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Summary

A protocol for in vitro propagation of Bixa orellana is described. Plants were regenerated from shoot apex and nodal

explants on B5 medium supplemented with 4.9 mM 2-isopentenyl adenine. The multiplication factor of shoot apex

explants was higher (nine shoots per explant) than that of the nodal explants (five shoots per explant). Regardless of the

position of the nodes, all the nodal explants gave similar responses. However, the size of the nodal explant was an

important factor in producing multiple shoots: 0.5 cm nodal explants produced the maximum multiple shoots. Regenerated

shoots from shoot apex explants rooted best on MS medium supplemented with 0.05 mM a-naphthalene acetic acid (NAA),

whereas shoots regenerated from nodal explants needed 2.7 mM NAA for rooting. Eighty per cent survival of in vivo

transferred plants occurred on the best potting substrate, coco peat. Since the multiplication factor was nine per explant,

this protocol can be used for commercial microprogation. However, the regeneration capacity declined after 10

subcultures. Approximately, 3350 rooted plants could be generated in 10 mo. after eight subcultures, from one shoot with

a shoot apex and four nodes.
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Introduction

Bixa orellana is a tropical American species of the family

Bixaceae. It is a small tree that has become naturalized in the

hottest parts of India (Kirtikar and Basu, 1975; Kochhar, 1981). All

parts of Bixa possess medicinal value and are widely employed in

Ayurvedic medicine (Caius, 1986; Solkar et al., 1992; Irobi et al.,

1996). Despite its medicinal and economic importance, it has not

been properly commercialized due to the unavailability of planting

material. Bixa orellana, commonly known as annatto, is grown for

food coloring (carotenoid) production from mature seeds. The

multiplication rate of annatto is slow due to low seed viability (20%)

and poor germination (5%). It requires a specific soil rich in

manganese and extremely favorable climatic conditions for growth.

Since annatto is one of the 13 basic pigments derived from natural

sources that are currently permitted for food coloring by the US

Food and Drug Administration, it is in ever-increasing demand

(Collins and Hughes, 1991). Conventional propagation via cuttings

has limitations because of the intense leaching of gummy substance

and phenolics from the cut ends, which obscure rooting. Hence in
vitro propagation of B. orellana could be the answer to obtaining

more planting material. Here we present a first report of

commercially viable micropropagation from shoot apex and nodal

explants of in vitro-germinated seedlings.

Materials and Methods

Seed material. Mature seeds from the red capsule variety of Bixa
orellana L. (Fig. 1a) were collected during February from the Academy of
Developmental Science at Kashele near Mumbai. The seeds were pre-treated
with 1% (w/v) Bavistin (BASF, Mumbai, India) and 400 PPM chloramphe-
nicol on a rotary shaker at 100 rpm for 3 h, and thoroughly washed with
sterile distilled water. This was followed by soaking the seeds in warm water
(60±708C) for 1 h and leaving them in the same water for 6 d at room
temperature. During this period, carotenoids present below the seed coat
leached into the water. To get rid of any fungi or bacteria that might have
thrived during the soaking period, an initial treatment with 2% NaOCl (v/
v)+two or three drops of Tween 20 was given for 10 min, followed by three
washes of 5 min each with sterile double-distilled water, and a final
treatment with 0.1% mercuric chloride (w/v) for 5 min, after which the seeds
were thoroughly washed with sterile double-distilled water. The seeds were
then inoculated on 15 ml aliquots of 0.8% agar gelled MS (Murashige and
Skoog, 1962), 2 MS or B5 (Gamborg et al., 1968) media and incubated in the
dark for 20 d. By this time the radicle had emerged from the seeds. Then
they were transferred to 80 mE m22 s21 light with a 16 h photoperiod. From
the 6-wk-old, 15-cm-long seedling, 5±8-mm shoot-apex explants and 5±25-
mm-long nodal explants were dissected and inoculated on various media.

Shoot development. For shoot development, three cytokinins, 2-isopen-
tenyl adenine (2iP; 4.9±14.7 mM), N6-benzyladenine (BA; 4.4±13.2 mM)
and kinetin (4.6±13.8 mM), and two auxins, a-naphthalene acetic acid
(NAA; 0.3±5.37 mM) and 2,4-dichlorophenoxy acetic acid (2,4-D; 0.226±
4.52 mM) were tested either alone or in combination. Apart from these
hormones, plant growth regulators such as paclobutrazol (Paclo CCSRI,
Mumbai, India; 0.76±7.57 mM) and triacontenol (Triacon Amrut, Mumbai,
India; 0.23±2.28 mM) were also tried. The basal medium used was B5.

Multiplication and elongation of shoots. Within 4 wk, multiple shoot but
initiation occurred from both types of explants. The shoot buds were then
subcultured on to elongation medium (B5+4.9 mM 2iP) for 4 wk. For faster
elongation of shoots, B5 medium containing 4.9 mM 2iP was supplemented
with various concentrations of casein hydrolysate (50, 100 and 200 ppm) or
coconut milk (5, 10 and 15%). For elongation, combinations of growth
regulators such as NAA+kinetin, NAA+BA, and NAA+2iP were also tested.
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169CLONAL PROPAGATION OF BIXA ORELLANA

Fig. 1. (a) Fruits �3:5 � 3:0 cm� and seeds �5 � 2 mm� of Bixa orellana. (b±e) Shoot regeneration from shoot apex on B5 medium
supplemented with 4.9 mM 2iP; (b) shoot apex on day 7; (c) proliferation of shoot buds on the day 28; (d) 56-d-old elongated shoots; (e)
112-d-old shoots ready for rooting. (f±i) Shoot regeneration from nodes on B5 medium supplemented with 4.9 mM 2iP; (f) nodal explant on
day 7; (g) proliferation of shoot buds on day 28; (h) 56-d-old elongated shoots; (i) 112-d-old shoots ready for rooting. (j) Rooting of 196-d-
old shoots derived from shoot apex on MS+0.05 mM NAA. (k) Rooting of 196-d-old shoot derived from nodal explant on MS+2.69 mM
NAA, and 2-mo.-old tissue cultured plant from shoot apex (11) and nodal explant (12).
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The regeneration potential of the shoot apex and the size of the nodal
segment, as well as the position of nodal explants (first, second, third and
fourth nodes), were evaluated in terms of number of regenerated shoots and
their length.

Rooting. Shoots (3.0±3.5 cm long) cultured on elongation medium
(B5+4.9 mM 2iP) for 4 wk were excised from proliferating shoot clusters are
transferred to rooting medium. For rooting, B5 or MS medium supplemented
with various concentrations of NAA (0.05±4.03 mM), indole-3-butyric acid
(IBA; 0.49±4.9 mM) and indole-3-acetic acid (IAA; 0.57±5.7 mM) were
employed in 25 � 150 mm culture tubes (15 ml per tube). At 12 wk after
root initiation, the plants were hardened in 5 � 5 cm protrays filled with
either of the following potting mixtures: leaf mould, vermiculite, soil, peat
moss, peat moss+soil (1:1), coco peat, or coco peat+soil (1:1), and kept in a
moist, saturated miniature greenhouse at 60±80% humidity. The plants were
irrigated daily. After 2 wk established plants were transplanted to 15-cm-
long pots containing soil+2% Cellrich (biofertilizer, Excel Ind., Mumbai,
India) for further growth under nursery conditions.

Results and Discussion

The main objective of the present work was to develop a clonal

micropropagation protocol for B. orellana through direct multiple-

shoot formation. Initially five meristematic explants Ð the shoot

apex and the first four nodes Ð were tried so that plants with

identical traits could be obtained. However, since there was no

difference in the response of different nodes, for further experi-

ments explants were categorized as shoot apex and nodes.

Induction of bud break from nodal explants. The size of the

nodal explants was found to play an important role in initiation,

proliferation and elongation of shoots. The smaller (0.5 cm)

explants could initiate more multiples (five in 4 wk) than the

longer nodal explants (1.5 cm) (Table 1). Although 1.5-cm-long

segments produced fewer shoot buds, they showed better elonga-

tion. The largest nodal segment (2.5 cm) failed to give multiples,

rather only a single shoot developed from each node, and both cut

ends of the nodal segment gave rise to callus. Although latex-

producing plants are supposed to give the best shoots with BA

rather than with 2iP or kinetin (Repley and Preece, 1986), in the

present study 2iP was found to be the best plant growth regulator for

initiation (Table 2). No shoot emerged in the presence of kinetin,

which mainly promoted callus formation at the highest concentra-

tion (13.8 mM); BA (13.2 mM) also caused heavy callusing; and

2,4-D, which is known to be a callusing hormone (Gamborg et al.,

1976), also failed to cause much callusing in both explants.

Shoot elongation. All the shoots continued to elongate on the

same medium in which multiple bud initiation had taken place. A

monthly record of the length of regenerated shoots showed that

TABLE 1

REGENERATION POTENTIAL OF VARIOUS SIZES OF NODAL
EXPLANTS OF BIXA ORELLANA AS MEASURED ON 30TH DAY ON

INDUCTION MEDIUM (B5 + 4.9 mM 2iP)

Size of nodal explant
(cm) No. of multiples

Average length of shoot
(cm)

0.5 5.9 ^ 0.18XX 0.2 ^ 0.02X

1.5 2.8 ^ 0.09XX 2.5 ^ 0.11XX

2.5 1.0 ^ 0.00 0.6 ^ 0.07XX

The results are mean ^ SE of 20 replicates; X � P , 0.05, XX �
P , 0.01, with P at 0.1 being NS (Student's t test).

TABLE 2

EFFECT OF PLANT GROWTH REGULATORS ON SHOOT APEX AND NODAL EXPLANTS OF BIXA ORELLANA IN TERMS OF NUMBER AND LENGTH
OF SHOOTS, CALLUSING AND RHIZOGENESIS

Average length of shoot �cm�^ SE

No. of shoots/explant Week 4 Week 6 Week 8

B5 medium with s n s n s n s n

B5 (control) 1.0 ^ 0.05X 1.0 ^ 0.02X 0.2 ^ 0.00 0.2 ^ 0.02XX 0.5 ^ 0.02X 0.3 ^ 0.02X 1.5 ^ 0.05X 1.0 ^ 0.05X

BA 4.4 1.3 ^ 0.02X 1.1 ^ 0.02X 0.6 ^ 0.02X 0.2 ^ 0.00 1.0 ^ 0.05X 0.6 ^ 0.07XX 1.6 ^ 0.07XX 1.3 ^ 0.09XX

BA 8.9 1.2 ^ 0.02X 1.2 ^ 0.02X 0.7 ^ 0.07XX 0.4 ^ 0.02X 1.3 ^ 0.07XX 1.2 ^ 0.02XX 1.8 ^ 0.09XX 1.5 ^ 0.07XX

BA 13.2 1.3 ^ 0.02X 1.2 ^ 0.02X 0.6 ^ 0.05X 0.4 ^ 0.05X 1.5 ^ 0.05XX 1.4 ^ 0.02XX ++ 2.5 ^ 0.09XX

KIN 4.6 ± ± ± ± ± ± ± ±
KIN 9.3 ± ± ± ± ± ± ± ±
KIN 13.8 1.2 ^ 0.02X 1.1 ^ 0.02X 0.2 ^ 0.00 0.1 ^ 0.00 ++ 0.3 ^ 0.00 +++ ++
2iP 4.9 9.1 ^ 0.05X 5.9 ^ 0.18XX 0.3 ^ 0.02X 0.2 ^ 0.00 0.5 ^ 0.07XX 0.4 ^ 0.02X 1.8 ^ 0.09XX 1.6 ^ 0.05X

2iP 9.8 3.5 ^ 0.05X 1.7 ^ 0.07X 0.4 ^ 0.02X 0.2 ^ 0.00 1.5 ^ 0.09XX 0.8 ^ 0.02X 2.5 ^ 0.11XX 2.0 ^ 0.07XX

2iP 14.7 1.2 ^ 0.02X 1.1 ^ 0.02X 0.5 ^ 0.02X 0.3 ^ 0.00 2.0 ^ 0.05X 1.5 ^ 0.09XX 3.2 ^ 0.09XX 2.5 ^ 0.11XX

NAA 0.3 0.9 ^ 0.02X 0.9 ^ 0.02X 0.3 ^ 0.00X ± 2.0 ^ 0.05X 0.2 ^ 0.02X 5.0 ^ 0.11*XX 1.0 ^ 0.02X

NAA 2.69 0.9 ^ 0.05X 0.9 ^ 0.05X 0.2 ^ 0.00 ± 2.0 ^ 0.11XX 0.3 ^ 0.02X 5.0 ^ 0.09*XX 1.5 ^ 0.09XX

NAA 5.37 0.9 ^ 0.07X 0.8 ^ 0.07XX 0.2 ^ 0.00 ± 1.2 ^ 0.05X 0.2 ^ 0.02X 5.0 ^ 0.05*X 1.4 ^ 0.07X

2,4-D 0.226 ± ± + + + + ++ ++
2,4-D 2.26 ± ± + + + + ++ ++
2,4-D 4.52 ± ± + + + + ++ ++
PACLO 0.76 ± ± ± ± ± ± ± ±
PACLO 3.79 1.8 ^ 0.08X 1.2 ^ 0.09XX 0.2 ^ 0.02X 0.2 ^ 0.00 0.8 ^ 0.05XX 0.4 ^ 0.02X 1.8 ^ 0.11XX 1.5 ^ 0.11XX

PALCO 7.57 1.3 ^ 0.09X 1.2 ^ 0.09XX 0.3 ^ 0.02X 0.3 ^ 0.00 1.0 ^ 0.09XX 0.6 ^ 0.02X 1.9 ^ 0.09XX 1.7 ^ 0.07XX

TRIACON 0.23 1.3 ^ 0.09X 1.2 ^ 0.02X 0.1 ^ 0.00 0.1 ^ 0.00 0.4 ^ 0.02X 0.2 ^ 0.02X 1.0 ^ 0.02X 0.7 ^ 0.05X

TRIACON 1.14 3.0 ^ 0.07X 1.4 ^ 0.07XX 0.2 ^ 0.00 0.1 ^ 0.00 0.5 ^ 0.02X 0.4 ^ 0.02X 1.1 ^ 0.02X 0.9 ^ 0.02X

TRIACON 2.28 3.8 ^ 0.11X 2.4 ^ 0.05X 0.3 ^ 0.00 0.2 ^ 0.00 0.8 ^ 0.02X 0.5 ^ 0.05X 1.0 ^ 0.02X 1.0 ^ 0.05X

Results are mean ^ SE of 20 replicates; s, shoot apex explant, n, nodal explant. +, Poor; ++, good callusing. *, Cultures showing rhizogenesis. X � P , 0.05,
XX � P , 0.01, XXXP , 0.001, with P at 0.1 being NS (Student's t test).

RETRACTED A
RTIC

LE



171CLONAL PROPAGATION OF BIXA ORELLANA

3.79 mM paclobutrazol was the most effective plant growth

regulator, followed by 4.9 mM 2iP (Table 2). Although the average

shoot length was slightly better on paclobutrazol than on 2iP, the

health and growth of plants and leaves was better when cultured on

4.9 mM 2iP. The length of the shoot generated from the explants

grown on B5 supplemented with 2.28 mM triacontenol was

comparatively less than those grown on 4.9 mM 2iP. The single

shoot that regenerated from both explants of B. orellana on BA or

NAA containing B5 medium also showed good elongation, but as

there was no multiple shoot formation, they were not considered to

be appropriate for micropropagation. Both 4.9 and 9.8 mM 2iP were

found to be very effective in producing multiple shoots, but 9.8 mM

2iP tended to form a lot of callus at the cut end of the explant.

Hence 4.9 mM 2iP was taken to be the best growth regulator for

shoot elongation, 2iP did not enhance shoot elongation at any

concentration, either in combination with NAA or with casein

hydrolysate or coconut milk (Tables 3A and 3B). Shoots 3±3.5 cm

long were ready for rooting in 32 wk.

Rooting. IAA and IBA were ineffective at all the tried

concentrations in inducing rooting, whereas NAA could induce a

rooting response in 45% shoots (Table 4). There was a differential

requirement for NAA, 0.05 and 2.69 mM, by the shoot apex and

nodal explant-derived shoots, respectively, for best rooting. As root

initiation took more than 8 wk, MS medium was tried instead of B5

TABLE 3A

EFFECTS OF VARIOUS GROWTH REGULATORS ON ELONGATION OF REGENERATED SHOOTS OF BIXA ORELLANA CULTURED ON B5 MEDIUM

Shoot length �cm�^ SE as recorded on days

Day 1 Day 14 Day 28

Plant growth regulators (mM) s n s n s n

B5 + 4.9 2iP +5% CM 2.0 ^ 0.05X 1.9 ^ 0.02X 2.5 ^ 0.09XX 2.4 ^ 0.09XX 3.3 ^ 0.02X 3.0 ^ 0.07XX

B5 + 4.9 2iP +10% CM 2.0 ^ 0.05X 1.9 ^ 0.02X 1.8 ^ 0.07XX 2.3 ^ 0.07XX 3.4 ^ 0.05X 3.0 ^ 0.07XX

B5 + 4.9 2iP +15% CM 2.0 ^ 0.05X 1.9 ^ 0.02X 3.0 ^ 0.07XX 2.8 ^ 0.07XX 3.5 ^ 0.07XX 3.2 ^ 0.02X

B5 + 4.9 2iP+50 ppm CH 2.0 ^ 0.05X 1.9 ^ 0.02X 2.4 ^ 0.07XX 2.3 ^ 0.07XX 3.3 ^ 0.07XX 3.3 ^ 0.02X

B5 + 4.9 2iP +100 ppm CH 2.0 ^ 0.05X 1.9 ^ 0.02X 2.9 ^ 0.07XX 2.8 ^ 0.05X 3.7 ^ 0.05X 3.0 ^ 0.02X

B5 + 4.9 2iP +200 ppm CH 2.0 ^ 0.05X 1.9 ^ 0.02X 2.7 ^ 0.07XX 2.5 ^ 0.05X 3.5 ^ 0.05X 3.4 ^ 0.05X

B5 + 4.9 2iP 2.0 ^ 0.05X 1.9 ^ 0.02X 3.2 ^ 0.11XX 3.0 ^ 0.07XX 3.4 ^ 0.05X 3.3 ^ 0.07XX

Results are mean ^ SE of 20 replicates. CM, Coconut milk, CH, casein hydrolysate; s, shoot apex explant; n, nodal explant. X � P , 0.05, XX � P , 0.01,
with P at 0.1 being NS (Student's t test).

TABLE 3B

EFFECTS OF VARIOUS GROWTH REGULATORS ON CALLUSING OF BIXA ORELLANA CULTURED ON B5 MEDIUM

Plant growth regulators (mM)

Day 1 Day 14 Day 28

s n s n s n

B5 + 2.69 NAA + 13.8 KIN ++ ++ ++ ++ +++ ++
B5 + 0.27 NAA + 4.9 2iP + + ++ ++ ++ ++

Results are mean ^ SD of 20 replicates. +, Poor; ++, good; +++, very good callusing.

TABLE 4

ROOTING RESPONSE TO VARIOUS AUXINS BY SHOOTS REGENERATED FROM SHOOT APEX AND NODAL EXPLANTS OF BIXA ORELLANA ON MS
AND B5 MEDIUM BY THE END OF 12 WK

Conc. of PGRs (mM)

% Cultures No. of roots/shoot Average root length (cm) No. of laterals

Medium s n s n s n s n

0.05 NAA B5 45 25 1.1 ^ 0.07XX 1.2 ^ 0.09X 4.5 ^ 0.11XX 4.1 ^ 0.02X 12 ^ 0.70XXX 9.5 ^ 0.23XXX

0.05 NAA MS 60 30 1.5 ^ 0.14XX 0.5 ^ 0.16XX 5.8 ^ 0.11XX 5.1 ^ 0.14XX 22 ^ 1.18XXX 19 ^ 0.82XXX

0.27 NAA B5 20 30 1.2 ^ 0.09XX 1.3 ^ 0.11XX 3.8 ^ 0.07XX 4.4 ^ 0.09X 9.6 ^ 0.55XXX 11 ^ 0.33XXX

0.27 NAA MS 40 45 2.3 ^ 0.18XX 2.3 ^ 0.16XX 4.3 ^ 0.05X 5.8 ^ 0.13XX 12 ^ 0.40XXX 24 ^ 1.3XXX

1.35 NAA B5 25 40 2.0 ^ 0.13XX 2.0 ^ 0.13XX 4.1 ^ 0.11XXX 4.8 ^ 0.09X 10 ^ 0.39XXX 13 ^ 0.62XXX

1.35 NAA MS 45 50 4.6 ^ 0.44XXX 4.3 ^ 0.44XXX 5.0 ^ 0.05X 6.0 ^ 0.15XX 18 ^ 1.11XXX 26 ^ 1.45XXX

2.69 NAA B5 40 42 2.0 ^ 0.16XX 2.0 ^ 0.16XX 4.2 ^ 0.05X 5.2 ^ 0.18XX 12 ^ 0.69XXX 20 ^ 0.89XXX

2.69 NAA MS 80 70 4.0 ^ 0.22XX 4.0 ^ 0.22XXX 5.6 ^ 0.09XXX 6.2 ^ 0.18XX 24 ^ 1.56XXX 28 ^ 1.11XXX

4.03 NAA B5 10 10 1.7 ^ 0.16XX 1.6 ^ 0.16XX 4.0 ^ 0.02X 5.0 ^ 0.13XX 9 ^ 0.69XXX 18 ^ 1.18XXX

4.03 NAA MS 15 15 3.0 ^ 0.23XXX 3.0 ^ 0.23XXX 5.2 ^ 0.07XX 5.6 ^ 0.13XX 20 ^ 0.47XXX 24 ^ 1.18XXX

Results are mean ^ SE of 20 replicates. s, Shoot apex explant; n, nodal explant. X � P , 0.05, XX � P , 0.01 and XXX � P , 0.001, with P at 0.1 being
NS (Student's t test).
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using the same amount of NAA. MS medium supplemented with

0.05 and 2.69 mM NAA not only initiated roots within 4 wk in 80%

of shoots, but also developed axillary branches from the nodes of the

shoots. The roots were thick and healthy, and new shoots continued

to regenerate from the rooted basal portion of the plant. So far as the

number of roots and laterals was concerned, MS medium was found

to be better than B5; 2.69 mM NAA promoted the maximum number

as well as length of the root. Hormone-free B5, 2 MS and MS

medium failed to develop good roots. The development of a healthy

root system took 12 wk.

Hardening. Hardening trials indicated that coco peat was the

best substrate, as 80% of plants survived during in vitro to in vivo
transfer. Excessive flooding during hardening was disastrous for the

growth of the plant. The plants that were transferred to the shade

house with 40% shade and controlled humidity (60±80%)

established successfully, whereas plants that were directly

transferred to the shade house without any humidity control showed

wilting of leaves from the margins, and hardly 10% of the plants got

established.

Thus, starting with one shoot with four nodes, the present

protocol advocates the use of B5 medium supplemented with

4.9 mM 2iP for shoot induction as well as elongation of shoots

during the first 28 wk, and MS medium supplemented with 0.05 and

2.69 mM NAA for rooting. Since the multiplication factor was 9 for

shoot apex explant and 5 for nodal explants, ,3350 plantlets could

be produced and this protocol could be used for commercial

micropropagation of B. orellana. Plants would be ready to be moved

to in vivo conditions in 40 wk from the day of inoculation, with up to

80% survival expected. Different stages in the micropropagation

process are indicated in Fig. 1.
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