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In vitro Propagation Protocol for Dieffenbachia amoena 'Tropic Snow' Plant

Weaam R.A. Sakr

Department of Ornamental Horticulture, Faculty of Agriculture, Cairo University, Giza, Egypt

Abstract: This study was carried out in the Plant Tissue Culture Laboratory, at El-Zohria Botanical Garden,
Horticulture Research Institute, Agriculture Research Center, Ministry of Agriculture, during the period from
2012 to 2014. This study was undertaken to detect the suitable methodology for in vitro propagation of
Dieffenbachia amoena 'Tropic Snow' plant from shoot tips. Mercuric chloride (HgCl ) at 0.4 g/l for 10 min2

followed by Clorox (5.25% sodium hypochlorite, NaOCl) at 40 % for 30 min was the most effective sterilization
treatment. Addition of IAA at 2.00 mg/l alone to MS medium was the best treatment examined for improving
shoot length and number of leaves/explants during establishment stage. Multiplication stage should be carried
out on MS medium supplemented with 2.0 mg/l Kin because of producing the significantly highest number of
shoots, the significantly tallest shoots and the significantly highest number of leaves/shoot at the end of the
third subculture. MS medium supplemented with IBA at 5.0 mg/l only was the best treatment examined for
rooting because of resulting 100% rooting with the significantly highest number of roots and the significantly
tallest roots. The growing medium containing peatmoss + sand (3:1 v/v) resulted in the highest values for
survival percentage, plant length and number of leaves/plant during the acclimatization stage. RAPD
fingerprinting of acclimatized in vitro plants showed that all banding profiles from micropropagated plants were
similar to those of the mother plant.
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INTRODUCTION contains a calcium oxalate (CaOx, poisonous component)

Dieffenbachia is an attractive gardening and of them is responsible for its poisonous properties
interiorscape houseplant used widely throughout the causing unpleasant side effects and enormous pain.
world for its decorative leaves. It belongs to family Dieffenbachia is propagated  traditionally  ex  vitro
Araceae and native to South America. Dieffenbachia as by tip or cane cuttings, division and air layering. Those
a medicinal plant is considered analgesic, aphrodisiac, vegetative propagation methods are slow and damaged
caustic, contraceptive, cyanogenic, insecticidal, by endogenous bacterial infection [3]. In vitro
rodenticide and vesicant. Essential oil in leaves has an propagation technique has been used widely in
antimicrobial activity. Leaf oil major constituents floriculture industry and has the potential to overcome
descendingly are pyrimidine-5-carboxylic acid, 4-(1, 3- this problem with Dieffenbachia for producing massive
dimethyl-1H-pyrazol-4-yl)-6-methyl-2- thioxo-1, 2, 3, 4- plants rapidly of  pleasing  characteristics,  uniform
tetrahydro-methyl ester, 5-methyl-2-phenylindolizine, 1-(3- quality and pathogen free. Therefore, the object of this
methylbutyl)-4-(4, 4, 5, 5-tetramethyl-1, 3, 2-dioxaborolan- study was to establish a protocol for micropropagation of
2-yl)-1H-Pyrazole, Dichotine, 19-hydroxy- Dieffenbachia amoena 'Tropic Snow' without altering the
11methoxytriacetate methylpiperazin-1-yl)benzo (1, 2, 5) genetic makeup of the plant.
diazol-1-oxide methoxycarbonyl-1H-2-benzopyran-3-one Micropropagation using shoot tip culture is an
ethanediylbis[diphenylphosphine]-p-p']hydro[(1, 2, 3, 4, efficient method reported by various researchers which
5- )-1-methyl-2, 4-cyclopentadien-1- yl] Iron and 9, 10- gave successful results with ornamentals [4-7]. Culture
dihyro-9, 10, 11-trimethyl-9, 10-methano anthracen-11-ol initiation of Dieffenbachia is threatened by excessive
[1]. Walter and Khanna [2] found that Dieffenbachia endogenous  contamination  [8], thus prior studies found

crystals and proteolytic enzyme; the combination of both
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that sodium hypochlorite successfully led to get the plant to detect the genetic variations including RAPD and ISSR
material of Dieffenbachia clean during disinfection and [31, 32].
therefore explant survival [9, 10]. Hypochlorite causes
irreversible enzymatic inhibition of the active sites of the MATERIALS AND METHODS
bacterial essential enzymes. Sodium hypochlorite is an
alkaline  solution;  high  pH  negatively affects the This study was carried out in the Tissue Culture
cytoplasmic   membrane,   cellular   metabolism   and Laboratory, at El-Zohria Botanical Garden, Horticulture
phospholipid degradation of the bacteria responsible for Research Institute, Agriculture Research Center, Ministry
contamination [11]. Dieffenbachia was successfully of Agriculture, Giza, Egypt, during the period from 2012 to
regenerated on MS medium [12-15]. 2014 to determine the suitable protocol for propagating

Auxins including indole-3-acetic acid (IAA), - Dieffenbachia amoena 'Tropic Snow' plant using tissue
naphthaleneacetic acid (NAA) and cytokinins  of  Kinetin culture technique. This study included five experiments,
(Kin) and N -benzyladenine (BA) have been used widely as follows: 6

as growth regulators used for ornamental plants in vitro
propagation. Auxins stimulate cell elongation, induce Experiment I: Surface Sterilization of Explants:  To
adventitious shoots and promote adventitious root evaluate the effect of some common sterilizers, as mercuric
development. Cytokinins stimulate cell division, buds chloride (HgCl ) solution at 0.1, 0.2, 0.3 or 0.4 g/l for 10
proliferation phase in addition to formation of shoot minutes followed by Chlorox (5.25% sodium hypochlorite,
primordia of axillary shoots [16, 17]. Prior studies reported NaOCl) solution at 20, 30, 40 or 50 % for 30 min on the
that NAA was efficient  in  developing  shoots of survival percentage (without contamination) of
Dieffenbachia, Anthurium, Codiaeum, Gerbera, Rosa, Dieffenbachia amoena 'Tropic Snow' explants. The
Spathiphyllum,    Alstroemeria,   Aloe   and  Euphorbia glasshouse-grown plants that were used in this
[3, 18-22]. IBA was used by previous researches for experiment as stock plants were obtained from El-Zohria
rooting of Dieffenbachia [4, 22] and Moringa [23]. IBA or Botanical Garden. The shoot tip explants were prepared.
IAA increased the rooting percentage, root number and The excised shoot tips were washed by a solution of soap
length of Myrtus [24]. BA alone or in combination with for 5 min followed by tap water before soaking in
NAA or IAA induced adventitious shoots directly of sterilizers. Few drops (0.1 %) Tween 20 (polyoxethlene
Euphorbia [21]. BA sufficiently increase multiplication sorbitan monolaurate) were added to the Clorox solution
rate of Salvia [25] and shoot production of Homalomena as a wetting agent. After sterilization, explants were rinsed
[26]. BA induced formation of multiple shoots in in sterilized distilled water three times. Outside tissues
Caladium hortulanum and Caladium bicolor ‘Florida were removed and shoot tips were cut further until 0.5 cm.
Crown’ [27]. Shoot tip explants were placed in a 150 ml culture jars

Acclimatization of in vitro propagated plants in containing 20 ml of MS basal medium [33]. This stage
proper mixing ratio of substrate is so important to ensure contained sixteen treatments and each treatment
high plant survival and vigor growth when transferred to consisted of three replicates and each replicate consisted
soil in the ambient environment in greenhouse. Prior of three jars and each jar contained three explants. Jars
studies recorded successful acclimation of transplanted were incubated for 21 days in a growth room at 25 ± 2°C
micropropagated ornamentals in peatmoss and sand mix and 16 hrs illumination of 2000 lux (white fluorescent
like Hydrangea macrophylla, Gardenia jasminoides, lamps). Survival percentages (without contamination)
Cordline fruticosa, Spathiphyllum mauna and Anthurium were recorded. All steps of the sterilization experiment
andreanum [28-30]. have been done under aseptic condition inside the culture

Molecular biology techniques are of great help for cabinet (Laminar air flow). 
characterization of germplasm because the genetic
information provided by morphological characters is often Experiment II: Establishment Stage: The aim of this
limited and the expression of quantitative traits is experiment was to investigate the effect of different auxins
subjected to environmental influence. Molecular markers at various concentrations for development of sterilized
can be used for characterization and early detection of explants during establishment stage. Uniform sterilized
genetic stability of the in vitro propagated plants. In this explants  (0.5 cm)  produced  from  the  aseptic  culture
context, different molecular approaches have been used were  transferred   to   the   MS   medium   at   full  strength
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supplemented  with  NAA  and/or  IAA at 0.0, 1.0, 2.0 or treatments, each treatment consisted of three replicates
3.0 mg/l. This experiment contained sixteen treatments and and each replicate consisted of five jars and each jar
each treatment consisted of three replicates and each contained two individual shoots. Cultures were incubated
replicate consisted of three jars and each jar contained for one month under the conditions previously described
two explants. Jars were incubated for four weeks under in experiment I. After that, rooting percentages, number of
the same conditions in Exp. I and then shoot length (cm) roots/ plantlet, average root length, number of
and number of leaves/explant were recorded. leaves/plantlet and plantlet length were recorded.

Experiment III: Multiplication Stage: The aims of this Experiment V: Acclimatization Stage: This experiment
experiment was increasing shoot formation by determining was conducted in vivo to evaluate the effect of growing
the most suitable cytokinins concentration, including media on plantlet growth of Dieffenbachia amoena
benzyl adenine (BA) and kinetin (Kin) added to MS 'Tropic Snow' during acclimatization stage. The shoots
medium for shoot tips proliferation of Dieffenbachia (3.0 cm long, with 3 leaves, grown on MS medium
amoena 'Tropic Snow'. Uniform sterilized explants (0.5 cm supplemented  with  2.0 mg/l  Kin) were subcultured on
long shoot) were cultured on full salt strength MS medium MS medium supplemented with 5.0 mg/l IBA + 3.0 g/l AC
supplemented with 2.0 mg/l IAA because it was the best (the best rooting medium, as proven by Experiment IV) for
establishment medium as found from the result of 4 weeks, before being used in the acclimatization
experiment II (Table 2). Cultures were incubated under the experiment.
same conditions previously described in experiment I for Resulting plantlets of suitable size (6.0 cm length with
four weeks. The resulted uniform shoots (1.0 cm length 4.0 leaves and 5 roots of average 7 cm length) were
with 2 leaves) were subcultured on MS medium selected, washed thoroughly with tap water to remove the
supplemented with BA or Kin each at 1.0, 2.0, 3.0 mg/l in remains of medium from the root system. The roots of
addition to hormone-free MS medium as the control. plantlets were rinsed in Benlate fungicide solution (0.1%
Subculturing the shoots was done onto the same medium for 5 min), after that the roots were washed thoroughly
every  four  weeks  and  three  subcultures  were done. with tap water to remove the remains of fungicide from the
This experiment consisted of seven treatments, each root system. The plantlets individually were transplanted
treatment consisted of three replicates and each replicate into 5 cm plastic pots filled with one of the following
consisted of three jars and each jar contained three growing media (6 treatments): peatmoss or peatmoss +
explants. After each subculture, number of shoots, sand at 1:1, 2:1, 3:1, 4:1 or 5:1 (v/v). Each treatment
average shoot length (cm) and number of leaves/shoot consisted of three replicates and each replicate consisted
were recorded. of ten pots. The plantlets were held in the greenhouse

Experiment IV: Rooting Stage: The aim of this experiment around the plantlets was kept high by surrounding each
was to determine the most suitable auxin concentration plantlet with a white polyethylene bags for two weeks.
including indole butyric acid (IBA) and Indole acetic acid The polyethylene bags were perforated gradually starting
(IAA) on root formation of Dieffenbachia amoena 'Tropic from  the  third  day,  with the aim of gradually reducing
Snow'. the relative humidity of the air surrounding the plantlets.

According to the results of Experiment III, The pots were irrigated by diffusion (by placing the pots
subculturing the shoots on MS medium supplemented in water) twice during these weeks and then the bags were
with  2.0 mg/l  Kin  proved  to  be  the most suitable removed. After 4 weeks, the plantlets were sprayed three
medium for the multiplication stage (Table 3). So, uniform times per week for 2 weeks with a solution containing
shoots,  1.0  cm  length  with  2 leaves were subcultured Kristalon fertilizer (NPK at 19-19-19) at the rate of 0.5 g/l.
(as described in Experiment III) on this medium for Also,  chelated  iron (12% Fe) and chelated magnesium
producing stock shoots. After that, the resulted uniform (6% Mg) were added in the solution, each at the rate of 0.1
shoots with 3.0 cm length and 3 leaves were cultured on g/l. The spraying solution contained a wetting agent
MS medium supplemented with IBA or IAA each at 0.0, (Saliant-Film, containing 3% P O ) at the concentration of
1.0, 3.0 or 5.0 mg/l. Activated charcoal (AC) was added to 3 ml/10 l of water. After that the survival percentage,
the rooting medium at the rate of 3 g/l in order to improve plantlet length, number of leaves/plantlet and stem
root formation. This experiment consisted of sixteen diameter were recorded.

under 4000-lux light intensity. The relative humidity
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In the first four experiments, all culture media RESULTS AND DISCUSSION
contained 30 g/l sucrose and were solidified with 6 g
agar/l (pH was adjusted at 5.7 ± 0.1 prior to addition of Experiment I: Surface Sterilization of Explants:
agar).  Media  were  autoclaved  for  20 min  at 121°C and Concerning the effect of HgCl  on survival percentage,
1.05 kg/cm , then they were cooled and kept for 7 days regardless the effect of Clorox treatments, data shown in2

before use and contaminated media were discarded. After Table 1 indicated that the percentage of survival explants
culturing, the culture jars were directly plugged with was increased by increasing the HgCl  concentrations.
polypropylene closure caps. The highest survival percentage was recorded with 0.4 g/l

The first four experiments were factorial with two HgCl  followed by that recorded with 0.3 g/l HgCl  with no
factors,  while  the  fifth  experiment includes one factor. significant difference between them. On the other hand
All experiments were conducted using a completely the significantly lowest survival percentage was recorded
randomized design. Each experiment was repeated twice with 0.1 g/l HgCl .
and all data were averaged and tabulated. Analysis of Concerning the effect of Clorox treatments, regardless
variance was performed and comparisons of means were of the effect of HgCl , data presented in Table 1 revealed
conducted using Duncan's Multiple Range Test "DMRT” that survival percentage of explants was increased by
at the 5% level, as described by Gomez  and  Gomez [34]. increasing Clorox concentrations. The highest survival
In case of survival percentages in the first and fifth percentage was recorded with Clorox at concentration of
experiments and rooting percentage in the fourth 50 %, followed by that recorded with Clorox at 40% with
experiment, the original data were arcsine-transformed no significant difference between them.
prior to statistical analysis. Using 0.4 g/l HgCl  and Clorox at 40 % resulted in the

Molecular Genetics Identification: Genomic DNA of by that recorded after using 0.3 or 0.4 g/l HgCl  and Clorox
Dieffenbachia amoena 'Tropic Snow' plant was isolated at 50 % (70.4%) with no significant difference among
from young leaf tissue of both in vitro and in vivo grown them. It can be concluded that using HgCl  at 0.4 g/l
mother plants following the steps of CTAB followed by Clorox at 40 % was the best sterilization
(hexadecyltrimethyl  ammonium  bromide)  protocol  [35]. treatment. These results are in agreement with those
A set of three random primers (A4, A5 and A7) was used obtained by Arafa et al. [37] on Dieffenbachia exotica ;
in the detection of polymorphism among mother plants Hussein [38] on three species of Aglaonema plants;
and in vitro acclimatized plants. RAPD was carried out Badawy  et al.  [39]  on  Dracaena  fragrans  ; Abou
according to the procedure given by Gabr and Said [36]. Dahab et al. [40] on Taxodium distichum and Sakr et al.
The amplification reaction was carried out in 25 µl reaction [41] on Cerbera odollam.
volume containing 1X PCR buffer, 1.5 mM MgCl , 22

mMdNTPs, 1 U TaqDNA polymerase and 25 ng templates Experiment II: Establishment Stage
DNA and  1 µM  primer  from  each of random primers. Shoot Length: Regarding of the effect of NAA
PCR amplification was performed in a Biometera Uno concentrations on shoot length, regardless of the effect
thermal cycles programmed to fulfill 40 cycles after an of IAA, data presented in Table 2 revealed that the
initial denaturation cycle for 5 min at 94°C. Each cycle significantly tallest shoot was recorded on hormone–free
consisted of a denaturation step at 94°C for 1 min, an MS-medium followed by MS-medium supplemented with
annealing step at 36°C for 1 min and an elongation step at 1.0 mg/l NAA with no significant difference between
72°C for 1.5 min. The primer extension segment was them. Increasing NAA concentrations in MS medium to
extended to 7 min at 72°C in the final cycle. The 2.0 or 3.0 mg/l significantly decreased shoot length
amplification products were resolved by electrophoresis gradually.
in  a 1.5%  agarose  gel  containing   Ethidium  Bromide Concerning of the effect of IAA concentrations on
(0.5 µg / ml) in 1X TBE buffer at 90 volts. Gel was shoot length, regardless of the effect of NAA, data
photographed  under  UV   light   with   Tracktel  GDS-2 presented in Table 2 revealed that MS medium
gel  documentation  system.  The  size   of  the supplemented with different IAA concentrations (1.0, 2.0
amplification products was estimated from VC 100 bp plus and 3.0 mg/l) had no significant effect on shoot length as
DNA ladder. compared to hormone-free MS medium (control).
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highest survival percentage of explants (88.9 %) followed
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Table 1: Effect of different concentrations of HgCl  and Clorox on survival percentage of Dieffenbachia amoena 'Tropic Snow' explants2

              Clorox (B)
---------------------------------------------------------------------------------------------------------------------------

HgCl  (A) 20 % 30 % 40 % 50 % Mean (A)2

0.1 g/l 00.0 e 00.0 e 30.3 cd 63.0 b 23.3c
0.2 g/l 00.0 e 22.2 d 51.8 bc 63.0 b 34.3 bc
0.3 g/l 00.0 e 51.8 bc 63.0 b 70.4 ab 46.3 ab
0.4 g/l 11.1 de 51.8 bc 88.9 a 70.4 ab 55.6 a
Mean (B) 2.8 c 31.5 b 58.5 a 66.7 a ----

* Within the column for HgCl  (g/l) means, the row for Clorox% means, or the means for combinations of the two factors, means sharing one or more letters2

are insignificantly different according to Duncan's Multiple Range Test "DMRT” at the 5% level

Table 2: Effect of different concentrations of NAA and IAA on shoot length (cm) and number of leaves/explant of Dieffenbachia amoena 'Tropic Snow' during
establishment stage

Shoot length Number of leaves/ explant
-------------------------------------------------------------------------------- ----------------------------------------------------------------------------

IAA (mg/l) (B) IAA (mg/l) (B)
------------------------------------------------------------- ----------------------------------------------------------

NAA (mg/l) (A) 0.0 mg/l 1.0 mg/l 2.0 mg/l 3.0 mg/l Mean (A) 0.0 mg/l 1.0 mg/l 2.0 mg/l 3.0 mg/l Mean (A)

0.0 mg/l 0.50 cd 0.67 bc 1.00 a 1.00 a 0.79 a 1.00 bc 1.33 b 2.33 a 2.00 a 1.67 a
1.0 mg/l 0.67 bc 0.67 bc 0.83 ab 0.83 ab 0.75 a 1.00 bc 1.00 bc 1.33 b 1.33 b 1.17 b
2.0 mg/l 0.50 cd 0.50 cd 0.50 cd 0.50 cd 0.50 b 1.00 bc 1.00 bc 1.00 bc 1.00 bc 1.00 b
3.0 mg/l 0.50 cd 0.33 d 0.00 e 0.00 e 0.21 c 1.00 bc 0.67 c 0.00 d 0.00 d 0.42 c
Mean (B) 0.54 a 0.54 a 0.58 a 0.58 a ---- 1.00 a 1.00 a 1.17 a 1.08 a ----

* For each parameter within the column means, the row means, or the means for combinations, means sharing one or more letters are insignificantly different
according to Duncan's Multiple Range Test "DMRT” at the 5% level

The significantly tallest shoots (1.00 cm) were The significantly highest number of leaves/explant
recorded on MS-medium supplemented with 2.0 or 3.0 (2.33 leaves/explant) was recorded on MS-medium
mg/l IAA only, followed by MS-medium supplemented supplemented with 2.0 mg/l IAA only followed by that
with 1.0 mg/l of NAA + 2.0 or 3.0 mg/l IAA with no supplemented with 3.0 mg/l IAA only (2.00 leaves/explant)
significant difference among them. without significant difference between them. From the

Number of Leaves/Explant: Regarding of the effect of 2.00 mg/l alone was the best concentration added to MS
NAA concentrations on number of leaves/explant, medium for improving shoot length and number of
regardless of the effect of IAA, data presented in Table 2 leaves/explant  during  establishment  stage  (Fig. 1).
revealed that the significantly highest number of leaves/ These results agree with previous studies on Cerbera
explant was recorded on hormone–free MS-medium. odollam [41] and Dendrobium orchid [42] which found
Increasing NAA concentration in MS medium to 1.0, 2.0 that high number of shoots and number of leaves was
or 3.0 mg/l significantly decreased number of obtained with adding lower level of NAA.
leaves/explant as compared to the hormone free MS
medium (control). There was no significant difference Experiment III: Multiplication Stage
between number of leaves/explant resulted on MS medium Number of Shoots: Regarding the effect of different
supplemented with 1.0 or 2.0 mg/l NAA. cytokinins at various concentrations on number of shoots

Concerning of the effect of IAA concentrations on regardless of the subculture number, data presented in
number  of  leaves/explant, regardless of the effect of Table 3 revealed that supplementing MS medium with BA
NAA,  data  presented  in Table 2 revealed that MS or Kin at different concentrations used significantly
medium supplemented with different IAA concentrations increased number of shoots as compared to the control
(1.0, 2.0 and 3.0 mg/l) had no significant effect on number (hormone-free MS medium), in most cases. The two
of leaves/explant as compared to hormone-free MS exceptions to this general trend were recorded with using
medium (control). BA  at  2.0 or  3.0 mg/l  which  resulted   in  insignificantly

above mentioned results, it can be concluded that IAA at
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Fig. 1: Development of Dieffenbachia amoena 'Tropic on both MS medium supplemented with 3.0 mg/l BA and
Snow' explant on MS medium supplemented with on hormone - free MS medium. Results are in agreement
2.0 mg/l IAA only during establishment stage with other studies where Kinetin stimulated formed

Fig. 2: Shoot formation from Dieffenbachia amoena concentration of 2.0 mg/l resulted in the significantly
'Tropic Snow' explant on MS medium tallest shoots (2.78 cm) as compared to other treatments.
supplemented with 2.0 mg/l Kinetin during On the other hand the shortest shoots (0.50 cm) were
multiplication stage recorded on MS medium supplemented with 3.0 mg/l BA.

different values than the control (hormone - free MS shoot length significantly increased as subculture number
medium). MS medium supplemented with Kin resulted in increased. The significantly tallest shoots (2.31 cm) were
significantly highest number of shoots as compared to recorded in the third subculture. 
MS medium supplemented with BA at the same Regarding the interaction effect between the effects
concentrations. MS medium supplemented with Kin at of different cytokinins at various concentrations and
concentration of 2.0 mg/l resulted in the significantly subculture number, data in Table 3 indicated that MS
highest number of shoots (3.89 shoots) as compared to medium  supplemented  with  2.0 mg/l  Kin   was   the  best

other treatments. On the other hand the lowest number of
shoots (1.00 shoot) was recorded on both control
(hormone - free MS medium) and on MS medium
supplemented with 3.0 mg/l BA.

Data recorded in Table 3 showed that the number of
shoots significantly increased as subculture number
increased. The significantly highest number of shoots
(2.52 shoots) was recorded in the third subculture. 

Regarding the interaction effect between the effects
of different cytokinins at various concentrations and
subculture number, data in Table 3 indicated that MS
medium supplemented with 2.0 mg/l Kin was the best
treatment examined for multiplication stage since recorded
the significantly highest number of shoots (5.33 shoots)
in the third subculture as compared to the other
treatments. On the other hand the lowest number of
shoots (1.00 shoot) was recorded on the three subcultures

shoots of Cerbera odollam [41]; Matthiola incana [43];
Labisia pumila var. alata [44] and Peperomia obtusifolia
[45].

Average of Shoot Length: Regarding the effect of
different cytokinins at various concentrations on average
shoot length, regardless of subculture number, data
presented in Table 3 revealed that supplementing MS
medium with BA at different concentrations used
significantly decreased average shoot length as compared
to hormone-free MS medium (control). On the other hand,
supplementing MS medium with Kin at various
concentrations used significantly increased the average
shoot length as compared to hormone-free MS medium
(control). MS medium supplemented with Kin resulted in
significantly highest shoot length as compared to MS
medium supplemented with BA at the same
concentrations. MS medium supplemented with Kin at

Data recorded in Table 3 showed that the average
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Table 3: Effect of different concentrations of BA and Kin as well as subcultures number on number of shoots, average shoot length and number of leaves/shoot
during multiplication stage of Dieffenbachia amoena 'Tropic Snow' shoots

Number of shoots Average shoot length (cm) Number of leaves/shoot
----------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------
Subcultures (B) Subcultures (B) Subcultures (B)
--------------------------------- ----------------------------------- -----------------------------------

Cytokinin (A) 1 2 3 Mean (A) 1 2 3 Mean (A) 1 2 3 Mean (A)st nd rd st nd rd st nd rd

Control 1.00 g 1.00 g 1.00 g 1.00 d 1.17 i 2.17 fg 2.83 cd 2.06 c 1.67 e 2.67 bc 2.67 bc 2.33 b
1.0 mg/l BA 1.67 ef 2.00 e 2.00 e 1.89 c 1.17 i 1.67 h 1.83 gh 1.56 d 1.00 f 1.00 f 1.00 f 1.00 c
2.0 mg/l BA 1.33 fg 1.33 fg 1.33 fg 1.33 d 0.50 j 0.67 j 0.83 ij 0.67 e 1.00 f 1.00 f 1.00 f 1.00 c
3.0 mg/l BA 1.00 g 1.00 g 1.00 g 1.00 d 0.50 j 0.50 j 0.50 j 0.50 e 1.00 f 1.00 f 1.00 f 1.00 c
1.0 mg/l Kin 2.00 e 2.67 d 3.33 bc 2.67 b 1.83 gh 2.17 fg 3.33 ab 2.44 b 2.00 de 2.33 cd 2.67 bc 2.33 b
2.0 mg/l Kin 2.67 d 3.67 b 5.33 a 3.89 a 2.00 f-h 2.67 de 3.67 a 2.78 a 2.33 cd 3.00 b 3.67 a 3.00 a
3.0 mg/l Kin 2.00 e 3.00 cd 3.67 b 2.89 b 2.00 f-h 2.33 ef 3.17 bc 2.50 b 2.00 de 2.33 cd 2.67 bc 2.33 b
Mean (B) 1.67 c 2.10 b 2.52 a ---- 1.31 c 1.74 b 2.31 a ---- 1.57 b 1.91 a 2.10 a ----
* For each parameter within the column means, the row means, or the means for combinations, means sharing one or more letters are insignificantly different
according to Duncan's Multiple Range Test "DMRT” at the 5% level

treatment examined for producing the significantly tallest treatment  examined  for producing the significantly
shoots (3.67 cm) in the third subculture as compared to highest  number  of  leaves/shoot (3.67 leaves/shoot) in
the other treatments. On the other hand the shortest the third subculture as compared to the other treatments.
shoots (0.50 cm) was recorded in the three subcultures on On the other hand the lowest number of leaves/shoot
both MS medium supplemented with 3.0 mg/l BA and on (1.00 leaf/shoot) was recorded on the three subcultures on
MS medium supplemented with 2.0 mg/l BA in the first MS medium supplemented with 1.0, 2.0 or 3.0 mg/l BA.
subculture. From the above results, it could be concluded that

Number of Leaves /Shoot: Regarding the effect of supplemented with 2.0 mg/l Kin because it was the best
different cytokinins at various concentrations on number medium which recorded the significantly highest number
of leaves/shoot, regardless of subculture number, data of shoots (5.33 shoots), the significantly tallest shoots
presented in Table 3 revealed that supplementing MS (3.67 cm) and the significantly highest number of
medium with BA at different concentrations used leaves/shoot (3.67 leaves/shoot) at the end of the third
significantly decreased number of leaves/shoot as subculture (Fig. 2).
compared to hormone-free MS medium (control) and
resulted in the lowest number of leaves/shoot (1.00 Experiment IV: Rooting Stage
leaf/shoot). On the other hand, supplementing MS Rooting Percentage: Data presented in Table 4 revealed
medium with Kin at 1.0 or 3.0 mg/l gave the same number that using IBA at 1.0, 3.0 and 5.0 mg/l significantly
of leaves/shoot recorded on hormone-free MS medium increased rooting percentages gradually as compared to
(control). MS medium supplemented with Kin at 2.0 mg/l the control. Using IBA at 5.0 mg/l resulted in the
resulted in the significantly highest number of significantly highest rooting percentage as compared to
leaves/shoot (3.00 leaves/shoot) as compared to other the other treatments. On contrary using hormone free MS
treatments. medium resulted in the lowest rooting percentage.

Data recorded in Table 3 showed that number of Data presented in Table 4 revealed that using IAA at
leaves/shoot increased as subculture number increased. 1.0 mg/l significantly decreased rooting percentage as
The  significantly   highest   number   of  leaves/shoot compared to the hormone free- MS medium (control).
(2.10 leaves /shoot) was recorded in the third subculture Using IAA at 3.0 mg/l resulted in the same rooting
followed  by  that  recorded  in  the second subculture percentage of the control, while using IAA at 5.0 mg/l
(1.91 leaves/shoot) without significant difference between resulted in the significantly highest rooting percentage as
them. compared to the other treatments.

Regarding the interaction effect between the effects  Regarding  the  interaction  effect between the
of different cytokinins at various concentrations and effects of various concentrations of IBA and IAA, data in
subculture number, data in Table 3 indicated that MS Table  4  indicated  that  MS medium supplemented with
medium supplemented with 2.0 mg/l Kin was the best 5.0 mg/l IBA  only  was  the  best  treatment examined  for

multiplication stage should be carried out on MS medium
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Table 4: Effect of different concentrations of IBA and IAA on rooting percentage during rooting stage of Dieffenbachia amoena 'Tropic Snow' shoots
IAA (mg/l) (B)
---------------------------------------------------------------------------------------------------------------------------------

IBA (mg/l) (A) 0.0 mg/l 1.0 mg/l 3.0 mg/l 5.0 mg/l Mean (A)
0.0 mg/l 00.0 f 00.0 f 50.0 d 50.0 d 22.5 d
1.0 mg/l 40.0 e 50.0 d 50.0 d 50.0 d 47.5 c
3.0 mg/l 50.0 d 70.0 b 50.0 d 50.0 d 55.0 b
5.0 mg/l 100.0 a 60.0 c 50.0 d 50.0 d 65.0 a
Mean (B) 47.5 b 45.0 c 47.5 b 50.0 a _____
* Within the column for IBA concentrations means, the row for IAA concentrations means, or the means for combinations of the two factors, means sharing
one or more letters are insignificantly different according to Duncan's Multiple Range Test "DMRT” at the 5% level

Table 5: Effect of different concentrations of IBA and IAA on number of roots/plantlet, root length, number of leaves/plantlet and plantlet length during rooting
stage of Dieffenbachia amoena 'Tropic Snow' shoots

IAA (mg/l) (B) IAA (mg/l) (B)
------------------------------------------------------------------- --------------------------------------------------------------

IBA (mg/l)(A) 0.0 mg/l 1.0 mg/l 3.0  mg/l 5.0  mg/l Mean (A) 0.0 mg/l 1.0 mg/l 3.0  mg/l 5.0  mg/l Mean (A)
Number of roots/plantlet Root length (cm)

0.0 mg/l 0.00 g 0.00 g 0.67 fg 1.00 ef 0.42 d 0.00 j 0.00 j 0.67 ij 1.33 hi 0.50 c
1.0 mg/l 0.67 fg 1.00 ef 1.00 ef 1.33 d-f 1.00 c 0.83 i 1.83 gh 2.17 fg 2.67 ef 1.88 b
3.0  mg/l 2.00 cd 4.33 b 2.33 c 2.00 cd 2.67 b 2.67 ef 5.33 b 4.33 c 3.67 cd 4.00 a
5.0 mg/l 5.33 a 3.67 b 1.67 c-e 1.67 c-e 3.08 a 7.67 a 3.67 cd 3.00 de 2.00 f-h 4.08 a
Mean (B) 2.00 a 2.25 a 1.42 b 1.50 b ---- 2.79 a 2.71 ab 2.54 ab 2.42 b ----

Number of leaves/ plantlet Plantlet length (cm)
0.0 mg/l 3.00 e 3.00 e 3.33 de 3.33 de 3.17c 4.67 fg 5.33 d-f 5.67 c-e 6.33 bc 5.50 b
1.0 mg/l 3.67 c-e 4.33 bc 4.67 b 4.33 bc 4.25 ab 5.00 e-g 5.67 c-e 6.33 bc 5.67 c-e 5.67 b
3.0  mg/l 6.33 a 4.67 b 3.67 c-e 3.33 de 4.50 a 8.33 a 6.00 b-d 5.33 d-f 5.00 e-g 6.17 a
5.0 mg/l 4.33 bc 4.33 bc 4.00 b-d 3.00 e 3.92 b 6.67 b 5.67 c-e 4.67 fg 4.33 g 5.33 b
Mean (B) 4.33 a 4.08 ab 3.92 b 3.50 c ---- 6.17 a 5.67 b 5.50 b 4.33 b ----
* For each parameter within the column means, the row means, or the means for combinations, means sharing one or more letters are insignificantly different
according to Duncan's Multiple Range Test "DMRT" at the 5% level

improving rooting percentage giving the significantly significant difference between number of roots/plantlet
highest rooting percentage (100%) as compared to the recorded on MS medium supplemented with 3.0 or 5.0 mg/l
other treatments. On the other hand both hormone free IAA.
MS medium and MS medium supplemented with 1.0 mg/l Regarding the interaction effect between the effects
IAA only failed to induce rooting on the shoots. of various concentrations of IBA and IAA, data in Table

Number of Roots/Plantlet: Data presented in Table 5 IBA only was the best treatment examined because of
revealed that using MS medium supplemented with IBA resulting the significantly highest number of
at 1.0, 3.0 or 5.0 mg/l resulted in significantly higher roots/plantlet (5.33 roots/plantlet) as compared to the
number of roots/plantlet as compared to the hormone-free other treatments. On the other hand both hormone free
MS medium. Using MS medium supplemented with IBA MS medium and MS medium supplemented with 1.0 mg/l
at 5.0 mg/l resulted in the significantly highest number of IAA failed to induce rooting on the shoots, while MS
roots/plantlet. On the other hand, hormone-free MS medium supplemented with 1.0 mg/l IBA and MS medium
medium resulted in the significantly lowest number of supplemented with 3.0 mg/l IAA resulted in significantly
roots/plantlet. lowest number of roots/plantlet as compared to the other

Data presented in Table 5 revealed that supplemented treatments in most cases. 
MS medium with IAA at 1.0 mg/l resulted in
insignificantly higher number of roots/plantlet compared Root Length: Data presented in Table 5 revealed that
to hormone-free MS medium (control). Increasing IAA using MS medium supplemented with IBA at 1.0, 3.0 or 5.0
concentration to 3.0 or 5.0 mg/l in MS medium resulted in mg/l resulted in significantly tallest roots as compared to
significantly decrease in number of roots/plantlet as the hormone-free MS medium. Using MS medium
compared to the hormone-free MS medium. There was no supplemented  with   IBA   at   5.0   mg/l   resulted  in  the

5 indicated that MS medium supplemented with 5.0 mg/l
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significantly tallest roots followed by that supplemented leaves/plantlet (6.33 leaves/plantlet) as compared to the
with 3.0 mg/l with no significant difference between them. other treatments. On the other hand both hormone free
On the other hand, hormone-free MS medium resulted in MS medium and MS medium supplemented with 1.0 mg/l
the significantly shortest roots. IAA resulted in the significantly lowest number of

Data presented in Table 5 revealed that leaves/plantlet as compared to the other treatments, in
supplementing MS medium with IAA at 1.0 or 3.0 mg/l most cases.
resulted in insignificantly shorter roots as compared to
hormone-free MS medium (control) which resulted in the Plantlet Length: Data presented in Table 5 revealed that
tallest roots. Increasing IAA concentration to 5.0 mg/l in using MS medium supplemented with IBA at 1.0 or 5.0
MS medium resulted in significantly decrease in root mg/l resulted in insignificant different plantlet length as
length compared to the hormone-free MS medium. compared to the hormone-free MS medium. Using MS

Regarding the interaction effect between the effects medium supplemented with IBA at 3.0 mg/l resulted in the
of various concentrations of IBA and IAA, data in Table significantly tallest plantlets.
5 indicated that MS medium supplemented with 5.0 mg/l Data presented in Table 5 revealed that using MS
IBA only was the best treatment examined, resulting in the medium supplemented with IAA at 1.0, 3.0 or 5.0 mg/l
significantly tallest roots (7.67 cm) as compared to the resulted in significant decrease in plantlet length as
other treatments. On the other hand both hormone free compared to the hormone-free MS medium which
MS medium and MS medium supplemented with 1.0 mg/l recorded the significantly tallest plantlets. There was no
IAA failed to induce rooting on the shoots, while MS significant difference among plantlets cultured on MS
medium supplemented with 3.0 mg/l IAA resulted in the medium supplemented with IAA at 1.0, 3.0 or 5.0 mg/l in
significantly shortest roots as compared to the other plantlets length. Using MS medium supplemented with
treatments, in most cases. Results agree with other IAA at 5.0 mg/l resulted in the shortest plantlets.
studies on ornamentals showing that in vitro root length Regarding the interaction effect between the effects
of Matthiola incana was efficiently accomplished by IBA of various concentrations of IBA and IAA, data in Table
addition [46]. 5 indicated that MS medium supplemented with 3.0 mg/l

Number of Leaves/Plantlet: Data presented in Table 5 giving the significantly tallest plantlets (8.33 cm) as
revealed  that  using  MS  medium  supplemented  with compared to the other treatments. On the other hand MS
IBA at 1.0, 3.0 or 5.0 mg/l resulted in significant increase medium supplemented with 5.0 mg/l IBA and 5.0 mg/l IAA
in  number  of  leaves/plantlet as compared to the resulted in the significantly shortest plantlets (4.33 cm) as
hormone-free MS medium which recorded the compared to the other treatments in most cases. 
significantly lowest number of leaves/plantlet. Using MS From the above results it can be concluded that MS
medium supplemented with IBA at 3.0 mg/l resulted in the medium supplemented with IBA at 5.0 mg/l only was the
significantly highest number of leaves/plantlet followed best treatment examined for rooting because of resulting
by that supplemented with 1.0 mg/l with no significant 100% rooting with the significantly highest number of
difference between them. roots and the significantly tallest roots (Fig.3). These

Data presented in Table 5 revealed that results are in agreement with previous findings on Myrtus
supplementing MS medium with IAA at 1.0 mg/l resulted communis [24], Aglaonema [38], Cotinus coggygria [47],
in insignificantly different number of leaves/plantlet as Holmskioldia sanguinea [48] and Hebe buchananii
compared to hormone-free MS medium (control) which plants [49].
resulted in the significantly highest number of
leaves/plantlet.  Increasing  IAA concentration to 3.0 or Experiment V: Acclimatization Stage
5.0 mg/l in MS medium resulted in significantly decrease Survival Percentage, Plantlet Length, Number of
in number of leaves/plantlet as compared to the hormone- Leaves/Plantlet and Stem Diameter: Data presented in
free MS medium. The lowest number of leaves/plantlet Table 6 revealed that the significantly highest survival
was recorded on MS medium supplemented with 5.0 mg/l. percentage (100%), as well as the significantly tallest

Regarding the interaction effect between the effects plantlets (14.67 cm) with the significantly highest number
of  various  concentrations  of  IBA  and IAA, data in of leaves/plantlet (4.67 leaves) and the significantly
Table  5  indicated  that  MS medium supplemented with thickest stem (6.7 mm) were recorded on the growing
3.0 mg/l IBA only was the best treatment examined medium containing peatmoss + sand (3:1, v/v). Plantlets
because of resulting the significantly highest number of grown  on  growing  medium  containing  peatmoss + sand

IBA only was the best treatment examined because of
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Table 6: Effect of different growing media on survival percentage, plantlet length, number of leaves/plantlet and stem diameter during acclimatization stage
after six weeks

Growing media *Survival percentage (%) Plantlet length (cm) Number of leaves/plantlet Stem diameter (mm)
Peatmoss 30.0 f 9.67 c 1.67 d 2.3 e
Peatmoss + sand (1:1) 50.0 e 10.00 c 2.00 cd 3.3 d
Peatmoss + sand (2:1) 60.0 d 11.33 b 2.67 c 3.3 d
Peatmoss + sand (3:1) 100.0 a 14.67 a 4.67 a 6.7 a
Peatmoss + sand (4:1) 90.0 b 12.33 b 4.00 ab 5.3 b
Peatmoss + sand (5:1) 80.0 c 11.67 b 3.67 b 4.3 c
* For each parameter within the column means, the row means, or the means for combinations, means sharing one or more letters are insignificantly different
according to Duncan's Multiple Range Test "DMRT” at the 5% level

Fig. 3: Root formation of Dieffenbachia amoena 'Tropic growing medium containing peatmoss only. Plantlets
Snow' plantlets grown on MS medium grown on peatmoss + sand (1:1, v/v) have insignificantly
supplemented with 5.0 mg/l IBA during rooting plantlet length and number of leaves/plantlet than that
stage recorded with plantlets grown on peatmoss. From the

Fig. 4: Dieffenbachia amoena 'Tropic Snow' plantlet
grown in peatmoss + sand 3: 1, v/v after 6 weeks of
acclimatization stage

Fig. 5: RAPD amplification pattern obtained for the
mother plant (C) and acclimatized in vitro plant (T)
generated by primers A4, A5 and A7 respectively.
M: DNA marker

(4:1, v/v) have insignificantly different number of
leaves/plantlet as compared to the significantly highest
number  of  leaves/plantlet  recorded   with  plantlets
grown on the growing medium containing peatmoss +
sand (3:1, v/v). On the other hand, the significantly lowest
survival percentage (30%), as well as the significantly
shortest plantlets (9.67 cm) with the significantly lowest
number of leaves/plantlet (1.67 leaves) and the
significantly thinnest stem (2.3 mm) were recorded on the

above results, growing medium consists of peatmoss +
sand (3:1, v/v) was the best for acclimatization stage
because of giving 100% survival and resulting in the
significantly tallest plantlets with the significantly highest
number of leaves/plantlet and the significantly thickest
stem (Fig.4) 

RAPD Analysis of in vivo and in vitro Dieffenbachia
amoena 'Tropic Snow' Plants: In order to assess the
genetic fidelity of micropropagated plantlets, RAPD
fingerprinting of acclimatized in vitro and their donor
mother plant was carried out. A total of 3 primers clear and
reproducible bands produced 14 distinct and scorable
bands, with an average of 2.75 bands per primer. No
polymorphism was detected with the three primers during
the RAPD analysis of in vitro raised clones (Fig. 5). All
banding profiles from micropropagated plants were
monomorphic and similar to those of the mother plant.
This confirmed the true-to-type nature of the in vitro
raised clones. Previous studies agreed with the obtained
results in which random amplified polymorphic DNA
(RAPD) marker have the potential for showing similarity
between in vitro produced ornamental plants and their
mother plants like Holmskioldia sanguinea [48];
Chrysanthemum morifolium [50] Cornus alba [51] and
Lilium orientalis [52].



J. Hort. Sci. & Ornamen. Plants, 8 (3): 179-191, 2016

189

CONCLUSION AND RECOMMENDATIONS 5. Dewir, Y.H., 2006. A simple method for mass

It could be concluded that this protocol is a airlift bioreactor. In vitro Cellular & Developmental
successful and quick commercial in vitro propagation Biology Plant , 42(3): 291-297.
protocol  for  production  of  Dieffenbachia amoena 6. Ozel1, C.A. and O. Arslan, 2006. Efficient
'Tropic  Snow'  plant  in a large scale. The protocol could micropropagation of English shrub rose “Heritage”
be summarized as follows: shoot tips should be sterilized under in vitro conditions. International Journal of
by mercuric chloride (HgCl ) at 0.4 g/l for 10 min followed Agriculture & Biology, 8(5): 626-629. 2

by Clorox  (5.25%  sodium  hypochlorite, NaOCl) at 40 % 7. Elsheikh, A.M. and M.M. Khalfalla, 2010. In vitro
for 30 min. Sterilized shoots should be cultured on MS shoot micropropagation and plant establishment of
medium supplemented with IAA at 2.00 mg/l for improving an ornamental plant dumb cane (Dieffenbachia
shoot length and number of leaves/explant during compacta). International Journal of Current Research,
establishment  stage.  The  Multiplication  stage should 6: 27-32.
be  carried   out   on  MS   medium   supplemented  with 8. Brunner, R., A. Echegaray and A. Rubluo, 1995.
2.0 mg/l  Kin  for  three  subcultures.  The rooting should Isolation and characterization of bacterial
be  carried  on  MS  medium  supplemented  with IBA at contaminants from Dieffenbachia amoena Bull,
5.0  mg/l.  The  plantlets  should be acclimatized on Anthurium andraeanum Linden and Spathiphyllum
growing medium containing peatmoss + sand (3:1 v/v). sp.  shoot  cultured  in vitro.  Scientia Horticulturae,
PCR  based  molecular  markers  including random 62: 103-111.
amplified polymorphic DNA (RAPD) analysis confirmed 9. El-Sawy, A. and S.A. Bakheet, 1999. Propagation of
genetic stability  of  the tissue cultured plants as there Dieffenbachia through tissue culture. Egyptian
was no variation in the banding profile of the in vitro Journal of Botany, 39(1): 97-107.
plants. 10. Sierra, Y.M., R.T. Sanchez, M.D. Gradaille, O.C. Laffite
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