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Abstract
Echinops kebericho, endemic to Ethiopia, is a critically endangered medicinal plant. It is among the
most important medicinal plants of the country, valued primarily for its root parts. The commercial harvesting and sale of roots of E. kebericho have threatened local populations. This study
aimed to develop micropropagation protocol for E. kebericho using shoot tip explants. The study
started with seed germination test using seeds stored for different months. Shoot tips from in vitro
germinated seedlings were cultured on shoot initiation MS media supplemented with 0, 0.1, 0.5,
1.0, 1.5 and 2.0 mg/l BAP or KN alone. Explants were cultured on shoot proliferation media fortified with Kinetin, BAP, and TDZ each at 0.0, 0.5, 1.0, 2.5, 3.0 and 5.0 mg/l either alone or in combination with 0.0, 0.1, 0.25 and 0.5 mg/l NAA. For rooting, full, half and 1/3 strength MS media supplemented with IBA and NAA alone each at 0, 0.05, 0.1, 0.5, 1.0, 1.5 and 2.5 mg/l were used. Growth
regulator free MS medium was used as control. Study results showed that 100% germination was
recorded in fresh seeds and dropped as low as 65.18% and 22.3% for 3 and 5 months seeds respectively. 1.0 mg/l KN and 0.5 mg/l KN + 0.1 mg/l NAA showed maximum shoot proliferation on
shoot induction media and shoot multiplication media respectively. Best rooting was obtained on
1/3 MS containing 1.5 mg/l NAA with 8.23 roots and 4.82 cm root length and established under
greenhouse with 83% survival.

Keywords
Echinops kebericho, Micropropagation, Shoot Tip, Plant Growth Regulator

1. Introduction
In many regions of Ethiopia where modern healthcare is not readily available or affordable, public continues to
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rely on traditional medicines. About 80% of human population and over 90% livestock in Ethiopia rely on traditional medicine where more than 95% of traditional medicinal preparations are of plant origin [1]. Echinops kebericho, known only in Ethiopia, is an erect massive root stock-bearing perennial herb or shrub that grows up to
a height of 1.2 m with leafy stems [2]. It is among the most important medicinal plants of the country, valued
primarily for its root parts [2]. Its varied medicinal applications are documented in the ancient medico-religious
pharmacopoeia, and are well-recognized by modern-day traditional professionals [3]. Reports and ethnobotanical surveys also evidence long traditional use of the plant for preparation of medicines against migraine, mental
illness, heart pain, lung TB, leprosy, kidney disease, malaria, billharzia, syphilis, hemorrhoid, amoebic dysentery and other ailments [4] [5]. Its antihelmintic, antitumor, antimutagenic, antibacterial and fungicidal properties have also been reported [6] [7]. The smoke from burning the root is inhaled to relieve headache, typhus fever and as a cure for “evil eye” (possession by evil spirits in Ethiopian folk religion). The root is burned to be
used as a fumigant, mainly after childbirth, to ward off mosquitoes and as a snake repellant in the house [8]. The
root is also chewed to alleviate stomach ache, as a taenicidal herb and a decoction from it is used to cure intestinal diseases in cattle [8]. In laboratory, the toxic properties of E. kebericho have been exploited in the control of
insect pests of medical, veterinary and agricultural importance [9] [10]. The essential oil of E. kebericho also
possesses strong antileishmanial activity higher than that of the most potent anti-leishmanial drugs with moderate cytotoxicity and weak haemolytic effects [7]. The bioactive extract of the species also has been shown to
have antimicrobial effects equal to or better than penicillin, especially against Stereptococcus beta-haemolyticus,
Escherchia coli and Klebsiela aerogenes [5]. Alkaloid extract of the roots of E. kebericho has been shown to
have a very strong lethal activity against earthworm [11]. In the oil of E. kebericho, 43 compounds representing
92.85% of the total essential oil constituents were identified. The tubers are extremely rich in sesquiterpene
amounting to about10% of the dry weight of the tubers [12]. Therefore, this species is commercially viable to
extract this compound [12], once it is propagated in large scale.
However, the loss of this valuable medicinal plant due to population pressure, loss of habitat, agricultural expansion and deforestation is widely reported. The commercial harvesting and sale of roots of E. kebericho has
threatened local populations [13]. This may involve uprooting of the whole plant or removal of the root, which
may seriously damage the root system. This poses a definite threat to the genetic stock. The large tuberous roots
are sold in many open markets in Shewa, Gojjam, Wellega and southern regions of Ethiopia [14] [15]. Unlike
most of the other species which occur naturally in nearby areas and are readily accessible to most local people,
collecting of kebericho is reportedly carried out by specialized plant collectors who derive an income from its
sale to local market vendors. In addition, E. kebericho propagates by seed which is incompetent due to lack of
adequate seeds and seed viability loss after short period. Propagation through seeds is time consuming to accomplish large scale production for conservation and cultivation of the species. Despite these problems, the local
people destruct the whole plant before seed set as they use the root part for medicinal purpose.
Problems related with its natural propagation and indiscriminate exploitation for medicinal use has put E. kebericho in the list of critically endangered plant species of Ethiopia [16]. It is among few prioritized medicinal
plants of Ethiopia that needs urgent conservation works through micropropagation. The value of developing micropropagation protocol for E. kebericho is very useful to preserve germplasm of this critically endangered species of high medicinal importance, to promote scientific activities (pharmacological studies and extraction of
medicinally important compounds), commercial cultivation and sustainable usage of the species. No effort has
been done for the mass propagation of this critically endangered plant species. Only one report is available on
the in vitro and ex vitro seed based propagation of E. kebericho [17]. But the protocol discussed in this report
lacks the large scale clonal production of this species from any type of vegetative explants. This study was
therefore, conducted to develop micropropagation protocol for Echinops kebericho from shoot tip explants as a
means to propagate and preserve germplasm of this critically endangered species of high medicinal importance
as yet not been studied in Ethiopia.

2. Materials and Methods
2.1. Plant Material
Matured E. kebericho seeds were collected from the Medicinal Plant Garden of Ethiopian Health and Nutrition
Research Institute (EHNRI), Addis Ababa University and the Ethiopian Biodiversity Institute (EBI) Botanical
Garden, Wondo Genet, during October 2012.
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2.2. Seed Sterilization and in Vitro Germination

Freshly harvested seeds and those stored for 3 and 5 months were examined for germination and viability test.
The seeds were washed thoroughly in tap water for 10 minutes, surface sterilized with 70% (v/v) alcohol for 9
min and then in 5.25% (w/v) sodium hypochlorite for 5 min. Tween 20, 1 - 2 drops was used as a surfactant in
the sterilants. Then the seeds were rinsed 4 - 5 times with sterilized ddH2O to remove traces of sterilants. The
sterilized seeds were cultured on MS medium [18] with 8 replications and 14 seeds per culture vessel. Germinating seeds were counted and recorded at every 10 days interval until no further germination was recorded for
the three seed lots. The first germinating seeds acted as the baseline for recording data. The germination test
lasted for a month. The cultures were maintained at 25˚C ± 2˚C and 16 h photoperiod under cool fluorescent
light at light intensity of 22 μmol∙m−2∙s−1.

2.3. Shoot Induction from Shoot Tip Explants
Shoot tips of in vitro germinated seedlings were excised and cultured in Magenta jars (10 × 6 mm) containing 50
ml medium supplemented with BAP (0, 0.1, 0.5, 1.0, 1.5, 3.0 mg/l) and kinetin (0, 0.1, 0.5, 1.0, 1.5, 3.0 mg/l).
The medium was fortified with 30 g/l sucrose (w/v) and the pH was adjusted to 5.8 before addition of 8 g/l agar.
Two explants per culture vessel and 15 replications per treatment were used. The cultures were maintained at
25˚C ± 2˚C and 16 h photoperiod at a light intensity of 22 μmol∙m−2∙s−1 under white fluorescent light. After 4
weeks, growth responses were recorded as percentage of explants exhibiting new-growth, number of shoots per
explant and shoot length.

2.4. Shoot Multiplication
Full strength MS medium supplemented with various concentrations of BAP (0.0, 0.5, 1.0, 2.5, 3.0, 5.0 mg/l),
Kinetin and TDZ either alone or in combination with 0.0, 0.1, 0.25, 0.5 mg/l of NAA was used. A factorial design with 30 explants per treatment and 6 explants per vessel were used. Initiated shoots were excised and cultured on shoot multiplication medium and incubated under similar conditions as for culture initiation. Proliferation data were collected on percentage of explants showing proliferation, number of shoots per explant and shoot
length every four weeks.

2.5. In Vitro Rooting and Acclimatization
Shoots from best proliferation medium were used to avoid the influence of different origin of media on shoots
tested for rooting. Full, half and 1/3 strength MS media supplemented with IBA and NAA were used. Similar
concentrations and levels (0, 0.05, 0.1, 0.5, 1.0, 1.5, 2.5 mg/l) were used for each type of auxin (IBA and NAA).
The media were fortified with 30, 15 and 10 g/l sucrose (w/v) for full, half and 1/3 strength MS medium respectively. In all cases, the media were solidified with 8 g/l agar and adjusted to 5.8 pH prior to autoclaving at 121˚C
for 15 min under 15 psi pressure. About 1.5 to 3 cm long micro shoots were excised from multiple shoots and
then cultured in rooting media. Thirty explants per treatment and 6 shoots per culture vessel with 5 replicates
were used. The number of shoots producing roots, number and length of roots were recorded. For acclimatization, well rooted shoots were removed from culture medium, washed thoroughly in sterilized dH2O and planted
in plastic pots filled with sterilized compost, local soil and sand in a ratio of 1:3:1 respectively. The pots were
then maintained in the culture room for two weeks followed by a transfer to greenhouse with 26˚C ± 3˚C and
relative humidity of 50% - 60%. Plant survival was recorded eight weeks after the plantlets were transplanted.
Statistical analysis of the data were carried out using analysis of variance (ANOVA) and differences among
treatment means were compared using Duncan’s Multiple Range Test at 5% probability level using SAS.

3. Results
3.1. In Vitro Seed Germination
Seed germination percentages significantly (P = 0.05) varied with the length of storage time (Table 1). Germination was slow and did not begin within the initial 10 days for five-month-old seeds. In contrast, 3-month
stored seeds began germinating within the first 10 days though percentage seed germination was low (39.29%).
Over the 30 days study period, the highest and more uniform (100%) cumulative germination was recorded in
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Table 1. In vitro germination of E. kebericho seeds within thirty days of incubation period.
Storage period

Germination (%)
Day 10

Fresh seeds
Three months
Five months

68.75
39.29
0.0

Day 20

Mean no. of germinated seeds
Day 30

95.54

100

59.82
13.39

Day 10

Day 20
13.38 ± 0.57

b

b

9.13 ± 0.55b

c

3.13 ± 0.35c

9.63 ± 0.50

65.18

5.50 ± 0.26

22.32

c

0.0 ± 0.00

Day 30

a

8.38 ± 0.60

1.88 ± 0.61

a

14.0 ± 0.00a

Means with the same letter within the same column are not statistically different (P < 0.05). The values represent mean ± S.E.

the fresh seeds (Figure 1). On the other hand, relatively lower germination (65.18%) was observed in threemonth-old seeds while lowest and erratic (22.32%) germination was recorded in 5 months stored seeds.

3.2. Shoot Induction from Shoot Tip Explants
Shoot tips cultured on the control and on MS medium supplemented with BAP and KN alone, showed a significant variation (P = 0.05) in terms of percentage of shoots induced and number of shoots per explant (Table 2).
All shoot tips produced proliferated shoots on MS medium supplemented with 0.5, 1.0 and 2.0 mg/l KN while
this result was observed only on MS medium containing 0.5 mg/l BAP. On the other hand, the lowest shoot indu
ction percentage was observed on the control with only 5 shoots exhibited new growth. Among MS media containing different concentrations of cytokinins, minimum shoot induction percentage (66.7%) was recorded on
MS medium supplemented with 1.0 mg/l BAP. In the present study, MS media supplemented with various concentrations of BAP were less effective than Kinetin containing MS media (Table 3, Figure 2). Medium supplemented with 1.0 mg/l KN was found to be most conducive for culture induction from shoot tip explants of in
vitro germinated seedlings. The highest number (12.10 ± 0.78) of shoots per explant was observed at this treatment. However, effect of cytokinins on shoot length did not vary much (0.71 - 1.13 cm) and remained more or
less similar to that observed on basal medium (0.78 cm). Meanwhile, the shoots (1.2 cm) obtained on 2.0 mg/l
BAP supplemented MS medium were significantly different.

3.3. Shoot Multiplication
There was a significant difference (P < 0.05) among the different treatment effects both in terms of shoot number per explant and shoot length. A maximum of 11.07 ± 0.47 shoots per explant was induced on MS medium
supplemented with 0.5 mg/l KN + 0.1 mg/l NAA (Table 4) whereas in the presence of 0.5 mg/l KN alone, 10.73
± 0.56 shoots per explant were produced after 30 days of culture (Table 3). On the other hand, 10.33 ± 0.46
shoots per explant were induced in the presence of 1.0 mg/l TDZ alone (Table 5). Shoots cultured on lower
concentrations of KN and TDZ along with optimum concentration of NAA (0.1 - 0.25 mg/l) showed better multiplication, beyond which the multiplication rate declined (Table 3 and Table 5). There was a general decline in
shoot number and shoot elongation when any of the three cytokinins added alone or in combination with NAA
at higher concentrations. At higher concentrations (1.0 - 5.0 mg/l) of BAP and (0.25 - 0.5 mg/l) NAA, a mass of
callus like material formed at the base of explants, resulting in reduced average shoot number (Figure 3). Type
of cytokinins and their concentration had also a definite effect on shoot length. Among the three cytokinins used,
0.5 mg/l KN in combination with 0.25 mg/l NAA showed most optimal (1.68 ± 0.13 cm) effect on shoot elongation. The elongation obtained for KN either alone or in combination with NAA ranged from a minimal of 0.25 ±
0.03 cm to a maximum of 1.68 ± 0.13 cm. These values varied between 0.29 ± 0.03 and 1.12 ± 0.06 cm for the
same concentrations as well as the combinations of TDZ and NAA. In case of similar concentrations and combinations of BAP and NAA, the values ranged between 0.21± 0.02 and 1.39 ± 0.16 cm. Thus, KN alone or in
combination with NAA showed the highest variance in terms of shoot length.

3.4. Rooting and Acclimatization
Rooting was observed about 12 days after the transfer to rooting media and NAA was significantly (P < 0.05)
more effective in promoting root induction than IBA on all strengths of MS media. Root induction was slow in
the presence of IBA, with calli or abnormal roots observed at the base of the shoots at higher concentrations
(Figure 4). The best rooting response was obtained on 1/3 strength MS medium supplemented with 1.5 mg/l
NAA, on which 100% of cultured shoots developed roots with 8.30 ± 0.60 roots per shoot, and a length of 4.83
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Table 2. Effect of storage time on in vitro germination of E. kebericho seeds.
Storage period

Germination (%)
Day 10

Fresh seeds

68.75

Three months

39.29

Five months

0.0

Day 20
95.54

Mean no. of germinated seeds
Day 30
100

59.82
13.39

Day 10

Day 20

9.63 ± 0.50

13.38 ± 0.57

c

8.38 ± 0.60

b

9.13 ± 0.55b

1.88 ± 0.61

d

3.13 ± 0.35d

65.18

5.50 ± 0.26

22.32

e

0.0 ± 0.00

Day 30

b

a

14.0 ± 0.00a

Means with the same letter within the same column are not statistically different (P > 0.05). The values represent mean ± S.E.

Table 3. Effect of KN and BAP on shoot induction of shoot tip of E. kebericho.
PGRs (mg/l)
BAP

KN

0.0

0.0

0.25
0.5

-

Shoot induction (%)

Shoot number/explants

Shoot length (cm)

16.7

2.17 ± 0.22ef

0.78 ± 0.11ab

83.3

ef

0.71 ± 0.10ab

c

1.13 ± 0.28ab

f

0.93 ± 0.14ab

2.00 ± 0.20

100

6.77 ± 0.60

1.0

-

66.7

1.27 ± 0.08

1.5

-

93.3

4.97 ± 0.48cd

1.03 ± 0.16ab

de

1.20 ± 0.25a

def

0.81 ± 0.14ab

ab

0.78 ± 0.15ab

a

0.88 ± 0.16ab
0.75 ± 0.11ab
0.66 ± 0.11b

2.0
-

0.25
0.5

90

4.13 ± 0.45

90

3.77 ± 0.36

100

8.73 ± 0.72

-

1.0

100

12.10 ± 0.78

-

1.5
2.0

96.7
100

5.67 ± 0.41bc
6.43 ± 0.47c

Means with the same letter within the same column are not statistically different (P > 0.05). The values represent mean ± S.E. Thirty explants per
treatment were used.

Figure 1. Fresh seeds germination rate within day 10 (A), day 20 (B), day 30 (C). Bars
represent 2 cm.

Figure 2. Effect of different concentrations of KN and BAP on shoot induction of shoot tip
explants of E. kebericho: (A) control; 1.0 mg/l KN (B); 2.0 mg/l KN (C); 0.25 mg/l KN (D);
0.5 mg/l KN (E) and 0.5 mg/l BAP (F). Bars represent 2 cm.
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Figure 3. Multiple shoots of E. kebericho from shoot tip explants: (A) 0.5 mg/l KN + 0.1 mg/l
NAA; (B) 0.5 mg/l KN; (C) 1.0 mg/l KN; (D) 1.0 mg/l TDZ; (E) 1.0 mg/l TDZ + 0.5 mg/l
NAA; (F) 2.5 mg/l TDZ + 0.25 mg/l NAA; (H) Control; (I) 1.0 mg/l BAP + 0.5 mg/l NAA; (J)
KN + NAA each at 0.5 mg/l; (K) BAP + NAA each at 0.5 mg/l. Bars represent 2 cm.

Figure 4. Rooted shoots of E. kebericho: (A) (B) 1/3 MS + 1.5 mg/l NAA; (C) 1/3 MS + 0.1
or 0.5 mg/l NAA; (D) 1/2 MS + 0.5 mg/l NAA; (E) 1/2 MS + 0.5 mg/l IBA; (F) 1/3 MS + 1.5
mg/l IBA; (G) Full MS + 1.0 mg/l NAA; (H) Full MS + 2.5 mg/l NAA. Bars represent 2 cm
Table 4. Effect of different concentrations of KN alone or in combination with various concentrations of NAA on shoot
organogenesis of shoot tip explants of E. kebericho.
PGR (mg/l)
KN

NAA

0.0
0.5
0.5
0.5
0.5
1.0
1.0
1.0
1.0
2.5
2.5
2.5
2.5
3.0
3.0
3.0
3.0
5.0
5.0
5.0
5.0

0.0
0.0
0.1
0.25
0.5
0.0
0.1
0.25
0.5
0.0
0.1
0.25
0.5
0.0
0.1
0.25
0.5
0.0
0.1
0.25
0.5

Proliferated explants (%)

No. of shoots/explants

Shoot length (cm)

66.7
100
100
100
63.3
100
93.3
100
100
100
100
100
90
96.7
90
33.3
10
83.3
53.3
13.3
3.3

2.27± 0.24ghi
10.73 ± 0.56a
11.07 ± 0.47a
7.03 ± 0.48c
1.97 ± 0.18hi
8.37 ± 0.50b
6.07 ± 0.55cd
5.37 ± 5.57de
4.67 ± 0.33def
4.83 ± 0.54de
3.67 ± 0.30efg
4.27 ± 0.39ef
3.20 ± 0.30fgh
4.43 ± 0.39ef
4.00 ± 0.37ef
1.60 ± 0.19i
1.13 ± 0.08i
2.60 ± 0.20ghi
1.87 ± 0.21hi
1.17 ± 0.08i
1.03 ± 0.03i

0.88 ± 0.12c
1.28 ± 0.09b
1.07 ± 0.05c
1.68 ± 0.13a
0.40 ± 0.04efg
1.47 ± 0.12ab
1.41 ± 0.14b
0.60 ± 0.05d
0.30 ± 0.05g
0.30 ± 0.03g
0.25± 0.03g
0.59 ± 0.04def
0.31 ± 0.04g
0.29 ± 0.03g
0.28 ± 0.02g
0.38 ± 0.04efg
0.28 ± 0.03g
0.61 ± 0.04de
0.43 ± 0.03defg
0.36 ± 0.07fg
0.28 ± 0.03g

Means with the same letter within the same column are not statistically different (P < 0.05). The values represent mean ± S.E. Thirty shoots per
treatment were used.

3841

B. Manahlie, T. Feyissa

Table 5. Effect of different concentrations of BAP alone or in combination with various concentrations of NAA on shoot
organogenesis of shoot tip explants of E. kebericho.
PGR (mg/l)
BAP

NAA

0.0

0.0

Proliferated explants (%)

No. of shoots/explant

Shoot length (cm)

66.7

2.27± 0.24bcd

0.88 ± 0.12b

bc

0.47 ± 0.04c
0.49 ± 0.03c

0.5

0.0

56.7

2.30 ± 0.29

0.5

0.1

83.3

2.47 ± 0.20b

0.5
0.5
1.0

0.25
0.5
0.0

50
30
20

0.1

76.7

1.0

0.25

10

2.5
2.5
2.5

0.5
0.0
0.1
0.25

0.48 ± 0.04c

1.37 ± 0.11

cdef

0.33 ± 0.04cd

1.23 ± 0.09

cdef

0.27 ± 0.03cd

bcdef

0.21± 0.02d

2.33 ± 0.33

1.0
1.0

bcd

16.7
6.7

2.13 ± 0.16

1.17 ± 0.10def

0.23 ± 0.02d

cdef

0.31 ± 0.04cd

f

0.23 ± 0.02d

cdef

0.23 ± 0.02d

ef

0.28 ± 0.02cd

a

1.39 ± 0.16a

1.20 ± 0.09

1.07 ± 0.05

16.7
10

1.20 ± 0.09

1.13 ± 0.08

2.5

0.5

100

5.73 ± 0.47

3.0

0.0

76.7

2.23 ± 0.17bcde

0.38 ± 0.03cd

66.7

1.93 ± 0.15

bcdef

0.32 ± 0.03cd

1.40 ± 0.05

bcdef

0.23 ± 0.03d

1.27 ± 0.10

cdef

0.28 ± 0.03cd

1.37 ± 0.11

cdef

0.39 ± 0.09cd

1.43 ± 0.11bcdef

0.29 ± 0.03cd

3.0
3.0
3.0

0.1
0.25
0.5

6.7
23.3

5.0

0.0

30

5.0

0.1

36.7

5.0
5.0

0.25
0.5

3.3

ef

0.36 ± 0.09d

bcdef

0.29 ± 0.03cd

1.03 ± 0.03

3.3

1.03 ± 0.43

Means with the same letter within the same column are not statistically different (P < 0.05). The values represent mean ± S.E. Thirty shoots per
treatment were used.

± 0.32 cm after 4 weeks culture. Rooting efficiency increased by increasing the concentration of NAA from 0.1
to 1.5 mg/l on 1/3 strength MS medium (Table 6). Half-strength MS medium fortified with 0.05 - 1.0 mg/l IBA
also induced rooting but those roots were very thin and weak, making them fragile and prone to damage during
transfer to ex vitro and easy to wither and die (Figure 4). On the other hand, MS medium fortified with 0.05, 0.5
or 1.0 mg/l IBA produced a few stunted roots on 1/3 strength medium.
However, rooting was not observed on 1/3 strength MS medium containing 0.5 or 2.5 mg/l IBA (Table 7).
Similar results were noticed on half strength MS containing 1.5 mg/l or 2.5 mg/l NAA. On half strength plant
growth regulator free medium, only 6.7% of shoots produced a single root with 3.25 ± 0.25 cm root length. The
rooted plants were successfully established under green house conditions with 83% survival rate (Figure 5).

4. Discussion
4.1. In Vitro Seed Germination
E. kebericho seeds had very low in vitro germination percentages after 5 months of storage. Seed germination
declined with increased storage time. Seed viability in E. kebericho was reported to decrease fast when stored at
room temperature (25˚C), but even storing at 4˚C did not help much as the viability of seed stored at 4˚C was
about 70% after 10 months [17]. Generally, seeds of E. kebericho could not uniformly germinate after 3 months
storage time. Hence, seeds of this species are characterized by short viability period when stored at room temperature, thus losing their capacity for germinating quickly.

4.2. Shoot Induction from Shoot Tip Explants
In culture initiation experiment, shoot tips cultured on control and those inoculated on MS medium supplemented with 0.25 - 2.0 mg/l BAP and KN separately, showed a significant variation (P > 0.05). The results thus
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Table 6. Effect of different concentrations of TDZ alone or in combination with various concentrations of NAA on shoot
organogenesis of shoot tip explants of E. kebericho.
PGR (mg/l)
TDZ

NAA

0.0

0.0

Proliferated explants (%)

No. of shoots/explants

Shoot length (cm)

66.7

2.27± 0.24g

0.88 ± 0.12b

f

0.29 ± 0.03def

0.5

0.0

90

4.13 ± 0.03

0.5

0.1

100

6.70 ± 0.43cde

0.5
0.5
1.0

0.25

0.40 ± 0.05cdef

bc

0.50 ± 0.04a

100

10.33 ± 0.46

a

0.86 ± 0.09b

ab

1.04 ± 0.06ab

86.7

0.5

4.94 ± 0.50

100

0.0

0.36 ± 0.06cdef

ef

8.20 ± 0.45

1.0

0.1

100

8.97 ± 0.46

1.0

0.25

100

7.97 ± 0.51bc

1.12 ± 0.06a

def

0.84 ± 0.06b

f

0.42 ± 0.05cdef

5.43 ± 0.40

ef

0.61 ± 0.04c

5.00 ± 0.47

ef

0.54 ± 0.05cde

f

0.51 ± 0.05cdef

1.0
2.5
2.5
2.5

0.5

90

0.0

5.77 ± 0.54

93.3

0.1

4.17 ± 0.60

86.7

0.25

76.7

2.5

0.5

70

4.07 ± 0.64

3.0

0.0

100

7.30 ± 0.48bcd

0.31 ± 0.05ef

96.7

bc

0.57 ± 0.02cd

1.03 ± 0.55

g

0.33 ± 0.06ef

1.03 ± 0.03

g

0.32 ± 0.02ef

g

0.33 ± 0.03ef

3.0
3.0
3.0

0.1
0.25

7.63 ± 0.39

3.3

0.5

3.3

5.0

0.0

3.3

1.03 ± 0.03

5.0

0.1

33.3

1.53 ± 0.03g

0.32 ± 0.03ef

1.13 ± 0.16

g

0.29 ± 0.04f

1.03 ± 0.09

g

0.29±0.03f

5.0
5.0

0.25

10

0.5

3.3

Means with the same letter within the same column are not statistically different (P < 0.05). The values represent mean ± S.E. Thirty shoots per
treatment were used.

Table 7. Effect of different concentrations of NAA and IBA and MS basal media strength on in vitro rooting of E. kebericho
shoots after 4 weeks of culturing.
MS medium strength
PGR (mg/l)

Full MS

Half MS

1/3 MS

Root no/shoot

Root length

Root no/shoot

Root length

Root no/shoot

Root length

0.00 ± 0.00e

0.00 ± 0.00e

1.00 ± 0.00b

3.25 ± 0.25d

0.00 ± 00e

0.00 ± 0.00g

1.50 ± 0.24

b

a

1.33 ± 0.33

b

1.74 ± 0.23

b

IBA
0.0
0.05
0.1
0.5
1.0
1.5
2.5

1.55 ± 0.22

bc

1.27 ± 0.12

cd

1.45 ± 0.23

bcd

1.00 ± 0.00d
1.53 ± 0.17

bcd

1.33 ± 0.33

bcd

3.55 ± 0.96

abc

4.80 ± 0.80

a

4.87 ± 0.46

a

5.25 ± 0.56
4.33 ± 0.73

b

4.35 ± 0.31

b

1.33 ± 0.33

de

2.00 ± 0.58def

1.33 ± 0.33

de

2.17 ± 0.44def

e

0.00 ± 0.00g

0.00 ± 0.00

2.13 ± 0.97cd

1.77 ± 0.24b

4.13 ± 0.29bc

1.33 ± 0.33de

2.67 ± 0.33d

bcd

1.83 ± 0.27

b

3.52 ± 0.36

d

4.39 ± 0.36

c

5.38 ± 0.28c

1.00 ± 0.00

b

3.50 ± 0.50

d

0.00 ± 0.00

e

0.00 ± 0.00g

2.60 ± 0.34

3.33 ± 0.88

abc

NAA
0.05
0.1
0.5

1.25 ± 0.25cd

3.88 ± 0.43abc

1.13 ± 0.13b

3.31 ± 0.44d

1.35 ± 0.18de

2.43 ± 0.27de

1.17 ± 0.17

cd

abc

b

cd

6.36 ± 0.63

b

6.32 ± 0.44b

1.14 ± 0.14

cd

6.91 ± 0.59

b

7.17 ± 0.45a

1.93 ± 0.36

d

1.45 ± 0.37f

a

3.75 ± 0.79

4.00 ± 0.65

ab

1.47 ± 0.12

de

1.47 ± 0.47

3.85 ± 0.56
1.43 ± 0.18

a

b

3.75 ± 0.31

4.62 ± 0.34

b

1.00 ± 0.11

e

1.0

2.44 ± 0.34

1.5

2.30 ± 0.28a

2.07 ± 0.15cd

0.00 ± 0.00c

0.00 ± 0.00f

8.30 ± 0.60a

4.83 ± 0.32c

2.5

b

de

c

f

c

1.69 ± 0.41ef

1.82 ± 0.27

1.18 ± 0.12

0.00 ± 0.00

0.00 ± 0.00

3.50 ± 1.09

Means with the same superscripts in the same column are not significantly different (P > 0.05). The values represent the mean ± S.E. Thirty shoots
per treatment were used.
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Figure 5. Acclimatization of in vitro rooted shoots of E. kebericho in
glasshouse. (A) After 1 month; (B) After 3 months. Bars represent 2 cm.

conclusively showed that cytokinins were essential for shoot induction and proliferation of shoot tip explants of
E. kebericho. Kinetin at 1.0 mg/l concentration resulted in highest number of shoots (12.10 ± 0.78). In BAP, the
newly formed shoots were abnormally looking, vitrified and stunted. In contrast, highest percentage of normal
shoot induction was reported on MS medium containing 0.9 mg/l BAP from shoot tip explants in Mallotus repandus [19]. From several studies on micropropagation of medicinal plants, it has been found that KN is much
more effective than BAP and this supports the results obtained from the present study [20] in Stevia rebaudiana;
[21] in Sratia grosvenorii; [22] in Ionidium suffruticosum). The present result with KN was comparable with recent finding where 0.5 mg/l KN resulted in maximum percentage of shoot initiation and shoot number in
Psoralea corylifolia [23] from shoot tip explants.

4.3. Shoot Multiplication
In the present study, the highest number of shoots (11.07 ± 0.47) was recorded on MS medium containing 0.5
mg/l KN and 0.1 mg/l NAA followed by 10.73 ± 0.56 shoots per explant on MS medium supplemented with 0.5
mg/l KN. The maximum shoot induction probably is due to the synergistic activity of KN and NAA on shoot
proliferation and growth of cells in E. kebericho. Addition of KN with NAA to MS medium was comparatively
more effective for efficient shoot proliferation in shoot tip explants of E. kebericho, which is in agreement with
earlier report of [24] in Bacopa monnieri. Similarly, [25] obtained highest number of shoots on MS medium
supplemented with 1 mg/l kinetin and 0.5 mg/l NAA with high frequency of shoot induction (95.5%), maximum
number of shoots (7.33) and even relatively longer shoots (4.81 cm) after four weeks of culture. Although
maximum shoot proliferation (11.07 ± 0.47) was observed on MS medium containing 0.5 mg/l KN + 0.1 mg/l
NAA, this was not significantly different (P > 0.05) from the result (10.33 ± 0.46) obtained on MS medium
containing 1.0 mg/l TDZ. Though, TDZ alone or in combination with NAA promoted higher frequency of shoot
proliferation in shoot tip explants, shoots were short and failed to elongate even after prolonged culture. On the
other hand, BAP alone or in combination with NAA gave significantly (P > 0.05) less number of shoots compared to the other, where a maximum of 5.73 ± 0.47 shoots per explant was obtained on MS medium containing
2.5 mg/l BAP and 0.5 mg/l NAA. Conversely, greater number (19.67 ± 7.0) of multiple shoots were reported in
Artemisia amygdalina from shoot tip explants in MS medium containing 0.2 mg/l BAP + 0.4 mg/l NAA [26]. At
higher levels though, there was no significant difference (P < 0.05) in frequency of multiple shoot proliferation
of explants among all cytokinins. At higher concentrations of all the cytokinins alone or in combination with
NAA, the average number of shoots per explant decreased significantly (P > 0.05) compared to the control, indicating an upper limit in concentration of cytokinins (KN, BAP and TDZ) and auxin (NAA) for E. kebericho.
Maximum (100%) shoot proliferation frequency was recorded on a range of MS media supplemented with
KN or TDZ either alone or in combination with NAA. On MS medium treated with BAP alone or in combination with NAA, Maximum (100%) shoot proliferation result was observed only at 2.5 mg/l BAP + 0.5 mg/l
NAA. The increased multiple shoot proliferation in the shoot tips may be due to rapid division of cells in the excised shoot tips and production of several primordial out growth, which eventually develop into shoots. Shoot
length was also highly influenced by concentration and type of the growth regulators. On MS media containing
BAP alone or in combination with NAA, there was no much difference in mean shoot length and it varied between 0.21± 0.02 and 0.49 ± 0.03 cm, except at 2.5 mg/l BAP + 0.5 mg/l NAA where it resulted in better (1.39 ±
0.16 cm) shoot length. Most of observed mean shoot lengths were smaller when compared to others, except for
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the case of 2.5 mg/l BAP + 0.5 mg/l NAA. Inhibition of shoot elongation by BAP was also reported in earlier
studies on regeneration of different species of the Asteraceae family, for example in Saussurea obvallata [27]
and Eclipta alba [28]. Among shoot elongation, 0.5 mg/l KN + 0.25 mg/l NAA showed the best mean shoot
length of 1.68 ± 0.13 cm.

4.4. Rooting and Acclimatization
Roots were not spontaneously induced during culture initiation and shoot multiplication. When microshoots
were cultured on growth regulators free half strength MS medium, poor and few (1.0) numbers of roots were
elicited with low (6.7%) frequency and 3.25 ± 0.25 cm elongation. NAA was found to be more conducive than
IBA for root induction. The effectiveness of NAA in rooting has been reported for medicinal plants like Vitis
thunbergii [29], Spilanthes acmella [30] and Artemisia scoparia [31]. In the present study, the highest number
(8.30 ± 0.60) of roots per shoot was observed on 1/3 strength MS medium supplemented with 1.5 mg/l NAA. On
this medium, 100% shoots developed roots. The present results showed that a reduction in MS salt concentration
is the pre-dominant reason for the improved rooting of in vitro shoots. The promotional effect of reducing the
salt concentration of MS on in vitro rooting of shoots has been reported in Stevia rebaudiana [32]. Roots formed
on medium containing NAA were thick and long whereas those in IBA were thin, short and weak. NAA showed
significant difference on all media strengths in terms of root number per shoot after 4 weeks of culture. In this
study, rooting was recorded on all strength MS medium containing different concentrations of IBA, although
root formation was accompanied with callusing at the base of shoots in all concentrations. Further application of
IBA up to 2.5 mg/l decreased the percentage of root induction, root numbers, and root lengths significantly. This
observation is in agreement with the report of Thomas [33] in Curculigo orchioides where a higher level of IBA
produced a negative effect resulting in lower root number and root length. The reason for low performance of
IBA treatments may be due to the higher stability of IBA which induces higher level of degradative metabolites
in tissue, and thus, blocking the regeneration process [34]. Studies also showed that, transport velocity of IBA
was slower than NAA, which favors callus formation [35]. In this study, 1/3 strength MS medium supplemented
with 1.5 mg/l NAA proved to be most effective for inducing a strong and stout root system where roots were
high in number (8.30 ± 0.60) with average length of 4.83 ± 0.32 cm. Acclimatization of in vitro rooted plantlets
was successful, where 83% plants survived and established as healthy plant. This result was much better than
previous report by Balcha [17] where only 25% of in vitro germinated seedlings survived after being transferred
to the greenhouse.

5. Conclusion
This study was the first description of micropropagation in E. kebericho. The present established micropropagation protocol for Echinops kebericho has a considerable practical significance and the process has to be successfully exploited for large scale production of cloned plants for their rehabilitation in natural habitat, ex vitro
cultivation and sustainable utilization of this valuable medicinal plant. Seeds of E. kebericho could not be uniformly germinated after 3 months storage time. The superiority of 0.5 mg/l KN + 0.1 mg/l NAA for shoot multiplication and 1/3 strength MS fortified with 1.5 mg/l NAA for inducing a resilient root system was established
in this experiment.
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