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Abstract 

Cryptocoryne wendtii is an important amphibious species with a wide range of foliage colors. 
Although it has a high market demand, the natural propagation of its aquatic species is limited due to the 
limited production on the number of plants with a long cultivation period, disease, and the requirement 
for a large space for propagation. Thus, we studied the effects of the plant growth regulators and their 
concentrations on the induction of direct shoot organogenesis from shoot tip explants of Cryptocoryne 
wendtii. The shoot tips were sterilized on its surface using 8 % Clorox® (5.25 % sodium hypochlorite, 
NaOCl) for 15 min followed by rinsing them three times with sterile distilled water. They were again 
sterilized on the surface for another 4 % Clorox® (5.25 % sodium hypochlorite, NaOCl) for 5 min. 
Cytokinins played a crucial role in direct shoot organogenesis. Direct shoot organogenesis from shoot tip 
explants was promoted by incubating these explants on Murashige and Skoog (MS) medium [1] in the 
presence of two different cytokinins [6-benzyl-aminopurine (BAP) or Kinetin (Kin)], each provided at 
four different levels. Direct shoot organogenesis was induced in both explants. Shooting occurred 100 % 
from in vitro shoot tip explants, which was cultured on MS medium and supplemented with 3.0 mg/l 
BAP. This was significantly different from the other treatments with the highest number of 16.20 shoots 
per explant and number of leaves at 72.40 leaves per explant after 60 days of culture. Individual shoots, 
aseptically excised, which produced normal roots within 45 days on the MS medium supplemented with 
α-Naphthaleneacetic acid (NAA). The highest number of roots per shoot and the longest roots were 
obtained on MS medium supplemented with 1.0 mg/l NAA (100 % rooting, which was an average of 36 
roots per plantlet and root length at 26.02 mm). Rooted plantlets were successfully hardened and 
established in pots containing a mixture of organic soil and sand (1:1) overlaid with tap water under 
greenhouse conditions at 90 % survival. This complete study has successfully outlined a rapid, high 
frequency direct shoot organogenesis induction of an ornamental aquatic plant, Cryptocoryne wendtii 
from shoot tip explants inclusive of shoot proliferation, rooting and acclimatization. The present in vitro 
propagation protocol would facilitate an alternative method for rapid, large-scale production and 
germplasm preservation of this important endangered species C. wendtii. 
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Introduction 

The Cryptocoryne (water trumpet) is an important genus of the family Araceae, comprising about 
50 - 60 species of aquatic monocot plants. Most of the Cryptocoryne species are native of Southeast Asia, 
which grow in either submerged or emerged state [2]. Cryptocoryne species are also popular aquarium 
plants [3]. Additionally, Cryptocoryne wendtii, which has a high market demand, is an important 
amphibious species with a wide range of foliage colors (green to brown). However, natural propagation of 
the aquatic species is limited due to the small production of the number of plants with a long cultivation 
period, disease, and the requirement for a large space for propagation [4]. The collection of plant 
materials from the wild resources can be reduced or prevented with the production of clonal propagated 
plants. Thus, micropropagation seems to be the most promising method for a large-scale production of 
plantlets for the markets. The other advantages of clonal propagation over conventional propagation 
techniques include: progeny are true to type, multiplication is rapid, and production cost is low.  

Developing a micropropagation system with a high multiplication rate is an important asexual 
method for production of healthy clonal plants. Shoot tip explants with fully exposed and broad pre-
existing meristems have high regeneration potential to rapidly form multiple shoots in a reduced number 
of step in which the protocol is genotype independent. Moreover, plant regeneration is direct, i.e. without 
a callus phase from the culture of apical meristems, and thus plants produced risk less somaclonal 
variation [5]. Tissue culture system for Cryptocoryne species have been reported that utilize shoot tips 
[6,7]; single-node explants [8] and rhizomes [9]. However, there has been no report on the direct shoot 
organogenesis of Cryptocoryne wendtii. 

The objectives of the current study were to test the effectiveness of cytokinins for the induction of 
Cryptocoryne wendtii direct shoot organogenesis, and to develop an effective protocol for the 
regeneration of Cryptocoryne wendtii from shoot tip explants. Such a protocol would allow for a large-
scale propagation to meet the commercial needs and to directly conserve this threatened Cryptocoryne 
species by reducing wild collection. 
 
Materials and methods 

Plant materials, explants preparation and sterilization 
Young plantlets of C. wendtii were obtained from the Aquatic Plant Center Co., Ltd., Thailand. 

Shoot tips were excised from the mother plants and were washed thoroughly under running tap water. The 
shoot tips were sterilized on the surface using 8 % Clorox® (5.25 % sodium hypochlorite, NaOCl) for 15 
min followed by rinsing them three times with sterile distilled water. They were again sterilized on the 
surface for another 4 % Clorox® (5.25 % NaOCl) and 2 - 3 drops of Tween 20 per 100 ml solution for 5 
min. The treated plantlets were washed three times with sterile distilled water to remove traces of 
disinfectant. The surface-sterilized shoot tips with one or two leaf primordia were selected as explants for 
direct shoot organogenesis. The shoot tips, segments of 0.5 - 1 cm in length were excised aseptically and 
inoculated into bottles containing Murashige and Skoog (MS) medium [1] without plant growth regulator 
for 7 days. 
 

Culture conditions  
All media used for the present study were based on MS medium supplemented with 3 % (w/v) 

sucrose and 0.76 % (w/v) agar (commercial grade). The pH of the media was adjusted to 5.7 with 1 N 
KOH or 1 N HCl prior to autoclaving for 15 min at 121 °C. All cultures were maintained at 25 ± 2 °C air 
temperatures under a 16 h photoperiod with light supplied by cool-white fluorescent lamps at an intensity 
of 10 µmol m-2 s-1 photosynthetic photon flux density (PPFD). Plant materials were stored in glass-capped 
culture jars (115 ml capacity) each containing 25 ml of medium.   
 

Effects of cytokinins on direct shoot organogenesis induction from shoot tip explants in vitro 
Shoot tip explants (0.5 - 1 cm in length) of 7 days old in vitro were cultured on MS medium 

supplemented with 6-benzyl-aminopurine (BAP) and Kinetin (Kin) at different concentrations (0, 0.5, 1.0, 
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2.0 and 3.0 mg/l) either singly. The percentage of shooting, number of shoots per explant, number of 
leaves, leaf length (mm) and leaf width (mm) were recorded and compared statistically after 60 days of 
culture. The plant growth regulators-free MS medium was used as control. 
 

Effects of NAA on root induction in vitro 
For root induction, in vitro regenerated shoots measuring 3 - 4 cm in length with two pairs of fully 

expanded leaves were cultured on MS medium without growth hormones or supplemented with  
α-Naphthaleneacetic acid (NAA) at different concentrations (0.5, 1.0 and 1.5 mg/l) alone. The percentage 
of rooting, number of roots per explant and root length (mm) were recorded and compared statistically 
after 45 days of culture.  
 

Greenhouse Acclimatization 
After 45 days of culture, in vitro rooted plantlets of C. wendtii were gently taken out from rooting 

medium and washed carefully with a soft brush in tap water to remove the adhering agar-agar with plant 
tissue. The plantlets were then transplanted into plastic pots containing a mixture of organic soil and sand 
(1:1) overlaid with tap water under greenhouse conditions. The plantlets were grown in the greenhouse 
with 80 - 90 % relative humidity and about 12 h photoperiod, 300 - 400 µmol m-2 s-1 photosynthetic 
photon flux density (PPFD) (shaded sunlight) and 28 ± 1 to 24 ± 1 °C day/night temperature. The 
percentage of plantlet survival was recorded 60 days of acclimatization. 
 

Experimental design and statistical analysis 
All the experiments were conducted in a completely randomized design (CRD) with 5 replicates per 

treatment. In addition, the experiments were repeated three times. The results were expressed as mean ± 
SE of three experiments. The data were analyzed by ANOVA using SPSS version 20.0 and the mean 
values were separated using Duncan’s multiple range test (DMRT) at a 5 % probability level. 
 
Results and discussion 

Effects of cytokinins on direct shoot organogenesis induction from shoot tip explants in vitro 
         Tissue culture techniques are used extensively for growing plants commercially. This process 
involves growth of new plants from small pieces of plant tissue in a nutrient medium, sterile conditions. 
Under sterile conditions, plant can be induced to rapidly produce new shoots which can be subdivided to 
produce more plants [10]. A successful micropropagation protocol proceeds through a series of stages, 
each with a specific set of requirements. These are (i) initiation of aseptic cultures, (ii) shoot 
multiplication, (iii) rooting of macro shoots and (iv) hardening and field transfer of tissue culture raised 
plants [11]. For initiation of aseptic cultures, a thorough knowledge of the physiological status and the 
susceptibility of the plant species to different pathological contaminants are required. 

Micropropagation offers a viable alternative for conventional methods because it can also be used as 
a complimentary strategy for conservation and utilization of genetic resources. Further, in vitro plant 
regeneration is an easy and economical way for obtaining a large number of consistently uniform and 
true-to-type plants within a short span of time [12]. 

Regeneration potential of shoot tip explants of C. wendtii was explored on MS medium 
supplemented with various plant growth regulators (PGRs) (BAP: 0, 0.5, 1.0, 2.0 and 3.0 mg/l; Kin: 0.5, 
1.0, 2.0 and 3.0 mg/l) and the results were summarized in Table 1. Shoot tip explants cultured on MS 
media fortified with cytokinins alone induced multiple shoots without an intervening callus phase. All the 
concentrations of BAP and Kin facilitated shoot bud differentiation, but BAP being more efficient than 
Kin in term of number of shoots per explant and number of leaves. The number of shoots per explant 
increased with increasing concentration of BAP up to an optimal level of 3.0 mg/l in medium (Table 1). 
Among the various concentrations of BAP and Kin tested, 3.0 mg/l BAP showed the highest number of 
shoots per explant (16.20 ± 1.02) and number of leaves (72.40 ± 4.80) with significantly different from 
other treatments (Table 1 and Figure 1B). These findings demonstrated that 3.0 mg/l BAP was efficient 
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for shoot multiplication. Two months after treatments, few shoots were still observed on shoot clusters 
cultured on the cytokinins (BAP, Kin) contained media. 

 In case of Kin, maximum percent response was recorded in medium supplemented with 2.0 mg/l in 
shoot tip explants.  There was no significant difference in shoot development between the treatments with 
Kin at 0.5, 1.0, 2.0 and 3.0 mg/l (Table 1). In case of Kin, the highest number of shoots per explant  
(6.80 ± 0.58 shoots), number of leaves (33.40 ± 1.69 leaves), leaf length (20.69 ± 0.74 mm) and leaf 
width (5.11 ± 0.22 mm) was achieved from shoot tip explants on MS medium containing 2.0 mg/l Kin 
(Table 1 and Figure 1C). 

The lowest mean number of shoots multiplied per single shoot tip explant (2.50 ± 0.63 shoots) 
developed in the absence of plant growth regulators (Figure 1A). The leaves of the adventitious shoots 
were healthy with green to brown color and did not show any sign of vitrification. No difference in the 
morphology of the shoots was observed between the shoot tip explants under the absence of growth 
regulators, BAP and Kin treatments.  

This response could be explained by the endogenous hormone in explants of which balance would 
probably be in favor of cytokinins. However, the mean number of shoots per explant varied significantly 
among the different types and concentrations of cytokinins tested. BAP produced superior responses in 
shoot regeneration than Kin. This might be due to its concentration in stimulating the tissue to metabolize 
the endogenous hormones and induce the production of endogenous hormones for the induction of 
multiple shoots. It is well known that cytokinins stimulate plant cell division and participate in the release 
of lateral bud dormancy, in the induction of adventitious bud formation, in the growth of lateral buds and 
in the cell cycle control [13]. Several reports have verified the superiority of BAP in enhancing bud 
induction at concentrations ranging from 1.0 - 5.0 mg/l [14].  

The results of this study indicated that plant growth regulator supplementation is essential for the 
micropropagation of C. wendtii. The effectiveness of BAP in shoot bud differentiation has been 
documented in the number of plants [15,7]. Wang et al. [16] reported that the presence of 3.0 mg/l BAP 
in the medium effectively increased the number of regenerated shoots of Scipus robustus an emergent 
hydrophyte. Shoot regeneration using BAP or Kin has been observed in Ipomoea batatas [17]; Aconitum 
violaceum [18]. Cytokinins (BAP) have been reported to induce the development of axillary buds and 
adventitious buds through decreasing apical dominance [19]. 

C. wendtii, an important plant in the ornamental aquatic industry, was investigated in this study with 
a goal to establish an efficient micropropagation procedure through high frequency shoot proliferation. 
Direct shoot organogenesis has been the main method of micropropagation for ornamental plants as 
indirect organogenesis through a callus phase often resulted in somaclonal variation as observed in 
Dieffenbachia [20]. Direct shoot organogenesis; however, can be limited by the availability of preexisting 
meristems on the explants and a low multiplication rate. In this study, the determination of the most ideal 
type and concentration of PGRs as medium constituents was investigated since PGRs have been 
considered as key factors governing the success of shoot induction and proliferation in many plant 
species. 
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Figure 1 (A) In vitro propagation of Cryptocoryne wendtii; multiple shoots formation from a single shoot 
tip explants after 60 days cultured on agar-gelled MS medium supplemented with (A) Control,  
(B) 3.0 mg/l BAP and (C) 2.0 mg/l Kin. (Scale bar = 1 cm). 
 
 
Table 1 Effects of cytokinins on direct shoot organogenesis induction from shoot tip explants in vitro 
after 60 days of culture 
 

PGRs Shooting No. of shoots                No. of leaves Leaf length  Leaf width  

(mg/l)  per explant  (mm) (mm) 

BAP Kin (%) (mean±SE)a (mean±SE)a (mean±SE)a (mean±SE)a 

0 0   60.00b   2.50±0.63e 33.00±7.26c 18.70±0.58bc 4.50±0.14b 

0.5 - 100.00a   8.40±1.12bcd 41.00±4.89c 16.23±0.55d 4.01±0.13cd 

1.0 - 100.00a   9.20±1.02bc 40.40±4.20c 17.77±0.56c 4.06±0.13cd 

2.0 - 100.00a 11.00±1.05b 57.80±7.04b 15.66±0.40d 3.72±0.11de 

3.0 - 100.00a 16.20±1.02a 72.40±4.80a 15.82±0.31d 3.40±0.09e 

- 0.5 100.00a   6.60±0.40cd 29.80±1.98c 20.11±0.67ab 4.01±0.15cd 

- 1.0 100.00a   6.60±0.24cd 30.20±2.91c 20.75±0.64a 4.31±0.16bc 

- 2.0 100.00a   6.80±0.58cd 33.40±1.69c 20.69±0.74a 5.11±0.22a 

- 3.0 100.00a   6.40±1.40cd 33.20±1.93c 20.05±0.61ab 4.25±0.13bc 
 
Similar letters within the same columns mean no significant difference at P ≤ 0.05 by DMRT. 
aValues represent means±standard error. 
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Effects of NAA on root induction in vitro 
Regenerated shoots (15 - 20 mm in length) derived from the 3.0 mg/l BAP treatment of the previous 

experiment were excised from the explants and cultured on growth regulator-free MS. MS medium 
containing 0, 0.5, 1.0 or 1.5 mg/l NAA were tested for their influence on adventitious rooting under in 
vitro conditions. For NAA supplements, increased concentration induced greater root production 
throughout the range evaluated with the three highest concentrations which were significantly different 
from the control treatment. Long, healthy roots were observed in 100 % of shoots on MS medium 
supplemented with 1.0 mg/l NAA after 45 days of implantation (Table 2 and Figure 2C). Further 
increase in concentration of NAA (1.5 mg/l) decreased the root formation percentage (89.00 %), number 
of roots per explant (22.50 ± 2.90 roots) and root length (24.05 ± 0.48 mm) (Table 2 and Figure 2D). For 
in vitro rooting, shoots subjected to 1.0 mg/l NAA treatment produced an average of 36.00 ± 4.63 roots 
and root length at 26.02 ± 0.70 mm was significantly different from other treatments (Table 2 and Figure 
2C). The use of NAA in enhancing the root formation has also been observed in Cryptocoryne beckettii 
and Cryptocoryne bogneri [21]; Kinnow [22] and Hippeastrum johnsonii [23]. 

In the present investigation, the regeneration capacity of C. wendtii roots was significantly enhanced 
with the addition of NAA to MS medium. These results were the same as Oh et al. [24], who reported that 
a lower concentration of auxin was optimal for rooting. 
 
 

 
 

Figure 2 Effects of NAA on in vitro rooting of Cryptocoryne wendtii adventitious shoots after 45 days of 
culture on MS medium containing: (A) 0 mg/l NAA, (B) 0.5 mg/l NAA, (C) 1.0 mg/l NAA and  
(D) 1.5 mg/l NAA. (Scale bar = 1 cm) 
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Table 2 Effects of NAA on root induction of in vitro Cryptocoryne wendtii after 45 days of culture 
 

NAA 

(mg/l) 

Rooting  

(%) 

No. roots per explant 

(mean±SE)a 

Root length (mm) 

(mean±SE)a 

0 70.00c 16.90±1.65c 13.91±0.68d  

0.5 100.00a   31.90±4.01ab 18.60±0.53c 

1.0 100.00a 36.00±4.63a 26.02±0.70a 

1.5 89.00b  22.50±2.90bc 24.05±0.48b 
 
Similar letters within the same columns mean no significant difference at P ≤ 0.05 by DMRT. 
aValues represent means±standard error. 
 
 

Greenhouse acclimatization 
After successful production of sufficient roots, in vitro rooted plantlets of C. wendtii were gently 

taken out from rooting medium and washed carefully with a soft brush in tap water to remove the 
adhering agar-agar with plant tissue. The plantlets were then transplanted into plastic pots containing a 
mixture of organic soil and sand (1:1) overlaid with tap water under greenhouse conditions. After 60 days 
of acclimatization, the survival rate of C. wendtii was 90 %, and reached a height range of 9 - 12 cm. 
Acclimatized plantlets of C. wendtii did not show any morphological abnormality when compared to their 
donor mother plants. Acclimatized plantlets of C. wendtii were vigorously growing without any 
symptoms of diseases even after 60 days of acclimatization (Figures 3A - 3C). Successful acclimatization 
and field transfer of the in vitro regenerated plantlets have also been reported in Anubias barteri var. nana 
petite [25]; Cryptocoryne wendtii and Cryptocoryne becketti [7]; Nymphoides indica [26] and Ludwigia 
repens [27]. Therefore, the protocol established in this study also ensured a rapid and inexpensive rooting, 
as well as an adequate survival rate of this commercially important species. 
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Figure 3 Acclimatization of Cryptocoryne wendtii micropropagated shoots: (A) 45-day-old regenerated 
shoots on MS medium supplemented with 1.0 mg/l NAA, (B-C) successful establishment of rooted plants 
in the greenhouse after 60 days of acclimatization. (Scale bar, A = 2 cm, B and C = 3 cm)  
 
 
Conclusions 

Since C. wendtii is a popular ornamental aquatic plant, mass multiplication is essential for 
preserving this rare species in their natural habitat. We have successfully developed an in vitro 
regeneration protocol in this study through direct organogenesis using MS medium supplemented with 
3.0 mg/l BAP. This protocol provides an alternative method with the potential to mass propagate  
C. wendtii. In conclusions, MS medium supplemented with 3.0 mg/l BAP was found to be the best 
concentration for the induction of Cryptocoryne wendtii direct shoot organogenesis. Up to 100 % of the 
regenerated shoots formed complete plantlets on a medium containing 1.0 mg/l NAA within 45 days, and 
90 % of the regenerated plantlets survived and grew vigorously in greenhouse condition. The protocol 
described here is efficient and reproducible that provides a rapid technique for mass propagation and 
multiplication of this C. wendtii. Such a protocol would allow for a large-scale propagation to meet 
commercial needs and to directly conserve this threatened Cryptocoryne species by reducing wild 
collection. 
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