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Abstract

This study was carried out to develop an in vitro propagation protocol for two tannia
(Xanthosoma sagittifolium (L.) Schott) cultivars (green and purple), using shoot tip
explants. Shoots were best initiated on the MS supplemented with 2.0 mg/l BAP. The
highest number of shoot per explant (green tannia: 4.56 + 0.35 purple tannia: 4.83 t 0.26)
was recorded on the MS supplemented with 2.5 mg/l BAP and 0.5 mg/l NAA. The
longest shoot (green tannia: 3.92 + 0.40 cm and purple tannia: 4.36 £ 0.46 cm) was
recorded on the MS supplemented with 5.0 mg/l BAP, 1.0 mg/l Kn and 0.5 mg/l NAA.
The highest number of roots per shoot (green tannia: 6.00 £ 0.74 and purple tannia: 5.83 £
0.49) was obtained on the medium containing 2.0 mg/l IBA. The results of this study
showed that tannia could efficiently be propagated in vitro by incorporating appropriate
concentration of PGRs.

Introduction

Tannia (Xanthosoma sagittifolium (L.) Schott) is one of the main edible aroids in many
tropical areas of the world. The cormles and young leaves are the usable parts of the crop
(Giacometti and Leon 1994). Tannia is contributing to the household food security in the
rural communities of south and southwestern parts of Ethiopia. However, its cultivation
is constrained by scarcity of planting materials, because the propagules of tannia, such as
cormels or their fragments are used as food. Preserving tannia under field condition is
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risky since diseases or natural catastrophes can cause the loss of genetic resources
(Onyeka 2014). In vitro propagation technique is a possible solution to the major
problems of vegetative propagated plants associated with pathogen dissemination and
subsequent loss of vigor and productivity (Paul and Bari 2007), health and quality (Ko
et al. 2008; Vilchez et al. 2009) and planting material scarcity (Solomon et al. 2010).

In vitro regeneration is an efficient method to propagate quality planting materials
that can substantially improve production rate (Caula et al. 2008). It involves using
smaller propagules and substantially faster multiplication rate than the conventional
multiplication methods (Sama et al. 2012). Plant cells, tissues or organs can be produced
in large numbers where all the individuals have the same genetic constitution as the
stock parent although somaclonal variation may sometimes occur (George et al. 2008).

Production of a large number of plants of selected germplasms is the main
prerequisite for establishment of plantations for ex-situ conservation and improvement of
plants (Siddigque and Anis 2009). Multiplication of many clonally propagated species in a
short time is among many advantages of micropropagation systems (Panell 1984). There
are some reports that have generated information to use for in vitro propagation of tannia
through refining culture media and plant growth regulators (PGRs) compositions (Paul
and Bari 2007, Sama et al. 2012; Niemenak et al. 2013). However, the ideal concentration
and combination of PGRs required for in vitro propagation differ from species to species,
genotype to genotype and explant source (Obidiegwu 2015). The composition of PGRs
needs to be established accurately to achieve an effective rate of multiplication of a
genotype (Gomes et al. 2010). There was no protocol that was adequately developed for
routine micropropagation for tannia cultivars growing in Ethiopia. This justifies looking
for an efficient in vitro propagation protocol in order to obtain higher benefits from the
cultivation of the crop. Shoot tip culture is a useful and an expanding method to rapidly
obtain a large numbers of propagules. Therefore, this study was aimed to develop an
efficient in vitro propagation protocol for green tannia and purple tannia cultivars using
shoot tip explants.

Materials and Methods

The sprouts of green tannia and purple tannia cultivars were collected after six weeks of
planting in greenhouse under natural photoperiods, maintaining temperature at 25 + 2°C.
Plants were watered as needed with tap water. The roots were removed and the corm
was scrubbed with a brush, 0.5% sodium hypochlorite and soap under tap water. The
lower portion of the corm was cut off, leaving about 3 cm corm shoot tip. The leaf stalk
was trimmed to 2.0 to 3.0 cm. The shoot tip explant was gently scrubbed with toothbrush
using double distilled water, rinsed with double distilled water, followed by washing
with 70% ethanol for five min and rinsed with double distilled water for three to four
times. Then, the explant was placed in a clean beaker containing a solution of 1.5%
sodium hypochlorite and two drops of Tween-20. The beaker was placed on a magnetic
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stir bar plate and stir gently for 45 min. The solution was poured off and the explant was
rinsed with sterilized double distilled water and taken into the laminar flow hood. The
outer leaves were removed until the inner cleaner section was appeared. The explants
were then trimmed to 1.0 cm, rinsed three to four times with sterile double distilled
water, 70% ethanol for 30 sec, 1% sodium hypochlorite for 1 min and sterile double
distilled for three to four times.

About 1.0 to 2.0 cm shoot tips comprising apical meristem with some leaf primordia
and some corm tissue at the base were used for shoot initiation on MS medium
supplemented with different concentrations of BAP. The number of initiated shoots was
recorded beginning from fourth day of culture and presented as percentage of shoot
initiation. The number of shoots and leaves per explant, and shoot length were recorded
after two weeks of culture initiation to select the best shoot initiation medium.

The initiated explants were cultured on 20 different combinations of BAP, Kn and
NAA. PGRs free medium was used as control to screen for an optimal shoot
multiplication medium. The number of shoots and leaves per explant, and shoot length
were recorded after three subsequent cultures at two week interval.

The in vitro propagated shoots were transferred into a fresh PGRs free MS medium
for two weeks, before conducting the rooting experiment, in order to avoid any carry
over effect of PGRs. Then, the shoots were cultured on MS medium supplemented with
different concentrations of IBA or NAA for root induction. PGRs free medium was used
as a control. The percentage of root formed shoots, number of roots per shoot and root
length were recorded after three weeks of culture.

After being in rooting medium for three weeks, the root induced shoots were
removed from the culture vessel and the roots were washed in double distilled water.
Sixty plantlets (30 plantlets of each of green tannia and purple tannia) were planted in
forest soil, coffee husk and sand in the ratio of 2:1:1, respectively. All plantlets were
covered with a plastic cloche for three days before being left open in greenhouse. The
number of survived plants was recorded after two weeks of acclimatization.

The experiments were laid in a completely randomized factorial design with PGRs as
one factor and cultivars as another factor. Three explants per culture vessel and six
replications per treatment were used for shoot initiation, shoot multiplication and root
induction experiments. Cultures were incubated and monitored in growth room of 12 h
photoperiod under light intensity of 40 umole m-2 s provided by cool white fluorescent
lamps at a temperature of 25 + 2°C. Statistical analysis was carried out using Minitab 17.1
(2013). Treatment separation was performed using Tukey’s mean comparison test at a
probability level of p < 0.05.

Results and Discussion

The shoot tip explants responded differently to BAP concentrations. The percentage
of shoot formation ranged from 83.56% to 100%, which was better response than that of
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Castro (2006) who obtained the highest initiated explants (83%) of tannia in the MS
medium containing 0.5 mg/l BAP and 1.0 mg/l IAA. The number of shoots per explant
and shoot length on the PGRs free medium and the medium containing different
concentrations of BAP were not statistical different (Table 1). However, 100% explant
induced shoots with relatively higher number of shoots, leaf numbers and longer shoots,
which look more comfortable with the medium composition and turned green within 4
days of culture, were produced on the medium containing 2.0 mg/l BAP.

Table 1. Effect BAP on shoot initiation of green tannia and purple tannia from shoot tip.

BAP concentration (mg/l)

Green tannia

0.0 1.0 2.0 3.0 4.0 5.0
Shoot initiation (%) 84.19 84.19 100.00 94.44 94.44 89.30
Shoot no/explant 1.50+£0.21*2 2.00+0.422 244+0472 222+0.202 1.89+0.252 1.55%0.072
Leaf no/explant 156 +0.18> 2.06+0.17* 3.11+0.138 2.78+£0.282 2.67 £0.198 2.89x0.202

Shoot length (cm) 153+0.212 2.08+0.152 2.17+0.152 2.11+0.242 1.78+0.442 192+0.212
Purple tannia

Shoot initiation (%) 83.56 89.30 100.00 94.90 94.90 89.38
Shoot no/explant 1.94+0.25* 2.22+0.162 250+0.252 2.28+0.162 2.22+0.132 1.83+0.172
Leaf no/explant 1.86£0.10> 2.36+0.07® 3.41+0.43* 3.08+£0.20@ 2.97+0.090 3.1£0.18

Shoot length (cm) 1.72+0.412 2.08+0.18 2.33+0.16* 2.17+0.202 1.94+0.1020 1.83+0.282

Data are given as means = standard error of means (SE); Means that do not share a letter in superscript in
the same row are significantly different at p < 0.05 by Tukey mean comparison.

The longest shoots were obtained on the medium supplemented with 5.0 mg/l BAP
+1.0 mg/l Kn + 0.5 mg/l NAA. Statistically, the same length but better quality shoots were
also obtained on the medium containing 2.5 mg/l BAP and 0.5 mg/l NAA. Maximum
shoot number per explant (green tannia: 4.56 + 0.35 purple tannia: 4.83 + 0.26), looks more
comparable with the medium composition (Fig. 1), was also obtained on the later MS
medium composition (Table 2). This indicates importance of using BAP (2.5 mg/l) in
combination with and NAA (0.5 mg/l) for shoot multiplication of tannia as far as its
objective is to obtain the maximum number of shoots with the best length in order to
facilitate its management during acclimatization.

Maximum leaf number per explant (green tannia: 4.67 + 0.41 and purple tannia: 4.94 +
0.50) was obtained on medium containing 1.0 mg/l BAP + 0.25 mg/l Kn. The longest
shoots (green tannia: 3.92 £ 0.40 cm and purple tannia: 4.36 £ 0.46 cm) were obtained on
the medium containing 5.0 mg/l BAP + 0.5 mg/l NAA + 1.0 mg/l Kn (Table 2). These were
better achievement than previous reports by different authors (Paul and Bari 2007,
Solomon et al. 2010, Sama et al. 2012). The differences among these studies could be
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attributed to variations in genotype, culture medium and environmental factors such as
CO:zand light intensity.

Green tannia

Green tannia

Purple tannia

Fig. 1. Green tannia and purple tannia on different multiplication media. (A) 2.5 mg/l BAP + 0.5
mg/l NAA; (B) 1.0 mg/l BAP + 0.25 mg/l Kn; (C) 5.0 mg/l BAP + 1.0 mg/l Kn + 0.5 mg/l NAA;
(D) control (without growth regulator).
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The number of roots per shoot and root length were influence by the different
concentrations of IBA and NAA. The highest root initiation (93.3%) for green tannia was
obtained on the medium containing 2.0 mg/l IBA, whereas for purple tannia, it was 86.7%
on the MS medium containing 2.0 mg/l NAA. The highest number of roots per shoot
(green tannia: 6.00 + 0.74 and purple tannia: 5.83 £ 0.49), and the longest roots (green
tannia: 5.94 + 0.71 and purple tannia: 6.44 + 0.99) were obtained on the medium
supplemented with 2.0 mg/l IBA (Fig. 2A-B). Related responses were reported by other
authors (Paul and Bari 2007, Wokabi 2012). Relatively lower number of roots was
obtained on PGRs free MS medium and MS medium supplemented with lower
concentration IBA (0.25 mg/l) (Table 3). Paul and Bari (2007) found the lowest number of
roots in a medium containing no PGRs. Most of the explants foremed roots with
subsequently sub-culturing on MS medium containign different concentration of PGRs
(Wokabi 2012).

Table 3. Effect of IBA and NAA on root induction of green tannia and purple tannia.

Root forming shoots

No. of roots/shoot Root length (cm)

IBA NAA (%)
(mg/l) (mg/l)  Green  Purple Green Purple Green Purple

tannia tannia tannia tannia tannia tannia
0 0 43.3 333 0.94+0.34>  0.56+0.07¢ 0.61+0.22¢ 0.39+0.10°
025 0 66.7 53.3 1.28+0.25" 1.28+0.30 2.00+0.48*  1.67+0.37
050 O 76.8 76.8 211+085>  294:067° 2.75:0.26° 2.33+£0.29
1.0 0 83.3 83.3 272+094>  3.28:067° 4.06+0.112>  3.00+0.45
2.0 0 93.3 93.3 6.00£0.742  5.83+0.490 594:0712  6.44+0.992
3.0 0 76.8 76.8 2.39+050° 3.28+0.66b 3.94+0.75¢>  2.83+0.84P
0 0.25 333 233 1.00+0.37° 0.50+0.28  1.61+0.61  1.22+0.50
0 0.50 73.3 60.0 2.06+£0.13» 2.00+0.23*  1.94+0.42x  1.89+0.21°
0 1.0 76.8 70.8 222+032> 3.06£0.26° 222+0.42c  2.17+0.45
0 2.0 86.7 86.7 256+062> 3.33:038  3.00+0.60c  2.50+0.58
0 3.0 70.0 53.3 1.67+0.120 1.89+0.76c  2.17+0.64  2.44+1.11°

Means that do not share a letter in superscript within a column are significantly different at p = 0.05
by Tukey pairwise comparison. Data are given as means * standard error of means (SE).

Upon acclimatization, 23 (76.7%) green tannia and 25 (83.3%) purple tannia were
survived, which were, however, low response compared to the reports of Onokpise et al.
(1992 and1999) who obtained 100% survival with acclimatization studies. The relative
lower survival percentage could be due to the genotypic variation of tannia among two
studies. Previously, Hazarika et al. 2006 reported that genotype can influence the ability
of regenerated plants to withstand the ex vitro growing conditions. Regarding the green
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tannia and purple tannia, no considerable differences were observed for the shoot
multiplication, root induction and acclimatization parameters. This indicates any
perceived difference was due to random error and the genetic variation that existed
between the two may be limited to be differentially influenced by the medium
compositions. The in vitro propagated tannia after two weeks of acclimatization in
greenhouse are shown in Fig. 2C.

P~

Fig. 2. In vitro rooting and acclimatization of tannia. Development of roots at the base of shoots
cultured on MS supplemented with 2.0 mg/l IBA. A. Green tannia and B. Purple tannia, C. In
vitro propagated plants after two weeks of acclimatization in the greenhouse.

The results of the present study showed that tannia (Xanthosoma sagittifolium (L.)
Schott) could efficiently be propagated in vitro by incorporating appropriate
concentration of PGR on the MS medium for the phases of shoot initiation (2.0 mg/I
BAP), shoot multiplication (2.5 mg/l BAP + 0.5 mg/l NAA) and root induction (2.0 mg/I
IBA). This protocol can be used to supplement the farmers’ conventional methods of
propagation of tannia. Further work is suggested to evaluate the cormel yields of the
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multiplied tannia plants on the field and to investigate growth condition of tannia for ex
situ conservation.
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