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In vitro proliferation for shoot tip and nodal explants of rosa canina
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Abstract

Most previous studies of in vitro rose cultures used medium supplemented with a combination of 6-
benzylaminopurine (BAP) and Naphthalene acetic acid (NAA), but the medium with the combination of
BAP and Gibberellic acid (GA3) needs to be studied. The present study aims to test the effect of the BAP
and GA3 combination compared to the BAP and NAA combination on Rosa canina shoot multiplication.
Shoot tip and nodal explants were cultured on MS media containing two concentrations of BAP (0.5 and
0.75 mg/L) combined with two levels (0.25 and 0.5 mg/L) of either NAA or GAs. Medium content
combination of BAP combined with GA3 showed maximum in vitro shoot induction and multiplication for
both shoot tip and nodal explants compared with the medium content combination of BAP with NAA. The
medium content combination of 0.75 mg/L BAP with 0.5 mg/L GA3 showed a maximum number of shoots,
leaves number, and shoot length for both shoot tip and nodal explant of rose during shoot induction and
multiplication period.
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Introduction

Rosa canina known as dog rose, is one of the most popular and known species of rose [1], which is
widely used as a rootstock for the propagation of many rose cultivars [2]. Rose species are typically
propagated through seed in nature, but for commercial purposes, cultivars and rootstocks are
generally preferred to be propagated vegetatively to obtain true-to-type propagules [3]. Recently,
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plant biotechnology techniques have been broadly used for the micropropagation of many ornamental
plants, allowing for the rapid mass production of uniform and pathogen-free plants in a short period
[4]. Recently, new challenges to improve the protocol of rose shoot multiplication and development
with cost-effective methods have acquired importance [5].

Different reports about the micropropagation of roses have mentioned different types of hormones
used for shoot multiplication. Formulation media containing cytokinin were largely used. Among
the different types of cytokinin, BAP was the main one used [5].

In some cases, NAA or IAA at low concentrations was combined with BAP [6,7,8,9], and in a few
cases, BAP was combined with GA3 [10,11].

Studies of in vitro rose regeneration have mostly focused on the improvement of shoot multiplication
of nodal explant using different hormones like BAP, NAA, GA3, and 2,4-Dichlorophenoxyacetic acid
(2,4-D) [12,13]. Each concentration of BAP combined with NAA or GA3 has a different effect on
shoot regeneration. So, this study aims to determine the best concentration of BAP combined with
NAA or GA3 for in vitro shoot multiplication of Rosa canina.

Materials and methods

Explants sterilization

Shoot tips (1cm in length) of newly growing branches of Rosa canina were collected and used as
explants. The study was conducted in 2017 at the Plant Tissue Culture Laboratory, Ministry of
Agriculture and Irrigation, Sana'a, Yemen.

To eliminate the superficial dust, the explants were washed using tap water. The explants were
sterilized using 20% Clorox (Sodium hypochlorite 5.25%) for 15 min. and then rinsed thrice with
sterile distilled water.

Shoot tip initiation and shoot induction.

Explants of shoot tips were cultured on a shoot initiation medium containing 30 g/L sucrose, 7 g/L
agar, and 150 mg/L activated charcoal for 4 weeks. Murashige and Skoog (MS) medium [14],
supplemented with different concentrations of BAP combined with either NAA or GA3 for shoot
initiation as follows:

1. BAP at 0.5 mg/L and NAA at 0.25 mg/L (M1)

2. BAP at 0.75 mg/L and NAA at 0. 5 mg/L (M2)

3. BAP at 0.5 mg/L and GAs at 0.25 mg/L (M3)

4. BAP at 0.75 mg/L and GAsz at 0. 5 mg/L (M4)

To study the effects of four media on shoot initiation, data was collected on a morphological
characterization such as leaves number, shoot number, and average shoot length per explant, at
weekly intervals, for 4 weeks.

Growth and multiplication of shoot tip stage

Previous studies showed that if small shoots after the first subculture were separated from each other
and transferred to the second subculture, they were unsuccessful in growing [9]. Therefore, masses
of shoot tips explants were transferred to the multiplication media without being separated from each
other. For shoot multiplication and elongation, the mass of shoots produced from the initial culture
was considered as an explant that was transferred to newly prepared media of the same four shoot
initiation media for another 6 weeks. Data of the mean shoot number and mean shoot length
(centimeters) per explant was recorded at the end of the shoot multiplication stage.
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Nodal explants establishment and shoot proliferation

After 12 weeks of growing in the shoots’ multiplication media, shoots were harvested and cut into
nodal segments (1 cm) of newly produced stems cultured on the same four shoot multiplication media
and kept for 12 weeks (two subcultures). After the end of the second subculture, data on mean number
of shoots and mean length of shoot (cm) per nodal explant were recorded. Finally, well-growing
shoots that grew in the two subcultures were separated from each other, before the root induction
stage.

Rooting of shoots

For rooting stage, elongated shoots (3 to 4 cm in length) were separated and transferred to a half-
strength MS medium, without hormone, supplemented with 30 g/L sucrose, 150 mg/L activated
charcoal and 7 g/L agar for a period of 6 weeks (Fig.1). All in vitro cultures were incubated at 26 +
2°C in the growth room under a 16/8-hour light/dark regime and 3,000 lux light intensity provided
by cool-white fluorescent light.

Fig. 1: Rooting plants stage

Statistical analysis

All three experiments were carried out with three replicates. Collected data were analyzed using the
SPSS (14 version) Statistical software program. The experimental data were subjected to analysis of
variance (ANOVA), followed by the Student—-Newman—Keuls (SNK) test at p = 0.05 level to compare
means [15].

Results
Establishment of shoot tip explant culture and shoot induction

The media containing BAP with GAz (M4 and M3) showed maximum shoot growth per explant of
shoot tips compared with media containing BAP with NAA (M1 and M2) during four weeks of the
induction period. The media containing 0.75 mg/L BAP with 0.5 mg/L GAs showed maximum leaves
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number, number, and length of shoots, per shoot tip explant during the induction period (Figure 2,
Table 1).

From 1% to 4" week of culture incubation, the four media combination media of BAP with NAA and
GAs showed a gradual increase in the number of leaves among them (Figure 2, Table 1). The highest
leaf number per explant was 5.8 on media containing 0.75 mg/L BAP with 0.5 mg/L GAz (M4),
followed by 4.6 on media containing 0.5 mg/L BAP with 0.25 mg/L GAz (M3). However, the least
leaf number per explant (3.3) was obtained on media containing 0.75 mg/L BAP with 0.5 mg/L NAA
(M2), (Figure 2, Table 1).

Fig. 2: Growth of shoot tip after three weeks on M1, M2, M3 and M4 medium.

Table 1: Effect of 4 different culture media on shooting characteristics (shoot number, shoot length, and leaves number)
of Rosa canina shoot tip explant, during four weeks of culture

Media Hormone combination Periods Mean Leaves Mean shoots Mean shoot
(Week) number per number per length per
BAP NAA GA3 Explant Explant Explant (cm)
M1 0.5 025 = - w1 1 1 0
W2 1.8 1 0.6
W3 2.5 15 0.8
W4 4.1b 1.7bc 2.2bc
M2 0.75 05 - w1 1 1 0
W2 1.4 1 0.5
W3 2.4 1.4 0.8
w4 3.3c 1.6¢cd 1.7cd
M3 05 - 0.25 w1 1 1 0
W2 2.3 1 0.8
W3 3.5 1.8 14
w4 4.6ab 2.2ab 2.7ab
M4 075 | - 0.5 w1 1 1 0
W2 2.6 15 0.8
W3 3.9 1.8 2.3
w4 5.8a 2.5a 3.4a

Values followed by the same letters (a—d) for each column are not significantly different at p = 0.05 level according to
the SNK test.
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A significant difference in shoot length was observed in the 4" week of explant culture on the four
tested media combinations (Table 1& Figure 2). The highest shoot length per explant was 3.4 cm on
0.75 mg/L BAP and 0.5 mg/L GA3 (M4) that was on bar with shoot length (2.7 cm) of explant
cultured on 0.5 mg/L BAP and 0.25 mg/L GA3 (M3), followed significantly by 2.2 cm on 0.5 mg/L
BAP and 0.25 mg/L NAA (M1), and least was 1.7 cm on 0.75 mg/L BAP and 0.5 mg/L NAA (M2)
(Figure 2, Table 1).

From week 1 to 4, the four combinations media of BAP with NAA and GA3 showed an increase in
the number of shoots per explant. The maximum number of shoots was 2.5 on 0.75 mg/L BAP and
0.5 mg/L GA3 (M4) and 2.2 on 0.5 mg/L BAP and 0.25 mg/L GA3 (M3), followed by 1.7 on 0.5
mg/L BAP and 0.25 mg/LL NAA (M1) and least was 1.6 on 0.75 mg/L BAP and 0.25 mg/L. NAA (M2)
(Figure 2, Table 1).

Growth and multiplication of shoot tip in the second subculture

The media containing combinations of BAP with GA3 (M4 and M3) showed a significantly greater
shoot number and shoot length per shoot tip explant compared with media containing combinations
of BAP with NAA (M1 and M2) at the end of the second subculture.

The mean of shoot number and shoot length (cm) per shoot tip explant at the end of the second
subculture were determined (Table 2).

Table 2: Means of shoot number and shoot length (cm) per shoot tip explant after two subculture phases (12 weeks)

Hormone combination Mean shoots number per explant Mean shoot length per explant
(cm)
BAP NAA GA3
0.5 025 | - 2.7c 2.5¢
0.75 05 | - 2.4cd 2.2cd
05 | ----- 0.25 3.6ab 3.7ab
075 | - 0.5 4.2a 4.3a

Values followed by the same letters (a—d) for each column are not significantly different at p = 0.05 level according
to the SNK test.

The maximum number of shoots was 4.2 when shoot tip explant subcultured on medium containing
0.75 mg/L BAP combined with 0.5 mg/L. GA3 (M4), which was on bar with shoots (3.6) produced
on medium containing 0.5 mg/L BAP and 0.25 mg/L GA3 (M3), followed by 2.7 on 0.5 mg/L BAP
and 0.25 mg/L NAA (M1) and least was 2.4 on 0.75 mg/L BAP and 0.25 mg/L NAA (M2) (Table 2).
The highest shoot length per shoot tip explant was 4.3 cm on 0.75 mg/L BAP and 0.5 mg/L GA3 (M4)
and 3.7 cm on 0.5 mg/L BAP and 0.25 mg/L GA3 (M3), followed by 2.5 cm on 0.5 mg/L BAP and
0.1 mg/L NAA (M1) and least was 2.2 cm on 0.75 mg/L BAP and 0.5 mg/L NAA (M2) (Table 2).

Nodal explants establishment and shoot multiplication

Significant differences were observed between the four tested media on each of the shoot number and
shoot length characters. The media containing BAP with GA3 (M4 and M3) showed a greater number
of shoots and length of shoots per nodal explant than the media containing BAP with NAA (M1 and
M2).

The maximum number of shoots per nodal explant was 4.2 on 0.75 mg/L BAP and 0.5 mg/L GA3
(M4) and 3.8 on 0.5 mg/L BAP and 0.25 mg/L. GA3 (M3), followed by 2.6 on 0.5 mg/LL BAP and
0.25 mg/L NAA (M1) and least was 2.3 on 0.75 mg/L BAP and 0.5 mg/L NAA (M2) (Table 3). The
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highest shoot length per nodal explant was 3.4 cm on 0.75 mg/L BAP and 0.5 mg/L GA3 (M4) and
2.8 cm on 0.5 mg/LL BAP and 0.25 mg/L. GA3 (M3), followed by 2.3 cm on 0.5 mg/L BAP and 0.25
mg/L NAA (M1) and least was 2.1 cm on 0.75 mg/L BAP and 0.5 mg/L NAA (M2) (Table 3).

Table 3: Means of shoot number and shoot length (cm) per nodal explant after two subculture phases (12 weeks)

Hormone combination

Mean shoots number per
nodal explant

Mean shoot length per nodal
explant (cm)

BAP | NAA GA3

0.5 025 | - 2.6¢ 2.3c
0.75 05 | - 2.3cd 2.1cd
0.5 | ----- 0.25 3.8ab 2.8ab
0.75 | - 0.5 4.2a 3.4a

Values followed by the same letters (a—d) for each column are not significantly different at p = 0.05 level according
to the SNK test.

Discussion

In this study, the media containing BAP with GA3 (M4 and M3) showed a significant number of
shoots and shoot lengths per both shoot tip and nodal explant compared to the media containing BAP
with NAA. According to previous studies, researchers in the micropropagation of roses have different
reports about determining the optimal composition hormones in shoot multiplication media and rose
regeneration. Zapata et al, [16] and Noodezh et al, [9] believe that the meristem of the shoot tip has
inductive properties, so using a medium hormone-free for the initiation phase led to the best response
for rose micropropagation. At the same time, others including Pati et al. [5] believe that BAP is the
most important hormone used. In some cases, low concentrations of NAA and TAA combined with
BAP were used [6,7,8], in a few cases, BAP combined with GA3 was used [10,11]. Our results are
in line with some recent studies [17,18,19,20] that confirmed the combination of BAP with GA3
increased the shoot tip growth and the shoot multiplication in rose.

The media containing BAP of 0.5 and 0.75 mg/L combined with GA3 of 0.25 and 0.5 mg/L, showed
a maximum shoot number and shoot length for both shoot tip and nodal explant. A similar result and
response were obtained by Pahnekolayi, et al. [21], Moallem, et al. [19], and Kavand, et al. [ 18], they
showed that low concentrations of GA3 combined with BAP were most effective in shoots number
and shoot length. GA3 participates in the shoot tip induction, multiplication, and overall growth
stimulation. The shoot tip started to grow after five days GA3 was added. GA3 is confirmed to
increase the shoot's growth, by activating mitotic division and elongation of cells [22, 23]. The GA3
positive influences on breaking the dormancy in buds have been mentioned in the woody plant tissue
culture [24, 25].

References

[1] Nilsson, O. Rosa. In: Nilsson O, Davis PH (eds) Flora of Turkey and the East Aegean Islands.
Edinburgh University Press, Edinburgh, (1997).

[2] Samiei, Leila, Mahboubeh Davoudi Pahnehkolayi, Ali Tehranifar, and Zahra Karimian., Organic
and inorganic elicitors enhance in vitro regeneration of Rosa canina. Journal of Genetic Engineering
and Biotechnology 19: 1-7, (2021).

[3] Khosh-Khui M., Teixeira da Silva J., In vitro culture of the Rosa species. Floric Ornam Plant
Biotechnol 2:514-526, (2006).

[4] George, E. F., Hall, M. A., De Klerk, G.-J., The components of plant tissue culture media II:
organic additions, osmotic and pH effects, and support systems. In: George EF, Hall MA, De Klerk

296



J. Amr. Uni. 04 (2024) p. 291-298 M. Abohatem et al.

GJ (eds) Plant propagation by tissue culture. Springer, The Netherlands. (2008).
https://doi.org/10.1007/978-1-4020-5005-3_4

[5] Pati, P. K., Rath, S. P., Sharma, M., Sood, A., & Ahuja, P. S. In vitro propagation of rose—a
review. Biotechnology advances, 24(1), 94-114. (2006).
https://doi.org/10.1016/j.biotechadv.2005.07.001

[6] Khosh-Khui, M., & Sink, K. C., Micropropagation of new and old world rose species. Journal of
Horticultural Science, 57(3), 315-319, (1982). https://doi.org/10.1080/00221589.1982.11515058

[7] Sauer, A., Walther, F., & Preil, W. Different suitability for in vivo propagation of rose
cultivars. Gartenbauwissenschaft, 50(3), 133-138, (1985).

[8] Martin, C., Carré, M. and Vernoy, R., La multiplication végétative in vitro des végétaux ligneux
cultivés: cas des arbres fruitiers et discussion générale. Agronomie, 3(4), pp.303-306, (1983).

[9] Noodezh, H. M., Moieni, A., & Baghizadeh, A., In vitro propagation of the Damask rose (Rosa
damascena Mill.). In Vitro Cellular & Developmental Biology-Plant, 48, 530-538, (2012).
https://doi.org/10.1007/s11627-012-9454-z

[10] Davies, D. R., Rapid propagation of roses in vitro. Scientia Horticulturae, 13(4), 385-389,
(1980). https://doi.org/10.1016/0304-4238(80)90097-7

[11] Sahoo, S., & Debata, B. K., A note on in vitro micropropagation and induction of flowering in
the miniature rose. ‘The Fairy’. Orissa J Hortic, 25, 87-9, (1997).

[12] Shirdel, M., Motallebi-Azar, A., & Mahna, N., In vitro micropropagation of dog rose (Rosa
canina L.). In XXVIII International Horticultural Congress on Science and Horticulture for People
(IHC2010): International Symposium on 937 (pp. 911-913), (2010, August).

[13] Moradian, M., & Bagheri, A., Effect of media composition and plant growth regulators on in
vitro regeneration of Rosa canina and Rosa beggeriana. Journal of Plant Research (Iranian Journal
of Biology), 32(1), 218-230, (2019). DOI: 20.1001.1.23832592.1398.32.1.14.7

[14] Murashige, T., & Skoog, F., A revised medium for rapid growth and bio assays with tobacco
tissue cultures. Physiologia plantarum, 15(3), 473-497, (1962). https://doi.org/10.1111/1.1399-
3054.1962.tb08052.x

[15] SPSS. (1996). 7.0 for Windows 95. SPSS Inc., Chicago.

[16] Zapata, C., Srivatanakul, M., Park, S. H., Lee, B. M., Salas, M. G., & Smith, R. H., Improvements
in shoot apex regeneration of two fiber crops: cotton and kenaf. Plant cell, tissue and organ
culture, 56, 185-191., (1999). https://doi.org/10.1023/A:1006238924439

[17] Pawlowska, B., The effect of BA and GA 3 on the shoot multiplication of in vitro cultures of
Polish wild roses. Folia Horticulturae, 23(2), 145-149., (2011). DOI: 10.2478/v10245-011-0022-5
[18] Kavand, S., Kermani, M. J., Haghnazari, A., Khosravi, P., & Azimi, M. R. Micropropagation and
medium-term conservation of Rosa pulverulenta. Acta Scientiarum. Agronomy, 33,297 301, (2011).
https://doi.org/10.4025/actasciagron.v33i2.10279

[19] Moallem, S., Behbahani, M., Mousavi, E., & Karimi, N., Direct regeneration of Rosa canina
through tissue culture. Trakia Journal of Sciences, 10(3), 23-25., (2012).  http://tru.uni-
sz.bg/.../S.Moallem.pdf

[20] Sharma P.K., Medium Engineering for Micropropagation of Rose (Rosa hybrida L.) cv. First
Red. Biological Forum — An International Journal 9(1): 26-30., (2017).

[21] Davoudi Pahnekolayi, M., Samiei, L., Tehranifar, A., & Shoor, M., Investigation of
micropropagation of Rosa canina in different medium in vitro condition., (2014).

[22] Kumar, H. K., Chandana, E., & Chauhan, J. B., In vitro propagation of Calamus nagbettai: an
endangered plant. Journal of Microbiology and Biotechnology Research, 2(2), 270-275., (2012).
http://scholarsresearchlibrary.com/JM...

[23] Ali, S., Khan, N., Nouroz, F., Erum, S., Nasim, W., & Shahid, M. A., In vitro effects of GA 3 on
morphogenesis of CIP potato explants and acclimatization of plantlets in field. In Vitro Cellular &
Developmental Biology-Plant, 54, 104-111., (2018). https://doi.org/10.1007/s11627-017-9874-x

297


https://doi.org/10.1007/978-1-4020-5005-3_4
https://doi.org/10.1016/j.biotechadv.2005.07.001
https://doi.org/10.1080/00221589.1982.11515058
https://doi.org/10.1007/s11627-012-9454-
https://doi.org/10.1016/0304-4238(80)90097-7
https://dorl.net/dor/20.1001.1.23832592.1398.32.1.14.7
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1023/A:1006238924439
mailto:10.17957/IJAB/15.0288?subject=DOI:%2010.2478/v10245-011-0022-5
https://doi.org/10.4025/actasciagron.v33i2.10279
http://tru.uni-sz.bg/tsj/Vol.%2010,%20N%203,%202012/S.Moallem.pdf
http://tru.uni-sz.bg/tsj/Vol.%2010,%20N%203,%202012/S.Moallem.pdf
http://scholarsresearchlibrary.com/JMB-vol2-iss2/JMB-2012-2-2-270-275.pdf
https://doi.org/10.1007/s11627-017-9874-

J. Amr. Uni. 04 (2024) p. 291-298 M. Abohatem et al.

[24] Dimassi-Theriou, K., Effects of exogenous ethylene, CO, and GA3 on shoot proliferation in vitro
of sweet cherry (Prunus avium L.). Advances in horticultural science, 38-42., (1998).
https://www.]jstor.org/stable/42881912

[25] El-Agamy, S. Z., Mohamed, A. K. A., Mostafa, F. M. A., & Abdallah, A. Y. Effect of GA3,
hydrogen cyanamid and decapitation on budbreak and flowering of two apple cultivars under the
warm climate of Southern Egypt. In VI International Symposium on Temperate Fruit Growing in the
Tropics and Subtropics 565 (pp. 109-114)., (2000, June). DOI: 10.17660/ActaHortic.2001.565.17

298


https://www.jstor.org/stable/42881912
https://doi.org/10.17660/ActaHortic.2001.565.17

