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Sep. 19, 2024 The study was carried out in the tissue culture laboratory of the Date
Palm Research Center, University of Basrah in 2022-2023 Ad, three
types of nutritional media were used, Murashige and Skooge,(
Accepted: 1962)(MS) , Woody plant media ( WPM) (Lloyd and McCown,
1981), and Gamborg, (1968) (B5) supplied with two types of cyto-

Oct. 15,2024 | kines Zeatin and 2ip at four concentrations for each (0, 0.5 ,1 ,2) mg
L and two types of auxins NAA and IBA at three concentrations for
Published: each (0, 0.1, 0.5) mg L to formation embryogenesis of Barhi cultivar

in vitro. The results showed that the WPM and MS media gave the
Mar. 15, 2025 | highest rate of the number of embryos, which amounted to 7.45 and 7
embryos, with a significant difference from the B5 media which
reached (4.92 embryos ) Also, no significant differences were ob-
served in the number of embryos for the cytokine type trait, while the
results showed that the concentrations of 0 and 0.5 mg.L™* were ex-
celled in the rate of the number of embryos, which amounted to 7.13
embryos, with a significant difference from the rest of the concentra-
tions. the WPM nutrient media recorded the highest percentage of
embryos, number, and length of roots, which amounted to 41.7%, 1.6
roots, and 5.48 cm, respectively, with a significant difference from
the MS media, which amounted to 30% percentage of embryo, and
the number and length of roots amounted to 1.36 roots and 5.06 cm,
respectively, while the type of auxin did not record any significant ef-
fect on the embryo percentage and root length, while IBA was ex-
celled in the rate The number of roots reached 1.6 roots compared
with NAA concentration exceeded 0.5 mg L™ significantly in the per-
centage of embryo, number of roots and their length at a rate of
48.8% and 1.7 roots and 6.125 cm compared to the control treatment,
while the effect of the double and triple interactions did not record
any significant differences with statistical significance
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Introduction

Date palm. Phoenix dactylifera L. is a monocotyledonous, diploid, unisexual, dioe-
cious plant. It is one of the most important fruit crops because it has nutritional and
economic value [1]. Date palm culture in Iraq is limited to the area extending be-
tween Mandali and Tikrit districts at latitude 35 degrees north to the city of Al-Faw at
latitude 30 degrees south, Its culture is widespread in most governorates of Iraq [2]
and is cultivated in many countries in the arid regions of West Asia, North Africa and
the Middle East [3]. Plant tissue culture is one of the most important and recent scien-
tific and applied specializations, and its importance has emerged as an alternative
method to traditional methods of propagation and genetic improvement of plants of
various types [4]. Researchers in most countries of the world have been able to har-
ness this technology for the widespread propagation of plants, and tissue culture
technology has proven its efficiency in terms of the number of plants that can be pro-
duced from one plant and the genetic matching of the resulting plants to their origins
[5]. Palm trees are propagated by tissue culture either by organogenesis from the cul-
ture of the growing tip and axillary buds or by the formation of somatic embryos
(Somatic embryogenesis) by passing through the callus stage, from which embryo-
genesis are formed, by culture plant tissues in sterile artificial nutritional media [6].
Callus and the production of embryogenesis have been stimulated by many research-
ers for date palms [7 , 8]. Nutritional media are among the most important factors that
determine the success of tissue culture because of their effective role in the processes
of growth, specialization and division by providing the plant part with all the nutri-
tional elements needed, provided that the balance in the components of those media is
taken into account [9]. The nature of the nutritional media and the concentrations of
added growth regulators affect the success of the plant tissue culture process [10].
Auxins and cytokinins are among the most important components of the nutritional
media that affect the success of tissue culture [11]. The type and concentration of cy-
tokinins are among the most important main factors that affect the success of plant
tissue culture, and the balance between internal plant hormones and added growth
regulators is essential for the success of palm tissue culture [12]. Through the above,
we decided to use three nutritional media, namely Woody plant media, B5 media, and
MS media, in order to compare them, in order to know the difference in the results
that will be obtained compared to the MS nutritional media, as it is the most widely
used nutritional media in tissue culture in producing and germinating embryos.

Materials and Methods

The study was conducted in the Plant Tissue Culture Laboratory of the Palm Re-
search Center, University of Basra during the period 2022-2023.
Preparation and sterilization of cultural media

Three nutrient media were used in agricultureMS [13] ,WPM Woody plant media
[14], and B5 [15], manufactured by the American company Caisson Lab. The media
salts and growth regulators were added after they were prepared as basic solutions,
sucrose and agar Table (1). The pH of the nutrient media was adjusted to 5.7 by add-
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ing drops of sodium hydroxide solution or 0.1 N hydrochloric acid. The concentra-
tions of the added cytokinins were (0, 0.5, 1, 2) mg L for each of Zeatin and 2ip
separately with a fixed concentration of auxin (NAA) in all research experiments in
the nutrient media at a concentration of 1 mg L. The nutrient media was heated to
90 °C using a heater equipped with a magnetic mixer, then the nutrient media was
distributed in 500 ml jars and the media was distributed in them at a rate of 50 ml/jar
and closed with plastic covers, then placed in the autoclave and sterilized at a temper-
ature of 121 °C and an atmospheric pressure of 1.05 kg cm for 20 minutes. Then it
was extracted from the sterilizer, shaken and left to cool and solidify until planting.
Culture of the primary callus

Culture of the primary callus resulting from the culture of the flower spikes [16] of
the Barhi cultivar on the nutritional media MS, WPM, B5 mentioned in Table (1) and
prepared with concentrations of 0, 0.5, 1 and 2 mg L for each of Zeatin and 2ip, the
culture was carried out in the air flow table that was sterilized before planting and the
crops were incubated in the growth room at a temperature of 1+27 °C and lighting in-
tensity of 1000 lux for 16 hours and 8 hours of darkness, where the replanting process
was once every 4-5 weeks until embryos were formed, where their measurement was
taken through daily observations.

Table(1) :The media prepartions

Material Quantity/ mg.L?
Sucrose 30000
Sodium hydrogen 170
ortho phosphates
Adenine sulphates 40
Riboflavin 1
Glutamine 100
Activated charcoal 1000
Agar 6000

Formation of embryos

For the purpose of embryos formation from callus mentioned in paragraph (1), em-
bryos were randomly selected that were identical in length and size as much as possi-
ble. They were grown on the nutritional media mentioned in Table (1) and provided
with two types of auxins NAA and IBA at three concentrations for each (0, 0.1 and
0.5) mg L, with the addition of materials as in Table (1). The following measure-
ments were taken:
1- percentage of embryos
2- Number of roots
3- Root length
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Statistical analysis

All experiments were implemented using the Completely Randomized Design
(CRD) and factorial experiments. The significance of the averages was tested accord-
ing to the Least Significant Difference (L.S.D) test at a probability level of 0.05. The
statistical analysis program Genstat V.3 was used to analyze the results according to
what was stated in [17].

Results and Discussion
The effect of the type of media and cytokines and its concentration on the rate of
the number of embryos

The results shown in Table (2) the effect of the nutritional media and cytokines and
the interaction between them on the rate of the number of embryos. The results
showed that the WPM and MS media gave the highest rate of the number of embryos
produced, which amounted to 7.45 and 7 embryos, with a significant difference from
the B5 media, which gave the lowest rate, which amounted to 4.92 embryos. The re-
sults also showed that there were no significant differences between the type of cyto-
Kines in the rate of the number of embryos produced, while the results showed that
the concentrations of 0 and 0.5 mg.L™ were superior in the rate of the number of em-
bryos, which amounted to 7.13 embryos, with a significant difference from the rest of
the concentrations. The results also showed that there were no significant differences
with statistical significance in the interaction between the type of the nutritional me-
dia and cytokines, while the results of the interaction between the type of media and
the concentration of the growth regulator showed significant differences in the rate of
the number of embryos produced, as the WPM nutritional media provided with a
concentration of growth regulator 0 and 0.5 mg.L? gave the highest rate of the num-
ber of embryos, which amounted to 8.6 and 8.7 embryos, respectively, followed by
the MS nutritional media provided with the same concentrations, with a rate of 7.4
and 8 embryos. There was a significant difference from the rest of the interactions of
the same two media and the B5 media with a concentration of 2 mg L, which gave
the lowest rate of 4.5 embryos. As for the effect of the triple interaction between the
type of media and the type and concentration of growth regulator, there were no sig-
nificant differences with statistical significance in the average number of embryos
produced. The plant parts grown in vitro are a waste in their nutrition, depending on
what the nutrient media provides them with of organic compounds that lead to their
growth and development [18]. The development of embryogenesis occurs as a result
of reducing the concentration of cytokines due to the long period of culture or as a re-
sult of its consumption and spread in the cells of the growing tissue or its absorption
by activated charcoal [19 , 20]. After the regulator runs out in the nutrient media, the
development of spherical embryos occurs by stopping division, as its meristematic
pole begins to divide and grow, accompanied by the rupture of the hard shell of the
spherical embryo, thus elongating the cotyledon and the appearance of the cylindrical
shape of the embryo [21]. The reason for the increase in the rate of embryogenesis in
the MS and WPM media may be due to their content of nutrients such as nitrates, po-
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tassium sulfate, magnesium sulfate and manganese sulfate compared to the B5 media,
and the importance of Sulfate salts in the formation and maturation of embryos, as
[22]. stated that the nutritional media containing sulfate salts was suitable for the dif-
ferentiation of embryonic callus into embryogenesis and their maturation compared
to the media that were free of them, as the role of sulfates in the differentiation of
embryogenesis of date palms may be due to the role of sulfur in the composition of
proteins that contain a high percentage of cysteine amino acid units [23]. in addition
to the presence of the nitrogen element that helps embryonic callus cells to divide and
grow because it enters into the construction of amino acids, nucleic acids and proteins
or through its contribution to increasing the respiration processes and energy produc-
tion (ATP) that is used in the growth and development processes [24] as [25] stated
that reducing the source of nitrogen in the nutritional media leads to competition be-
tween cells for food, and increasing the concentration of ammonium nitrate in the
media negatively affects cell growth because ammonium From a toxic effect when its
concentration increases [26]. These results were consistent with what [22,27]
reached, and [28].

Table (2): the effect of the type of nutritional media, cytokines concentration, and
their interactions on the number of embryos.

Media type | Cytokinin Cytokln(lrr;c/o[ué;n tration averag | averag | A
(A) type (B) ; o > Ae | Be |B
2ip 7.4 6 6 642 |6.8
MS Z 7.4 6.6 6.6 ! 6.5 7.2
MSC 7.4 6.3 6.3
2ip 8.6 6.2 6.2 754
WPM 7.45 74
Z 8.6 5.6 7 5
WPMC 8.6 5.9 6.6
2ip 5.4 5.2 4.4 5
22 Z 5.4 5 4.6 4.92 458
B5C 5.4 5.1 4.5
2ip 7.13 5.8 5.53
- Z 7.13 5.73 6.07
C average 7.13 5.77 5.8
A=0.521 AB=NS
L.S.D.= B=NS AC=1.043
0.05 C=0.602 BC=NS
ABC=NS
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Effect of the type of media and auxin on the percentage of embryos (%0)

The results shown in Table (3) indicate the effect of the type of nutrient media, aux-
In, its concentration, and the interaction between them on the germination percentage
rate of embryos. The results showed that the WPM nutrient media recorded the high-
est germination percentage of embryos, reaching 41.7%, with a significant difference
from the MS media, which recorded the lowest percentage of 30%. In contrast, the
type of auxin added to the media did not record any significant effect, while the con-
centration of 0.5 mg L-1 significantly exceeded the germination percentage rate,
reaching 48.8% compared to the comparison treatment, which gave the lowest per-
centage of 15%. In contrast, the effect of the binary and triple interactions did not
record any significant differences with statistical significance in the germination per-
centage rate. Many studies related to plant tissue culture have indicated that reducing
the concentration of major salts in the MS media leads to a significant improvement
in the germination or rooting percentage. In this study, two types of nutrient media
were used, and the WPM media has a low content of ammonium nitrate compared to
the MS media. The occurrence of rooting may be due to the reduction in the concen-
tration of the total nitrogen element [29]. The reason for the superiority of embryos
from the media supplied with plant growth regulators in the percentage of embryo
germination may be due to the effect of the auxin concentration in the media in which
they were formed, which stimulated the embryo cells to divide and grow [30]. This
result was consistent with what was reached by [8 , 31].

Table (3):The effect of the type of nutrient media, auxin, its concentration and their
interactions on the percentage of germination

Media type | Auxin type( Auxin conc;z?g;;ltlon mg L- average | average | A
((A) B) 0 0.1 0.5 A 5 5
NAA 10 35 45 342 130
i IBA 10 40 40 30 37.5 130
MSC 10 | 375 42.5
NAA 20 40 55 38
WPM IBA 20 60 55 417 45
WPMC 20 50 55
NAA 15 | 375 50
- IBA 15 50 47
C average 15 | 43.8 48.8
A=6.50 AB=NS
_ B=NS AC=NS
L.S.D.=0.05 C=797 BC=NS
ABC=NS
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Effect of the type of media, auxin and their concentration on the average num-
ber of roots

The results shown in Table (4) indicate the effect of the type of nutrient media, aux-
in and its concentration and the interaction between them on the average number of
roots. The results of the statistical analysis showed that the type of nutrient media had
a significant effect on the average number of roots formed, as the WPM nutrient me-
dia was excelled in giving the highest average number of roots, which amounted to
1.6 roots, with a significant difference from the MS nutrient media, which gave the
lowest average of 1.38 roots. As for the effect of the type of growth regulator, the
IBA auxin was excelled in giving the highest average of 1.6 compared to the NAA
auxin, which gave an average of 1.38 roots. While the effect of the growth regulator
concentration, the concentration of 0.1 and 0.5 mg L was excelled in giving the
highest average of 1.7 and 1.65, respectively, with a significant difference from the
control treatment. As for the effect of the double and triple interactions, no significant
differences were recorded in the average number of roots. Rooting occurs well in a
nutrient media that contains a full concentration of nutrients, but there are many
common experiments to transfer plant parts from a media with a high concentration
of salts to a media with a low concentration for the rooting process [32]. Some re-
searchers in their experiments have achieved a good germination rate, number and
length of roots by reducing the concentrations of minerals in the MS media to half [8
, 31]. This difference in the results obtained may be because we used two types of the
WPM and MS nutrient media in our experiments at full strength. [33] explained that
the positive effect of reducing the concentration of salts in the nutrient media is due
to reducing the nitrogen element and considering that the WPM nutrient media has a
low concentration compared to the MS media, it improved the rooting process. This
result was consistent with what [34].
Table (4): Effect of the type of media, auxin, its concentration and their interactions
on the number of roots

Media type | Auxin type( Auxin concentration mg average | average
(A) B) L-1(C) A B AB
0 0.1 0.5
NAA 1 1.4 1.4 1.367 1'726
MS 1.367 146
IBA 1 1.6 1.8 1.6 '7
MSC 1 1.5 1.6
NAA 1.2 1.6 1.6 1’;‘6
WPM 1.6 173
IBA 1.2 | 2.2 1.8 '3
WPMC 1.2 1.9 1.7
NAA 1.1 1.5 1.5
BC IBA 1.1 1.9 1.8
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C average 11 | 17 1.65
A=0.191 AB=NS
L.S.D.= B=0.191 AC=NS
0.05 C=0.234 BC=NS
ABC=NS

Effect of the type of media, auxin and their concentration on the average root
length (cm)

The results shown in Table (5) indicate the effect of the type of nutrient media, aux-
in and its concentration, and their interaction on the average root length. The results
of the statistical analysis showed that the type of nutrient media had a significant ef-
fect on the average root length formed, as the WPM nutrient media excelled in giving
the highest average root length of 5.48 cm, with a significant difference from the MS
nutrient media, which gave the lowest average of 5.07 cm. As for the effect of the
type of growth regulator, no significant effect was recorded on the average root
length, while the auxin concentration of 0.5 mg L* added to the nutrient media ex-
celled in giving the highest average of 6.125 cm compared to the control treatment
concentration, which gave the lowest average of 4.4 cm with auxin NAA, which gave
an average of 1.38 roots. As for the effect of the interaction between the type of me-
dia and auxin, no significant differences were recorded in the average root length.
While the effect of the double interaction between the type of media and the concen-
tration of auxin added to the nutrient media showed a significant effect, as the WPM
nutrient media provided with a concentration of 0.5 mg L™ of auxin outperformed at
a rate of 6.2 cm, followed by the MS media provided with the same concentration of
auxin at a rate of 6.05 cm, with a significant difference from the rest of the interac-
tions for both media. As for the effect of the triple interaction, no significant differ-
ences were recorded in the average root length. The rooting process occurs well in the
nutrient media that contains a full concentration of nutrients, but there are many
common experiments to transfer plant parts from a media with a high concentration
of salt content to a media with a low concentration for the rooting process [32]. Some
researchers in their experiments have reached a good germination rate, number and
length of roots by reducing the concentrations of minerals in the MS media to half [8
, 31]. This difference in the results obtained may be due to the fact that we used two
types of the WPM and MS nutrient media in our experiments at full strength. (33)
explained that the positive effect of reducing the concentration of salts in the nutrient
media is due to reducing the nitrogen element and considering that the WPM nutrient
media has a low concentration compared to the MS media, it improved the rooting
process. This result was consistent with what [34 , 35] .
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Table (5): Effect of the type of media, auxin, its concentration and their interactions
on the length of roots (cm)

: . Auxin concentration mg
Media type | Auxin type average | average
() (B) L-1(C) A g | AB
0 0.1 0.5
NAA 4.2 5.1 6 5.35 5.1
WIS IBA 42 | 4.8 6.1 5.067 5.2 5‘;)3
MSC 42 | 495 6.05
NAA 4.6 5.9 6.3 5.6
b IBA 4.6 5.4 6.1 3487 5'736
WPMC 46 | 5.65 6.2
NAA 4.4 5.5 6.15
=€ IBA 4.4 5.1 6.1
C average 44 | 53 6.125
A=0.157 AB=NS
_ B=NS AC=0.272
L.S.D.=0.05 C=0193 BC=NS
ABC=NS

The results demonstrated that the food medium WPM gave an average of the num-
ber of embryos, the highest percentage of embryo germination, the number and
length of the roots, with a significant difference from the MS mean, which recorded
the lowest germination rate, number and length of the root, while it did not differ sig-
nificantly from the medium wpm in the number of embryos.

References
1) Thajil, M. H., & Blackt, R. T. M. A. (2022). Effect of nano and organic fertilizers

on some vegetative growth characteristics of Phoenix dactylifera cv. Khastawi.
Journal of Kerbala for Agricultural Sciences, 9(2), 1-10 .

2) Ibrahim, A. B. A. (2019). Date palm culture and date quality between environmen-
tal factors and service and care programs. Khalifa International Award for Date
Palm and Agricultural Innovation .

3) Krueger, R. R. (2021). Date palm (Phoenix dactylifera L.) biology and utilization.
In The date palm genome (pp. 1-20). Springer .

4) Al-Mayahi, A. M. W. (2023). Plant tissue culture basics and applications. Dar Al-
Ayyam for Publishing and Distribution .

92




Journal of Kerbala for Agricultural Sciences Issue (1), Volume (12), (2025)

5) Al-Khayri, J. M., & Naik, P. M. (2017). Date palm micropropagation: Advances
and  applications. Ciéncia e  Agrotecnologia, 41(4), 347-358.
https://doi.org/10.1590/1413-70542017414000217

6) Alrazn, S. M. H., Alkhalifa, A. A. S., & Al-Sereh, E. A. (2023). Effect of cytokinin
TDZ and auxin IBA on the succession of plants of the banana plant Musa acumina-
ta, the Grand-Nain hybrid cultivar, using tissue culture technology. Journal of
Wildlife and Biodiversity, 7(Special Issue), 277-290.
https://doi.org/10.5281/zen0d0.10213198

7) Al-Qatrani, M. K. J., Al Khalifa, A. A. S., & Obaid, N. A. (2021). Effect of
jasmonic acid on stimulating the growth and development of date palm callus
(Phoenix dactylifera L.) cultivar Shukar in vitro under salt stress conditions. 10P
Conference Series: Earth and Environmental Science, 923(1), 012017.
https://doi.org/10.1088/1755-1315/923/1/012017

8) Mohsen, K. A., Jameel, N. S., & Abdulrazzag, H. J. (2016). Propagation of date
palm Phoenix dactylifera L. Al-Halawi cultivar in vitro. Basra Journal of Date
Palm, 15(1-2), 28-49 .

9) Saad, A., & Elshahed, A. (2012). Plant tissue culture media. In A. Leva & L. M. R.
Rinaldi (Eds.), Recent advances in plant in vitro culture (pp. 29-40). IntechOpen .

10) Ibrahim, M. A., Waheed, A. M., & Al-Taha, H. (2013). Plantlet regeneration from
root segments of date palm tree (Phoenix dactylifera L. cv. Barhee) produced by in
vitro culture. AAB Bioflux, 5(1), 45-50 .

11) Al-Meer, O. N. J. (2020). The effect of cytokinins and auxin on the growth and
rooting of vegetative branches of Halawi and Ashkar date palm cultivars in vitro.
Basra Journal of Date Palm Research, 19(1), 1-16 .

12) Sen, M. K., Nasrin, S., Rahman, S., & Jamal, A. H. (2014). In vitro callus induc-
tion and plantlet regeneration of Achyranthes aspera L., a high value medicinal
plant. Asian Pacific Journal of Tropical Biomedicine, 4(1), 40-46 .

13) Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth and bioas-
says with tobacco tissue culture. Physiologia Plantarum, 15(3), 473-497 .

14)Lloyd, G., & McCown, B. (1981). Commercially feasible micropropagation of
mountain laurel, Kalmia latifolia, by use of shoot tip culture. Proceedings of the In-
ternational Plant Propagators’ Society, 30, 421-427 .

15) Gamborg, O. L., Miller, R. A., & Ojima, K. (1968). Nutrient requirements of sus-
pension cultures of soybean root cells. Experimental Cell Research, 50, 151-158 .

93



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (12), (2025)

16) Mohsen, K. A. (2007). Propagation of date palm Phoenix dactylifera L. Al-Sharifi
cultivar from different apical parts in vitro. Basra Journal of Date Palm Research,
6(1), 64-80 .

17) Al-Rawi, K. M., & Khalaf Allah, M. A. (2000). Design and analysis of agricultur-
al experiments. Dar Al-Kutub Foundation for Printing and Publishing .

18) Krueger, R. J., & Carew, D. P. (1978). Catharanthus roseus tissue culture: The ef-
fects of precursors on growth and alkaloid production. Lloydia, 41, 327-331 .

19) Saad, A. A. (2001). Effect of the type of nutritional media and cytokinins on the
emergence of callus and the formation of embryogenesis in date palm Phoenix dac-
tylifera L. Ashqar cultivar [Master’s thesis, University of Basra] .

20)Khalil, A. 1. (2002). Using some alternatives to plant growth regulators in the
propagation of date palm Phoenix dactylifera L. in vitro [Master’s thesis, University
of Basra] .

21) Mohsen, K. A. (2004). Studies on improving the formation and germination of
somatic embryos in date palm Phoenix dactylifera L. Al-Barhi cultivar in vitro
[Master’s thesis, University of Basra] .

22) Al-Miyahi, A. M. W. (2010). Effect of NAA, 2iP, inorganic sulfates, PEG, and
adenine sulfate on the maturation of embryogenesis of date palm cv. Kentar propa-
gated in vitro. Basra Journal of Date Palm Research, 9(1), 1-12 .

23)Ding, B. E., Smith, E. S., & Ding, H. (2005). Mobilization of the iron center in Isa
the iron-sulfur cluster assembly in Is cu. Biochemical Journal Immediate Publica-
tion .

24)Hopkins, W. G., & Huner, N. P. A. (2004). Introduction to plant physiology (3rd
ed.). Wiley .

25)Vermandi, J., & Naroro, L. (1997). Influence of explant sources of adult palm
(Phoenix dactylifera L.) on embryonic callus formation. HortScience, 5(5), 665671 .

26) Al-Khayri, J. M. (2003). In vitro germination of somatic embryos in date palm:
Effect of auxin concentration and strength of MS salts. Current Science, 84(5), 680—
683 .

27) Al-Meer, O. N., & Yassin, O. T. (2008). Effect of ammonium and potassium ni-
trates on some callus and embryo characteristics of date palm Phoenix dactylifera L.
cv. Al-Barhi in vitro. Basra Journal of Date Palm Research, 7(2), 1-16 .

28) Sangare, A., & Omokolo, S. (2008). Effect of MgSO4 and K.SO4 on somatic em-
bryo differentiation in Theobroma cacao L. Plant Cell, Tissue and Organ Culture,
94, 149-160 .

29) George, E. F., & Sherington, D. P. (1993). Plant propagation by tissue culture
(2nd ed.). Exegetics Ltd .

94



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (12), (2025)

30) El-Hamaday, A. M., Wanas, W. H., Aborawash, M., & Awad, A. A. (1999). Re-
generation of date palm Sewy plantlets by somatic embryogenesis through callus
with reference to genetic stability. Proceedings of the International Conference on
Date Palm, 117-131 .

31) Sharif, H. J., Al-Mayahy, A. M. W., & Mohsen, L. Q. (2016). Micropropagation
of date palm Phoenix dactylifera L. Farsi cultivar in vitro. Journal of Thi Qar Uni-
versity for Agricultural Research, 5(1), 472-484 .

32) Fotopoulos, S., & Sotiropoulos, E. T. (2005). In vitro rooting of 204/84 rootstock
was influenced by the mineral concentration of the culture media and exposure to
darkness. Agronomy Research, 3(1), 3-8 .

33) Driver, J. A., & Suttle, G. R. (1987). Nursery handling of propagules. In J. M.
Bonga & D. J. Durzan (Eds.), Cell and tissue culture in forestry (pp. 320-335).
Springer .

34) Mohsen, W. I., Daqga, A. K., & Zaid, S. (2014). Study of the factors affecting the
rooting of almond rootstock GF677 using plant tissue culture technique. Jordanian
Journal of Agricultural Sciences, 10(1), 1-10 .

35)Khan, A. (2009). In vitro micropropagation of “Khalas” date palm (Phoenix dac-
tylifera L.), an important cultivar. In Vitro, 17(1), 15-27 .

95



