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Abstract: We have researched Crataegus Monogina Jacq. microclonal propagation and in vitro mass regeneration processes. 

For this experiment we used the asleep buds isolated from maternal plants and in vitro cultivated apical and axillary buds as 

the effective explants.  

The high coefficient of micropropagation was provided with Gamborg Medium (B5) nutrient medium added alongside the 

hormones of cytokinin nature. The best result was achieved in the case of introduction of 2-Isopentenyladenine (2-iP) at 

concentration of 5-10 mcm and Benzilaminopurine (BAP) at concentration of 10-15 mcm. For stimulation of the 

mictropropagation process it is reasonable to add a small dose of the auxin hormone 1-Naphtylacetic acid (NAA) together with 

the cytokinins to the nutritive medium. It has been shown that the growth of micropropagation coefficient in pro rata the kinds 

and concentration of phytohormones. Regenerated microshoots had a good capacity of rooting. The most effective method for 

rooting purpose was the introduction of Indole- 3 –butyric acid (IBA) at concentration of 5mcm into 1 /2 B5 nutrient medium. 

The rooted regenerant plants successfully adopted in vivo. 
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Introduction 

Totipotency of vegetative cell as well as plasticity of vegetative organs and tissues cause high 

reproductive capacity of plants. This property of vegetable organisms and feasibility of its use in practice 

allow scientists to develop technology of in vitro cultivation of vegetable organs, tissues and cells. In 

vitro technology is often used to increase the effectiveness of a selection process. One of its actual 

aspects includes accelerated propagation of newly produced varieties or isolated plants through 

microcloning. 

Micropropagation of plants in tissue culture includes three stages (Butenko, 1964; Kataeva and 

Avetisov, 1981; Kataeva and Butenko, 1983): 

1st stage – explanting of the initial plant tissue and further introduction into culture; 

2nd stage – microclonal multiplication: optimal formation of the organs from meristema, their 

development and propagation; 

3rd stage – preparation of plants for replantation including rootage of the received regenerant plant and 

acclimatization of the reproduced plants in vitro, i.e. preparation for replantation into soil. 

The aim of our research included examination of influence of the trophic factors and growth regulators 

on in an vitro culture of Crataegus Monogyna Jacq. on the stage of multiplication and receipt of 

regenerant plants in vivo acclimatized.  

According to the scientific writings, various scientists have researched the matters of the various species 

of hawthorn microclonal propagation (Iapichino and Airo, 2009; Wowtosh et al., 2007; Dai et al., 2007). 

These authors use the apical and auxiliary meristema (Caboni et al., 2010) or single-bud segments of 

the lignified shoot (Gökbunar, 2007) as the explants. But some authors prefer leaf segments (Dai et al., 

2007). The realization and effectiveness of morphogenetic potential of each explant depends on mineral 

and hormonal content of the nutrient medium. 

Research Material and Methodology 

a) Research object: In our experiment we used Crataegus monogyna Lacq, a medicative plant spread in 

Georgia, namely in the Batumi Botanical Garden. 

b) Methodology: Our experiment aims included induction and optimization of microclonal propagation 

in vitro under the effect of the nutrients and growth regulators, production of acclimatized regenerant 
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plant in vivo. Explant was presented by the vegetating shoots with the asleep buds isolated from the 

maternal plant. To aim production of the aseptic cultures we used mercuric chloride 0.1% solution as a 

sterilizing agent. We inoculated the cultures on the Gamborg B5 (Gamborg et al., 1968) and MS 

(Murashige and Skoog, 1962) medium, pH=5.6–5.8; nutrient medium was sterilized under 0.9–1±0.1 

atmospheric pressure for 20 minutes. The culture incubation for induction of organogenesis was 

provided by the light (3 kLux, 16/8 hours photoperiod, temperature – 25±1C, relative humidity of air 

70%). 

We researched the effect of the growth regulators: cytokinins (BAP; 2-iP- 5; 10; 15; 20 µm) and auxins 

(NAA - 0.5-3µm; IBA - 5µm) of various concentration. The experiment lasted 20 months. In each 

variant the experiments were provided with a tenfold repetition. Rootage of the explants was provided 

on the nutrient medium which contained indole acetic acid at 3-5 µm concentration. Acclimatization 

was provided in the greenhouses in conditions of gradual reducing of high humidity. 

Results and Discussion   

Sterilization of explants: The research results proved that the use of 0.1% mercuric chloride as a 

sterilized agent with 15 min. exposition caused receipt of maximum quantity of the aseptic cultures 

(92.32%). Chemical necrosis occurred in 5% of the sowed cultures, but 3% of them lightly vitrified. 

These cultures were eliminated from the experiment. 

Optimization of multiplication: After receipt of the sterile cultures, at the first stage of multiplication it 

is important to match the proper mineral balance of nutrition. The scientists use nutrient mediums of the 

various mineral content for cultivation of hawthorn explants. Most of them prefer Murashige and Skoog 

Medium (Dai et al., 2007; Maharic et al., 2009; Iapichino and Airo, 2009). Some of them use WPM, 

DKW and NRM mediums (Nas et al., 2012). Crataegus Azarolus L. is propagated on the modified LP 

nutrient medium (Caboni et al., 2010). According to the scientific writings, Gamborg nutrient medium 

almost is not used for induction and optimization of hawthorn morphogenesis. The experiments prove 

that the mineral content of the Gamborg nutrient medium is very effective for in vitro cultivation of 

various plants (Lomtatidze et al., 2009; Zarnadze et al., 2018; Zarnadze et.al, 2019). As our experiments 

showed, Gamborg (Gamborg et al., 1968) and MS (Murashige and Skoog, 1962) nutrient mediums had 

the effect on the development of micro shoots and initiation of new growths, but in the case of the 

Gamborg nutrient medium the organogenesis indexes were higher, shoots more intensively grew and 

developed and the quantity of regenerated new growths during one subcultivation was 12.2±0.92 initials. 

(Table 1). 

Effectiveness of the stage of microclonal multiplication is determined with mass induction and 

regeneration of microshoots. This process is mainly regulated with phytohormones. It is proven with the 

results of the various scientists’ research where the importance of exogenous cytokinins in the process 

of stimulation and induction of morphogenesis is apparent (Gbadamosi and Egunyomi, 2010; Rajoriya 

et al., 2018; Siddique et al., 2013). Single-bud microshoots of hawthorn showed mobile dependence on 

classes and concentrations of phytohormones. The scientists working with the various plants point to 

the necessity of hormones (Aragão et al., 2017; Mahoney et al., 2018; Stevens and Pijut, 2018). 

 Table 1: Morphogenesis of microshoots on the nutrient mediums of various content 

Nutrient medium Total quantity of 

explants 

Average height of 

shoots (mm) 

Average quantity 

of nodal segments 

Quantity of 

regenerated shoots (%) 

Gamborg (B5) 

(2-iP 5 mcm) 

50 8.90 ± 0.93 5.20 12.2± 0.92 

MS  

(2-iP 5 mcm) 

50 8.40± 0.98 4.70 11.4±1.02 

 

Source: Author 

Development of buds from microshoots on nutrient medium free of hormones was not practically fixed. 

Only one or two isolated buds developed with further prolongation of the period of subcultivation 

required for their normal growth and development. Use of various concentrations of cytokinins showed 

the various forms of manifestation of totipotency of buds (Table 2). Initiation of shoots from single-bud 

cuttings and their growth and development, i.e. apical dominance was achieved at low concentration of 

2-iP. In the period of the first subcultivation we received good results in the case of the nutrient medium 

containing 2-iP at a concentration of 5 mcm: for initiation and development of shoots 3-4 weeks were 
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enough, the shoots developed on average 7 nodal segments. In the case of the nutrient medium with 

BAP at a concentration of 5 mcm, the period of development of shoots was comparatively longer (5-6 

weeks). It should be noted that the increase of BAP concentration up to 10 mcm made the regeneration 

period considerably shorter and it equaled the effect which occurred in the case of the 2-iP at 5 mcm 

concentration. The increase of concentration of 2-iP to 10 mcm was concurrent with apical dominance, 

several growth cones (5-6 initials) developed simultaneously from each axillary bud of the initial 

explants. They have the same growth rate. At the end of subcultivation period (25th day) the shoots 

achieved an average height of 30mm and missing the stage of compete growing we removed them to a 

nutrient medium for rootage or for the next stage of mass reproduction on the new nutrition medium of 

the same content. 

The explants had the various morphogenetic response to change of concentration of cytokinins (Table 

2). So called adventive buds originated at all tested concentrations of 2-iP and BAP. The regeneration 

coefficient and buds development model changed concurrently with change in concentration. The results 

of the low concentrations is described here above. An increase of concentration of phytohormones 

caused gradual transition to mass budding. 2-iP at concentration of 15mcm caused apical growth of the 

main bud. In the majority of cases from the main explants simultaneously several buds developed with 

proliferation of callus in the basal part. Callus tissue had a nodal structure, where in the process of 

redifferentiation morphogenetic areas originated from which the adventive buds regenerated in the 

further period of subcultivation. Their quantity grew pro rata the number of subcultivations. This process 

lasted up to the completion of the process of proliferation of callus tissue. In the 5th subcultivation the 

explants became so tightly covered with the regenerated buds, that it restrained proliferation of the basal 

morphogenetic callus tissue (Fig. 1). The Effect of BAP rather dropped behind the effect of 2-iP. Before 

rooting we moved the adventive buds of 10-12 mm length to the nutrient medium containing cytokinins 

at minimum concentration of 3mcm or the corresponding medium for the new cycle of propagation. 

Rise of concentrations of 2-iP and BAP up to 20mcm showed that 94-98% of the explants demonstrated 

maximum potential of mass regeneration (Table 2). On the explants, lots of buds originated 

simultaneously and all of them were almost of the same dimensions (Fig. 1). 

Figure 1: Morphogenic callus tissue with numerous buds 

 
Source: Author 

The effect of 15-20 mcm concentrations of BAP and 2-iP strengthened upon introduction of the small 

dose of NAA into the nutrient medium. As Table 2 shows, the regenerant coefficient grew considerably, 

which was caused through the induction and intensive proliferation of callus. In the process of bud 

regeneration, curtain regularity was apparent: all over the surface of callus originated in the basal part 

of the maternal explants several tens buds regenerated simultaneously. These buds synchronically grew 

and to the end of subcultivation they were of the same sizes having an equal growth rate and similar 

morphology (Fig. 1). They may be conditionally named “the first generation” regenerants. After removal 

of the regenerated buds and moving to the new nutrient medium the “second generation” regenerants 

synchronically arose on the callus etc. Alteration of generations was observed concurrently with 

subcultivations up to exhaustion of the morphogenetic potential of the callus. In total we detected four 

stages of arising of generations from callus tissue, but it should be noted here that 80-85% of the 
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regenerated buds required preparation for rootage, i.e. “growth stage” on the nutrient medium containing 

a minimum concentration of cytokinin (3mcm) and auxin at concentration of 0.5 mcm (Fig. 2). 

Figure 2: Regenerant plants 

 

Source: Author 

 

Figure 3: Rooted regenerant plants 

 
Source: Author 

 

Table 2: Effect of various concentrations 2-iP and BAP on micropropagation (N=50) 

B5 + 2-iP 

(mcm) 

Q-ty of explants 

giving rise to 

shoots (%) 

Average length of 

shoots, mm 

Average q-ty of 

nodal segments per 

shoot 

Average q-ty of 

adventive buds per 

explant 

(control) 15.0 6.00 ± 0.90 1.00 - 

5.00 62.2 20.0 ± 0.30 7.00 5.00 ±0.90 

10.0 95.1 16.0 ± 0.40 5.00   8.00 ±0.80 

15.0 94.0 14.0 ± 0.50 3.00 15.0 ±0.50 

20.0 98.0   9.0 ± 0.60 2.00 23.0 ±0.40 

15.0 + NAA 3 mcm 98.0   8.6 ± 0.50 1.80 32.0 ± 0.35 

20.0 + NAA 3 mcm 98.0 7.20 ±0.6 1.50 38.0 ±0.26 

B5 + BAP 

(mcm) 

    

5.0 60.5 18.0 ± 0.31 6.00 4.00 ±0.90 

10.0 93.1 15.0 ± 0.42 5.00 6.00 ±0.94 

15.0 93.0 12.0 ± 0.54 3.00 13.0 ±0.50 

20.0 95.0 8.0 ± 0.64 2.00 19.0 ±0.50 

15.0 + NAA 3 mcm 96.0 7.50 ±0.61 2.00 28.0 ±0.40 

20.0 + NAA 3 mcm 96.0 7.00 ±0.60 2.00 34.0 ±0.34 
 

Source: Author 
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Rootage, as the last stage of in vitro micropropagation, was provided: 

1) on the Gamborg (B5) nutrient medium + 5 mcm IBA; 

2) 1/2 Gamborg (B5) nutrient medium + 5 mcm IBA. 

The experiment results showed that rootage occurred on both nutrient mediums, but the better result was 

received on the second one. The rootlets originated during 3-4 weeks, 94% of cultures rooted, the 

rootlets were lanate and ramified (Fig. 3). Total length of rootlets was 15-21cm and 86% of the 

regenerant plants were acclimatized. 

Conclusion  

Our experiments showed the feasibility of successful use of tissues, cells and organs in an in vitro 

method for microclonal propagation and production of mass regenerants of hawthorn. The important 

moments include the  optimization of total balance of research object, sterilization algorithm and the 

components and phytohormones of the nutrient medium  
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