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ABSTRACT

For micropropagation of Juslicia brandegeana, shoot tips were excised from
mature plants grown in the greenhouse. These explants were cultured on MS medium
containing combination of BA and NAA. Hyperhydricity was a serious problem during
the micropropagation of Justicia brandegeana. The effects of different factors for over-
corming of hyperhydricity were studied. This phenomenon was influenced by level and
type of cytokinin, salts media, vessel aeration and agar concentrations. High BA
concentrations (2.0 and 3.0 mg/L) gave multiple shoots but led to high incidence of
hyperhydricity. WPM was significantly effective in controlling hyperhydricity in shrimp
plant compared with MS rmedium. The treatment of 8.0g/L agar with opening jars
(weekly) gave the lowest hyperhydricity percentage {8.39%) without affecting shoot
muitiplication (11.20 shoot/explant).

The developed shoots were transferred to half- MS medium for rooting. Two
types of auxin were tested; IBA or NAA each at 0.0, 0.5 and 1.0 mg/L with or without
3.0 gL AC. The treatment of 1.0 mg/L NAA and 3.0g/L AC produced the largest
nurnber of roots (4.60). The plantlets were transferred from the rooting medium and
cuftured in 1:1 peatrnoss: sand mixture. The survival percentage was 73% after 5
weeks from transplanting.

INTRODUCTION

The shrimp plant, Justicia brandegeana (Beloperone guttata), family
Acanthaceae is an evergreen perennial shrub with spindly limbs, oval green
leaves, and white flowers extending from red bracts which look a bit like
shrimp...hence the shrub's common name. The bush grows to four or five
feet tall, the leaves are oval usually about 2.5 inches long. it is a common
omamental shrub and does best in well-drained sandy or ioamy scil, but is
generally low maintenance and drought- tolerant. The flowers fade somewhat
in the full sun. Shrimp plant can be used as Border, Mass Planting,
Specimen, Container Plant and Naturalizing. (Davison, 2001). In Egypt, no
satisfactory results were obtained conceming propagation of Justicia
brandegeana from seed or cuttings (many orcharest). Problems associated
with conventional propagation, including poor rooting from cuttings, low seed
production have promoted the use of micropropagation as a method to rapid
production of many clones. Micropropagation of omamental plants through
tissue cuiture is very important to produce large number of genetically,
healthy, uniform plants. (Al-Maary ef al., 1995). In vitro propagation presents
a very important alternative, because it has higher rates of multiplying clean
planting material and the small amount of space required to multiply large
number of plants. In our preliminary experiments using shoot tips of Justicia
brand:: zana indicated high incidence of hyperhydricity. However,
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micropropagation of Justicia brandegeana is hammered by the phenomenon
of hyperhydricity (vitrification).

Hyperhydricity is a frequency problem in tissue cultures limiting the
growth and multiplication in vitro and establishment ex vitro (Debergh et al.,
1992). It's a serious problem during in vitro culture of plants, which directly
affects the production at commercial level. This phenomenon is characterized
by a "glassy" or " swollen™ appearance to the tissue and can often reduce
multiplication rates, induce poor quality shoots and ultimately lead to tissue
necrosis (Ziv, 1991). Methods employed to controlled hyperhydricity have
included improved vessel aeration (Rosetto et al., 1992}, reducing cytokinin
levels and changing the concentration of medium constituents (Ziv, 1991),
increasing agar concentration {(Lapena et al, 1992)...etc. Although these
modifications can often alleviate symptoms, they can also cause a
simultaneous decrease in multiplication rates (Zimmerman et al., 1995).

The objective of this investigation is to identify an efficient and
reproducitle protocol for shoot proliferation without hyperhydricity for
micropropagation of Justicia brandegeana from shoot tips and establish the
requirements for in vitro rooting and acclimatization of plantlets in soil for
producing abundant material.

MATERIALS AND METHODS

This study was carried out at Plant Biotechnology Department, Institute
of Genetic Engineering and Biotechnology, Minufiya University, during the
years of 2004 and 2005.

First Experiment

The aim of this experiment was to determine the optimal combination of
Naphthalene acetic acid (NAA) and Benzyladenine (BA) for multiplication
from shoot tip culture. Shoot tips were excised (about 7-8 mm) from mature
plants grown in greenhouse and were washed with running tap water for 30
min. Surface disinfection of explants was achieved by immersion with 20%
commercial bleach solution (v/v) { 0.5% sodium hypochlorite) for 10 min.
followed by four rinses in stenle distilled water 1o remove all traces of the
disinfectant. The extemal parts of explants were removed and remained
portion was of 0.4- 0.5 cm in length. These explants were cultured on MS
(Murashige and Skoog, 1962) medium. This medium was used at full strength
supplemented with different concentrations and combinations of NAA and
BA.

Aseptic shoot tip explants (0.4 - 0.5 cm) were cultured on MS medium
containing 30 g/L sucrose and solidified with 7.0 g/L agar. For shoot
proliferation, this medium was supplemented with NAA at 0.0, 0.1 and 0.5
mg/L corresponding t0 BA at 0.0, 0.5, 1.0, 2.0 and 3.0 mg/L in different
combinations. The pH medium was adjusted to 5.7 prior to the addition of
agar. Medium was distributed into culture jars {325 ml), each jar contzined 40
ml of the medium. The jars were capped with polypropen closures and
autoclaved at 121°C and 1.2 kglcm3 air pressures for 20 min, All Cultures
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were incubated at 25+2°C under 16 h using cool white fluorescent light. The
following data were collected after 5 weeks from cuiture initiation:

- Number of shoots per explant.

- Number of hyperhydrified shoots and Hyperhydricity percentage (%) was
calculated as:

Number of hyperhydri fied shoots

Number of shoots per explant

% Hyperhydri city = x100
Second Experiment

The aim of this experiment was to study the effect of salt formulation
media and cytokinins and their concentrations on hyperhydricity of shoots.
Aseptic shoot tip explanmls (as mentioned in the first experiment) were
cultured on the surface of the solidified of two type of salt media MS or WPM
(Lloyd and McCown, 1981) including two type of cytokinins, BA or Kin each at
0.0, 1.0. 1.5. 2.0 and 3.0 mg/L. The media were gelled with 7.0 g/L agar and
30 g/L sucrose. The pH medium was adjusted to 5.8 prior to the addition of
agar. The media were distributed into culture jars (325 ml), each jar contained
40 ml. Jars were capped with polypropene closures and autoclaved at 121°C
and 1.2 kg‘me3 air pressure for 20 min. All cultures were incubated at 25+
2°C under 16 h using cool white fluorescent light. Data collected after 5
weeks of cultures were number of shoots, number of hyperhydrified shoois
and shoot height.

Third Experiment

The aim of this experiment was to study the effect of opening
cultured jars for about 7 minutes (as a method for air exchange) and agar
concentrations on the shoot mulliplications as well as on the hyperhydricity of
Justicia brandegeana.

The best type and concentration of cylokinin (2.0 mg/L BA) and salt
medium (WPM) were selected from previous experiment to test the effect of
agar concentrations and opening culture jars on multiplication and
hyperhydricity.

Aseplic shoot tips were cultured on WPM supplemented with 2.0
mg/L BA and agar at five concentrations (6.0, 7.0, 8.0, 9.0 and 10.0 g/L)
combining with opening the culture jars in lamina flow (hood) every 7 days
{for changing air in jars) or without opening for 5 weeks. The medium was
distributed into culture jars. The jars were capped with polypropene closures
and autoclaved at 121°C and 1.2 kg/cm’ air pressure for 20 min. Three
explants were cultured per jar and each treatment included five replicates. All
cultures were incubated at 25+2°C under 18 h using cool white fluorescent
light. The following data were recorded after 5 weeks:

-Number of shoots per expiant
-Number of hyperhydrified shoots
Statistical Analysis

Experiments were set up in completely randomized block design with
five replicates; each replicate consisted of one jar containing three explants.
All experiments were repeated two times. The results were analyzed by
analysis of variance (ANOVA) according to Gomez and Gomez (1984).
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Rooting and Acclimatization

Proliferated and non-hyperhydrified shoots were individually
separated (about 1 cm in length) and cultured on rooting medium. The
medium was half strength MS salts supplemented with myo-inositoi at 100
mg/L, sucrose at 30 g/L. For rocting, two types of auxins were tested; IBA or
NAA at 0.0, 0.5 and 1.0 mg/L with or without 3.0 g/L activated charcoal (AC).
The pH medium was adjusted to 5.8 prior to the addition of 7.0 g/L agar. The
medium was distributed into culture jars. The jars were capped with
polypropene closures and autoclaved at 121°C and 1.2 kg/cm® air pressure
for 20 min. Three shoots were cultured per jar and each treatment included
five replicates. The culture jars were kept under the same environmental
conditions as described with previous experiment. After 4 weeks, number of
roots /shoot was recorded.

The shoots wilh well-developed roots were washed with tap water to
remove agar and transferred to mixure of 1.1 v/v (pealmoss and sand) in
smalt plastic pots. The pols were maintained in a greenhouse and a selution
of palf strength MS salts was added to the pots to develop plants. After 4
wekks, the survival percentage was recorded,

RESULTS AND DISCUSSION

Effect of BA and NAA and their combination on multiplication and
hyperhydricity.

Table (1) and Fig (1) show the effect of BA and NAA and their
interaction on the number of both shoots per explant and hyperhydrified
shoots and percentage of hyperhydricity. Data of the main effect of BA on the
number of shoots per explant (multiplication) show that shoot multiplication
was gradually increased with increasing BA concentrations up to 2.0 mg/L ,
then a little decrease (9.13) in this parameter was noticed at 3.0 mg/L BA
compared with 2.0 mg/L which recorded the highest recorded (10.86).

Table (1): Effect of BA and NAA concentrations on shoot proliferation
and hyperhydricity from shoot tip culture of Justicia
brandegeana after 5 weeks on MS medium.

Treatments | Number of shoots | Number of ;L

{mgil) per explant Mean hyp:;l;{;l:ﬁed Mean % hyperhydricity
A A

aaa 2 0o 0.t |05 00 | ot | 05 00 | 01| 05
0.0 0.00 | 0.00 (0.000 0.00 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Q35 660 | 620 [6.20 633 | 145 | 280 | 400 | 2.75 | 22.12| 45.16| 64.52
1.0 9.80 | 9.40 |6.80{ 8.66 | 6.00 | 660 | 520 | 5§93 | 61.22( 70.21| 76.47
20 12.80| 10.80(9.00(10.86| 9.60 | 8.20 | 7.40 | 8.40 | 64.06 | 68.52 | 82.22
3.0 920 | 880 (940 9.13 | 760 | 820 | 9.20 | 8.33 | 82.61 | 83.18| 97.87

| MeanB 7.68 | 7.04 (8.28 493 | 5.15 [ 5.16

LSD & A= 0.80 ] A= 0.62

SD 8% Bx 062 B= NS

AxB= 139 t47 AxB= 1.08 t
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2.0BA « 0.5 NAA 0.5BA. 0.0NAA

Fig (1): Multiplication rate from shoot tips cultured on MS medium and
hyperhydrified shoots {(arrow) on MS medium after 5 weeks
from culturing in vitro.

On the conlrary, increasing NAA levels from 0.0 to 0.5 mg/L caused a gradual
decrease in this parameter and the highest level (0.5 mg/L) was more
pronounced (6.28). Effect of the interaction between BA and NAA on the
number of shoots per expiant indicates that no shoots were proliferated in the
absence of either BA and NAA or BA alone. Data also clear that 2.0 mg/L BA
alone gave the highest record (12.80) foliowed by 2.0 mg/L BA with 1.0 mg/L
NAA (10.80), while the lowest value (6.20) was obtained with the media
contained 0.5 mg/L BA combined with either 0.1 or 0.5 mg/L NAA. In several
plant species, combinations of cytokinins and auxins are reported to stimulate
the in vitro multiplication of shoots. The plant growth regulators, BA and NAA
are often used for the induction of shoots (Tripepi, 1997). In this regard when
{BA was included in the culture medium at 0.1 or 0.5 mg/L. concentrations, the
higher BAP levels (2.0 or 3.0 mg/L) became less effective for shoot formation
of Amygdalus communis (Gtirel and Giilsen, 1998).

Concerning the effect on the number of hyperhydrified shoots the
same Table reveal that increasing BA levels increased hyperhydricity of
shoots gradually. The highest record (8.40 that act as 77.35% from number of
shoots per explant) was obtained at 2.0 mg/L BA. Maghazy Eman et al.,
(2002) indicated that increasing tevels of BA in culture medium increased the
occurrence of vitrification phenomenon of Dianthus caryophylius. Moreoever,
incidence of hyperhydricity was high in all combinations of growth regulators.
Data clearly show that presence of auxin combined with cytokinin increased
hyperhydricity up to 9.20 and 97.87 % for number of hyperhydrified shoots
and hyperhydricity percentage respectively. These results are in agree with
that of Debergh et al, (1992) who reported that hyperhydricity was more
strongly linked to the presence of auxin and to the auxin/cytokinin balance,
than to the cytokinin level or the number of subcultures.
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Data in Table (1) clear that hyperhydricity percentage was gradually
increased with increasing both BA and NAA together in the media. A possible
explanation could be that the auxin/cytokinin balance of regeneration media
affected the DNA leve] of regenerates. In turn, an abnormal DNA content was
systemically associated with severe hyperhydricity symptoms (Ochatt et a/,,
2002). The highest percenlage (97.87%) was obtained with 3.0 mg/L BA
combined with 5.0 mg/L NAA, while the lowest one (22.12%) was obtained
with 0.5 mg/L BA alone.

Effect of cytokinin types (BA and Kin) at various concentrations and
culture media salts on multiplication.

Data in Table (2) show the effect of two types of cytokinin (BA and
Kin) at various concentrations and cullure media salls on the number of
shoots per explant (multiplication) after 5 weeks from culture. Data clear that
insignificant effect between MS and WPM media was observed on shoot
multiplication. Data alsc clear that BA was more effective than Kin in
increasing this character. Shoot number was significantly increased with
increasing cytokinin concentrations. The highest shool number (11.40) was
obtained by 2.0 mg/L cytokinin compared with control or other levels. Similar
result was obtained by Chan et al, (2003) who reported that basic MS
medium supplemented with 2.0 mg/L BA was found to be the most suitable
medium for induction of mulliple shoots in Caladium horiufanum and
Caladium bicolor. Concerning the interaclions between cullure media and
cytokinin (types or concentrations) insignificant effects on this parameter
were observed.

Table (2): Effect of different types of cytokinin at various
concentrations and culture media salts on the number of
shoots/explant of Justicia brandegeana after 5 weeks in vitro.

- Sy Concentration of cnoklmE’ {C} Mean Mean
Media (A) | 7 ype(B) 00 |10 |15 | 20 | 3.0 | (AxB) |of{A)
MS BA 0.00 |9.60 (10.80] 13.20 | 9.00 B.52 7 7ﬂ

Kin 0.00 |6.40 | 840 | 10.00 10.20T 7.00 ‘
BA 0.00 |9.20 [10.40 | 12.20 110.40 8.44
WP Kin 0.00 660 [7.80 [10.20 | 9.60 | 684 ] ¢
Mean of (C 0.00 17.95 1935 | 11.40 | 9.80 Mean of (B)
ﬁan of BA 0.00 |9.40 [10.60 [ 12.70 | 9.70 8.48 ]
(BxC) Kin 0.00 ]6.50 [8.10 | 10.10 | 9.90 6.92 |
Mean of MS 0.00 |8.00 /960 | 11.60 | 9.60 T
(AxC) PM 0.00 [7.80 [9.10 | 11.20 [10.00
A = NS
B = 0.46
C=0.74
LSD at 5% A x B=NS
A x C= NS
ﬁ xC=104
xBxC=NS |
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However, a significant increase was obtained with increasing either BA or Kin
concentrations compared with the control. The highest vatues in this respect
(12.70 and 10.10) were obtained by using 2.0 mg/L for both BA and Kin,
respectively. Regarding the interaction effect among cytokinin type and
concentration and culture media, data in the same Table reveal that no
shoots were proliferated in the absence of hormones in MS or WPM media.
Also, the highest records were obtained with BA at 2.0 mg/L for both MS and
WPM media (13.20 and 12.20, respeclively}. However, the lowest records
were obtained with Kin at 1.0 mg/L for both MS and WPM media (6.40 and
£.60 respeclively), but these results did not reach to the significant level at
5%.

Effect of type of cytokinin and their concentration and culture media on
hyperhydricity.

Data in Table (3) reveal the main effect of culture media on the
number of hyperhydrified shoots. It clearly shows that WPM (4.38) was
significantly effective in controlling hyperhydricily in shrimp plant compared
with MS medium (6.00).Similar resulls were reported by Thomas et al.,(2000)
who found that Rugini Olive (RQO) basal medium showed better growth and
les3 hyperhydricity than MS medium. That may be due to low conceniration
of mineral, especially ammaonium in WPM than MS medium. A low nitrogen
concentration medium, such as a half-strength of MS or a WPM media is a
more suitable mineral combination than full-strength MS. Data of the same
Table clear that although number of hyperhydrified shoots was significantly
decreased by Kin (4.92) than BA (5.46) but, Kin was more effective than BA
in increasing hypernydricity, since hyperhydricity percentage of Kin was
71.10% compared with that of BA (64.39%). Kadota and Niimi (2003} showed
thal hyperhydricity in explants of Pyrus pyrifolia is affected by type of
cytokinin, but the concentration has little influence. The difference observed
in susceptibility to hyperhydricity depended on the type of cytokinin used
(Ochait ef al, 2000). In addition, number of hyperhydrified shoots was
gradually decreased with decreasing cylokinin level up to 1.0 mg/L. Although
several faclors are generally involved in the induction or development of
shoot hyperhydricily, an excess of cytokinins has been reported to be a major
factor involved in shoot hyperhydricity during in vitro propagation of several
plant species (Kataeva ef al, 1991). Concerning the interaclion effects, Table
(3) indicates that there was insignificant effect on the number of
hyperhydrified shoots between c¢ytokinin type and either culture media or
cytokinin levels. Whereas, the interaclion effect between culture media and
cylokinin concentrations had a significant effect on this parameter. Data clear
that this parameter was restricted by decreasing cytokinin levels up to 1.0
mg/L (5.10 and 3.40 for MS and WPM media, respectively). Regard to the
interaction among culture media and cytokinin lypes and concentrations, the
same dala indicate that insignificant effect on this character was observed.
Generally in both culture media the number of hyperhydrified shoots was
increased with increasing cytokinin under this study, especially MS medium
supplemented with BA.
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It is of important to conclude the hyperhydricily percentage which
can be calculated from Tables (2 and 3) mentioned previously. The
concentrations of cytokinin, types of cytokinin and culture medium and their
interactions affected hyperhydricity percentage in shrimp plant. Accordingly,
hyperhydricity percentage ranged from 42.42% in the treatment of WPM
supplemented with 1.0 mg/L Kin to 93.33% in the treatment of MS
supplemented with 3.0 mg/L BA. Although the treatment of WPM with
1.0mg/L Kin gave the lowest percentage, but a lower number of shoots per
explant (6.60) also was obtained. Therefore, the treatment of WPM with
2.0mg/L BA was selected to continue the next experiment, since it gave a
considerable number of shoots (12.20) and a lower hyperhydricity percentage
(47 .54).

Table (3): Effect of different types of cytokinin at various
concentrations and culture media salts on the number of
hyperhydrified shoots of Justicia brandegeana after 5
weeks in vitro.

Concentration of cytokinin (C) M M
i Cytokinin | 546 | 40 |15 | 20 | 3.0 (AiaEr;) ofe(;r;
Media (A) type(B) . . . . .
MS BA 0.00 |[560 |760 | 10.20 | 840 6.36 6.00
Kin 0.00 | 460 |6.40 | 840 | 8.80 5.64 )
BA 0.00 [4.00 520 | 580 | 7.80 4.56
WPM  Kn 0.00 | 2.80 | 5.00 | 560 [7.60 | 420 | +8
Mean of {C) 0.00 |4.25 605 | 7.50 | 8.15 Mean c}({B)
Meanof BA 0.00 (480 640 | 8.00 | 810 5.46
(BxC) Kin 0.00 [3.70 570 | 7.00 | 820 4.92
Means of |MS 0.00 [5.10 |7.00 | 9.30 | 860
(A x C) PM 0.00 [340]510 | 570 | 7.70
A = 0.36
B =0.36
C =057
LSD at 5% A x B= NS
AxC=0.81
xCaNS
ﬁxBxC*NS

Effect of agar concentrations and air exchange on multiplication and
hyperhydricity.

The number of shoots per explant, the number of hyperhydrified
shoots and hyperhydricity percentage as affecled by agar concentration and
opening culture jars (without subculture) are shown in Table (4). Data reveal
that the shoot multiplication was significantly decreased with increasing agar
concentrations from 6 to 10 g/L, except at 7.0g/L, since an insignificant
increase was observed (13.70) compared with the treatment of 6.0 g/L agar
{13.00). As a conclusion, increasing agar concentrations was more effeclive
in controlling hyperhydricity and producing normal shoots. However,
increasing agar had a negative effect on multiplication rate of Justicia
brandegeana. This is consistent with a reduction in BA uptake by the explants

5274



-

J. Agric. Sci. Mansoura Univ., 31 (8), August, 2006

at higher agar concentration as found by Bornman and Vogelmann (1984).
Growth and shoot proliferation decreased with increasing agar amount
{Manoj et al,, 2003). However, opening culture jars resulled in a significant
increase shoot multiplication (10.80) compared with the closed one (9.72).
Fal et al., (1999) reported that longer shoots of Dianthus caryophyilus were
produced when the rate of gas exchange in the cuiture vessel was increased
by using vented closures, which also prevenied hyperhydricity and increased
the multiplication coefficient in cultures. Beruto and Portogalio, (2000) found
that improving air-exchange during the culture period without renewing the
medium improved shoot eiongation and allowed & better ieaf development.
Furthermore, insignificant effect was noticed due to the interaction between
agar concentrations and opening culture jars on shoats number (Table, 4).

Table (4): Effect of opening culture jars and agar concentrations on
shoot multiplication and hyperhydricity of Justicia
brandegeana after 5 weeks from shoot tip culturing on

WPM.
Number of Number of
Treatments shoots per Mean hyperhydrified Mean % hyperhydricity
explant A shoot A
ening (B)) Without Without - Without .
tAgar giL 9 opening opening opening opening opening opening
6.0 12.80 13.20 | 13.00] 9.40 720 [ 830 | 7344 54.55
7.0 12.80 | 1460 { 13.70] 560 192 | 376 | 4375 | 1315
8.0 10.00 | 11.20 | 10.60| 460 094 | 277 | 46.00 839
9.0 7.80 8.60 | 8.20 1.14 Q00 0.87 | 14862 0.00
10.0 520 | 640 | 580 000 | o000 [ 000 ] 000 000 |
| MeanB 972 | 10.80 444 | 201 [
A =0.83 A =097
LSD 5% B= 058 B=  0.61 J
AxB= NS AxB= 1.38

As for number of hyperhydrified shoots, data in the same Table
indicate that a gradually significant decrease of hyperhydricity from 8.30 to
0.00 was occurred as a result of the gradual increase in agar concentration
up to 10.0g/L.. This may be due to less relative humidity in the culiure jars.
Similar result was obtained by Ziv (1991) wha clear that the high relative
humidity in the atmosphere of in vitro cultures, as well as the water potential
in the culture medium, has been considered key factors in hyperhydricity. In
the herein work, opening culture jars weekly decreased hyperhydricity in
Justicia brandegeana. This may be attributed to gas exchange, which led to
evaporate accumulated ethylene and high relative humidity in jars

. etmosphere. These were considered as important factors influencing

hyperhydricity. In this concern, Saher ef al., (2004) reported that the tevel of
ethylene measured in the hyperhydric cultures was  significantly higher
compared to the normal shoots in all cultivars. Accumulations of gases such
as ethylene and COQ; have also been found to be responsible for
hyperhydricity (DeProft et al., 1985). Hyperhydricity was exacerbated when
cultured in airtight culture vessel and high ammonium concentrations in
cormmon media formulations and drastically reduced the quality of in vitro
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cultures (Reyes et al., 2004). Conceming the interaction effect, dala reveal
that this characler was significantly decreased by increasing agar
concentration with opening culture jars. In addition, 9.0 g/L agar with opening
jars and 10.0 g/L agar with or without opening jars prevented hyperhydricity.
Hyperhydricity percentage shown in the same Table indicates that
this percentage was decreased from 73.44 o 0.00% due to increasing agar
concentration in the media, especially with opening culture jars. The
treatment of 8.0g/L agar with opening jars gave the lowest hyperhydricity
percentage (8.39%) and a considerable shoot multiplication (11.20).
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Fig (2): Effect of different types of cytokinin at various concentrations
and culture media salts on shoot height of Justicia
brandegeana after 5 weeks in vitro. Pars presented of two
cytokinins (BA® and Kin@ ).

Effect of type of ¢ytokinins at various concentrations and culture media
salts (MS, WPM) on shoot height.

As for the interaction effect among cytokinin type and concentration
and culture media on shoot height, Fig (2) shows that shoot height was
decreased with increasing cytokinin level in both MS and WPM media.
Although the treatments of 1.0 mg/L BA gave the highest shoot (12.00 and
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11.20 for MS and WPM, respectively), while the treatments of 3.0 mg/L gave
the lowest records (4.20 and 3.80 for BA and Kin, respectiveiy) only in WPM,
but all resuits did not reach to the significant level at 5%

Effect of AC and auxin type and concentration on rooting.

Successful rooting of the in vifro grown shoots is an imporant factor
for establishing tissue culture derived platelets on the soil. For this purpose,
the present experiment was carried out for root formation in shoot cultured on
half-MS medium,

Data in Table (5) reveal that rooting of microshoots of Justicia
brandegeana is difficull. Rooting did not occur in microshoots ptaced on half-
MS medium without growth regulators. Presence of AC at 3.0g/L increased
the number of roots {2.30) significantly compared with that of 0.00g/L (1.86).
Charcoal addition to the medium might act as a darkness agent for promoting
adventiticus root formation on proliferated promote rooting (Zimmerman and
Broom, 1981). Addition of activated charcoal (AC) to the auxin-containing
medium markedly improved rooting behavior of the microcutting and checked
callus forrnation at the microcutting base (Amin, 1992).

In addition, insignificant effect between IBA and NAA on the number
of roots was observed. As for the concentrations of auxin, the same Table
shows that the number of roots was significantly increased from 0.00 10 3.55
due to the increase in auxin level from 0.0 to 1.0mg/L Fig (3).

A _ B
Fig (3): Shoots of Justicia brahdegeana cultured on half strength MS

medium with 1.0 mg/L NAA and 3.0 g/L AC for rooting (A)
plantlet ready for planting in pot (B).

Data in the same Table clear that there were insignificant differences
between the interactions effect of AC and auxin type and concentration on
the number of roots. Regarding the interaction effect among AC and auxin
type and concentrations, data reveal that no roots were formed in the
absence of IBA or NAA. The highest number of roots (4.60) was obtained
with the treatment of 3.0 g/L AC combined with 1.0 mg/L NAA, but these
resuits did not reach to the significant level at 5%. Similar results was
obtained by (C6¢h et ai.. 2004) who reported that on calendula regenerated
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shoots were excised and rooted ready within 3 weeks in half-MS medium
containing 1.0 mg/L NAA. The rooted plants were transferred to pots
containing 1:1 peatmoss and sand mixture, where 73% of plants survived for
5 weeks.

Table (5): Effect of AC and auxin type and concentration on number of
root of Justicia brandegeana after 4 weeks on hatf strength
MS salt medium.

Concentration of Auxins {C) {mg/L Mean |Mean
AC (g/L} IA""'" 0.0 0.5 1.0 AxB) |of (A
Bl BL 0;30 2.80 3;10 (2 s)ﬂ -
IBA . R . .0
3.0 0.00 | _3.00 4.50 253 1230
IBA 0.00 2.40 3.20 1.86
0.0 0.00 | 260 3.00 186 | %6
Mean of [C) 0.00 2.70 3.55 Mean of (B)
Mean of @A 0.00 2.60 3.30 1.96
(BxC) NAA 0.00 2.80 3.80 2.20
[Mean of .0g/L 0.00 2.50 4.00
AxC .0 g/l 0.00 2.50 3.10
A = 0.30
B = NS
C=0.38
LSD at 5% A x B = NS
xC=NS
xC=NS
x 8 x C =NS
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