peach (Wang et al., 2002), and tomato (Liu et al.,
2007). Recently, SSR markers have been exploited for
hybrid analysis of date palm progeny. The current study
revealed that SSRs are highly polymorphic, containing vast
numbers of alleles. Our findings are supported by those of
Elmeer and Mattat (2012) who reported 8.86 alleles per
locus, which is close to 8.83 alleles per locus out of total
53 loci but was higher than those reported by Ahmad and
Al-Qaradawi (2009), as they investigated 15 date palm
cultivars and recorded a mean of 4 alleles per locus. This
notable difference might be due to genotype variations and
a higher number of microsatellite (16) markers used in this
experiment. Six SSR primers were able to amplify a 125-340
bp locus, which is in accordance with the results reported
by Ahmed and Al-Qaradawi (2009), i.e. amplification of
a 100-300-bp locus. MpdCIR93 and mpdCIR10 exhibited
genetic diversity, with 0.38 to 0.58 per locus among parents
and the hybrid progeny. Observed level of genetic diversity
is less than that for Sudanese date palm germplasm (0.70)
(Zehdietal., 2004) and Tunisian date palm (0.853) (Elshibli
and Koropelainen, 2007). Variations in results could be
due to a shared or narrow genetic pool, as the progeny was
developed via hybridization; however, divergence has also
been found among some progeny, which could be due to
some mutational events that occurred during selection.

5. Conclusion

Conventional date palm breeding is a time consuming
and laborious process. Due to metaxenia effect, yield and
quality attributes of date palm fruit could be improved.
The results based on biochemical attributes of date
palm fruit depicted that three pollen sources influenced
notable metaxenia effects on yield and quality parameters.
Potential hybrid combinations of Hillawi cultivar were
developed with nine different pollen sources. These new
hybrid combinations can be evaluated for the selection of
better hybrids in future breeding programs. The results
depicted that M8 was found to be the best pollen source,
as it not only shortened the ripening time but positively
correlated with other biochemical traits. Additionally, SSR
markers were identified in this study, which can be used in
future studies for the identification of hybrids.



MARYAM et al. / Turk ] Agric For

Conflict of interest
The authors declare that they have no conflict of interest.

Contribution of authors

Maryam, Ishtiaq Ahmad and Muhammad Nafees designed
the study. Maryam, Rashid Igbal, and Sana Fatima
performed the experiments and analysis. Maryam, Ishtiaq
Ahmad, Muhammad Nafees, and Muhammad Uzair
wrote the original draft. Sajid Fiaz, Hayat Ali Alafari, Dalal
S. Alshaya, and Muhammad Jafar Jaskani guided during
the whole study. Muhammad Jafar Jaskani supervised the
whole study. Sajid Fiaz, Kotb Attia, Arif M Mohamed and
Hayat Ali Alafari provided technical expertise to improve
the article and helped in funding acquisition. All authors
reviewed and edited the manuscript.

References

Abd-Elhaleem SM, Abd El-Latif FM, El-Badawy HE, El-Gioushy
SE, AbdAlla B (2020). Impact of Pollen Grain Sources on
Productivity and Fruit Characteristics of Date Palm (Phoenix
dactylifera L.) cv. Barhi. Asian Journal of Research in Botany
11 (2): 45-58.

Ainsworth AA, Gillespie KM (2007). Estimation of total phenolic
content and other oxidation substrates in plant tissues using
Folin-Ciocalteu reagent. Nature Protocol 2: 875-877. https://
doi.org/10.1038/nprot.2007.102

AI-Obeed RS, Abdul-Rahman AO (2002). Compatibility
relationships within and between ten date palm cultivars
(Phoenix dactylifera L.). I-Fruit set and yield. Journal of
Advance Agriculture Research 7 (4): 809-820.

Al-Farsi M, Morris A, Baron M (2007a). Functional properties of
Omani dates (Phoenix dactylifera L.). Acta Horticulturae 736:
479-487. https://doi.org/10.17660/ActaHortic.2007.736.46

Al-Farsi M, Alaslvar C, Morris A, Baron M, F. Shahidi F (2005).
Comparison of Antioxidant Activity, Antho-cyanins,
carotenoids and phenolics of three native fresh and sun-
dried date (Phoenix dactylifera L.) varieties grown in Oman.
Journal of Agriculture and Food Chemistry 53 (19): 7592-
7599. https://doi.org/10.1021/jf050579q

Al-Hooti SN, Sidhu JS, Al-Sager JM, Al-Othman A (2002).
Chemical composition and quality of date syrup as affected
by pectinase/cellulase enzyme treatment. Food Chemistry 79
(2): 215-220. https://doi.org/10.1016/S0308-8146(02)00134-
6

Allaith AAA (2008). Antioxidant activity of Bahraini date palm
(Phoenix dactylifera L.) fruit of various cultivars. International
Journal of Food Science and Technology 43 (6): 1033-1040.
https://doi.org/10.1111/j.1365-2621.2007.01558.x

Al-Najm A, Brauer S, Trethowan R, Merchant A, Ahmad N (2021).
Optimization of in vitro pollen germination and viability
testing of some Australian selections of date palm (Phoenix
dactylifera L.) and their xenic and metaxenic effects on the
tissue culture-derived female cultivar “Barhee”. In Vitro
Cellular and Developmental Biology-Plant 57 (5): 771-785.
https://doi.org/10.1007/s11627-021-10206-z

Funding

This study was conducted by the support of Indigenous
scholarship sponsored by Higher Education Commission
of Pakistan.

Acknowledgments

The authors would like to thank the Princess Nourah
bint Abdulrahman University Researchers Supporting
Project number (PNURSP2022R292), Princess Nourah
bint Abdulrahman University, Riyadh, Saudi Arabia. The
authors would like to thank University of Agriculture
(Faisalabad, Pakistan) for providing the research facilities.

Data availability statement
All the data related to this study is presented in the main
text.

Al-Ruqaishi IA, Davey M, Alderson P, Mayes S (2008). Genetic
relationships and genotype tracing in date palms (Phoenix
dactylifera L.) in Oman based on microsatellite markers. Plant
Genetics and Research 6 (1):70-72. https://doi.org/10.1017/
$1479262108923820

Al-Shahib W, Marshall RJ (2003). The fruit of the date palm: Its
possible use as the best ~ food for the future. International
Journal of Food Science and Nutrition 54 (4): 247-259. https://
doi.org/10.1080/09637480120091982

Al-Turky S, Shahba MA, Stushnoff C (2010). Diversity of antioxidant
properties and phenolic content of date palm (Phoenix dactylifera
L.) fruits as affected by cultivar and location. Journal of Food
Agriculture and Environment 8 (1): 253-260.

Amira, EA, Guido E Behija SE, Manel I, Nesrine Z et al. (2011).
Chemical and aroma volatile compositions of date palm
(Phoenix dactylifera L.) fruits at three maturation stages. Food
Chemistry 127 (4): 1744-1754. https://doi.org/10.1016/j.
foodchem.2011.02.051

Arem AE, Saafi EB, Mechri B, Lahouar L, Issaoui M et al. (2012).
Effects of the ripening stage on phenolic profile, phytochemical
composition and antioxidant activity of date palm fruit. Journal
of Agriculture and Food Chemistry 60 (44): 10896-902. https://
doi.org/10.1021/jf302602v

Awad MA and Al-Qurashi AD (2010) Partial fruit set failure
phenomenon in ,Nabbut-Ali” and ,Sabbaka” date palm
cultivars under hot arid climate as affected by pollinator type
and pollination method. Scientia Horticulturae 135: 157-163.
https://doi.org/10.1016/j.scienta.2011.12.028

Awad MA (2011). Growth and compositional changes during
development and ripening of early summer ‘Lonet-Mesaed’ date
palm fruits. Journal of Food Agriculture and Environment 99
(1): 40-44.

Bacha MAA, Aly MA, AI-Qbeed RS, Abdul-Rahman AO (2000).
Compatibility relationships in some date palm cultivars (Phoenix
dactylifera L.). Journal of Saudi Society of Agricultural Sciences
12 (2): 81-95.

563


https://doi.org/10.1038/nprot.2007.102
https://doi.org/10.1038/nprot.2007.102
https://doi.org/10.17660/ActaHortic.2007.736.46
https://doi.org/10.1021/jf050579q
https://doi.org/10.1016/S0308-8146(02)00134-6
https://doi.org/10.1016/S0308-8146(02)00134-6
https://doi.org/10.1111/j.1365-2621.2007.01558.x
https://doi.org/10.1007/s11627-021-10206-z
https://doi.org/10.1017/S1479262108923820
https://doi.org/10.1017/S1479262108923820
https://doi.org/10.1080/09637480120091982
https://doi.org/10.1080/09637480120091982
https://doi.org/10.1016/j.foodchem.2011.02.051
https://doi.org/10.1016/j.foodchem.2011.02.051
https://doi.org/10.1021/jf302602v
https://doi.org/10.1021/jf302602v
https://doi.org/10.1016/j.scienta.2011.12.028

MARYAM et al. / Turk ] Agric For

Booij I, Piombo G, Risterucci JM, Coupe M, Thomas D et al. (1992).
Etude de la composition chimique de dates a différents stades
de maturité pour la caractérisation variétale de divers cultivars
de palmier dattier (Phoenix dactylifera L.). Fruit 47 (6): 667-677.

Borchani C, Besbes S, Blecker C, Masmoudi M, Attia HBR (2010).
Chemical properties of 11 date cultivars and their corresponding
fiber extracts. African Journal of Biotechnology 9 (26): 4096-
4105.

Bradford MM (1976). A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding. Analytical Biochemistry 7 (72): 248-254.
https://doi.org/10.1016/0003-2697(76)90527-3

Carpenter JB, Ream CL (1976). Date palm breeding, a review. Date
Grower Institute 53: 25-33.

Chaira N, Mrabet A, Ferchichi A (2009). Evaluation of antioxidant
activity, phenolics, sugar and mineral contents in date palm
fruits. Journal of Food Biochemistry 33(3): 390-403. https://doi.
org/10.1111/j.1745-4514.2009.00225.x

Dowson (1982). Date production and protection with special reference
to North Africa and the Near East. FAO Technical Bulletin 35: 294.

Drapeau G (1974). Protease from Staphylococcus aureus. Methods of
Enzymology 45: 469-475.

Eid N, Kuhnle GGC, Corona G, Oruna-Concha M]J, Vauzour D et
al. (2011). The effect of ripening on the polyphenol profile of
commonly consumed varieties of date palm fruits. Proceedings
of the Nutrition Society 70 (OCE4): 145. https://doi.org/10.1017/
S0029665111001960

El-Hamady M, Hamdia M, Ayaad M, Salama ME, Omar AKH (2010).
Metaxenic effects as related to hormonal changes during date
palm (Phoenix dactylifera L.) fruit growth and development.
Acta Horticulturae 882: 155-164. hittps://doi.org/10.17660/
ActaHortic.2010.882.17

Elmeer K, Mattat I (2012). Marker-assisted sex differentiation in date
palm using simple sequence repeats. 3Biotech 2 (3): 241-247.
https://doi.org/10.1007/s13205-012-0052-x

El-Sharnouby GA, Al-Eid SM, Al-Otaibi MM. (2009). Utilization of
enzymes in the production of liquid sugar from dates. African
Journal of Biochemistry Research 3 (3): 41-47.

Elshibli S, Korpelainen H (2007). Microsallite markers reveal high
genetic diversity in date palm (Phoenix dactylifera L.) germplasm
from Sudan. Genetica 134 (2): 251-260. https://doi.org/10.1007/
s10709-007-9232-8

Elshibli S, Korpelainen H (2009). Excess heterozygosity and scarce genetic
differentiation in the populations of Phoenix dactylifera L.: human
impact or ecological determinants. Plant Genetics Research 7 (2):
95-104. https://doi.org/10.1017/51479262108060905

Farag KM, Elsabagh AS, El-Ashry HA (2012). Fruit characteristics
of “Zaghloul” date palm in relation to metaxenic influences of
used pollinator. American-Eurasian Journal of Agricultural and
Environmental Sciences 12 (7): 842-855. https://doi.org/10.5829/
idosi.aejaes.2012.12.07.1803

Giannopolitis CN, Reis SK (1997). Superoxide dismutase I. Occurrence
in higher plants. Plant Physiology 59 (2): 309-314. https://doi.
org/10.1104/pp.59.2.309

564

Hamwieh A, Farah J, Moussally S, Al-Shamaa K, Elmeer K et al. (2010).
Development of 1000 microsatellite markers across the date palm
(Phoenix dactylifera L.) genome. Acta Horticulturae 882: 269-277.
https://hdl.handle.net/20.500.11766/7167

Ibrahim MC, Shahid A (1994). Effect of different pollen sources on fruit
setting and fruit quality of two date cultivars. Acta Sciencia 3 (1-
2): 137-144.

Ishurd O, Zahid M, Xiao P, Pan Y (2004). Protein and amino acids
contents of Libyan dates at three stages of development. Journal
of the Science of Food and Agriculture 84 (5): 481-484. https://
doi.org/10.1002/jsfa.1600

Ismail B, Haffar I, Baalbaki R, Henry ] (2008). Physico-chemical
characteristics and sensory quality of two date varieties under
commercial and industrial storage conditions. LWT - Food
Scienceand Technology 41 (5): 896-904. https://doi.org/10.1016/j.
Iwt.2007.06.009

Javanmardi J, Stushnoff C, Locke E, Vivanco JM (2003). Antioxidant
activity and total phenolic content of Iranian Ocimum accessions.
Food Chemistry 83 (4): 547-550. https://doi.org/10.1016/S0308-
8146(03)00151-1

Karadeniz E Burdurlu HS, Koka N, Soyer Y (2005). Antioxidant
activity of selected fruits and vegetables grown in Turkey. Turkish
Journal of Agriculture and Forestry 29 (4): 297-303. https://doi.
org/10.3906/tar-0409-12

Leontowicz M, Gorinstein S, Leontowicz H, Krzeminski R et al. (2003).
Apple and pear peel and pulp and their influence on plasma lipids
and antioxidant potentials in rats fed cholesterol-containing diets.
Journal of Agricultural and Food Chemistry 51 (19): 5780-5785.
https://doi.org/10.1021/jf030137j

Lim YY, Lim TT, Tee JJ (2007). Antioxidant properties of several
tropical fruits: A comparative study. Food Chemistry 103 (3):
1003-1008. https://doi.org/10.1016/j.foodchem.2006.08.038

Liu L, Li C, Gao J, Li K, Gao L et al. (2009). Genetic polymorphisms
of glutathione S-transferase and risk of vitiligo in the Chinese
population. Journal of Investigative Dermatology 129 (11): 2646-
2652. https://doi.org/10.1038/jid.2009.143

Liu LW, Wang Y, Gong YQ, Zhao TM, Liu G et al. (2007). Assessment
of genetic purity of tomato (Lycopersicon esculentum L.) hybrid
using molecular markers. Scientia Horticulturae 115 (1): 7-12.
https://doi.org/10.1016/j.scienta.2007.07.013

Mansouri A, Embarek G, Kokkalou E, Kefalas P (2005). Phenolic
profile and antioxidant activity of the Algerian ripe date palm
fruit (Phoenixdactylifera L.). Food Chemistry 89 (3): 411-420.
https://doi.org/10.1016/j.foodchem.2004.02.051

Maryam, Jaskani J, Ahmad S, Awan FS (2015). Metaxenial effects on
morphological attributes in date palm cvs. Hillawi and Khadrawy.
Pakistan Journal of Agricultural Sciences 52 (2): 387-393.

Mustafa AB, Harper BD, and Johnston DE (1986). Biochemical
changes during ripening of some sudanese date varieties. Journal
of Science Food and Agriculture 37 (1): 43-53. https://doi.
org/10.1002/jsfa.2740370107

Moustafa A, Abdel-Hamid NA, El-Hamid A, El-Sonbaty MR, El-Naby
A (2018). Improving fruit set, yield and fruit quality of khadrawi
date palm cultivar. Arab Universities Journal of Agricultural
Sciences, 26 (2B): 1461-1470. https://doi.org/10.21608/
AJS.2018.34126


https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1111/j.1745-4514.2009.00225.x
https://doi.org/10.1111/j.1745-4514.2009.00225.x
https://doi.org/10.1017/S0029665111001960
https://doi.org/10.1017/S0029665111001960
https://doi.org/10.1007/s13205-012-0052-x
https://doi.org/10.1007/s10709-007-9232-8
https://doi.org/10.1007/s10709-007-9232-8
https://doi.org/10.1017/S1479262108060905
https://doi.org/10.5829/idosi.aejaes.2012.12.07.1803
https://doi.org/10.5829/idosi.aejaes.2012.12.07.1803
https://doi.org/10.1104/pp.59.2.309
https://doi.org/10.1104/pp.59.2.309
https://hdl.handle.net/20.500.11766/7167
https://doi.org/10.1002/jsfa.1600
https://doi.org/10.1002/jsfa.1600
https://doi.org/10.1016/j.lwt.2007.06.009
https://doi.org/10.1016/j.lwt.2007.06.009
https://doi.org/10.1016/S0308-8146(03)00151-1
https://doi.org/10.1016/S0308-8146(03)00151-1
https://doi.org/10.3906/tar-0409-12
https://doi.org/10.3906/tar-0409-12
https://doi.org/10.1021/jf030137j
https://doi.org/10.1016/j.foodchem.2006.08.038
https://doi.org/10.1038/jid.2009.143
https://doi.org/10.1016/j.scienta.2007.07.013
https://doi.org/10.1016/j.foodchem.2004.02.051
https://doi.org/10.1002/jsfa.2740370107
https://doi.org/10.1002/jsfa.2740370107
https://doi.org/10.21608/AJS.2018.34126
https://doi.org/10.21608/AJS.2018.34126

MARYAM et al. / Turk ] Agric For

Moustafa AR, Abdel-Hamid N, El-Hamid A, El-Sonbaty MR, El-
Naby A (2019). Strand thinning of Khadrawi date palm cultivar
in relation to yield and fruit quality. Bulletin of the National
Research Centre 43 (204): 1-7. https://doi.org/10.1186/s42269-
019-0234-3

Nasir TA, Shaheen MA, Bacha MA (1986). Evaluation of seedling male
palm used in pollination in the central region of Saudi Arabia.
Date palm Journal 4 (2): 163-173.

Osman, SM, Soliman SS (2002). Effect of different pollen grains
and pollination time on fruit quality of Zaghlool date cultivar
under North Sinai conditions. Assiut Journal of Agricultural
Sciences 33 (5): 47-58.

Osman SM, Mansour HG, Eman IE (2010). Effect of Pollen Grain
Sources and Some Thinning Treatments on Fruiting and Fruit
Characteristics of Zaghloul Date Palm. Journal of Applied
Science and Research 6 (6): 722-728.

Outghouliast H, Messaoudi Z, Touhami AO, Douira A, Haddou LA
(2020). Effect of pollen source on yield and fruits quality of
date palm (Phoenix dactylifera L.) CV. “Mejhoul” in moroccan
oases. Plant Cell Biotechnology and Molecular Biology 21 (9-
10): 60-69.

Proteggente AR, Pannala AS, Paganga G, Buren LV, Wagner E et
al. (2002). The antioxidant activity of regularly consumed
fruit and vegetables reflects their phenolic and vitamin C
composition. Free Radical Research 36 (2): 217-233. https://
doi.org/10.1080/10715760290006484

Rahemi M (1998). Effect of pollen source on fruit characters of
Shahani date. Iranian Journal of Agricultural Research 17 (2):
169-174.

Robards K, Prenzler PD, Tucker G, Swatsitang P, Glover W (1999).
Phenolics compounds and their role in oxidative processes
in fruits. Food Chemistry 66 (4): 401-436. https://doi.
0rg/10.1016/50308-8146(99)00093-X

Rodriguez, VM, Butron A, Malvar RA, Ordas A, Revilla P (2008).
Quantitative trait loci for cold tolerance in the maize IBM
population. International Journal of Plant Science 169 (4): 551-
556. https://doi.org/10.1086/528755

Saafi EB, Arem AE, Issaoui M, Hammami M, Achour L (2009).
Phenolic contents and antioxidant activity of four date palm
(Phoenix dactylifera L.) fruit varieties grown in Tunisia.
International Journal of Food Science and Technology 44 (11):
2314-2319. https://doi.org/10.1111/j.1365-2621.2009.02075.x

Saafi EB, Louedi M, Elfeki A, Zakhama A, Najjar MF et al. (2011).
Protective effect of date palm fruit extract (Phoenix dactylifera
L) on dimethoate induced-oxidative stress in rat liver.
Experimental and Toxicologic Pathology 63 (5): 433-441.
https://doi.org/10.1016/j.etp.2010.03.002

Sadasivam S, Manickam A (1992). Biochemical Methods for
Agricultural Sciences. Wiley Eastern Ltd. New Dehli: 6-7.

Saker, M.M., S.S. Adawy, A.A. Mohamed and H.A. El-Itriby. 2006.
Monitoring of cultivar identity in tissue culture-derived date
palms using RAPD and AFLP analysis. Biologia Plantarum 50:
198-204. https://doi.org/10.1007/s10535-006-0007-3

Salomon-Torres R, Ortiz-Uribe N, Sol-Uribe JA, Villa-Angulo C,
Villa-Angulo R et al. (2018). Influence of different sources
of pollen on the chemical composition of date (Phoenix
dactylifera L.) cultivar Medjool in México. Australian Journal
of Crop Science 12 (6): https://doi.org/1008-1015. 10.21475/
ajcs.18.12.06.PNE1213

Salomoén-Torres R, Sol-Uribe JA, Valdez-Salas B, Garcia-Gonzélez
C, Krueger R, Hernandez-Balbuena D, Norzagaray-Plasencia
S, Garcia-Vazquez JP, Ortiz-Uribe N (2020). Effect of Four
Pollinating Sources on Nutritional Properties of Medjool Date
(Phoenix dactylifera L.) Seeds. Agriculture 10 (2): 45. https://
doi.org/10.3390/agriculture10020045

Sedra MH, Lashermes P, Trouslot P, Combes MC, Hamon S
(1998). Identification and genetic diversity analysis of
date-palm (Phoenix dactylifera L.) varieties from Morocco
using RAPD markers. Euphytica. 103: 75-82. https://doi.
org/10.1023/A:1018377827903

Silva EM, Rogaz H, Larondelle Y (2007). Optimization of extraction
of phenolics from Ing aedulis leaves using response surface
methodology. PLoS One 11 (9): e0162139. https://doi.
org/10.1371/journal.pone.0162139

Shahid MA, Igbal M, Niamatullah M (2017). Response of Male
Pollinizers in Fruit Set, Yield and Quality of Date Palm (Phoenix
dactylifera L.). Cv. Dhakki. Sarhad J. Agric. 33 (1):108-116.

Thabet IB, Besbes S, Attia H, Deroanne C, Francis F et al. (2009).
Physicochemical characteristics of date sap “lagmi” from
deglet nour palm (Phoenix dactylifera L.). International
Journal of Food Properties 12 (3): 659-670. https://doi.
0rg/10.1080/10942910801993528

Vayalil PK (2012). Date fruits (Phoenix dactylifera Linn): An
emerging medicinal food. Critical Reviews in Food Science
and Nutrition 52 (3): 249-271. https://doi.org/10.1080/104083
98.2010.499824

Wang Y, Georgi LL, Zhebentyayeva TN, Reighard GL, Scorza R et al.
(2002). High-throughput targeted SSR marker development in
peach (Prunus persica). Genome 45 (2): 319-328. https://doi.
org/10.1139/g01-153

Wu X, Beecher GR, Holden JM, Haytowitz DB, Gebhardt SE et al.
(2004a). Lipophilic and hydrophilic antioxidant capacities of
common foods in the United States. Journal of Agriculture and
Food Chemistry 52 (12): 4026-4037. https://doi.org/10.1021/
j1049696w

Wu X, Beecher GR, Holden JM, Haytowitz DB, Gebhardt SE et al.
(2004b). Development of a database for total antioxidant
capacity in foods: a preliminary study. Journal of Food
Composition and Analysis 17 (3-4): 407-422. https://doi.
0rg/10.1016/j.jfca.2004.03.001

Yamamoto T, Kimura T, Sawamura Y, Kotobuki K, Ban Y et al.
(2001). SSRs isolated from apple can identify polymorphism
and genetic diversity in pear. Theoretical and Applied Genetics
102: 865-870. https://doi.org/10.1007/s001220000524

Yousef AK, Benjamin ND, Kado A, Alddin SM, Ali SM (1982).
Chemical composition of four Iraqi date cultivars. Date Palm
Journal 1 (2): 285-294.

565


https://doi.org/10.1186/s42269-019-0234-3
https://doi.org/10.1186/s42269-019-0234-3
https://doi.org/10.1080/10715760290006484
https://doi.org/10.1080/10715760290006484
https://doi.org/10.1016/S0308-8146(99)00093-X
https://doi.org/10.1016/S0308-8146(99)00093-X
https://doi.org/10.1086/528755
https://doi.org/10.1111/j.1365-2621.2009.02075.x
https://doi.org/10.1016/j.etp.2010.03.002
https://doi.org/10.1007/s10535-006-0007-3
https://doi.org/1008–1015. 10.21475/ajcs.18.12.06.PNE1213
https://doi.org/1008–1015. 10.21475/ajcs.18.12.06.PNE1213
https://doi.org/10.3390/agriculture10020045
https://doi.org/10.3390/agriculture10020045
https://doi.org/10.1023/A:1018377827903
https://doi.org/10.1023/A:1018377827903
https://doi.org/10.1371/journal.pone.0162139
https://doi.org/10.1371/journal.pone.0162139
https://doi.org/10.1080/10942910801993528
https://doi.org/10.1080/10942910801993528
https://doi.org/10.1080/10408398.2010.499824
https://doi.org/10.1080/10408398.2010.499824
https://doi.org/10.1139/g01-153
https://doi.org/10.1139/g01-153
https://doi.org/10.1021/jf049696w
https://doi.org/10.1021/jf049696w
https://doi.org/10.1016/j.jfca.2004.03.001
https://doi.org/10.1016/j.jfca.2004.03.001
https://doi.org/10.1007/s001220000524

MARYAM et al. / Turk ] Agric For

Zehdi S, Sakka H, Rhouma A, Ali OMS, Marrakchi M et al. (2004). Shahsavar AR, Shahhosseini A (2022). The metaxenia effects of
Analysis of Tunisian date palm germplasm using simple different pollen grains on secondary metabolites enzymes and
sequence repeat primers. African Journal of Biotechnology 3 sugars of ‘Piaromdate palm fruit. Scientific Reports 12 (1):
(4): 215-219. https://hdL.handle.net/1807/4118 10058. https://doi.org/10.1038/s41598-022-14373-w

Zivdar S, Mousawi M, Alemzadeh AN (2008). Genetic stability in Zhang M, Wang Z, Mao Y, Hu Y, Yang L, Wang Y, Zhang L, Shen X
date palm micropropagation. Asian Journal of Plant Science 7 (2019). Effects of quince pollen pollination on fruit qualities and
(8): 775-778. https://doi.org/10.3923/ajps.2008.775.778 phenolic substance contents of apples. Scientia Horticulturae

Zahid G, Iftikhar S, Farooq MU, Soomro SA (2022). Advances in 256: 108628. https://doi.org/10.1016/j.scienta.2019.108628

DNA based molecular markers for the improvement of fruit
cultivars in Pakistan-A Review. Sarhad Journal of Agriculture
38 (3): 812-832.

566


https://hdl.handle.net/1807/4118
https://doi.org/10.3923/ajps.2008.775.778
https://doi.org/10.1038/s41598-022-14373-w
https://doi.org/10.1016/j.scienta.2019.108628

MARYAM et al. / Turk ] Agric For

Supplementary data
Table S1. Primers details.

Sr. | Primer code | Primer forward sequence Primer Reverse sequence Exp. Size | Motif Tmp | status of

No repeat (0C) 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 | 493 | **

5 mPdCIR057 | AAGCAGCAGCCCTTCCGTAG | GTTCTCACTCGCCCAAAAATAC | 214-284 | (GA)20 | 554 | **

6 DP159 AGCTCCAATTTGCTGCAGAG | GCTGACCTGGAGTCCAAAAC 156-172 (TC)27 54.3 | **




