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ABSTRACT

Various concentrations of plant growth regulators added to MS (Murashige & Skoog)
media were used to multiply chrysanthemum shoots. pH, sugar and licorice extract. Before
being used as attest material, using the ex vitro obtained plant, a nodal piece was sterilized
with 1.0% mercuric chloride (HgClz) for five minutes.MS medium supplemented with BA at a
lower concentration (1.0 mg.l"Y) showed the best results when compared to other
concentrations (8.7 shoots/explants, 7.5 cm, 17.1 leaves/explants and 4.0 nodes/explants)were
studied. The average shoot length, nodes per explants, leaves per explants, and number of
shoots per explants were all greater in the medium containing 30 g.I"* sucrose, with values of
6.0 shoots per explants, 4.83 cm, 14.2 leaves per explants, and 3.6 nodes per explants,
respectively Results showed that the effect of licorices extract gave the highest response
percentage at concentration 50 ml.It (13.5 shoots /explants, 8.5 node/explants, 3.5 leaves /
explants and 4.82cm) respectively. It was shown that media with a pH adjustment of 5.7
produced the maximum nodes per shoot, leaves per shoot, average length of shoot, and
number of shoots per explants (3.3 nodes per shoot, 14 leaves per shoot, 5.77 cm and 6 shoots
per explants, respectively).Concerning the root formation stage, the concentration (0.1 mg.I")
IBA with 1/4 MS salt strength gave the highest value for all parameters. While, the
acclimatization stage showed the culture media supplemented with soil + Peat moss (1:1) gave
the highest response percentage 100%. The best treatment was recorded at 1/2 MS salt
strength with (2.5 mg.I"%) licorices extract for most characterize.
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INTRODUCTION research from the Flowers and Plants
Autum Queen is the popular name for Association from 2001. One of the most
Chrysanthemum morifolium. It is a member of popular ornamentals planted in greenhouses,
the (asteraceous) compositeae family. It is a pots, and as cut flowers worldwide is the
short-day plant that blooms both annually and chrysanthemum. Chrysanthemums for florists
perennially and is highly beautiful and are grown all over the world as potted plants
charming. The plant can grow up to three feet as well as for cut flowers. Because it lasts a
tall. The blooms have a broad variety of long time in a vase, it is frequently used for
colors, shapes, and sizes, and they bloom in flower arrangements. Growing
the early winter (Banno et al., 2007). 35% of chrysanthemums from seed produces a
the overall production of cut flowers is complicated hybrid that separates into a
accounted for by chrysanthemums. The variety of flower types. According to Verma et
second-most important cut flower in terms of al. (2009), commercial cultivars are typically
profitability is chrysanthemums, according to a grown through vegetative cuttings, suckers, or
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a rather slow process (Nhut et al., 2005). The
rate of multiplication can be considerably
accelerated by clonal propagation in in vitro
culture. With this method, a large number of
genetically homogeneous, disease-free plants
can be produced quickly and reliably.
However, clonal proliferation in in vitro
culture will increase the rates of multiplication
(Sauvaire and Galgy, 1978). Sucrose is the
primary source of carbon and energy for
optimal proliferation and growth in in vitro
growing cultures. Because they are unable to
grow autotrophic ally in a growth media, plant
cells and tissues require external carbon
sources for energy (Razdan, 1993). The
addition of an external carbon source may
enhance the medium's capacity to maintain cell
development and the regeneration of new
green shoots. The proper concentration of
sucrose in a medium should be able to provide
all the energy required for cell division and
differentiation without having an adverse
effect on the growth of new shoots due to
osmotic effects. This indicates that sucrose
that serves as an osmotic source of carbon
energy in a medium is one of the factors
regulating the induction and growth of shoots.
(Nowak et al.,, 2004). An ideal pH is
necessary for the growth and development of
plant cells and tissues in cultures. pH affects
not only food uptake but also plant hormone
and enzymatic activities. The optimal pH level
maintains the functionality of the cell
membrane and the buffered pH of the
cytoplasm without interfering with
cytoplasmic activity that affects cell division
and shoot growth. The ability of a medium to
solidify can also be influenced by the pH; a pH
greater than 6 produces an extremely hard
medium, while a pH lower than 5 does not
consolidate the medium to the proper degree
(Ebrahim and Ibrahim, 2000). The ions taken
in from the medium cause a change in pH in
the cells or organs (Sakano, 1999). Since both
the pH and sugar concentration have an effect
on the regeneration of new shoots, it is
imperative to achieve the ideal levels for both
in order to produce the maximum amount of
shoot regeneration. Lower and higher pH
levels inhibit multiple shoot proliferation.
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Studies and research indicate the importance
of natural plant extracts which are extracted
from plants and added to MS media used in
tissue culture, has been noted the positive
effect of these materials in the tissue culture of
many plant species, and these materials such
as coconut Milk in the tissue culture of citrus
(Soliman et al., 2010), and extract some of the
weed, including the baker (Malva rotundifolia
L.) in the tissue culture of potatoes and
cucumber (Haider, 2002). And licorice extract
in the tissue culture in shrub rose (Al-Mamori,
2009), and extracts of potatoes and banana
(Smith, 2013).where these extracts stimulate
plant parts on growth and the formation of
roots and increase branches vegetative them.
The licorice plant (Glycyrrhiza glabra) belong
to Leguminosae family where characterized by
its roots sweetness extracts which is estimated
at 50 times the sweetness of sugarcane
(Chorpa, and Choi, 1956), and containing
plants sweat Iraqi licorice on glycyrrhizic acid
increased by 4.56% and sugar stenographer
3.13% and sugar is stenographer 3.53% and
starch 12.87%, as well as the number of large
metal salts of the major and minor, which play
a big role in the doubling of vegetative
branches and increasing number of shoot (Al-
Drisi et al., 2022). Many researchers have
been working in the field of tissue culture and
to conduct studies and research on how to add
natural plant extracts to MS media used in
tissue culture for the purpose of improving the
nutrient media and increase efficiency. One of
plant tissue culture's significant and significant
contributions to commercial plant propagation
is micropropagation. Therefore, the aim of the
current study was to determine how in vitro
shoot development and chrysanthemum
multiplication throughout the cultural stage
were affected by plant growth regulators,
sucrose, licorice extract, and pH. Finding the
best culture conditions for producing stable,
many explants shoots is the goal of this study.
MATERIALS AND METHODS
Chrysanthemum plants have been grown in the
Department of Horticulture garden at the
University of Duhok's College of Agriculture
Engineering Sciences. During the
multiplication stage, explants are used to
produce stock plant cultures. The collected
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the shoots were defoliated and thoroughly
washed for 30 minutes under running water to
remove soil and other surface contaminants,
washed for another 20 minutes under running
water with liquid soap, and rinsed for three to
five minutes under sterile distilled water. The
lengthy nodal segments (1 cm) produced a
single node. Surface sterilization with 1.0%
mercuric chloride (HgCl») was used to sterilize
the explants for five minutes. Healthy cultures
were achieved and maintained for the
following micropropagation stages. Explants
(nodal segment) were placed into MS media
that had been enhanced with 1 mg.l! GA3 at
the multiplication stage and evaluated with
various concentrations of BA and kinetin (0.0,
1.0, 2.0, 3.0, and 4.0 mg.I"!, respectively). The
following studies used the multiplication
stage's best outcome (concentration):

-To determine the effects of the sugar, we used
MS full strength with 0.7% agar at pH 5.7 and
different amounts of sucrose (15, 30, 45, 60,
and 75 gm.I'Y). The effects of the licorice
extract were investigated using MS full
strength with 0.7% agar at pH 5.7 at different
concentrations (10, 20, 30, 40 and 50 gm.I%).
For preparation root extract of licorice were
take (500g) of licorice root plants. Cut roots
into small pieces by a sharp knife and then
milled quantitative Herbala device and turned
into a fine powder, dissolved 100g of powder
in a liter of distilled water and then leave in the
laboratory to the next day, the solution was
filtered by filter paper and save it in the
refrigerator until use. Finally, multiple pH
values were utilized to examine the effects of
pH (3.7, 4.7, 5.7, 6.7, and 7.7) at 3% sucrose,
0.7% agar, and MS full strength. The treatment
that proved to have been most effective was
selected, and its shoots were grown into jars
containing a rooting media composed of a
medium with a 1/4 MS salt strength
supplemented with different concentrations of
IBA (0.0, 0.1, and 0.3 mg.l-1). This was
carried out following the application of the
multiplication experiments and the recording
of all information concerning the amount of
grown shoots, their length, the number of
leaves, and the number of nodes per explants.
The data on the rooting percentage (%),
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average number of roots, and average root
length were gathered six weeks after the plants
were moved to the rooting media. All cultures
used in the research were kept in a culture
room with white fluorescent lights that
provided a 16-hour photoperiod and an 8-hour
darkness period, which was kept at 25°C and
60°RH. The photoperiod was maintained by a
timer system that worked automatically. After
six weeks, chrysanthemum plantlets that had
established roots were rinsed in tap water to
remove any potential contamination sources
such as agar. It is imperative to avoid cutting
the roots in any way during washing. The
plantlets are then submerged for 10 minutes in
a Benlate fungicide solution (0.1%) to prevent
fungus infections before being planted in
plastic pots. The plantlets are then grown in
various culture medium mixtures in the plastic
pots. (Soil 100%, Peat moss 100%, Perlite
100%, Peat moss + Perlite 1:1, soil + Perlite
2:1 and Soil + Peat moss + Perlite 1:1:1) v:v.
To keep the humidity levels high in the
cultural setting, the pots were covered with
transparent, light-colored beakers. The potted
plants were kept in the incubator chamber for
four weeks while this parameter was tracked:
1- Survival rate as a percentage.

2. The number of shoots per plantlet

3- Mean shoot length (as a cm)

4- Stem diameter (mm)

5- Number of leaves

The plantlets were then treated to licorice
extracts at various concentrations (0, 2.5 and 5
g.I'") and MS salt strength (¥4 MS and % MS)
in addition of control. The best result of
culture media mixtures were used in these
experiments. After 10 weeks of treatment this
parameter were taken.

1. Number of shoot per plantlet

2. Stem diameter (mm)

3. Number of leaves

4. Mean length of shoot (cm)

5. Leaf area (cm2)

6. Pigments (i- chlorophyll)

a. Chlorophyll a (fresh weight, mg.g™2).

b. Chlorophyll b (fresh weight, mg.g™2).

c. Chlorophyll total (Chl. a + Chl. b)

ii- Total Carotenes (fresh weight, mg.g™?)

iii- Total Anthocyanin (fresh weight mg.g™).
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The experiment was designed using a
Completely Randomized Design (CRD), with
10 duplicates being assigned for each level of
treatment. The Duncan's multiple range test (P
0.05) was applied to compare the means using
a computerized SAS (2001) program.
RESULTS AND DISCUSSION

The maximum number of shoots per explant
(8.0), leaves per explant (17.1), shoot length

(7.5 cm), and nodes per explant (4.0) were
observed in 1.0 mg.I"t of BA (Table 1). This
was followed by 2 and 3 mg.I"* BA producing
(7.1 and 6.2 shoots/ explant, 16.6 and 15
leaves/ explant, 5.43 and 4.87 cm long shoots,
and 3.5 and 2.6 nodes/ explant, respectively).
Control had an insignificant effect on all
factors that were recorded (Figure 1).

Table 1. Influence of BA on multiplication stage of Chrysanthemum morifolium grown on MS
medium enriched with 1.0 mg.l"' GA3 after six weeks in culture.

BA No. of shoots/ No. of Average length of No. of
concentrations Explant leaves/explant shoots (cm) node/explant
mg.I*!

0 1.7¢e 6.2d 2.39d l4c

1 8.7a 17.1a 7.5a 4a

2 71b 16.6 a 5.43b 35a

3 6.2¢ 15b 487b 26b

4 53d 113¢ 4.08c 25b

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple

Range Test (p<0.05).

Figure 1. Shoots multiplication from single node on MS salt strength medium containing
(Img.I"Y) of BA

According to Mohammed et al. (2010), this
difference in BA level may be due to the
amount of endogenous hormones present in
the plants under study as well as their genetic
make-up. The findings are similar to those
obtained by Karim et al. (2002) who reported
that 1.0 mg.l? BA was the ideal BA
concentration based on the greatest shoot
initiation it produced in chrysanthemum when
using shoot tips as explant. Similar results
were also noted by Ali et al. (2009), who also
observed that BA used alone at a dosage of 1.0
mg.I"t produced the greatest number of shoots
overall in the carnation culture. The rate of
shot multiplication was slowed down by a
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higher BA concentration. According to the
results above, 1.0 mg.I BA is the perfect
amount for this particular hormone to function
at its best. And Yaseen (2022) also noted that
BA used at 2 mg.It in multiplication of
Viburnum opulus obtained the high shoots per
explant (3.33 shoots/explant).

In Table 2 the nodal segment of the
chrysanthemum cultivated on MS media with
a high concentration of Kinetin 4mg.I"! had the
most shoots per explant (3.3), leaves per
explant (10.1), average shoot length (7.0 cm),
and nodes per explant (3.05), as shown by
Table (2)'s findings (Figure 2)
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Table 2. Influence of kinetin on multiplication stage of Chrysanthemum morifolium grown on
MS medium enriched with 1.0 mg.I"" GA3 after six weeks in culture.

Iraqi Journal of Agricultural Sciences —2026:57(2):402-414
P-ISSN: 0075- 0530/ E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/fkvbje80

Kinetin No. of shoots/  No. of Average length of No. of
concentrations Explant leaves/explant  shoots (cm) node/explant
mg.It

0 1.2d 48¢ 3.0¢c 145b

1 20¢c 6.3b 55b 271a

2 2.4 bc 75b 6.1ab 2.82a

3 27b 9.1a 6.7a 293a

4 3.3a 10.1a 7.0a 3.05a

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple

Range Test (p<0.05).

Figure 2. Shoots multiplication from single
node on MS salt strength medium
containing (4 mg.I') of kinetin
On chrysanthemum (Karim et al., 2002 and
Long et al., 2006) and cotton (Meloni et al.,
2001), kinetin has been applied to promote
shoot proliferation. While compared to the
regeneration of shoots from chrysanthemum
explants, BA surpassed kinetin, as reported by
Karim et al. (2003). According to Mok and
Mok (2001), cytokinins which are known for
their significant roles as plant hormones in a
wide range of activities associated with plant
growth and development, such as cell division

and shoot initiation, perform the functions of
BA and kinetin. The superiority of BA for the
induction of shoots may be explained by the
plant tissues' ability to absorb it more quickly
compared to other synthetic growth regulators
or by BA's ability to stimulate the tissue's
production of natural hormones like zeatin
(Kajla et al., 2018 and Aziz and ALtaweel,
2019). Table (3) shows that varied sucrose
concentrations were used in MS media to
produce and regenerate a variety of shoots.
The highest values for the number of shoots
per explant, node per explant, leaves per
explant, and mean length of shoots (6
shoots/explant, 3.6 nodes/explant, 14.2
leaves/explant, and 4.83 cm) were obtained in
the medium supplemented with 30 g.I*!
sucrose (Figure 3). The medium containing 15
gm.It sucrose, it should be pointed out,
produced the lowest values, including (2.2
shoot/explant, 1.3 node/explant, 9.6
leave/explant, and 2.25 cm).

Table 3. Influence of Sucrose on multiplication stage of Chrysanthemum morifolium grown on
MS medium supplemented with 1 mg.I"! BA and 1.0 mg.l"! GAs after six weeks in culture.

Sucrose No. of shoots/ No. of No. of Average length of
concentrations Explant node/explant leaves/explant  shoots (cm)
g.l?

15 22¢ 1.3d 9.6d 2.25¢

30 6a 36a 142 a 4.83a

45 55a 3b 12.3b 4.45a

60 4.2b 24c 11.2 bc 3.68b

75 35b 2¢ 10.1 cd 3.25b

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple

Range Test (p<0.05).
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Figure 3. On MS salt strength medium with
30 g.I't Sucrose, shoots multiply from a
single node
In tissue cultures of numerous plant species,
including Paederia foetida, Amin et al. (2003)
discovered that 30 g.I sucrose is a desirable
sucrose level for application as an efficient
carbon source. which increased shoot growth
and development. It has been reported that
adventitious shoot development is less
effective at lower sucrose concentrations. On
the other hand, high sucrose content has a
negative impact on shoot formation since it
may prevent further shoot development due to
the medium's osmotic level. Therefore, it
appears that high sucrose concentrations
inhibit the growth and development of shoots.
Another reports (Ahmad et al., 2007 and Misal
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and Chavan, 2025) supports up these
observations. Additionally, an increase in
sugar content causes one or more of these
processes to break down or Dbehave
abnormally, which results in an unorganized
digestion of carbohydrates in the tissue
culture. At higher sucrose concentrations (60
and 90 g.I"h), the decrease in shoot length and
aberrant development, which result in the
cultured plantlets losing water as a result, may
be caused by the nutritional medium's osmotic
variations, which can also promote plant
dehydration. Karim et al. (2003) obtained
similar results. The results indicated in Table
(4) that there is considerable important of
adding different concentration of licorice
solution which led to increase all characterized
of chrysanthemum when increased solution
concentration. The high concentration (50 ml.I°
1y gave the higher rate of all traits recorded,
(8.5) shoots per explant, (3.5) nodes per
explant, (13.5) leaves per explant and an
average shoot length of (4.82) cm (Figure 4).
The result was low shoots (3.6, 1.5, 9.2, and
2.61 cm), limited nodes per explant, little
foliage per explant, and average shoot length
on MS medium containing 10 ml.I*! licorice
extract, respectively.

Table 4. Influence of Licorice extract on multiplication stage of Chrysanthemum morifolium
grown on MS medium enriched with 1 mg.lI"! BA and 1.0 mg.I"! GA3 after six weeks in culture.

Licorice extract No. of shoots/ No. of No. of Average length of
concentrations mLI*  Explant node/explant leaves/explants  shoots (cm)
10 3.6¢C 15¢c 9.2d 261d
20 59b 22b 9.5dc 2.38d
30 6.7b 26b 11.2 be 3.18¢c
40 6.9b 34a 12.9ab 3.88b
50 8.5a 35a 135a 4.82 a

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple Range Test

(p<0.05).
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Figure 4. Shoots multiplication from single node on MS salt strength medium containing 50
g.I"t licorice extract

According to Hasan et al. (2021), the
explanation is due to the solution licorice's
important function in containing elements such
potassium salts, calcium, phenol compounds,
proteins and amino acids, lactin, and sugars.
Al-Mamori (2009) achieved a good doubling
of shoot numbers, an appropriate percentage of
rooting, and a good number of roots of two
types of shrub roses planted on the MS
medium containing 20 ml.I* of root licorice
extract plants when compared to the other
concentration. It confirmed (George et al.,
2008) that the extract of licorice similar

behavior to the behavior of GA3z when sprayed
on plants in the fields, as well as contain the
extract energy and nutrients that promote the
growth and development of the cultivated
variety' shoots. The media adjusted to pH 5.7
gave the maximum numbers of shoots per
explant (6), nodes per explant (3.3), leaves per
explant (14), and mean length of shoots (5.77
cm), as indicated in Table (5). In media with a
pH adjustment of 3.7, the rate of explant
formation proliferation was the lowest (Figure
5).

Table 5. Influence of pH on multiplication stage of Chrysanthemum morifolium grown on MS
medium supplemented with 1 mg.l"! BA and 1.0 mg.l"! GA; after six weeks in culture.

pH No. of shoots/ No. of No. of Average length
levels of the Explants node/explant leaves/explants of
medium shoots (cm)

3.7 24c¢ 12¢c 8.3c 241d

4.7 43b 23b 12.8a 3.13cd

5.7 6a 33a 14 a 5.77 a

6.7 49b 23b 11b 4.23b

7.7 28¢c 2b 9.7 bc 4.05 bc

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple

Range Test (p<0.05).

Figure 5. Shoots multiplication from single
node on MS salt strength medium at pH
level 5.7
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Our research revealed that the combination
responded best at a pH of 5.7 throughout each
stage (14), while pH values that were either
too low or too high led to substantial
abnormalities, including shorter shoots with
thin, curled, and sharply pointed leaves. The
pH of the culture media has significant effects
on shoot growth in vitro. The ionization of
acidic and basic groups results in significant
structural changes that have an influence on
their biological function in the absence of pH
regulation (Sakano, 1990). Every species
needs a pH level that can maximize shoot
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development. Rather of cytokinin, auxin, and at 0.1 mg.I"t of a low concentration produced
gibberellins, different substances are required the highest response percentage (100%), mean
for in vitro multiple shoot formation (Bhatia root length (15 cm), and number of roots per

and Ashwath., 2005).Based on Table (6), IBA explant (9).
Table 6. Effect of IBA on root formation stage of Chrysanthemum morifolium grown after 6
weeks in culture on MS salt strength medium.

MS Salt IBA (mg.l"h) Rooting percentage Mean length of Number of roots/
Strength (%) roots (cm) explant
1/4(Quarter 0.0 95 b 9c 5 h

0.1 100a 15a 9a
Strength) 0.3 100a 12b 7b

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple
Range Test (p<0.05).

These results are in accordance with that any acclimatization response. The maximum
Danial et al. (2010) and Soliman et al. (2010) number of shoots (6) and mean length of
and have shown about the efficiency of IBA shoots (40 cm), as well as the highest stem
and NAA in improving fig root formation. diameter (0.35 mm) and high number of leaves
The results in Table (7) demonstrated that after (35) were obtained on culture media
4 weeks of culture, Chrysanthemum plantlets supplemented with soil + peat moss (1:1). This
grown from single node in vitro cultures in a table (7) further shows that the highest
variety of culture media mixtures (soil + peat response percentage (100%) was obtained on
moss + perlite 1:1, soil, peat moss and perlite these culture media.

are combined in a 1:1:1 ratio) did not exhibit
Table 7. Acclimatization stage of (Chrysanthemum morifolium ) plantlets produced from in
vitro after 4 weeks.

. Number
L. Survival Mean Stem
Culture media mixture of . Number
percentage length  of diameter
(%) shoots/ shoots (cm)  (mm) of leaves
plantlet
Soil 100% N0b 2e 22 ¢ 0.16¢c 15¢
Peat moss 100% 100 a 3d 35b 0.29b 28b
Perlite 100% 70d 3d 26 bc 0.27b 27b
Soil + Peatmossl:1 100 a 6a 40 a 0.35a 35a
Soil + Perlite 1:1 85¢ 3d 30b 0.25b 29b
Peatmoss+ Perlite 2:1 80c 4c¢c 29 be 0.25b 25 b
Soil + Peat + Perlit
lf)l'_l eatmoss = Ferlite o5 5b 42a 0.28b 24 b

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple
Range Test (p<0.05).

This step determines whether in vitro research plants that were later transplanted to open
is successful or not, which is the most critical fields (Banno et al., 2007; Misal and Chavan,
one in micropropagation. Chrysanthemum 2025; Hasan et al., 2021 and Yildirim et al.,
plantlets gradually acclimatize to their 2007). After 10 weeks in culture, the
environment with 95% success following acclimatization responses of Chrysanthemum
healthy growth and the absence of plantlets grown in soil and peat moss with
morphological defects. These vegetative varying concentrations of MS salt strength (0,
micropropagation processes are consistent 1/4 and 1/2 MS salt) and extracts of licorice (0,
with the findings of numerous other studies on 2.5, and 5 g.I'") alone and in interaction with

409


https://doi.org/10.36103/fkvbje80

IRAQ! JOURNAL OF AGRICULTURAL SCIENCES

each other are shown in Tables (8 and 9). It
can be noticed that the using %2 MS salt
strength with 5 g.I" licorice extracts obtained
high number of shoot (7) and leaves number
(39), high Chl.b content (9.34 mg.g™).While
the high mean length of shoot (44 cm), Total
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chlorophyll (65.83 mg.g™) and chlorophyll a
content (57.40 mg.g) and high contain of
total Anthocyanin contain (0.38 mg.g™) were
recorded at ¥» MS salt strength with 2.5 g.I*
licorice extract.

Table 8. Acclimatization stage of (Chrysanthemum morifolium) plantlets produced from in
vitro grown in soil + peatmoss culture media with different concentrations of licorice extracts
and MS salt strength after 10 weeks.

Treatments Number of
Mean length Stem
. shoots/ . Number of Leaf area
Licorice of shoots diameter p
MS salt plantlet leaves (cm?)
extracts (cm) (mm)
strength 1
(CH)
3e 25 be 0.25¢ 19d 545¢
Control 25 3e 35ab 0.35 ab 26 ¢ 6.24 b
5 4d 36 ab 0.32b 28 bc 6.75b
0 6b 39ab 0.38 ab 28bc 8.58 a
Y4 MS 25 5¢ 32b 0.33b 30 be 8.29a
5 4d 30b 0.42 ab 27 be 8.84a
0 7a 37ab 0.39ab 38a 8.24a
% MS 25 5¢ 44 a 0.34ab 34b 7.87 ab
5 7a 25 bc 0.26 ¢ 39a 8.34a

*Means within a column followed by different letters are significantly different according to Duncan’s Multiple

Range Test (p<0.05).

Table 9. Acclimatization response of (Chrysanthemum morifolium) plantlets produced from in
vitro grown in soil + peatmoss culture media with different concentrations of licorice extracts
and MS salt strength after 10 weeks.

Treatments Chl.b Total
Chla (mg.g! (mg.g* Carotenes Total .
. . Total ) Anthocyanin
Licorice fresh weight) fresh (mg.g? |
MS  salt . . chlorophyll (mg.g?! fresh
strength extracts (g.l weight) fre_sh weight)
D) weight)
0 18.23d 3.64¢e 22.87d 3.67ab 0.22 ab
Control 25 4543b 8.43b 53.86 bc 391ab 0.25ab
5 38.12bc 5.93 cd 44.05 bc 3.37ab 0.21ab
0 4240b 5.62 cd 48.02 bc 4.33ab 0.27 ab
Y4 MS 25 5443a 5.72cd 56.95 bc 3.89ab 0.24 ab
5 4281b 5.32cd 48.13 be 3.92ab 0.35a
0 4833b 6.43 cd 54.76 bc 3.22ab 0.26 ab
% MS 25 5740a 8.56 b 65.83 a 4.32ab 0.38a
5 34.23c 9.34a 4357 ¢ 3.42 ab 0.22 ab
*Means within a column followed by different letters are significantly different according to Duncan’s Multiple
Range Test (p<0.05).
CONCLUSION containing 30 g.I sucrose, showed the best

Based on the results in this study it was found
that the MS medium supplemented with BA at
concentration (1.0 mg.I") significant increase
in mostly studied characters. MS medium
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results when compared to other concentrations
in most parameters recorded. Results about the
effect of licorices extract gave the highest
response percentage at MS medium congaing
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50 ml.I"T in all parameters studied. Concerning
the root formation stage, the concentration (0.1
mg.I"Y) IBA with 1/4 MS salt strength gave the
highest value for all parameters. Finely the
acclimatization stage showed the culture
media supplemented with soil + Peatmoss
(1:1) gave the highest response percentage
100%. The best treatment was recorded at 1/2
MS salt strength with (2.5 mg.I"t) licorices
extract for most characterize.
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