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Introduction 

Sugarcane (S. officinarum L.) has been an essential crop for over 

2,500 years, with origins in India and China before spreading to 

Western Europe in the eighteenth century (1, 2). Modern sugarcane 

cultivars are derived from complex crosses between S. officinarum 

(2n = 80) and Saccharum spontaneum (2n = 40:128), followed by 

backcrossing interspecific hybrids with the S. officinarum parent 

(3). Globally, sugarcane is the primary source of white sugar, 

contributing approximately 70 % of the world’s sugar production. 

Additionally, it serves as a crucial raw material for biofuels, 

biofertilizers and other industrial products (4, 5). 

 In Bangladesh, sugarcane is a cornerstone of the 

agricultural economy, serving as the sole source of white sugar 

and ranking among the country’s top three major field crops (6). 

However, production has faced challenges, with outputs 

declining from 38.6 lakh tons in 2016-2017 to 34.03 lakh tons in 

2017-2018, contributing only 0.81 % to the national GDP (7). The 

rising global demand for sugar and biofuels has amplified the 

need for high-yielding, disease-resistant sugarcane varieties that 

are locally adapted. 

 Traditional propagation methods, such as stem cuttings, 

face several limitations, including labor-intensive processes, low 

propagation rates and vulnerability to pathogen transmission. 

Additionally, sugarcane’s polyploidy and high heterozygosity 

complicate the development of pure lines and prolong breeding 

cycles to 10-15 years (8). In Bangladesh, these challenges are 

exacerbated by biotic and abiotic stresses, underscoring the 

urgent need for innovative solutions to improve sugarcane 

propagation. 

 Tissue culture offers a transformative approach to 

sugarcane micropropagation by enabling rapid multiplication of 

disease-free, genetically uniform plantlets. It allows for year-round 

production, higher yields and improved genetic traits such as 

disease resistance and increased sugar content (9). Tissue culture 

has been shown to accelerate the breeding of elite genotypes and 

support germplasm conservation efforts. Despite its potential, 

sugarcane tissue culture research in Bangladesh remains limited, 

with inefficient protocols hindering the rapid development and 

commercialization of high-quality planting material. 

 This study seeks to address these challenges by optimizing 

in-vitro regeneration protocols for three sugarcane varieties: Isd 
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Abstract  

This study explores the in-vitro regeneration of sugarcane (Saccharum officinarum L.) genotypes in Bangladesh, aiming to optimize 

micropropagation protocols that can enhance sugarcane productivity and genetic diversity. The research evaluates the effects of various 
concentrations of auxins and cytokinins on callus induction, shoot regeneration and rooting in three sugarcane varieties: Isd 37, Isd 40 and 

ZH 110-65. The results demonstrated that 3.0 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D) was the most effective for callus induction, 

yielding a high initiation rate of 97.33 % in Isd 40. For shoot regeneration, the optimal concentration of 1.0 mg/L Benzylaminopurine (BA) 

produced the highest number of shoots per culture, reaching 17.0 shoots per culture in Isd 40. Rooting was most successful with 5.0 mg/L 
Naphthalene acetic acid (NAA) which resulted in an average of 9.36 roots per shoot in Isd 40. Acclimatization trials showed that 65-80 % of 

the rooted plantlets survived under ex vitro conditions. This research provides a robust, reproducible tissue culture protocol for sugarcane 

that can be utilized to propagate disease-free, high-yielding and genetically diverse genotypes. The findings hold significant potential for 

improving sugarcane breeding and commercial production in Bangladesh, addressing the growing demand for high-quality sugarcane 
and supporting the sustainable growth of the local industry. The study lays a foundation for future crop improvement programs and 

germplasm conservation. 
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40, Isd 37 and ZH 110-65. By evaluating the effects of auxins 

and cytokinins on callus induction, shoot regeneration and 

rooting, the research aims to develop efficient and 

reproducible micropropagation techniques. These findings will 

contribute to advancing sugarcane breeding programs, 

improving productivity and promoting the sustainable 

development of the sugarcane industry in Bangladesh. 

 

Materials and Methods 

Plant materials 

Leaf sheaths of sugarcane (S. officinarum L.) were collected 

from 3-4-month-old plants of three varieties: Isd 37, Isd 40 and ZH 

110-65. These varieties were chosen for their unique traits: Isd 37 

for its performance in poor soil conditions, Isd 40 for its tolerance 

to various stresses (drought, flood, salinity and waterlogging) 

and ZH 110-65 for its adaptability to local environmental 

conditions in Bangladesh. The explants were obtained from the 

experimental fields of the Bangladesh Sugarcrop Research 

Institute (BSRI) and used for in vitro propagation. 

Surface sterilization of plant material 

Surface sterilization of explants was carried out following the 

protocol described by Hossain et al., 2024, with minor 

modifications. Actively growing leaf sheaths were excised into 

sections measuring 7-8 cm and initially washed in a 3 % (w/v) 

Savlon solution for 5 min to remove surface contaminants. The 

sections were then rinsed thoroughly with sterilized distilled 

water. Subsequently, the explants were treated with 70 % 

ethanol for 1 minute, followed by additional rinsing with sterile 

distilled water. For further sterilization, the explants were 

immersed in a 0.1 % (w/v) mercuric chloride (HgCl₂) solution for 

10 min with vigorous shaking to ensure uniform exposure. After 

this step, the explants were rinsed thoroughly 3-4 times with 

sterilized distilled water to remove residual mercuric chloride. 

The sterilized explants were then dried on sterile tissue paper 

under aseptic conditions before inoculation onto the culture 

medium. To monitor contamination rates and ensure the 

effectiveness of the sterilization protocol, a hormone-free 

medium was used as a control during sterilization trials. This step 

confirmed that aseptic conditions were consistently maintained 

throughout the procedure. 

Preparation of culture media 

Murashige and Skoog (MS) basal medium was prepared with 

macronutrients, micronutrients, vitamins and plant growth 

regulators (PGRs). Stock solutions for macronutrients (10x), 

micronutrients (100x), iron (100x) and vitamins (100x) were 

prepared and stored at 4 ± 1 °C. Growth regulators, including 2,4-

D, BA, NAA, indole-3-butyric acid (IBA) and kinetin (Kn), were 

dissolved in appropriate solvents (e.g., ethanol, NaOH, or HCl) 

and diluted to working concentrations. The media was adjusted 

to pH 5.8, autoclaved at 121 °C and 1.16 kg/cm² for 20 min and 

poured into sterilized Petri dishes. 

Culture techniques 

All inoculations were performed under a laminar airflow 

cabinet sterilized with UV light and 70 % ethanol. Instruments 

were autoclaved and treated with a hot bed sterilizer before 

use. The work area and hands were routinely disinfected with 

70 % ethanol to maintain sterility throughout the process. The 

surface-sterilized explants from the three sugarcane varieties (Isd 

37, Isd 40 and ZH 110-65) were inoculated into MS medium 

supplemented with various growth regulators to optimize in vitro 

propagation. For callus induction, the explants were cultured on 

MS medium containing different concentrations of auxins, 

including 2,4-D at 1.0, 2.0, 3.0 and 4.0 mg/L and NAA at 1.0, 2.0 

and 3.0 mg/L. The cultures were incubated in the dark at a 

controlled temperature of 25 ± 2 °C. Observations were recorded 

for the number of days required for callus initiation and the 

percentage of explants forming callus. 

 Following successful callus induction, the calli were 

transferred to shoot regeneration media containing cytokinins 

such as BA or Kn at concentrations of 0.5, 1.0 and 2.0 mg/L. To 

explore synergistic effects, BA (1.0 mg/L) was combined with 

auxins, including indole-3-acetic acid (IAA), indole-3-butyric acid 

(IBA) and NAA at concentrations of 0.1, 0.2 and 0.5 mg/L. The 

cultures were maintained under a 16 hrs photoperiod with 

fluorescent light at an intensity of 2000-3000 lux, a temperature 

of 25 ± 1 °C and approximately 70 % humidity. Parameters such 

as the number of days to shoot initiation, the number of shoots 

per culture and shoot length were monitored to evaluate shoot 

regeneration efficiency. 

 For rooting, juvenile shoots measuring at least 5 cm in 
height were transferred to rooting media supplemented with 

auxins, including NAA, IBA and IAA, at concentrations ranging 

from 3.0 to 6.0 mg/L. The cultures were incubated in a 

temperature-controlled growth room under similar photoperiod 

and light conditions. Observations were recorded for the number 

of days to root initiation, the number of roots per shoot and root 

length. Sub culturing was carried out every two weeks during 

callus induction and every 4-5 weeks during shoot regeneration 

and rooting to maintain the cultures and ensure optimal growth. 

Acclimatization 

Rooted plantlets were carefully removed from culture vessels, 

washed under running water to remove residual gel and 

transplanted into pots containing sun-dried soil mixed with sand 

(2:1 ratio). Potted plants were covered with perforated polythene 

bags and maintained in a growth chamber (80 % humidity) for 10

-12 days before gradual exposure to ambient conditions. The 

survival rate was recorded and factors influencing plantlet 

success were evaluated. 

Statistical analysis 

Data on callus induction, shoot regeneration and rooting were 

collected from five replicates per treatment. Statistical analysis 

was performed using ANOVA to assess significant differences at 

a 95 % confidence level, followed by Tukey’s HSD test for post-

hoc comparisons. Statistical analyses were conducted using 

IBM SPSS Statistics for Windows, version 26 (22). 

 

Results  

Effects of auxins in callus induction 

The surface-sterilized leaf sheath explants of sugarcane varieties 
Isd 37, Isd 40 and ZH 110-65 were inoculated onto MS medium 

containing 2.0 mg/L 2,4-D and NAA for callus induction. Callus 

initiation was observed 16 days post-culture, with vigorous callus 

growth until the medium’s nutrients were depleted. The data on 

days required for callus initiation and the percentage of explants 
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  showing callus induction are presented in Fig. 1. Results showed 

that 2,4-D significantly reduced the time to callus initiation 

compared to NAA. Isd 40 exhibited the shortest callus initiation 

time (16 days) and the highest percentage of callus induction 

(65 %) under 2,4-D treatment. Conversely, NAA required longer 

durations, with ZH 110-65 demonstrating the fastest response 

(22 days) and a maximum callus induction rate of 20 %. These 

findings underscore the superior efficacy of 2,4-D over NAA in 

promoting callus induction. 

 Among the tested 2,4-D concentrations (1.0, 2.0, 3.0 and 

4.0 mg/L), 3.0 mg/L was the most effective, consistently inducing 

the highest percentage of callus across all three varieties (Table 

1). Isd 40 recorded the highest callus initiation rate (97.33 %), 

whereas Isd 37 showed the lowest (64 %). The performance of 

4.0 mg/L and 2.0 mg/L ranked second and third, respectively, 

while 1.0 mg/L demonstrated the weakest effect. The callus 

characteristics varied, with Isd 37 producing yellowish-white 

semi-compact calli (Fig. 2E), Isd 40 forming cream-colored loose 

calli (Fig. 2A) and ZH 110-65 generating white compact calli (Fig. 

2I). These observations emphasize the genotype-specific 

response to 2,4-D and highlight the optimal concentration of 3.0 

mg/L for callus induction in sugarcane. 

Effects of cytokinins on shoot regeneration 

Among the cytokinins tested, BA consistently outperformed Kn 

in promoting shoot regeneration, as shown by shorter shoot 

initiation times, higher shoot numbers per culture and greater 

shoot lengths (Table 2). No shoot proliferation occurred at the 

lowest Kn concentration (0.5 mg/L). For both BA and Kn, 1.0 mg/

L proved the most effective concentration. At this level, ZH 110-

65 exhibited the earliest shoot initiation (15 days) and the highest 

number of shoots per culture (8.0 ± 2.31). Isd 37 recorded the 

longest shoots (2.78 ± 0.51 cm), followed by Isd 40 (2.61 ± 0.54 

cm). These findings highlight the optimal efficacy of BA at 1.0 mg/

L for in-vitro shoot regeneration in sugarcane (Fig. 2B, F&J). 

Effects of cytokinins combined with auxins on shoot 
regeneration 

The combination of BA (1.0 mg/L) with NAA (0.5 mg/L) 

significantly enhanced shoot regeneration across all parameters 

and varieties (Table 3). This treatment led to the shortest time to 

shoot initiation (9 days) in Isd 40 and ZH 110-65, the highest 

shoot proliferation rate (17.0 ± 0.3 shoots per culture) in Isd 40 

and the longest shoots (5.43 ± 0.28 cm) in Isd 37 (Fig. 2C, G & K). 

The results illustrate the synergistic effect of BA with NAA at 0.5 

mg/L in promoting shoot differentiation. 

Rooting of juvenile shoots under in-vitro conditions 

The rooting performance of juvenile sugarcane shoots was 

assessed with MS medium supplemented with NAA, IBA, or IAA at 

3.0 mg/L (Table 4). NAA exhibited superior efficacy in all rooting 

parameters. Isd 40 showed the shortest root initiation time (9.33 

days) and the highest number of roots per shoot (6.88 ± 2.17), 

while ZH 110-65 displayed the longest roots (3.63 ± 0.62 cm) 

under NAA treatment. IBA provided moderate results, whereas 

IAA demonstrated the weakest performance, with Isd 37 

recording the longest root initiation time (20 days) and the 

lowest root production (1.0 ± 0.03 roots/shoot). 

 

Concentrations 
(mg/l) 

  

Average performance of callus of three sugarcane varieties 

Isd 37 Isd 40 ZH 110-65 

Colour Texture 
Callus 

initiation (%) Color Texture Callus Colour Texture 
Callus 

initiation (%) 

1.0 Yellowish white Semi Compact 39.33±0.31 Cream Loose 47.33±0.51  white Compact 35.33±0.81 

2.0 Yellowish white Semi Compact 50.67±0.11 Cream Loose 66.00±0.61  white Compact 51.67±0.21 

3.0 Yellowish white Semi Compact 64.00±0.21 Cream Loose 97.33±0.53  white Compact 75.00±0.51 

4.0 Yellowish white Semi Compact 57.67±0.61 Cream Loose 81.33±0.93  white Compact 60.00±0.33 

Table 1. Effects of 2,4-D on callus induction (%) at different concentrations were evaluated using leaf sheath explants from three sugarcane 
varieties, with each experiment involving 10 explants       

Fig. 1. Effects of auxins (2,4-D and NAA) for callus induction from the leaf sheath explants of three sugarcane varieties (Isd 37, Isd 40 and ZH 110
-65). Bars represent standard errors from five replications. 
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 Higher concentrations of NAA (3.0-6.0 mg/L) were further 

tested to optimize rooting (Table 5). NAA at 5.0 mg/L yielded the 

shortest root initiation time (7.67 days) and the highest number 

of roots per shoot (9.36 ± 0.77) in Isd 40. The longest roots (4.37 ± 

0.55 cm) were observed in ZH 110-65 under the same 

concentration. These findings confirm the optimal concentration 

of NAA at 5.0 mg/L for rooting, with genotype-specific responses 

(Fig. 2D, H & L). 

Acclimatization of Rooted Plantlets 

In-vitro regenerated shoots were successfully acclimatized by 

transferring rooted plantlets to soil after thorough root washing. 

Plantlets maintained in growth chambers under 80 % humidity 

showed a survival rate of 65-80 % (Fig. 3). The survival rate was 

positively influenced by plantlet health and root condition, with 

higher rates observed in plantlets having robust roots. 

 

Discussion 

Micropropagation is a highly effective tissue culture method for 

rapidly multiplying plants from a single shoot apex while 

ensuring disease-free, true-to-type material with uniform traits. It 

facilitates faster development of new varieties, rejuvenation of 

older ones, germplasm conservation and enhancement of plant 

vigour, ultimately leading to higher yields and sucrose content 

(10). Proper management of this approach can maintain seed 

quality for extended periods, providing a reliable alternative to 

traditional propagation methods. In this study, a reproducible in-

vitro regeneration protocol for S. officinarum was developed, 

encompassing callus induction, shoot regeneration, 

multiplication and rooting using leaf sheath explants from three 

sugarcane varieties: Isd 37, Isd 40 and ZH 110-65. The protocol 

yielded high-frequency plant regeneration, demonstrating its 

potential for year-round, rapid, pathogen-free and high-quality 

plantlet production. These findings also underline the 

importance of this approach in preserving germplasm and 

supporting future crop improvement programs. 

 Callus induction experiments revealed that 2,4-D at 2.0 

mg/L outperformed NAA in all three sugarcane varieties, 

requiring fewer days for callus initiation and achieving higher 

callus formation rates. The effectiveness of 2,4-D aligns with prior 

studies that demonstrated its superiority in callus induction in 

both monocots and dicots (11, 12, 19-21). Varietal differences 

were observed in the response to 2,4-D and NAA, supporting 

earlier findings on genotype-specific responses in tissue culture 

(12). The highest callus induction rate (97.33 %) was achieved at 

3.0 mg/L 2,4-D, with a progressive decrease in performance 

observed at lower and higher concentrations, consistent with 

findings from previous reports (12, 13). This optimal 

concentration highlights the genotype-specific interaction of 2,4-

Average shooting performance of three sugarcane varieties 
  

Cytokinins 
(mg/L)   

Isd 37 Isd 40 ZH 110-65 

Days to shoot 
initiation 

No. of 
shoots/ 
culture 

Ave. shoot 
length (cm) 

Days to shoot 
initiation 

No. of shoots/ 
culture 

Ave. shoot 
length (cm) 

Days to shoot 
initiation 

No. of 
shoots/ 
culture 

Ave. shoot 
length (cm) 

BA 0.5 22 2.0±0.55 1.41±0.61 32 3.0±0.83 2.05±0.19 17 4.0±1.07 2.31±1.00 
1.0 19 4.0±0.37 2.78±0.51 25 7.0±1.20 2.61±0.54 15 8.0±2.31 2.30±0.28 
2.0 23 4.0±0.83 1.26±0.33 28 4.0±0.71 2.11±0.18 18 6.0±0.75 2.13±0.95 

Kn 0.5 - - - - - - - - - 
1.0 28 2.0±0.42 2.12±0.57 30 5.0±0.91 2.39±0.63 24 4.0±1.05 2.07±0.57 
2.0 33 1.0±0.07 0.96±0.15 31 2.0±0.25 1.02±0.38 26 3.0±0.73 1.34±0.43 

Table 2. The effects of cytokinins on in vitro shooting performance were evaluated from the calluses of three sugarcane varieties. Each 
treatment consisted of 10 cultures and the data (mean ± S.E.) were recorded after 35 days of culture (-, Indicates no initiation of shoot) 

Table 3.  Effects of the Cytokinin (BA) Combined with Auxins (IAA, IBA and NAA) at Different Concentrations on Shooting Performance from 
Calluses of Three Sugarcane Varieties in MS Medium. Each treatment consisted of 10 cultures and the data (mean ± S.E.) were recorded after 35 

days of culture 

  
Hormone 
 (mg/l) 

Average shooting performance of three sugarcane varieties 
Isd 37 Isd 40 ZH 110-65 

Days to shoot 
initiation 

No. of 
shoots/ 
culture 

Ave. shoot 
length (cm) 

Days to 
shoot 

initiation 

No. of 
shoots/ 
culture 

Ave. shoot 
length (cm) 

Days to shoot 
initiation 

No. of 
shoots/ 
culture 

Ave. shoot 
length (cm) 

BA1.0+IAA0.1 30.00 2.45±1.03 3.58±0.51 20.00 3.0±1.04 2.66±0.71 21.33 1.87±0.68 2.35±0.48 

BA1.0+IAA0.2 28.00 5.50±1.01 3.92±0.49 19.33 8.0±1.57 2.98±0.60 18.33 4.50±0.32 2.61±0.70 

BA1.0+IAA0.5 26.67 7.15±0.85 4.12±0.66 17.67 10.0±0.2 3.51±0..62 15.67 6.34±0.39 3.3.12±0.25 

BA1.0+IBA0.1 27.00 5.41±0.61 3.85±0.62 15.67 4.5±1.37 2.83±0.47 17.00 3.50±1.25 2.71±0.88 

BA1.0+IBA0.2 25.67 8.35±1.21 4.00±0.38 15.00 10.2±2.0 3.01±0.75 13.67 7.25±0.53 3.00±0.50 

BA1.0+IBA0.5 23.67 9.87±0.44 4.77±0. 82 11.67 13.0±1.5 4.19±0.53 10.33 10.00±1.7 3.82±0.65 

BA1.0+NAA0.1 21.00 6.31±0.73 4.27±0.77 12.67 7.8±1.44 3.75±0.41 15.67 5.67±0.50 3.11±1.02 

BA1.0+NAA0.2 13.67 7.92±0.59 4.43±0.96 11.33 9.4±0.37 4.60±1.05 12.67 8.67±1.29 3.50±0.85 

BA1.0+NAA0.5 12.00 11.41±0.37 5.43±0.28 09.00 17.0±0.3 5.13±0.50 9.00 15.67±1.5 4.08±0.47 

Table 4. Effects of different Auxins on the rooting performance of in-vitro grown microshoots from three sugarcane varieties cultured on MS 
medium. Each treatment consisted of 10 cultures and data (mean ± S.E.) were recorded after 35 days of culture 

 
Auxin 
(mg/l) 

Average rooting performance of three sugarcane varieties 

Isd 37 Isd 40 ZH 110-65 

Days to root 
initiation 

No. of roots/ 
shoot 

Ave. root 
length (cm) 

Days to root 
initiation 

No. of roots/ 
shoot 

Ave. root 
length (cm) 

Days to root 
initiation 

No. of roots/ 
shoot 

Ave. root 
length (cm) 

IAA 3.0 20 1.86±0.34 1.97±0.60 17 2.07±0.48 2.11±1.00 18 1.0±0.03 2.43±0.44 

IBA 3.0 14 2.60±0.76 2.13±0.47 12 4.25±0.50 2.78±0.71 14 1.17±0.48 2.96±0.81 

NAA 3.0 11 5.99±1.22 2.73±0.50 9.33 6.88±2.17 3.13±1.04 11.67 1.93±0.20 3.63±0.62 
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Concentrations 
(mg/L) 

Average rooting performance of three sugarcane varieties 

Isd 37 Isd 40 ZH 110-65 

Days to root 
initiation 

No. of roots/ 
shoot 

Ave. root 
length (cm) 

Days to root 
initiation 

No. of 
roots/ shoot 

Ave. root 
length (cm) 

Days to root 
initiation 

No. of roots/ 
shoot 

Ave. root 
length (cm) 

NAA 3.0 11.00 5.99±1.22 2.73±0.50 9.33 6.88±2.17 3.13±1.04 11.67 1.93±0.20 3.63±0.62 

NAA 4.0 10.00 6.05±01.43 2.83±0.85 9.00 6.91±0.84 3.43±0.42 10.67 2.25±0.34 3.87±0.71 

NAA 5.0 9.33 8.11±1.10 3.06±0.47 7.67 9.36±0.77 3.67±0.25 9.67 3.12±0.74 4.37±0.55 

NAA 6.0 9.67 7.0±1.55 2.77±1.00 8.67 8.47±1.36 3.47±0.39 11.67 2.85±0.41 4.00±0.83 

Table 5.  Effects of different concentrations of NAA in MS medium on in vitro rooting performance from the cut end of microshoots of three 
sugarcane varieties. Each treatment consisted of 7-10 cultures and data (± S.E.) were recorded after 35 days of culture 

Fig. 2. Successive steps of in vitro regeneration of three sugarcane verities. A. Cream-colored loose calli of variety Isd 40 resulting from 
different concentration of 2,4-D and NAA, B. Emergence of microshoots from the calli of genotype Isd 40 from the effects of Cytokinin and 

Auxins, C. Multiplication and proliferation of shoots of genotype Isd 40 due to the synergistic effect of BA with NAA, D. Massive in vitro  rooting 
of shoots of genotype Isd 40 under the superior efficacy of NAA at 5.0 mg/L, E. Mature yellowish-white and semi-compact calli of variety Isd 37 

under the influence of varying concentrations of 2,4-D and NAA, F. Emergence of microshoots from the calli of genotype Isd 37 from the effects 
of Cytokinin and Auxins, G. Multiplication and proliferation of shoots of genotype Isd 40 due to the synergistic effect of BA with NAA, H. Massive 

in vitro  rooting of shoots of genotype Isd 37 under the superior efficacy of NAA at 5.0 mg/L, I. Mature white and compact calli of variety ZH110-
65 under the influence of different concentrations of 2,4-D and NAA, J. Emergence of microshoots from the calli of genotype ZH 110-65 from 

the effects of Cytokinin and Auxins, K. Multiplication and proliferation of shoots of genotype ZH110-65 due to the synergistic effect of BA with 

NAA, L. Massive in vitro   rooting of shoots of genotype ZH110- under the superior efficacy of NAA at 5.0 mg/L. 
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D with sugarcane tissue, showcasing its significant potential for 

improving callus induction efficiency. Previous researchers 

reported higher (89 %) callus induction rate (23). These findings 

align with previous studies (24-26), which further emphasize the 

pivotal role of 2, 4-D in promoting callus formation in sugarcane. 

 Shoot regeneration experiments indicated that BA was 
more effective than Kn in all varieties, with 1.0 mg/L BA yielding 

the shortest time to shoot initiation, the highest number of 

shoots per culture and the longest shoots. These results are 

consistent with former studies (14, 15), which highlighted BA's 

superior role in shoot regeneration. Additionally, combining BA 

(1.0 mg/L) with NAA (0.5 mg/L) produced the best outcomes 

across all shoot regeneration parameters, including a maximum 

of 17.0 ± 0.3 shoots per culture in Isd 40 and reduced the time to 

shoot initiation to 9 days. These findings align with previous work 

(16, 13), reported similar synergistic effects of BA and NAA in 

sugarcane tissue culture. Variations in shoot regeneration 

performance among genotypes further emphasize the importance 

of tailoring hormonal treatments to optimize responses for specific 

varieties. 

 Rooting studies demonstrated that NAA at 3.0 mg/L was 

the most effective auxin, promoting the shortest time to root 

initiation, the highest number of roots per shoot and the longest 

root length across all varieties. These results agree with findings 

previous studies (17) which identified NAA as a superior auxin for 

sugarcane rooting. Further optimization revealed that increasing 

the concentration of NAA to 5.0 mg/L enhanced rooting 

performance, with Isd 40 exhibiting the shortest root initiation 

time (7.67 days) and the highest number of roots (9.36 ± 0.77 per 

shoot), while ZH 110-65 achieved the longest root length (4.37 ± 

0.55 cm). These outcomes partially align with earlier studies (13, 

18), reported the effectiveness of NAA at higher concentrations for 

sugarcane rooting. Notable varietal differences in rooting 

performance further underscore the influence of genetic 

variability on auxin sensitivity. 

 Overall, the optimized protocol developed in this study 

provides a reliable, efficient and genotype-specific framework for 

sugarcane micropropagation, addressing key challenges in 

propagation, including biotic and abiotic stresses. This approach 

supports sugarcane breeding programs, enhances germplasm 

conservation efforts and contributes to sustainable agricultural 

practices in Bangladesh. Further validation and refinement of this 

protocol can ensure its broader applicability and effectiveness in 

meeting the growing demands of modern agriculture. 

 

Conclusion 

This study successfully optimized in vitro regeneration protocols 

for sugarcane genotypes in Bangladesh, demonstrating high 

callus induction, shoot regeneration and rooting efficiency, 

particularly in the Isd 40 variety. The findings highlight the critical 

role of genotype-specific responses to auxins and cytokinins in 

enhancing micropropagation efficiency. The developed protocol 

offers a reliable method for producing disease-free, high-yielding 

sugarcane plantlets, supporting sustainable sugarcane cultivation 

and germplasm conservation efforts. The data supports the 

hypothesis that genotype-specific responses to plant growth 

regulators are critical for optimizing micropropagation. 

Furthermore, the acclimatization success rates of 65-80 % of 

rooted plantlets under ex vitro conditions are indicative of the 

practical applicability of this method in commercial sugarcane 

cultivation. These findings provide a robust foundation for 

improving sugarcane breeding programs, addressing the need for 

more resilient and productive varieties and promoting 

germplasm conservation. However, the findings are based on 

controlled laboratory conditions and further validation under 

field conditions is necessary to confirm the scalability and long-

term viability of the protocol. Despite this limitation, the results 

present a significant step forward in advancing sugarcane 

breeding and improving productivity. 
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