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ABSTRACT

Two experiments were conducted at the University of Ghana Farm,

Legon and Plant Genetic Resources Research Institute (Bunso). The first
experiment w;s carried out at Legon from March, 2002 to October, 2003 to
evaluate 11lcassava accessions. The criteria used for the evaluation were (a)
tolerance to whitefly infestation and African Cassava Mosaic Virus (ACMV)
disease infection (b) root tuber yield and starch yield characteristics. Based on
the performance of accessions in Experiment I, seven superior cassava
accessions and one check variety were selected for further evaluation in
Experiment IL. |

Experiment Il was conducted between October, 2003 and Januziry,
2005 at two agro-ecological zones, that is, the Coastal Savanna (Legon) and
Deciduous Forest (Bunso) to identify and select elite accessions with desirable
agronomic traits and root tubers with high starch content.

Three accessions, namely: ‘UG126°, ‘HO015’ and (10008’ were
observed to rank highest with respect to root tuber weight and other desirable
production traits. Accessions ‘UG126°, ‘DMA030’ and ‘1;10008’ were
identified as genotypes with high quality starch suitable for industrial purposes
based on low solubility, high swelling volume, swelling power and high peak
viscosity.

For domestic purposes, for example, the preparation of “fufu’ and
‘banku’, ‘UCC 90°, ‘UG126°, “HO008" and ‘DMA 030" can be used based on

high setback viscositics of their starches.
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It is suggested that further field evaluations of the cassava genotypes

be made over a longer period of time s0 that genotype > location ¥ year

interactions can be further studied.
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CHAPTER ONE
INTRODUCTION

Cassava (Manihot esculenta, Crantz) together with other tropical root
and tuber crops such as yam, cocoyam, taro and sweet potato are increasingly
becoming important sources of calories for both human and livestock. Cassava
as a root crop has a number of attributes that have made it an attractive crop for
small farmers with limited resources in marginal agricultural areas (Cooke and
Coursey, 1981; Wenham, 1995)

Cassava’s adaptability to relatively marginal soils and erratic rainfall
conditions, its high productivity per unit of land and labour, the certainty of a
yield even under the worst conditions, and the possibility of maintaining a
continuous supply year round make this crop a basic component of the farming
system in most areas of Sub-Saharan Africa.

In Africa the majority of cassava produced is for human consumption.
This is because cassava produces exceptional carbohydrate yields, mﬁch higher
than those of maize and rice and second only to yams (de Vries et al., 1967).
Cassava is now the largest single most important source of food energy
providing over 37% of the calories in the diet of over 500 million people in
tropical Africa (Hahn and Keysen, 1985; Horton and Fano, 1985; CIA;I', 1992).
The leaves of cassava which contain 3.1 to 6.9% protein (Onwueme, 1992;
Oomen and Grubben, 1978; Gomez and Valdivieso 1985) are also used

extensively as vegetables in Democratic Republic of Congo (Zaire), Sierra
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Leone, Tanzania and several other African countries to provide protein,
vitamins— and minerals (Almazan and Theberge, 1989; Lutalado and Ezumah,
1981; Osiru ef al.; 1992). The _remainder of cassava produced in Africa is for
animal feed and starch-based products (starches and alcohol). While the use of
cassava flour is common, the partial substitution of wheat by cassava flour in
bakery products is more recent and mostly as part of Research and
Development (R&D) projects.

In Ghana cassava is produced in all regions except in the Upper East
(MOFA 2002a) with large cultivation concentrated in the southern part of the
country where rainfall is well distributed and bi-modal. Land area planted to
cassava has increased nationl~wide from 532,000 hectares in 1993 to 807,000
hectares in 2003 (MOFA, 2004). Root production has correspondingly
increased from 5,973,000 Mt in 1993 to 10,239,000 Mt in 2003. Also
estimated levél. of per capita consumption of cassava (kg/head/year) has
increased from 145.2 in 1980 to 151.4 in 2000, an estimated increase of 4.3
‘percent.

Some inter-regional trade of cassava roots exists and limited volumes
are being exported to the European markets. For instance, sevéral West
African countries including Ghana have ventured into the European markets
with mixed successes. The major limitation to this export market is the fixed
145,000 Mt quota for African, Caribbean and Pacific (ACP) member countries
(Henry et al., 1998).

Cassava starch production in Africa is stifl very minor but increasing.
Most starch utilizing industries import from the European countries and/or

United States of America. However, a private sector interest does exist in

3]
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several countries regarding future starch processing investments. [n Ghana the

govcrnmént has launched an ambitious President’s Special [nitiative (PSI) on
cassava which is designed to develop the cassava starch industry 10 become a
key contributor to Ghana's export revenuc as well as a major vehicle for job
creation and poverty reduction in rural communities.

[ndeed one of the key elements of the programme is the development of
new cassava varieties of high yields as well as high starch content (ASCO,
2004). Under the programme, industrial grade starch would be produced, part
of which would be used by the incipient local textile industries being sct up in
the country to produce garments for export to the US markets under the US
government’s African Growtﬁ and Opportunities Act (AGOA).

Cultivar classification in cassava is usually based on pigmentation and
shape of leaves, stems and roots. Cultivars most commonly vary in yield, root
diameter and length, disease and pest resistance levels, time to harvest, cooking
quality and temperature adaptation (O’Hair, 1998). Currently, three improved
cassava varieties, namely: Afisiafi, Gblemoduade and Abasafitaa, all
originating from the International Institute of Tropical Agricultural (IITA) have
been released to farmers in Ghana (Afuakwa et al., 1999).

Research activities on root ad tuber crops received insignificant
attention in Ghana until the advent of the National Agricultural Research
Programme (NARP) in 1992. Research into root and tuber crops was made a
priority by NARP on the basis that these crops contribute 46% to Agricultural
Gross Domestic Product (MOFA, 2004). Cassava as a root crop on i*s own

contributes 22% to Ag. GDP (Al-Hassan, 1989).

(F%)
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As a féilow-up to NARP research activities on rool and tuber crops,
Root an;i Tuber Improvement Programme (RTIP) was initiated by the
International Fund for Agricuitural Development (IFAD) and the Government
of Ghana. The main development objective (goal) of RTIP is to enhance food
security and increase incomes of resources-poor farmers on a sustainable basis
by facilitating access to ncw but locally adaptable technologics of root and
tuber crops. Root and Tuber Improvement Programme rescarch activities on
cassava are on-going and have been given the needed boost and urgency by the

initiation of the President’s Special Initiative on cassava cultivation.

Problem Statement

Even though local accessions of cassava abound and farmers plant them
in order to satisfy their food requirements and tastes, and also to provide some
security against the risks of pests and diseases and effects of unfavourable
environment, they have not been vigorously screened to identify and select
accessions for tolerance to common pests and diseases and for early bulking.

Also the functional properties, such as swelling volume, swelling
power, solubility and the pasting characteristics of starch which have important
implications for industrial and domestic uses of starch of most promising local
cassava accessions have not been studied in detail.

Recent agronomic evaluations of local cassava accessions from
different parts of the country have revealed that some are promising in terms of
root yield, starch yield and are early maturing with low cyanide contents and

have acceptable cooking qualities (Amenorpe, 2002).
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There is the need, therefore, for further research work to be carried out

on some of these promising accessions in different agro-ecological zones In

Ghana to identify and select local cassava accessions that are high yielding in
terms of root and starch, that are early maturing, relatively resistant to pests
and diseases and have starch with desirable functional properties and pasting

characteristics for domestic and industrial uses,

Project Purpose (Main Objective)

To evaluate elite local cassava genotypes in specific and different agro-
ecological zones and select for clones which are tolerant to whitefly infestation
and African Cassava Mosaié Virus (ACMV) disease infection, are high root
tuber yielders, and have high starch contents that show acceptable functional

properties and pasting characteristics.

Project Objectives (Specific Objectives)

By the end of the study, it is expected that field experiments and
laboratory tests would have been carried out to:

Identify cassava genotypes that are tolerant to whitefly infestation and
ACMYV disease infection.

Determine which cassava genotypes have high root tuber yields and
show other desirable agronomic traits.

Identify cassava genotypes that produce high starch yields and have

starch with acceptable functional properties and pasting characteristics.
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CHAPTER TWO
LITERATURE REVIEW

Origin and Distribution

According to Antonio (1999), Oslen and Schaal (1999) the
geographical origin and the areca of domestication of cassava are disputed
matters. However, it is generally accepted that cassava originated in the
neotropics (northeastern Brazil, extending towards Paraguay and to Western
and Southern Mexico) and -Spread rapidly from South America in post-
Columbian times. Cassava arrived on the west coast of Africa, via Gulf of
Benin and the river Congo at the end of the sixteenth century. It spread to the
east coast of Africa via the islands of Ré-union, Madagascar and Zanzibar at
the end of the eighteenth century. Cultivation spread inland from both sides.
The crop was taken to Asia during the seventeenth century (Thresh ef al,
1994a; Jennings, 1995; Purseglove, 1968; Rogers, 1963).

Doku (1969) has stated that cassava has been grown in Gha‘na since
1750. The crop was first introduced to the Volta region and from here it spread
slowly to parts of the Ashanti and Brong-Ahafo regions in the forest belt. [t is

now grown in all the ten regions except the Upper West (MOFA, 2002a).

Botany
Manihot esculenta, Crantz (Syn. Manihot wtilissima, Pohl.) (2n=36)

belongs to the plant family Euphorbiaceac which has two sections: the



Arboreae, which contains tree species and s considered the more primitive,

and the Fruticosae, which contains shrubs adapted to savannad grassland or

desert. Cassava belongs 10 the latter. Itis a dicotyledonous plant and is of

interest because of its edible roots (Jennings, 1995). Cassava is a cultigen,
unknown in the Iwild state (Rogers, 1963).

Kay (1987) and Janssens (2001} have provided a detailed botanical

description of cassava. The crop is a shrubby, semi-woody plant which may

grow to a height of 1-3m. It is a perennial plant but is usually grown as an
annual or a biennial. Like all Euphorbiaceae the plant parts contain latex.

The root system of cassava is well developed and this gives the crop a
good drought tolerance. Moreover, the effectiveness of its root hair is
accentuated by the presence of endomycorrhizas (symbiotic associations
between the roots and lower fungi growing in the external root tissues). The
storage roots develop as sw'ellings of adventitious roots, a short distance from
the stem by a process of secondary thickening. The tubers consist of a
periderm, storage parenchyma, xylem vessels and fibres. (Fig.1)

The tubers aré rich in starch arranged in bundles and measure 30-80 cm
in length and 5-10 cm in diameter. The weight of the tubers usually varies
from 1-4 kg and under certain conditions may grow (o a iength of 1m. Root

tubers have a brownish or reddish peel and the fibre content rises as the plant

gets older.
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Figure 1: Transverse section of a young storage root of cassava (Modified from Doku, 1969)

The stems, whose diameter is not more than 2-4 cm, are usually slender

and glabrous and for the most part filled with pith and because of this are very
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fragile until lignification is complete. The stems vary in colour and it can be

silver g;een, light brown, brown or dark brown. The older parts of stems
consist of prominent knob-like scars which are the nodal positions where
leaves were originally attached. The internodes vary considerably, depending
on varieties and environment (Onwueme, 1982; IITA, 1990).

Two types of branching patterns are observed on cassava plants: the
forking and lateral branching. Forking branching occurs at the apex of the
stem when the apical meristem changes to the reproductive state and it is often
associated with flowering. Lateral branching occurs on any part of the main
stem at some di-stanc_:e from the apex.

Branching height détérmined on mature plants only (i.e. the height from
the ground base to the first forking point) may be low branching, high
branching or no branching at all. The height of cassava plants varies not only
genetically but also with environmental conditions such as altitude,
temperature, insulation, soil fertility, lodging and if leaves are harvested or not
(Nweke ef al., 1992). For instance, cool temperatures are known to delay the
time for first fork formation (Irikura er al., 1979; UTA, 1990). High
temperatures, on the other hand, above 28°C reduce forking height ‘(Keating,

1981). Long photoperiods cause plants to branch several times within a short
time and the total number of active apices is greatly increased. Time of
planting also affects the branching height of cassava (IITA, 1990).
[ntercropping with a more competitive species may alter the branching pattern
and where there is competition among cultivated crops for light, branching may

occur at a higher level than in pure stand. Therefore, branching height is

standardized in relative terms.
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A cassava plant is considered low branching if the first branch occurs at

a point below a third of the total height; high branching if the point of first
branch occurs’at a point above 2 third of the total height of the plant; and no
branching at all. Which branching height is desired depends on the
circumstance; low branching is desired for weed control while high or no
branching is desired for intercropping but not suitable for weed control and
ofien is early to lodge (Nweke e/ al., 1992).

The leaves are spirally arranged according to a phyllotaxy of 2/5 and
have multiple lobes (usually five, but sometimes three, seven or nine) of
variable shape. A single plant may have two or three different leaf shapes.
This is called‘ .foliar polymc;rphism. The colour of the leaves,.sometimes
crimson when young, is light to dark green. The leaves are borne on petioles
which are longer than the leaf blade and measure 5 to 30cm in length. The
petioles, like the leaf veins, are greet, red to crimson and more rarely whitish.

Cassava is a monoecious plant. The plant inflorescence is a terminal
raceme consisting of unisexual flowers. The female flowers are located at the
base of the raceme and are pink, crimson, yellowish or greenish in colour.
‘They have no corolla. The male flowers are located at the tob of the
inflorescence. - Within the same raceme the male flowers bloom a week later
than the female ones (protogyny) —a situation that favours cross-pollination by
insects. The fruit is a dehiscent three-lobed that bursts noisely at maturity
when it releases three seeds. The ellipsoidal seeds, 10-12mm long, have a

well-developed caruncle typical of the family Euphorbiaceae.



~ Cyanide in Cassava

Omwueme and Charles (1994) have stated that virtually all parts of the
cassava plant contain small but significant quantities of cyanide or cyanogenic
compounds. The cyanide in cassava exists roughly as two types: (a) the free
cyanide made up mainly of cyanohydrins, small amounts of hydrocyanic acid
(HCN) which is gaseous above 26°C and CN ion (under alkaline conditions).
(b) the bound cyanide existing as two cyanogenic glycosides, namely linamarin
and lotaustralin. About 1/4 to 1/2 of the total cyanide is present as free
cyanide, while the rest is bound cyanide. Of the bound cyanide, linamarin
constitutes about 93% while lotaustralin is approximately 7% (Bradbury and
Holloway, 1988). '

L'mamar.in is synthesized in the leaves from the amino-acid valine,
while lotaustralin is synthesized from the amino-acid isoleucine. From the
leaves, the glycosides are translocated to other parts of the plant. In the
cassava tuber, the concentration of cyanide ranges from 1-100 mg/100g fresh
weight, but the range of concentration is a varietal characteristics. Some
cassava cultivars are characterlzed as sweet cultivars and can produce as little
as 2mg of HCN per 100g-of fresh roots, while bitter ones may produce about
50 times as much. For all types, cyanide content is usually higher in the peel of
the tuber than in the flesh. For fresh roots, values of total cyanogenic potential
range from ap[;rloximately 50 to' 1500 mg HCN equiv./kg on a dry weight basis.

As a rough guide to acute toxicity in fresh roots, Coursey (1973)
published the following guidelines: -

Innocuous:less than 50 mg HCN equiv./kg fresh peeled root.

Moderately poisonous:50-100 mg HCN equiv./kg fresh peeled root.

11
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Dangerously poisonous: over 100 mg HCN equiv./kg fresh pecled root.

Tﬁe toxicity ol ingested cyanogenic glycosides in man is not well
understood but Bourdoux et al., (1980) postulate that they decomposc at the
alkaline pH level in the small intestines of man to yicld an cqual amount of
cyanide and causc toxic cffects. Toxicity of hydrogen cyanide is indicated by
an estimated minimal lethal dosc 0f 0.3-0.5 mg/kg body weight (Montegomery,
1969). Consumption of cassava with high cyanogenic glycosides content have
been associated with a number of cyanide induced disorders including tropical
ataxic neuropathy (Osuntokun, 1981), iodine deficiency disorders like goiter
and dwarfism (Ermans ef al., 1983), acute toxic effects (Mlingi ef al., 1992)
and the paralytic disease, konio (Tylleskar et al., 1992).

Vines and Rees (1964) have noted that in cases of human malnutrition,
where the diet lacks protein and iodine, underprocessed roots of high HCN
cultivars may ;qsult in serious health problems and even sudden death. This is
because small quantities of HCN inhibit the activity of cytochromes
(chromoproteins) resulting in cyanide poison by preventing cellular respiration
mechanisms in which cytochromes are involved.

The cynogenic glycosides are soluble in water and tend to decompose if
heated up to 150°C. They can be hydrolysed at ambient temperatures under the
influence of the enzyme linamarase, to produce corresponding cynohydrins.
The resulting cynohydrins as well as those normally present in the tissue, in
turn breakdown to give HCN and ketones. This breakdown is spontancous at
pH above 5.0,‘l-3ut in the acid medium is catalysed by a hydroxy-nitrilc lyase

(Onwueme and Charles, 1994; Vasconcelos ef al., 1990).
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In the intact plant tissue, linamarase OCCUIS in the cell wall, and 1s

physically separated from the glycosides, which occur in the vacuole. [tis only

when cassava tissue is crushed that linamarase is able to come in contact with

the glycosides and hydrolysc them.

In general, the following methods are wtilized for reducing the cyanidc

level of cassava before consumption:
) Crushing, maccration or pulverization to bring linamarase in contact

with the glycosides, followed by removal of the resulting HCN by squeezing
out the juice and heating.

(ii)  Decomposing the glycosides directly by heating them above 150°C.

(iii)  Sun/oven drying which removes about 80% of the free cyanide and 80-
90% of the bound cyanide.

(iv)  Retting i.e. prolonged soaking in water of the tuber. Apparently,
fermentation micro-organisms attack the tuber during retting, making it more
permeable. This permits glycosides, which are water soluble, to leach out from

the tuber into the water. The micro-organisms and linamarase may also

directly hydrol‘yse the glycosides during retting.

Sinha and Nair (1968) have noted that within each cultivar,.there are
some factors which may influence the cyanide level. Plant age is one factor: as
the plant gets older, the cyanide in the tuber increases, attains a peak, and then
declines. Plants growing on soils low in potassium or high in nitrogen also
tend to have higher cyanide content. The season and other geographic factors

also affect cyanide level in cassava (Grace, 1977).
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Environmental Requircments
Climatic Conditions

Cassava is a typical tropical plant but the approximate boundaries for

the culture may be accepted as from 30°N to 30°S latitude. The bulk of cassava

growing, however, is located between 20°N and 20°S. In coastal zones and in

some monsoon climates, cassava produces an acceptable crop outside the

tropics. This is illustrated by large scale cassava cultivation in Southern
Queensland (Australia), the South of Brazil and Natal in South Africa. The
highest root production can be expected in the tropical lowlands below 1500m
altitude (Tindz;lll, 1983). At altitudes above 1800m, it develops only very
slowly and it is susceptible to frost (Janssens, 2001; Yanock, et al., 1988; Hahn
and Keysen, 1985).

Cassava grows best in a sunny, wet climate. Nevertheless, its
adaptability means it can also be grown in relatively dry regions. It is a sun-
loving plant that needs plenty of sunshine. Nonetheless, long days slow down
tuberization since cassava is a short-day plant. Most varieties of cassava
initiate storage roots only under short days (10-12 hours) resulting in high
storage root w‘e'ight and storage root number. It has been observed tf\at long
days enhance excessive shoot growth and delay storage root development
resulting in production of fewer storage roots (Bothuis, 1966). High
temperature, combined with long days, or low temperature combined with
short days delays storage root development (Osiru et al., 1995).

Its photosynthetic cycle- is in-between that of a C;3 and a C4 plant.
(During photosynthesis, Cs plants produce a three-carbon compound — 3

phosphoglyceraldehyde, 3-PGA. C4 plants produce a four-carbon product —
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malate or aspartatc). Cassava cannol withstand violent winds and must be
planted in sheltered sites (Janssens, 2001; Osiru ef al., 1995).

The medn annual temperatures for optimal growth lic between 25% and
29°C. Temperatures below 16°C are harmful to cassava and its growth stops
altogether below 10°C (risk of chilling injury).

Despite its drought-tolerance, it must get a minimum amount of water
of 500 mm per year spread over six months. The optimum annual precipitation
lics between 1,000 and 1,500 mm per year. Cassava can survive a dry scason
of 3-4 months and does so by shedding most of its lcaves and reducing its
growth rate. However, an ample supply of moisture is essential during the first
month or two after planting (Onwuemc and Sinha, 1991). Fresco (1986) has

noted that yields from cassava planted in the late rainy scason are likely to be
lower than those planted at the onset of the rains because the planting date
influences yield since photosynthesis is likely to slow down during the dry
season. Silvestre (1989) has also stated that when a dry season occurs, the
cassava tubers stop growing and sometimes decrease in weight owing to a loss

of water and their starch content increases.

Soil B

It is reported that cassava is a hardy plant which can tolerate a wide
range of soils except hydromorphic or too sandy soils. Cassava prefers deep,
friable, well-drained sandy-clay soils and tolerates a wide range of soil pH of 4
to 8.0. Heaviest yields are obtained on a deep, loose permeable soils with a

high humus content. On account of the formation of mycorrhizas, cassava

thrives on desaturated soils with a low phosphorus content. But soils that are
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excessively fertile and especially those with an excess of nitrogen limit

tuberization (Janssens, 2001; Yanock ef al., 1988).

Growth and Growth Period
Silvestre (1989) has given a detailed description of the growth and
growth period of cassava. When cassava stem cutting is planted, the roots
grow first and then the buds which will produce the stems appear. This is the
striking phase, which takes from 3 to 6 days. During the first month, the roots
spread out rapidly, at first horizontally, then more or less vertically. During
this period the stem grows slowly — it is known as the establishment phase,
during which the plant lives mainly on the reserves contained in the cutting.
The third phase is that of aerial development, which lasts for about 3-4
months after p.l;mting. During this phase, the stems grow extremely fast and
the plant creates the foliage which will enable it to produce the reserves that it
will store in the tubers. The next phase is that of tuber development. Some
roots start to swell during the preceeding phase, but this process accelerates
when the foliage is fully developed, that is, when it completely covers the

ground. During this stage, storage of starch in the tubers is irregular, varying

with the age of the plant and also according to the season.

Pests

Pests of cassava are grouped under four main headings (IITA; 1990).

Vertebrates, Nematodes, Mites and Insects.

16




Vertcbrate Pests

There are two major vertebrate pests of cassava: the African bushfowl,

Francolinus  bicalcaratus, bicalcaratus and  cane rat Thryonomys
sweinderianus. Bushfowl become pests only after the tubers have been formed
and afier grain crops have been harvested. They peck at the sl with their
beak until contact is made with the tubers, upon which they feed. Tubers
damaged in this way are easily invaded by rot — causing micro-organisms,
leading to their total loss. In highly infested areas, tuber loss resulting from
bushfow! damage may be as high as 30%.

Cane rats eat cassava stems and tubers. They dig at the tubers, and the

wounds made on large tubers during feeding become sources of infection for

the smaller tubers. On unprotected farms, yield tosses can be as high as 40%.

Nematodes

At least 45 genera and species of nematodes are known to be associated
with cassava. They infect the roots and render them more susceptible to rot-
causing organisms.  The root-knot nematode, Meloidogyne incognita, 1s a
particularly serious problem in Africa’s cassava-growing areas. The lesion
nematode, Pratylenchus brachyurus, the spiral nematode, Helicotylenchus
erythrinae and the reinform nematode, Rofylenchus reniform are also found on
cassava. An attack by these pests causes the plant to lose vigour and the

resulting yield losses range between 17 and 50% (IITA, 1990).
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Mites

The most important cassava mite pests in Africa are cassava green

spider mite (CGM) and red spider mite (RSM). Green spider mite sucks cells

from leaf tissue. The damage first appears on the surface of developing and

newly formed leaves. Symptoms vary from a few chlorotic spots to complete

chlorosis. Heavily attacked leaves are stunted and deformed. Mite incidence is

high in the dry.season and leads to a 20-80% tuber yield loss, depending on

severity of the attack.

Red spider mite is visible to the naked eye as a red speck with four

pairs of legs. Symptoms of attack appear on the upper surface of fully mature

leaves as chlorotic pin pricks along the main vein; these pin pricks may

increase to cover the whole leaf, turning the surface reddish-brown. Under
severe attack, the leaves may die and be shed. Infestation starts in the dry

season, and it is during this season that most damage is done.

Insects

There are at least six major insect pests of cassava in Africa (1ITA,
1990): the cassava mealybug, Phenacoccus manihoti, the variegated
grasshopper, Zonocerus variegatus, the elegant grasshopper, Z. elegans; the
cassava scale insect, Aonidomytilus albus; the coreid bug, Pseudotheraptus
devastans; and the whitefly, Bemisia tabacti. Of these insect pests, the whitefly

is the most important since it is the vector of African Cassava Mosaic Virus

(ACMYV) disease and is prevalent throughout Africa.
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Whitefly T
The whitefly (Bemisia tobaci, Gennadius) is 2 major pest of many crops

in diverse parts of the world, mainly in the tropics. According to Fishpool and

Burban (1994) its effects can be three-fold (i) dircct damage, such as chlorosis

of leaves, can be induced by feeding while heavy infestations may causc an

overall reduction in plant vigour (Byrne ef. al., 1990) (ii) the production of

abundant, sticky honeydew, which can, in cotton, hinder processing and

provide medium upon which moulds readily grow. (iii) B. tabaci is a major

vector of plant. pathogens, known or thought to be viruses (Ohnescorge, 1986;
Duffus, 1987; Cohen, 17990; Brown, 1991). B. tabaci is the only known insect
vector of ACMV disease. This virus causes a disease that is the main biotic
constraint on cassava production in Africa (Geddes, 1990).

Fishpool and Burban (1994) have stated that the phenology of B. rabaci
populations in newly planted cassava crops in Cote d’Ivoire repeatedly follow
a similar pattern. Although planting date, cassava variety and climatic
conditions influence the size of the whitefly populations and the timing of
events, the qudlitative structure of this pattern recurs (Fishpool et al., 1988).

There is a slow but steady immigration into and establishmeht in the
crop by adults as soon as the shoots have grown sufficiently to be exploited by
the insect. Reproduction commences at once and the first small, locally
produced cohort matures to adulthood some three weeks after the initial
colonization. There is then an increasingly rapid build up in the size of the

population until about three to four months after planting, representing three to

five generations. Population levels are maintained, with fluctuations around
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this maximum for a short period of up'to three to four weeKks, followed by a

more or less rapid decline.

The pattern of exponential build of B. tabaci populations within young
crops is probably attributable to a number of factors, including optimum
nutritional quality of the food plant and low numbers of predators, parasitoids
andfor pathogens. The decline at three to five months probably also has a
number of contributory causes, including a decrease in the nutritional quality of
the crop. It is to be noted that from about four to five months after a cassava
crop is planted there is a reduction in the partitioning of resources devoted to
aerial growth and the process of tuberization begins (Silvestre and Arraudean;
1983).

Otim-Nape ef al., (1994) have found from a study on the effect of
ACMYV on Ugandan cassava that numbers of adult whiteflies on cassava werc
not significantly correlated with any of the plant growth or yield characters
measured. However, the whiteflies on cassava cause little direct damage and
are mainly important in transmitting ACMYV. Correlations were all negative,
suggesting a slight detrimental effect of whiteflies on growth. It was also
observed that 't.here were a positive but not significant correlation between

whitefly numbers and ACMV disease symptom score.

Diseases

The major diseases of cassava are leaf diseases, stem diseases and tuber

rot (IITA, 1990).

20



s

e

e

African Cassava Mosaic Virus (ACMV) disease

This is a leaf discase and was first reporied in East Africa (Tanzania) in
1894 and has been studicd since the 1930s (Hahn and Keysen, 1985; Thresh ef
al., 1994a). It has been shown to be caused by a whitefly-borne geminivirus

that occurs in all the main cassava growing arcas in Africa with some incidence

reported in India and Indoncsia.  The discase is relatively rare in South

Amecrica. The discasc is generally regarded as the most important discasc on
cassava. Geddes (1990) ranked it as the most important vector-borne discase
of any crop in Africa.

Symptoms of the disease include a whitish or yellowish chlorosis of the
young leavcs, a.ccompanicd by lcaf distortion and reduction in lecaf size. The
growth of the entire plant is stunted, and the normal increasc in tuber weight is
disturbed so that yield is significantly reduced. The percentage starch content
of the tubers is also reduced and in some instance there may be continuous
tongitudinal splits as well as malformation of the tuber (Narasimhan and
Arjunan, 1973).

Alagianagalingam and Ramakrishnan (1970), Ninan ef al., (1976) and
Murant et al., (1973) have noted that at the cellular level several symptoms
have also been ascribed to the cassava mosaic disease. Leaves of infected
plants have fev\\.fer and smaller chloroplasts, and the content of chlorophyll,

carbohydrate sugars and starch are lower. The photosynthetic rate is
decreased, and there is increased activity of chlorophyllase enzyme in the
leaves and amylase in the tubers. There is a decrease in total lipids,
phospholipids and triglycerides in the leaves and petioles. In addition, there is

a decrease in the amount of laticifers in the infected leaf portions.



The effects of AC'M:\!:dis;::asé‘dn the yield of cassava have been

assessed at different times and in at least twelve countries including Nigeria,

Congo, Kenya, Cote d’Ivoire and Togo (Fargette, el al., 1988; Thresh et al.,

1994b). These studies were made on naturally infected plants in farmers fields

or experimentéf plantings and also in special plots established with ACMV
infected and uninfected cuttings. The losses reported were variable and ranged
from the insignificant to the almost total. Nevertheless, the following
generalizations, among others are valid (Thresh, et al., 1994a): (i) Plants grown
from infected cuttings sustain a greater yield loss than those of the same variety
infected later by whiteflies, and plants infected at a late stage of crop growth
are virtually unaffected (ii) There are big varietal differences in response to
infection. (iii) There is a positive relationship between the extent and severity
of symptoms and yield loss (iv) Effects on yield are influenced by crop
duration.

Terry and Hahn (1980) have estimated the annual crop losses due to
African cassava mosaic virus disease to be 11% in Africa. Studies of
individual varieties have indicated losses due to ACMV disease ranging from
20 to 95% (Beck and Chant, 1958; Jennings, 1960; Seif, 1982; Fargett'e, et al.,
1988 Thresh, et al., 1994b).

Cours (1951) assessed a range of local cassava varieties in Madagascar
and studied the, interrelationships between symptom severity, leaf area, yield
and virus incidence. His results indicated that severe symptoms were
associated with restricted leaf area, low yields and a high inciderce of
infection. He observed that varieties which developed relatively mild

symptoms had a low incidence of infection, grew satisfactorily and tn some
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instances outyiclded those that were not affected. This suggests that only

plants with severe symptoms should be discarded in breeding progranimes and

that slight symptoms have no serious detrimental cffects. Vandevenne (1975)

working on a trial with many different and local and introduced cassava

varieties in Cote d'lvoire observed that there was a negative correlation

between yield and the severity of the leaf symptoms caused by ACMYV,

Cassava bacterial blight discase (CBB}

This is the most widespread bacterial discase of cassava and second in
importance only to ACMV disease in Africa. The causal organism is a
bacterium, Xanthomonas compestris, pathovar maniholis. The symptoms
include characteristic angular water-soaked leaf spot, blight, gum exudation,
stem-die back, wilt and vascular necrosis. Severe attack results in rapid
defoliation of the plant, leaving bare stems commonly referred to as

‘Candlesticks’. Yield loss varies from 20 to 100%, depending upen cultivar,

bacterial strain and environmental conditions (IITA, 1990).

Cassava anthracnose disease (CAD)

This is a stem disease caused by Colletotrichum gloeosporioides f. sp.
manihotis. It occurs in all major cassava-growing areas in Africa. The fungus
attacks mainly the stem, twigs and fruits, causing deep wounds ('cankers’), leaf
spotting and tip die back. The incidence and severity of the disease have not
been correlated'\vith yield loss in the field but the infected stems producz poor
quality planting material which does not establish well in the following

planting season and thus yields are reduced.
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Scierotium rot

Caused by a fungus, Selerotium rolfsii. this is the most common tuber
discase and occurs on roots and tubers at all stages of development. It can be
recognized by the appearance of a white mycclial growth on infected roots and

tubers. As the fungus penctrates the tubers, the plants begin to show mild

wilting symptoms.

Soft rot

The discase is caused by Phytopithora drechsleri and Fusarium solani,

and occurs under wet conditions and cooler temperatures.  The causal

organisms attack and kill small feeder roots and cause nccrotic brown lcsions
As the roots decay, they infect the tubers which then emit

on older roots.

pungent odours, Unharvested tubers become more susceptible to soft rot.

When roots and tubers rot, the entire plant wilts, defoliates and dies.

Dry rot

Dry rot tuber disease is caused by several fungi; including Fomes
lignosus, Armillariella  mellea, Rosellinia necatrix and Botryodiplodia
theobromae. The disease usually occurs on land that has recently been cleared
of trees and shrubs. Infected tubers are typically covered with rhizomorphs
(thread-like network of mycelia) of the fungus. The plant wilts, but does not

shed its leaves. Eventually the entire plant dehydrates, turns brown and

appears scorched.
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Genotype and Environment Interaction

The basic cause for differences between genotypes in their yield

stability is a wide occurrence of genotype x environment (G x E) interactions.

G x E interaction is a differential genotypic expression across environments.

Genotypes refer to the set of genes possessed by individuals that are important

for the expression of traits under investigation. The environment is usually
defined as all non-genetic factors that influence expression of traits. [t may
include all sets of biophysical factors including water, nutrition, temperature

and diseases that influence the growth and-development of individuals and

thereby influencing expression of traits (Basford and Cooper, 1998).

Genotype by enviroﬁmcnt interaction is a major concern in plant
breeding for two main reasons: it reduces progress from selection and secondly
it makes cultivar recommendation difficult because it is statistically impossible
to interpret the main effects (Kang and Magari, 1996). Genotype by
environment interaction occurs in both short-term and long-term crop
performance trials (Eberhart and Russel, 1966).

For these reasons it is often desirable to find genotypes that show little
interaction with environments. Such genotypes may be regarded és stable
(Piepho, 1994). Different concepts and definitions of stability have been
developed and applied to crop breeding programmes and evaluation of yield
trials (Lin et al, 1986; Becker and Leon, 1988; Delacy et al, 1996).

According to Becker and Leon (1988) two different concepts of stabilify exist,
the static and dynamic. With the static concept, stable genotypes possess

unchanged or constant performances regardless of any variation of

environmental conditions. That means its variance among environments is
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zero. The dynamic concept, however, allows a predictable response to
environments and a stable gcnoiype has no -deviation from this response to
environments. The term stability, thus, refers to the character of a crop that
withstands fluctuations of environments, in other words, the cultivar Is
consistent in performance, whether at high or low yicld levels across a wide
range of environments.

Lin et al, (1986) have reviewed and classified basic stability
parameters into three types. Type A stability which Becker and Leon (1988)

named as static is analogous to homeostasis where a genotype is stable if its

among-environment variance is small. It is based on deviations from the

average cultivar effect (Finlay and Wilkinson, 1963; Francis and Kannenberg
1978). For type B stability (dynamic concept) a genotype is considered to be
stable if its response to environments is parallel to the mean response of the
genotypes in the trial (Plasteid and Peterson 1959, Plasteid, 1960; Shukla,
1972), while type C stability states that a genotype is stable if the residual
mean square from the regression model on the environmental index is small
(Eberhart and Russel, 1966; Lin and Binns, 1988; Kang and Gorman, 1989;
Crossa et al., 1991). |
Accord.irllg to Romagosa and Fox (1993) there are two major
approaches for studying GXE interaction and adaptation. The first is the
parametric (empirical and statistical one) approach, which is more common
and involves relating observed genotypic responses, in terms of yield, to a
sample of environmental conditions. The second is the non-parametric
(analytical clustering) approach, which defines environments and phenotypes

in terms of biotic and abiotic factors. In practice, however, most breeding
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programmes incorporate some elements of both approachés (Becker and Leon,
1988: Romagosa and Fox, 1993).

Recent developments comprise application of a multiplicative
interaction model, the Additive Main Effects and Multiplicative Interaction
(AMMI) (Piepho, 1996, Crossa et al., (1990). AMMI combines analysis of
variance for genotype and environment main effects with principal components
analysis of the GXE interaction into a unified approach, and is especially
useful in analyzing multi-location trials (Gauch, 1988; Zobel et al., 1988).

Mba and Dickson (1995) carried out three separate multilocational
trials comprising newly develop cassava clones of the International Institute of
Tropical Agriculture (IITA) iﬁ the humid forest and savanna agro-ecologies of
Nigeria at several locations between 1983 and 1989. Evaluation was carried out
for production traits and reactions to the economic pests of cassava aimed at
identifying high yielding and stable cassava clones.

There were highly significant differences in varieties for the main
effects (eﬁvironments and genotypes) as well as the GxE interaction effects for
fresh storage root yield, root number and reactions to African cassava mosaic
disease. The relative contributions of the GxE interaction to the total Qariation
observed were either equivalent or greater than the contribution of the
genotypes to the total variation, an indication that cassava was very sensitive to

GxE, and unless the GxE interaction was properly manipulated by targeting
varieties to target agro-ecological zones, breeders would face tremendous
problems in their selection procedures for wide adaptation.

They also observed that all the production and resistance traits had

relatively high heritabilities. For instance, heritability estimates for fresh
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storage root yield ranged between 80 and 93 percents. The h* for all other
production traits varied between 68 and 92 percents. [t was explained that the
clones used in the study have been highly selected for these traits over years

under similar environmental conditions and hence the high heritability

estimates obtained.

Genetic variance and heritability estimates

The total genetic variance is the part of the phenotypic variance which
can be attributed to genotype differences among phenotypes where the
phenotypic variance is the total variance among phenotypes when grown over
the range of environments. Heritability in the broad sense is the ratio of total
genetic variance to phenotypic variance (Dudley and Moll, 1969).

Estimates of genetic variance and heritabilities can be of value at
various stages .o.fa plant breeding programme. According to Dudley and Moll
(1969) the various stages of any plant breeding programme are: assembly or
creation of a pool of variable germplasm, selection of superior individuals from
the pool, and utilization of the selected individuals to create a superior variety.

Asante and Dixon (2002) studied three traits, namely: root number, root
weight and fresh root yield of some cassava genotypes and analyzed for
heritability. They found out that the heritability per plot ranged between 0.69
and 0.86 which according to them indicated that non-additive effect of the
genotypic variance was small.

Mba and Dixon (1995) carried out three separate multi-locationa! trials
comprising newly developed cassava clones of [ITA in the humid forest and

savanna agro-ecologies of Nigeria at several locations between 1983 and 1989.



Evaluation was carried out for production traits and reactions to the economic
pests of cassava aimed at identifying high yielding and stable cassava clones.

There were highly significant variations for the main effecis
(environments and genotypes) as well as the G x E interaction effects for fresh
storage root yield, root number and reactions to ACMV disease. The relative
contributions of the G x E interaction to the total variation observed were
either equivalerit or greater than the contribution of the genotypes to the total
variation, an indication that cassava was very sensitive to G x E, and unless the
G x E interaction was properly manipulated by targeting varieties to target
agro-ecological zones, breeders would face tremendous problems in their
selection procedures for wide adaptation.

They also observed that, all the production and resistance traits had
relatively high heritabilities. For instance, heritability estimates for fresh
storage root yield ranged between 80 and 93 percents. The heritability (h?) for
all other production traits varied between 68 and 92 percents. [t was explained
that the clones used in the study have been highly selected for these traits over
years under similar environmental conditions and hence, the high heritability

estimates obtained.

\Wricke Ecovalence (Wi)
Wricke (1962) defined the concept of ccovalence as the contribution of
cach genotype to the Genotype by Environment Interaction (GEI} sum of

squarcs. The ccovalence (Wi) or the stability of the i

genotype is its
interaction with the environments squared and summed across environments,

and-expressed as:
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wi=|Yij-Y.-Y.j-Y.I
where; Yij is the mean performance of genotype i in the j" environment and
Y, and Y are the genotype and the environment mean deviations respectively,
and Y.. is the overall mean.
For this reason, genotypes with a low W; value have smaller deviations
from the mean across environments and are thus more stable. According to
Becker and Léon (1988) ecovalence measures the contribution of a genotype to

the GEL and a genotype with zero ecovalence is regarded as stable.

Stability variance (Shuila, 1972)

Shukia (1972) defined the stability variance of genotype i as its
variance across environments after the main effects of environmental means
have been removed. Since the genotype main effect is constant, the stability
variance is thus based on the residual (GE; + ej) matrix in a two-way
classification.

Cultivar superiority or Performance measure (P;)

According to Lin and Binns (1988) the cultivar superiority or

performance measure is the squares of the differences between an entry mean
and the maximum mean at a location, summed and divided by twice the
number of locations. Genotypes with the smallest values tend to have larger

yields and are more stable than other genotypes.
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Additive main effects and muitiplicative interaction (ANMI)

The additive main cffects and muliiplicative intcraction (AMMI)
method integrates analysis of variance and principal components analysis into a
unified approach (Gauch, 1988). According to Zobel et al., (1988) and Crossa
et al., (1990), it can be used to analyze multilocation trials. The AMMI method
is more appropriatc in the initial statistical analysis of yicld trials, because it
provides an analytical tool of diagnosing other modules as sub-cases when
these are better for particular data scts (Gauch, 1988). Sccondly, AMMI
summarizes patterns and relationships of genotypes and cnvironments (Zobel
et al., 1988; Crossa et al., 1990). The third use is to improve the accuracy of
yield estimates. Gains have been obtained in the accuracy of yield estimates
that are equivalent to increasing the number of replicates by a factor of two to
five (Zobel et al., 1988; Crossa ef al., 1990). Such gains may be used to reduce
testing cost by reducing the number of replications to include more treatments

in the experiment, or to improve efficiency in selecting the best genotypes.

Cassava Starch

Starch |5 the storage form of carbohydrates in plants. The starch that is
produced by the plant is deposited as granules in colourless plastids
(leucoplants) in the cytoplasm. Each type of plant creates granules that have a
characteristic size and shape (Freeland-Graves and Peckham, 1987; Knight,
1969; Jones, 1983).

Pure isolated starch is a white, amorphous, relatively tasteless solid
which possesses no odour, and which is insoluble in cold water. Starch

granules are characterized by a birefringence, that is, the ability to refract
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polarized light (Richard e al; 1991). The birefringence, indicates that the
granule has a high degree of molecular orientation (Lineback, 1984). The
starch granule appears to have a Maltese cross pattern. The centre of the cross
is the initial growing point of the granule.

Chemical and microphotography techniques have elucidated that native
starch is composed of two polysaccharides (polymers) — amylose and
amylopectin, However, depending on its natttral sources, certain minor

components may be present. These include lipids, protein, phosphate and ash.

Amylose and Amylopectin

Amylose penerally accounts for about 15 to 30% of native starch and it
is sparingly S(;luble in hot water. Essentially amylose is a linear polymer in
which the glucose units are linked by a- D-1, 4 glucosidic bonds (Manners,
[968). Molecular weight determinations indicate that the amylose has a degree
of polymerization of many thousand glucose units.

Occasionally, there may be a slight degree of branching in the amylose
molecule. The molecule is coiled in the shape of a flexible helix with a period
of six to seven units. The interior of the helix contains predorﬁinant[y
hydrogen atoms and is lipophylic, while the hydroxyl groups are positioned on
the exterior ofAtl.ua coil (Whistler et al., 1984)

According to Freeland-Graves and Peckham (1987), inside each
flexible coil, there is enough space for an iodine molecule. This characteristic
forms the basis for the starch test. If iodine is added to a solution containing

starch, the iodine is inserted within the colil and makes it rigid. This
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transformation colours the starch mixture blue if the helix (or glucose chain) is
long or reddish purple if the helix length is shart.

Amylopectin is a highly branched p‘olysaccharide chain. It constitutes
about 70-80% of the weight of most common starches. The linear portions of
the molecule are linked with a - 1, 4 glucosidic bonds but, every 20-25 glucose
units, another polyglucosidic branch is attached by « - [, 6 bonds (Manners,
1968). The molecular weight of amylopectin is much higher than that of
amylose but this branched polymer is more compactly organized.

Gallant ef al., (1997) have postulated that amylopectin is arranged in
the granule as clusters of radially oriented chains organized in super helical and
semi-crystalline blocks. The proposed model has emerged mainly from chain
length distribution analysis of debranched amylopectin (Hizukuri, 1986),
electron microscopy (QOostergetel and Van Bruggen, 1993), polarized light
microscopy (Frerich, 1972), electron diffraction microscopy and fibre X-ray
crystallography (Imberty et al., 1988; Imberty and Perez, 1988; Imberty er al.,
1991).

The relative proportion of amylose and amylopectin in starches are
responsible for the differences in cooking characteristics of the differeﬁt types
of starches. Starches containing a higher percentage of amylopectin have a
higher peak viscosity and paste stability, this means that the starch will produce
a thicker paste which will be less likely to break down during cooking
(Bainbridge et al., 1996). Amylose becomes cloudy when heated with water
and is capable of forming a gel. Amylopectin remains clear when heated with

water and does not set a liquid or gel.
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Starch Gelatinization
During the cooking of starch mixtures, several changes take place that
are significant in the preparation of t'y'p.i;al starch products. When starch
granules are added to cold water, a small amount of water is absorbed causing
a reversible swelling. A temporary suspension in which the starch granules do
not dissolve is also formed. The starch tends to settle out of the mixture as
soon as the mixture is allowed to stand (Freeland-Graves and Peckham, 1987).
When the starch mixture is heated, the water begins to penetrate the
starch granules in quantity, causing them to swell and lose their birefringence.
Swelling is reversible up to the point at which the molecular structure within
the granules is disrupted and birefringence is lost. Over a relatively narrow
temperature range, all the granules swell irreversibly and are said to have
undergone gelatinization. Continued heating of the gelatinized starch grains
(pasting) causes the starch granules to swell enormously and soften, forming a

viscous paste. If the paste is fluid, it is called a sol; if it is solid, it is called a
gel.

The primary event that occurs when starch is gelatinized in an aqueous
medium is granule swelling. As the temperature of an aqueous suspeﬁsion of
starch is raised above the gelatinization or pasting range, hydrogen bonds
continue to be disrupted, water molecules become attached to the liberated
hydrogen groups and the granules continue to swell. As a direct result of
granule swelling, there is a parallel increase in starch solubility, paste clarity
and pasle visébsily (Knight, 1969; Malt-Hashim er al., 1992). Alco the
additional incrcasc in the viscosity of the starch paste with further heating is

believed to be the result of starch being exuded out of the starch grain into the
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surrounding medium. The starch.molecules trap the.free water and inhibit Its

free flow.

Perhaps the most important variable characteristics of different starches

when observed are the ways the starches form paste when heated with water.
The differences are evident in a number of ways: in the temperatures at which
the granules start to swell; the way the viscosity increases as the temperature
increases and more granules become hydrated; the way the viscosity increases
as the paste cools; and the degree 10 which the paste breaks down under the
effect of shearing actions (Jones, 1983).

The process of gelatinization and pasting vary with the type of starch
and size of the starch granule. Generally, starches with large granules swell at
lower temperatures than those with smaller granules. For example, potato,
waxy corn, and tapioca starch thicken at much lower temperatures than do
regular corn and wheat starch. Continued heating of the starch mixture after it
has achieved its peak viscosity will decrease the thickness of the starch paste.
The ability of starch to swell and produce a viscous paste when heated in water
(or treated with certain chemicals) is its most important practical use in the

food industry since they affect the texture and digestibility of starchy foods.

Gelatinization temperature

Gelatinization of starch takes place over a definite range of temperature
known as gelatinization temperature. The pasting (or peak gelatinization)
temperature