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Abstract       The “in vitro” multiplication of ferns, mainly of Nephrolepis 
exaltata leads to their quick propagation and restores their youth-thus deter-
mining a higher ornamental value of these plants (due to the aspect of leaves, 
as well as of whole plants) with respect to those obtained by conventional 
(traditional) vegetative. Nephrolepis cultures were initiated using explants 
consisting in apices and stolon segments placed on Murashige-Skoog mineral 
media. The caulogenesis preceded the rhizogenesis. The aclimatization of "in 
vitro" formed plantlets was successful in most cases.   
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Ferns, plants with ornamental value due to 
their leaves, represent pot-plants which can be 
industrially multiplied with economic efficiency, by 
means of micropropagation techniques.  
 De Donato [4] found an even quicker method 
for the multiplication of Nephrolepis, using a liquid 
Murashiga-Skoog (MS) medium. This method allowed 
a high propagation efficiency, as 10,000 plants could 
be obtained starting from a stolon apex, in less than 6 
months. The micropropagation method consists in the 
multiplication of Nephrolepis in liquid cultures, on 
mineral Murashige-Skoog (MS) media, supplemented 
with 150 mg/l Na2HPO4, 0.4 mg/l thiamine HCI, 100 
mg/l meso-inositol, 30 g/l sucrose; pH 5.7; agar media 
contained 8 g/l agar; NAA and BA (1 mg/l each) were 
used as growth regulators, but in order to obtain a 
higher multiplication rate, the BA concentration was 
increased to 5 mg/l; initial explants consisted in stolon 
apices. 
 According to Leffring & Soede [6], the "in 
vitro" regeneration of this fern, on media too rich in 
macro- and microelements, led to some changes in the 
morphology of the plants during the first year of their 
lifetime. These alternations were not genetic, but 
caused merely by a chemical stress, as the plants 
bearing them generated phenotypically normal 
individuals, by conventional vegetative propagation 
methods. The quality of plants generated on aseptic 
media and their survival under “ex vitro” conditions 
improved when half-strength compounds of MS 
medium was used (1);0.3-0.5 mg/l indole-acetic acid 
combined with 1-2 mg/l kinetin - which influenced the 
size and multiplication rate - proved to determine the 
highest efficiency of the "in vitro" multiplication of 
this species. 

 The literature showed that "in vitro' cultures 
of Nephrolepsis were initiated from stolon tips 
[1,2,3,4,8]. When a high kinetin level (2 mg/l) was 
used, a high multiplication rate was obtained, but the 
size of the leaves was small (1.5 cm); low kinetin 
levels (0.25 mg/l), determined the plants to grow taller 
(4 cm); the number and size of the roots was the 
greatest, when “in vitro” generated plants were 
subcultured on mineral MS 1/2 media. Borgen & Naess 
[3] used 5 mm stolon tips to initiate a Nephrolepis 
culture. They used a Soedes medium as such, or with 
halved mineral compounds, with or without added 
Na2HPO4; the inoculi were transferred to fresh media 
after five weeks; up to this time, apices grown on 
media with normal salt concentrations plus 1 mg/l 
kinetin, swelled up and budded; apices cultured on 
media with half-strength mineral salts and without 
kinetin, generated few, large leaves and formed no 
buds. Every five weeks, the inoculi were transferred to 
media with a normal salt content, and supplemented 
with NaH2PO4 and 1 mg/l kinetin. After having 
repeated this operations six times, the “in vitro” formed 
plants were transferred “ex vitro”, to a substratum 
made up of peat and perlit. In 8 weeks the plants were 
transferred to pots. 
 
Materials and Methods 
 
 Nephrolepis exaltata 'Fluffy Ruffles' is one of 
the many mutant forms of Nephrolepis exaltata. The 
plants have a compact habit that forms dense clumps 
with narrowly triangular fronds having a ruffled 
appearance. Individual fronds are up 12 inches (30 cm) 
long by 4 inches (10 cm) wide. They are attractive 
ferns and are very tolerant of indoor conditions. 
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 Cultures were initiated using stolon apices and 
1 cm long stolon segments, on Murashige-Skoog [7] 
mineral media, supplemented with vitamins (thiamine 
HCl, pyridoxine HCl, and nicotinic acid, 1 mg/l each), 
100 mg/l meso-inositol, 30 g/l sucrose and 6 g/l agar; 
medium pH was 5.7. We reduced agar (to 8 g/l) levels 
and also completely eliminated the growth regulators 
from the medium used for initiating the cultures, thus 
marking a difference with respect to the above-
mentioned papers. Media were sterilized by 
autoclaving. The biologic material was desinfected by 
sinking it in calcium hypochlorite 5 % with Tween 20, 
for 7-8 minutes. Afterwards, the material was rinsed 
several times with distilled, sterile water. The explant 
incubation and growth took place under the following 

conditions: a temperature of 19°C-21 °C during the day 
and 17°-19°C during the night and fluorescent light of 
1800 lux for 16 hrs out of 24 hrs. 
 
Results and Discussions 
 
 In about three weeks since culture initiation, 
the first 3-5 mm of explant tips presented a slight 
swelling, while small swelling occurred along stolon 
segments placed horizontally on the culture medium. 
Apical explants presented a survival and regenaration 
percentage of 92 %, while in stolon segments this-
percentage was only 80%. 

 
 

 
Figure 1. A,B - Nephrolepis exaltata ‘Fluffy Ruffles’ “in vitro” culture; C,D,E – Aclimatized plantlets 

 
 

The regeneration and growth Nephrolepis 
plants occurs even on media without regulators, in both 
apical explants and stolon segments. In 6-8 weeks 
since culture initiation, the newly formed plantlets 
presented a good caulogenesis, they had 1-1.5 cm long 
leaves (fig. 1 – A,B), but their rhizogenesis was 
temperate. 
 Plantlets were transferred “ex vitro” and were 
watered with MS 1/2 mineral solution; the first few 
days were protected with a transparent cover (fig. 1- 

C). Plantlet acclimatization to “ex vitro” conditions 
was good (fig. 1 – D,E). 
 
Conclusions 
 
 Nephrolepis exaltata cultures were initiated 
using explants consisting in apices and 1 cm long 
stolon segments. Explants were horizontally placed on 
Murashige-Skoog mineral media supplemented with 
vitamins (thiamine HCl, pyridoxine HCI, nicotinic 
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acid-1 mg/l each), 100 mg/l meso- inositol, 30 g/l 
sucrose, it contained no growth regulators.  
 Caulogenesis preceded rhizogenesis. In about 
6-8 weeks since culture initiation, stolon apices 
generated plantlets with 1.5-1.8 cm long leaves, while 
along stolon segments the development of many 
regenerative centres (2-3 centres/1 cm) could be 
noticed; these centres generated buds and then plantlets 
with 1-1.5 cm long leaves. 
 The aclimatization of "in vitro" formed 
plantlets was successful in most casses. 
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