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ABSTRACT
A study was conducted to assess the mutagenic effect of gamma radiation on sprouting
and height in four local cassava accessions.The four cassava accessions were assessed for
their callus induction and somatic embryo formation ability from leaf lobes from gamma
irradiated stakes as well as colchicine treated leaf lobes on different concentrations of
plant growth regulators, incorporated into Murashige and Skoog, (1962) (MS) basal
medium. The cassava accessions were irradiated at 0, 32, 35, 45 and 50 Gy and planted in
pots filled with loamy soil. The height of the shoots was measured with rule after
sprouting. The leaf lobes were collected from the shoots and cultured on MS medium
supplemented with 8 mg/l 2,4-D and 16 mg/l Picloram. Another set of leaf lobes were
treated with 0.0, 0.05, 0.1, 0.2, 0.25 g/l colchicine for one hour and thereafter cultured on
MS medium supplemented with 8 mg/l 2,4-D and 16 mg/l Picloram as described above.
Callus induction from leaf lobes in 45 and 50 Gy were significantly (p<0.05) affected by
the irradiation. However, callus induced from leaf lobes in 32 and 35 Gy were not
significantly (p<0.05) affected by the irradiation. On the other hand, Callus induction
from leaf lobes in 0.1-0.25 g/l colchicine were significantly (p<0.05) affected by the
mutagenic treatment whereas callus induced from leaf lobes in 0.05 g/l colchicine was
not significantly (p<0.05) affected. Callus induced on 8 mg/l 2,4-D and 16 mg/l picloram
gave the best response in Ankrah and all control tested while Tomfa recorded the least.
Colchicine at a concentration of 0.05 g/l and radiation dose of 32 Gy treatments gave the
best response of callusing. Callus induction decreased with increasing colchicine

concentration and gamma irradiation. Callus derived from irradiated and colchicine leaf

Xiii



lobes appeared soft but friable and tiny, compact, respectively, predominately with
creamy to brown colouration.Calli obtained were sub-cultured on embryo regeneration
medium consisting of MS supplemented with 0.01mg/l NAA and 0.1 mg/l BAP. There
was no plantlet regeneration. Instead, embryo formation and prolific root was observed in
cases where there was no embryo. Similarly, somatic embryo formation was significantly
(p<0.05) different among the accessions. No response to callus formation was observed
in 0.25 g/l colchicine treatment after 30 days. Among the four accessions evaluated,
Ankrah was the most promising accession in terms of callus induction frequency and
somatic embryo formation ability. The results presented in this thesis clearly show that,
sprouting in all accessions decreased as the dose of irradiation increased. Gamma
irradiation had significantly (p<0.05) effected height of cassava plant but this varied
among all accessions.. Also, among the four accessions studied Ankrah and Tuaka were
the most promising accession in terms of callus induction and somatic embryo formation

ability.
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CHAPTER ONE

1.0 INTRODUCTION

Cassava is a dicotyledonous plant belonging to Euphorbiaceae family. The genus is reported to
have about 200 species, with Manihot esculenta Crantz being the only commercially cultivated
species (Alves, 2002). The species is believed to have originated in South America (Allem,
2002; Olsen and Schaal, 2001) and introduced in the old world tropics in the 16th century by
Portuguese explorers when they established forts, trading stations and settlements on African

coastal and nearby islands (Jones 1959).

Cassava is the second most important source of calories (providing more than 50% of the
calories) after maize and a major staple food for more than 800 million people in the subtropics
and tropics (FAO, 2006). The crop is widely adapted to a variety of soils and climates making it
a suitable alternative to other grain staples in areas where population pressure and crop failure
are a challenge (Al-Hassan, 1993; Nweke, 1996; Benesi, 2005). A unique advantage of cassava
over other crops is its ability to be stored in the ground and harvested when needed, thus, making

it a good food security (DeVries and Toenniessen, 2001).

The main nutritional component of cassava is carbohydrate, which is accumulated in the
tuberous storage roots (Jaramillo et al., 2005); a valuable source of energy for both humans and
animals. It constitutes a greater part of the diets of most Africans south of the Sahara. More than

two-thirds of the total production of cassava is used as food for humans, with small amounts



being used for animal feed and industrial use (Nwokoro et al., 2002). There is a growing
importance of cassava among Ghanaians because its contribution to the national economy and

development is enormous (Manu-Aduening et al., 2006).

In Ghana, cassava is produced predominantly in all the regions except the Upper East Region
with per capita consumption of 152.9 kg/year. The fresh roots are used to prepare the most
important traditional meal “fufu, or boiled into “Ampesi” and eaten with stew. They can as well
be processed into gari (Amenorpe et al., 2006; Baafi and Sarfo-Kantanka, 2008). Roots can also
be used to prepare fermented starches as well as dried chips, or pellets for animal feed (Wheatley
and Chuzel, 1993). Cassava is not only a staple food in this country, but also a source of income

for farmers (Watananonta, 2006).

In recent times, cassava has gained attention as a potential industrial crop due to its high
carbohydrate content and other qualities such as amylose and amylopectin ratio which makes it a
good candidate crop for starch production (Parkes, 2001). Starch is one of the most important
products from cassava and it forms an essential component of food by providing a large
proportion of the daily caloric intake. Starch from cassava is used in the production of adhesives
in the textile industries, filler and binding agents in the pharmaceutical industries (Manyong and
Abass, 2007), as glue to improve strength and brightness in the paper industry and for powder

production in the cosmetic industry (Tonukari, 2004).



In addition, cassava has the potential to become an important biofuel crop. It is used as a source
of ethanol fuel and is gaining more attention in Mozambique, Ghana, Nigeria, Uganda and other
parts of Africa (http://www-mvd.iaea.org). Rising oil prices coupled with the need to address
concerns about emission from transportation fuels and the requirements of the Kyoto Protocol on
carbon emission has led to the promulgation of a mandatory blending of biofuels (ethanol) with
fossil fuels in Europe by 2020, which will require cassava chips as the alternative raw material
feedstock (UNCTAD, 2009). According to FAO Food outlook (2009) cassava chips production

will become a major emerging market opportunity for biofuels.

In spite of its economic importance, cassava has several negative characteristics such as low
protein content of the tubers, high cyanogenic glucoside (Iglesias et al., 2002) content in storage
roots as well as poor storability of storage roots after harvest (Bokanga et al., 1994).
Furthermore, its cultivation is limited by high incidence of pests and diseases leading to very low
yields on farmers’ fields (Fargette and Thresh, 1994). The most prevalent diseases of cassava in
Africa are African cassava mosaic virus (ACMV) (Hillocks and Thresh, 2002) which account for
yield losses of about 90% and cassava brown streak disease (CBSD) (Thresh and Otim-Nape,
1994). These limitations lessen the potential use of the crop as an engine for growth and
development. Breeding objectives have therefore aimed at increasing yield and starch content,
reducing the propagation cycle, improving nutritional quality, cyanide content and development

of ACMV tolerant varieties.

Conventional breeding efforts at addressing these problems are seriously limited by high



heterozygosity of the allopolyploid plants with low natural fertility, strong inbreeding
depression and lack of resistance genes in sexually compatible germplasm (Kawano et al., 1998,
Fregene et al., 2001, Nassar, 2001). Although traditional breeding programmes have led to the
development of improved cultivars (Hershey and Jennings, 1992), the difficulty and time
involved makes it laborious. Thus, the use of other methods are highly recommended to

complement conventional genetic improvement programmes.

Genetic transformation is the most commonly used system to transfer foreign genes into plant
cells. The technique was first reported in cassava in the second half of the 1990s (Li et al., 1996;
Raemakers et al., 1996; Schopke et al., 1996; Zhang et al., 2000b ) and has been successful in
some cassava cultivars. However, it requires a reliable regeneration system which is compatible
with transformation methods allowing selection and regeneration of transgenic plants (Birch,
1997). Although, genetic transformation of cassava holds great promise for increasing
productivity, especially in areas where conventional breeding lacks solution to problems facing
the crop, it involves highly skilled labour and also expensive. Furthermore, the improvement of
cassava using marker-free genetic transformation biotechnology can be significantly impaired by
lack of a suitable in vitro regeneration procedure especially for the local cultivars (Aldemita and

Hodges, 1996).

Somatic embryogenesis is the most efficient cassava regeneration method and it is mainly
restricted to young leaves and shoots meristems (Puonti-Kaerlas, 1997; Raemakers et al., 1997;
Feitosa et al., 2007). Thus far, it is the only reproducible morphogenic system in cassava which

was first reported by Stamp and Henshaw (1982, 1987). Stamp and Henshaw (1982) induced



somatic embryos on a limited number of explants such as cotyledons or embryonic axes from
zygotic embryos, whereas (Matthews et al., 1993; Raemakers et al., 1993a; Taylor et al., 1996;
Puonti-Kaerlas et al., 1997; Li et al., 1998) induced somatic embryos from immature leaf lobes.
It is the process by which somatic cell differentiates into somatic embryos through characteristic

embryological stages without fusion of gametes (Schumann et al., 1995; Arnold et al., 2002).

Somatic embryos are achieved by culturing leaf lobes, cotyledons, zygotic embryos on a medium
supplemented with auxins such as picloram or 2,4-dichlorophenoxy acetic acid (2,4-D) or both
(Sofiari, 1996). Such embryos are germinated further into plantlets through developmental steps
that correspond to those of the zygotic embryos. Somatic embryogenesis has both advantages
and disadvantages. Besides the use of somatic embryogenic calli for long term preservation via
cryopreservation, somatic embryogenesis can be employed for the multiplication of diseased-free
elite cassava clones and regeneration capacity of the propagules in a short time (Danso and Ford-
Lloyd, 2004). However, this system is highly genotype dependent and for this reasons that it has
not been adopted commercially in most of the crop species.

In the last few years successful long-term, highly regenerable embryogenic suspension cultures
(Taylor et al., 1996) and/or cyclic somatic embryogenic systems (Joseph et al., 1999) were
established for several varieties of cassava, making it possible to further create new varieties by
genetic manipulations or induced mutations. Plant regeneration via somatic embryogenesis is
widely applied in micropropagation, mutation breeding, cryopreservation and transformation

(Bhojwani and Razadan 1996).



Tissue culture technique such as callogenesis is an essential step for any successful plant
breeding (Guo and Zhang, 2005). In vitro plant regeneration can be exploited to raise transgenic
plants using vector-mediated or direct gene delivery approaches or create variability by
irradiation for cassava varieties. An important step in the somatic embryo technique is the
development of an intermediate callus which could act as targets for inserting gene of interest
either through microprojectile bombardment or co-culture with Agrobacterium tumefaciens to
produce genetically transformed cassava. Joseph et al., (2004), has reported that embryogenic
calli could be used for induction of mutation by irradiation with X-rays or gamma rays for the

production of valuable mutants.

The use of natural or induced mutations offers an alternative approach to crop improvement via
physical and chemical mutagens. Mutations are heritable changes in the genetic material and are
the ultimate source of all genetic variations between individuals (Ahloowalia et al., 2004).
Physical mutagens which are both ionizing and non-ionizing radiations as well as chemical
mutagens are widely used to induce mutations in plants including cassava. The ionising
radiations commonly used are X-rays and gamma rays. There are a number of chemical
mutagens but for practical purpose of induction of mutation, only a few such as Ethyl methane
sulphonate (EMS), diethyl sulphate (dES), ethylene imine (EI), and sodium azide are really
useful. Other chemicals such as colchicine (though antimitotic) can as well be used for mutation
induction.

Mutation breeding has been used to create useful variability in the DNA of several crops and it

mostly results in insertions and deletions (INDEL) of part of the genome sequence (Lee et al.,



2003). Mutation induction breaks the nuclear DNA and cytoplasmic organelles which results in
chlorophyll mutations, chromosomal or genomic mutations from which useful mutants are

selected.

Mutagenic treatment may uncover recessive alleles by mutating or deleting corresponding
dominant alleles. Mutation breeding as a tool for crop improvement becomes a good option for
creating variability in vegetatively propagated crops (Sleper and Poehlman, 2006). It has been
used extensively to improve several crops, without extensive hybridization and backcrossing

(Maluszynski et al., 2000; Ahloowalia et al., 2004).

The induction and selection of mutants provide a simple, efficient, rapid and cheap method to
alter the genetic make-up and obtain desired genotypes from otherwise well-adapted genotypes.
Over 64% of the radiation induced mutant varieties was created via the use of gamma

radiation (Ahloowalia et al., 2004). In Ghana, mutation breeding resulted in the

development of mutant cassava ‘Tek bankye’, with high dry matter content (40%) and

good poundability and mutant cacao ‘Upper Amazon T85/799” with resistance to cocoa

‘swollenshoot’ virus from Ghana (Danso et al., 2008).

Besides hybridization and mutant induction, cassava improvement could also be achieved
through the production of colchiploids as well as triploids. Polyploid breeding has unique
advantages in cassava, because the economically useful product is a vegetative part. Generally,
polyploids have enhanced resistance and enlarged plant organs. Thus, polyploid breeding in

cassava could be used to improve the yield of the crop. Polyploid plants, for example,

7



tetraploids, can be produced by the chemical treatment (colchicine, oryzalin, etc.) of diploid
plants. Moreover, other ploidy levels can be obtained by crossing different ploidy levels. The
first triploid cassava variety “SreeHarsha” released in 1996 (Sreekumari et al., 1999) was a cross
between natural diploid and induced tetraploid plants. In this study, we propose the development

of callus and somatic embryos via colchicine treatment.

In both seed and vegetatively propagated crops colchicine produces gene mutations instead of
complete polyploidy in the plant (Datta, 1990) and has been used to induce morphological

variants in pineapple (Mujib, 2005) and in Eucalyptus (Lin et al., 2010).

The main objective of this research was to assess the effect of irradiation and colchicine on callus
induction and germination in four local cassava accessions.The research had the following

specific objectives;

i. To determine the effect of radiation on plant height after sprouting.

ii. To study the effect of doses of gamma radiation on callus induction and somatic embryo

development in cassava.

iii. To study the effect of different concentrations of colchicine on callus induction and somatic

embryo development in cassava.



CHAPTER 2

2.0 LITERATURE REVIEW

2.1 Origin and distribution of cassava

Cassava was introduced by Portuguese explorers when they established forts, trading stations
and settlements on African coastal and nearby islands (Jones, 1959). The crop spread throughout
Africa by various mechanisms of which the initial contact with the Portuguese-Brazilian culture
appears to be the most remarkable. Cassava got to West Africa via the Bight of Benin and the
Congo River at the end of the 16th century by European visitors to America (Sturtevant, 1969),
and shortly after to the other parts of West and South-West Africa. The cultivation of cassava
spread rapidly across Angola and Southern Zaire, but in West Africa only more slowly in the
mid-19" century (Jones, 1959). The cultivation of cassava increased rapidly throughout tropical
Africa during the 19th and early 20th centuries (Angladette, 1949). The first cultivation of

cassava in Africa dates from 1558 (Carter et al., 1992).

Central Brazil was suggested as one of the four centres of diversity of Manihot species. However,
the exact area of origin of cassava as a crop plant is unknown, although several theories have
been postulated. Recent nuclear DNA sequence studies by Kenneth (2002) suggested Mexico
and Central America as centres of domestication. According to De Candolle (1886), cassava
(Manihot esculenta Crantz) was first cultivated in north-eastern Brazil, based on the abundance

of wild Manihot species.



Fregene et al., (1994) reported that all species of the genus Manihot are native to the New World
and exist in the western hemisphere between southern USA (330N) and Argentina (330S). Allem
(1994) originally proposed that the modern cultivated cassava, M. esculenta subsp. esculenta,
originated directly from the present wild subspecies M. esculenta subsp. flabellifolia. It has been

reported that cassava was first cultivated in north-eastern Brazil.

In Ghana, cassava was grown by Portuguese around their trading ports, forts and castles and it
was a principal food eaten by both Portuguese and slaves (Adams, 1957; Bentil, 2011). By the
second half of the 18th century, the crop spread throughout the coastal plains and had become

the main food of the people (Bentil, 2011).

2.2 Taxonomy and classification

The genus Manihot belongs to the Euphorbiaceae family and comprises over 200 species widely
distributed throughout the tropics. About 98 species of Manihot are native to the New World,
located in four regions in Brazil and Central America. M. esculenta is the only one of the 98
species widely cultivated for food production. Of the 98 species, 80 occur in Brazil, making the
country an important genetic resource centre for the genus (Rogers and Appan, 1973; Onwueme
1978; Mkumbira 2002; Nassar and Marques, 2006). There are about five thousand known

varieties of cassava adapted to different environmental conditions.

Although all the Manihot species examined so far are diploid with chromosome number 2n = 36,

research has shown that cassava may have originated by hybridization of two wild Manihot
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species, (Olsen and Schaal, 1999) M. esculenta subsp. flabellifolia. Reports indicate that

polyploid plants have been produced experimentally (O’Hair, 1990).

2.3 Economic importance of cassava

2.3.1 Food

Cassava is a vital staple food, which provides more than 50% of the calories consumed for more
than 800 million people in sub-Saharan Africa (Osiru et al., 1996). The dry root flesh contains up
to 85% starch and very low protein. It is also rich in vitamins C (36 mg) and calcium (33 mg)
with low fat (0.30 g) content. In Africa, the roots of cassava can be processed into various food
forms which include gari, dried chips, flour and many other products (Nweke et al., 1994). The
fresh roots of cassava can also be peeled, boiled, fried or baked or fermented as dough (a

processed cassava product) which is consumed in large quantities.

In Ghana, cassava can be used in various forms. The roots of sweet cassava varieties are eaten
raw, roasted in an open fire, or boiled in water and used to prepare fufu. Cassava can also be
dried and milled into flour to prepare a local meal “konkonte”. The fresh roots can also be grated

or milled into cassava dough or processed into a granulated cassava product called gari.

The leaves are reported to have excellent nutritional value for humans and animals (Ceballos et
al., 2004). The tender shoots and leaves are eaten as vegetables in many parts of Africa and it

provides protein (7 g protein per 100 g edible portion) with a high content of lysine, minerals and

11



vitamins (IITA 1990; Nweke et al., 1994; Fregene et al., 2000; Benesi, 2005). The seed is
processed for oil and seed cake, used for formulating feed for livestock. The seed is also

processed into a medicinal product to cure skin diseases (Popoola and Yangomodou, 2006).

2.3.2 Industrial uses

Cassava is an important commodity which can serve as a nucleus for many industrial
applications mainly because of its starch. Starch is becoming multibillion dollar business
worldwide and can be used to make products which maize, rice and wheat starch are currently
being used for (Nduele et al., 1993). Starch produced from cassava has a wide range of industrial
applications. In the textiles industries, starch is used to increase the brightness and weight of the
cloth and in the production of adhesives and glues for paper industry (Balagopalan, 2002). In the
pharmaceutical industries starch is used for making gelatin capsules and as a thickener in syrups

through the hydrolysis of glucose and dextrose.

Cassava starch is used as an additive in cement to improve the setting time and to improve the
viscosity of drilling mud in oil wells. It is also used to seal the walls of bore holes and prevent
fluid loss. Starch is also an important raw material for powder in the cosmetics industries. In the
manufacture of detergent, starch is used to get better recovery and to improve the shelf life of
detergents. (Nduele et al., 1993) While in the rubber and foam industries, starch is employed for

getting better foaming and colour.
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2.3.3 Cassava as a biofuel crop

In recent times, interest in the usage of biofuels has increased due to rising global crude oil
prices. Many countries are exploring a promising new market for cassava starch, as raw material
for production of ethanol biofuel. Thus, besides its traditional role as a food crop, cassava is
increasingly becoming a biofuel crop due to its high starch quality. As such ethanol used as a

biofuel (Nguyen et al., 2008).

In Ghana, the development and production of cassava bio-ethanol has the potential to create
more jobs, increase exports, attract foreign investment and contribute to industrialization and
modernization of Ghana’s economy. The production of cassava as a bio-energy crop could
minimise fossil fuel consumption, reduce environmental pollution and generate employment and
income for the producers. In countries like China, cassava chips have been utilised in the

production of ethanol (Getachew, 2009).

2.4 Cassava production

In Ghana, cassava is cultivated by more than 90 per cent of the farming population and it
contributes about 22% of agricultural Gross Domestic Product (GDP). Cassava is earmarked as
one of the alternatives to compete with maize for industrial processes in the tropics (Jaramillo et
al., 2005). In fact, it was declared as the crop of the decade by the African Union (AU) (Okai,
2001). Its high yield potential makes it a suitable option for other grain staples where population
pressure and crop failure are a challenge (Al-Hassan, 1993; Nweke, 1996; Benesi, 2005). The

exceptional ability of cassava roots to be stored in the ground and harvested when needed, makes
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it a food security (DeVries and Toenniessen, 2001) and famine reserve crop (Nweke et al.,

2002).

Many reports on Ghana’s economic growth and development have identified cassava as a single
commaodity that could generate desired economic growth and fight poverty (Dapaah, 1991; 1996;
Al-Hassan and Diao, 2007; Nweke, 2004). There is a growing importance of cassava in Ghana
(Dapaah, 1991; Al-Hassan, 1993; Manu- Aduening et al., 2006); requiring therefore, that the
demands of the growing cassava-based industry in Ghana be met in order to promote economic
growth in Ghana and West Africa (Nweke, 2004; Al-Hassan and Diao, 2007; Dixon and
Ssemakula, 2008). The annual cassava production in Ghana in 2006 was approximately 10
million tonnes representing 8% of total cassava production on the continent thus, rating Ghana as
the third largest producer in Africa, after Nigeria and the Democratic Republic of Congo (FAO
Food Outlook, 2009). Cassava ranks first in terms of area under cultivation and utilization in
Ghana (NARP 1994). Production increased marginally to 11.3 metric tonnes (MT) in 2008 and

by 2011, production has increased to 14.2 MT.

In Ghana, cassava is primarily produced for its roots which are a major and cheap source of
carbohydrate in human diet, containing 20% amylose and 70% amylopectin, an important source
of energy with a calorific value of 250 kcal/ha per day. About 90% of cassava produced is for
human consumption, 10% for animal feed and industry. Cassava alone accounts for 34% of food

crop consumption per annum (RMRDC, 2004; Bentil, 2011).
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2.5 Diseases and pests of cassava

Insect pests and plant diseases can reduce cassava Yyield drastically, posing a threat to food
security in the producing countries. More than 40 diseases caused by viruses, bacteria, fungi and
phytomonas hinder cultivation of cassava. The cassava mealy-bug and cassava green mite are the
two important pests of cassava in Africa. Additionally, most cassava-growing countries
experience yield losses due to severe infection of the stakes with African Cassava Mosaic Virus
(ACMV), East African cassava mosaic virus (EACMYV), cassava anthracnose disease, cassava

bacterial blight and South African cassava mosaic virus (SACMV) (Fargette and Thresh, 1994).

ACMYV is the most devastating cassava disease which causes yield reduction up to 90% (Thresh
and Otim-Nape, 1994). ACMV has been reported as occurring in all cassava growing countries
in Africa and adjacent islands (Hillocks, 2002), while EACMYV on the other hand is prevalent in
Kenya, Tanzania, Malawi, Zimbabwe and other African countries including Ghana and causing
significant yield losses (Thottapilly et al., 2003). In Ghana, EACMV has been observed as a new

viral infection with ACMV in some cassava cultivation (Fondong et al., 1998; Offei et al., 1999;

Ogbe et al., 1999).

2.6 Cassava improvement

2.6.1 Conventional hybridization
Cassava is conventionally propagated by stakes (Hallack, 2001; Alves, 2002). However, in some

breeding programmes, seeds are used for propagation (Kizito et al., 2005; Manu-Aduening et al.,
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2005). But cassava propagation from true seed occurs under natural conditions and it is utilized
in most breeding programmes (lglesias et al., 1994). However, propagation of cassava seeds
result in segregation due to outcrossing in the crop (Osiru et al., 1996). Besides, seedlings from
seed propagation are smaller and less vigorous than plants from stem cuttings (Alves, 2002) and
take a longer time to become established. Thus, cassava since its origin has been propagated

vegetatively using stem cutting.

Cassava stem cuttings are bulky and highly perishable, drying up within a few days. Under
favourable conditions, cassava stakes sprout forming adventitious roots within one week as such
cannot be stored for a long time (FAO, 2000; Alves, 2002). However, propagation of cassava by
stakes results in the production of true-to-type plants with high initial vigour. Propagation via
stem cuttings could lead to systemic pests and disease build up which are transmitted from one

season to the next thereby reducing yield (Thro et al., 1998).

Conventional plant breeding is based on variation and selection of desired genotypes and is
characterized by several years of crossing, selection and field evaluation before a desired
genotype is released as an improved cultivar. Many vegetatively propagated crops including
cassava have complex polyploidy levels, take several years to flower and fruit, are self-
incompatible and/ or produce little or no seeds after crossing (Olsen and Schaal, 1999), hence,
there is limited possibility to produce sufficiently large population to obtain desired
recombinants in a short duration. Although, conventional breeding efforts are being made to

overcome these problems, alternate breeding technique should be employed in cassava breeding.

16



2.6.2 Somatic embryogenesis

Tissue culture techniques such as genetic engineering, in vitro mutagenesis and somatic
embryogenesis are important tools for varietal improvements of plants. The most widely used
among these techniques for genetic transformation, mutant regeneration and somaclonal
variation induction in many plant species is somatic embryogenesis. The technique has been
documented in several cassava genotypes (Raemakers et al., 1995a; Konan et al., 1997
Atehnkeng et al., 2006) and has been used to produce transgenic cassava in combination with

gene transfer (Taylor et al., 2001).

Somatic embryogenesis is the process of somatic cell differentiation into somatic embryos
through characteristic embryological stages without fusion of gametes (Arnold et al., 2002;
Schumann et al., 1995). Somatic embryogenesis can be initiated either directly on explant
tissues, or indirectly from callus. For any successful plant breeding programme, a stable and
active cell or tissue culture is required (Guo and Zhang, 2005). Somatic embryos or embryogenic
calli produced can be used as target for transformation of the crop (Merkle and Dean, 2000). For
cultivar generation and germplasm storage callus formation is an important material for
establishing embryogenic culture. Embryogenic property can be maintained for prolonged period
of time by repeated cycles of secondary embryogenesis (Raemakers, 1995), thereby making the

technique useful for clonal multiplication.

Currently, the two most frequently used systems are shoot organogenesis from cotyledonous
somatic embryos and embryogenic suspensions derived from friable embryogenic callus (FEC).

All reported cases of cassava somatic embryogenesis involve the induction of organized
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embryogenic structures from immature leaf lobes or cotyledons. The immature leaves have been
reported to be most totipotent, capable of becoming de-differentiated tissues (Dhar and Joshi,
2005). These tissues are maintained on MS media with various concentrations of picloram and/
or 2,4-D. Plant regeneration via somatic embryogenesis is widely applied in micropropagation,
mutation breeding, cryopreservation and transformation (Bhojwani and Razadan 1996).
Development of shoot primordia from germinating somatic embryos is induced directly on
medium containing cytokinin. Cassava somatic embryogenesis involves optimization of embryo

maturation and incorporation of a desiccation stage prior to induction of germination.

2.6.2.1 Induction of somatic embryos in cassava

Tissue culture technique such as somatic embryogenesis has been documented as the most
efficient and reproducible cassava regeneration method to enhance the transformation of the crop
(Raemakers et al., 1995a; Konan et al., 1997; Atehnkeng et al., 2006). Studies on somatic
embryogenesis of cassava were first reported by Stamp and Henshaw (1982). Several varieties of
cassava plant have been produced via somatic embryogenesis in recent times (Danso and Ford-
Lloyd, 2003). A number of reports documented a variety of improvement via cyclic
embryogenesis (Raemakers et al., 1993a). It is achieved by culturing leaf lobes, cotyledons,
zygotic embryos cultured on a medium supplemented with auxins such as Picloram, 2,4-

dichlorophenoxy acetic acid (2,4-D) or dicamba (Sofiari, 1996).

Somatic embryogenesis can be used to establish long-term embryogenic cultures by constant
sub-culturing of such embryos, (Woodward and Puonti-Kaerlas 2001) via the development of

cyclic secondary somatic embryogenic systems (Joseph et al., 1999; Groll et al. 2001; Danso and
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Ford-Lloyd 2002) which can be established on either liquid or solid medium. In vitro techniques
such as somatic embryogenesis improves the effectiveness of mutation induction, by allowing
the handling of large number of population (Jain and Maluszynski, 2004) and selection of
mutants by means of rapid multiplication (Siddiqui et al., 1994; Khatri et al., 2002). The high
frequency multiplication rate via somatic embryogenesis has been useful for mutation as well as
gene transformation in crops including cassava (Munyikwa et al., 1998; Li et al., 1998; Konan et

al., 1994).

On the other hand, a combination of induced mutation and in vitro somatic embryo induction has
been used to create desired variation and subsequent mutant production. Somatic embryos
originate from single cells and mutagenesis of such cells may lead to the production of stable and
solid mutants. This eliminates the need of repeated culture of tissues to separate mutated from
non-mutated sectors (Ahloowalia, 1998). The induction and selection of mutants provide a
simple, efficient, rapid and cheap method which alters the genetic make-up of desired genotypes

obtained from otherwise well-adapted genotypes.

The induction of somatic embryos involves a two-step approach (Taylor and Henshaw, 1993;
Konan et al., 1994). In the first step, embryogenic calli are induced from leaf lobes of irradiated
cassava stakes as well as leaf lobes treated with colchicine. These leaf lobes are subsequently
cultured on MS medium supplemented with phytagel, 30g/l sucrose, 1 mg/l thiamine-HCI, 1.5
mg/l nicotinic acid, 1.5 mg/l pyridoxine-HCI, 2 mg/l glycine, Iml of 2 uM CuSO4, 8mg/1, 2, 4-D
or 16mg/l picloram. Organized embryogenic calli (OEC) are then transferred to a step two

medium comprising of MS supplemented with 0.1mg/l benzylaminopurine (BAP) for
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germination and maturation of somatic embryos. The primary somatic embryos can be used as
source of explants to initiate a new cycle of embryogenesis. The process involves the
fragmentation of matured primary embryos and culturing them on initiation medium (Raemakers
et al., 1993a). Several factors such as culture medium, growth condition, source of explant and
genotype affect the development of embryos in somatic embryogenesis. These factors play key

role to the successful embryo induction and subsequent plant regeneration.

2.6.3 Mutation breeding

Nuclear applications in food and agriculture have contributed greatly in enhancing agriculture
production of seed and vegetatively propagated crops (Jain, 2005). Mutation breeding is an
important tool in crop improvement of vegetatively propagated crops (Broertjes and VVan Harten,
1998). It enhances genetic variability in plants, thereby allowing for selection of new cultivars.
Mutation can either be spontaneous (natural) or induced (artificial). According to Li et al.,
(1998) and Puonti-Kaerlas et al., (1997), the genetic properties of cassava could be improved
using mutagenesis. Usually, physical (gamma radiation) and chemical mutagens are used to alter
the DNA structure. These mutagens cause random changes in the nuclear DNA or cytoplasmic

organelles, resulting in gene, chromosomal or genomic mutations (Mensah et al., 2005).

An important physical mutagen is gamma radiation. Gamma rays are electromagnetic radiations
produced from radioisotopes with shorter wavelength. They have high penetrating power which
leaves no traces of radioactivity in the irradiated material. The gamma rays cause breaks in the

nuclear DNA and during the process of DNA repair mechanism, new mutations which are
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heritable occur randomly. It has been used to develop 64% of the radiation induced mutant
varieties (Ahloowalia et al., 2004). Induced mutations have played important roles in cassava

improvement programmes.

2.6.3.1Mutation breeding in cassava

Mutations have been used over a period of time to create variability in many crops including
cassava wWhere natural genetic variation was limited and insufficient (Ahloowalia et al., 2004;
Maluszynski et al., 2001). Over 200 to 300 mutant varieties have been released in China
(Nagatomi, 1992) and Japan (Hitoshi, 2008). The use of induced mutation have resulted in the
development of new and valuable alterations in plant characters and thus contributing to
increased yield of specific crops. Many mutant varieties have been developed and among these
varieties is cassava. Through induced mutation, cassava varieties with improved traits such as
high yield, rind colour and putative mutants with altered starch qualities, suspected to be a novel

free sugar have been developed (Amenorpe, 2010).

In Ghana, a mutant cassava cultivar “TekBankye” was released (IAEA-AFRA 2000). This
mutant was developed by irradiating cassava stakes at 25 or 30 Gy using cobalt-60 source (Asare
and Kantanka, 1997). It has very high dry matter content of 40% with good poundability and
very popular among cassava growers. According to Ahiabu et al. (1997), radio-sensitivity tests
conducted on the regenerated cassava plantlets identified 25, 30 and 35 Gy as suitable for in vivo
and in vitro grown plants. However, 35Gy was identified as the optimum dose. Joseph et al.,

(2004) found 50 Gy of y-rays to be the optimal dose for inducing mutations in a cyclic somatic
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embryogenic system in cassava PRC 60a under in vitro propagation. The estimated the effective
radiation dose for the irradiated stakes was determined in previous research as 32 Gy (1 Gy =11
kg—1= 100 rad) (Amenorpe et al., 2004). Some varieties (Ankrah and Medzontem) with ACMV
infection and poor yield characters were improved through irradiation of their stakes at 35 Gy

LD50 dose from a gamma source (Amenorpe et al., 2004).

2.6.3.2 Chemical mutagenesis

Chemical mutagens on the other hand, inhibit microtubule formation preventing the chromatin
formation and inducing separation of the metaphase chromosomes. The mutagen breaks the
nuclear DNA and new heritable mutations occur randomly during repair process. The use of
chemical mutagens such as colchicine, sodium azide and dimethyl sulfoxide (DMSO) have been
exploited in breeding programmes with great successes (Nilanthi et al., 2009). Other mutagens
such as ethyl methane sulfonate (EMS), sodium azide have been used to induce mutation in both

seeds and vegetative propagated crops (Hossain, 2006).

Colchicine induces polyploidy in plant cells during cellular division by inhibiting chromosome
segregation during meiosis (Dolezel et al., 1994). It has been used as both a polyploidising and
mutagenic agent to produce polyploid plants by doubling of chromosome number. Polyploid
plants generally have enlarged organs and exhibit disease resistance, delayed flowering, or lower
fertility in some cases. Among artificially produced polyploids, triploids have a higher yield and
higher starch potential (Sreekumari and Jos, 1996) and they are more vigorous than tetraploids

(Nilanthi et al., 2009).
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These phenotypes that are considered to be favourable traits make them more desirable than the
normal diploid parents. For this reason, this type of genetic manipulation is frequently used in
breeding plants commercially. The mutagen induces genetic sterility in the crop without changes
in vigour (Mensah et al., 2005). The effects of colchicine on plant morphology, chlorophyll,
sterility and yield have been reported by Castro et al. (2003) and Mensah (2005). Application of
colchicine usually leads to increase in genome size and subsequent increased variation in the

morphological characteristics. This observation is supported by Zel et al., (1999).

A superior high yielding triploid hybrid mutant cassava (Sreekumari et al., 1999) was produced
from a cross between natural diploid and induced tetraploid plants. In cassava, colchicine can be
applied to different parts of the plant including immature leaf lobes, meristems and shoot tips to
induce polyploidy. However, the effectiveness of chemical mutagens depends on the

concentration and the genotype (Singh et al., 2000).

2.6.4 In vitro mutagenesis

A successful application of biotechnological methods for crop improvement requires a reliable in
vitro plant regeneration system such as somatic embryogenesis (Raemakers et al., 1993a).This
technique requires less labour because embryos can grow into complete plants with a root or
shoot axis, a vascular system and functional meristems are produced in a single step (Thorpe and
Stasolla, 2001). In vitro mutagenesis involves the use of tissue culture along with mutation to

induce phenotypic and genotypic variations in plants species to overcome the limitations of crop
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improvement (Samad et al., 2001). It is done by exposing propagules to mutagens (physical or

chemical) and their subsequent culture of mutated explants on nutrient medium in vitro.

Different parts of the plant including shoot tips, leaf lobes, axillary buds can be used for in vitro
mutation induction. In vitro induction and accelerated multiplication of polyploids was
successfully done on shoot tips and nodal segments of cassava (Roy et al., 2001; Nguyen et al.,
2003; Gu et al., 2005; Viehmannova et al., 2009). Pande and Khetmalas (2012) subjected leaf
explants of Stevia to varying concentrations of Sodium azide and Colchicine (0 - 0.250%)
solution for varying period of 12 and 24 hours at room temperature. Fu et al., (1995)
demonstrated maceration of leaf or shoot pieces in mutagenic solution of ethyl methane sulfonate

(EMS) before tissue culture and obtained solid mutants.

In vitro techniques provide the mechanism to generate large populations for mutation induction,
selection and rapid multiplication of the selected mutants (Siddiqui et al., 1994). The success of
any in vitro mutagenesis programme depends on the development of reproducible in vitro plant
regeneration procedures, optimization of mutagenic treatments, and efficient screening of the

mutagenized populations for desired variations (Van Harten, 1998; Jain, 2000, 2006, 2007).

According to Singh et al. (2000), explants can be irradiated and/or agitated in aqueous solutions
of the chemical mutagen before culturing on the medium or the mutagen can be incorporated in

the medium to induce mutation. The combined use of induced mutation techniques and in vitro
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culture methods has a great potential in breeding programs (Lee et al., 2003). In mutation
breeding, determining the sensitivity of mutagen is the first step. In vitro mutagenesis has
contributed to genetic improvement in several crop plants such as pineapple (Lepade et al.,

1995), banana (Rao et al., 1995) and grape (Kuksova et al., 1997).
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CHAPTER 3

3.0 MATERIALS AND METHODS

3.1 Experimental site
The experiment was carried out in the Tissue Culture Laboratory of Biotechnology and Nuclear

Agriculture Research Institute of Ghana Atomic Energy Commission (BNARI-GAEC).

3.1.1 Plant material

Four accessions of cassava were collected from BNARI farm and used for the study. The
accessions were Ankrah, Dagati, Tumfa and Tuaka. Fresh stakes, 15cm long having 8 nodes each
were planted in polythene bags in the heat chamber at 37°C for five weeks. The germinated shoot

tips were excised and used as explants.

3.1.2 Culture media

The culture medium used consisted of Murashige and Skoog (1962) (MS) basal medium powder
(Sigma Chemical Company, St. Louis, USA) prepared from MS stock solutions. The MS
medium was supplemented with growth regulators according to the experimental requirements.
All culture media were adjusted to pH 5.8 using 1M NaOH or 1M HCL and solidified with 3.5¢/I
phytagel and then sterilized in an autoclave at 121°C for 15minutes. Fifty millilitres (50ml) of
the medium was dispensed into honey jars or Petri dishes (15ml). All media were kept at room

temperature prior to usage.
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3.1.3 Aseptic Manipulations

Aseptic manipulations were done under the laminar air flow hood (Nuaire Biological Safety
Cabinet, UK). Forceps and scapels were sterilized in an oven (Gallenkamp Hotbox oven) at a
temperature of 110°C for 2 hours. All inoculated Petri dishes were sealed with parafilm

(Pechiney Plastic Packaging, USA) to prevent desiccation and contamination of cultures.

3.1.4 Incubation conditions
All cultures were kept in the growth room maintained at a temperature of 26+ 1 °C under a 16/8-
h (light/dark) photoperiod with light provided by white fluorescent tubes at an intensity of 2300

lux.

3.2 Sensitivity of cassava stakes to gamma irradiation

Cassava stakes of the four local accessions measuring 15cm were irradiated at 0 Gy, 32 Gy, 35
Gy, 45 Gy, and 50 Gy using 60Co source of gamma irradiation facility (GIF) prior to planting at
the Radiation Technology Centre of the Ghana Atomic Energy Commission. The irradiated
stakes were immediately planted in polybags filled with soil and sawdust mixture and kept in a
heat chamber with a room temperature of 26°C at the Nuclear Agriculture Centre (NAC). The
stakes were watered periodically after planting and allowed to sprout. Apical shoot tips obtained
from germinated stakes were excised and used as explants. The heights of the shoots were
measured with metre rule weekly for five weeks to assess the effect of irradiation dose on the

height of the plant.
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The experiment was set up as a completely randomized factorial design. The factors tested were
(four accessions of cassava) x (gamma irradiation doses). Data were subjected to analysis of
variance (ANOVA) and the means were separated, where appropriate, at the 5% significance
level using the least significant difference (LSD). Data were analyzed using Genstat statistical

package.

3.2.1 Induction of callus from leaf lobes of gamma irradiated cassava accessions

Apical shoot tips obtained from germinated gamma irradiated cassava stakes in the heat chamber
were washed under running tap water for 30 min. These shoot tips were surface-sterilized by
immersing in 70% alcohol with two drops of Tween 20 and vigorously agitated for 2 minutes
under the laminar flow hood and thereafter rinsed with three changes of sterile distilled water.
Leaf lobes about 3mm in length were excised from the sterilized shoot tips under a
stereomicroscope (Lecia 2000, China) using a scalpel and pair of forceps and inoculated
abaxially onto 25 ml callus induction medium in culture jars containing MS medium
supplemented with 8 mg/l 2,4-D or 16 mg/l Picloram. The above treatment i.e 8 mg/l 2,4-D and
16 mg/l Picloram have been determined as the optimal concentration for callus induction under
current laboratory condition previously by Danso and Ford-Lloyd, (2002). The cultures were
subsequently incubated in total darkness at 21°C for 21 days and assessed for calli formation.

Observations were made based on the size and colour of calli formed.

Each treatment was replicated three times with each replicate consisting of five leaf lobes.
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3.2.2 Induction of callus from colchicine treated leaf lobes of cassava accessions

Another set of leaf lobes from sterilised shoot tips of the control were immersed in 10 ml of
0.00g/1, 0.05g/l, 0.10g/1, 0.20g/l and 0.25g/I colchicine for one hour in closed glass bottles. These
bottles were placed on an orbital shaker at 6.5 rpm. Treated leaf lobes were thoroughly rinsed
and then subsequently inoculated onto callus induction medium and incubated in total darkness
at 21°C for 21 days and assessed for calli formation as described above. Observations were made

based on the size and colour of calli formed.

The experiment was set up as a completely randomized factorial design. The factors tested were

(four accessions of cassava) x (four concentrations of colchicine).

3.2.3 Somatic embryo formation from leaf lobe-derived callus of cassava

Primary calli obtained were sub-cultured on MS medium supplemented with 0.01 mg/I
napthaleneacetic acid (NAA) and 0.1 mg/l 6-benzylaminopurine (BAP) followed by the addition
of 30 g/l sucrose and 100 mg/l myo-inositol. The pH was adjusted to 5.8 and 3.5 g/l phytagel
added to the medium before autoclaving at 121°C for 15 minutes at 15 psi. The cultures were
subsequently kept in a growth room at a temperature of 21°C under a 16/8-hr (light/dark)
photoperiod with light provided by white fluorescent tubes (T 5 fluorescent fitting, UK) at an
intensity of 3000 lux. The cultures were assessed for somatic embryo formation and the number

of somatic embryos produced per lump was recorded after two weeks.

Each treatment was replicated three times with three calli clumps per each replicate.
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3.3 Statistical Analysis

Statistical analysis was performed using Genstat software version 15. Analysis of variance
(ANOVA) was done to separate the differences between means of treatment. The means were
separated, where appropriate, at the 5% significance level using the least significant difference

(LSD). Data were analyzed using Genstat statistical package.
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CHAPTER FOUR

4.0 RESULTS
4.1 Radiation sensitivity in cassava accessions

4.1.1 Effect of gamma irradiation on plant height of cassava accessions

Plant height at the end of the 5"™week was highest among the parent plants reaching a maximum
of 24cm compared to plants irradiated at 32 Gy, 35 Gy, 45 Gy and 50 Gy. Among the four
accessions, Tuaka had the highest height of 5.93cm at 45 Gy which was significantly (p<0.05)
higher than the other three accessions (Table 4.1). The gamma radiation had high significant (P <
0.05) effect on the height of plants and this was found to vary among the accessions and the
interaction between accession and irradiation doses was also found to be statistically significant

(P>0.05).

Statistically (p>0.05), the plant height after five weeks for the treated plants of the various doses
was found to be variable among the four accessions. The four accessions showed significant

(p<0.05) differences as regards plant height.
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Table 4.1: Effect of gamma irradiation on plant height of four Cassava accessions five weeks
after sprouting.

Irradiation dose (Gy)

Accessions Control 32 35 45 50

Ankrah 24.32cd 4.61ab 2.99a 5.43ab 4.50ab
Dagati 21.58cd 3.12a 3.31a 3.20a 4.69ab
Tumfa 16.32c 4.95ab 4.12a 3.12a 0.66a
Tuaka 19.38c 4.03a 5.89ab 5.93ab 3.25a

Values with same superscripts are not significantly different at P < 0.05

4.2 Effect of gamma irradiation on callus induction in cassava accessions

Callus formation/emergence was observed in all the leaf lobe explants of all four cassava
accessions irradiated with gamma radiation when cultured on MS medium supplemented with 16
mg/l Picloram and 8mg/l 2,4-D between nine (9) and 21 days of culture. The earliest days to
callus emergence was found to be nine days after culture at 32 Gy with leaf lobes cultured on
Picloram (Table 4.2) and this occurred in Ankrah and Tuaka at 32 Gy with Tumfa and Tuaka
having the longest day of emergence at 50 Gy (Table 4.3). Morphologically, calli formed were
either compact with predominantly cream or yellow colour in the case of 2,4-D. In contrast, calli
derived from leaf lobes cultured on Picloram were friable and soft with cream to brown colour
(Figure 2 A and B). Days to callus emergence increased with increasing gamma irradiation dose
in all accessions. However the increase was at different rates depending on the accession. A
further increase in the level of dose from 45 to 50 Gy caused a decrease in callus formation.The

gamma radiation had high significant (P < 0.05) effect on the days to calli emergence and this
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was found to vary among the accessions but the interaction between accession and irradiation

doses was however, not statistically significant (P>0.05).

Table 4.2: Effect of gamma irradiation on callus induction from leaf lobes of four Cassava

accessions cultured on MS medium supplemented with 16 mg/l Picloram.

Irradiation dose (Gy)

Accessions Control 32 35 45 50

Ankrah 9.00%° 9.00%° 11.00%° 10.00%® 18.00%
Dagati 9.00%° 13.00%° 15.00"% 17.00%% 21.00°
Tumfa 9.00%° 9.00%° 10.00%° 16.00°% 21.00°
Tuaka 9.00% 9.00% 13.00% 9.00% 20.00°

Values with same superscripts are not significantly different at P < 0.05
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Table 4.3: Effect gamma irradiation on callus induction from leaf lobes of four Cassava
accessions cultured on MS medium supplemented with 8 mg/l 2,4-D.

Irradiation dose (Gy)

Accessions Control 32 35 45 50

Ankrah 9.00%° 9.00%° 10.00% 11.00%° 19.00°9"
Dagati 9.00% 17.00% 17.00% 19.00%" 21.00°1"
Tumfa 10.00%% 10.00%° 11.00%° 17.00% 21.00°""
Tuaka 9.00% 9.00% 11.00% 6.00° 21.00°""

Values with same superscripts are not significantly different at P < 0.05.

4.2.1 Effect of gamma irradiation on percentage callus formation from leaf lobes of cassava
accessions

Leaf lobes of gamma irradiated stakes of Ankrah at 32, 35 and 50 Gy cultured on MS medium
supplemented with picloram did not develop callus except for 45 Gy. The same trend was
observed in Tuaka for all the doses. However, in Tumfa and Dagati, only leaf lobes of 50 Gy
irradiated stakes failed to form callus (Table 4.4). Unlike, leaf lobe explants cultured on
Picloram, proliferation of callus continued in leaf lobe explants cultured on 2,4-D until the fourth
week of culture, and the percentage callus induction was recorded. All the controls showed
significant calli development. Leaf lobes explants obtained from cassava stakes irradiated at 50
Gy failed to produce callus. This was found in almost all the accessions irradiated with the above

doses.
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In addition, Tuaka failed to produce callus for all doses of the gamma radiation. All the
accessions developed calli except for Ankrah and Tuaka which failed to induce calli at 35 Gy
and 32 Gy respectively (Table 4.5). Statistical analysis using analysis of variance (ANOVA)
showed highly significant (P< 0.05) differences in doses of gamma radiation in terms of calli
formation. There was no statistical difference amongst all four accessions; likewise the
interaction between the mutagenic treatments and the accessions was also not significant (P <
0.05). The effect of gamma irradiation on percentage callus formation varies greatly among the

accessions (p>0.05).

Table 4.4: Effect of gamma irradiation on percentage callus formation from leaf lobes of four
Cassava accessions cultured on MS medium supplemented with 16 mg/l Picloram.

Irradiation dose (Gy)

Accessions Control 32 35 45 50

Ankrah 79.009 0.00° 0.00° 9.33® 0.00
Dagati 50.00" 29.33°% 8.33% 8.33% 0.00°
Tumfa 50.00" 30.00%* 3.33° 3.33° 0.00
Tuaka 79.00° 0.00 0.00 0.00° 0.00°

Values with same superscripts are not significantly different at P < 0.05
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Table 4.5: Effect of gamma irradiation on percentage callus formation from leaf lobes of four
cassava accessions cultured on MS medium supplemented with 8 mg/l 2,4-D.

Gamma Irradiation

Accessions Control 32 35 45 50

Ankrah 70.00™ 3.33° 0.00% 40.00%" 0.00
Dagati 34.00° 11.67% 21.67° 8.33% 0.00°
Tumfa 40.00% 7.67%° 3.33° 3.33° 0.00
Tuaka 59.33" 0.00 0.00° 0.00% 0.00°

Values with same superscripts are not significantly different at P <0.05

4.3 Effect of colchicine on callus induction in cassava accessions

Leaf lobe explants of the four Manihot esculenta Crantz accessions; Ankrah, Tumfa, Tuaka and
Dagati treated with varying concentrations of colchicine (0.05 — 0.25 g/l) and cultured on MS
medium supplemented with 16 mg/l picloram induced calli except for 0.25 mg/l irrespective of
the accession. However, all the four accessions used in this study produced calli on MS medium
supplemented with 16mg/l Picloram, occurring after eight days of culture (Table 4.6). The days
to callus emergence however, varied significantly (P < 0.05) from one accession to the other. The
mean days to emergence of the Ankrah accession was the best followed by Tuaka, Tumfa and

Dagati.

On the hand, leaf lobe explants cultured on callus induction medium supplemented with 8 mg/I
2, 4- D developed calli after a minimum of nine days of culture. The earliest days to callus

emergence were recorded in Ankrah (controls and 0.1g/l). Leaf lobe explants of all the
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accessions treated with 0.25g/l produced no calli after 30 days of culture (Table 4.7). Callus
formation was found to be low with 2,4-D in the culture medium compared with Picloram. The

colchicine treatment had significant (P < 0.05) effect on the days to emergence of the calli.

Generally, days to callus emergence increased with increasing colchicine treatment in all
accessions. The earliest mean days to callus emergence, 8 days was observed in Ankrah leaf
lobes treated with 0.05¢g/1 colchicine (Table 4.4), this however, was not significantly different
from the controls observed in all the accessions. Callus formation however, depended on the
presence of the auxin in the culture medium. Colour of callus ranged from cream to yellow
(Figure 3 A and B) with callus becoming tiny and or compact with intense colouration as
concentration of colchicine in medium increased. Analysis of variance (ANOVA) shows that
there are significant differences amongst the accessions with regards to days of callus emergence

at P <0.05.

Table 4.6: Effect of colchicine on callus induction from leaf lobes of four Cassava accessions
cultured on MS medium supplemented with 16 mg/l Picloram.

Conc. of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25

Ankrah 9.00%° 8.00° 20.00°" 19.00% 30.00"
Dagati 9.00% 13.00% 21.00%" 23.00 30.00"
Tumfa 9.00%° 11.00%° 23.00" 26.00%" 30.00"
Tuaka 9.00%° 9.67% 19.33%¢ 19.33% 30.00"

Values with same superscripts are not significantly different at P < 0.05
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Table 4.7: Effect of colchicine on callus induction from leaf lobes of four Cassava accessions
cultured on MS medium supplemented with 8 mg/I 2,4-D.

Conc. of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25
Ankrah 9.00%° 10.00%° 26.009" 22.00' 30.00'
Dagati 9.00%° 14.00"% 25.009" 27.00" 30.00'
Tumfa 10.00%% 11.00%%% 26.009" 17.00%% 30.00'
Tuaka 9.00%° 11.00%%% 26.00%" 20.00°"" 30.00'

Values with same superscripts are not significantly different at P <0.05
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Fig.1: Calli formation in leaf lobes explants of Ankrah (A) and Tuaka (B) after 21 days of
culture in the dark.
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Fig.2: Calli formation in leaf lobe explants of Manihot esculanta (Crantz) accessions:
(A) Dagati 0.05 g/l colchicineon 8 mg/l 2,4 - D

(B) Ankrah0.05 g/l colchicine on 16 mg/l picloram

(C) Tuaka0.05 g/l colchicineon 8 mg/l 2,4 -D

(D) Tomfa irradiated at 32 Gy dose
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4.3.1 Effect of colchicine on percentage callus formation from leaf lobes of cassava
accessions

Callus formation was observed on the adaxial surface of almost all leaf lobes after 7 days in
culture. Globular somatic embryos developed on the upper surface of the leaf lobe cultures after
14 days. Development of calli from colchicine induced leaf lobes on picloram occurred after 21
days of culture. Morphologically, these calli were translucent and friable with predominantly,
creamy to brown colouration. The highest percentage calli formation was observed in Ankrah
(control) whilst Tuaka, Ankrah and Tomfa induced the lowest percentage of callus (Table 4.8).
When the culture medium was supplemented with 8 mg/l 2, 4 — D, callus formation was found to
increase in Ankrah and Tuaka. The mean differences between these accessions however, were
highly significant (P < 0.05). Similarly, the mutagenic treatments had a highly significant effect
on percentage callus formation with the controls producing more calli than those treated with

colchicine.

In Ankrah, Dagati, and Tuaka accessions, the percentage callus formation was inversely
proportional to the concentration of colchicine used in the treatment while there was no pattern
in the relationship between irradiation dose and their corresponding callus formed (Table 4.9).
Statistical analysis using analysis of variance (ANOVA) showed significant (P< 0.05)
differences in concentration of colchicine and doses of gamma radiation in terms of calli
formation. There was no statistical difference amongst all four accessions; likewise the
interaction between the mutagenic treatments and the accessions was also not significant (P <

0.05).
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Table 4.8: Effect of colchicine on percentage callus formation from leaf lobes of four Cassava
accessions cultured on MS medium supplemented with 16 mg/l Picloram.

Conc. of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25
Ankrah 79.00° 70.009 10.00 3.33° 0.00°%
Dagati 50.00¢ 24,33 15.33% 8.33% 3.33°
Tumfa 50.00" 66.67¢ 33.33% 7.67% 0.00
Tuaka 79.00° 70.009 11.67%° 0.00° 0.00°

Values with same superscripts are not significantly different at P < 0.05

Table 4.9: Effect of colchicine on percentage callus formation from leaf lobes of four cassava
accessions cultured on MS medium supplemented with 8 mg/l 2,4-D.

Conc. Of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25
Ankrah 70.00™ 52.33° 8.33% 1.67° 0.00
Dagati 34.00°" 20.00" 1212 8.67% 3.33°
Tumfa 40.00% 43.33° 26.67° 3.33° 0.00
Tuaka 59.33" 45.00°' 8.33% 0.00 0.00

Values with same superscripts are not significantly different at P < 0.05

4.4 Effect of gamma irradiation on embryo induction from leaf lobes of cassava accessions
For embryo formation, MS medium supplemented with BAP and NAA were used. Upon transfer

to maturation medium, all the accessions were found to develop embryo between six to 14 days.
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Tumfa and Tuaka had the highest number of shoots for control and 45 Gy respectively.
However, at 50 Gy, no embryo was formed in all the accessions during the 30 days after transfer
(Table 5.0). Embryo formation differed significantly among cultivars when cultured on MS
supplemented with picloram. However, gamma irradiation caused significant influence on the
number of shoots produced (p<0.05). There were statistical differences in number of shoots

produced at the various doses amongst all the accessions.

When callus tissues induced on MS medium supplemented with 2,4-D, were transferred to
maturation media, some exhibited no response or became necrotic, but others developed either
roots only (rhizogenic calli), or shoots (embryogenic calli). Upon transfer to maturation medium,
Tumfa and Dagati calli induced on 8 mg/l 2,4-D resulted in the highest number of shoots for
control and 45 Gy respectively. Shoot formation was observed as early as one week after calli
were placed on maturation medium, especially from calli that had formed on medium
supplemented with 8 mg/l 2,4-D (Table 5.1). The cultures were maintained for eight weeks to
allow time for potential regenerative calli to respond. Observations made at the end of the culture
period revealed that the percentages of embryogenic and rhizogenic calli were variable among

genotypes (Fig.5 a-c). Most calli were found to be embryogenic.
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Table 5.0: Effect of gamma irradiation on embryo induction from callus induced from leaf lobes
of four Cassava accessions cultured on MS medium supplemented with 16 mg/l Picloram.

Gamma Irradiation

Accessions Control 32 35 45 50

Ankrah 6.00° 8.00°  12.00¢  17.00% 30.00"
Dagati 9.00%° 7.00°  11.00®  18.00%" 30.00"
Tumfa 10.00%*° 7.00° 9.00%° 24.00"" 30.00"
Tuaka 8.00% 8.00° 13.00° 25.00%" 30.00"

Values with same superscripts are not significantly different at P < 0.05

Table 5.1: Effect gamma irradiation on embryo induction from callus induced from leaf lobes of
four cassava accessions cultured on MS medium supplemented with 8 mg/l 2,4-D

Gamma Irradiation

Accessions Control 32 35 45 50

Ankrah 6.00° 9.00™° 13.00™®  17.00% 30.00¢
Dagati 8.00% 8.00*  12.00°*  18.00%' 30.00¢
Tumfa 9.00%° 9.00  9.00°  16.00°"  30.00¢
Tuaka 8.00%° 8.00°  14.00°°"  16.00""  30.00°

Values with same superscripts are not significantly different at P < 0.05

4.4.1 Effect of gamma radiation on percentage embryo induction from leaf lobes of cassava
accessions

Percentage embryo formation declined linearly with increasing gamma irradiation dose in all
accessions except in Dagati where the percentage embryo formation of 35% observed at 32Gy
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unexpectedly increased to 42.3% at 35 Gy and then begun to decline with further increases in
gamma irradiation dose (Table 5.2). No embryo formation occurred at 50 Gy in all the
accessions. A significant increase in embryo formation in all the accession was associated with
the NAA of the maturation medium and also due to the fact that most calli tissues were
embryogenic. However, an increase in dose of 45 to 50 Gy failed to yield any significant

difference in embryo formation.

Even though, all the accessions showed significant percentage of embryo in controls as well as
32 and 35 Gy, the increase in embryo formation was not statistically significant. Additionally,
there was significant (p< 0.05) difference between percentages of embryos formed at all the

doses amongst the accessions.

Table 5.3 displays results of the effect of gamma irradiation on percentage embryo formation of
callus induced from leaf lobes of four cassava accessions cultured on MS medium supplemented
with 8 mg/l 2,4-D. Upon transfer of callus tissues to maturation media, there was an increase in
the number of shoots (embryos) resulting in Ankrah (control) and Dagati (35 Gy) recording the
highest number of shoots. Generally, from these results shoot proliferation was optimum when
callus was induced on MS supplemented with 2,4-D (8 mg/l). Some calli however, exhibited no
response or became necrotic, therefore recorded no result at 50 Gy. The number of shoots
produced was however significant (p<0.05) but there were no statistical differences in number of

shoots produced amongst the accessions.
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Table 5.2: Effect of gamma irradiation on percentage embryo induction from callus induced
from leaf lobes of four Cassava accessions cultured on MS medium supplemented with 16 mg/I
Picloram.

Irradiation dose (Gy)

Accessions Control 32 35 45 50

Ankrah 85.00' 50.00"  26.30""  10.00™° 0.00
Dagati 51.70%" 35.00°" 4230  13.30%@ 0.00°
Tumfa 58.30" 46.70°  15.00% 3.30% 0.00
Tuaka 80.00' 50.00%"  25.00% 3.30% 0.00

Values with same superscripts are not significantly different at P < 0.05

Table 5.3: Effect of gamma irradiation on percentage embryo induction of callus induced from
leaf lobes of four Cassava accessions cultured on MS medium supplemented with 8 mg/l 2,4-D.

Irradiation dose (Gy)

Accessions Control 32 35 45 50

Ankrah 65.67" 45.00" 13.00°¢  3.33° 0.00°
Dagati 45.00" 18.33%  43.,00"  10.00*°  0.00°
Tumfa 50.00" 20.00°¢"  7.67* 333" 0.00°
Tuaka 55.67" 43.67" {EGEHEE 3 33 0.00°

Values with same superscripts are not significantly different at P < 0.05

4.5 Effect of colchicine on embryo induction from leaf lobes of cassava accessions
Despite the development of somatic embryos from all the cassava accessions cultured on MS
medium supplemented with 16mg/l Picloram, the same could not be told of the mutagenic

treatments as the calli from 0.2 mg/l to 0.25 mg/l showed little or no signs of developing

46



embryos at the end of the study. Generally, somatic embryos of the controls took shorter length
of time to emerge compared to the colchicine treatment. Nonetheless, the days to embryo
emergence declined with the increase in colchicine concentration. Consequently, the mutagenic
treatments had a highly significant (P < 0.05) effect on the days to somatic embryo emergence.

(Table 5.4). Although statistically there was no significant difference between the accessions,

Ankrah again comparatively performed better regarding days to embryo emergence compared to
the other accessions. Embryo emergence begun six days to one week after transfer onto
regeneration medium in leaf lobe explants induced on 2,4-D. Apart from the control, the earliest
embryo emergence (6 days) were all observed in the 0.05mg/I colchicine treatment. The days to
embryo emergence among the various accessions (Figure 3) were significantly different from
each another (Table 5.5). It was observed that shoot proliferation, was at best performance when

callus was sub-cultured on MS supplemented with 0.1 mg/l BAP.

A number of shoots, as well as roots were produced at this concentration giving a significantly
(p<0.05) high number of shoots. However, some calli became necrotic immediately after transfer
onto the step 2 medium whilst others were either embryogenic or rhizogenic. The mutagenic
treatments had significant (P < 0.05) effect on the days to embryo emergence. However, the

interaction between the accessions and the colchicine were not statistically significant (P < 0.05).
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Table 5.4: Effect of colchicine on embryo induction from callus induced from leaf lobes of four
Cassava accessions cultured on MS medium supplemented with 16 mg/l Picloram.

Conc. Of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25

Ankrah 6.00° 11.00°°  14.00" 16.00% 23.00°"
Dagati 9.00% 8.00%° 13.00° 16.00% 17.00%"
Tumfa 10.00%° 9.00%° 12.00°  15.00® 17.00%
Tuaka 8.00%° 9.00%° 12.00°¢ 14,00 16.00%

Values with same superscripts are not significantly different at P < 0.05

Table 5.5: Effect of colchicine on embryo induction from callus induced from leaf lobes of four
cassava accessions cultured on MS medium supplemented with 8 mg/l 2,4-D

Conc. Of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25

Ankrah 6.00° 12.00™®  15,00°%"  6.00°%"  22.00"
Dagati 8.00% 8.00% 12.00%¢%  17.00%"  17.00%
Tumfa 9.00%° 9.00%° 12.00°%  15.00°%"  17.00%
Tuaka 8.00%° 10.00°*  13.00°  20.00"  17.00%

Values with same superscripts are not significantly different at P < 0.05
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4.5.1 Effect of colchicine on percentage embryo induction from leaf lobes of cassava
accessions

In the step two or maturation medium, the percentage embryo formation varied from one
mutagenic treatment to the other, ranging from 0 — 85%. Percentage embryo formation declined
almost linearly with increasing colchicine concentration, thus embryo proliferation in the
controls were significantly higher than in all mutagenic treatments. The accession type also had a
significant effect on percentage embryo formation (P < 0.05). For instance, the highest (85%)
percentage embryo formation in the controls was observed in Ankrah, whilst the least (51.70%)
was observed in Dagati. Also, the interaction between the accessions and the mutagenic

treatments were highly significant (P < 0.05).

Table 5.7 displays results of effect of colchicine on percentage embryo formation of callus
induced from leaf lobes of four cassava accessions cultured on MS medium supplemented with 8
mg/l 2,4-D. Shoot proliferation was observed within one week after calli were placed on
regeneration medium, especially from calli that had formed on 2,4-D (8 mg/l) medium. Most
calli tissues were found to be embryogenic in all the accessions with only few being rhizogenic.
However, the effect of the mutagenic treatments on percentage embryo formation was highly
significant (P < 0.05). Embryos formed from calli induced at 0.25 g/l were very tiny and
eventually became necrotic. Additionally, the colchicine concentration had an inverse

relationship with percentage embryo formation.
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Table 5.6: Effect of colchicine on percentage embryo induction from callus induced from leaf
lobes of four Cassava accessions cultured on MS medium supplemented with 16 mg/l Picloram.

Conc. of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25
Ankrah 85.00' 40.00" 33.30%" 8.30%° 7.00%°
Dagati 51.70%" 41.00" 41.00°%  11.70* 6.70%
Tumfa 58.30" 45,00%" 40.00  10.30°  8.30%°
Tuaka 80.00' 33.30° 36.70" 8.30™°  18.00%"

Values with same superscripts are not significantly different at P < 0.05

Table 5.7: Effect of colchicine on percentage embryo induction of callus induced from leaf lobes
of four Cassava accessions cultured on MS medium supplemented with 8 mg/l 2,4-D.

Conc. of Colchicine (g/l)

Accessions Control 0.05 0.1 0.2 0.25
Ankrah 65.67" 38.33¢ 26.67™"  8.67™  3.33"
Dagati 45.00" 34.33" 30.00°¢  8.33*° 833"
Tumfa 50.00" 26.67%"  30.00¢  10.00"°  8.33*°
Tuaka 55.67" 36.67¢ 31.67°9 500 11.67*

Values with same superscripts are not significantly different at P < 0.05

50



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

Fig.3: Embryo formation of (A) Tuaka and (B) Ankrah induced on picloram and (C) callus of
Tuaka showing embryo with roots induced on picloram.
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Fig. 4: Embryo formation in leaf lobe explants of (A) Ankrah and (B) Tuaka irradiated at 32 Gy
(C) Ankrah treated with 0.05 g/l colchicine on 8 mg/l 2, 4 — D.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Radiation sensitivity on plant height as influenced by gamma radiation

The use of induced mutation creates new genetic variations within crop varieties. Induced
mutations are ideal for augmenting natural variation in germplasm and as a supplement to
hybridization. It also offers an excellent tool for identifying new genes (Micke et al., 1990). In
the present study, the irradiated cassava stakes reduced sprouting per cent with increase in
dosage irrespective of genotypes used. Among the four accessions, Ankrah was found to be more
sensitive to higher exposure whereas, lower dose had stimulatory effect. Survival percentage in
the study also exhibited a decreasing trend with increasing levels of gamma rays. Similar
observation on reduction in sprouting and survival per cent of treated material and radiation
sensitivity among the accessions of a crop were reported by several workers in vegetatively
propagated crops (Datta, 1991 and Hemalatha, 1998). Similar observation has also been recorded
by Subramanian (2003) who reported that application of low doses of radiation (0.15 KGy) can
arrest the sprouting of potatoes and onions. Radiation induces reduction in hydrolysis, resulting
in lack of an energy source which may be the main cause for decreased survival rate and the
reasons may be chromosomal and extra chromosomal damage to the cells. According to Kaicker
(1992), reduction in sprouting may be due to the toxic effect of higher concentration of gamma
rays whereas; the same at lower levels hastened the metabolic activity. The effect of gamma rays
was more pronounced in increased doses in all four accessions and stimulatory effects at lower
doses. Varieties differ in their sensitivity to radiation and this fact establishes that the genotypic

control occurs within the species and it is the matter of sensitivity to radiation. (Pal, 1962).
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5.2 Effect of gamma radiation and colchicine on callus induction in four cassava accessions
The mutagenic effect of different doses of gamma irradiations on callus induction and callus
growth were examined. High dose of gamma irradiation showed necrosis of explants. The
duration of callus induction in explants with high doses significantly increased as compared to
control. It is evident that higher doses of gamma radiations mostly affect callus growth (Pande
and Khetmalas (2012), hence, days to callus emergence increased. This is due to the disruption
of the mitotic process essential for callus formation as a result of the destruction or possible
damage of certain cellular processes or organelles at high dose of radiation. A similar trend was

observed in a related study in Citrus spp by Altaf (2006).

On the other hand, the cassava accession showed significant difference in the days to their callus
emergence. This was as a result of variations in the genetic make-up of the various accessions.
This result is in agreement with Siddiqui and Javed (1982). The mutagenic effect of different
concentrations of colchicine on callus induction and callus growth were examined, it was found
out that the duration of callus induction significantly increased as compared to control. It was
observed that at higher concentration i.e 0.25 g/l of colchicine mostly affects callus growth. In
most of the treatments of mutagens ranging from 0.2 g/l to 0.25 g/, there was no significant
callus growth. Treatment duration therefore also affects callus generation and growth as
observed in the experiment as there was no significant callus growth of explants treated with
higher concentration above 0.2 g/l of colchicine. This study reveals that leaf explants treated with

colchicine delays callus induction as concentration of the mutagens goes on increasing.
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Comparatively, Colchicine being an anti-mitotic agent might have adversely restricted the
mitotic process responsible for callus production, consequently the general delay in emergence
of callus as observed in the colchicine treatments. Similarly, the non-emergence of callus in 0.25
g/l colchicine indicates that, at 0.25 g/l, concentration of colchicine is too high to allow for

mitotic division to take place, hence the inability of the treatment to produce callus.

On the other hand, the days to emergence of calli on 2, 4 —-D and Picloram supplemented
medium were very similar. The lack of significant difference between the two auxin treatments
could have been as a result of the use of only one concentration level, 8mg/l 2, 4 -D and 16mg/I
picloram. However, the difference in days to callus emergence among the mutagenic treatments

was highly significant (P < 0.05).

The study revealed that callus proliferation differs significantly among accessions and also
depended upon the concentration of 2, 4-D and Picloram used. However, the accessions
responded differently to the optimum concentration of 2,4-D and Picloram used. The use of 2,4-
D require much lower concentration (8 mg/l) than picloram (16 mg/l) to induce more calli. The
use of 8 mg/l 2,4-D for primary embryo induction in cassava is well documented (Danso and
Ford-Lloyd, 2002; Ihemere, 2003). Khanna and Raina, (1998) reported that 2,4-D is the most

suitable auxin for callus induction of rice in tissue culture.

55



5.3 Effect of gamma radiation and colchicine on percentage callus formation in four
cassava accessions

Both physical and chemical mutagens are important in plant breeding as these create variability
for crop improvement. All accessions provided good level of calli formation. However,
differences were observed among the accessions, types of growth regulators, colchicine
concentrations and doses of mutagen applied.

It was observed that callus induction occurred in all the explants of control. However in treated
explants some of the treatment combinations failed to induce callus. There was significant effect
of irradiation as the response of treated explants was low. Gahukar and Jambhule, (2000), also
found similar type of decrease in callus obtained with increased dose of gamma rays in
sugarcane. Higher doses of gamma irradiation caused considerable tissue damage, which perhaps

in turn leads to reduction in the sizes of calli formed.

Apparently, callus fresh weight decreased with increasing colchicine treatment as explants that
survived and formed calli showed low toxicity of colchicine since this antimitotic is toxic to
plants at high concentrations. Opposite results were reported by Viehmannova et al., (2009), who
studied yacon (Smallanthus sonchifolius) and observed a greater explants survival rate at higher
concentrations of colchicine. Colchicine acts as a polyploidy inducer in plants in vitro but has
limitations because it has a toxic effect at high concentrations, generating high mortality in the

treated plants (Hamill et al., 1992).

Additionally, leaf lobe explants (controls) of the four cassava accessions gave high percentages
of callus formation when grown in medium containing 8mg/l 2, 4 —-D or 16mg/l Picloram.

Nonetheless, the percentage of callus formed in the 2, 4 —D treatment was comparatively higher

56



than in the Picloram treatment. In most tissue culture experiments, a high auxin/cytokinin ratio
is used for starting embryogenic callus formation compared to a low ratio for the regeneration of
plantlets (Ge et al., 2006). The exact molecular function of plant growth regulators in tissue
culture is unclear; however, it may probably be involved in the reprogramming of the expression
of embryogenic genes (Ge et al., 2006). In this study, the highest percentage of callus induction
in all the varieties for leaf from colchicine treatment and gamma irradiated stakes were observed
at 0.05g/l1 on 8mg/l 2,4-D and 16mg/l picloram. This suggests that the rate at which calli is
induced depends on the concentration of the growth medium as well. 2,4-D was found to be
more effective singly for the production of embryogenic calli. The results were in agreement
with that of Rashid et al. (2001) but other researchers have found that 2,4-D in combination with

kinetin was more effective in producing embryogenic callus (Ge et al., 2006).

Cultures of explants also demonstrated rapid callus proliferation after subsequent sub culturing
and transfer to shoot regeneration media supplemented with 0.1 mg/l BAP. This is in agreement
with Zheng et al. (1996) where the use of ABA promoted the production of a larger number of
somatic embryos per explant. Also, percentage callus production decreased with increasing
irradiation doses. This is consistent with the observation made on sugar cane by Khan et al.,

(2009).

High doses of radiation have been reported severally to have adverse effect on living tissue, thus,
the decreased callus production observed in this study. Also, percentage callus production
decreased with increasing colchicine concentration. Comparatively, colchicine treated explants
produced more calli than those from gamma irradiated explants. Higher doses of gamma
irradiation caused considerable tissue damage, which perhaps in turn led to a reduction in callus

formation. In addition, this study proved that callus induction ability was greatly influenced by
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the genotype used. This demonstrates that different varieties respond differently to callus
formation. This confirms earlier reports by Gandonou et al. (2005) that callus induction is
influenced by the genotype. The cultivars response to tissue culture was also dramatically
different. Other reports indicate that some cultivars respond better than others and which seems
to be genetically controlled (Li et al., 2007; Ozawa et al., 2003; Taguchi-Shiobara et al., 1997).
Different genotypes are reported to respond differently to callus in vitro under different 2,4-D

concentrations (Elwafa and Ismail, 1999).

5.4 Effect of gamma radiation and colchicine on somatic embryo formation in four cassava
accessions

Induction of mutation has been accepted as a useful tool in plant breeding programme and it has
contributed significantly to the wealth of genetic resources. The capability of Gamma-rays in
inducing desirable mutations in ornamental plants is well understood from a significant number
of new varieties developed via direct mutation breeding. Higher doses of gamma irradiation
caused considerable tissue damage, which perhaps in turn leads to reduction in callus fresh
weight, hence, the days to somatic embryo formation. The gamma irradiation treatments
unexpectedly increased the number of days to somatic embryo formation compared to the

controls.

Nonetheless, the non-emergence of somatic embryo at 50Gy might have been due to the
destruction of certain life processes in the explants, thus their inability to regenerate embryos.

Different mutagenic agents caused differential response of the treated calli to various tissue
culture media. As such, the duration of exposure of leaf explants to colchicine influences callus
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growth and regeneration to form somatic embryos. There were reductions in the germination of
calli with increasing concentrations of due to the effects of mutagens on various explants. A
similar observation was made in sesame seed by (Mensah et al., 2005). At the end of the study, it
was found out that tight calli with shoot organic potentiality failed to develop into somatic
embryos but only loose calli without shoot organic potentiality which had lower duration of
exposure to lower concentration of colchicine developed somatic embryos. The mutagenic
treatments also significantly (P < 0.05) affected the days to somatic embryogenesis as was seen
in the gamma irradiation and the colchicine treatments compared to the controls. This result was
undoubtedly confirmed colchicine been an anti-mitotic agent, which rather suppressed the

mitotic division and hence suppress somatic embryogenesis.

On the other hand, Somatic embryo formation is influenced by several factors such as explant,
growth hormones and environmental factors. Of these factors, growth hormones are the most
pronounced. In this study, MS basal medium supplemented with 8mg/l 2, 4-D led to early
somatic embryo development as compared to 16 mg/l Picloram. Meanwhile, the days to somatic
embryogenesis varied from one accession to the other in both Picloram and 2,4-D treatments.
This, like the response of the varieties to days to callus emergence was also attributed the

genotypic differences in the accessions.
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5.5 Effect of gamma radiation and colchicine on percentage somatic embryo formation in

four cassava accessions

Somatic embryogenesis is an important method in regeneration of cassava and cassava
transformation. Somatic embryogenesis during callus induction is not unusual in cassava. The
maximum number of somatic embryos was observed in the control in all four accessions. The
mutagenic effect of different doses of gamma radiation on callus growth and regeneration of
somatic embryos were studied. It was indicated that lower doses of gamma radiation influences
callus induction and generation of somatic embryos. The somatic embryogenesis percent
decreased with increasing doses of gamma radiations. Somatic embryo generation was
significantly affected by higher doses of gamma radiation. The different irradiation doses
showed significant impact on average number of somatic embryos produced, as the dose
increased the embryogenesis potential decreased. Alain et al. (2002) made a similar observation
in sugarcane that regeneration potential of calli into somatic embryos was inversely proportional

to the mutagenic treatment.

Variations in the percentage of somatic embryos formed were recorded and it was observed that
the percentages decreased with increasing concentrations of the colchicine used.

The frequencies of somatic embryo induction can be further increased and the method can be
extended to many different cassava cultivars. The differential response of cassava cultivars to
different auxin types and concentrations has been reported previously (Roca and Thro, 1993;
Taylor et al., 1993). The efficiency of somatic embryo induction is almost up to two-folder
higher than the primary embryo induction in Ankrah (control), which confirms the observations
that were reported earlier by Raemakers (1993). The high efficiency of somatic embryo

production ensures the production of large numbers of explants for shoot regeneration.
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This increasing evidence is also seen in the other tested cassava accessions. 2,4-D and NAA
alone or in combination with Kinetin are essential for continuity of callus induction. However, a
suitable combination of auxins and cytokinins is important for embryogenesis and organogenesis
(Guohua, 1998). In some other species, induced somatic embryos might need a little cytokinin or
other plant growth regulators in order to grow (Kumar et al., 1989). Embryo maturation was
achieved by cultivating clusters of developing somatic embryos in maturation medium, as
described by Zhang et al. (2001).The highest percentage somatic embryos formation was
observed in the controls, irrespective of the type of accession. Again, the mutagenic treatments
had significant effect on the percentage somatic embryo formation. Also, the 16mg/l Picloram
treatment produced high percentage of somatic embryos compared to 2,4-D in this study. This
was as a result of the concentration of 2,4-D been too high to elicit optimal somatic embryo

production from the accessions used in this study.

Firoozabady and Moy (2004) reported picloram as one of embryogenic potentials agent to
increase the growth regulators in Ananas comosus. However, picloram regulated the
embryogenic stages and produced maximum frequency of SEs and plant germination (Little et
al., 2000; Groll et al., 2001). Somatic embryos maturation was stimulated by auxins combine
with cytokinins in Leptadenia reticulata (Martin, 2004). It is been reported severally that 2,4-D

at lower concentration induces production of more somatic embryos ( Raemakers, 1993).
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CHAPTER SIX

6.0 CONCLUSION

Cassava (Manihot esculenta Crantz) is a tropical crop is well adapted to a wide range of has
received the research attention it requires so it could be improved in both yield and grain quality.
With the many pressing needs in various parts of the world and the demand placed on agriculture
to produce more food, breeding and improvement of traditional crops have become necessary in

both developed and developing countries.

Callus induction and somatic embryo development are the two most important steps in plantlet
regeneration in tissue culture. With the successful callus induction and somatic embryo
development from young cassava leaf lobes via in vitro mutagenesis, this study sought to provide
information necessary for in vitro manipulation of Cassava (Manihot esculenta Crantz) aimed at
improving the yield and production of ACMV- free through application of physical and chemical
mutagens. The following conclusions have been made:

a) Amongst the four cassava accessions, Ankrah gave the best respond in terms of
sprouting and height whilst Dagati gave the least response.

b) Amongst the four Cassava accessions of used, Ankrah and Tuaka gave better
response in terms of callus and embryo formation than Tomfa and Dagati in both
control and colchicine treated accessions.

¢) Colchicine concentration of 0.05 g/l and 32Gy of gamma irradiation gave better
results in terms of callus formation.

d) Callus and somatic embryo formation was observed in all control treatment.

e) Somatic embryo formation was genotype dependent.

62



f) Concentration of colchicine treatment delayed callus formation in all the four
accessions.

g) Callus formation decreased with increased gamma irradiation.

h) Maximum callus formation was obtained on MS medium supplemented with

concentration of 16 mg/l and 8 mg/l 2,4-D for leaf lobe explants.

1) Almost all the accessions induced callus and somatic embryos within eight and
six days respectively in control treatment but the treated accessions induced
callus between 6 and 19 days and embryos between 8 and 15 days depending on
the accession involved.

j) Gamma radiation had significant effect on sprouting as well as the height of all

four accessions.

6.1 RECOMMENDATIONS

Based on the findings of this study, the following recommendations would be of significant

importance.

1. In future research, Tomfa and Dagati should be considered since callus formation and in
vitro plant regeneration is genotype-dependent.

2. Further research should be carried out on plantlet regeneration using these accessions via
mutagenesis.

3. Further manipulations should be made to 0.05¢/l colchicine as well as 32 and 35 Gy

treatment to induce callus and regenerate of plantlets
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7.0 APPENDICES

Appendix 7.1

Composition of Murashige and Skoog (1962) basal medium (MS)

Constituents Concentration mg/I

Macro elements

NHsNO; 1650.00
KNOs 1900.00
CaCly-2H,0 440.00
MgSO4-7H,0 370.00
KH,PO4 170.00

Micro elements

Kl 0.83
H3BOs; 6.20
MnSQOg4-4H,0 22.30
ZnSQO,4-7H,0 8.60
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Na,MoQOg4-2H,0

CUSO4'5H20

COC|2'6H20

Iron source

FeSQO4-7H,0

Na,EDTA-2H,0

Vitamins

Myoinositol

Nicotinic acid

Pyridoxine-HCI

Thiamine-HCI

Glycine

0.25

0.025

0.025

27.80

37.30

100.00

0.50

0.50

0.10

2.00
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Appendix 7.2

ANOVA of plant height of cassava accessions after five weeks of sprouting

Source of variation df. ss. m.s. V.I. F pr.

Accession 3 346.56 115.52 3.06 0.028
Irradiation dose 4 17311.98 4328.00 114.68 <.001
Accession.lIrrad.dose 12 818.15 68.18 1.81 0.045
Residual 380 14341.65 37.74

Total 399 32818.34

Appendix 7.3

ANOVA of days to callus emergence of leaf lobes of Manihot esculanta Crantz cultured on MS

medium supplemented with 8mg/l 2, 4 - D

Source of variation df. ss. m.s. V.I. Fpr.
Concentration 8 5139.52 642.44 33.07 <.001
Treatment 3 273.37 91.12 4.69 0.005
Conc.Treatment 24 501.30 20.89 1.08 0.392
Residual 72 1398.67 19.43

Total 107  7312.85
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Appendix 7.4

ANOVA of days to callus emergence of leaf lobes of Manihot esculanta Crantz cultured on MS

medium supplemented with 16mg/I Picloram

Source of variation df. ss. m.s. V.I. F pr.
Concentration 8 4774.17 596.77 44.54 <.001
Treatment 3 191.66 63.89 4.77 0.004
Conc.Treatment 24 260.43 1085 0.81 0.713
Residual 72 964.67 13.40

Total 107  6190.92

Appendix 7.5

ANOVA of days to embryo emergence of leaf lobes of Manihot esculanta Crantz cultured on

MS medium supplemented with 8mg/l 2, 4 - D

Source of variation d.f. S.S. m.s. V.I. F pr.
Concentration 8 4374.17 546.77 27.93 <.001
Treatment 3 41.52 13.84 0.71 0.551
Conc.Treatment 24 162.65 6.78 0.35 0.998
Residual 72 1409.33 19.57

Total 107 5987.67
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Appendix 7.6

ANOVA of days to embryo emergence of leaf lobes of Manihot esculanta Crantz cultured on

MS medium supplemented with 16mg/l Picloram

Source of variation d.f. S.S. m.s. V.I. F pr.
Concentration 8 4909.74 613.72 4287 <.001
Treatment 3 10.92 3.64 0.25 0.858
Conc.Treatment 24 312.33 13.01 0.91 0.589
Residual 72 1030.67 14.31

Total 107  6263.66

Appendix 7.7

ANOVA of percentage callus formation of leaf lobes of Manihot esculanta Crantz cultured on

MS medium supplemented with 8mg/l 2, 4 - D

Source of variation df. ss. m.s. V.I. F pr.
Concentration 8 31822.74 3977.84 55.89 <.001
Treatment 3 797.11 265.70 3.73 0.015
Conc.Treatment 24 8526.89 355.29 499 <.001
Residual 72 5124.67 71.18

Total 107 46271.41
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Appendix 7.8

ANOVA of percentage callus formation of leaf lobes of Manihot esculanta Crantz cultured on

MS medium supplemented with 16mg/l Picloram

Source of variation df. ss. m.s. V.I. F pr.
Concentration 8 59159.33 7394.92 89.64 <.001
Treatment 3 395.59 131.86 1.60 0.197
Conc.Treatment 24 10768.74 448.70  5.44 <.001
Residual 72 5940.00 82.50

Total 107  76263.67

Appendix 7.9

ANOVA of percentage embryo formation of leaf lobes of Manihot esculanta Crantz cultured on

MS medium supplemented with 8mg/l 2, 4 - D

Source of variation d.f. S.S. m.s. V.I. Fpr.
Concentration 8 29915.30 373941 4235 <.001
Treatment 3 508.69 169.56 1.92 0.134
Conc.Treatment 24 4948.56 206.19 2.33 0.003
Residual 72 6358.00 88.31

Total 107 41730.55
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Appendix 8.0

ANOVA of percentage embryo formation of leaf lobes of Manihot esculanta Crantz cultured on

MS medium supplemented with 16mg/l Picloram

Source of variation df. ss. m.s. V.I. F pr.
Concentration 8 48721.9 6090.2 53.47 <.001
Treatment 3 214.4 71.5 0.63 0.600
Conc.Treatment 24 4594.7 191.4 1.68 0.048
Residual 72 8201.3 IS

Total 107 617323
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