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Abstract 

Tacca leontopetaloides is a tropical tuberous food crop which contains starch of a raw material 

source potential for industries. The aim of this study was to induce in vitro polyploidization in T. 

leontopetaloides using oryzalin as an antimicrotubule agent, to detect polyploids using flow 

cytometry and to assess polyploids in vitro and in field conditions of Ghana. Shoots were treated 

in vitro with oryzalin (25 μM and 30 μM) for 24 or 48 hours. The highest polyploidization 

efficiency of 10% was achieved with 25 μM oryzalin regardless of time duration and with 30 μM 

for 24 hours exposure time. In total, seven of 80 (8.75%) tetraploids were obtained from all 

treatments. The highest survival rate of shoots (90%) was achieved with 25 μM for 24 hours 

exposure time. Morphology of the tetraploid plants was evaluated on MS medium without plant 

growth regulators (PGRs). Tetraploid plants showed altered morphological characters such as 

increased leaf width/length ratio, rounder leaf shape and dark green colouration as well as 

significantly higher number of roots (4.85 ± 0.66 roots/explant) and root length (0.91 ± 0.10 cm)  

compared to diploids with lower number of roots (2.95 ± 0.52 roots/explant) and root length (0.62 

± 0.10 cm) respectively. No significant difference in plant height was found between tetraploid 

and the diploid plants. Cultivation of tetraploid and diploid plants on multiplication MS salts 

medium fortified with 0.05 mg l-1 NAA and 0.1 mg l-1 zeatin showed increased in the number of 

shoots (5.06 ± 0.19 shoots/explants) in diploids compared to tetraploid plants (4.43 ± 0.16 

shoots/plant). Tetraploid and diploid plants were evaluated ex vitro under tropical conditions of 

Ghana. The survival rate after six weeks of acclimatization in the greenhouse was 100% and 91.6% 

for diploid and tetraploid respectively. After twelve weeks under field conditions, however, the 

survival rate was 60% and 80% for diploid and tetraploid respectively showing better adaptation 

of tetraploid plants to field conditions. Tetraploid plants produced a higher number of tubers per 

plants as well as increased in tuber size. The tetraploid plants showed slower growth compared to 

diploids. These results proved that in vitro treatment of T. leontopetaloides shoots with oryzalin 

solution is an effective procedure for chromosome doubling and tetraploid plants may be used as 

a material with modified morphology, growth and yield characteristics for further breeding and 

the generation of novel varieties of T. leontopetaloides. 

Keywords: Flow cytometry, in vitro culture, oryzalin, ploidy level, Tacca leontopetaloides, 

morphological characteristics 
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1. Introduction and literature review 

1.1. Introduction 

Polynesian arrowroot (Tacca leontopetaloides (L.) Kuntze) is a perennial species of flowering 

plant which belongs to the family Dioscoreaceae. This species is native to tropical Africa, 

Southeast Asia, and Northern Australia and it is known to have been domesticated in the Pacific 

Islands through early human migration due to its importance as a food source (Ukpabi et al. 2009; 

Ubwa et al. 2011). When staple foods such as Yam and cassava become scarce in Nigeria, the 

tubers of T. leontopetaloides are considered as an alternative food source (Kay 1987).  This species 

is also used as a medicinal plant. In India, the plants have been over-collected for its medicinal 

properties resulting in a local depletion (Bagul & Yadav 2007). The starch from the tubers has 

attracted research attention in recent years as a potential raw material for biodegradable plastics 

(Makhtar et al. 2013) and tablets formulation in the pharmaceutical industry since it possessed 

similar physiochemical properties to maize starch (Kunle et al. 2003).  

T. leontopetaloides can be propagated by seeds. However, due to poor seed germination, vegetative 

propagation by the use of tubers is mostly practiced by farmers (Spennemann 1994; Borokini et 

al. 2011). T. leontopetaloides possess self-pollinating, hermaphroditic and perfect flowers like 

other members of the Tacca genus (Borokini et al. 2012) resulting in low genetic variability. 

Biotechnology, therefore, present the opportunity for the development of new genotypes of this 

species. 

Polyploidy is defined as the possession of three or more complete copies of the nuclear 

chromosome set. Polyploidy in plants is believed to have been discovered a century ago and is 

considered to be an important feature of chromosome evolution (Ramsey & Schemske 1998). In 

vitro induction of polyploidy has become a common biotechnological method for the improvement 

of crop yield and chemical composition. In agricultural and horticultural practices, polyploidy 

brings about gigantism in all or some characters. Induction of polyploidy in T. leontopetaloides 

could be useful for the improvement of the yield and the chemical composition of its tubers.  

Although this species remains a wild and under-utilized crop, it has the potential for diversification 

away from over-reliance on staples crops for food and industrial raw materials.  
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Therefore this study was carried out to induce in vitro polyploidization in T. leontopetaloides using 

oryzalin as an antimicrotubule agent, to detect polyploids using flow cytometry and to assess 

polyploids in vitro and in field conditions of Ghana. 

 

1.2. Literature review 

1.2.1. Taxonomical classification of Tacca leontopetaloides  

Tacca leontopetaloides (L.) Kuntze belongs to the kingdom Plantae, the order Dioscoreales, and 

family Dioscoreaceae. Tacca genus was treated in its own family Taccaceae but Caddick et al. 

(2002) after doing an extensive study of the order using analysis of three genes, rbcL, atpB and 

18S rDNA, and morphology to examine relationships of nearly all genera of the order Dioscoreales 

expanded Dioscoreaceae family to incorporate the Tacca genus and this was accepted by 

Angiosperm Phylogeny Group (APG II 2003).  

 

1.2.2. Reproductive biology of Tacca leontopetaloides 

Tacca leontopetaloides is characterized by inconspicuous dark-green inflorescences with small 

bracts and short bracteoles. Floral traps, the absence of nectar, and a decaying odour are common 

features of the sapromyiopholous. Drenth (1972) interpreted these traits which are common in 

species of Tacca as sapromyiopholous syndrome. There have not been detailed research regarding 

the reproductive biology and the mating system of T. leontopetaloides. However, Zhang et al. 

(2007) reported that outcrossing in Tacca may be rare. Cytological studies on T. leontopetaloides 

reported a chromosome number (2n = 30) (Darlington & Wylie 1955). 

 

1.2.3. Other species of the genus Tacca  

The genus Tacca has a pantropical rage with the main centre in Indo-Malaysia (Drenth 

1972).   Species of this small genus has diverse floral display and can generally be sorted into three 

groups based on their inflorescences characters according to Zhang et al. (2011): (i) T. 
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leontopetaloides, T. plantaginea and T. parkeri have inconspicuous inflorescences with small 

bracts and short bracteoles, (ii) T. palmata and T. palmatifida also have inconspicuous 

inflorescences with bracts but without bracteoles, and (iii) T. subflabellata, T. integrifolia, T. 

ampliplacenta, and T. chantrieri however,  have very showy inflorescences with large bracts and 

long bracteoles.  

Species in the Tacca genus produce no nectar and only a small amount of pollen (Zhang et al. 

2005). Tacca palmata and T. palmatifida seem to lack any attraction to pollinators which could be 

as a result of septal nectary loss in monocots driven by the loss of pollinators (Smets et al. 2000). 

Tacca subflabellata, T. integrifolia, T. ampliplacenta, and T. chantrieri have two conspicuous and 

large bracts, dark purple or white in colour, positioned above the dark purple flowers and long 

dangling filiform bracteoles. The elaborate inflorescence structures with an impression of decaying 

organic matter attracting flies to facilitate cross-pollination is a deception and yields no reward. 

(Faegri and Van Der Pijl 1971; Drenth 1972). T. chantrieri, and T. subflabellata, are self-

pollinating and lack effective pollinators (Zhang et al. 2005).  

 

1.2.4. Origin and geographic distributions of Tacca leontopetaloides 

Tacca leontopetaloides is a native to Western Africa, South East Asia, and Australia. It is the only 

species in its genus with the largest area of distribution, ranging from Africa and Madagascar to 

tropical Asia, Australia and Polynesia (Ukpabi et al. 2009) and widely spread in tropical areas, 

either as a native plant or naturalized, from Africa, through Asia. The distribution of T. 

leontopetaloides is believed to have taken place through the dispersion of the seeds by seawater, 

birds, and cultivation of its edible rhizomes far beyond its natural area by man (Drenth 1972). 

Domestication of this species by the local inhabitants of the Pacific Island is known (Ukpabi et al. 

2009; Ubwa et al. 2011). Although T. leontopetaloides is sometimes cultivated in throughout the 

tropics of Africa, Asia, Australia and Pacific Islands, it is widely distributed in the wild according 

to Plant Resources of South- East Asia (Ukpabi et al. 2009). Figure 1 illustrates the distribution 

map of Tacca leontopetaloides. 
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Fig. 1. Map showing the distribution of Tacca leontopetaloides Source: Wu et al. (2003) 

 

1.2.5. Botanical description of Tacca leontopetaloides 

1.2.5.1. Growth habit 

The Tacca genus is exclusively composed of terrestrial, long-lived, stemless, rhizomatous herbs. 

Most species attain a maximum height of 50 cm to 100 cm. In T. leontopetaloides individuals of 

up to 3m high have been also found. The number of leaves and inflorescences in each plant is 

usually small (Drenth 1972). Figure 2 illustrates the growth habit of Tacca leontopetaloides. 
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Fig. 2. Growth habit Tacca leontopetaloides. Source: Wan Hong (2009)  
 

  

1.2.5.2. Foliage 

Tacca leontopetaloides leaves are characterized by herbaceous, hallow and erect petiole with a 

sheathing base. The base of the leaves and the inflorescence in young plants are surrounded 

cataphyll, a special, linear-lanceolate leaf. Each plant has about; 2-25 cm × 3.5 cm sheath; 

cylindrical, 17-150 cm long, 0.3-2.5 cm in diameter, light green, with white-green to blackish-

purple dots, ridged longitudinally; blade broadly obovate, ovate or oblong-ovate in outline, up to 

70 cm × 120 cm, glabrous, palmately 3-sect, with the 3 segments lobed  dissected into orbicular to 

linear lobes. In the Pacific Islands, the radical leaves in T. leontopetaloides die off between 

December and March during which the plant usually remains dormant and new leaves will arise 

from the round underground tuber (Drenth 1972). In Nigeria, the plants are found mainly in the 

rainy season (March to August), while dormant through the dry season (from September to 

February) (Borokini et al. 2014). Figure 3 shows T. leontopetaloides leaves. 
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Fig. 3. Tacca leontopetaloides leaves. Source: Biechele (2013) 

 

1.2.5.3. Inflorescence 

Tacca leontopetaloides has 1 or 2 inflorescences per plant, borne on a leafless, unbranched scape 

arising directly from the rhizome/crown, usually cymose, but appearing umbel-like, surrounded 

by large, ovate involucral bracts in two whorls. The flowers are two whorls of three tepals, basally 

fused, green to dark brown or purple in colour, sometimes slightly fleshy (Caddick et al. 2002). 

The ovary is inferior, six-ribbed, unilocular, with three parietal placentas, and numerous ovules. 

In addition, the style is three-bilobed with broadened stigmatic branches, forming an umbrella-like 

structure, papillose on the underside. The base of style is often broadened and covered with 

multicellular glandular hairs. Figure 4 illustrates the inflorescence of Tacca leontopetaloides.  
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Fig. 4. Inflorescence of Tacca leontopetaloides. Source: Schmidt (2009) 

  

1.2.5.4. Fruits and seeds 

Fruits are subglobose, ovoid or ellipsoid, berry-like, up to 3.5 cm × 1.5-2.5 cm, pendulous, pale 

orange, and many-seeded. They are usually irregularly disintegrating, occasionally dehiscent. Seed 

are flattened, ovoid to an ellipsoid of about 5-8 mm × 3-5 mm × 1.5-3 mm glabrous, yellow-brown, 

but surrounded by a spongy white aril with 15-19-ribbed (Drenth 1972). Figure 5 illustrates the 

fruits and seed of Tacca leontopetaloides. 

 

 
                    

                   Fig. 5. A- Fruits and B-seed of Tacca leontopetaloides. Source: Biechele (2013) 
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1.2.5.5. Rhizomes and tubers  

The tuberous rhizomes of Tacca leontopetaloides can be depressed globose or broadly ellipsoidal, 

up to 20 cm in diameter, weighing up to 0.9 kg, usually smaller and lighter, thin-skinned, smooth, 

white when young, turning dark grey to brown, white and somewhat juicy within, growing near 

the surface up to 50 cm deep, renewed annually, provided with an apical cavity from which the 

leaves and inflorescences emerge according to Plant Resources of South- East Asia (Drenth 1972). 

Figure 6 illustrates the tuberous rhizome of T. leontopetaloides. 

 

 

 

 

 

 

 

 

 

 

 

                      

                      

                         Fig. 6.Tuberous rhizome of Tacca leontopetaloides. Source: Rulkens (2012) 

 

1.2.6. Uses, importance and chemical composition of Tacca leontopetaloides 

1.2.6.1. Uses and importance of Tacca leontopetaloides 

Tacca leontopetaloides serves as an important food source. Tubers of these species were used as 

a famine food in the Marshall Islands during the twentieth century (Stone 1951; Kay 1987). It used 

to be a major source of carbohydrate in the savannah belt of Nigeria (Nwokocha et al. 2011).  
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The starch from Polynesian arrowroot is used a thickener in many dishes (Poyer 1990). It is also 

known that the starch can also be used to make alcoholic beverages (Doty 1954). Apart from the 

use of T. leontopetaloides starch as a source of carbohydrate, it has the potential to be used as a 

laundry starch (MacKenzie 1956; Pollock 1970). Harvested tubers are peeled, grated, washed 

several times in hot or cold water, and after the starch has settled, the water is removed and the 

starch dried (Spennemann 1994). 

The fibre obtained from breaking the flower stalk was also used to make hats (Safford 1905). In 

recent times, researchers have also identified the Polynesian arrowroot tubers as a potential raw 

material source for biodegradable plastics production (Makhtar et al. 2013).  

Tacca starch could also be useful for the pharmaceutical industry as a raw material for tablets 

formulation since it has similar physiochemical properties to maize starch (Kunle et al. 2003).  

This species also has medicinal properties. The tubers are eaten raw for the treatment of diarrhoea 

and dysentery (Kay 1987). T. leontopetaloides has been over-collected for its medicinal properties 

resulting to local depletion in India (Bagul & Yadav 2007). Snakebite and some other ailments are 

treated in the Plateau state of Nigeria with Tacca root preparation (Borokini et al. 2012).   

  

1.2.6.2. Chemical composition of Tacca leontopetaloides  

Tacca leontopetaloides is cultivated or collected from the wild for its tubers and foliage which are 

used as a source of food or for medicinal purposes. The tuber has about 25% starch content (Ukpabi 

et al. 2009). However, the starch content usually varies ranging from10% to 25% of tuber weight 

depending on the growing conditions and soil substrate but Polynesian arrowroot starch is believed 

to be the richest natural starch (Ukpabi et al. 2009).  

The amylose content in T. leontopetaloides starch is higher than that of maize but a lower content 

than potato starch. (Kunle et al. 2003). The flour of T. leontopetaloides tuber has following 

composition: water; 18.0%, fiber; 0.05%, total nitrogen; 0.01%, and ether extractives; 3.0% and 

the presence of sitosterol, ceryl alcohol and taccallin (0.003%), also gives positive tests for 

alkaloids (Peters et al. 1960).  
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There is the presence of tannins, cyanides, saponins and, flavonoids in small quantities while 

phytates, oxalates and alkaloids are present in appreciable amounts (Borokini & Ayodele 2012; 

Ogbonna et al. 2017).   

Tannins may result to a reduction in digestibility and availability of the macromolecules thereby 

inhibiting microbial growth due to its ability to proteins and carbohydrates (Nwogu et al. 2008) 

There are reports on flavonoids as a strong antioxidant (Sanjay & Rajendra 2015). They help in 

preventing the damage caused by free radicals to human cells.  These compounds slow the 

proliferation of cancer cells, thereby mediating in most chronic cancer and diabetes cases (Ubwa 

et al. 2011).  Flavonoids have also been shown to be able to affect various biological functions: 

capillary permeability, cellular secretory processes involved in the inflammatory response and, 

inhibition of enzymes, receptors and carriers (Gemede et al. 2014). 

 

1.2.7. Cultivation and the stages of development of Tacca leontopetaloides  

Tacca leontopetaloides grows in secondary forest and thickets, and many open situations, 

clearings, grassland, savannah, coconut groves (Spennemann 1994), and beach vegetation, as well 

as seasonally dry areas, such as teak and eucalypt woodland. It is a species of low elevations in the 

moist tropics, where it is most commonly found near the sea and below elevations of 200 metres 

(Kay 1987). It grows best in a fertile, humus-rich soil in the shade of trees but does not prefer 

saline soils (Stone 1951). T. leontopetaloides exhibits a seasonal growth rhythm. During the 

growing season, the tuber is replaced by a new main tuber which arises from a downward-growing 

runner-like thick rhizome at a lower level and remains dormant after a yearly death of the aerial 

parts of the original plant until the new growing season (Stone 1951). Secondary smaller runners, 

also forming tubers, may emerge above the old tuber and spread downwards. This cycle takes 

about 8-10 months, with 2-4 months of dormancy (Kay 1987). In Malaysia, flowering and fruiting 

may occur in all months of the year, but the aerial parts usually die off between December and 

March according to Plant Resources of South East Asia (Ukpabi et al. 2009). It is not known 

whether a plant flowers more than once during the vegetative period, but older plants have 
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relatively larger vegetative and generative parts and plants can set seed three years from being a 

seedling (Kay 1987).  

T. leontopetaloides can be propagated by seed and by tuber. Usually, small secondary tubers left 

in the soil during harvesting act as seedlings for propagation at the beginning of the planting season 

(Stone 1951). Planting is done 15 cm deep, in rows at a spacing of 75 × 45 cm, preferably at the 

beginning of the rainy season (Paul 1965). It is reported that the crop benefits greatly from weeding 

(Stone 1951; Sproat 1968) and partial shade, and no serious diseases or pests are known. This 

species is a very hardy plant that can withstand droughts relatively well. In case of a severe 

drought, the top leafy part of the plant may die off, but the tubers survive and send up new shoots 

with the return of moisture (Soucie 1983). When the leaves begin to wither the tubers can be 

harvested by digging them up (Kay 1987). Individual tubers normally weigh from 70 to 340g but 

can reach 1 kg and two distinct forms have been reported from the Pacific Islands, one producing 

a single large tuber, the other with a number of smaller (potato-sized) tubers ( Kay 1987). They 

may be stored in pits for later use but are liable to sprouting (Ukpabi et al. 2009).  

 

1.2.8. Genetic variation and breeding of Tacca leontopetaloides 

Neither germplasm collections nor breeding programmes are known to exist for T. 

leontopetaloides. Sproat (1968) reported an observation for two varieties of T. leontopetaloides 

from atolls in Micronesia. However, Spennemann (1994) reported four varieties or subvarieties of 

T. leontopetaloides recognized by the Marshallese which are not separately named. He reported 

that one possesses violet-purple leaf stalks with brown skin and yellow to white interior tubers 

whiles the other three varieties possess green stems and stalks with one of these producing a single 

large tuber and the other two producing more than one tuber. 

Germplasm collection is urgently recommended, as in many places its natural habitat is being 

rapidly destroyed and its use for medicinal purposes resulting to local depletion (Bagul and Yadav 

2007). 
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1.2.9. Polyploidization and its use in plant breeding 

Generally, polyploidy is defined as the possession of three or more complete copies of the nuclear 

chromosome set. Polyploidy in plants is believed to have been discovered a century ago and is 

considered to be an important feature of chromosome evolution (Ramsey & Schemske 1998). 

There is a widespread of occurrence of polyploidy in natural populations (Wood et al. 2009) 

suggesting its major evolutionary force driving both speciation and diversification (Otto & 

Whitton 2000; Soltis et al. 2009) as opposed to the longtime view of polyploidy as an evolutionary 

dead end. Polyploids have a high level of genomic plasticity and this provides an evolutionary 

advantage over their diploid complements due to excess of genomic material in polyploids 

(Hegarty & Hiscock 2008; Leitch & Leitch 2008; Van de Peer et al. 2009).  

Improvement of many plant species and hybrids resulted from the important roles played by 

artificial induction of polyploidy resulting in traits in which many breeders have selected and used 

as parents (Paulo et al. 2000). Tetraploids obtained from interspecific crosses of Manihot 

epruinosa (2n=36) and Manihot glaziovii (2n=36) performed as well as the best variety in uniform 

yield (Hahn et al. 1990). Viehmannová et al. (2009) reported that Fructooligosaccharides (FOS) 

content in the tuberous roots can be increased by polyploidy breeding according to the results 

obtained from hexadecaploid yacon tubers. 

Polyploids can arise spontaneously within plants during somatic cell division (mitosis) which can 

result in an autopolyploid shoot often noticeable by its enlarged condition (Stebbins 1971). Other 

methods of inducing polyploids include treatments with mitotic inhibiting chemicals such as 

colchicine (Derman 1940), oryzalin (Dolezel et al. 1994), trifluralin (Eeckhaut et al. 2004) and 

amiprophos- methyl (Hansen et al. 2000)  

Colchicine is an alkaloid extracted from seeds or corms of Colchicum autumnale L. (autumn 

crocus or meadow saffron) and was first isolated in 1820 by the French chemists P.S. Pelletier and 

J. Caventon (Pelletier & Caventon 1820). Ploidy levels have been manipulated in plants (Derman 

1940) by submerging the specimen in a solution of colchicine. 

The active ingredient of the pre-emergence herbicide Surflan® which is Oryzalin [3, 5-dinitro-N4, 

N4-dipropylsulfanilamide] (Sourthern 1998) is also used to induce polyploidy in plants. The ploidy 
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level of several plant species has been altered using oryzalin. Some of such species include 

Miscanthus sinensis Anderson (Petersen et al. 2002) and Tulipa gesneriana L. (Chauvin et al. 

2005). Research with Miscanthus sinensis determined that treating shoot apices in 15 μM oryzalin 

solution for a period of 96 hours was the most effective treatment for inducing polyploids (Petersen 

et al. 2002).  In Solanum tuberosum L. the most effective treatment for producing tetraploids was 

a 24 hours treatment with 28.8 μM oryzalin solution applied to apical buds (Chauvin et al. 

2003).These research indicate that the optimal oryzalin concentration and treatment duration for 

polyploid induction varies among species and must be determined empirically. Oryzalin and 

trifluralin are often more effective than colchicine because they have a higher affinity for plant 

tubulins (Dolezel et al. 1994).  

The effectiveness of these compounds in vitro depends highly on the concentration applied, 

duration of treatment, type of explant, and the penetration of the compound (Allum et al. 2007). 

In many instances, oryzalin and trifluralin are more effective at stable ploidy induction, have an 

increased survival of explants, and are used at lower concentrations than colchicine (Ganga & 

Chezhiyan 2002; Zlesak et al. 2005).  

Flow-cytometry is used to analyze and quantify nuclei DNA content for polyploidy detection. The 

evaluation of a large population of single cells or nuclei by quantifying the amount of nuclear DNA 

that is present can be done using a flow cytometer. This is done by aligning cells or nuclei, via 

hydrodynamic forcing, and passing them by a single wavelength light source (Greve et al. 2004). 

When a DNA fluorescent stain such as 4´, 6-diamidino-2-phenylindole (DAPI) is included the 

light excites the bound DAPI and emits fluorescence proportional to the DNA/ DAPI binding ratio. 

This emission is in the form of an electrical signal that is translated into a numerical data set that 

is compiled in real time (Rahman 2006). Polyploidy can also be detected by chromosome counting. 

During meiotic or mitotic cell division the chromosome number can be established in cells. 

Counting of mitotic chromosomes is easier and faster and root tips are known to be the most 

convenient source of mitotic cells but when roots are no available, young buds, leaves or callus 

can be used  (Maluszynska 2003). 
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1.2.10. Micropropagation of Tacca leontopetaloides 

Propagation of plants under in vitro conditions has over the years been successful in the field of 

plants breeding and improvement in crop production. Micropropagation offers an alternative 

method of vegetative propagation for mass crop propagation. Growth and vigour of tuber crops 

have been reported to have been increased from in vitro propagation using Murashige and Skoog 

(MS) medium (1962) (Hussey and Stacey 1981). Using Murashige and Skoog (MS) medium 

(1962) supplemented with plant growth regulators (PGRs) has been proven to effectively induce 

shoot and root formation of tuber crops in vitro. According to Kohmura et al. (1995), MS medium 

supplemented with α-naphthaleneacetic acid (NAA) and 6-benzylaminopurine (BAP) effectively 

induced shoot formation leading to plantlet formation in ‘Yamatoimo’ Chinese yam (Dioscorea 

opposita Thunb.). Poornima and Ravishankar (2007) also reported in vitro propagation of two wild 

yams, Dioscorea oppositifolia and Dioscorea pentaphylla where multiple shoots were initiated 

from nodal explants on Murashige and Skoog (MS) medium supplemented with 8.8 µM BAP and 

0.3% (w/v) activated charcoal. 

Micropropagation of T. leontopetaloides has also gained the attention of crop scientist and plant 

breeders due to the importance of the species as a potential source of starch, its medicinal 

properties as well its potential for food security. Micropropagation would be useful for the 

multiplication of initial plant materials of T. leontopetaloides to obtain sufficient plant materials 

for this research and to multiply the new polyploidy genotypes. Hlasna Cepkova et al. (2015) 

developed a simplified micropropagation protocol and optimized MS salts and 0.05 mg l-1 NAA 

in combination with 0.1 mg l-1 zeatin for both propagation and rooting of T. leontopetaloides. 
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2. Aims of the thesis 

The aim of the thesis was to induce in vitro polyploidization using oryzalin as an antimicrotubule 

agent, to detect polyploids using flow cytometry and to assess polyploids in vitro and in field 

conditions under the tropical conditions of Ghana. 

 

The partial aims of the thesis were following: 

 Initial in vitro propagation of diploid plants for the purposes of the polyploidization 

experiment. 

 Induction of polyploidy in T. leontopetaloides using oryzalin at various concentrations 

and time durations. 

 Detection of polyploid plants using flow-cytometry 

 Evaluation of the morphology and growth characteristics of polyploidy genotype under 

in vitro condition. 

 Ex vitro transfer and evaluation of polyploid genotype and diploid plants under 

greenhouse conditions. 

 Evaluation of polyploid genotype plants under the field conditions in Ghana to evaluate 

plant morphology and the tuber characteristics of T. leontopetaloides. 

 

The objectives of the diploma thesis were set under the following hypothesis: 

 Oryzalin as efficient antimicrotubule agent induces polyploidization in various plant 

species. It is hypothesized that its application will double chromosome count in T. 

leontopetaloides. 

 Induction of polyploidy using oryzalin is able to alter the morphological and yield 

characteristics of T. leontopetaloides plants compared to the original plant materials 

from which they were obtained. 

 The polyploids obtained will show some improved desirable traits. 
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3. Material and methods 

3.1. Research collaboration institutions 

Polyploidization, detection of polyploidy as well as morphological and growth in vitro evaluation 

of polyploids were carried out at the Czech University of Life Sciences Prague (CULS), Czech 

Republic.  

Ex vitro transfer and field evaluation of polyploid plants were carried at the University of Cape 

Coast, Ghana.    

 

3.2. Plant material 

The initial T. leontopetaloides diploid (2n = 30)  plant material was obtained from a previous study 

carried out by Hlasna Cepkova et al. (2015), where a simplified micropropagation protocol was 

developed for T. leontopetaloides. Hlasna Cepkova et al. (2015) established in vitro culture of T. 

leontopetaloides from seeds obtained from the Botanical Garden of the Faculty of Tropical 

AgriSciences, CULS. The plants were kept under in vitro conditions on full strength MS medium 

without PGRs at 25/20 °C and maintained in a growth chamber with 16/8 h light/dark regime, and 

at a photosynthetic photon flux density of 35 μmol m-2 s-1, provided by cool-white fluorescent 

tubes. Figure 7 illustrates the initial plant material for this research. Figure 7 illustrates the initial 

plant material used for the research.  

 

 

 

 

 

  

 

 

 



17 
 

 

 

Fig. 7. Initial plant material of T. leontopetaloides used for the research. Source: Author 

 

3.3. Methods 

3.3.1. Multiplication of plant material 

For initial multiplication of this material, 0.3-0.5 cm long shoots growing from the basal part of 

the explant, were propagated in 100 ml Erlenmeyer flasks containing 30 ml of MS medium without 

PGRs with the addition of 100 mg l-1 myo-inositol, 30 g l-1 sucrose and 8 g l-1 agar at a pH of 5.7. 

The culture medium was sterilized in an autoclave at 120 °C and a pressure of 100 Pa for 20 min. 

The plants were regularly sub cultivated every 28 days on the same medium to obtain sufficient 

plant material for the experiment. 

 

3.3.2. Induction of polyploidy in Tacca leontopetaloides 

A total of 120 shoots each of 0.3-0.5 cm long growing from the basal part of the explant were used 

for the experiment. A total of six 1 litre volumetric flasks each containing 20 explants cultured on 

30 ml of MS medium without PGRs supplemented with 100 mg l-1 myo-inositol and 30 g l-1 

sucrose at pH 5.7 for two days were used. Two treatments comprising the use of sterile distilled 
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water (control treatment) for 24 or 48 hours exposure time and the use of oryzalin of two levels of 

concentration (25 μM and 30 μM) for 24 or 48 hours exposure time for each concentration level. 

Oryzalin solution was prepared by dissolving 0.0346 g of oryzalin in 10 ml of dimethylsulfoxide 

(DMSO) in a flow box. This sterilized the oryzalin and also help it to penetrate through cell walls 

of the explants. One hundred millilitres each of 25 μM and 30 μM oryzalin solutions containing 

2% (DMSO) as well as sterile distilled water were used to soak the explants for 24 or 48 h for the 

respective treatments. The treated shoots were rinsed using sterile distilled water three times after 

the oryzalin treatment and placed individually on a fresh MS medium without PGRs. Cultures 

were maintained at 25/20 °C under a 16/8 h light/dark regime with 36 μmol m-2 s-1 cool white 

fluorescent light. Shoots regenerated were cut off and transferred to MS medium without PGRs, 

where they rooted spontaneously. Control plants and the oryzalin treated plants were sustainably 

maintained with regular subculture on MS medium for 40 days and subjected to flow cytometric 

analysis. 

 

3.3.3. Detection of Tacca leontopetaloides polyploids using flow cytometry 

Cytometric analysis was done using a CyFlow Space flow cytometer (Partec GmbH, Münster, 

Germany). Sample preparation was done by employing the two-step methodology according to 

Dolezel et al. (2007). Glycine max cv. Polanka, 2C = 2.50 pg; (Dolezel et al. 1994) was used as 

internal reference standard. Using razor a blade, about 0.5 cm2 of T. leontopetaloides leaf in vitro 

sample and an appropriate amount of internal reference standard were chopped in 0.5 ml of ice-

cold Otto I buffer (0.1 M citric acid, 0.5% (v/v) Tween 20). The suspension of nuclei was filtered 

using 0.42 μm nylon mesh. The filtrate was thereafter incubated for about 10 minutes at room 

temperature and stained with a solution consisting of 1 ml of Otto II buffer (0.4 M 

Na2HPO4.12H2O) supplemented by AT-selective fluorescent dye DAPI (4,6-diamino-2- 

phenylindol) and 2-mercaptoethanol in final concentrations of 4 μg ml-1 and 2 μl ml-1, respectively. 

The stained nuclei after incubation of the sample at room temperature for about 3-4 minutes were 

analyzed with a flow cytometer at a concentration of 2,000 per sample. FloMax software (ver. 

2.4d; Partec GmbH, Münster, Germany) was used to evaluate histograms obtained from the 

cytometry analysis. Ploidy level was measured in all plants treated with oryzalin Ploidy stability 

was controlled by repeated flow cytometry analysis of plantlets after each subculture.  
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3.3.4. In vitro morphological and growth evaluation of polyploid genotype 

3.3.4.1. Morphological evaluation using MS medium without PGRs 

The morphological evaluation of T. leontopetaloides diploid and polypoid genotype was done 

using MS medium without PGRs. One hundred millilitres Erlenmeyer flasks containing 30 ml of 

medium were used to culture the explants. A total of 40 explants were used for the experiment 

comprising 20 diploid and 20 polyploid genotype explants in two replications. The cultures were 

placed in cultivation room at 25/20 °C under a 16/8 h light/dark regime, and at a photosynthetic 

photon flux density of 35 μmol m-2 s-1, provided by cool-white fluorescent tubes.Growth habit, the 

shape of the leaf as well as leaf colouration were observed. Ten fully developed leaves each from 

diploid and tetraploid were isolated and the width and the length of the leaf blades measured to 

determine the differences in leaf size. The shape of the leaves was also compared by isolating the 

youngest and oldest leaf for diploid and tetraploid after 8 weeks of in vitro cultivation. The height 

of shoots, number of shoots, number of leaves, and number of roots, as well as the length of roots 

were evaluated after 8 weeks of in vitro cultivation.  

 

3.3.4.2 . Growth evaluation using optimal growth medium 

The growth of T. leontopetaloides diploid and polyploidy plants was evaluated using the optimal 

growth medium for in vitro Tacca propagation. This medium was optimized by Hlasna Cepkova 

et al. (2015) and it consisted of MS salts and 0.05 mg l-1 NAA in combination with 0.1 mg l-1 

zeatin. Thirty millilitres of the medium in 100 ml Erlenmeyer flasks were used to culture the 

explants. A total of 180 explants were used for the experiment comprising 45 diploid and 45 

polyploid explants in two replications. The cultures were placed in cultivation room at 25/20 °C 

under a 16/8 h light/dark regime, and at a photosynthetic photon flux density of 35 μmol m-2 s-1, 

provided by cool-white fluorescent tubes. The height of shoots, number of shoots, number of 

leaves, the number of roots and length of roots were measured after 8 weeks of in vitro cultivation.  
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3.3.5. Ex vitro transfer  

In total, 24 well-rooted plants comprising 12 diploid and 12 polyploidy genotype obtained after 8 

weeks of the subculture of explants on the medium containing 0.1 mg l-1 zeatin and 0.05 mg l-1 

NAA were removed from Erlenmeyer flasks. All traces of any adhering medium were removed by 

rinsing the roots with tap water. The plants were subsequently transplanted to 10 cm plastic nursery 

bags containing a sterilized planting medium consisting of sand, soil and organic material (3:2:1). 

The cultures were watered and covered with transparent polyethylene foil to maintain high air 

humidity (80-90%), temperature (ca. 30/23 °C day/night), and placed in a greenhouse for 

acclimatization.  After 3 weeks, the foil was gradually removed; from the 4th week, the plants 

were exposed to greenhouse culture conditions (70-87% air humidity, the temperature ca. 28/20 

°C day/night). The number of shoots and height of plants was evaluated on the 2nd, 4th, and the 6th 

week under greenhouse condition. The survival rate of the plants was recorded 6 weeks after ex 

vitro transfer. 

 

3.3.6. Transplantation of T. leontopetaloides plants to field conditions 

After 6 weeks of greenhouse cultivation, the plants were transplanted to the experimental plots. 

Ten plants each from the diploid and polyploid plants were established in furrows 15 cm deep, in 

rows at a spacing of 75 × 45 cm, (Paul 1965). Plants of each genotype were labelled and numbered 

from 1-10. Field transplantation was carried out in the month of November at the University of 

Cape Coast located in the coastal area in the central region of Ghana. The cultivation area has the 

least amount of rainfall occurring from the month of December to February with an average of 24 

mm. The precipitation reaches its peak in the month of June with an average of 327 mm. 

Temperatures are high throughout the year with an average 34/26 °C day/night. The average annual 

humidity for this area is 77%. No irrigation was carried out during the entire vegetation period. 

Field observation was carried out to access the growth habit, development of shoots and survival 

rate of the diploid and polyploidy genotype on the field.    
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3.3.7. Harvesting and evaluation of Tacca leontopetaloides microtubers 

Microtubers were harvested after 12 weeks of field cultivation. Microtubers were removed from 

the soil by hand, washed under tap water to remove the dirt and labelled. Primary evaluation of 

microtubers was carried out to assess the number of tubers per plant, the weight of tubers and the 

average diameter of the tubers for diploid and tetraploid plants.  

 

3.3.8. Experiment design and statistical evaluation 

A completely randomized design for in vitro experiments was set up. The data obtained from the 

micropropagation experiment was statistically analysed using one-way ANOVA, and the 

significant differences between means were assessed by Tukey’s HSD test at the 5% level of 

significance (P ≤ 0.05) (STATISTICA 12.0, StatSoft).  
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4. Results 

4.1. Induction and detection of polyploidy in T. leontopetaloides 

After 14 days of in vitro cultivation of oryzalin treated explants on MS medium, plants started to 

regenerate from the original explant. In total seven of 80 (8.75%) plantlets treated with oryzalin 

were polyploid. Table 1 indicates that the highest polyploidization efficiency of 10% was achieved 

with 25 μM oryzalin regardless of time duration and with 30 μM for 24 hours exposure time. 

Overall, the survival rate in plants decreased with both time duration and concentration of oryzalin. 

The survival rate was highest for 25 μM at 24 hours except for control treatment. Longer exposure 

time (48 h) of oryzalin at concentration 30 μM resulted in lower survival rate (55%) as well as 

polyploidization efficiency (5%). No mixoploids, containing diploid and tetraploid cells, were 

detected. Polyploids were detected using flow cytometry. 

 Histograms showed two peaks. The first peak represented nuclei in the G0/G1 phase of the cell 

cycle belonging to T. leontopetaloides sample and the second peak corresponded to nuclei of the 

internal standard (Glycine max) in the G0/G1 phase (Figure 8). The DNA-ratios of in vitro 

regenerants of T. leontopetaloides varied from 0.376-0.3790 in diploid and from 0.727-0.754 in 

polyploidy regenerants, indicating that the genome has been doubled during polyploidization. 
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Table 1. In vitro oryzalin treatment effect on induction of polyploidy in T. leontopetaloides  

Oryzalin 

concentration 

(μM) 

Exposure 

time (h) 

Number of 

explants 

(shoots) 

Survival 

rate (%) 

Tetraploids 

detected by 

flow cytometry 

Polyploidization 

efficiency (%) 

Mixoploid 

plants (%) 

0 μM (control) 24 20 100 0 0.0 0 

0 μM (control) 48 20 100 0 0.0 0 

25 μM 24 20 90 2 10.0 0 

25 μM 48 20 65 2 10.0 0 

30 μM 24 20 75 2 10.0 0 

30 μM 48 20 55 1 5.0 0 
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Fig. 8.  Flow cytometric histograms of DAPI stained nuclei of an in vitro regenerated T. leontopetaloides (A) diploid 

plant and (B) tetraploid plant. Peak indicated as “*” corresponds to the internal reference standard Glycine max. 
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4.2. In vitro evaluation of T. leontopetaloides diploid and tetraploid 

4.2.1. Morphological evaluation using MS medium without PGRs 

Morphological characteristics of T. leontopetaloides diploid and tetraploid were evaluated on MS 

medium without PGRs. Diploid and tetraploid shoots began to regenerate after one week of in 

vitro cultivation. Tetraploid showed thicker shoots. Results showed no significant difference in 

plant height. Roots grew at a slower rate in diploid in comparison to tetraploid. The results showed 

significantly higher number of shoots for diploid plants in comparison to tetraploids. Number of 

roots and the length of roots were significantly higher for tetraploid plants (Table 2). Visual 

observation also indicate a thicker roots for tetraploid (Figure 9).  

 

Table 2. Morphological evaluation of T. leontopetaloides diploid and tetraploid plants using MS 

medium without PGRs 

Treatment             Mean ± S.E. 

 

 

 

MS medium without 

PGRs 

Growth 

Characteristics  

Control plants  Polyploid plants  

Height of plant (cm) 2.54 ± 0.20a 2.41 ± 0.20a 

Number of shoots per 

plant 

6.35 ± 0.82a 3.80 ± 0.51b 

Number of roots per 

plant 

2.95 ± 0.52b 4.85 ± 0.66a 

Length of root (cm) 0.62 ± 0.10b 0.91 ± 0.10a 

Means with different superscript letters are significantly different according to Tukey’s HSD test at the 5% level of 

significance (P ≤ 0.05) *S.E. standard error 
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                     Fig. 9. Morphological evaluation of T. leontopetaloides (A-diploid, B-tetraploid) growth habit  

                      and (C-diploid, D-tetraploid) root development using MS medium without PGRs. Source: Author 

 

 

Ten fully developed leaves each from diploid and tetraploid plants were isolated and the width and 

length of the leaf blades were measured after 8 weeks of in vitro culture. Results from leaf 

measurement of T. leontopetaloides diploid and tetraploid leaves indicated that tetraploid tend to 

have an increase in both leaf width and length as compared to diploid plants. An average width to 

length ratio of (1.55 ± 0.12) was recorded for tetraploid plants while diploid plants recorded (1.37 

± 0.06) with tetraploid leaves (Table 3). This indicates that tetraploid plants have a somewhat wider 

leaf in comparison to their diploid counterparts (Figure 10). 
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  Table 3. Morphological assessment of T. leontopetaloides diploid and tetraploid leaves 

Control plants Polyploid plants 

width (cm) length (cm) width/length 

ratio 

width (cm) length (cm) width/length 

ratio 

2.0 1.4 1.43 2.2 1.7 1.29 

2.1 1.5 1.40 2.2 2.3 0.96 

2.2 1.8 1.22 2.9 1.6 1.81 

1.6 1.4 1.14 2.6 1.9 1.37 

1.9 1.5 1.26 2.3 1.3 1.78 

1.8 1.2 1.50 1.6 1.4 1.14 

1.5 1.2 1.25 2.5 1.6 1.56 

1.6 1.3 1.23 2.9 1.3 2.23 

1.9 1.2 1.58 2.8 1.5 1.87 

1.5 0.9 1.67 1.9 1.3 1.46 

1.81 ± 0.08* 1.34 ± 0.08* 1.37 ± 0.06* 2.39 ± 0.14* 1.59 ± 0.10* 1.55 ± 0.12* 

       *Mean ± S.E. (standard error)    

 

Visual assessment of morphological difference of young and older leaves for diploid and tetraploid 

plants isolated after 8 weeks of in vitro cultivation showed a noticeable difference in leaf shape 

(Figure. 11). In diploid plants, older leaves are palmately lobed while young leaves are palmate in 

shape with incised lobes. Young and older leaves of tetraploid variants appeared rounder than 

diploid leaves. Similarly, leaves of tetraploid variants appeared thicker and slightly pigmented than 

diploid leaves.  
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Fig. 10. Measurement of leaf sizes as part of the morphological evaluation T. leontopetaloides for (A) control (diploid) 

and (B) polyploid (tetraploid) plants. Source: Author 

 

 

Fig. 11. Demonstration of shape of older and young leaves of T. leontopetaloides for (A) control (diploid) and (B) 

polyploid (tetraploid) plants.  Source: Author 
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4.2.2. Growth evaluation of tetraploid  

Growth evaluation of tetraploid was carried out on MS medium supplemented 0.1 mg l-1 zeatin 

and 0.05 mg l-1 NAA. Table 4 indicates that diploid plants are significantly different from tetraploid 

plants for all growth characteristics. Diploid plants showed significantly higher mean for plant 

height, number of shoots, and length of roots. The number of leaves corresponded to the numbers 

of shoots as each shoot produced a single leaf. However, tetraploid plants showed significantly 

higher mean value for the number of roots (Figure 12). Visual observation indicates thicker shoots 

and roots in tetraploid plants.  

 

Table 4. Effect of MS medium supplemented with zeatin and NAA on growth characteristics of T. 

leontopetaloides diploid and tetraploid 

Treatment                Mean ± S.E. 

 

 

 

MS medium + 0.1 mg l-1 

ZEA + 0.05 mg l-1 NAA 

Growth Characteristics Control plants Polyploid plants 

Height of plant (cm) 3.10 ± 0.11a 2.25 ± 0.05b 

 

Number of shoots per 

plant 

 

5.06 ± 0.19a 

 

4.43 ± 0.16b 

Number of roots per 

plant 

4.04 ± 0.18b 7.27 ± 0.19a 

Length of root (cm) 1.32 ± 0.07a 1.12 ± 0.03b 

   
Means with different superscript letters are significantly different according to Tukey’s HSD test at the 5% level of 

significance (P ≤ 0.05) *S.E. standard error 
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Fig. 12. Growth evaluation of T. leontopetaloides (A-diploid, B-tetraploid) growth habit and (C-diploid, D-tetraploid) 

root development using MS medium supplemented with 0.1 mg l-1 zeatin and 0.05 mg l-1 NAA. Source: Author 
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4.3. Evaluation of T. leontopetaloides plants after ex vitro transfer 

Acclimatization of T. leontopetaloides ex vitro under greenhouse conditions showed an overall a 

higher survival rate of 100% and 91.6% after 6 weeks for diploid and tetraploid respectively. After 

6 weeks of ex vitro transfer diploid plants recorded higher average plant height (9.4 ± 0.78 cm) as 

well as number of shoots (8.2 ± 1.00 shoots/plant) as compared to tetraploid with (8.6 ± 0.87 cm) 

plant height and (4.5 ± 0.80 shoots/plant)  (Figure 13 and 14). Since the number of leaves 

corresponds to the number of shoots, diploid plants recorded also a higher number of leaves as 

compared to tetraploid plants. There were also noticeable differences in leaf shape and size for 

diploid and tetraploid (Figure 15). Visual observation indicates that tetraploid plants had larger 

leaf area with thicker leaf blade while diploid plants have pale green, palmately lobed and smaller 

leaf area.  

 

 

Fig. 13. Morphological evaluation of T. leontopetaloides diploid and tetraploid plants height over the period of 6 

weeks under greenhouse conditions in Ghana. Source: Author 
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Fig. 14. Morphological evaluation of T. leontopetaloides of diploid and tetraploid number of shoots over the period 

of 6 weeks under greenhouse conditions in Ghana. Source: Author 

 

 

 

Fig. 15. Ex vitro transfer of T. leontopetaloides (A) tetraploid and (B) diploid (control) plants. Source: Author   
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4.4. Field transplantation and observation of the growth and development 

of T. leontopetaloides 

A total of 20 plants consisting of 10 diploid plants and 10 tetraploid were established on the field 

(Figure 16) in Ghana, at the University of Cape Coast, Cape Coast. There was no new shoots 

development for both diploid and tetraploid plants in field conditions. Plants grew at a steady rate 

with diploid plants showing a steady increase in plant height as compared to tetraploid plants. 

Tetraploids recorded 80% survival rate with 60% for diploid plants after 12 weeks of field 

cultivation. After eight weeks of field cultivation, leaves began to turn yellow (Figure 17) and the 

plants failed to develop. Shoots became weak and the aboveground part of the plants started to die.  

 

 

Fig. 16. Field transplantation of T. leontopetaloides diploid (A) 3 weeks (B) 6 weeks after field cultivation and 

tetraploid (C) 3 weeks (D) 6 weeks after field cultivation. Source: Author  
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Fig. 17. Tacca leontopetaloides plant on the field showing yellowing of leaves after 8 weeks in field cultivation. 

Source: Author 

 

4.5. Harvesting and evaluation of Tacca leontopetaloides microtubers 

Lodging of shoots and death of the aboveground part of both diploid and tetraploid plants were 

observed after 12 weeks of field cultivation. Microtubers were then harvested for primary 

evaluation (Figure 18). It was observed that only two plants form the survived diploid plants 

produced micro tuber with an average of (1.5 ± 0.50 tubers/plant) microtubers per plant while four 

plants from the survived tetraploid plants produced microtubers with an average of (2.5 ± 0.29 

tubers/plant) microtubers per plant. Microtubers from diploid plants recorded a mean weight per 

tuber (1.78 ± 0.19 g) with a mean tuber diameter of (1.03 ± 0.09 cm) while tetraploid recorded a 

mean weight of (3.06 ± 0.16 g) with a mean microtuber diameter of (1.35 ± 0.10 cm). Visual 

observation indicates tetraploid have smooth and thin-skinned microtubers while diploid have 

rough and thicker-skinned microtubers (Figure 19).  

 

 



35 
 

 

 

Fig. 18. Harvested plants with tubers of T. leontopetaloides after 12 weeks of field cultivation (A) diploid, (B) 

tetraploid. Source: Author   

 

 

  

Fig. 19. Visual observation of microtubers of T. leontopetaloides (A) diploid and (B) tetraploid after 

harvesting. Source: Author 
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5. Discussion 

5.1. In vitro polyploidization 

This study presents the first report of induction of polyploidization in Tacca leontopetaloides.  In 

this research, it was proven that oryzalin is an appropriate antimitotic agent for in vitro 

polyploidization and chromosome doubling. Similar responses on the use of oryzalin for 

chromosome doubling have been reported in Smallanthus sonchifolius (Viehmannová et al.2009) 

where hexadecaploid from octaploid was induced, Lilium davidii var. unicolor (Feng et al. 2017) 

as well as in Ullucus tuberosus (Viehmannová et al. 2012). In this study, oryzalin treatment was 

most efficient (10%) for chromosome doubling at concentration of 25 μM irrespective of the 

exposure time (24 or 48 hours) and 30 μM for 24 hours exposure time. Although similar oryzalin 

concentration 25 μM in Ullucus tuberosus (Viehmannová et al. 2012), or 30-40 μM in 

Chaenomeles japonica (Stanys et al. 2006) have been report for efficient chromosome doubling, 

oryzalin treatment concentration appears to be species dependent since . Lower concentration of 1 

μM for longer exposure time (10 weeks application in cultivation medium) was reported to be 

most efficient for chromosome doubling in Anemone sylvestris  (Zahumenická et al. 2018) whereas 

Bouvier et al. (2002) reported 200–300 μM for 48 hours exposure time  as the optimal oryzalin 

concentration in haploid polyploidization of pear. However, in our study, 30 μM for longer 

exposure time of 48 hours resulted in lower polyploidization efficiency (5%). 

In this thesis, maximum negative effect on the survival rate after oryzalin treatment in T. 

leontopetaloides was recorded for treatment 30 μM after 48 hours where 45% of plants did not 

survive.  Similar results of the reduction in the survival rate at higher concentration of oryzalin for 

a longer exposure time has also been reported in Ullucus tuberosus (Viehmannová et al. 2012).  

Zahumenická et al. (2018) also reported 0% survival at oryzalin concentration of 15 μM for 12 

weeks exposure time in Anemone sylvestris .  

Different treatment methods of oryzalin application for in vitro polyploidization have been 

reported by researchers. In this study, shoots where subcultured on fully concentrated MS medium 

for two days and overlaid with the oryzalin solution containing 2% DMSO. Similar treatment 

method was used by Viehmannová et al. (2012) for the induction of polyploidy in Ullucus 

tuberosus. Bouvier et al. (2002), however, reported the use of nutrient solution containing 7.5% 
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DMSO for haploid polyploidization of pear. Denaeghel et al. (2018) reported the use of liquid MS 

medium with the addition of oryzalin for the induction of polyploidy in Escallonia rubra, 

Escallonia rosea, and Escallonia illinita  

Although the ploidy level of several tuberous plant species such as Solanum tuberosum L (Chauvin 

et al. 2003), Manihot esculenta Crantz (Awoleye et al. 1994) and Smallanthus sonchifolius 

(Viehmannova´ et al. 2009) have been altered using oryzalin, polyploid induction using colchicine 

has also been proposed for different tuberous crop species. Heping et al. (2008) also reported a 

polyploidy rate as high as 36.7% in D. zingiberensis calli immersed in 0.3% colchicine solution 

for 16 h prior to culture.  Babil et al. (2016) reported a high rate of somaclonal polyploid variation 

was successfully achieved by in vitro colchicine treatment of D. rotundata and D. cayenensis 

where the highest rate of polyploid induction appeared after 0.1% colchicine treatment. 

 

5.2. Evaluation of tetraploids 

Polyploidy has become a trait in plant breeding yearned by most plant breeders because it is 

associated with altered morphology, enhanced vigor, higher pest and diseases tolerance and hybrid 

fertility restoring (Stebbins 1971). Morphological consequences as a results of polyploidization 

may include increased width/length ratio of leaves, thicker leaves and stems and more compact 

growth habit; however, their appearance is influence by heterozygosity, gene interactions, gene 

dose effects, and epigenetic phenomena (Leitch and Bennett 1997).  In this study, similar 

morphological changes of in vitro plants such as increased leaf size, width/length ratio, changes in 

leaf shape, dark green colouration of leaves, thick shoots, increased in the number of roots as well 

as thicker roots were observed in tetraploid plants as a possibility of primary polyploidy detection.  

In this research, T. leontopetaloides tetraploid variants tend to have rounder leaves with an obtuse 

shape as compared to diploid with palmately lobed leaf shape. Babil et al. (2010) also recognize 

similar variation in leaf shape between diploid and tetraploid variant of water yam accessions 

collected in Myanmar. The leaf index (width/length ratio) in tetraploid plants was higher (1.55 ± 

0.12) than in diploid plants (1.37 ± 0.06) meaning that the leaves of tetraploid plants are wider as 

compared to the diploid plants. This results is similar to reports in Phlox subulata . (Zhang et al. 
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2008), Paulownia tomentosa (Tang et al. 2010), Rosa rugosa. (Allum et al. 2007), Centella 

asiatica L. (Kaensaksiri et al. 2011) and Gerbera jamesonii Bolus cv. Sciella (Gantait et al. 2011) 

indicating that tetraploidization usually influences leaf width more than length. On the contrary, 

Zahumenická et al. (2018) in Anemone sylvestris L, Rêgo et al. (2011) in Passiflora edulis, and 

Pansuksan et al. (2014) in one tetraploid line of Mitracarpus hirtus reported an enhanced leaf 

length in comparison with the width of leaf.  

Tetraploid plants were observed to have darker green colouration leaves compared to diploids. 

These morphological changes may be caused by doubling in the chromosome number of the 

tetraploid plants and could be useful in polyploidy detection and increasing the photosynthetic 

activity in T. leontopetaloides tetraploid plants. Jadrná et al. (2010) reported similar changes in 

leaf colouration in colchiploids from colchicine-treated Pelargonium × hortorum .  

In this study, morphological evaluation showed no significant difference in plant height between 

T. leontopetaloides diploid and the tetraploid variant. The number of shoots produced were 

significantly larger in diploids than in tetraploids and this also indicates a higher number of leaves 

in diploid. This is contrary to the report by Denaeghel et al. (2018) which indicated that tetraploid 

plants of Escallonia rubra, Escallonia rosea, and Escallonia illinita are fast growing than their 

diploid counterparts, however the observation of thicker and larger shoots for tetraploid plants is 

similar for the observation made for this research. There was also similar observation of thicker 

stems in polyploid in Ullucus tuberosus (Viehmannová et al.2012). Tetraploid genotype produced 

significantly higher number of roots and visual observation showed thicker and robust root 

development in tetraploid compared to diploid ancestral plants. This was also observed in 

Escallonia rubra, Escallonia rosea, and Escallonia illinita (Denaeghel et al. 2018) 

In this study, for in vitro morphological evaluation of tetraploid plants, MS medium without PGRs 

was used. This was done to ensure the morphology of the diploid and tetraploid plants is not altered 

by the effect of growth hormones because plant growth hormones have been cited to have an effect 

on the levels of physiological stresses and somaclonal variation (Karp 1995). 

In this study, tetraploid plants showed a higher survival rate (80%) in comparison to the diploid 

plants (60%) in the field conditions. This primary results indicates that T. leontopetaloides 

tetraploid plants have better adaptation to field condition. Examination of the sequential 
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chromosomal flow over a passage of time in 2x and 4x callus cultures by Lavania & Srivastava 

(1990) shown that the diploid cells resort to tetraploidy to overcome the cultural stress whereas 

the tetraploids try to maintain themselves. Levin (1983) also reported that, polyploid in flowering 

plants have higher tolerance to mineral and nutrient stress. 

A primary evaluation of harvested microtubers in this study proved that tetraploid showed 

increased in desirable traits such as increased in number of tubers per plant, increased in tubers 

weight as well as the size of tubers. This is similar to the results obtained in Manihot esculenta 

Crantz (Awoleye 1994) indicating an increase in the size and weight of Manihot esculenta tubers. 

However, the results obtained in this study is contrary to the reported in Ullucus tuberosus 

(Viehmannová et al.2012) indicating a comparable number of tubers per plant for diploid and 

polyploid and significantly higher weight of tubers in diploid compared to polyploid genotype . 

Change in ploidy level may result in change in the chemical composition in plants.  Significant 

higher levels of saccharides were reported in Smallanthus sonchifolius (Viehmannová et al. 2009). 

Increased in vitamin C level and lower starch contents in Ullucus tuberosus octoploids compared 

to their diploid counterparts was also reported by Viehmannová et al. (2012). In this study chemical 

composition was not evaluated, hence research is needed to determine the effect of the chemical 

composition in Tacca leontopetaloides. 
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6. Conclusion and recommendation 

6.1. Conclusion 

This study provides the first report of in vitro induction of polyploidy in Tacca leontopetaloides. 

Tetraploids were successfully induced in all treatment concentrations (25 μM or 30 μM) and 

exposure time (24 or 48 hours). The highest polyploidization efficiency of 10% was achieved with 

25 μM oryzalin regardless of time duration and with 30 μM for 24 hours exposure time. Survival 

rate 90% coupled with 10% polyploidization efficiency for oryzalin concentration of 25 μM at 24 

hours exposure time make this the ideal treatment for polyploidy induction in T. leontopetaloides 

using oryzalin. Tetraploid showed altered morphological characters such increased leaf 

width/length ratio, rounder leaf shape and dark green colouration as an indication for polyploidy 

detection. MS salts fortified with 0.05 mg l-1 NAA in combination with 0.1 mg l-1 zeatin increased 

rooting efficiency and shoot formation in tetraploid making it the ideal medium for preparation of 

T. leontopetaloides tetraploid for ex vitro transfer. Tetraploid plants showed normal growth and 

increased survival rate under field condition in comparison to diploid plants. Tetraploid showed 

increased in desirable traits such as number of tubers per plant, tuber weight and tuber size.  

On the basis of the preliminary results obtained in this study, tetraploid plants may be used as a 

material with modified morphology, growth and yield characteristics for further breeding and the 

generation of novel varieties of T. leontopetaloides. 

 

6.2. Recommendation 

This is a preliminary study and for further research purposes, it is recommended to assess field 

cultivation of T. leontopetaloides for at least eight months as suggested by literatures for this 

species. The detailed determination of the effect of polyploidy on chemical composition in T. 

leontopetaloides is also recommended for further research. 



41 
 

7. References 

Allum JF, Bringloe DH, Roberts AV. 2007. Chromosome doubling in a Rosa rugosa Thunb. 

Hybrid by exposure of in vitro nodes to oryzalin: The effects of node length, oryzalin concentration 

and exposure time. Plant Cell Reports 26:1977–1984. 

Awoleye F, Van Duren M, Dolezel J, Novak FJ. 1994. Nuclear DNA content and in vitro induced 

somatic polyploidization cassava (Manihot esculenta Crantz) breeding. Euphytica 76:195–202. 

Babil PK, Iino M, Kashihara Y, Matsumoto R, Kikuno H, Lopez-Montes A, Shiwachi H. 2016. 

Somatic polyploidization and characterization of induced polyploids of Dioscorea rotundata and 

Dioscorea cayenensis. African Journal of Biotechnology 15:2098–2105. 

Babil PK, Irie K, Shiwachi H, Tun YT, Toyohara H, Fujimaki H. 2010. Ploidy variation and their 

effects on leaf and stoma traits of water yam (Dioscorea alata L.) collected in Myanmar. Tropical 

Agriculture and Development 54:132–139. 

Bagul RM, Yadav SS. 2007. Threat assessment of some medicinally important plants of Satpuda 

Forest East Khandesh: a conservative approach. Plant Archives 7:367–370. 

Borokini TI, Ayodele AE. 2012. Phytochemical Screening of Tacca leontopetaloides (L.) Kuntze 

Collected from Four Geographical Locations in Nigeria. International Journal of Modern Botany 

2: 97–102. 

Borokini TI, Lawyer EF, Ayodele AE. 2011. In vitro propagation of Tacca leontopetaloides (L.) 

Kuntze in Nigeria. Egyptian Journal of Biology 13:51–56. 

Bouvier L, Guerif PH, Djulbic M, Durel CE, Chevreau E, Lespinasse Y. 2002. Chromosome 

doubling of pear haploid plants and homozygosity assessment using isozyme and microsatellite 

markers. Euphytica 123:255–262. 

Caddick LR, Wilkin P, Rudall PJ, Hedderson TA, Chase MW. 2002. Yams reclassified: a 

recircumscription of Dioscoreaceae and Dioscoreales. Taxon 51:103–114. 

Chauvin JE, Label A, Kermarrec MP. 2005. In vitro chromosome-doubling in tulip (Tulipa 

gesneriana L.). The Journal of Horticultural Science and Biotechnology 80:693–698. 

Chauvin JE, Souchet C, Dantec JP, Ellisseche D. 2003. Chromosome doubling of 2x Solanum 

species by oryzalin: Method development and comparison with spontaneous chromosome 

doubling in vitro. Plant Cell,Ttissue and Organ Culture 73:65–73. 

Darlington CD, Wylie AP. 1956. Chromosome atlas of flowering plants. Page 41in Allen G, editor. 

Chromosome atlas of flowering plants. George Allen & Unwin, London. 

Denaeghel HE, Van Laere K, Leus L, Lootens P, Van Huylenbroeck J, Van Labeke MC. 2018. 

The Variable Effect of Polyploidization on the Phenotype in Escallonia. Frontiers in Plant Science 

9:354. 



42 
 

Dermen H. 1940. Colchicine polyploidy and technique. The Botanical Review 6: 599–635. 

Doležel J, Lucretti S, Schubert I. 1994. Plant chromosome analysis and sorting by flow 

cytometry. Critical Reviews in Plant Sciences 13:275–309. 

Doty Maxwell S.1954. Aoristics and Plant Ecology of Rairoa Atoll, Tuamotus. Part 1: Floristics 

and Ecological Notes on Rairoa. Atoll Research Bulletin. Pacific Science Board 33:1–41. 

Drenth E. 1972. A revision of the family Taccaceae. Blumea 20:367–406. 

Eeckhaut TG, Werbrouck SP, Leus LW, Van Bockstaele EJ, Debergh PC. 2004. Chemically 

induced polyploidization in Spathiphyllum wallisii Regel through somatic embryogenesis. Plant 

Cell, Tissue Organ Culture 78:241–246. 

Faegri V, Van Der Pijl L .1971. Principles of Pollination Ecology, 2nd edn. Pergamon Press, 

Oxford, UK. 

Feng Y, Xu L, Yang P, Xu H, Cao Y, Tang Y, Yuan S, Ming J. 2017. Production and Identification 

of a Tetraploid Germplasm of Edible Lilium davidii var. unicolor Salisb via Chromosome 

Doubling. HortScience 52:946–951. 

Ganga M. Chezhiyan N. 2002. Influence of the antimitotic agents colchicine and oryzalin on in 

vitro regeneration and chromosome doubling of diploid bananas (Musa spp.). The Journal of 

Horticultural Science and Biotechnology 77:572–575. 

Gantait S, Mandal N, Bhattacharyya S, Das PK. 2011. Induction and identification of tetraploids 

using in vitro colchicine treatment of Gerbera jamesonii Bolus cv. Sciella. Plant Cell Tissue Organ 

106:485–493. 

Gemede HF, Ratta N. 2014. Antinutritional factors in plant foods: potential health benefits and 

adverse effects. Global Advance Research Journal of Food Science Technology 3:103–117. 

Greve BG, Valet A, Humpe T, Cassens U. 2004. Flow cytometry in transfusion medicine: 

development, strategies and applications. Transfusion Medicine and Hemotherapy 31:152–161. 

Hahn SK, Bai KV, Asiedu R. 1990. Tetraploids, triploids, and 2n pollen from diploid interspecific 

crosses with cassava. Theoretical and Applied Genetics 79:433–439. 

Hansen AL, Gertz A, Joersbo M, Andersen SB. 1998. Antimicrotubule herbicides for in vitro 

chromosome doubling in Beta vulgaris L. ovule culture, Euphytica 101:231–237. 

Hegarty MJ, Hiscock SJ. 2008. Genomic clues to the evolutionary success of polyploid 

plants. Current Biology 18:435-444. 



43 
 

Heping H, Shanlin G, Lanlan C, Xiaoke J. 2008. In vitro induction and identification of 

autotetraploids of Dioscorea zingiberensis. In Vitro Cellular and Developmental Biology-

Plant 44:448–455. 

Hlasna Cepkova P, Vitamvas J, Viehmannova I, Kisilova J, Cusimamani EF, Milella L. 2015. 

Simplified in vitro propagation protocol for Tacca leontopetaloides (L.) Kuntze and assessment of 

genetic uniformity of regenerated plantlets. Emirates Journal of Food and Agriculture 27:736–743. 

Kohmura H, Araki H, Imoto M. 1995. Micropropagation of ‘Yamatoimo’ Chinese yam (Dioscorea 

opposita) from immature leaves. Plant Cell, Tissue and Organ culture 40:271–276. 

Hussey GN, Stacey J. 1981. In Vitro Propagation of Potato (Solanum tuberosum L.) Annals of 

Botany 48:787–796. 

Jadrná P, Plavcová O, Kobza F. 2010. Morphological changes in colchicine-treated Pelargonium× 

hortorum LH Bailey greenhouse plants. Horticultural Science 37:27–33. 

Kaensaksiri T, Soontornchainaksaeng P, Soonthornchareonnon N, Prathanturarug S. 2011. In vitro 

induction of polyploidy in Centella asiatica (L.). Urban Plant Cell Tissue Organ 107:187–194. 

Karp A. 1995. Somaclonal variation as a tool for crop improvement. Euphytica 85:295–302. 

Kay DE. 1987. In: Gooding, EGB (Ed.), Root Crops. 2nd ed. Tropical Development and Research 

Institute, UK London, p. 380. 

Kunle OO, Ibrahim YE, Emeje MO, Shaba S, Kunle Y. 2003. Extraction, physicochemical and 

compaction properties of Tacca starch - a potential pharmaceutical excipient. Starch‐

Stärke 55:319–325. 

Lavania UC, Srivastava S. 1990. Evolutionary genomic change paralleled by differential responses 

of 2× and 4× calli cultures. Experientia 46:322–324. 

Leitch AR, Leitch IJ. 2008. Perspective – genomic plasticity and the divrsity of polyploid plants. 

Science 320: 481–483. 

Leitch IJ, Bennett MD. 1997. Polyploidy in angiosperms. Trends in plant science 2:470–476. 

Levin DA.1983. Polyploidy and novelty in flowering plants. The American Naturalist 122:1–25. 

Mackenzie JB. 1956. Agriculture Survey of Jebet, Jar Bokalap, Jebwor, and Kill Islands. 

Manuscript on file, National Archives of the Republic of the Marshall Islands, Alele Museum, 

Majuro Atoll. 

Makhtar NSM, Rais MFM, Rodhi MNM, Bujang N, Musa M, Hamid KHK. 2013. Tacca 

leontopetaloides starch: New sources starch for biodegradable plastics. Int. Tribol. Conf. Malays 

68: 385–391. 



44 
 

Maluszynska J. 2003. Cytogenetic tests for ploidy level analyses—chromosome counting. 

In Doubled Haploid Production in Crop Plants. Springer, Dordrecht. 391–395.  

Murashige T, Skoog F. 1962. A revised medium for rapid growth and bio-assays with tobacco 

tissue culture. Physiologia Plantarum 15: 473–497. 

Nwogu LA, Igwe CU, Emejulu AA. 2008. Effects of Landolphia owariensis leaf extract on the 

liver function profile and haemoglobin concentration of albino rats. African Journal of 

Biochemistry Research 2:240–242. 

Nwokocha LM, Senan C, Williams PA. 2011. Structural, physicochemical and rheological 

characterization of Tacca involucrata starch. Carbohydrate polymers 86:789–796. 

Ogbonna AI, Adepoju SO, Ogbonna CIC, Yakubu T, Itelima JU, Dajin VY. 2017. Root tuber of 

Tacca leontopetaloides L. (kunze) for food and nutritional security. Microbiology: Current 

Research 1(1). 

Otto SP, Whitton J. 2000. Polyploidy: incidence and evolution. Annual Review of Genetics 34: 

401–437. 

Pansuksan K, Sangthong R, Nakamura I, Mii M, Supaibulwatana K. 2014. Tetraploid induction of 

Mitracarpus hirtus L. by colchicine and its characterization including antibacterial activity. Plant 

Cell, Tissue and Organ Culture 117:381–391. 

Paul T. 1965. Arrowroot and sweet potato in Truk in Field Training and Interchange in Root Crops, 

Koror, Palau Islands. September 25 - October 15, 1965. Microfilm No. 219 on file, Archives of 

the Trust Territory of the Pacific Islands, Palau. 

Paulo Artur Konzen Xavier de Mello e Silva, Sídia Callegari-Jacques, Maria Helena Bodanese-

Zanettini. 2000. Induction and Identification of Polyploids in Cattleya intermedia L. 

(ORCHIDACEAE) by in vitro techniques Ciência Rural, Santa Maria 30:105–111. 

Pelletier PS, Caventon J. 1820. Chim. Phys. 14:69. 

Peters FE, Tomono M, Wills PA. 1960. Composition of some south pacific foods. Journal of Food 

Science 25:211–228. 

Petersen KK, Hagberg P, Kristiansen K. 2002. Plant in vitro doubling of Miscanthus sinensis. Plant 

Breeding 121:445–450. 

Pollock N. 1970. Breadfruit and Breadwinning on Namu Atoll, Marshall Islands. Unpublished Ph. 

D. Dissertation, Department of Anthropology, University of Hawaii, Honolulu. University 

Microfilms (MF 71–2211), Ann Arbor, MI. 



45 
 

Poornima GN, Ravishankar RV. 2007. In vitro propagation of wild yams, Dioscorea oppositifolia 

(Linn) and Dioscorea pentaphylla (Linn). African Journal of Biotechnology 6:2348–2352. 

Poyer L. 1990. Ethnology component. Micronesian resource study, Taroa Island, Maloelap Atoll, 

Republic of the Marshall Islands. Micronesian Endowment for Historic Preservation. Report on 

file, Historic Preservation Office, Republic of the Marshall Islands. 

Rahman M. 2006. Introduction to flow cytometry. Serotec Ltd. Endeavour House. Oxford, UK. 

Ramsey J, Schemske DW. 1998. Pathways, mechanisms, and rates of polyploid formation in 

flowering plants. Annual Review of Ecology and Systematics 29: 467–501. 

Rêgo MM, Rêgo ER, Bruckner CH, Finger FL, Otoni WC. 2011. In vitro induction of 

autotetraploids from diploid yellow passion fruit mediated by colchicine and oryzalin. Plant Cell, 

Tissue Organ 107:451–459. 

Safford WE. 1905. The Useful Plants of the Island of Guam. Contributions from the U. S. National 

Herbarium 9. Smithsonian Institution, Washington D.C. 

Sanjay J, Rajendra S. 2015. Chemical Fingerprinting of Flavonoids in Tuber Extracts of Tacca 

leontopetaloides (L.) O. Ktze. Journal of Academia and Industrial Research. Volume 3. 

Smets EF, Ronse Decraene LP, Rudall PJ. 2000. Floral nectaries in monocotyledons: distribution 

and evolution. In:Wilson KL, Morrison D, eds. Monocots, Systematics and Evolution. Victoria: 

CSIRO Publishing. 230–241. 

Soltis DE, Albert VA, Leebens-Mack J, Bell CD, Paterson AH, Zheng CF, Sankoff D, dePamphilis 

CW, Wall PK, Soltis PS. 2009. Polyploidy and angiosperm diversification. American Journal of 

Botany 96: 336–348. 

Soucie Edward A. 1983. Atoll Agriculture for Secondary Schools. Soils and Major Agricultural 

Crops of Micronesia. Ponape Agriculture and Trade School, Pohnpei. 

Spennemann DHR. 1994. Traditional arrowroot production and utilization in the Marshall Islands. 

Journal of Ethnobiology 14: 211–234. 

Sproat MN. 1968. A Guide to Subsistence Agriculture in Micronesia. Agricultural Extension 

Bulletin 9. Publications Office, Saipan, Commonwealth of the Northern Marianas. 

Stanys V, Weckman A, Staniene G, Duchovskis P. 2006. In vitro induction of polyploidy in 

Japanese quince (Chaenomeles japonica). Plant Cell, Tissue and Organ Culture 84:263–268. 

Stebbins L. 1971. Chromosomal evolution in higher plants. London: Edward Arnold Ltd Publisher. 

Stone Earl L. 1951. The Agriculture of Arno Atoll, Marshall Islands. Atoll Research Bulletin 6. 

Pacific Science Board, National Research Council, Washington D.C. 

Tang ZQ, Chen DL, Song ZJ, He YC, Cai DT. 2010. In vitro induction and identification of 

tetraploid plants of Paulownia tomentosa. Plant Cell, Tissue Organ 102:213–220. 



46 
 

The Angiosperm Phylogeny Group. 2003. An update of the Angiosperm Phylogeny Group 

classification for the orders and families of flowering plants: APG II. Botanical Journal of the 

Linnean Society 141:399–436. 

Ubwa ST, Anhwange BA, Chia JT. 2011. Chemical analysis of Tacca leontopetaloides peels. 

American Journal of Food Technology 6:932–938. 

Ukpabi UJ, Ukenye E, Olojede AO. 2009. Raw material potentials of Nigerian wild Polynesian 

arrowroot (Tacca leontopetaloides) tubers and starch. Journal of Food Technology 7:135–138. 

Van de Peer Y, Maere S, Meyer A. 2009.The evolutionary significance of ancient genome 

duplications. Nature Reviews Genetics 10: 725–732. 

Van Duren M, Morpurgo R, Dolezel, Afza R. 1996. Induction and verification of autotetraploids 

in diploid banana (Musa acuminata) by in vitro techniques. Euphytica 88:25–34. 

Viehmannová I, Cusimamani EF, Bechyne M, Vyvadilová M, Greplová M. 2009. In vitro 

induction of polyploidy in yacon (Smallanthus sonchifolius). Plant Cell, Tissue and Organ Culture 

97:21–25. 

Viehmannová I, Trávníčková M, Špatenková E, Černá M, Trávníček P. 2012. Induced 

polyploidization and its influence on yield, morphological, and qualitative characteristics of 

microtubers in Ullucus tuberosus. Plant Cell, Tissue and Organ Culture 109:83–90. 

Wan Hong. 2009. Tacca leontopetaloides. Available from 

https://www.flickr.com/photos/10382320@N08/3864617176/in/photostream/ (accessed January 

2018) 

Wood TE, Takebayashi N, Barker MS, Mayrose I, Greenspoon PB, Rieseberg LH. 2009. The 

frequency of polyploid speciation in vascular plants. Proceedings of the National Academy of 

Sciences 106: 13875–13879. 

Wu SH, Hsieh CF, Rejmanek M. 2003. Flora of Taiwan 2nd Ed. Available from 

http://www.discoverlife.org/mp/20q?search=Tacca+leontopetaloides (accessed April 2018) 

Zahumenická P, Fernández E, Šedivá J, Žiarovská J, Ros-Santaella JL, Martínez-Fernández D, 

Russo D, Milella L. 2018. Morphological, physiological and genomic comparisons between 

diploids and induced tetraploids in Anemone sylvestris L. Plant Cell, Tissue and Organ 

Culture 132:317–327. 

Zhang L, Li HT, Gao LM, Yang JB, Li DZ, Cannon CH, Chen J, Li QJ. 2011. Phylogeny and 

evolution of bracts and bracteoles in Tacca (Dioscoreaceae). Journal of Integrative Plant 

Biology 53:901-911. 

Zhang L, Chen J, Li DZ, Li QJ. 2007. Reproductive biology, mating system, and population 

genetics of devil flower: autonomous selfing plant with showy floral display. Floriculture and 

Ornamental Biotechnology 1:115–124. 



47 
 

Zhang L, Barrett SC, Gao JY, Chen J, Cole WW, Liu Y, Bai ZL, Li QJ. 2005. Predicting mating 

patterns from pollination syndromes: the case of “sapromyiophily” in Tacca chantrieri 

(Taccaceae). American Journal of Botany 92:517–524. 

Zlesak DC, Thill CA, Anderson NO. 2005. Trifluralin-mediated polyploidisation of Rosa 

chinensis minima (Sims) Voss seedlings. Euphytica 141:281–290. 

Zhang Z, Dai H, Xiao M, Liu X. 2008. In vitro induction of tetraploids in Phlox subulata L. 

Euphytica 159:59–65. 

 

 


