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ABSTRACT

Araucaria excelsa R. Br. is one of the ornamental trees well known and its tissue culture for mass

production is important. In this experiment, explants were collected from primary plagiotropic stem (PPS),

secondary plagiotropic stem (apical) (SPSA) and secondary plagiotropic stem (sub-apical) (SPSSA) and then

transferred to in vitro condition. The treatments were included: BA (0, 3, 6, 12 and 24 ìmol), TDZ (0, 0.3,

0.6, 1.2, and 2.4 ìmol), IBA and NAA (1, 2 and 3 ìmol). Results showed that PPS and SPSA did not respond

to growth regulator treatments. Four hundred explants taken from 2 years old Araucaria excelsa R. Br.

seedlings, produced only one axillary shoot after 3 months in the culture medium. BA in combination with

NAA treatment in SPSA induced axillary shoot production in 9 explants out of 160. Twelve ìmol BA in

combination with 3 ìmol NAA caused 0.6 proliferated shoot numbers in SPSA. The explants used were also

maintained their plagiotropic growth. 
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Introduction 

     

     Plantlets from a large number of conifer species

have been successfully propagated via organogenesis

using various explants[1,15,23]. Araucaria excelsa R.

Br. var. glauca has a high ornamental value, due to

a good specimen and symmetrical branches. The

unique aspect of species belonging to the family

araucariaceae is that the orthotropic stems with their

bud traces, and the plagiotropic branches with their

bud traces, remain permanently orthotropic and

plagiotropic, respectively, regardless of any

orientation or treatment imposed on them[17].

Consequently conventional propagation by cutting

had limited success and the grafting showed a high

incompatibility rate[22,17]. Tips of secondary and

tertiary lateral branches that taken from 14 years old

Araucaria columnaris Hook. had normal orthotropic

growth in the situation of tissue culture[24].

Boulay[4] showed orthotropic behavior of in vitro

shoots derived from stump sprouts of mature sequoia

(Sequoia sp.) trees. The objective of this study was

investigating the potential of plagiotropic branches to

produce axillary shoots and their growth habit in

tissue culture condition.

Materials and Methods 

Three years old plants were used for all

experiments. Explants were taken from primary

plagiotropic stem (PPS), secondary plagiotropic stem

(apical) (SPSA) and secondary plagiotropic stem

(sub-apical) (SPSSA) of Araucaria excelsa R. Br.

(Fig. 1). Four cm long pieces were soaked in running

tap water for 2 hr. These pieces were then treated for

2 min with 70% ethanol and were surface sterilized

by shaking for 15 min in 15% Clorox (containing

5.25% sodium hypochlorite). They were finally rinsed

three times with sterile, distilled water. The explants

used were segments of about 8 to 9 mm long, cut
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from different parts of plagiotropic branches.

Explants were cultured on MS[21] basal medium.

The pH was adjusted to 5.8 prior to autoclaving for

12 min at 121º C and cultures were kept under 16 hr

photoperiod under 20 ìmol m  s illuminance-2 -1   

provided by cool white fluorescent tubes at

approximately 24ºC. 

Fig. 1: SPSA and SPSSA of A. excelsa R. Br.

TOP: SPSA. Bottom: SPSSA. 

Secondary plagiotropic stem (apical) (SPSA):

The effect of BA concentration on proliferation

rate of SPSA was investigated using basal MS

medium with different concentrations of 0, 3, 6, 12

and 24 ìmol in combination with 1, 2 and 3 ìmol

NAA. In another series of experiments, NAA was

replaced with IBA, with the same concentration and

a medium was used without auxins.  Half, 1.5 and 2

strength MS medium salts was used for SPSA. In

one experiment stems were prechilled (4 - 7º C) for

1.5 month before culturing in the medium. 

Secondary plagiotropic stem (sub-apical) (SPSSA):

In another experiment all explants taken from

SPSSA were cultured on basal MS medium

supplemented with 0, 0.3, 0.6, 1.2, and 2.4 ìmol

TDZ in combination with 1 and 2 ìmol NAA. In

another experiment combination of 3, 6, 9 and 12

ìmol BA with 0.3, 0.6, 1.2, and 2.4 ìmol TDZ and

1 and 2 ìmol NAA were used. 

In the stages of rooting, etiolated or non-

etiolated shoots of A. excelsa R. Br. cultured in

either solid or liquid MS  medium moved to a liquid

or solid medium containing 2 and 3 mg l  IBA for-1

2 weeks before moving to half- strength MS medium

without or with 0.25% activated charcoal. 

All the experiments were conducted in a

Randomized Complete Block Design. Values

represent the means of 5 replications with 4 explants

in each replication. Means were separated using

Least Significant Differences (LSD) test at P=0.05.

Results 

Secondary plagiotropic stem (apical) (SPSA):

In some cases SPSAs were bent into the culture

medium and had a positive geotropism. Using 0.5,

1.5 and 2 strength MS salts had not any effect on

curvature of explant tips. SPSA can produce axillary

shoots (Table 1). However a high concentration of

BA had positive effects on induction of axillary

shoots especially in concentrations more than 6 ìmol.

Twelve ìmol BA in combination with 3 ìmol NAA

caused 0.6 proliferated shoots. 

Secondary plagiotropic stem (sub-apical) (SPSSA):

Results indicated that SPSSA did not show any

response to plant growth regulators and prechilling

treatments. Unfortunately, in a systematic study using

over 400 explants taken from 2 years old A. excelsa

R. Br. seedlings, only one axillary shoot produced

after 3 months in culture medium that finaly died

(Fig. 2). Prechilling treatment had not any effect on

proliferation rate as well.

Rooting:

Recut of explant had not any effect on rooting,

liquid and solid medium as well. Some abnormal

explants with high vegetative growth produced root

in MS medium after 2 months. Using IBA in the

culture medium caused high shoot growth in SPSA

(Fig. 3).

Discussion:

A major problem in the propagation of woody

plants is that most success is achieved with juvenile

tissue and not from proven mature trees. Tissue-

culture technology is extensively used for the

vegetative propagation of selected plants in

agriculture and horticulture and, to a lesser extent, in

forestry[18]. Micropropagation of most of the

conifers has not been successful[24]. There are

general tissue culture related challenges such as the

production of chimeras, somaclonal variation and

endogenous bacterial contamination; the regeneration

of woody plant species is still considered recalcitrant

because of the effects related to ontogenetic

aging[16]. There are some reports on in vitro culture

of Araucaria[17,20,6,10]. Only one study in this area

was conducted by Sehgal et al.[24] that used tips of

secondary and tertiary lateral branches. Most conifers

have few axillary buds instead of having large

number of leaves. Consequently most conifers have

a limited ability to coppice or to produce epicormic

shoot after disturbance[14,2,3,12]. In contrast

Araucaria  possesses  an apparently unique axillary
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Table 1: Effects of BA and NAA on shoot production in A. excelsa R. Br. var. glauca apical plagiotropic stems.

NAA (ìmol)BA (ìmol) Shoot length Num ber of proliferated Length of proliferated

 (cm) shoots shoots (mm)

0 0 1.32 abc 0 b --†

1 1.04 c 0 b --

0 2 1.25 abc 0 b --

3 1.46 abc 0 b --

1 1.28 abc 0 b --

3 2 1.26 abc 0 b --

3 1.64 abc 0 b --

1 1.80 a 0 b --

6 2 1.27 abc 0 b --

3 1.34 abc 0.20 ab 0.60 a

1 1.14 bc 0 b 0 a

12 2 1.27 abc 0.40 ab 1.60 a

3 1.24 abc 0.60 a 2.00 a

1 1.40 abc 0.40 ab 1.40 a

24 2 1.28 abc 0 b 0 a

3 1.70 ab 0.20 ab 0.40 a

†In each column, m eans followed by the same letters are not significantly different using LSD test at P=0.05 (!  no proliferation).

Fig. 2: Induction of axillary shoots in A. excelsa R. Br. Left: SPSSA after 90 days in culture medium. Right:

SPSA after 71 days in culture medium.

Fig. 3: SPSA in A. excelsa R. Br. Explants were

grown in MS medium supplemented with

1.5 mg l IBA. -1  

structure consisting of undifferentiated axillary

meristems that have neither leaf primordial nor

vascular connections[13,5,6,7,8,9]. These meristems

are initially formed in an exogenous position but are

transferred to an endogenous position by the activity

of a localized phellogen[6,5] and are consequently

not abscised when widespread bark formation

occurs[6,7]. Our results showed that plagiotrpic

growth was reminded in the in vitro derived shoots

of A. excelsa R. Br. that was in contrast with Sehgal

et al.[24] results in A. columnaris Hook. Genotype

differences may be the cause of these observations.

Increase in sucrose and salt concentration did not

affect the curvature of explants; inference of possible

occurrence this phenomenon in apical shoot was

highly due to low carbohydrate content and natural

characters of plagiotropic branches in this species.

Production of axillary buds in apical plagiotropic

shoot is better than sub apical and thicker parts of

plagiotropic stems due to high regeneration rate in

apical meristem. Decapitation of apical plagiotropic

stems in situ had not any effect on production of

axillary buds. However, in vitro decapitation caused

the production of axillary buds that demonstrated

plagiotropic stem contained concealed bud traces.

However, further studies are needed to demonstrate

if sub apical orthotropic branches have bud traces.

Twelve to 24 ìmol BA is needed for proliferation in

plagiotropic stems but orthotropic stems are very

sensitive to these concentrations (data not shown).

Induction of buds in sub-apical branches was not too

easy. Microcuttings of side branches will root but

will produce horizontally growing plantlets. These

results are of valuable importance to propagate this

species, however further studies are needed to

increase our knowledge and prospect for applied

propagation of this plant. 
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