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ABSTRACT

RESUMO

In vitro cultivation is the main propagation method for the family
Orchidaceae, whereas nitrogen is the most important nutrient in the
culture media. This work was carried out to study the influence of
different nitrogen concentrations on the in vitro growth of the orchid
Phalaenopsis amabilis. Nitrogen concentrations varied by altering
the ionic balance of the Murashige & Skoog (MS) culture medium.
Plants, 360 days old, were cultivated in liquid MS, modified with 7.5,
15, 30, 45, and 60 mM N. After 180 days, we assessed plant and root
length, number of leaves and roots, and fresh and dry weight of leaves,
roots and plants. Treatments were assigned to completely randomized
plots, with four replications. Plots consisted of five three-plant
flasks. The lowest nitrogen level (7.5 mM) in the medium induced
root development in length, number, and fresh and dry weight. The
concentration 30 mM N stimulated both emission and dry weight
accumulation of leaves. The original nitrogen concentration in the MS
medium (60 mM) was excessive for the in vitro growth of P. amabilis.

Crescimento in vitro de orquídea em função de diferentes
concentrações de nitrogênio no meio de cultura

Keywords: Phalaenopsis amabilis, MS, mineral nutrition, nitrogen.

Palavras-chave: Phalaenopsis amabilis, MS, nutrição mineral,
nitrogênio.

O cultivo in vitro de plantas é o principal método de propagação
das plantas da família Orchidaceae, sendo o nitrogênio o nutriente de
maior importância dos meios de cultivo. O estudo teve como objetivo
avaliar o efeito de diferentes concentrações de N através de balanço
iônico do meio de Murashige & Skoog (MS-1962) no crescimento
in vitro da orquídea Phalaenopsis amabilis. Plantas com 360 dias
foram cultivadas em meio MS líquido, modificado com 7,5, 15, 30,
45 e 60 mM N. Após 180 dias avaliou-se o comprimento da planta,
número de folhas e raízes, comprimento da raiz e as massas fresca e
seca de folhas, raízes e total. Os tratamentos foram dispostos em delineamento inteiramente casualizado, com quatro repetições e parcelas
de cinco frascos, com três explantes cada. A menor concentração de
N (7,5 mM) no meio MS induziu o desenvolvimento de raízes em
comprimento, número e massas fresca e seca. A concentração de
30 mM de N estimulou a emissão de folhas e o acúmulo de massa
seca de folhas. A concentração original de nitrogênio no meio MS
(60 mM) mostrou ser excessiva para o crescimento de P. amabilis
cultivada in vitro.
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T

he family Orchidaceae is one of the
largest and most diversified among
the angiosperms, comprising about 700
genera and 25,000 species of terrestrial
plants, as well as epiphytes, lithophytes,
and saprophytes (Atwood, 1986; Chase
et al., 2003). Due to the large number of
orchid species and hybrids, there is great
diversity of shapes, sizes and colors of
leaves and flowers, which opened a wide
avenue for the selection of ornamental
characteristics of great commercial
value. Today, orchids are produced and
traded worldwide (Araújo et al., 2005).
The genus Phalaenopsis has high
ornamental and commercial relevance.
It is one of the few genera within
the Orchidaceae whose plants bloom
every six months, with long lasting
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inflorescences. According to Paul &
Starosta (1998), Phalaenopsis has
monopodial growth, in which leaves
are arranged alternately over the
axillary buds. Most of the diversity
in Phalaenopsis resulted from the
hybridization between P. amabilis and
P. stuartiana.
The development of the process of
plant in vitro micropropagation allowed
the efficient exploitation of several
ornamental species, as the natural
vegetative propagation is often slow
and produces few sprouts per plant
(Mercier & Kerbauy, 1997). However,
micropropagation in Phalaenopsis
presents some difficulties. According
to Hinnen et al. (1989), the stagnation
of the plant in vitro development

observed in Phalaenopsis may be due to
nutrient depletion and pH changes in the
medium, competition between plants,
and exudation of phytotoxic phenolic
compounds that occur within this genus.
These factors make it necessary to
perform plant subcultivation into fresh
culture medium to allow plantlets to
sustain a regular in vitro development.
Gribble et al. (2002) showed the
importance of mineral nutrition on the in
vitro growth of seedlings, emphasizing
that there are virtually no studies that
address in vitro plant mineral uptake,
neither that focus on culture medium
optimization for mineral absorption.
Once in vitro plantlets grow in non-ideal
conditions and there are no roots, mineral
uptake mechanisms are different from
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those of plants growing under in vivo
conditions. Mineral supply in the culture
medium is an essential part of plant
micropropagation. It is also important to
know the optimal conditions, which vary
widely with genotypes and cultivation
systems. There is evidence that when
concentration gradients between the
medium and the explant tissue differ,
uptake takes place through diffusion
(Williams, 1993). According to Niedz &
Evans (2007), to understand the effects
of mineral nutrients on plant in vitro
responses, it is necessary to study the
ions, not the salts.
The major difficulties in orchid
micropropagation are related to the
time required for (1) the production of
seedlings from selected hybrids and (2)
identifying the suitable culture medium
for each species. Thus, this study aimed
to test the effects of different nitrogen
concentrations in the Murashige and
Skoog (MS-1962) liquid medium over
plantlet in vitro development in the
orchid Phalaenopsis amabilis.

MATERIAL AND METHODS
Plants of Phalaenopsis amabilis
with 360 days (in average with 1.75
cm leaf length, 2.05 in root length, 2.9
leaves, 3.6 roots, 0.085 g leaf fresh
mass, 0.107 g root fresh mass, 0.191
g total fresh mass, 0.004 g leaf dry
mass, 0.012 g root dry mass and 0.016
g total dry mass), which grew out of
in vitro germinated seeds, were placed
over acrylic foam in 360 mL flasks,
containing 60 mL of the Murashige and
Skoog (MS-1962) liquid medium. MS
was modified to 7.5, 15, 30, 45 and 60
mM (the MS original concentration)
of nitrogen, with pH adjusted to 5.8
(Table 1). Plants were subcultivated in
liquid medium every 60 days, totaling
six months of culture (22 mmol m-2s-1
of photosynthetic active radiation, 12-h
photoperiod and 26±2oC). We assessed
shoot length, from the stem base to the
tip of the longest leaf, number of leaves,
number and length of roots longer than
1 mm, and fresh and dry mass of leaves,
roots and plants.
The experiment consisted of five
treatments (nitrogen concentrations),
with four replications and plots of
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five 3-plant flasks (60 plants per
treatment), arranged in a completely
randomized design (Nogueira, 1994) for
all characteristics. Data were submitted
to regression analysis. The F test was
performed using the software SANEST
(Zonta, 1991).

RESULTS AND DISCUSSION
The nitrogen concentration in
the culture medium did not affect
significantly leaf length (Figure 1A).
However, the number of leaves was
significantly altered by the changes in
N concentration, reaching the highest
value at 35.15 mM of N (Figure 1B);
as it were also number and length of
roots: as N in the medium increased,
both characteristics presented a linear
decrease (Figures 1C and 1D). Similar
results were obtained by Kanashiro et
al. (2007) with the bromeliad Aechmea
blanchetiana grown in the MS medium;
authors observed a stimulus to a linear
increase in the number of leaves and
decrease in the number of roots with
mounting N concentrations in the
medium. Grossi (2000) also found a
similar behavior in the bromeliad A.
nudicaulis, i.e., more leaves at the
highest N concentrations (between 1.78
and 30 mM) and higher amount of roots
in the lowest N concentration (1.78
mM), with a reduction in the root system
size. Russowski & Nicoloso (2003),
working with the Brazilian ginseng,
reported a higher number of roots
in 50% concentration of ammonium
nitrate in MS medium, with the number
of roots tending to fall at higher N
concentrations. Sweby et al. (1994),
when growing shoots of Nicotiana

tabacum in modified MS medium,
did not observe significant changes
in root length with the increase in N
concentration in the medium up to 60
mM; however root growth was inhibited
at 120 mM N. On the other hand,
Gomes & Shepherd (2000) showed
that, nor the length of the longest
root, neither the number of roots were
significantly altered by the increase in
N concentration in the MS medium
in Sinningia allagophylla. Kerbauy
(1993) found in Oncidium varicosum
that high N concentrations, especially
as ammonium, inhibit root growth, as
we also observed in the current work.
Hinnen et al. (1989) showed that in
Phalaenopsis hybrid seedlings, high
concentrations of nitrate and ammonium
were deleterious to root growth.
We did not observe significant
differences in leaf fresh weight due to
the increase in N concentration in the
medium (Figure 2A). However, root
(Figure 2B) and total (Figure 2C) fresh
weight, as well as root (Figure 2E)
and total (Figure 2F) dry weight had
a significant linear regression with N
concentrations: for each mM of N added
to the medium, there was a decrease of
0.003 and 0.0029 g in root and total
fresh weight respectively, and 0.0003
and 0.0002 g in root and total dry weight
respectively (Figure 3). Considering leaf
dry weight, only the quadratic regression
was significant, with the characteristic
reaching its maximum at 37.5 mM N
(Figure 2D). Dijk & Eck (1995 a,b),
when studying three species of the
orchid Dactylorhiza observed that each
species had a different response to the
increase in N concentration (from 0 to
12 mM) in the medium: while fresh

Table 1. Ion concentration and respective sources in a modified Murashige & Skoog (MS1962) medium for Phalaenopsis amabilis in vitro cultivation (concentrações dos íons e suas
respectivas fontes utilizados no meio de cultura Murashige & Skoog (1962) modificado para
crescimento de Phalaenopsis amabilis in vitro). São Paulo, IBt, 2007.

Ions

Sources

NO3
NO3NH4+

KNO3
NH4NO3
NH4NO3

-

7.5
3.746
1.877
1.877

N concentration (mM)
15
30
45
3.746
3.746
3.746
5.627
13.127
20.627
5.627
13.127
20.627

60*
3.746
28.140
28.140

Original N concentration in the Murashige & Skoog medium, 1962 (concentração original
de N no meio de Murashige & Skoog, 1962).
*
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A

y = -0.0064x + 2.0605
R2 = 0.7878 ns

y = -0.0013x 2 + 0.0914x + 3.7585
R2 = 0.6533**

6.00
Number of leaves

Leaf length (cm)

2.50

B

2.00

1.50

5.00

4.00

3.00

1.00
0

15

30

45

0

60

N conce ntration (mM)

C

D

45

60

y = -0.0268x + 4.9068
R2 = 0.5954***

6.00

Number of roots

Root length (cm)

30

N conce ntration (mM)

y = -0.0119x + 2.0461
R2 = 0.9739***

2.50

15

2.00

1.50

5.00

4.00

3.00

1.00
0

15

30

45

60

0

N conce ntration (mM)

15

30

45

60

N conce ntration (mM)

Figure 1. Adjusted regression curves for length (A) and number of leaves (B) and length (C) and number of roots (D) of Phalaenopsis
amabilis seedlings grown in vitro for 180 days in different nitrogen concentrations in MS medium (funções de regressão ajustadas para
comprimento (A) e número de folhas (B) e comprimento (C) e número de raízes (D) de plantas de Phalaenopsis amabilis cultivadas in vitro
por 180 dias em diferentes concentrações de nitrogênio em meio MS). São Paulo, IBt, 2007.

weight fell in D. incarnate, it increased
in D. praetermissa and remained stable
in D. majalis. Evans (1993) studied nine
cultivars of Solanum spp. grown on MS
medium with different N concentrations
(from 20 to 60 mM) and concluded that
the increase in N concentration did not
induce significant effects on shoot fresh
weight. Kanashiro et al. (2007) obtained
similar results in A. blanchetiana for
root and plant dry weight and leaf and
total fresh weight, all characteristics
decreasing linearly with increasing
N concentrations in the MS medium.
Ribeiro et al. (2002) studied the
relationship between potassium nitrate
and ammonium nitrate on the in vitro
Hortic. bras., v. 30, n. 1, jan. - mar. 2012

growth of coffee shoots and came to
the conclusion that concentrations of
75 and 100% of potassium nitrate in
the MS medium significantly promoted
the accumulation of leaf and stem
fresh weight until the concentration
of ammonium nitrate of 54 and 47%
respectively. Russowski & Nicoloso
(2003), working with the Brazilian
ginseng, reported the highest total and
root dry weight at the concentrations of
60% and 80% of ammonium nitrate in
the MS medium, with a tendency to fall
at higher N concentrations.
Avila et al. (1998) studied the effect
of the medium physical phase (liquid or
solid) and different concentrations of

the ions NH4+ and NO3- on the in vitro
growth of potato plants and reported
that the use of liquid medium enhanced
the deleterious effects (decrease in
dry weight) of the ratio NH 4 + :O 3 - ,
suggesting that N concentration in the
MS medium can be excessive if the
liquid form is preferred. The optimal
salt concentrations in liquid media are
different from those of solid media due
to restrictions to the diffusion speed
and nutrient gradient (solid medium)
and to the oxygen needed for explant
respiration (liquid medium) (Caldas et
al., 1998).
According to Hinnen et al. (1989),
N seems to be the most important
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A

Root fresh weight (g)

0.6000

Leaf fresh weight (g)

B

y = 0.0001x + 0.264
R2 = 0.0067 ns

0.4000
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0
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30

45

y = -0.003x + 0.3354
R2 = 0.9458***

0.4000
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0.2000
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0

60
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0
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R2 = 0.9414***
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0

y = -0.0003x + 0.0327
R2 = 0.908***

F

0.0300
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0
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45
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60
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y = -0.0002x + 0.0478
R2 = 0.6513*
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N conce ntration (mM)
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E
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0
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Figure 2. Adjusted regression curves for fresh weight of leaves (A), roots (B) and total (C) and dry weight of leaves (D), roots (E) and total
(F) of Phalaenopsis amabilis seedlings grown in vitro for 180 days, in different nitrogen concentrations in MS medium (funções ajustadas de
regressão para massa fresca de folhas (A), raízes (B) e total (C), massa seca de folhas (D), raízes (E) e total (F) de plantas de Phalaenopsis
amabilis cultivadas in vitro por 180 dias, em em diferentes concentrações de nitrogênio em meio MS. São Paulo, IBt. 2007.

element in the in vitro nutrition of
Phalaenopsis when the Gamborg B5
medium is used (Gamborg et al., 1976),
since the addition of NH4+ and NO3promoted shoot growth and hampered
root development. According to these
authors, it is possible to stimulate
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separately root and shoot growth. Thus,
for root growth the medium should
contain 387 mg L-1 (NH4)2SO4 and 445
mg L-1 NaNO3, while for shoot growth,
1373 mg L-1 (NH4)2SO4 and 1593 mg
L-1 NaNO3.
Our current results allow us

to conclude that for the in vitro
propagation of Phalaenopsis amabilis
N concentration in the MS medium
should be reduced to 30 mM N during
the sprouting and growth stages, and
to 7.5 mM for rooting. The original
concentration of the MS medium (60
Hortic. bras., v. 30, n. 1, jan. - mar. 2012
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Figure 3. 180-day old Phalaenospsis amabilis plantlets grown in vitro in modified MS medium with 7.5, 15, 30, 45 and 60 mM of nitrogen
(plantas de Phalaenospsis amabilis após 180 dias de cultivo in vitro, em meio MS modificado com as concentrações de 7,5, 15, 30, 45 e 60
mM de nitrogênio). São Paulo, IBt. 2007.

mM N) proved to be exaggerated for
the in vitro cultivation of this species.
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