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Abstract. The effects of benzyladenine (BAP), kinetin
(KIN), zeatin (ZEA), isopentenyladenine (2iP), and
thidiazuron (TDZ) were studied on in vitro growth of
rudimentary embryos ofIlex paraguariensisSt. Hil.
Heart stage zygotic embryos were removed from seeds
of immature, light green fruits and cultured aseptically
on quarter-strength Murashige and Skoog medium con-
taining 3% sucrose, 0.65% agar, and supplemented with
or without three concentrations of BAP, KIN, ZEA, 2iP,
or TDZ. Cultures were incubated in darkness at 27 ±
2°C. Media containing 4.4 × 10−6

M BAP, 4.6 × 10−6
M

KIN, or 4.9 × 10−6
M 2iP were totally ineffective in

inducing embryo growth after culture for 28 days. How-
ever, lower concentrations of these compounds (4.4 ×
10−8

M BAP, 4.6 × 10−8
M KIN, 4.5 × 10−8

M ZEA, or 4.9
× 10−8

M 2iP) promoted embryo growth. TDZ at 9.9 ×
10−9

M, 9.9 × 10−8
M, or 9.9 × 10−7

M induced embryo
growth at similar rates. The maximum percentage of em-
bryos converted to seedlings was achieved when the me-
dium was supplemented with 4.5 × 10−7

M ZEA.
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The genusIlex L. (Aquifoliaceae) consists of many spe-
cies, scattered widely throughout the world, occurring in
temperate and tropical regions of both hemispheres (Hu
1989). The taxonomic description of all taxa ofIlex is
incomplete, and it is estimated that the genus consists of

more than 300 species (Giberti 1995, Hu 1989). In some
regions of Argentina, Brazil, and Paraguay,Ilex para-
guariensis,occurring as a tree or a shrub, is economi-
cally the most important species of the genus because of
the value of its leaves for making a stimulatory beverage
namedmaté. Like other species ofIlex (Hu 1975, Ives
1923), the seeds ofI. paraguariensiscontain rudimen-
tary embryos that remain in the immature, heart-shaped
stage a long time after fruits reach maturity. Niklas
(1987) reported that when fruits ofI. paraguariensisare
ripe only about 1% of the seeds contain mature embryos,
and 99% of the seeds have embryos either in the heart
stage (70%) or torpedo stage (29%). As a result, seed
germination is delayed, and a minimum of 5–9 months
under appropriate environmental conditions is required
for embryo maturation (Fontana et al. 1990).

Acceleration of the maturation of rudimentary em-
bryos at the heart-shaped stage in mature fruits can occur
by embryo culture techniques that stimulate rapid em-
bryonic development and high germination rates in vari-
ous Ilex spp. (Hu 1975, 1976, 1989). Embryo culture is
very simple to use. In general, the greater the degree of
immaturity, the more complex the medium required.
Generally, exogenously supplied growth regulators are
not required for embryo maturation (Monnier 1995).

For species ofIlex, an agar-solidified Linsmaier and
Skoog (1965) medium containing sucrose and lacking
growth regulators has been employed for culturing rudi-
mentary embryos of 11 species (Hu 1975, 1989). Em-
ploying the same nutrient medium with the addition of
casein hydrolysate, Ferreira et al. (1991) defined some in
vitro conditions for development of excised rudimentary
embryos ofI. paraguariensis.Therefore, the following
investigation was undertaken to study the morphogenic
responses of in vitro cultured embryos ofI. paragua-
riensisas influenced by the addition to or deletion from
the culture medium of five different cytokinins, each at
three concentrations.

Abbreviations: BAP, benzyladenine; KIN, kinetin; 2iP, isopentenyl-
adenine; ZEA, zeatin; TDZ, thidiazuron.
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Materials and Methods

Immature, light green fruits (drupes) from greenhouse-cultivated plants
of I. paraguariensisSt. Hil. cv. Garruchos 9, provided by Estable-
cimiento Las Marı´as, Virasoro, Corrientes, Argentina, were harvested
December 1995 through January 1996. Fruits were surface sterilized in
70% ethanol for 5 min followed by immersion for 30 min in 1.8%
sodium hypochlorite, with two drops of TRITONt. Fruits were then
rinsed three times with autoclaved distilled water and kept in sterile
water until excision of rudimentary embryos under a stereomicroscope
in a laminar flow hood.

Embryos at 0.25–0.26 mm in length at the heart-shaped stage (Fig.
1A) were cultured on 3 mL of culture medium in 11-mL glass tubes
(one embryo/tube). The tubes were sealed with Resinite AF 5Ot

(Casco S.A.I.C. Company) and incubated in darkness at 27 ± 2°C. Each
treatment was replicated nine or ten times, and each experiment was
conducted three times. Data regarding changes in stages in embryo
development were recorded weekly for 28 days.

The culture medium was that reported by Rey et al. (1991) forI.
paraguariensis.It consisted of quarter-strength Murashige and Skoog

(1962) medium containing 3% sucrose, 0.65% agar, and supplemented
with or without BAP (4.4 × 10−8 M, 4.4 × 10−7 M, or 4.4 × 10−6 M), KIN
(4.6 × 10−8 M, 4.6 × 10−7 M, or 4.6 × 10−6 M), 2iP (4.9 × 10−8 M, 4.9
× 10−7 M, or 4.9 × 10−6 M), ZEA (4.5 × 10−8 M, 4.5 × 10−7 M, or 4.5 ×
10−6 M), or TDZ (9.9 × 10−9 M, 9.9 × 10−8 M, or 9.9 × 10−7 M). The pH
of each medium was adjusted to 5.8 with KOH or HCl before the
addition of agar. Tubes were covered with aluminum foil and auto-
claved at 1.46 kg/cm2 for 20 min.

Seedlings bearing two true leaves were transplanted successfully out
of aseptic tubes to pots (5-cm diameter) containing vermiculite and
were maintained in a growth room at 27 ± 2°C, with a 14-h photoperiod
(116 mmol z m−2 z s−1). Relative humidity was maintained at 95–100%
during the first 7 days and then decreased gradually until established in
a greenhouse.

Results and Discussion

The following sequential stages were observed during in
vitro development of excised rudimentary embryos ofI.
paraguariensis:heart-shaped stage (Fig. 1A), torpedo
stage (Fig. 1B), mature stage (Fig. 1C), and germination
(or seedlings) (Fig. 1D). This sequence was described for
others species ofIlex (Hu 1975, 1976; Niklas 1987). In
this study, the earliest visible response (within 7 days of
culture) was the gradual change in the shape of the cul-
tured embryos. In most media, the initially heart-shaped
embryos were converted into torpedo-shaped embryos.
After 14–21 days, mature embryos were observed,
whereas the first seedlings were germinated from the
embryos after 14–28 days (depending upon the culture
medium). The embryos were yellowish white. In vitro
germination of the embryos was characterized by elon-
gation of the radicle followed immediately by elongation
of the hypocotyl and expansion of the cotyledons. These
results agree with those obtained for most species ofIlex
(Hu 1989), where embryos require about 10–30 days of
incubation to complete development and germinate. Fer-
reira et al. (1991) found that embryos ofI. paraguarien-
sis cultured at the heart stage completed embryonic de-
velopment in 15 days, reaching a length similar to that of
mature, seed-developed embryos. In contrast, embryos of
Ilex aquifolium required an incubation period of 6–8
weeks (Hu 1975).

The morphogenic responses of rudimentary embryos
under the influence of three concentrations of five cyto-
kinins are presented in Fig. 2. Because 20% of the cul-
tured heart-shaped embryos ofI. paraguariensiswere
converted into seedlings when incubated in a medium
lacking cytokinin (Fig. 2A), this strongly suggests that
exogenous cytokinin is not required for embryo matura-
tion. Similar results were reported in other species ofIlex
(Hu 1989) as well as in many cases, for other plant
species (Monnier 1995). However, results presented in
Fig. 2 show that the addition of cytokinins to the media
could inhibit or modify the rate of embryo development.
Media containing 4.4 × 10−6

M BAP, 4.6 × 10−6
M KIN,

or 4.9 × 10−6
M 2iP were totally ineffective and were in

Fig. 1. Panels A–D,stages in embryo development ofI. paraguarien-
sis. Barsrepresent 1 mm.A, excised heart-shaped stage;B, torpedo
stage;C, mature embryo;D, seedling;E, embryo cultured on 9.9 × 10−7

M TDZ after incubation for 28 days. Note abnormally poor leaf devel-
opment and suppression of root growth.
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Fig. 2. Effects of cytokinins on in vitro development of rudimentary embryos ofI. paraguariensis.The figure shows the percentage of heart-shaped
embryos converted to torpedo stage, mature stage, and seedling stage at various time points.Vertical barsindicate ±S.E.
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fact, countereffective for inducing embryo growth (data
not presented). After 28 days of culture, 100% of the
cultured heart-shaped embryos remained unchanged or
exhibited no development. Inhibition caused by cytoki-
nins has been reported for embryos of orchids (Kano
1965, Raghavan and Torrey 1964a). Media containing
4.4 × 10−7

M BAP or 4.6 × 10−7
M KIN also caused a

reduction in the percentage of embryos that developed
into seedlings (Fig. 2,C andE). However, 4.4 × 10−8

M

BAP, 4.6 × 10−8
M KIN, 4.5 × 10−8

M ZEA, or 4.9 × 10−8

M 2iP resulted in an increase (in some cases approxi-
mately 100% more embryos converted to seedlings, Fig.
2 B, D, F, and I). Similar results occurred when media
included 4.5 × 10−7

M or 4.5 × 10−6
M ZEA or with the

three tested concentrations of TDZ (Fig. 2G, H, K, L,
and M) as well as with 4.9 × 10−7

M 2iP (Fig. 2J).
Although several of these cytokinins produced similar
results, we recommend use of 4.5 × 10−7

M ZEA because
of the vigor of the resulting seedlings. Germination pro-
motion caused by cytokinins has been reported for em-
bryos of Acer pseudoplatanusL. (Pinfield and Stobart
1972). In some cases, low concentrations of cytokinin
combined with low concentrations of auxin were benefi-
cial for in vitro growth of young embryos (Raghavan and
Torrey 1963, Veen 1963).

Results presented herein suggest that there is great
potential for using TDZ for in vitro growth of immature
embryos. TDZ was found to be a very useful cytokinin
for tissue culture of many woody species (Huetteman
and Preece 1993). It is a phenylurea derivative that has
been used in tissue culture systems to stimulate axillary
shoot proliferation as well as to promote callus formation
(Huetteman and Preece 1993). Although TDZ has been
employed to induce organogenesis or somatic embryo-
genesis through in vitro culture of both immature (Beat-
tie and Garret 1995, Goffreda et al. 1995, Norgaard and
Krogstrup 1991) and mature embryos (Obeidy and Smith
1993), there are no reports in the literature regarding use
of TDZ to stimulate in vitro rudimentary embryo devel-
opment.

On the other hand, in media containing cytokinins (es-
pecially TDZ) some of the embryos grew abnormally,
with precocious leaf expansion and suppression of root
growth (Fig. 1E). Similar results were reported for other
plant species (Beattie and Garrett 1995, Raghavan and
Torrey 1964b). In this work, callus formation was also
detected in embryos cultured in media containing the
highest levels of TDZ, but further embryo development
was not observed.

After approximately 35–40 days of culture, the plant-
lets were transplanted successfully to soil. A 90–95%
survival rate was obtained when plants were planted in
the greenhouse. All of them exhibited a normal pheno-
type with respect to growth habit and leaf shape.

In conclusion, results herein demonstrate that plantlets
of I. paraguariensiscan be achieved readily by in vitro

culture of immature heart stage embryos on a semisolid
quarter-strength Murashige and Skoog medium contain-
ing 3% sucrose and supplemented with 4.5 × 10−7

M

ZEA. However, additional studies are needed to increase
the frequency of recovering whole plants from excised
immature embryos. It is also necessary to improve the
excision procedures with minimal damage to the tender
and fragile embryos. It would be particularly useful to
improve the rapidity of embryo excision (approximately
200–250 excised embryos/individual/day).
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Cerro Azul (Misiones), Argentina, 14 pp

Giberti GC (1995)Ilex en Sudame´rica: Florı́stica, sistema´tica y poten-
cialidades con relacio´n a un banco de germoplasma para la
yerba mate. In: Erva-mate: Biologı´a e cultura no cono sul.
UFRGS, Brasil, pp 303–312

Goffreda JC, Scopel AL, Fiola JA (1995) Indolebutyric acid induces
regeneration of phenotypically normal apricot (Prunus arme-
niaca L.) plants from immature embryos. Plant Growth Regul
17:41–46

Hu CY (1975) In vitro culture of rudimentary embryos of elevenIlex
species. J Am Soc Hort Sci 100:221–225

Hu CY (1976) Light-mediated inhibition of in vitro development of
rudimentary embryos ofIlex opaca.Am J Bot 63:651–656

Hu CY (1989) Holly (Ilex spp.). In: Bajaj YPS (ed) Biotechnology in
agriculture and forestry. Vol. 5. Springer Verlag, Berlin, pp
412–427

Huetteman CA, Preece JE (1993) Thidiazuron: A potent cytokinin for
woody plant tissue culture. Plant Cell Tissue Organ Cult 33:
105–119

Ives SA (1923) Maturation and germination of seeds ofIlex opaca.Bot
Gaz 76:60–77

Kano K (1965) Studies on the media for orchid seed germination. Mem
Fac Agri Kagawa Univ 20:1–68

Linsmaier EM, Skoog F (1965) Organic growth factor requirements of
tobacco tissue cultures. Physiol Plant 18:100–127

Monnier M (1995) Culture of zygotic embryos. In: Thorpe TA (ed) In
vitro embryogenesis in plants. Kluwer, Dordrecht, The Nether-
lands, pp 117–153

Murashige T, Skoog FF (1962) A revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiol Plant 15:473–
497

P. A. Sansberro et al.104



Niklas CO (1987) Estudios embriolo´gicos y citológicos en la yerba
mateIlex paraguariensis(Aquifoliaceae). Bonplandia 6:45–56

Norgaard JV, Krogstrup (1991) Cytokinin-induced somatic embryo-
genesis from immature embryos ofAbies nordmanniana.Plant
Cell Rep 9:509–513

Obeidy AA, Smith MAL (1993) Organogenesis from mature pecan
cotyledons and embryonic axes. HortScience 28:213–215

Pinfield NJ, Stobart AK (1972) Hormonal regulation of germination
and early seedling development inAcer pseudoplatanusL.
Planta 104:134–135

Raghavan V, Torrey JG (1963) Growth and morphogenesis of globular
and older embryos ofCapsellain culture. Am J Bot 50:540–541

Raghavan V, Torrey JG (1964a) Inorganic nitrogen nutrition of the
seedlings of the orchid,Cattleya.Am J Bot 51:264–274

Raghavan V, Torrey JG (1964b) Effects of certain growth substances
on the growth and morphogenesis of immature embryos of
Capsellain culture. Plant Physiol 39:691–699

Rey HY, Burtnik OJ, Sansberro PA, Mroginski LA (1991) Medios para
el establecimiento in vitro de explantos de la Yerba Mate (Ilex
paraguariensis). Turrialba 41:306–310

Veen H (1963) The effect of various growth regulators on embryos of
Capsella bursa-pastorisgrowing in vitro. Acta Bot Neerl 12:
129–171

Ilex paraguariensisRudimentary Embryos 105


