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ABSTRACT

'INTRODUCTION

Liquidambar from Latin liquidus,
fluid, and the Arabic ambar, amber; in allusion
to the fragrant juice which exudes from the
tree. Liquidambar styraciflua, linn, tree, 60-
120 ft. high; lvs. 5-7 lobed, with acuminate,
finely serrate lobes, lustrous and dark green
above, paler below and glabrous except tufts
of pale rufoua hairs in the axils of the principal
veins, 3-7 in. across; petioles 5-6 in. long; fr.
1- 1 % in across. March-May (Bailey and
Bailey, 1960)..

El-shamy et al. (2004) concluded that
both Magnolia grandiflora shoot tips and
seeds explants were effectively surface sterili-
zed by a mixture of mercuric chloride and
sodium hypochlorite (NaOCl) (comercial
Clorox) were used at 2% NaOCl plus 4 mg/l
mercuric chloride and at 1.5 mg/l NaOCl plus
2 mg/l mercuric chloride respectively.

The success of tissue culture in
propagation of ornamental plants is greatly
influenced by the nature of culture media. The
nutrient media has two major functions, the
first, is to supply the basic nutritional ingre-
dients for continued growth of isolated expla-
nts and subsequent propagules; the second
function, is to direct growth and development
through hormonal control (George and
Sherrington, 1994).

At the proliferation stage the best
proliferation was achieved on Strelitzia
reginae with the presence of IBA and BA (at
0.25 and 2 mg/l, respectively). In order to
eliminate apical dominance and to promote
growth, several incisions were made on the
apices (Bettaicb and Tissaoui, 1994).
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The addition of activated charcoal
(concentration of 0.2-3.0 % w/v) to the
medium effectively suppressed browning and
necrosis of Japanese Cycad (Cycas revoluta)
calluses (Monnier & Norstog, 1986).

Tissues of Magnolia soulangeana
formed callus when cultured on a modified
free-hormone MS medium (Klimaszewska
1981).

For stem segment from cordyline pla-
ced with one or two nodes on agar- basal half
strength Murashige and Skoog (MS) medium
for shoot growth Sagawa and Kunisaki (1990)
concluded that shoots should appear in 2-3
weeks.

MS medium at one-half the concen-
tration, which contains 3% sucrose, 10 ppm
2,4-D and 0.1% activated charcoal, induced
calluses from Cycas revoluta tissues in 2
weeks (Tadera e al., 1995).

The decrease of macronutrient salts in
the medium induced formation of lateral roots
expressed both as the percentage of roots for-
ming lateral roots and the number of laterals
per shoot of Dracaena. Roots formed on
medium supplemented with 1/10 MS macro-
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nutrient salts (Vinterhalter and Vinterhalter,
1992).

The formed roots of Dracaena were
the best for the shoots cultured on 3/4 MS-
strength. This was the case for using MS with-
out activated charcoal (El-shamy ef al., 1999).

Liquidambar styraciflua is a difficult-
to—propagate evergreen tree through conven-
tional vegetative methods. Moreover, it is also
difficult to establish in vitro its tissues from
plant material taken from mature woody trees.

The aim of this study was to reach a
well-defined protocol easily in vitro propa-
gation Liquidambar styraciflua. So, the expe-
rimental trial was carricd out mainly by using
explant and nutrient culture media, and also
by manipulating growth with the use of
various concentrations of different growth
regulators. Moreover, it was intended to deter-
mine the device simple and reliable methods
for in vitro propagation through. inducing
growth by completely controlled of oxidative
browning and preventing the dctrimental
effect of the brown exudates. So, the follo-
wing steps were investigated: The effects of
sterilization treatments, BA and Kin on multi-
plication stage, IBA, IAA and MS strength on
rooting behavior.

MATERIALS AND METHODS

This study was carried out in the
laboratory of Tissue Culture, Zohria Botanical
Garden, Cairo, Horticulture Research Institute,
Agriculture Research Center, Ministry of
Agriculture. The experiments were carried out
throughout 2007 — 2009 years. The objective
of this study was to investigate the most
suitable treatments for micropropagation of
Liquidambar styraciflua. The mother plants
were cultured in Zohria Garden. The parts
used as explants were shoot tips.

Culture room condition:

Cultures of Liquidambar styraciflua
were incubated in a growth chamber under
controlled conditions at 23 + 2 °C. All cultures
were exposed to a 16-h photoperiod/day (24 h
cycle) at an intensity of 2000 lux from white
fluorescent tube lamps.

Surface Sterilization of Explants:

The shoot tips of Liguidambar styrac-
iflua were excised from the mother plants and
then washed by soapy water for 10 min
followed by 1 h under running tap water. Then
they were sterilized by immersion in a
mercuric chloride (Hg,Cl) solution at the rates
of 1, 2, 3 and 4 mg/l plus 3-5 drops of Tween
20 for 3 min, followed by rinsing three times
in sterile distilled water. Subsequently, they
were immersed in a sodium hypochlorite
(NaOCl) solution (commercial bleach as
‘Clorox’ at 1.0, 1.5, 2.0 and 2.5 % NaOCl)
plus 3-5 drops of Tween 20 for 20 min.
Finally, they were washed 5 times with sterile
distilled water.
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Culture Media:

The Murashige and Skoog (MS)
medium was used for explants of Liquidam-
bar styraciflua. Media were solidified and
supplemented with 7.0 g/l agar. Sucrose at
30.0 g/l was added as a source of carbohy-
drate. The pH was adjusted to 5.7. Twenty ml
medium were poured in 100 ml jars and
. sterilized by autoclaving under steam pressure
1.5 bar at 121°C for 20 min.

At the establishment stage:

Each sterilized explant was cultured
under sterile conditions in 100 ml jars filled
with MS medium free hormone supplemented
with 3 g/l activated charcoal to prevent bro-
wning of the cultures.

At the multiplication stage:

For multiplication stage, 48 trcat-
ments were initiated with either BA or Kin at
different concentrations (0, 1, 2, 3 or 4 mg/l
BAand 0, 1, 2, 3, 4, 5 or 6 mg/l Kin). This
stage was repeated four times by subculturing
on the same media treatments. . After four
subcultures the number of shoot, shoot length
(cm) and number of leaves were recorded.
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At the rooting stage:

For rooting stage, 24 treatments were
used with either IBA or TAA at different
concentrations (0, 1, 2 or 3 mg/I IBAand 0, 1,
2 or 3 mg/l IAA). IBA or IAA and different
MS strength (full, half and quarter strength)
were used during rooting stage. After one
month number of roots and Plantlet height
(cm) were calculated.

At the Acclimatization stag:

Rooted plantlets were cultured singly
into 10 cm plastic pots filled with 1:1 (v/v)
peatmoss and sand under plastic tunnel at
plastic house condition. The plastic covers
were then gradually removed to reduce humi-
dity and to adapt plantiets to greenhouse con-
ditions.

Experimental design and data analysis

The layout of the experiment was
designed in completely randomized design
and the test LSD was used for comparison
among means according to (Steel and Torrie,
1980).

RESULTS AND DISCUSSION

Effect of different concentrations of sodium
hypochlorite (NaOCl) and mercuric chlo-
ride (Hg,Cl) on surface sterilization expla-
nts of Liquidambar styraciflua:

Results demonstrated in Table (1)
indicate that surface sterilization by sodium
hypochlonite (NaOCI) was positively signifi-
cant on plant survival explants (i.e. explants
neither contaminated nor dead) of Liquida-
mbar siyraciflua shoot tips. This effect
increased with the increase of NaOCl concen-
tration. The best concentration was 2.5 %,
which gave 6.5 survived explants.

Furthermore, the use of mercuric
chloride (Hg,Cl) on surface sterilization of
shoot tips of Liquidambar styraciflua was
lower at 1.0 and 2.0 mg/ll but still gave
positive significant effects when high concen-
trations were used (3 and 4 mg/l) compared
with the lower concentration (1.0 mg/1).

‘The interaction between NaOCl and
Hg,Cl was significant with the highest value
of survived explants (9) at 2 % NaOCI plus

4.0 mg/l Hg,Cl.

Results obtained here are in harmony
with those obtained elsewhere when Clorox
and mercuric chloride were used on its own at
Magnolia grandiflora (El-shamy et al., 2004).

Effect of different concentrations of BA on
multiplication stage of Liguidambar styraci-

flua:

For shoot length, data calculated in
Table (2) show that BA concentrations indu-
ced the decrease in elongation of shoot length.
Here, it was found that the shoots were tallest
(1.5) at zero-level of BA. Also, there were
significant differences in shoot length between
the different concentrations of BA.
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When subculturing, it was found that  the first subculture and that shoot length was
the tallest shoots were recorded at the end of  stable in the following subcultures.

Table (1): Effect of different concentrations of sodium hypochlorite (NaOC)) and mercuric
chloride (Hg,Cl) on surface sterilization explants of Liguidambar styraciflua:

NaOCl (%) He,Cl (mg/l) Mean (A)
1 2 3 4
1.0 0.0 0.0 0.0 0.1 03
15 0.0 20 5.0 5.0 3.0
2.0 30 50 6.0 9.0 58
25 6.0 6.0 7.0 7.0 6.5
Mean (B) 23 33 3.5 55

LSD NaOCl (A) = 0.1342 LSD Hg,Cl (B) = 0.1343 LSD (AXB) = 0.2692

Table (2): Effect of different concentrations of BA on multiplication stage of Liquidambar
styraciflua:

Shoot length (cm) Number of leaves Number of shoots

BA (mg/l)

Subculture} 1 2 3 4

,_.

N

w

I
Mean (A)

')

)

-
Mean (A)

1.0
3.8

13/14/16]18
1.1]12]13]14
11109/0810.7
1.0,/08)0.7)06
1.0105(/03/02
Mean(B) [ 1.1 0.9 0.9 | 09

LSD BA (A) = 0. 0500

30/1011.0,10]10
231732145157
2513755167
45157177110
47160180115
291395372

=0. 4053

25147157172
1.2117]120(25]32
09/10/10]10]1.0
0810,10]1.01.0
0510110110110
1411922 |27

=0.2122

7.2
7.5

B[N S

LSD subculture (B) = 0.0446
LSD (A) X (B) =0.1000

For the interaction between BA
concentrations and subcultures, results sho-
wed the tallest shoots was achicved when BA
was at zero-level at the end of fourth sub-
culture.

Results for number of leaves presen-
ted also in Table (2) show that BA decreased
number of leaves probably due to a decrease
in stem eclongation and in number of inter-
nodes. Thus, it was found that the highest
number of leaves was obtained and main-
tained at zero-level BA (3) when compared to
the higher BA concentrations (1, 2, 3 and 4
mg/l). The number of leaves was constant
when maintained at the higher levels of BA.

There was a steady increase in leaf
numbers with subculturing. After the fourth

=0.1900
=0.4247

=0.3624
=0.8107

subculture, the greatest number of leaves (2.7)
were obtained when compared to the first,
second and third subcultures (1.4, 1.9 and 2.2,

respectively).

The interaction between BA concen-
trations and subcultures showed that there
were not any differences at the high concen-
trations of BA (2, 3 and 4 mg/l BA) during the
four subcultures; with all shoots having one
leaf only. In contrast, there were significant
differences between the zero-level and 1 mg/t
BA in all of the four subcultures.

For number of shoots, results repre-
sented in Table (2) demonstrate that there was
no new shoot formation at zero-level of BA
during the four subcultures understudy.
Increasing of shoot numbers was positively
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correlated with increasing of BA concen-
trations. There were significant differences
between the different concentrations 1, 2 and
3 mg/l BA, in respect order (3.8, 4.6 and 7.2,
respectively) but no significant differences
were recorded between BA at 3 mg/l (7.2) and
BA at 4 mg/1 (7.5).

Also, number of shoots were increa-
sed with subculturing. This was true and valid
for the four subcultures understudy (2.9, 3.9,
5.3 and 7.2, respectively).

As for the interaction between BA
concentrations and subcultures it was found
that the greatest number of shoots were
obtained at 3 or 4 mg/l BA in the fourth
subculture (11.0 and 11.5, respectively).

In the same trend, BA at 0.5 mg/l was
superior than 1.0, 2.0 or 4.0 mg/l when com-
pared to explants responded from leaves of
Gerbera (El-shamy et al., 2009).

Effect of different concentrations of Kin on
multiplication stage of Liquidambar styraci-

flua:

Results illustrated in Table (3) indi-
cate that shoot length of Liquidambar styra-
ciflua was increased due to both existence and
increased dosage of Kin concentration. There
were significant differences between almost
all the different concentrations of Kin when
compared with the zero-level control except at

1 mg/l.

Similarly, the subcultures showed
persistent increases in shoot length in all four
subcultures.

The interaction between Kin concen-
trations with time was significant in increasing
shoot length, which was demonstrated clearly
in almost all the different treatments.

Also results exhibited in Table (3)
show that Kin caused an increase in number of
Liquidambar leaves. This was true between
the different concentrations of Kin used and
also when compared with the zero-level
control. The highest number of leaves was
found when 6 mg/1 Kin was used (10.6).
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Similarly, as in shoot length, subcul-
turing was significant and led to increases in
number of leaves. The fourth subculture
showed the highest number of leaves (13.7).

Also, the interaction between Kin
concentrations and subculturing was signifi-
cant in increasing number of leaves in almost
all the different combinations. The only
exception was between Kin 5 and 6 mg/l at
the fourth subculture.

Moreover, results exhibited in Table
(3) indicate that there were continuous
additive increases in number of Liquidambar
shoots due to the increase in the concentra-
tions of Kin except in one case only, iLe.
between 5 and 6 mg/l of Kin.

Following the same trend, as in
number of leaves and numbers of shoots were
increased as a ‘result of subculturing. The best
subculture was the fourth one (7), which led to
the greatest number of shoots.

The interaction, between the different
concentrations of Kin and the four subcul-
tures, was in general significant in increasing
number of Liquidambar shoots. Notably, the
zero-level of Kin did not form any shoots with
subculturing. There were enormous significant
differences between 5 or 6 mg/l Kin and the
zero level control at the fourth subculture
(11.7, 12 and 1, in respect order).

A comparison between the effect of BA and
Kin on Liquidambar:

When results were compiled together,
it was found that shoot length of Liquidambar
was decreased with increasing of BA con-
centration while vice versa shoot length was
increased with increasing of Kin concentra-
tion. Also, there were decreases in shoot
length with subculturing when BA was used.
In contrast, there werc increases in shoot
length in the following subcultures when Kin
was used. For shoot length elongation, the best
concentration of BA was zero-level while the
best concentration of Kin was at 6 mg/l. So in
general, for the sake of shoot length elonga-
tion, Kin at concentrations utilized were better
than BA concentrations.
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Similarly, number of Liquidambar
leaves increased with increasing of Kin
concentrations and vice versa for BA as in
shoot length. Number of leaves was limited to
1 only when BA at 3 and 4 mg/l was used
compared to 6.5 and 7.1 when Kin was used,
in respect order.

It was found that number of shoots
increased when either BA or Kin were used.
BA showed a higher increase in shoots
numbers when compared to Kinat 1,2, 3 or 4
mg/l. Although BA was not compared at 5
and 6 mg/l with Kin, Kin was still preferred
because it gave higher number of shoots with
desirable features (i.e. in both elongation and
number of leaves/ shoot) which was suitable
for the rooting stage still to come.

On the other hands, Kin was better
than BA for the multiplication stage of Mag-
nolia grandiflora which could be used to
increase the number of shoot formed per shoot
(Hartmann et al., 1990 and El-shamy et al.,
2004).

Effect of different concentrations of IBA
and MS strength on rooting stage of Liqui-
dambar styraciflua:

Results presented in Table (4) demo-
nstrate that the MS strength under study
clearly affected number of roots during the
rooting stage of Liquidambar styraciffua. The
MS medium at quarter was superior than other
MS strength in the number of roots formed
(1.3 and 1, respectively). Whereas, full and
half MS strength did not affect rooting of
Ligquidambar shoots.

For IBA levels, it was noted that only
2 mg/l IBA induced the formation of roots on
Liquidambar shoots (1.4) when compared
with the remaining treatments (1).

The interaction between the different
concentrations of IBA and MS strength treat-
ments showed that the only combination
which led to the formation of most roots (2.2)
on Liquidambar shoots, was when 1/4 MS
was used and supplemented with 2 mg/l IBA.

Also results presented in Table (4)
show that only 1/4 MS gave positive clon-
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gated plantlet height during in vitro rooting of
Liquidambar results. While full and half MS
strength did not affect plantlet height at all.

Moreover, results in Table (4) indi-
cated that plantlet height also increased when
IBA concentration was increased from 0 to 2
mg/l with estimated values of 2.9, 3.5 and 4.2
cmat 0, 1 and 2 mg/l IBA, in respect order. At
3 mg/l IBA, plantlet height was stable (4.2
cm) and not significantly different than the
lower concentration 2 mg/1 (4.2 cm).

The interaction between the different
concentrations of IBA and different MS stren-
gth on plantlet height elongation demons-
trated that the highest results were obtained
when 1/4 MS and 2 or 3 mg/l IBA were used
in combination together (7.7 and 7.8 cm,

respectively).

For successful in vitro rooting, shoots
of Magnolia grandiflora were treated with
IBA in the culture medium (El-shamy ef al.,
2004).

Effect of different concentrations of IAA
and MS strength on rooting stage of Liqui-
dambar styraciflua:

Results exhibited in Table (5) indicate
that MS strength did not affect number of
roots. IAA was also not significant in inducing
root formation when expressed as number. of
roots.

With regards to the interaction bet-
ween the different concentrations of IAA and
different MS strength on root formation, it
was noted that 1/4 MS plus 2 mg/l IAA gave
the only positive response (0.2) in number of
roots when compared with the rest of the
different other combinations.

Also, results calculated in Table (5)
demonstrate that only 1/4 MS affected Liqui-
dambar plantlet height and increased it (5.5
cm) when compared to full and half MS

strength (2.5 cm).

As far as IAA was concemed, it was
found, as in IBA, that increases in plantlet
beights were found due to increases in TAA
concentrations.
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Table (3): Effect of different concentrations of Kin on multiplication stage of Liguidambar

styraciflua:
Kin Shoot length (cm) Number of leaves Number of shoots
(mg/)
< < <
Sub- 1y 1, 13| g § 1234|888 1|2|3|4]|§8
culture
2. b P
0 1314116 (18(15(25{47(57|72|50(10(10(101/10]10
1 131141719 |16|27[52(62175|54|15(25/3.7(453.0
2 1415|1719 /16130(57|65|80|58|20|30/42(55]3.6
3 1516 18(19(17(40(62[72|87|65|32/42(57|70]5.0
4 1611618120117 |52/65|77(90|71/40|50|65/|77|58
5 181192124120 /67|95(11.01132{10.1/5.0|62|95(11.7| 81
6 181192124121 75(100{11.5{13.7(106(5.0 65|97 (120! 83
M(]‘;*)‘“ 15161820 4568 (80|99 314057170
LSD Kin (A) = 0.0313 =(,3856 = (). 3480
LSD subculture (B) = 0.0235 =(0.2912 =(.2631
LSD (A) X (B) = 0.0627 =0.7716 = (.6963

Table (4): Effect of different concentrations of IBA and MS‘ strength on rooting stage of

Liquidambar styraciflua:
Medium Nu;?;:; ot;loots Mean Pla“;l;; (J/:)@mL Mean
e m A m A
P o T 1] 2 T3 @ o171 1273 W
~MS 10 | 10 [ 10 | 1.0 1.0 25 | 25 | 25 | 25 25
'L MS 10 |10 ] 10 ] 10 1.0 25 | 25 | 25 | 25 25
1. MS 10 | 10 | 22 | 1.0 1.3 38 [ 56 | 77 | 78 6.2
Mean(B) | 10 | 10 | 14 | 10 29 | 35 | 42 | 42
LSD MS strength (A) = 0.1980 =0.1382
LSD IBA (B) = 0.2290 =0.1594
LSD (A) X (B) =0.3963 =0.2765

Table (5): Effect of different concentrations of IAA and MS strength on rooting stage of
Liquidambar styraciflua;

Medium Number of roots | Mean Plantlet height (cm) Mean
0 1 2 3 0 1 2 3
MS 1.0 1.0 1.0 1.0 1.0 2.5 25 2.5 2.5 2.5
', MS 1.0 [ 10 |10 [ 10 ] 10 [ 25 ] 25 [ 25|25 | 25
1, MS 1.0 1.0 1.2 1.0 10 38 52 6.3 6.7 55
Mean (B) 1.0 1.0 1.0 10 2.9 34 3.7 39
LSD MS strength (A) = NS =0.1160
LSD IAA (B)=NS ={,1336
LSD (A) X (B) =0.2085 =0.2320

The interaction between the different
concentrations of IAA and different MS
strength on plantlet height showed that the

highest value for plantlet height was obtained
when 1/4 MS was used plus 3 mg/l IAA (6.7
cm). While, no elongation was recorded when
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full and half MS strength was used in com-
bination with any 1AA concentration (2.5 cm).

A comparison between the effect of IBA
and IAA on Liquidambar:

When results were compiled and
compared together, it was found that 2 mg/l
IBA was better than 2 mg/l IAA in increasing
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number of roots and also in improving plantlet
height.

Adaptation stage:

Successful adaptation (70%) to greenhouse
conditions was obtained by transplanting of
plantlets in pots containing sand and peatmoss
mn ratio of 1:1.

Plate (1): Jn vitro micropropagation of Liguidambar styracifiua
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