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Abstract In Thailand, cassava (Manihot esculenta Crantz ‘Pirun 2') is an important
economic crop. The tissue culture technique is used to produce true-to-type
cassava plantlets on a large scale within a short period. Therefore, the objective
of this study was to investigate the optimum culture medium for cassava axillary
bud in vitro propagation. Stem nodes were treated with a solution of 20% (v/v)
commercial bleach (25% w/v NaOCI) for 10 minutes. Then, the sterilized buds
were cultured on three different types of culture media: Murashige and Skoog
(MS), Driver and Kuniyaki Walnut (DKW), and MS supplemented with NAA and
BA. Various parameters were evaluated for their effects on plantlet development
(height of shoot and numbers of leaves, roots, and shoots after 1 month).
The results showed that the mean (% standard deviation) numbers of leaves
(6.67 £ 0.82) and roots (2.50 = 0.55) were significantly higher when they were
cultured on MS medium. In addition, the highest number of shoots (3.67+0.82)
was obtained on MS medium supplemented with 0.05 mg/l NAA+1 mg/l BA. The
cut shoots of plantlets cultured on MS medium without hormones developed into
mature plantlets after 1 month. Thus, the MS medium was the optimum for
mature cassava Pirun 2 culture. This protocol would be useful for plantlet induction
on MS medium supplemented with NAA and BA hormones to produce more shoots
and for transfer to MS medium without rooting hormones. Moreover, in vitro
derived plantlets were successfully acclimatized on a peat moss which gave the
high percentage of transplanting survival (100%).

Keiwords: AinIari budi Cassavai Stem nodei Surface sterilizationi Tissue culture

Funding: The authors are grateful for the SCiUS funding provided by Ministry of Higher Education,
Science, Research and Innovation, Thailand.

Citation: Vichayanan,S., Phanmadee, N., Khowean, P., and Lokkamlue, N. 2021. In vitro propagation of
Manihot esculenta Crantz ‘Pirun 2’. CMU J. Nat. Sci. 21(1): e2022016.

CMUJ. Nat. Sci. 2022. 21(1

: €2022016




Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 2

INTRODUCTION

Cassava (M. esculenta Crantz) production in Thailand has been ongoing for more
than 40 years (Malik et al., 2020). The ‘Pirun 2’ variety of cassava (Huay Bong 60 X
Hanatee) was developed through cooperation between the Department of Agriculture,
Mahidol University’s Institute of Molecular Biosciences, and the National Science and
Technology Development Agency. Pirun 2 is both an edible and industrial variety that has
a moderate hydrocyanic acid content and can be used to produce tapioca flour with a starch
content of 24.7% (Malik et al., 2020). This variety has the characteristics of an upright
stem, light green shoot tip, red petiole, dark brown peel, and low-fiber flesh. In general,
seed propagation results in uncontrolled genetic variation in heterozygous cassava, with a
slow rate of multiplication propagation. Consequently, it is propagated traditionally using
propagation of cassava cuttings aged 8-12 months; however, this is labor-intensive and
time-consuming for large-scale production and is a slow process compared to establishing
grain crops (Santana et al., 2009). Furthermore, the stem cuttings are beset by diseases
such as leaf mosaic disease that contributes to the spread of diseases in the field
(Ntawuruhunga and Legg, 2007), often resulting in the transmission of systemic infections
from one generation to another and leading to poor yields in successive seasons (Roca and
Mroginski, 1991). Thus, the tissue culture technique provides a method to mass-produce
true-to-type and disease-free cassava plants within a short period and requires less space
than that required for conventional methods (Aladele and Kuta, 2008). The reported
cassava Pirun 2 jn vitro culture protocol is seldom published in Thailand. With a few studies
reporting on the Rayong 5, Rayong 7 and Rayong 72 varieties (Ubonprasit et al., 2015).
In addition, the plant genetic variety may vary in different plant tissue culture media. Thus,
the aim of this study was the establishment of a simple protocol for axillary bud in vitro
culture and the investigation of the optimum culture medium for cassava Pirun 2
propagation.

MATERIAL AND METHODS

Plant material
Stem cuttings of cassava (M. esculenta Crantz ‘Pirun 2') were collected from Chaiyo
Bio Power Company Limited, Chaiyo district, Ang thong province, Thailand.

Stem cultivation
The Pirun 2 stems aged 8 months were processed into cuttings 25 cm in length and
then submerged in 0.2 g/l thiamethoxam (CsH10CINsO3S) solution to prevent insect pests.

Surface sterilization of cassava explant

The stem nodes derived from the Pirun 2 plants aged 3 months were collected and
cut into pieces having one axillary bud/explant. They were washed under running tap water
for 1 min to remove dust particles. Then surface sterilization was accomplished by soaking
in a solution of 20% (v/v) commercial bleach (25% w/v NaOCI) for 10 min with continuous
agitation, followed by rinsing three times with sterile distilled water to remove all traces of
NaOCl. Then, damaged tissue was excised from each explant to obtain an axillary bud 1
cm in length. Petri dishes with 30 ml of culture media containing nine explants and three
replicates were used. The cultures were incubated at 25 £ 2°C under a light intensity of
1,500-2,300 lux using a 16 h photoperiod.

Transplanting into shoot induction medium

Under aseptic conditions, sterilized axillary buds were transferred into shoot induction
media. Three treatments were used to evaluate the germination and development of
cassava shoots (MS, DKW and MS + 0.05 mg/l NAA + concentrations of BA, as follow: 0.5
mg/l, 1 mg/l and 1.5 mg/l). Each treatment consisted of six replicates (glass bottles) and
each replicate contained one axillary bud. After 1 month, the morphological parameters
were recorded: numbers of shoots, leaves, roots and shoot height (cm). Then, the multiple
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shoot tips were cut from cassava cultivated in MS+0.05 mg/l NAA+1 mg/l BA medium with
three replicates (glass bottles), where each replicate contained one axillary bud. The tips
were subcultured on MS medium without hormones. Then, all cultures were incubated at
25 x 2°C under a light intensity of 1,500-2,300 lux using a 16 h photoperiod.

Acclimatization

The six-month-old ten in vitro cassava plantlets were washed to remove medium
residues and then transferred to peat moss for the acclimatization process. The pots were
covered with transparent polyethylene bags and incubated in a greenhouse for 3 days.
After 1 week of acclimatization, the polyethylene bags were removed and the rates of
survival (%) were recorded.

Statistical analysis

All data were analyzed using one-way ANOVA and significant differences among
treatment means were determined using Duncan's multiple range test at P <0.05, using
the statistical software package SPSS version 14.0. Values were presented as mean +
standard deviation.

RESULTS

Shoot development of cassava Pirun 2

The sterilized Pirun 2 axillary buds on the MS and DKW media were able to grow into
plantlets after 1 month (Figures 1A and B). There were significant differences between
treatments for the numbers of leaves, shoots and roots (Table 1); however, there were no
significant differences for shoot height. The MS medium produced the maximum numbers
of leaves (6.67 £ 0.82) and roots (2.50 £ 0.55). Furthermore, the results showed that the
addition of 0.05 mg/l NAA and 1 mg/l BA in MS media was necessary to achieve high
numbers of Pirun 2 shoots (Figure 1C). There were significant differences among
treatments as shown in Table 1 with the highest number of shoots being 3.67 + 0.82.
However, the addition of 0.05 mg/l NAA + 0.5 mg/l BA or 1.5 mg/l BA in MS media
represented the lower rates of proliferation at the same time. Furthermore, the shoots were
unable to grow into plantlets due to the lack of root development. Instead, two types of
calli (friable or compact), approximately 1.56 £ 0.29 cm in diameter, were formed at the
base of these shoots (Figure 1C).

Figure 1. Development of Pirun 2 axillary bud at 1 month: (A) MS medium; (B) DKW
medium; (C) MS+0.05 mg/l NAA+1 mg/l BA medium, showing multiple shoots (arrows)
with two types of calli (f = friable callus and ¢ = compact callus).
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Table 1. Effects of culture media on numbers of leaves, shoots, and roots, and shoot height
of cassava Pirun 2.

Morphological parameter

Treatment No.of No.of No.of _ Shoot height
leaves shoots roots (cm)

DKW 5.33 £ 0.82°> 1.00 +£ 0.00¢ 1.83 +£0.75> 2.08 + 0.67°

MS 6.67 = 0.822 1.00 = 0.00¢ 2.50 + 0.552 2.33 + 0.26?2

MS+0.05 mg/l NAA+0.5 mg/I BA  3.50 £ 1.26¢ 2.33 £0.52> 0.00 + 0.00¢ 2.08 + 0.38°
MS+0.05 mg/I NAA+1.0 mg/I BA 5.17 £ 0.98> 3.67 £ 0.822 0.00 £ 0.00° 2.67 + 0.68?
MS+0.05 mg/l NAA+1.5 mg/l BA  1.50 £ 0.50¢ 1.67 £ 0.52° 0.00 £ 0.00¢ 2.17 + 0.26?

Note: Mean =* standard deviation values with different lowercase superscripts within a row are significantly different at P <0.05.

Development of the cut shoot and root

Shoot tips cut from shoots cultivated in MS+0.05 mg/l NAA+1 mg/l BA medium
were then able to be developed into plantlets with roots on MS medium after 1 month
(Figure 2A). These plantlets had a normal root system consisting of tap roots and lateral
roots (Figures 2B and C, respectively). The root development of the cut shoots could
produce more lateral roots after 2-6 months (Figures 2C and D).

Figure 2. Cut shoot with root development on cassava Pirun 2 plantlet: (A) plantlet
aged 1 month; (B) root germination after 1 month (t = tap root); (C) root development
after 2 months (I = lateral root); (D) root development after 6 months.

Acclimatization of cassava plantlets

The in vitro cassava Pirun 2 plantlets aged 6 months produced more leaves and lateral
roots (Figure 3A). The result of the cassava plantlets showed production of normal leaves
and stems as shown in Figure 3B. Cassava plantlets that were transferred to the
greenhouse after acclimatization had a 100% survival rate. We found that some leaves
were wilted but survived; however, the surviving shoots of cassava could develop to
produce new leaves (arrows) (Figure 3C). The cassava plantlets produced did not show
abnormalities which might indicate the occurrence of variation or mutation during the
micropropagation process, and all plants appeared as true-to-type and reached about 16
cm in length after 1 month (Figure 3D).

Figure 3. Acclimatized cassava Pirun 2 plantlet transplanting on peat moss: (A) in
vitro cassava plantlet aged 6 months; (B) dissected in vitro cassava plantlet; (C) cassava
plantlet after 1 week produced new leaves (arrows); (D) cassava plantlet after 1 month.
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DISCUSSION

The MS medium produced the maximum numbers of leaves (6.67 + 0.82) and roots
(2.50 £ 0.55) for the cassava Pirun 2 plantlets. This result suggested that the plantlets
with numerous well-developed leaves were more efficient photosynthetically and therefore
could adapt quickly to the natural environment compared to those with smaller and fewer
leaves (Ogero et al., 2012). In addition, roots have an essential role and function in plant
life and development, supplying water and nutrients to the plant from the environment
(Schiefelbein et al., 1997). Regeneration of roots from the axillary bud explants occurred
easily without any rooting hormone in the medium. This was consistent with Yona et al.
(2010) who reported that cassava explants developed roots naturally roots without the
addition of auxins.

The highest number of shoots (3.67 £ 0.82) was obtained from MS supplemented
with 0.05 mg/l NAA and 1 mg/I BA. This was consistent with Alla et al. (2013) who observed
that cassava shoot induction for an American cultivar in MS medium supplemented with
0.05 mg/l NAA and 1 mg/l BA, produced the greatest number of shoots (5.67). On the
other hand, the best cytokinin for shoot induction of cassava mosaic disease-resistant
cultivars was BAP on its own at 10 uM, producing the highest number of shoots/explant
(3.60 £ 0.03), although the regenerated multiple shoots were stunted (Sessou et al.,
2020). Combining BAP and NAA produced the best shoot elongation for some cassava
varieties (Shiji et al., 2014). Moreover, the use of these growth regulators during growth
initiated from the meristem culture of different cassava varieties was also recommended
by Razdan (2005). However, we found that the callus formation occurred at the base of
the cassava Pirun 2 shoot due to the ratio of auxin-to-cytokinin in the cassava cells.
Furthermore, the presence of cytokinins affects the callogenesis process by reducing cell
wall lignification and assists callus initiation from the cut surface of the explant (Kumlay
and Ercisli, 2015). The types of callus produced were consistent with a study using Nigerian
cassava culture where both compact and friable calli produced somatic embryos due to
their varieties (Nkaa et al., 2015). We found a more compact callus than friable callus (data
not shown) due to the NAA hormone with BAP addition in the medium. In contrast, callus
inoculated on the medium enriched with 2 ppm 2,4-D + 5 ppm BAP showed a highly friable
structure in kaffir lime (Tunjung et al., 2021). Therefore, the callus with the 2,4-D hormone
(auxin group) had a more friable texture than the NAA hormone (Harahap et al., 2019).

The cut shoots derived from MS+0.05 mg/l NAA+1 mg/l BA medium were able to be
developed into plantlets with roots on MS medium. This result revealed that cells containing
the auxin endogenous hormone that induced root primordia and cell enlargement.
Wounding is usually required to achieve rooting perhaps because the wounding-related
compounds play a main role in the dedifferentiation phase (de Klerk et al., 1999). The
cassava plantlets produced normal roots because cassava is a root crop and does not
necessarily require any growth hormones (Zimmerman et al., 2007; Yona et al., 2010). In
addition, roots are important role to absorb water and nutrients. Therefore, in vitro root
development usually enhances transplanting success because functioning roots relate to a
favorable plant water balance (Diaz-Pérez et al., 1995). This result suggested that normal
roots would promote cassava Pirun 2 growth and subsequently use axillary buds for in vitro
multiplication. Then, in vitro cassava plantlets were utilized for commercial scale
propagation by acclimatization in peat moss for 1 week.

CONCLUSION

All sterilized axillary buds successfully developed into shoots. The optimum MS
medium produced the maximum numbers of leaves (6.67 £ 0.82) and roots (2.50 £+ 0.55)
on cassava Pirun 2 plantlets after 1 month. MS supplemented with 0.05 mg/l NAA and 1
mg/l BA produced more shoots (3.67 £ 0.82) than the MS medium (1.00 + 0.00) after 1
month. This protocol would be useful for plantlet propagation on MS medium supplemented
with NAA and BA hormones to produce more shoots and for transfer to MS medium without
requiring any rooting induction medium. This approach could reduce the cost of cassava

CMUJ. Nat. Sci. 2022. 21(1): €2022016




Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 6

plantlet production. Moreover, in vitro cassava Pirun 2 plantlets could develop in peat moss
after acclimatization and showed true-to-type plants.
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