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ABSTRACT

Two experiments were conducted at the University of Ghana Farm.
l.egon and Plant Genetic Resources Rescarch Institute (Bunso). The first
experiment wéé carried out at Legon from March, 2002 to October, 2003 to
evaluate 1lcassava 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 II.

Experiment I was conducted between October, 2003 and January,
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°, ‘H0015’ and ‘H0008" were
observed to rank highest with respect to root tuber weight and other desirable
production traits. Accessions ‘UG126°, ‘DMA030’ and ‘H0008" 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 ol “fufu’ and
“banku’, ‘UCC 90", "UG126°, "H0008" and ‘DMA 030’ can be used based on

high setback viscositics of their starches,



It is suggested that further field evaluations of the cassava genotypes
be made over a longer period of time so that genotype x location x 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.

[n Africa the majority of cassava produced is for human consumption.
This is because cassava produces exceptional carbohydrate yields, much higher
than those of maize and rice and second only to yams (de Vries ef 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; CIAT, 1992).
The leaves of cassava which contain 5.1 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



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 i_s. 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 nation-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, several 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 still 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



several countries regarding future starch processing investments. In Ghana the
government has launched an ambitious President’s Special Initiative (PSI) on
cassava which is designed to develop the cassava starch industry to become a
key contributor to Ghana’s export revenue as well as a major vehicle for job
creation and poverty reduction in rural communities.

Indeed 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 set up in
the country to produce garments for export to the US markets under the US
government’s African Growth 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 (I[TA) 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 its own

contributes 22% to Ag. GDP (Al-Hassan, 1989).
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As a fol'low-up to NARP research activities on root and tuber crops,
Root and Tuber Improvement Programme (RTIP) was initiated by the
International Fund for Agricultural 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 new but locally adaptable technologies of root and
tuber crops. Root and Tuber Improvement Programme research 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).



There is the necd, 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 Mosaic Virus (ACMYV) 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.

N



CHAPTER TWO
LITERATURE REVIEW

Origin and Distribution

According to Antonio (1999), Oslen and Schaal (1999) the
geographical origin and the area 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 et al.,
1994a; Jennings, 1995; Purseglove, 1968; Rogers, 1963).

Doku (1969) has stated that cassava has been grown in Ghana 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. [tis

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

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

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

0



Arboreae, which contains tree species and is considered the more primitive,
and the Fruticosae, which contains shrubs adapted to savanna grassland or
desert. Cassava belongs to the latter. It is a dicotyledonous plant and is of
interest because of its edible roots (Jennings, 1995). Cassava is a cultigen,
unknown in the wild 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 swellings 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 are 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 to a length of Im. Root
tubers have a brownish or reddish peel and the fibre content rises as the plant

gets older.
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Figure 1: Tra-riévgrﬁé«s;ction of a yourﬁ gtorage ot o caSsava (Modified from Dok, 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



fragile until lignification is complete. The stems vary in colour and it can be
silver green, 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; [ITA, 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 distance from the apex.

Branching height determined 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 et al., 1992). For instance, cool temperatures are known to delay the
time for first fork formation (Irikura er al, 1979; IITA, 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).
Intercropping 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.



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 a 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
often is early to lodge (Nweke er 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 polymorphism. 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 green, 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 top 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

Onwueme 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).

Linamaﬁn 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 characterized 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 apprloximately 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.



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

The toxicity of ingested cyanogenic glycosides in man is not well
understood but Bourdoux et al., (1980) postulate that they decompose at the
alkaline pH level in the small intestines of man to yield an equal amount of
cyanide and cause toxic effects. Toxicity of hydrogen cyanide is indicated by
an estimated minimal lethal dose of 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 ez al., 1983), acute toxic effects (Mlingi et al.,, 1992)
and the paralytic disease, konzo (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 rgsult 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 spontaneous at
pH above 5.0,4t.>ul in the acid medium is catalysed by a hydroxy-nitrile lyase

(Onwueme and Charles, 1994; Vasconcelos et al., 1990).



In the intact plant tissue, linamarase occurs in the cell wall, and is
physically separated from the glycosides, which occur in the vacuole. It is only
when cassava tissue is crushed that linamarase is able to come in contact with
the glycosides and hydrolyse them.

In general, the following methods are utilized for reducing the cyanide
level of cassava before consumption:

(i) Crushing, maceration or pulverization to bring linamarase in contact
with the glycosides, followed by removal of the resulting HCN by squeezing
out the juice and heating.

(i)  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 hydrofyse 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).



Environmental Requirements
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 (Tindall, 1983). At altitudes above 1800m, it develops only very
slowly and it is susceptible to frost (Janssens, 2001; Yanock, ez 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 wé.ight and storage root number. It has been observed that long
days enhance excessive shoot growth and delay storage root development
resulting in production of fewer storage roots (Bolhuis, 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; and a C, plant.
(During photosynthesis, C; plants produce a three-carbon compound - 3

phosphoglyceraldehyde, 3-PGA. C, plants produce a four-carbon product -



malate or aspartate). Cassava cannot withstand violent winds and must be
planted in sheltered sites (Janssens, 2001; Osiru e/ al., 1993).

The mean annual temperatures for optimal growth lie 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
lies between 1,000 and 1,500 mm per year. Cassava can survive a dry season
of 3-4 months and does so by shedding most of its leaves and reducing its
growth rate. However, an ample supply of moisture is essential during the first
month or two after planting (Onwueme and Sinha, 1991). Fresco (1986) has
noted that yields from cassava planted in the late rainy season 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 .

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



excessively fertile and especially those with an excess of nitrogen limit

tuberization (Janssens, 2001; Yanock et 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 piémting. 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 ([ITA; 1990).

Vertebrates, Nematodes, Mites and Insects.
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Vertebrate 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 after grain crops have been harvested. They peck at the soil 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
bushfowl 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 losses 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, is a
particularly serious problem in Africa’s cassava-growing areas. The lesion
nematode, Pratylenchus brachyurus, the spiral nematode, Helicotylenchus
erythrinae and the reinform nematode, Rotylenchus 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% (1ITA, 1990).



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 (IITA,
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 tabaci. Of these insect pests, the whitefly
is the most important since it is the vector of African Cassava Mosaic Virus

(ACMV) disease and is prevalent throughout Africa.



Whitefly

The whitefly (Bemisia tobaci, Gennadius) is a 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) direct damage, such as chlorosis
of leaves, can be induced by feeding while heavy infestations may cause an
overall reduction in plant vigour (Byrne er. 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. Eathogens, known or thought to be viruses (Ohnescorge, 1986;
Duffus, 1987; Cohen, 1990; Brown, 1991). B. tabaci is the only known insect
vector of ACMYV 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. tabaci
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 qualitative structure of this pattern recurs (Fishpool et al., 1988).

There is a slow but steady immigration into and establishment 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



this maximum for a short period of up to three to four weeks, 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
and/or 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 et al., (1994) have found from a study on the effect of
ACMY on Ugandan cassava that numbers of adult whiteflies on cassava were
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 ACMV. Correlations were all negative,
suggesting a slight detrimental effect of whiteflies on growth. It was also
observed that there were a positive but not significant correlation between

whitefly numbers and ACMYV disease symptom score.

Diseases

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

rot (IITA, 1990).
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African Cassava Mosaic Virus (ACMYV) diseasc

This is a leaf disease and was first reported in East Africa (Tanzania) in
1894 and has been studied since the 1930s (Hahn and Keysen, 1985; Thresh er
al., 1994a). It has been shown to be caused by a whitefly-borne geminivirus
that occurs in all the main cassava growing areas in Africa with some incidence
reported in India and Indonesia. The disease is relatively rare in South
America. The disease is generally regarded as the most important disease on
cassava. Geddes (1990) ranked it as the most important vector-borne disease
of any crop in Africa.

Symptoms of the disease include a whitish or yellowish chlorosis of the
young leaves, gf:companied by leaf distortion and reduction in leaf size. The
growth of the entire plant is stunted, and the normal increase 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
longitudinal splits as well as malformation of the tuber (Narasimhan and
Arjunan, 1973).

Alagianagalingam and Ramakrishnan (1970), Ninan et al., (1976) and
Murant ef 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 fe.v;/er 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 ACMV disease on the yield of cassava have been
assessed at different times and in at least twelve countries including Nigeria,
Congo, Kenya, Cote d’lvoire and Togo (Fargette, e/ al., 1988; Thresh et al.,
1994b). These studies were made on naturally infected plants in farmers fields
or experimentéi 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; Fargette, ez 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 incidence of
infection. He observed that varictics which developed relatively mild

symptoms had a low incidence of infection, grew satisfactorily and in some
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instances outyielded those that were not affected. This suggests that only
plants with severe symptoms should be discarded in breeding programmes and
that slight symptoms have no serious detrimental effects. Vandevenne (1975)
working on a trial with many different and local and introduced cassava
varieties in Cote d'Ivoire observed that there was a negative correlation

between yield and the severity of the leaf symptoms caused by ACMV.

Cassava bacterial blight disease (CBB)

This is the most widespread bacterial disease of cassava and second in
importance only to ACMV disease in Africa. The causal organism is a
bacterium, Xanthomonas compestris, pathovar manihotis. 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 upon cultivar,

bacterial strain and environmental conditions (IITA, 1990).

Cassava anthracnose disease (CAD)

This is a stem disease caused by Colletotrichum glocosporioides 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 .with yield loss in the field but the infected stems produce poor
quality planting material which does not establish well in the following

planting season and thus yields are reduced.



Sclerotium rot

Caused by a fungus, Sclerotivm rolfsii, this is the most common tuber
disease and occurs on roots and tubers at all stages of development. It can be
recognized by the appearance of a white mycelial growth on infected roots and
tubers. As the fungus penetrates the tubers, the plants begin to show mild

wilting symptoms.

Soft rot

The disease is caused by Phytophthora drechsleri and Fusarium solani,
and occurs under wet conditions and cooler temperatures. The causal
organisms attack and kill small feeder roots and cause necrotic brown lesions
on older roots. As the roots decay, they infect the tubers which then emit
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 ivaironment 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 environment 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 as 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 er al, 1996).
According to Becker and Leon (1988) two different concepts of stability exist,
the static and dynamic. With the static concept, stable genotypes posscss
unchanged or constant performances regardiess of any variation of

environmental conditions. That means its variance among environments is

(8]
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zero. The dynamic concept, however, allows a predictable response to
environments and a stable genotype 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 yield 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. [t 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).

Accordlir.1g 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



programmes incorporate some elements of both approaches (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) 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 differences in varieties for the main
effects (environments 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 variation
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



storage root yield ranged between 80 and 93 percents. The h® for all other
production traits varied between 68 and 92 percents. It 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 .olf a 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-locational trials
comprising newly developed cassava clones of IITA 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 effects
(environments and genotypes) as well as the G x E interaction effects for fresh
storage root yield, root number and reactions to ACMYV 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. It 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 ecovalence as the contribution of
each genotype to the Genotype by Environment Interaction (GEI) sum of

squares. The ecovalence (Wi) or the stability of the "

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

and expressed as:



Wi=|Vij-Y.-Y.j-Y.[
where; Yij is the mean performance of genotype i in the j™ environment and
Yi 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 GEI, and a genotype with zero ecovalence is regarded as stable.

Stability variance (Shukla, 1972)

Shukla (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; + e;) matrix in a two-way
classification.

Cultivar superiority or Performance measure (Pi)

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 multiplicative interaction (AMMI)

The additive main effects and multiplicative interaction (AMMI)
method integrates analysis of variance and principal components analysis into a
unified approach (Gauch, 1988). According to Zobel er al., (1988) and Crossa
et al., (1990), it can be used to analyze multilocation trials. The AMMI method
is more appropriate in the initial statistical analysis of yield trials, because it
provides an analytical tool of diagnosing other modules as sub-cases when
these are better for particular data sets (Gauch, 1988). Secondly, AMMI
summarizes patterns and relationships of genotypes and environments (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 et 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 is 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



polarized light (Richard er 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 natural sources, certain minor

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

Amylose and Amylopectin

Amylose generally accounts for about 15 to 30% of native starch and it
is sparingly soluble in hot water. Essentially amylose is a linear polymer in
which the glucose units are linked by a- D-1, 4 glucosidic bonds (Manners,
1968). 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 predominantly
hydrogen atoms and is lipophylic, while the hydroxyl groups are positioned on
\he exterior of the coil (Whistler er 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 coil and makes it rigid. This



transformation colours the starch mixture blue if the helix (or glucose chain) is
long or reddish purple if the helix length is short.

Amylopectin is a highly branched polysaccharide chain. [t constitutes
about 70-80% of the weight of most common starches. The linear portions of
the molecule are linked with o - 1, 4 glucosidic bonds but, every 20-25 glucose
units, another polyglucosidic branch is attached by a - 1, 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 et 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 (Oostergetel and Van Bruggen, 1993), polarized light
microscopy (French, 1972), electron diffraction microscopy and fibre X-ray
crystallography (Imberty et al., 1988; Imberty and Perez, 1988; Imberty ef al.,
1991).

The relative proportion of amylose and amylopectin in starches are
responsible for the differences in cooking characteristics of the different 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 ef 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 typical 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 suspension 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 paste viscosity (Knight, 1969; Mat-Hashim et al. 1992). Also the
additional increase 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 to 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 is the temperature at which irreversible swelling of the starch

granules occur leading to peak viscosity.
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Moorthy. (1994) studied the gelatinization temperatures of starch of
seven cassava varieties and found out that two varieties gelatinized earlier with
gelatinization temperature range of 12°C. No relationship between granule size
and gelatinization temperature was observed. Pasting temperatures were also
determined using a viscograph and all the values obtained were similar except
one variety that showed a lower pasting temperature.

Pasting temperatures of starch from four varieties of cassava commonly
cultivated in Ghana were found to range from 64 to 67°C (Boakye et al., 2001).
Working on seven varieties of a related root and tuber crop, sweet potato,
Oduro et al.,(2000) observed that the pasting temperatures were relatively high
and varied between 72 and 73.3°C.

According to Bainbridge et al., (1996) starches with lower pasting
temperatures are generally considered to be easier to cook. However, lower
pasting temperatures are also associated with low paste stability, which is
usually considered to be an undesirable property. Low pasting temperature and

low paste stability indicate that fewer associative force and cross-links are

present within the starch granule.

Paste viscosity

An important property of starch is that it provides a viscous paste
(thickened starch mixture) when heated in presence of water. It is this
viscosity which accounts for the use of starch in textile, paper, adhesive and

food industries. Cassava is well known for high viscosity of its paste.



When starch of different varieties of cassava was studied using a
Brabender Viscograph three peak patterns were generally observed (Moorthy,
1994). They \\}e:re: -

(i) Single stage gelatinization with high peak viscosity and high viscosity
breakdown.

(i)  Two-stage gelatinization with high peak viscosity and breakdown.

(iii)  Broad two-stage gelatinization with medium viscosity and medium
breakdown.

Moorthy (1994) in another study involving five varieties of cassava
having different cooking quality observed that the starch of one variety had a
medium peak Viscosity, low viscosity breakdown but high setback viscosity.
Another variety had slightly lower peak viscosity and setback viscosity. A third
variety, on the other hand, had a very high peak viscosity which tinned down
considerably on heating and the setback viscosity was low. The results seemed
to indicate some relationship between cooking quality and starch rheology
since the variety with medium peak viscosity and high setback viscosity
reasonably had good cooking quality compared to the variety with high peak

viscosity and low setback viscosity which had poor culinary quality.

Viscosity analysis

The peak viscosity is the highest viscosity reached during the heating
phase of the Brabender Visco-Amylograph. At this point, there is a majority of
granules that are fully swollen but intact. For any particular type of starch, the
more granules that are available to be hydrated the higher the peak viscosity

will be. During the high temperature hold phase at 95°C, the starch granules
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begin to breakdown and solubilisation continues resulting in a drop in viscosity
and a trough viscosity is recorded. The peak viscosity value and viscosity at
95°C are measures of the ability of the starch to form a paste on cooking. The
higher the valug the thicker the paste will be. Jones (1983) and Kim e al.,
(1995) have noted that a high viscosity is desirable for industrial use, for which
a high thickening power is required. The difference between the peak and
trough viscosities is termed the “breakdown”. The rate of decrease in viscosity
depends on the temperature and the nature of the material itself.

During the cooling phase, the solubilised starch molecules begin to
reassociate and the viscosity begins to increase again towards the cold paste or
final viscosity. In sufficient concentration, this usually causes the formation of
a gel. This segf)nd rise, representing the difference between the paste and hot
paste viscosities is known as the setback (retrogradation).

Retrogradation of cooked starch involves both of the constituent
polymers: amylose and amylopectin, with amylose undergoing retrogradation
at a much more rapid rate than does amylopectin. Retrogradation of
amylopectin is believed to involve primarily association of its outer branches
and requires a longer time than retrogradation of amylose. The highly
branched chains of the amylopectin molecule project out too much and
interfere with bonding to other molecules (Ring, 1993).

When a ;:ooled starch gel that has been standing for a while is cut, there
is leakage of liquid from the gel. This leakage or separation of fluid from a gel
is called syneresis or weeping (Freeland-Graves and Peckham, 1987).

A low setback value shows that the starch gives a non-cohesive paste which is

useful in many industrial applications (Kim er al., 1995). A high setback value
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is useful if the starch is to be used in domestic products such as fufu, which
require a high viscosity and paste stability at low temperature (Oduro er al.,
2000).

In addition to the peak, stability of viscosity is also a very important
factor which decides the applicability of starch in food and industry. Paste
stability is deté.rmined by subtracting the viscosity value after 15 minutes at
95°C from the value for paste viscosity at 95°C (Oduro et al., 2000). The paste
stability at 95°C measures the tendency of the paste to break down during
cooking. High paste stability is frequently a requirement for industrial uses of
starch.

A starch with low paste stability has very weak cross-linking within the
granules and requires less heating. In this respect cassava starch is inferior to
maize starch because its viscosity is rapidly reduced on heating under shear
showing that the strength of associative forces is not very high. This leads to a
long and cohesive texture for its paste, which is not desirable in food and
textile applications (Moorthy, 1994).

Boakye et al., (2001) have demonstrated that pasting behaviour of
starch from four varieties of cassava, namely: ‘Akosua Tumtum’, ‘Ankra’,
 Abosome Nsia’ and ‘Adwoa Smart’ showed significant variations (p< 0.05) in
peak viscosity and viscosity at 95°C. Values recorded for peak viscosity and

viscosity at 95°C ranged from 320 to 585 BU. The cold paste viscosities were

very high for all the samples indicating the tendency of the starch samples to

associate or retrograde on cooling.
In another work, Oduro et al., (2000) studied the pasting characteristics

of starch from seven new varieties of sweet potato and observed that the peak
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viscosity and viscosity at 95°C ranged from 480 BU for variety ‘Dugbadza’ 1o
600 BU for ‘Sauti’. After the onset of pasting, the viscosity of all the samples
increased rapidly, but the viscosity at 95°C and after the first holding periods
were lower than the peak viscosity, reflecting the strength of the starch pastes.
Based on other physiochemical properties and the pasting characteristics of the
seven sweet potato varieties, they concluded that variety L/Red will be suitable

for domestic applications while 86/0250 will be better for many industrial

purposes.

Factors affecting gelatinization and pasting

A number of factors affect the gelatinization and pasting of starch
among which are the following:
(i) Shear: The extent and force of stirring can disrupt the structure of the
starch granule. This can cause the granules to loose their contents and as such
there would l‘-l(.)t be enough structure and hydrogen bonding to hold the
polymers together. Over stirring as well as over cooking will decrease the

starch paste viscosity. An increase in shear rate will result in a decrease in

viscosity.

(http://osu.orst.edu/instruct/ntm236/starch/index.cfm, 2001).
(iiy  Types and Amount of Starch: With native starches, the greater the
amount of amylopectin the more viscous the starch paste (because amylopectin
contributes greatly to paste viscosity), whereas the greater the amount of

amylose the firmer the gel (the greater the gel strength). Generally, starches

with large granules swell at lower temperatures than starch with smaller
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provide evidence of non-covalent bonding between molecules within the starch
granules.

Generally good quality starch with a high starch content and paste
viscosity will have a low solubility and high swelling volume and swelling
power. High solubility, low swelling volume and swelling power are
indicative of poor quality starches that produce thin, low stability pastes when
cooked (Bainbridge et al., 1996).

Moorthy (1994) studied the swelling behaviour of eight varieties of
cassava and found out that the swelling volume of the different varieties varied
from 25.5 to 441.8 ml/g of starch. No correlation was obtained between
viscosity and swelling volume. It was observed that during the growth periods,
starch of two varieties, maintained their swelling volumes within small ranges,
while some varieties expressed wide variations which indicated that these
varieties were very much susceptible to environmental influences. The results
also indicated some relationship between cooking quality and swelling
volumes, since it was observed that one of the varieties that had steady
swelling volume also produced root tubers with good cooking quality.

Studies conducted by Boakye et al., (2001) on the swelling behaviour
of starch from. four local varieties of cassava in Ghana showed that swelling
volume ranged from 24.17 to 30.20 ml/g and the swelling power from 27.5 to
36.1 g/g. Solubility values of the samples showed significant differences
(p<0.05) with a range of 12.4 to 14.9%. They attributed the differences in
swelling behaviour to varietal differences. Moorthy and Ramarujam (1986)

have also reported that the swelling power and solubility of cassava starch are

dependent on varictal differences, environmental factors and age of crop.



Modification of starches

Starch has special properties which have been exploited for various
purposes. However, some of these are not suitable for some specific
applications ";lljld methods are available to modify these undesirable
characteristics. A modified starch is one that has been chemically and/or
physically modified to create suitable properties for use in the food industry.
The methods that are available for the modification of starch can be non-
degradative, using physical treatments, incorporation of chemicals and
chemical treatments. These chemical treatments are based on the availability
of a large number of hydroxy! groups in the starch molecules, which can be
made to react in many ways with various reagents. The other type of
modification, 'degradative modification included dextrinisation (dry heat
treatment of starch granules to form dextrins), hydrolytic oxidation and

hydrolysis to low molecular weight compounds (Moorthy, 1994).

Food uses of cassava

The importance of cassava in the world food supply is due to its

durability as a plant and also due to it being a cheap and excellent source of

dietary carbohydrate. Cassava is consumed in a wide variety of forms. In

many areas, the'roots are consumed as a major staple, although in some places

boiled fresh cassava roots are eaten as a vegetable. In large parts of Africa,

particularly Central Africa, the leaves are also consumed as a leafy vegetable
(Dorosh, 1988).

[n Ghana, cassava roots are usually prepared and eaten in the form of

fufu, ampest, agblima, akple, bunku, and yakayeke. The roots can be roasted
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and eaten and they can also be processed into dry chips (kokonte), gari,

biscuits, buns and doughnuts, breads and cakes (MOFA, 2000b).

Feed uses of cassava

Cassava.roots are used as feed for farm animals usually to substitute for
a part of the main ingredients in nutritionally balanced rations. For example,
Gomez et al., (1984) in Colombia reported that when cassava was substituted
for maize in a poultry broiler ration at levels of up to 30%, there was no
significant difference in the performance at all levels, but the 20% level
substitution was the most economical. [t was noted that high levels of cassava
intake were more acceptable for broiler production than for laying hens. Egg
production and quality could be adversely affected by nutritional imbalances
associated with .rations high in cassava.

In the case of pigs, the performance was progressively better as the
level of cassava feed was increased to 40%. In view of the potential value of
cassava to supply energy to dairy cattle, it has been used in a great number of
experiments as the main source of energy, resulting in higher milk and fat
yields and live weight grains (Pineda and Rubio, 1972). Similar results have
been obtained for beef cattle when steers fed on commercial concentrate and
cassava-based diets gained weight significantly faster than those fed bran or
maize and cob-based diets. Better performance of bulls has also been reported
by Montilla et a/ (1975) on 40% cassava rations rather than on maize meal.
Similar findings for goats and sheep where cassava enhanced the utilization

and hence nitrogen rctention have been reported.
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Non-Food Applications of Starches

TABLE 1:

Some non-food application of starches

Adhesives
Hot-melt glues
Stamps, book binding, envelopes
Labels (regular and water proof)
Wood adhesives, laminations
Autometive, engineering
Pressure sensitive adhesives
Corrugation
Paper sacks

Explosives Industry
Wide range binding agent
Match-head binder

Paper Industry
Internal sizing
Filler retention
Surface sizing
Paper coating (regular and colour)
Carboniéss paper stilt material
Disposable  diapers, feminine

products

Construction Industry
Concrete block binder
Absestos, clay/limestone binder
Fire-resistant wallboard
Plywood/chipboard adhesive
Gypsum board binder

Paint filler

Metals Industry
Foundry core binder
Sintered metal additive

Sand casting binder

Textiles Industry
Warp sizing
Fabric finishing
Printing

Cosmetic and Pharmaceutical Industry

Dusting powder

Make-up

Soap filler/extender

Face creams

Pill coating, dusting agent

Tablet binder/dispersing agent
Mining Industry

Ore flotation

Ore sedimentation

Oil well drilling muds
Miscellaneous

Biodegradable plastic film

Dry cell batteries

Printed circuit boards

Leather finishing

T T T Source: (httpi//wwiv. lao.org/ag/agsi/starchd | hun, 2001)

(hitp://home3.inct.tele.dk/starch/isi/appliciapplic.htm,2001 )



CHAPTER THREE
MATERIALS AND METHODS
INTRODUCTION
Two field experiments were conducted. Experiment | was carried out

from March 2002 to April 2003, and Experiment 2 from October 2003 to

January 2005.

EXPERIMENT 1: Evaluation of thirteen cassava genotypes for pest and
disease tolerance and production traits.

The objective of Experiment 1 was to evaluate eleven local cassava
accessions using two released varieties as checks. The criteria used for the

evaluation were:

Tolerance to whitefly infestation and African Cassava Mosaic Virus (ACMV)

disease infection.
Acceptable production traits in terms of stated agronomic characters.
The top eight cassava genotypes on the basis of their tolerance to

ACMYV disease and high root tuber and starch yields were selected for further

evaluation in Experiment 2.
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Location of farm site and land preparation
The experimental farm was located at the University of Ghana Farm,

Legon. An area of about 0.45 ha was cleared and ploughed in the first week of

March 2002.

Experimental design and field layout

Randomized Complete Block (RCB) design was used with three
replications. Each block measured 50m long and 9m wide with 2m spacing
between blocks. Each block was then divided into thirteen plots. The
treatments we.rcle made up of 13 cassava genotypes. Each plot was 9m long.

Three-row plots were used with rows 1m apart and plants within a row 1m

apart.

Planting materials

Eleven cassava accessions, namely: ‘H0001°, ‘H0008’, ‘H0015’,
‘UGL115°, ‘UG126’, ‘UCC096’, “‘UCC90’, ‘Bosome Nsia’, ‘DMA 002°, ‘DMA
030’, and ‘CRI/001/102° were selected as experimental materials. The
selection was based on the results of previous experimental work done by
Amernope (1998, 2002) and Ampong-Mensah (2000). The planting materials
(accessions) have been previously selected from germplasm collections
maintained at the various germplasm conservation centres and from farmers’
fields throughout Ghana. Specifically, the accessions were obtained from
Greater Accra Region (University of Ghana Farm); Brong Ahafo Region
(Nkoranza. Dormaa Ahenkro, Wenchi and Asunafo); Eastern Region (Bunso);

Volia Region (Bodada-Buem in the Jasikan District, SSNIT Flats area and
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Akoepe in the Ho District). Other accessions came from the Western and
Central Regions. Two improved and released varieties — “Afisiafi® and *Tek

bankye’ — were used as checks.

Planting

Planting of cassava cuttings, each measuring 30 cm long was done in
the third week of March, 2002. Cassava accessions and checks were randomly

assigned to plots within each block. The planting distances were Im between

rows and 1m between plants.

Weed control '

The first weed control using a hoe was done three weeks after planting
The second was carried out four weeks after the first weeding and subsequent

weedings were done when necessary.

Data collection

Data collection started one month after planting on pest and disease
Yield and yield components and starch extraction and starch yield data of the

thirteen cassava genotypes were collected at twelve months after planting

(12MAP).

Whitefly population

Whiteflies (Bemisia tabaci) are the vectors of African cassava mosaic
virus (ACMYV) discase on cassava plants. Determining their population on
s would therefore aid in assessing the relationship between

cassava plant
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numbers of whiteflies and the severity and incidence of ACMV disease
infection.

Direct counts of adult whiteflies on the crop were made (Mound
(1965), Hill (1968), Gerling and Horowitz (1984) and Fargette er al., (1985)).
Five plant stands that were affected by ACMV disease were randomly selected
from each plot. On each plant, five leaves were randomly selected and each
leaf was carefully turned over and the number of adult whiteflies on the leaf
under surface was counted and recorded. The mean number of whiteflies was
then computed. Counting of whiteflies was done early in the morning around
6am when the environment was cooler and the insects less active than later in
the day. The counts were done one month after planting and were repeated at

the third and sixth months after planting.

African Cassava Mosaic Virus (ACMYV) disease score

Plants infected by ACMV disease have their leaves reduced in size,
misshapen and twisted, with chlorotic areas separated by green leaves.
Leaflets may show a nearly uniform mosaic pattern.

Scoring for ACMYV disease was done one, three and six months after
planting. The following ordinal scoring system (IITA, 1990) was used.

no symptoms observed.

Il

2 mild chlorotic pattern on entire leaflets or mild distortion at base of

leaflets appearing green and healthy.
3 = strong mosaic pattern on entire leaf, and narrowing and distortion

of lower one-thirds of leaflets.
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4 = severe mosaic distortion of two-thirds of leaflets and general
reduction of leaf size.

5 = severe mosaic distortion of four-fifths or more of leaflets, twisted

and misshapen leaves.

All the plants in each plot were scored and the mean ordinal score

computed.

Number of root tubers

From each plot, three cassava plant stands were randomly selected
from the middle row and uprooted using cutlass. The number of root tubers
was counted and the mean computed for each plant stand. Harvesting of

cassava took place at twelve months after planting.

Fresh root weight (kg)

The fresh root weight was determined by weighing all the fresh root

tubers harvested from the three separate plant stands together and dividing by

three to obtain the fresh root weight per plant.

Individual tuber weight (g)

The fresh root weight per plant obtained as described above was

divided by the mean number of tubers per plant to obtain the individual tuber

weight.
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Fresh shoot weight (kg)

This was determined by weighing the shoots (leaves and stems) of

harvested cassava plants and then dividing by three to obtain the fresh shoot

weight per plant.

Fresh root yield (t/ha)

The inter-row and intra-row spacings adopted were the same, that is,
Im apart and therefore the average plant population was 10,000 per hectare.
Multiplying the number of plant stands by the mean fresh root weight (kg) and

dividing by 1000 kg gave the fresh root yield in tonnes per hectare.

Harvest index

The Harvest Index (HI) was calculated as weight of tubers divided by

weight of above-ground parts plus weight of tubers (Cock et. al., 1979).

Starch weight (g)

Cassava root tubers were peeled, washed and cut into small cubes.
Five hundred-gram weight of each sample was milled with excess de-ionized
water in a Philips blender. The starch slurry was then filtered through a
muslin cloth into a plastic container. The residue was milled again and filtered
through the muslin cloth in the plastic container to ensure maximum extraction
of starch granules. Each milling and extraction process took about 5 minutes.

The distillate was allowed to stand for about three hours after which

the supernatant was drained away. The pure white starch in the plastic



container was dried in the sun for about six hours after which it was allowed to

cool and then weighed using analytical weighing scale.

Starch content (%)

Starch content (%) was determined based on dry starch weight using

the following relationship.

Weight of dry starch x 100
Weight of sample fresh root tuber

Starch content (%) =

Starch yield (g/plant)

Starch yield was computed by multiplying the fresh root weight (kg)

per plant of a given accession or check by its percentage starch content.

Dry root tuber weight (g)

Five hundred-gram weight of fresh root tuber cubes from each cassava
accession and check was dried overnight for about a 24-hour period at 70°C.

The sample wete allowed to cool in desiccators for about 20 minutes and then

weighed to obtain the dry weight.

Root tuber dry matter content (%)

Based on the results obtained from the determination of dry root
weight, the dry matter content (%) was calculated using this formula:

Sample dry root weight x 100

matter content (%) = : :
bry Sample fresh root weight

v
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Dry root yield (g/plant)
Dry root yield was computed by multiplying the fresh root weight

(kg) per plant by its percentage dry matter content.

Data analysis

Data collected was subjected to statistical analyses, using Statistical
Analyses Systems (SAS) computer software for Analysis of Variance
(ANOVA), and Correlation. Count data on whitefly population and ordinal
scores of ACMV disease were subjected to logarithmic transformation using
the relationship log (X+1) where X is the original data (Gomez and Gomez,
1984) before analysis of variance was performed on the data set. However,

the reported values in the results are the antilog of each transformed data

reduced by 1.

Experiment 2: Evaluation of eight cassava genotypes at two agro-
ecological zones for acceptable production traits and starch yield
characteristics

The objective of Experiment 2 was to evaluate seven elite local
cassava accessions for tolerance to pest and disease and high root tuber and
starch yield traits in two agro-ecological zones. The two agro-ecological zones
selected were Coastal Savanna and Deciduous Forest. These agro-ecological
sones are defined on the basis of climate, reflected by the natural vegetation

and influenced by the soils. The agro-ecological zones were chosen because

they are high cassava producing zones in Ghana.



Experimental location
Coastal savanna

This type of vegetation occurs in the dry equatorial climatic region.
This is the zone which receives the least amount of rain in Ghana between 740
and 890mm annually. Relative humidity is, however, high throughout the year
and thus compensates for the scanty annual rainfall (Boateng, 1960; Dickson
and Benneh, 1988).

The soils in this zone are the savanna ochrosols (highly coloured
soils) which differ from the forest ochrosols in being less richly supplied with
organic matter and nutrients. The soils are generally acid or mildly acid.

The specific area selected as the coastal savanna experimental site was the
University of Ghana Farm, Legon. An area of about 0.225ha was cleared and

ploughed in the first week of October, 2003.

Deciduous forest

This zone is distinguished from the rain forest by the fact that many
of the trees in its upper and middle layers exhibit deciduous characteristics
(shedding of leaves) during the long dry season; usually from November to
March when the influence of the harmattan is greatly felt. The annual rainfall
is between 1250 and 1750mm (Boateng 1960; Dickson and Benneh, 1988).

The principal soils are the forest ochrosols which range in colour
from brown to orange. These soils contain greater quantities of nutrients
because they are less leached by rainfall and are generally alkaline. Plant
Genetic Resources Research Institute (PGRRI) experimental farm area located

at Bunso was selected as a representative site of a deciduous forest zone. A



land area of about 0.225 ha was cleared and ploughed in the second week of

October 2003.

Expecrimental design and field layout

The Randomized Complete Block (RCB) design was used at both sites.
The experimental areas at both sites were divided into three blocks. Each
block measured 23m long and 11m wide with 2m spacing between blocks.

Each block was then divided into eight plots and each plot measured Sm by

5m with 1m spacing between plots.

Planting materials and planting

Seven cassava accessions, namely: ‘Bosome Nsia’, ‘H0001°, ‘UCC
90°, ‘DMA 030°, ‘UG 126°, ‘HO015> and °‘HO008’ were selected as
experimental planting materials based on tolerance to ACMY disease and high
root tuber and starch yields. One improved and released variety,
<Afisiafi’'which  displayed better resistance to ACMYV disease than
‘Tekbankye’, (also a check treatment in Experiment 1) and showed desirable
agronomic traits was used as a check (control).

Cassava cuttings each measuring about 30 cm long and selected from
mature parts of cassava stems were planted in the third and fourth weeks of
October 2003 at the University of Ghana Farm, Legon and at the Plant Genetic
Resource Research Institute, Bunso, experimental farm site respectively. The

accessions and the check were randomly assigned to plots within each block.

The cuttings were planted Im between rows and 1 m between plants.
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Weed control
The first weed control using a hoe was done three weeks after planting.
The second weeding was done four weeks after the first one and subsequent

weedings were carried out when necessary.

Data collection

Data collection started at one month after planting at both agro-
ecological zones. The response variables on which data were collected and
the procedures for data collection were the same as have been presented and
described in Experiment I. Apart from data on whitefly population and level of
African Cassava Mosaic Virus (ACMV) disease infection which were
collected at one, three and six months after planting, all other agronomic data
were collected at two plant growth stages, that is, at eight and twelve months
after planting at both locations.

Addif{onal data were collected on starches extracted from tubers of

the various cassava genotypes at both locations on the following parameters:

Functional properties of starch
To determine the functional properties of starch, that is, the swelling

volume, swelling power and solubility of starch, the following procedure was

adopted based on the modification of the method of Leach et al., (1959).

An aqueous starch suspension was prepared by weighing 1g of dry
starch into a previously weighed graduated 50ml centrifuge tube and 40ml of

distilled water was added. The suspension was heated to 85°C in a water bath.

shaking gently to ensure that the starch granules remain in suspension until




gelatinization occurs (5 minutes). The gelatinized sample was held at §5°C in
the water bath for 30 minutes. The sample was cooled to room temperature

under running water and then centrifuged for 15 minutes at 2200 rpm.

(a) Swelling volume

Swelling volume was obtained directly by reading the volume of the
swollen sediment in the tube.
(b) Solubility '

The soluble starch was decanted carefully into a cleaned and
weighed glass crucible and evaporated in an oven at 105°C. The percentage

solubility was then calculated from the dried residue,

that is, % Solubility = Weight of soluble starch x 100

Weight of sample (dry basis)

(c) Swelling power

Swelling power was determined by weighing the sediment and
expressing swelling power as the weight (g) of swollen sediment over gram

dry starch, that is, swelling power was determined using the following

relationship:

Swelling power = Weight of sedimented paste x 100

Weight of sample (dry basis) x (100-% Solubility)

Pasting characteristics
The pasting characteristics of the starch samples were determined

using the Brabender Viscograph instrument.  First, the moisture content of




each sample was determined using an electronic moisture meter. The value of
the moisture content of a sample was fed into the software of the Brabender
Viscograph and the instrument automatically indicated the weight of starch
sample to be used and the quantity of distilled water to be added to make a
starch slurry (suspension).

The slurry was then put into the lneasuring bowl of the instrument
and heated at a rate of 1.5°C/min. by means of a thermo-regulator. The start
temperature was 50°C. When the suspension reached 95°C, it was held
constant for 15.minutes (first holding period) while being continuously stirred.
The paste was then cooled down to 50°C at a rate of 1.5°C/min, and held at
this temperature for another 15 minutes (second holding period).

At the end of the process which took 1 hour 30 minutes, the following
records were read from the Viscograph printed out by the instrument:
(a) Pasting temperature °C)

(b) Pasting time (in minutes)

(c) Peak viscosity (in Brabender Units [BU]J)
(d) Viscosity at 95°C (BU)

(e) Viscosity éﬁer 15 minutes at 95°C (BU)
(f) Viscosity at 50°C (BU)

(g) Viscosity after 15 minutes at 50°C (BU)
(h) Paste stability at 95°C (BU)

(i) Paste stability at 50°C (BU)

) Setback viscosity (B U)

(k) Breakdown viscosity (BU)



Paste stability at 95°C and paste stability at 50°C were computed as the
difference between viscosity at 95°C and viscosity after 15 minutes at 95°C:

and the difference between viscosity at 50°C and viscosity after 15 minutes at

50°C respectively.

Determination of pH

Five grams of starch sample from each cassava genotype was weighed

and made into slurry with 50ml of distilled water. The pH of the starch slurry

was determined using corning Pinnacle pH meter.

Data analysis '

Analyses of variance were conducted for yield and associated traits.
Data were analyzed over two locations and at two harvesting ages. The F- tests
and significance of the various main effects and interactions were determined
using the appropriate error terms and degrees of freedom. Duncan’s multiple
range test was used to separate means whenever significant differences were
detected (Gomez and Gomez, 1984). The proportions of the total sum of
squares contributed by each source of variation were computed.

Stability analyses using Cultivar Superiority or Performance Measure
(P) (Lin and Binns, 1988); Ecovalence (Wricke, 1962); Stability Variance

(Shukla, 1972) and Additive Main Effects and Multiplicative Interaction

(AMMI) (Piepho, 1996) were conducted. All analyses were done using

Agrobase (Agrobase, 2000).




Variance components estimates
Variance components were estimated from mean squares of the

combined analysis of variance data from two locations and at two harvesting
ages.

. . 2 .
Phenotypic variance, (cp°), was estimated as
2 2 2 2
O,=0, ¥+0yn t 0,y
Where ai represents the variance component due to genotypes within

populations, while o}, represents the variance components due to genotype x

environments. o, is the variance components due to genotype x replication

within environments (pooled whole plot error) while 1 and r represent the

number of environments and replications respectively (Finne et al; 2000).
Phenof);pic coefficient of variation (PCV) and genotypic coefficient of

variation (GCV) were estimated as:

PCV = = x 100

and

GCcv = i;x 100
X

Heritability (broad sense, h®) was estimated as the ratio of genotypic

,  o.
variance to the phenotypic variance: i©  =—% (Singh and Chaudhary, 1985)
o

r
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CHAPTER FOUR

RESULTS
Experiment 1: Whitefly and ACMYV scores for thirteen cassava genotypes

cultivated at University of Ghana Farm, Legon and determined at three

growth ages.

Whitefly population

One month after planting (MAP), the mean adult whitefly population
was highest on accession H0015 with a mean count of 7 ranging from 5 to 11.
The lowest count was recorded on H0008 with a mean value of | ranging from
zero to 3 (Table 2). Eight cassava genotypes, including the two check
varieties, that is, Afisiafi and Tek bankye registered mean whitefly counts
above the overall mean of 6. The other genotypes had values below the mean.
Accession ‘H0008’ had significantly (P<0.05) lower number of whiteflies than

the remaining genotypes which showed no significant differences amongst

themselves.

Recorded mean values of adult whitefly population on the cassava

accessions and varieties 3MAP showed that *UCC 096’ was the least infested

by whiteflies and ‘HO0015" the most infested. Generally the mean number of

whiteflies counted on the genotypes were lower than that observed IMAP
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(Table 2), No significant (P>0.05) differences with respect to whitefly

population 3MAP were detected among the genotypes.

TABLE 2: Whitefly population on eleven cassava accessions and two
varieties determined at one, three and six months after planting (MAP) at
Legon

Whitefly population
Accession IMAP 3MAP 6MAP

H0008 0.56 b (0.1933) 1.03 a (0.3075) 0.69 fg (0.2279)

UCC 096 4.42 a (0.7338) 0.92 a (0.2833) 1.47 cdefg (0.3927)

H0001 5.96 a (0.8427) 2.80 a2 (0.5798) 1.23 defg (0.3483)

AFISIAFT* 6.62 a (0.8930) 2.46 a (0.5391) 2.42 abede (0.5340)

HO0015 7.23 a (0.9163) 2.36 a (0.5263) 2.89 abcd (0.5899)

UG 126 5.17 a (0.7905) 2.86 a (0.5866) 3.85 ab (0.6857)

Uucc 90 6.19 a (0.8566) 2.51 a (0.5454) 4.07 a (0.7050)

UG 115 5.89 a (0.8380) 2.59a(0.5551) | 1.85 abcdef (0.4548)

TEK BANKYE* 6.78 a (0.8910) 2.76 a (0.5752) 3.34 abc (0.6375)

BOSOME NSIA 5.31a(0.8015) 1.30 a (0.3617) 0.59 g (0.2014)

CR1/001/102 6.77 a (0.8903) 2.20a(0.5051) 1.16 efg (0.3345)

DMA 030 7.19 a (0.9133) 3.0a(0.4771) 1.19 defg (0.3404)

DMA 002 2.87 a (0.5874) 1.81 a(0.4487) | 1.74 bedefg (0.4378)

Mean 5.47 (0.8109) 2.35(0.5250) 2.04 (0.4829)
C.V.(%) | 26.03 33.79 33.10
P-Value 0.0139 0.1488 0.0031

S.E 1.47 0.382 0.325

* Released varieties (Control)
Means with the same letter within a column are not significantly (P<0.05)

different

Values in brackets are transformed data.

The whitefly population decreased further at 6 MAP for most of the

entries. The counts ranged from a low mean value of 1 on Bosome Nsia to a

relatively high value of 4 on ‘UCC 90°. Differences among genotypes were

significant (P<0.05).
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Level ofAfric;n Cassava Mosaic Virus (ACMYV) disease infection

Table 3 shows the ordinal scores of African cassava mosaic virus
disease infection. Accession HO008 showed the highest level of tolerance of
ACMYV disease IMAP. ‘DMA 002" was the most susceptible to ACMV
disease at that growth stage of the plants with the highest mean symptom score
value of 3. The two check varieties, that is, Afisiafi and Tek bankye had mean
ordinal scores of 2 each.

At 6MAP, the highest ACMYV disease score was registered by ‘DMA
002’ with a mean score of 4 and the lowest score by ‘H0008’ with a mean
value of 1 (Table 3). The grand mean for the genotypes was 3 and seven

genotypes including the two check varieties recorded ordinal scores higher

than the grand mean.

TABLE 3: African cassava mosaic virus disease score on eleven cassava
accessions and two varieties assessed at Legon.

Ordinal scores

TEK BANKYE*

2.21 cde (0.5065)

2.69 ef (0.5670)

Accession IMAP 3MAP 6MAP
H0008 1.0 h (0.3010) 1.131(0.3284) 1.03 £(0.3075)
UCC 096 2.46 abcd (0.5391) 4.03 a(0.7016) 3.80a(0.6812)
HO0001 2.72 abc (0.5705) 3.15¢d (0.6180) 2.76 bc (0.5752)
AFISIAFI* 2.33 bed (0.5224) 2.83 de (0.5832) 2.86 b (0.5866)
HO0015 1.70 ef (0.4314) 2.40 fg (0.5315) 2.36 cd (0.5263)
UG 126 1.13 gh (0.3284) 1.80 h (0.4472) 1.76 e (0.4409)
UCC 90 1.19 gh (0.3404) 1.70 h (0.4314) 1.70 € (0.4314)
UG 115 2.90 ab (0.5911) 3.40 bc (0.6435) 3.17 b (0.6201)

2.93 b (0.5944)

BOSOME NSIA 2.06 de (0.4857) 2.58 ef (0.5539) 2.33 ¢d (0.5224)
CRI/001/102 2.91 ab (0.5922) 3.33 ¢d (0.6365) 3.17b(0.6201)
DMA 030 1.49 fg (0.3962) 2.22 g (0.5079) 1.96 de (0.4713)
DMA 002 3.03 a(0.6053) 3.70 ab (0.6721) 3.93 a(0.6928)
Mean 2.09(0.4899) 2.69 (0.5670) 2.60(0.5563)

C.V.(%) 10.13 4.71 6.28

P-Value 0.0001 0.0001 0.0001

0.10 0.05 0.07

x  Relcased varietics (Control)

All values are means of three replications.

Means with the same letter within a column are not significantly ditferent at the 5%,
values in bragkets are transformed data.




NB: Score scale.
I = no symptoms observed.

2 = mild chlorotic pattern on entire leaflets or mild distortion at base of

leaflets appearing green and healthy.

3 = strong mosaic pattern on entire leaf, and narrowing and distortion

of lower one-thirds of leaflets.

4 = severe mosaic distortion of two-thirds of leaflets and general

reduction of leaf size.

5 = severe mosaic distortion of four-fifths or more of leaflets, twisted

and misshapen leaves.

Interrelationships of whitefly populations, African cassava mosaic virus
(ACMY) disease and growth and yield characters of cassava genotypes.

Mean values from analyses of data for the eleven cassava accessions
and the two varieties were used to construct a Pearson’s correlation matrix for
growth and yield parameters and for whitefly counts and mosaic symptom
scores (Table 4).

Numbers of adult whiteflies on cassava accessions and varieties were
not signiﬁcantly (P>0.05) correlated with all the growth and yield characters
except starch weight and starch content where the correlation was significant
(P<0.05) and negative. The correlation values for number of roots, root
individual tuber weight, fresh root yield and shoot weight were

weight,

positive but very weak ranging in value from 0.006 to 0.436. However, the

correlations for harvest index, starch content, starch weight, starch yield, dry
t dry matter content and dry root yield were all negative. The

root weight, roo

correlation between whitefly population and ACMV disease was very weak

and positive but not significant (P>0.05).
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The overall correlation between ACMV disease scores and the yield
characters of cassava accessions and varieties were negative except starch
weight and starch content where positive but not significant (P>0.05)
correlation vél'Lles were registered (Table 4). The correlation values for
number of roots, shoot weight, harvest index, starch weight, starch content,
dry root weight and root dry matter content were not significant. However,

correlation values for root weight, individual root tuber weight, fresh root

yield, starch yield and dry root yield were significant.

65



FABLE 4:

Correlation matrix for whitefly population, mosaic symptom ordinal scores, agronomic traits and starch yield of thirteen cassava genotypes

cultivated at Legon.

1. Whitefly [ L2 \ 3 4 5 6 7 8 9 10 T 12 13 14
ceownt G SR R S ] -
2. ACMVD
score \ 0.03™ *T \
3. No. of \ \ \
 Roots 0.02™ -0.55™
. 4. Root |
~ weight 0.01™ 075" 1-086"
5. Ind. root
weight 0.14™ --0.62" -0.02" | 0.46™
6. Shoot
_ weight 0.44"™ -0.50™ ] 0.63 0.45"™ 0.05™
7. Fresh o
_root yield | 0.03™ -0.79" | -085" 1-099"" |o0.50 0.50™
-~ 8. Harvest
_index -0.36™ -041™ 1033 | 0.65 0.50™ -0.37° | 0.24"™
9. Dry root
_weight -0.51™ -0.13™  1035" (031" ]0.04™ 0.18™ 0.31™ 0.65°
10. Root
_dry matter | -0.51™ -0.13™ 1035 031"  [0.04™ 0.18™ |0.32™ 021" 1099
1l. Dry
_root yield | -0.10™ -0.76" 0.84" 097" |047™ 0.48™ 0.97"" 0.42" 0.50™ 0.50™
| 12. Starch
| weight -0.58' 0.26" 0.28™ 0.24™ -0.27 -0.36™ | 0.24™ 0.46™ 0.24™ 0.45™ 0.26™
. 13. Starch
content -0.58° 0.26™ 0.28"™ 0.24™ -0.27™ -0.36™ | 0.18™ 0.46™ 0.44"™ 0.44™ 0.26"™ 099"
- 14. Starch
' Yield -0.04™ -0.74" 085" 1099 |o046™ 0.44" 0.99"" 0.66’ 0.36™ 0.36™ 0.98"" 0.29™ 0.29™

¥ F¥, F** =significant at 0.05, 0.01 and 0.001 probability levels respectively
ns = not significant (P>0.05)
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Number of roots

At twelve months after planting (MAP) variety Afisiafi (control)

recorded the highest of three roots per plant (Table 5). This was closely

followed by accession ‘H0008". Three accessions, namely: ‘UG 126

‘Bosome Nsia' and ‘DMA 030’ registered the same number of roots per plant

of 2.44. Acceslsion ‘DMA 002’ gave the lowest number of roots of 1.12 which

was about two and half times lower than the highest value of 2.89 recorded by

Afisiafi.

Significant (P<0.05) treatment effects were obtained.

TABLE 5: Agronomic traits values of eleven cassava accessions and two
released varieties twelve months after planting at Legon
[ Cassava Number of roots | Fresh root | Individual root | Shoot weight
Accession per plant weight (kg) weight (g) (kg/plant)
H0008 2.51 ab 244 a 972.11 a 1.53 cd
UCC 096 2.11 bed 1.60 cde 758.29 a 1.53 cd
HO0001 -+2.11 bed 1.58 cde 748.82 a 1.38 cd
AFISIAFI* 2.89a 2.32 ab 802.77 a 271 a
HO015 2.37 abc 2.29 ab 966.24 a 1.64 ¢
UG 126 2.44 ab 2.23 ab 913.93 a 247 a
UuccC 90 1.67 cde 1.86 bed 1113.77 a 2.66 a
UG tl1s 1.60 de 1.24 ef 775.0 a 1.40 cd
TEK BANKYE* 1.38 de 1.49 cde 1079.71 a 1.49 cd
BOSOME NSIA 2.44 ab 1.67 cde 684.43 a 2.12b
CR1/001/102 1.81 bede 1.37 de 756.91 a 1.29d
DMA 030 2.44 ab 2.03 abc 831.97a 2.17b
DMA 002 1.12 ¢ 0.81f 72321 a 098¢
Mean 2.07 1.76 855.94 1.80
C.V. (%) | 19.44 16.75 18.59 8.92
P-Value 0.0004 0.0001 0.0502 0.0001
. S.E 0.33 0.25 44.86 0.13
S—— — .

+ Released varicties (Control)
All values are means of three replications
Means with the same letter within a column are not significantly different

at the 5%.
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Fresh root weight (kg)

Fresh root weights obtained at 12MAP by the cassava genotypes varied
from the lowest value of 0.81 kg to the highest value of 2.44 kg recorded by
‘DMA 002’ and ‘H0008’ respectively (Table 3). Variety ‘Afisiafi’ and three
other accessions excluding HO008 registered fresh root weights that were
above 2.0 kg. Tek bankye which was also a release variety and three other
accessions exc!uding DMA 002 recorded fresh root weights below 2.0 kg.

Treatment differences were significant (P<0.05).

Individual root weight (g)

Individual root weights are presented in Table 5. The values ranged
between the lowest of 684.43g and the highest of 1113.77g for ‘Bosome Nsia’
and ‘UCC 90’ respectively. No significant (P>0.05) differences were detected
amongst the treatments but quantitatively, relatively large treatment mean

value differences were recorded.

Shoot weight (kg/plant)

Shoot weights of the cassava genotypes are presented in Table 5.
Variety ‘Afisiafi’ showed the highest shoot weight of 2.71 kg/plant and
accession ‘DMA 002" the lowest value of 0.98 kg/plant. Accessions ‘UCC
90 and ‘UG 126’ produced shoot weights of 2.66 kg/plant and 2.47 kg/plant
pectively and these values were not significantly different from the highest

res

value. The lowest value of 0.98 kg/plant was significantly (P<0.03) different

from all the other remaining genotypes.
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Fresh root yield (t/ha)

Table 6 shows the fresh root yield per plant of the accessions.

Accession ‘H0008’ out-yielded all the other cassava genotypes tested with

yield value of 24.4 t/ha. However, the yields obtained by ‘Afisiafi’, *H0015",

‘UG 126", and ‘DMA 030’ which were 23.2 t/ha, 22.9 t/ha, 22.3 t/ha and 20.3

t/ha in that order were not significantly different from the highest yield. The

lowest yield which was 8.1 t/ha recorded by ‘DMA 002’ was about three times

lower than the highest yield.

TABLE 6: Production traits values of eleven cassava accessions and two
released varieties twelve months after planting at Legon
Cassava Fresh root Harvest Dry root Root dry
Accession yield (t/ha) index weight (g) | matter content (%)
H0008 244 a 0.61a 201.17 ab 40.23 ab
UCcC 096 16.0 cde 0.49 cde 198.83 abc | 39.70 abc
H0001 15.8 cde 0.53 be 197.17 bed 39.43 bc
AFISIAFT* 23.2 ab 0.46 def 190.50 cde 38.10dc
HOO015 22.9ab 0.58 ab 180.33 fg 36.07 ef
UG 126 22.3 ab 0.47 cdef | 172.83 g 3457 f
UcCcC 90 18.6 bed 042 f 198.0 bed 39.60 abc
UG 115 12.4 ef 0.47 cdef | 173.0g 34.60 f
TEK BANKYE* 14.9 cde 0.49 cde 189.83 de 3797 cd
BOSOME NSIA 16.7 cde 0.44 ef 207.0 4140 a
CRI/001/102 13.7 de 0.51cd 194.67 bed 38.93 bed
DMA 030 20.3 abc 0.48 cdef 195.17 bed 39.03 be
DMA 002 8.1f 0.45 def 185.83 ef 37.17 de
Means aaaa 0.49 191.10 38.22
C.V.(%)| 16.75 6.75 2.59 2.59
p-value | 0.0001 0.0001 0.0001 0.0001
S.E | Aaaaa 0.01 4.05 0.27
—

¥ Released varieties (Control)

All values are means of three replications
Means with the same letter within a column are not significantly different

at the 5%
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Harvest index

Harvest index at 12 MAP for the cassava genotypes ranged from the
lowest value of 0.42 to the highest of 0.61 for ‘UCC 90" and ‘H0008"
respectively (Table 6). Significant (P<0.0001) treatment differences in harvest
index values were observed. However, the harvest index values for the two
released varieties (Afisiafi and Tek bankye) which served as the control

treatments were not significantly different from each other.

Dry root weight (g)

Dry root weights of the cassava genotypes 12MAP are indicated in
Table 6. Accession ‘Bosome Nsia’ registered the highest value of 207.0g and
this was closely followed by ‘H0008’ and ‘UCC 096 with values of 201.17g
and 198.83g respectively. The dry root weight of 172.83 g manifested by ‘UG
126> was the lowest and this did not differ significantly from the dry root

weight of 173.0 g and 180.33 recorded by ‘UG 115’ and ‘H0015” in that order.

Root dry matter content (%)

The range of variation in the root dry matter content of the eleven
cassava accessions and two varieties was quite low. The lowest value was
34.57% and the highest 41.40% indicated by ‘UG 126’ and ‘Bosome Nsia .
The two control varieties, that is, “Afisiafi’ and ‘Tek bankye’ registered values

of 38.10% and 37.97% respectively which were not significantly different

from each other.
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The coefficient of variation (CV) value was remarkably low-2.59% -
indicating a high level of precision with which the treatments were compared

and a good index of reliability of the experiment (Table 6).

Dry root yield (g/plant)
Accession ‘H0008’ had the highest dry root yield of 981.61 g/plant and

‘DMA 002" the lowest of 301.08 g/plat. The range was quite large. The dry
root yield of ‘Afisiafi’ which was 883.92 g/plant was not significantly
different from the highest yield. However, ‘Tek bankye’, the other control
treatment had a value of 565.75 g/plant which was significantly different from
the highest yield (Table 7).

Another notable observation was that the dry root yield of ‘UG 115’

which was 429.04 g/plant was the only value which was not significantly

different from the lowest dry root yield.

71



TABLE 7: Agronomic traits data and starch data of eleven cassava accessi
and two varieties twelve months after planting at Legon Hom
B Cassa.va Dry root Starch Starch Starch
Accession yield (g/plant) | weight (g) | Content (%) ield (g/pl
F0008 98161 a 12350 a 24.72a 203 7 )
UCC 096 635.20 cde 124.0 a 2480 396.80 bed
H0001 622.99 cde 12350 a 2471 a 39042 be
AFISIAFI* $83.92 ab 125.0 a 25.01 a 580.23 .
HO0015 | 826.0 abe 12150 a 2431 a 33660 2
UG 126 770.91 bed 118.0 a 23.60 a $26.28 ab
UCC 90 736.56 bede 123.676a | 24.73a 459.98 a6
UG 115 429.04 fg 115.33 a 23.07 a 286,07 de.
TEK BANKYE* | 565.75 def 123.83 a 2477 a 369.07 cd
BOSOME NSIA | 691.38bcde | 117.83 2357 a 393.62 bed
CRI/001/102 533334 ef 121.67 a 2433 33332 od
DMA 030 792.31 abe 118.17 a 23.63 2 47969 abe
DMA 002 301.08 g 12383 a 24.77 a 20064
Mean 674.62 121.53 2431 02897
CV.(%)| 1627 471 471 16.75
p-Value | 0.0001 0.5658 0.5658 0.0001
SE| 9127 4.67 0.32 66.04

¥ Released varieties (Control).

All values are means of three replications.
Means with, the same letter within a column are not significantly different

at the 5%.

Starch weight (2)

Starch weight values are presented in Table 7. The values were quite

uniform with the highest being 125 g and the lowest 115.38 g produced by

«Afisiafi’ and ‘UG 115 respectively. No significant treatment differences

were

Starch content (%)

observed among the genotypes.

percentage starch content values from hi
g the thirteen cassava genotypes

are presented in Tab

conten
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le 7. Variety ‘Afisiafi’ had roots with the highest starch

{ of 25% and accession ‘UG 115° producing roots with the lowest starch




content of 23.07%. Statistically, however, all the recorded values were not

significantly different from each other.

Starch yield (g/plant)

At the growth stage of 12 MAP, accession ‘H0008’, variety ‘Afisiafi’
and accession ‘HO0015 were the three top starch yielders with values of
602.68g/plant, 580.23g/plant, and 556.69g/plant respectively (Table 7). ‘DMA
002° was the accession identified with the lowest starch yield of
200.64g/plant. The other control variety, that is, ‘“Tek bankye’ performed
poorly with a starch yield of 369.07g/plant as compared to that registered by

variety ‘Afisiafi’. Significant (P<0.05) treatment effects were registered.

Rankings of accessions and varieties for various production traits
Agronomic traits:

Table 8 gives the ranks of the genotypes with respect to agronomic
traits scored. The top ten ranking genotypes that performed well were:
‘40008, ‘Afisiafi’ (control), ‘DMA 030°, ‘H0015°, ‘Bosome Nsia’, ‘UG
126°, <UCC 096°, ‘UJCC 90’, ‘H0001’ and * CRI/001/102".

Out of these, the first nine genotypes were selected excluding ‘UCC
096° because the observed morphological characteristics of its root tubers

were not desirable. For instance, the roots were unusually long and thin, very

fibrous at the proximal end and brittle at the distal end resulting in cleavages

when being up-rooted.
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agronomic characteristics

Accession/ No. Fresh | Fresh | H
variety of root root inzz\.\,ﬁe“ :12:; t :)o:)yt Ranic | Overall
roots | weight | yield matter | yield sum | rank
(kg) (t/ha) content | (g/plant)
H0008 2 1 1 l (%)2
UCC 096 5 8 8 5 3 I ; !
H0001 5 9 9 3 5 X " .
AFISIAFI* | 2 2 8 8 ) - :
HOO15 4 3 3 2 11 : iy :
UG 126 3 4 4 7 13 % > ;
UCC 90 7 6 6 11 4 . " :
UG 115 8 12 12 7 12 y s ’
TEKBANKYE* 9 10 10 5 9 e > ’
BOSOME 3 7 7 10 1 ; 2 S
NSIA 6 I 1 4 7 { % ;
CRI1/001/102 3 5 5 6 6 " o .
DMA 030 10 13 13 9 10 : o :
DM o 13 68 12

*Released varieties (Control)

Rank: 1= highest... 10 = lowest

Overall rank: lowest = best; highest = worst

Starch yield characteristics

Summary of starch yield characteristics are presented in Table 9. The ranking

procedure followed the same pattern as was done with the agronomic traits. The t
. The ten

outstandin

g starch yielders were: ‘H0008", *Afisiafi’, ‘UCC 096°. ‘H0015’. ‘UCC

90°. ‘UG 126, ‘HO001". ‘DMA 030°, ‘Bosome Nsia’ and ‘Tek bankye’. The first
: S

nine genotype

charact
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eristics which have been alluded to already.

s were selected excluding "UCC 096’ because of its unusual root




TABLE9: Rankings of eleven cassava accessions and two varieties in terms of
starch yield characteristics

Accessions Starch | Starch Starch Rank Overall
/variety weight | content | yield sum rank
(2) (%) (g/plant)

H0008 5 5 1 I 5
UCC 096 2 2 7 1 5
HO0001 5 6 9 20 7
AFISIAFI* 1 | 9) 4 |
HO0015 7 8 3 18 5
UG 126 9 10 4 23 9
UCC 90 4 4 6 14 3
UG 115 11 12 12 35 0
TEKBANKYE* 3 3 10 16 A
BOSOME NSIA 10 11 8 29 1
CRI1/001/102 6 7 11 24 10
DMA 030 8 9 5 29 8
DMA 002 3 3 13 19 6

* Released varieties (Control)
Rank: 1= highest, ...;10= lowest

Overall rank: lowest = best; highest = worst

Whitefly populations and ordinal scores of ACMYV disease
Owing to the lack of significant (P>0.05) correlations between whitefly

counts and most of the plant characteristics studied (Table 4), whitefly counts

were not considered in the selection process of elite cassava genotypes.

However, ACMV disease severity was taken into account in the selection
process and the summary results are shown in Table 10. I[n contrast to the

ranking procedure adopted in agronomic traits and starch yield characteristics

where cassava genotypes were ranked from the highest score to the lowest,

ACMYV disease ranking was done from the lowest (the least affected genotype)

(o the highest (the most susceptible).




TABLE 10: Rankings of thirteen cassava genotypes in terms of ordinal
scores of ACMY disease assessed at one, three and six months after¢

planting (MAP)

Accessions 1 MAP | 3

ety MAP | 6 MAP I:inmk Overall
H0008 | 1 | 3 rank
UCC 096 9 13 11 33 l
HO0001 10 9 7 26 |
AFISIAFI* 8 8 8 24 .
HOO015 5 5 6 16 8
UG 126 2 3 3 8 :
UCC 90 3 2 2 7 >
UG 115 11 11 10 32 120
TEKBANKYE* 7 7 9 23 7
BOSOME NSIA 6 6 5 17 6
CRI1/001/102 12 10 10 32 10
DMA 030 4 4 4 12 4
DMA 002 13 12 12 37 12

* Released varieties (Control)
Rank: 1= highest, ....; 10 = lowest

Overall rank: lowest = best; highest = worst

The 10 genotypes that were least affected by ACMV disease were:
‘H0008’, ‘UCC 90°, ‘UG 126°, ‘DMA 030°, ‘HOO015°, ‘Bosome Nsia’, ‘Tek
bankye’, ‘Afisiafi’, ‘H0001" and ‘UG 115°. Eight genotypes were selected

including Afisiafi but excluding Tek bankye because it performed relatively

poorly in other plant characteristics considered when compared to Afisiafi, the

other released check variety.

Conclusion

From the results obtained and the analyses made, it has been

dcmonslrated clearly that seven cassava accessions, namely: "H0008"
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‘HOOI5", UG 1267, ‘DMA 030°, *UCC 90°, *‘H0001" and ‘Bosome Nsia" and
one of the released varieties, that is, *Afisiafi’, were the top performers with
respect to the plant characteristics studied. Therefore, those cassava
accessions were selected for further evaluation, using Afisiafi as the check

variety in two agro-ecological zones, Legon (coastal savanna) and Bunso

(deciduous forest).

Results of Experiment II: Evaluation of eight cassava genotypes at two

agro-ecological zones for acceptable production traits

Whitefly population

The number of whiteflies on seven cassava accessions and one variety
counted at Lééon and Bunso is shown in Table 11. The highest average
number of whiteflies which was 7 was recorded on ‘Afisiafi’, the check
variety at Legon. The lowest mean count was | and this was found on

accession ‘H0008’. The overall mean count was 4 and four cassava genotypes

had mean counts below this grand mean whilst the others registered higher

counts above the grand mean.
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The range of whitefly counts at Bunso was quite narrow than what was
obtained at Legon. The maximum mean count was 4 and the minimum 2 with
an overall mean of 3. At both Legon and Bunso, accession "H0008" recorded
the lowest mean number of whiteflies. Significant (P<0.05) differences in
whitefly population were observed at both location IMAP.

Relatively low adult whitefly population values were recorded at both
Legon and Bunso on the cassava genotypes 3MAP. Then highest mean
whitefly count was 3 on ‘UG 126’ and the lowest was | on ‘H0008’.

Comparable whitefly counts at Bunso were 3 on ‘UCC 90’ and 1 on
‘H0008’. No significant (P>0.05) treatment effects were detected at both
locations (Table 11).

At six months after planting, whitefly population on the cassava
notypes at Legon varied from a mean low value of | a high of 2 recorded on

ge
‘H0008’ and ‘HOO0O0 I respectively (Table 11). Treatment effects were not

significantly (P

Whitefly population values at Bunso were relatively higher than the

>(.05) different.

values recorded at Legon. The highest mean count was 5 on ‘Bosome Nsia’
1a

and the least of 2 was registered by ‘H0008’. Significant differences in

whitefly population were observed amongst the cassava genotypes at Bunso

Severity of African Cassava Mosaic Virus (ACMYV) disease infection

Ordinal scores of ACMYV disease on the different cassava genotypes at

Legon and Bunso arc presented in Table 12. The mean scores varied from 1.0
‘H0008". UG 126, "DMA 030" and "UCC 90" to

on four accessions. namely:

2 high of 1.8 scored on ‘Afisiafi’. the check variety. At Bunso the highest
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score was 2.1 on *Afisiafi’. The lowest was 1.0 scored on four accessions —
‘UCC 90°, ‘DMA 030, *UG 126’ and ‘H0008". The grand mean ordinal score
was 1.4 at Bunso which was higher than the grand mean score of 1.2

registered at Legon. Significant (P<0.05) differences in ordinal scores were

noted at both locations (Table 12).

80



TABLE 12:

and Bunso.

\ Accessions /variety \

1IMAP

Ordinal scores of African Cassava Mosaic Virus (ACMYV) disease on seven cassava accessions and one variety at Legon

6MAP
Legon \ Bunso \ Legon L Bunso Legon Bunso
AFISIAFL* 1.8a (0.4472) 2.12(0.4843) 2.02(0.4771) | 3.8a(0.6776) 1.7b (0.4314) | 3.9a(0.6893)
BOSOME NSIA 1.1b (0.3284) 1.6b (0.4082) 1.4b (0.3766) | 2.2b(0.5092) | 1.5¢cd (0.3892) | 2.6b (0.5551)
\ HO001 1.2ab (0.3385) 2.1a (0.4843) 1.92(0.4624) | 2.2b(0.5092) | 2.0a(0.4771) | 2.2bc (0.5092)
1 UCC 90 1.0b (0.3010) 1.0c (0.3010) 1.3b(0.3598) | 1.2cd (0.3385) | l.6bc (0.4082) | 1.1d (0.3284)
DMA 030 1.0b (0.3010) 1.0c (0.3010) 1.3b(0.3598) | 1.3¢(0.3598) | 1.5cd (0.3892) | 1.2d (0.3385)
UG 126 1.0b (0.3010) 1.0c (0.3010) 1.4 (0.3766) | 1.2cd (0.3385) | 1.5cd (0.3892) | 1.2d (0.3385)
HOO015 1.3b (0.3598) 1.3b (0.3598) 1.3b(0.3598) | 1.9b(0.4624) | 1.4de (0.3766) | 2.1c (0.4843)
HO0008 1.0b (0.3010) 1.0c (0.3010) 1.0c (0.3010) | 1.0d (0.3010) 1.2e (0.3385) 1.0d (0.3010)
Mean 1.2 (0.3385) 1.4 (0.3766) 1.5 (0.3892) 1.9 (0.4624) 1.6 (0.4082) 1.9 (0.4624)
C.V. (%) 19.12 7.6 72 6.12 5.61 6.66
| P - Value 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001
\ S.E 0.01 0.01 0.01 0.05 0.01 0.05
l
* Released variety (control)

All values are means of three replications

Means with the same letter are not significantly different at the 5% level.
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¢ Afisiafi’, the check variety recorded the highest ACMV disease score
of 2.0 at Legon and accession ‘HO008" the lowest value of 1.0. Three
accessions, ‘UlC.C 90", ‘DMA 030° and “HO015" recorded the same ordinal

score of 1.3. ‘Bosome Nsia’ and ‘UG 126 also recorded the same score of 1.4

(Table 12).

The highest ACMYV disease mean score of 3.8 was again manifested by
‘Afisiafi’ at Bunso and the lowest mean score of 1.0 by yet again ‘H0008"

Significant (P<0.05) differences in ACMYV disease scores were obtained at

both locations.

At 6 MAP the accession ‘H0001’ had the highest score of 2.0 at Legon

whilst ‘Afisiafi’ the highest mean score of 3.9 at Bunso. Accession ‘H0008’

registered the lowest mean scores of 1.2 and 1.0 at Legon and Buns
)

respectively. Significant (P<0.05) differences in treatment mean scores were

observed at both locations.

Number of roots per plant

The results of the number of roots per plant eight and twelve months

after planting (8 and 12 MAP) at Legon and Bunso are presented in Table 13

differences among genotypes at Legon were significant (P<0.05) whilst no

significant differences were detected at Bunso at 8 MAP.

[t was observed that accession ‘DMA 030’ recorded the highest mean

number of roots per plant of 7.04 at 8 MAP (Table 13) and variety ‘Afisiafi’

catment) the least value of 2.80 roots per plant. Comparable

(the control tr

[reatment mean valucs at Bunso, though not significantly different (P>0.05)



TABLE 13:

were relatively lower with the highest being 3.28 root per plant registered by

‘10001 and the lowest value being 2.33 roots per plant recorded by *UCC 90°.

Mean number of roots of seven cassava accessions and one
variety evaluated eight and twelve months after planting (MAP) at Legon

and Bunso

Number of roots per plant*
Accession/ variety 8§ MAP 12 MAP

Legon Bunso Legon Bunso
AFISIAFI** 2.80d 272 a 2.84d 2.89 a
BOSOME NSIA 3.87cd 285a 382c¢c 3.0l a
H0001 4.20 cd 328a 240d 385a
uccC 90 3.76 cd 233 a 4.70 b 245a
DMA 030 7.04 a 2.89a 6.10 a 278 a
UG 126 4.20 cd 3.11a 3.91 be 3.52a
HO0O015 5.78 ab 253a 6.72 a 2.55a
H0008 4.77 be 252 a 329cd 2.67 a

Mean 4.55 2.78 422 2.97

C.V. (%) | 22.01 13.50 11.86 28.34
pP-Value 0.0029 0.1021 0.0001 09112

S.E 0.36 0.39 0.18 0.87

-
* Released variety (control)

eans of three replications and means with the same

% All values are m
e not significantly different.

letter within a column ar

At 12 MAP cassava genotypes planted at Legon showed highly
sjenificant differences amongst the mean number of roots per plant. Accession
o

‘110015° showed the highest number of roots per plant and ‘HO001" the least

value of 6.72 and 2.40 kg respectively. *HO00 had the highest number of
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roots per plant and ‘UCC 90’ the lowest number at Bunso and as was observed

at 8 MAP, the mean number of roots were not significantly different.
When the pooled results from the two locations and two ages of

harvesting, that is, 8 MAP at Legon and Bunso and 12 MAP at Legon and

Bunso were subjected to analysis of variance computation, it was found out
that environment and genotype main effects were highly significant (P<0.001)
contributing 54.25 and 9% to the total sum of square respectively. However,

the interaction of genotype X environment was not significant (P>0.05) (Table

15).

Fresh root weight (kg)

Table 14 shows the results of fresh root weights of seven cassava

accessions and one variety obtained from Legon and Bunso at 8 and 12 MAP.

The treatment effects were significant (P<0.05) at both Legon and Bunso. At

Legon accession ‘40015’ recorded the highest fresh root weight of 1.67 kg and

‘H0001” the jowest value of 0.70 kg. Variety Afisiafi which was the control

treatment had a mean fresh root weight of 0.81 kg which was the same value

registered by accession ‘UCC 90°.

Relatively higher mean fresh root weights were obtained at Bunso

where the highest mean value was 1.27 kg recorded by ‘Bosome Nsia’ and the

least value was 1.01 kg manifested by ‘H0015 showed significant difference

(P< 0.05)

Twelve months after planting (MAP) fresh root weights of the cassava

Accessions and the variety (control) planted at Legon varied from the lowest

value of 1.42 kg 10 the highest of 2.84 kg recorded by "H0001" and "HO015’
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TABLE 14:

*

respectively.  Significant (P<0.05) differences were registered amongst the
o

cassava genotypes.

Fresh root weights recorded at Bunso 12MAP did not significantly
(P>0.05) differ from each other even though higher values were obtained
relative to the values recorded at Legon (Table 14).

Pooled data from the four environments showed very highly significant

(P<0.0001) environment main effect whilst the main effect of genotype and the

interaction of genotype by environment were not significant (Table 15)

variety evaluated at eig
Legon and Bunso

Mean fresh root weights of seven cassava accessions and one

ht and twelve months after planting (MAP) at

«+ Released variety (control)
ues are means of three
a column are not significantly different.

All val
within

Fresh root wei *
Accession / 8§ MAP B (kig; MAP

variety Legon Bunso Legon Bunso

AFISIAFT** 081d I11b | 243b | 285
BOSOMENSIA | 1.l4c (272 | 167 | 303a
HO001 0.70 ¢ (26a | 1424 | 349a
UCC 90 0.81d 107b | 219¢ | 213a
DMA 030 . 1.43 b 106b | 261b | 27la
UG 126 Lilc 120a | 245b | 324a
0015 1.67a 101b | 284a | 239a
HO008 076de | LISb | 223c | 228a
Mean | 0.96 114 | 223 2.77

cv.%) | 787 777 | 894 32.69
S Nalue| 00001 | 00401 | 0.0001 | 05592

s 0.03 009 | 008 112

replications and means with the same letter




TABLE lS:. Combined analysis of variance for number of roots per plant and fresh
root weight of eight cassava genotypes evaluated in four environments

Number of roots per pla :
Source. of DF C(l))ntrg)bultliton Fresh root we(ljgol:ltt(%(bg) .
\{anatnon Mean squares to SS (%) Mean squares to Sré l‘l’/tmn
Environment |3 117.332%** 54.25 337.556%** 78 7g 2
Genotype 7 8.346** 9.0 1.786" 0'97
Gen.x Env. |21 3.222™ 10.43 3.176™ 519
| Error 64 2.668 26.32 3.023 15.05
kA EEX = Significant at 0.01 and 0.001 probability levels respectively
ns = not Significant
SS = Sum of Squares

Individual root weight ()

Mean values for individual root weights for the cassava genotypes at Legon

and Bunso 8 and 12

value of 2

and ‘DMA 030’ produced the hig

respectively at Bunso. At both locations treatment effects were significant (P<0.05)

86

MAP are shown in Table 16. ‘Bosome Nsia’ gave the highest
94.57 g and ‘40008’ the least value of 159.37 g at Legon whilst ‘UCC 90

hest and lowest values of 459.23g and 366.78g




TABLE 16:

Individual root wei

. ‘ ghts of seven cass i

ity _ ava acc

riety evaluated at eight and twelve months after planﬁ:;SER/f[lZ;l;d -
at

Legon and Bunso

Accession / 3 Mlzii)lwdual root weight (kg)*
variety Legon Bunso Leg0n12 MAPB
unso
AFISIAFT** 289.30a 208.09 abc | 855
: .63 a
ggosoc;ME NSIA %22% : 445.61ab | 437.17¢ 1332('32 a
60 16446 be 3841500 | S9167bc | 90649
ues 13.40abc | 459.23a | 463.93b a0
A 030 20307abe | 36678c | 427.87c 809.39a
HO0015 288.70 2 399.83 abc | 422.62¢ 22045
HO0008 159.37 ¢ 45635a | 677.81b 237258
Mean | 234.66 41324 | 56291 B2
CV.(%)| 2236 387 128 929.81
P-Value |  0.0226 0.0432 0.0010 o
18.61 12.96 41.18 219

##* Released variety (control)

+  All values are means 0
within a column are no

‘Afisiaft’
registered the highest

[owest value of 422.62g.

were

(P>0.05) treatment effe

Poo

very highly significant (

highly significant (P<0.001) genotype x environment interaction (Table 18)

nce the genotype by environment interaction was significant fi
5 or

Si

individual root weights, it W

the main effect

s only.

cts were noted (Table 16).
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f three replications and .
. means with
t significantly different. the same letter

the released variety which served as the control treatment
en
value of 855.63 g at Legon 12 MAP and ‘HO015’ th
e

Individual root weights recorded at Bunso 12 MAP

in general higher than corresponding values at Legon but no signifi

. icant

led analysis of variance of the individual root weights data showed
5 owe

P<0.0001) environment and genotype main effects and

as difficult to single out superior genotypes using
o

Iherefore. stability analyses were done using the




following stability parameters: Cultivar superiority or performance measure
(P;) (Lin and Binns, 1988); Wricke (1962) Ecovalence (W)); Stability variance
(Shukla, 1972) and Additive Main Effects and Multiplicantive Interaction
(AMMI) (Piep'h'o, 1996). These stability parameters have been employed by
Benesi et al., (2004) to identify superior cassava genotypes when twenty

cassava genotypes were studied in Malawi.

According to cultivar performance measure (Py), ‘Afisiafi’, *UG 126’

and ‘H0015’ were the three most stable genotypes in relation to individual root

tuber weight (Table 19). Using the Wi-ecovalence stability statistic, ‘H0015’,

‘UG 126’ and ‘H0001’ were the most stable accessions. Stability variance
anlysis indicated that ‘UG 126>, ‘HOO015‘and ‘HO001’ whilst AMMI
computations showed ‘Afisiafi’, ‘H0008’ and ‘HO001’ as the most stable
cassava genotypes.

The overall ranking of the genotypes for stability using the four

stability parameters identified ‘UG 126, ‘H0015’, ‘H0008” and ‘HOO0O01’ as the

most stable genotypes (Table 19).

Shoot weight (kg/plant)

At 8MAP, the highest shoot weight was 1.39 kg per plant and the

lowest Was 0.98 kg per plant indicated by ‘DMA 030" and “HO00I"

respectively at Legon (Table 17). No significant (P>0.05) differences in shoot

weights amongst the cassava genotypes at L.egon were observed.
(=
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All values are means 0
column are not significantly different.

within a

TABLE 17: Shoot wei
: : ghts of seven cassav i
evaluated at eight and twelve months aftcra 2::0‘:§SIOHS A ot varicty
Bunso planting (MAP) at Legon and
Accession / 8 MASPhOOt welght (eg/pland”
: 12
variety Legon Bunso Legon MAPBu
nso
AFISIAFI** .10 a
B . 1.60
g(c))()s(?m NSIA 1192 138 b 026 e
uce ;0 ?33 . o 124 §§§ E
uccso 07a 1.36 b 128 b 17
DMA 0 1.39a 1.41b 133 b e
u 12 1.09 a 1.20¢c 141b ¢
1o 1.38a .14 c 294 a e
008 1.02a 0.70 e 139b e
Mean 1.15 1.33 1.58 Lize
CV.(%)| 2131 13.96 15.24 o
P-Value 0.3478 0.0031 0.0006 (3)3'28
SE.| 009 0.19 0.52 286
+* Released variety (control)

f three replications and means with the same letter

Shoot weight values recorded by the cassava genotypes at B 8
unso

MAP ranged from th
plant registered by ‘H0008’. The values recorded for shoot weight
S

of 0.70 kg/|

at Bunso were relatively hi

Significant (

89

¢ highest value of 1.84 kg/plant for ‘HO001" to the lowest

gher than corresponding values obtained at Legon

p<0.05) treatment effects were observed at Bunso (Table 17)



TABLE 18:

weight of ei

Combined analysis of variance for individual root weight and shoot

ght cassava genotypes evaluated in four environments

Individual root tuber weight (
g) Shoot wei
Source of | Df Contribution oot weight (k) ——
Variation Mean squares to SS (%) Mean squares Contribution
Environment | 3 3479358.71*** 75.25 192.861*** to SS (%)
. 65.37
Genotype 7 193856.68*** 5.24 8.376%**
. 6.63
Gen. x Env. | 21 58493.55** 8.86 6.935%**
. 16.46
Error 64 23072.74 10.65
. . 1.596 11.54
kx kEEk = Significant at 0.01 and 0.001 probability 1 i
ns = not Significant (P>0.05) by levels respectively
gS = Sum of Squares
Accession *H0015° had the highest shoot weight of 2.94 kg/plant and this was

closely followed by <Afisiafi’ (a check treatment) with a value of 1.99 kg/plant at
. nt a

Legon 12 MAP. The lowest shoot weight value of 1.02 kg/plant was produced b
Y

‘Bosome Nsia’ (Table 17).
At Bunso 12 MAP, shoot weight values varied from the highest of 3.80

e lowest of 1.12 kg/plant manifested by accession ‘H0008’

kg/plant by ‘UG 126
The shoot weight difference between the highest and the lowest was quite high and

the highe

Combined analysi

showed highly significant (P<0.0001) main effects for environment, genotype x

ment interaction (Table 18).

environ

to th

st shoot weight was about 3

90

times larger than the lowest shoot weight

s of variance of shoot weights from the four environments



TABLE 19:

Summary of stability statistics for individual root weight from seven cassava accessions and one variety evaluated at
Legon and Bunso

b Cassava Cultivar Superiority Wi-ecovalence Stability Variance-no Aammr |
i Genotype Measure Covariate Overall
‘1 | PiGxE | Rank | W;GxE Stat. | Rank | o2 GxE Rank | IPCA Scores | Rank | Rank
| AFISIAFI* 305.556 1 1226504.866 8 292262.564 8 -20.1546 1 4
\\ BOSOME NSIA | 83489.961 6 43385.631 6 48103.584 6 8.6146 8 6
| HOO001 55643.288 5 23017.150 3 20945.609 3 0.3997 3 3
I
- UCC 90 99043.711 8 57784 816 7 67302.498 7 5.8630 6 7
:‘, DMA 030 88818.059 7 23946.604 5 22184.881 5 6.0278 7 5
| UG 126 48994.336 2 8501.931 2 1591.984 1 0.6437 4 i
HO0015 50014.328 3 2656.778 1 6201.554 0.7195 5 2
H0008 53725.656 4 23447.036 4 21518.791 4 -2.1138 2 3

*

Released variety (Control)
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Fresh root yield (t/ha)

The highest fresh root yield was recorded by accession "HO015 and
the lowest by ‘H0001” with values of 16.73 t/ha and 7.04 t/ha respectively at

Legon 8MAP (Table 20). Highly significant (P<0.0001) differences were

detected amongst the genotypes.

Fresh root yields of seven cassava accessions and one variety

+% Released variety (control)

All values
within a €O

Accession ‘Bosome Nsia’

12.70 t/ha and '}

whole tl

he fresh root

are means of three rep
jumn are not significantly different.

TABLE 20:
evaluated at eight and twelve months after planting (MAP) at Legon and
Bunso
Fresh root yield (t/ha)*
Accession / 8§ MAP 12 MAP
variety Legon Bunso Legon Bunso
AFISIAFT** 8.07d 11.10 a 2343 b 28.50 b
BOSOME NSIA 11.37c¢c 12.70 a 16.70 d 30.30 a
HO0001 7.04 ¢ 12.60 a 14.20d 3490 a
UCC 90 8.10d 10.70 a 2190 ¢ 21.30c
DMA 030 14.33 b 10.60 a 26.10a 27.10b
UG 126 11.10¢ 12.01 a 2450b 3240 a
HO0015 16.73 a 10.10 a 28.40 a 2390 ¢
H0008 7.63 de 11.50a 2233 ¢ 22.80 ¢
Mean | 10.55 11.42 22.20 27.65
C.V. (%) 7.87 7.79 8.92 21.69
P-Value 0.0001 0.6697 0.0001 0.03692
S.E. 0.43 0.91 0.82 11.2
-

lications and means with the same letter

registered the highest fresh root yield of

10015 the lowest yield of 10.10 t/ha at Bunso 8MAP. On the

yields at Bunso werc higher, than comparable values
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recorded at Legon at thi
g is stage of plant growtl
g h (Table 20). Tre
. atment effects

at Legon were highly significant (P<0.001).

At ion °
Legon 12MAP accession ‘HO015" registered the highest yield
g yield of
28.40 t/ha and was followed by ‘DMA 030°, ‘UG 126°, and *Afisiafi
) isiafi® with

yield values of 26.10 t/ha, 24.50 t/ha and 23.43 t/ha respectively. ‘H
y. ‘H0001”

recorded the lowest yield value of 14.20 t/ha.

Proportionally, higher fresh root yields were recorded by the g
genotypes

at Bunso 12MAP and significant (P<0.05) differences were obtained
amongst

the treatment effects at Bunso as was also observed at Legon

Except for environment main effect whi
ich was very hi ioni
ghly significant

(P<0.0001), genotype main effect and genotype x environment int
eraction

were not significant (P>0.05) when the combined data was subjected
jected to

analysis of variance (Table 22).

Harvest index
From Table 21 it is observed that at 8MAP accession ‘DMA 03
O’

recorded the highest harvest index value of 0.53 at Legon and this was closel

s closely

followed by ‘H0015° and ‘Bosome Nsia’ with values of 0.51 and 0.49

pectively. The lowest harvest index of 0.42 was registered by ‘H0001" and
S an

very highly significant (P<0.0001) treatment effects
were

res
- Afisiafi’.

indicated.
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Harvest indices of seven cassava accessions and one variety

TABLE 21: .
evaluated eight and twelve months after planting (MAP) at Legon and
Bunso
Harvest index *
Accession / variety 8§ MAP 12 MAP
Legon Bunso Legon Bunso
AFISIAFI** - 042c¢ 041D 0.62 a 0.61b
BOSOME NSIA 0.49 ab 0.48b 0.62a 0.56 ¢
HO0001 042c 045b 0.53b 0.56 ¢
UuCC 90 043¢ 0.44b 0.63a 0.55¢
DMA 030 0.53 a 043b 0.66 a 0.63 b
UG 126 0.48b 042b 0.63 a 0.46 d
HO0015 0.51 ab 0.47b 0.67 a 0.64 b
H0008 043¢ 0.62a 0.62a 067 a
Mean 0.46 0.47 0.62 0.59
C.V. (%) 5.07 8.15 5.50 3.38
p-Value 0.0001 0.0003 0.0089 0.0001
-+ S.E. 0.01 0.01 0.01 0.01
/L_/
«* Released variety (control)

«  All values are means of tk}reg replications and means with the same letter
e not significantly different.

within a column ar

Harvest index values of the cassava genotypes recorded at Bunso
£0.62 for ‘H0008’ to the lowest value of 0.41

varied from the highest value 0

y highly significant (P<0.0001) differences were also

for < Afisiafi’ Ver

mongst the treatment means at Bunso SMAP.

obtained a
(12MAP), accession ‘HO015’ manifested

Twelve months after planting

the highest harvest index value of 0.67 and *HO0OT” the lowest value of 0.53 at
e
S, namely: ‘110008, ‘Bosome Nsia' and ‘Afisiafi’

Legon. Three genotype

istered the sam¢ harvest index value of 0.62.
regi
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At Bunso, accession ‘H0008" recorded the highest harvest index value
of 0.67 and the lowest value of 0.46 was registered by ‘UG 126", 12MAP
Very highly significant (P<0.0001) treatment effects were obtained (Table 21).

Pooled analysis of variance of the harvest index data from the four

environments indicated very highly significant (P<0.0001) differences in the

main effects of environment and genotype and their interaction (Table 22).

Since the environment X genotype interaction was significant, stability

analysis were carried out and the results are depicted in Table 23.
The cultivar superiority measure (P;) identified accession ‘H0008" as

the most stable genotype followed by ‘HO015’ and ‘Bosome Nsia’ in that

order of stability- W-ecovalence stability statistic singled out ‘Bosome Nsia’,

«ucc 90’ ‘H0015° and ‘H0008’> as the most stable genotypes. Stability

variance and AMMI methods established that ‘UCC 907, ‘Bosome Nsia’,

<H0015°, ‘UG 126 and ‘DMA 030" as the most stable accessions.
The overall ranking of the genotypes for stability on the basis of

harvest index using four stability parameters grouped ‘H0015’, ‘Bosome Nsia’
table genotypes (Table 23).

and ‘UCC 90’ as the top three s



FTABLE 22: (;ombined analysis of variance for fresh root yield and harvest index of
cight cassava genotypes evaluated in four environments ‘

- Fresh root yield (t/ha) Harvest i
- t inde>
Source of Df Contribution glo:t:'ibut'
Variation Mean squares to SS (%) Mean to SS (o/l;m
: squares

Environment |3 34716040.660*** 80.40 0.159%** 59 74
Genotype 7 167817.961ns 0.91 0.015*** 13.14
Gen. x Env. | 21 332675.818ns 5.39 0.007%** 19.18

Error 64 | 269088.750 13.30 0.001 7.94

L

.  —

Significant at 0.01 and 0.001 probability levels respectively

ok ok K =
ns = not Significant (P>0.03)
gs = Sum of Squares
Dry weight ()
Table 24 shows the dry root weights of the eight cassava genotypes

obtained at Legon and Bunso 8MAP and 12MAP. Accession ‘Bosome Nsia’

recorded the highest dry root weight of 183.41g and the check variety,

< Afisiafi’ the lowest value of 144.30g SMAP at Legon.
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TABLE 23: Summary of stability statistics for harvest index from seven cassava accessions and one variety evaluated at
Legon and Bunso.

\ Cassava Cultivar Superiority Wi-ecovalence Stability Variance-no AMMI
i Genotype Measure Covariate Overall
k | PiGxE | Rank | W;GxEStat. | Rank | o’ GxE | Rank | IPCA Scores | Rank | Rank
AFISIAF1* 0.008 6 0.004 3 0.004 4 0.0009 6 6
BOSOME NSIA 0.004 3 0.001 1 0.001 2 -0.0307 4 2
HO0001 0.009 7 0.004 3 0.003 3 0.1045 7 7
UCC 90 0.007 5 0.001 1 0.000 - 1 -0.0289 5 3
: DMA 030 i 0.005 4 0.006 4 0.007 5 -0.1344 2 4
1 UG 126 L 0.011 8 0.013 5 0.016 6 -0.1969 ] 7
HOO015 | 0.003 2 0.002 2 0.001 2 -0.0529 3 1
\ HO008 0.002 1 0.002 2 0.028 7 0.3384 8 5

*

Released variety (Control)
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TABLE 24: Dry root weights of seven cassava i
evalua - ' a accessions and one variety
evalus ted eight and twelve months after planting (MAP) at Legon andnet)
Accession / 8 MAlPry oot Welghts (g)’;z M
variety Legon Bunso Legon Al;unso
AFISIAFI** 14430 d 174.08 be
BOSOME NSIA | 183412 172.46 ll;c 192.30 4 \80.684
H0001 176.01ab | 181.12ab | 192.87a | 188 1’68 :
UCC 90 16630bc | 187.87a |17925b | 203 o
DMA 030 145.29 d el |18570a | 18080
UG 126 168.88 abc | 179.44 abc | 187.05ab | 194 03 26
HO015 15873cd | 172.58bc | 174.60b | 198 22
H0008 17123abc | 18891a |186.12ab | 196.50 abb
Mean | 164.23 178.13 | 182.34 150.87
CV.(%)| 592 3.59 3.90 348
p-Value | 0.0019 0.0119 | 0.0013 0.0059
'SE.| 794 5.23 5.81 5.42

+* Released variety (control)
All values are means of three replications and means with the same letter

within a column aré not significantly different.

Dry root weight values at Bunso 8MAP were relatively higher than

comparable figures at Legon. The values ranged from the highest value of
9] g produced by HO0008’ to the lowest value of 168.61g indicated by

nso the check variety recorded a value of 174.08g which

188.

‘DMA 030’. At Bu

was not significantly different from the lowest dry root weight.
<H0001™ gave the highest dry root weight of 192.87g and “Afisiafi’ the

of 160.8g at Legon 12MAP. Three accessions namely: ‘DMA

lowest value

030", ‘UG 126" and ‘H0008® registered dry root weights which were not
Signiﬁcant]y different from each other.
Accession ‘UCcC 90" at Bunso 12MAP out-yielded all the other
genotypes in terms of dry root weight with a value of 203.13g. This was
closcly followcd by -HOOLS" with a dry root weight of 198.62g. The lowest
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dry root weight
ght was 180.68g and was recorded by ‘Bosome N
me Nsia’. Signi
gnificant

both locations 12MAP.

nd

g .
genotype and their interaction were highly significant (P<0.0001) )
40.30, 19.26 and 21.16% respectively to the total sum of squares Tcomnbuting

Stability analyses employing the cultivar performance m( e
‘H0008" as the most stable accession with respect to dry root we::ur:: .
ght. This was

followed by ° e ’
y ‘H0001’, ‘UG 126’ and ‘UCC 90’ in that order of
| of stability.
According to the W;-ecovalence stability measure, ‘UG 126 y
‘ , ’ ’, ‘H0008" and
HO0015® were the top three stable genotypes. Stability vari

ance and AMMI

parameters idgqtiﬁed ‘UG 126°, ‘H0008’, ‘H0015’, ‘Bos
» "Bosome Nsia’, ‘H000
, 1

and ‘DMA 030’ as the most stable accessions. The overall ranki
nking identified

‘U e ’ ‘ ’
G 126, H0008’, and HO001’ as the three most stable accessi
ssions (Table

27).

Root dry matter content (%0)

The results of root dry
nd Bunso and harvested at 8

and 12 MAP ar

e shown in

matter content of
the cassa
va genotype
S

cultivated at Legon 2
Bosome Nsia recorded the highest root dry matte
’ r content of

Table 25.
the lowest value of 32.95% a
. t Legon 8MAP
. Accession

41.69% and *Afisiaft’
d the highest root dry matter con

tent of 42.95% and *

' nd "DMA

‘H0008" manifeste
west value of 38.32% at Bunso 8 MAP. Si
. Significant (P<

0.05)

030" the lo
tter content amongst the g
genotypes were i
obtained a
t

1ces in root dry ma

differer
al zoncs SMAP.

both agro-ecolognc
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TABLE 25:

Root dry matter content of seven cassava : i
ava accessions and one

'a l 't}’ 7& [ a "b F f | o ]) t ]
varic ¢l Llﬂht dl]d tw Cl\’e I“OﬂtllS zlfte plilllﬁﬂ (MA )
evalu I(Zd 4 d egOIl

and Bunso

T ccession - . I;;Ao;)(iqf matter content (%)*
—;\—r—ﬂg—f— Legon Bunso Leoon12 MAII)S

BOISSC[)?/IH 32.95¢ 39.55bc | 35.73b Rt
B0SO ENSIA | 41.69a 39.18bc | 42.73a 4610Cd
Hooo! 40.9 ab 41.19ab | 42.80a | 41 élSd
37.80 ab £271a | 3983a e

DMA 030 33.02¢ 3832¢ | 41.87a Wio d
UG 126 3838ab | 4080abc | 4147a T
HO015 3608bc | 3922bc | 39.77a igrr
H0008 3802ab | 42953 | 41.20a 7
Mean | 37.35 4049 | 40.68 B

Cv. (%) | 580 361 | 462 vt

p.vValue | 0.0017 00118 | 00081 o
;_——ii 0.77 0.52 0.66 e

o7 | 0.52

d variety (Control)
of three replications and means with the same lette
r

ot significantly di fferent.

=% Release
All values are means
within a column are n

Root dry matter content values of the genotypes at Legon 12MA
c P

¢ highest value of 42.8% for ‘HOO001" to the lowest value of
eo

ranged from th
corded by ‘Afisiafl’

nce existed only between ‘Afisiafi’ on one hand
an

the check variety (treatment). Highly

35.73% rc

nt (P<0_001) differe

significa
ents which showed no significant differences amongst
5

and the remaining treatm

r content values (Table 25).

(heir root dry matte

[n general, oot dry matter content values recorded at Bunso were
higher than those obtained at Legon at the same plant growth stage of [2MAP
Highly significant (P<0.001) (reatment differences were registered at botl
o = at both

locations.
_— .+t and genotype main effects were very hi Lo
[nvironment anc:s Y £ ere very highly significant
p-0.001 a5 well as the environment X genotype interaction when the pooled

0. lec

[ (30

d—
THE LIBR
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data were subjected to analysis of variance computation (Table 26). Therefore

stability analyses were computed to identify stable genotypes.

Stability analyses using the cultivar performance measure placed “H0008"

‘H0001’ and ‘UG 126’ as the three best stable accessions. Wi-ecovalence and

stability variance (no covariate)
most stable accessions. ‘Afisiafl’,

AMMI analysis as the most stable genotypes.

grouped ‘UG 126°, ‘HO008’ and ‘H0015’ and the
‘UCC 90 ‘and “HO015" were identified by the

The overall ranking singled out

‘H0008’, ‘UG 126’ and ‘HOO015’ as the most superior genotypes in terms of root dry

matter content stability int

TABLE 26: Combined analy
content of eight cassava geno

he environments studied (Table 28).

sis of variance for dry root weight and dry matter
types evaluated in four environments.

Dry matter content (%)

Dry root weight (g)
Source of Df Contribution Contributi
Variation Mean squares to SS (%) Mean squares o S5 (& /ol;)n
Environment | 3 2999.207*** 40.30 106.450%** 32.29
Genotype 7 614.205*** 19.26 30.910%** 21,88
Gen. x Env. 21 224.949%** 21.16 11.353%%* 24.10
-
_ —
+#% = Significant at 0.01 and 0.001 probability levels.
ng = not Significant (P>0.05)
gg = Sum of Squares
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TABLE 27: Summary of stability statistics for d

ry root weight from seven cassava accessions and one variety ev
Bunso.

aluated at Legon and

Cassava Cultivar Superiority Wi-ecovalence Stability Variance-no AMMI
Genotype Measure Covariate Overall
| PiGxE | Rank | W; GxE Stat. | Rank o GxE Rank | IPCA Scores | Rank | Rank

AFISIAF1* 386.409 8 264.066 6 314.598 6 2.7073 8 8
BOSOME NSIA 96.837 5 548.863 8 694.327 8 -3.9637 1 6
HO0001 42.368 2 128.792 4 134.232 4 -1.9310 2 3
\ UCC 90 59.007 4 161.177 5 177.412 5 2.0392 7 5
DMA 030 297.352 7 305.116 7 369.332 7 -0.3201 3 7
UG 126 52.451 3 5.705 1 -29.884 1 -0.2892 4 1
HOO15 135.304 6 124.515 3 128.530 3 1.2899 6 4
HO008 30.519 1 36.355 2 10.983 2 0.4676 5 2

* Released variety (Control)
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TABLE 28: Summary of stability statistics for d

ry root matter content from seven cassava accessions and one variety ¢
Legon and Bunso.

valuated at

\ Cassava LCultivar Superiority Wi-ecovalence Stability Variance-no AMMI
Genotype Measure Covariate Overall
| PiGxE | Rank | WiGxE Stat. | Rank oi GxE Rank | IPCA Scores | Rank | Rank
AFISIAF1* 19.272 8 12.801 6 15.174 6 -1.2580 1 6
BOSOME NSIA 4871 5 27.881 8 35.280 8 1.8912 8 8
HO001 2.130 2 6.487 4 6.755 4 09141 7 5
UCC 90 3.001 - 4 8.070 5 8.866 5 -0.9604 2 4
DMA 030 15.259 7 15.700 7 19.039 7 0.1209 5 7
UG 126 2.668 3 0.266 1 -1.539 1 0.1317 6 2
HO015 6.936 6 6.419 3 6.665 3 -0.6170 3 3
| H0008 1.546 1 1.927 2 0.675 2 -0.2225 4 I

Released variety (Control)
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*

Dry root yield (g/plant)
The highest dry root yield value of 602.54g/plant was recorded b
o ~ rde
accession HOQ_]J and the lowest value of 266.90 g/plant was registered !
DU gistered b
Afisiafi’ at Legon 8MAP. Three cassava accession treatments |y
, namely:

"H0001", *HO00¥’ and ‘UCC 90" produced dry root yields that w
ere not

significantly different from the low yield value recorded by ‘Afisiafi
isiafi’, the

check treatment.

Relatively higher dry root yield values were produced at Bunso by th
y the

cassava genotypes. The highest value was 518.99 g/plant on ‘H0001" and th
and t

lowest of 396.12 g/plant was recorded by ‘HO0015’. Significant (P<0.0 )

. 05

treatment differences W )

Dry root yields o

ere observed.
f the cassava genotypes cultivated at Legon 12 MAP

varied from the lowest value of 607.76 g/plant to the highest of 1129.47 g/pl
: plant
alue of 521.71 g/plant for the genotypes (Table 29)

representing 2 range v
in dry root yields were observed amongst the

Significant (P<0.05) differences

genotypes.
TABLE 29: Dry root yields of seven cassava accessions .
evaluated eight and twelve months after planting (M AP)ZI:(:Jz'g'gl:’Z:gW
Bunso
/f
Dry root yield (g/plant)*
Accession / 8 MAP 12 MAP
| M [T [ B Lot [ e
AFISIAFI** 56600d | 43900c [86824c [ 117135c¢
BOSOME NSIA 47527b | 497592 | 713.59d 1216.55
H0001 ,8003d | 51899a | 607.76e | I 45880 o
UCc 90 306.18 d 457.0b | 872.28¢c 96127 ¢
DMA 030 472.19b | 406.19¢ | 1092.81b 108861 d
UG 126 426.02c | 489.60b | 1016.02b | I 39741 b
HO015 c02.54a | 396.12d | 1129472 105,66 d
H0008 505.79d | 493.93a | 918.76¢ 995 68
Mean | 39062 462.30 | 902.37 1168.17
cv. (%) | 6l 8.06 | 10.08 .10
o.value | 0:000! 0.0010 |  0.0001 0.0301
S.E- | 8.46 1092 | 36.32 3942
- [

* Released vari

All values are
within a colum

ety (Control)
e replications an

cans of thre
atly different.

m
n are not significa
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At the deciduous forest zone of Bunso, dry root yield values varied
1

from 961.27 to 1458.82 g/plant representing a range value of 497.55 g/plant

* I=] nt.

The range values at both locations were quite high. Significant (P<0.05)

differences in dry root yields emerged among the genotypes cultivated at

Bunso.

When the combined dry root yield data were subjected to analysis of

environment main effect was very highly significant
t=]

variance computation,
(P<0.0001). ver, genotype main effect and genotype X environment

interaction were not significant (P>0.05) (Table 31).

Howe

Starch weight (g)

Starch weights varied from 111.25g recorded by ‘DMA 030" to
122.03g registered by ‘Bosome Nsia’ at Legon SMAP (Table 30). The range
quite narrow and no significant differences in dry starch weights were

was
observed among the genotypes.
TABLE 30: Starch weights of seven cassava accessions and one variety
ths after planting (MAP) at Legon and

*

cvaluated eight and twelve mon

Bunso
/——/’—— .
Starch weight (g)*
Accession / 8 MAP 12 MAP
variety Legon Bunso Legon Bunso
A
[** 111.29a 131.63a | 113982 143.86 a
Q(F)‘s%ﬁ; NSIA 122.03 a 127.33a | 123.622 143.61 a
H0001 119.79 a 130.36a | 119.57 a 146.19 a
uccC 90 111.83a 134.86a | 116.39a 143.99 a
DMA 030 [11.25a 133.83a | 113.01a 139.67 a
UG 126 119.74 2 (31.81a | 119.72a 139.02 a
H0015 [13.43a 136.01a | 114.37a 149.73 a
H0008 116.33 2 132.26a | 119.66a 139.33 a
Mean | | 15.71 |3%-26 117.54 143.18
CV. (%) 6.21 5.02 4.43 4.97
p-Value 0.4136 0.8167 | 0.2458 0.5823
gE. | 586 542 4.25 5.81
- /J/Lm.____
i atrol
** Releasedﬁ vafl:;i’ g?ﬁ:ree r)eplications and means with the same letter
All values are nr:earc.lm[ Signiﬁcanlly different.

within @ colum
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Quantitatively, hi
y, higher starch weight values were
cassava genotypes o @
types at Bunso 8MAP. The values ranged betw e
een 127.33
g

; aIld aS

d.

Combined analysi '
ysis of variance was performed on the pooled starch
ch weight data

from the four envi
environm
ents. Apart from environment main effect wh
ct which was

v . I
ery highly significant (P<0.0001), genotype main effect and th
e genotype x

environment interaction were not significant (P>0.05) (Tabl
. e31).

TABLE 31: Combined analysi
1 ¢ ysis of variance f .
starch weight of eight cassava genotypes evaluat:; ?,?;-::::Zyleld and
Bt o A
Dry root yield (g/plant -
Source of Df C e L Starch wei
o " ontribution eight (g)
- ean squares to SS (%) Mean Contribution
Environment 5 [64372977.5°** 81.23 ean squares___to 85 (%)
Genotype 7 | 23401077 0.69 00 75.56
Gen. x Env. o1 | 4934153" 436 e 1.52
rror 64 | 5097397 13.72 43'.2,(2)2’ 5.5
- 17.41
wx HEE = Significant at 0.01 and 0.001 probabili
ns = hot Significant (P>0.05) probability levels respectively
g§ = Sum of Squares
Starch content (%)

values of tubers from the various cassava genotyp
es are

Starch content
able 32. Eight months after planting the starch content val
values

corded by
>0.05) treatment effects were detected

presented in T
fl'Om 2277% re

< Afisiafi’ to 25.0% indicated by ‘Boso
me

varied
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Percentag
e starch of sev
en cassava ac ;
cessions and
one

TABLE 32:
variety evaluated eight and tw
A g elve months after planting (MAP) at Leg
on
Accassion - MAPPercenta e starch
variety Legon Bu 2 MA
nso L

gglss,éAn** 22772 26.90 a 2563g; 2 e
HOOOIME NSIA | 25.0a 26.03a | 2747a %9'40 :
HooO! 2457 a 26.67a | 26.57a 23'40 .
uccso 22.90 a 2820a | 25.87a 2 oo
DMA 0 22.80a 26.70a | 25.11a sy
ug 2453 a 2697a | 2660a SO
; 15 23232 2783a | 254la P
0008 53.87a | 27.03a | 2659a 8504
Mean | 23.71 27.04 | 26.12 pre

cV.%)| 619 4.61 443 Ay

p-value | 0.3970 05312 | 0.2464 o
____/_Sf'— 0.52 0.44 0.41 0T

A : 0.51

Control)

«* Released variety (
re means 0
¢ not signi

f three replications and means with the same lett
er

All values a
ficantly different.

within a column ar

percentage starch values obtained at Bunso MAP
was

The range of

3 and 28.2%. ‘yCccC 90’ recorded the highest value and ‘B
osome

Nsia’ the lowest. No sig

genotypes were observed.

values amongst the
¢ tubers of the different cassava genotyp
es

ge starch of roo

Percenta
marginally at the plant growth stage of 12 MAP at both Legon and
n

e highest percentag
5° that produced the highest percentage

increased
e starch value of 27.47% was recorded

so. At Legon th
sja® whilst it wa
‘DMA 030° yiel

Bun
s ‘HOOI

cBosome N
ded the lowe
st percentage starch

by
30.63% at Bunso-

starch of
G 126 the least value of 28.43% at Buns
0.

Legon and ‘U

value of 25.11% at
s no significant (P>0.05) differences in treatment mean value
s

At both Iocation

were manifested.
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ooled  analysi i w
. ysis of variance of percentage starch data sh d
| P owed that
environmen ine very ig g
t main effect was ver hlbhly Sibni icant (P<0 000[)‘ genotype and
f . ; typ

genotype X environment interaction were not (Table 34)

Starch yield (g/plant)
Accession ‘H0015’ produced the highest starch yield of 387.94 g/pl
-74 giplant

at Legon 8MAP. This was followed by ‘DMA 030’ with a yield
eld value of

326.04 g/plant and ‘H0001° produced the lowest starch yield of 171.99 g/pl
.99 g/plant
(Table 33). The starch yield of ‘Afisiafi’, the check variety, was 184
. ; 44
g/plant and this yield value was not significantly different from the |
owest

eld value of 171.99 g/plant.

starch yi
TABLE 33: Starch yields of seven cassava accessions and one variety
evaluated eight and twelve months after planting (MAP) at Legon and
Bunso
_______,__,_.fstarch yield (g/plant)*
Accession / 8 MAP 12 MAP
variety Legon [ Bunso Legon o
AFISIAFI** 184.44d 298.59 b 615.52b 837.90
BOSOME NSIA 285.0¢ 330.58a | 458.75d 890.82 b
H0001 171.99d 336.04a | 377.29¢ 1043.51 a
UCC 90 = 185.49d 301.74b | 566.55¢ 626.86 a
DMA 030 326.04 b 283.02b | 65537b 77825 ¢
UG 126 272.28¢ 323.64a 651.70 b 99113 ¢
HO0015 387.94a 281.08b 721.64 a 732'06 3
H0008 181.41d 31085b | 592.96c |  649.80
Mean | 249:32 308.19 | 579.97 809,54
C.V. (%) 8.71 12.16 760 09.54
p-Value 0.0001 0.0307 0.0001 0.6010
’/S,EJ 7.6 9.67 17.62 15.40
.1y (Control)
* Released varlelz (()(three replications and means with the same letter
different.

«  All values are me ree
within a colum? are not sngmﬁcantly
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‘HO001" rec i
orded the highest starch yield of 336.04 g/pl
and ‘H0015" the | e
east value of 281.08 g/plant. Generally, th
, the starch yield

.

obtained at Le igni
gon. Significant (P<0.05) differences in treat
ment effects we
re

recorded at both locations SMAP.

Starch yield values of the
genotypes obtained at Le
gon 12 MAP vari
ed

ﬁO na [Ted A\ 7 4 r
I hlah alue Of 21.6 g/plant p Oduced by cassava acce M
a low alue of 3 29 g/plant regi H T
A 77. ngtGl’Cd by ‘HOO0O01° ( able 33
1 ) ‘Af-lSi
‘ aﬁ, the

check variety produced 2 starch yi
yield of 615.52 g/ i
. plant which was ab
out 15%

lower than the highest yield of 721.64 g/plant. There were significant (
ant (P<0.05)
differences in .starch yield values amon
gst the cassava
genotypes planted
at

Legon.
ificant (P<0.05) differences in starch yield were record
ecorded

At Bunso sign
s as quantitative differences in st i
arch yield val
ues were

amongst the genotype

registered.

pooled analysis of variance of starch yield data indicated that onl
environment main effect was very highly significant (P<0.0001); the othey
ere not significant (Table 34). r

sources of yariation W

sis of variance for starch content and starcl
rch

Combined analy
s evaluated in four environments

TABLE 34:
enotype¢

yield of eight cassava g

Starch content (o -
l‘So_urc:f” Df rc’oét_ri)m' Starch yield (gC/plan.t)
Variation Mean squares to SS (% Mean squares ontribution
Environment 3 55.359*4** 29.43 37878528.23*+* to SS (%)
Genotype 7 3.359:: 4.17 121238.18™ 80.26
| Gen. x Env. 21 5.153 19.17 243206.80™ 3.81
QN @/J/;t-'ﬁ?/w/,,il-’ﬁi— 2284293 490
e EEE T gjgnificant at .01 and 0.001 probability lev ‘
s T S gnificant (P>0.09) y levels respectively
g§ = Sum of Squares
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Functional properties of starches

Starch from ‘Afisiafi’
, the check variet
y, recorded the hig}
ghest swelling

volume of
26.17 ml/g at Legon, and accession ‘UCC 90’ the |
owest value of

6. " .
6.30 ml. Slgpfﬁcant (P<0.05) variation in swelling volume val
ues was noted

amongst the genotypes at Legon (Table 35).

ml/g indicated by starch from ‘UCC90’ (0] f
to the highest of 28.67
. ml/g acai
gain

registered by starch from Afisiafi (Table 35). O
. On the average, swelli
’ ing volume
hes obtained from Bunso were higher than those from Leg
on.

of starc
produced starch that had the lowest solubility of
0

Accession ‘ycc 90’

*H0001’ the starch with the highest value of 11.19% at Legon. Th
. on. e

7.21% and
ite narrow. The mean solubility value was 9.70% and th
. ree

range was qu

genotypes including Afisiafi recorded values below this mean value

The trend in the variation of solubility of starches produced fi I
rom the

d at Bunso was very similar to that observed at L
egon.

genotypes cultivate

I M (o)

Starch from he case at Legon, had the lowest solubility of
9% and (UG 126° st

mong genotypes were

es cultivated at the two different agro

8.01
present.

ons differences a

om the genotyP
ificant (P<0.05) differences in their swelling
o

locati
gtarches fr

ations showed si

). Afisiafi starch produced the highest swelling pow
g power

ecological 10¢
alues (Table 35

jons. Accession
power values of 25.33 g/g and 28.33 g/g fro
[ =) m

DMA 030’ starch from Legon and Bunso

west swelling

istered the lo
Generally, swelling

power values were relatively
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at Bunso re

significantly

TABLE 36:

accessions and one variety cu

gistered i
a pasting temperature of 62.6 °C and thi
is value was
not

)‘

Pasting characteristics of starch from seve
Itivated at Legon and Bunsc:l cassava

Pasti
Accession/ sthe tﬁgl)perature Pasting time Peak
varie I, (minutes eak viscosity (B
AF[SIAF[*ty —515—’575@" Bunso Legon Bl)mso o
BOSOME NSIA 660 a 62.6 ab 11.3a 10.6a Legon Bunso
H0001 65'6a 62.8 ab 12.4 2 10.1a 891.7b 1291.7b
UCC 90 52';7'; 6533 142::Ib 124 a 10:4 a gégg ¢ 1234:0 Cg
DMA 030 64.0 ' H.1a 162 |9413a 1192.3 d
UG 126 54.2 b 222 2 | 1ee 10.7a 899; f,b 1316.0 abe
UG 12 . sc | 103a 9.2a ' 1398.7
Hoot s 65.8 a g04b | 103a 2rs |gesnt | iored ab
6524 634a | 1182 S4a 3900 | 13163 abe
c Me;an 62.4 60.8 11.4 10.1 928'7 a 1269.3 cd
V(%) | 40 4y | 1332 AR R 1299.5
p-value | 0.0001 0.0001 05414 | 04809 3'00 3.65
SE.| 09 0.5 0.5 0.6 9-2001 0.0017
. 16.8
+ Released variety (Control)
BU = Brabender units
of three replications and means with the same lette
r

All values ar€ means
within a colu

Signi

peak viscosi

were observed @

viscosity V@

The mean P

Accession *H00

mn are not signiﬁcantly different.

ifferences in treatment effects with respect
ect to

ficant (P<0.05) d
es extracted from the eight cassava genotype treat
ments

ty of starch
d Bunso (Table 36). Quantitatively, peak

t both Legon an
s from Bunso were h
nso was 1299.5 BU and at Legon it wa

S

s of starche igher than those from Legon

osity value at Bu

eak vis€
n value at Bunso.

9, lower than the mea

08" produced the starch that registered the highest peak
ea

and ‘Bosome Nsia® the lowest value of 830

k viscosity value of 1398.7 BU and
: n



There wer
starches at 95
among viscosity at 95°C v

obtained at Bu

highest viscosity value of 396.7

325.0BU at Legon. At

viscosity 0

TABLE 37:
varie

e

Accession/
variety

AFISIAFI*
BOSOME NSIA
HO0001

UCC 90

DMA 030

UG 126

HOO15

HO0008
Mean

CV. (%)
p-value

Viscosity val
ty cultivated at Lego

skl

* Released v
g are

All value
within a €0

‘Bos

265.3 and 3

gome Nsia

24BU registere

[}
C obtamed from Legon but no s
nso as compared to values from Legon

Bunso starch from ‘H0008’

f418.3 BU and ‘H0001" the l

ues of starches from seven ca
n and Bunso.

alues at Bunso.

owest of 359.0 BU (Table 37)

ssava accessions and one

e significant (P<0.05) variations in the viscosity values
of
ignificant (P>0.05) differences
Relatively higher values were
‘H0008’ recorded the
BU and ‘UCC 90° the lowest value of

again produced the highest

Viscosity after 15

Viscosity at 50°C

Viscosity at 95°C
BU)

Legon Bunso
357060 | 40732
339.7 bed 365.3 2
357.0 be 359.0a
325.0d 394.3 2
339.0 bed 417.7 a
360.3 b 366.3 2
328.7 cd 365.0a
396.7 2 4183 a
350.4 386.7

4.51 7.23
0.0017 0.0691
/5;6’///2‘2"’

ariety (CO“"O[)

its
hree replica ati

2 low of 2137 Bl

~ At Bunso the values varied between

mins.
at 95°C (BU) (BU)
Legon Bunso Legon
2393 C 301.7 a 457.5 cd ? T
213.7d 274.7a |448.0d o> T
555.0abc | 26532 |477.0c 28700
236.7¢ 305.7a |506.7b 6506'7 y
248.3 bc 325.0a |523.3b 233 ab
268.0 ab 285.0a |531.3ab 66253'3 .
249.3 be 280.0a | 528.7 ab 8.3 2
276.0 3213a |554.0a oL
248.3 2048 | 503.3 6480
4.62 9.06 2.88 6013
0.0004 0.1240 | 0.0001 422
P Iy o 0.0001
8.9

different.

fo

ons and means with the same letter

¢ viscosity at 95°C after 15 minutes of

j to a high of 276 BU from

- and "DMA 030" respectively (Table




37). Tre Coni
atment effects were significantly (P<0.05) diffe fi
: rent for starches

obtained at I 'hi i
_egon whilst no significant (P>0.05) differenc .
es in viscosity
at

95°C after 15 mi
inutes were observed for starches from Bu
nso.

Viscosity values at 50°C of starches from Legon varied fi
rom a low
value of 448.0 BU for ‘Bosome Nsia’ i
i sia’ to a high value of 554 B
U for ‘H0008’

The value recorded for starch of * iaft’
Afisiafi® was 457.7 BU
. and this value w
as

lower than the mean of 503.3 BU for the genotypes Starch
: es of five

above the mean (Table 37).

genotypes had values
Comparatively, higher viscosity values were obtained from starch
rches of

so than at Legon. The maximum value w.
as

pes cultivated at Bun

the genoty
.7 BU for *HO0001" at

653.3 BU for ‘DMA 030’ and the minimum of 506
Bunso. Signiﬁéant (P<0.05) differences existed among the cassava genotypes
o viscosity values of starches at 50°C at both locations (Table 37)
The lowest viscosity at 50°C after 15 min

s was closely followed by starch from

ome Nsia’- Thi
gon (Table 38)- Starch of ‘H0008’ registered a

with respect t
utes was 432.3 BU produced

by starch from ‘BOS

‘Afisiafi® with 444.4 BU at Le
is was the highest v

value of 539.3 BU and thi
s491.3 BU and five genotypes had values

iscosity value for the genotypes at

ining below it including ‘Afisiafi’, the check

(P<0.05) different.

RE:



a . .
ccessions and one variety culti

vated at Legon and Bunso

!

B
‘ Vi e
| Accession/ iscosity after Paste stability at
" varioty 15mins. 95°C (BU) Paste stability
| riety | at50°C(BU) at 50°C (BU)
B ‘Legon Bunso Legon Bunso -
AFISIAFI* """W,_,__—-—— e€gon
33cd | 635.3a |107.7ab Bunso
FOSOME NSIA |4323d 582.3b | 102.7 abc l90 >7a | 133 10.3 abe
10001 465.3 0.7a [157a
U 3c 497.7 ¢ 102.0 abc 93.7 4.7 c
CC 90 49176 | 6 7a | 117a
173ab | 88.3bc 88.7 9.0 2be
DMA 030 5 Ja [ 150a
[17ab | 6480a |87.3bc 92 6.0 be
UG 126 Ja | 1l.7a .
0 521.0a 616.7ab | 92.3bc 8l3a |10 53¢
HOO1> 47a | S040c 793¢ Bloa |103a  1L7db
0008 539.3 a 638.7a |120.7a 97.0a 14? : 13.7a
Mean | 491.3 592.5 | 975 918 | 127 a 9.3 abc
CV.(%)| 390 429 | 13.59 1079 | 1974 8.8
p-Value | 0-0001 0.0001 | 0.0380 0.1877 | 0.0645 36.94
L SEL _5_-7-._.____/8_-2_J 4.7 35 | 09 0.0411
: L1
(Control)

* Released variety

BU = Brabender
All values are means
within a column are not sig

units
of three 1€
nifican

The yariation 0

from the highest value of 648.7
registered by <0001’ Th
quite higher than the
viscosity al 50°C after |5 minu

Legon (Table 38). Signifl

after

Signil'lcanl (P<0.0:>

f viscosity values at

U by ‘DMA 030’

e mean for the 'genoty

mean of 491.3 BU obtained at Legon and indicating that

tes values at Buns

cant (P<0-09) d

s0C va fues recor

highest value of 1

ed the [owest &

ong the genotypes.

re noted (Tale 38).

plications and means with the same letter
tly different.

50°C after 15 minutes at Bunso was
to the lowest of 497.7 BU

pes at Bunso was 592.5 BU

o were higher than those at

ifferences in viscosity values at 50°C

ded for starches from Legon ranged
i)

20.7 BU. Accessions

nd highest values respectively



Starct oinati
hes originating from Bunso had paste stability at 95°C val
from 81.3 5 o e
1.3 to 105.7 BU but no significant (P>0.05) differences in
paste stability

values were detected among the genotypes.

Paste stability at 50°C val i
ues obtained from starch
es at Legon vari
ried

from a low value of 9.3 BU registered by starch of accession ‘H0015" to a h
o a high

rded by starch of :Bosome Nsia’. The mean value f
ue ror

value of 15.7 BU reco

s was 12.7 BU and half o
alf below this value (Table 38). However, n
, NO

the g
genotype f the genotypes showed paste stability

bove and the other h

values a
atment effects regarding

significant (P>0.05) tre paste stability at 50°C of

starches existed-

On the average paste stability at 50°C values of starches produced from
omparative figures
he lowest 4.7 BU recorded by starch of

at Legon. The highest value was

ere lower than ¢
n HOO15 and t
(P<0.05) differences in

Bunso W

13.7 BU for aqcessio
paste stability at 50°C

gignificant

noted (Table 38).
namely: sH0015’, ‘H0008>, ‘DMA 030°

‘Bosome Nsia’.

among the treatments were

Five cassavd
ith high setback viscosity values

genotypes at Legon (Table 39).

{10



TABLE 39:
cassava accessions and one variety cultivated at Legon and Bunso.
Accession/ . Sctb;nc—k viscosity Breakdown viscosity pH values
Variety BU) (BU)

] Legon | Bunso Legon Bunso Legon Bunso
AFISIAFT* 218.3b 3440a |6623Db 990.0 ab 6.9 be 76a
BOSOME: 5347b | 312.3ab |6160¢ 959.3 b 7.1 b 754
NSIA S20b | 2413¢c | 71472 9593b | 68bc | 7.4a
HO001 5700a | 317.7ab | 70472 1043.7ab | 6.9bc T4
UCC 90 775.0a | 3283ab 651.3b [116.7a 73 b 76
DMA 030 263.3 a 343.3a 708.3 a 1123.0a 6.6¢C 73 a
UG 126 2793 a 271.7bc | 643.7bc 1059.7 ab 8.3a 774
HO0015 278.0 a 326.7 ab 729.3 a 948.0b 7.0 be 7.4
H0008 255.1 310.7 | 67838 1025.0 7.1 2

Mean | 4.67 10.59 2.81 060-?9:34 (3)(7)4 3.15
' .0001 . .00
C.V.(%) | 0.0001 0.0 l694 ‘6) ‘7’00 iyl 0 0l 0<3)9| 10
P-Value | 4.2 1. //J .
* Released variety (CP““OI)
BU = Brabendersli)"f'tls’1 ree replications and means with the same letter
All values are mean o signiﬁcam')’ different

within a column arc

high setback viscosit

‘Afisiaf1’ inclusi

The mean setback v

Sctback viscosity, breakdown viscosity and pH values of seven

iscosity was 255.

ies had values above this mean wh

the highest setback vis

306.4 BU an
~able 39).

in setback viscosity

1 BU and the five accessions with

ile the remaining,

cosity value of
lue of 241.3 BU. The mean

J six genotypes including ‘Afisiafi’

values among the

Significant (P<0-0> p location
. at bot
were 1anifest ; -om the genot
genotypes weren s of arches obtained from the genotypes at
all
scosity v
ywn VIS¢ .+ «arch to 714.7 BU for starch
Breakc! J for [30some ia’ st
( .
d from 616.0 B Afisiall’ which was the check variety
n-om ’

[Legon varie
e 30
from H000! (lahlc



- b / i i (4 vV
lLC()lde([ d |Cakd0\\n VISCOSIly Valu Of 6523 BU W thh W NEr

mean of 675.5 BU
for the group at Legon. Significant (P<0.05) diff
. ifferences in

t
rcatment ;means were observed
There v
vere incr i
tremendous increases (n breakdown viscosi
osity valt
les for
sava g ;
genotype tubers grown at Bunso. The h
. e highe
ghest

starches extracted from cas

\/al / i
uec was 1093.0 BU obtamed from ‘UG 126 and the lo 9
west 959.3 BU

rch from ‘Bosome Nsia’.
h was not significantly (P>0.05) diffe
. rent

registered by sta varl
ariety ‘Afisiafi’ recorded a
ue of 990.0 BU whic

remarkable val
sity value (Table 39).

from the highest breakdown ViscO

pH value of starch
from the genotypes grown at Legon

tarches obtained

pH values of s
6 recorded by starch from accession ‘UG

ot value of 6.

varied from the lowe€
5° starch (Table 39). The

126" to the highes
iafi’, the check variety registered a pH value

as 7.1
mean value. Significant (P<0.05)

mean pH value ¥

as relatively [ower than the

of 6.9 which W
re discerned.

p[—l values W€

arches obtained from Bunso was quite

treatment effects regarding
H values of st

The rang¢ of P

alue Was 7.7 and the lowes
0015" and UG 126" produced starches that
ues at both locations (Table 39)

¢ 7.3, a range value of 0.4

c accessions
H val

The sam
and the [owest P

recorded the highest

imates
ted variance components of

> rcsulls of estima
Table
Id raits Hf the cassava genotypes ovaluated at two

agronomic fmd
118



ns and ' ¢ i i=} o
ntlnb

at L.cg
gon and 8 and 12 months after planting at Bunso

Estim i ;
ates of phenotypic coefficient of variation were high
ighest for

individual root t i
uber weights and number of i
roots with values
of 57.81 and
Starch content and dry matter content registered tl
) ¢

49.64% respectively
nt of variation values of 8.11 and 14.50%
. 0

lowest phenotypic coefficie
pic coefficient of variation values we
re

respectively. Intermediate phenoty
h root weight, fresh root yield and starch yield traits

recorded for frest
es were greater for individual root

Genetic coefficient of variation valu
of roots than for the other agronomic traits (Tabl
e

tuber weights and number
40). The trend of genetic variation was quite similar to that observed for
jent of variation. For instance, starch content recorded the

f variation.

phenotypic coeffic
he phenotypic coefficient 0

1 as it did fort

lowest genetic variatio

119



broad sense heritability of agronomic traits and starch yield of eight cass

TABLE 40: Estimates of variance components, phenotypic coefficient of vari

ation, genotypic coefficient of variation and
ava genotypes cultivated in four environments.
i No. of Fresh root Individual Fresh root | Dry matter | Starch | Starch
- kntry roots weight root yield (t/ha) content | content vield
per plant (kg) tuber weight (%) i (%) (¢/plant)
L () . N o
i Genotypic variance (ng) 8.35 1.79 103856.68 167817.96 30.91 3.36 121238.18
i
\\ Environmental variance (o) 022 0.25 1922.73 22424.06 0.28 0.35 19035.78
\\I ariance component associated with
‘\ ox\ (Gg\“-\ 0.31 0.79 14623.39 83168.95 2.84 1.29 60801.7
\
| Phenotypic Variance (o.2) 937 2.83 120402.8 273410.97 34.03 4.99 201075.66
\ ) P
\\ Phenotypic Coefficient of Variation \
\ (%) 49 .64 41.46 57.81 35.0 14.50 8.11 39.36
\ Genotypic Coefficient of Variation (%) 4545 32.38 53.69 27.42 13.82 6.65 30.57
| Broad sense heritability (h?) 0.39 0.63 0.86 0.61 0.90 0.67 0.60

120




Broad sense heritability estimates (h) ranged from the lowest value of

0.61 to the highest of 0.90 recorded for fresh root yield and dry matter content

respectively. Estimated heritability values for number of roots (0.89) and
individual root tuber weights (0.86) were also comparatively high.

values for starch content (0.67), fresh root yield (0.61) and starch

Heritability
e average when compared with the other

yield (0.60) werc similar on th

recorded values.



CHAPTER FIVE

DISCUSSIONS

EXPERIMENT I
ty and plant yield

Whiteflies, mosaic severi
ation numbers Were not significantly (P>0.05)

Adult whitefly popul
ores. This result is consistent with the results

correlated with.mosaic ordinal sc
, (1988) who found that differences in rates of ACMV disease

of Fauquet ¢/ al.
[voire were not directly related to adult

Spread between sites in cote d’

whitefly numbers.
L (1999 has also reported the lack of any significant

otim-Nape ¢! @/
correlation betweer whitefly pumbers and mosaic severity when he studied the
can cassavd mosaic genninivirus on the main cassava varieties

He attributed the lack of

effects of Afri
Uganda.

grown in thre€ districts of western
, two variables to the fact that the plants with
igni n between the
significant correlatio
¢ have beer infected sometime before the whitefly counts were
Symptoms mus

d that many of the plan y to have been established from
made and thd

infected cuttings: .
. can b¢ assigned 1O the observed lack of significant

atio

ulations and mosaic severity in this study.

hitefl popP
correlation petween whitetly - |
va senotypes (ested were obtained from diverse
iyt . . > [he CHSS o
I'his 1S hecausec | | |
S IS _acervation centres and from fa »
wrious gei‘mP'ﬂS conse! rmers
™ inc ing vé 5
origins lmludn g



y (6]

ACMYV disease infection.

X p Ic
I

. .
‘En[ wl“l l[ \\/e]’e sl(,n[ilcant (P<() 05) a d

weight and starch con

SU"Uesti a 1 i f
o585 ng 1 { il t
etween w i

a . . . .
ssava yield characteristics were not signifi
ignificant

populalion and the OthCI' C
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and banku
temperatures (Oduro etal 2000)-
Five cagsava accessions: namely; <H0008’, ‘{0015, ‘DMA 030, ‘UG
produced starch with high setback

ted at Legon

’ cultiva
g from *H000

g, UG 126, ‘DMA 030’

¢ Bunso, starche

viscosity values.
. reciafi’
«Bosome Nsia’ and Afisiafl

recorded high values of setback

cucc 90’

viscosity-
observation, therefore, «Bosome Nsia’, ‘Afisiafi’ and

{egon and *H000 1"
uses pased on their relatively low setback

Following 11®
and <HO015" grown at Bunso may

cultivaled at

‘H0001"
industria|

be recommeﬂ

viscosity yalucs:



pH values

Ingram (1975) has
stated the pH specificati
ications for cassav
a starch as

ﬁ )

‘H0001°, ‘UCC 90", ‘UG 126 and ‘H
d ‘HO015’ produced starch with slightly higher pH

0008’ cultivated at Legon fall within thi
is

range. ‘Bosome Nsia® an
Significant (P<0. 05) treatment effects were

values above the stated range.

ndicating varietal differences with respect to pH values

obtained i
starch obtained from the cassava genotypes gr
grown

All the pH values of

ightly just above the recommended range. No significant
an

at Bunso were sl
| differences were de
) have reported a pH range fr

Barimah and Mantey (2002) a pH

tected.

(P>0.05) varieta
om 3.22 to 4.01 of

Boakye €/ al. (2001
starches from 4 cassava varieties and
78 to 6.82 of starch samples that were dried using different
arch gave the highest

e due to fermentation that might have

variation from 3.
pH values and Barimah and

methods. The sun-drying st
2002) surmised that this might b

Mantey (
occurred during the proces®:
o k are relatively higher than what

by Boakye et al. (2001) and Barimah and Mantey
resent work were
he high pH values might be due to

1 this P sun-dried and as has been
Mantey (2002). ¢

jmah an
f the starches during the sun-drying process:

fermentation 0

(39



CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
leased varieties as checks evaluated

The 11 cassava accessions and 2re
in Experiment I on the bases of tolerance to whitefly infestation and African
Cassava Mosaic Virus (ACMYV) disease infection; root tuber yield; dry matter
content and yield; starch content and yield showed in most cases significant
ences among the accessions with respect to the parameters

(P<0.05) differ

measured.
No signiﬁcant (p>0,05) correlations existed between whitefly counts
measured. However, ACMYV disease effects

[ant characters were significant and negative which
disease had slight detrimental effects on agronomic
d characteristics of the cassava genotypes

ent and yiel

nces among cassava genotypes were

) differe
raits such a5 qumber of roots, fresh root

Cassava accessions and varieties

ces among themselves in

The results, however, indicated that the

diﬁucd with respect to starch yield.
v



On the criteri
ria of cassava genot
g ypes least affected b
y ACMV di
seases

y d

sions, namely: ‘H0008", ‘H0015°, *UG 12
> 6.

and having

characteristics, 7 cassava acces

‘DMA 030°, ‘UCC 90, ‘H ’
X . *H0001" and ‘Bosome Nsia’
sia’ and one vari
ety,
k were selected for further evaluations at 2 agro-ecologi
-ecological

‘Afisiafi’, as a chec

zones in Experiment I1.

s from Experiment I
s and the check variety at specific and combined
ne

| showed significant (P<0.05) differenc
es

Result

cassava accession

among the
starch yield characteristics

s with, respect to the agronomic traits and

nt characters as ind
significant (P<0.05) differences were

location
ividual root weight, shoot weight

evaluated. For such pla

d harvest index,

p at both Legon and Bunso or at 8 or 12 MAP

fresh root yield an
observed either at g and 12 MA

at any of the 9 |ocations:
¢ of data obtained from the 2 locations and age at

ned a"al) 5
ma'n € i
) 1 ffects for environment and

ficant (P<0-0°

between environm

Combi
icated signi
interaction
oot weight. harv

harvest ind
ent and genotype for

and the

genotype

Y est index, d :
individual root tube ry root weight and
to identify stable genotypes across

dry matter content.
erformed
igniﬁcant show

08’ were the top 3 most stable

y analyses
ed that for individual root

Stabilit
*HO00

UG 126 1} )
. -ucce 9(°, the top 3 stable genotypes

y root weight, ‘UG 126’

|41



The heritability
y (broad sense) estimates
recorded for so
me of the

aits, such as number of root
s per plant indivi
, idual root t
uber

[)l'()dllCliOﬂ tr
re sufﬁmently high to

1gh to warran

t

weight, dry mattc
meanineful selection fi
g rom the cassava genoty
g pes from the test envi
nvironments

roperties, that is, swelling volume, solubility and
’ an

The functional p
hes obtained from the cassava genotypes indicated
€

swelling power of the starc
ety :Afisiaft’, and accessions ‘UG 126°, ‘H0008°, *HOO015", ‘B
? , Bosome

that vari
qualities in terms of

Nsia’® and ‘DMA 030° produced starches with desirable
g volume and swelling power for industrial

low solubility high swellin

purposes.
cteristics of the starches using the visco

Studies of the pasting chara

nt indicated tha

t accessions ‘H0008’, ‘UG 126°, ‘H0001"

ph instrumeé

<H00! 5’ produced good quality starches for industrial

amylogra

‘DMA 030° and

ed on high P

and viscosity at 95°C.

cak viscosity
for the preparation of fufu and

purposes bas
for instance

For domestic purposes,
h lower pasting temperatures and high setback visco sity values
re identified as the most suitable even

banku, for whic

quccC 99’ and ‘UG (26" We

nd ‘DMA 030’ can be used.

are required,
H0008" 2
though othet accessions such as
e . what criteria aré used to select st
ending upon -
Apparentl), p
ses, the resul® Jbtained in this work show that

mestic purp?
1 be used for both industrial and

for industrial Of do
essions cal
one or tWo of the cas acc
domestic purpose d N
ted i the work have emonstrated that some local
rese!
The results p |
g sease an
. mleranl to the ACMV di 2 that they can
jons A
cassava access!
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produce high root and sta i i
rch yields in spite of the sli
ight detrimental eff:
ects of

ACMYV disease.

Recommendations
g, “H0015", ‘H0001°, ‘UG 126’ and ‘DMA 030°

Cassava accessions *H000
rown at both agro-ecological zones based on thei
ir

are recommended to be g
high root tuber and starch yields.

V diseas€ infection,

tolerance to ACM
deciduous forest zone is recommended and

_ecological zones,

Of the two agro
pis to be preferred to harvestin

g at SMAP

ing the crop at 12MA
6, <H0008’, ¢H0001* and
r starch qualities such as low solubility

harvest
‘DMA 030’ are recommended

Accessions ‘UGI12

oses based on thei

for industrial purP
high peak viscosity and high paste

high swelling volume and swelling power

stability values-
and UCC 90’ are recommended for

‘DMA 030°

r the preparation of fufu and banku since they

Accessions ‘UG 126°,
domestic purpose® such as o
setback yiscosity values.

riod of time, for in
pes studied. This will allow

stance 3 years can be

of the cassa¥? genoty

ensive statistical analyses made on

als) be extended to other agro-

d Guinea savanna since
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TABLE 3a Mcan squares
cassava accessions and two varieties harvested
] twel
planting (MAP) at Legon ve months after
T
Source of Dry root yield Starch Starch S .
variation Df (g/plant) weight content t(al'/Ch yield
| T | @ %) golan)
Variety 12 wﬁi 29.234" 1.169™ | 3855
Replication | 2 440281.62 5.718 0.229 202923'979***
Error 24 ’%5_9_5)_@_1_&&,—— 32.739 1.309 5669(7).333

Appendix 3a:

<4+ = Significa

of dry root yield and starch yicld data of ele
ven

ntat 0.1 % level

ns =not significant at 5%
Appendix 42: ) .
TABLE 4a: Mean squares of Whl.teﬂy population data collected on
thirteen cassava genotypes at different growth stages at Legon
S f — ]
ource 0
variation Df %% 6 MAP
Variety 12 §.308x10 4.824x10° 1.684x10T**
Replication 2 2-367"10, 3'229’(10_ 7.233x10™
T_Err,or"/ 24 2.248x10 - 2.959x10 5.763x10™
______//
—’__/’C’y’;(/o@ 33.10 33.79 41.10
pk® = signiﬁcant at 1 % level
s = not 5igniﬁcant at 5%
s after planting'

[ Variety _—
Replicatiof - |

Eror ¢
| B C
exx = Signt ica

ican C
thirteen cassava genotypes at one
lanting (MAP) at Legon >
,//’—'_Z_‘___aw—-__—_‘
I 3.324x10° A 3568%10° %
B 106X|0 ] J_Q}_X_IO}
,/1,6,3%""9—1,‘#* [ 17x10°
4.71 N 618.‘ —

2437 x!
241 (2)32\

('%) | 9 "%4ééé1' - MAI
g at 0. Yo

assava Mosaic Virus (ACMYV)

1ths after planting.




APPENDIX 2:

Appendix 1b:

Table 1b: Mean squar
and onc variety harves

EXPT. Il - LEGON DATA

ted eigh

es of agron

at Legon.

omic traits of seven cassayv
‘a accessio
t and twelve months after planting (MAlif)

' Sourc: resh root wel
rce of i
- Number of roots per Fresh root weight (kg) Individual root tub
variation plant “
weight (g)
SMAP | 12MAP SMAP | 1ZMAP | 8MAP
Variet T 0307 | 12 MAP
y 5.845** 7.033*% 0.397 2.544*** 0618.464* | 2067
Replicati — 718 | 05 0 e
xatlon_ 0.008 JL 0.0 055 421.42 12252.575
: I i .
Error 1.029 0.252 0.007 0.051 2768.351 13559 8
T *"“7—'—-‘ 3.94 810
ﬂ 22.01 ,&L ’L : 22.36 18.283
* = signiﬁcant at5 % level
% = signiﬁcant at 1 % level
k¥ = signiﬁcant at 0.1 % level
Aggendix 2b: |
fagronomic traits of seven cassava accessions
b: Mean sqUares 0 i
Table 2b: o harvested eight and twelve months after planting (MAP)
at Legon-

and on€ varie

164

Fresh root yield (t/ha)

Harvest index

Source of
variation (kg/plant) T IMAP
i | M TEMAR | e MAP | SMAP | 12MAP
*% * % K -
e — //H/SW 1.324x10 84x10 5.68x10" | 0.005**
ariety 7 0.074 ks
0 |
: 1.6x10 -3
| Replication 0321 | ] 5754x10° [.7x10° 556107 1 0.001
m /606 ﬁ 787 9016 507 5 P
T L [5.24 ' ' ' 49
’ ** ’Sfpniﬁcanta | %:)'eve |
" ;%signiﬁcanl at 5 % leve
=n
ns
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Appendix 2c¢:

Table 2¢: Mean squares of agr
sions and one var

cassava acces
after planting (MAP) at Bunso.
Sourceof T - -
Var! ce of Shoot weight Fresh root yield (t/ha) Harvest index
iation | Df gkg/Elant)
8 MAP 12 MAP 8 MAP 12 MAP S MA
V n ___————"‘—‘--—-‘_.-;T , 7 %% g P 12 MAP
ariety 7 1.665%* 27.319 2.97x10 8464x10°™ [ 0.013*** [ 0.013**
Resficaion T 2 | [ 511x10° ; QL3
plication | 2 0.175 6.415 5.11x10 15.620x10 2.0x10° |29 =
s /——_—“‘"”—"’T"r - .92x10
Srror 4| 0298 5.869 6.89x10 7.013x10 1.4x10° | 3.9x10~
b _/’—// .
CV. (%) | 1396 33.28 7.79 32.69 8.14 338
Tl =5 =Significant ! I % level
0.1 % level

. Signiﬁcant at
— not significant

ns

AQQendix 3c:

Mean square

s of agr

onomic trait
jety harveste

?nomic traits data collected from seven
iety harvested eight and twelve months

s data collected from seven
d eight and twelve months

Table 3¢: : one Var
cassava accessions thl'te r planting (MAP) at Bunso.
Source of /(mm Dry root yield (g/plant)
Variation | Df MAP 12 MAP 8 MAP
ariety | 7 1678737 | 2= 1.531 1.014 12957.580 | 2457132.075
Replication | 2 29.783 /20/-017/173'6” 2.197 2115623 | 663294.58
Eror 14 | 40957 i%z;//ﬁ 3.49 8.06 3410
ﬂ 3.5 3'/iﬁCantaﬁ%"""e'
:* :g;ggiﬁcant at 1% level
ns = not significal
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Appendix 4¢: .

Table 4¢: Mean squares of starch yield data collected from seven
. . .
ety harvested eight and twelve months a?tscesf v

one vari

accessions and
planting (MAP) at Legon.
TS Mf—_.___
. dource o Starch weight Starcl
| Variation | Df __/-_i-_(_g_)__ rch content (%) | Starch yield (g/plant)
L g MAP |12 MAP | 8 MAP 12 MAP 8 MAP
Variety 7 22.203™ 41.855™ 1.401% 1.758™ | 4 12 MAP
. . 3341.143* | 637506™
_Te_plfzjngil 2 4.980 | ﬂ _9,21,2,. 5.018 1667.792 | 563011
Error 7 [ 20058 | 30663 1.052 0.998 | 13576.058 | 446439
CV. (%) | 502 4.97 4.6l 4.94 12.1
e 5 36.09
* = Signiﬁcant at 5% level
ns = not significant
Appendix 5c:
Table 5¢ Mean squares of whitefly !)opulation data collected on eight
cassava genotypes at one, three and SIX months after planting (MAP) at
Bunso.
3 MAP
Source of yariation rﬁ’f’@/’—q 6 MaP
. -——7"’ 2'213,(]0' * 1.836x10° ns 2 844x1072 ***
Variety /”/-——"’-2
__.__,_//2/ 5596x10” 9.775x10 2.227x107
Replication - 3
_»_//1,4/ 6.01x10 8.34x10 1.27x107
Error //// 17.70
| ' >

g = Signiﬁcant at 1 % level
gE* = Signiﬁcant at 0.1 o level
= - opificant

ns = not sig

:.qn Cass

ava Mosaic Virus (ACMYV)

Appendix 6€
Afric
res of d on cight cassava genotypes at one,

ean squa
ollecte
ata ¢ MAP) at

Table 6¢ M .
; ores
disease © s . months after plantmg(

‘ Sourcé of variation -

Vaﬁa\}r /‘:/,,2// 6 Ox]O | ]

eplica . J,,,/// ’ 7,9x10' ,,_,,,,,,,,/—///f
//// 6 | 2

__— = Gjgnificant al

x10
2'115 - [.14x10”

Bunso

r—"/‘,—'
3 MAP 6 MAP

rdin
three and s///
1 MAP :

8.8x10™

6.66
0.1 % level




LEGON & BUNSO

APPENDIX 4: EXPT. I -

Appendix 1d:

Table 1d: Mean squares of functional properties of starch samples
va genotypes cultivated at Legon and Bunso.

collected from eight cassa

[ Source of Swelling volume Swelling power Solubility (%)
variation | Df (mlig) (g/g)
LEGON | BUNSO LEGON | BUNSO | LEGON BUNSO
. . CETIILA wxv | 4.444%% | 3.511* =
Variety 7.399** | 36.95! . 207.429%** r
y 7 | 273997 | 22— 181 207.405%**
Reolicali 385 2.198 1.181 2.918 24.667 3
plication | 2 \\.N\\\\l\\\\\\l. 0741 185 6.542
z 4.817 . . 12.28 2
eV e L2 . 561
«  =Gignificantat 5 % level
«% = Significantat | % level
at0.1% level

_— mmmamom:”

Appendix 2d: .
. uares of pasting n__»nun.almanm of starch samples
\_WEM wﬁﬁwwm_mﬂ cassava genotypes cultivated at Legon and Bunso.
collecte
\WMM:\:M time Peak viscosity (BU)
Source of minutes)
variation \E@\F\E LEGON BUNSO
2.047" 3.065 " | 8888.851*** | 14270.661**
Variet 7 [
4 5 7esi0 | 4847 43167 | 12562042
—
Replication 2 \L\wb.m\\. 2118 771.261 2244.803
Error \_M\ 13.32 17.57 3.0 364
f‘l\mu\\.\@\ —rcant at 1 % level BU = Brabender units
ficant at 0.1 o, level
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Appendix 3d:
pasting characteristics of starch samples

Table 3d: Mean squares of
collected from eight cassava genotypes cultivated at Legon and Bunso

Source ey T Vseusiy aflr T
o of Vi Y =0 N . = . - -
ariation  Df iscosity at 95 C.(BU) | Vlscoaslltt;';f(t:erBlJ)mlns. Viscosity at 50°C (BU)
W'_ “LEGON | BUNSO TEGON | BUNSO | LEGON BUNSO
Replioss 7 1 T581.024%* | 1951.333" [121.375%* | 1444.286ns 4390.571%%* | 10383.214%**
o ation | 2 | 1519.542 262.167 829.542 45.292 1200:875
S~ i 14 | 250.1 13 713.875 210.625 642.446
* = Significant at 5 % level
«x% = Significant at 0.1 % level
ns  =not significant
Appendix 4d:
f pasting characteristics of starch sampl
Table 4d: Mean squares 0 é mples
cacl)ll:ct ed from eight cassava genotypes cultivated at Legon and Bunso.
[~ ’__'___—-——-/_—
i SOuT‘ - Paste stability Paste stabili
- ter ility at
o ce of Viscosity ,afoe B0) 2t 95°C (BU) 50°C (BU)
‘ lation | Df 15 minutes at 50 C 7]
Val'iet LEGO*** 10789 714*** 527.6]3* 167.333 16.042 30.643*
\ y 7 [ 4746.327 ' - ns ns
Rt /W 508292 | 314292 5.292 8.75x10"
e 2 [ 17042 5125 570 | 98244 | 6292 10.446
=L |14 ﬂgjﬁﬁr/ﬁ/’/{é;/ﬂ/ 10.79 19.73 36.93
C.V. (%) /3/0/// |
= Sioniﬁcant at 5 % level BU = Brabender units
* 2. tat0.1% level
OEL ”'Slgmﬁc?n
s 0ot significant

| 70



AQQCndiX 5d:

Table 5d: Mean squa
values of starch samp

res of Setback visco
les collected from ei

at Legon and Bunso.

sity, breakdown viscosity and pH
ght cassava genotypes cultivated

Source of Setback viscosity BU) Breakdown viscosity pH values
variation |Df| T =250 | (BU)
- ____I:EEQEL-——___B_UE-S-Q-—‘ LEGON BUNSO LEGON | BUNSO
Varicty 7 1800.952*** 391 1.238* 4965.042%%* 15124.952* %.256){10' 6.368x10™
] I * % % ns
Replication | 2 | 887.042 1948167 | 312542 1960350 | 2.263x10" | 3.924x107
Error 14| 142 470 1081.595 _3_6}}_2/7__/__ 5015.881 7.037x107 | 5.562x10”
— /
CV. (%) | 4 66 ,19_‘_5,55./_25.1-———*— 6.91 3.74 315
¥ = signiﬁcant at 5 % level BU = Brabender units
_— signiﬁcant at 0.1 % level
ns = not significant
_LEGON & BUNSO

AQQendix le:
) es from analysis of va_riance for functional
Table 1€ M:z;laigﬁtrf seven cassavd accessions and one variety evaluated
ropertics 0
gt Legon and Bunso-
| Source | — volumeé (ml) Swelling po‘_”_‘_’,[.gg_/-g-)-— Solubility (%)
soures | ST NS0 L LA S Ns0| LEGON | BUNSO
| Replication | 2 /&%W*’/4,444** | 2074297 | 2074057
eno! 1399 T —700x10" | 1185 12.286 o6

$// .817
Eror | 1 &/85/ 8.87 [1.10 938 e

* = Signiﬁcant 5% level

** Signiﬁcant 1 %olevel

gk 'Signiﬁ ant 0.1% level
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Appendix 2e:

characteristics of

Table 2e:

Mean squares from
starch of seven €

analysis of variance for pasting
assava accessions and one variety

evaluated at Legon and Bunso.
—
Source Pasting temperature Pasting time Peak viscosi
k vis
DF °C) (minutes) cosity (BU)
] LEGON BUNSO LEGON BUNSO | LEGON
. ._.._______,.————____._-—-——' - BUNSO
Replication | ) —Jfﬂiﬁ_ﬁi’ 5 768x10" | 4.847 1443.167 12562.042
M 7 Mw_ 2.047ns | 3.065ns 8888.851*** | 14270.661**
£@.r__~ 14 #-6_#7:3’8'/__ 2162 2308 3.118 771.262 2244.804
C.V. (%) 4.0 2.42 13.32 17.57 3.01
L (% /L//__-_______—— 3.65
— ++ = Significant at 1 % level BU = Brabender units
xkE = signiﬁcant at 0.1 % level
ns = not signiﬁcant

Appendix 3¢

Mean Sq

uares from an

alysis of variance for pasting
sava accessions and one variety

Table 3¢ f starch of seven €as
sstics of std
characterls |c evaluated at Legon and Bunso.
___// Viscosity after 15 mins. Viscosi 5
Source of Viscosity at 95°C (BU) . ity at 50°C (BU)
t 95°C (BU)
variation | DF // éON BUNSO
s— LEGON BUNSD Al 829.542 LEGON | BUNSO
el T B, | s 2 e | 444 256 B
Genotype | 7 | 1581.024"" 1951.333 : 571 10383.214%**
|7 | 713.8
Erro 1 13 782 | ] .
r 14 _}’5’(%/1/@% 9.06 2.88 427
C.V. (%) L/i——/** = Signiﬁcant at 1 % level BU = Brabender units
ekt = Signiﬁcanta 0.1 % level
ns ¢ significant




Aggcndix de:

Table 4¢: Mean sq
characteristics of

starch of seven

uares from analysis of variance for pasting
cassava accessions and one variety

evaluated at Legon and Bunso.

— _/_,_ﬁ//
i Source of Viscosity after Paste stability Pa .
ste st i
Variation | DF | 15 minutes at 50°C (BU) at 95°C (BU) 58°sCa(bl;lIlJt)y 3
___L_E_Q_Q—l\i’- BUNSO LEGON | BUNSO | LEGON | BUNSO
Replication | 2 17.042 1177.125 208.292 314.292 5.292 | 8.75x10°
/—/—/‘__—/ |
Genotype | 7 4746.327**% M 527.613% | 167.333™ | 16.042"™ | 30.643*
14| 218470 | 645.125 [75.720 | 98244 | 6292 |10.446
-——"“"‘CV (%) __—’-}’QL'/___J-_Z-?-/ 13.59 10.79 19.74 36.938
- ++ = Significant at 1 % level BU = Brabender units
xkk = Signiﬁcant at 0.1 % level
ns = not signiﬁcant
Appendix 3¢
5¢: Mean squares from analysis of variance for pasting
Tz:b:;?sﬁis an values of starch of seven cassava accessions and
characte oneé variety evaluated at Legon and Bunso.
M Breakdown Viscosity H Val
Source of Setback Vlscﬂ//’/igw pri Yaries
variation | DF ] NSO LEGON BUNSO LEGO
~N | BU LR N | BUNSO
h //':%%Q/ | Beier (3252 | 199037 2.263x107 | 3.924x10
Replication 7 | 887 //_,__,-—4 :
/’/ﬁ;ﬁ 391 1.238* 4965.042*** 15124.952* 8.256x107 | 6.368x10
Genotype | 1800- P ek ’
/,m// [081.595 362.827 5015.881 7.04x107 | 5.562x10°
En'or ]4 142 /_/ 2
586 2.81 6.91 3.74 3]
B, >
C.V. (%) = Signiﬁcant at 1 % level BU = Brabender units
S et = Signiﬁcant at 0.1 % level
s = not Signiﬁcam
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APPENDIX 6:

Appendix 1f:

Table 1f: Mean S
data of seven cassav

quares from ana
a accessions and

Bunso eight and

EXPT. Il - LEGON & BUNSO

lysis of variance for agronomic traits

twelve MAP

one variety evaluated at Legon and

174

T—*‘“MW Frest
resh root wei
SOUTCE DF 8 MAP 12 MAP 8 MAP ‘velght (klgz)M
LEGON BUNSO | LEGON BUNSO | LEGON | BUNSO | LEGON A
| Replication | 2 7917x10” 2.994 T18x10" | 3.406 T03x10° | 5.57x10° | 5.5x10" ?S6N7SO
| = o ns z .02
Genowype | 7 | 5843 e o | 2T 2 e T WS
Error 14| 1.029 {748 | 25210 5061 | 6.76x107 | 6.84x107 [ 5 12x107 | 10.013
] 3 ] 28.34 . v L1
T cvow ] 220 350 | 1186 3 7.87 7.77 8.94 32.69
MAP = Months after planting
Agpendix 2f:
Table 2f: Mean squares frqm analysi$ Ofvaf"a“ce for agronomic traits
data of seven cassava accessions and one variety evaluated at Legon and
ata Bunso eight and twelve MAP
— /w root wel hltz G - MS::‘I’)“ weight (kg/plant)
Source | DF SMAP 1 [EGON ] SUNSO__| LEGON 12 MAF
) “ﬁ;’éa“/}lﬂ“io//'—“gg”-”’3‘9'9n79 167 | 321x10 BUNSO | LEGON | BUNSO
Renlicati /—ﬁqu/ 10566-910 12252.575 . 3. x10 I1.7>x10' 6.69x10° 6.415
cplication | = //W 59161310 | 7:45x10 1.665** :
76* | 2 X ‘ . 605 3.9x107 |2
Genotype 7 | 9618.464* i&l}l/// oos Lok & 7.319%
810 57450595 | 6:03x10" | 2.98: - —
e [ 3 e R R
//Qg/ 14.85 21.31 13.96 5
S 7] ’@/sﬂ/,&/"/ : 1524 | 33.28
Cc.V. (] -
\ap = Months afier plantiné
A endiX 3f:
es from analysis of varnance for agronomic traits
Table 3f: M an ccession one variety evaluated at Legon and
as nso eight and twelve MAP
T Harvest index N
— AP —
—— 12 MAP
S LEGON BUNSO | LEGON | BUNSO
ource 3.9x10 2.02x107 | 8.34x107 | 2.92x10°
Replication 35;?2"10' J;ilxIO' -mr“ﬁl’iz)j(r
TEAX Jax 2
L —T397% ’ ———— |-
Genoty pe 7 B 713 5.57x107 | 1.44x107 | 1.18x107 3.91x10 1
S 269.0 ' T R S L !
ot 14 6767 T 32.69 5.07 R N
) Lll()l } //W‘/{/ .7;7}//9/,02'//,,, ;’-—-_,’——-L_,____ 8l3 ‘ )'30 7‘3;738W~___
' L T
-- ST oo plantine
Y N Nlon[h% dﬂbl P




Agpendix 4f:

Table 4f: M
data of seven cassay

ean squares from an
a accessions a

alysis of variance for agronomic traits
nd one variety evaluated at Legon and

Bunso eight and twelve MAP

Dry root weight (g) Root dry matter content (%)
Source DF 12 MAP 8 MAP 12 MAP
BUNSO | LEGON | BUNSO | LEGON | BUNSO
chlicalion 2 20.143 13.977 1.531 2.979 1.014
Genotype 7 213.649%* 20.690* | 8.769* | 15.869** | 10.643** |
Error 14 44015 | 470 2136|3332 | 21097 |
v (%) 390|348 580 |36l | 462 349
MAP = M onths after planting
Apgendix 5f:
Table 5f: Mean squares from analysis of variance for dry root yield and
starch weight of seven cassava accessions and one variety evaluated at
Legon and Bunso eight and twelve MAP.
___——’/ .
- MAIS)tarch weight (g)
Source DF 12 MAP
I LEGON | BUNSO | LEGON BUNSO
“Replication 2 ‘51.6777 4'980" 56.255 118.569
Genotype 7 AL 22.203 | 40.647 41.855
s ns ns ns
_———-——,’-—‘--_‘ -
Error T 51676 | 44.058 | 27.128 | 50.663
_——/’-———’ -
cv. (%) 6.21 5.02 443 297
MAP = M onths after planting
Appendix 6F
Table 6f: Mean squares from analysis of variance for starch and starch
[a Lof s'eve“ cassava accessions and one variety evaluated at Legon and
yield 0 Bunso eight and twelve MAP
starch yield (g/plant) ]
8MAP _ 12 MAP )
| souree ] LEGON BUNSO | LEGON BUNSO |
L 372.80 1667.792 | 3707.356 5.63x10°
47.“_.,—:,:—4': —
| Replication STTT0477FF | 433411437 | 148667.157"%* CIE105
;._,_,/“‘ - ns i
 Genotype } 462.50 13576058 | 2 —
‘ | 2C = ___'___~__)___'__.—484.l 17 9.46x1( N
,’—--f’ﬂ/”’—-—'?// 1.334 /”:’/)/@E’;: g.71 12.16 760 36 02..' 0"
| Error ‘4,4,2/'}—2/'/4'(,7/# i '_‘{5//‘ : —*__,__—————————_,__2
[Eror el ——
- — VAP - Months after plantil
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