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Abstract – The objective of this work was to evaluate the effect of salt concentrations in culture media on 
the early development of “barueiro” (Dipteryx alata) seedlings, obtained from the shoot apex, in vitro. Two 
different in vitro culture media – Murashige & Skoog (MS) and wood plant medium (WPM) – in different salt 
concentrations (25, 50, 75, and 100%) were used. At 120 days, the D. alata seedlings in the MS medium, in its 
original concentration (100%), developed better than in other concentrations or in the WPM. Therefore, the 
MS medium was considered the most suitable for ensuring in vitro establishment because it provided greater 
root length (27.65 cm) and number of leaves per plant (26 leaves) than the other medium.

Index terms: Cerrado biome, culture media, osmoregulation, plant growth, tissue culture.

Concentrações de sais em meios de cultivo para o desenvolvimento 
de barueiro in vitro

Resumo – O objetivo deste trabalho foi avaliar o efeito de diferentes concentrações de sais em meios de cultivo 
no desenvolvimento inicial de mudas de barueiro (Dipteryx alata), provenientes de ápice caulinar, in vitro. 
Foram utilizados dois meios de cultivo in vitro – Murashige & Skoog (MS) e “wood plant medium” (WPM) 
– em diferentes concentrações de sais (25, 50, 75 e 100%). Aos 120 dias, as plântulas de D. alata no meio MS, 
em sua concentração original (100%), apresentaram melhor desenvolvimento que as em outras concentrações 
ou em meio WPM. Portanto, o meio MS mostrou ser o mais indicado para garantir o estabelecimento in vitro, 
uma vez que propiciou maior comprimento da raiz (27,65 cm) e número de folhas por planta (26 folhas) que 
o outro meio.

Termos para indexação: Cerrado, meio de cultura, osmorregulação, crescimento vegetal, cultura de tecidos.

“Barueiro” (Dipteryx alata Vog.), a plant species 
belonging to the family Fabaceae, found in the 
Cerrado biome, has multiple uses (Sano et al., 2004) 
and a growing market demand (Magalhães, 2014). 
However, effective off-site production of this species 
is challenging (Magalhães, 2014), owing to the limited 
knowledge of propagation techniques for the species.

Among various plant propagation techniques, 
in vitro cultivation has allowed for the large-scale 
production of seedlings with superior phytosanitary 
and genetic qualities (Shahzad et al., 2017). The few 
known reports of micropropagation of D. alata relate 
to seed germination. However, these reports do not 
specify which culture medium is the most suitable 

for the in vitro development of the species (Silva et 
al., 2016b). Other authors have proposed alternatives 
for providing nourishment in barley explants, such 
as supplementation of the Murashige & Skoog (MS) 
medium with banana pulp and coconut water (Silva et 
al., 2016a); this study however, could not infer on the 
most promising protocol for the in vitro development 
of D. alata. This gap in knowledge also exists for other 
species of the genus Dypteryx, such as D. odorata 
(Aubl.) Willd. and D. oleifera Benth.; for these species, 
protocols for cells in suspension culture have been 
defined, but with a focus on pharmacochemical aspects 
(Gómez & Atehortúa, 2013). In fact, the determination 
of the ideal nutrient medium (including nutrient 
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concentration) for in vitro development is a necessary 
first step for any micropropagation protocol.

Culture media are the basis of in vitro development 
protocols because they provide explants with substances 
essential for growth and development, and the growth 
response can be differentiated between media. This 
response is based on the interaction of explants with 
different mineral components and concentrations of 
plant hormones and/or salts and/or other elements 
present in the medium. The most common culture media 
in studies used to determine in vitro multiplication 
protocols are MS and woody plant medium (WPM) 
(Yeung et al., 2015). The MS medium (Murashige & 
Skoog, 1962) formulated for in vitro culture of tobacco 
(Nicotiana sp.) cells is useful for most herbaceous plant 
species; however, woody species are often not responsive 
to the original composition of this medium. For the 
cultivation of woody species, modifications, such as a 
reduction in the macronutrient content, result in a better 
growth/development rate (Yeung et al., 2015; Shahzad 
et al., 2017). This is because concentration of salts or 
other osmotically active compounds that constitute the 
nutrient medium may trigger the activation/inactivation 
of metabolic pathways that culminate in embryo and/or 
seedling development.

However, substituting the MS medium with WPM 
(Lloyd & Mccown, 1980), which was originally 
formulated for woody species and has diluted nutrient 
concentrations (Melo et al., 1998), may also be a viable 
option. Notably, positive results have been obtained 
with the WPM, unlike the MS medium, when used 
for micropropagation of some woody species of the 
savanna, such as Eugenia involucrata O. Berge (Anis 
et al., 2010; Golle et al., 2012). These differences 
constitute the main reason for the constant search for 
alternatives and/or adaptations of protocols based on 
both media, to determine the best in vitro development 
conditions for a plant species that has not yet been 
studied. 

The objective of this work was to evaluate the effect 
of salt concentrations in culture media for the early 
development of D. alata seedlings in vitro, obtained 
from the shoot apex.

To this end, ripe D. alata fruits, dispersed by the 
mother plant, were collected across four matrices 
located in the municipality of Uberlândia, in the state 
of Minas Gerais, Brazil (19º08'46"S, 48°22'41"W). 
Each one of the matrix plants was between 2 and 8 

m apart. After collection, the fruits were taken to 
the laboratory, and the seeds were extracted using 
mechanical propulsion (the machine is in the process 
of patent registration).

For the production of shoot apex donor seedlings, 
the seeds were subjected to two selection steps prior to 
inoculation in media. In the first pre-selection, seeds 
were discarded if they had been damaged by machine 
cutting, had been consumed by insects, or were 
obviously malformed. The seeds selected in this first 
stage (n=500) were left in running water for 5 min, 
immersed in 70% pure alcohol (v/v) for 2 min, and 
then immersed in 2% sodium hypochlorite solution of 
active chlorine (v/v) for 30 min. Finally, these seeds 
were rinsed thrice in distilled and autoclaved water 
in a laminar flow cabinet. At the end of the asepsis 
process, seeds that were visibly imbibed (second pre-
selection), were discarded.

According to laboratory protocol (Yeung et al., 
2015), inoculation to obtain seedlings of explants was 
performed only in the MS medium (Murashige & 
Skoog, 1962) supplemented with 0.4 mg L-1 thiamine, 
1 mg L-1 pyridoxine, 0.5 mg L-1 nicotinic acid, 100 mg L-1 
myo-inositol, and 0.5 g L-1 hydrolysed casein, plus 30 
g L-1 sucrose, 3 g L-1 activated carbon, and 8 g L-1 agar. 
The pH was adjusted to 5.7. Seed germination and plant 
development occurred at 25±1°C on a photoperiod of 16 
hours and photosynthetic photon flux density (PPFD) of 
25 μmol m-2 s-1. Sixty days after inoculation, the plants 
developed were ranked in terms of development, with 
the more vigorous plants considered suitable donors of 
shoot apex for the experiment per se.

The replicate of the sterile plant material (shoot 
apex) was carried out under conditions similar to 
those used for inoculation described above, and plant 
establishment occurred in development conditions 
similar to those of the seedlings that supplied the 
explant (also described above). The treatments were 
MS media (Murashige & Skoog, 1962) and WPM 
(Lloyd & Mccown, 1980), supplemented with 8 g L-1  
agar, at different salt concentrations, i.e., 25, 50, 75, 
and 100% of the original concentration. Therefore, 
a factorial arrangement of treatments with 2 (media) 
× 4 (concentrations) was obtained, constituting eight 
treatments (t=8) with five replicates each (r=5). The 
design was completely randomized. The replicate plots 
comprised ten flasks, each containing two explants 
(a=20). For all treatments, the pH was adjusted to 5.7. 
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At 120 days after explant inoculation, the following 
growth and development measurements were analysed: 
stem diameter (SD), length of aerial shoots of the 
primary root, number of leaves, fresh mass, and dry 
mass. The data collected were statistically processed 
using the Kolmogorov-Smirnov test for normality of 
residuals and Levene’s test of homogeneity of variance 
(α=0.01). When all assumptions were met, the analysis 
of variance was used (Snedecor’s F; α=0.05). A 
comparison of means was performed for all types of 
medium using Tukey’s test (α=0.05). Estimates of the 
range of salt concentrations studied were determined 
using polynomial regression models (α=0.05). 
According to Kutner et al. (2004), for quantitative and 
qualitative factors (in this study, the salt concentrations 
in the culture medium and type of culture medium, 
respectively), the nature of the characteristic and factor 
should be considered for the statistical analysis, even if 
the interaction is significant.

 Of the characteristics analysed, only the SD was 
affected by the interaction between salt concentration 
and medium type (Table 1 and Figure 1). In general, 
the WPM resulted in increased root growth at extreme 
doses (SD25%=0.87 mm and SD100%=2.16 mm). 
However, at intermediate doses, the SD did not differ 
between the culture media; it was approximately 2.0 
mm for both media. The SD increased linearly with 
an increase of 0.0154 and 0.024 mm for every 1% of 
salt concentrations in MS and WPM, respectively 
(R2=76.18% in MS and R2=82.21% in WPM; Figure 1). 
These results confirm that salt solutions in culture 
media exert not only a nutritional effect but also an 
osmoregulatory effect, which affects cell growth and 
morphogenesis (Maldaner et al., 2006), by interacting 

with the pressure potential that governs the stability 
and extensibility of cell walls. High osmotic pressure 
limits water absorption from the medium to the cell 
(Beauzamy et al., 2015) and, therefore, the lower salt 
concentration of the WPM than that of the MS medium 
improves water availability to the cell and positively 
affects stem differentiation.

With tissues fully hydrated, the demand for 
hydraulic conductance of the xylem, required to 
improve the capillarity of the water from the medium 
to the leaves, is reduced. Thus, the number of xylem 
veins in the stem, which is positively correlated to the 
stem diameter (Tyree & Sperry, 1988; Nobel, 2017), 
is lower in seedlings without water restriction. This 
explains the differences in stem development of D. 
alata plants, which showed greater stem thickening 
with the WPM that had a lower salt concentration than 
the MS medium.

Other physiological and molecular characteristics, 
such as ethylene content, and stress indicators, like 
cytosolic calcium and reactive oxygen species (Miller et 
al., 2010; Baxter et al., 2014), which may help plants with 
thicker stems to better withstand the acclimatization 
phase, may affect the relationship between increased 
water availability (i.e., a lower osmotic pressure) of 
the medium and stem thickening of the WPM-grown 
seedlings. However, these analyses were not the focus 
of the present work, which is intended to be a practical 
study for protocol determination. In this sense, this 
precedent should be explored in future research on the 
development and in vitro establishment of D. alata and 
other native plants of the Cerrado biome.

The MS medium favoured better development of 
the primary root (Table 1), leading to a root system 

Table 1. Stem diameter, length of aerial shoots of the primary root, number of leaves, fresh mass, and dry mass of young 
“barueiro” (Dipteryx alata) plants developed in MS medium and wood plant medium (WPM) in different salt concentrations 
(25, 50, 75, and 100%), evaluated at 120 days after inoculation(1).

Media Stem diameter (mm) Length (cm) Mass (g) Number of  
leaves25% 50% 75% 100% Aerial shoots Root Dry Fresh

MS 0.87b 1.89a 1.88a 2.16b 5.55a 27.65a 0.92a 2.87a 26.00a

WPM 1.54a 1.88a 2.06a 3.48a 6.50a 23.30b 0.85a 2.35b 21.15b

K-S 0.216 0.128** 0.132** 0.149** 0.154** 0.121**

F’ 2.821** 0.789** 3.632 4.569 3.005** 1.035**

(1)Means followed by equal letter, in each column, do not differ by Tukey’s test, at 5% probability. **Values indicate homogeneous variance and residuals 
with normal distribution by the Shapiro-Wilk and Levene’s tests, respectively, both at 1% probabilty. 
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with length 4.35 cm greater than that in the WPM. 
Consequently, plants growcn in the MS medium 
presented greater development (NL=26 leaves per 
plant and MF=2.87 g). Leaf growth was not affected 
by the type of medium used for in vitro cultivation 
(Table 1), but did improve linearly with increasing salt 
concentrations, resulting in an increase of 0.3136 cm 

for MS and 0.2648 cm for WPM (Figure 1 B). Thus, 
dry mass also increased linearly with increasing salt 
concentration (Figure 1 D). This can be explained 
by two facts: the MS medium, even at diluted 
concentrations, provides a higher concentration of 
nutrients than the WPM (Yeung et al., 2015), and for 
D. alata, additional macronutrients are significant for 

Figure 1. A, stem diameter; B, number of leaves; C, fresh mass; D, dry mass; E, length of the primary root; and F, length 
of aerial shoots of “barueiro” (Dipteryx alata) developed in MS medium and wood plant medium (WPM), and evaluated at 
120 days after inoculation. 
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growth, increasing the stem diameter, leaf number, leaf 
area, and the production of dry mass of leaves, stem, 
and roots (Silva et al., 2016a, 2016b). This confirms 
the close relationship between an increase in salt 
concentration and the potential development of young 
plants in this species under in vitro culture. Thus, it is 
possible to affirm that the D. alata is a woody species 
responsive to the greater availability of nutrients in the 
medium, as long as the salinity threshold is respected. 
This is, to a certain extent, expected because, despite 
being a species from the Cerrado biome, a region of 
dystrophic soils and very low pH, D. alata is normally 
found in regions of soils with intermediate to high 
fertility (Sano et al., 2004).

 The length of the longest root had linear increments 
of 0.344 cm when grown in MS medium and of 
0.0322 cm when grown in WPM (Figure 1 E) for each 
unit of increase in salt concentration. This behavior 
was also observed for the length of the aerial part 
in WPM (an increase of 0.0536 cm with increasing 
salt concentrations), although with high dispersion 
(Figure 1 F). In general, a greater development of the 
root system results in a greater shoot development, 
because of the increased nutrient interception (Pérez-
Harguindeguy et al., 2013). This idea was consistent 
with the finding of the present study, which showed 
linear increases in shoot length with increasing salt 
concentration. As for the MS medium, no regression 
analysed was adequate to fit the data (Figure 1).

The above results suggest that the MS medium at 25% 
concentration is superior to WPM at any concentration 
of salts, and that this relationship is maintained with 
increasing salt concentrations in MS medium. In 
optimal conditions, at 120 days, D. alata seedlings 
from the shoot apex inoculated with MS medium at its 
original concentration (100%) showed a root length of 
27.65 cm and 26 leaves per plant, characteristics that 
signal successful in vitro establishment. Therefore, 
the better culture medium for robust protocols for the 
in vitro development of D. alata is the MS medium 
at the original concentration, i.e., MS as defined by 
Murashige & Skoog (1962).

Acknowledgments

To Coordenacão de Aperfeiçoamento de Pessoal de 
Nível Superior (Capes), for the scholarship granted to 
the first, second, and third authors; and to Programa de 

Pós-Graduacão em Agronomia of Instituto de Ciências 
Agrárias of Universidade Federal de Uberlândia, for 
the support given to the second author as postdoctoral 
fellow.

References

ANIS, M.; VARSHNEY A.; SIDDIQUE I. In vitro clonal 
propagation of Balanites aegyptiaca (L.) Del. Agroforestry 
Systems, v.78, p.151-158, 2010. DOI: 10.1007/s10457-009-9238-6.

BAXTER, A.; MITTLER, R.; SUZUKI, N. ROS as key players 
in plant stress signalling. Journal of Experimental Botany, v.65, 
p.1229-1240, 2014. DOI: 10.1093/jxb/ert375.

BEAUZAMY, L.; DERR, J.; BOUDAOUD, A. Quantifying 
hydrostatic pressure in plant cells by using indentation with an 
atomic force microscope. Biophysical Journal, v.108, p.2448-
2456, 2015. DOI: 10.1016/j.bpj.2015.03.035.

GOLLE, D.P.; REINIGER, L.R.S; CURTI, A.R.; LEÓN, E.A.B. 
Estabelecimento e desenvolvimento in vitro de Eugenia involucrata 
DC.: influência do tipo de explante e do meio nutritivo. Ciência 
Florestal, v.22, p.207-214, 2012. DOI: 10.5902/198050985092.

GÓMEZ, P.A.M.; ATEHORTÚA, L. Cultivos celulares de Choibá 
Dipteryx oleifera Benth. Revista Colombiana de Biotecnología, 
v.15, p.124-133, 2013.

KUTNER, M.H.; NACHTSHEIM, C.J.; NETER, J.; LI, 
W. Applied linear statistical models. 5th ed. New York: McGraw-
Hill, 2004.

LLOYD, G.; MCCOWN, B. Commercially feasible 
micropropagation of mountain laurel, Kalmia latifolia, by use 
of shoot-tip culture. Proceedings of the International Plant 
Propagation Society, v.30, p.421-426, 1980.

MAGALHÃES, R.M. A cadeia produtiva da amêndoa do Baru 
(Dipteryx alata Vog.) no Cerrado: uma análise da sustentabilidade 
da sua exploração. Ciência Florestal, v.24, p.665-676, 2014. DOI: 
10.5902/1980509815723.

MALDANER, J.; NICOLOSO, F.T.; SANTOS, E.S. dos; 
FLORES, R.; SKREBSKY, E.C. Sacarose e nitrogênio na 
multiplicação in vitro de Pfaffia glomerata (Spreng.) Pedersen. 
Ciência Rural, v.36, p.1201-1206, 2006. DOI: 10.1590/S0103-
84782006000400024.

MELO, J.T. de; SILVA, J.A. da; TORRES, R.A. de A.; 
SILVEIRA, C.E. dos S. da;  CALDAS, L.S. Coleta, propagação e 
desenvolvimento inicial de espécies de Cerrado. In: SANO, S.M.; 
ALMEIDA, S.P. de. (Ed.). Cerrado: ambiente e flora. Planaltina: 
Embrapa-CPAC, 1998. p.195-243.

MILLER, G.A.D.; SUZUKI, N.; CIFTCI‐YILMAZ, S.; 
MITTLER, R.O.N. Reactive oxygen species homeostasis and 
signalling during drought and salinity stresses. Plant, Cell 
and Environment, v.33, p.453-467, 2010. DOI: 10.1111/j.1365-
3040.2009.02041.x.

MURASHIGE, T.; SKOOG, F. A revised medium for rapid 
growth and bio assays with tobacco tissue cultures. Physiologia 
Plantarum, v.15, p.473-497, 1962.

http://dx.doi.org/10.1590/S0100-204X2017001200020
http://dx.doi.org/10.1007/s10457-009-9238-6
http://dx.doi.org/10.1093/jxb/ert375
http://dx.doi.org/10.1016/j.bpj.2015.03.035
http://dx.doi.org/10.5902/198050985092
http://dx.doi.org/10.5902/1980509815723
http://dx.doi.org/10.5902/1980509815723
http://dx.doi.org/10.1590/S0103-84782006000400024
http://dx.doi.org/10.1590/S0103-84782006000400024
http://dx.doi.org/10.1111/j.1365-3040.2009.02041.x
http://dx.doi.org/10.1111/j.1365-3040.2009.02041.x


1300 E. da C. Araruna et al.

Pesq. agropec. bras., Brasília, v.52, n.12, p.1295-1300, dez. 2017 
DOI: 10.1590/S0100-204X2017001200020

NOBEL, P.S. Basic Water Relations. In: THOMAS, B.; 
MURRAY, B.G. MURPHY, D.J. (Ed.). Encyclopedia of applied 
plant sciences. 2nd ed. Amsterdam: Elsevier, 2017. v.1, p.105-109. 
DOI: 10.1016/B978-0-12-394807-6.00070-8.

PÉREZ-HARGUINDEGUY, N.; DIAZ, S.; GARNIER, E.; 
LAVOREL, S.; POORTER, H.; JAUREGUIBERRY, P.; BRET-
HARTE, E.M.; CORNWELL, W.K.; CRAINE, J.M.; GURVICH, 
D.E.; URCELAY, C.; VENEKLAAS, E.J.; REICH, P.B.; 
POORTER, L.; WRIGHT, I.J.; RAY, P.; ENRICO, L.; PAUSAS, 
J.G.; VOS, A.C.; BUCHMANN, N.; FUNES, G.; QUÉTIER, 
F.; HODGSON, J.G.; THOMPSON, K.; MORGAN, H.D.; 
TER STEEGE, H.; VAN DER HEIJDEN, M.G.A.; SACK, L.; 
BLONDER, B.; POSCHLOD, P.; VAIERETTI, M.V.; CONTI, 
G.; STAVER, A.C.; AQUINO, S.;  CORNELISSEN, J.H.C.; VAN 
DER HEIJDEN, F.;  SACK, L.; BLONDER, B.; POSCHLOD, P.;  
VAIERETTI, M.V.;  CONTI, G.; STAVER, A.C.; AQUINO, S.; 
CORNELISSEN, J.H.C.;  VAN DER HEIJDEN, F.; SACK, L.; 
BLONDER, B.; POSCHLOD, P.; VAIERETTI, M.V., CONTI, 
G.; STAVER, A.C.;  AQUINO, S.; CORNELISSEN, J.H.C. New 
handbook for standardised measurement of plant functional traits 
worldwide. Australian Journal of Botany, v.61, p.167-234, 2013. 
DOI: 10.1071/BT12225.

SANO, S.M.; RIBEIRO, J.F.; BRITO, M.A. de. Baru: biologia 
e uso. Planaltina: Embrapa Cerrados, 2004. 52p. (Embrapa 
Cerrados. Documentos, 116).

SHAHZAD, A.A.; SHARMA, S.; PARVEEN, S.; SAEED, T.; 
SHAHEEN, A.; AKHTAR, R.; YADAV, V.; UPADHYAY, A.; 
AHMAD, Z. Historical perspective and basic principles of plant 
tissue culture. In: ABDIN, M.Z.; KIRAN, U.; KAMALUDDIN; 
ALI, A. (Ed.). Plant biotechnology: principles and applications. 
Singapore: Springer, 2017. p.1-36. DOI: 10.1007/978-981-10-2961-
5_1.

SILVA, H.F. de J.; ASMAR, S.A.; OLIVEIRA, R.C. de; LUZ, 
J.M.Q.; MELO, B. de. Alternative supplements and MS medium 
concentrations in the in vitro establishment of Dipteryx alata Vog. 
Bioscience Journal, v.32, p.1138-1146, 2016a.

SILVA, H.F. de J.; ASMAR, S.A.; OLIVEIRA, R.C. de; MELO, 
B. de; LUZ, J.M.Q.; PASQUAL, M. In vitro establishment 
and early development of barueiro (Dipteryx alata Vogel). 
Semina. Ciências Agrárias, v.37, p.1779-1790, 2016b. DOI: 
10.5433/1679-0359.2016v37n4p1779.

TYREE, M.T.; SPERRY, J.S. Do woody plants operate near the 
point of catastrophic xylem dysfunction caused by dynamic water 
stress? Plant Physiology, v. 88, p.574-580, 1988. DOI: 10.1104/
pp.88.3.574.

YEUNG, E.C.T.; STASOLLA, C.; SUMNER, M.J.; HUANG, 
B.Q. (Ed.). Plant microtechniques and protocols. Nova York: 
Springer, 2015. 576p. DOI: 10.1007/978-3-319-19944-3.

Received on December 14, 2016 and accepted on May 3, 2017

http://dx.doi.org/10.1590/S0100-204X2017001200020/
http://dx.doi.org/10.1016/B978-0-12-394807-6.00070-8
http://dx.doi.org/10.1071/BT12225
http://dx.doi.org/10.1007/978-981-10-2961-5_1
http://dx.doi.org/10.1007/978-981-10-2961-5_1
http://dx.doi.org/10.1104/pp.88.3.574
http://dx.doi.org/10.1104/pp.88.3.574
http://dx.doi.org/10.1007/978-3-319-19944-3

