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Abstract. The aim of the work was to study the features lohal
micropropagation of essential oil rose interspecHibrids obtained in
embryo culture in vitro. Analysis of 12 crossing combinations
demonstrated that the frequency of hybrid seedfmgnation in the
embryo culture varied from 0 to 71.4%. For clonaknopropagation
obtainedin vitro seedlings were divided into stem segments wittoden
and cultivated on MS culture medium supplementeith Wi5 mg/l BAP
and 0.1 mg/l GA During the multiplication of 13 hybridR(alba x R.
damascena cv. ‘Kazanlykskaya’) in 2-6 subcultures, high aduility of the
multiplication index (1.8-18.5 depending on the atype and passage)
was revealed. This parameter was maximum in tA8 Subcultures. The
best ability to micropropagation showed hybrid 8F-14. Microshoots
were rootedn vitro on ¥2 MS medium, containing for different hybrids 0
or 1.0 mg/l NAA; frequency — up to 80.5-100.0%. Hawer, in No. 37-2,
37-19 and 37-31 on four tested media, the numbshobdts with roots was
only 0-35.4%.

1 Introduction

One of the oldest aromatic plants cultivated maimlythe East and the Mediterranean
countries is the essential oil rose. To obtain msseoil, most ofterRosa damascena Mill. ,

R. moschata Herrm.,R. gallica Linn., R. centifolia Linn., R. bourboniana Desportes.R. alba
Linn. andR. chinensis Jacq.are grown [1]. Essential oil and other productsost processing
are actively used in perfumery, cosmetics, foodigtiy. In medicinethey areused for the
treatment of cardiovascular disorders, mouth amdathdiseases, gastritis, cholecystitis,
ulcers, etc. [2, 3].

Most of the essential oil rose cultivars grown iasRia were created using interspecific
hybridization [4]. Nowadays, obtaining hybrids tleatmbine resistance to abiotic and biotic
stresses with high content and quality of esseatias the most urgent issue. However, due
to postgamous incompatibility, the death of embriyomote rose crosses leading to a low
yield of seeds is often observed [5]. To overcohis problem, a technique of obtaining
essential oil rose hybrids by cultivating isolatedbryosin vitro has been developed [5, 6].

At the same time, to increase the efficiency ofedieg, it is important not only to
obtain but also quickly propagate unique hybrichfdaFor this, it is promising to use the
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biotechnology of clonal micropropagation. In theedature, there is information about
various aspects of the essential oil rose propawgativitro. Most of the works are devoted
to the optimization of culture media for the maiages of micropropagation [1]. In these
studies, buds and meristems [7-9], stem segmetitsawiode [7, 10-12] were usually used
as explants. Concerning the composition of cultueglia, the data presented by different
authors are rather contradictory. For rose propagatesearchers recommend media with
the addition of 6-benzylaminopurine [7, 8, 10-1®jidiazuron [1], or cytokinin together
with auxins ¢-naphthaleneacetic acid, indole-3-acetic acid) ibberellic acid [1, 9, 13,
14]. Furthermore, in some works, the effect of erpltype and size [1, 11, 13], isolation
season [8, 15] and cultivation conditiansvitro (illumination [1, 2] or propagation system
[11, 13, 16]) on the multiplication efficiency ofsential oil rose were also studied. Many
publications have pointed out the important rolgefotype in rose propagation, however,
only 2-3 cultivars or samples were studied [9, 18, 17]. Moreover, most often, various
issues of propagation were studied using the spBci#amascena [2, 7, 10-12, 14].

The aim of the work was to study the features ohal micropropagation of essential
oil rose interspecific hybrids obtained in embrydtarein vitro.

2 Materials and Methods

In our studies we used cultivars (‘Lada’, ‘Lan’,atfuga’, ‘Aura’, ‘Kazanlykskaya’,
‘Zolushka’, ‘Michurinka’, ‘Festival'naya’) [4] anéssential oil rose hybrids obtained with
the participation ofRosa damascena Mill., R gallica L. and R. alba L. species.
Hybridization,in vitro introduction and embryo culture were carried cetoading to the
previously developed technique [6].

The hybrid seedlings obtained in embryocultufe @lba x R damascena cv.
‘Kazanlykskaya’) were propagated vitro using as explants stem segments with a node.
Explants were cultivated on the modified for rosgsropropagation Murashige and Skoog
culture medium (MS) with the addition of 1.0 mg/tbénzylaminopurine, 0.1 mgl/l
gibberellic acid and 2% glucose [6]. For rootingats, theMS medium supplemented with
a-naphthaleneacetic acid (NAA), indole-3-butyric a¢iBA) (Sigma, USA) was used.
Microcuttings were conducted every 40-45 days. &xd and shoots were kept af@6
70% of relative air humidity, under 16-h photopdriand 2-3 Kkix illumination. At the end
of each growing cycle, we determined the length anthber of shoots, the number of
nodes on the shoot, the frequency of rhizogen&sis.multiplication index was calculated
as the number of microcuttings that can be obtath&thg one subculture. For this, the
number of shoots formed on the explant was mudtiblby the number of nodes on the
shoot. Experiments am vitro culture were carried out in three replicationseath variant,
20 (for embryoculture) or 10 (for micropropagati@xplants were analyzed. The data are
processed using the Microsoft Office software pgekéExcel 2007). The tables show the
average values and their standard errors; the efiqaresents the average values and
confidence intervals.

3 Results and Discussion

Using a previously developed technique [6], hylaadion, isolation and cultivation of rose
embryosin vitro were carried out. For this we used 12 crossing bioations. The

frequency of seedling formation in embryocultureswafluenced significantly by the
genotype of parental forms (Table 1.). The maximineguency of seedling formation
(71.4%) was observed when crossing ‘Lada’ and ‘Kagaskaya’ cultivars. This parameter
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was the smallest in the cross combinatb@alba x ‘Aura * (12.4%). When hybridizing No.
1993 and cv. ‘Aura’ no seedlings from cultured eyalsrwere obtained.

It should be noted that in combinations with thgheist % of seedling formation
(‘Lada’ x ‘Kazanlykskaya', R alba x ‘Michurinka’, ‘Raduga’ x ‘Kazanlykskaya’,
‘Festival'naya’ x ‘Raduga’) shorter seedlings fodrien average 1.8-2.7 cm). At the same
time, in the cross combinations that give a low dieg vyield (‘Zolushka’ x
‘Kazanlykskaya’, ‘Aura’ x ‘Raduga’, ‘Raduga’ x ‘Fegal'naya’), their maximum length
was revealed (4.4-4.5 cm). In a number of crossaognbinations (‘Zolushka’ x
‘Kazanlykskaya’, ‘Lada’ x ‘KazanlykskayaR. alba x ‘Aura ), a weak root development
in the seedlings was noted, as a result of whielr tiverage length was the shortest (1.7-
2.2 cm). In some seedlings, the roots were not édrnin other previously analyzed 23
hybrid combinations [6], the frequency of seedlfagmation in embryoculture usually did
not exceed 9-34%. The maximum seedling formatigntgu64.2-76.9%) was revealed only
when sample 8017 was used as the maternal form.

Table 1. Influence of the crossing combination on the fieagry of formation and characteristics of
hybrid seedlings in embryoculture of essentiatade (30 days of cultivation)

Crossing combination Frzgggl?% o Seedh:r% length, rai\ri}r?tr';g{, t?;
formation, %
R. alba x ‘Kazanlykskaya’ 36.5+4.1 2.5%0.2 6.9+0.5
‘Lada’ x ‘Kazanlykskaya’ 71.4+6.5 1.840.2 2.140.2
‘Zolushka’ x ‘Kazanlykskaya’ 15.4+1.2 4.5+0.3 1.720
‘Lan' x ‘Kazanlykskaya’ 23.1+£3.2 2.2+0.2 7.5+0.6
‘Raduga’ x ‘Kazanlykskaya’ 51.5+4.9 2.6x0.3 3.6x0.3
Ne1993 x ‘Aura’ 0 - -
R. alba x ‘Michurinka’ 52.8+5.6 2.7+0.3 6.9+0.5
R. alba x ‘Aura 12.441.4 3.140.3 2.2+0.2
‘Aura ‘ x ‘Raduga’ 13.7£15 4.4+0.3 7.7£0.6
‘Zolushka’ x ‘Lada’ 41.1+4.5 3.240.2 7.540.6
‘Festival'naya’ x ‘Raduga’ 48.345.0 2.4+0.3 6.6+0.5
‘Raduga’ x ‘Festival'naya’ 19.2+2.0 4.510.5 4.740.4

In most crosses variants, a limited number of l/ts@edlingsin vitro are usually
developed. In the future, they can be adagtedtro, the plants can be transferred to the
field and propagated by traditional methods forebieg research. However, for the rapid
propagation of hybrids, it is advisable to use alamicropropagation. In this case, micro-
cutting obtained in embryoculture of test-tube pdaran be carried out and multiplication
can begin from the second propagation stage (&¢ttropropagation). This allows you
to quickly obtain the necessary number of planteaifh hybrid for further assessment of
their economically valuable traits. This is espkgiamportant when obtaining seedlings
with a poorly developed root, which can die duringher adaptation.

Microcutting at the second stage can be carriedrepeatedly to obtain the required
number of plants; therefore, it is urgent to stublg morphogenesis of explants during
several subcultures. Morphometric parameters ofaakp of 13 hybridsR. alba x R
damascena cv. ‘Kazanlykskaya’) during long-term propagatiom vitro were analyzed.
During micropropagation, not only the forming of aimadventive shoots were used for
propagation, but also microcutting of the shootthwiormal internodes was carried out.
This allowed us to increase the multiplication ird& significant influence of the genotype
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within one crossing combination on the morphogenesidevelopingn vitro explants was
established. The number and length of shoots istidied hybrids significantly varied. At
the same time, induction of adventitious shootgtally did not occur in No. 37-8. Table
2 shows the change in the main parameter for miopggation, multiplication index,
during 2-6 subcultures. The obtained data indicatesignificant variability of the
multiplication index depending on the hybrid. Sothe second subculture, this parameter
varied from 2.0 to 8.4, and in the fourth — fron7 30 18.5. The maximum multiplication
index was noted in No. 37-14 ; the lowest — in Bl6-8.

Table 2. Effect of subcultures number on the multiplicatindex during micropropagation of
essential oil rose hybrid®(alba x R. damascena cv. ‘Kazanlykskaya’) obtained in embryoculture

No. of hybrid Number of subcultures
2 3 4 5 6
37-2 8.4+0.9 9.5+0.8 12.8+1.1 7.8+0.8 6.1+0.5
37-5 4.2+0.4 11.2+41.2 15.7+1.6 9.4+0.9 6.4+0.7
37-8 2.0+0.2 2.7+0.3 3.710.4 2.1+0.2 1.940.2
37-11 7.0+0.5 9.4+0.8 9.5+1.0 7.710.6 6.8+0.6
37-14 6.1+0.7 13.1+1.2 18.5+2.0 10.3+1.2 8.7+0.9
37-15 4.2+0.3 9.9+0.8 6.4+0.6 3.240.3 3.1+0.3
37-19 4.6+0.4 9.6+0.9 7.5+0.7 4.4+0.5 4.8+0.5
37-20 7.0+0.8 10.8+1.0 10.3+1.2 8.4+0.8 7.5+0.7
37-21 6.8+0.5 11.7+#1.1 9.1+0.8 6.5+0.7 5.840.6
37-24 6.1+0.6 10.8+0.8 7.310.7 5.5+0.5 4.2+0.5
37-25 4.2+0.3 8.8+0.9 12.9+1.2 10.74#1.1 7.3+0.6
37-27 3.5+0.4 5.5+0.5 5.840.5 2.940.3 1.840.2
37-31 6.2+0.5 10.8+1.0 11.8+1.2 7.9+0.7 7.4+0.8

The results show that multiplication index changdelpendin% the number of
subcultures. In most hybrids, a gradual increasthisfparameter to 3%4subcultures was
observed. In the third subculture, the multiplioatindex reached 13.1; in the fourth — 18.5.
In the 5-8' subcultures multiplication index decreased andndidexceed in the"6passage
8.7 (No. 37-14). The multiplication index in thegassages for most of the hybrids was
quite high and comparable or even higher in comspariwith the cultivars or breeding
samples of the essential oil rose [18]. Thus, endtltivar ‘Kazanlykskaya’, this parameter
in the 4" passage reached a maximum value of 5.1. For maliyass and samples of
essential oil rose, earlier an increase of the iplidation index to the 34 passages was
also established. [18]. However, when analyzRgdamascena micropropagation, Z.
Jabbarzadeh and M. Khosh-Khui showed that the gyanitproliferating shoots in the first
subculture was 4.6 times higher than in the folk@j. At the same time, for thresiltivars
of garden roseRosa hybrida), it was shown that the frequency of shoot muttgtion was
the greatest up to thd'@" subculture and thereafter, it declined [19].

Obtained in our experiments data on the changehe@fnultiplication index during
micropropagation of rose hybrids are comparablé wie results for other plant species.
An increase of multiplication index to the 8-Subcultures durinin vitro propagation for
some other essential oil plants, such @Gdganum vulgare, Melissa officinalis [20],
Lavandula angustifolia [21], was shownFor Vaccinium corymbosum it was also found that
the fourth subculture gave the best results fottiplidation [22].
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A vital stage of micropropagation is the rootinghgbrid shootsn vitro. To induce root
formation, we used previously optimized for essdntil rose medium (¥2 MS with 0.5
mg/l NAA), on which the frequency of rhizogenesishi studied cultivars varied from 85.7
to 100.0% [23]. However, when microshoots (obtairfemim hybrid seedlings) were
cultivated on this medium, the root formation fregay in many genotypes was no more
than 28.5-50.0% (Fig. 1). Only in No. 37-14, 37-&1d 37-24 from 68.4 to 100.0% of
microshoots were rooted. Therefore, the influerfoatleer modifications of MS medium on
shoot rhizogenesis was analyzed. As can be seamtf® presented data, for many hybrids
(No. 37-2, 37-5, 37-11, 37-15, 37-20, 37-31), amméase of NAA concentration to 1.0 mg/I|
was effective. It allowed increasing the frequertfythis parameter by 1.5-4.3 times.
However, no rooting was detected in No. 37-25 ondarthe tested media. The complexity
of rooting during micropropagation of the essentidlrosein vitro was also indicated in
several works [1, 7, 10, 14]. Taking into account data, for successful rooting of the
obtained in embryoculture hybrids, it is advisableise media of different composition.

B? MS+0,5 mg/INAA  B?MS B ?MS+0,5 mg/lIBA DB?MS+1,0 mg/l NAA

40 [ T

EiSZE |
R i ln i | |

g 37-2 37-5 37-11 37-14 37-15 37-19 37-20 37-21 37-24 37-25 37-31
Hybrid No.

Fig 1. Influence of the culture medium composition on thet formation frequency (% vitro
during micropropagation of essential oil rose hgbrR. alba x R. damascena cv. ‘Kazanlykskaya’)
obtained in embryoculture

Thus, as a result of the studies, significant \mlitg of morphometric parameters
during propagation and rootinign vitro of essential oil rose hybrids within the same
crossing combinationR; alba x R. damascena cv. ‘Kazanlykskaya’) was demonstrated.
Therefore, to obtain the required number of hybsdgable for adaptatioex vitro, for
different genotypes, it is advisable to use a d#ffie number of subcultures (microcuttings)
and various culture media for the induction of dgjenesis.
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