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ABSTRACT 

In the present study, multiplication efficiency of Alstroemeria ligtu hybrid was investigated. Bases 

of the first seedling leaves grown in vitro were used as initial explants. The explants were cultured in the 

MS media containing 3% sucrose, 0.7% agar at pH 5.8, five N6-benzylaminopurine (BAP) concentrations 

(0, 0.5, 1, 1.5 and 2 mg·l1) and three indole-3-butyric acid (IBA) concentrations (0, 0.1 and 0.2 mg·l1). 

The cultures were incubated at 21 ± 2 C under photoperiod 16/8. After three subculturings (3 weeks-long 

each) the number of rhizome, shoots, buds, leaves, and roots, length of shoots and roots were recorded. 

Adventitious shoots formed directly on the leaf bases without callus intervention. Their number was af-

fected by BAP concentrations. The highest shoots number, six per explants, was obtained at 1 mg·l1 

BAP and 0.1 mg·l–1 IBA. The shoot length decreased with the increasing concentration of BAP. The 

highest root number (2.7) was formed on shoots cultured on the MS medium containing 0.5 mg·l1 α-

naphthalene acetic acid, and the highest rhizome number (2.2) was formed on the medium with 0.5 mg·l1 

BAP. In vitro rooted plantlets were able to survive and acclimatize in the greenhouse. 
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INTRODUCTION 

 

Alstroemeria genus plants are rhizomatous 

monocotyledonous perennials belonging to the fam-

ily Alstroemeriaceae that includes several ornamen-

tal species (Fay et al. 2006; Hoshino et al. 2006; Lee 

& Han 2006). A number of cytologically stable 

homozygous lines were developed from Alstroeme-

ria ligtu hybrid that was derived from a natural 

crossing between A. ligtu and A. ligtu ssp. simsii 

(Sprengel) (Robinson 1963), as a result of selection 

lasting many generations (Rustanius et al. 1991). 

Alstroemeria was propagated formerly by rhi-

zome division but this method is not efficient and 

involves a high risk of viral dissemination (Van 

Zaayen 1995). Therefore, in vitro propagation 

techniques based on rhizome multiplication in vitro 

have been developed (Gabryszewska & Hempel 

1985; Hakkaart & Versluijs 1988; Van Zaayen et 

al. 1992; Bond & Alderson 1993). However, the 

multiplication rate was still not satisfactory (Lin et 

al. 1998). Furthermore, flower pedicels and stem 

segments have been tested as initial explants but 

they showed a low response (Lin & Monette 

1987). Nodal leaf explants taken from in vitro 

grown seedlings were found to be a good starting 

material for Alstroemeria micropropagation as 

adventitious shoot formation was observed in the 

region between leaf and stem without callus for-

mation (Lin et al. 1997). This method was recom-

mended for propagation of existing cultivars (Lin 

et al. 1998). Use of leaves as initial explants may 

provide more explants for initiation and solve the 

problem of disinfection, because it is expected that 

aerial plant parts are less contaminated than under-

ground parts (Lin et al. 1998). 

Among the explants of monocotyledons used 

for the induction in vitro of regenerable cultures, 

leaf bases of young seedlings are the most easily 

available donor material (Gless et al. 1998). The 

objective of the present study was to develop in 

vitro regeneration method based on the first seed-
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ling leaves that can be used for mass propagation 

of Alstroemeria ligtu hybrid plants and genetic 

transformation via direct organogenesis. 
 

MATERIALS AND METHODS 

 

Plant material 

In vitro seed germination 

Alstroemeria ligtu hybrid seeds prepared by 

Dobies of Devon Company (www.dobies.co.uk) in 

November 2011 were used for the production of 

seedlings. A single commercial seed bag contained 

25 seeds representing different colors. Overall, 600 

seeds were used in the experiments. 

The seeds were washed with tap water and 

sterilized in 70% ethanol (1 min), 3% sodium hy-

pochlorite solution (20 min) and then rinsed thrice 

with sterilized water. They were incubated in 

250 ml jars containing half-strength Murashige and 

Skoog (1962) – MS, supplemented with 1% su-

crose, 0.7% agar; the pH was adjusted to 5.8. Each 

culture jar contained eight seeds. The cultures were 

incubated for 1 week in a growth chamber (21 C, 

16 hours of light) and then transferred for stratifi-

cation at 5 ± 1 C for 3 weeks. After stratification, 

the jars were again incubated in the growth cham-

ber for 2 weeks. Seed germination was observed 6 

weeks after sowing (Fig. 1. Stage 1). 

 

Experiment 1 

Leaf base regeneration and shoot multiplication 

1. Culture of leaf bases 

The bases of the 1-2 first seedling leaves, 

which were available 7-8 days after germination 

were used for the regeneration experiment. Frag-

ments of bases about 1 cm long from randomly 

selected seedlings were excised (Fig. 1. Stage 1) 

and cultured on the media MS supplemented with 

different concentrations of N6-benzylaminopurine 

(BAP): 0, 0.5, 1, 1.5 or 2 mg·l1, and indole-3-

butyric acid (IBA): 0, 0.1 or 0.2 mg·l1, 3% su-

crose and solidified with 0.7% agar at pH 5.8. The 

cultures were incubated at 21 ± 2 C under 16 

hours of light and 8 hours of darkness (Hutchinson 

et al. 2010). 

2. Bud formation and shoot multiplication 

After 2 weeks, the explants contained one to 

two shoots (about 2 cm long) and two or three buds 

regenerated from the area between the leaf base 

and stem tissue, without formation of callus. The 

explants were transferred to fresh media as above 

and subcultured every 3 weeks. Numbers of adven-

titious shoots and leaves and stem lengths were 

recorded after 4 and 8 weeks since initiation of 

experiment. Numbers of adventitious buds were 

recorded 8 weeks since initiation of experiment. 

They are presented as means per one initial ex-

plant. 

 

Experiment 2 

Rhizome induction and shoot rooting 

For rhizome induction, plantlets obtained in 

the first experiment (with three shoots 4-7 cm long 

and one or two adventitious buds) were transferred 

to new culture media containing 0, 0.5 or 1 mg·l1 

BAP. For shoot rooting (SR), the plants were trans-

ferred to a rooting media containing MS medium 

supplemented with 0, 0.5 or 1 mg·l1 α-naphthalene 

acetic acid (NAA). 

To induce rhizomes, plantlets were placed at 

16 ± 2 C and 8 hours of fluorescent light/16 hours 

of darkness. Rooting was carried out at 18 ± 2 C 

and 16 hours of fluorescent light (Pierik et al. 

1988). The rooting and rhizome induction were 

assessed 8-10 weeks after implantation of the 

plantlets; the number of rhizomes, and number and 

length of roots per plantlet were recorded. 

Acclimatization 

The regenerated plantlets with well-developed 

roots were transferred to a growth chamber and 

kept at 21 C for 5-7 days. Agar attached to roots 

was removed and the plantlets were transferred to 

small pots containing an autoclaved substrate (mix-

ture of perlite and peat 2:1, v/v). Microplants, 

which survived, were successively transferred to  

a greenhouse. 

Statistical analysis 

For in vitro shoot multiplication, an experi-

ment was arranged in a completely randomized 

design. Each of the 15 treatments contained four 

experimental units with three replications. The 

experimental unit was a jar with one explant. 

Therefore, 12 explants consisted of an experi-

mental treatment. For statistical analysis, data col-
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lected after 4 and 8 weeks since the beginning of 

the experiment were used. 

The experiment on rooting and rhizome in-

duction was set up in completely randomized de-

sign: three treatments with four experimental units 

and three replications. 

The statistical analysis was done using the 

GLM procedure of SAS. Data were subjected to 

analysis of variance (ANOVA). The differences 

between the means were compared using Duncan’s 

multiple range test (p < 0.05). 

 

RESULTS 

 

Bud formation and shoot multiplication 

Direct shoot formation was observed in the 

area adjacent to the region between the leaf and 

stem tissue, and no callus was formed. Growth 

regulators influenced shoot induction and bud for-

mation on leaf bases (Table 1). Maximum shoot 

number was formed on culture medium containing 

1 mg·l1 of BAP and 0.1 mg·l1 of IBA (four and 

six shoots per explant during 4 and 8 weeks of 

culture, respectively). On the medium containing 

0.2 mg·l1 IBA and 0 mg·l1 BAP, shoots were not 

formed (Table 1). Interaction of IBA and BAP in 

shoot formation was significant. Bud formation 

and shoot growth from leaf bases and stem tissue is 

shown in Fig. 1 Stage 2. The shoots (about 2 cm 

long) and bud induction was observed 15 days 

after cultivation in most of the tested media. In the 

medium with 1 mg·l1 BAP, 2.33 adventitious 

shoots per explant during 8 weeks were formed. An 

increase in BAP concentration within 0-1 mg·l1 

caused an increase in shoot and bud number. Further 

increase of BAP concentration reduced the shoot 

number. IBA at 0.2 mg·l1 suppressed bud for-

mation. The highest number of induced adventitious 

buds was obtained in the medium containing  

1 mg·l1 BAP and 0.1 mg·l1 IBA (3.66 bud per 

explant within 8 weeks). The highest number of 

adventitious shoots was obtained on the same me-

dium – 4.0 and 6.0 after 4 and 8 weeks respective-

ly. Buds and shoots were not formed in the medi-

um with 0.2 mg·l1 IBA and 0 mg·l1 BAP. 

 

Shoot length 

Shoots length increased with the increasing 

IBA concentration at each concentration of BAP 

and decreased with increasing concentration of 

BAP at each concentration of IBA. Highest shoots 

- 11.4-11.9 cm - were formed in the media sup-

plemented with 0.1 and 0.2 mg·l1 IBA at zero and 

the lowest concentrations of BAP (Table 1). 

Leaf number 

The average number of leaves per explant 

was lowest in the media with no auxin at each con-

centration of BAP. The maximum number of 

leaves was formed in the medium containing  

1 mg·l1 BAP at each concentration IBA. Maxi-

mum leaf number  7.33 and 10.66 leaves per ex-

plant was observed in the medium containing  

1 mg·l1 BAP + 0.1 mg·l1 IBA after 4 and 8 

weeks of culture, respectively (Table 1). 

Rhizome induction and shoot rooting 

After 4 weeks of culture on rhizome-inducing 

medium, the rhizome apex, which appeared at one 

side of the former enlarged shoot base, was 

wrapped by a scale leaf and looked like a shoot 

bud. This bud developed into a shoot with an en-

larged base. After another 3-4 weeks, simultane-

ously new rhizomes developed on the shoot bases 

(Fig. 1 Stage 4 A, B). Rhizomes were not formed 

without BAP in the medium. More rhizomes were 

recorded on the medium containing 0.5 mg·l1 than 

1 mg·l1 BAP (Table 2). 

After 2-4 weeks, shoots formed roots in the 

root-inducing medium. Of 90 microshoots in the 

experiment, 60 formed roots. Roots were not 

formed without NAA in the medium. More roots  

2.75 per shoot – appeared on the medium contain-

ing 0.5 mg·l1 NAA than at NAA 1 mg·l1 (1.75), 

but these roots were longer (Table 2). 

Acclimatization 

Some of the 60 rooted microshoots turned 

brown and died soon after planting in pots but 48 

survived for 15 days and continued growth in the 

greenhouse. 
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Fig. 1. Different stages of direct organogenesis from bases of the first seedling leaves of Alstroemeria ligtu hybrid. 

Stage 1: In vitro grown seedlings about 7–8 days old; Stage 2: Buds and shoots regenerated from the area be-

tween the leaf base and stem tissue after 2 weeks on MS medium supplemented with 1 mg·l1 of BAP and  

0.1 mg·l1 IBA; Stage 3: A. Shoot multiplication after 4 weeks (4 shoots per explant); B. 8 weeks (6 shoots 

per explant) on MS medium supplemented with 1 mg·l1 of BAP and 0.1 mg·l1 IBA; Stage 4: A. Rhizome 

formation (2.25 rhizome/plantlet on MS + 0.5 mg·l1 of BAP); B. A rhizome apex appeared at one side of the 

shoot base (7-8 weeks); Stage 5: Rooting of plantlets (2.75 roots per plantlet on MS + 0.5 mg·l1 of NAA) 

with rhizome and aerial shoots (4 weeks); Stage 6: Plantlets acclimatized in greenhouse 

Stage 1. Seed germination  

(6 weeks) 

(6 weeks) 

Stage 2. Basal leaf regeneration 

(2 weeks) 

Stage 3. Subculturing originated 

adventitious shoots after 4 

weeks (A) (4 shoots per explant) 

and 8 weeks (B) (6 shoots per 

explant) on MS medium sup-

plemented with 1 mg·l−1 of BAP 

and 0.1 mg·l−1 IBA 

 

Stage 4 A, B. Rhizome 

formation (2.25 rhizome/ plant-

let on MS + 0.5 mg·l−1 of BAP). 

(7-8 weeks) 
 

Stage 6. Acclimatization 

(2 weeks) 

Stage 5. Rooting of plantlets on 

MS + 0.5 mg·l−1 of NAA (2.75 

roots per plantlet) (4 weeks) 

The position of cutting 

Buds and adventitious shoot 
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Table 1. Effect of N6-benzylaminopurine (BAP), indole-3-butyric acid (IBA) and their interaction on the number of 

adventitious buds and shoots and shoot growth during 4 and 8 weeks of culture 

 The values are the mean ± SE (n = 3), and the means in a column followed by the same letter are not significantly 

different according to Duncan’s test (p = 5%). 

 

Table 2. Effects of N6-Benzylaminopurine (BAP) concentration on rhizome induction and naphthalene acetic acid 

(NAA) on the rooting of Alstroemeria plants 

 

BAP (mg·l1) Number of rhizomes NAA (mg·l1) Number of roots Root length (cm) 

0 0±0.0c 0 0±0.25c 0±0.0c 

0.5 2.25±0.25a 0.5 2.75±0.25b 2.65±0.202b 

1 1.75±0.25b 1 1.75±0.25a 3.075±0.095a 

 The values are the mean ± SE (n = 3), and the means in a column followed by the same letter are not significantly 

different according to Duncan’s test (p = 5%). 

 

DISCUSSION 

 

Most published methods on the micropropa-

gation of Alstroemeria are based on shoot regener-

ation from rhizome apices (Gabryszewska & 

Hempel 1985; Lin & Monette 1987; Pedersen & 

Brandt 1992; Pedersen et al. 1996; Kristiansen et 

al. 1999; Chiari & Bridgen 2000). The problem 

accompanying this method concerns scarcity of 

initial explants and their heavier contamination. 

Explants taken from aerial shoots are easier to 

sterilize than underground rhizomes (Pierik et al. 

1988). 

For effective propagation, concentrations of 

growth regulators, especially cytokinins and auxins 

are crucial (Kalimuthu et al. 2007). Pedraza-Santos 

et al. (2006) demonstrated that the addition of  

1 mg·l1 BAP to the MS basal culture medium 

caused formation of up to 9.0 shoots per explant. In 

our experiment, an increase in BAP concentration 

from 0 to 1 mg·l1 stimulated the increase of adven-

titious shoots number. The proportion of BAP to 

IBA 10:1, at BAP 1 was most beneficial for number 

of shoots, their length and leaves number. 

Hutchinson et al. (2010) obtained similar results. 

The shoots were induced directly, without a callus 

IBA 

(mg·l1) 

BAP 

(mg·l1) 

Number of 

adventitious 

buds 

Number of adventitious shoots Shoot length (cm) Number of leaves 

8-week 

cultures 

4-week 

cultures 

8-week 

cultures 

4-week 

cultures 

8-week 

cultures 

4-week 

cultures 

8-week 

cultures 

0 0 0.33±0.33ef 0.33±0.33ef 0.33±0.33fg 5.7±0.17de 8.4±0.31de 2.66±0.3e 4.33±0.3f 

0 0.5 1±0.0cdef 1.33±0.33bcd 1.33±0.33cdef 5.4±0.12ef 7.9±0.23e 3.66±0.3e 5.66±0.3ef 

0 1 2±0.0bc 2±0.0b 2.33±0.33bc 4.4±0.17g 6.6±0.21fg e±0.33.66 def±0.36.33 

0 1.5 1.33±0.33cde 1±0.0cde 1.33±0.33cdef 3.9±0.06h 5.9±0.21gh 3±0.0e ef±0.95.33 

0 2 1±0.0cdef 1.33±0.33bcd 1.66±0.33bcde 3.7±0.15h 5.6±0.17h 3±0.6e 5.33±0.3ef 

0.1 0 0.33±0.33ef 0.66±0.33def 0.66±0.33efg 8.4±0.21b 11.66±0.2a 5.33±0.3cd 7.66±0.9bcde 

0.1 0.5 2±0.0bc 2±0.0b 2.33±0.33bc 7.3±0.23c 10.55±0.12b 6.66±0.7ab 9.33±1.2ab 

0.1 1 3.66±0.33a 4±0.0a 6±0.57a 7±0.06c 10.33±0.33bc 7.33±0.3a 10.66±0.7a 

0.1 1.5 2.66±0.33b 2±0.0b 2.66±0.33bc 5. 7±0.17de 8.7±0.38d 5.66±0.3bcd 8.33±0.9abcd 

0.1 2 1.66±0.33bcd 1.66±0. 33bc 2±0.0bcd 4.6±0.12g 7±1.0f 5±0.0d 6.66±0.7cdef 

0.2 0 0±0.0f 0±0.0f 0±0.0g 8.9±0.10a 11.9±0. 44a 5±0.6d 6.66±0.7cdef 

0.2 0.5 0.33±0.33ef 0.66±0.33def 0.66±0.33efg 8.3±0.17b 11.4±0.15a 6.33±0.3abc 8.33±0.9abcd 

0.2 1 1.33±0.33cde 1.33±0.33bcd 1.66±0.33bcde 7.2±0.12c 10.5±0.23b 6.66±0.3ab 10.33±0.9a 

0.2 1.5 0.66±0.33def 0.66±0.33def 1±0.0defg  6.1±0.20d 9.7±0.15c 6.33±0.3abc 9±0.6abc 

0.2 2 0.66±0.33def 0.66±0.33def 0.66±0.33efg 5.2±0.12f 8.4±0.31de 5±0.3d 7.66±0.6bcde 
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phase, from newly formed adventitious buds 

(Nakamura & Hattori 1995; Lin et al. 1998).  

A similar type of regeneration was observed in our 

experiments. The shoots and buds were regenerat-

ed as adventitious ones, because no pre-existing 

axillary buds or bud-primordia were found. The 

adventitious buds are induced from individual epi-

dermic cells of the leaf axil tissues, and it seems 

that the cells within leaf axils exhibit a high poten-

tial for regeneration (Lin et al. 1997, 1998). Pierik 

et al. (1988) and Lin et al. (1997, 1998, 2000b) 

found that supplementing the culture medium with 

0.5 mg·l1 BAP caused maximum proliferation 

rates in different explants of Alstroemeria (seed 

embryos, rhizome apices and leaf segments). In the 

present study, concentrations of BAP higher than 

1.0 mg·l1 caused a reduction in shoot number, 

similar to that reported by Pierik et al. (1988). In 

the previous studies on Alstroemeria in tissue cul-

tures, the use of BAP was effective for plant re-

generation in most cases (Kim et al. 2006; Lin et 

al. 1997, 1998, 2000a, b; Pedraza-Santos et al. 

2006). However, in our study, BAP combined with 

IBA was effective for regeneration of Alstroeme-

ria. Thus, BAP plays an important role in the re-

generation of Alstroemeria. 

Cytokinins cause shoot induction by stimulat-

ing cell division and decreasing apical dominance 

(George et al. 2008). The highest average length 

(11.9 cm) of shoots was recorded after 8 weeks at 

0.2 mg·l1 IBA. This result directs our attention to 

the well known role of auxins in the elongation of 

the plant cells (Asghari et al. 2012). It is common-

ly known that auxin induces a number of responses 

including cell division, cell enlargement, and syn-

thesis of proteins and nucleic acids that are con-

comitants in auxin-induced growth and in changes 

in plant cell wall plasticity. Auxin causes also an 

icrease in the apical dominance, which is essential 

in processes of growth and elongation of shoots 

(George et al. 2008). 

A higher SM index on BAP containing me-

dia, however, was concomitant with a marked re-

duction in shoot length. In our study, shoot length 

was reduced with increasing concentration of BAP 

at each concentration of IBA. 

In this experiment, the shoots regeneration 

always occurred directly from the leaf base without 

forming callus. Hansena and Wright (1999) report-

ed that there is a risk of morphological abnormali-

ties and sterility in plants regenerated from calli in 

vitro. In our experiment, shoots regenerated direct-

ly without callus phase, so a risk of genetic varia-

tion was low. Regenerated shoots formed rhizomes 

when subcultured in the medium containing BAP 

within 2 months. Thus, the regeneration cycle was 

completed within 4 to 5 months. The highest num-

ber of rhizomes, 2.25 per shoot was obtained in the 

presence of 0.5 mg·l1 BAP. Bond and Alderson 

(1993) and Lin et al. (2000b) found that the num-

ber of shoots often was not associated with the 

number of rhizomes, which was confirmed in our 

experiment, where the number of shoots per ex-

plant was not equal to the number of lateral rhi-

zomes. 

For in vitro root formation of Alstroemeria, an 

MS-based medium with 3-4% sucrose, and 

0.37 mg·l1 NAA was used (Gabryszewska & 

Hempel 1985; Pierik et al. 1988; Pedersen et al. 

1996). Lin and Monette (1987) found that effect of 

IBA in concentrations of 0.03 and 0.3 mg·l1 on root 

number was not significant. NAA has been found to 

be the most effective auxin for root formation (Gab-

ryszewska & Hempel 1985; Pierik et al. 1988). The 

positive effects of NAA and the negative effects of 

BAP on root formation were reported for Alstroe-

meria (Gabryszewska & Hempel 1985; Kristiansen 

et al. 1999). The maximum number of roots (2.75) 

per shoot was observed in the medium supplement-

ed with 0.5 mg·l1 NAA. The highest number of 

long roots was noticed in the media supplemented 

with 1 mg·l1 NAA (3.07) whereas with 0.5 mg·l1 

NAA, 2.65 roots per shoot were formed. Hakkaart 

and Versluijs (1988) reported that the in vitro root-

ing of Alstroemeria could be induced without any 

plant hormones. However, other researchers have 

obtained best rooting rates in the presence of NAA 

(Gabryszewska & Hempel 1985; Pierik et al. 1988; 

Pedersen et al. 1996; Kristiansen et al. 1999). 

Gabryszewska and Hempel (1985) demon-

strated that the addition of BAP to the growing 

medium stimulated rhizome branching. Similar 

results were obtained by Pierik et al. (1988). In our 
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experiment, concentration of 5 mg·l1 BA was 

sufficient to induce rhizome branching. 

Thus, in this study, the best culture medium 

for adventitious shoot regeneration from seedling 

leaves of Alstroemeria ligtu hybrid was the medi-

um containing 1 mg·l1 BAP and 0.1 mg·l1 IBA 

with the average production of six shoots within 8 

weeks. The most effective for rhizome induction 

was the medium containing 0.5 mg·l1 BAP (2.25 

rhizomes) and for root induction medium with 

0.5 mg·l1 NAA (2.75 roots from a shoot). 
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