Annals Of Agric. Sc., Moshtohor,
Vol. 46(1): Ho 7-19, (2008).

ISSN 1110-0419

IN VITRO PROPAGATION OF CORDYLINE TERMINALS
BY

Attoa, G.E.
Hort. Dept., Fac. of Agric. Moshtohor, Benha Univ., Egypt.

ABSTRACT

Shoot tips of Cordyline terminalis were subjected to different cold periods,
medium types, anti-oxidant treatments, adenine sulphate concentrations, and natural
additives during establishment stage. Also, cytokinin types and concentrations were
evaluated during proliferation stage. In addition, medium strength and GA; concentrations
were studied at shoot elongation phase. In the meantime, auxin types were taken in
congideration during root formation phase. It appears that subjecting shoot tips to cold
pretreatment for four days in the refrigerator (5°C) and culturing on modified Murashige
and Skoog medium after immersing the explants in an anti-oxidant solution and addition
of 40 mg/L cystin as well as 40 mg/L adenine sulphate and 5.0 of banana fruit juice to the
culture medium enhanced establishment stage. Meanwhile, supplementation of the culture
medium with 2,0 mg/l. BAP was effective on increasing proliferation, while 4.0 mg/L
BAP encouraged the highest callus production. Moreover, using half strength medium
supplemented with 0.5 mg/L GA; and 1.0 mg/L IBA; maximized shoot elongation and
root formation phases.

INTRODUCTION

Cordyline terminalis is an attractive
omamental plant used for indoor decoration.
In vitro propagution produce large number of
healthy, homogenous, and identical plants in
short and exact time, Also, reduce expenses
and losses in plant matorials whish resulted In
maximizing preducers profitability.

Murashige (1974) indleated that soa-
king tobacco explants in ascorbic acid and
cittic acid or adding them to the culture
medium succeeded in reducing the harmful
effect of phenolic compounds.

Kunisaki (1975) reported that modi-
fied Murashige and Skoog medium supple-
mented with 0.5 ppm 6-benzylaminopurine
was preferred for in vitro propagation of
Cordyline terminalis. However, Beruto ef al.
(1983), Welander (1988); and Tui-Ray ef al.
(2006) recommended using of Murashige and

Skoog for in vitro propagation of Cordyline
terminalis, Proliferation of Cordyline ter-
minalis was enhanced when 2,0 mg/L, BA was
added to the culture medium (Evaldsson and
Welander, 1988).

Stochr and Zsuffh (1990) found that
cold pretreatment (4°C) for 4 days encouraged
callus production and development of popu-
lous maximowicsife. Also, Atta-Alla ¢t al
(1996) stated that large numbers of shoots and
leaves were obtained when 0.5-40 mg/l. BA
was used instead of both kinetin or 2-ip at the
same concentrations. Rooting was improved
by adding 2.0 mg/LL IBA to the culture
medium (Beruto ef al., 1983). Moreover, Tui-
Rag et al. (2006) pointed out that the best
elongation of shoots was found on half MS
basal medium. Also, rooting was achieved on
half strength medium supplemented with IBA.

MATERIALS AND METHODS

This study was carried out in the

Tissue Culture Laboratory, Horticulture

Department,  Faculty of  Agriculture
Moshtohor, from 2003 to 2004,



New growing shoots from cordyline
were taken and washed with a running water
for 30 minutes then sterilized by using 15%
Clorox solution (0.5 NaOCl commercial
bleach) with two drops of Tween-20 for 7
minutes and immersed in a sterilized distilled
water three times for 5 minutes each.

Shoot tips of cordyline were excised
and cultured on different medium types
containing 100 mg/L. Myoinstol, 0.5 mg/L
BAP (6-benzylamino-purine), 0.1 mg/L IBA
(indole-3-butyric acid), 30 g/L sucrose and 7
g/L agar agar. The pH of these media was
adjusted to 5.7 and autoclaved at 121°C and
15 Ib/in’ for 15 minutes. The cultured explants
were incubated under complete darkness for 3
days then transferred to 16 hours of
fluorescent light and 8 hours of dark with
average temperature of 27-30°C. Sub-
culturing was done regularly every 4 weeks
interval in all stages and experiments.

This investigation was carried as
follows:

3.1, Establishment stage.
3.1.a. Effect of cold treatment.

Sterilized explants of cordyline were
placed in sterilized small white plastic bags
and kept either in refrigerator at 5+1°C for 1, 2
and 4 days or directly cultured without
refrigerating (control) then cultured on MS
medium to verify the best cold treatment to
reduce accumulation of phenolic compounds
and enhance explant development.

3.1.b. Effect of medium type.

Different medium types e
Murashige and Skoog (MS, 1962). Modified
Murashige and Skoog, Gomborge et al. (Bs,
1968) and Nitsch & Nitsch (NN, 1969) were
studied to select the most suitable medium
type to induce the best results.

3.1.c. Effect of anti-oxidant treatment:

Explants of cordyline were treated
with different anti-oxidant to testify the most
effecive  anti-oxidant  treatment  for
minimizing phenolic compounds and intum
improve explant development.

The following anti-oxidant treat-
ments were done:
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1- Control: explants were immersed in a
sterilized distilled water for 30 minutes.

2- Cystin: cystin was added to the medium at
the rate of 40 mg/L.

3- Anti-oxidant solution: the explants were
dipped in a mixture of 100 mg ascorbic
acid and 150 mg citric acid dissolved in
1000 ml as used as a pre-treatment for 30
minutes.

4- Cystin + Anti-oxidant: the explants were
dipped in an anti-oxidant solution then
cultured on the medium supplemented
with 40 mg/L cystin.

3.1.d. Effect of adenine sulphate concen-

tration:

Different adenin sulphate concen-
trations ie. 0.0, 20, 40 and 80 mg/L were
added to the medium to select the best
concentration to induce the highest explant
development.

3.1.e. Effect of natural additives:

Banana juice was prepared by adding
5 g of fruit juice then added to the medium.
Also, both tomato juice, and orange juice were
added at the rate of 50 m! while 40 mg/L
adenine as used as control. These additives
were supplemented to the culture medium
added to study their effect on explant
development.

3.2. Proliferation stage:
3.2.a. Effect of cytokinin type:

Kinetin, 6-benzylaminopurine (BAP)
and 2-isopentenyladenine (2ip) were tested at
the rate of 1.0 mg/L to point out the optimum
cytokinin type to. induce the highest
proliferation.

3.2.,b. Effect of BAP concentration:

Different concentrations of BAP i.e.
0.0, 1.0, 2.0 and 4.0 mg/L were applied to
investigate the most suitable concentration
which give the highest proliferation.

3.3. Rooting stage:
3.3.1. Shoot elongation:
3.3.1.a. Effect of medium strength:

Full, one-half, one-quarter and one
eight medium strength were tested to obtain
the best medium strength which induced the
longest shoots.
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3.3.1.b. Effect of gibbrellic acid (GA;)
concentration:
GA; at different concentrations i.e.
0.1, 0.5 and 1.0 mg/L were added to the
medium to select the best concentration which
gave the longest shoot.

3.3.2. Root formation:
3.3.2.a. Effect of auxin type:

Indole-3-butyric acid (IBA) and
naphthalene acetic acid (NAA) were studied
to detect the best auxin type that enhanced the
best root formation.

3.3.2.b. Effect of IBA concentration:
Different concentrations of indol3-
butyric acid (IBA) i.e. 0, 0.1, 0.5 and 1.0 mg/L.
were used to obtained the best concentration
vzhich encouraged the highest root formation.

Data and calculations:

Scores were given for necrosis
estimated as the degree of darkened or dead
tissues or parts of the explant and plantlets.
Also, browning which appeared as degrees of
medium darkening the scores were given as
follow: complete necrosis and browning = 5,
most explants or plantlets dead and the most
medium darkened = 4, medium = 3, less than
medium = 2, while healthy and no browning =
1. However, explant development (measured
as any change occurred in the explant), callus
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production (calculated as visual callus size),
growth (estimated as vegetative growth
development), greening (defined as the degree
of keeping the original color of the explant
and the degree of the green color of the
leaves), proliferation (expressed as the
quantity of shoots produced) shoot elongation
(defined as shoot length), and rooting
(estimated as quantity of roots produced were
evaluated. Furthermore, survival percentage
was estimated as the percentage of explants
survived and still alive at the end of the
experiment. The percentage of survival was
calculated as follow:

Numbefsurvivakplants 10

Y%ofsurvival
U otahumberf cultureskplants

These scores were given as follow:

Negative results = 1, below average =
2, average = 3, above average = 4, and
excellent = 5 (according to Pottino, 1981).

Statistical analysis:

All treatments used in this study were
arranged in a complete randomized block
design and replicated 10 times for each
treatment according to Snedecor and Cochran
(1980). The obtained data were statistically
analyzed and the means were compared
according to Duncan's multiple range test at
5% level as described by Duncan, (1955).

RESULTS AND DISCUSSION

4,1, Entablishment stage:
4.1.a. Effect of cold perioda:

The data outlined in Table (1) reflect
that cold treatments gave valuable and signifi-
cant improvement of all explant
under study as compared with control (not
refrigerated). Moreover, subjecting the exp-
lants to cold treatment for 4 days were
significantly superior for increasing explant
development and callus production while
reduced necrosis and browning parameters in
relation to other cold treatments under study.

The above results conclude that using
cold treatments and increasing the period of

subjocting theso explants to cald

(5°C) muooceded in reducing necrosis
browning while improved explant
ment and callus production, Theso results may
be due to that oold conditions reduced free
phenolic compounds accumulation which is
harmful for explants and intumn improved all
explants parameters, These results are in

treated Populous aximowiczli explants (4°C)
for 4 days encouraged callus production and
development.

4.1.b. Effect of medium types:
Table (2) indicated that modified MS
encouraged significant increase in explant
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development, greening and survival percen-
tage parameters as compared with the other
media under study. However, MS medium
significantly increased callus production in
relation to the others media . On the other
hand,NNmedlum showed the worst result in
all parameters compared with the different
used media. Those results summarized that
modified Murashige and Skoog is best suita-
ble medium for in wvitro propagation of
Cordyline terminalis. These results are in
agreement with the findings of Kunisaki
(1977) who reported that modified MS was
preferred for in vitro propagation of Cordyline
terminals.

4.1.c. Effect of different anti-oxidant treat-
ments:

Data in Table (3) reflected that using
anti-oxidant treatment combined with cystin
in the medium resulted in significant decrease
of both necrosis and browning parameters as
compared with the other anti-oxidant treat-
ments. Meanwhile, explant development,
greening and survival percentage parameters
were -significantly increased when combined
treatment was used followed by cystim
treatment. then antioxidant treatment while the
control induced the lowest result in all para-
meters.

These results are in accordance with
the findings of Murashige (1973) who indica-
ted that soaking tobacco explants in ascorbic
acid and citric acid or adding them to the
medium succeeded in reducing the harmful
effect of phenolic compounds.

4.1.d. Effect of adenine sulphate concen-
tration;

The results in Table (4) and Photo (1)
revealed that increasing adenine concen-
trations up to 40 mg/L encouraged significant
increase in necorsis, explant development, and
greening parameters in relation to the other
adenine concentrations. However, the para-
meters under study showed the lowest level
when adenine sulphate was excluded from the
medium (control). The above results reflect
the importance of adding adenine sulphate to
the culture medium specifically at the rate of
40mg/L.  This may be due to that adenine
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sulphate has a simulative effect en shoot
initiation. These results are completely agreed
with the findings of Miller and Skoog (1953).
They stated that adenine sulphate has a pro-
motive effect on shoot initiation of tobacco
explants,

4.1.¢. Effect of natural additives:

Table (5) and Photo (2) showed that
supplementing the culture medium with 5 g/L
banana fruit juice was significantly effective
on reducing necrosis while sngmﬁcantly
improved explant development and greening
parameters in relation to either natural addi-
tives. Moreover, adding of tomato juice to the
culture medium succeeded significantly in
maximumizing number of shoots in compa-
rison with the other natural additives. How-
ever, addition of either orange juice or adenine
sulphate as control showed the lowest number
of shoots and increased necrosis.

The aforementioned results recom-
mended using of banana or tomato juice as
natural additives for improving explant deve-
lopment or number of shoots, respectively.
These may be due to the contents of the
natural juices of both banana and tomato as
they contained a lot of elements, vitamins and

growth regulators.

4.2, Proliferation stage:
4.2.a. Effect of cytokinin types:

Data in Table (6) and Photo (3)
indicate that both 2ip (2-isopentenyladenine)
and BAP (6-benzylamino purine) significantly
increased necrosis and callus production as
compared with kinetin, However, the reverse
was true when growth and greening para-
meters were considered as kinetin  signifi-
cantly increased both parameters. On the other
hand, Proliferation was significantly maxi-
mized as BAP was added to the medium as

Those results are in general agree-
ment with the findings of Atta-Alla et al.
(1996). They stated that large number of
shoots and leaves was obtained when 0.5-4.0
mg/L BA was used instead of kinetin and 2-ip
growth regulators.
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Table (1): Effect of cold treatment on explant development and callus production

arameters of cordalin.
Cold Parameters (scores) Survival

t tment . . Emlmt Callus . %

treatmen Necrosis | Browning development | production Greening
Control 3.87+0,07° [ 3.71£0.26" | 1.83x0.07° | 1.18+0.04° |1.35+0.14° | 2.23+0.49°
One day 3.1630.14° [ 3.3320.04° | 1.88+0.34° | 1.94+0.02° | 1.51+0.28° | 3.43+0.40°
Two days 2.61+0.12° | 2.8440.08° | 3.23+0.25° | 2.40+0.10° 2.3_§¢0.32‘ 5.7440.49°

'our days 12120,01°| 1.16:0.01°| 3.85%0.10° | 3.3940.13° | 1.77+0.14° | 12.22+0.6
LSD at 0.05 0.19 0.26 0.41 0.16 0.44 0.98

Table (2): Effect of different medium types on explant development and callus production
arameters of cordalin,

Parameters (scores)
Explant
Callus
d:;:::’tp' production
2,630,224

2.6220.17 | 3.28%0.12°

3.8120,11° | 1.93%0,06°

4.9120,08' | 1.10%0,10"
0,23 0.28

Medium type

Necrosis | Browning Greening

2.5540,48°

3,5520.08"
1.9340.12°

1.85+0.13

320,11
07%0.12°
1,03%0,06'
20

3.1740.15° | 3.5520.09"

[ 23450.14°

[3,79%0.05°
4.79%0.12°

0.24

4,3720.1
1.360.]
0,030.0

a, b, ¢ & d: There is no significant difference between any two mean, the same column
have the same subscript letter (L.SD at 0.01).
Table (3): Effect of antioxidant treatments on explant development parameters of
cordalin.
arameters (scor Stirvival
Treatment Necrosis | Browning | . P .l:::llt Greening %
Control 3.80£0.20° | 3.93%0.18" 2.2&.15’ L. 124
stem ISR [ I DR APy | 103
ntioxIdant 32720317 | 2065004 30,10 SR T4,
S % ' 0220, .'
Cystem + Antl, 8501 | 2. A
LSD at 0. 035 X
Table (4): Effect of adinin sulphat concentration on explant development parameters of
cordalin,

a, b, c & d: There is no significant difference between any two mean, within the same column
have the same subscript letter (LSD at 0.01).
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Table (5): Effect of different rateral additivies concentration on explant development

Additive

- arameters of cordalin.

Necrosis

Explant
development

Proliferation

Control

2.8310.16°

3.2020.20°

I.11+0.19°

il Tomato §

1.97:0.21°

3.63+0.15°

2.33+0.34°

il banana

1.40+0.10°

42750.25°

1.67+0.34°

3.1120.96"

i Orange

2.67:0.15"

1.78+0.39°

I'LSD at0.05

Necrosis

production

Proliferation

1.30£0.08°

L11+0.12°

1.27+0.20°

4.12+0.20" |

2-1sopenteryladenine

1.74+0.13°

1.69+0.05°

2.2840.04°

3.4340.03"

i BAP 6-benzylaminopurine

1.83+0.08°

l.75i0.06‘

4.1440.12°

3.17+0.02"

i LSD at 0.05

028

024

b, ¢c & d: There i lSl‘lO lcant ﬁ’ " any two mean, within e same column
have the same subscript letter (LSD at 0.01).

of cordyline explant. 1: 0.0 mg adenine/L (control)

3: 40.0 mg adenine/L

: 4
Photo (1): Effect of different adenine concentrations on explant development and greening

4: 80.0 mg adenine/L

2: 20.0 mg adenine/L
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:
Photo (2): Effect of natural additives on explant development and greening of cordyline

explants. 1: Control

4.2.b. Effect of BAP concentration:

The outlined data in Table (7) declea-
red that addition of 2.0 mg/L BAP was effect-
tive on significant increase proliferation in
relation to the other concentrations. On
contrary, using of low BAP concentration i.c.
I mg/L significantly increased both growth
and greening parameters in comparison with
the others. Meanwhile, addition of 4.0 mg/L
BAP significantly increased callus production
and necrosis while it had harmful effects on
the other parameters (growth, proliferation,
and greening parameters).

Those results go in line with the fin-
dings of Evaldsson and Walender (1985).

Ho. 13

2: Orange juice 3: Tomato juice 4: Banana juice

They declared that proliferation was enhanced
as 2.0 mg/l. BA was added to the culture
medium.

4.3. Rooting stage:
4.3.1. Shoot elongation:
4.3.1.a. Effect of medium strength:

The results of Table (8) indicated that
half strength medium resulted in significant
increase of both shoot elongation and greening
parameters as compared with the other
medium strengths. However, contiftuous dilu-
ting of the medium caused a significant reduc-
tion in necrosis.
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Photo (3): Effect of different cytokinin types on growth and proliferation of cordyline

explants. 1: Kinetin

These results were assured by the
findings of Tui-Ray et al. (2006). They men-
tioned that half medium strength is the most
suitable for the best shoot elongation of
Cordyline terminalis.

4.3.1.b. Effect of GA; concentration:

Data of Table (9) and Photo (4)
reflected that increasing GA; concentration
caused a significant increase in shoot elon-
gation and greening parameters up to 0.5
mg/L. which showed the greatest significant
increase of shoot elongation and greening.
However, necrosis was significantly reduced
as the low concentrations of GA; were used.

2: 2ip

3: BAP

4.3.2. Root formation:
4.3.2.a. Effect of auxin type:

Data in Table (10) and Photos (5 & 6)
indicate that indole-3 butyric acid (IBA)
significantly suprassed naphthalene acetic acid
in increasing necrosis parameter. However,
statistical differences were nil between the two
auxins as callus production, growth, greening
and rooting parameters were concerned.

These results are in harmony with the
findings of Tui-Ray et al. (2006). They stated
that rooting was achieved as half MS basal
medium was supplemented with IBA.
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Table (7): Effect of BAP concentration on growth and proliferation parameters of
cordalin.

" BAP

Parameters (scores)

Concentration

Necrosis

Callus
production

Prolifer

Growth

Greening |

mg/L
0

1,2940.03°

1.12+0.01°

1,2240.02°

2.68+0.04°

2.0720.06 |

1.510.02°

1.26+0.01°

3.1240.10°

3.66+0.01°

1.69+0.08°

1.2840.02°

3.85+0.07" .

3.15+0.05

2.3240.03°

2.160.01°

2.4240.10°

2.1620.01"

0.06 0.03

Additive

0.12

Parameters (scores

0.11

medium strength

Shoot elonlgion

Full

2.71+0.04

One-half

3.72+0.03°

One-Quarter

1.93+0.04°

2.35+0,04°

One-eighth

1.23+0,02*

1.31+0.08°

LSD at 0,08

0.06

0.12

8, b, ¢ & d: There is no significant difference between any two mean, within the same column

have the same subscript letter (LSD at 0.01).
Table (9): Effect of G

concentration on shoot elongation narameters of cordalin. ~

GA concentration Parameters (scores)
(mg/L) Necrosis Shoot elongation Greening
0 1.20+0.02° 1.22+0.01° 1.42+0.02°
0.1 1.3640.01° 2.01+0.01° 2.36+0.01°
0.5 2.63£0.02° 3.72+0.03* 3,63+0.02"
1.0 3.4540.09* 1.2840.03° 1.17£0.02°
LSD at 0,08 0.09 0.04 0.03
Table (10): Effect of auxin on growth and rooting parameters of cordalin.
Auxin tvpe Parameters (scores
v Necrosis pr(ﬁl‘\la];:on Growth Greening Rooting
NAA 2.2920.03° | 1.480.06" | 3212004 | 3.1820.02 | L TIX0,
TBA 2920.03" | 2.1320.3" | 74%:0.08" | 2382002 | 3.4620.
at 0.03 1.39° 1,83 2.10 233 465

a, b, ¢ & d: There is no significant difference between any two mean, within the same column

have the same subscript letter (LSD at 0.01).

4.3.2.b. Effect of IBA concentration:

It is clear from Table (11) and Photo
(7) that addition of 1.0 mg/L IBA to the
culture medium enhanced a significant impro-
v-ement as it increased rooting. More-over,
increasing IBA concentration resulted in a
significant increase in both necrosis and callus
production. Also supplementation of the
culture medium with low IBA concentrations
ie. 0.0 and 1.0 mg/L induced a significant

increase in greening parameter in comparison
with the other IBA concentrations.

These results disagreed with the
findings of Tui-Ray et al (2006). They
reported that addition 2.0 mg/L IBA to the
culture medium improved rooting of
Cordyline terminals.
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Photo (4): Effect of different GA; concentrations on shoot elongation of cordyline explants.
1: 0.0 mg GAJL 2:0.1mg GAJL 3:05mg GA/L 4: 1.0 mg GAJL

Table (11): Effect of IBA concentratnon ong owth and rooting

arameters of cordalin,

~ Parameters (or)

concentration

Necrosis

Callus
production

Growth

Greening

(mg/L)
0

1.20+0.03°

1.1940.05¢

3.47+0.09°

3.26+0.04°

1.17£0.03°

0.1

1.47+0.02°

1.42+0.03°

2.4440.03°

3.20+0.03"

2.21+0.04°

2.38+0.03°

1.63+0.02°

2.1120.11°

2.42+0.03°

3.5240.02°

2.75+0.05"

2.81+0.04°

2.02+0.02°

2.09+0.16°

2.12+0.11°

| ! LSDat005

a, b c&d There is s:gmﬁcantdlﬁ'erence between any o mean, wnthm the same column

~0.06

have the same subscript letter (LSD at 0.01).

O
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Table (12): Effect of different agricultural medium on survival percentage and growth
parameters of cordalin.

concentration i : i i
neel 10 Necrosis " production Greening Rooting

Peatmoss (1) 4.95+0.23 3.1440.12 [.81£0.05 | 1.02£0.02 | T.T11+0.09
Perlite 14.80+0.51 3.75+0.03 1.93+0.02 | 4.3420.03 1.10+0.10 %

V 5.33£0.58 4.52+0.22 1.534£0.02 | 1.74+£0.02 | 1.00+0.00
1+2 21,00£1.00 9.33+0.03 1.93+0.05 [ 5.47+0.06
1+3 32.00£2.65 11.65+£0.12 2.12+0.10 T 7.3620.15
2+3 42.67£3.79 [13120.17 | 224+0.09 | 4.76+0.05

1+2+3 65.33+4.73 7.1420.11

have the same subscript letter (LSD at 0.01)

IBA
Photo (5): Effect of IBA and NAA on growth of cordyaline explant

IBP NAA
Photo (6): Effect of IBA and NAA on rooting of cordyline explants
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1 & 2: Extablishment stage

2R ‘
Photo (7): Different developmental phases of in vitro Cordy
3: Proliferation stage

R

line explants

4 & 5: Shoot elongation and root formation
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