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Abstract. Erythrina abyssinica (E. abyssinica) is a multipurpose tree and a well-known
medicinal plant which is conventionally propagated mainly by seeds. This method may
produce a high degree of genetic variability and consequently decrease the medicinal
value of the plant. Besides, the seeds have low germination rate and propagation is
restricted to rainy season. Hence, there is need to develop a propagation protocol
which produces a uniform plants and one which is not restricted to seasons. The
objective of this study was to establish an in vitro propagation protocol for the
multiplication of E. abyssinica. Seeds were sterilized and germinated in vitro to get
sterile starting explants. Sterilization of the seeds was evaluated using different
concentrations of a commercial bleach (JIK) ranging from 10%, 20% to 30% for 25
minutes. Kinetin (2.25, 4.50, 6.75, and 9.0 mg/L), and benzylaminopurine (BAP; 2.15,
4.30, 6.46, and 8.61 mg/L) were evaluated in separate experiments for their effect to
induce microshoots from nodal explants. Rooting of the microshoot was carried out
using half strength Murashige and Skoog (MS) media supplemented with indolebu-
tyric acid (IBA) (0.20, 0.51, and 1.02 mg/L). Statistical analysis software (SAS)
package was used to perform analysis of variance on the data to test the significance
of the difference between treatments. The result of the sterilization experiment
indicated that 10% JIK gave the highest percentage (55%) of clean seeds. Benzyla-
minopurine evaluated at 8.61 mg/L gave the highest mean number of microshoots (6.80 +
1.24) after 28 days. On the other hand, IBA evaluated at 0.51mg/L gave the highest
mean root length (6.00 + 01.85 cm). The regenerated plants were acclimatized in the
greenhouse and 65% survival rate was recorded after one month. With the increasing
worldwide demand for medicinal plants as an alternative to prescription drugs, ex situ, in
situ conservation programs and true to type mass propagation of E. abyssinica could
benefit from the findings of this study. This is the first report on micropropagation of
E. abyssinica.

Due to either limited availability or af-
fordability of pharmaceutical medicines,
two-third of the world population (mainly in
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the developing countries) rely entirely on
medicinal plants as their primary source of
health care (Ayyanar and Ignacimuthu, 2008;
Kamanula et al., 2011; Okpuzor et al., 2008).
Increased interest in medicinal plants as a re-
emerging health aid has been fuelled by the
rising costs of prescription drugs in the main-
tenance of personal health and well-being, and

the bioprospecting of new plant-derived drugs.
It is predicted that in Sub-Saharan Africa,
80% of the rural population depends on plant
traditional remedies (Hoareau and Edgar,
1999).

Currently, medicinal plants are harvested
in an unregulated manner from natural stands
(Titanji et al., 2008; Zschocke et al., 2000).
This puts pressure on natural populations,
severely compromising their contribution to
health care (Wynberg, 2002). Indeed, the
upsurge in market and public demand for
medicinal plants exhibits the important risks
to medicinal plants today. These include
extinction as well as loss of genetic diversity
(Hoareau and Edgar, 1999). One such plant in
dire need for conservation is E. abyssinica
which is a veritable multipurpose tree. Many
of Erythrina species are used indigenously
as traditional medicines to treat various
diseases, such as infections, cough, malaria,
inflammation, bronchitis, asthma, and insom-
nia (Cui et al., 2008). The bark is commonly
used in traditional medicine, to treat ulcers,
snakebites, sexually transmitted diseases such
as syphilis and gonorrhea, amoebiasis, liver
inflammation, stomach-ache, colic, and
measles (Yenesew et al., 2004). Alkaloids,
benzofurans, flavonoids, chalcone, and
other pterocarpans which possess a wide
range of antioxidant, antimicrobial, cyto-
toxic, and anti-inflammatory activity have
been reported as constituents of this genus
(Nguyen et al., 2009). The foliage is con-
sidered a good protein supplement for ru-
minants (cattle, sheep, and goats) and has
also been used as a fodder source for rabbits
and pigs (Kass et al., 1993). In Ethiopia,
resource-poor farmers with stall-fed sheep
and goats used leafy twigs effectively as
a cheap source of protein supplement for
low-quality diets during the dry season
(Aerts, 2008). The roots of trees are infected
by rhizobia nodulate and fix atmospheric
nitrogen. Nitrogen is the most important
nutrient in seedlings mulched with E. abys-
sinica (Anthofer et al., 1997).

The conventional methods used in the
propagation of E. abyssinica produce a high
degree of genetic variability and conse-
quently decrease the medicinal value of the
plant. Besides, the seeds have a low germi-
nation rate (Aerts, 2008); furthermore, prop-
agation is restricted to rainy season (Sarasan
et al., 2011). On the other hand, micropropa-
gation offers a rapid means of producing
large quantity of clonal planting stocks and
propagation of some commercial crops and
also tree species that are difficult to establish
conventionally (Bonga, 1987; Merkle and
Dean, 2000; Thorpe et al., 1990). Micropro-
pagation of a wide range of tree species have
been successfully achieved (Pankaj and
Toshiyuki, 2001). However, numerous recalci-
trant forest trees of economic value are still
difficult to propagate in vitro (Anna et al., 2010).

There are no documented studies on the
micropropagation of E. abyssinica. Conse-
quently, there is need to develop mass prop-
agation protocols which produces true to type
plants irrespective of season. This would
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meet demand for planting materials as well
as reduce pressure on natural stands. Such
technologies include in vitro propagation
techniques that provide a platform for effec-
tive propagation of endangered plants.

Methods

Plant materials. The study was carried
out at the Plant Tissue Culture laboratory of
the Coffee Research Foundation located
in Ruiru (1620 m a.s.l 1°06'S; 36°45'E),
Kenya. The seeds used in this study were
obtained from a demonstration plot at Ken-
yatta University.

Seed sterilization. The seeds were washed
with tap water containing a few drops of liquid
detergent Teepol (Reckitt and Benckiser Ltd,
Nairobi, Kenya) and rinsed two times. They were
then transferred to the lamina flow cabinet,
immersed in 70% (v/v) ethanol for 10 min and
rinsed twice with sterile distilled water. Thereaf-
ter, they were subjected to sterilization using
varying concentrations (10%, 20%, and 30%) of
a commercial bleach (JIK) which contains
3.85% sodium hypochlorite (NaOCl) for 25 min.

Germination of seeds. The sterilized seeds
were germinated on MS media supplemented
with 3% sucrose and incubated in a growth
room at 25 = 2 °C and 16-h photoperiod for
1 month.

Preparation of medium. The media used
for germinating seeds was prepared using
Murashige and Skoog (1962) (MS) basal
salts. On the other hand, for regeneration of
microshoot, the MS media was supplemented
with 3% (w/v) sucrose, BAP evaluated at
2.15, 4.30, 6.46, and 8.61 mg/L, and kinetin
at 2.25, 4.50, 6.75, and 9.0 mg/L in separate
experiments. Rooting of microshoots was
evaluated on half-strength MS media supple-
mented with IBA 2.25, 4.50, 6.75, and 9.0
mg/L. The pH was adjusted to 5.8 using 0.1 m
HCl or 0.1 NaOH and the media was gelled
with 0.3% phytagel. The media was dis-
pensed in 10 mL aliquots into test tubes and
then autoclaved at 1.06 kg-cm™ and 121 °C
for 15 min.

Inoculation and incubation. Nodal ex-
plants were harvested from the in vitro
germinated seedlings and inoculated on the
microshoot regeneration media under evalu-

Table 1. Effects of different JIK concentrations on elimination of surface contamination from E. abyssinica

seeds after 4, 8, and 12 d.

Concn of JIK (% v/v) No. of days

Initial no. of seeds

Contaminated seeds Percent (%) clean seed

ation. All in vitro manipulations were carried
out under sterile conditions in a laminar
airflow hood in the laboratory. The regener-
ated microshoots were excised and cultured
on the rooting media under evaluation.
While working under the cabinet, steriliza-
tion of the work surface was achieved by
spraying with 70% (v/v) ethanol in-between
operations. All cultures were incubated in
a growth room maintained at 25 + 2 °C and
16-h photoperiod.

Transplanting. The regenerated plantlets
were carefully removed from the test tubes
after 2 months and the roots gently cleaned
with running tap water to remove agar. The
plants were then carried to the green house
where they were treated with 2% fungicide
(Redomil for 20 min). A weaning pot (Supplied
by Sunpalm Australia PTY, Ltd.) was filled
with sterile potting mixture top soil, sand,
and manure mixed in the ratio of 3:2:1
(w/w). The pot was immersed in a basin
containing water to allow the potting mix-
ture soak water until the top was moist. The
pot was then removed from the basin and the
plantlets carefully transplanted using sharp
wooden sticks. After 2 weeks, the holes of
the weaning pot were half-way opened and
eventually fully opened after 1 month. The
plants were irrigated every week with tap
water using a hand sprayer.

10 4 20 0 100 Data collection. Collection of data on the
8 20 8 60 number of clean cultures after sterilization
" li 58 Z 2(5) commenced 4 d after culturing and continued
3 20 14 30 on a weekly interval for 4 weeks. Data
12 20 15 25 collected on sterilization was converted to
30 4 20 6 70 percentage. For the regeneration of micro-
8 20 10 50 shoot, assessment of the number of micro-
12 20 10 50 shoots and their length was carried out 1

1

Fig. 1. Seeds germination after (A) 4 d, (B) 8 d, and (C) 12 d.

Table 2. Effect of different kinetin concentrations on shoot proliferation and growth.

week after inoculation and on weekly interval
for 4 weeks during incubation. The number of
roots per microshoot and their lengths were
assessed after 1 week and continued for 4
weeks. While in the glasshouse the number of
surviving plantlets was recorded.

Experimental design and data analysis.
The experiments were laid out in completely
randomized design (CRD) with 20 explants
per treatment. The experiment was repeated
three times. Data were subjected to ANOVA
to test the significance of the difference
between treatments using SAS packages.
Means separation were tested using the Least
Significant Difference at P <0.05. The results
are expressed as a mean =+ SE.

Results and Discussion

Surface sterilization of seeds. There was
no contamination recorded in the first 4 d

Concn of 7 Days 14 Days 21 Days 28 Days

kinetin Mean no. Mean shoot Mean no. Mean shoot Mean no. Mean shoot Mean no. Mean shoot
(mg/L)  shoots/explant length (cm) £se shoots/explant +sE length (cm) +sE shoots/explant +sg length (cm) +sE  shoots/explant +sE  length (cm) +sE
2.25 NIL 0.75+022a 144+024a 1.72+0.34 a 1.89+0.35a 2.05+0.36a 211+042a 228+042a
4.50 NIL 0.54+0.20 a 1.33+£0.17a 1.32+£030b 2.10+0.46 a 1.73+£037a 230+0.58a 2.02+0.41a
6.75 NIL 0.76 £0.19 a 1.58+£020a 1.64+0.29 a 2.85+0.34b 2.07+0.36 a 3.00+0.22b 2.60 +0.60 b
9.0 NIL 0.73+£022a 1.70£0.15a 1.65+0.37 a 2.70+0.34b 227+0.44 a 3.10+0.38b 2.65+047b
Values represent means +se. Means within a column followed by different letters are significantly different at P < 0.05.
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Table 3. Effect of different concentrations of benzylaminopurine (BAP) on microshoot proliferation and growth.

Concn 7 Days 14 Days 21 Days 28 Days

of BAP Mean no. Mean shoot Mean no. Mean shoot Mean no. Mean shoot Mean no. Mean shoot
(mg/L) shoots/explant length (cm) shoots/explant +sE length (cm) £sE  shoots/explant s length (cm) +SE  shoots/explant s length (cm) £SE
2.15 NIL NIL 440+1.12a 0.86+0.182a 4.60+1.082a 090+0.18a 480+1.16a 1.43+0.25a
4.30 NIL NIL 4.17+094 a 0.52+0.09 a 433+0.84a 0.66+£0.11b 450+0.76 a 0.84+0.15b
6.46 NIL NIL 2.00 £0.00 b 1.45+£0.24b 2.00 +£0.00 b 153+0.24a 225+0.25b 1.86 £0.30 a
8.61 NIL NIL 6.25+0.85¢ 0.56 +0.11 a 6.60 +1.40 ¢ 0.61£0.12b 6.80+1.24 ¢ 0.85+0.15b

Values represent means +se. Means within a column followed by different letters are significantly different at P < 0.05.

Table 4. Effect of different concentrations of indolebutyric acid (IBA) on root regeneration from microshoots derived from kinetin containing media.

Shoots obtained from: Media IBA concn Mean root length Mean root length Mean root length Mean root length

supplemented with kinetin (mg/1) (mg/L) (cm) 7 d +sE (cm) 14 d +se (cm) 21 d +sE (cm) 28 d +sE

225 1.02 — 1.70+0.27 a 3.15+0.28a 470 +£0.33 a
0.51 — 1.85+0.19a 3.60+0.35b 453+043a
0.20 — 2.80 £0.29 b 423+0.15b 5,10+ 044 a

4.50 1.02 — 0.81+0.16 ¢ 230+0.31c¢ 3.74+0.33b
0.51 — 1.49+0.20 a 4.09+0.05b 524+029¢
0.20 — 1.78 £0.27 a 3.61+048b 3.94+0.58b

6.75 1.02 — 1.25+0.32¢ 2.25+0.50 ¢ 3.00+0.80 d
0.51 — 2.60+0.52b 530+1.20d 6.00+1.85¢
0.20 — — — —

9.0 1.02 — 0.8+0.09 ¢ 1.18+0.27 ¢ 22+033f
0.51 — 0.2+0.01d 09+0.0le 1.0+0.01 g
0.20 — — — —

Values represent means +st. Means within a column followed by different letters are significantly different at P < 0.05.

Table 5. Effect of different concentrations of indolebutyric acid (IBA) on root regeneration from microshoots derived from benzylaminopurine (BAP) containing

media.

Shoots obtained from: Media

Mean root length

Mean root length

Mean root length

Mean root length

supplemented with BAP (mg/L) IBA concn (mg/L) (cm) 7 d +sE (cm) 14 d +sE (cm) 21 d +sE (cm) 28 d +sE

2.15 1.02 — 040+0.11a 0.65+0.38a 1.85+£0.70 a
0.51 — — 1.35+0.55b 24+0.90b
0.20 — — — —

4.30 1.02 — 1.1+£021a 20+041c 23+£039b
0.51 — 0.63£0.12a 1.33+0.07b 21+021b
0.20 —

6.46 1.02 — 0.50+0.15a 0.70+0.12 a 0.90 +0.08 ¢
0.51 — 0.55+0.05a 095+0.28 a 1.54+£032¢
0.20 — — — —

8.61 1.02 — 0.78+0.14 a 083+0.17a 1.00 £ 0.14 ¢
0.51 — — — —
0.20 — — — —

Values represent means +st. Means within a column followed by different letters are significantly different at P < 0.05.

Fig. 2. Regeneration of E. abyssinica microshoots from nodal explants: (A) 7 d, (B) 14 d, and (C) 28 d after

culture.

when the seeds were exposed to 10% JIK for
a duration of 25 min (Table 1). On the other
hand, the other treatments recorded low
contamination during the same period. The
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highest number of clean seeds (55%) was
recorded after 12 d when seeds were sub-
jected to sterilization with 10% JIK for 25
min. It is likely that the higher concentration

of JIK had an effect on the seed coat allowing
internal contamination.

Germination of seeds. The germination of
seeds at 4, 8, and 12 d after sowing in the MS
media is shown in Figure 1A—-C. The use of
explants from mature plants growing in the field
is not possible, mainly due to the high level of
contamination, reduced or absence of morpho-
genetic ability (Bonga et al., 2010) and poor
rooting of the regenerated shoots. On the other
hand, the success in tissue culture depends on
the effectiveness of the sterilization methods
used on the explants before culture initiation
(Yildiz and Celal, 2002). It follows that all the
materials used in the plant cell culture must be
sterilized to eliminate the microbial contami-
nants. One of the efficient ways of minimizing
contamination in culture is the use of explants
from aseptically germinated seedlings. The
tissues can be isolated and used immediately
(Gamborg and Phillips, 1995; Stephen et al.,
1997). A commonly employed disinfectant in
tissue culture is NaOCl which dates back to the
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Fig. 3. Rooting of microshoots in kinetin augmented media: (A) 7 d, (B) 14 d, (C) 21 d, and (D) 28 d after

culture.

Fig. 4. Rooting of microshoots in benzylaminopurine-augmented media: (A) 7 d, (B) 14 d, (C) 21 d, and

(D) 28 d after culture.

mid-18th century. During this study, the sur-
face sterilization of seeds was evaluated using
the household bleach brand JIK [Reckitt and
Benckiser (Kenya) Ltd.] which contains
3.85% NaOCI. The optimum sterilization

HorTScieNcE VoL. 50(5) May 2015

was achieved with the lowest concentration of
10% JIK for 25 min. These results were in
agreement with those of (Maina et al., 2010)
who reported the best sterilization procedure
using the lower concentration of NaOCl.

Effect of different kinetin concentrations
on in vitro shoot proliferation from nodal
explants. There were no microshoots regen-
erated at 4 d after culture (Table 2). The
media supplemented with kinetin evaluated
at 9.0 mg/L gave the highest (3.10 + 0.38)
mean number of shoots per explant and the
highest mean height (2.65 + 0.47 cm) after
28 d. However, these results were not signif-
icantly different from those obtained with
6.75 mg/L kinetin. Increasing the concentra-
tion of kinetin from 2.25 to 9.0 mg/L resulted
in an increase of the number of microshoots
and their lengths after 28 d.

Effect of different BAP concentrations on
in vitro shoot proliferation from nodal
explants. There was no visible growth on
7 d after culture in all the BAP concentrations
evaluated (Table 3). BAP evaluated at 8.61
mg/L gave the highest (6.80 + 1.24) mean
number of microshoots after 28 d while BAP
evaluated at 6.46 mg/L gave the lowest
number (2.25 £ 0.25) microshoots per nodal
explant. Figure 2A—C shows the regenerated
microshoots from nodal explants cultured on
MS media supplemented with BAP. The
number of microshoots obtained with BAP
evaluated at 8.61 mg/L was twice that
achieved with the highest concentration of
kinetin (3.10 £ 0.38). In tissue culture, plant
growth regulators are critical media com-
ponents in determining the developmental
pathway of the plant cells. Cytokinins such
as BAP and kinetin are generally known to
reduce the apical meristem dominance and
induce both axillary and adventitious shoots
formation from meristematic explants in
banana (Madhulatha et al., 2004). The re-
sults of the present investigation reveal that
growth and proliferation of microshoots in
E. abyssinica are under hormonal control;
this corroborates the findings of Singh et al.
(2009). During this study, BAP was found
to be more effective than kinetin in inducing
multiple shoots from the nodal explants.
The number of microshoots obtained on
media supplemented with high levels of
BAP was double that obtained with the
highest kinetin concentration evaluated.
These results are in agreement with those
of (Thoyajaksha and Rai, 2001; Waweru
et al., 2011) who reported that the media
supplemented with BAP yielded more
microshoots than the media supplemented
with kinetin in Dictyospermum ovalifolium
and Cyphomandra betacea (Tamarillo),
respectively.

Effect of different IBA on in vitro rooting of
microshoots derived from kinetin supplemented
media. The results of the induction of roots
from microshoots derived from media supple-
mented with kinetin are presented in Table 4.
There were no roots produced from all the
microshoots obtained with the kinetin treat-
ments in the first 7 d. The lowest concentration
of IBA (0.20 mg/L) did not produce any roots
from microshoots derived from media supple-
mented with high concentration of kinetin
(6.75 and 9 mg/L). However, microshoots
derived from media supplemented with 6.75
mg/L kinetin treatment gave the longest mean
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root length (6.00 + 1.85 cm) after 28 d on the
media with 0.51 mg/L IBA.

Effect of different IBA on in vitro rooting of
microshoots derived from BAP supplemented
media. The results of induction of roots from
microshoots derived from media supple-
mented with BAP are presented in Table 5.
There was no regeneration of roots from the
microshoots derived from media supple-
mented with BAP when the lower concentra-

Fig. 5. In vitro regenerated plantlets ready for
transplanting.

A

tion of IBA (0.20 mg/L) was used. The
longest root mean length (2.4 + 0.90) was
obtained when microshoots derived from
media supplement with 2.15 mg/L BAP were
cultured on 0.51 mg/L IBA. The roots
obtained in microshoots sub-cultured from
kinetin supplemented media were more
branched and had more fibrous roots (Fig.
3A-D). On the other hand, microshoots derived
from BAP-supplemented media formed roots
that were thick and a tap root (Fig. 4A-D).
Auxins stimulate root initiation by activating
quiescent pericycle cells to initiate division
and then expansion which facilitate lateral
root emergence, although response varies with
concentration. Fukaki and Tasaka (2009) and
Taiz and Zeiger (2003) reported that auxins are
required for root induction, although, root
growth is inhibited at higher auxin concentra-
tion. On the other hand, Kollmeier et al.
(2000) stated that high auxin concentration
inhibits root elongation. The microshoots
obtained from media supplemented with ki-
netin had well developed roots which were
long and with root hair. However, those
obtained from BAP had short thick roots with
few root hairs. Several reasons could be
hypothesized; chemically stable cytokinins
such as BAP control growth in vitro by
modulating levels of endogenous ethylene

Fig. 6. Acclimatization of plantlets. (A) Weaning pot with plantlets; (B) the top of the pot showing closed
holes; and (C) pots with opened holes after 1 month.
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and auxin—cytokinin complexes. Also, high
levels of hormones have been shown to
inhibit growth in vitro through negative
feedback mechanisms (Hutchinson and Sax-
ena, 1996; Trewavas, 1981). It is conceivable
that high levels of BAP resulted in elevation
of endogenous ethylene as well as auxin—
cytokinin levels which have been reported to
retard root elongation and branching (Cary
et al., 1995; Skoog and Miller, 1957).

Acclimatization. The regenerated plant-
lets (Fig. 5) were planted in a weaning pot
and the two holes on the cover were kept
closed for the first 2 week and eventually
fully opened after 1 month (Fig. 6A—C). At
the end of 4 weeks in the greenhouse,
a survival rate of 65% of the in vitro regen-
erated plantlets was recorded and the plants
were seen to be growing vigorously.

Conclusion

This study clearly demonstrates that E.
abyssinica is amenable to micropropagation
technique. There is however need to study
field performance and the medicinal content
of the in vitro regenerated plantlets. With the
increasing worldwide demand for medicinal
plants as an alternative to prescription drugs,
ex situ, in situ conservation programs and
true to type mass propagation of E. abyssin-
ica could benefit from our findings.
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