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ABSTRACT

Croton membranaceus is a herb with useful medicinal properties. The leaves, bark and roots are
used for the treatment of diverse ailments. The harvesting of the plant by many traditiona
medical practioners from the wild for the treatment of diseases in the country without
replacement exposes the plant to possible extinction in the near future. The only means of
propagating the plant is by use of seeds which is relatively slow. Thus, an alternative mode of
propagation is needed to develop planting materials for nursery and field establishment.
Therefore this study aims at determining an effective sterilization regime and subsequent in vitro

regeneration using different explants.

Intact seeds, coatless seeds, isolated embryos and nodal cutting explants were used to initiate
cultures for multiplication of C. membranaceus. The explants were decontaminated using double
sterilization. Generally, the best sterilization for seed explants was achieved by pre-treatment
with 70% ethanol for 3 minutes prior to immersion in sodium hypochlorite (NaOCI). However,
intact seeds were effectively decontaminated by immersion in 15% NaOCI solution for 20
minutes followed by 10% NaOCI solution for 15 minutes, whilst coatless seeds were effectively
decontaminated when isolated from intact seeds immersed in 20% NaOCI solution for 20
minutes followed by 15% NaOCI solution for 15 minutes. Further, embryos isolated from intact
seeds were effectively decontaminated in 20% NaOCI solution for 15 minutes followed by 15%
NaOCl for 10 minutes sequentially. With these sterilization regimes, 86% intact seeds, 80%

coatless seeds and 100% isolated embryos were successfully decontaminated.

Nodal cutting explants were best decontaminated by immersion in 20% NaOCI solution for 15
minutes followed by 15% NaOCI for 10 minutes sequentially without ethanol pre-treatment.
With this derilization regime, 100% of the nodal cutting explants were successfully

X



decontaminated. The development of shoots from explants in response to sterilization varied.
Intact seeds did not develop into shoots while coatless seeds, isolated embryos and nodal cutting
explants developed into shoots independent of sterilization regime. Shoot development was
highest with shoot tip explants and when BAP, NAA and GA3z were added to the medium. Shoot
multiplication was best achieved on an MS basal medium amended with 5.0uM BAP, 0.5uM

NAA and 5.0uM GAa.
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CHAPTER ONE
1.0 INTRODUCTION

1.1 Importance of Croton membranaceus

Croton membranaceus is a plant used singly by ailmost all the herbal hospitals in the country for
the management of benign prostatic hyperplasia (BPH) and other prostate related diseases (Obu,
2015). Severa reports have shown that extracts of the plant is effective in the management of
BPH (Bayor et al., 2007; Salatino et al., 2007; Nath et al., 2013; Obu, 2015; Asare et al., 2015).
The root extracts have been found to exhibit general cytotoxicity and growth inhibitory activity
against three cancer cell lines in humans; DLD-1(colon), MCF-7(breast) and M 14(melanoma) (
Bayor et al., 2007; Nath et al., 2013; Salatino et al., 2007; Bayor, 2008). Further report on the
potency of the extract from the roots of C. membranaceus by (Obu 2015) shows that men with
BPH had their prostate gland and prostate symptom scores reduced within two to three weeks

after treatment with the extract.

Extract from the root and stem is used at Center for Plant Medicine Research (CPMR), Medi
Moses Prostate Center and other herbal centersin Ghanato relieve symptoms of benign prostatic
hyperplasia (Afriyie et al., 2014; Sarkodie et al., 2014). The aqueous root extract which is also
used to treat measles (Schmelzer, 2008), is non-toxic yet exhibits anti-atherogenic, cardio
protective and anti-ischemic potentials (Afriyie et al., 2013). Severa studies have also shown
that, both ethanolic and agqueous extracts of the roots reduce glucose levels and improve
glycemic index in diabetic patients ( Afriyie et al., 2013; Sarkodie et al., 2014; Asare €t al.,
2015). These findings demonstrate the potential of both ethanolic and aqueous extracts of C.
membranaceus for the treatment of type | diabetes (i.e. diabetes mellitus). This justifies the use

of extract from the leaves, in the management of diabetes by traditional healers in Ghana (
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Afriyie et al., 2013; Sarkodie et al., 2014; Asare et al., 2015). The root and leaf extracts of C.
membranaceus are also used to aromatize tobacco in the Bahamas whereas in Nigeria, it is used
to improve digestion. The oil from the bark is essential in the treatment of cough, fever,

flatulence, diarrhea and nausea (Asare et al., 2011; 2015).

1.2 Medicinal propertiesof Croton membranaceus

Croton membranaceus is an economically important medicinal plant. Its medicina values are
derived from the wide range of phytochemicals present in the leaves, stem and roots of the plant.
The bark of the root contains scopoletin, julocrotine (a glutarimide alkaloid) and calcium oxalate
crystals (Schmelzer, 2008) which make the plant potent in treating benign prostatic hyperplasia,
cancer, tumors and diabetes (Aboagye, 1997; Bayor et al. 2007; Sarkodie et al. 2014). The
methanolic extracts of the roots of C. membranaceus have been found to contain the active
ingredient cgucarinolide which induces apoptosis (progranmed cell death) in cancer cells
(Block et al., 2005). Recent findings by Bayor et al., (2009) on the potency of the root extract
revealed antihyperglycaemic properties, antimicrobial activity and cytotoxic effects against the
prostate cells in human. Both ethanolic and aqueous extracts of the roots contain a compound,
N[N-(2-methylbutanoyl) glutaminoyl]-2-phenylethyamine, for the reduction of glucose levels
and improved glycemic index in diabetic (especially type | diabetes, i.e. diabetes mellitus)
patients ( Afriyie et al., 2013; Asare et al., 2015; Sarkodie et al., 2014). In spite of its rich
phytochemicals for treatment of several diseases, the plant still grows in the wild with no or little

efforts to propagate for commercial utilization.



1.3 Propagation of Croton membranaceusin Ghana

The propagation of croton species is by both sexual and asexual means. Asexually, techniques
such as cutting, layering, division, budding and grafting are used (Ingram and Y eager, 2003; Relf
and Ball, 2009; Lott and Lindgren, 2012; Devi and Shanthi, 2013). In addition to the wide range
of propagation modes, few species of the genus (Codiaeum variegatum, Croton antisyphyliticus,
Croton sublyratus, Croton urucurana and Croton bonpladinum) have been successfully cultured
and multiplied in vitro (Nasib et al., 2008; Kondamudi et al., 2009; Ashish and Sharma, 2011,
Oliveira et al., 2011). However, Croton membranaceus is propagated only sexually by seeds
which are released seasonally from the fruit by dehiscence and dispersed (Aboagye, 1997; Lott
and Lindgren, 2012). Several attempts in propagating the species on the field at Center for Plant
Medicine Research by asexual means specifically stem cutting and air layering yielded a

comparatively low result.

1.4 Problem statement

The country report by Ghana to the Food and Agriculture Organization (FAO), (1996) on
medicinal plants, indicated that Croton membranaceus is one of the rare species that is on the
verge of becoming extinct. This is due to the high demand for the plant as a large number of
stock plants is required for use in managing and treating diseases such as benign prostatic
hyperplasia (BPH), measles, diabetes, cough, fever, flatulence, diarrhea and nausea (Mshana et
al., 2000; Bayor et al., 2009; Asare et al., 2011; Devi and Shanthi, 2013;). C. membranaceus is
treasured for itsroots and bark and it is therefore prone to unsustainable harvesting (Abbiw et al.,

2002). C. membranaceus is also prone to bad environmental conditions such as bush fire and



drought in the wild. Several attempts to propagate the plant on a large scale by conventional
methods using seeds or stem cuttings has been unsuccessful (Aboagye, 1997). The seeds have

low germination rate and it is assumed that most of the seeds are sterile (Aboagye, 1997).

1.5 Justification of the study

There is rising demand for Croton membranaceus in the management and treatment of diseases
not only in Ghana but elsewhere in the tropics (Asare et al., 2011; Afriyie et al., 2013). C.
membranaceus is harvested in the wild for local medicinal use and is endangered due to over
exploitation and use as well as exposure to adverse environmental conditions mainly drought and
bush fires. Its medicinal potency on the treatment of BPH have increased the demand for the
plant (Abbiw et al., 2002; Afriyie et al., 2014; Sarkodie et al., 2014) while no alternative
methods of propagation have been established yet. The increasing demand for this very
important species is leading to over exploitation which may wipe it out of existence if measures
are not taken to ensure sustainable exploitation in the wild. The limited area of confinement and
the overexploitation of the species pose a great treat to its extinction hence the need to study
alternative mode of propagation using in vitro techniques. Apart from using seeds to propagate
the species, no report has yet been published on the use of any alternative mode of propagation to
curb its extinction. However, since work has been done on the multiplication of some croton
species by use of tissue culture techniques (Shibata et al., 1996; Ashish and Sharma, 2011
Salama and Rao, 2013; Silva et al., 2013), it is therefore possible that C. membranaceus can be
propagated in vitro using tissue culture techniques. With efficient in vitro multiplication,

plantlets will be made available for nursery establishment. There will also be uniform production



of the species and its conservation could be ensured. This will contribute immensely to the
establishment of an aternative way of propagating the species on a large scale, prevent the

possibility of genetic extinction while adding to existing scientific information on the species.

1.6 Objectives

The major abjective of this current study is to use in vitro techniques to rapidly multiply Croton
membranaceus. In order to achieve this, specific objectives have to be accomplished and these
are: @) development of a protocol for effective sterilization of the explants, b) identification of
the most appropriate totipotent explant for the initiation and proliferation of shoot and c)

determination of the growth regulators for in vitro rapid multiplication of the species.

1.7 Hypotheses

The hypotheses to be tested are;

Null hypothesis (Ho):

1. The use of ethanol, various concentrations of sodium hypochlorite and its duration in
contact with explants will not affect the decontamination and shoot development of
explants.

2. Various concentrations and combinations of growth hormones in the medium will not
have any significant effect on in vitro shoot proliferation and rapid multiplication of the

Species.

Alternate hypothesis (H1):



. The use of ethanol, various concentrations of sodium hypochlorite and its duration in contact
with explants will affect the decontamination and shoot development of explants.
. Various concentrations and combinations of growth hormones will significantly affect in

vitro shoot proliferation and rapid multiplication of the species.



CHAPTER TWO
2.0Literature Review

2.1 Description of Croton membranaceus

Croton membranaceus is an important plant of medicinal values and belongs to the family
Euphorbiaceae. Its genus is referred to as rush foil or croton. Croton is derived from ‘Kroton’,
meaning ticks in Greek due to the resemblance of the seeds to ticks (Gledhill, 2008; Nath et al.,
2013). Croton is one of the largest genera of flowering plants described by Carolus Linnaeus in
1737 (Gledhill, 2008; Nath et al., 2013). While Gledhill (2008) reported that there are 313
genera in the family and over 8100 species of which 1223 species have been accepted in The
World Checklist and Bibliography of Euphorbiaceae, Silva et al. (2013) reported that there are
over 317 genera and approximately 8000 species of plants in this family. However, some other
researchers have reported that there are 1797 croton species with Croton abaitensis being the
first species and Croton zeylanians being the last species (Nath et al., 2013). But according to

Bingtao et al. (1997), there are 322 genera and 8910 species in the family.

The life form categories of species under the genus Croton include herbs, shrubs, trees and
occasionally lianas (woody climbers) which are widespread in tropical and subtropical secondary
vegetation across the world. Croton membranaceus is a monoecious shrub which grows up to 2
meters tall, with slender branches, which are densely stellate and hairy (Figure 2.1). The flowers
are unisexual with the inflorescence being axillary or terminal and the female flowers at the base.
The fruits are ellipsoidal, dlightly tri-lobed and contain a maximum of three seeds. In the wild,
seeds are released through split dehiscence from the dry mature pods on the plant (Schmelzer,

2008).



Figure 2.1.Croton membranaceus growing on a field at Center for Plant Medicine Research

(CPMR), Mampong-Akuapem in the Easter Region of Ghana. Scale bar: 2 cm.

2.2 Habitat

The species of the family Euphorbiaceae are found in the tropics, subtropics and the temperate
regions of the world (Silva et al., 2013). Croton species are usually found in warmer regions of
the world. About sixty five of the speciesinhabit Americawhile alarge number of a hundred and
twenty are located in Madagascar (Asare et al., 2011). C. membranaceus grows in most African

countries including Ghana, Cote d’lvoire, Niger and Nigeria, mainly in the coastal belt



(Aboagye, 1997; Afriyie et al., 2014; Asare et al., 2015). It occurs in moist bush vegetation and
savanna, at low atitude. Its distribution is restricted thus, not common (Schmelzer, 2008). In
Ghana, it is found in the Krobo-Gyakiti forest reserve area of the Eastern Region (Asare et al.,

2015).

2.3 In vitro propagation of plants

The propagation of plantsin vitro is the growing of cells, tissues or organs of plants on a nutrient
medium under sterile conditions (George et al., 2007) which leads to the production of true-to-
type plants (Kumar and Reddy, 2011). The technique relies on the ability of totipotent cells to
develop into a whole new plants and it has been applied extensively for propagation of many
plant species on large scale (Varshney and Anis, 2014). In vitro propagation is extensively
employed to rapidly multiply medicinal plants (Rout et al., 2000; Nalawade and Tsay, 2004;
Mallick et al., 2012; Saini et al., 2012; Cheruvathur et al., 2015) as well as recalcitrant plant
species (Engelmann, 2011). Viola pilosa, a plant of medicinal importance has been successfully
propagated and conserved in vitro by slow growth and vitrification of in vitro shoots (Soni and
Kaur, 2014). For mass multiplication of non-toxic Jatropha curcas, Kumar et al. (2011) used in

vitro propagation through direct organogenesis from petiole explant.

The tissue culture technique can also be used to conserve germplasm (Sidhu, 2010; Patel and
Nadgauda, 2014; Varshney and Anis, 2014; Karami, 2016), eliminate systemic pathogens (Chien
et al., 2015) and produce secondary metabolites (Silva et al., 2013). Superior qualities of elite
varieties are produced and conserved using in vitro propagation (Nalawade and Tsay, 2003;

Kumar and Reddy, 2011). Another major advantage of the tissue culture technique is its use for



successful production of disease free plants on large scale through meristem and shoot tip culture
(Russo et al., 2008; Sarasan et al., 2011; Taskin et al., 2013). Thus, using tissue culture

techniques, Fan et al. (2017) produced virus-free garlic for rapid propagation.

In vitro propagation involves selection of donor plants, isolation of explants, effective
sterilization of explants, initiation and proliferation of shoots, multiplication of in vitro
established shoots and the formation of full plantlets in a sterile growth-promoting environment
(Altman, 2000). The process is completed by acclimatization of plantlets to ambient conditions

and field establishment (Kumar and Reddy, 2011).

2.4 Stagesinvolved in in vitro propagation of plants

The technique employed for the multiplication of plants in vitro, follows several steps which
include selection of donor plants, isolation and initiation of explants, multiplication of in vitro
established cultures, plantlet formation and acclimatization (Kozai and Zobayed, 2000; Kumar
and Reddy, 2011). During the first stage 0, donor or stock plants are usually grown in a green
house in order to reduce the level of contamination by microorganisms (Sagare et al., 2000). This
stage is followed by the selection of explants (stage 1), i.e. the part of the donor plant used for
initiation of culture. Selected explants are then thoroughly sterilized, cultured and incubated
under sterile condition (Hussain et al., 2012). For example, in establishing an efficient
micropropagation protocol for Moringa oleifera, seeds obtained from the plants were used as
donor plants. The seeds were isolated from the coat, sterilized and cultured on MS basal medium
without hormone, for regeneration of plantlets in vitro which served as source of leaf explants

(Jun-jie et al., 2017). Shoot segments of Salacia chinensis were aso used as donor plants from
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which explants were prepared, sterilized and cultured on MS basal medium (Chavan et al.,
2015). Successfully established cultures are rapidly multiplied for the production of a large
number of propagules in the third stage. This is known as the multiplication stage where tissues
are repeatedly subcultured under sterile conditions onto fresh media (Kumar and Reddy, 2011).
Shoots are formed for subsequent propagation stages and material required for maintaining the
stock (George et al., 2007). This is followed by an elongation and rooting stage where full
plantlets are developed, to mark the end of in vitro stage. The final stage of micropropagation is
acclimatization. It is the gradual introduction of in vitro plantlets onto the field where they will

grow to maturity.

2.5 Factorsinfluencing in vitro propagation of plants

The regenerative potential of plants in vitro depends on several factors. In vitro propagation of
plants is greatly affected by explants, type of growth medium and growth conditions for the
optimization of tissue culture protocols (Tyagi et al., 2001; Gitonga et al., 2010; Alagumanian et
al., 2004; Ali and Mirza, 2006; Kumar and Reddy, 2011; Kumar et al., 2011b). Seed, meristem,
buds and noda explants will affect shoot or plantlet development. This may be due to the
different concentrations of endogenous growth hormones present in the explants. Explants from
meristems of seedlings are more responsive than those obtained from mature plants (Feyissa et
al., 2005). According to Feyissa et al., 2005, when seedlings of Hagenia abyssinica were used as
explants, the rate of regeneration was not better when compared to the regeneration rate for
explants obtained from younger parts of mature plants. The source of explant is another

important factor in the regeneration process. Hence the donor plant from which explants are
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obtained must be maintained in a clean and healthy environment in order to minimize
contamination of explants (Sagare et al., 2000). In order to reduce contamination of explants,

cuttings of Jatropha curcas were grown in the green house (Rathore et al., 2015).

The source of explant may be either in vitro or in vivo. Usually in vitro explants have a better
potential for regeneration compared to in vivo explant (Reddy et al., 2008) as this may depend on
the level of endogenous hormones available in the explant. For a highly efficient and sustainable
regeneration, leaves of in vitro established plantlets were used as explants for multiplication of
Moringa oleifera (Jun-jie et al., 2017). Another factor which is equaly important in the
morphogenesis of in vitro cultures is the role played by the basal medium together with its
components, pH of medium, the genotype of the species being cultured, orientation of explant on
the medium, temperature, photoperiod and light intensity (Li et al., 2002; Kumar and Reddy,

2011).

The type of media used for the propagation of plants in vitro largely influences the performance
of different parts of the donor plant. Specifically, the mineral composition of media affects the
performance of plantsin vitro (Kumar and Reddy 2011). Although various basal mediaincluding
White, Nitcsh and Nitsch and Gamborg media (B5) have been used for the propagation of many
plant species in vitro, Murashige and Skoog (1962) (MS) basal medium has been used most
extensively, due to the fact that its optimal nutrient content is essential for the growth of plants
(Prakash and Gurumurtthi, 2005; Dialo et al., 2008). Among three different media used, Salama
and Rao (2013) found out that MS medium showed comparably best result on plantlet
regeneration from embryos of C. scabiosus than Gamborg (B5) and Woody Plant Medium
(WPM). Most plants develop shoots, leaves and roots on MS medium because it contains al the

necessary nutrients which have been shown to be useful for the growth of plants (Salama and
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Rao, 2013). Plantlets were obtained from coatless seeds of M. oleifera when cultured on MS
basal medium without plant growth hormones (Jun-jie et al., 2017). When MS medium and
WPM were used to determine the effect of basal media on the multiplication of shoot, it was
observed that shoot formation was enhanced on MS medium than on WPM as the number of
leaves, buds and shoot length were highest on MS medium (Nasib et al., 2008). Similarly,
Naawaday and Tsay, 2004, reported that the growth of embryonic calus from immature
embryos of Angelica sinensis was faster on MS medium than it was on B5 and White media.
Liang and Keng (2006) aso reported that, root formation in Phyllanthus niruri was as high as
97-100% when M S basal medium without growth hormone was used for the regeneration of the

speciesin vitro.

Regeneration and elongation of shoot are influenced by the genotype of the plant which may be
due to varying concentrations of endogenous hormones in the explants, particularly cytokinin
concentrations during the initiation period though the exact mechanism not yet been determined
(Schween and Schwenkel, 2003). Growth hormones are used for in vitro propagation to enhance
shoot multiplication (Kumar et al., 2011b). Cytokinins stimulate cell divison while auxins
stimulate cell elongation in plants, thus both must be present to promote growth (Dello et al.,
2007; Kumar and Reddy, 2011; Jana et al., 2013) but gibberellins control germination through
the use of nutrients stored in the endosperm (Karami, 2016) and promote shoot elongation (Sun,
2010). In vitro morphogenesis is controlled by the interaction and ratio between auxin and
cytokinin supplemented in the culture medium and the growth hormone produced endogenously
(Schween and Schwenkel, 2003; Thompson et al., 2008). According to Kumar and Reddy
(2011), the type of in vitro culture determines the ratio of auxin and cytokinin. This suggests that

the balance of hormones is more essential than just the concentration of hormones. Thus, for the
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formation of adventitious shoots or roots, the auxin to cytokinin ratio is a necessary requirement.
Maximum shoot proliferation rate has been reported for high cytokinin to auxin ratio in peach
rootstock (Fotopoulos and Sotiropoulos, 2004). According to Faisal et al., (2017), cell division
and regeneration of plants in vitro is synergistically affected by high levels of cytokinin and low
levels of auxins. They reported that the best regeneration of shoot from Rutagra veolens was
achieved on an MS basa medium amended with higher BAP and lower NAA. Contrarily,
Salama and Rao (2013) reported that low cytokinin and high auxin concentrations resulted in a
considerably high regeneration rate from explants of Croton scabiosus but the reverse showed no

response.

Gibberellins are generally used for shoot elongation and the growth of meristems or buds of
higher plants in vitro (Kumar and Reddy, 2011). The interaction of gibberellins and auxins in
micropropagated plants synergistically promotes growth in cultures. Though literature on
gibberellins-auxin is scanty, Ockerse and Galston (1967) reported that the application of GA3
and 1AA to dwarf cuttings of green peas resulted in a synergistic growth when the concentration
of IAA was 5uM. According to Ockerse and Galston (1967), at high concentrations of 1AA there
was no synergism for IAA-GAs interaction. When gibberellins are added to a medium to be used
for rooting, the formation of adventitious roots and shoots may either be retarded or prevented
though they can stimulate the formation of roots when provided in low concentrations (Kumar

and Reddy, 2011).

The regeneration efficiency of explants may also be affected by its orientation in the medium.
Horizontally placed explants favour high shoot proliferation than vertically placed explants since
the later has little contact with the medium (Sharma and Wakhlu, 2001; Arockiasamy et al.,

2002; Kumar and Reddy, 2010).
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Carbon sources are functiona in the synthetic pathway of many compounds, forming the
building blocks of macronutrients and thus, may affect many developmental processes in the cell
(Karami et al., 2006). The carbon sources which are mainly carbohydrates are very important
for regeneration of shoot in vitro, a process which requires high energy (Jain and Babbar, 2003).
Carbohydrates partly influence plant morphogenesis through their nutritional value and the
differences in osmotic potential, which control the rate at which cells divide or the degree of cell
development (Sumaryono et al., 2012). The various carbon sources used in in vitro culture are
sucrose, glucose, maltose and galactose as well as sugar-alcohols glycerol and sorbitol, however,
the most common carbon source used in micropropagation of plants is sucrose (Fowler, 2000;
Ahmad et al., 2007; Kumar and Reddy, 2011). Sucrose is mostly used as it is cheaper, readily
available and stable to sterilization by autoclave and easily assimilated by plants. Thus, sucrose
is often the choice of sugar in cell and tissue culture (Jain and Babbar, 2003; Faria et al., 2004).
It supplies energy for metabolism which is essential because photosynthesis is limited in vitro.
For in vitro propagation of Codiaeum variegatum, Phyllanthus amarus, Croton bonpladinum and
Jatropha curcas, 2.5 to 3 percent sucrose was provided in the medium as a source of carbon

(Nasib et al., 2008; Sen et al., 2009; Ashish and Sharma 2011; Sharmaet al., 2011).

Another important factor is the pH of the media which is usually adjusted to 5.4 - 5.8. The pH
affects the effectiveness of growth hormones on the development of plants (Hussain et al., 2012).
The use of gelling agents in media also affects propagation of plants in vitro. Media solidified
with gelling agents slows propagation rate of some species compared to those cultured in liquid
medium which is more homogenous (Kumar and Reddy, 2011). Although high concentrations of
gelling agents may affect rooting, high concentrations of agar, the preferred gelling agent prevent

or reduce hyperhydration in plants (Debergh, 2000).
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2.6 In vitro multiplication of croton

Investigations on the potential of multiplying croton in vitro have been reported by many authors
(Silva et al., 2013; Salama and Rao, 2013). Croton sublyratus has been successfully propagated
through shoot tip and leaf culture on MS basal medium amended with 0.2mg/I BA (Shibata et
al., 1996). Croton bonpladinum was multiplied in vitro by Ashish and Sharma (2011) while
Nasib et al. (2008) established an efficient, economical and reliable protocol for the propagation
of Codiaeum variegatum in vitro. Salama and Rao (2013) propagated Croton scabiosus Bedd
through In vitro calogenensis from leaves, internodes and petioles on MS basal medium
amended with NAA and 2, 4-D. Leaf explants were used to induce callus from Croton
urucunara (Lima et al,. 2008). Leaves were also used by Silva et al. (2013) for the propagation
of Croton floribundus on MS basa medium amended with NAA and indole-3-butyric acid
(IBA), singly or combined, from which secondary metabolites were produced. The success of
work on these species depended on choice of explants, sterilization regimes used, type of media

aswell asthe growth hormones and their concentrations.

Explants commonly used for in vitro multiplication of croton species are seeds, embryos, leaves,
shoot tips and nodal cuttings. In order to develop a standard protocol for the multiplication of
Croton scabiosus, an endemic medicina plant on a large scale, Salama and Rao (2013), used
embryos as explants. Shoot tips were used as explants for the propagation of Codiaeum
variegatum in vitro (Nasib et al., 2008) and micropropagation of Croton sublyratus (Shibata et
al.,1996) while nodal stem, intermodal segments and leaves were used for micropropagation of

Croton bonpladinum (Ashish and Sharma, 2011).
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2.7 Decontamination of explantsfor culture

Successful in vitro plant multiplication depends largely on effective decontamination of explants
which in turn depends on the concentration of sterilants and duration of which explants are
exposed to the sterilizing agents (Sen et al., 2013; Evtushenko et al., 2016). Some disinfecting
agents used for sterilizing explants are sodium hypochlorite (NaOCI), calcium hypochlorite
(Ca(OCl)2), ethyl acohol, hydrogen peroxide (H20.), chlorine gas (Cl2), sodium
dichloroisocyanurate (NaDCC), isothiazolone biocide (PPM) and antibiotics such as gentamicin
and ampicillin (Miyazaki et al., 2010, 2011). Mercuric chloride (HgCl2) and sodium hypochlorite
(NaOCl) are widely used by researchers to prevent microbial growth during in vitro
multiplication of some species of croton (Nasib et al., 2008; Ashish and Sharma, 2011,
Salamma, and Rao, 2013). Working on Croton scabiosus, Salama and Rao (2013) reported that
30% of NaOCl was the best for surface sterilization of seeds, after washing seeds in running
water containing 2% Labolien as surfactant followed by immersion in 70% acohol for 60
seconds. Shoot tips of Codiaeum variegatum were surface sterilized with 0.5% NaOCI
containing few drops of Tween-20 as surfactant, for 20 minutes (Nasib et al., 2008). Nodal stem
explants, inter nodal segments and leaves from Croton bonpladinum were effectively sterilized

using 0.1% HgCl2for 3-5 minutes (Ashish and Sharma, 2011).

2.8 Culture media and growth hormones

Many plant media are available for in vitro multiplication of plants. The commonly used media
for multiplying croton species in vitro include Murashige and Skoog (MS), Gamborg (B5),

White’s and Woody Plant Medium (WPM). Among these media, MS medium has received wide
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usage. For example, MS medium has been used as basa medium to investigate the effect of the
removal of leaf and shoot tips as well as the orientation of explant on axillary shoot regeneration
of Codiaeum variegatum (Orlikowska et al., 2000). MS medium was used for dedifferentiation
and establishment of callus tissues from nodal, intermodal and leaf segments of Croton
bonpladinum in culture (Ashish and Sharma 2011). MS medium was successfully used by
Salamma and Rao (2013) for embryo culture of Croton scabiosus. The most commonly used
growth hormones for in vitro multiplication of croton are the auxins and cytokinins. MS medium
fortified with BAP enhanced multiple shoot proliferation of nodal stem segment of Croton
bonpladinum (Ashish and Sharma, 2011). IAA and BAP were used by Salamma and Rao (2013)
for regeneration of embryos from Croton scabiosus. Gibberellins have been used in few casesto
enhance internode elongation in some cultured croton species. When GA3z was combined with
BAP used for the regeneration of axillary shoots from Codiaeum variegatum, the number of
shoots produced doubled (Orlikowska et al., 2000). Even though no research findings have yet
been reported on in vitro multiplication of Croton membranaceus, the reports on the success of
the propagation of other species of croton in vitro, are indications that the species for the current

study can be successfully multiplied in vitro.
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CHAPTER THREE
3.0 Materialsand Methods

3.1 Resear ch site

The current research was undertaken in the Tissue culture section of the Department of Botany,
University of Ghana, Legon, with funding from United Nations University Institute for Natural

Resourcesin Africa (UNU/INRA).

3.2 Plant material

Seeds and seedlings of Croton membranaceus were obtained from Center for Plant Medicine
Research (CPMR), Mampong-Akuapem, Ghana. Mature fruits of C. membranaceus were
obtained randomly from field grown plants. Four week old seedlings received from CPMR were
kept outside the screen house under ambient conditions in the Department, for four months to
alow for the development of shoots to be used as explants. Explants used for the research were
dry mature seeds with seed coat (intact seeds), seeds without seed coat (coatless seeds), embryos
isolated from seeds (isolated embryos) and cuttings (nodal cuttings) from young shoots of C.

membranaceus.

3.3 Culture medium

Murashige and Skoog (MS) basal medium (1962) (Appendix, Table A.1) was used for the
experiment. The ingredients used for the preparation of the medium were produced by Sigma-

Aldrich Company, Spain. Stock solutions of macronutrients, micronutrients, vitamins and growth
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hormones were prepared based on the composition and quantity of nutrient required. All stock
solutions were kept in arefrigerator and stored at 4°C. Media were prepared from stock solutions
(Appendix, Table A.2) and used for culturing explants. The pH of the medium was adjusted to
5.7. Agar was added as a gelling agent to harden the medium and dispensed in to test tubes after
which they were sterilized in an autoclave at a temperature of 121°C and a pressure 102.97K Pa

for 15 minutes. The medium was allowed to cool after autoclaving before used.

3.4 Sterilization of Lab ware

All dissecting kits (scalpel, forceps), and glassware (petri dishes, covered bottles, etc.), were
sterilized in an autoclave at a temperature of 121°C and a pressure of 102.97KPafor 15 minutes.

Distilled water was a so sterilized under the same condition.

3.5 Experiment 1: Decontamination of explants

A decontamination experiment was done using seeds and nodal cuttings to determine the optimal
sterilization regime for Croton explants. The effects of ethanol and various concentrations of
sodium hypochlorite were determined. Seeds of average length of 4mm were selected and young
shoots of the potted plants were used for the various experiments. Intact seeds were double
sterilized by immersing in 15% NaOCI for 20 minutes, followed by 10% NaOCI for 15 minutes,
without ethanol pretreatment (Ao) or with ethanol pretreatment (A1), 20% NaOCI for 15 minutes
followed by 15% for 10 minutes, without ethanol pretreatment (Bo) or with ethanol pretreatment

(B1) and 20% NaOCI for 20 minutes followed by 15% NaOCI for 15 minutes, without ethanol
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pretreatment (Co) or with ethanol pretreatment (C1). Nodal cuttings were first washed under
running tap water containing few drops of house hold liquid detergent (Klene lene) containing
sodium laureth sulfate for 5 minutes and rinsed with sterile distilled water. The nodal cuttings
were further trimmed to a length of 1.5cm with two nodes and then sterilized as described for

intact seeds.

Seeds and nodal cuttings were placed in separate bottles, completely immersed in NaOCI
solution and carefully agitated by hand. Four drops of household liquid detergent (Klene lene)
was added to every 100ml of NaOCI solution used. Seeds and nodal cuttings were thoroughly
washed with sterile distilled water in order to remove traces of the sterilant. Coatless seed and
embryo explants were aseptically isolated from sterilized intact seeds previously soaked for 48
hours. The nodal cuttings were trimmed to 1cm. Sterilized explants were inoculated on MS basal
medium supplemented with 5.0uM BAP and 5.0uM NAA. One explant was inoculated in a test
tube containing 10ml of medium. The cultures were incubated in 16 hours light and 8 hours
darkness, at atemperature of 26+1°C. Each explant was replicated five times and the experiment
repeated three times. The number of decontaminated explants as well as the number of explants

that developed shoots or plantlets were recorded.

3.6 Experiment 2: Initiation of cultures

3.6.1 Initiation of cultures from seeds.

Intact seeds were sterilized using the best sterilization regime from decontamination experiment
and cultured on MS basal medium supplemented with 100mg/l myo-inositol, 0.1mg/l thiamine

HCl and varying concentrations of BAP, NAA and GA3 (Table 3. 1). Coatless seeds and
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embryos were obtained from sterilized intact seeds and cultured on M'S medium as described for

intact seeds.

Table 3.1. Concentrations of BAP, NAA and GA3z in MS basal medium used for the initiation

experiments.

Growth hormones (uUM)

BAP NAA GA3
0.0 0.0 0.0
5.0 0.0 0.0
5.0 0.5 0.0
5.0 5.0 0.0
5.0 0.0 5.0
5.0 0.5 5.0
5.0 5.0 5.0

One explant was inoculated per test tube containing 10ml of the medium. One explant in each
test tube formed an experimental unit and this was replicated ten times. Data on the number of
explants that developed shoots, the number of shoots per explant as well as the height of shoots

were recorded four weeks after culture.
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3.6.2 Initiation of culturesfrom nodal cutting and shoot tip explants

Sterilized nodal cutting and shoot tip explants bearing two buds were cultured on MS basal
medium amended with 100mg/l myo-inositol, 0.1mg/I thiamine HCI, 5.0uM BAP only, 5.0uM
BAP and 0.5uM NAA, 5.0uM BAP and 5.0uM NAA, 5.0uM BAP and 5.00M GAs, 5.0uM
BAP, 0.5uM NAA and 5.0uM GAs or 5.0uM BAP, 5.0uM NAA and 5.0uM GAs. One explant
was cultured per test tube containing 10ml of the medium. The medium was sterilized as
described in section 3.3. One explant in each test tube formed an experimental unit and this was
replicated ten times. The number of explants that developed shoots, the number of shoots per
explant and the number of roots per explant were counted. The height of shoots was measured

with ameter rule. All datawere recorded four weeks after culture.

3.6.3 Experiment 3: Comparison of nodal cutting and shoot tip explants for shoot initiation

in Croton membranaceus

This experiment was carried out to investigate the most responsive part of nodal explants for
culture initiation, using nodal cuttings and shoot tips. The explants were washed in running tap
water containing four drops of household liquid detergent by Klene Lene, Ghana which contains
the active ingredient, sodium laureth sulfate, per 100ml water for five minutes and rinsed
thoroughly with sterile distilled water. This was followed by double sterilizing with 15% sodium
hypochlorite (NaOCI) solution for 20 minutes and 10% NaOC| solution for 15 minutes
sequentially. The nodal explants were rinsed thoroughly with sterile distilled water to remove
any remaining sterilant on the explants. The sterilized nodal and shoot tip explants were

aseptically trimmed to obtain cuttings of 1cm long with two buds each. The sterilized explants

23



were cultured on solid MS basal medium amended with 100mg/l myo-inositol, 0.1mg/l thiamine
HCI, 30g/L sucrose without growth hormone, 5.0uM BAP and 5.0uMNAA. One noda explant
was cultured in one test tube which contained 10ml of MS medium and replicated ten times. The
cultures were incubated in the growth room in light for 16 hours and in darkness for 8 hours a a
temperature of 26x1°C for four weeks. The number of shoots and leaves formed by each explant

was counted and the height of shoot was measured with a meter rule.

3.7 Multiplication of Croton membranaceus

Two experiments were conducted to determine an optimum medium for multiplication of Croton
membranaceus. In experiment one, in vitro shoots were subcultured on MS basal medium
containing 100mg/l myo-inositol, 0.1mg/L thiamine HCI, 30g/l sucrose without growth hormone,
with 5.0uM BAP only or in combination with 0.5uM or 5.0uM NAA , 5.0uM GAg, 0.5uM NAA
and 5.0uM GAs or 5.0uM NAA and 5.0uM GAz. One nodal explant was cultured in a test tube
and this was replicated ten times. All cultures were incubated under growth room condition of
25+1°C and light intensity of 3000 Lux for four weeks. After four weeks, the number of cultures
that developed shoots was recorded. Also, the number of shoot as well as leaves per culture was

counted. The height of shoot was measured with a meter rule.

In experiment two, the response of in vitro nodal cuttings of C. membranaceus on MS basd
medium amended with BAP, NAA and varying concentrations of GAz was investigated. In vitro
shoots were subcultured on MS basal medium amended with 5.0uM BAP and 0.5uM NAA
(control) and in combination with 5.0uM GAzor 50uM GAs. One nodal cutting was cultured in a

test tube and replicated ten times. All cultures were incubated as described above. The number of
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shoot per explant, number of leaves per shoot and the height of shoots were recorded after four

weeks.

3.8 Design and data analysis

The experiments were laid out in a Completely Randomized Block Design. Data collected were
guantified and analyzed statistically by One-way Anaysis of Variance (ANOVA) or Two-
Sample T-Test, using the Minitab software version 17 where necessary. Means were separated

using the Fisher Least Significant Difference (LSD) method at a level of 0.05.
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CHAPTER FOUR
4.0 Results
4.1 Effect of double sterilization with sodium hypochlorite (NaOCI) on decontamination of

explants.

The decontamination of explants using the double sterilization method with or without
immersion in ethanol is shownin Table 4.1.

When intact seeds were double sterilized with 15% NaOCI solution for 20 minutes and 10%
NaOCI solution for 15 minutes sequentialy, the least explant decontamination was 33% and was
obtained without pretreatment with ethanol (Ao) while the highest explant decontamination was
86.7% and was obtained when intact seeds were immersed in 70% ethanol for 3 minutes prior to
immersion in NaOCl (A1). When intact seeds were sterilized with treatment B, the least explant
decontamination was 60% and obtained when intact seeds were double sterilized with 20%
NaOCl solution for 15 minutes and 15% NaOCI solution for 10 minutes sequentialy without
pretreatment with ethanol (Bo) while the highest explant decontamination was 80% and was
obtained when intact seeds were immersed in 70% ethanol for 3 minutes followed by double
sterilization with 20% NaOCI solution for 15 minutes and 15% NaOCI solution for 10 minutes
sequentially (B1). With treatment C, the least explant decontamination was 46.7% and obtained
when intact seeds were double sterilized with 20% NaOCI| solution for 15 minutes and 15%
NaOCl solution for 10 minutes sequentially without pretreatment with ethanol (Co) while the
highest explant decontamination was 80% and was obtained when intact seeds were immersed in
70% ethanol for 3 minutes followed by double sterilization with 20% NaOCI solution for 20
minutes and 15% NaOCI| solution for 15 minutes sequentialy (C1). None of the intact seeds

developed shoots or roots when sterilized with al the sterilization regimes used (Table 4.1).
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Table 4.1. Effect of ethanol and various concentrations of sodium hypochlorite (NaOCI) solutions on decontamination of explants.

Explants were cultured on M S basal medium amended with 5uM BAP and 5uM NAA.

Treatment No. of Intact seeds Coatless seeds Isolated embryos Nodal explants
cultures Decontaminated Plantlets Decontaminated Plantlets Decontaminated Plantlets Decontaminated Plantlets
(%) (%) (%) (%) (%) (%) (%) (%)

Ao 15 33.33 0.00 13.33 6.67 73.33 33.33 80.00 93.33
A1 15 86.67 0.00 66.67 0.00 93.33 40.00 93.33 80.00
Bo 15 60.00 0.00 66.67 13.33 93.33 40.00 100.00 66.67
B1 15 80.00 0.00 80.00 46.70 100.00 80.00 93.33 66.67
Co 15 46.67 0.00 73.33 46.70 80.00 60.00 93.33 73.33
C1 15 80.00 0.00 80.00 26.67 100.00 60.00 100.00 66.67

Note: Ao — 15% NaOCI for 20min, 10%NaOCl for 15min
A1 — 70% ethanol for 3min, 15% NaOCI for 20min, 10% NaOCI for 15min
Bo — 20% NaOCI for 15min, 15% NaOCI for 10min
B1 — 70% ethanol for 3min, 20% NaOCI for 15min, 15% NaOCI for 10min
Co — 20% NaOCI for 20min, 15% NaOCI for 15min
C1 - 70% ethanol for 3min, 20% NaOCI for 20min, 15% NaOCI for 15min
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Coatless seeds were least decontaminated (13.7%) when sterilized with treatment Ao (15%
NaOCI for 20min, 10% NaOCI for 15min) but the rate of decontamination increased to 66.67%
when coatless seeds were treated with A1 (70% ethanol for 3min, 15% NaOCI for 20min, 10%
NaOCl for 15min) (Table 4.1). With treatment B, 66.67% coatless seeds were decontaminated
when sterilized Bo (20% NaOCI for 15min, 15% NaOCI for 10min) while 80% of the coatless
seeds were decontaminated with B1 (70% ethanol for 3min, 20% NaOCI for 15min, 15% NaOCI
for 10min). With treatment Co (20% NaOCI for 20min, 15% NaOCI for 15min), 73.33% coatless
seeds were decontaminated whereas with C1 (70% ethanol for 3min, 20% NaOCI for 20min, 15%
NaOCl for 15min), 80% decontamination was recorded. There was no development of shoot or
root when coatless seeds were treated with A1, however, when coatless seeds were treated with
Ao, 6.7% developed shoots and roots. Shoot development increased (13.33%) with treatment Bo
though this was lower than 26.67% shoot development when coatless seeds were decontaminated
with treatment Ci. The optimum number of 46.7% coatless seeds developed shoots and roots

when treated with B1 and Co.

Embryos isolated from intact seeds sterilized with treatment Ao (15% NaOCI for 20min, 10%
NaOCI for 15min) were least decontaminated 73.3% while with Treatment A1 (70% ethanol for
3min, 15% NaOCI for 20min, 10% NaOCl for 15min), 93.33% isolated embryos were
decontaminated (Table 4.1). When the percentage of NaOCI solution was increased as in Bo
(20% NaOCI for 15min, 15% NaOCl for 10min), the number of decontaminated embryos
observed was 93.33% but 100% decontamination was observed when explants were pretreated
with ethanol prior to immersion in the same concentration of NaOCI solution for the same time,
B1 (70% ethanol for 3min, 20% NaOCI for 15min, 15% NaOCI for 10min). With treatment C,

80% of isolated embryos were decontaminated when ethanol was not used Co (20% NaOCI for
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20min, 15% NaOCl for 15min), while an optimum of 100% isolated embryos were
decontaminated when sterilized treatment Cy (70% ethanol for 3min, 20% NaOCI for 20min,
15% NaOCI for 15min). The Embryos decontaminated with the various sterilization regimes
developed shoots and roots (Table 4.1). The least number of embryos which developed shoots
with roots was 33.3% and this was observed in embryos decontaminated with treatment Ao. The
number increased to 40% for embryos treated with A1 and Bo. A further increase of 60% shoot
development was observed for embryos treated with Co and Ci while an optimum of 80%
embryos developed into shoots with roots when decontaminated with Treatment B1 as described

earlier.

Nodal cutting explants were least decontaminated (80%) when sterilized with treatment Ao (15%
NaOCI for 20min, 10% NaOCI for 15min) (Table 4.1). Decontamination rate increased (93.33%)
when nodal cutting explants were sterilized with treatment A1 (70% ethanol for 3min, 15%
NaOCI for 20min, 10% NaOCI for 15min), B1 (70% ethanol for 3min, 20% NaOCI for 15min,
15% NaOCI for 10min) and Co (20% NaOCI for 20min, 15% NaOCI for 15min). An optimum
rate of 100% decontamination was observed when nodal cutting explants were sterilized with
treatments Bo (20% NaOCI for 15min, 15% NaOCI for 10min) and C; (70% ethanol for 3min,
20% NaOCl for 20min, 15% NaOCI for 15min). Nodal cutting explants developed shoots with
roots when decontaminated using all the sterilization regimes (Table 4.1). However, nodal
cutting explants decontaminated with treatments Bo, B1 and Ci had the least rate of plantlet
regeneration. With these treatments, 66.7% nodal cutting explants developed shoots with roots.
The rate of shoot development increased to 73.33% and 80% when nodal cutting explants were
sterilized with treatments Co and A1 respectively. An optimum number of 93.3% nodal explants

devel oped shoots and roots when nodal explants were sterilized with treatment Ao.

29



4.2 Response of explantsto BAP, NAA and GAsin the culture medium

The effect of BAP, NAA and GAsz in MS basal medium on shoot development is shown in
Tables4.2to 4.4.

Intact seeds failed to develop into shoots when cultured on MS basal medium amended with
BAP aone, BAP with NAA or BAP, NAA and GA3. However, only one intact seed developed

radicle on MS basal medium amended with 5.0uM BAP and 5.0uM NAA after twelve weeks of

culture (Figure 4.1).

Figure 4.1. Intact seed explant developing root on MS basal medium amended with 5.0uM BAP
and 5.0uM NAA after twelve weeks of culture.

Coatless seed explants developed into shoots nine days after culture on MS basal medium with
or without hormone (control). However, the number of shoots developed depended on the

combination of growth hormones present in the culture medium (Table 4.2).
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Table 4.2. Response of coatless seeds to M S basal medium amended with BAP and NAA. Data

was collected four weeks after culture.

Growth hormone (M) Number  Surviving Shoot per  Leaf per Root per  Shoot height
of explants  explant explant explant (cm)
explants

0 10 0.10+0.32 0.10+0.32% 0.20+0.63* 0.40+1.27* 0.12+0.38%

5.0 BAP 10 0.00+£0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00%

5.0 BAP + 0.5 NAA 10 0.10+0.32% 0.10+£0.32% 0.50+1.58* 0.70+2.20* 0.38+1.207

5.0 BAP + 5.0 NAA 10 0.10+0.32% 0.10+£0.32% 0.20+0.63* 0.10+0.32* 0.10+0.322

5.0 BAP+ 5.0 GA3 10 0.10+0.32 0.10+0.32% 0.20+0.63* 0.50+1.58* 0.11+0.35%

50BAP+05NAA+50 10 0.00+£0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.007

GAs

50BAP+50NAA+50 10 0.00+£0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00%

GA3

Note: Each value in the Table is the mean and standard deviation of ten replicates. Values that do
not share a letter in a column differ from each other significantly by LSD (a = 0.05).

All explants cultured on MS basal medium with 5.0uM BAP only did not develop shoots.
Similarly, all explants cultured on MS basal medium amended with either 0.5 or 5.0 yM NAA
and GA3 also did not develop shoots. These explants were swollen by the second week of culture
but turned brown at four weeks of culture. Shoots were only developed on MS basa medium
without hormone (control) and MS basal medium amended with BAP and NAA only or BAP
with GAz only (Table 4.2). The mean number of shoot per explant was 0.10 independent of the
hormone manipulation and combination in the culture medium. However, the number of leaf and
root per explant varied as well as the height of shoot. The mean number of leaveswas 0.2 on MS
medium without hormone and M S basal medium fortified with 5.0uM BAP and 5.0uM NAA or

GA3. The mean number of leaves increased (0.5) when an MS basa medium amended with
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5.0uM BAP and 0.5uM NAA. Statistically, the differences observed were not significant
(P<0.712) (Appendix, Table 6). The mean number of root per explant on MS basal medium
without hormone treatment was 0.4. This was higher than the mean number (0.1) observed on
MS basal medium amended with 5.0uM BAP and 5.0uM NAA. The mean number of root
increased to 0.5 per explant when an MS basal medium was amended with 5.0uM BAP and
5.0uM GAz with an optimum of 0.7 root per shoot on MS basal medium amended with 5.0uM
BAP and 0.5uM NAA. A statistical analysis showed that the differences observed were not
significant (P<0.700) (Appendix, Table 7). The mean height of shoot was 0.12cm on MS basal
medium without hormone and this was higher than 0.10cm and 0.11cm as observed on M S basal
medium amended with 5.0uM BAP and 5.0uM NAA or 5.0uM GA3 respectively. The highest
shoot (0.38cm) was obtained on an MS basal medium amended with 5.0uM BAP and 0.5uM
NAA (Figure 4.2). However, the differences observed in shoot height was not statistically

significant (P<0.649) (Appendix, Table 8).
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Figure 4.2. Coatless seed explants devel oping shoots on M S basal medium amended with A)
5.0uM BAP and 0.5uM NAA and B) 5.0uM BAP and 5.0uM NAA four weeks after culture.

Isolated embryos developed into shoots five days after culture. However, the surviva rate and
development of the shoots depended on combination of growth hormones in the MS medium

(Table 4.3).
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Table 4.3 Response of isolated embryos to M S basal medium amended with BAP, NAA and
GAs. Datawas collected four weeks after culture.

Growth hormone (M) Number of  Surviving  Shoot per  Leaf per Root per Shoot
explants explants explant explant explant height
(cm)
0 10 0.00+0.00* 0.00+0.00* 0.00+£0.00* 0.00+0.00* 0.00+0.00?
5.0 BAP 10 0.00+0.00*  0.00+0.00* 0.00+£0.00* 0.00+0.00* 0.00+0.00?
5.0 BAP + 0.5 NAA 10 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00* 0.00+0.00?
5.0 BAP + 5.0 NAA 10 0.20+0.42%  0.20+0.42% 0.70+1.89% 0.80+2.53* 0.28+0.89%
5.0 BAP+ 5.0 GA3 10 0.10+0.32* 0.10+0.32% 0.70+2.21* 0.20£0.63* 0.25+0.79?
50BAP+0.5NAA +50 10 0.10+0.32* 0.10+0.32* 0.20+£0.63* 0.00+£0.00* 0.08+0.25%
GAs
50BAP+50NAA +50 10 0.10+0.328 0.10+0.32% 0.10+0.32* 0.40+1.27* 0.10+0.322
GAs

Note: Each value in the Table is the mean and standard deviation of ten replicates. Values that do
not share a letter in a column differ from each other significantly by LSD (a = 0.05).

All isolated embryos cultured on MS basal medium without any growth hormone failed to
develop shoots. Also all explants cultured on MS basal medium with 5.0uM BAP only or with
0.5uM NAA did not develop shoots. Shoot development occurred when the concentration of
NAA in the culture medium was increased or when GAs was added to the medium. Isolated
embryos cultured on M S basal medium amended with 5.0uM BAP and 5.0uM GAz, 5.0uM BAP,
0.5uM NAA and 5.0uM GAsz or 5.0uM BAP, 5.0uM NAA and 5.0uM GA3z had a mean of 0.1
surviving over four weeks period. However, this was not statistically different from the highest
survival rate of 0.2 when an M S basal medium was amended with 5.0uM BAP and 5.0uM NAA
(P<0.546) (Appendix, Table 8). Similarly, shoot development was lower with a mean of 0.1

shoot per explant on an MS basal medium amended with 5uM BAP and 5uM GAg3 or together
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with either 0.5 or 5.0 yM NAA while an optimum of 0.2 shoot per explant was observed on an
MS basal medium amended with 5.0uM BAP and 0.5uM NAA but not statistically different

(P<0.546) (Appendix, Table 9).

Leaf development was least (0.1) when an MS basal medium was amended with 5.0uM BAP,
5.0uM GAzand 5.0uM NAA but the number increased to 0.2 when NAA was reduced to 0.5uM.
An optimum mean (0.7) was observed when an MS basa medium amended with 5.0uM BAP
and 5.0uM NAA or 5.0uM GAz. Statistically, the differences observed for leaf development

were not significant (P<0.587) (Appendix, Table 10).

Root development was not evident for shoots on MS basal medium amended with 5.0uM BAP
and 0.5uM NAA and 5uM GA3z. When an M'S basal medium was amended with 5.0uM BAP and
5.0uM GA3, amean of 0.2 root per explant was observed. This increased to 0.4 root per explant
when an MS basal medium was amended with 5.0uM BAP and 5.0uM NAA and 5.0uM GA3
while the highest mean of 0.8 root per shoot was observed on an MS basal medium amended
with 5.0uM BAP and 5.0uM NAA (Table 4.3). However, the differences observed were not

statistically significant (P<0.590) (Appendix, Table 11).

The height of shoot was least (0.08cm) on MS basal medium amended with 5.0uM BAP, 5.0uM
GAszand 0.5uM NAA but increased to 0.1cm when NAA was increased to 5.0uM. The height of
shoot increased from 0.25cm when an MS medium was amended with 5.0uM BAP and 5.0uM
GA3 to 0.28cm when an MS medium was amended with 5.0uM BAP and 5.0uM NAA.
However, the differences observed in the height of shoot were not statistically significant (P<

0.757) (Appendix, Table 12).

35



University of Ghana http://ugspace.ug.edu.gh

Thus, only a medium amended with 5.0uM BAP in combination with 5.0uM NAA, 5.0uM GA3

and 5.0uM BAP in combination with both NAA and GAgs irrespective of NAA concentration,

developed into shoots (Figure 4.3).

Figure 4.3. Response of isolated embryosto BAP, NAA and GAstreatments; A) 5.0uM BAP,
0.5uM NAA and 5.0uM GAg3, B) 5.0uM BAP and 5.0uM GAg3, C) 5.0uM BAP, 5.0uM NAA and
5.0uM GA3z and D) 5.0uM BAP and 5.0uM NAA. Photos were taken four weeks after culture.

4.3. Nodal cutting and shoot tip explants

Of al the explants used, nodal cutting explants had the best shoot development as all the media

combinations developed shoots (Table 4.4).
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Table 4.4. Effect of MS basal medium amended with BAP, NAA and GAz on nodal cutting and

shoot tip explants. Data was collected four weeks after culture.

Growth hormone (UM) Number of  Surviving  No. of Shoot No. of leaves  Shoot height
explants explants per explant per explant (cm)

0 10 0.30+0.48% 0.50+0.85®  2.20+3.85% 0.61+1.03%
5.0 BAP 10 0.40+0.52% 0.80+1.14*  3.20+4.83? 0.59+0.93%®
5.0 BAP + 0.5 NAA 10 0.20£0.42% 0.20+0.42%  0.80+2.20% 0.18+0.42%
5.0 BAP + 5.0 NAA 10 0.10£0.32° 0.10+0.32®  0.40+1.27%® 0.23+0.73%®
5.0 BAP + 5.0 GA3 10 0.40+0.52® 0.60+0.97®  2.30+3.83%® 0.64+0.94%®
50BAP+05NAA+50 10 0.10+0.32° 0.10+0.32°  0.20+0.63" 0.05+0.16"
GA3

50BAP+50NAA+50 10 0.60£0.522 0.70+0.68®  3.20+3.082 0.80+0.912

GA3

Note: Each valuein the Table is the mean and standard deviation of ten replicates. Vaues that

do not share aletter in a column differ from each other significantly by LSD (a = 0.05).

Explants cultured on MS basal medium without hormone (control) had a surviving rate of 0.3

explant (Table 4.4). This was higher than 0.10 as observed for explants cultured on an M S basal

medium amended with 5.0uM BAP and 5.0uM NAA or 5.0uM BAP, 0.5uM NAA and 5.0uM

GA3. When an M S basal medium was amended with 5.0uM BAP and 0.5uM NAA, the survival

rate increased to 0.2 explant. A further increase (0.4) was observed when an MS basal medium

was amended with 5.0uM BAP only or combined with 5.0uM GAs. The survival rate was

optimum (0.6) when an MS basa medium was amended with 5.0uM BAP, 5.0uM NAA and

5.0uM GAs. Statistically, the differences observed in the survival of explants were not

significant (P< 0.147) (Appendix, Table A. 13).
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The number of shoot per explant was 0.5 when nodal cutting and shoot tip explants were grown
on MS basal medium without hormone (control). When an M S basal medium was amended with
5.0uM BAP and 5.0uM NAA or 5.0uM BAP, 0.5uM NAA and 5.0uM GAg3, the number of shoot
per explant reduced to 0.1. The number of shoot per explant observed (0.2) when an M S basal
medium was amended with 5.0uM BAP and 0.5uM NAA, was still lower than that of the control
medium. An increase of 0.6 shoots per explant was observed when explants were cultured on an
MS basal medium amended with 5.0uM BAP and 5.0uM GA3. When an M S basal medium was
amended with 5.0uM BAP, 5.0uM NAA and 5.0uM GAg3, 0.7 shoots per explants were observed.
The number of shoot was optimum (0.8) when nodal cutting and shoot tip explants were cultured
on MS basal medium amended with 5.0uM BAP only. Statistically, the differences observed in
shoot development from noda cutting and shoot tip explants were not significant (P< 0.165)

(Appendix, Table A. 14).

Leaf development was 2.2 |eaves per shoot as observed when an MS medium was not amended
with hormones (control) (Table 4.4). The number of leaves per shoot reduced to 0.2 when an MS
basa medium was amended with 5.0uM BAP, 0.5uM NAA and 5.0uM GAs. An increase of 0.4
leaves per explant was observed when an M S basal medium was amended with 5.0uM BAP and
5.0uM NAA. This was followed by 0.8 leaves per explant when an MS basal medium was
amended with 5.0uM BAP and 0.5uM NAA. Leaf development increased to 2.3 leaves per shoot
when an MS basal medium was amended with 5.0uM BAP and 5.0uM GAs. The optimum
number of leaves per explant (3.2) was observed when nodal cutting explants were cultured on
an MS basal medium amended with either 5.0uM BAP only or 5.0uM BAP, 5.0uM NAA and
5.0uM GAs. However, the differences observed in leaf development were not statistically

significant (P< 0.183) (Appendix, Table A. 15).
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The height of shoot observed on MS basal medium without hormone was 0.61cm (Table 4.4).
This was higher than the height of shoot observed on four treatments with growth hormones.
When an MS basal medium was amended with 5.0uM BAP, 0.5uM NAA and 5.0uM GA3,
5.0uM BAP and 0.5uM NAA, 5.0uM BAP and 5.0uM NAA and 5.0uM BAP only, the height of
shoot observed were 0.10cm, 0.18cm, 0.23cm and 0.59cm respectively. Shoot height was
enhanced when an MS basal medium was amended with 5.0uM BAP and 5.0uM GAgs (Figure
4.4c). On this medium, nodal cutting and shoot tip explants grew to the height of 0.64cm. The
optimum shoot height (0.80cm) was observed when an MS basal medium was amended with
5.0uM BAP, 5.0uM NAA and 5.0uM GAz (Figure 4.4¢). Statistically, the differences observed
were not significant (P< 0.270) (Appendix, Table A. 16). However, the overal response of nodal

cutting explants to the development of shoots, leaves roots and the height of shoots was optimum

on MS basal medium amended with 5.0uM BAP, 5.0uM NAA and 5.0uM GAz (Figure 4.4).

Figure 4.4: Response of nodal explantsto BAP, NAA and GAstreatments; A) Control, B) 5.0uM
BAP only, C) 5.0uM BAP and 5.0uM GAg3, D) 5.0uM BAP and 5.0uM NAA, E) 5.0uM BAP,
5.0uM NAA and 5.0uM GAg, F) 5.0uM BAP and 0.5uM NAA and G) 5.0uM BAP, 0.5uM NAA
and 5.0uM GAs. Photos were taken four weeks after culture.
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4.4 Comparison of nodal cutting and shoot tip explants

The finding that an MS basal medium amended with a combination of the growth hormones
5.0uM BAP, 5.0uM NAA and 5.0uM GAs3, was effective in the response of nodal cutting and
shoot tip explants (Table 4.4), led to the investigation of the comparison between the use of
nodal cutting and shoot tips explants in micropropagation of C. membranaceus. Thus, in this
experiment nodal cutting and shoot tip explants were cultured on MS basal medium amended
with 5.0uM BAP, 5.0uM NAA and 5.0uM GAg, to compare their regeneration potential. Shoot
tip explants developed into shoots earlier and faster than nodal cutting explants. It was observed
that shoot tips started sprouting, 5 days after culture whereas it took ten days for nodal cuttings to
start sprouting. There was a significant effect of shoot tip and nodal cutting explants on shoot
regeneration from C. membranaceus. The effect was observed in the number of surviving

explants, shoot per explant, leaves per explant and shoot height (Table 4.5).

Table 4.5 Comparison of noda cutting and shoot tip explants on shoot regeneration of Croton
membranaceus. Explants were cultured on MS basal medium amended with 5.0uM BAP, 5.0uM

NAA and 5.0uM GA3. Data was collected four weeks after culture.

Explant Number Surviving No. of shoot No. of Shoot height
of explants per explant leaves per (cm)
explants explant
Nodal
cutting 10 0.50+0.53?2 0.50+0.53?2 1.30+£1.572 0.30+0.41°
Shoot
tip 10 0.80+0.422 1.20+0.79° 3.00+2.582 1.29+0.83%

Note: Each value in the Table is the mean and standard deviation of ten replicates. Values that do
not share a letter in a column differ from each other significantly by LSD (a = 0.05).
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The number of surviving explants from nodal cutting explants was not significantly lower (0.50)

(P<0.177) (Appendix, Table A.17) than shoot tip explants (0.80).

Similarly, shoot development in nodal cutting explants was lower (0.50) shoots per explant. The
number of shoot tip explants which developed into shoots was more than twice (1.20) that of
nodal cutting explants. Statistically, there is evidence of significant difference (P< 0.031)

(Appendix, Table A.17), in the development of shoots from nodal cutting and shoot tip explants.

Leaf development was also less in nodal cutting explants than in shoot tip explants. A mean of
1.30 leaves per explant was observed when nodal cutting explants were used whereas a mean of
3.00 leaves per explants were observed for shoot tip explants. Although the difference observed
was more than twice, there was no statistical evidence of significant difference in leaf

development for nodal cutting and shoot tip explants (P< 0.092) Appendix, Table A.17).

The mean height of shoots observed in nodal cutting explants was 0.30 while that of shoot tip
explants was 1.29. Statistically, there was evidence of significant difference (P<0.003)

(Appendix, Table A.17) in the height of shoot for nodal cutting and shoot tip explants.

Thus, the comparison between the response of nodal cutting and shoot tip explants showed that

shoot tip explants enhanced regeneration of shoots better (Figure 4.5).
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Figure 4.5. Shoot development from A) shoot tip and B) nodal cutting explants at four weeks of
culture on M S basal medium amended with 5.0uM BAP, 5.0uM NAA and 5.0uM GAs.

4.5 Effect of BAP, NAA and GAson in vitro nodal cutting explants.

This experiment was conducted to investigate the effect of BAP, NAA and GA3z on shoot
development using in vitro nodal cuttings as explants. Shoot development was observed on MS
basal medium without growth hormone as well as MS basal medium amended with BAP, NAA

and GAsirrespective of the concentration or combination (Table 4.6).

The mean number of explants which survived on MS basa medium without hormonal
modification (control) (0.5), was less than the number of surviving explants on MS basa
medium amended with growth hormones. When an M S basal medium was amended with 5.0uM
BAP only or in combination with 5.0uM GAgz, the mean number of surviving explants increased
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to 0.8. The mean number of surviving explants further increased to 0.9 when the MS medium
was amended with 5.0uM BAP, 5.0uM GAz combined with either 0.5uM or 5.0uM NAA. The
highest mean of surviving explant was 1.0 and this was observed on an MS basa medium
amended with either 5.0uM BAP and 0.5uM NAA or 5.0uM BAP and 5.0uM NAA. However,
there was no statistical evidence of significant difference (P< 0.187) (Appendix, Table A.18) in

the number of surviving explants.

The mean number of shoot per explant observed on an M S basal medium without hormone (0.6),
was the least. This increased to 0.9 when MS medium was amended with 5.0uM BAP, 5.0uM
NAA and 5.0uM GA3. A further increase (1.0) was observed when an MS medium was amended
with 5.0uM BAP and 5.0uM GAszor (1.2) when an MS medium was amended with 5.0uM BAP,
0.5uM NAA and 5.0uM GAs. The highest mean number of shoot per explant (1.4) was observed
on an MS medium amended with 5.0uM BAP only and 5.0uM BAP combined with either 0.5uM
or 5uM NAA. Statigtically, the differences observed were not significant (P< 0.121) (Appendix,

Table A.19)

Leaf development was least (1.4) on MS medium without hormone. When 5.0uM BAP and
5.0uM GA:z were added to an MS medium, leaf development increased to 2.3 leaves per shoot.
When an MS basal medium was amended with 5.0uM BAP, 5.0uM NAA and 5.0uM GAs3, or
5.0uM BAP and 5.0uM NAA, the mean number of leaves per shoot observed were 3.0 and 3.1
respectively. The number of leaves per shoot increased to 3.7 when 5.0uM BAP only was added
to an MS medium, 3.8 when 5.0uM BAP and 0.5uM NAA were added to an MS basal medium
and the highest mean number of leaves per explant (3.9) were observed when an MS basal

medium was amended with 5.0uM BAP, 0.5uM NAA and 5.0uM GA3s, However, there was no
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statistical evidence of significant difference (P< 0.193) (Appendix, Table A.20) in the number of

leaves per explant on each M'S medium.

The height of shoot observed when an MS basa medium was not manipulated with growth
hormone (0.51cm) was less than when an MS basal medium was amended with growth
hormones. A mean height of 0.63cm was observed when an MS basa medium was amended
with 5.0uM BAP and 5.0uM GAs. The height of shoot increased to 0.70cm on an MS basal
medium amended with 5.0uM BAP, 5.0uM NAA and 5.0uM GAs. A further increase in shoot
height (0.80cm) was observed when an MS basal medium was amended with 5.0uM BAP and
0.5uM NAA while a mean height of 0.84cm was observed when an MS basal medium was
amended with 5.0uM BAP only. A mean shoot height of 0.92cm was observed on an M S basal
medium amended with 5.0uM BAP, 0.5uM NAA and 5.0uMGA3 with an optimum mean height
of 1.03cm observed when an MS basa medium was amended with 5.0uM BAP and 5.0uM
NAA. Statistically, the differences observed were not significant (P<0.156) (Appendix, Table

A.21).
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Table 4.6. Response of in vitro nodal cutting explants to BAP, NAA and GAs. Data was

collected four weeks after culture.

Growth hormone (M) Number of  Surviving  No. of No. of Shoot

explants explants shoot per leaves per height(cm)
explant explant

0 10 0.50+0.53° 0.60+0.70° 1.40+1.71° 0.51+0.62°

5.0 BAP 10 0.80+£0.42% 1.40+0.97* 3.70+2.45*  0.84+0.46™F

5.0 BAP +0.5 NAA 10 1.00+0.00* 1.40+0.70* 3.80+3.16%  0.80+0.29%¢

5.0 BAP +5.0 NAA 10 1.00+0.00* 1.40+0.52* 3.10+1.10® 1.03+0.30%

5.0 BAP +5.0 GA3 10 0.80+0.42% 1.00+0.67® 2.30+1.42% 0.63+0.37™

50BAP+0.5NAA +50 10 0.90+0.32% 1.20+0.79% 3.90+3.672  0.92+0.49%

GA3

50BAP+5.0NAA +5.0 10 0.90+0.32% 0.90+0.57® 3.00+1.83® 0.70+0.62%*

GA3

Note: Each value in the Table is the mean and standard deviation of ten replicates. Values that do

not share aletter in a column differ from each other significantly by LSD (a = 0.05).

4.6: Effect of different GAsconcentrations on shoot multiplication of in vitro nodal cuttings

Modification of an MS basal medium amended with 5.0uM BAP and 0.5uM NAA with either

5.0uM GA3 or 50uM GA3 had different effects on shoot development of in vitro nodal cutting

explants (Table 4.7).
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Table 4.7. Response of in vitro nodal cutting explants to different GAs concentrations on an MS

basal medium supplemented with BAP and NAA. Datawas collected four weeks after culture.

GAs Number of Surviving No. of shoots No. of leaves Shoot
concentration explants explants per explant per explant height(cm)
(MM)

0 10 0.80+0.422 1.80+1.142 7.00+3.922 1.33+0.772
5.0 10 1.00+0.00% 2.70+0.822 9.30+3.407 1.44+0.40%
50.0 10 0.80+0.422 2.00+£1.25% 6.80+4.08% 1.19+0.672

Note: Each valuein the Table is the mean and standard deviation of ten replicates. Values that do
not share a letter in a column different from each other significantly by LSD (a = 0.05).

The mean number of surviving explants on MS basal medium amended with 5.0uM BAP and
0.5uM NAA without GAz (control) was 0.8 and the same was observed when an MS basal
medium was amended with 5.0uM BAP, 0.5uM NAA and 50.0uM GAgz (Table 4.7). Explant
surviva was enhanced when an MS basal medium was amended with 5.0uM BAP, 0.5uM NAA
and 5.0uM GAs. The number of surviving explants increased when the concentration of GAz was
increased from O to 5.0uM and then finally decreased as the hormone concentration was
increased to 50.0uM suggesting that GAz was phytotoxic at this concentration. However, there
was no statistical evidence of significant difference (P<0.354) (Appendix, Table A.22) in the

survival rate.

The number of shoot per explant observed when an MS basal medium was amended with 5.0uM
BAP and 0.5uM NAA without GA3 (control), was 1.8. This increased to 2.0 shoots per explant
when GA3z was increased to 50.0uM. An optimum number of shoot per explant (2.7) was
observed when GA3z was reduced to 5.0uM. However, there was no evidence of statistical
significance (P<0.169) (Appendix, Table A.23) in the differences observed.
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Leaf development on MS basal medium amended with 5.0uM BAP and 0.5uM NAA without
GAzwas 7.0 leaves per explant. This was higher than 6.8 leaves per explants observed when an
MS basal medium was amended with 5.0uM BAP, 0.5uM NAA and 50.0uM GAs. An increase
to 9.3 leaves per explant was observed when an MS basa medium was amended with 5.0uM
BAP, 0.5uM NAA and 5.0uM GAa. Statistically, the differences observed for leaf development

were not significant (P<0.281) (Appendix, Table A.24).

The height of shoot followed a similar trend as leaf development. Shoot height was 1.3cm on an
MS basal medium was amended with 5.0uM BAP and 0.5uM NAA without GAs. Shoot height
increased to 1.4cm on an MS basal medium amended with 5.0uM BAP, 0.5uM NAA and 5.0uM
GA:z while it reduced to 1.2cm when an MS basal medium amended with 5.0uM BAP, 0.5uM
NAA and 50.0uM GAas. Although, the differences observed in the height of shoot were not
dtatistically significant (P< 0.643) (Appendix, Table A.25), shoot devel opment was vigorous on

MS basal medium amended with 5.0uM BAP, 0.5uM NAA and 5.0uM GAg3, (Figure 4.6).

Figure 4.6: Effect of different GAs concentrations on shoot multiplication of in vitro nodal
cuttings; A) 5.0uM BAP, 0.5uM NAA and 5.0uM GAz3, B) 5.0uM BAP and 0.5uM NAA and C)
5.0uM BAP, 0.5uM NAA and 50uM GAs.
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CHAPTER FIVE
5.0 Discussions

5.1 Decontamination of explants

Reports on in vitro propagation of Croton membranaceus are scanty, with few propagation
methods using seeds as explants with low germination rate due to the sterility of the seeds
(Aboagye, 1997). However, there are reports on in vitro multiplication of many species
belonging to the same genus which have been successfully cultured in vitro (Orlikowska et al.,
2000; Shibata et al., 1996; Nasib et al., 2008; Ashish and Sharma, 2011; Salamma and Rao,
2013). The present study was therefore conducted to establish an effective sterilization regime

and determine an appropriate totipotent tissue for rapid multiplication of C. membranaceus plant.

The selection of appropriate sterilization scheme may have a great effect on the efficiency of
subsequent regeneration of explants (Sen et al., 2013; Evtushenko et al., 2016). In addition, the
duration of exposure of explants to the sterilants may equally be vital in producing viable
explants for in vitro propagation (Badoni and Chauhan, 2010). These treatments tend to remove
pathogens which may be present in explant such as seeds, noda cuttings and shoot tips
(Donnaruma et al., 2011; Srivastava et al., 2010; Garg et al., 2011). Further, the contamination
of explants depends on such factors as plant species, the age of the donor plant, source of explant
and the existing weather conditions (Srivastava et al., 2010). Depending on the source of
explants, single or double sterilization regimes may be used for decontamination. In this study,
double sterilization with NaOCl was used to effectively sterilize explants including seeds, prior
to culture. This was necessary as explants were obtained from the field under ambient conditions
and may be highly susceptible to contaminants. Even though NaOCI was used in this study,

double sterilization of field grown Aloe vera has been effectively decontaminated prior to culture
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using 0.1% mercuric chloride and 0.04% streptomycin in a time duration of 5-6 minutes (Singh
and Sood, 2009). Coatless seeds and embryos were not immersed in the sterilant after isolation
since they are well protected in the intact seeds which were double sterilized. With double
sterilization of explants, 86.7%, 80% and 100% of intact seeds, coatless seeds and isolated
embryos were respectively decontaminated. The frequency of decontamination was high when
seed explants were immersed in ethanol prior to sterilizing in NaOCI solution. While a lower
percentage of NaOCI solution and more time was optimum for decontaminating intact seeds, a
higher percentage of NaOCI solution irrespective of time was optimum for decontaminating
seeds prior to the removal of the seed coat and isolation of embryos. Thus, the increase in
concentration of sterilant and timing did not improve decontamination of intact seeds but
necessary when the seed coat ought to be removed. The use of 15% NaOCI| solution for 20
minutes followed by 10% NaOCI solution gave the optimal decontamination frequency and did
not improve when the concentration and time were increased. Pretreatment with ethanol and
double sterilization may have accounted for the high decontamination rates at a lower
concentration of the sterilant. For each treatment A, B and C, the use of ethanol in the
sterilization regime (A1, B1 and C1) resulted in higher numbers of decontaminated intact seeds
than when ethanol was not used prior to sterilization (Ao, Bo and Co). Although the frequency of
decontaminated coatless seeds and embryos was higher when isolated from seeds immersed in
ethanol prior to sterilizing in NaOCl solution, the frequency improved with increased NaOCI
solution (20%) while the time was either maintained (20 minutes) or reduced (15 minutes). A
detailed review of work on other croton species revealed that only single sterilization was
employed. Salama and Rao (2013) reported that seeds of Croton scabiosus were best sterilized

when immersed in 70% ethanol for 60 seconds after sterilizing with 30% Sodium hypochlorite
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solution for 15 minutes. Again, effective double sterilization of Croton variegatum (croton) |eaf
explants, using ethanol pretreatment and followed by 25% NaOCI and HgCl has been reported
by Radice (2010). This may support the generally high numbers of decontaminated seeds,
coatless seeds and isolated embryos obtained when ethanol precedes double sterilization in this

study, even though HgCl> was used as the second sterilization agent by Radice (2010).

The current study also tested the effect of sterilization on regeneration of explants. None of the
decontaminated intact seeds developed shoots. The failure of the intact seeds to develop shoots
could be due to factors other than the effect of the sterilant. One factor may be the presence of
the hard seed coat limiting the uptake of water from the medium needed to initiate the
germination process. It could aso be due to the size of the embryo. According to Koornnef et al.
(2002), seed germination is influenced by the potential of the embryo to grow and the limitation
caused by tissues surrounding it. The size of the embryo which may be under developed but
differentiated as well as the presence of seed coat are reported as limiting to the germination of

most seeds (Finch-Savage and Leubner-Metzger, 2006).

Coatless seeds and isolated embryos formed plantlets irrespective of use or non-use of ethanol
and the concentration of NaOCI in the sterilization regime used. Since plantlet formation was not
limited by ethanol pretreatment and decontamination was highest with ethanol pretreatment for
both coatless seeds and isolated embryos, it may be therefore established that the sterilization

regime for effective decontamination of both explants should include ethanol pretreatment.

Nodal cutting explants were effectively decontaminated with double sterilization irrespective of
the use of ethanol as pretreatment or not. There was 100% rate of decontamination with or

without ethanol pretreatment. This established the effectiveness of double sterilization of the
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nodal cutting explants. With double sterilization, 20% of NaOCI| solution for 15 or 20 minutes
followed by 15% NaOCI solution for 10 or 15 minutes was optimum for decontaminating nodal
explants. The ineffectiveness of single sterilization with NaOCI| solution had been reported by
Salama and Rao (2013) who found out that single application of 5-20% NaOCI solution was not
effective for surface sterilization of nodal explant of Croton scabiosus obtained from the wild.
Comparison of the three sterilization regimes used showed that the higher percentage of 20%
NaOCl solution (treatments B and C) resulted in optimum number of decontaminated nodal
explants (Table 4.1). However, shoot development from nodal cutting explants was higher (73.3-
93.3%) when explants were not pretreated with ethanol than (67-80%) when explants were
pretreated with ethanol. The low rate of shoot development when explants were pretreated with
ethanol and sterilized with high concentrations of NaOCI could be due to the fact that
meristematic tissues are delicate and may have been scorched by ethanol and higher

concentrations of NaOCI (Sen et al., 2013).

5.2 Initiation of culturesfrom seeds

The successful multiplication of plants in vitro is determined by the type of explant used
(Gitonga et al., 2010; Alagumanian et al., 2004; Ali and Mirza, 2006; Kumar et al., 2011b), the
growth regulators (Kumar et al., 2011b) in the culture medium and the different levels of
endogenous phytohormones present in the plant tissues (Kumar and Reddy, 2011). Gitonga et al.
(2010) observed that varying responses of different explants in culture media with only nodal
segments and cotyledons of Macadamia spp form shoots whilst leaf explants dried up within the

first week of culture. In this thesis, four explants were used to initiate in vitro multiplication for
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croton. These were intact seeds, coatless seeds, isolated embryos and nodal cuttings. The
explants were grown on media amended with various concentrations and combinations of BAP,

NAA and GAz and compared with MS basal medium without growth hormone (control).

Intact seeds did not show any shoot development at four weeks independent of the media
composition except that only one seed developed radicle on an MS medium amended with
5.0uM BAP and 5.0uM NAA after twelve weeks of culture. Rather than growth hormones, the
hard seed coat may be the limiting factor to shoot development from intact seeds as inadequate
amount of water is absorbed and the comparatively small embryos were unable to break through
the seed coat. Further, the intact seeds did not develop shoots in this study suggesting that the
media formulated for C. membranaceus in this study may require further additives such as
peptone to aid shoot development from seeds. Even though the use of peptone on seed
germination was not investigated in this study, peptone has been reported to support in vitro
germination of Dendrobium lasianthera, an endangered medicinal plant (Utami et al., 2017) and

Phalaenopsis hybrid (Shekrriz et al., 2014).

Development of coatless seeds into plantlets was observed on MS basal medium (control) and
MS basa medium amended with BAP combined with NAA or GAs. The number of plantlets
depended on hormonal treatment. A high BAP to low NAA concentration ratio gave the highest
plantlet formation (Table 4.3). A similar result on using high BAP to low NAA combination has
been reported by Vijendra et al. (2017) for Mentha piperitau, though shoot tip and nodal
explants were used. Further, a combination of BAP and NAA in MS basal medium have been
reported in inducing shoots from different sources of explants such as embryos in Croton
scabiosus (Salamma and Rao, 2013) and calus induction and shoot regeneration of Lantara
camara, a medicinal plant (Veraplakron, 2016). A combination of BAP, NAA and GA3 did not
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support plantlet formation from coatless seeds. Similar results were obtained by Masekesa et al.
(2016) who reported a near similar observation that 0.5mg/l (2.7 uM) NAA + 1 mg/l (4.4 pM)
BAP and 10 mg/l (28.9 uM) GA3 did not support the induction of shoot from cultured meristems
of sweet potato. It seems, therefore, that the presence of GA3z may be having an inhibitory effect

on NAA for the production of shoots from coatless seeds in this study.

Unlike coatless seeds, plantlet development from isolated embryos was highest (Table 4.5) when
cultured on an M S basal medium amended with 5.0uM BAP and 5.0uM NAA. Contrary to the
present findings, Karami (2016) has reported that addition of 3mg/I (17.1uM) IAA+ 0.5 mg/I
(2.2uM) BAP, a high auxin to cytokinin ratio enhanced the development of embryos in Croton

scabiosus.

The high regeneration rate of isolated embryos in comparison with coatless seed and intact seed
explants in this research may be explained by the fact that embryos have a fully differentiated
morphogenetic structure with potential shoots and roots that may undergo full regeneration into
matured plants on a medium containing BAP and GA3 (Freitas et al., 2016) as compared to
coatless seeds and intact seeds with no well-defined morphogenetic structure. Further, the use of
embryo culture for regeneration of plantlets from recal citrant plant species have been reported by

Mouraet al., (2009) whilst working with macaw palm (Arocomia aculeata).

5.3 Initiation of culturesfrom nodal cuttings and shoot tips

Considering the type of explants for shoot induction in the current study, explants from nodal
segments showed the best regeneration of shoots in regards to the number of shoots, leaves per
explant and the height of shoots. These observations from this study were similar to findingsin
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Croton bonpladinum as reported by Ashish and Sharma (2011). Nodal cutting explants showed
the best response and developed into shoots independent of the concentration of growth
hormones in the culture medium. However, the development of multiple shoots was highest with
amean of 0.8 shoots per explant on an MS basal medium amended with 5.0uM BAP alone. This
was followed by 0.7 shoots per explant when an MS basal medium was amended with 5.0uM
BAP, 5.0uM NAA and 5.0uM GAs. Multiple shoot induction from noda cuttings of Croton
bonplandinum were obtained on M S basal medium amended with 0.5mg/l (2.22uM) BAP alone
(Ashish and Sharma, 2011). 5.0uM BAP alone or in combination with 5.0uM NAA and 5.0uM
GAsz equally promoted leaf development but shoot height was optimum with all three hormones
at the same concentration. The addition of GAs was more effective in the formation of shoot
from nodal explants of C. membranaceus than BAP aone or BAP combined with NAA as GA3
enhanced the effect of BAP and NAA resulting in shoot elongation thereby making the nodes
distinct for subculturing. It was therefore established that the combined effects of BAP, NAA
and GA3 on shoot development were the best for nodal cutting explants of C. membranaceus.
However, this is not in line with shoot regeneration from other croton species as reported by
Nasib et al. (2008), who observed that the formation of shoot from nodal cuttings of Codiaeum
variegatum produced axillary buds on MS basal medium amended with 0.5mg/l (2.22uM) BAP
alone. This may have resulted from the differences in concentration of endogenous hormones in
the plant (Schween and Schwenkel, 2003) and the type of plant growth hormones in the medium
in which the plant is being cultured (Thompson et al., 2008). Apart from growth hormones, shoot
regeneration depended on the part of stem segment used. Shoot tip explants showed faster bud
break and rapid shoot growth over nodal cuttings for the same period of time. There were more

leaves and longer internodes from shoot tip explants. The response of shoot tip explants over
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nodal segments in shoot induction has been observed in Spilanthes mauritiana (Sharma et al.,
2009) and Coleus blumei (Rani et al, 2006) while in Smarouba glauca, nodal cuttings showed
higher frequencies of axillary bud initiation than shoot tip explants (Shukla and Padmaja, 2014),

which may suggests that the response of nodal cuttings and shoot tips could be species specific.

5.4 Shoot multiplication from in vitro nodal cuttings

The investigation of the effect of various combinations and concentrations of BAP, NAA and
GA3 on multiplication of in vitro noda explants showed that multiple shoots were established on
MS basa medium with and without growth hormones. An MS basal medium amended with
5.0uM BAP alone or in combination with 0.5uM NAA or 5.0uM NAA resulted in the highest
number of shoots per explant. This is comparable to optimum multiple shoot formation on MS
medium amended with 5.0uM BAP and 0.5uM IAA for shoot multiplication of Celastrus
paniculatus (De Silva and Senarath, 2009). On the contrary, Thangavel et al., (2016), working on
the medicinal plant Janakia arayalpathra, reported that the addition of NAA and BAP in shoot
multiplication medium induced basal callus formation but suppressed the growth of adventitious
shoots. The different responses reported may be related to the genotype and the level of
hormones already existing in the plant part used (Li et al., 2002; Schween and Schwenkel, 2003

and Thompson et al., 2008).

In the current study, addition of 5.0uM GA3z to 5.0uM BAP and 0.5uM NAA resulted in the
highest number of leaves per explant. Further experimentation with two different concentrations
(5.0uM and 50uM) of GA3z combined with 5.0uM BAP and 0.5uM NAA to investigate their

effect on the multiplication of C. membranaceus in vitro, showed the highest shoot regeneration
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when 5.0uM GA3z was added and the least when 50 uM GA3z was added (Table 4.13). Generally
in culture, GAszis added in the medium to prevent rosette growth as it enhances shoot elongation
and the growth of meristems and buds (Kumar and Reddy, 2011). From the current study, it was
observed that the concentration of GAs in combination with BAP and NAA, had a profound
effect on shoot development, a situation which conforms to the fact that an interaction and ratio
between growth hormones in the medium can have an effect on the growth and development of

plantsin vitro (Kumar and Reddy, 2011).

The addition of 5.0uM GAs to 5.0uM BAP and 0.5uM NAA greatly enhanced the number of
shoots and leaves per explant as well as the height of shoots. In this study, it was shown that a
ten-fold increase in the concentration of GA3z from 5.0uM to 50uM was inhibitory to shoot
development in C. membranaceus. Even though in all reports on the multiplication of other
croton species, GAz was not used, similar findings were observed and reported by Fotopoulos
and Sotiropoulos, (2004) that the addition of 0.028 to 0.28uM GA3 enhanced vigorous shoot
formation whilst a ten-fold increase from 0.28 to 2.8uM GAs3 in combination with various
concentrations of BAP and NAA resulted in a reduction of the rate of shoot proliferation in
Prunus persica, indicating that a higher concentration of GAs may be inhibitory to shoot

development.

5.5 Conclusions

The current research has established a protocol for effective decontamination of explants for
initiation and multiplication of culture of Croton membranaceus in vitro. Decontamination was

achieved using 70% ethanol for 3 minutes and double sterilization with NaOCI solution.
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Different explants responded differently to the double sterilization regimes used. Sterilized
intact seeds did not develop into shoots which may be due to inhibitory effects associated with
the seed. Explants from nodal source showed better shoot formation over seed explants with
shoot tip explants as the best for shoot induction and rapid shoot development. The culture
medium for rapid multiplication is an MS medium amended with 5.0uM BAP, 0.5uM NAA and
5.0uM GAz. The various hormone combinations and concentrations used did not promote root

development of C. membranaceus.

5.6 Recommendations

Although this study has established protocol for sterilization and initiation of Croton

membranaceus, further investigations are needed to;

(i) Increase the number of shoots to enhance rapid multiplication
(i) Identify the effect of other growth regulators on shoot devel opment.

(i)  Stimulate root development in the developed shoots

57



REFERENCES

Abbiw, D., Agbovie, T., Akuetteh, B., Amponsah, K., Dennis, F., Ekpe, P., Gillett, H.,
Ofosuhene-Djan, W. and Owusu-Afriyie, G. (2002). Conservation and sustainable use of
medicinal plants in Ghana, Conservation Report. UNEP — WCMC 219, Huntingdon Rd,
Cambrbridge, CB3 ODL, UK. 64 pages.

Aboagye, F. A. (1997). The effect of Croton membranaceus on Dihydrotestosterone Level in
blood and its synthesis by prostatic 5a Reductase in the rat. (MPhil Thesis). Department of
Biochemistry, University of Ghana, Legon.

Afriyie, D. K., Asare, G. A., Bugye, K., Adje, S, Lin, J, Peng, J., and Hong, Z. (2014).
Treatment of Benign prostatic hyperplasia with Croton membranaceus in an experimental
animal model. Journal of Ethnopharmacology, 157: 90-98.

Afriyie, D. K., Asare, G. A., Bugyei, K., Asiedu-Gyekye, I. J.,, Gyan, B. A., Adjei, S. Addo, P.,
Sittie, A., and Nyarko, A. K. (2013). Anti-atherogenic and anti-ischemic potential of
Croton membranaceus observed during sub-chronic toxicity studies. Pharmacognosy
Research, 5(1): 10-16.

Afriyie, D. K., Asare, G. A., Bugyei, K., Asiedu-Gyekye, |.J., Tackie, R. and Adjei, S. (2014).
Prostate-specific targeting of the agueous root extract of Croton membranaceus in
experimental animals, First International Journal of Andrology, 46: 753-760.

Ahmad, T., Abbasi, N. A., Hafiz, I. A. and Ali, A. (2007). Comparison of sucrose and sorbitol as
main carbon energy sources in micropropagation of peach rootstock GF-677. Pakistan
Journal of Botany, 39(4): 1269-1275.

Alagumanian, S., Saravanaperumal, V., Balachandar, R., Rameshkannan, K. and Rao, M. V.
(2004). Plant regeneration from leaf and stem explants of Solanum trilobatum L. Current
Science, 86(1): 1478-1480.

Ali, S. and Mirza, B. (2006). Micropropagation of rough lemon (Citrus jambhiri Lush.): Effect
of explant type and hormone concentration. Acta Botanica Croatia, 65(2): 137-146.

Altman, A. (2000). Micropropagation of plants, principles and practice. In: Spier, R. E.
Encyclopedia of Cell Technology. New Y ork: John Wiley and Sons, 916-929.

Arockiasamy, S., Prakash, S., and Ignacimuthu, S. (2002). Direct organogenesis from mature
leaf and petiole explant of Eryngium foetidum. Biologia Plantarum, 45(1): 129-132.

Asare, G. A., Adje, S, Afriyie, D., Appiah- Danquah, A.B., Asia, J., Asiedu, B., Santa, S. and
Doku, D. (2015).Croton membranaceus improves Some Biomarkers of Cardiovascular
Disease and Diabetes in Genetic Animal models. Journal of Clinical and Diagnostic
Research, 9(12): 10-14.

58



Asare, G. A., Afriyie D., Ngala, R. A., Appiah, A. A., Anang, Y., Musa, |., Adjel, S., Bamfo-
Quaicoe, K., Sule, D., Gyan, B. A., Arhin, P. and Edoh, D A. (2015). Shrinkage of prostate
and improved quality of life: Management of BPH patients with Croton membranaceus
ethanolic root extract. Evidence based complementary and aternative medicine. Hindawi
Publishing Corporation, 10 pages.

Asare, G. A., Sittie, A., Bugysei, K., Gyan, A. B., Adje, S., Addo, P., Wiredu, K. W., Nyarko, K.
A.,Out-Nyarko, S. L., Adjei, N. D. (2011). Acute toxicity studies of Croton membranaceus
root extract. Journal of Ethnopharmacology, 134 : 938-943.

Ashish, S. and Sharma, R. A. (2011). Micropropagation of Croton bonplandinum Bail. Research
Article. International Research Journal of Pharmacy, 2(10): 82-86.

Badoni, A. and Chauhan, J. S. (2010). In vitro sterilization protocol for micropropagation of
Solanum tuberosum cv. “‘Kufri Himalini’. Academia Arena, 2(4): 24-27.

Bayor, M. T., Ayim, J. S. K., Phillips, R. M., Shnyder, S. D., and Wright, C. W. (2007). The
evaluation of selected Ghanaian medicina plants for cytotoxic activities. Journal of Science
and Technology, 27(3): 16-22.

Bayor, M. 1. (2008). The anticancer and other bioactivity investigations on the extract and some
compounds of Croton membranaceus (Euphobiaceae) (PhD Thesis). Department of
Pharmaceutical Chemistry, Kwame Nkrumah University of Science and Technology,
Kumasi Ghana

Bayor, M. I., Stephen, Y. G., and Annan, K. (2009). The antimicrobial activity of Croton
membranaceus, a species used in formulations of measles in Ghana. Journa of
Pharmacognosy and Phytotherapy, 1: 048-052.

Bingtao, L., Huaxing, Q., Jinshuang, M., Hua, Z., Gilbert, M. G., Hans-Joachim, E., Dressler, S,,
Hoffmann, P., Gillespie, L. J, Vorontsova, M.and McPherson, G. D. (1997).
Euphorbiaceae. Flora of China, page 163.

Block, S., Gerkens, P., Peulen, O., Jolois, O., Mingeot-Leclercq, M. P., De Pauw-Gillet, M. C.,
and Quetin-Leclercq, J. (2005). Induction of apoptosis in human promyelocytic leukemia
cellsby anatural trachylobane diterpene. Anticancer Research, 25 (1A): 363-368.

Chavan, JJ., Ghadage, M. D., Bhoite, S. A.and Umdale, D.S. (2015). Micropropagation,
molecular profiling and RP-HPLC determination of mangiferin across various regeneration
stages of Saptarangi (Salacia chinensisL.). Industrial Crops and Products, 76: 1123-1132.

Cheruvathur, M. K., Abraham, J. and Thomas, T. D. (2015). In vitro micropropagation and

flowering in Ipomoea sepiaria Roxb. An important ethnomedicinal plant. Sian Pacific
Journal of Reproduction, 4(1): 49-53.

59



Chien, K. W., Agrawal, D. C., Tsay, H. S. and Chang, C. A. (2015). Elimination of mixed
‘Odontoglossum ringspot” and “Cymbidium mosaic’ viruses from Phalaenopsis hybrid V3’
through shoot-tip culture and protocorm-like body selection. Crop Protection, 67:1-6.

De Silva, M. A. N. and Senarath, W. T. P. S. K. (2009). Development of a successful protocol
for in vitro mass propagation of Celatrus paniculatus Willd. — A valuable medicinal plant.
Tropical Agricultural Research, 21(1):21-29.

Debergh, P. C. (2000). Micropropagation, Hyperhydricity. Encyclopedia of Cell Technology.
New Y ork: John Wiley and Sons, pages 929-933.

Ddllo, I. R, Linhares, F. S., Scacchi, E., Casamitjana-Martinez, E., Heidstra, R., Costantino, P.
and Sabatini, S. (2007). Cytokinins determine Arabidopsis root-meristem size by
controlling cell differentiation. Current Biology, 17(8):678-682.

Devi, D. N. and Shanthi, A. (2013). Propagating crotons from leaves. African Journal of
Agricultural Research, 8(26): 3473-3475.

Didlo, M. S., Ndiaye, A., Sagna, M., and Gassama-Dia, Y. K. (2008). Plants regeneration from
African cowpea variety (Vigna unguiculata L. Walp.). African Journal of Biotechnology,
7(16):2828-2833.

Donnaruma, F., Capuana, M., Vettori, C., Petrini, G., Giannini, R., Indorato, C. and
Mastromei, G. (2011). Isolation and characterization of bacterial colonies from seeds and
in vitro cultures of Fraxinus spp. Plant Biology, 13(1): 169-176.

Engelmann, F. (2011). Use of biotechnologies for the conservation of biodiversity. In vitro
Cédlular and Developmental Biology-Plant, 47(1):5-16.

Evtushenko, Y.V., Kovaevskyi, S.B., Pinchuk, A.P. and Chornobrov, O.Y. (2016).
Biotechnological aspects of micropropagation of Aesculus carnea hayme. Annals of
Agrarian Science, 14. 303-306.

Faisa, M., Ahmad, N., Anis, M., Alatar, A. A. and Qahta, A. A.(2017). Auxin-cytokinin
synergism in vitro for producing genetically stable plants of Ruta graveolens using shoot tip
meristems. Saudi Journal of Biological Sciences, 18 pages.

Fan, B., He, R, Shang, Y., Xu, L., Wang, N.,Gao, H., Liu, X. and Wang, Z. (2017). System
construction of virus free and rapid propagation technology of Baodi garlic (Allium sativum
L.). Scientia Horticulturae, 222: 498-505.

Faria, R. T. D., Rodrigues, F. N., Oliveira, L. V. R. and Muller, C. (2004). In vitro Dendrobium

nobile plant growth and rooting in different sucrose concentrations. Horticultural
Brassileira, 22(4). 780-783.

60



FAO (1996). List of medicinal plants (Appendix 2). Ghana: Country report to the FAO
International Technical Conference on Plant Genetic Resources, pages 42-43.

Feyissa, T., Welander, M., and Negash, L. (2005). In vitroregeneration ofHagenia abyssinica
(Bruce) J.F. Gmel. (Rosaceae) from leaf explants. Plant Cell Reports. 24: 392-400.

Finch-Savage, W. E. and Leubner-Metzger, G. (2006). Seed dormancy and the control of
germination. New Phytologist, 171: 501-523.

Fotopoulos, S. and Sortiropoulos, T. (2004). In vitro propagation of the PR 204/84 peach
rootstock (Prunus persica XP. Amygdalus): The effect of BAP, NAA and GA3z on shoot
proliferation. Advances in Horticultural Science, 18(2): 101-104.

Fowler, M. R. (2000). Plant cell culture, laboratory techniques. Encyclopedia of cell technology.
New Y ork. John Wiley and Sons, pages 944-1002.

Freitas, E. O., Monteiro, R. T., Nogueira, G.F., Scherwinsky-Pereira, J.E (2016). Somatic
embryogenesis of acai palm (Euterpe oleracea: Induction of embryogenic cultures,
morphoanatomy and its morphological characteristics. Scientia Horticulturae, 212: 126-135.

Garg, P., Khatri, P. and Gandhi, D. (2011). Plant tissue culture of Jatropha curcas L: A review.
Imperial Journal of Pharmacognosy and Natural Products, 1(1): 6-13.

George, E. F., Hall, M. A. and De Klerk, G. J. (2007). Plant Propagation by Tissue Culture (3
ed) - The background. 1: 1-28.

Gledhill, D. (2008). The Names of Plants (4th ed.). Cambridge University Press. 126 pages.

Gitonga, L. N., Gichuki, T.S., Ngamau, K., Muigai, T. W. A.,Kahangi, M. E., Wasilwa, A. L.,
Wepukhulu, S. and Njogu, N. (2010). Effect of explant type, source and genotype on in
vitro shoot regeneration in Macadamia (Macadamia spp.). Journal of Agricultural
Biotechnology and Sustainable Development, 2(7): 129-135.

Hussain, A., Qarshi, I. A., Nazir, H., and Ullah, |. (2012). Plant tissue culture: current status and
opportunities. In Recent advancesin plant in vitro culture. InTech. pages 1-28.

Ingram, L. D. and Yeager, H. T.(2003). Propagation of landscape plants - Method and
Information Sheet. University of Florida, IFAS Extension, 9 pages.

Jain, N. and Babbar, S. B. (2003). Effect of carbon source on the shoot proliferation potential of
epicotyl explants of Syzygium cuminii. Biologia Plantarium, 47(1): 133-136.

Jana, S., Sivanesan, 1., and Jeong, B. R. (2013). Effects of cytokinins on in vitro multiplication of
Sophora tonkinensis. Asian Pacific Journal of Tropical Biomedicine, 3(7): 549-553

Jun-jie, Z., Yeu-Shen, Y., Meng-fe, L., Shu-qi, L., Yi, T, Han-bin, C. and Xiao-yang, C. (2017).
An efficient micropropagation protocol for direct organogenesis from leaf explants of an

61



economically valuable plant, drumstick (Moringa oleifera Lam.). Industrial Crops and
Products, 103: 59-63.

Karami, O., Deljou, A., Esna-Ashari, M. and Ostad-Ahmadi, P. (2006). Effect of sucrose
concentrations on somatic embryogenesis in carnation (Dianthus caryophyllus L.). Scientia
Horticulturae, 110: 340-344.

Karami, S. (2016). Conservative efforts through embryo culture of a vulnerable plant
Hemidesmus indicus L. International Journa of Plant, Anima and Environmental Sciences,
6(1):294-301.

Kondamudi, R., Sri Rama Murthy, K. and Pullaiah, T. (2009). Euphobiaceae - A critical review
on Plant Tissue Culture. Tropical and subtropical Agroecosystems, 10(3): 313-335.

Koornnef, M., Bentsink, L. and Hilhorst, H. (2002). Seed dormancy and germination. Current
Opinion in Plant Biology, 5: 33-36.

Kozai, T. and Zobayed, S. (2000). Acclimatization. Encyclopedia of Cell Technology. New
Y ork: John Wiley and Sons, pages 1-12.

Kumar, N.and Reddy, M. P. (2010). Plant regeneration through the direct induction of shoot buds
from petiole explants of Jatropha curcas. a biofuel plant. Annals of Applied Biology,
156(3): 367-375.

Kumar, N. and Reddy, M. P. (2011). In vitro Plant Propagation : a review. Journal of Forest and
Enviromental Science, 27(2): 61-72.

Kumar, N., Anand, K. V. and Reddy, M. P. (2011b). Plant regeneration in non-toxic Jatropha
curcas — impacts of plant growth regulators, source and type of explants. Journal of plant
biochemistry and biotechnology, 20(1): 125-133.

Kumar, N., Vijay Anand, K. G. and Reddy, M. P. (2011). In vitro regeneration from petiole
explants of non-toxic Jatropha curcas. Industrial crops and products, 33: 146-151.

Li, W., Masilamany, P., Kasha, K. J. and Pauls, K. P. (2002). Developmental, tissue culture and
genotypic factors affecting plant regeneration from shoot apical meristems of germinated
Zea mays L. seedlings. In vitro Celular and Developmenta Biology - Plant, 38(3):285-
292.

Liang, O. P. and Keng, C. L. (2006). In vitro Plant regeneration, flowering and fruiting of
Phyllanthus niruri L. (Euphobiaceae). International Journal of Botany, 2(4): 409-414.

Lima, E. D., Paiva, R., Noguera, R. C., Soares F. P., Emrich, E. B. Silva, A. A .N. (2008). Callus

induction in leaf segments of Croton urucurana Baill. Cienciae Agrotechnologia, 32(1): 17-
22.

62



Lott, E. D. and Lindgren, T. D.(2012). Propagating house plants. University of Nebraska-
Lincoln. NebGuide, 4 pages.

Mallick, S. R., Jena, R. C. and Samal, K. C. (2012). Rapid in vitro multiplication of an endagered
medicinal plant Sarpgandha (Rauwolfia serpentina). American Journa of Plant Sciences, 3:
437-442.

Masekesa, R. T., Gasura, E., Matikiti, A., Kujeke, G. T., Ngadze, E. Icishahayo, D. Chidzwondo,
F. and Robertson, A. (2016). Effect of BAP, NAA and GAj3, either alone or in combination,
on meristem culture and plantlet establishment in sweet potato (cv brondal). African journa
of Food, Agriculture, Nutrition and development, 16(1): 10649-10665.

Miyazaki, J., Tan B. H. and Errington, S. G. (2010). Eradication of endophytic bacteria via
treatment for axillary buds of Petunia hybrida using plant preservative mixture (PPM™).
Plant cell, Tissue and organ culture, 102: 365-372.

Miyazaki,J., Tan B. H. and Errington, S. G. and Kuo, J. J. S. (2011). Macropidia fuliginosa: its
localization and eradication from in vitro cultured basal stem cells. Australian Journal of
Botany, 59(4): 363 368.

Moura, E. F. Motoike, S.Y. Ventrella, M.C., Junior, S.C, Carvalho, M. (2009). Somatic
embryogenesis in macaw palm (Arocomia aculeata Jacq). Lodd Martius). Scientia
Horticulturae, 919: 447-454

Mshana, N. R., Abbiw D. K., Addae-Mensah, I., Adjanouhoun, E., Ahyi, M. R. A., Ekpere, JA.,
Enow-Orock, E. G., Ghile, Z. O., Noamesi, G K., Odei, M.A., Odunlami, H.,Oteng-Y eboah,
A. A., Sarpong, K., Sofowora, A.and Tackie, A. N. (2000). Traditiona Medicine and
Pharmacopoeia: Contribution to the revision of ethnobotanical and floristic studies in
Ghana, Accra (2" ed). Organization of African Unity/Scientific, Technical and Research
Commission , OAU/STRC, pages 137,419, 732-733.

Murashige, T., and Skoog, F. (1962). A revised medium for rapid growth and bioassays with
tabacco tissue cultures. Physiolgia Plantarum, 15: 473-479.

Nalawade, S. M., Sagare, A. P., Lee, C. Y., Kao, C. L., and Tsay, H. S. (2003). Studies on tissue
culture of Chinese medicina plant resources in Taiwan and their sustainable utilization.
Botanica Bulletin of Acadamia Sinica, 44: 79-98.

Nalawade, S. M., and Tsay, H.-S. (2004). In vitro propagation of some important chinese
medicina plants and their sustainable usage. In Vitro Cellular and Developmental Biology -
Plant, 40(2): 143-154.

Nasib, A., Ali, K., and Khan, S. (2008). In vitro propagation of Croton (Codiaeum variegatum).
Pakistan Journal of Botany, 40(1): 99-104.

63



Nath, R., Roy, S, De, B., and Choudhury, M. D. (2013). Anticancer and Antioxidant Activity of
Croton: A Review. International Journal of Pharmacy and Pharmaceutical Sciences, 5(2):
63-70.

Obu, N. R. (2015). Effect of Croton membranaceus on men with Benign Prostatic Hypertrophy
(BPH) or Enlarged Prostate- Men's Health Foundation Ghana Research; Case study.

Ockerse, R. and Galston, A. W. (1967). Gibberellin-Auxin interaction in pea stem elongation.
Plant Physiology, 42: 47-54.

Oliveira, T., Calves, G., Sergio, S. P., Betoni, B. W., de Castro, F., Suzelei Pereira, S. and Maria,
A. (2011). Micropropagation of Croton antisyphyliticus Mart. CienciaRural, 41(10): 1712.

Orlikowska, T., Sabata, I. and Kucharska, D. (2000). The effect of leaf and shoot tip removal and
explant orientation on axillary shoot proliferation of Codiaeum variegatum Blume var.
pictum Muell. Arg. cv. Exéllent. Scientia Horticulturae, 85(1): 103-111.

Patel, p. and Nadgauda, R. (2014). Development of simple, cost effective protocol for
micropropagation of Tylophora indica (Burm f.) Merill., an important medicina plant.
European Journal of Medicinal Plants, 4(11): 1356-1366.

Prakash, M. G., and Gurumurthi, K. (2005). Somatic embryogenesis and plant regeneration in
Eucalyptus tereticornis Sm. Current Science, 88: 1311-1316.

Radice, S. (2010). Micropropagation of Codiaeum variegatum (L.) Blume and regeneration
induction via adventitious buds and somatic embryogenesis. Methods in Molecular Biology,
589(18):187-95.

Rani, G., Tawar, D., Nagpal, A. and Virk, G. S. (2006). Micropropagation of Coleus blumei
from nodal segments and shoot tips. Biologia Plantarum, 50(4):496-500.

Rathore, M.S., Yadav, S., Yadav, P., Kheni, J. and Jha, B. (2015). Micropropagation of elite
genotype of Jatropha curcas L. through enhanced axillary bud proliferation and ex-virto
rooting. Biomass and Bioenergy, 83: 501-510.

Reddy, M. P., Kumar, N., Vijay Anand, G., Singh, A. H., and Singh, S. (2008). Method for
micropropagation of Jatropha curcas plants from leaf explants. Patent filed US and PCT.

Relf, D. and Ball, E.(2009). Propagation by cuttings, layering and division. Virginia Cooperative
Extension, 6 pages.

Rout, G. R., Samantaray, S., and Das, P. (2000). In vitro manipulation and propagation of
medicinal plants. Biotechnology Advances, 18(2): 91-120.

64



Russo, A., Vettori, L., Felici, C., Fiaschi, G. Morini, S. and Toffanin, A. (2008). Enhanced
micropropagation response and biocontrol effect of Azospirillum brasilense Sp245 on
Prunus cersifera L. clone Mr. 2/5 plants. Journal of Biotechnology, 134: 312-319.

Sagare, A. P., Lee, Y. L, Lin, T. C,, Chen, C. C.,and Tsay, H. S. (2000). Cytokinin-induced
somatic embryogenesis and plant regeneration in Coryodalis yanhusuo (Fumariaceae) - a
medicinal plant. Plant Science, 160(1): 139-147.

Saini, K. R., Shetty, P. N., Giridhar, P. and Ravishankar, A.G. (2012). Rapid in vitro
regeneration method for Moringa oleifera and perfomance evaluation of field grown
nutritionally enriched tissue cultured plants. 3 Biotehnology, 2:187-192.

Salamma, S. and Ravi Prasad Rao, B. (2013). In vitro Embryo culture of Croton scabiosus Bedd.
(Euphorbiaceae), an endemic plant of Southern Andhra Pradesh. Journal of Pharmacy and
Biological Sciences (IOSR-JPB), 5(2): 108-114

Sadatino, A., Salatino, M. L. F., and Negri, G. (2007). Traditional uses, Chemistry and
Pharmacology of Croton species ( Euphorbiaceae ). Journa of the Brazilian Chemical
Society, 18(1): 11-33.

Sarasan, V., Kite, G. C., Sileshi, G. W. and Steveson, P. C. (2011). Applications of
phytochemical and in vitro techniques for reducing over-harvesting of medicina and
pesticidal plants and generating income for the rural poor. Plant cell report, 30:1163-1172.

Sarkodie, J. A., Edoh, D. A., Kretchy, I. A., Aboagye, F. A., Appiah, A.A., Frimpong-Manso, S.,
Asiedu-Gyeke, J. ., Nyarko, A. K., Debrah, P., and Owusu Donkor, P., (2014). Altenative
therapy in type 1 diabetes: the effect of Croton membranaceus extracts, International
Journal of Chemistry and Pharmaceutical Science, 2: 883-8809.

Schmelzer, G. H. and Gurib-Fakim, A. (2008). Medicina Plants, Volume 1 (ed.). Plant
Resources of Tropical Africa, Netherlands, 11: 206-207.

Schween, G.and Schwenkel, H.G. (2003). Effect of genotype on calus induction, shoot
regeneration and phenotypic stability of regenerated plants in greenhouse of Primula spp.
Plant Cell, Tissue and Organ Culture, 72(1): 53-61.

Sen, A.,Sharma, M.M., Grover, D. and Batra A. (2009). In vitro regeneration of Phyllanthus
amarus Schum. amd Thonn.: An important medicinal plant. Our Nature, 7: 110-115.

Sen, M. K., Hena, M. A., Jamal, M., and Nasrin, S. (2013). Sterilization factors affect seed
germination and proliferation of Achyranthes aspera cultured in vitro. Environmental and
Experimental Biology, 11: 119-123.

Sharma, R. K. and Wakhlu, A. K. (2001). Adventitious shoot regeneration from petiole explants

of Heracleum candicans Wall. In vitro Cellular and Developmental Biology-Plant, 37(6):
794-797.

65



Sharma, S., Kumar, N. and Reddy, M. P. (2011). Regeneration of Jatropha curcas. Factors
affecting the efficiency of in vitro regeneration. Industrial Crops and Products, 34: 943-951.

Sharma, S., Shahzad, A, Namreen, J. and Sahai, A. (2009). In vitro studies on shoot regeneration
through various explants and alginate-encapsulated nodal segments of Spilanthes
mauritiana DC., an endangered medicina herb. International Journal of Plant
Developmental Biology, 3(1): 56-61.

Shekarriz, P., Kafi, M., Deilamy, S.D. and Mirmasoumi, M. (2014) Coconut water and peptone
improve seed germination and protocorm like body formation of hybrid Phalaenopsis
Agricultural Science Development, 3(10):317-322

Shibata, W., Murai, F., Akiyama, T., Siriphol, M., Matsunaga, E., and Morimoto, H. (1996).
Micropropagation of Croton sublyratus Kurz; atropical tree of medicinal importance. Plant
Cell Reports, 16: 147-152.

Shukla, S and Padmaja, G. (2014). In vitro regeneration from shoot tip and noda explants of
Smarouba glauca DC, a promising biodiesel tree. International Journal of Applied Biology
and Pharmaceutical Technology, 4(2):206-213.

Sidhu, Y. (2010). In vitro micropropagation of medicina plants by tissue culture. The plymouth
student scientist, 4(1): 432-449.

Silva, B., Amaral, A., Ferreira, J., Santiago, L. and Louro, R. (2013). Micropropagation and in
vitro production of secondary metabolites of Croton floribundus Spreng. In Vitro Cellular
and Developmental Biology, 49(3): 366-372.

Soni, M. and Kaur, R. (2014). Rapid in vitro propagation and conservation of genetic stability of
Viola pilosa. Physiology and Molecular Biology of plants, 20(1): 95 101.

Srivastava, N., Kamal, B., Sharma, V., Negi, Y. K., Dobriyal, A. K., Gupta, S.and Jadon, S.
(2010). Standardization of Sterilization Protocol for Micropropagation of Aconitum
heterophyllum- An Endangered Medicinal Herb. Academic Arena, 2(6): 62—66.

Sumaryono, Muslihatin, W. and Ratnadewi, D. (2012). Effect of carbohydrate source on growth
and performance of in vitro sago pam (Metroxylon sagu Rottb.) plantlets. Hayati Journal of
Bioscience, 19(2): 88-92.

Sun, T. (2010). Gibberellins signal Transduction in stem elongation and leaf growth. In: Davies,
P. J. (eds). Plant hormones, pages 308 - 328.

Taskin, H., Baktemur, G., Kurul, M. and Buyukalaca, S. (2013). Use of Tissue culture

Techniques for producing Virus-free plants in garlic and their identification through real -
time PCR. The Scientific World Journal, 5 pages.

66



Thangavel, K., Ravichandran, P., Mahesh,R. and Muthuchelan, K. (2016). In vitro
micropropagation of Janakia arayalpathra Joseph and chandras. - a RET medicinal plant.
Botanical report, 5(3): 9-18.

Thompson, D.S., (2008). Space and time in plant cell wall: relationships between cell type: cell
wall rheology and cell function. Annals of Botany, 101: 203-211.

Tyagi, A. P., Comal, L., and Byers, B. (2001). Comparison of plant regeneration from root, shoot
and leaf explantsin pigeon pea (Cajanus cajan) cultivars. SABRAO Journal of Breeding and
Genetics, 33(2): 59-71.

Utami, E.SW., Hariyanto, S., Manuhara, Y, S. W. (2017). In vitro propagation of the
endangered medicinal orchid, Dendrodium lasiathera J.J. Sm through mature seed culture.
Asian Pacific Journal of Tropical Biomedicine. 7(5): 406-410.

Varshney, A and Anis, M. (2014). Trees. Propagation and conservation. Biotechnological
Approaches for Propagation of a Multipurpose Tree, Balanites aegyptiaca Del. Spinger
Science and Business Media, 2: 11-47

Veraplakron, V. (2016). Micropropagation and callus induction of Lantana camara, L.-A
medicinal plant. Agricultural and Natural Sciences, 50: 338-344

Vijendra, D. P..Jayanna, S. G., Kumar, V.,Gaula, H., Rgashekar J., Sannabommaji, T.,
Basappab, G. and Anuradha C.M. (2017). Rapid in vitro propagation of Lucas aspera
Spreng. A potential multipurpose Indian medicinal herb. Industrial Crops and Products,
107: 281-287.

67



APPENDIX

Table A.1. Composition of MS basal medium used for culture initiation and multiplication.

Constituents Concentration (mg/l)

Macronutrients

NH4NO3 1,650
KNO3 1,900
CaCl2.2H20 450
MgSO4.7H20 370
KH2PO4 170
FeSO4.7H20 29.0
NaEDTA 37.3
Micronutrients

H3BO3 6.2
MnSO4.H20 22.3
ZnS04.7H20 8.6
NaM004.2H20 0.25
CuS02.5H20 0.25
CoCl2.6H20 0.25
Kl 0.83
Vitamins

Myo-inositol 100
Thiamine HCI 0.1
Carbohydrate source

Sucrose 30,000
Growth hormones

BAP

NAA

GA3

Agar 8500
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Table A.2. Required volumes of stock solutions used for preparing M S basal medium.

Stock Reagent Amount in Volume of stock Final volumein
stock (g/l) (ml) medium (mi/l)
1 NH4NO3 82.5 100 20
KNOs3 85.0
MgSO4.7H20 16.5
KH2PO4 85
2 H3BOs 0.62 100 1
MnSO4.H20 2.176
ZnS04.7H20 0.86
NaMo004.2H20 0.025
CuS04.5H.0 0.0025
CoCl2.6H20 0.0025
3 Kl 0.075 100 1
4 CaCl2.2H20 15.0 100 3
5 NaeEDTA 0.001492 200 5
FeS04.7H-0 0.001114
6 Thiamine-HCI 0.01 200 5
7 Myo-inositol 0.8 200 6.75
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Table A.3. One—way Analysisof Variance for the survival of coatless seeds on M S basal
medium amended with BAP, NAA and GAa.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Accession 6 0.1714 0.02857 0.50 0.806
Error 63 3.6000 0.5714

Total 69 3.7714

Table A.4. One—way Analysisof Variance for the development of shoot in coatless seeds on
MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Accession 6 0.1714 0.02857 0.50 0.806
Error 63 3.6000 0.5714

Total 69 3.7714

Table A.5. One— way Analysis of Variance for the development of leaves in coatless seeds on
MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Accession 6 1.971 0.3286 0.62 0.712
Error 63 33.300 0.5286

Total 69 35.271
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Table A.6. One—way Analysis of Variance for the development of roots in coatless seedson MS
basal medium amended with BAP, NAA and GAa.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Accession 6 4971 0.8286 0.64 0.700
Error 63 81.900 1.3000

Total 69 86.871

Table A.7. One—way Analysisof Variance for the height of shoot in coatless seeds on M S basal
medium amended with BAP, NAA and GAa.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Accession 6 1.089 0.1815 0.70 0.649
Error 63 16.281 0.2584

Total 69 17.370

Table A.8. One— way Analysisof Variance for survival of isolated embryos on M S basal
medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 0.3429 4.05714 0.84 0.546
Error 63 4.3000 0.06825

Total 69 4.6429

71



Table A.9. One—way Analysis of Variance for the development shoot in isolated embryos on
MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adji MS F-Vaue P-Vaue
Treatment 6 0.3429 4.05714 0.84 0.546
Error 63 4.3000 0.06825

Total 69 4.6429

Table A.10. One - way Analysis of Variance for the development of leaves in isolated embryos
on MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Value
Treatment 6 3.743 0.6238 0.78 0.587
Error 63 50.200 0.7968

Total 69 53.943

Table A.11. One - way Analysis of Variance for the development of roots in isolated embryos on
MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 5.600 0.9333 0.78 0.590
Error 63 75.600 1.2000

Total 69 81.200
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Table A.12. One - way Analysis of Variance for the height of shoot in isolated embryoson MS
basal medium amended with BAP, NAA and GAa.

Source DF Adj SS Adji MS F-Vaue P-Vaue
Treatment 6 1.110 0.1850 0.56 0.757
Error 63 20.637 0.3276

Total 69 21.747

Table A.13. One—- way Analysis of Variance for the survival of nodal cuttings on M S basal
medium amended with BAP, NAA and GAa.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 2.000 0.3333 1.65 0.147
Error 63 12.700 0.2016

Total 69 14.700

Table A.14. One - way Analysis of Variance for the development of shoot in nodal cuttings on
MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 5.143 0.8571 1.59 0.165
Error 63 34.000 0.5397

Total 69 39.143
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Table A.15. One— way Analysis of Variance for the development of leavesin nodal cuttings on
MS basal medium supplemented with BAP, NAA and GAa.

Source DF Adj SS Adi MS F-Vaue P-Vaue
Treatment 6 93.29 15.55 1.53 0.183
Error 63 640.50 10.17

Total 69 733.79

Table A.16. One— way Analysis of Variance for the height of shoot in nodal cutting explants on
MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 4.847 0.8079 1.30 0.270
Error 63 39.124 0.6210

Total 69 43.971

Table A.17. Two-sample T-Test for the performance of nodal cutting and shoot tip explants on
MS basal medium amended with BAP, NAA and GAzfor regeneration shoot in Croton
membranaceus.

Source DF T-Test of T-value P-Vaue
difference

Surviving cultures 18 0 -1.41 0.177

Shoot per explant 18 0 -2.33 0.031

Leaf per explant 18 0 -1.78 0.092

Shoot height 18 0 -3.40 0.003
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Table A.18. One - way Analysis of Variance for the survival of in vitro nodal cutting explants on
MS basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 1171 0.1952 1.52 0.187
Error 63 8.100 0.1286

Total 69 9.271

Table A.19. One - way Analysis of Variance for the devel opment of shoot from in vitro nodal
cutting explants on M S basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 5.800 0.9667 177 0.121
Error 63 34.500 0.5476

Total 69 40.300

Table A.20. One - way Analysis of Variance for the development of leaves from in vitro nodal
cutting explants on M S basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 49.94 8.324 1.50 0.193
Error 63 350.00 5.556

Tota 69 399.94
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Table A.21. One- way Analysis of Variance for the height of shoot of in vitro nodal cutting
explants on M S basal medium amended with BAP, NAA and GAs.

Source DF Adj SS Adj MS F-Vaue P-Vaue
Treatment 6 1.878 0.3130 1.62 0.156
Error 63 12171 0.1932

Total 69 14.049

Table A.22. One— way Analysis of Variance for the survival of in vitro nodal cutting explants on
MS basal medium amended with BAP, NAA and different concentrations of GAa.

Source DF Adj SS Adj MS F-Vaue P-Value
Treatment 2 0.2000 0.10000 1.08 0.354
Error 27 2.5000 0.09259

Total 29 2.7000

Table A.23. One— way Analysis of Variance for the development of shoot from in vitro nodal
cutting explants on M S basal medium amended with BAP, NAA and different concentrations of
GAs.

Source DF Adj SS Adi MS F-Vaue P-Vaue
Treatment 2 4.467 2.233 1.90 0.169
Error 27 31.700 1174

Total 29 36.167
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Table A.24. One— way Analysis of Variance for the development of leaves from in vitro nodal
cutting explants on M S basal medium amended with BAP, NAA and different concentrations of
GAs.

Source DF Adj SS Adi MS F-Vaue P-Vaue
Treatment 2 38.60 19.30 1.33 0.281
Error 27 391.70 1451

Total 29 430.30

Table A.25. One - way Analysis of Variance for the height of shoot of in vitro nodal cutting
explants on M S basal medium amended with BAP, NAA and different concentrations of GAs.

Source DF Adj SS Adi MS F-Vaue P-Vaue
Treatment 2 03500  0.1750 0.45 0.643
Error 27 10.5170 38.95

Total 29 10.8670

Table A.9. Growth hormones added to the MS basal medium.

Growth hormones Molecular weight pUM for 1 mg/l
BAP 225.3 4.44
GAs 346.4 2.89
NAA 186.2 5.37

Source: Sigma Aldrich, A part of Merck. Growth Regulators-Plant Tissue Culture Protocol;
www sigmaaldrich.com
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