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Abstract

Cassava, a key tropical crop for food and starch, faces constraints in genetic
improvement due to stem cutting propagation. The present study aimed to develop an
efficient /n vitro micropropagation protocol for cassava through callus culture for the
production of disease-free planting materials derived from nodal segments. Under this
study, nodal explants were cultured on Murashige and Skoog (MS) medium
supplemented with various concentrations of auxins 2,4-D, NAA and IAA for callus
induction. The highest callus induction (95%) occurred on MS medium containing 15
mg/L 2,4-D. Here calli were transferred to regeneration medium (MS) that was
supplemented with BAP, NAA and IAA. Callus proliferation and greenish colour comes
in medium where BAP and Kin were used singly or in combination with 0.5 mg/L NAA,
0.1mg/L respectively. Maximum shoots (8.9 + 0.5) per explant (average length 6.1 +
0.4) cm) was found on MS medium that supplemented with 2.0 mg/L BAP and 0.5 mg/L
NAA. Root induction occurred on half-strength MS medium supplemented with 2.5
mg/L NAA, resulting in 97.3% rooting, with the highest number (10.5) and length (6.2
cm). Regenerated plantlets were successfully acclimatized in pots containing 2:1:1
mixture of autoclaved soil, cocopeat and sand with high survival rate in the field

condition.
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Introduction

Cassava (Manihot esculenta Crantz), a member of the Euphorbiaceae family, is the most significant of the
genus Manihot, which comprises over 200 species. It serves as the primary carbohydrate source for more than
800 million people worldwide, particularly in tropical regions of Africa, Asia, and Latin America (Taye 2009,
Rosenthal and Ort 2012). Globally, cassava is cultivated on 19.64 million hectares, producing 252.2 million tones
with an average productivity of 12.8 t ha™* (FAO 2011). In Africa, it ranks as the third most important staple after
maize and rice (Otekunrin 2024). Cassava is drought tolerant plants and can easily survive in less fertile soil with
uncertain rainfall patterns. Globally, the production reached 315 million tones in 2021, marking a 9% increase
from 2017 (FAOSTAT 2011). Cassava roots are rich in carbohydrates, mainly starch, making up 80-90% of their
dry weight, while its leaves are edible, providing protein, vitamins, and minerals. Its drought tolerance,
adaptability to poor soils, and ability to remain unharvested for extended periods make it a vital crop for food
security (FDRE 2002, Mulualem 2012). Despite its significance, it has historically received limited attention in
national agricultural research, though countries like Ethiopia have recently prioritized its expansion in drought-
prone regions (FDRE 2002).

Conventional propagation through stem cuttings is slow, with a multiplication ratio of ~1:10, limiting the
rapid dissemination of improved varieties. Production faces challenges including low multiplication rates,
susceptibility to pests and diseases, short shelf life of cuttings, and restricted availability of improved cultivars
(Escobar et al. 2006). Rising demand for biofuel and industrial starch has further increased the need for high-
quality planting material (Best and Henry 1994). Over the past five decades, tissue culture techniques have
emerged as powerful tools for cassava propagation and improvement (Robert and Dennis 2000, Adane 2009,
Santana et al. 2009) and since then, they have been recognized as powerful tools for studying and solving basic
and applied problems of cassava production and productivity like many other crops (Robert and Dennis 2000,
Adane 2009).
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Micropropagation enables rapid clonal multiplication of disease-free planting material, while callus-
mediated regeneration supports genetic transformation, somaclonal variation, and polyploid induction (Rahman
and Islam 2024, Paul et al. 2013, Islam N et al. 2017). Numerous studies have demonstrated the effectiveness of in
vitro techniques in cassava, including somatic embryogenesis and nodal culture (Konan et al. 1994, Sofiari et al.
1997, Sultana et al. 2019). Although somatic embryogenesis is widely explored, indirect organogenesis via callus
culture remains less reported yet equally valuable for crop improvement (Konan et al. 2006, Medina et al. 2006).
This technique is faster and requires less space than that required for conventional methods of preparing cuttings
(Loyola-Vargas and Vazques-Flota 2006). Cassava is highly susceptible to viral diseases, especially cassava mosaic
disease (CMD), which severely reduces tuber yield (Alabi et al. 2011). /n vitro micropropagation and meristem
culture provide a feasible approach for producing large volumes of disease-free planting material within a short
period (Smith et al. 1986).

In this regard, available research findings (Le et al. 2007) have long proved the tissue culture techniques
to be the only realistic and efficient means for supplying large volumes of fresh planting materials of any new
high-value crop variety like cassava within short period. However, successful tissue multiplication requires the
optimization of plant growth regulators (PGRs) concentrations in the MS medium that plays a crucial role in
directing plant growth and development (Staden et al. 2008, IITA 2009, Rahman and Islam 2024). Beyond its role
as a staple food, cassava provides nutritional, medicinal, and industrial value. Its leaves are rich in proteins,
vitamins, and bioactive compounds with antioxidant, anti-inflammatory, and analgesic properties (Adeyemi et al.
2008, Boukhers et al. 2022). Cassava starch, being gluten-free, has wide applications in food processing, textiles,
adhesives, pharmaceuticals, and bioethanol production. Growing global demand highlights cassava as a strategic,
locally viable starch source in countries like Bangladesh. In this context, i/n vitro techniques such as
micropropagation, callus culture, and somatic embryogenesis offer promising avenues for cassava improvement.
While micropropagation enables rapid clonal multiplication of disease-free material, callus-mediated regeneration
provides a platform for genetic transformation, somaclonal variation, and polyploid induction. However,
optimizing PGRs concentrations helps to develop a reliable system for large-scale propagation, conservation,
genetic improvement and further advance biotechnological works.

Materials and Methods

Healthy explants of cassava were collected from the research field of the Institute of Biological Sciences,
University of Rajshahi. Immature leaves and nodal segments of 1-2 cm length containing axillary buds were
excised from 2-month-old plants and used as explants. Explants were cultured on Murashige and Skoog (1962)
medium supplemented with different concentrations of 2,4-D (5.0 - 20.0 mg/L), IAA (5.0-20.0 mg/L) and NAA
(5.0-20.0 mg/L) for callus induction. The percentage of callus induction, callus morphology (friable, compact, or
nodular), and fresh weight were recorded after three weeks. The medium was supplemented with 30 g/L sucrose
and solidified with 7.0 g/L agar, and adjusted the pH from 5.6 - 5.8 before autoclaving at 121°C (15 psi) for 20
minutes. All the above operations were performed under aseptic conditions in laminar airflow cabinet. Cultures
were incubated at 25 + 2°C under for 16 h photoperiod with cool white fluorescent light.

For shoot regeneration, white friable calli were transferred to MS medium containing different
concentrations of BAP (0.5-4.0 mg/L), NAA (0.5-4.0 mg/L) or Kin (0.1-1.0 mg/L). Regenerated shoots were
further sub-cultured onto MS medium with BAP or NAA or Kin or IBA in different concentrations range for
evaluation of shoot multiplication and elongation. Regeneration efficiency was evaluated after four weeks by
recording the number of shoots per explant and average shoot length.

For rooting elongated micro-shoots measuring about 5-6 cm in length were excised from the culture tube
and transferred to MS medium supplemented with different concentrations of IBA, NAA and 1AA (0.5 - 3.0 mg/L)
either individually or in combinations. Percentage of roots, number per explants and average root length were
recorded after four weeks of culture initiation. Plantlets with well-developed roots were carefully removed from
culture vessels, washed under running tap water to remove agar, and transplanted into earthen pots containing
sterilized mixture of 2:1:1 autoclaved soil, cocopeat and sand. Plantlets were covered with transparent
polyethylene bags to maintain humidity for 7-10 days and gradually acclimatized in a shade house. Survival
percentage was recorded after four weeks.
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The experiments were arranged in a completely randomized design (CRD). Each treatment consisted of
10 culture vessels, and all experiments were repeated three times. Data were analyzed using analysis of variance
(ANOVA) in Microsoft Excel and treatment means were compared using the least significant difference (LSD) test
at the 5% significance level (p<0.05). Values are presented as mean =+ standard error (SE).

Results and Discussion

Callus induction

Callus induction was observed within 3-4 weeks of inoculating cassava nodal explants on MS medium
supplemented with different concentrations of IBA, NAA, and 2,4-D (5.0-20.0 mg/L). Among all treatments, 2,4-D
proven the most effective, with 15.0 mg/L inducing profuse, cream-white, friable callus suitable for regeneration
(Table 1). In contrast, NAA (15.0 mg/L) produced a less amount (45-65%) of grayish, compact callus that became
non-regenerable upon sub-culture. Lower concentrations of 2,4-D or combinations with MS basal medium
resulted in poor or no callus formation. These findings suggest that cassava requires relatively high 2,4-D
concentrations for effective callus induction (Table 1). The results align with previous reports (Khan et al. 1998,
Khatri et al. 2002), confirming that elevated 2,4-D levels promote somatic embryogenesis and callus proliferation
in cassava (Fig. 5B-C).

Table 1: Effect of 2,4-D, NAA and IBA on callus induction of cassava after culture initiation.

PGRs  Treat. PGRs Types of  No.ofexplants % of explants  Quality of Time
concentration explants showed with callus calli required
(mg/L) callusing induction (weeks)
T 5 IML 16 40 LC
! NS 22 55 cc
IML 24 60 CC
oy 10 NS 28 70 cC .
’ T 15 IML 30 75 CC
3 NS 38 95 IC
IML 20 50 LC
T4 20 NS 24 60 cC
T c IML 16 40 LC
i NS 18 45 LC
IML 22 55 cC
Ts 10
NAA NS 24 60 CC 3-4
T 15 IML 18 45 LC
’ NS 26 65 cC
IML 24 60 CC
To 20 NS 16 40 LC
IML 02 5 NC
To > NS 04 10 NC
IML 08 20 NC
Tho 10 NS 10 25 NC
A s IML 06 15 NC 3-4
" NS 08 20 NC
IML 12 30 LC
Tz 20 NS 14 35 LC

NC = No callusing (0-25%), LC = Little callusing (26-50%), CC = Considerable callusing (51-75%), IC = Intensive
callusing (76-100%), IML = Immature leaf, and NS = Nodal segment.

Callus weight is widely used as a quantitative parameter in plant tissue culture, including cassava, to
evaluate the effectiveness of plant growth regulators (PGRs) for further regeneration and compare the
responsiveness. It reflects the growth rate and biomass accumulation, indicates better cell proliferation and
indicate more suitable hormonal balance. Callus growth (fresh weight) was measured and determine the best
conditions for friable embryogenic callus (Sofiari et al. 1997) using 2, 4-D.
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In this study, callus fresh weight varied depending on the type of auxin used. The highest callus weight
was obtained with 2,4-D (15.0 mg/L), followed by NAA (15.0 mg/L), and the lowest with IBA (20.0 mg/L). The
callus fresh weight was: NS = 467 mg 2,4-D: IML = 290 mg, NAA: NS = 355 mg, IML = 210 mg, IBA: NS = 180 mg,
IML = 85 mg respectively (Fig. 1).

~ 50 467
= 355
£ o
S 200 210 180
: - y :
S e
2 NS IML NS IML NS IML

T1 T2 T3

PGRs

Fig. 1: Effects of 2,4-D, NAA and IBA in different concentrations on creating callus (weight). Here, T1 = 2,4-D (15.0
mg/L), T2= NAA (15.0 mg/L), Ts = 1AA (20.0 mg/L), IML = Immature Leaf and NS = Nodal segment.

Shoot regeneration

Different concentrations and combinations of cytokinins (BAP, kinetin) and auxins (IBA, NAA) were
evaluated for shoot regeneration from cassava callus. Shoot formation was strongly influenced by both the type
and concentration of growth regulators. The highest regeneration efficiency (91.6%) was achieved on MS medium
supplemented with BAP (2.0 mg/L) and NAA (0.5 mg/L), producing an average of 8.9 + 0.53 shoots per explant
with a mean shoot length of 6.1+0.48 cm (Fig. 2, Table 2). In this study, (BAP+NAA) combinedly promoted
greater elongation (Fig. 3). The second-best response was obtained with BAP (2.0 mg/L) + IBA (0.5 mg/L),
yielding 5.8 + 0.39 shoots of 4.1+0.4 cm average length (Table 2). These findings agree with Islam et al. (1982),
who also reported enhanced shoot formation with the BAP + NAA combination (Smith et al. 1986).

A high cytokinin-to-auxin ratio proved essential for efficient adventitious shoot differentiation, as single
cytokinin treatments were less effective. Regeneration potential varied among genotypes and depended on
hormonal composition, consistent with earlier reports (Maretzki and Nickell 1973, Maretzki 1987). Calli induced
by different auxins exhibited variable regenerative capacities, supporting the synchrony between callus induction,
proliferation, and regeneration noted in other species (Geetha and Padmanadhan 2001). Overall, BAP combined
with a low concentration of NAA showed the most synergistic effect, where BAP promoted shoot induction and
NAA supported elongation and differentiation, in agreement with previous findings in cassava and related crops
(Konan et al. 1994, Sofiari et al. 1997).

Table 2: Effect of different concentrations and combinations of BAP, NAA, IBA and Kin on shoot proliferation and
increasing of their lengths after culture initiation.

PGRs % of explants No. of Average length of Time

PGRs concentration shoots/explants shoots (cm) required
(mg/L) produced shoots (Mean+SE) (Mean+SE) (weeks)
BAP 2.5 67.8 5.1+0.23 4.1+0.21 2-3
Kin 2.5 55.5 3.240.28 4.140.31 3-4
0.5+0.2 66.6 4.340.26 3.1+0.29
BAP + NAA 1.04+0.2 70.8 4.940.16 4.4+0.27 3-5
2.04+0.5 91.6 8.940.53 6.1+0.48
0.5+1.0 60.4 4.240.29 2.1+0.10
BAP + IBA 1.040.1 39.5 4.540.27 3.610.37 2-3
2.04+0.5 75.1 5.84+0.39 4.1+0.40
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The production of plants from axillary buds has proved to be the most applicable and reliable method of
in vitro propagation (Fig. 5D-E). According to George and Sherrington (1984) shoot tip/nodal segment culture
depended on stimulating axillary shoot growth by the incorporation of growth regulators into the medium. Fan et
al. (2011) reported that the cytokinin, BAP (0-2.0 mg/L) was effective on shoot regeneration and the auxin, NAA
(0-2.0 mg /L) proved to be effective on root development in cassava. Konan et al. (2006) and Acedo (2008)
revealed that shoot multiplication of many crops including cassava could be enhanced with a relatively higher
concentration of cytokinins; while rooting is promoted by the use of auxins. Kane (2005) also reported cytokinins,
BAP/Kinetin (0.01-10 mg/L) and auxin, NAA (0.01-10 mg/L) as the most widely used and effective plant growth
regulators for shoot multiplication and root induction, respectively.

100 91.6
S 9
S 751
& gg 67.8
2 55.6
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2 50
=40
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L 20
10
0
T1 T2 pgrs TP T4

Fig. 2: Regeneration of plantlets of cassava form callus on MS medium with different concentrations of BAP and
Kin (mg/L). T1= BAP (2.5), T2 = Kin (2.5), T3= BAP (2.0) + NAA (0.5), T+= BAP (2.0) + IBA (0.5).

In this study, interestingly, while higher BAP + NAA concentrations enhanced shoot elongation, they did
not significantly increase shoot number, reflecting the commonly observed trade-off between proliferation and
elongation under elevated cytokinin levels (Mousavi et al. 2012, Erfani et al. 2017, Sessou et al. 2020).
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Fig. 3: Effect of BAP and kinetin (Kin) on shoot number and shoot length of cassava cultured on MS medium
supplemented with different concentrations of plant growth regulators (PGRs) either singly or in
combination (mg/L). Treatments: T1 = BAP (2.5), Tz = Kin (2.5), Ts = BAP (2.0) + NAA (0.5), T« = BAP
(2.0) + IBA (0.5).
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Root induction and development

Different types of auxins were used with different concentrations and combinations to regenerate
adventitious roots. Among them NAA and IBA showed better response than IAA for profuse rooting. NAA+IBA
combination showed positive result. Best rooting was observed in %2MS medium supplemented with 2.5 mg/]
NAA (Table 3) and the highest number roots per micro shoots were 10.5 +0.70, which take only 8-12 days for
initiation of root primordial with average root length 6.2 + 0.65 cm (Table 3). It was most effective with 2.5 mg/L
NAA, confirming its superiority among auxins for cassava because it promoted root number and root length at
same time (Fig. 4). According to Lal and Singh (1994) root can be easily induced on culture shoots by their
transfer to another medium with or without NAA ,where optimal growth were observed with %2MS medium.
Baksha et al. (2002) used 5.0 mg/l NAA for best rooting response in half strength of MS medium. Sabaz et al.
(2008) used 1.0 mg/1 IBA as the best root initiating growth hormone with highest number of roots. Baksha et al.
(2002) also got rooting response at 0.1 - 0.5 mg/l IBA along with 0.5 - 2.0 mg/1 BAP but these were of poor
quality. Mamun et al. (2004) obtained best results of rooting on MS medium supplemented with auxins (NAA
+ IBA) 0.5 mg/1 for each one. It was observed that 0.5 mg/l NAA+2.5 mg/l IBA showed second best feasible
rooting response with 6.01+0.5 number of roots and 3.9+ 0.04 cm of root length. The use of 2MS medium
minimized salt stress and enhanced root elongation.

Table 3: Effect of different concentrations and combinations of NAA, IBA and IAA on root formation of the in vitro
grown micro-shoots cultured on MS medium.

Time

PGRs . % of explants No. of roots/explants Average length of .

PGRs concentration roduced roots (Mean+SE) roots (cm) required

(mg/L) p - (Mean4SE) (weeks)
NAA 2.5 97.3 10.5%+0.70 6.2140.65 2
IBA 2.5 72 4.8+1.5 3.7+0.94 3
IAA 2.5 30 2.540.16 2.240.47 2
NAA+IBA 05+2.5 78 6.01+1.08 3.9+£0.47 2

The plantlets with well-developed shoot and roots after acclimatization were successfully transplanted in
soil with 85% acclimatization of survivability potential (Fig. 5 A-H). The high acclimatization success
demonstrates the robustness of the developed micropropagation protocol, providing a reliable means for year-
round production of disease-free, true-to-type cassava planting materials.
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Fig. 4: Rooting on %2MS medium with IAA, IBA and NAA showing numbers of roots and its length using various
concentration of PGRs. Treatments (mg/L): T1 = NAA (2.5 ), T2=IBA (2.5), T3 = IAA (2.5), and T+ = NAA
(0.5) + IBA (2.5).
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Fig. 5(A-H): In vitro regeneration of cassava. (A) Nodal segments inoculation (Day 1), (B) Calli initiation (7-10
days), (C) Calli proliferation (2-4 weeks), (D) Shoot induction (4-6 weeks), (E) Shoot multiplication
and elongation (6-8 weeks), (F) Root induction (8-10 weeks), (G) Complete plantlet formation (10-
12 weeks), (H) Transfer of plants to pot after acclimatization (12-14 weeks).

Conclusion

This study established a reproducible in vitro micropropagation protocol for cassava. Here we optimized
the plant growth regulators for callus induction, shoot regeneration, rooting, and acclimatization. Among auxins,
15.0 mg/L 2,4-D was most effective for friable callus induction, while BAP outperformed NAA, kinetin and IBA in
shoot regeneration. A combination of 2.0 mg/L BAP with 0.5 mg/L NAA achieved 91.6% regeneration with
enhanced shoot proliferation. For rooting, half-strength MS medium with 2.5 mg/L IBA yielded vigorous roots and
97.3 % response. Regenerated plantlets acclimatized successfully in cocopeat-soil-sand with high survival rates,
confirming the protocol’s practical utility. Overall, this optimized system provides a reliable platform for large-
scale clonal propagation of cassava, supporting rapid multiplication and year-round supply of disease-free
planting material. It also offers a basis for advanced applications, including somatic embryogenesis, genetic
transformation and trait improvement, contributing to cassava breeding, conservation, and food security.
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