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 All aspects of olive (Olea europaea L.) micropropagation

ABSTRACT
Micropropagation is an efficient method for rapid asexual propagation, production of disease-free plants, and access to propagating materials throughout the year for olive plants. In this study, explants of Kroneiki cultivar from olive trees were cultured on different basal culture media, MS (Murashige and Skoog), OM (Olive Medium), DKW (Driver and Kuniyki), and WPM (Woody Plant Medium) without plant growth regulators. Then, the explants were cultured on basal culture media enriched with auxins NAA (Naphthalene acetic acid, IAA (Indole acetic acid) and IBA (Indole butyric acid)) and cytokinins BA (Benzyl adenine), KIN (Kinetin), 2ip (Isopentenyl adenine), TDZ (Thidiazuron), and ZEA (Zeatin) at concentrations of 0.05 to 7.38 μM/L. The   superiority of DKW basal culture medium and ZEA growth regulator for shoot induction and longitudinal growth of induced shoot was proven. With increasing concentration of growth regulators, especially BA, the callus reaction was dominant over other reactions. Different concentrations of growth regulators NAA, IAA and IBA (0.05 to 8 μM/L) were used for rooting which was often unsuccessful. Finally, the rooting stage of the regenerated shoots was achieved by soaking the shoots (the basal part of the shoots) in NAA solution (37.5 μM/L for 5 minutes) and transferring them directly to the soil.                                                                                               
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1. INTRODUCTION
Importance of olive as one of the three oldest fruit trees in the world, along with figs and dates, in terms of the medicinal and nutritional properties of its oil is not hidden to anyone. Olive which belongs to genus Olea from Oleaceae family has been originated   in the eastern part of the mediterranean basin. Like any other mediterranean plant tree, it tolerates dry and warm climates. Olive cultivation models have a wide range from traditional methods alike grafting or cutting to relatively modern methods such as innovative propagation, plant cell tissue and organ culture and micropropagation as one of a mentioned method Maurizio et al., (2025). It is clear that, in vitro culture techniques and micropropagation as the most common of these methods have presented a real industrial/commercial revolution. Many trees, shrubs and even herbaceous plants have propagated by these methods very well. Many specific problems have been overcome by them such as recalcitrance to rooting or graft disfavor while keeping costs under control Rosati et al., (2024). Olive propagation by vegetative manners including grafting scions onto seedlings, clonal rootstocks, or suckers is conventional but not easy because of cultivar type (suitable for rooting) and suitable season for accesses to viable and healthy material Bayraktar et al., (2020) and Lambardi et al., (2013), (2023). 
Olive micropropagation which involves growing cultivars from (usually) axillary buds is a successful method that is used for commercial purposes in several Mediterranean countries, such as Italy and Spain Fabbri et al., (2009); Lambardi et al., (2013) and Sanchez-Romero, (2018).    
Olive micropropagation, like the micropropagation of any other plant, is a set of advantages and disadvantages, including some, 
production of: many plants that are clones of each other, diseases – free plants, thousands of propagules, robust plants leading to accelerated growth compared to similar plants produced by conventional methods – like seeds or cuttings, a greater number of plants per square meter and store longer of propagules in a smaller area (advantages) also disadvantages included: 
All plants produced by micropropagation method are clones and are genetically similar that means the lack of diseases resistance and against similar infections. 
Sometimes tissue culture is not successful for all plants.  Because the proper media for growth these plants are not known or the secondary metabolic chemicals which are destructive for explants and were produces on the job.
Sometimes plants or cultivars do not come true to type after being tissue cultured. This is often dependent on the type of explant material utilized during the initiation phase or the result of the age of the cell or propagule line.
Some plants are very difficult to disinfect of fungal organisms.
The most important limitation of micropropagation for many plants is high cost of it.  For this reason, many plant breeders do not utilize micropropagation because the cost is prohibitive. 
Despite the limitations that exist for propagating olives through tissue culture, like any other plant that the most important of which were mentioned above, the limitations of conventional and traditional cultivation methods, such as lack of access to propagation materials throughout the year, different rooting capacities of different varieties, inability to use a specific cutting method for have made olive tissue culture and optimization of its methods always keep in mind, because these methods also have advantages, including: cuttings root properly only if collected in two specific periods of the  growing season, i.e., before blossoming (spring), and at the onset of autumn growth,
adventitious rooting capacity varies greatly among cultivars, olive cultivars are made up of a combination of clones (“cultivar populations”); hence, they can perform very differently in different nurseries, even when all the physiological, agronomical and propagation conditions are similar; grafting propagation has been largely abandoned (except in Italian nurseries) because of the high costs of management and the lack of specific clonal rootstocks.   In consequence of the above, much is hoped for from the development and the perfecting of micropropagation procedures, to modernize and improve propagation technology, standardize the characteristics of nursery plants, and enhance their performance when in field. Moreover, in vitro techniques allow for: rapid propagation of cultivars which are difficult to reproduce by traditional propagation, production of disease-free plants, application of bioengineering methods, conservation of valuable germplasm Lambardi and Rugini, (2003). 
The goal of the present study is to investigate different methods of olive micropropagation and optimize these methods. 
2. MATERIAL AND METHOD 
2.1 Plant material and media
Branches of the olive (Olea europaea L.) cultivar Koroneiki were collected in spring from 4 years old tree from Fadak Garden located in Qom province, 15 km from the old Qom – Kashan Road. 
The first 20 cm of the branches cut in 8 – 9 mm long nodal segment (explants) and immediately sterilized with commercial sodium hypochlorite as follow: 
1- 5 minutes, 20% sodium hypochlorite 
2- 15 minutes, 20% sodium hypochlorite 
3- 30 minutes, 10% sodium hypochlorite 
4- 50 minutes, 10% sodium hypochlorite 
5- 30 minutes, 5% sodium hypochlorite 
6- 45 minutes, 5% sodium hypochlorite 
then the explants were washed 4 – 5 times with sterile distilled water to completely eliminate effect of sterilizing agent (sodium hypochlorite).  After sterilization, explants were transferred to basal culture medium consisting in MS, Murashige and Skoog (1962); OM, Rugini (1984); DKW, Driver and Kuniyki (1984) and WPM, McCown and Lloyd (1981) (Table 1). with or without Plant Growth Regulators (PGRs) included in IAA, IBA and NAA (as auxins) and BA, KIN, 2ip, TDZ and ZEA (as cytokinins).  










Table. 1- Basal media and composition 
	[bookmark: _Hlk196122669]DKW
Mgl-1
	OM
Mgl-1
	MS
Mgl-1
	WPM
Mgl-1
	Macro/micro
elements

	0.00
	1100.0
	1900.0
	0.00
	KNO3

	1416.0
	412.0
	1650.0
	400.0
	NH4NO3

	1367.0
	600.0
	0.00
	471.260
	Ca (NO3)2.4H2O

	112.5
	440.0
	440.0
	72.50
	CaCl2.2H2O

	0.00
	500.0
	0.00
	0.00
	KCl

	1559.0
	0.00
	0.00
	990.0
	K2SO4

	361.49
	1500.0
	370.0
	180.54
	MgSO4.7H2O

	265.0
	340.0
	170.0
	170.00
	KH2PO4

	33.8
	27.8
	27.80
	27.80
	FeSO4.7H2O

	45.5
	37.5
	37.30
	37.30
	Na2-EDTA

	33.5
	22.3
	22.30
	22.30
	MnSO4.4H2O

	4.8
	12.4
	6.20
	0.00
	H3BO3

	17.0
	14.3
	8.60
	8.60
	ZnSO4.7H2O

	0.39
	0.25
	0.250
	0.25
	Na2MoO4.2H2O

	0.25
	0.25
	0.0250
	0.25
	CuSO4.5H2O

	0.00
	0.025
	0.250
	0.00
	Cocl2.6H2O

	0.00
	0.83
	0.83
	0.00
	KI

	100.0
	100.0
	100
	100.0
	MyoInositol

	2.0
	0.5
	0.10
	1.00
	Thiamin-HCl

	2.0
	2.0
	2.00
	0.00
	Glycine

	0.00
	0.5
	0.50
	0.50
	Pyridoxine-HCl

	1.0
	5.0
	0.50
	0.50
	Niotinic acid

	0.00
	0.05
	0.00
	0.00
	Biotin

	0.00
	0.5
	0.00
	0.00
	Folic Acid

	0.00
	2190.0
	0.00
	0.00
	Glutamine



All media contained 30 g/l mannitol and 7.5 g/l agar. Media pH was adjusted 5.8 before adding agar and before autoclaving (120°C and 1.5 atmosphere) using HCl and NaOH 1N. Cultures were maintained at 25± 2°C with a 16-photoperiod provided by cool white fluorescent lamps (38 mol/M2S). 
2.2 Statistical Analysis
Experiments were arranged in a randomized complete block design, with 12 treatments and 28 replicant (4 petri dishes contents 7 explants).  Observation was based on, the mean number of regenerated shoots, grown shoots, and length of shoots. Statistical analysis was done using Duncan’s multiple rang tests. 

3. RESULTS AND DISCUSSION
3.1 Sterilization and establishment of explants 

The results of explants establishment showed that the best method for sterilizing olive explants was to expose them to 10% diluted commercial sodium hypochlorite for 30 minutes (Table 2).
Table 2. Effect of commercial sodium hypochlorite on the sterilization of olive explants 
	Percentage of sterilization and viability of explants

	Time to use commercial sodium hypochlorite in minutes
	commercial sodium hypochlorite (%)

	85
	5
	20

	55
	15
	20

	99
	30
	10

	25
	50
	10

	86
	30
	5

	89
	45
	5


 






One of the most important factors in the success of tissue culture methods, especially tissue culture of woody plants such as olive, is complete sterilization of explants and the elimination of all fungal and bacterial contamination in the culture media in order to establish the explants. Different sterilizing agents such as commercial sodium hypochlorite Peyvandi, (2010), mercuric chloride Peixe, (2007), 70% ethanol, and fungicides such as metalaxyl and mancozeb Afridi et al., (2015) have been used to sterilize olive explants. The use of these materials depends on laboratory conditions as well as the amount and type of contamination of the explants. Plants show different forms of contamination under different conditions in terms of season, natural habitat, and storage locations in greenhouses and laboratories, and the progress of all stages of their tissue culture depends on the correct sterilization of explants in a way that leads to the establishment of the largest number of explants in culture media without burning. According to Table 2, treatment of explants for 30 minutes with 10% commercial sodium hypochlorite gives the best results, which cannot be generalized to all similar experiments and samples prepared from different locations.
3.2 Combination of plant growth regulators and basal culture media
The results of plant growth regulator combinations in different basal culture media can be clearly seen in Figures 1 to 3 in summery.
[image: ]Figures 1 to 3. 3 - Growth of lateral buds from the pre-existing on explants on DKW basal medium containing 6.84 μM/L ZEA and 0.85 μM/L IAA.fig  2 - Induction of adventitious bud on explants in MS basal medium containing 4.44 μM/L BA. And fig 3 - Callus induction on the explant and differentiation of callus into adventitious shoots on MS basal medium containing 6.66 μM/L BA and 0.85 μM/L IAA.








In nature, lateral buds of a plant usually remain dominant under the influence of dominance apical of the main axis plant that this has a direct effect on the plant growth pattern. In artificial culture media, using Plant Growth Regulators (PGRs) the effect of dominance apical is removed and lateral buds can grow. The advantage of this method for regeneration which is considered a micropropagation methods is the growth of the pre – existing buds on the explants and only require for longitudinal growth and rooting. 
Another method of micropropagation, as mentioned above, is the direct induction of shoot and root on the primary explant (Fig. 2). Here, the formation of new shoots on the explant is observed both at the site of the primary bud and in the parts of the explant that lack bud. 
In the three methods of producing new shoots or the three micropropagation methods mentioned above, it is necessary to use a type of cytokinin or a type of auxin with relatively lower amounts of auxin (usually 0.1 to 0.01 times). On the other hand, if the goal of tissue culture experiments is organogenesis (shoot and root), a high ratio of auxin to cytokinin is used for rooting and vice versa high ratio of cytokinin to auxin for shoot production. Therefore, all tissue culture experiments with the aforementioned goal (organogenesis and production of new plantlets) often start with this ratio of PGRs (auxins and cytokinins) Kurepa and Smalle, (2022) and Skoog and Miller, (1957). Also, in all tissue culture experiments, different cytokinins and auxins with different level (high or low) are investigated to achieve the best results.  In the present research, the different cytokinins mentioned in the materials and methods had different effects in terms of the issues mentioned at the beginning of this section (lateral bud proliferation and direct and indirect organogenesis).   Of the four cytokinins used, ZEA and BA had the greatest effect on the growth and proliferation of lateral buds on explants (in DKW and MS basal media, respectively). There area lot of evidence available regarding the superiority and suitability of ZEA for olive micropropagation and tissue culture, which confirms the results of this study.   In this case, we can consider the research work carried out by Zacchni and De Agazio (2004); Bayraktar et al., (2020) and Mirzaei et al., (2021). 
In addition to the strong and positive effect of ZEA on olive shoot induction in this research work, which was supported by evidence, other cytokinins studied in this work had different and sometimes positive effects on shoot induction. BA is one of these cytokinins, and while there are many reports about its positive effect on branching, it also exerts different effects depending on the concentrations used  on the culture media,  it has proven that in Chlorophytum borivillianum, BA alone at a dose of 8.8 to 26.6 μMol has a significant effect on shooting Mehdi Farshad et al., (2014) Also, there are reports indicating that shooting rate decreased with increasing BA concentration Komal et al., (2013). In the present project, with increasing BA concentration (from 4.44 to 6.66 μM/L onwards), callus formation was observed on the explant instead of shooting and lateral bud growth (Fig. 4).                                                                                                                                                 
The growth regulator 2ip had different effects on olive explants in different basal culture media OM and DKW. on OM medium with 0.45 to 6.84 μM/L of ZEA hormone, shooting with some callus formation at the lateral buds was observed in a relatively significant number of explants (Fig. 5).                                                                                                                                               
Although, based on the literature review for the present project, no evidence was found of a positive effect of KIN hormone (especially compared to BA and ZEA) on shoot induction and micropropagation of olive, the results of the test of this PGR on shoot induction were positive. In olive explants after establishment in DKW basal culture media enriched with KIN at concentrations of 0.46 to 6.97 μM/L, first swelling and growth of the excess buds (breaking dormancy) and then growth of the buds and their elongation were observed (Fig. 6).                         
On the other hand, although TDZ is a potent and effective cytokinin and is also suitable (in terms of price) for many tissue culture applications such as micropropagation, callus production, and somatic embryogenesis Catalano et al., (2022), in the present study, its effect was very low to zero and negligible.                                                                                                                                      
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Fig 4 - Difference in the effect of high and low levels of BA on nodular explants of olive. The left figure shows the effect of 0.44 µM/L of BA and the right figure shows the effect of 66.6 µM/L of BA (both cases MS basal medium containing 0.1% BA, IAA. Fig 5 - Effect of 4.92 μM/L 2ip in OM basal medium (left) and 38.7 μM/L 2ip (right) in DKW basal medium on nodular explants of olive. Fig.6 -   The effect of 97.6 μM/L KIN and 85.0 μM/L IAA in DKW basal medium on nodular explants of olive















Due to the positive effect of DKW basal culture media on the induction of new shoots on olive explants as well as the growth of pre-existing lateral buds on the explant, all statistical calculations were performed in this basal culture media, considering the factors under study (the mean number of regenerated shoots and the mean length of regenerated shoots).   Table. 3.                                        
                                                                                                                                              
Table 3. The effect of different concentrations of plant growth regulators (PGRs) on the number and length of regenerated shoots on olive explants of the Koroneiki cultivar in DKW basal medium

	*The mean length of regenerated shoots on nodal olive explants on DKW basal media
	**The mean number of regenerated shoots on nodal olive explants on DKW basal media
	Concentrations (µM/L)
	PGRs
	Treatment 

	0.6 de
	1.75ab
	  6.84 ± 0.85  
	ZEA + IAA
	A

	0.5de
	1.4ab
	4.56 ± 0.75  
	ZEA + IAA
	B

	1.5ab
	2.4a
	  0.45 ± 0.05  
	ZEA + IAA
	C

	1.2bc
	0.9cd
	6.97 ± 0.85  
	KIN + IAA
	D

	1.5ab
	1.2abc
	  4.64 ± 0.75  
	KIN + IAA
	E

	1.2bc
	1abc
	0.46 ± 0.05  
	KIN + IAA
	F

	1.7a
	0.2e
	6.66 ± 0.85  
	BA + IAA
	G

	1.4ab
	0.3e
	4.44 ± 0.75 
	BA + IAA
	H

	0f
	0.4e
	0.44 ± 0.05 
	BA + IAA
	I

	1.4ab
	0.3e
	  7.38 ± 0.85 
	2ip + IAA
	J

	1.2bc
	0f
	4.92 ± 0.75 
	2ip + IAA
	K

	0.9d
	0.3e
	0.49 ± 0.05 
	2ip + IAA
	L

	* Means values within a column with different letters are significantly different at p=0.05
** Means values within a column with different letters are significantly different at p=0.001





3.3 Elongation of adventitious shoots and rooting  
All new shoots (resulting: from the growth of pre-existing buds on the explant, from callus differentiation, and from the growth of newly emerging buds on the explant) were cultured for longitudinal growth and then rooting in larger laboratory dishes, often with the same PGRs content (for longitudinal growth) and suitable media for rooting. Results showed that the mean longitudinal growth and number of new leaves on OM basal medium supplemented with ZEA growth regulator were the lowest, followed by MS basal medium supplemented with BA growth regulator, and then DKW basal medium supplemented with ZEA growth regulator. Also, for rooting and produce whole plantlet regenerated olive, new or induced shoots with two methos included connected to the primary explant, or separated from the explant, under sterile conditions in a laboratory hood were transferred to MS, OM, and DKW basal culture media in full or with reduced salt content. Despite the large number and variety of compounds used for rooting, little success was achieved at this stage of the experiments. Often, very thin, poorly grown, and very few structures were shoots, which did not function properly as roots. Another method used for rooting the regenerated shoots was a combination of in vitro and in vivo methods, in which the induced shoots were soaked in a sterile 37.5 μM/L NAA solution for 5 minutes after being removed from the culture media under sterile conditions and the culture media around the shoots was removed, they were transferred directly to soil and the two stages of acclimatization and potting were performed simultaneously (Fig. 7 to 9).   The method used for rooting new shoots in this study is similar to the method used by the Italian researcher for rooting induced olive shoots [image: ]in culture medium Leva, (2011).                                                                                                                                                        Fig 7. longitudinal growth of regenerated shoots on nodal explants of olive on DKW medium complemented with 6.84 µM/L ZEA and 0.85 µM/L IAA. Fig.8.  Soaking of regenerated shoots on nodal explant olive in NAA solution (5.37 µM/L). fig. 9. Whole regenerated olive plantlet.



CONCLUSION
The result of present study shows that, all aspects of olive microoperation is practicable and this implies the important point that olive micropropagation besides all the practical benefits and economic advantage, also it is a suitable field for basic research.    
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