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Introduction

Date palm (Phoenix dactylifera L.) is a major fruit 
crop belongs to genus Phoenix and Arecaceae 

(formerly Palmae) family. It is domesticated about 
7000 years ago in or near Middle East (Flower et 
al., 2019). The family Arecaceae contains more than 
200 genera and 2,280 species (Al-Antary et al., 2015; 
Al-Qurainy et al., 2018). Date palm is monocot 
and dioecious plant in nature (Barrow, 1998). The 
genus Phoenix is distributed from the Atlantic 
Islands throughout Mediterranean region, Africa, 

Middle East, and as far as Southern Asia and North-
Western Pacific (Barrow, 1998; Henderson et al., 
2006; Dransfield et al., 2008; Al-Antary et al., 2015). 
This is a green woody plant with long productive 
life cycle. It grows well under arid and semi-arid 
climatic conditions than other fruit crops (Lunde, 
1978; Patankar et al., 2018; Alwahshi et al., 2019). 
It is the main fruit crop of Western Asia and North 
Africa situated between 24oN and 34oN (Zaid and 
Arias-Jimenez, 2002). Date palm is excellent among 
the fruits with a large number of cultivars throughout 
world (Fakir et al., 2018). Currently, date palm is 
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cultivated in more than 37 countries with almost 
5000 varieties (Ali-Mohamed and Khamis, 2004; 
Akhtar et al., 2014). In Pakistan, more than 300 
varieties have been reported and are being cultivated. 
All these varieties have wide range of genetic diversity 
regarding their morphological and biochemical fruit 
characteristics (Markhand et al., 2010). 

Genome size of date palm is approximately 700Mb 
(Fakir et al., 2018). Chromosomal data of date palm is 
comparatively rarely published till the mid of 1980’s 
( Johnson, 1985), however some progress was achieved 
later ( Johnson and Brandham, 1997). However, 
some successful attempts were made in growing 
root tips with few members of Arecaceae family for 
chromosomal count. Very limited roots are produced 
by palm trees due to their slow growth. Cytogenetic 
studies in date palm are difficult because of small and 
numerous number of chromosomes ( Johnson, 1985; 
Johnson and Brandham, 1997). Johnson and Raven 
(2001) reported 2n=4 and 2n=1262 chromosomes in 
Haplopappus and fungus Penicillium respectively.

Earlier, Nemec (1910) reported 2n=28 chromosomes 
in date palm. According to Beal (1937) the date palm 
had 2n=2x=36 chromosome number of same size and 
some variation was observed in mitotic metaphase 
in root tips of young seedlings germinated from 
seeds. Loutfi and Hadrami (2005) reported 2n=26 
chromosomes in two tissue cultured Moroccan date 
palm cultivars. Karyotype analysis has been conducted 
for phylogenetic and genetic diversity in plants for 
more than hundred years and it is well-established by 
the method of Fukui and Kakeda (1994). Cytology 
is still considered an important technique for the 
characterization of plant species. The chromosomal 
data of species is more important to understand 
the similarities and differences on the basis of 
chromosome number, shape and size (Naruhashi and 
Iwatsubo, 1991). Generally, karyotype studies had 
been conducted for closely related varieties to know the 
changes in chromosomes shape during chromosomal 
evolution (Shan et al., 2003). Successful Karyotypic 
analysis studies were conducted on Borago (Selvi et 
al., 2006), Secale (Masoud and Ali-Jarrahei, 2008) and 
Artemisia (Naseri et al., 2009). Also successful studies 
were conducted at intraspecific level in cotton, Agave 
and Thymus (Sheidai et al., 2008; Guadalupe et al., 
2008; Kalvandi et al., 2012). 

Al-Salih et al. (1987) reported 2n=32, 34, 36, and 

64 chromosomes in date palm. The inconsistent 
and unpredictable chromosome number hindered 
the research results due to unavailability of soft 
roots at mitosis stage from adult palm trees (Al-
Ani et al., 2010). Alzahrani (2016) also reported 
variation in chromosome number 2n=34, 36 of two 
date palm cultivars Khalas and Sheeshi. Evaluating 
the genetic diversity of date palm in the region by 
detailed analysis of chromosome morphology has a 
novel importance. However, a very limited work has 
been conducted on genetic diversity and no work has 
been reported regarding the karyological studies of 
this economical important plant being cultivated in 
Pakistan. The aim of this study was to elucidate inter-
varietal relationship as well as evolution among elite 
varieties and wild type date palms grown in Sindh, 
Pakistan.

Materials and Methods

This study was carried out in Date Palm Research 
Institute (DPRI), Shah Abdul Latif University 
(SALU), Khairpur, Pakistan (GPS coordinates 27° 
31’ 47.8236’’ N and 68° 45’ 29.3076’’ E) during 2015-
2017 and from 2017 to 2018 in the Department of 
Plant Biology, University of Illinois, USA. Seeds of 
various date palm cultivars were collected from Sindh 
province during the fruit season in 2015 (Table 1). 
The four inedible fruit producing wild Date palm 
plants were selected from the vicinity of Khairpur 
and included in present study. These four wild types 
were assigned names as Wild01, Wild02, Wild03 and 
Wild 04. All the collected seeds were washed, dried 
and preserved in zipper bags until use. Later these 
seeds were used for root harvesting after geminating 
them in pots. The pots 6×6” were filled with growing 
medium having vermiculite and sand in 3:1 ratio and 
kept at 25 to 30°C. The pots were irrigated on alternate 
days to keep them moist. The primary roots were 
harvested when emerged 1.5 cm long. The secondary 
and tertiary roots were collected when these reached 
to 1.0 cm length (Figure 1, i, ii, iii, iv and v)

The harvested roots were washed with tap water then 
with deionized distilled water (ddH2O) and pretreated 
with ice chilled water for two to four hours. After that 
roots were pretreated with 8-Hydroxiqunoline for 
two hours. The roots were quickly rinsed two times 
and washed two times with freshly prepared chilled 
ethanol and glacial acetic acid (3:1) to remove water 
contents. The roots were incubated in fixative for 24 
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to 48 hours at 4°C. After roots were stored in 70% 
ethanol at 4°C until use. 

Table 1: Seven commercial varieties and four wild 
type date palm of Sindh, Pakistan used for cytological 
investigations.
Code Name Code Name
a Aseel b Asul Khurmo
c Otakin d Kupro
e Kashuwari f Karblain
g Dedhi h Wild 01
i Wild 02 j Wild 03
k Wild 04

Figure 1: (i) Seed germination; (ii, iii) harvested primary and 
secondary roots; (iv) pretreatment of roots; (v) date palm seedlings 
for cytological studies.

The root tips were taken out from ethanol and 
hydrated with ddH2O two times for three minutes 
each. Hydrolyzed with 5N HCL for 45 minutes then 
roots were transferred to pre-chilled ddH2O. The roots 
were incubated in Fuelgen solution in dark at room 
temperature for two hours/until pink color observed 
in root tips. The roots were bleached with freshly 
prepared K-metabisulfite (10% K-metabisulfite +1N 
HCl + ddH2O: 1:1:9). The root samples were washed 
with ddH2O at room temperature and transferred 
to 1% acetocarmine for counter staining. The darkly 
stained root tip (apical meristem) of around 1mm was 
cut with sharp razor blade and temporary mounts were 
made in a drop of 45% acetic acid on acid clean slides. 
After putting cover slip (in a way to avoid air bubble 
trapping inside), it was tabbed softly then pressed 
with thumb up to nail white underneath folded filter 
paper to spread root tip material evenly having single 
cell layer then observed under Microscope. 

Prepared slides were examined and Photomicrographs 
were taken under 100x oil imersion objective 
giving a total magnification of 1000x. Dividing 
cells and chromosomes per cell were recorded and 
photomicrographs were captured with Olympus 
B×61/B×62 Photo Microscope equipped with DP72 

digital camera mounted on it, photomicrographs 
were taken with stage micrometer on the same 
magnification and later it was used for measurements 
of chromosomes with Imag J software by converting 
number of pixels to micrometer. 

Karyotypes were obtained keeping the criteria of 
chromosome number, chromosome length, position 
of centromere and arranged by Software Smart Type 
Karyotype, provided by Digital Scientific UK (http://
dsuk.biz/DSUK/Home.html). Especially designed 
for the appearance and characteristics of chromosome 
size, numbers and form in metaphase plates. Paired 
and tint homologous chromosomes were arranged 
from longest to smallest.

The following numerical values of chromosomes were 
measured for each investigation: 
•	 Total chromosome length (TCL) was calculated 

by measuring long arm (p) and short arm (q) in 
microns (μm). 

•	 Average chromosome length (ACL) of haploid 
complement. 

•	 Arm ratio was calculated by dividing long arm 
with short arm (L/S). 

•	 Relative length (RL) was calculated by applying 
a formula: total chromosome length/average 
chromosome length.

•	 Centromeric index (CI) value or total frequency 
(TF %) was calculated in each observation 
following Huziwara (1962) by a formula which 
shows the proportion of short arm in chromosome.

•	 Finally, chromosomes were arranged according to 
their length in karyotype from larger to smaller 
and assigned them numbers. 

•	 Sum of haploid set of chromosomes was also 
calculated. Chromosomes were classified 
according to Hussain (2005).

According to Eroğlu (2015) new classification model 
for karyotype symmetry/asymmetry was followed to 
determine the karyotype symmetry. In this model a 
perfect symmetrical karyotype is characterized by 
completely metacentric chromosomes. In contrast, 
an asymmetric karyotype consists of a complete 
set of telocentric chromosomes. The formula 
includes chromosomal type and centromeric 
position. The chromosome types were determined 
according to nomenclature recommended by Levan 
et al. (1964). The general formula is described 
with the use of different chromosome types. 

http://dsuk.biz/DSUK/Home.html
http://dsuk.biz/DSUK/Home.html
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Figure 2: Mitotic metaphase photomicrographs of six date palm cultivars and  two wild type date palms: a: Aseel; b: Asul Khurmo; c: Otakin; 
d: Kupro; e: Kashuwari; f: Karblain; g: Dedhi; h: Wild01; i: Wild02; j: Wild03 and k: Wild04.

S/As= (1 × m) + (2 × sm) + (3 × st) + (4 × t)/ 2n. In these 
equations m = metacentric chromosome number; 
sm = sub-metacentric chromosome number; st= 
sub-telocentric chromosome number; t= telocentric 
chromosome number and 2n= diploid chromosome 
number. Resultant value 1.0-2.0 is considered 
as symmetric, 2.1-3.0 is between symmetric and 
asymmetric and 3.1-4.0 is asymmetric karyotype.

Means were calculated using the obtained data from 
five well spread metaphases. ANOVA was calculated 
using software SPSS version 20.

Results and Discussion

In this study the karyotype variation of seven elite 
commercial varieties and four wild type date palms 
were investigated (Table 1). Generally, date palm 
chromosomes are recalcitrant in nature, very sticky and 
exceptionally small in size. The somatic chromosome 
number determined in seven varieties and four wild 
type date palm is 2n=36 (Table 2, Figure 3 and 4) con-
firmed previous reports in date palm cv. Khadrawi by 
Solimann and Al-Mayah (1978); in cvs. Barhi, Nabut 
Seif and Succary by Aly and Bacha (2000) and in cvs. 
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Figure 3: A detailed Karyograms of six date palm cultivars and  four wild type date palms: a: Aseel; b: Asul Khurmo; c: Otakin; d: Kupro; 
e: Kashuwari; f: Karblain; g: Dedhi; h: Wild01; i: Wild02; j: Wild03 and k: Wild04.

Khalas, Sukkary, Sheeshi, Shibeebi and Sillije by 
Alzahrani (2016). On the contrary, some of the 
previous studies reported different number of 
chromosome pairs such as 14, 16, 17, 18, and 32 in 
cv. Lilwi (Al-Salih and Al-Rawi, 1987); in cvs. Sayer 
and Khsab ranging from 2n=32, 34, 36 (Al-Salih et 
al., 1987) and in two tissue culture derived Moroccan 
cultivars having 2n=26 (Loutfi and Chlyah, 1998). 
This variation in somatic chromosome numbers from 
the present results of seven varieties and four wild type 
date palms having 2n=36 could be because of stable 
genome which did not show fusion or duplication 

of whole chromosome pair or possibly because of 
difference in origin of date palm varieties.

Data recorded on total chromosome length, longest 
and smallest chromosomes, arm ratio, relative 
length and centromeric index of seven varieties and 
four wild type date palm examined in this study is 
presented in Table 2 which showed the karyotype 
variation among chromosomal morphology of 
different date palm varieties of Sindh, Pakistan. 
Mitotic metaphase chromosomes were generally 
found small as presented in Figure 2 a to k. 
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Figure 4: Ideograms of different varieties and wild date type palm: showing long arm, short arm and centromere position; length in μm 
(y-axis), haploid (n) number of chromosome (x-axis). a: Aseel; b: Asul Khurmo; c: Otakin; d: Kupro; e: Kashuwari; f: Karblain; g: Dedhi h: 
Wild01; i: Wild02; j: Wild03 and k: Wild04. (Alphabetic codes have been given in materials and methods section).



September 2019 | Volume 35 | Issue 3 | Page 714

Sarhad Journal of Agriculture
Table 2: Karyotype variation in chromosomal morphology of different date palm cultivars of Khairpur, Pakistan: a: Aseel; 
b: Asul Khurmo; c: Otakin; d: Kupro; e: Kashuwari; f: Karblain; g: Dedhi; h: Wild01; i: Wild02; j: Wild03 and k: Wild04.
Chromosome length in μm
Code Cultivars Name 2n LCL SCL TCL Mean Arm Ratio Mean CI
a Aseel 36 3.75±0.6 bcde 1.16 ± 0.4 43.11 ± 1.8 2.30 ± 0.4 29.95
b Asul Khurmo 36 4.69 ±0.5 bcde 1.26 ± 0.5 43.66 ± 1.2 4.09 ± 0.6 19.64
c Otakin 36 3.53±0.7 cde 1.23 ± 0.6 39.76 ± 1.5 2.45 ± 0.6 25.98
d Kupro 36 4.83±0.7 a 2.04 ± 0.3 58.78 ± 1.8 2.38 ± 0.5 27.86
e Kashuwari 36 6.46±0.4 abc 1.32 ± 0.7 50.69 ± 1.2 2.21 ± 0.3 32.44
f Karblain 36 4.00±0.3 bcde 1.45 + 0.2 41.39 ± 0.6 2.37 ± 0.5 27.97
g Dedhi 36 3.60±0.5 de 0.99 ± 0.3 35.12 ± 1.2 2.33 ± 0.4 25.38
h Wild 01 36 2.79 ±0.4 de 1.37 ± 0.4 36.52 ± 1.5 2.78 ± 0.5 26.39
i Wild 02 36 3.56±0.3 e 1.16 ± 0.3 31.00 ± 0.9 2.49 ± 0.5 26.24
j Wild 03 36 5.10±0.3 ab 1.32 ± 0.4 53.13 ± 1.2 1.73 ± 0.4 33.57
k Wild 04 36 5.45±0.5 abcd 1.32 ± 0.4 48.06 ± 1.3 2.33 ± 0.3 26.93

Note: 2n: Diploid set of somatic Chromosomes; LCL: Longest Chromosome length; SCL: Smallest chromosome length; TCL: Sum of total 
chromosome length of haploid compliment; L/S: Sum of Long arm/Sum of short arm of chromosome; CI: Centromeric Index.

Table 3:  Symmetry and asymmetry values of date palm cultivars of Sindh, Pakistan: A: Aseel; b: Asul Khurmo; c: 
Otakin; d: Kupro; e: Kashuwari; f: Karblain; g: Dedhi; h: Wild01; i: Wild02; j: Wild03 and k: Wild04.
Karyotype Symmetry/Asymmetry
Code Cultivars Name Karyotype S/A Value Karyotype Symmetry/Asymmetry
A Aseel 4m + 7sm + 3st + 4t 2.33 Between Symmetric and Asymmetric
B Asul Khurmo 4m + 2sm + 4st  + 8t 2.88 Between Symmetric and Asymmetric
C Otakin 6m + 1sm + 8st + 3t 2.44 Between Symmetric and Asymmetric
D Kupro 5m + 7sm + 1st + 5t 2.33 Between Symmetric and Asymmetric
E Kashuwari 6m + 5sm + 2st + 5t 2.38 Between Symmetric and Asymmetric
F Karblain 8m + 5sm +  5t 2.12 Between Symmetric and Asymmetric
G Dedhi 5m + 6sm + 4st + 3t 2.27 Between Symmetric and Asymmetric
H Wild 01 4m + 5sm + 1st + 8t 2.72 Between Symmetric and Asymmetric
I Wild 02 7m + 2sm + 2st + 7t 2.50 Between Symmetric and Asymmetric
J Wild 03 11 + 4sm + 3t 1.72 Symmetric
K Wild 04 6m + 6sm + 2st + 4t 2.22 Between Symmetric and Asymmetric

Although, few chromosome pairs posed some 
difficulties during analysis due to their very small size 
which affected both centromeric position and arm ratio.

It was consistently noted in seven varieties and four 
wild type date palm that chromosome pairs from 
number one to five were relatively longer, six to 
twelve were median and rest were smaller (Figure 
3 and 4). Total length of the haploid complement 
ranges from 58.78 ± 1.8μm (Kupro) to 31.00 ± 0.9μm 
(Wild02). The longest to smallest chromosome values 
indicated the significant length variations within 
the complement, where chromosome number 1 the 
longest chromosome in the complement was found 
in var. Kashuwari (6.46±0.4μm) and smallest in var. 

Wild01 (2.79 ±0.4μm), whereas chromosome number 
18 the smallest chromosome in whole set was found 
longer in var. Kupro (2.04 ± 0.3μm) and smaller in 
var. Dedhi (0.99 ± 0.3μm). The similar findings have 
been reported in cv. Nebut Seif in which longest 
chromosome was observed 6.31μm (Aly and Bacha, 
2000) which is similar to var. Kashuwari (6.46 μm) 
whereas smallest in Succary 2.41μm (Aly and Bacha, 
2000) which is similar to var. Kupro (2.04 μm) and 
Ashkar 0.75μm (Al-Salih and Al-Rawi, 1987) which 
is similar to var. Dedhi (0.99μm). Highest average 
arm ratio was recorded in var. Asul Khurmo (4.09 ± 
0.6) and lowest in Wild03 (1.73 ± 0.4). The highest 
centromeric index percentage was observed in 
Wild03 (33.57) and lowest in Asul Khurmo (19.64) 
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which shows the proportion of short arm in whole 
chromosome length and the centromeric position of 
individual chromosome number. 

The results depicted in Table 3 and Figure 3 and 
4 showed differences in centromeric position 
of chromosomes which is determined type of 
chromosome like metacentric, sub-metacentric, sub-
telocentric or telocentric. Karyotype formula of var. 
Wild03 showed 4m + 11m + 4sm + 3t chromosomes. 
Karyotype formula reported in var. Sheeshi is 8m 
+ 4sm+ 2st + 4t by Alzahrani (2016). Out of seven 
varieties and four wild type date palms under this 
study only Wild03 has symmetric karyotype because 
of value less than 2.00 showing maximum number of 
median and sub-median chromosomes. These results 
are in agreement with cv. Sheeshi (Alzahrani, 2016) as 
per formula of Eroğlu (2015). The remaining cultivars 
and wild type date palm under this study have between 
symmetric and asymmetric Karyotype with value 
more than 2.00 and showed tendency towards more 
sub-telocentric and telocentric chromosome (Table 
3 and Figure 5). These results are in agreement with 
the results reported by Aly and Bacha (2000) in cvs. 
Barhi and Nebut saif. 

Figure 5: Symmetry of a: Aseel; b: Asul Khurmo; c: Otakin; d: 
Kupro; e: Kashuwari; f: Karblain; g: Dedhi; h: Wild01; i: Wild02; 
j: Wild03 and k: Wild04.

Symmetrical and asymmetrical analysis not 
recommended generally where three half of 
chromosomes arise 1μm or less than 1μm because 

centromere position is difficult to determine (Stebbins, 
1971). However, in this study symmetry of the date 
palm karyotypes have been calculated where six pairs 
of chromosomes are around 1μm or less. Karyotype is 
a primitive feature whereas increasing chromosomal 
asymmetry occurs because of the shift in centromere 
position from the median to sub-median to the sub-
terminal or terminal due to unequal translocations 
(Stebbins, 1971). Asymmetrical karyotype is 
characterized by mainly median and sub-median 
chromosomes of approximately equal size as in 
Wild03 is likely primitive karyotype showed trend 
towards their origin as compared to var. Asul Khurmo 
which represented the advance karyotype by showing 
maximum number of telocentric chromosome 
(Figure 5). The changes to an asymmetric karyotype 
can occur by shifts in centromere position towards 
the telomere due to rearrangements in both 
heterochromatin and euchromatin during evolution 
and size variation among different chromosomes and 
different karyotype formula could be due to these 
rearrangements (Peruzzi et al., 2009). Differential 
amplification of heterochromatic regions or even 
in the hybridization between species with different 
chromosome sizes. All these events increase the 
interchromosomal asymmetry by increasing the 
morphological discontinuities between chromosomes 
in a karyotype (de la Herrán et al., 2001).

It has been suggested by Stebbins (1971) that the 
lowest CI value showed the advanced karyotype 
therefore, variety Asul Khurmo is more evolved 
(asymmetrical) as compared to the Wild03. Highest 
CI value showed in primitive type (symmetrical) to 
seven varieties and four wild type date palms had 
comparable chromosome size, karyotype symmetry 
and chromosome type exhibit close relationship 
which indicated their probable origin from a common 
ancestor. However, some recognizable differences 
have been noticed among these varieties, thus 
the karyotype analysis revealed minute structural 
alterations in chromosomes associated with total 
chromosome length and centromere deviation from 
the median to telocentric, has played an important 
role in establishment of new cultivars. It has been 
suggested by Kuterekar and Wanjari (1983) that 
varietal demarcation is a result of changes in 
heterochromatic part as well as repetitive sequences 
in the genome. The variation among chromosome size 
indicated that ample rearrangements in chromatin 
has occurred as reported by Tayyar et al. (1996) and 
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Galasso et al. (1996) that there were rearrangements 
both in heterochromatin and euchromatin during 
evolution in plants. 

Conclusions and Recommendations

A detailed karyotypic study was carried out on 
seven commercial date palm varieties and four wild 
type plants grown in Sindh, Pakistan. The study has 
confirmed total number of chromosome pairs is 
2n=36 but all the studied varieties including wild types 
showed variation in terms of chromosome size and 
structure. The symmetric karyotype was found only in 
one variety whereas rest of the varieties were between 
symmetric and asymmetric karyotype. The results 
presented here will be useful in further cytogenetic 
analyses and the ongoing genome sequencing. The 
present study is first ever of its kind because no 
one has conducted karyotypic studies on date palm 
varieties in Pakistan before this. More cytogenetic 
research is needed to understand the cytogenetic 
history of this commercially important plant because 
of scarcity of literature regarding chromosomal nature 
of date palm and most of the cytological studies were 
done long ago in the other parts of world who have 
different date palm varieties than this region. Hence, 
the current study has presented diagnostic features of 
the date palm karyotype in detail for the first time as 
recent addition in the field.

Acknowledgements

The author wishes to thank Higher Education 
Commission (HEC), Islamabad for funding this 
project and Edward R. Madigan Laboratory, 
University of Illinois, USA for technical support.

Novelty Statement

The detailed karyotypes of commercial cultivars and 
wild type date palm is presented for the first time 
which includes variation in chromosomes and evolu-
tionary pattern. Furthermore, protocol is optimized 
for the date palm chromosomes to be studied, which 
is considered one of the most recalcitrant materials. 

Author’s Contribution

Tahira Jatt performed experimental work and wrote 
the manuscript. Ghulam Sarwar Markhand and 
Ray Meng designed experiments, Rayburn helped 
in experimental work, Mushtaq Ali helped in data 

analysis and Ameer Ahmed Mirbahar helped in 
writing and revision of manuscript. 

References

Akhtar, W., A. Rasheed, Z.K. Shinwari, S.M.S. 
Naqvi and T. Mahmood. 2014. Genetic 
characterization of different Pakistani date 
palm varieties. Pak. J. Bot. 46(6): 2095-2100.

Al-Ani1, B., A. Zaid and H. Shabana. 2010. On 
the status of chromosomes of the date palm 
(Phoenix dactylifera L.). Proceedings of the 4th 
International Date Palm Conference, Zaid, A. 
and G.A. Alhadrami (Eds.). Acta Hort. 882, 
Abu Dhabi, UAE. pp. 253-268.

Al-Antary, T.M., M.M. Al-Khawaldeh and M.A. 
Ateyyat. 2015. Economic importance of date 
palm Phoenix dactylifera L. (Liliopsida: Arecales: 
Arecaceae) pests in Jordan Valley. Braz. J. Biol. 
Sci. (2)3: 121-134.

Al-Qurainy, F.,  A.A.  Al-Ameri,  S. Khan,  M. 
Nadeem,  A.Z.  Gaafar  and  M. Tarroum. 
2018. SCAR marker for gender identification 
in date palm (Phoenix dactylifera  L.) at the 
seedling stage. Int. J. Genomics. https://doi.
org/10.1155/2018/3035406

Alwahshi, K.J., E.E. Saeed, A. Sham, A.A. Alb-
looshi, M.M. Alblooshi, K.A. El-Tarabily and 
S.F. Abu Qamar. 2019. Date palm sudden 
decline syndrome in the United Arab Emir-
ates. Int. J. Mol. Sci. 20: 1-18. https://doi.
org/10.3390/ijms20040923

Aly, M.A. and M.A.A. Bacha. 2000. Chromo-
some characteristics of three date palm cultivars 
(Phoenix dactylifera L.). Sultan Qaboos Univ. J. 
Sci. Res. Agric. Sci. 5: 11-14.

Ali-Mohamed, A.Y. and A.S.H. Khamis. 2004. 
Mineral ion content of the seeds of six cultivars 
of Bahraini date palm (Phoenix dactylifera L.). J. 
Agric. Food Chem. 52: 6522-6525. https://doi.
org/10.1021/jf030518x

Al-Salih, A.A. and A. Al-Rawi. 1987. A study of 
the cytology of two female cultivars of date 
palm. Date Palm J. 5: 123-124.

Al-Salih, A.A, N.R. Al-Najjar and A.N. Al-Mash-
hadani. 1987. A study on the chromosome 
number of two specific female date palm culti-
vars. Date Palm J. 5: 134-143.

Al-Salih, A.A. and A. Al-Jarrah. 1987. Chromo-
somes number of a date palm male: cultivar 
Ghannami Akhdar. Date Palm J. 5: 128-137.

https://doi.org/10.1155/2018/3035406
https://doi.org/10.1155/2018/3035406
https://doi.org/10.3390/ijms20040923
https://doi.org/10.3390/ijms20040923
https://doi.org/10.1021/jf030518x
https://doi.org/10.1021/jf030518x


Sarhad Journal of Agriculture

September 2019 | Volume 35 | Issue 3 | Page 717	

Alzahrani, A. 2016. Karyotyping the date palm 
(Phoenix dactylifera L.). Int. J. Biotech. Bioeng. 
10: 40557.

Barrow, S. 1998. A monograph of Phoenix L. (Pal-
mae: Coryphoideae). Kew But. 53:513-575. 
Brazilian chromosome. Hereditas. 52: 201-
239.

Beal, J.M. 1937. Cytological studies in the genus 
Phoenix. Bot. Gaz. 99: 400-407. https://doi.
org/10.1086/334708

Dransfield, J., N.W. Uhl, C.B. Asmussen, W.J. Bak-
er, M.M. Harley and C.E. Lewis. 2008. Genera 
palmarum: The evolution and classification of 
palms, Kew publishing, Kew, UK. 744.

Eroğlu, H.E. 2015. Which chromosomes are sub-
telocentric or acrocentric? A new karyotype fe-
male cultivars of date palm. J. Agric. Water Re-
sour. 8(1): 191-203.

Fakir, N., A. Muhammad, G.M. Ali, A. Shehzad, 
H. Rahman, Farhatullah and M.Z. Hyder. 
2018. Utility of morphological features, chemi-
cal composition of fruit and chloroplast genes in 
date palm (Phoenix dactylifera L.) characteriza-
tion. Sarhad J. Agric. 32(2): 378-388. https://doi.
org/10.17582/journal.sja/2018/34.2.378.388

Flower, J.M., K.M. Hazzouri, M. Gross-Balthzard, 
Z. Mo, K. Koutroumpa, A. Perrakis, S. Fer-
rand, H.S. Khierallah, D.Q. Fuller, F. Aber-
lenc, C. Fournaraki and M.D. Purugganan. 
2019. Cross-species hybridization and the 
origin of North African date palms. PNAS. 
116(5): 1651-1658. https://doi.org/10.1073/
pnas.1817453116

Fukui, K. and K. Kakeda. 1994. Dynamic chang-
es in the morphology of barley chromosomes 
during the mitotic metaphase stage. Japanese J. 
Genet. 69: 545-554. https://doi.org/10.1266/
jjg.69.545

Guadalupe P., J. Martinez and I. Mendez. 2008. 
Karyotype studies in cultivars of Agave tequilana 
Weber. Caryologia. 61: 144-153. https://doi.org
/10.1080/00087114.2008.10589622

Galasso, I., D. Pignone, M. Frediani, M. Maggiani 
and R. Cremonini. 1996. Chromatin character-
ization by banding techniques, in situ hybrid-
ization and nuclear DNA content in Cicer L. 
(Leguminosae). Genome. 39(2): 258-65.

Galasso, I., T. Schmidt and D. Pignone. 2001. Iden-
tification of Lens culinaris sp culinris chromo-
some by physical mapping of repetitive DNA 
sequences. Chromosome Res. 9: 199-209. 

https://doi.org/10.1023/A:1016644319409
Henderson, S., N. Billotte and J.C. Pintaud. 2006. 

Genetic isolation of Cape Verde Islands Phoenix 
atlantica (Arecaceae) revealed by microsatellite 
markers. Conserv. Genet. 7: 213-223. https://
doi.org/10.1007/s10592-006-9128-7

de la Herrán, R., F. Robles, N. Cuñado, J.L. San-
tos, M. Ruiz-Rejón, M.A. Garrido-Ramos and 
C.R. Réjon. 2001. A heterochromatic satellite 
DNA is highly amplified in a single chromo-
some of Muscari (Hyacinthaceae). Chromo-
soma. 110: 197-202. https://doi.org/10.1007/
s004120000115

Hussain, N.N., A.Z. Jarrah and M. Ghaib. 2005. 
Morphological and cytological study of three 
female cultivars of date palm. J. Agric. Water 
Res. 8: 191-203.

Huziwara, Y. 1962. Karyotype analysis in some gen-
era of Compositae. VIII. Further studies on the 
chromosome of Aster. Am. J. Bot. 49(2): 116-119. 
https://doi.org/10.1002/j.1537-2197.1962.
tb14916.x

Jatoi, M.A. 2013. In vitro rooting and acclimatiza-
tion of date palm (Phoenix dactylifera L.) plant-
lets. M.Phil Thesis, Dept. Bot. Shah Abdul Latif 
Univ. Sindh, Khairpur, Sindh, Pakistan.

Johnson, M.A. 1985. New chromosome counts in 
the Palmae. Kew Bulletin. 109-114.

Johnson, M.A.T. 1989. Unusually high chromo-
some number in Voanioala gerdii (Palmae: Are-
coideae: Cocoeae: Butiinae) from Madagascar. 
Royal Bot. Gardens, Kew.

Johnson, M.A.T. and P.E. Brandham. 1997. New 
chromosome number in petaloid monocoty-
ledons and other miscellaneous angiosperms. 
Royal Bot. Gardens. 

Johnson, G.B. and P.H. Raven. 2001. Biology. Holt, 
Rinehart and Winston. p.1096. 

Kalvandi, R., S.M.H. Hejazi, M. Atri, M. Mirza, 
Z. Jamzad and K. Safikhani. 2012. Karyotype 
Analysis among 10 populations of Thymus erioc-
alyx (Ronniger) Jalas species in Iran. Ann. Biol. 
Res. 3(8): 3916-3925.

Kutarekar, D.R. and K.B. Wanjari. 1983. Karyo-
morphological studies in some of the varieties 
of Bengal gram (Cicer arietinum L). Cytologia. 
48: 699-705. https://doi.org/10.1508/cytolo-
gia.48.699

Levan, A., K. Fredga, and A.A. Sandberg. 1964. 
Nomenclature for centromeric position of Lil-
iaceae. Ann. Bot. (London). 103: 459-475.

https://doi.org/10.1086/334708
https://doi.org/10.1086/334708
https://doi.org/10.17582/journal.sja/2018/34.2.378.388
https://doi.org/10.17582/journal.sja/2018/34.2.378.388
https://doi.org/10.1073/pnas.1817453116
https://doi.org/10.1073/pnas.1817453116
https://doi.org/10.1266/jjg.69.545
https://doi.org/10.1266/jjg.69.545
https://doi.org/10.1080/00087114.2008.10589622
https://doi.org/10.1080/00087114.2008.10589622
https://doi.org/10.1023/A:1016644319409
https://doi.org/10.1007/s10592-006-9128-7
https://doi.org/10.1007/s10592-006-9128-7
https://doi.org/10.1007/s004120000115
https://doi.org/10.1007/s004120000115
https://doi.org/10.1002/j.1537-2197.1962.tb14916.x
https://doi.org/10.1002/j.1537-2197.1962.tb14916.x
https://doi.org/10.1508/cytologia.48.699
https://doi.org/10.1508/cytologia.48.699


September 2019 | Volume 35 | Issue 3 | Page 718

Sarhad Journal of Agriculture
Loutfi, K. and H. Chlyah. 1998. Vegetative mul-

tiplication of date palm in vitro cultured in-
floresecence: effect of some growth regulators 
combinations and ogranogenetic potential of 
various cultivars. Agron. 18: 573-580. https://
doi.org/10.1051/agro:19980807

Loutfi, K. and I. El-Hadrami. 2005. Phoenix dac-
tylifera L., Date Palm: Biology of Fruit nut- 
Chapter 04: 144-157.

Masoud, M. and S. Ali-Jarrahei. 2008. Cytogeneti-
cal studies of some species of the genus Secale L. 
(Poaceae) in Iran. Caryologia. 61(2): 182-189. 
https://doi.org/10.1080/00087114.2008.105
89628

Markhand, G.S., A.A. Abul-Soad, A.A. Mirba-
har and N.A. Kanhar. 2010. Fruit characteriza-
tion of Pakistani dates. Pak. J. Bot. 42(6): 3715-
3722.

Marshal, J. 1931. Mohenjo-Daro and the Indus civ-
ilization: Being an official account of Archaeo-
logical excavations at Mohenjo-Daro carried by 
the Govt. of India between the years 1922-27. 
First published at London, 1931. Reprinted in 
2004 by AES Publications Pvt. Ltd, New Delhi.

Naseri, H.R., H. Azarnivand and M. Jafari. 2009. 
Chromosomal evolution in some Iranian Ar-
temisia L. using numerical analysis of kary-
otypes. Cytologia. 74(1): 55-64. https://doi.
org/10.1508/cytologia.74.55

Naruhashi, N. and Y. Iwatsubo. 1991. Cyto-tax-
onomic study on two putative hybrids in the 
genus Duchesnea (Rosaceae). The Botanical 
Magzine, Tokyo. 104: 137-143. https://doi.
org/10.1007/BF02493254

Nemec, B. 1910. Das problem der Berfruch-
tungsvorgange und zytologische fragen. Berlin. 

Person, O.H. 1933. Growth of the flower bud of 
Brassica. Microsporogenesis and microgame-
togenesis. Bot. Gaz. 94: 85-87.

Lunde, P. 1978. A history of dates. Saudi Aramco 
World, 29: 176-179.

Patankar, H.V., I. Al-Harrasi, R. Al-Yahyai and 
M.W. Yaish. 2018. Identification of candidate 
genes involved in the salt tolerance of date palm 
(Phoenix dactyliferaL.) based on a yeast func-
tional bioassay. DNA and Cell Biol. https://doi.
org/10.1089/dna.2018.4159

Peruzzi, L., I.J. Leitch and K.F. Caparelli. 
2009. Chromosome diversity and evolution in 
Liliaceae.  Ann. Bot. (London).  103: 459-475. 
https://doi.org/10.1093/aob/mcn230

Selvi, F., A. Coppi and M. Bigazzi. 2006. Karyo-
type variation, evolution and phylogeny in Bor-
ago (Boraginaceae), with emphasis on Subgenus 
Buglossites in the Corso-Sardinian System. Ann. 
Bot. 98: 857-868. https://doi.org/10.1093/aob/
mcl167

Siljak, Y.S., S. Benmalek, M. Cerbah, T. Caba de 
la Pena, N. Bounaga, S.C. Brown and A. Sarr. 
1996. Chromosomal sex determination and het-
erochromatin structure in date palm. Sex Plant 
Reprod. 9: 127-132. https://doi.org/10.1007/
BF02221391

Shan, F., G. Yan and J.A. Plummer. 2003. Karyo-
type evolution in the genus Boronia (Rutaceae). 
Bot. J. Linn. Soc. 142: 309-320. https://doi.
org/10.1046/j.1095-8339.2003.00163.x

Sheidai, M., A. Dokhanchei and N. Muhammadiz. 
2008. Karyotype and chromosome pairing anal-
ysis in some Iranian upland cotton (Gossypium 
hirsutum L.) cultivars. Cytologia. 73: 275-281. 
https://doi.org/10.1508/cytologia.73.275

Stebbins, G.L. 1971. Chromosomal evolution in 
higher plants. Edward Arnold Ltd., London. 
symmetry/asymmetry index. Caryologia: 68(3): 
239-245.

Solimann, S.S. and A.R.A. Al-Mayah. 1978. Chro-
mosome study in date palm (Phoenix dactylifera 
L). Microsc. Acta. 80(2): 145-148.

Tayyar, R.I., A.J. Lukaszewski and J.G. Waines. 
1994. Chromosome banding patterns in the 
chromosome of Aster. Am. J. Bot. 49: 116-119.

Tayyar, R., C.V. Federici and G.J. Waines. 1996. 
Natural outcrossing in chickpea (Cicer arieti-
num L.). Crop Sci. 36(1): 203-205.

Vandercook, C.E., S. Hasegawa and V.P. Maier. 
1980. Dates. In: S. Nagy and P.E. Shaw (eds.). 
Tropical and subtropical fruits: Composition, 
properties, and uses. AVI Publishing Company, 
Westport, CT. 506-541.

Wrigley, G. 1995. Date palm, Phoenix dactylifera. In: 
Evolution of crop plants, (Eds.): Smartt, J. and 
N.W. Simmonds. 2nd Ed. Longman, London, 
UK. 399-403.

Zaid, A. and E.J. Arias-Jimenez. 2002. Date Palm 
cultivation. FAO plant production and protec-
tion paper. 156 (Rev. 1). FAO, Rome, Italy.

Zaid, A. and P.F. de Wet. 2002. Date palm prop-
agation. In: (Ed.): Date palm cultivation FAO 
plant production and Protection. FAO Rome 
(Italy). 73-105. http://dsuk.biz/DSUK/Home.
html

https://doi.org/10.1051/agro:19980807
https://doi.org/10.1051/agro:19980807
https://doi.org/10.1080/00087114.2008.10589628
https://doi.org/10.1080/00087114.2008.10589628
https://doi.org/10.1508/cytologia.74.55
https://doi.org/10.1508/cytologia.74.55
https://doi.org/10.1007/BF02493254
https://doi.org/10.1007/BF02493254
https://doi.org/10.1089/dna.2018.4159
https://doi.org/10.1089/dna.2018.4159
https://doi.org/10.1093/aob/mcn230
https://doi.org/10.1093/aob/mcl167
https://doi.org/10.1093/aob/mcl167
https://doi.org/10.1007/BF02221391
https://doi.org/10.1007/BF02221391
https://doi.org/10.1046/j.1095-8339.2003.00163.x
https://doi.org/10.1046/j.1095-8339.2003.00163.x
https://doi.org/10.1508/cytologia.73.275
http://dsuk.biz/DSUK/Home.html
http://dsuk.biz/DSUK/Home.html

