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Abstract 

Achyranthes aspera L. (Apang locally) belongs to the family Amaranthaceae, is a highly significant 
medicinal herb found almost everywhere in Bangladesh. Mass collection of the plant from natural 
habitats has led to its depletion. An attempt was taken to establish an efficient protocol for its mass 
propagation from field-grown plants (node). Diverse concentrations of phytohormones in single or in 
various combinations were used to obtain desirable plant shoot and root regeneration. Experimentally, 
the best shoot induction was observed on half strength MS medium supplemented with BAP 3.0mg/L. In 
vitro raised shoots were allowed to root on different strengths of MS medium fortified with IAA, IBA and 
NAA at different concentrations. Concerted efforts of 2.0mg/L IBA and 0.5mg/L NAA were enabled to 
induce 100% root initiation with higher root number and longest shoot (17.0±0.75cm) on full strength MS 
medium. Afterwards, regenerated shoots with well developed roots were successfully subjected to 
hardening process and were acclimatized. The survived plantlets showed 86.67% survival frequency 
without any morphological abnormalities. This protocol might be applied for large scale commercial 
cultivation of Achyranthes aspera L.. 
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INTRODUCTION 

 

In Bangladesh, about 500 plant species have been 
identified as medicinal plant because of their therapeutic 
properties (Ghani, 2000). One of the many plants which 
are being evaluated for their therapeutic efficacies is 
Achyranthes aspera (Amaranthaceae family), which is a 
common plant found as an invasive alien species in 
northern Bangladesh as weed (Akter and Zuberi, 2009). 
The plant is a popular folk remedy in traditional system of 
medicine throughout the tropical Asian and African 
countries. Researches have carried out by using different 
parts of the plant to treat leprosy, asthma, fistula, piles, 

 

 

 

 

 

 

 

 

 

 

 

 

arthritis, wound, renal and cardiac dropsy, kidney stone, 
diabetes, toothache etc. (Bhandari, 1990; Dwivedi et 
al.,2008). Phytochemical investigations revealed the 
presence of sterols, alkaloids, saponins, sapogenins, 
cardiac glycosides, ecdysterone etc from different parts 
of the plant (Dey, 2011). Exciting features of this plant is 
motivating researchers for conducting their investigation 
on this plant (Kayani, 2008; Gnanaraj et al., 2012). 

Despite the development of large number of clinically 
effective compounds, indigenous phytotherapy is still 
practiced in many rural areas of developing countries. 
Worldwide about 85% of all medications for primary 
health care are derived from natural sources (Abbasia et 
al.,2010). The increasing demands for medicinal plants 
will definitely reduce the sustainable supply of medicinal 
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plants in the future. Moreover, plant secondary products 
are often produced only in small quantities in most of the 
plant species. Besides, plants are endangered by a 
combination of factors such as over-collecting, 
unsustainable agriculture practices, urbanization, no 
proper regulation on management and conservation. 
Environmental pollution, climate change and 
accumulation of heavy metal also affect the continuous 
supply of fresh plant material. Therefore, biotechnological 
approaches, specifically plant tissue culture plays a vital 
role in search for alternatives to production of desirable 
medicinal compounds from plants (Rao and Ravishankar, 
2002). 

Micropropagation is an alternative to the conventional 
methods of vegetative propagation with the objective of 
enhancing the rate of multiplication (Kaur et al.,1998). It 
has been viewed as an important technology for 
enhancing the capability of selected elite high yielding 
varieties, so as to boost production and productivity. A. 
aspera grows as weeds in agricultural and waste lands. 
Most of the people collect this plant from any place 
without considering whether they are grown in polluted or 
unpolluted areas. The plants that were collected from 
polluted site were found to contain heavy metal or toxic 
components such as mercury. As this plant is often 
utilized by human and in order to maintain sustainable 
supply of healthy and quality plants for human 
consumption, in vitro propagation technique should be 
used for growth. The aims of this study are (i) to establish 
the optimum condition for the enormous propagation of A. 
aspera. (ii) to develop an approach for large scale 
production of plantlets. (iii) to acclimatize regenerated 
plantlets. 

Throughout the investigation nodal explants of 
Achyranthes aspera L. were cultured in different strength 
of MS medium with various concentration and 
combinations of phytohormones for regeneration of 
shoots and roots. The best shoot induction was observed 
on half strength MS medium supplemented with BAP 
3.0mg/L. 2.0mg/L IBA and 0.5mg/L NAA were enabled to 
induce 100% root initiation with higher root number and 
longest shoot (17.0±0.75cm) on full strength MS medium. 
To our knowledge for the first time an effort was made to 
develop a protocol for micropopagation of Achyranthes 
aspera L. in different strength of MS medium with various 
combinations of phytohormones for shoot and root 
regeneration. 

 
MATERIALS AND MEHODS 

Explants and nutrition medium for micropropagation 
 

The experiment was conducted at Plant Biotechnology 
Division (PBD) of National Institute of Biotechnology 
(NIB),Dhaka, Bangladesh, during 2011-2012 with the 
objective to micropropagate Apang efficiently under in 

vitro condition and acclimatize regenerated plantlets. 
The nodes (explants), those were healthy, free of 
symptoms of disease, and pest problems collected from 
the experimental plot of PBD. Explants were inoculated 
on MS medium (Murashige and Skoog, 1962) after 
sterilization and inoculated in test tube or jar containing 
3% sucrose and gelled with 0.8% agar supplemented 
with diverse concentrations phytohormones. The pH of 
the medium was adjusted to 5.8 before gelling with agar 
and autoclaved for 20min at 1210C for 15lbs pressure. 

 
 

Surface Sterilization 
 

For the surface sterilization, the explants first fresh and 
juvenile nodal segments were collected and washed 
thoroughly in running tap water for 30 minutes to remove 
iota of dist. After that they were again washed with liquid 
detergent (Vim or Trix) and fungicides for few min with 
vigorous shaking and repeated washing steps were 
carried out. After Alcohol dip, explants were surface 
sterilized with freshly prepared 0.1% aqueous solution of 
Mercuric chloride for few minutes and washed for 3-4 
times with sterile water to remove any traces of Mercuric 
chloride. 

 
Culture incubation 

 
The test tubes, jars, culture vessels and conical flasks 
containing explants were incubated in a temperature 
controlled growth chamber or growth room. The 
temperature of the growth chamber or growth room was 
maintained of 25 ± 20C and 60-70% relative humidity, 
light intensity was 3000 lux with a photoperiod of 16 hrs 
day light and 8 hrs dark. 

 
Transplantation of regenerated plantlets 

 
The regenerated plantlets after developing sufficient root 
system were deemed ready to transfer in soil. 
Immediately after washing they were transferred to small 
earthen pots containing soil and compost in 1:1 ratio. The 
plantlets with pots were covered with polythene bags to 
check sudden desiccation. The polythene bags were 
gradually perforated to expose the plantlets to the outer 
normal environment. The plantlets were adapted under 
controlled environment of Green house. By this time the 
plantlets become established in to the soil and ready for 
field transformation. 

 
Data recording and analysis 

 
The percentage of initiation, days for initiation, length and 
number of  shoots  and  roots,  and  regeneration 
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Table 1. Effects of different concentrations and combinations of phytohormones in different strengths of MS medium for shoot induction 

and proliferation 
 

Hormone Concentration  Sample   DSI   NER NS NL SL   RN 

BAP+MS 0.5 Q1 8-9 40 2.33±0.47 8 1.3±0.08 0 
 5.0 Q2 4-5 80 4.33±1.7 16 1.5±0.26 0 
 7.0 Q3 10-12 30 2.33±0.47 14 0.73±0.04 0 

BAP+1/2MS 0.5 S1 6 60 3.33±1.89 15.7 1.97±0.12 0 
 3.0 S2 3-4 100 4.33±1.7 15.3 2.76±0.47 0 
 7.0 S3 5-6 40 2±0 8 1.2±0.11 0 

BAP+1/3MS 0.5 G1 5-6 50 2.33±0.47 10 2±0.4 0 
 4.0 G2 4-5 50 2.33±0.47 12 1.6±0.5 0 
 7.0 G3 3-4 80 2.33±0.47 14 0.8±0.1 0 

Kin+MS 0.5 K1 18-19 20 1.33±0.94 6 0.41±0.07 0 
 3.5 K2 15-16 40 0.67±0.47 2.3 0.29±0.01 0 
 7.0 K3 11-12 40 1.67±1.25 6 0.9±0 0 

Kin+1/2MS 2.0 P1 12-14 20 1±0.82 4 1.0±0.09 0 
 5.0 P2 6-7 30 3.67±1.25 15.7 1.47±0.42 0 
 7.0 P3 3-4 50 3.67±1.25 16 1.77±0.09 0 

Kin+1/3MS 0.5 O1 12-14 20 1.33±0.94 4 0.44±0.04 0 
 4.0 O2 9-10 30 2.67±0.94 16 2.07±0.17 0 
 7.0 O3 3-4 50 2.33±0.47 14 1.52±0.06 0 

BAP+Kin+MS 1.0+0.2 M1 4-5 80 4±1.63 12 1.46±0.05 0 
 1.0+0.5 M2 5-6 70 5±2.16 16 1.3±0.2 0 
 7.0+0.5 M3 7-8 30 3±0.82 10 0.6±0.1 0 

BAP+Kin+1/2MS 3.0+0.2 A1 3-4 100 4±1.63 16 1.44±0.12 0 
 3.0+0.5 A2 5-6 90 3±2.33 6 2.03±0.31 0 
 7.0+0.5 A3 9-10 40 2±0 4 2.9±0.16 0 

BAP+NAA+MS 1.0+0.2 H1 4-5 90 4±1.63 16 1.46±0.04 5.8±0.37 
 3.0+0.2 H2 4-5 80 2.67±0.47 8 1.2±0.08 2.67±0.7 
 5.0+0.2 H3 5-6 80 3±0.82 10 0.86±0.05 2±0 

BAP+IAA+MS 3.0+1.0 BA1 7-8 40 2±0 4 0.8±0.02 0 
 3.0+2.0 BA2 6-7 60 3±0.82 10 1.13±0.9 0 
 3.0+3.0 BA3 5-6 80 2±0 4 0.65±0.04 2.67±0.5 

IAA+Kin+MS 3.0+1.0 IK1 5-6 60 3.33±0.94 12 1.9±0.47 0 
 3.0+2.0 IK2 8-9 30 2±0 4 0.9±0 0 
 3.0+3.0 IK3 9-10 30 2±0 6 1.16±0.20 0 

BAP+IAA+Kin+MS 1.0+0.5+0.5 BIK1 7-8 60 3.33±0.94 10 0.9±0.06 0 
 2.0+0.5+0.5 BIK2 7-8 50 2.67±0.94 8 1.31±0 0 
 3.0+0.5+0.5 BIK3 5-6 80 4±1.63 18 2.01±0.06 0 
 4.0+0.5+0.5 BIK4 8-9 40 2.67±0.94 8 1.5±0 1.33±0.1 

BAP+IAA+Kin+1/2MS 1.0+0.5+0.5 BK1 5-6 60 2.67±0.94 10 1.27±0.12 0 
 2.0+0.5+0.5 BK2 5-6 60 2.67±0.94 8 1.3±0 0 

 3.0+0.5+0.5 BK3 3-4 90 3.33±1.9 14  1.77±0.12 2.67±0.5 

*Concentration of hormone (mg/L), DSI: Days for shoots initiation, NER: Number of explants regenerated (%), NS: Number of shoots 
(mean ±SD), NL: Number of leaves (Average), SL: Shoots length (cm, mean ±SD), RN: Root number (mean ± SD), 10 explants 
inoculated for per sample. 

 

percentage during acclimatization of plantlets were 
recorded and the data was subjected to standard 
deviation using computer software. 

RESULTS AND DISCUSSION 
 

Shoot initiation time 
 

Half strength of MS medium showed best result to initiate 
shootlets from nodal explants and it took only 3-4 days 
(S1, S2, G3, P3, BK3 and A1 samples). BAP took less 
duration of time than Kin for initiation of shootlets. Kin 
took 18-19 days at 0.5mg/L of concentration whereas at 

the same concentration BAP took 8-9 days. Similar type 
of late initiation of shootlets by using Kin was also 
examined by Shaheenuzzaman et al.,(2011). The use of 
BAP with different concentration and combination with 
Kin, NAA or IAA didn’t show significant change in the 
duration of time for shootlets initiation and the average 
range was between 7-10 days (Table 1). 

Percentage of shoot regeneration 
 

Among different treatments, shoot regeneration 
percentage varied significantly along with the 
concentration of cytokinin. BAP at the concentration of 
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Table 2. Effects of different concentrations and combinations of IBA, NAA and IAA in different strengths of MS medium for 

rooting of shoots. 
 

Hormone Concentration Sample SR DRI NRM RL NL SL 

NAA+MS 3.5 A1 100 7-8 11.3±4.1 3.1±0.6 9.3 6.23±0.04 
 4.0 A2 100 4-5 21.3±5.7 3.17±0.17 14 8±0.14 

NAA+1/2MS 1.0 N1 100 5-6 14.3±3.4 7.6±0.08 8 4.1±0.9 
 2.5 N2 100 7-8 22.7±2.5 3.4±2.1 12 6.0±1.9 

NAA+1/3MS 0.5 NA1 60 17 3.3±2.8 1.0±0.1 8.3 2.1±1.1 
 4.0 NA2 100 10 8.7±5.3 1.3±0.9 8 4.0 

IBA+MS 3.5 I1 100 6-7 12.7±4.1 11.7±1.2 14 8.5.46 
 4.0 I2 100 5-6 26.7±6.7 12.7±2.1 14 10.0 

IBA+ 1/2MS 2.5 B1 100 4-5 20.3±10.3 6.7±0.34 10 6.1±0.01 
 4.0 B2 100 6-7 26.0±10.2 9.1±0.33 16 11±0.17 

IBA+1/3MS 0.5 IB1 100 6-7 12.3±4.9 1.0±0.1 8 5.0±0.32 
 2.0 IB2 100 6-7 11.0±3.7 1.1±0.1 6 4.1±0.34 

IAA+MS 2.0 X1 100 7-8 16.0±7.7 1.3±0.1 10 4.1±1.29 
 3.0 X2 100 5 21.7±6.3 4.0±0.27 10 6.4±1.69 

IAA+1/2MS 0.5 T1 100 5 9.0±5.3 1.6±0.1 6 2.0±1.17 
 2.0 T2 100 5-6 5.6±2.7 1.5±0.1 6 3.1±1.9 

IAA+1/3MS 0.5 Y1 100 6-7 9.3±3.3 1.2±0.1 8 5.0±2.1 
 2.0 Y2 100 9-10 6.6±4.2 0.7±0.25 6 2.9±0.1 

NAA+IBA+MS 3.0+3.0 IA1 80 10-11 7.0±4.08 3.0±2.1 10 8.0±0.33 
 4.0+4.0 IA2 100 5-6 21.7±2.2 1.5±0.1 14 9.0±0.47 

IBA+NAA+1/3MS 2.0+0.5 IA3 100 4-5 25.0± 3.4 8.7±0.9 12 17.0±0.75 
 0.5+2.0 IA4 100 7-8 8.0±2.3 10.7±0.5 10 9.0±1.30 

NAA+IBA+ 1/2MS 0.5+0.5 L1 100 7 14.0±4.2 1.3±0.1 8 4.0±0.33 
 6.0+6.0 L2 60 15 3.3±2.5 0.3±0.1 4 2.0±0.1 

NAA+IAA+MS 2.0+2.0 U1 100 9-10 4.5±5.3 1.0 6 5.6±1.22 
 3.0+3.0 U2 100 6-7 17.3±10.2 1.4±0.2 8 6.0±2.2 

IBA+IAA+MS 0.5+0.5 E1 100 6 19.3±7.7 3.06±0.2 6 4.0±1.1 
 2.0+2.0 E2 100 8-9 8.3±6.4 2.6±0.2 4 3.4±1.3 

IAA+IBA+NAA+MS 0.5+0.5+0.5 Z1 100 10-11 13.3±1.2 3.5±0.18 12 3.0±2.2 
 0.75+0.75+0.75 Z2 70 9-10 11.2±0.3 3.0±0.12 10 4.0±0.30 
 1.0+1.0+1.0 Z3 100 7-8 28.3±10.3 3.6±0.33 14 7.0±0.7 

IAA+IBA+NAA+1/2MS 0.5+0.5+0.5 J1 100 6-7 27.0±2.2 1.0±0.1 6 3.2±0.32 

 2.0+2.0+2.0 J2 100 8-9 5.3±2.9 0.9±0.1 4.3 3.0±0.1 

*Concentration of hormone (mg/L), SR: Shoots rooted (%), DRI: Days for root induction, NRM: Number of roots per micro-cutting (mean 
±SD), RL: Root length (cm) (mean ±SD), NL: Number of leaves, SL: Shoot length (cm, mean ±SD). 

 

3.0mg/L on half strength MS medium gave highest shoot 
regeneration (100%).3.0mg/L of BAP showed highest 
frequency nearly 80% in earlier report (Gnanaraj et 
al.,2012). Comparatively less shoot regeneration 
frequency was recorded with Kin among all strength of 
MS medium application which is in line with the findings 
of Karim et al.,(2003) and Shabbir et al.,(2012). Kin 
proved less effective for shoot regeneration and gave 
comparatively lower regeneration percentages than BAP. 
But BAP combination with Kin at concentration of 3.0 and 
0.2mg/L were fortified in 1/2MS medium, also showed 
100% shoot regeneration efficiency. When the 
concentration of BAP higher than its optimum 
concentration on both full and half strength MS exhibited 
negative effect on regeneration frequency. The use of 
BAP with IAA, Kin with IAA or application of the combined 
effects of these three on either full or half strength of MS 
medium played no significant effect on shoot 
regeneration. 

Number of regenerated shoots 
 

Results showed that the number of regenerated shoots 
per explant ranged between 0.67±0.47 to 5±2.16, 
depending on the strength of MS medium and 
concentration and combination of growth regulators 
(BAP, Kin, NAA and IAA). The number of shoots per 
explant and leaves were high in BAP induced medium 
than Kin (Table 1, 2) as shown by Sasikumar et al.,(2009) 
and Geetha et al.,(1998). But the combination of BAP 
and Kin gave maximum shootlets (M2 sample). Other 
combination of hormones didn’t give significantly different 
results. 

 
Length of regenerated shoots 

 
Significant difference for shoot length was noticed for 
different concentrations of BAP and Kin in full strength of 

ASP (Advanced Science Publication) | ISSN:1246-8185 https://aspscience.org/

Volume 10 Issue 10 (2024) Page No:4



 
 

 

 
 

 
Table 3. Survival rate of plantlets of A. aspera at different stages of hardening 

 

Sample Stage of transplantation Number of 
transplanted 

plants Percentage of survival 

T1 Poly House (1st stage) 20  85.00 

T2 Shade House (2nd stage) 17  88.23 
T3 Field (3nd stage) 15  86.67 

 

 

Figure . Different stages of plantlets development from node of A. aspera. A. Inoculation of nodal explants in test tube. B. Inoculation 
of nodal explants in jar. C. Initiation and proliferation of shootlets in test tube. D. Initiation and proliferation of shootlets in jar. E. Root 
initiation in shooting hormone. F. Root initiation and development. G. Poly bag stage H. Vigorously growing young plant of A. aspera. 

 

MS medium but showed almost same results in the 1/3 of 
MS (Table 1). One third strength MS medium fortified 
with 7.0 and 0.5mg/L BAP and Kin showed maximum 
shoots length (2.9±0.16cm); and the lowest shoots 
length was observed with Kin at concentration  of 
1.5mg/L in full strength MS. 

 
Rooting in shooting 

 
Magnificently, BAP and Kin were ineffective in root 
induction. But when these were applied with IAA or NAA 
(commonly used in root induction) showed root induction 
irregularly (Table1). 

Rooting percentage 
 

Significant differences were not observed among 
treatments in rooting percentages and it varied from 60 to 
100% with the varying concentrations of Auxins (Table 2). 
Auxin is an essential growth regulator required for the 

process of root formation. In the present study IBA was 
found more effective rooting hormone comprising 100% 
rooting efficiency compare with NAA and other 
hormones used here for this experiment. Similar results 
were well documented by earlier reports (Velayutham et 
al.,2006; Rehman et al.,2003). The efficiency of IAA was 
also documented in this experiment with high initiation 
power as mentioned before by Husen and Pal (2001). 
Mixture of IBA and IAA also had shown 100% rooting 
frequency. Combined effects of these two were further 
recorded by Sasikumar et al.,(2009). 

Number of regenerated roots 
 

Table 2 shows that exogenous application of NAA, IBA 
and IAA had a positive effect on root number. Root 
number varied significantly among different treatments. 
IAA+IBA+NAA on full strength MS at Z3 gave maximum 
root number of 28.3±10.3 and NAA+1/3MS at NA1 
(6.0mg/L) gave 2.3±2.1 roots, which was significantly low 
as  compared  to  all the concentrations of rooting 
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hormones applied. Celenza et al.,(1995 and Ujjwala, 
(2007) found that IBA, IAA and NAA promote root 
initiation, elongate root length and increase root number. 

 
Root length 

 
Among various treatments, a significant difference in root 
length was recorded. IBA on full strength MS medium at 
I2 (4.0mg/L) gave the longest roots of 12.7±2.1cm 
whereas NAA+IBA+1/2MS at L2 gave root length of 
0.3±0.1cm, which was significantly lower as compared to 
all the concentrations of hormones applied (Table 2). 
Root length at concentration 1.0mg/L of IBA in both full 
strength and half strength of MS were more than previous 
report on this plant by Gnanaraj et al.,(2012). 

 
Shoot length 

 
Among the different concentration and combination of 
hormones studied, the highest shoot length was recorded 
at IA3 and it was 17.0±0.75cm and NAA+IBA+1/2MS at L2 
gave 2.0±0.1 shoots, which was significantly lower as 
compared to all the concentrations applied (Table 2). 
Rooting hormones increases sugar availability at the site 
of primordium development and that is responsible for 
higher shootlets length which previously reported by 
Metaxas et al.,(2004). 

 
Acclimatization of Regenerated Plantlets 

 
The plantlets developed from different in vitro culture 
were successfully established in soil. In present 
investigation, the survivals of acclimatized young plants 
were 86.67% (Table 3). 

 
CONCLUSIONS 

 
Here, we have shown the decent protocol for large scale 
propagation of Achyranthes aspera L. using nodal 
explants. The survivals of acclimatized young plants were 
86.67%. For shoot regeneration the suitable media was 
half strength MS medium supplemented with BAP 3. For 
root regeneration the medium composition was 2.0mg/L 
of IBA and 0.5mg/L of NAA in full strength of MS media. 
This protocol could be applied for commercial large scale 
cultivation of A. aspera. 

 
ACKNOWLEDGEMENT 

 
The authors are grateful to Sabina Yeasmin, Keshob 
Chandro Dash, Palash Kumar Sarker and Md. 
Shafiquzzaman, Scientific Officer of National Institute of 

Biotechnology, Dhaka for great advice and moral support. 
They are also thankful to Ishak Mia and Syed Md. Sayem 
and gardener Abdur Razzak of NIB, Dhaka for their 
helping hand to collect large amount of explants and 
continuous help during the research work. 

 
REFFERENCES 

 
Akter A, Zuberi MI (2009). Invasive alien species in Northern 

Bangladesh: Identification, inventory and impacts. Int. J. Biodiver. 
Conser. 1(5): 129-134. 

Abbasia AM, Khana MA, Mushtaq A, Muhammad Z, Sarwat J, Shahzia 
S (2010). Ethnopharmacological application of medicinal plants to 
cure skin diseases and in folk cosmetics among the tribal 
communities of North-West Frontier Province. Ethnopharmacol.128: 
322-335. 

Bhandari MM (1990). Flora of the Indian desert. MPS Repros, Jodhpur, 
India, 287-288. 

Celenza JL, Grisafi PL, Fink GR (1995). A pathway for lateral root 
formation in Arabidopsis thaliana. Genes Development. 9: 2131- 
2142 

Dwivedi SR, Dubey, Mehta K (2008). Achyranthes aspera Linn. 
(Chirchira): A magic herb in folk medicine. Ethnobot. Leaflets.12: 
670-676. 

Dey A (2001). Achyranthes aspera L: Phytochemical and 
pharmacological aspects. Int. J. Pharm.l Sci. Rev. Res. 9(2): 72-82. 

Ghani A (2000). Vheshaja Oshudh (Herbal Medicine), Bangla Academy 
Dhaka, Bangladesh. 

Gnanaraj WE, Antonisamy JM, Mohanamathi RB,Subramanian KM 
(2012). In vitro clonal propagation of Achyranthes aspera L. and 
Achyranthes bidentata Blume using nodal explants. Asian Pac.c J. 
Trop.Biomed.1-5. 

Geetha N, Venkatachalam P, Prakash V, Sita GL (1998). High 
frequency induction of multiple shoots and plant regeneration from 
seedling explants of pigeonpea. Plant Cell Rep. 17: 22-26. 

Husen A., Pal M (2001) Clonal propagation of Tectona grandis (Linn. f.): 
effects of IBA and leaf area on carbohydrates drifts and 
adventitious root regeneration on branch cuttings. Annal. Forest. 
9(1): 88-95. 

Kaur K, Verma B, Kant U (1998). Plants obtained from Khair tree 
(Acacia catechu Wild), using mature nodal segments. Plant Cell 
Reports.17: 427-429. 

Karim MZ, Amin MN, Azad MAK, Begum F, Rahman, Islam MM, Alam 
R (2003). Effects of different plant growth regulators on in vitro 
shoot multiplication of Chrysanthemum morifolium. Online J. Biol. 
Sci. 3(6): 553-560. 

Kayani S, Zia M, Sarwar S, Rehman RU, Chaudhary MF (2008). 
Callogenic studies of Achyranthes Aspera leaf explant at different 
hormonal combinations. Pakistan J. Biol. Sci. 11(6): 950-952. 

Murashige T, Skoog F (1962). A revised medium for rapid growth and 
bioassay with tobacco tissue cultures. Physiol. Plantarum.15: 473- 
497. 

Metaxas DT, Syros T, Yupsanis T, Economou A(2004). Peroxidases 
during adventitious rooting in cutting of Arbutus unedo and Taxas 
baccata as affected by plant genotype and growth regulator 
treatment. Plant Growth Regul. 44(3): 257-266. 

Rao RS, Ravishankar GA (2002).Plant tissue cultures;chemical 
factories of secondary metabolites. Biotechnol. Adv. 20:101-153. 

Shaheenuzzaman M, Haque MS, Karim MM, Noor ZU(2011). In vitro 
shoot proliferation and development of micropropagation protocol 
from leaf disc of Gladiolus. J. Bagladesh Agr. Univ. 2011; 9(1): 21- 
26. 

Shabbir K, Ahmad T, Hafiz AI, Hussain A, Abbasi NA, Ahmad J 
(2012).In vitro regeneration of Gerbera jamesonii cv. Sunglow. Afr. 
J. Biotechnol. 11(42): 9975-9984. 

Sasikumar S, Raveendar S, Premkumar A, Ignacimuthu S, Agastian P 
(2009). Micropropagation of Baliospermum montanum (Willd.) 
Muell. Ara.-A threatened medicinal plant. Indian J. Biotechnol. 8: 
223-226. 

ASP (Advanced Science Publication) | ISSN:1246-8185 https://aspscience.org/

Volume 10 Issue 10 (2024) Page No:6



 
 

 

 

 

Ujjwala, JS (2007). In vitro Regeneration of Aloe barbadensis. 
Biotechnol. 6: 601-603. Velayutham P, Ranjithakumari BD, 
Baskaran P (2006). An efficient in vitro plant regeneration system 

for Cichorium intybus L.–an important medicinal plant. J. Agr. Technol. 
2(2): 287-298. 

ASP (Advanced Science Publication) | ISSN:1246-8185 https://aspscience.org/

Volume 10 Issue 10 (2024) Page No:7




