CHAPTER 4

MICRO-PROPAGATION OF PLECTRANTHUS ESCULENTUS

4.1 Introduction

Plectranthus esculentus is a vegetatively propagated indigenous African tuber plant. By
virtue of the fact that it is at most a semi-domesticated plant, and that the majority of people
who have used this plant for food in the past have lost their source of planting material, it
has become necessary to find ways of rapidly propagating these plants. These techniques
could be of assistance in the conservation of a plant that is in danger of becoming extinct in
certain areas of its range (Miege & Moncousin, 1989; Kyesmu, 1994). It would enable re-
introduction of the plant into present day farming systems, as well as into the wild in those
areas where, according to herbarium samples, wild populations existed in the past, but can
no longer be found. /n vitro plantlets are useful for the distribution of plant material both
nationally and internationally, with other vegetatively propagated crops such as potato and

cassava (Hussey & Stacey, 1984; Roca, 1984).

For research purposes, especially when investigating physiological reactions, it is necessary
to have a source of identical disease free planting material. Propagation by means of tubers
results in variation due to differences in factors such as physiological age, mass, and number
of shoots. In vitro multiplication of promising plants is one way in which identical, disease
free material could be provided, enabling rapid multiplication from a single parent plant,
while also ensuring the exclusion of pathogens during the multiplication phase. It is a much
faster method of multiplication than the traditional field multiplication. All vegetatively
multiplied crops have a fairly low multiplication ratio when compared with crops multiplied
by means of seed (IITA, 1990). The multiplication rate of Plectranthus esculentus is fairly
high in comparison to the majority of vegetatively propagated crops, at around 100 to
1(Dalziel, 1937), but this is still too low for research, where thousands of uniform plants are

required.
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Research into the micro-propagation of Plectranthus has been carried out at Wye College,
as well as at the Centre horticole de Lullier in order to develop the required in vitro
technologies. All their material originated from Nigerian or Cameroonian varieties (Miege
& Moncousin, 1989; Kyesmu, 1994). Differences in genetic material, even within a single
species, may make it necessary to optimise growing media for the specific genotype, as
demonstrated by Mafla, Roca, Reyes, Roa, Mufioz, Baca & Iwanaga (1992) and Schopke,
Chavarriaga, Fauquet & Beachy (1992) for cassava. As a result it was decided to evaluate
the available micro-propagation protocols, and if necessary optimise these techniques for

the local variety.

This section of the programme was divided into four trials, each dealing with a separate
aspect. The first experiment dealt with the optimisation of the growing medium, the second
with the surface sterilisation of the mother material, the third with the rooting of the plants,

and the final trial with acclimatisation of the material before planting out into the field.

4.2  Experiment 1 - Optimisation of the growth medium

4.2.1 Materials and Methods

The basic protocol for in vitro propagation of Plectranthus esculentus developed at Wye
College (Kyesmu, 1994) consists of propagating shoot and nodal explants of P. esculentus
on Murashige and Skoog (1962) (MS) basal salt medium supplemented with 3% sucrose
at a pH of 5.81. The composition of this growth medium is given in Table 4.1. The plants
are then incubated at a temperature of 25°C and a 16 hour photoperiod. As is the case with
most vegetatively propagated tuber crops, P. esculentus does not require the addition of

plant growth regulators to the basal medium (Kyesmu, 1996 - personal communication').

Medium was made up according to this recipe, to which 2.5g.L" of Gelrite™ was added as
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a solidifying agent. The medium was then sterilized in an autoclave at 121°C for 20 minutes,
after which a 10 ml aliquot was dispensed into each sterile culture tube. Initially culture

tubes that were 150 mm long and 12 mm in diameter were used.

A tuber bunch weighing 1 300g from a single mother plant was allowed to sprout at the
beginning of the growing season. Shoots and developing buds were used as a source of

explants.

When developing axilliary buds were used as explants, a 2mm thick slice of the tuber,
incorporating the bud, was cut perpendicular to the longitudinal axis of the tuber and placed
on the growth medium after surface sterilization. When shoots were used as the source of
explants, they were allowed to develop to a length of approximately 20mm before being

removed and surface sterilized prior to being placed on the growth medium.

The surface sterilization procedure used by Kyesmu (1996 - personal communication®)
consisted of washing the plant material for 10 minutes in running tap water, after which it
was immersed in 70% ethanol for 10 seconds, followed by immersionina 1.5% hypochlorite
solution to which approximately 0.01% polyoxyethylene-(20)-sorbiton monolaurate (Tween
20) was added as a surfactant. The mixture was then agitated for 15 — 20 minutes. Explants
were rinsed in three changes of sterile water before being placed on the sterile culture
medium for in-vitro growth studies. The culture tubes were closed with Cap-O-Test™ tops

and sealed with Parafilm™.

A single shoot apex was placed on the growth medium in each culture tube, which was then
closed and sealed. The tubes were placed in white polystyrene seedling trays in a growth
room. The growth room temperature was approximately 26+1°C, with a photoperiod of 16

hours and a light intensity of 95 p mole m?s™. Light was provided by cool white flourescent
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tubes.

TABLE 4.1 MS basal salt medium used for the culture of Plectranthus esculentus
explants (from Murashige & Skoog, 1962).

Constituent Compound Concentration
(mgL™)
Inorganic salts NH,NO, 1650.0
H,BO, 6.2
CaCl, 332.2
Co(Cl,.6H,0 0.025
CuS0,.5H,0 0.025
Na,EDTA 37.26
FeSO, 278
f MgSO, 180.7
MnSO,.4H,0 16.9
Na,Mo0,.2H,0 0.25
KI 0.83
KNO, 1900.0
KH,PO, 170.0
( ZnS0,.7H,0 8.6
Vitamins Inositol 100.00 I
Nicotinic acid 0.50
Pyridoxine 0.50
Thiamine-HCl 0.10
Glycine 200 |

After a period of four to six weeks 20 mm long plants from the tubes were either sub-
cultured or transferred to a rooting medium. After sub-culturing, five two-node cuttings
were placed in a 250 ml screw-top glass culture bottle. These were then returned to the

growth room for further growth.

In order to obtain optimal growth, the growing medium was varied by means of the addition

and/or exclusion of 2.0uM CuSO, and gibberellic acid (GA,) at a rate of 0.29M. The
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medium was solidified according to the standard protocol, but the carbon source (sucrose)
was reduced to 2%. The pH of the medium was adjusted to 5.8. All other procedures were

kept the same.

Growth of the plants on the four media was rated by looking at the percentage rooting,
percentage browning of the plants, percentage of explants with long internodes, and the
general appearance of the plants in the culture vessels. The multiplication ratio of the plants

was also monitored once a suitable medium had been identified.

4.2.2 Results and Discussion

At first growth of the plants was very slow, and a hyperhydricity (vitrification) problem was
encountered. Hyperhydricity is a reversible physiological disorder of plant tissue, which can
possibly result from a high relative humidity in the culture vessels (Kyesmu, 1996 - personal
communication®). Another possibility for these problems is the production of excessive
ethylene by the plants in the culture vessels, as this has been identified as a problem in in
vitro work with potato (Perl, Aviv & Galun, 1988). These possibilities were investigated.
The problem was traced to the concentration of the solidifying agent in the medium, and was
solved by increasing the amount of Gelrite™ to 3.0g.L"". Once this problem had been solved
further growth of the plants was very good (Figure 4.1). Plants were sub-cultured every four

weeks, at which stage three to four plants could be cut from each plantlet.

The results obtained on the various media tested for optimization of growth are given in
Table 4.2. The best medium for growth was the standard medium supplemented with 2.0M
CuSO,, but containing no gibberellic acid (GA,). This medium gave the best rooting
percentage, least browning, longest internode length and the best general appearance of the

cultured plantlets. These results are similar to those obtained with cassava by Schopke ef
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al. (1992) who found that increasing the CuSO, concentration in the medium to 2.0«M
improved plant growth. The lack of reaction to GA, confirms Kyesmu’s view regarding the

use of growth hormones.

Figure 4.1  Well developed Plectranthus esculentus plants in vitro

4.3  Experiment 2 - Simplified surface sterilization procedure

4.3.1 Materials and Methods

The surface sterilization procedure used by Kyesmu (see 4.2.1), takes approximately 35 to
40 minutes and uses six steps. A faster method of sterilising the plant material was tested
to see if this portion of the procedure could be simplified. Shoots from sprouted tubers were
rinsed in tap water and surface sterilised by placing them in a 1.5% sodium hypochlorite
solution to which a few drops of Tween 20™ had been added. After 20 minutes the shoots
were removed from this solution and rinsed three times in sterile distilled water. This
procedure consisted of five steps and the time required reduced to approximately 25 to 30

minutes. It was not necessary to agitate the hypochlorite solution.
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TABLE 4.2  The influence of different culture media on the growth of Plectranthus

esculentus in tissue culture

—_— — _— =i
|r Rooting Browning General
Medium (%) (%) Explants with long appearance
internodes (%)
Good No root Notable None (%) Good Poor
root dev. amounts
dev.
+ CuSO, + GA, 33.3 18.0 320 292 26.4 222 38.9
+ CuSO, - GA, 27.8 83 18.1 40.3 3313 41.7 19.4
- CuSO, + GA, 94T 31.9 194 23.6 9.7 16.7 347
L CuSO,-GA,; * | 16.7 16.7 15.3 26.4 8.3 11.1 19.4 “

* - Standard medium as used by Kyesmu (1996 - personal communication*)

4.3.2 Results and Discussion

More than 85% of the tubes containing material that had undergone the abbreviated surface
sterilization procedure were free from contamination. The results obtained with the
abbreviated surface sterilization procedure did not differ from those obtained with the
standard procedure as described by Kyesmu (1996 - personal communication*), showing

that this simplified procedure can be used with success.

4.4  Experiment 3 - Root growth in vitro

4.4.1 Materials and Methods

The in vitro rooting of the plants was studied, as Miege & Moncousin (1989) found that the
Cameroonian variety did not root well in standard growth medium, although Kyesmu (1994)
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stated that the Nigerian variety rooted without difficulty. The medium used for these studies
consisted of 10 g of sterile vermiculite in a 250 ml screw-top glass culture bottle.
Vermiculite was used as it is easier to remove plants from the vermiculite than from

Gelrite™ without causing any damage.

The vermiculite was moistened with 5 ml of either full or half strength MS medium. This
was added to provide nutrition to the plantlets while the root system developed. Five two-
node cuttings, at least 20 mm long, were placed on the rooting medium in each culture
bottle. The bottles were then incubated under the same conditions as used for general

growth and root development monitored.

4.4.2 Results and Discussion

Root initiation took place irrespective of whether full or half-strength MS medium was used
to wet the vermiculite. Vigorous shoot growth was noted on all mediums tested, although
roots were slow to develop in-vifro. This is also the case with cassava, where a second
growth stage using a different growth medium is required for root growth (Roca, 1984).
Venter (1998 - personnal communication®) found that the ratio of auxin to cytokinin has to
be manipulated to get good root formation in potato. The phenomenon of slow root growth

could be a characteristic of root and tuber crops in general.

Murashige (1973) suggested that a relatively high concentration of auxin combined with a
low concentration of cytokinin will improve root initiation, while the reverse is required for
shoot formation. It did not prove to be necessary to manipulate the hormone ratio's as plants
from culture tubes initiated roots within one week of being placed on the vermiculite rooting
medium. Good results were obtained using the rooting medium (Figure 4.2), and it would

be beneficial to use this second step in the procedure in order to obtain good recovery rates
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from tissue cultured plants. Miege & Moncousin (1989) experienced similar problems with
Plectranthus, and also had to use a rooting medium to recover plants. It should also prove
possible to obtain early root development in vifro by manipulating the growth hormones,

but this is a more expensive procedure, and was not tested.

After a period of two to four weeks all plants had generated sufficiently well developed root

systems to be transferred to the acclimatisation phase.

Figure 4.2  Plectranthus esculentus plants on rooting medium

showing root development

4.5 Experiment 4 - Acclimatization and recovery of tissue culture plants

4.5.1 Materials and Methods

No micro-propagation system can succeed as a routine procedure until plants can be
successfully recovered from the test tubes and grown to full size. Acclimatization of the
Plectranthus esculentus plants before planting out was carried out as follows:

. Plants with well-developed root systems were transferred, in their culture bottles,
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to an airconditioned glasshouse (25/20°C day/night temperature), one week prior
to being planted out.

. During the first phase of the process, lasting for three to five days, the plants were
left in the culture vessels, but with the screw-top unscrewed.

. Plantlets were then removed from the culture bottles and rinsed in sterile distilled
water to remove any growth medium, after which they were planted in vermiculite
filled 128 plug seedling trays. (Seedling trays with each plug containing
approximately 20ml vermiculite)

. The plants were kept moist using a computer controlled mist sprayer systemin order
to prevent desiccation. For the first five days theirrigation system was activated four
times daily for 20 minutes each time. This was reduced to three sprays of five
minutes each per day until the plants were established.

. Fertiliser in the form of two or three granules of Osmocote Plus™ controlled release
fertiliser per plug was applied just after planting. This form of fertiliser releases
nutrients over a period of three to four months. The nutrient content is: 15%
nitrogen; 4% phosphorous; 10% potassium; 1.2% magnesium; 0.15% iron; 0.06%
manganese; 0.05% copper; 0.02% boron; 0.02% molybdenum and 0.01% zinc.

. Once the plants started growing they were transferred either to pots, or to the field.
At this stage they were watered daily for the first week, and thereafter watered as
needed.

4.5.2 Results and Discussion

The method of acclimatization used for the recovery of the tissue-cultured plants was very
successful. A survival rate of between 75 and 94% was obtained using this method, and
growth of the plants was rapid once they were established in pots or in the field. Better
results were obtained in pots than with direct field plantings. This implies that tissue culture
plants should first be acclimatized with a period of hardening off outside of the glasshouse
before being planted out in the field. After planting in the field they need to be watered

regularly until well established.
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Y oung plants should be protected from the elements and receive sufficient water to prevent

stress until well established if planting directly into the field. During this phase plants should

be exposed to the elements for increasing lengths of time until the plants are sufficiently

hardy to withstand the elements. The amount of water applied should also be reduced during

this period until the plants are sufficiently well established to be able to survive on normal

irrigation regimes.

4.6

Conclusions

The following conclusions could be reached from the results of this study:

Plectranthus esculentus grows readily in vitro, and the use of tissue culture is a
viable method of rapidly multiplying this species. The procedure can be used to
rapidly multiply promising genotypes for release, to provide homogenous research

material, or for storage of promising genetic material.

The standard MS growth medium containing 2.04M CuSO, and containing no GAs

gave the best results.

The use of ethanol and agitation was not required for surface sterilisation of material
used to provide explants, nor is it necessary to wash for 10 minutes in running

water.

A two step procedure requiring the use of a rooting medium as described produced
well-rooted plants prior to acclimatization. The use of 50% strength MS medium as
wetting agent in this medium is recommended in order to reduce the total costs of

the procedure, although full strength medium can be used.
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