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Abstract

In the present study, an efficient regeneration protocol via somatic embryogenesis and
organogenesis has been developed for cassava var. Vamas 1 utilizing leaf and node explants,
respectively. Leaves were inoculated on Murashige and Skoog (MS) medium containing
different concentrations (4, 8, and 12 mg I'!) of Picloram or 2,4-dichlorophenoxyacetic acid
(2,4-D) with 6 mg I"! 1-naphthaleneacetic acid (NAA). The maximum callus formation (100%)
was recorded in medium containing 4 mg 1" Picloram or 8 mg I'! 2,4-D. However, the callus
fresh weight (0.11 g) was higher in presence of 4 mg I'! Picloram with 2.72 scoring of callus
proliferation after 3 weeks. After subculture, 12 mg I'! Picloram with 6 mg I"' NAA proved
optimum medium that formed maximum 10.25+3.49 embryos (44.00+0.04% response) under
dark conditions after 6 weeks. The green cotyledons were produced after 2 weeks of light
incubation on 0.2 mg I"! 6-benzyladenin (BA). which further formed shoots within 5 weeks.
Simultaneously, nodal explants were placed in MS media augmented with BA (2, 4, §, and 10
mg 1'!) individually and in combinations with 0.02 mg I"' NAA. Results revealed that maximum
4.13+0.56 shoots/explant were formed with 11.07£2.79 number of leaves and 3.614+0.17 cm
shoot length at 2 mg 1! BA. These shoots induced 7.33+0.58 number of roots after 2 weeks in
basal MS medium. At last, the plantlets derived via both the pathways were transferred to
soil:rice husk (1:1 w/w), and they were successfuly acclimatized with 80% survival in
greenhouse. Since the cassava plant regeneration is genotype-dependent, the developed
protocol can be applied for mass-propagation of this recently released Indonesian superior
variety Vamas 1. This will generate large number of plantlets for the farmers and also the

protocol will be utilized for genetic improvement studies.
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Introduction



Cassava (Manihot esculenta Crantz) is an important staple food crop which support the food
security programs. It has a high carbohydrate content that is useful for various purposes (Scaria
et al. 2024). Similarly, cassava is also an important material for textile, animal feed, chemical,
and pharmaceutical industries. Its tuber is processed into various derivative products such as
analog rice, oyek, and instant tiwul, local artificial rice made from cassava flour or tuber (Arief
et al. 2018). The peels and leaves of this plant have a high nutritional and mineral content and
are useful as an animal feed (Fasae and Yusuf 2022). Further, the starch derived from cassava
is better for its conversion into biofuels in comparison to corn, wheat, and rice (Krajang et al.
2021). In addition, the plant has been reported as a major source of calories and starch in Africa,
Asia, and America (Howeler 2012; Aristizabal et al. 2017; FAO 2020). The consumption of
cassava has increased in Indonesia as the Government has implemented food diversification to
strengthen food security and anticipate food crisis. Vamas 1 is a newly released variety by the
Government of Indonesia in the year 2020, and it is superior as compared to previously released
varieties (UJ3 and UJ5). It has 25% higher fresh tuber yield within 7 months than cultivar UJ3.
Whereas it has a lower content of HCN (19.68 ppm) and has 39% higher starch yield than UJ3
and 23% than UJ5. This cultivar is moderately resistant to mite (Tetranychus bimaculatus) and
root diseases cause by Fusarium spp. (Sholihin 2022).

However, the availability of planting material of this variety is still limited at the farmer
level. In addition, getting stem cuttings for seedlings takes time as a mature plant will produce
around 10 to 15 (£ 25 cm size) cuttings after a year (Chavarriaga-aguirre et al. 2016). This
method has drawbacks such as the quality of cuttings, the purity of variety can not be
guaranteed and low multiplication rate can be obtained (Feyisa 2021). Therefore, techniques
for rapid multiplication of plants should be developed that shorten the time needed to produce
planting materials for field trials and evaluations as well as to distribute the latest cultivars to

the farmers (Feyisa 2021). This can be achieved via de novo plant regeneration method which



helps in large-scale production of plants and conservation of genetic resources (Moraes et al.
2021; Kirillov et al. 2022; Kirillov et al. 2023). The micropropagation protocol can be
optimized using organogenesis or embryogenesis, and plant growth regulators (PGRs) is one
of the important factors to determine the fate of culture (Skoog and Miller 1957). The choice
of explant is another important factor for development of an efficient shoot regeneration, for
which, leaf (Pathak and Joshi 2017; Patel et al. 2021b) and node (Pathak et al. 2017; Kirillov
et al. 2024) are commonly used explants. The plantlets derived through somatic embryos (SEs)
and nodal cultures are considered for conservation aspects (Patel et al. 2021a; Abdalla et al.
2022). In cassava, in vitro regeneration of different other varieties has been reported using
nodal explant (Sukmadjaja and Widhiastuti 2011; Sa et al. 2018; Supatmi et al. 2019), and SEs
from leaf lobes (Danso et al. 2010; Mongomake et al. 2015; Susanti et al. 2017; Yelli et al.
2023).

One of the main application of plant biotechnology especially for cultivation crop like
cassava is the crop improvement, however the conventional breeding in cassava faces low
success rate due to high genetic heterozygosity, few flower with low pollen fertility, self-
incompatibility, and low fruit set (Ceballos et al. 2004). Hence, an alternative in vitro pathway
is preferred i.e. friable embryogenic callus (FEC)-based Agrobacterium-mediated
transformation (Liu et al. 2011; Xiao et al. 2025). The reason is due to advantages such as high
transformation efficiency, reproducibility, and also the produced plants true-to-type in nature
(Bull et al. 2009; Taylor et al. 2012; Chauhan et al. 2015; Elegba et al. 2021; Hankoua et al.
2025). This pathway has been reported for genetic transformation in asian cassava varieties
such as Kasetsart 50 (KU50) (Utsumi et al. 2022) and SC8 (Wang et al. 2022; Zhen et al. 2024).
However, for success of transformation experiments an efficient protocol is a prerequisite,

however in cassava the regeneration is genotype-dependent and hence the protocol must be



developed for specific variety (Rossin and Rey 2011; Mongomake et al. 2015; Lentz et al.
2018).
Thus, present study aimed to develop the protocol for efficient regeneration of the new

Indonesian superior cassava var. Vamas 1 through leaf and nodal explants for the first time.

Materials and Methods

Plant materials and explant preparation

Cassava var. Vamas 1 was obtained from Indonesian Legumes and Tuber Crops Research
Institute (ILETRI), Malang, East Java, Indonesia. About 25 cm of stem cuttings were planted
in the polybags (25%40 cm) and maintained in the greenhouse at the University of Lampung,
Bandar Lampung, Indonesia (105°28°E and 05°22°S). The shoots were collected after 2-3
weeks and sterilization procedure was carried out by collecting axillary shoots (10 cm) with
nodes. They were washed under running tap water for 60 min followed by washing thoroughly
using detergent (Unilever, Jakarta, Indonesia). The shoots were then washed with tap water to
remove traces of detergent and finally rinsed with distilled water. Further sterilization process
was performed in Laminar Air Flow cabinet where the shoot segments were treated with 2%
NaOCI (SC Johnson, Jakarta, Indonesia) solution for 15 min, followed by rinsing with sterile
distilled water 1 min each for three times. The shoots were cultured on basal half-strength
Murashige and Skoog (MS, 1962) medium (PhytoTech, Lenexa, KS). 10 days old leaves (5%5
mm) were used as explants for somatic embryogenesis, whereas the stem piece containing

single nodes (1-1.5 cm) were excised after 6 weeks for axillary shoot regeneration.

Somatic embryogenesis and plantlet development
Young apical leaves were cultured for 3 weeks in dark conditions on primary callus induction

medium (PCIM) consisted of MS media fortified with 40 g 1! sucrose (Sugar Group, Lampung,



Indonesia), 4 uM CuSO4 (Merck, Darmstadt, Germany), 0.8% agar (Sigma-Aldrich, St. Louis,
MO) and different plant growth regulators (PGRs; PhytoTech, Lenexa, KS) like Picloram (4,
8, 12 mg I'!) or 2,4-dichlorophenoxyacetic acid (2,4-D; 4, 8, 12 mg I'') in combination with 6
mg 1! 1-naphthaleneacetic acid (NAA). After 3 weeks of incubation, callus were subcultured
on the same medium composition with PCIM and continued dark incubation for another 3
weeks. The embryogenic callus formed after 6 weeks on PCIM were then transferred on
embryo maturation medium (EMM) which contained reduced concentrations of Picloram and
2,4-D to 2 mg I and NAA to 0.5 mg I'!. The callus was kept in the dark for 2 weeks and the
germinated SEs were observed under the stereo microscope (Olympus, Tokyo, Japan). At last,
the mature SEs were transferred to plantlet development medium (PDM) containing MS
nutrients supplemented with sucrose (20 g 1), 0.2 mg I'! 6-benzyladenine (BA), and Gelzane™
CM 3 g I'" agar (PhytoTech, Lenexa, KS), and cultured for plantlet development under light
conditions for 5 weeks. The pH of media were adjusted to 5.8 and autoclaved at 121°C for 15
min (Tomy, Tokyo, Japan). All the cultures were maintained in culture room with temperature
at 25+2°C under 16/8 h (dark/light) photoperiod at 40 pmol m™2 s™! provided by cool white

fluorescent lights (Philips, Jakarta, Indonesia).

Culture media for axillary shoot regeneration and in vitro rooting

Stem nodes (1-1.5 cm) derived from 6-weeks-old in vitro grown shoots were cultured on MS
medium supplemented with 30 g I'' sucrose, and BA (2, 4, 8, 10 mg 1"!) individually and in
combination with 0.02 mg 1" NAA. The explants were subcultured at every 3 weeks interval
to a new medium with the same PGRs composition for up to 9 weeks. These shoots were then
transferred to basal MS medium for growth for another 2 weeks. Then healthy shoots were
excised from explant, lower leaves were removed and then transferred to basal MS medium

fortified with 30 g I"! sucrose for 2 weeks.



Plantlet acclimatization

At last, the plantlets derived from somatic embryos and rooted shoots were removed from
media, washed with distilled water and then immersed into 2 g I"! fungicide solution (Dithane®
M-45 80 WP, Corteva Agriscience, Jakarta, Indonesia) for 5 min. Then they were transferred
to pots covered with plastic bags containing mixture of soil:rice husk (1:1 w/w). The plantlets
were kept in culture room, watered regularly with gradual removal of plastics within 2 weeks.
After that they were transferred to polybags filled with same substrate and kept in a room with

normal temperature (27°C) for 3 weeks. At last, the plants were transferred to the greenhouse

with 50% shade.

Statistical analysis

All the experiments were repeated twice with 15 replicates for each treatment. All data were
represented as means and standard errors (SEs), and means were analyzed using one-way
analysis of variance (ANOVA). Significant means were further analyzed by Tukey’s honestly
significant difference test (Tukey’s HSD) at the 5% level using (Microsoft Excel, Redmond,

WA)

Results and Discussion

Somatic embryogenesis and plantlet development

Initially, the in vitro shoots were grown for collection of explants (Figure 1A). Leaves were
excised and inoculated into square piece on PCIM for somatic embryogenesis (Figure 1B) and
non-embryogenic callus formation was recorded within 3 weeks (Figure 1C). The observations

releaved that PCIM facilitated callus formation in presence of all the PGRs. However, the time



of callus formation varied between them and the early callus formation i.e. 6.7+0.63 days
(86.67+0.07%) was observed in 2,4-D at 12 mg I'! (Table 1). However, when frequency of
callus induction was measured it was noted that 100% induction was recorded at 4 mg I'!
Picloram and 8 mg 1! 2,4-D (Table 1). After 3 weeks of callus induction on PCIM, the
percentage of callus growth was scored into five groups: score 0 (No callus), score 1 (Callus
formed up to 25% of explant), score 2 (Callus formed between 26% to 50% of explant), score
3 (Callus formed between 51% to 75% of explant) and score 4 (Callus formed more than 75%
of explant). According to the scoring data based on the growth of callus per explant revealed
that Picloram at 4 mg 1! showed higher callus formation per explant (more than 50% of callus
covered the explant), whereas the lower growth of callus was observed in presence of 12 mg I’
!'Picloram (Figure 2). Measuring the callus fresh weight it was noted that the highest callus
weight (0.11 g) was observed for the callus grown in presence of 4 mg 1! Picloram, whereas in
presence of 4 mg 1! 2,4-D the callus weight was only 0.05 g (Figure 3). Simultaneously, yellow
embryogenic callus was also produced from the explant however, the percentage of
embryogenic callus was less as compared to the non-embryogenic callus. In embryogenic
callus, the differentiation of globular SEs was started within 4 weeks on PCIM (Figure 1D).
The results also confirmed that the Picloram proved better for SE germination as compared to
2,4-D, and most of callus color was also brown and dark brown in presence of 2,4-D.

After 6 weeks, all the embryogenic callus were transferred to EMM, which had lower
PGRs concentrations then PCIM, and it facilitated the conversion of SEs into torpedo and
cotyledon stages. The observations of somatic embryos was done at 6" week prior to subculture
on EMM. Results revealed that maximum frequency of SE formation was 44.00+0.04% for
both 12 mg I'! Picloram and 4 mg I"' 2,4-D (Table 1). However, when number of SEs was
counted it was revealed that maximum 10.25+3.49 SEs/explant were formed in the presence of

12 mg I"! Picloram with 6 mg "' NAA. This was followed by SE formation in presence of 8 mg



1" Picloram with 6 mg I"" NAA where 7.04+3.56 SEs/explant were observed. Whereas the least
number of SEs were found (1.44+0.51 SEs/explant) in medium augmented with 8 mg 1! 2,4-D
+ 6 mg I'" NAA (Table 1). The observations also revealed that SE development was
asynchronous as heart, torpedo, and cotyledon stage SEs were observed after transferring to
EMM media (Figure 1D, E). The cotyledon embryos were then transfer to PDM containing 0.2
mg I BA for conversion of green cotyledons (Figure 1F) into normal shoots (Figure 1G, H)
for 5 weeks. At last, the normal shoots were transfer to MS basal medium for plantlet
formation(Figure 11).

Somatic embryogenesis is a multi-step process where the somatic cells dedifferentiated
and form callus followed by formation of embryogenic clumps which differentiates SEs (Von
Arnold et al. 2002). Previous studies on somatic embryogenesis in cassava reported that the SE
formation from FEC reported is optimum in presence of auxins such as Picloram and 2,4-D
(Bull et al. 2009; Danso et al. 2010; Rossin and Rey 2011; Taylor et al. 2012; Yelli et al. 2023;
Magambo et al. 2024). Hence, in the present study, effect of these PGRs on leaf explant of
Vamas 1 variety of cassava was investigated. The results suggested that in most of the
combinations the primary callus developed within a week after inoculation when incubated in
dark. This is in accordance with recent report on Lycium barbarum where in presence of same
PGRs, the callus formation occurred within seven days incubation in the dark conditions
(Khatri and Joshee 2024). The observation also suggested that the color of primary callus was
yellowish white and transparent for embryogenic callus while non-embryogenic callus was
brown in color. This might be due to fact that the embryogenic callus has a fate for cell-division
and contains high amount of storage substances such as protein, sugar and starch, while non-
embryogenic callus containing high level of polyphenols and polyphenol oxidation (Peng et al.
2020). Another observation was that 100% FEC formation was observed in presence of

Picloram and NAA was recorded, which was better than calus formation previously reported



in different varieties of cassava i.e. Kibanda Meno Mkubwa cultivar (88.97+1.73%) (Marigi et
al. 2016), KUS50 (12%) and for 60444 (50%) (Utsumi et al. 2022), BW-1 (88.89+6.42%), and
UJ-3 (96.30+£3.70%) (Yelli et al. 2023). This is in agreement with the fact that the difference
in responses among the genotypes is affected by endogenous hormones (Saeedpour et al. 2021).

The somatic embryo germination revealed that maximum frequency and number of SEs
were recorded in presence of Picloram with NAA, which is in accordance with reports on
Eucalyptus globules and E. salignax E. maidenii (Corredoira et al. 2015). Likewise, positive
influence of Pilcoram and NAA on SE formation from FEC has been also reported in other
varieties of cassava (Bull et al. 2009; Taylor et al. 2012; Utsumi et al. 2022; Wang et al. 2022;
Yelli et al. 2023) as well as in Lilium pumilum DC Fisch (Zhang et al. 2016). However, the
frequency of SE induction obtained in the present investigation was less (44.00+0.04%) which
was also observed in our previous study in other varieties of cassava where it was 67% (BW-
1) and 44% (UJ-3) (Yelli et al. 2023). Similarly, reduced frequency (40%) of SE formation has
been also documented in other varieties of cassava like Ngan Mbada and Local Red
(Mongomake et al. 2015). However, the number of SEs obtained for Vamas 1 was less than
the previously studied varieties (Yelli et al. 2023). This genotype-dependent response in
cassava somatic embryogenesis has been also reported by Susanti et al. (2017) where SE
differentiation has been reported in presence of Picloram in Adira 4 variety, while Malang 6
and Sutra varieties failed to form SEs. Likewise, Opabode et al. (2013) reported that only three
varieties out of eleven produced SEs in presence of Picloram. Whereas in 2,4-D augmented
media both frequency and number of SEs were less, suggesting superiority of Picloram, which
is in corroboration with previous reports (Danso et al.2010; Mongomake et al. 2015; Danso
and Elegba 2017; Susanti et al. 2017). In addition, monitoring the SEs in the present study, it
was noted that growth of SEs was asynchronous, which might be due to change in nutrient

absorption by the callus (Hapsoro et al.2020). The similar development of SEs have been



observed in Leptadenia reticulata (Patel et al. 2021a) and cassava (Yelli et al. 2023). Present
results also suggested that SE germination required incubation under dark conditions, which is
also reported in Scaevola sericea (Yumbla-Orbes et al. 2017) and Eustoma
grandiflorum (Liang et al. 2020). At last, the conversion of SE into plantlet was done which is
considered as a critical step, requiring different PGRs in comparison to SE induction medium
(Pasternak et al. 2002). Previous studies have reported stimulatory effect of BA on
development of SEs into mature plantlets (Salma et al. 2019; Ornellas et al. 2022; Yelli et al.

2023), which is in line with the present study.

Shoot formation from nodal explant

6-weeks-old shoots were excised and stem containing nodes were used as explants for axillary
shoot regeneration (Figure 4A). When nodes were placed on basal MS media, the bud break
was recorded after 5.33+0.67days. In this medium, total 1.58+0.39 shoots/explant was recorded
with moderate shoot length (3.32+0.64 cm) and less number of leaves (5.92+2.27 leaves/shoot).
Addition of PGRs to the medismmedium confirmed that the time of shoot emergence varied
depending on their concentrations. At 2 mg I BA, swelling of buds, and bud break was
observed within 5.73£0.00 days. The shoot formation started during 2" week, whereas
multiple shoot formation was observed after 3™ week. The shoot culture was subcultured till 9
weeks and maximum 4.13+0.56 shoots/explant was recorded with 11.07+£2.79 number of
leaves/shoot and 3.61+0.17 cm shoot length at 2 mg 1! BA (Table 2, Figure 4B). Elevating BA
levels to 4 mg 1! delayed the bud induction time to 8.60+0.80 days, and overall at the end
3.10+£0.91 number of shoots/explant were recorded with less number of leaves (7.30+1.28
leaves/shoot) and shoot length (2.21+£0.09 cm). Further increasing BA concentrations to 8 and
10 mg 1! delayed the shoot induction to 11.47+0.67 and 11.67+0.71 days, respectively. The

lowest shoot number was recorded at 10 mg I"' BA where 1.20+0.20 shoots/explant was formed



with lowest number of leaves (4.52+2.20) and shoot length (1.78+0.11 cm). Addition of 0.02
mg "' NAA along with BA concentrations when tried, the results suggested that the earliest
response was observed when 2 mg 1! BA was combined with 0.02 mg I NAA. In this medium
the shoot induction time (5.73+0.27 days) was similar to individual BA, however the overall
response was less than individual BA as only 2.50+0.42 shoots/explant was formed with
9.07£1.09 leaves/shoot and 2.25+0.07 cm shoot length. Similarly, combination of NAA with
different BA levels also failed to elevate the number of shoots (Table 2). The observations
suggested that when nodal explants were cultured on medium with a high concentration of BA,
the shoot growth was hampered due to growth of callus. Therefore, shoots were sub-cultured
into basal MS medium after 9 weeks (Figure 4C).

A successful micropropagation protocol requires multiple shoot formation, and this can
be achieved via fortification of medium with cytokinins. Their main mechanism is to release
bud dormancy and inhibit theapical dominance which ultimately promotes axillary bud
outgrowth (Wang and Charle 1991; Shimizu-Sato et al. 2009; Yaish et al. 2010). Neverthless,
among the different types of cytokinins, the efficacy of BAP over other cytokinins has been
reported for multiple shoot formation nodal explant in many plants (Nowakowska et al. 2019;
Kirillov et al. 2022). The main reason behind this is due to better cell membrane fluidity and
relatively faster metabolism of BAP, as well as it stimulates occurrence of other cytokinins
within the tissue, ultimately facilitating the growth (Malik et al. 2005; Acemi et al. 2016). In
the present study when BA was added to the medium, optimum number of shoots was noted.
Similarly, previous report on Lagerstroemia indica indicated that the enhanced shoot
multiplication in presence of BAP is due to increased cell division induced by BAP in the
axillary meristematic zone of the explant (Niranjan et al. 2010). Likewise, shootmultiplication
in Thevetia peruviana was optimum when subcultured in medium fortified with BA (Nesy and

Mathew 2021). In support with present results, optimum shoot formation in the presence of



BA has been also well documented in GXN15 rootstock (hybrid of almond % peach) (Arab et
al. 2014) and Betula lenta (Rathwell et al. 2016). However, the results also revealed that higher
concentration of BA inhibited the shoot number and its growth. This might be due to the higher
BA levels that negatively affected the shoot growth (Hu and Wang 1983) and it is also reported
previously in cassava (Sesay et al. 2018) and L. reticulata (Parabia et al. 2007; Patel et al.
2021a). Likewise, callus formation was also observed at higher concentrations of BA in present
study, which is due to its presence which decreases cell wall lignifications and induce callus
induction (Kumlay and Ercisli 2015). Further, the addition of NAA along with BA failed to
enhance the shoot growth. This is also observed in Andrographis paniculata (Patuhai et
al.2023) and Aflatunia ulmifolia (Kirillov et al. 2024) where individual BA has been proved

better than combinations of BA with auxins for multiple shoot formation.

In vitro rooting and acclimatization of plantlets

After 2 weeks on shoot development medium, the shoots were separated and transferred to MS
basal medium for root induction for 2 weeks. The observations revealed that total 7.33+0.58
number of roots/shoot were formed. At last, the rooted shoots were removed from the media,
washed with distilled water (Figure 4D). The plantlets were transferred to plastic cups filled
with soil:rice husk (1:1 w/w) for 3 weeks under normal conditions in lab (Figure 4E). After
this, the plants were transferred to polybags containing same substrate in the greenhouse for 4
weeks (Figure 4F).

The rooting of the shoots was achieved in presence of basal MS medium which is
contrary to common rooting practice where auxins such as IBA and NAA were used to induce
rooting in shoots (Pathak and Joshi 2017; Pathak and Joshi 2021). In accordance with present
study, in S. hypericifolia (Kirillovet al. 2025) shoots the rooting was achieved in basal medium.

Whereas some studies have reported the pulse treatment of IBA followed by culturing in basal



medium e.g. in Camellia sinensis (Gonbad et al. 2014) and Saraca asoca (Shirin et al. 2015).
The transplantation of plantlets to the field is main application of successful micropropagation
protocol, and for this different natural planting substrates are used. Soil is one of the most
commonly used substrate and it showed a positive effect on acclimatization of plantlets when
combined with another substrate (Chai et al. 2015; de Souza Ferrari et al. 2020). Whereas
beneficial effect of rice husk when used along with soil and other substrate has been also
reported in Colocasia esculenta (Tuwo and Tambaru 2021) and Ananas comosus (Ajongboloet
al. 2024). In accordance with this, the combination of soil and rice husk was used in the present
study, and it showed a beneficial effect on growth and acclimatization of somatic
embryogenesis and organogenesis derived plantlets of cassava.

In the present study, different modes of regeneration were obtained utilizing leaf and

nodal explants which are schematically represented in Figure 5.

Conclusion

Herein, an efficient micropropagation protocol has been developed for new superior Indonesian
cassava var. Vamas 1 for the first time using via two pathways: (i) indirect somatic
embryogenesis through leaf explant and (ii) direct regeneration through axillary bud
proliferation. The results also suggested that there is a strong genotype-dependent responses
are observed in cassava, and hence protocol for each variety is needed for their better mass-
propagation. Based on present results, the protocol will be beneficial for rapid availability of
seedlings to the farmers and industries as plantlets developed were successfully acclimatized
in the open ground within 5 months of culture initiation. Further the protocol can be utilized
for FEC-based genetic improvement of this superior cassava variety through particle
bombardment or Agrobacterium-mediated genetic transformation (Bull et al. 2009; Taylor et

al. 2012; Utsumi et al. 2022; Wang et al. 2022; Hankoua et al. 2025). Similarly, the developed



plantlets can be also screened for genetic fidelity using molecular marker (Pathak et al. 2013;
Al-Aizari et al. 2024). Due to high regenerative potency, the cultures can be utilized for the

conservation as well as genetic improvement of Indonesian cassava variety Vamas 1.

Acknowledgements

The authors are thankful to the Plant Tissue Culture Laboratory, Faculty of Agriculture,
University of Lampung for providing the facilities and Dr. Kartika Noerwijati, National
Research and innovation Agency (BRIN), Indonesia for kindly providing cassava Vamas 1
cultivar. AP would like to acknowledge the Ministry of Human Resource Development
(MHRD), Department of Higher Education, Government of India, New Delhi, India for

providing a post-doctoral fellowship under RUSA 2.0 (Thematic Project III).

Author contribution

FY planned and conceptualized the experiment, methodology designed, conducted the
experiment and prepared the original draft of the manuscript. AP made a substantial
contribution to the concept, design, interpret the data as well as made a critical revision to the
manuscript. SDU, KS, AR, and RU made a contribution on methodology validation,
supervision of the experiment, and made a contribution on the editing of manuscript. TA and

NSA conducted the experiment and collected research data.

Funding
This work was funded by the Ministry of Technology Research and Higher Education, The
Republic of Indonesia through Matching Fund-Kedaireka Project and Indofood Research

Nugraha (PT Indofood Sukses Makmur Tbk).



Conflict of interest

The authors declare that they have no conflict of interest.

References
Abdalla N, El-Ramady H, Seliem MK, El-Mahrouk ME, Taha N, Bayoumi Y, Dobranski J
(2022) An academic and technical overview on plant micropropagation challenges.
Horticulturae 8:677
Acemi A, Tiirker-Kaya S, Ozen F (2016) FT-IR spectroscopy based evaluation of changes in
primary metabolites of Amsonia orientalis after in vitro 6-benzylaminopurine treatment.
Not Bot Hort Agrobot 44:209-214
Ajongbolo FB, Hassan KO, Afolayan AO, Lawyer EF, Olowookere MA (2024) Hardening of
in-vitro propagated pineapple plantlets (Ananas comosus L. Var. Smooth Cayene), to ex-
vitro condition, using different substrates in ibadan, nigeria. IOSR J Biotechnol Biochem
10:14-17
Al-Aizari AA, Dewir YH, Ghazy A-H, Al-Doss A, Al-Obeed RS (2024) Micropropagation and
genetic fidelity of fegra fig (Ficus palmata Forssk.) and Grafting compatibility of the
regenerated plants with Ficus carica. Plants 13(9):1278
Arab MM, Shojaeiyan A, Yadollahi A, Shokri A (2014) Effects of nutrient media, different
cytokinin types and their concentrations on in vitro multiplication of G x N15 (hybrid of
almond X peach) vegetative rootstock. J Genet Eng Biotechnol 12:81-87
Arief RW, Novitasari E, Asnawi R(2018) Food diversification of cassava as non-rice based
functional food in lampung. Planta Tropika: J Agrosains 6:62—69
Aristizabal J, Garcia JA, Ospina B (2017) Refined cassava flour in bread making: A review.
Ing Inv 37:25-33

Bull SE, Owiti JA, Niklaus M, Beeching JR, Gruissem W, Vanderschuren H (2009)



Agrobacterium-mediated transformation of friable embryogenic calli and regeneration of
transgenic cassava. Nat Protoc 4(12):1845-1854.
Chavarriaga-aguirre P, Brand A, Medina A, Prias M, Escobar R, Martinez J, Diaz P, Lopez C,
Roca WM, Tohme J (2016) The potential of using biotechnology to improve cassava: A
review. In Vitro Cell Dev Biol-Plant 52:461-478
Chai CJ, Cao HP, Wang Q, Fu LQ, Luo JX, Shi YS (2015) Effects of different culture
conditions in green-house on in vitro rooting and survival of Cotoneaster hjelmqvistii
micro-shoots. J Tianjin Agric Univ 2:1-15

Chauhan RD, Beyene G, Kalyaeva M, Fauquet CM, Taylor N (2015) Improvements
in Agrobacterium-mediated transformation of cassava (Manihot esculenta Crantz) for
large-scale production of transgenic plants. Plant Cell Tiss Org Cult 121:591-603

Ceballos H, Iglesias CA, Perez JC, Dixon AGO (2004) Cassava breeding: opportunities and
challenges. Plant Mol Biol 56:503-516

Corredoira E, Ballester A, Ibarra M, Vieitez AM (2015) Induction of somatic embryogenesis
in explants of shoot cultures established from adult Eucalyptus globulus and E. salignax
E. maidenii trees. Tree Physiol 35:678-690

Danso KE and Elegba W (2017) Optimisation of somatic embryogenesis in cassava. In:
Jankowicz-Cieslak J, Tai T, Kumlehn J, Till B (eds) Biotechnologies for plant mutation
breeding. Springer, Ghana, pp 73—89

Danso KE,Elegba W, Oduro V, Kpentey P (2010) Comparative study of 2,4-D and Picloram
on friable embryogenic calli and somatic embryos development in cassava
(Manihotesculenta Crantz ). Int J Integr Biol 10:94-100

de Souza Ferrari MP, da Cruz RMS, dos Santos QM, de Andrade MM, Alberton O, Magalhaes

HM (2020) Efficient ex vitro rooting, acclimatization, and cultivation of Curcuma longa

L. from mycorrhizal fungi. J Crop Sci Biotechnol 23:469-482



Elegba W, McCallum E, Gruissem W and Vanderschuren H (2021) Efficient genetic
transformation and regeneration of a farmer-preferred cassava cultivar from Ghana. Front
Plant Sci 12:668042.
FAO (2020) Cassava, a 21%century crop. URL: https://www.fao.org/4/i3278¢/i3278¢e01.pdf
(Accessed May, 2024)
Fasae OA and Yusuf AO(2022) Cassava leaves and peels: Nutritional value and potential
productivity in West African dwarf breeds of sheep and goats- A review. Nig J Anim Prod
49:301-311
Feyisa AS (2021) Micropropagation of Cassava (Manihot esculenta Crantz.): Review.
Extensive Rev 1:49-57
Gonbad RA, Sinniah UR, Aziz MA, Mohamad R (2014) Influence of cytokinins in
combination with GA3 on shoot multiplication and elongation of tea clone Iran 100
(Camellia sinensis (L.) O. Kuntze). Sci World J 2014:943054

Hapsoro D, Hamiranti R, Yusnita Y (2020) In vitro somatic embryogenesis of superior clones
of robusta coffee from Lampung, Indonesia: Effect of genotypes and callus induction
media. Biodiversitas 21:3811-3817

Hankoua BB, Diao M, Ligaba-Osena A, Garcia RA, Harun S, Ahlawat YK (2025) Constitutive
overexpression of Qui-Quine Starch gene simultaneously improves starch and protein
content in bioengineered cassava (Manihot esculenta Crantz). Front Plant Sci 15:1442324

Howeler RH (2012) The cassava handbook: A reference manual based on the asian regional
cassava training course, held in Thailand. Centro Internacional de Agricultura Tropical
(CIAT), Bangkok, Thailand, pp 801

Hu CY and Wang PJ (1983) Meristem, shoot tip and bud culture. In: Evans DA, Sharp WR,

Ammirato PV, Yamada Y (eds) Handbook of plant cell culture, vol 1. Mac Millan Publ.

Co, New York, pp 177-227



Khatri P and Joshee N (2024) Effect of Picloram and desiccation on the somatic embryogenesis
of Lycium barbarum L. Plants 13:151-165
Kirillov V, Pathak A, Stikhareva T, Ercisli S, Daulenova M, Kazangapova N, Rakhimzhanov
A (2022) In vitro propagation and ex vitro rooting of Euonymus verrucosus Scop.
(Celastraceae)— A rare species of Kazakhstan flora on the southern border of its areal. J
For Res 27:289-296
Kirillov V, Pathak A, Patel SR, Daulenova M, Dyussembekova D, Stikhareva T,
Rakhimzhanov A, Kakimzhanova A (2023) Micropropagation of Cotoneaster
melanocarpus Fisch. ex A. Blytt: An economically important ornamental plant. In Vitro
Cell Dev Biol - Plant 59:147-153
Kirillov V, Pathak AR, Patel SR, Serafimovich M, Daulenova M, Gorbachenkov M,
Zholdasbayev M, Stikhareva T (2024) An efficient micropropagation protocol for an
endangerd tree species Aflatunia ulmifolia (Franch.) Vassilcz. In Vitro Cell Dev Biol-
Plant 60:28-38
Kirillov V, Pathak A, Patel SR, Daulenova M, Dyussembekova D, Stikhareva T, Sapiyeva A,
Nurtaza A, Zhanybekova Z, Kakimzhanova A (2025) DNA barcoding of Spiraea
hypericifolia L. and development of an efficient micropropagation using nodal explant:
an economically important ornamental and medicinal shrub of Eurasian areal. In Vitro
Cell Dev Biol - Plant doi:10.1007/s11627-10497-y
Krajang M, Malairuang K, Sukna J, Rattanapradit K, Chamsart S (2021) Single-step Ethanol
production from raw cassava hydrolysis and fermentation, scale-up from 5-L laboratory
and 200-L pilot plant to 3000-L industrial fermenters. Biotechnol Biofuels 14:1-15
Kumlay AM and Ercisli S (2015) Callus induction, shoot proliferation and root regeneration
of potato (Solanum tuberosum L.) stem node and leaf explants under long-day conditions.

Biotechnol Biotechnol Equip 29:1075-1084



Lentz EM, Eisner S, McCallum EJ, Schlegel K, Campos FAP, Gruissem W, Vanderschuren H
(2018). Genetic transformation of recalcitrant cassava by embryo selection and increased
hormone levels. Methods Protoc 1:42.
Liang H, Xiong Y, Guo B, Yan H, Jian S, Ren H, Zhang X, Li Y, Zeng S, Wu K, Zheng F, da
Silva JAT, Xiong Y, Ma G (2020) Shoot organogenesis and somatic embryogenesis from
leaf and root explants of Scaevola sericea. Sci Rep 10:11343
Liu J, Zheng Q, Ma Q, Gadidasu KK, Zhang P (2011) Cassava genetic transformation and its
application in breeding. J Integr Plant Biol 535:52-69
Malik SK, Chaudhury R, Kalia RK (2005) Rapid in vitro multiplication and conservation of
Garcinia indica: A tropical medicinal tree species. Sci Hortic 106:539-553
Magambo S, Nabatanzi A, Alicai T, Wembabazi E, Oketcho K, Nakalembe I, Wagaba H
(2024) Somatic embryo production and gfp genetic transformation in elite ugandan
cassava genotypes. Sci Afr 23:¢02039
Marigi EN, Masanga JO, Munga TL, Karanja LS, Ngugi MP, ThaganaWM, Kirubi D, Mwangi
M, Githunguri CM, Muiru WM, Miano DW, Alakonya AE, Oduor RO (2016)
Optimisation of a somatic embryogenesis and transformation protocol for farmer-
preferred cassava cultivars in Kenya. Afr Crop Sci J 24:35-44
Mongomake K, Doungous O, Khatabi B, Fondong VN (2015) Somatic embryogenesis and
plant regeneration of cassava (Manihot esculenta Crantz) landraces from Cameroon.
SpringerPlus 4:1-12

Moraes RM, Cerdeira AL, Lourenco MV (2021) Using micropropagation to develop medicinal
plants into crops. Molecules 26:1-13

Niranjan MH Sudarshana MS, Girisha ST (2010) In vitro multiple shoot induction from excised
shoot tips and nodal segment explants of- Lagerstroemia indica L.- A medicinal cum

ornamental shrub. J Biomed Sci Res 2:212-217



Nesy EA and Lizzy M (2021) Indirect Organogenesis and influence of benzyladenine on shoot
regeneration from Thevetia peruviana leaf explants. Int J Bot Stud 6:239-243
Nowakowska K, Pacholczak A, Tepper W (2019) The effect of selected growth regulators and
culture media on regeneration of Daphne mezereum L. ‘Alba’. Rend Lincei Sci Fis Nat
30:197-205
Opabode JT, Oyelakin OO, Akinyemiju OA, Ingelbrech IL (2013) Primary somatic embryos
from axillary meristems and immature leaf lobes of selected African cassava varieties.
Br. Biotechnol J 3:283-273
Ornellas TS, Fritsche Y, Medina EC, Guerra MP (2022) Somatic embryogenesis from young
spikelets of the giant bamboo Dendrocalamus asper (Schult f.) Backer ex Heyne. Plant
Cell Tiss Org Cult 149:635-644
Parabia MF, Gami B, Kothari IL, Mohan JSS, Parabia HM (2007) Effect of plant growth
regulators on in vitro morphogenesis of Leptadenia reticulata from nodal explants. Curr
Sci 92:1290-1293
Pasternak TP, Prinsen E, Ayaydin F, Miskolczi P, Potters G, Asard H, Van Onckelen HA,
Dudits D, Fehér A (2002) The Role of auxin, pH, and stress in the activation of
embryogenic cell division in leaf protoplast-derived cells of alfalfa. J Plant Physiol
129:1807-1819
Patel SR, Joshi AG, Pathak AR, Shrivastava N, Sharma S (2021a) Somatic embryogenesis in
Leptadenia reticulata (Retz.) Wight and Arn along with assessment of shoot and callus
cultures for HPTLC fingerprint and quantification of p-coumaric acid. Plant Cell Tiss Org
Cult 145:173-189
Patel SR, Pathak AR, Joshi AG, Shrivastava N, Sonal S (2021b) Chemical profiling of
Tylophora indica (Burm. F.) Merrill. Shoot cultures established through leaf explant.

Proc Natl Acad Sci India Sect B Biol Sci 91:37—43



Pathak A, Dwivedi M, Laddha NC, Begum R, Joshi A (2013) Detection of somaclonal variants
using RAPD marker in Bacopa monnieri and Tylophora indica. J Agric Technol 9:1253—
1260
Pathak AR and Joshi AG (2017) Indirect organogenesis from leaf explants of Hemidesmus
indicus (L.) R.Br.: an important medicinal plant. Plant Biosyst 151:1-5
Pathak AR and Joshi AG (2021) Regeneration of Hemidesmus indicus (L.) R. Br. using in vitro
nodes: An alternative method for efficient multiplication of shoots. Not Sci
Biol 13:10831
Pathak AR, Joshi AG, Shrivastava N, Sharma P (2017) Regeneration and chemical profiling in
Hemidesmus indicus (L.) R. Br. S Afr J Bot 11:413-420
Patuhai A, Wahab PEM, Yusoff MM, Dewir YH, Alsughayyir A, Hakiman M (2023) Plant
growth regulator and elicitor mediated enhancement of biomass and andrographolide
production of shoot tip culture derived plantlets of Andrographis paniculata (Burm.f.)
Wall. (Hempedu Bumi). Plants 12:2953
Peng C, Gao F, Wang H, Shen H, Yang L (2020) Physiological and biochemical traits in
Korean Pine somatic embryogenesis. Forest 11:1-15
Rathwell R, Shukla MR, Jones AMP, Saxena PK (2016) In vitro propagation of cherry birch
(Betula lenta L.). Can J Plant Sci 96:571-578
Rossin CB and Rey MEC (2011) Effect of explant source and auxins on somatic embryogenesis
of selected cassava (Manihot esculenta Crantz) cultivars. S Afr J Bot 77(1):59-65
Sa JFD, Sampaio S, Mendes M, Santos K, Sousa AS, Ledo CA (2018) Culture media for the
multiplication of wild manihot species. Cién e Agrotecnologia 42:598-607
Saeedpour A, Godehkahriz SJ, Lohrasebi T, Esfahani K, Salmanian AH, Razavi K (2021) The
effect of endogenous hormones, total antioxidant and total phenol changes on

regeneration of barley cultivars. Iran J Biotechnol 19:30-39



Salma U, Kundu S, Ali MN, Mandal N (2019) Somatic embryogenesis mediated plant
regeneration of Eclipta alba (L.) Hassk and its conservation through synthetic seed
technology. Acta Physiol Plant 41:103

Scaria SS, Balasubramanian B, Meyyazhagan A, Gangwar J, Jaison JP, Kurian JT, Pushparaj
K, Pappuswamy M, Park SK, Joseph KS (2024) Cassava (Manihot esculenta Crantz.)-A
potential source of phytochemicals, food, and nutrition-An update review. eFood 5:1-16

Sesay JV, Nicole GGY, Kamara JS, Quee DD (2018) Development of in vitro propagation
protocol for some recalcitrant cassava (Manihot esculenta Crantz) genotypes in Sierra
Leone. Afr J Biotechnol 17:606-613

Shimizu-Sato S, Tanaka M, Mori H (2009) Auxin-cytokinin interactions in the control ofshoot
branching. Plant Mol Biol 69:429-435

Shirin F, Parihar NS, Shah SN (2015) Effect of nutrient media and KNO3 on in vitro plant
regeneration in Saraca asoca (Roxb.) Willd. Am J Plant Sci 6:3282-3292

Sholihin (2022) Vamas 1, a new early root bulking , high- yielding , high-starch content cassava
variety. E3S Web Conferences 4014:1-8

Skoog F and Miller CO (1957) Chemical regulation of growth and organ formation in plant
tissue cultured in vitro. Symp Soc Exp Biol 11:118-131

Sukmadjaja D and Widhiastuti H (2011) Effects of plant growth regulators on shoot
multiplication and root induction of cassava varieties culture in vitro. Biotropia 18:50-60

Supatmi S, Rahman N, Hartati NS (2018) In vitro shoot induction, multiplication and growth
Ubi Kuning cassava genotype. J Biollndones 14:191-200

Susanti I, Suharsono, Widyastuti U, Siregar UJ, Tjahjoleksono A (2017) Optimizing of somatic
embryogenesis induction of cassava (Manihot esculenta Crantz.). Ann Bogor 21:45-51

Taylor N, Gaitan-Solis E, Moll T, Trauterman B, Jones T, Pranjal A, Trembley

C, Abernathy V, Corbin D, Fauquet CM (2012) A high-throughput platform for the



production and analysis of transgenic cassava (Manihot esculenta) plants. Tropical Plant
Biol 5:127-139

Tuwo M and Tambaru E (2021) The growing of taro Colocasia esculenta (L.) Schott var.
antiquorum plantlet in several media during acclimatization stage. IOP Conf Ser: Earth
Environ Sci 807:032023

Utsumi Y, Utsumi C, Tanaka M, Okamoto Y, Takahashi S, Huong TT, Nguyen AV, Van Dong
N, Tokunaga H, Taylor N, Seki M (2022) Agrobacterium-mediated cassava
transformation for the Asian elite variety KU50. Plant Mol Biol 109(3):271-282

Von Arnold S, Sabala I, Bozhkov P, Dyachok JA, Filonova L (2002) Developmental pathways
of somatic embryogenesis. Plant Cell Tiss Org Cult 69:233-249

Wang PJ and Charle A (1991) Micropropagation through meristem culture. In: Bajaj YPS (ed).
Biotechnology in agriculture and forestry. Springer Verlag, New York, USA, pp 4144

Wang Y-J, Lu X-H, Zhen X-H, Yang H, Che Y-N, Hou J-Y, Geng M-T, Liu J, Hu X-W, Li R-
M, Guo J-C, Yao Y (2022) A transformation and genome editing system for cassava
cultivar SC8. Genes 13:1650.

Xiao L, Cheng D, Ou W, Chen X, Rabbi IY, Wang W, Li K, Yan H (2025) Advancements and
strategies of genetic improvement in cassava (Manihot esculenta Crantz): from
conventional to genomic approaches. Hortic Res 12(3):uhae341

Yaish MWF, Guevara DR, El-Kereamy A, Rothstein SJ (2010) Axillary shoot branching in
plants. In: Pua EC and Davey MR (ed) Plant developmental biology — Biotechnological
perspectives. Springer-Verlag, Berlin, Heidelberg, pp 37-52

Yelli F, Agustin T, Utomo SD, Pathak A (2023) Somatic embryogenesis in two cassava

(Manihot esculenta Crantz ) Genotypes. Not Bot Horti Agrob Cluj Napoca 51:1-13

Yumbla-Orbes M, da Cruz ACF, Pinheiro MVM, Rocha DI, Batista DS, Koehler AD, Barbosa

JG, Otoni WC (2017) Somatic embryogenesis and de novo shoot organogenesis can be



alternatively induced by reactivating pericycle cells in Lisianthus (Eustoma
grandiflorum (Raf.) Shinners) root explants. In Vitro Cell Dev Biol -Plant 53:209-218
Zhang J, Gai MZ, Li XY, Li TL, Sun HM (2016) Somatic embryogenesis and direct as well as
indirect organogenesis in Lilium pumilum DC. Fisch., an endangered ornamental and
medicinal plant. Biosci Biotechnol biochem 10:1898-1906
Zhen XH, Pan RR, Lu XH, Ge YJ, Li RM, Liu J, Wang YJ, Yi KX, Li CX, Guo JC, Yao Y,
Geng MT (2024) An anthocyanin-based visual reporter system for genetic transformation

and genome editing in cassava. Int J Mol Sci 25(21):11808



Figure Legends

Figure 1. Somatic embryogenesis in Manihot esculenta Crantz var. Vamas 1: (A) in vitro
grown shoots after 10 days, (B) square piece of young leaf explant, (C) non-embryogenic callus
after 3 weeks, (D and E) asynchronous structure of embryos on embryo maturation medium
(EMM), (F) green cotyledon in plantlet development medium (PDM) containing 0.2 mg "' BA
after 2 weeks, (G and H) shoots derived from green cotyledons at PDM medium after 5 weeks,
() developed plantlet on MS basal medium after 2 weeks, (J) acclimatized plant after 1 week,

and (K) acclimatized plant after 4 weeks. Scale bars: 1 cm

Figure 2. Effect of Picloram and 2,4-D concentrations on scoring percentage of callus per
explant after 3 weeks of culture period. Each bar represents mean values (n=30) and error bar
as standard error. Bars having the same letters are not significantly different (p<0.05) according

to Tukey's HSD test.

Figure 3. Effect of Picloram and 2,4-D concentrations on weight of primary callus after 3
weeks of culture period. Each bar represents mean values (n=30) and error bar as standard error.
Bars having the same letters are not significantly different (p<0.05) according to Tukey's HSD

test.

Figure 4. Axillary shoot regeneration, rooting and hardening in Manihot esculenta Crantz var.
Vamas 1: (A) in vitro shoot derived nodal explant, (B) shoot formation in presence of 2 mg I"!
BA after 9 weeks, (C) roots formed on shoots development medium after 2 weeks, (D) plantlets
with roots after 13 weeks, (E) acclimatized plantlets after 3 weeks under normal lab conditions,

and (F) acclimatized plantlets in polybags after 4 weeks in greenhouse. Scale bars : 1 cm



Figure 5. Schematic representation of regeneration achieved via two pathways in Manihot

esculenta Crantz var. Vamas 1.



Table 1. Effect of plant growth regulators (PGRs) on callus formation and somatic embryo

germination in Manihot esculenta Crantz var. Vamas 1 (After 6 weeks)

PGRs Callus Frequency of Number of
Primary callus
(mg I'") initiation somatic somatic
(o)

Picloram 2,4-D NAA (days) embryo (%)  embryos/explant
4 0 8.5£0.32a  100.00+0.00 a  32.00+0.08 a  3.47+0.43 ab
8 0 8.3+0.12a  96.67+0.03a  36.00£10.0a 7.04+3.56 ab
12 0 8.2+0.47a  90.00+0.04a  44.00+0.04a 10.25+3.49a
0 4 9.0+0.39a  86.67+0.07a  44.00+0.04a 3.5+0.81 ab
0 8 8.7£0.26 a  100.00+0.00a  16.00+0.04a 1.4+0.51b
0 12 6.740.63b  86.67+0.07 a 16.00+0.07 a  2+1.05 ab

Data represented as mean (n=30) + standard error. Means followed by same letters are not
ssignificantly different (p<0.05) according to Tukey’s HSD test. 2,4-D, 24-

ddichlorophenoxyacetic acid; NAA, 1-naphthaleneacetic acid



Table 2. Effect of plant growth regulators (PGRs) on shoot formation from nodal explant of

Manihot esculenta Crantz var. Vamas 1 (After 9 weeks)

PGRs Shoot
Time of shoot Number of Number of
(mg 1™ length
induction (days)  shoots/explant  leaves/shoot
BA NAA (cm)
0 5.33£0.67 b 1.58+0.39 d 5.92+2.27 abc  3.32+0.64 b
2 5.73+0.00 b 4.13+0.56 a 11.07£2.79a  3.61+£0.17 a
4 0 8.60+0.80 ab 3.10£091 b 7.30£1.28 abc  2.21+0.09 ¢
8 11.47+0.67 a 1.53+0.25 d 5.30+0.67 abc  1.89+0.06 d
10 11.67+0.71 a 1.20+0.20 d 4.5242.20bc  1.78+0.11d
2 5.73£0.27 b 2.50+0.42 ¢ 9.07£1.09ab  2.254+0.07 ¢
4 8.40+1.31 ab 1.60+£0.19 d 6.37+1.00 abc  1.84+0.02 d
0.02
8 11.60+0.78 a 1.10£0.10 d 3.90+0.33 bc  1.66+0.03 d
10 11.47+1.16 a 1.07+0.07 ¢ 3.53£0.50 ¢ 1.56+0.03 d

Data represented as mean (n=30) + standard error. Means followed by same letters are not
significantly different (p<0.05) according to the Tukey’s HSD test. BA, 6-benzyladenine;

NAA, 1-naphthaleneacetic acid
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Figure Legends

Figure 1. Somatic embryogenesis in Manihot esculenta Crantz var. Vamas 1: (A) in vitro
grown shoots after 10 days, (B) square piece of young leaf explant, (C) non-embryogenic callus
after 3 weeks, (D and E) asynchronous structure of embryos on embryo maturation medium
(EMM), (F) green cotyledon in plantlet development medium (PDM) containing 0.2 mg 1" BA
after 2 weeks, (G and H) shoots derived from green cotyledons at PDM medium after 5 weeks,
() developed plantlet on MS basal medium after 2 weeks, (J) acclimatized plant after 1 week,

and (K) acclimatized plant after 4 weeks. Scale bars: 1 cm

Figure 2. Effect of Picloram and 2,4-D concentrations on scoring percentage of callus per
explant after 3 weeks of culture period. Each bar represents mean values (n=30) and error bar
as standard error. Bars having the same letters are not significantly different (»<0.05) according

to Tukey's HSD test.

Figure 3. Effect of Picloram and 2,4-D concentrations on weight of primary callus after 3
weeks of culture period. Each bar represents mean values (n=30) and error bar as standard error.
Bars having the same letters are not significantly different (p<0.05) according to Tukey's HSD

test.

Figure 4. Axillary shoot regeneration, rooting and hardening in Manihot esculenta Crantz var.
Vamas 1: (A) in vitro shoot derived nodal explant, (B) shoot formation in presence of 2 mg I''
BA after 9 weeks, (C) roots formed on shoots development medium after 2 weeks, (D) plantlets
with roots after 13 weeks, (E) acclimatized plantlets after 3 weeks under normal lab conditions,

and (F) acclimatized plantlets in polybags after 4 weeks in greenhouse. Scale bars : 1 cm
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