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Abstract: This research work was taken for enormous production 

of white mulberry (Morus alba L.) through micropropagation 

techniques. Surface sterilization of the explants collected from 

the field grown mature plants was important and it was done 

with 0.1% HgCl₂ (Mercuric chloride) solution at different 

durations. Result showed that duration of the treatment was the 

best at 12 minutes for both shoot tips and nodal segments. 

Axillary shoot proliferation of nodal explants was better than 

that of (terminal) shoot tips. Data analysis showed that cytokinin 

BAP (6-Benzyl aminopurine) was more effective than Kn 

(Kinetin) for axillary shoot proliferation. The MS medium 

supplemented with 6.0 µM was the best to grow 100% shoot 

proliferation of the explants where the average length was 

5.57cm ± 0.05. On the other hand, different concentration and 

type of auxin affected greatly to induce number and percentage 

of roots per shoot. In this case, half MS medium supplemented 

with 6.0 µM IBA (Indole-3-butyric acid) was showed the highest 

percentage (100%) of root regeneration where the average length 

was 4.21cm ± 0.07. 

Key words: Axillary shoot, Sterilization, Micropropagation, 

Explants, Proliferation 

I. INTRODUCTION 

ulberry are fast growing perennial plants which are 

small to medium sized shrubs. The highest tall of 

mulberry plant is about up to 24m (80ft) wide spreading and 

round-topped. The role of mulberry leaves as a protein source 

in food formulations is satisfactory and its neuroprotective 

functions are also effective against neurodegenerative 

disorders such as Alzheimer and Parkinsonism(Butt et al., 

2008). A silkworm produces luxuriant silk thread to form 

cocoon from mulberry leaves during larval 

stage(Rahmathulla, 2012).The flowers are small size, 

greenish-yellow colour, 4 sepals, 4 stamens and pistils bearing 

two styles. An oval aggregate fruit turns into individual 

drupelets. The fruit containing numerous brown seeds is 

normally white, pink or purple-black in colour. Although, 

over 150 mulberry species is present in the world, botanists 

recognize only 10–16 species widely (Datwyler et al., 2004). 

Generally, all mulberries grow very fast for 40–50 years and it 

reach upto 60–80 cm in diameter at breast height (dbh), after 

which their growth rates are slow. The living period of 

mulberry tree is about 200–300 years (Lochynska et al., 

2011). 

Mulberry is generally distributed in tropical, subtropical, 

temperate and sub-arctic areas (Machii et al., 2002).China 

started mulberry cultivation and silk production about 3000 

years ago. From China, it was spread to Persia, India, Japan 

and to the East. According to western historians, the initial 

cultivation of mulberry had also started to India by about 140 

BC. Thus, mulberry seems to be a native species either of 

India or China 

Herb, shrubs and trees are commonly found as forest plants or 

weeds in Bangladesh. The plant kingdom gives food, shelter, 

medicinal elements for saving life and raw materials for 

industrial purpose in different forms. Economically and 

ethnobotanically mulberry seems to be an important species in 

traditional Chinese medicine, the fruit is used to do grey hair, 

to boost the blood and to treat also against constipation and 

diabetes(http://en.wikipedia.org).The bark is used in curing 

cough, wheezing, edema, fever, headache and sore 

eyes(http://en.wikipedia.org). Mulberry fruits also used to 

produce seductive drink known as mulberry wine. Being 

nutritious, mulberry leaves are eaten as a vegetable. The cattle 

are also eaten to improve the milk production. 

Breeding programs and genetic manipulation play an 

important role to ensure high productivity in agricultural 

sector. In this case, tissue culture techniques are followed to 

propagate of plants aseptically which are also known as in 

vitro propagation or micropropagation. Now a days, 

micropropagation is the best used biotechnological tools for 

applied purpose on plant development. (Loyola-Vargas and 

Ochoa-Alejo, 2018). One selected elite genotype assures the 

best quality production of clonal plants, isolation of useful 

variants with better disease resistance and stress tolerance of 

using micropropagation techniques within a very short time 

and limited space(Hussain et al., 2012). Plant tissue culture 

also involves in industrial sector for increasing crop 

production, hybridization, somaclonal variation, synthetic 

seed formation, genetic transformation, pathogen eradication, 

haploid culture and preserving germplasm(Gulzar et al., 

2020).In recent years, rapid multiplication of valuable 

endangered and threatened plants species continue sto produce 

elite clones through in vitro culture techniques (Anjum et al., 

2016; Anis and Faisal, 2005; Cano-castillo et al., 2009; 

Karuppusamy et al., 2006; Manjkhola et al., 2005). Thus, the 

present investigation was an effort to develop atissue culture 

technique through rapid regeneration for commercial 

production of a variety of mulberry. 

 

M 
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II. MATERIALS AND METHODS 

Proliferating cultures of axillary shoots were established on a 

suitable medium from the nodal explants of field-grown 

mature plants of mulberry in Rajshahi University Campus. 

The plant materials were washed thoroughly under running 

tap water in the laboratory to reduce the dust and surface 

contaminants. The material was then separated into shoot 

segments and nodal segments and placed in separate flasks for 

surface sterilization. Surface sterilization including constant 

shaking was done for the shoot and nodal segments separately 

with 1% savlon for 10 minutes. Then the materials (shoot and 

nodal segments) were washed 3-4 times with distilled water 

and then under running laminar airflow cabinet and 

transferred to 250 ml sterilized conical flask. They were 

immersed in 0.1% Hgcl₂ for different duration of time. To 

remove trace of the sterile the material was then washed with 

sterile distilled water at least 4-5 changes of water. The 

segments containing nodes or shoot tips (1.0-1.5 cm) were 

prepared from the surface-sterilized material and were used as 

explants.  

Both the surface-sterilized explants were cultured on MS 

medium supplemented with BA and Knin different 

concentrations for regenerating the axillary shoots. Data were 

recorded after 4 weeks of culture initiation from different 

treatments. The cultures were allowed to grow further on the 

initial medium to increase budding frequency. After 2 months, 

the elongated shoots (usable shoots) were excised from the 

proliferated cultures and transferred individually to the rooting 

media. Some of the shoots after removing leaves were cut into 

pieces having axillary buds and recultured to freshly prepared 

medium for multiplication of auxiliary shoots. These cultures 

were again produced usable axillary shoots within two weeks 

of subculture. The process had been repeated several times to 

ensure continuous production of axillary shoots. 

The pH of the medium was adjusted to 5.7-5.8 using a digital 

pH meter with the help of 0.1N NaOH or 0.1N HCl whichever 

was needed. All cultures were maintained in a growth room 

under 16hour photoperiod with a light intensity of 2000-3000 

lux provided by the cool-white fluorescent tubular lamp. The 

temperature of the growth room was maintained at 25±1ºC but 

the humidity was not controlled. 

III. RESULTS AND DISCUSSION 

Surface sterilization was essential before initiation of in vitro 

culture for preventing the overgrowth of microbial 

contaminants because microbial contamination deteriorates 

the growth of the excised tissue (explants). For this, surface 

sterilization with 0.1% HgCl₂ solution was applied for 

different durations for enhancing the viability of the usable in 

vitro cultured explants. Most of the cultured explants were 

affected by bacterial and fungal contamination within 3 to 10 

days of inoculation without surface sterilization. 

Comparatively bacterial infection was more in number than 

both bacterial and fungal infections. There were no 

contamination-free shoot tips (explants) for 4 minutes surface 

sterilization with 0.1% HgCl₂ solution after 10 days whereas 

the maximum percentage (90%) of explants were alive and 

contamination-free for 12 minutes with the same 

concentration of  HgCl₂. Similarly, none of the nodal 

segments were contamination-free for 4 minutes surface 

sterilization after 10 days. On the contrary, hundred 

percentage (100%) culturable contamination-free nodal 

segments were showed by treating the explants for 12 minutes 

surface sterilization with 0.1% HgCl₂ after the same period. It 

was observed that the killing rate of explants was increasing 

with the expanding duration of treatment with 0.1% HgCl₂ 

solution (Table 01). HgCl₂ is generally used for surface 

sterilization of explants in plant tissue culture to mitigate 

microbial and fungal contamination (Mekonnen et al., 2013). 

Moreover, it causes different unwanted health effect such as 

respiratory, dermatological, neurological, reproductive and 

developmental problems (Risher and Amlar, 2005; WHO, 

2005; Sharma et al., 2007; Durak et al., 2010). The use 

information of HgCl₂ is present in the different research 

studies for surface sterilization of ex vitro explants. 

Different concentrations of 2.0; 4.0; 6.0; and 8.0 µM BAP on 

MS medium were used to induce axillary shoot proliferation 

on two different explants shoot tips and nodal segments from 

field-grown mature plants of mulberry. They were grown to 

produce shoots in vitro condition aseptically. These types of 

shoot segment were used as explants to compare with field-

grown explants for proliferating axillary shoots. In these case, 

the highest 60% shoot tips with average length number of 

3.40± 0.07 cmof field- grown explants produced axillary 

shoot proliferation on MS medium supplemented with 6.0 µM 

BA while nodal segments showed 70% shoots regarding 

average length number of 3.92 ± 0.08 cmon the same medium 

(Table 02). Similarly, the highest 100% nodal segments were 

average length number of 5.57 ± 0.05 cmand 80% shoot tips 

followed by average length number of 5.12 ± 0.08cm grown 

axillary shoot in in vitro condition on 6.0 µM BAP medium 

respectively (Table 03). It was seen that nodal segments of the 

in vitro and mature plants are better to produce axillary shoots 

than the shoot tips of explants. Moreover, nodal segments 

derived fromin vitro plants were the best to proliferate axillary 

shoots rapidly. (Nalawade et al., 2003) also proved that nodal 

explants were better to regenerate plantlet than shoot tip 

explants in in vitro plantlet regeneration recast. 

Table 1. Surface sterilization of shoot tip and nodal segments 

Treatment 

duration(min) 

Type of 

explants 

Rate of contamination 
(after days of 

treatment) 

Contamination-

free explants 

after 10 days 
(%) 2 4 6 8 10 

 
Shoot 

tip 
      

4 ,, - 4 6 10 10 0 

6 ,, - - 6 8 10 0 

8 ,, - - 7 8 8 20 

10 ,, - - - 4 5 50 

12 ,, - - - 4 1 90 

14 ,, - - - - - 100* 
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16 ,, - - - - - 100** 

18 ,, - - - - - 100*** 

Nodal segment 

4 ,, - 4 7 8 10 0 

6 ,, - 3 5 8 10 0 

8 ,, - - 2 4 5 50 

10 ,, - - - 1 2 80 

12 ,, - - - - - 100 

14 ,, - - - - - 100* 

16 ,, - - - - - 100** 

18 ,, - - - - - 100*** 

  ‟-” indicates no contamination 

 ‟*” indicates culture death due to tissue killing (* = 5-25%, **= 26-50%, 

***= 50-100%) 

Table 2. Effect of different concentrations of BAP on (field-grown) nodal and 
shoot tip explants for axillary shoot proliferation 

Growth 
regulator 

(BA µM) 

Type of 

explants 

Explants 

showed 

proliferation 
(%) 

Total No. of 

shoot/culture 

Length of 

shoot/ 

culture 
(cm) 

2.0 Shoot tip 40 2.22  0.08 
2.61  

0.06 

4.0  50 2.40  0.06 
2.94  
0.05 

6.0  60 2.63  0.04 
3.40  

0.07 

8.0  50 2.51  0.07 
3.08  
0.09 

2.0 
Nodal 

segment 
40 2.32  0.09 

3.25  

0.05 

4.0  60 2.74  0.07 
3.64  

0.06 

6.0  70 2.92  0.06 
3.92  

0.08 

8.0  50 2.45  0.08 
3.40  
0.06 

Table 3. Effect of different concentrations of BAP on nodal and shoot tip 

explants from in vitro proliferated shoots for axillary shoot proliferation 

Growth 

regulator 
(BAP µM) 

Type of 

explants 

Explants 
showed 

proliferation 

(%) 

Total No. of 

shoots/culture 

Length of 

shoot/culture 
(cm) 

2.0 Shoot tip 50 2.40  0.08 3.68  0.07 

4.0  70 2.71  0.06 4.72  0.05 

6.0  80 2.96  0.05 5.12  0.08 

8.0  60 2.62  0.07 4.08  0.06 

2.0 
Nodal 

segment 
70 2.71  0.07 4.54  0.05 

4.0  90 2.90  0.06 5.28  0.06 

6.0  100 3.25  0.04 5.57  0.05 

8.0  80 2.88  0.07 4.94  0.08 

Shoot tips and nodal segments collected from the field grown 

plants were cultured to get the maximum numbers of shoot 

proliferation and for choosing the best cytokinin concentration 

on MS medium supplement with BAP and Kn alone at 2.0, 

4.0, 6.0 and 8.0 µM concentration. When explants cultured at 

concentration of 6.0µMKn, the effect of Kn was the most to 

regenerate shoots among the other concentrations of Kn where 

the average length of shoots was 4.52  0.05 cmand culture 

formed usable shoots were 80%. On the other hand, the 

average lengths of shoots was5.48  0.02cmand culturable 

shoots were 100% at concentration of 6.0 µM BAP which was 

the best result among the other concentrations of BAP(Table 

04). Therefore, the results ensured that the activity of BAP is 

more effective to form axillary shoots than Kn. There were 

other plants like like Ocimumsanctum (Jamal et al.,2016), 

Rosmarinus officinals (Leelavathi et al., 2013), 

Arachishypogaea (Al-Joboury., 2012) andAtropa belladonna 

(Ahmed et al., 2019) whereas the superior activity of BAP to 

other cytokinin was proven to grow in vitro shoots 

reproduction. 

Table 4.Effect of different concentrations of cytokinin alone in MS medium 

in direct regeneration of shoots from explants of mulberry 

PGR 

(µM) 

% of culture 
forming 

usable shoots 

Average 
length of 

shoots (cm) 

Total no. 
of nodes 

per culture 

Days taken 
for shoot 

initiation 

Control - - - - 

 

 

BAP 

2.0 70 4.30  0.05 3.60  0.37 7.0 

4.0 80 4.40  0.04 4.00  0.31 6.0 

6.0 100 5.48  0.02 6.42  0.51 6.0 

8.0 90 4.95  0.04 5.12  0.56 5.0 

 

Kn 

2.0 50 3.80  0.06 3.20  0.51 8.0 

4.0 60 4.07  0.05 3.62  0.51 7.0 

6.0 80 4.52  0.05 5.02  0.58 6.0 

8.0 50 4.15  0.06 4.02  0.59 6.0 

Micro-shoots (2.0-3.0cm long) collected from the in vitro 

culturable shoots cultured on ½ MS medium. In this case, 

different concentration with 2.0 µM, 4.0 µM, 6.0 µM and 8.0 

µM of either IBA or NAA (α-Naphthalene acetic acid)were 

taken for root initiation. After 4 weeks of culture, the 

percentage of root formation, number of roots per shoot and 

length of the longest roots were counted to compare with 

these two auxins. From the observation, it was seen that the 

concentration of 6.0 µM IBA was the best at the highest 100% 

root formation regarding4.21cm 0.07 average length of roots 

among the other concentrations of IBA. On the other hand, 4.0 

µM concentration of NAA was the best at the highest 70% 

root formation followed by 2.36cm0.05average length of 

roots among the other concentrations of NAA (Table 05). 

Therefore, it was cleared that IBA was better to produce roots 

than NAA. There were other plants such as 

Daturametel(Amiri et al., 2010),Elaeocarpus robustus 

(Rahman et al.,2009)and Punica granatum (Prabhuling et al., 

2018) whereas the same observation was seen to produce 

roots in vitro condition. 
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Table 5. Effects of different concentrations of auxins for root formation on 

half strength of MS medium in vitro 

PGR 

(µM) 

Root 
formation 

(%) 

No. of 

roots/cutting 

Average 
length of 

roots (cm) 

Days to root 

formation 

Control - - - - 

 

 

IBA 

2.0 80 3.80  0.28 
1.78  

0.04 
15.0 

4.0 80 4.70  0.44 
2.08  
0.05 

14.0 

6.0 100 8.50  0.84 
4.21  

0.07 
14.0 

8.0 90 6.40  0.45 
3.16  

0.06 
15.0 

 

NAA 

2.0 60 3.60  0.32 
2.02  

0.07 
14.0 

4.0 70 4.40  0.22 
2.36  

0.05 
14.0 

6.0 60 5.90  0.18 
1.96  

0.06 
15.0 

8.0 50 3.20  0.16 
1.72  

0.05 
15.0 
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IV. CONCLUSION 

A suitable research protocol was proved for large production 

of white mulberry using shoot tips and nodal segments 

through different experiments of micropropagation. Overall, 

based on axillary shoot proliferation, culture multiplication 

and root formation of the in vitroshoots, the nodal explants 

were better than the shoot tips. 
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