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Summary

The procedure of in vitro propagation of Harpagophytum procumbens using shoot tips was 
developed. Shoot tips were cultured on Schenk and Hildebrandt (SH) agar medium supple-
mented with 0.57 µM indole-3-acetic acid (IAA) in combination with various cytokinins: 
6-benzylaminopurine (BAP), thidiazurone (TDZ), kinetin or zeatin at four concentrations 
(2, 4, 6 or 8 µM). The best shoot multiplication rate (11.2 shoots/explant for 5 weeks) was 
achieved in the presence of 6 µM TDZ. The shoots were small and their elongation on SH 
medium supplemented with gibberellic acid (GA3) was necessary. Shoots of H. procumbens 
were rooted on full-strength or half-strength Murashige and Skoog (MS) agar medium 
either with or without auxin. Plantlets were transferred into pots and maintained in the 
greenhouse. After 1 month, the overall survival of plants was 83% but it decreased to 27% 
after 6 months.
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INTRODuCTION

Harpagophytum procumbens (Burch.) DC. ex Meisn. (Pedaliaceae) is a perennial 
plant growing in the Kalahari Desert and Namibian steppes where the annual rain-
fall is low (100–200 mm/year) [1]. It is an endangered plant species of medicinal 
importance. The main secondary metabolites of H. procumbens are iridoid and 
phenylethanoid glycosides [2, 3]. Dried extracts from root tubers (Harpagophy-
ti radix) (European Pharmacopoeia) [4] are used in the supportive treatment for 
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its analgesic, anti-inflammatory and antiarrhythmic properties [5]. Roots of H. 
procumbens are collected mainly from natural habitats and the number of places 
where the plant occurs has decreased [1]. The plant is conventionally propagated 
through seeds. The germination rate of the species seeds is low (less than 20%) 
because seeds of H. procumbens display high levels of dormancy [6]. The deficien-
cy in water is also a limiting factor of production and germination of seeds [1]. 
Micropropagation of H. procumbens might be used to increase the availability of 
the plant. So far, some reports have been published on micropropagation of H. 
procumbens using nodal explants [7-9] and only one report on shoot proliferation 
from shoot tip explants [7].

The objective of current study was to develop the in vitro propagation method 
for H. procumbens using shoot tips as explants. The effects of cytokinins (BAP, TDZ, 
kinetin and zeatin) on shoot multiplication and auxins (IAA, IBA (indole-3-butyric 
acid) or NAA (α-naphthaleneacetic acid)) on shoot rooting were also reported. 
In this work, for the first time the effect of TDZ (1-phenyl-3-(1,2,3-thiadiazol-5-
yl)urea) on shoot regeneration was assessed.

MATERIAL AND METhODS

plant material

Seeds of H. procumbens obtained from the Groenvlei Farm, belonging to the 
Grassroots Group (Gouda, South Africa) were used in the study. Seeds were ste-
rilized for 20–30 min in 10% sodium hypochlorite, then rinsed three times in 
sterile distilled water. For germination, seeds were placed on full-strength or 
half-strength Murashige and Skoog (MS) [10] agar (0.7%) medium supplemented 
with kinetin (0.1 µM) and gibberellic acid GA3 (2.9 µM). They were incubated in 
darkness for one week and, after germination, maintained in 16-h photoperiod of 
40 µM m-2 s-1 at 26±2ºC. After 5 weeks, the shoot tips (5 mm long) were excised 
from seedlings and transferred on Schenk and Hildebrandt (SH) [11] agar (0.7%) 
medium containing IAA (0.57 µM) and BAP (2.22 µM) to obtain aseptically grown 
plantlets.

Shoot multiplication and elongation

Shoot tips (approximately 5 mm in length) consisting of an apical bud and two 
leaves were used as a source of explants. They were cultured on the SH agar me-
dium supplemented with IAA (0.57 µM) and one of the cytokinins: BAP, TDZ, kine-
tin or zeatin at various concentrations (2, 4, 6 or 8 µM) to evaluate the effect of 
the growth regulators on H. procumbens shoot multiplication. The pH values of all 
media were adjusted to 5.6-5.9. The media were sterilized in an autoclave under 
1.5 kg/cm3 and 121ºC for 17 min. The cultures were maintained in a growth room 
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at 26±2ºC with a 16/8 h (light/dark) photoperiod under a PPFD of 40 µM m-2 s-1 

using cool-white fluorescent lamps. The experiments were replicated three times 
using every set of 10 explants for each treatment. Shoots were subcultured at 
five-week intervals. After that time, the number of explants forming axillary and 
adventitious shoots divided by total number of explants (in %), the multiplication 
rate (i.e. number of shoots at the end of the culture period, including starting ex-
plant), percentage of shoots of 1 cm or more in length, and percentage of explants 
forming organogennic callus were determined (tab. 1). After 5 weeks, shoots of 
more than 1 cm in length were transferred into the rooting medium. Those less 
than 1 cm long (adventitious shoots multiplied on SH medium containing 6 µM 
TDZ) together with callus pieces (each piece of callus included a single microshoot) 
were cultured for 5 weeks on the shoot elongation SH basal medium supplemen-
ted with GA3 alone (at the concentrations of 0.5, 1 or 2 µM) or in combination with 
IAA (0.57 µM).

Ta b l e  1  

Effect of cytokinins on the multiple shoot formation through shoot tip explants of H. procumbens 
cultured for 5 weeks on SH agar medium supplemented with 0.57 µM IAA

cytokinin type and 
concentration (µM)

explant producing 
shoots (%)

multiplication rate* 
±SE

shoots ≥1 cm (%)
% of explants forming 

callus with microshoots

BAP 2

4

6

8

96.7

96.7

96.7

100

4.3±0.6

3.9±0.4

4.3±0.7

6.7±0.8

33.1

39.8

40.8

29.7

40

43.3

30

50

TDZ 2

4

6

8

100

100

96.7

100

7.4±0.8

7.1±0.7

11.2±1.4

7.8±0.8

12.7

20.1

14.4

16.3

80

73.3

79.3

83.3

Kinetin 2

4

6

8

96.7

100

93.3

100

1.5±0.2

1.3±0.1

2.3±0.3

3.0±0.4

65.1

94.7

51

60.4

  3.4

0

14.3

43.3

Zeatin 2

4

6

8

93.3

96.7

93.3

96.7

1.2±0.1

2.5±0.5

2.7±0.3

3.0±0.4

86.1

50.7

52

44.2

3.6

20.7

32.1

48.3

*axillary and adventitious shoots are included; the data were recorded as means ± standard error (SE)

Rooting and acclimatization

For rooting, individual shoots, 1 cm or more in length, were transferred into 
the full-strength or half-strength MS agar medium without growth regulators or 
supplemented with auxin: IAA, IBA or NAA at the concentration of 0.57 µM. After 
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4 weeks, the percentage of rooted shoots, the mean number of roots per shoot, 
the mean length of shoots, and the percent of shoots forming callus were recor-
ded (tab. 2). The rooted shoots were transplanted into pots (10 cm in diameter) 
containing a sterilized mixture of sand, soil, peat and perlit (4:2:2:4 v/v/v/v) and 
maintained in the greenhouse. The number of plantlets transferred into pots was 
30. Plantlets were covered with glass beakers and watered (every week) with ste-
rile distilled water for one month. After this time the glass beakers were opened. 
The survival rate was measured every two-four weeks for 6 months.

Ta b l e  2  

Rooting of H. procumbens shoots on full-strength and half-strength MS media without growth 
regulators or supplemented with auxin (IAA, IBA, NAA) after 4 weeks of culture

medium
auxin

(0.57 µM)
shoots of 
rooting (%)

mean number of 
roots/shoot ± SEa

mean root length  
± SE a [cm]

shoots forming 
callus at the base (%)

MS

-

IAA

IBA

NAA

70

90

86.7

67

2.6±0.4

4.6±0.6

5.5±0.5

4.3±0.6

3.7±0.3

2.2±0.2

2.1±0.2

1.5±0.1

13.3

46.6

83.3

66.6

½ MS

-

IAA

IBA

NAA

76.6

86.6

66.6

53.3

2.9±0.4

3.5±0.4

4.6±0.3

3.9±0.8

2.5±0.3

1.9±0.2

1.8±0.2

1.1±0.1

36.6

70

43.3

93.3
a Results are means ± standard error from three independent experiments

RESuLTS AND DISCuSSION

The primary culture was initiated from seedling shoot tips. Surface sterilized 
H. procumbens seeds produced normal seedlings with 24% germination on half-
strength MS medium with kinetin (0.1 µM) and GA3 (2.9 µM). Shoot tips with an 
apical bud and two leaves were excised from the seedlings and cultured on SH 
medium supplemented with auxin (0.57 µM IAA) and various cytokinins (BAP, TDZ, 
kinetin, zeatin) to stimulate shoot proliferation. The shoots developed directly 
from apical and axillary buds and/or indirectly from the callus, which was formed 
at the base of explants (adventitious shoots). All media had a promoting effect on 
shoot proliferation, although, the results differed with a type and concentration 
of cytokinin used, as shown in table 1. In the presence either of kinetin or zeatin, 
maximum 3 shoots developed per explant. The shoots were relatively long; about 
44–60% of them had 1 cm or more (tab. 1). Earlier, Kaliamoorthy et al. [8] used 
successfully kinetin and zeatin for induction of axillary shoots from the nodal ex-
plants of H. procumbens. In the present study, the high multiplication rate together 
with a relatively good shoot quality was achieved in the presence of 8 µM BAP. 
Under these conditions, almost 7 shoots derived from explants and 30% of them 
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were longer than 1 cm after 5 weeks of culture (tab. 1). In greatest numbers, the 
shoots (11 shoots per explant) were developed on the medium containing 6 µM 
TDZ. However, the resulting shoots were smaller than in treatments with other 
cytokinins (kinetin, zeatin or BAP). Most of them (about 86%) were shorter than 
1 cm and they were designated as microshoots. On the media with TDZ, the callus 
formation was most frequently observed (tab. 1), and most of produced microsho-
ots were of adventitious origin. This is the first report of TDZ effects on H. procum-
bens micropropagation, but similar response to TDZ (i.e. stimulated development 
of numerous shoots per explant and reduction of their elongation) was reported 
in other plant species [12, 13]. In order to increase shoot length, H. procumbens 
microshoots multiplied on the medium containing 6 µM TDZ were transferred in-
dividually together with the callus piece, into the SH medium containing GA3 (0.5, 
1 or 2 µM) or GA3 (1 or 2 µM) with combination of IAA (0.57 µM). The optimum 
shoot elongation was achieved when the calluses with adventitious microshoots 
(<1 cm) were cultured for 35 days on medium containing GA3 alone. At the opti-
mum concentration of GA3 (2 µM), about 50% of the microshoots increased their 
length and were longer than 10 mm. Promotive effects of GA3 on shoot elongation 
are well documented in other species, such as Acacia sinuata [13] or Pongamia 
pinnata [14]. We also found that the addition of IAA to the media containing GA3 
decreased an effect of the latter on H. procumbens shoot elongation (only about 
22–27% of the microshoot were longer than 10 mm). In addition, multiplication 
of H. procumbens adventitious shoots on the media supplemented with GA3 was 
observed; mean number shoots per callus ranged from 5.3 to 7.1.

H. procumbens shoots higher than 1 cm were transferred into full-strength or 
half-strength MS media without any growth regulators or containing 0.57 µM 
auxin (IAA, IBA or NAA). The highest percentage of root induction (90%) was found 
on the full-strength MS medium supplemented with IAA, whereas the highest 
root number (5.5/shoot) was observed in the presence of IBA (tab. 2). Auxins have 
been used widely for rooting in vitro proliferated microshoots [13, 14]. However, 
in H. procumbens auxin treatments decreased the length of roots and stimulated 
the production of callus at the base of shoots (tab. 2).

After 4 weeks, rooted shoots were transplanted into small pots filled with the 
substrate composed of soil, sand, peat and perlit. Plantlets grew in the greenhou-
se. After 2 weeks, the plantlets developed new leaves and nodes. About 83% of the 
plants survived 4 weeks after transplantation to soil. In vitro tuberization of the 
lateral roots started 14 weeks after transferring into the soil and the process was 
continued up to 24 weeks. However, only about a quarter of the plants (8 out of 
30) that had been transplanted into the soil survived more than 6 months. At the 
time plants achieved on average 26 cm in height (formed 8–13 nodes) and their 
root tubers were on average 1 cm in diameter.

In summary, a new protocol was developed for micropropagation of H. pro-
cumbens which may be helpful for conservation of the species. Since H. procum-
bens contains secondary metabolites (iridoid and phenylethanoid glycosides) with 
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pharmacological activity, in vitro developed plants may be also used as an alterna-
tive source for production of these compounds. However, further optimization of 
acclimatization (e. g. through improvement quality of micropropagated plantlets 
or choice of appropriate acclimatization medium) is necessary.
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Streszczenie

Opracowano procedurę mikrorozmnażania Harpagophytum procumbens przy użyciu 
wierzchołków pędów. Wierzchołki pędów hodowano na agarowym podłożu Schenka 
i Hildebrandta (SH) uzupełnionym kwasem indolilo-3-octowym (IAA) w stężeniu 0.57 µM 
i jedną z cytokinin: 6-benzyloaminopuryną (BAP), tidiazuronem (TDZ), kinetyną lub zeatyną 
w czterech różnych stężeniach (2, 4, 6 lub 8 µM). Najwyższy współczynnik mnożenia 
pędów (11,2 z jednego eksplantatu w ciągu 5 tygodni) osiągnięto w obecności 6 µM TDZ. 
Pędy były krótkie i konieczne było ich wydłużanie na podłożu SH uzupełnionym kwasem 
giberelinowym (GA3). Pędy H. procumbens ukorzeniano na agarowym podłożu Murashige 
i Skooga (MS) z całkowitą lub obniżoną do połowy zawartością makro- i mikroelementów, 
bez auksyn lub z ich dodatkiem. Roślinki przenoszono do doniczek i hodowano w szklarni. 
Po miesiącu przeżywało 83% roślin, ale procent ten obniżał się do 27% po 6 miesiącach.

Słowa kluczowe: cytokininy, kwas giberelinowy, Harpagophytum procumbens, mikrorozmnażanie




