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Abstract

Background: Mulberry Morus spp. L. Family Moraceae is a perennial tree crop cultivated worldwide for foliage, fruit,
fuel wood, and medicine, as well as for several other sericulture and industrial purposes. Mulberry trees are grown
in more than 50 countries covering temperate, subtropical, and tropical zones as a plantation crop.

Methodology: In this study, different stages of in vitro propagation mulberry plant were investigated. In the
sterilization stage, different concentrations 0.1, 0.2, and 0.3 (%) of mercuric chloride (MC) for 10 min were used. Also,
the effect of supplementation of the Murashige and Skoog (MS) medium with different concentrations 0, 0.5, 1.0,
and 1.5 mg/I of BAp or TDZ on the multiplication stage was investigated. Moreover, the impact of the fortified MS
medium with 1 mg/I IAA or NAA or IBA on enhancement of root system proliferation was studied. Furthermore, the
effect of reculturing in vitro derived plantlets on peatmoss, perlite, and/or vermiculate for in vivo acclimatization
and hardening was investigated.

Results: A simple and efficient protocol for in vitro propagation of different varieties of Morus alba (yue 11, sha 2x
lun 109, morittina, kokuso 27, and kantava 2) was established. Sterilization of shoot tips and auxiliary buds with 0.2%
of mercuric chloride (MC) for 10 min was the best to get sterilized and survival explants. In vitro mulberry
multiplication of yue 11, sha 2x lun 109, morittina, kokuso 27, and kantava auxiliary buds cultured on the MS
medium fortified with 1.5 mg/I BA gave the best results of the multiplication rates, maximum number of shoots/
explant, and highest shoot length (cm), respectively. Moreover, culturing of derived mulberry shoots on the MS
medium supplemented with 1 mg/I NAA enhanced totally growth figures of root system formation suitable for
acclimatization and hardening of in vitro derived mulberry plants. Acclimatization and hardening successfully
processed with canava 2, morittina, yue 11, sha2x, and kokuso of mulberry cultivars, respectively.

Conclusion: The described protocol in this investigation ensures a round-the-year in vitro propagation of mulberry
plant with faster rate of multiplication of true-to-type plants, which will provide a useful tool for large-scale
multiplication of other mulberry varieties.

Keywords: Mulberry, In vitro propagation, MS medium, Multiplication, Acclimatization

Background mulberry plays a vital role in the progress of sericulture
Mulberry tree is an invaluable tree of immense eco- industry (Dandin et al., 2003; Biasiolo et al., 2004), while
nomic importance in silk industry for its foliage, which  improvement of mulberry tree through conventional
constitutes the chief food for the silkworm, Bombyx mori  breeding has substantially contributed to the success of
L. Further, improvement of productivity traits in sericulture industry. Further, the application of biotech-

nology techniques in mulberry crop improvement holds
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tree can be vegetative propagated through stem cuttings,
grafting, or budding. However, the success of these
methods depends on a number of some factors such as
age, genetic makeup of the plant, physiological condi-
tions of the parental cutting, climatic conditions, and
cultural practices. Furthermore, newly developed mul-
berry varieties cannot be immediately propagated
through stem cuttings (Kapur et al., 2001). However,
in vitro propagation technique allows the plant to multi-
ply and produce thousands of plants in a short time.
Also, this technique can provide plantlets throughout
the year irrespective of seasonal variations. Further,
in vitro propagation of mulberry is an efficient and cost-
effective method for rapid multiplication and production
of virus-free plants in a relatively short time and limited
space (Shekhawat et al., 2015). In this respect, mulberry
propagation by regenerating whole plants from axillary
buds of M. alba was in vitro initiated (Ohyama, 1970a).
In addition, the composition of media is one of the fac-
tors that significantly affects in vitro propagation of mul-
berry. Among the different media compositions and
plant growth regulators tested, the Murashige and Skoog
medium (MS medium) (Murashige & Skoog, 1962) sup-
plemented with 6-benzylamino purine (BAp) was the
best for shoot multiplication (Lalitha et al., 2013). Re-
garding mulberry root induction using biotechnology
techniques, it was recommended that using half salts
strength of the MS nutrient medium supplemented with
NAA achieved rooting with M. alba, M. indica, M. mul-
ticaulis, and M. latifolia at the range of 95% rooting
(Kavyashree, 2007). However, it was reported that
indole-3-butyric acid (IBA) was the best for M. nigra
(Rao & Bapat, 1993). In addition, implementation of
higher concentrations of most auxins (> 1.0mgL-1)
inhibited root formation in mulberry, and there is a
strong interactive relationship among genotype, hor-
mone type, and concentration (Vijayan et al, 2003).
Generally, within 12-18 days after transferring shoots to
the rooting media, rooting initiates were obtained (Hos-
sain et al., 1992; Vijayan et al., 1998). Moreover, the ul-
timate success of in vitro propagation of mulberry on a
commercial scale and low cost and with high survival
rates depends on the ability to transfer plants out of cul-
ture (Chandra et al., 2010). Therefore, the present work
had been planned for the achievement of the main ob-
jective: establishment of a suitable and reproducible
protocol for in vitro propagation of different mulberry
plant varieties.

Materials and methods

Mulberry Morus alba varieties yue 11, sha 2x lun 109,
morittina, kokuso 27, and kantava 2 growing in the ex-
perimental farm of the Sericulture Research Department
(SRD), Plant Protection Research, Institute Agriculture
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Research Center, Giza, Egypt, were used as source
materials.

Sterilization stage
In this stage, apical shoots measuring about 1.0-1.5cm
and lateral buds 1.0-1.5cm were excised from field
grown, mature, 5-year-old plants of mulberry varieties.
These explants were washed thoroughly in tap water
and liquid detergent soap (5%, v/v) for 1h. Then, they
were washed carefully with distilled water and further
rinsed in 70% ethanol for 30s, followed by disinfection
in different concentrations of mercuric chloride (MC)
(0.1, 0.2, and 0.3%) for 10 min and rinsing several times
in sterile distilled water to remove the traces of MC.

The following parameters were recorded as follows:

1) Percentage of contamination
2) Percentage of survival in correlation with shoot
development

Multiplication stage
In this stage, sterilized apical shoots and internodes were
excised and cultured on a solidified MS medium (Mura-
shige & Skoog, 1962) supplemented with different con-
centrations of cytokinins 0, 0.5, 1.0, and 1.5 mg/l of 6-
benzelamino purine (BAp) or thidiazuron (TDZ). Cul-
ture media were gelled by 0.7% agar added prior to auto-
claving at 1.2 kg/cm? for 15 min. The pHs of media were
adjusted to 5.8 by the addition of 0.1 N HCL or 0.1N
KOH. The culturing was done in 350-ml glass jars con-
taining 50 ml of the MS medium. The incubation was
done for 28 days in a growth chamber at 26 + 1°C and
exposed to a 16-h/day photoperiod at intensity of 1400
Ix from cool white light fluorescent lamps.

The following growth parameters were recorded as
follows:

1) Percentage of shoot multiplication
2) Number of shoot/explant
3) Shoot length (cm)

Rooting stage

In this stage, derived in vitro sterilized shoots (5cm in
length and about 8-12 leaves) of different Morus alba
varieties were subcultured on the MS medium supple-
mented with 1 mg/l of indole acetic acid (IAA), naphtha-
lene acetic acid (NAA), or indole butaric acid (IBA) to
investigate those effects on root system formation.

The following parameters were recorded as follows:

1) Percentage of root formation
2) Average number of roots/shoot
3) Average of root length (cm)
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Acclimatization and hardening stage
Acclimatization and hardening is the main target and
critical process in the protocol of in vitro propagation of
mulberry verities. In vitro cultured plantlets of global
Morus alba varieties with well-developed roots and
shoots were removed carefully from the solid medium.
Then, they were washed with sterilized distilled water to
remove the adherent agar medium. The harvested plant-
lets were then treated with 1% Bavistin solution for pro-
tection from fungal attack. The treated plants were then
transferred to plastic pots (10 cm) containing a harden-
ing medium.

The various hardening media were evaluated as
follows:

1) Peatmoss + sand (1:1 v/v)

2) Peatmoss + sand + perlite (1:1:1 v/v)

3) Peatmoss + sand + perlite + vermiculate (1:1:1:1 v/
v)

The potted plants were then covered with polyethylene
bags to maintain humidity, temperature, and light con-
trol. The bagged plants were then incubated under the
lab condition at 28 °C with 56% relative humidity for a
period of 2 weeks. The perforations were introduced to
plastic bags, and plants were then transferred to a green-
house for further maintenance. After 15 days of growth
in the greenhouse condition, plants were then shifted to
a shade house for 1 week.

The following parameters were recorded as follows:

1) Survival percentage (%)
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2) Height of plant (cm)
3) Average number of leaves/plant

Data analysis

All experiments were designed in a completely random-
ized design, and obtained data were statistically analyzed
using standard error (SE) according to the described
method by Snedecor and Cochran (Snedecor & Cochran,
1989).

Results

Sterilization stage

[lustrated data in Figs. 1 and 2 shows the effect of
HgCl, at different concentrations 0.1, 0.2, and 0.3 (%) on
in vitro sterilization of all used plant parts of different
mulberry cultivars. The effects of these concentrations
on contamination and survival percentages in association
with the development of shoots were expressed. The
maximum percentages of contamination (93% and 85%)
were recorded with shoot tips and internode explants of
kantava 2 cultivar treated with 0.1% of MC. However,
the minimum percentages of contamination (10 and
19%) were recorded with internodes and shoot tips of
kokuso27 cultivar treated with 0.3% of MC, respectively
(Fig. 1). Also, the maximum percentages of survival ex-
plants in correlation with shoot development (94 and
87%) were recorded with all used plant parts of Morus
alba cv. kokuso 27, respectively (Fig. 2). Further, it can
be mentioned that the descending order of the best re-
sults of survival explants in correlation with shoot devel-
opment were recorded with Morus alba C.V.s. kokuso
27, sha 2x lun 109, morittina, yull, and kantava 2,
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Fig. 1 Effect of sterilization treatments with HgCl2 (MC) at different concentrations (0.1, 0.2, and 0.3%) on the percentage of contamination. Shoot
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Fig. 2 Effect of sterilization treatments with HgCl2 (MC) at different concentrations (0.1, 0.2, and 0.3%) on the percentage of survival of explants in
correlation with shoot development. Shoot tips and internodes of different mulberry cultivars were used as explants

respectively. The optimum concentration of MC was
0.2%, which recorded the minimum percentage of con-
tamination and highly percentage of survival in correl-
ation with shoot development. Further, it could be
mentioned that 0.1% of HgCl, are not efficient to reduce
the percentage of contamination. In contrast, using 0.3%
of MC reduced both contamination and survival
percentages.

Multiplication stage

Regarding this stage, the effects of augmentation of
the MS medium with BAp and TDZ at different con-
centrations 0, 0.5, 1.0, and 1.5 (mg/]) on the percent-
age of mulberry shoot multiplication (Table 1),
number of shoots/explants (Table 2), and maximum

length of shoot proliferation (cm) (Fig. 3) were inves-
tigated. The highest percentages of mulberry shoot
multiplication, 64.5, 48.4, 45.6, 37.6, 48.8, 39.4, 35.7,
30.8, and 22.8, the maximum numbers of mulberry
shoots/explant, 4.05, 3.59, 3.35, 3.0, 2.54, 2.19, 1.94,
1.8, 1.62, and 1.39, and the maximum lengths of de-
rived shoots (cm), 6.4, 5.3, 4.6, 4.2, 3.3, 5.1, 4.7, 4.61,
3.8, and 3.1, were recorded with auxiliary buds and
apical meristem of kantava 2, morittina, yue 11, sha
2x lun 109, and kokuso 27, respectively. The
optimum supplementation of the MS medium for the
enhancement of shoot multiplication (%), number of
shoot/explant, and shoot length (cm) was 1.5 mg/l BA
than other concentrations and utilization of TDZ.

Table 1 Effect of BA or TDZ (mg/I) at different concentrations and type of explants (apical shoots or auxiliary buds) on in vitro
percentage of shoots multiplication of kantava 2, morittina,yue 11, sha 2x lun 109, and kokuso 27 mulberry cultivars

Growth Canava2 Morittina Yue Il Sha 2xLun 109 Kokuso 27

(regu/lle;tors Apical Axillary bud  Apical Axillary bud  Apical Axillary bud  Apical Axillary bud  Apical Axillary bud

mg shoot shoot shoot shoot shoot

Free 145+025 25+035 125+03 235+042 121+023 175+042 111+02 155+015 14012 1.25+ 032

0.5 BA 3676 £ 23 4432 % 2796 £ 156 3456 £ 23 2456+ 198 3224 + 2216 £ 145 2412 = 1248 £ 055 1632 =
2.89 245 1.65 0.75

1.0 BA 4595+ 25 554 +335 3495+245 432+225 307+123 403+£326 277+136 3015+15 156+085 204+123

1.5 BA 488 + 26 64.5 + 3.5 394 £266 484 +235 357+325 456+352 308+24 376 £32 228+ 15 335+£322

0.5TDZ 3308+23 4054235 254+325 3017+ 197 +285 278+243 1756+ 185 207 £385 722+123 135+175

333

1.0TDZ 257 +14 3785+ 1986 + 2.15 2325+ 1465+ 196 2276 + 824 +156 1535+ 435+085 1027 +
3.25 1.89 245 1.54 1.34

1.5 TDZ 215+ 26 443 +412 168 35 309 £217 1215+£23 2085 = 512+ 14 137126 4+073 9.12 £ 145

3.12

Cultures were incubated under the rhythm of light/dark condition (16/8 h). Each treatment is the average of 3 replicates + SE
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Table 2 Effect of BA or TDZ (mg/l) at different concentrations and type of explants (apical shoots or auxiliary buds) on in vitro
number of shoots/ explant produced from kantava 2, morittina,yue 11, sha 2x lun 109, and kokuso 27 mulberry cultivars

Growth Canava2 Morittina Yue Il Sha 2xLun 109 Kokuso 27

(rﬁ?;/lstors Apical Axillary bud  Apical Axillary Apical Axillary Apical Axillary Apical Axillary
shoot shoot bud shoot bud shoot bud shoot bud

Free 1+0 1+0 1+0 1£0 1+0 1£0 1+0 1+0 1+0 1+0

0.5 BA 131£02 243+£019 116+£017 215+014 11+£012 201+£015 1+£0.19 181+£018 1+£027 1.52 £ 0.05

1.0 BA 1.75+£019 324+£017 155+£017 287+015 145+014 268+0.19 13=£0.15 241 +018 1.1+£0.19 203+ 02

1.5BA 219+£028 405+£075 194+015 359+016 18=£0.13 335£025 162+£017 3+029 139+ 028 254+0.14

05TDZ 1.11+£0136 207+034 1+£0125 183+017 1+£019 1.7+£014 1+£012 15£017  1£0712 13+£0.18

1.0 TDZ 1£015 19+0125 1+£018 16 +£0.13 1+015 1.53+017 1 £0025 135+016 1+0.12 117 £ 0.5

1.5 TDZ 1+0.09 162 = 1+017 136 £012 1+£0.14 1.3 £0.15 1+0038 122+015 1x£015 1+015

0.123

Cultures were incubated under the rhythm of light/dark condition (16/8 h). Each treatment is the average of 3 replicates + SE

Root formation stage

For the achievement of mulberry root system formation,
the MS medium supplemented with 1mg/l of IAA,
NAA, or IBA was used. The number of initiated roots
and length of root (cm) were recorded as parameters for
root system formation. As shown in Fig. 4, the max-
imum number of root formation/shoot 23, 18, 12, 9, and
6 roots/shoot were recorded with canava 2, morittina,
yue 11, sha2x, and kokuso mulberry cultivars using the
MS medium fortified with 1mg/l NAA, respectively,
while supplementation of the MS medium with 1 mg/l
of IBA recorded 12, 7, 6, 5, and 3 roots/shoot with
canava 2, morittina, yue 11, sha2x, and kokuso mulberry
cultivars, respectively. However, the minimum numbers
of formed roots/shoot 7, 5, 3, 2, and 1 roots/shoot were

recorded with canava 2, morittina, yue 11, sha2x, and
kokuso mulberry cultivars, respectively, using the MS
medium supplemented with 1 mg/l [AA.

Regarding the other morphological characters, the de-
scending orders of the average of root length 5.71, 4.15,
3.93, 2.87, and 1.35 (cm) were measured for the investi-
gated mulberry cultivars canava 2, morittina, yue 11,
sha2x, and kokuso, respectively. The best supplementa-
tion of the MS medium for the achievement of root
length was 1 mg/l of NAA, IBA, or IAA, respectively
(Fig. 5).

Hardening and acclimatization stages
In this regard, the mulberry shoot rooted plants of dif-
ferent mulberry cultivars were grown in pots containing

~

m0.5BA ®m10BA m15BA m0.5TDZ ®=1.0TDZ =1.5TDZ

Shootlet length (cm)

Canava2 Morittina

Mulberry cultivars

Yuell

Sha 2xLun 109

Kokuso 27

replicates + SE

Fig. 3 Effect of BA and TDZ (mg/I) at different concentrations and type of explants (apical shoots and/or auxiliary buds) on in vitro shootlet
length (cm) of mulberry cultivars. Cultures were incubated under the rhythm of light/dark condition (16/8 h). Each treatment is the average of 3
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Fig. 4 Effect of the MS medium supplemented with 1 mg/ of IAA, NAA, or IBA on the number of in vitro root formation on different mulberry
cultivars. Cultures were incubated under the rhythm of light/dark condition (16/8 h). Each treatment is the average of 3 replicates + SE

different hardening media like peatmoss + sand at the
ratio of 1:1 v/v, peatmoss + sand + perlite at the ratio of
1:1:1 v/v/v, and peatmoss + sand + perlite at the ratio of
1:1:1:1 v/v/v/v; the hardened plantlets were analyzed in
terms of the survival rate, length of shoot (cm), and
number of leaves/plant. In the first 4 days of transfer,
the plantlets were weak. After another week of transfer-
ring, the plantlet started to acclimatize in the hardening
room and started growing. Then gradually, further
acclimatization had done by exposing the plantlets to
greenhouse and shade house and in open light. The

hardened plantlets then started to increase in height and
number of leaves. Illustrated data in Fig. 6 clearly shows
the influence of potting mixture media on survival and
growth of different mulberry cultivars growing in vitro.
The maximum percentages of survival plants, 90, 87, 67,
63, and 54, maximum height of plants, 12, 9, 8, 6, and 4
(cm), and maximum number of leaves/plant, 25, 16, 13,
9, and 3/plant, were recorded with canava 2, morittina,
yue 11, sha2x, and kokuso of mulberry cultivars,
respectively.

mAA mNAA wmIBA

Mulberry root length (cm)
Q R N W & 0O N @0

Yuell

Sha 2x Lun 109

Morittina

Mulberry cultivars

Kokuso 27 Canava 2

.

Fig. 5 Effect of MS supplemented with T mg/I IAA, NAA, or IBA on the average of rootlet length (cm) of different mulberry cultivars. Cultures
were incubated under the rhythm of light/dark condition (16/8 h). Each treatment is the average of 3 replicates + SE
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Fig. 7 Diagram of in vitro propagation of Morus alba var Canava2, showing the mulberry plant in the field (1), internode explant (2), in vitro
shootlet initiation (3), multiplication (4), root formation (5), acclimatization (6), and hardening mulberry plantlets (7)
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Further, it can be recommended the peatmoss + sand
+ perlite at the ratio of 1:1:1:1 v/v/v/v was the best com-
position media for hardening of in vitro derived mul-
berry plants. The 3-month hardened plantlets were with
many branches and healthy. Thus, the efficient in vitro
rooting and hardening protocols developed in the
present study can be effectively utilize for commercial
cultivation of the valuable mulberry cultivar plants as
shown in Fig. 7 which described the cycle of in vitro
propagation of mulberry plants.

Discussion

Mulberry can be vegetative propagated through stem cut-
tings, grafting, or budding. However, the success of these
methods depends on a number of some factors such as
genetic makeup of the plant, age, physiological conditions
of the parental cutting, climatic conditions, and cultural
practices. Regarding in vitro sterilization of mulberry plant,
it is well known that successful disinfection of explants is a
pre-requisite for in vitro culture and often involves a stand-
ard set of treatments. In mulberry, HgCl2 and/or NaOCl
are the most widely employed surface sterilization.
Damiano et al. (Damiano & Padro, 2008) reported that
using a combination of NaOCI for 20 min could success-
fully sterilize axillary bud segments of pomegranate and
mulberry resulting in 65% explant survival. However, Kalal-
bandi et al. (Kalalbandi et al., 2014) showed the maximum
survival (90.58%) and minimum microbial contamination
(9.52%) on surface sterilization of pomegranate var. Bhagwa
with 0.1% mercuric chloride for 10 min. Moreover, Naik
and Chand (Naik & Chand, 2011) stated that the establish-
ment of in vitro culture of woody plants is greatly ham-
pered by the lethal browning of explant and culture
medium at the initial establishing stage due to leaching of
phenolic substances and secondary metabolites from the
cut surface. Explant and medium browning is a major prob-
lem in pomegranate due to the exudation of high amount
of phenols, especially in mature explants. The obtained re-
sults clearly showed that using HgCl, at 0.2 % recorded the
minimum percentage of contamination and highly percent-
age of survival in correlation with shoot development. The
obtained results are in agreement with Vijayan (Vijayan
et al,, 2011) who reported that contamination is one of the
major problems for in vitro studies. Concerning the mul-
berry multiplication stage, the extracted results showed that
the fortified MS medium with 1.5 mg/l BA finding is more
suitable for in vitro propagation of mulberry. This obtained
result was close with Ohyama (Ohyama, 1970b) who men-
tioned that composition of media is one of the factors that
significantly affect micropropagation of mulberry. Also, it
was demonstrated that the MS medium containing 2 mgL-
1 6-benzylamino purine (BAP) was the best for shoot
multiplication (Lalitha et al., 2013; Bhau & Wakhlu, 2003).
Rapid multiplication of any crop plant can be achieved by
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inducing multiple shoots through in vitro culture. It was
found that among the different concentrations of BAp or
TDZ tried in the present study, the MS medium aug-
mented with 1.5mg/l BA was the most suitable medium
for auxiliary bud multiplication, resulting into 6.5 multiple
shoots per explant. This is close and in agreement with the
findings of Chang (Chang, 1985) in M. ihou, Ohyama and
Oka (Ohyama & Oka, 1987) in M. latifolia, and Ivanicka
(Ivanicka, 1987) in M. nigra. All these studies have reported
the best multiplication of apical bud on MS basal medium
supplemented with different concentrations of cytokinins
only. Also, a similar situation was also noticed by Santa-
maria (Pattnaik et al, 1996). On the other hand, Gogoi
et al. (Gogoi & Borua, 2017) reported that supplementation
of the MS medium with 1.5 mg/l of gibberelic acid (GA3)
improved elongated shoots of Morus indica L. (K2- culti-
var). Regarding rooting stage, it is well known that auxin
regulates have various aspects of plant growth and develop-
ment by affecting numerous processes including cell div-
ision, cell enlargement, and differentiation (Srivastava,
2002; Woodward & Bartel, 2005). According to the ob-
tained results, it could be mentioned that supplementation
of the MS medium with 1 mg/l NAA enhanced the root
formation; the obtained results were in agreement of those
obtained by Hossain et al. (Hossain et al., 1992); they re-
ported that auxin-rich media induced rooting within 10—
14 days of culture in M. laevigata. Also, in several mulberry
species, rooting was enhanced by treatment with NAA and
TIAA (Jain et al., 1990). In addition, a combination of IBA,
IAA, and IPA enhanced root proliferation in M. australis,
M. lhou, M. cathayana, and M. serrata (Woodward & Bar-
tel, 2005; Pattnaik & Chand, 1997). Concerning the adapta-
tion and acclimatization stage, derived in vitro plants were
kept for 3months in a culture room, then successfully
transferred to greenhouse. This obtained result was in
agreement with some authors (Fila et al, 1998; Huylen-
broeck et al., 1996; Bolar et al., 1998) who reported that ini-
tially the in vitro developed plants could be kept inside the
culture room under sterile conditions. Then, gradually, it
can be shifted to greenhouse where humidity and
temperature are under control. After a couple of months,
the grown plants can be shifted to shady places in the field;
thereafter; it can be transplanted to field.

Conclusions

It could be mentioned that sterilization of auxiliary buds
with 0.2% of mercuric chloride (MC) for 10 min is more
efficient to get sterilized and survival explants. Regarding
in vitro mulberry multiplication, it was found that cul-
turing of auxiliary buds on the MS medium fortified
with 1.5 mg/l BA gave the best results of multiplication
rates, maximum number of shoots/explant, and highest
shoot length (cm). Moreover, culturing of derived mul-
berry shoot on the MS medium supplemented with 1
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mg/l NAA enhanced totally growth figures of root sys-
tem formation suitable for acclimatization and harden-
ing of in vitro derived mulberry plantlets which
successfully acclimatized by using peatmoss + sand +
perlite at the ratio of 1:1:1:1 v/v/v/v.
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