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ABSTRACT

Mandevilla is a valuable ornamental pot vine. However, due to a low propagation rate, it is difficult to keep
up with the demand. Micropropagation would allow to produce lots of plants for the market. The aim of the
study was to determine the effect of the growth regulators addition to the media and explants orientation on
multiplication of Mandevilla sanderi, an exotic, ornamental pot plant. The shoot tips were placed vertically
or horizontally on the Murashige and Skoog medium supplemented with benzyladenine (BA) or isopente-
nyladenine (2iP), at concentrations of 1, 2.5 or 5 mg-dm™ singly or in combination with thidiazuron (TDZ) at
concentrations of 0.01, 0.025 or 0.05 mg-dm™. Maximum multiplication rate was noted on the media supple-
mented with 2.5 mg-dm™ 2iP + 0.025 mg-dm= TDZ or 5 mg-dm™ 2iP, when explants were placed horizon-
tally. All the treatments resulted in callus formation. Medium supplemented with the highest concentration of
BA combined with TDZ was the most active in callus growth.
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INTRODUCTION

Mandevilla sanderi (Hemsl.) Woodson (syn. Dip-
ladenia sanderi) is an exotic flowering climbing plant.
As a potted or a container plant, it makes an excellent
decoration to the home, balcony, deck or patio. It is
native to Brazil and belongs to the Apocynaceae fam-
ily. Flowers are in shades of pink or red, often with
a throat in contrasting color and they appear from late
spring till autumn. Traditionally, the species is propa-
gated by stem cuttings. In order to establish a method
for production of healthy plants and to obtain a high
propagation rate an in vitro studies were conducted
by many researches. According to the literature data,
the success of regeneration depends significantly on
the plants genotype, type and concentration of growth
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regulators and the way explants are placed in the cul-
ture medium. Wojtania et al. [2006] tested regenera-
tion ability of apical and basal segments of Dipladenia
sanderi using BA singly or together with thidiazuron
(TDZ) or/and 2iP (2-isopentenyl adenine). The best
shoot proliferation (2.5-3.1) was obtained on the me-
dium containing BA in concentration of 1 mg-dm™
together with TDZ (0.015 mg-dm®) or with TDZ and
2iP (each 1.0 mg-dm™). Yonghong et al. [2004] report-
ed that for induction of axillary buds in this species
the medium should contain BA 2-4 mg-dm= + NAA
0.1 mg-dm=. For Mandevilla moricandiana Cord-
eiro et al. [2012] suggested medium supplemented
with BA alone (1-5 mg-dm) or together with IAA
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(1-5 mg-dm=). For nodal segments of Mandevilla il-
lustris, excised from seedlings, all the tested cytoki-
nins: BA (0.44-22.0 uM), 2iP (0.49-24.65 uM), zeatin
(0.46-22.85 uM) gave similar results (1-1.53 shoots
per node) [Biondo et al. 2004]. BA used in concen-
tration of 0.44 uM was the best in micropropagation
of Mandevilla velutina [Biondo et al. 2007], however
for Mandevilla guanabarica TDZ (2.27 uM) or 2iP
(0.49 uM) were better [Cordeiro et al. 2014]. Explants
of Mandevilla are usually positioned vertically on the
medium. However, there are a few reports that the
regeneration might be better when shoots are placed
horizontally [Ponchia and Gardiman 1993, Sudha and
Seeni 1996, Liao and Chuang 2014, Silva et al. 2017,
Kozak et al. 2019].

The aim of the presented study was to evaluate the
regeneration ability of shoot tip explants of Mandevil-
la sanderi (Hemsl.) Woodson, placed vertically or hor-
izontally on the Murashige and Skoog (MS) medium
supplemented with BA or 2iP, used singly in concen-
tration of 1, 2.5, 5 mg-dm or together with TDZ —
0.01, 0.025, 0.05 mg-dm™.

MATERIAL AND METHODS

The plant material were in vitro shoots of Man-
devilla sanderi (Hemsl.) Woodson cultured on Mu-
rashige and Skoog [1962] (MS) medium solidified
with agar (BioMaxima) — 6.5 g-dm™. The medium was
supplemented with benzyladenine (BA) at 1 mg-dm™
and indole-3-butyric acid (IBA) at 0.5 mg-dm=. For
the experiment, shoot tips 15-20 mm in length with
2 nodes were isolated, and after removing the leaves
from nodes, they were placed on the MS media sup-
plemented with cytokinins: BA or isopentenyladenine
(2iP), used individually in concentration of 1, 2.5,
5 mg-dm™ or in combination with thidiazuron (TDZ)
—0.01, 0.025, 0.05 mg-dm™ in two orientations: ver-
tically or horizontally. The pH of the medium was
adjusted to 5.7 before autoclaving. The cultures were
maintained at 22°C +2°C and under light intensity
of 35 umol-m~s™! with 16h photoperiod. There were
three replications per treatment, each consisting of
7 explants cultivated in a flask of 300 ml capacity.
The experiment was repeated twice.

The following features were evaluated in the ex-
periment after 8 weeks of cultivation: length (mm) and
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fresh weight (mg) of main shoots, number of nodes,
percentage of shoots with axillary shoots, number,
length (mm) and fresh weight (mg) of axillary shoots,
percentage of rooted shoots, number, length (mm) and
fresh weight (mg) of roots; volume (cm?) and fresh
weight of callus; multiplication rate (number of mi-
crocuttings per explant obtained by division of main
and axillary shoots).

In the case of horizontally placed explants, the
shoot tips died, therefore the features regarding the
main shoot are presented only for the vertically placed
explants.

The results of the experiment were analyzed statis-
tically using a standard statistical procedure with one-
or two-factorial design, while the Tukey test was used
to estimate the differences between the means at the
5% level of significance.

RESULTS

Effects of combinations of BA or 2iP with TDZ
on growth and development of shoot tips placed
vertically

The analysis of variance showed a significant ef-
fect of studied cytokinins on the main shoot growth
of Mandevilla sanderi placed vertically in the me-
dia (Tab. 1, Fig. 1). Elongation of shoots was con-
siderably higher in response to single 2iP treatments
(35.57-40.15 mm) or in combination with TDZ
(30.62-39.00 mm) in comparison to the addition of
BA (15.62-22.64 mm) or the control (17.29 mm). Sim-
ilar results were obtained in the case of fresh weight
of the main shoot. The medium supplemented with 2iP
1 mg-dm™® promoted the maximum main shoot fresh
weight (313.45 mg). Statistically similar results were
obtained on the 2.5 mg-dm=2iP+ 0.025 mg-dm= TDZ
(261.91 mg) and 5 mg-dm= 2iP + 0.05 mg-dm= TDZ
(240.58 mg). 2iP used individually or in combination
with TDZ was also superior to the control or BA used
at concentration of 1 or 2.5 mg-dm* or at concentration
of 5 mg-dm= in combination with TDZ at concentra-
tion of 0.05 mg-dm™ in regards to the number of nodes.
The most nodes were obtained on the medium supple-
mented with 2iP at a concentration of 1 mg-dm= (6.40),
while the least on the control medium (3.62).

Regeneration of axillary shoots depended on the
type of cytokinin used (Tab. 1, Fig. 1). There was no
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Table 1. The influence of growth regulators on shoots growth of Mandevilla sanderi explants positioned vertically after

8 weeks of cultivation

Main shoot Main shoot .EXp lgnts Nurpber Len.gth Number
PGRs . Number with axillary  of axillary of axillary
3 length fresh weight of nodes per
(mg-dm™) (mm) (mg) of nodes shoots shoots per shoots axillary shoot
(%) explant (mm)

Control 17.29 d* 3326e 3.62¢ 0 - - -
BA + TDZ

1.0+0 15.62d 44.70 de 4.39 be 46.5 1.00 ab* 583¢ 2.50a

2.5+0 15.79d 41.12 de 3.79¢ 75.0 1.27a 9.57 be 341 a

50+0 22.64 cd 123.08cde 5.73 ab 76.2 1.69a 11.24 abe 327a
1.0 +0.01 19.93d 133.47cde 5.43 ab 61.9 1.00 ab 10.15 be 3.15a
2.5+0.025 21.06d 109.25 de 5.44 ab 76.2 1.19a 12.75 abc 350a
5.0 +0.05 16.56d 65.17 de 3.83¢ 85.7 1.50a 16.42 abc 3.86a
2iP + TDZ

1.0+0 40.15a 313.45a 6.40 a 19.0 1.00 ab 2725a 425a

2.5+0 35.57 ab 224.80 be 6.14a 14.3 1.00 ab 15.67 abc 3.67a

50+0 39.86 a 226.81 be 6.19a 429 144 a 19.18 ab 3.6la
1.0+0.01 30.62 abc 219.79 be 624 a 9.5 1.00 ab 12.50 abe 4.00 a
2.5+0.025 33.14 abc 261.91 ab 5.86 ab 333 1.14 ab 16.21 abe 343 a
5.0 +0.05 39.00 a 240.58 ab 6.29 a 57.1 1.50a 19.09 ab 338a

* Means in each column followed by the same letter are not significantly different at o = 0.05

branching observed on the control medium. Percentage
of explants with proliferated shoots was higher on the
media with BA (except for the result noted on 2iP and

TDZ in the highest concentrations used). A combina-
tion of BA at 5 mg-dm and TDZ at 0.05 mg-dm~ pro-
vided the most effective shoot proliferation (85.7%).
It was observed that new shoots regenerated mostly
from nodes at the base of shoots and sometimes from
upper nodes. The most axillary shoots were obtained
when explants were cultivated on the medium supple-
mented with 5 mg of BA (1.69), however the number
of axillary shoots in other treatments was statistical-
ly similar. The longest axillary shoots were obtained
on the medium containing 2iP in concentration of
1 mg-dm™ (27.25 mm), and it was significantly high-
er than those obtained on the media supplement-
ed with BA used individually in concentration of
1 mg-dm™ (5.83 mm) or 2.5 mg-dm (9.57 mm) and
in combination with TDZ in the lowest concentration
(10.15 mm). Fresh weight of axillary shoots was also
the highest in presence of 2iP in concentration of
1 mg-dm> (186.95 mg). Number of nodes produced
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on axillary shoots was not significantly different in
any of the treatments, however the most nodes were
obtained when the explants were cultivated in pres-
ence of 2iP in the lowest concentration (4.25 per ax-
illary shoot).

In the case of wvertically placed explants, the
highest frequency of rooting (95.2 %) was noted on
2.5 mg-dm? 2iP + 0.025 mg-dm? TDZ (95.2%) —
Table 1. It was observed that shoots rooted better when
they were cultivated on the control medium or in pres-
ence of 2iP. There were no rooted shoots on the me-
dia containing BA in concentration of 2.5 mg-dm™ or
5 mg-dm™ BA + 0.05 mg-dm™ TDZ. On the media
supplemented with BA in concentration of 1 mg-dm™
and on the control media, shoots produced significant-
ly less roots (1.0-1.20) than in the remaining treat-
ments (1.50—4.06). The length of roots also depended
on the cytokinins used. Roots obtained on the media
supplemented with 2.5 mg-dm™ BA + 0.025 mg-dm™
TDZ were significantly longer (32.33 mm) than roots
obtained on the media containing 1 mg-dm~ BA
(8.50 mm), 5 mg-dm=BA (13.75 mm) and 2.5 mg-dm™
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2iP 1+ TDZ 0.01 2iP 2.5+ TDZ 0.025 2iP 5+ TDZ 0.05
mg dm

Fig. 1. The influence of growth regulators and vertical orientation of explants on growth and development
of Mandevilla sanderi after 8 weeks of cultivation
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Table 2. The influence of growth regulators on roots and callus growth on Mandevilla sanderi explants positioned

vertically after 8 weeks of cultivation

Growth regulators Number Length Fresh weight Callus Callus fresh
. Rooted shoots :
concentration %) of roots per of roots of roots volume weight
(mg-dm™) ° explant (mm) (mg) (cm’) (mg)
Control 47.6 1.20 be* 24.55 ab 892 a - -
BA +TDZ
1.0+0 154 1.00 be 8.50b 1.30a 0.54 ¢ 169.63 ef
2.5+0 0 - - - 0.88¢ 292.48 c—f
50+0 9.5 1.50 ab 13.75b 225a 3.53 ab 832.26abc
1.0 +0.01 28.6 1.83 ab 18.42 ab 7.50a 0.83¢ 256.26 def
2.5+0.025 143 1.33 ab 3233 a 19.50 a 223 be 656.79 b-e
5.0+0.05 0 0 - - 517a 133045 a
2iP + TDZ
1.0+0 81.0 3.00 ab 24.18 ab 4521 a 2.06 be 622.52 b—e
2.5+0 61.9 2.69 ab 14450 1427 a 3.71 ab 896.83 ab
50+0 47.6 3.20 ab 14.90 ab 1736 a 3.47 ab 951.98 ab
1.0+0.01 76.2 4.06 a 22.00 ab 40.55a 2.17 be 551.24 b—f
2.5+0.025 95.2 330a 21.40 ab 31.85a 331 ab 769.57 a—d
5.0+0.05 57.1 333a 16.08 ab 1727 a 4.15 ab 1080.99ab

* Means in each column followed by the same letter are not significantly different at o= 0.05

2iP (14.45 mm). There were no statistical differences
proved in the case of the fresh weight of roots.

Callus induction at the shoots base was ob-
served in all the treatments with cytokinins (Tab. 2,
Fig. 1). Generally, callus was green and lumpy. The
highest volume and fresh weight of callus were ob-
tained on the media supplemented with BA and TDZ
in the highest concentrations used (5.17 cm® and
1330.45 mg, respectively).

Effects of combinations of BA or 2iP with TDZ
on growth and development of shoot tips placed
horizontally

In the presented experiment, the growth of the
main shoots placed on the media horizontally was in-
hibited. The shoot tips died and the explants produced
axillary shoots. Therefore, there is no data on the main
shoot growth and development of the explants placed
horizontally on the media.

All of the explants produced axillary shoots (100%)
— Table 3, Figure 2. The number of axillary shoots per
explant depended on the cytokinins added to the me-
dia. The media supplemented with 2.5 or 5 BA and
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0.025 or 0.05 TDZ or 2iP alone at 5 mg-dm promot-
ed the highest number of axillary shoots (3.28, 3.05
and 3.05, respectively). Definitely less axillary shoots
per explant were noted on the control media (1.42)
and in presence of 2iP in concentration of 1 mg-dm
alone or in combination with TDZ (1.80 and 1.86).
The obtained axillary shoots were the longest on the
media containing 2iP in concentration of 1 mg-dm™
(29.8 mm). The stimulatory effect of 2iP at the con-
centration of 1 mg-dm was also observed in regards
to the fresh media of the axillary shoots (315.86 mg).
It was noted that axillary shoots formed more nodes
in presence of 2iP used in concentration of 1 mg-dm™
(4.07) than on the media containing BA in the high-
est concentration used alone or with TDZ (2.72 and
2.92 respectively).

Rooting of the explants depended on the cytoki-
nins used in the experiment (Tab. 4). The highest
frequency of rooting was noted in presence of 2iP in
concentration of 1 mg-dm= alone or in combination
with TDZ (100% and 95% respectively). In the re-
maining treatments 5.0 to 63.2% of explants formed
roots. On the media supplemented with 2.5 mg-dm
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Table 3. The influence of growth regulators on axillary shoots growth of Mandevilla sanderi explants positioned
horizontally after 8 weeks of cultivation

Growth regulators . Shoqts Number Length Fresh weight Number
. with axillary of axillary shoots . .
concentration of axillary shoots  of axillary shoots of nodes per
3 shoots per .
(mg-dm™) %) explant (mm) (mg) axillary shoot
Control 100 1.42 c* 8.97 e 51.82d 3.16 ab
BA + TDZ
1.0+0 100 2.20 abe 14.74 cde 128.16bcd 3.72 ab
2.5+0 100 2.65 ab 12.58 de 109.05 cd 3.50 ab
50+0 100 2.67 ab 8.63 ¢ 126.75 cd 2720
1.0 +0.01 100 2.25 abe 15.07 cde 143.67bcd 3.42 ab
2.5+0.025 100 328 a 13.61 cde 195.64 be 3.19 ab
5.0+0.05 100 3.05a 12.35 de 139.96bcd 2920
2iP + TDZ
1.0+0 100 1.80 be 29.80 a 315.86a 4.07 a
25+0 100 2.21 abe 22.35b 212430 3.69 ab
5.0+0 100 3.05a 19.56 be 203.37b 391 ab
1.0 +0.01 100 1.86 be 18.17 bed 178.99 be 3.49 ab
2.5+0.025 100 2.30 abc 19.45 bed 159.19 be 3.1ab
5.0 +0.05 100 2.05 abc 16.50 bed 112.41 cd 3.29 ab

* Means in each column followed by the same letter are not significantly different at o = 0.05

Table 4. The influence of growth regulators on roots and callus growth on Mandevilla sanderi explants positioned
horizontally after 8 weeks of cultivation

PGRs Rooted Number Length Fresh weight Callus* Callu§ fresh

(mg-dm ) shoots of roots per of roots (mm)  of roots (mg) volurr31e weight
(%) explant (cm’) (mg)

Control 0 - - - - -
BA + TDZ

1.0+0 15.0 2.00 ab* 13.07a 6.10b 1.30 de 413.47 fg

2.5+0 0 - - - 1.06 de 433.13efg

50+0 8.3 2.00 ab 9.00 a 3.50b 6.59a 1779.02 a
1.0 +0.01 30.0 1.83 be 16.28 a 7.93b 2.12 de 536.15d-g
2.5+0.025 357 1.20 be 20.80 a 3.66b 5.52 ab 1528.63abc
5.0 +0.05 53 1.00 be 27.00 a 4.10b 4.83 abc 1594.92ab
2iP + TDZ

1.0+0 100 455a 29.59 a 7923 a 2.12 de 951.38 c-f

2.5+0 63.2 2.83 ab 2348 a 24.18 ab 1.78 de 889.08 c-f

50+0 5.0 2.00 ab 15.10a 1040b 2.41 cde 1019.54b-e
1.0 +0.01 95.0 1.89b 26.14 a 12.71b 2.90 bed 1127.55a-d
2.5+0.025 10.0 1.00 be 30.50 a 15.45 ab 2.63 cd 813.45 def
5.0 +0.05 0 - - - 2.00 de 929.16 c-f

* Means in each column followed by the same letter are not significantly different at a = 0.05
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2iP 1 2iP 2.5 2iP 5

2iP 1 +TDZ 0.01 2iP 2.5+TDZ 0.025 2iP 5+TDZ 0.05 mg- dm’

Fig. 2. The influence of growth regulators and horizontal orientation of explants on growth and development
of Mandevilla sanderi after 8 weeks of cultivation
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of BA, 5 mg-dm™ 2iP + 0.05 mg-dm> TDZ and the
control there were no rooted shoots. The highest num-
ber of roots per explant was noted in presence of 2iP
in concentration of 1 mg-dm™ (4.55) in comparison to
2iP used with TDZ in lower concentrations (1.0-1.89)
or BA in combination with TDZ in all concentrations
(1.0-1.83). There were no significant differences in
the length of roots between studied treatments. Roots
formed in presence of 2iP at 1 mg-dm™ characterized
with the highest fresh weight (79.23 mg). Roots of
similar fresh weight were obtained on the media with
2iP in concentration of 2.5 mg-dm™ alone or in com-
bination with TDZ (24.18 and 15.45 mg respectively).
In the case of explants placed horizontally, callus
was in all the treatments except the control (Tab. 4).
In the presence of BA at 5 mg-dm™ the highest cal-
lus volume was noted (6.59 cm?), and it did not dif-
fer significantly from those on 2.5 mg-dm> BA +
0.025 mg-dm TDZ and 5 mg-dm= BA + 0.05 mg-dm™®
TDZ (5.52 and 4.83 cm’, respectively). The fresh
weight of callus was enhanced by BA 5 mg-dm™
(1779.02 mg), and statistically similar results were ob-
tained when BA was used together with TDZ in two
higher concentrations (1528.63 and 1594.92 mg).

The effect of combinations of BA and 2iP with TDZ
and orientation of explants on the multiplication
rate of Mandevilla sanderii

The calculations done on the basis of the obtained
data indicated that Mandevilla sanderii multiplication
rate, obtained by division of the main and axillary
shoots into segments suitable for further multiplica-
tion (secondary explants), depended on the orienta-
tion of explants and cytokinins used and ranged from
1.76 to 7.30 (Tab. 5). Horizontal orientation promot-
ed production of secondary explants (5.16) in com-
parison to the vertical position (3.45). Taking into
consideration both cytokinins used and the explant
position, it was noted that the highest multiplication
rate was obtained on horizontally placed explants on
the media supplemented with 2iP in concentration of
2.5 mg-dm™ in combination with 0.025 mg-dm~ TDZ
(7.30) or 2iP in concentration of 5 mg-dm= (7.15).
Statistically similar results were noted on the media
containing 2iP in concentrations of 1 or 2.5 mg-dm™
(6.05 and 6.16) and the same position of explants or
BA in concentrations of 5 mg-dm= alone or in com-
bination with TDZ (5.38 and 5.90 respectively) and
vertical explants orientation.

Table 5. The influence of growth regulators and orientation of explants on the multiplication rate of Mandevilla sanderi

after 8 weeks of cultivation

Growth regulators concentration

Explant orientation

-dm™
(mg-dm™) vertical horizontal
Control 1.76 g* 2.53 efg
BA + TDZ
1.0+0 1.81 fg 4.45b-f
2.5+0 2.25 efg 4.55 b—e
50+0 290 d-g 4.08 b—g
1.0+0.01 2.24 efg 4.40 b—f
2.5+0.025 3.09 d-g 6.14 abc
5.0+0.05 3.76 b—g 531 ad
2iP + TDZ
1.0+0 4.43 b-f 6.05 abc
2540 3.90 b—g 6.16 ab
50+0 5.38 abc 7.15a
1.0 +0.01 328 d-g 4.52 b—e
2.5+0.025 4.14 b 7.30a
5.0 +0.05 5.90 abc 4.39 b—f
Mean 345B 5.16 A
* Means followed by the same letter are not significantly different at o= 0.05
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DISSCUSION

BA is one of the most commonly applied cytokinins,
used for shoot multiplication of many ornamental plants,
such as Hibiscus sabdariffa [Gomez-Leyva et al. 2008],
Lagerstroemia [Niranjan et al. 2010], Ficus anastasia
[Al Malki and Elmeer 2010], Rosa sp. [Pawlowska
2011], Ficus carica [Mustafa and Taha 2012], Dracae-
na sanderiana [Aslam et al. 2013], whereas 2iP is less
popular. In the presented study 2iP was more effective
in the improvement of multiplication rate of shoots than
BA. It resulted in a stronger growth of Mandevilla san-
deri shoots, which were then divided into segments. Ac-
cording to other researchers, 2iP promotes elongation of
shoots of Prunus armeniaca [Murai et al. 1997], Rosa
‘Bianca’ and ‘Tora’ [Mahmood and Hauser 2015], Rho-
dodendron tomentosum [Jesionek et al. 2016]. It was
noted that BA significantly reduced the elongation of
shoots when compared to 2iP in the studies of Chuen-
boonngarm et al. [2001] on Gardenia jasminoides,
Khan et al. [2015] on Vitis vinifera, and Mahmood and
Hauser [2015] on ‘Bianca’ and ‘El Torro’ roses.

Many authors reported that shoot proliferation
can be significantly enhanced by the addition of cy-
tokinins in low concentrations. BA at concentration
of 0.5-2 mg-dm combined with TDZ at concentra-
tion of 0.15-0.55 mg-dm™ were used successfully for
Acacia sinuata [Vengadesan et al. 2002], Mandevilla
sanderi [Wojtania et al. 2006], Rubus occidentalis x
R. idaeus [Dai et al. 2006], Hibiscus acetosella
[Sakhanokho 2008], and Fraxinus americana [Palla
and Pijut 2011]. In the present study the combined use
of BA and TDZ did not significantly affect the number
of axillary shoots and multiplication rate of Mandevil-
la sanderi. Also, addition of small amount of TDZ to
the medium containing 2iP did not stimulate shoot in-
duction. The use of 0.05 mg-dm=TDZ together with
5 mg-dm™ 2iP, at horizontal explants orientation, re-
duced multiplication rate significantly (7.15 and 4.39,
respectively). Similar to our observations, Thomsone
and Gertnere [2003] noted a negative effect of addi-
tion of 0.5 mg-dm=TDZ to the medium together with
15 mg-dm 2iP on a number of new shoots of Rhodo-
dendron ‘Nowa Zembla’ (4.4 and 1.3, respectively).
On the contrary, Jesionek et al. [2016] reported that
media supplemented with 2iP 2.26 mg-dm= and TDZ
0.22 mg-dm™ effectively stimulated microshoot for-
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mation of Rhododendron tomentosum. Kokotkiewicz
et al. [2012] found that the highest number of micro-
shoots of Cyclopia genistoides was obtained when two
cytokinins, 2iP and TDZ were used.

The orientation of explants plays an important role
in their regeneration potential. The horizontal position
of the explants was reported to promote shoot for-
mation in many plants, such as Prunus laurocerasus
[Ponchia and Gardiman 1993], Rauvolfia micrantha
[Sudha and Seeni 1996], Citrus jambhiri [Saini at al.
2010], Quercus aliena [Liao and Chuang 2014], and
Aloysia triphylla [Silva et al. 2017]. According to
the present results, a higher multiplication rate was
achieved, when explants of Mandevilla sanderi were
placed horizontally. It was observed that in such ex-
plant orientation, 100% explants produced axillary
shoots and number of axillary shoots from one explant
was two times higher in comparison to the vertical
position. The increased axillary shoot proliferation in
horizontal position could be connected with greater
uptake of the medium constituents due to an increased
contact with the medium [Mackay and Kitto 1988,
Garcia-Luis et al. 2006]. Kozak et al. [2019] conduct-
ed research on the influence of Mandevilla sanderi
explants positions on their growth and development
in tissue culture. The authors found out that both verti-
cal and horizontal positions of explants with shoot tips
were advantageous in comparison to other explants
treatments. Vertical placement was more responsive
for shoot induction and multiplication than horizontal
placement in Celastrus paniculatus [Nair and Seeni
2001], and Murraya koengii [Sharma et al. 2010].

During the current study, 2iP promoted root in-
duction and growth more than BA. Ruzi¢ and Vujovié
[2008] noticed that in many combinations with 2iP,
and particularly in those with KIN, rhizogenesis was
induced in Prunus avium. Soh et al. [1998] suggested
that cytokinins have stimulating effect on root forma-
tion from callus of Vigna unguicula. Shoots of Eustoma
grandiflorum cultured on the media enriched with BA in
concentration of 2 mg-dm= produced more and longest
roots than in a control [Kaviani et al. 2014]. Mastuti et al.
[2016] reported that almost all callus Physalis angulata
induced on a medium with kinetin produced roots.

Development of big amount of callus at shoot bas-
es was noted. All the hormonal treatments resulted
in callus formation. Medium supplemented with the
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highest concentration of BA combined with TDZ was
the most advantageous for callus growth. High val-
ues of fresh weight of callus were noted in presence
of 1 mg-dm= 2iP + 0.01mg-dm TDZ, when explants
were placed horizontally and in the treatment with
5 mg-dm™ 2iP and 0.05 mg-dm= TDZ, at vertical
position. Callus regeneration was also observed by
Wojtania et al. [2006] in Dipladenia sanderi tissue
culture on media containing 0.5-2 mg-dm~ BA used
singly or combined with 0.015 mg-dm> TDZ. In the
study on Vigna radiata Gulati and Jaiwal [1992] ob-
served that kinetin, Zt or BA in concentration of 5 x
10°° —induced variable amounts of callus at the base of
the shoot tip. 2iP in concentration of 15 mg-dm™ used
together with TDZ 0.2-0.5 mg-dm™ promoted callus
formation of Vaccinium corymbosum ‘Duke’ [Cape-
letti et al. 2016]. TDZ stimulated callus production
in many plants cultured in vitro: Vitis [Kim and Kim
2002], Camellia sinensis [Gonbad et al. 2014], Quer-
cus aliena [Liao and Chuang 2014], and Simmondsia
chinensis [Taha et al. 2016].

CONCLUSIONS

In the presented study it was proved that multi-
plication rate and quality of shoots cultivated in vitro
depends on the cytokinins added to the media and
the orientation of explants. Horizontal orientation of
explants on the medium supplemented with 2iP in
concentration of 2.5 mg-dm= combined with TDZ
in concentration of 0.025 mg-dm= or used alone in
concentration of 5 mg-dm allows to obtain the high-
est multiplication rate, what has a practical value for
a large scale micropropagation of the species. 2iP is
also advantageous in regards to the shoots quality,
measured by their length and rhizogenesis.
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