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Abstract Seed explants of A. stenosperma were cultured on
MS medium supplemented with 6-benzylaminopurine with
the aim of rescuing nonviable accessions stored in seed bank
conditions. The regeneration potential of leaf explants from
in vitro plants derived from embryonic axes was studied by
using whole leaflets and leaflet segments. Explants were
cultured on Murashige and Skoog (MS) medium supple-
mented with different concentrations of 6-benzylaminopurine
and naphthalene acetic acid. Indirect organogenesis was
observed in response to 6-benzylaminopurine, either alone or
in association with naphthalene acetic acid, in both explant
types. Media supplemented with naphthalene acetic acid as
the sole growth regulator induced rhizogenesis in whole
leaflets and leaflet segments, with subsequent shoot produc-
tion directly from the roots.
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Introduction

Arachis stenosperma Krapov and W. C. Gregory is a wild
species of the genus Arachis (section Arachis), recognized
as an important gene source for the genetic improvement of
the groundnut (A. hypogaea L.) because of the close rela-
tionship between the two species. Among the desirable
traits that can potentially be transferred to groundnut are the
high lipid contents (Grosso et al. 2000) and resistance to
many economically important diseases such as rust,
groundnut rosette disease, and nematodes (Sharma et al.
1999; Subrahmanyam et al. 2001). A. stenosperma is en-
demic to Brazil and grows as an annual herb in the Atlantic
Coast and in the State of Mato Grosso, in areas endangered
by environmental erosion and human actions. Because of
this, breeders and conservationists have expressed serious
concerns with the sustainability of this species.

Arachis seeds are considered as sub-orthodox and must be
periodically renewed when stored in seed banks. However,
even under optimal conditions seeds may lose viability,
impairing renewal and leading to losses of valuable
germplasm (Dunbar et al. 1993). Therefore, in vitro pre-
servation techniques, which are based on micropropagation
procedures, are considered as an important method for
recovery, multiplication, and distribution of wild species of
this genus.

The regenerative capacity of seed explants of wild
Arachis species is well-documented and several accessions
have been rescued and multiplied through culture of
embryo axes and cotyledons (Gagliardi et al. 2000; Pacheco
et al. 2007). However, cotyledons often lose their regener-
ative potential, probably because of injuries during seed
storage (Morris et al. 1995), limiting the number of plants
that can be recovered from each genotype. Hence, the study
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of alternative explants for in vitro multiplication is relevant
for in vitro conservation programs. Moreover, additional
studies are still necessary to explore the in vitro morpho-
genic potential of wild Arachis species through direct
regeneration pathways.

In this work, seed explants of A. stenosperma were used
to rescue nonviable accessions stored in seed bank
conditions. The regeneration potential of leaf explants was
evaluated as an alternative method to achieve in vitro
multiplication.

Materials and Methods

Plant material and culture conditions. Seeds ofA. stenosperma
(accessions V 9017, V 10229, V 12575, and V 14455)
stored at 10°C and 25% relative humidity were provided by
the Embrapa Genetic Resources and Biotechnology seed
bank (Brasília, DF). The basal medium for all experiments
consisted of MS salts and vitamins (Murashige and Skoog
1962) supplemented with 3% (w/v) sucrose and solidified
with 0.7% (w/v) agar. The pH for all media was adjusted to
5.8 before autoclaving for 15 min at 121°C. Cultures were
maintained in a growth chamber at 28°C±2°C with 16 h
light/8 h darkness and a total irradiance of 46 μM m−2 s−1

provided by cool-white fluorescent lamps.

Micropropagation. Seeds were disinfected by immersion in
a 0.2% (w/v) HgCl2 solution for 45 min under agitation.
After surface sterilization, seeds were washed three times
with sterile de-ionized water and peeled. Embryonic axes
and cotyledons were then aseptically excised and trans-
ferred to culture vessels (250 mL) containing MS medium
supplemented with 8.8 and 110 μM 6-benzylaminopurine
(BA), respectively (Gagliardi et al. 2000).

Leaflets were excised from in vitro plants derived from
embryonic axes, 3 mo. after culture initiation. The influence
of wounding on the regeneration efficiency was evaluated

by using two types of explants: whole leaflets and leaflet
segments (1 cm) cut in half perpendicular to the midrib,
both cultured with the abaxial side down on the medium.
Explants were cultured on Murashige and Skoog (MS)
medium supplemented with different concentrations and
associations of BA (4.4, 8.8, 22, 30.8, and 44 μM) and
naphthalene acetic acid (NAA) (5.4, 10.8, 27, 37.8,
and 54 μM). The developed shoots were subsequently
transferred to MS medium without growth regulators (MS0)
for elongation and rooting.

Data collection and statistical analysis. Regeneration fre-
quencies and mean number of shoots produced per explant
were recorded after 8 wk of culture, at 2-wk intervals. Ten
replicates were taken in each treatment and each experiment
was repeated three times. Data were subjected to analysis of
variance (ANOVA) and comparisons of means were carried
out with Student–Newman–Keuls Multiple Comparisons
Test at 0.05% significance level using the software Graph-
Pad Instat.

Results and Discussion

Cotyledons from all accessions cultured on MS medium
supplemented with 110 μM BA showed high levels of
oxidation and necrosis, and failed to regenerate. These
results are in agreement with those obtained in other Arachis
species (Pacheco et al. 2007) and may be attributed to
oxidative injuries during seed collection or storage, which
may result in metabolic abnormalities (Morris et al. 1995).

Embryonic axes from accessions V 14455 and V 12575
developed shoots after 2 wk of culture on MS supple-
mented with 8.8 μM BA at frequencies of 76.7% and 40%,
respectively. Multiple shoot formation was not observed, in
contrast to the behavior displayed by explants of other
Arachis species cultured in the same conditions (Gagliardi
et al. 2000). Explants from accessions V 10229 and V 9017

Table 1. Effect of different
combinations of NAA and BA
on shoot regeneration via
indirect organogenesis from
leaf explants of A. stenosperma
after 8 wk of culture

Values are means ± standard
error. Means followed by the
same letter in a column were
not statistically different by
Student–Newman–Keuls
Multiple Comparisons Test
p≤0.05 level.

Growth regulator Whole leaves Leaf segments

NAA BA Callogenesis (%) Shoots/explant Callogenesis (%) Shoots/explant

0 4.4 91.7 4.5±1.2 b 100 2.3±0.6 ab
0 8.8 83.3 4.6±1.2 b 100 2.08±0.6 a
0 22 91.7 4.8±1.3 b 100 5.08±1.3 b
0 30.8 100 2.5±0.7 ab 100 1.62±1.0 a
0 44 91.7 3.6±0.6 ab 100 2.42±0.5 ab
5.4 4.4 100 3.2±1.4 ab 100 3.8±0.3 ab
10.8 4.4 100 1.5±0.3 ab 100 2.25±0.6 ab
27 4.4 100 0.5±0.2 a 100 0.87±0.4 a
37.8 4.4 100 0.25±0.2 a 100 0.5±0.3 a
54 4.4 100 0.125±0.1 a 100 0.125±0.1 a
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did not show regeneration in the same culture medium,
after 60 d of culture. The differences among the responses
of different accessions may be related to genotypic
characteristics or to injuries, including auto-oxidation and
generation of free radicals (Benson 1990).

The culture of leaflets from in vitro plants derived from
embryonic axes was investigated as an alternative method
to achieve multiplication. Two diverse morphogenic
responses were displayed by leaf explants according to
the growth regulator used. MS medium supplemented with
BA alone or in association to NAA induced regeneration
through indirect organogenesis both in leaflet segments and
whole leaflets. Explants enlarged during the first 5 d and
developed green compact calluses after an additional period
of 2 wk of culture. Calluses were formed from the petiole in
whole leaves and from the wounded surfaces in leaflet
segments. These calluses gave rise to green buds 3 wk after
culture initiation and shoots 3–5 cm high were observed
after a total period of 4 wk.

Wounding had a significant effect on callogenesis and in
the number of shoots produced per explant. Leaflet
segments showed high callusing frequencies (100%) irre-

spective of BA concentration and combination to NAA. On
the other hand, whole leaflets showed highest frequencies
of callus formation (100%) only in response to 30.8 μM
BA or to combinations of NAA to 4.4 μM BA (Table 1).
Better regenerative responses in wounded leaflets when
compared to intact explants were also described for other
species (D’Onofrio and Morini 2003; Bhagwat and Lane
2004). This may be a reflection of different endogenous
hormonal balance and cell differentiation levels in segments
from the same organ, leading to distinct sensibility to plant
growth regulators (Koroch et al. 2002).

Growth regulators did not play a significant role in the
regeneration efficiency from leaf explants of A. stenosperma.
However, a trend toward a better shoot differentiation was
observed when BA was used alone or in association to low
NAA concentrations (Table 1). Shoot development was not
positively correlated to the frequency of callus formation,
as BA concentrations that induced highest callogenesis
were not always the most effective for adventitious shoot
induction. It is possible that growth regulator concentra-
tions that stimulate cell division to a certain level impair
the molecular processes involved in cell differentiation.
In addition, the interaction between endogenous auxins and
exogenous cytokinins may lead to inhibition of shoot pro-
duction (Dornelas and Vieira 1994).

Plant regeneration from leaflets of in vitro and greenhouse
plants has been achieved in several wild Arachis species in
response to associations of cytokinins and auxins (Johnson
and Pittman 1986; Dunbar and Pittman 1992; Rey et al.
2000). However, in previous investigations on in vitro
regeneration of A. stenosperma only callus production was
achieved when greenhouse mature leaflets were cultured in
the presence of NAA associated to BA (Pittman et al. 1983).

Media supplemented with NAA alone induced rhizo-
genesis in both explant types in response to the concen-
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Figure 1. Rhizogenesis from leaf explants of A. stenosperma (V
14455) in response to different NAA concentrations, after 8 wk of
culture.

Figure 2. Rhizogenesis from
leaf explant of A. stenosperma
V 14455 in response to 5.4 μM
NAA. (a) Root formation from
the petiole; (b) roots originated
from whole leaf after 8 wk of
culture; (c) shoot production
from roots after 12 wk of
culture. Bar=1 cm.
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trations tested, except for whole leaflets cultured on 54 μM
NAA (Fig. 1). Rhizogenesis started from the petioles in
both explant types after 4 wk of culture (Fig. 2a–b).
Secondary root formation was also observed. Adventitious
root formation from leaf explants was previously described
for several species in response to auxins (da Gloria et al.
1999; Koroch et al. 2002; Wadegaonkar et al. 2006). The
interaction between endogenous and exogenous auxins may
stimulate cell division activity and the subsequent devel-
opment of root meristems, similarly to the formation of
lateral roots (Taiz and Zeiger 2004).

After an additional period of 15 d of culture, shoots
(0.75±0.5 shoots per root) were formed directly from the
roots produced in response to low levels of NAA (5.4 and
10.8 μM), at frequencies of 10–30% (Fig. 2c). After the
expression of NAA-induced rhizogenesis, both explant
types showed callus formation in the petiole. Bud formation
from roots is a natural phenomenon observed in some plants,
especially under stress conditions. In vitro shoot production
from roots can occur spontaneously after long culture
periods or be induced by growth regulators, even in those
species that do not have this natural ability (Nef-Campa
et al. 1996; Hosseini-Nasr and Rashid 2002). In Arachis,
shoot differentiation from root tissues has already been
observed in field conditions (Krapovickas and Gregory
1994) and it was also described in old in vitro cultures of
A. villosulicarpa, in response to combinations of NAA and
BA (Pittman et al. 1984).

The results presented here demonstrated the morpho-
genic potential of leaf explants from in vitro plants of
A. stenosperma. Direct rhizogenesis from leaf explants of in
vitro plants, with subsequent shoot development from the
roots was characterized in Arachis for the first time,
resulting in a model system to study these processes.
Taking into account that these shoots are formed via direct
organogenesis, the utilization of leaf tissues from primary
in vitro plants derived from embryonic axes may also be
considered as a complementary tool to in vitro preservation
and multiplication of Arachis.
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