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ABSTRACT

Cassava Nanihot esculentaCrantz) is a food security crop for most of the
populations in the tropical regions of the wonidhere it ranks fourth as a source of
energy, after rice, sugar cane and malzeelve cassava genotypes were evaluated
to assess genetic variability for root yield and its components at three locations
(Naliendele, Mtopwa and Nachingwea) time Southern zee of Tanzania, during
2011 - 2012 cropping seasoithis researchwas carried out to study the stability
performance for cassava root yield and its components usindgRaadomized
Complete Block Design under splitsplit plot experiment Genotype X location
interaction was significant for all the characters studied, indicating considerable
influence of the environment on the expression of the ti@itdhle genotypes were
identified for wider environments and specific environments with high per se
performancefor root yield per plant. Theanvestigation revealed thaKiroba
(21.72t ha') and NDL 2006/487 (19.% ha') were desirable andelatively stable
across the environmentshe genotypeNDL 2006/850 wassuitablefor favourable
situations, while genopesNDL 2006/104andNDL 2006/283were suitedto poor
environments for root yielddigh heritability and genetic gain were observed in
plant height (0.72@nd 36.67% stem girth (0.694nd 33.63%androots per plant
(0.449and 37.05%suggesting that theeaits are primarily under genetic control and
that reliable selection with simple recurrent phenotypic selection would be
rewarding. Though genotypes differed significantly for all thegregtrieties Kiroba

and Naliendele genotypesNDL 2006/487 NDL 2006/283 NDL 2006/104 and

NDL 2006/850were observedto constitute a pool of germplasm with adequate



genetic variability from which slection will bring about significant progress in

cassava im provement programmes.
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CHAPTER ONE
1.0 INTRODUCTION
1.1  Background Information
CassavaNanihot esculent&rantz) is from the familfeuphobeaceadt is among
the most important root crops worldwide and provides food for one billion
(1,000,000,000) people (Bokanga, 2001; Nuwayaat al.,2009).1t is an important
food crop in developing countries, and it is the fourth source of calories, after rice,
sugar cane and maize worldwide (Akinwateal.,2010). The edible roots supply
energy for more than 500 million people worldwidgepalloset al., 2006). It is a
perennial crop, native to America and grown in agro ecologies which differ in
rainfall, temperaturaegimes and @l types (Olsen andSchaal, 2001). Cassava
constitutes an essential part of the diet of most tropical cosmfithe world (Calle
et al, 2009. In Africa the crop is the most important staple food grown and plays a

major role in the effort to alleviate food crisis (Hann and Keyer, 1985).

Tanzania is the fifth producer of cassava in Africa and eighth cassalacer in the
world (Table 1) with about 670,000 hectares of land under cassava cultivation with
estimated annual production of 7,000,000 tons of fresh root $HAD, 2008).
Cassava is among the most important food security crops in the country anchasthe
important in the Lakeongmid altitude warm subumid, highland cool humid and mid
altitude warm sulbhumid) and in the coastal lowlands (Lowland warm-isuimid)
(Kapingaet al.,1997. In Tanzania it is the second most important food crop afteemaiz

in terms of volume and capita consumption (Kavishe, 1993).



Table 1. Major cassava producing countries worldwide

Country Production of fresh roots
(tones)

1. Nigeria 41,565,000
2. Brazil 25,872,000
3. Indonesia 19,459,000
4. Thailand 16,938,000
5. Democratic Republic of Congo 14,974,000
6. Mozambique 11,458,000
7. Ghana 9,567,000
8. Tanzania 7,000,000
9. India 6,976,000
10.Uganda 5,756,000
11.Paraguay 4,785,000
12.China 15,700

Source: (FAO 2005)

Nigeria is the leading country inassava producing countries in the world, with
41,565,0000ns offresh roots, while China is the least, with 15,760s offresh

roots (FAO, 2005). The success of cassava in Africa, as a food security crop is
largely because of its ability and capacityyteld well in droughiprone, marginal
wastelands under poor management where o
ability to grow in marginal areas (Mkumbirat al., 2003), large differential

genotypic responses occur under varying environmental itcmmgl This

phenomenon is referred to as genotymmvironment interactions (G X) Bwhich is



a routine occurrence in plant breeding programmes. Recent studies on genotype by
environment interactions in some economic crops include the byofkinyele ard
Osekita (2011), Sakiet al., (2011), Ngeveet al., (2005) and Kilicet al., (2009).

Both the genotype and the environment determine the phenotype of an individual.
The effects of these two factors, however, are not always additive because of the
interaction between them. The lar@ex E variation usually impairs the accuracy of
yield estimation and reduces the relationship between genotypic and phenotypic
values (Ssemakula and Dixon, 2008@.x Edue to different responses of genotypes

in diverse envionments, makes choosing the superior genotypes difficult in plant
breeding programmes. Traditionally plant breeders tend to select genotypes that
show stable performance as defined by mini@at E effects across a number of
locations and/or years. The ferstability is sometimes used to characterize a
genotype which shows a relatively constant yield independent of changing
environmental conditions. On the basis of this idea, genotypes with a minimal

variance for yield across different environments areidensd stable.

This study was therefore, designed to evaluate the influence of genotype (G),
environment (E) and @ E interaction on fresh root yield, root number, dry matter
content, starch content, root size, plant height, number of branches per sitamt

girth, harvest index, cassava mosaic disease and cassava brown streak disease of
nine (9) newly developed cassava genotypes across threeajogicalzonesof
Southern Tanzania, namely; Coastal low land (Nalienbit¥eara), Masasi

Ruangwa plaingMkumbaNachingwea) and Makonde plateau (MtopMewala).



The Coastal low land plains located HF 22'S and 4010E, 120m above sea level
receives a mean annual rainfall of 950mm withnthly mean temperature of 22

and average relative humidity 86% MasasiRuangwa plains located #6°20S

and 3846F, 465m above sea level has a mean annual rainfall of 850mm, mean
monthly temperature of 26 and annual mean relative humidity of 78%shile
Makonde plateau located 46° 41'S 39 23E, 760mabove sea level receives a
mean annual rainfall of 1133mm with monthly mean temperature°¢f 88d mean
relative humidity of 75%.All the three sites experience a memodal type of
rainfall. These data are according to the report byRlamning Commissin Dar es

Salaam and Regional Cog@nfB).ssi oner 6s Of fi cq

1.2  Problem Statement and Justification

Cassava being the second most important food crop after maiganzania it is
however faced with production constraints from pests, diseases, ggronomic
practices and inadequaoy extension services to farmersema and Hemskeerk,
1996; Msabahat al, 1988). Low yield of cassava the Southerrnzoneof Tanzania

is caused by many factorngicluding diseaseand pests. Halima2Q09 found out
that, the yield of cassava undera r meomndgians was 5 10t hal, whereas
attainable yield under research conditions was aboveé R&1. Use of local
varieties which are susceptible to diseasesaitldl poor genetic traits are among
those factorgontributing to low yield. Efforts on screening for genotypes with high
yield potentialand toleranto biotic and a bioti stresses have been done, resulting
in production of many improved genotypes, but farmers have not yet benefited from

these outcores.



This may be due to the fact that, the performancsuchimproved genotypes has
not been tested/evaluated focoenmendations in different agro ecologigsthe
Southerrzone (Banzigarer and Cooper, 2001; Ceccaretilal.,2003;Haugernd and
Collinson, 1990; Witcombe, 1996; Baidtorson, 197; Morris and Bellon, 2004).
There is a lack of information on the magnitude of G x E effect on yield and yield

components of improved cassava genotypélsasoutherreoneof Tanzania.

The early growth and delopment of cassava depends very much on genetic and
environmendl factors. Most of the community in the Southeaone depends on
cassava crop as their main source of food. At Naliendele Agricultural Research
Institute (NARI) for example, many improved ggypes and few varieties have
been developed, but no recommendations for cassava varieties/genotypes have been
made, with exception of onariety, Naliendele Naliendelevarietywas tolerant to
Cassava MosaiDisease(CMD) and Cassava Brown Streak Diseg€BSD). In
recent years, &liendelevariety has lost its trait for diseases resistance, CBSD &
CMD, which hascaused &ad situation to the community of cassava dependent
people. The newly developed genotypes at NARI are now in final stages of
breeding;therefore testing themnd providing recommendations sifitalle onesto

different agro ecologies was one step forward in solving the problem.

1.3  Objectives
1.3.1 Overall Objective

To identify stable newly developed cassava gerestigr highyield.



1.3.2 SpecificObjectives

i. To assess yieldperformance of newly developed cassava genotypes in
different agro ecological conditions

ii. To identify farmerécriteria for cassava acceptability

iii. To determine nutritional characteristics of the newleveloped cassava

genotypes



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1  Origin and Distribution of C assava
The crop belongs to the dicotyledon familizuphorbiaceous subfamily
Crotonoideaeand tribeManihotae TheManihotgenus is reportedthave about 100
species, among which the only commercially cultivated ondasihot esculenta
Crantz (Alves, 2002). The exact origin of cassava is not clear, but apparently it was
first domesticated somewhere in Southern Brazil. The crop was establisBedth
and South East Asia as both staple and source of starch for export in the first half of

the 19" century(Olsenand Schaal, 2001).

The crop was introduced in western and East Coast of Africa by Portuguese sailors
in the 18’ century. In Tanzanigassava reached the Lake Tanganyika from West
Africa by the Congolese farmers, from there it moved inland Tanganyika through
farmer to farmer diffusion (Cantet al.,199?). The cassava continued to spread due

to its ability to survive in harsh conditiorend viability of the cuttings which

facilitated the natural spread of the crop (Masumba, 2006).

2.2  Trendin Cassava Production

Tanzania is among the top 10 largest cassava producers in the world. Between 2001
and 2005 the country produced seven onillmetric tons of cassava fresh roots per
year on an estimated 670,00ha of land (FAO, 2005). More than 84% of the total
production was consumed as human food, about 15% as waste and the remaining

was for livestock feed (Mtundat al.,2002).



Cassava prodtion trends and land area expansion in Tanzania had been fluctuating
over a period of years. In all major cassava produaioesthe production declined

from 1985/86 to 1988/89 except in the Easteome where cassava production
increased (FAO, 2005). @r zonesthe Western, Central, Northern and Southern
Highlands experienced low and almost constant production (FAO, 2005). There was
an increase in production in the season of 1989/1990 roiadisexcept eastern. The
highest cassava production was réporin Southerrzonein the season 1991/92,

and it was over 750,000 tons of dried cassava chips. This was followed by decline of
production in the subsequent seasons. The changes in production are reflected very
well in the land area under cassava espgdialthe areas where tansive farming

is practiced (IFAD and FAQO, 2000).

23  Cassava Uilization

Cassava is an important subsistence food crop in theas@hareas and sometimes
considered as famine reserve when cereals fail due to its droughtaotee, and the

fact that the roots can readily be stored under the groMisdbahaet al, 1988.

Studies conducted by COSCA project between 1989 and 1992 showed that cassava
in Tanzania is used in chips/flour form in most villages, and in fresh form and
alcoholic beverages in a relatively few villagd€OSCA Tanzania, 1996). Africa

wide, cassava roots are used in a wide range of forms of food products which can be
grouped into fresh roots (unprocessed), granulasiep, chips/flour, starchtc.

(IITA, 1990).



Anal ysis of the information on the f ar me

showed that the range of the products is low in Tanzania where more than 90% of
the representative villages reported that their most important cassava product was
chipsflour (Table 3. Other products reported as being of primary importance were
starch, alcohol and fresh (omrocessed) roots (COSCA996). Cooked paste was

reported in one village but as of secondary importance.

In the few areas that use cassavagoofresh form, cassava was gnown 50% of

the staple landyhich supply the cities with fresh cassava roots. Where cassava roots
were used for alcoholic beverages, cassava was found in an average of 35% of staple
land area. These two cassava products ardupeal for sale ther than for home
consumptionIn contrast, cassava chips/flour is used more for home consumption
than for sale. Cassava chips production for export is however a growing activity

particularly in the Southerroneof Tanzania (COSCAanzama, 1996).

Cassava leaves are also used both in fresh and processed form. Succulent cassava
leaves are crushed or pounded and boiled/cooked before eating. For processing,
cassava leaves can be sundried for 3 to 5 days to get a local vegetable known as
'sansa’ Msabahaet al, 1989. This is a processed form of cassava leaves common in

areas around Lake Victoria.
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Table 2: Percentage distribution of representative villages by most widely used
cassava food producgt
Percentagedistribution of villages

Cassava production Africa Tanzania
Fresh root 20 6
Pastes 9 0
Clips/flour 51 91
Granules 17 0
Others 3 3*

*Starch accounts for 1%
Source: COSCA Tanzania, 1996

24  Constraints in Cassava Poduction

24.1 Pests and diseses

2.4.1.1 Cassavagreen mite

Cassava green miteMononychellusp.) were first reported in the country in 1972

at Ukerewe islands (Msabaha, 1990). At present cassava green mites have spread
throughout the country. Studies to establish the distribugfadifferent mite species
were initiated in collaboration with the International Institute of Tropical Agriculture
(ITA) in Nigeria and the International Centre for Insect Physiology (ICIPE) in
Kenya. It was noted that mite population density is higaeshg the driest periods;

and high humidity conditions tends to suppress major outbreaks and damage
(Msabaha, 1990). Estimated losses in yield of cassava roots in Tanzania vary from
50% to 80% (Shukla, 1976) depending on the susceptibility of cassaetiesr
Cultural control measures such as early planting, intercropping with other crops, and
use of NPK fertilizers appeared not effective in controlling the green mites. While
breeding programmes for hgsfant resistance or tolerance to @ass green nies

are in progresshere are good chances for the development of resistant cultivars as
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several clones showing resistance to green mites have ideetified and
mechanism of resistance studied.

To date the national root and tuber crops improvementranoge, has selected
some few varieties namely: Alpin valenca, Ali Mtumba, Liongo, Kwimba, Msitu
Zanzibar, Kibaha, Kigomeed and Maparigano that show moderate resistandeto t
pest (IITA, 2010).These are being multiplied under proper sanitation techsagpe

as to generate enough planting material for farmers.

2.4.1.2 Cassava mosaic diseag€MD)

Cassava Mosaic Virus disease is caused by mosaic begomoviruses (CMBS)
transmitted by the whiteflBemisia tabac{Gennandius) and through virus infected
planting material (Harrisort al, 197). CMD was first reported in Tanzania under
the name fAKrausekrankheito (Warburg, 189.
serious losses until 1920s. Between 1920 and 1960, comprehensive studies were
conducted in ta country emphasizing the development of CMEesistant varieties
through the breeding program conducted at Amani in the Usambara Mountains
(Jennings, 1994)Surveys undertaken between 1992 and 1993 to establish the
distribution of CMD in the country shad that, CMD is widely distributed all over

the country with much incidence along the coastal belt of Indian Ocean and the Lake
zone. The two areas mentioned above have higher CMD may be due to long
establishment of the crop (Ragial., 1993). These twareas are the major cassava

producing areas in the country with long history of cassava cultivation.
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Another reason of the persistence of the disease is due to the continuous use of
affected planting materials by farmers. It was noted that CMD is ntoatigmitted
through cutting infection (81%) and only 19% by whitefly vector (Rayaal,

1993). Surveys conducted throughout the major growing areas by COSCA showed
that CMD was next to cassava green mite in spread its symptoms were observed in
about 70%of the villages (COSCA Tanzania996)(Table 4) As of recent the East
African Cassava Mosaic Disease (EACMD) was found distributed along the coastal

belt of Indian Ocean and the Lakene(Ogbeetal., 1996).

2.4.1.3 Cassava brown streak tease (BSD)

CassavaBrown Streak Disease is a viral disease that impacts cassava root quality.
The disease is caused Gpssava brown streak virl€BSV), Genus:lpomovirus

family Potyviridaeandit is spread both through propagation of infected cuttings and
by a whitefly vector,Bemisia tabaci(Hillocks, 1997%. Cassava Brown Streak
DiseasqCBSD)is known to cause devastating losses to root production and quality
in the coastal areas of Tanzania, Kenya, and Mozambique and in the Lakeshore
areas of MalawiNichads, 1950).CBSD was first reported and distinguished from
the cassava mosaic disease (CMD) Tanzania during the 1930soon after,

the whitefly, Bemisia tabaciwas suggested as a possible vector (Storey$)193
The CBSD was found to & endemic in all East African coastal cassgrawving

areas from Kenya to the Ruvumeer that marks the southern border between
Tanzania and Mozambique. The disease also occurred at lower altitude in Malawi
(Nichols, 1950).Prior to 2004, CBSD hadewer been recorded at high incidence
above 1000 mtresabove sealevel and was primarily known as a disease of

the lowland cassawgrowing areas of East Africa, including the shorekké
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Malawi. However, from late 2004 onwards it became appatteat CBSD was
becoming more and more widespread in partSamfth-Central Uganda (Alicaet

al., 2007).

The survey carried out by IITA and TRTCP in 2009 identified the emergence of
CassavaBrown Streak Disease as devastating disease in Lak@ne of Tanzania.

CBSD severely affected cassava in the following districts namely Ukerewe, Bunda,
Musoma, Serengeti, Tarime, Sengerema, Muldgbeita Bukombe, Biharmulo,
Chato, Misenyi, llemela/Nyamagana, Rorya, Bukoba and Ngara, and the disease is

still spreadingso fast to other districtiTA, 2010).

A disease survey that was conducted in Tanga region of coastal lowlands of
Tanzania revealed crop losses of up to 74% (Muhanna and Mtunda, 2002) but in
severely affected areas, entire fields are usually destr@aing to 100% vyield
losses. Emergence of CBSD in high altitude areas like the t@keof Tanzania

has created a new challenge to stakeholders involved in cassava research and

development in the country including donors.

CBSD has been recorded to be @nit in all East African coastal cassava growing
areas; its symptoms include foliar chlorosis and sometimes stem lesions. The disease
also affects the tuberous roots which develop a yellow/brown, dry, corky necrosis within
the starch bearing tissues, stimes accompanied by pitting and distortion that is
visible externally (Hillocks,1997). Root necrosis accounts for the quantitative and
gualitative reduction in total yield through the presence of necrotic lesions or

discoloration of the root, renderingetin unpalatable and nomarketable.
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2.4.1.4 Cassava bacterial bight

For cassava bacterial blight (CBB) the disease is sporadic in nature. In Tanzania, the
disease was very muchidely distributed in the 1970 (Nyango, 180). CBB
appeared to be widelgpread in the lake Victoriaonethis necessitated to set up
guarantine measures to stop movement of planting material from these areas to other

parts of the country.

Table 3: Incidence and severity of cassava plant pests/disease

Pest/disease Incidence Severity score
% Villages % Landracet  Number scoré
Cassava mealy bug 33 11 34 1.8
Cassava green mites 92 51 157 1.2
African cassava mose 72 27 83 1.2
Cassava bacter 23 7 22 1.1
blight

!Percentage of 39 villages ete problem was observed.
?Percentage of 308 landraces assessed infected/infested
¥ Number of landraces infected /infested,

“On a 14 scale

Source: COSCA Tanzania, 1996.

24.2 Agronomic problems

Cassava is known to be an easy crop to cultivate.t ¥éomers thus tend not to
manage the crop properly (Masabattaal, 1988). Most of the time, cassava is
planted into exhausted soils. Recent studies have establishednfeetle ils
produce cassava storage rgmlds less by 40%f the expected wi yield, and the

same trend was observed in cassava shoot yRadt§ and Tubeysl994). In areas
where crop rotation cycle is practiced, usually cassava is grown at the end of the

cycle, when the soils have already been exhausted.
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Late planting of theeassava crop is also a problem, even though cassava is drought
tolerant relative to other arable crops. Studies done have shown that cassava planted
earlier yields higher than that planted late. Unweeded cassava crop, especially when
in monoculture is a awstraint to increased cassava yields. Work doneweed
management in the 193 (ndicated that if weeding was not done within the first two
months, there was a 70% reduction in yield. One hand weeding oaheanonth

after planting gave 31%f the expe@d yield TARO, 198).

2.4.3 Shortage of planting materials and continuous use of low genetic potential
cassava varieties

Lack of adequate planting materials is another constraint to expanding cassava land

area. There is no institution in Tanzania wspble for multiplication and

distribution of the improved varieties of cassava (Msaba&taal, 1988).

Consequentlyfarmers plant any materials they come across. Most of the varieties

grown by farmers have been selected magagingon thefarmer® chaacteristics

and such varieties have low genetic potential for yieto&l /or resistanceo the

major pests and diseases (Msabaihal, 1988)

Studies by COSCA have revealed tlsiiortage of planting materials is generally a
constraint in dry areashere biomass production is usually low in comparison with
moist areas; and when new materials such as improved varieties are being
introduced for the first time (COSCA Tanzania, 1996). This is because
multiplication rate is low in comparison with crops Buas grains propagated by

seeds. This problem has also been accelerated by lack of irrigation facilities at the
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stations where multiplication is being done. This has contributed to tremendous loss
of many materials particularly during the dry period arsbal makes it impossible

to multiply cassava planting materials for the future use.

Deliberate efforts to improve genetic potential of cassava varietiesbiegaredone
and still on progress in different areas of the wohtd.Philippines for examip
gemplasm maintenanceharacterization, hybridizatiorfield evaluation and variety
selection has resulted to two new hybrids OMR 3271 3 and OMR 33 127 7.

In these two hybrids, yield potential increased from 10 to 681, root dry matter
content ncreased from 28 to 40% and lowdt#togenCyanidecontent classified as
edible types was noted (FAO, 2002n Tanzania under roots and tuber research
programme different varieties with improved traits have been developed.
Through germplasm maintemege, hybridization and selection the programme has
developed varieties which are resistant @GBSD, resistant toCMD and high
yielding. The varieties developed and released for farmemaesaede Kibaha,
Mzungu, UKG 93/041 and NDL 90/034yhich areresistant to CBSD and CMD
and have good yields (1820t ha1 of fresh roots) as compared to local varieties
which give 4-10t hal of fresh root yield(Mkamilo and Jeremiah, 2005].he
genotypes employed in this trial were purposeful bred foeadis resistance and
high yielding. In their advanced yield trials, the yieldstioése genotypesanged
from 187 25t hal (Mkamilo et al.,2010). Furthermore, assava is known for its
low protein content of about 0i172% (Dia®luaet al.,2002,2003) The work done

by Nassar and Dorea(1982 showed that interspecific hybridizatiorof

common cassava with low protein content and wild species of cassawked
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into the increase of protein content of tdevelopedhybrid. Nassar ad Dorea
(1982 found that, total amino acid content in the common cassava cultivar was
0.254 g per 100 giz. a viz.1.664 g per 100 g in the interspecific hybrid. The genetic
variability of the profile and quantity of amino acids indicate the feasibdfty

selecting interspecific hybridbat are rich in both cruderotein and amino acids.

244 Inadequacyof extension services to farmers

There is limited knowledge of the extension persaonsbbrtage of extension
personnel, topped with severe logiat problems in most regions where cassava is
grown. Inadequatéransportmakes it impossible for the extensionist to cover a
number of villages. Poor farmeresearch extension linkages and lack of integrated
research approach have sometimes led rdselar¢o come up with messages which

are not farmer problem orientedhi$ ultimately leads to low adoption rate of
extension messages (Lema and Hemskeerk, 1996). Even when researchers want
fully involvement of extensionists in transfer of technology, beager resources do

not allow for this. Low level of interaction between researchers and extension agents

has also contributed to the farmers' lack of improved varieties.

25  Participatory Crop Improvement

Participatory Crop Improvement (PCI) is a newpigach in genetic improvement.
The approach aims at fully integrating farmers and their stakeholders of the
production chain into the process of variety development. It aims at ensuring the
needs of small farmers living in poor and marginal areas for wtoctventional

breeding cannot offer suitable varieties (Trouche, 2004).
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Participatory crop improvement is based on the principal of sufficient knowledge of
farmersd specific production needs and o
local varietieshey use (Trouche, 2004). The approach involves farmers in different
stages of selection and evaluation of future varieties. This can be done either through
AMot hero trial wher e r e sfam and lorstatien, ih e s t a
which groups offarmr s rank cassava | ines or fABaby
on their fields using their level of management and rate the performance €ingh

al., 2002).

26  Components of Cassava i¢ld

The early growth and development of cassava depends on gemegnaronment
factors, implying that a better understanding of the relationship between
environmental factors and growth/development process is of greaDuyseeight

yield accumulation and distribution among different plant organs changes sharply
during growth cycle and partitioning of dry matter to their storage root, tends to be
more important in determining how other factors influence the grotthe plant as

a whole (Ntawwmngaet al.,2001). High storage root yield is one of the main goals

in casava improvement.

However, it is difficult to assess storage root yield in large populations compared to
other plant traits that are phenotypically observable. Different studies have reported
that storage root yield is genetically relatedhe number oktorage roots per plant,

root size, harvest index (HI), stem girth, canopy width and total number of branches
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(Magoonet al.,1970; Mahungu, 1983Ntawurungeet al.,1998). Tai,(1975) found

that cassava yield components comprise of the number of stooads, average
storage root weight and percentage of dry matter (%DM), while Ntawuhueringa
al., (2001) reported storage root number, storage root weight, storage root girth and

total leaf area as yield components explaining 72% of storage yield.

2.7  Nutritional Q uality of Cassava

The edible parts of cassava crop include both leaves and tubers. Most of nutritional
contents are found in the tubers. Tubers are valued for their highly nutritious starch
content (Welch and Graham, 2004). It is a crop witprienarily high content of
carbohydrates and the protein content is low. The raw roots and leaves of cassava
can be toxic due to the presence of natural nitrite compounds called cyanogenic
glycosides or cyanogens (Bolhuis, 1954). Nitrite compounds upoakdwen
releasea toxic compound Hydrogen Cyanide (HCN) which can be harmful to

consumers.

2.8  Genotype XEnvironment Interaction

Genotype and environment (G x E) interac
performance over environments, resujtinom differential response of the cultivar,

to various edaphic, climatic and biotic factors (Dixetal, 1994). Crop yield

fluctuates due to suitability of varieties to different growing seasons or conditions. A
specific genotype does not always exhtbe same phenotypic characteristics under

all environments and different genotypes respond differently to a specific

environment.
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Gene expression is subject to modification by environment; therefore, genotypic
expression of the phenotypic is environméptadependent (Kang, 1998).The
development of new cultivars with desired characteristics such as high economic
yield, tolerance or resistance to biotic or abiotic stresses, traits that add value to the
product and the stability of these traits in targetvimnments. Inconsistent
genotypic responses to environment factors such as temperatures, soil moisture soill
type or fertility level from location to location or year to year are a function of
genotype x environment interactions. Genotype x environmésraictions has been
defined as the failure of genotypes to achieve the same relative performance in
different environments Kang 1998). Identifying yield contributing traits and
knowledge of Gx E interactions and yield stability are important for bregdiow
cultivars with improved adaptation to the environment constraints prevailing the

target environments.

Therefore, an understanding of the causes of genotype x environment interaction can
help to identify traits that contribute to better cultivar perfance and environments

that facilitate cultivar evaluation (Yan and Hunt, 2000). &example, a study of
genotype x environment interaction effects on the yield of 10 -@aakyiring pigeon

pea Cajanus cajarnL. Millsp.) genotypes, in a total of sevemvironments spread

over five regions of Kenya between 1987 and 1988 noted that the best genotype in
one environment is not always so in other environments (Wamatu and Thomas,
2002). Cultivar, environment, time of harvest and their interaction haslasms
significant effects on sugarcane vyield and quality (Gilbetrtal., 2007). The
understanding of casual relationship among yield components and their effect on

yield can be achieved by carrying out path coefficient analysis
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29  Path Coefficient Analysis

Path (association) analysis is a statistitabl developed by Wright, (1921)
Knowledge on the correlation between vyield and its component characters
themselves can improve the efficiency of selection. Because, in a complex situation
selection for opthum advance should be based on judiciously computed index that
to if any environmental influence is there. Correlation studies permit only a measure
of relationship between two traits. Hence path coefficient analysis becomes
necessary as it permits sepamatof direct (independent) and indirect (dependent)
effects via other related characters by partitioning the correlation coefficients
(Dewey and Lu, 1959). In other words, path coefficient analysis differs from simple
correlation in fact that: simple a@lation coefficient measures mutual association
without regard tccausationwhile the path coefficient analysis specifies the causes
and measure their relative importance (Reubeml., 1998). Therefore, the path
analysis is more informative and usefuh determining the nature and relationships
between yield and yield components than simple correlation coefficients. However
according to Singh and Chaudhary (1977), there are situations in which attention
have to be paid in selecting desirable effe@)sif the correlation coefficient is
positive, but the direct effect is negligible, the indirect effects seem to be the reason
for correction. In such situations, the causal factors must be considered
simultaneously; and (ii) the correlation coefficienayrhave negative value, but its
direct effect is positive and high; under such circumstances, restrictions are to be
imposed to nullify the undesirable indirect effect to make use of direct effect (Singh

and Chaudhary, 1977).
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Nevertheless, when conductiggnotype x environment interactions, more emphasis
should be placed on sampling a greater number of locations than on testing of
genotype abilitywithin locations This would improve the chances of obtaining both
broadly and specifically adapted crop edies (Mirzawaret al., 1993). Moreover,

the study of genotype X environment interaction requires understanding of the
importance of different variables in the interaction. Borexample, the major
component of interaction have to be identified as a asttsay between early and

late cultivars; while a minor component can be cultivars that perform relatively well
in the worst environment and relatively badly in the best environment (Eeuwijk and

Elgersma, 2008).

It is suggested that in locations whereggype x environment interaction for yield
frequently causes #enking across environments, genotypes with the least
contribution to the interaction sum of squares are likely to be productive. On the
whole, this supports the contention that breeding usdiexcrop conditions has the
potential to produce cultivars effective under intercropping conditions (Padi, 2007).
A genotype is said to be stable when its performance across environments does not
deviate from the average performance of a group of stdrgtarotypes (Goncalves

et al., 2003). That is why whenever new varieties are proposed for commercial
release, information on genotype x environment interactions and stability, clearly
indicating their specific and/or general adaptations, are made avéiatile user

(Goncalvest al, 2003).
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CHAPTER THREE
3.0 MATERIALS AND METHODOLOGY
3.1 Experimental Sites and Materials
The experiment was conducted duritlge 2011/2012 cropping season in the
Southernzone of Tanzania in three agro ecologies. Coastal lamd plains (in
Mtwara urban) located &0’ 22'S and 40 10E, 120m above sea levelMasasi
Ruangwa plains (in Lindi rural) located 58° 20S and 386FE, 465m above sea
level and Makonde plateau (in Mtwara rural) locatedlét41'S 39 23E, 760m

above sea level.

Nine newly improved cassava genotypes, one old improved variety (Naliasiele
control), one exRufiji variety (Kiroba) aml 2 landaces were used in this study
(Table 4).0ne out of these lanaces Albert, wasusedbothasa check and a CBSD
disease spreadewhile the rest of the landaces, Limbanga was used as CMD
disease spreadeAlbert and Limbangavere planted arounthe replications as a
source of inoculum(spreader of the diseasea} all locations. The improved

genotypes were obtained from Naliendele Agricultural Research InstiMtwwara,

while the | ocal ones were from far mer so

1
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Table 4:Cassava genotypessed in this study their origin and status

Genotype Source Status
1 NDL 2006/104 NARI Tolerant to CBSD &CMD
2 NDL 2006/850 NARI Tolerant to CBSD &CMD
3 NDL 2006/487 NARI Tolerant to CBSD &CMD
4 NDL 2006/283 NARI Tolerantto CBSD &CMD
5 NDL 2006/738 NARI Tolerant to CBSD &CMD
6 NDL 2006/438 NARI Tolerant to CBSD &CMD
7 NDL 2006/741 NARI Tolerant to CBSD &CMD
8 NDL 2006/840 NARI Tolerant to CBSD &CMD
9 NDL 2006/030 NARI Tolerant to CBSD &CMD
10 NALIENDELE NARI Suscepble to CBSD &CMDand check
11 KIROBA Ex-Rufiji Tolerant to CBSD & CMDand check
12 ALBERT Farmers Local (Check in all sitg)
3.2  Methods

3.2.1 Experimental design

A split-split plot experiment in a Randomized Complete Block De@RfDBD) was

used o carry out the study. Weeding regime as a crop management practice was
used in each location, weeding once;\Whd weeding twice (Y, in order to create
micro environments for stability analysiBhe experiment consisted of three factors,
location as mia factor A, crop management (weeding regime) as sub factor B and
genotype as subub factor CNine genotypes anthreeother varieties with three
replications in each location spacedlan x 1 m, 4 rows planted with 7 plants per

row and aplot size of ™ long and 4m wide were used.

3.2.2 Data oollection
Data were collected from the 2 middle rows, leaving one @aeachend of the

rows.Data collected and methods used arfolsws:
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3.2.2.1 Diseasemcidence (CBSD & CMD)
Number of infected plats divided by the total number of plants in the net area times

100. This was done in 3 months interval after planting

3.2.2.2 Disease severity (CBSD & CMD)

Scale of 1i 5 was used in scoring the severity. Where 1 = no disease symptoms
observed and & very severalisease symptom@$ITA, 1990). The disease severity

was calculated in terms of average of the total plant scored. Calculation of average
diseased plants was computed as:

Aver. Severity= ( Diseased plants x theseverity scordst+ ( Undiseaed plants)
Total numberof plants scored

This was done in 3 months interval after planting

3.2.2.3 Plant height

Was done by measuring theightof a plant(in cm), using a modified metric ruler.

3.2.2.4 Stem girth

This was takey measuring the radiyg cm) of the plant by using vernier caliper,

at 107 15 cm, above the ground. Then, the stem girth/circumference was calculated
using the formula:

Stem girtwherér; " = Constant, known as
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3.2.3 Harvesting data
3.2.3.1 Number of roots per plant

A plant was uprooted followed by the counting of the number of roots/plant.

3.2.32 Root weight per plot
Harvesed roots in the net area were collected together, and then weighegin a

tableweighing balance.

3.2.33 Root size
This was calculated by talg the total weighi(kg) of the harvested roots in the net

area then divided by the total number ofvested roots in the net area.

3.2.34 Air weight of the roots sample

A sample of 2 4 kg was weighed in a special balance which acts both as normal
table balance as well as spring balance. The sample was weighed while immersed in
water, stretchinghte balance downward. Only the middle part of the roots was used
in obtaining this parameter. The ends of the sample roots were cut off before

weighing.

3.2.35 Water weight of the rootsamples

A sample of ZI 4 kg was weighed in a special balance whacts both as normal
table balace as well as spring balancéneéTsample was weighed while immersed in
water, stretching the balance downwaohly the middle parbf the roots was used
in obtaining this parameteifhe ends of the sample roots were cut lnéfore

weighing.
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3.2.36 Shoot weight per plot
This includel the total weight(kg) of all above ground plant partsshich were

weighedusinga spring balance, stretching the balance downward while hanging.

3.2.3.7 Harvesting index (H.I)

This is déined as the proportion of the root weight in a biomass on a (fresh weight
basis), is a valuable trait in cassava breeding. Heritability for H.I is rdiatmgh

and its assessment is also relatively simple and straight forward (a®@00).

The H.I was computed as

H.l= Weight of roots/plot
Weight of roots/plot + weight of the above ground biomass/plot

3.2.38 Root taste

Cassava roots are either sweet or bitter. The bitter ones are said to be associated with
high levels of hydsgen cyanide content, which is poisonous. In assessing the
cassava root taste, a scale 6f3 was used, where, 1 = Sweet, 2 = intermediate and

3 = bhitter.

3.2.39 Root hardness

This parameter explasnthe content of dry matter in the fresh cassava nmca
simple way. If the cassava root is hard when chewing in the mouth, it means that,
the content of dry matter is high aniter versa In assessing the cassava root
hardness, a scale ofil3 was used, where, 1 = watery, 2 = intermediate and 3 =

hard.
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3.2.3.10 Root necrosis

This is a symptom of the presence of CBSD in the cassava foagsava roots
change colour from whitish to brownish (signs of root rot) and oktpatches. A
scale of 1 5 was used in scoring the necrosis severity, where Db disease

symptoms at all and 5very severe symptoms (lITA, 1990).

3.2.3.11 Dry matter percentage $DM)
Dry matter content was cé&d out by gravitational methodl§e of specific gravity)
as described by Kawarat al.,(1987).

% DM = [(Specific graviy x Constant) 142] x 100

Whereby:
Specific gravity = Weight of cassava roots sample in air divided by the difference
between weight of cassava roots sample in air and cassava roots sample in water.

Constant = 158.3.

3.2.3.12 Starch percentage

Stard percentage content was determined by gravitational method. (Use of specific
gravity) as described by Kawaret al.,(1987).

% Starch = [(Specific gravity x ConstaiitL06.4] x 100.

Whereby:

Specific gravity = Weight of cassava roots sample in air dvily the difference
between weight of cassava roots sample in air@sdava roots sample in water,

constant =112.1.
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3.2.3.13 Protein content
Protein content determination was carried outkigidalh method as described by

AOAC, (1990.

3.3 Data Analysis

Data was subjected to Analysis of Variance (ANOVA) usindostat/Windostat
version 8.5staistical software package. Meaeparation was done usibgu n c an 6 s
Multiple Range TestDMRT) at a probability level of 5%. Correlations and stability
studies were assessed using linear regression analysis (Eberhart and Russell, 1966).

Path coefficient analysis was dorezarding to Dewey and L1959 procedures.

3.3.1 Specificobjective () to assess the yield performance of newly developed
cassava genotypes in different agro ecological conditions

3.3.1.1 Analysis of variance

Single site and combined sites analysis was done Usitogtat/Windostasoftware

The analysis was performed as per location and as well as combined analysis, using

the following models.

The statistical model for each location wagi, =p + ri + W+ ryQ+ p+ Ug+ 30

For combined analysis the model used was:

Yium =p+rj+ Brijbd) U0 prU+objor o Gjotbipkd

Where by:
Yium = measurement fof"Igenotype of the"}and K" weeding in 1" replication and

m™ plot,
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i = Overall mean,

rj =i" replication within | location

b = j" location effect,

r p=interaction effect of'? replication and'j location,

U, = K" weeding effect,

b |J = interaction effect of'f location and K spacing ,

9 =i genotye effect

b p=interaction effect of' location and'f genotype

U @ = interaction of K weeding and"l genotype

U 0;4b= interaction effect of R weeding , ' location and'f genotype

qmm = random experimental error

3.3.1.2 Stability analysis
Stability analysis was performed using deviation from unit regression valu#)(b
and deviations mean squarg’di) after Elberhartand Russel(1966), using the

following linearregression model;

Yij: 18 1|p+ ijlj

Where by:

Yj = observaon of thei™ genotype at thi, environment,

1 = mean of i"™ genotypemean oveall environments,

b, = regression coefficient that measures the response df tienotype to varying
environments,

U; = deviation from regression of th' genotye at thg™ environment,
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l; = environmental index obtained as the mean of all genotypes at™the j

environments.

3.3.1.3 Correlation analysis
By usingIndostat/Windostat version 8Software for analysis, correlations among
yield and yield component®r each location and across locations as a combined

analysis was done.

3.3.1.4 Estimation of components ofvariances

Combined analysis of variance model for evaluating components of variance pooled
over locations was calculated using the method giwer\- jibouri et al, (1958).

The observed mean squares obtained in the combined analysis of variance was used

to separate out the effect of genotypes, environsnemd their interaction (Tablg.5
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Table 5: Combined ANOVA for evaluating genotypes at different locations

Source of DF MS Expected Mean Squares F-Value
Variation
Locations (L) -1 M1 O% +%up+ Gfsd+ Pugtd M1/MO
wg Bt s b+ Sig d
Replication(R)  I(r-1) M2 0% + “mg + 0 Syl M2/M9
within location (L)
Error, R(L) xL)  1(r-1) (k1) M3 (% + g U M3/M9
Management (M) mi 1 M4 0% @\,JrZGLV\rJrG Pl el I M4/M9
rol ¥
M x L (mi 1)( M5 O +%uwk+ Grwg G M5/M9
i 1)
Genotype (G) g-1 M6 O +%qui+ Griavé  fed ( M6/M9
+ rgwi
GxL (0-1)(-1) M7 G +%uk+ Griaw @ M7/M9
GxM (1)(m M8 &% +%uk+ Gfel G M8/M9
1)
GxLxM (g-1)(I- M9 (e +%uk G M9/M10
1)(mr1)
Overall Errog I(r-1)(I-  M10 G%
1)(m
1)(g1)
Total Irmg-1
Where:

0% = Component of variance due to the error term,

8% = Component of variance due to genotypes,

&%, = Component of variance due to locations,

8%w = Component of variance due to crop management,

(% ) = Component of variance due to replication within location,

% @) L = Component of variance due to replication within location x location
interaction,

8%sL = Component of variance due to gemmy location interaction,

8%sw = Component of variance due to genotype x management interaction,

B%.w = Component of variance due to genotype x location x management

interaction

R = Replications,
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L = Locations,
W = Weeding

G = Genotypes.

3.3.1.5 Analysis of phenotypic variance
Anal ysis of the compo ﬁpemsttedianfrepbchtiemandly pic

locations were computed using the following formula:

M2 _ 02 o2 20 20 2 0, 02 o2 20 20 20
Uph=ue +Uew + “dit “dit “dirUw +Us+ R+t “Rpt+ "W

3.3.1.6 Broad sense heritability
Heritability (broad sense) was calculated as the ratio of genotypic variance to
phenotypic variancasing the formula after Hanse al.,(1956);

hzb = Zgﬂ ZijX 100

Where:
h% = heritabil ity % &the ¢component ofavarianceedneste , 0
genotypes,

029 = the component of variance due to genotypes,

Ozph =phenotypic component of variance.

3.3.1.7 Path coefficient analysis

Path coefficient analysis was carried out as described by Dewey a(itbb@).The
relationships among yield and yield components were computed at each location and
across locations as combined analysis. The relationship between correlation

coefficients and path coefficients was established using the following path
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coefficient diagramand simultaneous equations arranged in matrix formu(gig).
The method involves solving of unknowns (path coefficients) from a series of

simultaneous equations.

4P -
—
-
=] r

rl7

—

w4—pm4—bw4_p_= pPd—PpW 4—PprN

Figure 1: Path diagram showing direct and indirect effects on yield and yield

components

Key: (1) = Root size; (2) = Number of roots per plant; (3) = Plant height; (4) =
Number of branches per plant; (5) = Stem girth; (6) = % Dry Matter; (7) = Harvest

Index; (8) = $orage root yield and (X) = Residual effect.
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In the path diagram the doubkderowed lines indicate mutual associations as
measured by correlation coefficientsand the single arrowed lines represent direct

influence as measured by path coefficients P.

Simultaneous Equations used in the comput
r1g =P1g + r2P2g +r13P3g + r14Psg + 15Psg +116Psg + 117P7g

Iog =I12P1g + Pag + I23P3g + 24Pag + r2sPsg +126Psg + 127P78

r3g =r13P1g + r2aP2g + Psg + I34Pag + r3sPsg +136Peg + 137P78

l4g =I14P18 + 124P2g + 134P3g + Pag + r4sPsg +146Psg + 147P78

I'sg =I15P18 + I2sP2g + I35P3g + 45P4g + Psg +156Psg + I57P7g

leg =I16P18 *+ I26P2g + I36P3g + 16P4g + '56Psg + Peg + I67P78

I7g =I17P18 + I27P2g + I37P3g + 147Pag + I'57Psg + + I67Psg + Prg

Compuation of residual factor (Px8) was based on the following equation;

1 = PPXg+P1g+ P05 PPag+ PPagtPsgt Pogt Prrgt 2Pigl 10Poat 2Pigl 13Psgt 2Pl 14Pagt
2P1g15Psg+2Pial16Psat2Pigr17P78t 2Pagl 23P3g+ 2Pogl 24Past 2 Pogl 25Ps gt 2 Pagl 26Psst 2 Pogr 2

7P78% 2P3g'34Pagt2Psgl 35Psg + 2P3gr3sPss + 2Psgl37Prs + 2PaglasPsg + 2Pygl46Pes +

2Pygl 47P75+2Psgl 56Peat2Psgls7P78+ 2 Psel 67P78

The indirect effects of a variable on yi

coefficient (r) and the direct effect (P).

Explanations basing on tipath model:
rij = simple correlation coefficients for measuring the mutual association of

the two variable,
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P; = path coefficients for measuring direct effects of the variables on yield
rijp; = indirect effects of variables upon another via otheiades

px=t he residue effect in the path anal

332 Speci fic objective (i

N—r

t o ident i f
acceptability

A group of farmers between 10 in each location were involved in the harvesting

exercise. Before harvesting, farmers were urged to mention/describe the cassava

criteria they use in selecting cassava variety. These criteria were then ranked

according to the farmersd prioriti-zation

wise, farmersmade selection among the harvested cassava genotypes. Then

genotypes were ewvdmearlread ki snigrog néep aiord .

3.3.3 Specific Objective (iii) to study nutritional characteristics of the cassava
genotypes

3.3.3.1 Percentage Dry matter (DM) content determination

Dry matter comprises all remains after removing water from a cassava fresh root.

Estimation of DM content in cassava bases on the principle of a linear relationship

between pecific gravity with DM (Kawano eal., 1987). Percentage DM £58.3x

1142,

Procedures
i. Root samples weighing 23 kg were preparetby cutting off the side parts
of the roots

ii. The samples were weighed in air using a suitable balance (Wa).

iii. Then the samples were weighed in water (Ww).
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iv. Computation of specific gravity

Specific gravity = Wa
Wai Ww

Where:
Wa = Air weight kg)
Ww = Water weightKg)

3.3.3.2 Starch content determination

According to Kawanet al., (1987, determination otarch content in cassava takes
the same principles as those of determining % DM. In estimating the % starch, the
linear relationship used was, percentage starch content = 1112064; where x =

specific gravity.

Procedures
i. Root samples weighing 2 3 kg were prepared cutting off the side parts of
the roots
ii. The samples were weighed in air using a suitable balance (Wa).
iii. Then the samples were weighed in water (Ww).
iv. Computation of specific gravity
Specific gravity = Wa
Wa- Ww
Where:
Wa = Air weight kQg)

Ww = Water weightKq)
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3.3.3.3 Protein content determination

Protein content determination was carried outkgidalh method as described by
AOAC, (1990). 1g of sample was whed and placed to nitrogen free filter paper,
then folded and dropped into a Kjeldalh digestion tube. 3.0g of digestion mixed
catalyst CuSp+NaSq, and 25 mls of concentrated }m, were added. The mixture

was then transferred to the Kjeldalh digestapparatus. This was followed by
addition of 6 mls sulphuric acid. The samples were then placed in digestion chamber
and heated for one hour. After one hour the samples were allowed to cool. Then, a
fractional distillation was carried out to separate ammofmom the digested
contents. The boric acid was used to trap up the gas into the form of ammonium
borate. The ammonia solution (ammonium borate) was titrated against hydrochloric
acid to obtain the actual content of ammonia. Amount of Nitrogen (N) was
determined from the ammonia, which was then used to calculate the actual protein

content in the sample using the formular:

[% N =14.01 x (Titrei Blank) x Conc. HCl ] x 100
5.00 x 10

Wheréy:

N = nitrogen

Conc. HCI = Concentrated hydrochoacid
Crude Protein (CP) is then calculated as:
CP = %N x factor;

Factor = 6.25
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CHAPTER FOUR

4.0 RESULTS
4.1 Yield and Yield Components
41.1 Effect of locations onroot yield, plant height, number of branches per

plant, stem girth, number of roots per plant, root size and harvest index

on Cassava Genotypes
4.1.11Root yield
Table 6 presents the means for cassava root yield at Naliendele, Mtopwa and
Nachingwea.Si gni fi cant variations (P O 0.05)
within and across the locatiorSenotype NDL 2006/48@adthe highest mean root
yield of 19.02t ha* at Naliendele, while the lowest mean root yield (4.h&") was
recorded onNDL 2006/840 which was not significantly different from Albert
(5.00t ha'). At Mtopwa, the genotype NDL 2006/487 also recorded the highest
mean root vyield (14.02 ha'), while landrace Albert had the lowest root yield of
4.71 t ha' which did not sigificantly differ from genotype NDL 2006/030
(5.17 t ha'), variety Naliendele (5.3% ha') and genotype NDL 2006/850
(5.55t ha'). On the other hand, the adapted variety, Kiroba, showed superiority
over therest ofthe genotypeby producingthe highest root yield of 40.48ha* at
Nachingwea, while at that site genotype NDL 2006/030 gave the lowest root yield of
8.97t ha'. However this genotype (NDL 2006/030) did not differ significantly from
genotype NDL 2006/104 (9.06 ha'). The highest overall mean root vyield
(18.18t ha') was obtainedat Nachingwea, while Mtopwa site gave the lowest
overall mean root yield (8tha'). On the other hand, Naliendele site ganeveral

mean root yield of 162t ha' (Table 6and7).
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Table 6: Means for root yield in cassava genotypes at Naliendele, Mtopwa and
Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 5.00" 4.71 12.23"
KIROBA 14.11° 10.56 40.48
NALIENDELE 16.00° 5.33 12.87
NDL 2006/030 12.72¢ 5.17 8.97
NDL 2006/104 11.22° 5.83" 9.06
NDL 2006/283 11.42 8.02 13.2G
NDL 2006/438 14.4° 12.83 14.6
NDL 2006/487 19.02 14.02 19.45
NDL 2006/738 9.77 10.15 20.5¢'
NDL 2006/741 8.9% 8.2 9.63°
NDL 2006/840 4,71 6.78 12.33"
NDL 2006/850 12.17 5.55 24.80
Overall mean 11.62 8.10 18.18
s.e 1.32 0.98 0.91
C.V. (%) 11.0 12.10 5.00

Means with the same superscript letter(s) in the same column are not significantly
di fferent oWwimyseparadian0®By n d an 8 s Rakbe Testi p | e
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Table7: Summary of location effects for the different variables

Location RYD PHT BPL SGH RPL RTZ HI CBI% CBS CMI% CMS NEC DM% STH% PTN%

Nali 11.62 136.04 2.72 525 4.78 0.21 0.65 1097 124 2153 141 160 36.75 20.36 0.67
Mtop 8.10 96.89 249 337 321 025 0.65 11.89 1.30 834 119 131 3792 2121 0.88
Nach 18.18 158.00 2.75 459 518 031 0.76 11.79 125 1160 130 151 3822 2147 0.78
Mean 12.63 130.31 2.65 440 439 026 069 1155 126 1382 130 147 37.63 21.01 0.78

Nali = Naliendele, Mto = Mtopwa, Nach = Nachingwea

Where: RYD = Root yield, PHT = Plant Iight, BPL = Branches per plant, SGHStem girth, RPL = Roots per planRTZ =
Root size, HI = Harvest index, CBSI% = Cassarown streak disease incidence, CBS = Cassava brown streak disease severity,
CMI = Cassava mosaic disease incidence, NEC = Root necrosis, DM% = Dry matter, STH = Starch and PTN = Protein
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The relationship between thecationsand the root yieldFigure 2 indicates that,
Nachingwea (mid altitude) generally recorded highest values over the other
locations. The lowest root yield values were abfsed at Mtopwa (relative high
altitude) whereasNaliendele (low altitude) had moderately root yield valuis.
Nachingwea rfid altitude, Kiroba, NDL 2006/283, ND12006/738, NDL 2006/840

and NDL 2006/850 outperformed tamilar genotypes aNaliendele low altitude

and Mtopwa (relative high altitude At Mtopwa (relativehigh altitudg, varieties
Kiroba and Néendele, genotypes NDL 2006/030, NDL 2006/104, NDL 2006/283
and NDL 2006/487 showed lowest values of root yield. On the other hand,
genotypes NDL 2006/438 and NDL 2006/741 almost perforsigdlarly at all

locations (Figure 2).

45.00
40.00 |
35.00 |
30.00 |
25.00 |
20.00 |

—4— Naliendele
15.00

Yield (tha)

== Mtopwa

10.00
Nachingwea

500 -

0.00

¥ oav N NV \V N N \V N N
VOO OO
Genotypes

Figure 2:  Effects oflocation on cassava root yieldt(ha™) grown at Naliendele
(low altitude), Nachingwea (nid altitude) and Mtopwa (high
altitude)
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4.11.2 Plant height

Sgni fi cant di f)éxestedmoaghs mear® of theedtméntwithin
and across the locatiorf$able 8 and 7)). At Naliendele, genotype NDL 200837
outperformedall other treatments fgolant heightwith (156.2 cm) while thelowest
plant heght (113.6 crp was shownon genotypeNDL 2006/840. At Mtopwa,
althoughthe highest value of plant height (119.7 cm) waserved orthe landrace
Albert, it was not significatly different from treatments NDL 2006/438 (116.43 cm)
and NDL 2006/840 (113.89nmp). Kiroba recorded thdeast value of 80.55 cm.
Treatments Naliendel@5.04 cm) NDL 2006/030(88.33 cm) NDL 2006/104(84.27
cm), NDL 2006/738(85.00 cm)and NDL 2006/74189.38 cm)did not significantly
differ in plant height At Nachingwea the highesalue for plant height (184.9 cm)
was recordeabn the genotype NDL 2006/438, whilgenotype NDL 2006/741 had
the lowest value of (128.10 cm)Treatments, Albert, NDL 2006/104 and NDL
2006/283 with plant heights of 159.40 cm, 163.20 cm and 163.00 cnctiespe
revealed no significant differences among th&ased on locations, at Nachingwea,
the hidhest overall mean plant heighvas 158.00 cm, while Mtopwa site gave the
lowest overall mean plant heigbt (96.89 cm) Furthermore Naliendele site gaven

overall mean plant height of 136.04 cm

Across the locations treatment NDL 2006/438 had the bigpknt height at
Nachingwea (184.90 cm) and Mtopwa (116.43 cm), while at Naliendele had plant
height of (128.70 cm). Treatment NDL 2006/840 had almosilairplant heights at
Naliendele (113.60 cm, lowest) and Mtopwa (113.89 cm, high) whereas at

Nachingwea it had a medium plant height of IBlcm.
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Table 8: Means for plant height in cassava genotypes at Naliendele, Mtopwa
and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 124.04" 119.17 159.46°
KIROBA 130.56 80.55' 139.70°
NALIENDELE 150.002 85.04° 135.06°
NDL 2006/030 134.4G% 88.33° 156.10%
NDL 2006/104 143.06% 84.27° 163.2¢°
NDL 2006/283 144.66°2 10569 163.06°
NDL 2006/438 128.7¢F 116.4% 184.96
NDL 2006/487 156.26 90.63 169.4G"
NDL 2006/738 134.5G% 85.00° 168.06"
NDL 2006/741 120.46" 89.38° 128.10
NDL 2006/840 113.60 113.89 151.7G%
NDL 2006/850 152.642 104.27 177.96°
Overall mean 136.04 96.89 15800
s.e 10.15 6.80 10.77
C.V.(%) 7.50 7.00 6.80

Means with the same superscript letter(s) in the same column are not significantly
di fferent (P O 0.05) following separati ol
4.11.3 Number of branches per plant

Significant( P O vériatidrsyere observed amortje testedyenotypesat all
locations(Table9). At Naliendele,the highest number of branches per plant (3.75)
was observed onthe genotype NDL 200604 while genotype NI 2006/487,
recorded the lowest number of branches per plani.15. Treatments NDL
2006/283, NDL 2006/438, NDL 2006/738, NDL 2006/840 and NDL 2006y8&@

not significanly different with number of branches per plant of 2.02, 2.43, 288,
2.33and 2.® respectivelyAt Mtopwa, Kiroba hadthe highest number of branches
per plant of 3.63. The lowest number of branches per plant (1.33) at Mtopwa was
observed onthe genogpe NDL 2006/487.However, at Mtopwa, treatments
Naliendele (2.35), NDL 2006/030 (2.,837NDL 2006/104 (2.17), NDL 2006/283

(2.40), NDL 2006/438 (2.51), NDL 2006/840 (2.13) NDL 2006/850 (2vlXe not
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statistically different. At NachingweaKiroba wassuperior ovethe other treatments

in numberof branches per plant (4.17)'he lowest nurber of branches per plant
(1.18) was recorded on theeatment NDL 2006/487However, nosignificant
differences were observednong thetreatmers Naliendele (3.04), NDL 2006/030
(3.02), NDL 2006/104 (3.00), NDL 2006/283 (3.GH)dNDL 2006/741(2.83. The
overall mean number of branches paant at Nachingweawvas 2.75 while
Naliendelesite gave the lowest overall number of branches per plant (2272).
Mtopwa the overall mea number of branches per plant wasgl9 Across the
locations treatment Kirobaal the highest number of branches per plant at Mtopwa
and Nachingwea (3.63 and 4.17) respectively, while at Naliendele it had medium
number of branches per plant of 3.32. The lowest number of branches peatplant
Naliendele (1.15), Mtopwa (1.33) and Nauivea (1.18was observed on NDL

2006/487.

Table 9: Means for number of branches per plant in cassava genotypes at
Naliendele, Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 3.07 2.69° 3.02
KIROBA 3.3 3.63 417
NALIENDELE 3.18 2.35 3.04
NDL 2006/030 3.0 2.37 3.02
NDL 2006/104 3.75 2.17F 3.00°
NDL 2006/283 2.02 2.40 3.0
NDL 2006/438 2.43 251 2.5gP
NDL 2006/487 1.15' 1.33 1.18
NDL 2006/738 2.35 2.75° 2.68"
NDL 2006/741 3.517 3.37° 2.83
NDL 2006/840 2.3% 2.1% 217
NDL 2006/850 2.50 2.10 2.25%
Overall mean 2.72 2.49 2.75
s.e 0.42 0.62 0.34
c.v. (%) 15.5 24.8) 12.9

Means with the same superscript letter(s) in the same column are not significantly
different® O 0. 05) foll owing separation by Dul
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4.114 Stem girth

The results for stem girtllarieds i gni fi cantly (P O 0. 05)

and across the location@able 10). Although variety Naliendele (6.17cm)
outperformedall other treatmentsit showedno significant differencesvith the
treatments Kirobg6.03 cm), NDL 2006/283 (5.92¢m), NDL 2006/487 %.95 cn)
and NDL 2006850 (5.96 cn). The lowest value of 4.17cm was recorded
genotype NDL 2006/84Which was not stadtically different from treatment Albert
with stem girth of 4.35cm Other treatmentshat had statistically similar megarof
stem girthwereNDL 2006/030 (5.1%m), NDL 2006/104 (5.3&8m), NDL 2006/438

(5.20cm), NDL 2006/738 (4.92m) andNDL 2006/741 §.97cm).

At Mtopwa, thewideststem girth (3.92 cm) was observed on the genotype NDL
2006/840, while the lowest stem girth (2.79 cm) was recorded oretitengnt NDL
2006/438 No significant differences were observed on treatméidL 2006/104
(3.26cm), NDL 2006/283 (3.29 cm) and NDL 2006/738 (3.38 cm); also treatments
Albert (3.55 cm) and NDL 2006/850 (5.96 cm) were not significantly different.
Genotype NDL 2006/104 showed the highestan stem girth of 513 cm at
Nachingweahowever this treatmeritad no significant differences from treatmnets
Kiroba (5.07 cm) NDL 2006/438 (4.96 cm)NDL 2006/738 (5.00 cm) and NDL
2006/850 (5.04 cm)urhermoreNaliendelevariety recorded the lowest stem girth
of 3.58 cmwhich was statistically similar to treatntsrfNDL 2006/030 (3.82 cm)
and NDL 2006/283 (3.84 cm)Also no statistically significant variatiors were
observedbetween Albert(4.47 cm) and NDL 2006/487 (4.49 cm); and between

NDL 2006/741 (4.88 cm) and NDL 2006/840 (4.74 cithe highest overall mean

a
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stem girth was recorded at Naliendele (5.35 cm), while the lowest overall stem girth
was recorded at Mtopwa (3.37 cm). Nachingwea recorded the overall mean stem

girth of 459.

Across the locations Naliendele had the highest stem girth of 6.17 cm at Niende
site, while it was the least at Nachingwea (3.58 cm). At Mtoptmaatment
Naliendele performed moderately (3.06 cnihe least stem girth across the
locations wasecorded on thad¢atment NDL 2006/438.79 cm) at Mtopwa, while

at Naliendele it had nderately stem girth of (5.20 cm) and at Nachingwea it had a

high stem girth of (4.96 cm).

Table 10: Means for stem girthin cassava genotypes at Naliendele, Mtopwa and

Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 4.35 3.55%¢ 447
KIROBA 6.03 3.46" 5.07
NALIENDELE 6.17 3.06"™ 3.5¢
NDL 2006/030 5.18 3.24°% 3.87
NDL 2006/104 5.38 3.26™ 513
NDL 2006/283 5.99" 3.29 3.84
NDL 2006/438 5.20 2.7 4.96'
NDL 2006/487 5.95' 3.70° 4.49
NDL 2006/738 4.92 3.39 5.00"
NDL 2006/741 4.97 3.20% 4.88"°
NDL 2006/840 417 3.92 4.74°
NDL 2006/850 5.96' 3.6 5.04
Overall mean 5.35 3.37 4.59
s.e 0.37 0.36 0.38
c.v. (%) 6.80 10.60 8.20

Means with the same superscript letter(s) in thmesaolumn are not significantly
di fferent ( P separdlianByy n d aor d oRaNpmesti p | e
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4.1.15 Number of roots per plant

The means for number of roots per plant varied significanty O afon@ the)
treatmentswithin and acrosshe locations (Table1). Variety Naliendele gavehe
highest mean number of roots per plant (7.03) at Naliendakkthe lowest mean
number of roots per plant was 3.23 recorded on Albert. However, gendiype
2006/840 with mean number of roots per plah3.39 did not differ significantly
with Albert. TreatmentKiroba andNDL 2006/283with number of roots per plant
5.61 and 5.45 respectively, had no significant differences, alBd, 2006/030
(3.75) and NDL 2006/741(3.71) were not statistically diffent. Other treatments
that showed no significant variation between their means on number of roots per
plant were NDL2006/487 and NDL 200888 with number of roots per plant 5.01

and 4.99 respectively.

At Mtopwa, the genotypehich outperformed the rest the mean number of roots

per plant was NDL 200887 (5.79 andthe lowest value for number of roots per
plant(1.63, wasrecordedon genotypes NDL 2006/74 T his treatment did not vary
significantly with treatments NDL 2006/104 (2.00), NDL 2006/738LQ2, NDL
2006/741 (1.63) and NDL 2006/850 (2.0A)so treatments Albert, NDL 2006/030

and NDL 2006/283 were statistically similar with number of roots per plant of 2.90,
2.98 and2.98 respectively. The variations of number of roots per plant were also
observed at Nachingwea whereby the highest number of roots per plant 10.03 was
recorded on KirobaThe lowest number of roots per plant was 3.26 recorded on
NDL 2006/030 Treatments NDL 2006/438 and NDL 2006/850 showed statistically

similar means of numberforoots per plant of 5.77 an®.95 respectively.
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Nachingwea was the leading site time overall mean amber of roots per plant
(5.95), followed by Naliendele site 4.#5d Mtopwa site showed the lowest mean
overall number of roots per pla(8.21). Acpss the locations, Kiroba was superior
(10.03) over all other treatments at Nachingwea, while at Mtopwa was among the

highest(5.45)and moderate &faliendele (5.61)

Table 7: Means for number of roots per plant in cassava genopes at
Naliendele, Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa Nachingwea
ALBERT 3.23 2.9¢" 48079
KIROBA 5.61° 5.45 10.03
NALIENDELE 7.03 3.51 5.17
NDL 2006/030 3.75¢ 2.9¢' 3.2¢
NDL 2006/104 5.02 2.00° 3.53¢
NDL 2006/283 5.45° 2.9¢' 409%™
NDL 2006/438 501° 3.17 4.94c%
NDL 2006/487 592 5.7F 5.77°
NDL 2006/738 4.99 2.1C 4.59%
NDL 2006/741 3.71¢ 1.63 6.07
NDL 2006/840 3.3¢ 4.0 3.93"
NDL 2006/850 4,238 2.0£ 5.95°
Overall mean 4.78 3.21 5.18
s.e 0.51 0.39 0.66
C.V.(%) 10.7 12.10 12.7

Means with the same superscript letter(s) in the same column are not significantly
di fferent ( P separdian®®y n d an 8 oRakpeTiesti p | e

4.1.1.6 Rootsize

Significant di f ferences (P O 0.05) we(fableobser \
12). Albert varietyshowed thenighest root size (0&2kg) at Naliendele whereas

the least treatment in root size was NDL 2006/8a01 kg) Genotypes NDL

2006/438, NDL 2006/48&nd NDL 2006/738 gave equal meanf root sizebeing

0.22 kg.Treatment NDL 2006/738 outperformed aihertreatments with mean root
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size of 0.4%g and wasstatistically different from all other treatmeras Mtopwa

The variety Naliendele had thiwwed mean root size (0.13 kg), which also was
statistically different from all other treatments. No significant differences were
observed among treatments Albert, Kiroba, NDL 2006/030, NDL 2006/283, NDL
2006/438 NDL 2006741, NDL 2006840 and NDL 2006/85With mean root size

of 0.22 kg, 0.25 kg, 0.28 kg, 0.28 kg, 0.16, 0.18 kg 0.31 K &g and 0.28 kg
respectively at Mtopwa At Nachingwea, NDL 2006/840 outperformed the rest of
the treatments by recording the highest mean cassava root size of Ovéitil&gt

the same location the lowest mean root si@el§ kg) was obtainedn NDL
2006/030. Treatments Albert, Naliendele, NDL 2006/104, NDL 2006/438 and NDL
2006/487 with mean root size of 0.23 kg, 0.24 kg, 0.24 kg, 0.24 kg andk@.25
respectively did not differ significantly. On the other hand, treatments Kiroba
(0.39kg), NDL 2006/738 (0.42 kg) and NDL 2006/850 (0.38 kg), were statistically
similar in root sizeThe highest overall mean root size (0.31 kg) was obtained at
Nachingwea, while Mtopwa ga 0.25 kg overall mean root size and 0.21kg overall
mean root size waecorded at Naliendele (Table)12cross the locations, NDL
2006/840 was superior (0.66 kg) and was obtained at Nachindgpuethe same

treatment performed worst at Naliendele (Okiyl and moderately at Mpwa (0.22

kg).
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Table 122 Means for root size in cassava genotypes at Naliendele, Mtopwa and
Nachingwea locations

Genotype Naliendele Mtopwa Nachingwea
ALBERT 0.26" 0.22° 0.23¢
KIROBA 0.19% 0.25° 0.39
NALIENDELE 0.2 0.12 0.241
NDL 2006/030 0.23% 0.28" 0.16
NDL 2006/104 0.17 0.16 0.244
NDL 2006/283 0.207% 0.28° 0.26
NDL 2006/438 0.22%P 0.16° 0.24%
NDL 2006/487 0.22%P 0.18 0.25¢
NDL 2006/738 0.22% 0.49 0.42
NDL 2006/741 0.18¢ 0.37° 0.20%
NDL 2006/840 0.11 0.22° 0.66"
NDL 2006/850 0.25° 0.28" 0.38
Overall mean 0.21 0.25 0.31
s.e 0.03 0.21 0.04
C.V. (%) 14.9 15.40 12.00

Means with the same superscript letter(s) in the same column are not significantly
differer  ( P O 0 . Sepayatioh o ul nocwai nnégs Ralkbe Testi p | e

4.11.7 Harvest index (HI)

The results foharvest index varied i gni fi cantly (P O 0.05)
and across the locatioffable 13. Harvest index values ranged beeme0.53 and
0.84. At Naliendele, variety Kirobdad the highest harvest index (0.74nd the
variety Albert showedhe lowest value (0.57However treatment Albert was not
significantly differentfrom NDL 2006/487 (0.58)Naliendele and NDL 2006/104
had a similar harvest index value of 0.62. Genotypes NDL 2086/ NDL
2006/283 NDL 2006/438, NDL 2006/741, NDL 2006/840 and NDL 2006/850
showed no significant differences with harvest index values of 0.66,0685,0.67,

0.68 and 0.68 respectively. At Miwa, the highest mean harvesitdex was
observed on NDL 2006/438 which had 0.75. However this treatment did not differ
significantly from treatment Albert. The lowest mean harvest index value (0.53) was

recorded on thetreatment NDL 2006487. Treatments Niandele and NDL
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2006/438 did not vary significantly, and also treatments NDL 200640@0NDL
2006/104 were statistically similar witn equalvalue of 0.65 which did not vary
significantly with NDL 2006/741 and NDL 2006/850At Nachingwea, treatment
NDL 2006/738 was superior over all other treatments by gigimghdex value of

0.84. There were no significant differences observetheanharvest indicesamory

the treatment®lDL 2006/104, NDL 2006/283, NDL 2006/438 and NDL 2006/850.
Albert and NDL 2006187 gave the lowest equiaarvest index valuesf 0.70. The
highest overall mean harvest index (0.76) was obtained at Nachingwea, while
Mtopwa and Naliendele sites gavgual overall mean harvest indice§ 0.65.The
highest harvest index value (0.84) wasserved on NDL 2006/738 at Nachingwea,
while the same treatment had moderate harvest index values of 0.71 and 0.66 at
Naliendele and Mtopwa sites respectivelyeatment NDL 2006/487 hdthe least

harvest indices in all locations.

Table 8: Means for harvest index in cassava genotypes at Naliendele, Mtopwa
and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 0.57 0.74 0.70"
KIROBA 0.74 0.62"¢ 0.81°"2
NALIENDELE 0.62° 0.66™ 0.73°
NDL 2006/030 0.66™ 0.65"2 0.73°
NDL 2006/104 0.62° 0.65" 0.75'2
NDL 2006/283 0.65" 0.68* 0.75'2
NDL 2006/438 0.64" 0.78 0.75'2
NDL 2006/487 0.58 0.53 0.70"
NDL 2006/738 0.71 0.66™2 0.84
NDL 2006/741 0.67 0.58" 0.72°
NDL 2006/840 0.68" 0.59" 0.77a
NDL 2006/850 0.68" 0.64" 0.832
Overall mean 0.65 0.65 0.76
s.e 0.08 0.09 0.07
c.v.(%) 12.9 14.5 9.00

Means with the same superscript letter(s) in the same column are not significantly
differe nt ( P O 0 sepaBajion byoul nl coawni nsdRakbe Teisti p | e
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4.11.8 Combined analysis

Mean cassava root yield varied significeé
locations (Table 4). The mean cassava root yield ranged from 7.32 to 21h#2,

recorded on Albert and Kiroba respectiveybert differed significantly from other

genotypes except NDL 2006/84¢hile Kiroba differed significantly from albther

treatments Treatments NDL 2006/030, NDL 2006/104 and NDL 2006/741 were

not signifcantly different and also genotypes Naliendele and NDL 2006/283 were

not statistically different. Theverall mean root yield was 12.6%a".

Significant var iohserved anmong(gdhotypes On tieSnpan plant e
height. Genotype NDL 2006/850 gave the highest overall mpkamt heightof

144.90 cm but this treatment was not significgndifferent from treatment NDL
2006/438 (143.4@m). The lowest mean plant height was recordedgenotype

NDL 2006/741(112.60 cny (Table14). Neither treatments NDL 2006/104 and NDL
20067738 nor treatments NDL 2006/283 and NDL 2006/487 had significant

variations between therhe overall mean plant lgiht was 130.32 cm
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Table 9: Means for yield and growth parameters in cassava genotypes under
combined analysis

Genotype PHT BRP STG RTP RTS HI  RTY
ALBERT 134.20° 2.9 412" 364" 024 067° 7.3%
KIROBA 116.96" 3.7 485 7.03 0.28% 0.73° 21.72

NALIENDELE 123.46° 2869 4.27 52 020 0.67° 11.4C
NDL 2006/030 126.3¢ 2.80% 4.07 333  0.2%° 0.68* 8.95
NDL 2006/104 130.26° 2.97° 459° 352" 019 067 871
NDL 2006/283 137.80% 2489 437% 417 0258 0.69°° 10.88
NDL 2006/438 143.4G 2519 432" 5839 0229 0.7 18.6T
NDL 2006/487 138.86° 1.22' 478> 437 022¢ o060 1950
NDL 2006/738 129.26% 2.59°" 4439 3850 0.38¢ 0.74 1347
NDL 2006/741 112.60 3.248 4.35% 38r% 023 066 8.93
NDL 2006/840 126.40 2219 4.28° 3779 033" 0.68° 7.94°
NDL 2006/850 144.9G 2.28% 487 4.07" 0.3¢* 0.7 14.17

Overall mean 130.32 2.65 4.44 4.39 0.25 0.68 12.63
s.e 10.36 0.48 0.36 0.59 0.13 0.08 1.49
c.v. (%) 8.00 18.10 8.10 13.40 1210 1190 11.80

Means with the same superscript letter(s) in the same column are not significantly
di fferent (P O 0.05) following separati ol

Key: PHT = Plant height (cm), BRPNNumber of branches per plant,

STG = Stem girth (cm), RTP NHumber of roots per planRTS = Root size (kg),

HI = Harvest index and RYD = Root yield (tha

The mean number of branches per plantdigdificant varisions( P O 0. 05) a m:
the testedgenotypes.The results for number of brancheer plant are shown in
(Table 14). Across the locationghe highest number of branches per plant (3.71)
was recorded on Kiroba, while genotype NDL 2006/487 showed the lowest number
of branches per plant (1.2Z3tatistically similar treatments on numhsrbranches

per plant wereobservedon NDL 2006/283 (2.48) and NDL 2006/438 (2.5The
overall meannumber of branches per plant in all locations was 2@&notype
variedsignificantlydifferent( P O 0. 0 5 ) acrbss thessite@ able 4. Theé h

highest mean stem girth was recorded MDL 2006/850which had 4.87 cm
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However the genotype did not diff significantly from treatmeriroba (4.85 cm).
The lowest stem girth (4.12 cm) was receddon Albertwhereas th@verall mean
stem girth in the trial was 4.4@m. There were no significant differences observed

among the treatments NaliendeML 2006/438 and NDL 2006/840

Significant variabilitesP O ®erebBsgrved on the mean numizdrroots per
plant amongestedgenotypes. Kiroba recorded the highest mean numberot$ ro
per plant (7.03) while théowest mean number of roots per pladt3@ was
recordedon NDL 2006/030(Table #). The overall meamumber of roots per plant
was 4.39. Howeverthere were no significant differences among treatmaiid&

2006/738 NDL 2006/741 and NDL 2006/840able 4).

The mean root size across | ocaamongthes had
genotypesNDL 2006/738 genotype oytterformed the rest of the treatments by
recording he highest overall mean root size (0.38 k@enotype, NDL 2006/104

had the lowesbverall mearroot sizeof (0.19 kg) However this treatment did not

differ significantly from the treatment Naliendele (0.20 Kgable ¥). Treatments

Albert, Kiroba and NDL 2006/288howed no significant variatiomgnong them and
nonsignificart difference was observed on the genotypes NDL 2006/438 and NDL

2006/487. The overall mean root size across the locations was 0.25 kg.

Significant variatios ( P O weredbgerved on the mean plant harvest index of
cassava genotypes (Tabld)1NDL 2006/738 recordedne highest overall mean

harvest index (0.74)he lowest overall meanarvest index (0.60) wasbservedn
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NDL 2006/487.The genotype with théowest harvest index differed significantly
from all treatmentsn the experiment.However, teatments NDL 2006/030, NDL
2006/104, NDL 2006/283, NDL 2006/438 NDL 2006/8#&d NDL2006/850 were

not significantly different. The overall mean harvest indagross the locations was

0.68.

4.1.2 Effect of locations on cassava major diseases on the Cassava Genotypes
4.1.2.1 Cassavabrown streak disease incidence

There were significant differencésP O afon@ e treatments and locations
(Table B) with respect to major cassava diseas&@nly variety Albert and the
genotype NDL 2006/283 were affected by CBSD at Naliendele. Albert showed the
highest disease incidence @.6 26, while the lowestdisease incidence &5.03%

was recordecbn NDL 2006/283. All other treatments had no variations on the
incidence of @SD. Most of the genotypes tested at Mtopwa were affected by
cassava brown streak disease (CBSD), only variedlieNdele genotypes ND
2006/283 and NDL 2006/487 were not affected by@BSD. The highest disease
incidence 93.336) at Mtopwa was recordedn Albert while the lowest disease
incidence 0.17%) was recordedn the genotypeiroba. No significant differences
were observed aman the treatments with exclusion of AlbeAt Nachingwea,
treatmentsAlbert, Naliendeleand NDL 2006/850, were the only ones affected by
CBSD. The highest diseas&idence(100.00%),) was obtained from Albert, while
the least disease incidence (8.33%)swhservedon the genotype NDL 2006/850.
Albert had the highest disease incidences acrodet¢h@ons;while treatment NDL

2006/487 had no disease incideatany of the locationsT'he overall mean cassava
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brown streak disease incidences we&de97%, 11.89% and 11.79% for Naliendele,

Mtopwa and Nahingwea respectively

Table 100 Means for Cassava brown streak disease incidenc&o) at
Naliendele, Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 96.67 93.33 100.06
KIROBA 0.00° 0.17 0.00"
NALIENDELE 0.00° 0.00 33.2F
NDL 2006/030 0.00° 417 0.00"
NDL 2006/104 0.0¢ 417 0.0d
NDL 2006/283 35.03 0.00° 0.0¢"
NDL 2006/438 0.0¢ 16.67 0.0¢"
NDL 2006/487 0.00° 0.00° 0.00"
NDL 2006738 0.00° 8.32 0.00"
NDL 2006/741 0.00° 7.50 0.00"
NDL 2006/840 0.00° 417 0.00"
NDL 2006/850 0.00° 417 8.33
Overall mean 10.97 11.89 11.79
s.e 1.95 2.34 3.99
c.v. (%) 17.80 25.50 23.80

Means with the same superscript letter(s) indame column are not significantly
di fferent ( Psepardian®0¥®yn d an 8 0 akbeligesti pl e R

4.12.2 Cassava brown streak disease severity

Table 16 presents the means for cassava brown streak diseases severity at

Naliendele, Mtopwa rad Nachingwea.Significant variations (PO 0.05) were
observed among genotypes at Naliendele. Qualrety Albert and the genotype
NDL 2006/283 werssignificantly affected byCBSD at Naliendele. Albeand NDL
2006283 showed disease severity ofo@.and 1.96 respectively. Theest of the
treatmentgevealed nesymptoms otthe diseasei(e hadthe lowest disease severity
of 1.00 at Naliendele.Significantv ar i ati ons (P O 0. 05)

genotypesat Mtopwa.  Only the variety Naliendele genotypesNDL 2006/283 and

we
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NDL 2006/487 were not affected by tl@BSD. Albert had the highest disease
severity of 297 while NDL 2006/850 gavehie lowest disease severity of 1.18t
Nachingwea the highest disease severit{3.00) was obtained from Albert.
Genotype NDL 2006/850 recordeithe lowestmeandisease severity of 1.13Also
significant variations (P O 0.05) were
The highest mean CBSD severity (3.00) was recorded on Albert, followed by
Naliendele (184) and NDL 2006/850 (1.13) at Nachingwea, while thst ofthe
genotypesshowed the lowest CBSD severity of.d0, meanswith no disease
symptoms. Across the locations, Albert had the highest CBSD disease severity
scoresin all sites. Treatment NDL 2006/487 hatie lowestdisease severity scores

of 1.00 in all sitesHowever treatmestNalierdele, NDL 2006/104NDL 2006/438,

NDL 2006/738, NDL 2006/745nd NDL 2006/840 had disease severity score of
1.00 at Naliendele and Nachingwea, while at Mtopwa they had minor severity
scores.Treatment NDL 2006/283 had disease sevarit{l.96) only at Naliendele,
whereas it was clean (1.00) at Mtopwa and Nachingwé@de overall means for
CBSD severity at Naliendele, Mtopwa and Nachingwea weré4, 1.30 and 1.5

respectively.
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Table 11: Means for Cassava brown seak disease severity at Naliendele,
Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 2.90° 2.97 3.00
KIROBA 1.0¢ 1.0P° 1.00"
NALIENDELE 1.00 1.00 1.84
NDL 2006/030 1.0¢ 1.17 1.00"
NDL 2006/104 1.00 1.17 1.0¢"
NDL 2006/283 1.96 1.0 1.0¢"
NDL 2006/438 1.00 1.33 1.00"
NDL 2006/487 1.0¢ 1.00 1.0¢"
NDL 2006/738 1.0¢ 1.42 1.00"
NDL 2006/741 1.0¢ 1.18 1.0¢"
NDL 2006/840 1.0¢ 1.23 1.00"
NDL 2006/850 1.0¢ 1.13 1.13
Overall mean 1.24 1.30 1.25
s.e 0.07 0.33 0.11
c.v. (%) 5.70 19.70 8.50

Means with the same superscript letter(s) in the same column are not significantly
di fferent ( P separdian0¥®y n d aan 8 oRakpeTesti p | e
4.12.3 Cassava mosaic disease incidence

Significant di ffer enc e &ingndacrdss dcatdis) wer e
CMD incidence(Table 17). At Naliendele, genotype NDL 2006/74hdthe highest
cassava mosaic disease incidence9®00. GenotypeNDL 2006840 had the
lowest CMD incidence 024.08%. Albert, Kirobaand genotypes, NDL 2006/283
NDL 2006/438, NDL 2006/487, NDL 2006/104nd NDL2006/&0 were free fom
cassava mosaic disease (CMDdt Mtopwa the highest disease incidence of
(87.50%6) was recorded on NDL 2006/741 atite lowest disease incidence of
2.08% was recordedon the genotypeNDL 2006/438.Cassava mosaic disease
incidence at Nachingwea ranged betwde@7 and 95.8%. The highest disease
incidence (95.83%) wasecordedon NDL 2006/741, followed by Bliendelewith
disease incidence of 9%. The lowest disease incidendeG®b) was recorded on

Albert. Treatment NDL 2006/741 showed the highest CMD disease incidences in
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all locations, while the lowest or no CMD disease inciderfte®0) were observed
on the treatment Kirobacross the locationslaliendelevarietyshowed high dsase
incidences at Naliendele and Nachingweas, the contraryat Mtopwa it had no
disease incidence3he overall means forassava mosaic disease incidenasese

21.530, 8.3%% and 1.60% at Naliendele, Mtopwa and Nachingwea respectively.

Table 12 Means for Cassava mosaic disease inciden¢®) at Naliendele,
Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa Nachingwea
ALBERT 0.00° 0.00 1.67
KIROBA 0.00° 0.00 0.00
NALIENDELE 83.33 0.0¢ 3252
NDL 2006/0® 26.31 0.00 0.00
NDL 2006/104 0.00° 3.0085 4.56
NDL 2006/283 0.00° 0.00 2.39
NDL 2006/438 0.00° 2.08° 2.27
NDL 2006/487 0.00° 0.0¢0 0.00
NDL 2006/738 31.66 0.00 0.0¢
NDL 2006/741 93.00' 87.50' 95.83
NDL 2006/840 24.08 0.00° 0.00
NDL 2006/850 0.00° 7.50 0.00
Overall mean 21.53 8.34 11.60
s.e 3.43 2.01 2.44
c.v. (%) 15.90 30.10 28.30

Means with the same superscript letter(s) in the same column are not significantly
di fferent ( P separdian®®y n d an 8 oRakpeTiesti p | e
4.12.4 Cassava mosaic disease severity

The means for cassava mosaic disease severity \ggigficanty ( P O) wiahin0 5
and acrosdocations maximum being 3.17 and minimum 1.@0able B). The
cassava mosaic disease severity ranged from 1.00 to &aliéndelevariety gave the
highestmeanCMD severity (267) at Naliendele. Treatments Abert, Kirobga NDL

2006/030NDL 2006/104, NDL 2006/283, NDL 2006/438, NDL 2006/48¥ NDL
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2006/850 showed no CMDdlisease severity (@0). At Mtopwa genotype NDL
2006/741 recorded the highest disesseerity 0of2.87. Albert, Kiroba, Naliendele,
NDL 2006283 and NDL 2006/738 had CMD disease severity of 1.0@Gt
Nachingwea,The highest cassava mosaic disease severity)(8/4% recorded on
genotype NDL 2006/741.Treatments Albert, Kiroba, NDL 2006/030, NDL
2006/487 ,NDL 2006/738,NDL 2006/840and NDL2006/&0 hadthe lowestCMD
severity of(1.00. Across the locations, genotydDL 2006/741had thehighest
CMD severity valuesindKiroba was free from CMD severitfhe overall measfor
CMD severity at Naliendele was4l, at Mtopwa (1.19) and at Nachingwea was

1.30.

Table 13 Means for Cassava mosaic disease severity at Naliendele, Mtopwa
and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 1.00° 1.00 1.00
KIROBA 1.0¢" 1.00 1.06
NALIENDELE 2.67 1.00 1.80°
NDL 2006/030 1.00" 1.11° 1.00
NDL 2006/104 1.00" 1.00 1.04
NDL 2006/283 1.00' 1.04 1.11°
NDL 2006/438 1.00' 1.00 1.28
NDL 2006/487 1.00' 1.00 1.00
NDL 2006/738 1.54 1.00 1.00°
NDL 2006/741 2.48 2.87 3.17
NDL 2006/840 1.35° 1.29 1.06
NDL 2006/850 1.00" 1.00 1.00°
Overall mean 1.41 1.19 1.30
s.e 0.18 0.14 0.24
c.v. (%) 13.00 11.70 18.60

Means with the same superscript letter(s) in the same column are not significantly
di f f er e n folloyirg seParadian®BY n c an 6 s Rakbe Teisti p | e
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4125 Cassavaroot necrosis

The means for cassava root necrosis varied significanBy 05)within and across
locations (Table 9). From the results it was observed thdhert gave the highest
mean root acrosis(3.17) at Naliendele, while variation in all locations ranged
between 1 and 3.3%enotypeNDL 2006/840 recordethe root necrosivalue of
1.73, whereas treatmentsiroba, NDL 2006/104, NDL 200680, NDL 2006/283,
andNDL 2006/738 showed no sigmé root necrosis. At Mtopwa, the highestoot
necrosis wasbservedon Albert (3.00) followed by NDL 2006/438 (2.00), NDL
2006/283 (1.50pand Kiroba (117). The rest of the treatments were freenfrooot

necrosisi(e. had root necrosis scores1.00)

At Nachingwea Albert also recorded the highest mean root necrosis score (3.33),
followed by Naliendele3.00. Othergenotypes NDL 200883 and NDL 2006/487
showed root necrosis mearscore of 1.17. On the other hand variety Kiroba,
genotypesNDL 2006/030, NDL 200/741 NDL 2006/104and NDL 2006/840
showed no symptoms of cassava root necrosis (T&)le Among the treatments,
Albert gave he highest root necrosis scoregross the locationsTreament
Naliendele showedamehigher root necrosis score at Naliendele and Nachingwea
(3.00, while it had no root necrosis at dfiwa site (1.00). Nachingweasite, had

the highest rot necrosis oveill mean of1.60, Mtopwa (.31) and Naliendele

recorded1.51).
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Table 14: Means for Cassava root necrosis at Naliendele, Mtopwa and
Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 3.17 3.00° 3.33
KIROBA 1.0¢" 1.17° 1.06
NALIENDELE 3.00% 1.0¢" 3.0¢°
NDL 2006/030 1.00" 1.0¢" 1.00
NDL 2006/104 1.00' 1.00" 1.00
NDL 2006/283 1.00' 1.50 1.17°
NDL 2006/438 1.95 2.00 1.50°
NDL 2006/487 1.0¢! 1.00" 1.17°
NDL 2006/738 1.00' 1.00' 1.67
NDL 2006/741 233 1.0¢" 1.06
NDL 2006/840 1.73 1.0¢" 1.00°
NDL 2006/850 1.0¢" 1.0¢" 1.33°
Overall mean 1.60 1.31 1.51
s.e 0.22 0.36 0.50
c.v. (%) 13.50 27.80 29.00

Means with the same superscript letter(s) in the same column are not aigfyfic
di fferent ( P separadiian0®y n d aan 0 vRakpaTesti p | e
4.1.2.6 CBSD, CMD and root necrosis on the cassavagenotypes under
combined analysis
The results for CBSD, CMD and root necrosis across the locations are presented in
(Tabe 20). Significant variabiliies ( P O wa&re 6bSeyved on the mesarfor
cassava brown streak disease incidence among geno#pexss the locations
variety Albert recorded the highest mean cassava brown streak disease incidence
(96.60) followed by Ndiendele (1.68%6). The overall mean disease incidence
was 1.55%. Genotype NDL 2006/487 shaal leastdisease symptonmecross the
locations whereas the lowest CBSD incidend@0@%) was recordecbn NDL
2006/840With exception of treatments AlbeKjroba andNaliendelethe rest of the

treatments had no significant differences among them.
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Significantv ar i at i ons EbBerveéd o thddrBepn cassavaebrown streak
diseaseseverity of cassavagenotypes. VarietyAlbert recorded the highest mean
cassava brown streaksease severity (29 followed byNaliendele(1.28), while
NDL 2006/487 did not showany disease symptom3he overall mean disease
severitywas1.26 (Table 19) There were no significant differences observed among
treatments KirobaNDL 2006/030, NDL 2006/104, NDL 2006/438, NDL 2006/487,

NDL 2006/741, NDL 2006/840 and NDL 2006/850.

The resultson CMD incidences eveal ed presence of signi
0.05) among the genotypeBhe highest mean values for CMD inciden8@.(2%)

was observedon the genotype NDL 2006/741 followed byahendele(38.6240),

which was significantly differenfrom therest of tle treatmentsKiroba showed no

any CMD incidence. Howevehe treatment (Kiroba) was not significantly different

from treatmentsAlbert, NDL 2006/104, NDL 2006/283NDL 2006/438, NDL

2006/487and NDL2006/ 850 The overall mean disease incidence Was82

The e were significant meaa cassava imosais distaBe O 0
severity among genotypes across the locatidhs. highest meawmalue for CMD
severity (297) was observedon the genotype NDL 2006/741 followed wariety
Naliendelewhich hadCMD severity of 1.82 Theoverall mean disease seventgas
1.3. Kiroba was not affected bgMD but revealedno significant differencesvith

treatments Albert, NDL 2006/030, NDL, 20880 and\NDL 2006850.
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The means for cassava root necrosasied significany ( P Cacrdds the5 )
locatiors (Table 20). Albert showed the highest root necrosis score of aridhad
significant differences with the rest of the treatmeNtsiendelerecorded?.33root
necrosis On the other hand, genotypRDL 2006840 and NDL P06/850had no
any symptoms of root necrodig. had a root necrosis score of 1.@0though the
two genotypes hado root necrosis symptomigiey werenot significanly different
from the treatments Kiroba, NDL 20@&7, NDL 2006438, NDL 2006/741and

NDL 2006/738 The overall meanoot necrosisn all sites was 1.47

Treatment Albert had consistently highest CDSE8.67%9, CDSDS (26) and root
necrosis (3.71) across the locations, while it had lowest scores for CNCAg and
CMDS (1.@). On the othe hand, treatment NDL 2006/487 showed consistently
lowest meanvalue sores of the diseases, CDSDI39, CDSDS (.00 and root
necrosis (111), while with regard to CMDNDL 2006/487had not showed disease

incidence Q.00 and severity(1.@ (Table20).
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Table 20: Means for CBSD, CMD and root necrosis incassava genotypes under
combined analysis

Genotype CBSDI CBSDS CMDI CMDS Root necrosis
ALBERT 96.67 296 056  1.00 3.17
KIROBA 153 1.060 0.00 1.0¢ 1.54
NALIENDELE 11.68 128 3862 182 2.33
NDL 2006/030 556 1.06 877 1.1F 1.50¢
NDL 2006/104 417 106 252 1.19¢ 1.444%¢
NDL 2006/283 278 132 o079 117 1.24
NDL 2006/438 25606 11 143 1107 1.27
NDL 2006/487 1.3¢ 106 o0.0d 1.00° 1.11
NDL 2006/738 1.9° 1.14 105% 1.05 1.06
NDL 2006/741 1.3¢  1.06 921F 297 1.06
NDL 2006/840 0.06 108 803 1.0 1.0d
NDL 2006/850 0.06 108 250 1.00 1.0d
Overall mean 11.55 1.26 13.82 1.30 1.47
s.e 834 026 435 0.19 0.38
c.V.(%) 28.80 16.20 3140 14.80 25.70

Means with the same superscript letter(s) in the same column are not significantly
di fferent (P O 0.05) foll oRangeTestsepar ati ol

Key: CBSDI% = Percentage cassava brown streak disease incidence, CBSDS =

Cassaa brown streak disease severit¢MDI% = Percentage cassava
mosaic disease incidence and CMDS = Cassava mosaic disease severity.

4.1.3 Nutritional characteristics of the studiedcassavagenotypes

4.13.1 Dry matter percentage

Significant variatonsB O 0. 05) percentdgenere obaervedeamong
genotypes within and across locatiodg. Naliendele, Mtopwa and Nachingwea
NDL 2006/487 recorded the highestean values of percentage dry matter of
39.16%, 40.42% and41.78% espectively At Naliendde, treatments Albert
(35.43%), Kiroba (37.1%%), NDL 2006/283(37.1P%6), NDL 2006/73836.68/%) and
NDL 2006/840(36.58%) showed no significardifferences for this parameteAlso

NDL 2006/104(38.630) andNDL 2006/741(39.12%6) were statistically similarAt
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Mtopwa, neither Albert, Kiroba\aliendele andNDL 2006/104;nor NDL 2006/283

and NDL 2006738 showed significant differences. However at Nachingwea,
treatment NDL 2006/487 was not significantly different from treatments NDL
2006/738 and NDL 2006/84able 21). NDL 2006/850 had théowestmean dry
matter percentageof 33.54% recordedat Naliendele. The lowest dry matter
percentage (33.68%) at Mtopwa was recorded from NDL 2006/840, which was
significantly different from the rest of treatments. Rachirgwea site, the lowest
percentage dry mattei3%.32% was observedn the genotype NDL 2006/850
which was not significaht different from treatments Albert, NDL 2006/030 and
NDL 2006/738 Overall meardry mattermpercentage of cassava genotypes across the
locatons were 33.75%, 21.21% and 3%@2for Naliendele, Mtopwa and
Nachingwea respectively. Nachingwea had the highest owkyathatterpercentage

(41.78%).

Across the locations, NDL 2006/487 showed superiority over the rest of the
treatments in all 85 at Naliendele (39.26), Mtopwa(40.62%) and Nachingwea
(41.78%). On the other hand, treatmeédMibL 2006/850,showed the least dry matter
percentage at Naliende83.54%)and Nachingwe&35.52) while at Mtopwa it was

thelastbut one(36.21%) (Table21).
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Table 15: Means for percentage dry matter (%) in Cassava genotypes at
Naliendele, Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 35.43"a 39,23 35.7¢
KIROBA 37.15/ba 38.9r"™ 38.23"
NALIENDELE 35.29' 38.97™ 37.92°
NDL 2006/030 34.64° 36.29" 35.77
NDL 2006/104 38.63° 38.36™ 39.05"
NDL 2006/283 37.17%2 37.33°a 40.95%
NDL 2006/438 37.61" 38.42" 38.53°
NDL 2006/487 39.16 40.62 41.78
NDL 2006/738 36.682 36.90°"2 36.02
NDL 2006/741 39.122 40.112 40.4F
NDL 2006/840 36.56'"2 33.68' 38.95°
NDL 2006/850 33.54 36.21° 35.32
Overall mean 36.75 37.92 38.22
s.e 2.84 2.85 3.00
C.V. (%) 7.70 7.50 7.90

Means with the same superscrigtter(s) in the same column are not significantly
di fferent ( P separdian0¥®»y n d an 8 oRakpeTesti p | e

4.1.3.2 Starch percentage

The results focassava starcpercentagevarieds i gni fi cantl ythg P O 0
gerotypes wthin and across the locatiofable 2). The highest starch percentage
content was 23.99% and the lowest was 18.1486.Naliendele, genotype NDL
2006/487 recorded the highestarchpercentage (22.13%), whereas the lowest
starchpercentage (18.14%)as recordedn NDL 2006/850.However the treatment

NDL 2006/487 did not vary significantly from NDL 2006/7422.10%) Treatments
Kiroba, NDL 2006/104, NDL 2006/283 and NDL 2006/438 showed no significant
differenceswith values 20.70%, 21.09%, 20.72 and (BPb respectively In the

same site, Naliendeld 9.38%)and NDL 2006/03{18.92%)were not significantly
different. The highest starch percentage content (23.17%) at Mtopwa was obtained

from the genotype NDL 2006/283. Treatments Albert, Kiroba, NDL /208&hd
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NDL 2006/438 were statistically the samvéh starch percentage means2df83%,
21.560, 21.56% and 2161% respectivelySimilarly Naliendele(22.83%) and NDL
20067741 (22.800) were not significarty different. Genotype NDL 2006/850 gave

the loweststarch percentage vakief 1814%, 20.04% and 19.41% at Naliendele,
Mtopwa and Nachingwea respectively.t Wachingweagenotype NDL2006/487
recorded the highesttarchpercentage (23.99%however this treatment did not
significantly differ from genotges NDL 2006/28323.40%) and NDL 20067741
(23.02%). The loweststarchpercentage meafl19.41%) was recordefilom NDL
2006/850 which was statistically similar to treatments Albé€i9.72%) NDL
2006/030 (19.73%) and NDL 2006/738(19.91%) The highest owall starch
percentagemean(21.47%) was recorded at Nachingwea, while the lowest overall
starch percentagemean (20.36%) was observed at Naliendele site. On the other
hand Mtopwa site recordedn overall starchpercentageneanof 21.2P46. Across

the locatons, teatment NDL 2006/487 had consistently highest starch percentage
means NDL 2006/850 recorded consistently lowest starch percentage content at
Naliendele (18.14%)and Nachingweg19.41%) while at Mtopwa it was inthe
range of medium valug®0.04%). Treatment NDL 2006/840 had the lowetsirsh
percentage content (18%4 at Mtopwa and had medium starch percentage content

at Naliendelg20.28%) and Nachingwea (21.68%) si{€able 2).
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Table 16: Means for percentage starchin Cassava genotypeat Naliendele,
Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 19.46" 21.83% 19.72
KIROBA 20.702 21.56"2 21.472
NALIENDELE 19.38" 22.832 21.262
NDL 2006/030 18.92" 19.47¢ 19.73
NDL 2006/104 21.092 21.56"2 22.06
NDL 2006/283 20.722 20.84°P2 23.40°
NDL 2006/438 21.032 21.61" 21.682
NDL 2006/487 2213 23.17F 23.99
NDL 2006/738 20.37 20.53"Pa 19.97
NDL 2006/741 221G 22.80r 23.02
NDL 2006/840 20.28"2 18.24° 21.982
NDL 2006/850 18.14 20.04°P2 19.47
Overall mean 20.36 21.21 21.47
s.e 1.91 2.07 2.13
c.V. (%) 9.40 9.80 9.90

Means with the same superscript letter(s) in the same column are not significantly
di fferent ( P separdiion0®y n d dditipleoRange Test

4.1.3.3 Protein percentage

Table B presents the means fproteinpercentage in the studiedssava genotypes
at Naliendele Mtopwa and Nachingwea. Significant variations were observed
amongthe genotypes in all locationsanged from 0.07 to 1.63At Naliendele
genotypes NDL 2006/487, NDL 2006/738 and NDL 2006/8d€ordedthe same
(1.13%) as théhighestprotein percentage contenThe lowest protein percentage
mean was recorded on therptype NDL 2006/7410.0799, however this treatment
did not vary significantly with the treatment NDL 2006/030 (0.10%4) Mtopwa,

the highest protein percentagentent (1.63 %jyvas recorded from NDL 2006/487,
and showed naonsignificant difference with the treatment NDL 2006/850 (1.49),
while the lowesproteinpercentage contend.(l3%) was obtainedtom the genotype

NDL 2006/030.Thetreatment (NDL 2006/030) wastatistically similar to treatment
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NDL 2006/741 (0.09 %). The highest mean protein percentage content at
Nachingweawas observed on the treatmeNDL 2006/487 (1.41 %)while the
lowest protein percentage content (0.08 %) was recorded from NDL 2006474 1.
treatments which showed naignificant differences in protein percentage content
were Albert and NDL 2006/030; NDL 2006/438, NDL 2006/738 and NDL
2006/850; and NDL 2006/283 and NDL 2006/84the overall meanprotein
percentagevalues were 0.67, 0.876and 0.78 at Naliendele, Mtopwa and
Nachingwea respectively (Tabl&)2 Across the locations, NDL 2006/487 gave the
highest protein percentage content in all sites. The lowest protein percentage
contents were observed on the treatment NDL 2006/741, aridale (0.07 %), at

Mtopwa (0.09%) and at Nachingwea (0.08 %)

Table 23 Means for protein percentagein Cassava genotypeat Naliendele,

Mtopwa and Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 0.14° 0.67 0.17"
KIROBA 0.2 0.20¢ 0.27%¢
NALIENDELE 0.3¢ 0.32 0.37
NDL 2006/030 0.1d 0.13 0.13°
NDL 2006/104 0.80F 0.9 0.2°
NDL 2006/283 1.0° 1.1C¢ 1.26%
NDL 2006/438 0.9¢8 1.23 1.17
NDL 2006/487 1.13 1.63 1.47°
NDL 2006/738 1.13 1.472 1.18
NDL 2006/741 0.07 0.09 0.08
NDL 2006/840 1.13 1.2¢° 1.23%
NDL 2006/850 1.05 1.49 1.17°
Overall mean 0.67 0.88 0.78
s.e 0.08 0.16 0.16
c.V. (%) 12.9 17.1 21.20

Means with the same superscript letter(s) in the same column are not sigdificant
di fferent ( P separdiian0®y n d aon 8 oRakpellgst i pl e
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4.1.3.4 Cassava pot taste

Significant variati ons (P O 0.05) i n
genotypeswithin and acrossll locations (Table £). The cassava roaaste values
ranged between 1 and @enotype NDL 2006/487 was found to have the highest
mean root taste value of 2#& Naliendeleindicating that it is abitter variety
However this genotype was not signifidgntdifferent from treatments NDL
2006/738 ad NDL 2006/8500n the other hand, genotypAkbert, NDL 2006/283
andNDL 2006/741 had the lowest valoéroot tastdbeing1.00. Treatments Kiroba

and NDL 2006/438Naliendele and NDL 2006/840; and NDL 2006/030 and NDL
2006/104 showed no significanériations. At Mtopwa the highest mean root taste
(2.00) was recorded on NDL 2006/487 and NDL 2006/8b@icated better
genotypeswhile the lowest value (1.00) was recorded from Albert, Kiroba, NDL
2006/03Q NDL 2006/104 and NDL 2006/741 indicating the sweeinotypes.
Genotypes NDL 2006/438 and NDL 2006/840 recorded equal value for root taste
being 1.83 At Nachingweahe highest mean root tag200)was recordedn NDL
2006/283,NDL 2006/738 and NDL 2006840, while the lowest value (1.17) was
recordedon Kiroba, Naliendele, NDL 2006/038DL 2006/438 and NDL 2006/74.
Similarly, there were no significant differences observed among treatments Albert,
NDL 2006/030, NDL 2006/487 and NDL 2006/8%0able 2). The overall mean

for cassava root taste at Nalienddéppwa and Nachingwea were 1.44, 1.43 and

1.56 respectively

Treament NDL 2006/487recordedthe highest mean root taste scq200) at

Naliendele and Mtopwa, while at Nachingwea it was in the medium r@dngé).
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Albert and NDL 2006/741 had root taste1.00 at Naliendele and Mtopwa, whereas

at Nachingwea, Albert tastenoderately (1.67)On the other hand NDL 2006/741

had a relatively sweet taste (1.17).

Table 17: Means for root tastein Cassava genotypeat Naliendele, Mtopwa and

Nachingwea locations

Genotype Naliendele Mtopwa  Nachingwea
ALBERT 1.00° 1.00" 1.67°
KIROBA 1.50"2 1.0¢" 1.17
NALIENDELE 1.672 1.50° 1.17
NDL 2006/030 1.167° 1.0¢" 1.17
NDL 2006/104 1.17° 1.0¢" 1.67°
NDL 2006/283 1.0¢ 1.67°2 2.00°
NDL 2006/438 1.502 1.83° 1.17
NDL 2006/487 2.0 2.0¢" 1.67°
NDL 2006/738 1.83 1.33¢ 2.00°
NDL 2006/741 1.00° 1.00" 1.17
NDL 2006/840 1.67° 1.83° 2.0¢%
NDL 2006/850 1.83 2.00° 1.83"
Overall mean 1.44 1.43 1.56
s.e 0.40 0.32 0.29
c.v. (%) 27.90 22.20 18.60

Means with the same supergtrletter(s) in the same column are not significantly
di fferent ( P separdiian®®y n d an 0 oRakpaTigesti p | e

Key: Scale usedinroottaste: 17 2; where 1 =sweet and 2 bitter.

4.1.3.5 Combined analysidor nutritional character istics of the studied cassava
genotypes

Table 5 presents the results for the studied cassava nutritional charactenstics

combined analysis.Si gni fi cant variations (P O 0.G¢C

genotypedor all the studiedcassavanutritional daracteristicsThe highest overall

mean dry matter percentage (40%pPwas recorded on the genotype NDL 2006/487,

while the lowest overall meaglry matter percentage was recorded lus genotype
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NDL 2006/850 (35.0%). Both treatments (with highest and kst values) had
significant differences from the rest of the genotypes. Albert and NDL 2006/738
were not statistically differenn their dry matter percentage means. The ovaigil
matter percentage meanross the locations w83.636. Treatment NDL 206/487

with garch percentage content (2340 outperformed the rest of the treatnsent
while the lowest starch percentage contd®.20%) was observed on the genotype
NDL 2006/850 and was significantly different from all other treatmgiiable 25.
Treatments Kiroba, Naliendele, NDL 2006/104, NDL 2006/283 and NDL 2006/438
showed nossignificant differences. Sirarly, treatmentsAlbert with dry matter
(20.3%%0) and NDL 2006/840 (20.17 %) were not signifidardifferent however,

theoverall mean percengastarch was 21.01%.

Significant var i eseivedros the(pPtei®pe@entde meawefr e
cassava genotyp€$able 5). Genotype NDL2006/487 recorded the highgsotein
percentage mean (1%, which was significantly different from the steof the
treatments. The lowest valuerf@rotein percentage mean (0%8 across the
locations was obtained from the genotype NDL 2006/741, wivas statistically

similar to the treatment NDL 2006/030.12 %) Albert (0.30%), Kiroba (0.24)

and Naliedele (0.320) revealed existence of ndnsignificant differences among

their protein percentage means. Treatments across the lecgdwa an overall

protein percentage mean of 0.77%.

There weresignificant differences( P O ob cad%ya root taste among the

studied genotypes. Genotypes NDL 2006/487 and NDL 2006/850 were superior
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over the other genotypesth root taste mean of 1.§9able %). However these two
treatments were not significantly different from theatraent NDL 2006/840 (1.83).

The lowest root taste value (1.06) was recorded on genotype NDL 2006/741. This
treatment was not significantly different from the genotype NDL 2006/030 which
hadaroot taste value of 1.11Across the locations treatment NDL@8J487 had the
highest values for the cassava nutritional variables studieel.lowest dy matter
percentage meaof 35.026 and the lowdsstarch percentage mean (19@0were

both recorded from NDL 2006/850, however this treatment had the highest falue o
root taste (1.89 same as NDL 2006/487) and a megiatein percentage mean of

1.2%% (Table ).

Table 18 Combined means of genotypes for cassava nutritional variables at
the three sites

Genotype Dry mattefo Starci®% Proteirto Root taste
ALBERT 36.81%f 20.35¢ 0.3C° 1.27"
KIROBA 38.10 21.28°¢ 0.24 1.2
NALIENDELE 37.399% 21.16° 0.3 1.449%
NDL 2006/030 35.57 19.37 0.12 1.11
NDL 2006/104 38.68 21.57° 0.8¢’ 1.28"°
NDL 2006/283 38.4g° 21.68° 1.17 1.56¢
NDL 2006/438 38.19 21.44° 1.13 1.5¢
NDL 2006/487 40.52 23.16 1.3¢ 1.89°
NDL 2006/738 36.539f 20.27¢ 1.26° 1.77°
NDL 2006/741 39.88" 22.64° 0.08 1.06
NDL 2006/840 36.39" 20.17¢ 1.23 1.83
NDL 2006/850 35.02 19.2¢f 1.22 1.89
Overall mean 37.63 21.01 0.77 1.48
s.e 2.91 2.05 0.13 0.38
c.v. (%) 7.70 9.90 17.20 25.70

Means with the same superscript letter(s) in the same column asggnificantly
di fferent ( P separadiian0®y n d an 0 vRakpaTesti pl e

Key: Scale usedor roottaste: 17 2; where 1 = sweet and 2 = bitter.
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The results in(Table B and Figure 3) show that, there is a negative relationship
between protein percentage contenhdacassavaoot sweetnesslt was observed
that, bitter varieties/genotypes had higher protein percentage as compared to sweet
ones.Genotypes NDL 2006/487 and NDL 200/850 tsaainehighestvalue of root
taste(1.89) indicatingthat theyare the mostbitter genotypes. The highest protein
percentage content value was obtained on NDL 2006/4839) (Table 25.
Genotypes NDL 2006/738 and NDL 2006/840, which had also high values of root
taste, hadnhigherprotein percentageontent &nostsimilar to NDL 2006/85(Figure

2). On the contrary, genotype NDL 2006/74&hich had the lowest value of root
taste,recordedthe lowest protein percentage conteMdDL 2006/030had smaller

root taste value (1.11), which was not significantly ddéfe from NDL 2006/741
(1.06),which alsorecorded the least protein pertage conten{0.1246) after NDL
2006/741(0.08) (Table &). Varieties Albert, Kiroba and Naliendele which showed
relatively low root taste valuesf 1.22, 1.22 and 1.44lsorevealedrelatively low

protein percentage contsmtf 0.30%, 0.24% and 0.31%espectively.

18 1 W Protein®

1.4 - M Root taste

in %
Protein % and root taste values
H

Genotype

Figure 3: Relationship between cassava protein percentage content and cassava
root taste
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4.2 Farmers | nvolvement

421 Far mer s 0 ceectihgeassaaa génotypesiyarieties

Farmers were involved ithe harvesting exercise, where they were given a chance
of selecting cassava genotypes/varieties according to their fore discussed criteria.
Twelve farmers were involved at Naliendele siwghereas fifteen farmers were
involved at both Mtopwa and Nachingwesites. The criteria used by farmers in
selecting cassava genotypes/varieties were almost the ataalethe trial sites.
Table 26 showsthe criteria used by farmers and their respective iramin order of
importance.At Naliendele site, yield ranked the first while root hardness ranked
fourth in order of importance. At Mtopwa yield ranked the third whereas diseases
ranked first and root hardness was fourth. On the other hand, at Nachingleea yi

ranked first while root taste rank was fourth in order of importance.

Table 19: Farmers criteria for selecting cassava varieties/genotypes at the trial

sites
S/no. Naliendele Mtopwa Nachingwea
Criteria Rank Criteria Rank  Criteria Rank
1 Yield 1 Disease 1 Yield 1
2 Disease 2 Taste 2 Disease 2
3 Taste 3 Yield 3 Hardness 3
4 Hardness 4 Hardness 4 Taste 4
5 Cookability 5 Vegetables 5 Drought 5
6 Planting material 6 Maturity 6 Plantingmaterial 6
7 Storability 7 Architecture 7 Cookability 7
8 Architecture 8 Planting material 8 Vegetables 8
9 Fibreousness 9 Cookability 9 Architecture 9
10 Flesh colour 10 Storability 10 Storability 10

From(Table ®), at Naliendeldlesh colour as ariterion of selecting genotypes was

of the least importance. Root fibrousness ranked second from tHellasied by
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plant architectureHowever, at Mtopwa the least criterion (storability) in order of
importance differed from the least one at Naliendd#ke Storability ranked the last,
followed by cookability, whereas planting material was the third from the bottom.
At Nachingwea, storabilityanked the last in order of importanéallowed byplant

architecture and vegetables production (cassava |plaves)

The abovementionedcriteria are used by farmers depending on pievailing
needs) at a given period of timélowever, according tthem,they mostly use the
top four ranked criteria. Among the criteria identifittterefore only the top four
were used in assessing the cassava genotypes in theTfieldriteria used amot

yield, cassavaliseases;assavaoot taste andassavaoot hardness.

422 Farmersbé genotypes selection: based
root hardness
Results for&ar mer s6 genotypes selection based
root taste are shown ifTable 27). The highest yielder selected by farmers at
Naliendele site was NDL 438 (32 points), followed by NDL 2006/487(31 points)
and NDL 2006/28329 points), while Albert, NDL 200/741 andriety Naliendele
were found to be inferior with score points of 14, 18 and 19 respectively. At Mtopwa
the highest yielders were NDL 2006/487 (&ints) followed by NDL 2006/438 (25
points) andvariety Naliendeé (24 points). The least yielders were found to be NDL
2006/840, NDL 2006/741 and NDL 2006/283 with score points of 15, 16 and 17
respectively.At Nachingwea siteKiroba, Naliendelevariety and NDL 2006/487

wereobserved to have higher score points of 83and 30 respectively. The lower

o
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score points were foundn NDL 2006/741(17points), NDL 2006/840 (19points)

andAlbert (20points).

At Naliendele no ominor signs of diseases were observed genotypes NDL
2006/487 (27points), NDL 2006/738 (26oints) and NDL 2006/840 (2goints),
while most dsease symptoms were observed oAlbert (12 points), variety
Naliendele(13 points) and NDL 2006/283 (14 point§)able Z). Genotypes NDL
200/438, NDL 2006/850 and NDL 2006/0@@re assigned the highest segpoints

of 34, 33 and 31 respectively at Mtopwa, while genotype NDL 2006/741 was found
to havecleardisease symptom#lbert (15 points) followed byvariety Naliendele

(17). At NachingweaNDL 2006/487(38 points), NDL 2006/738 (35 points) and
Kiroba (34 points) (were observed as most tolerant genotypes), wihiée most
susceptible ones were NDL 2006/741 (idints), Albert(17 points)and Naliendele

(17 points.

Root hardness as assessed by farmers at Naliendele revealed that, NDL 2006/738,
had thdowestwater contentvith (21) score pointsfollowed by NDL 2006/487 (19
points) and Mliendelewith score points 0{18), while Albert, NDL 2006/741 and

NDL 2006/840scoredthe lowest root hardness with score points of 10, 11 and 12
respectively. At Mtopwa variety Naliendele had the highestroot hardness (34
pointg followed by Kiroba (33points) and NDL 2006/85@32 points). Genotypes

NDL 2006/283, NDL 2006/840 and NDL 2006/43%hibited the lowest root
hardness with score pointg 15 20 and 21 respewugly. At Nachingwea, variety

Kiroba showed the highest root hardne&&p6ints) followed by Naliemdele
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(33points) and NDL 2006/85Q32points). @notypes NDL 200887, NDL
2006/840 and NDL 2006/43%avethe lowest root hardness with score points gf 1

20 and 22respectivelyTable Z).

Variety Albert was the sweetest at Naliendele site (32 poifddpwed by NDL
2006/438 (28 points) and NDL 2006/104 (26poirats indicated in Table 26yhile
the most bitter genotygeat Naliendelewere NDL 2006/487 (12 pints), NDL
2006/850 (14 pointshnd NDL 2006/738 (14points)At Mtopwa, the sweetest
genotypes observed afté&taliendele (38 pointswere Albert (32 points),NDL
2006/104 (22points) and NDL 2006/438 (22oints).On the other handnost bitter
genotypes comparatively,at Mtopwa wereNDL 2006/487, NDL 2006/850 and
NDL 2006/738 with score points of 15, 16 and 17 respectivdlyNachingwea site,
Albert was the sweetestith (27 points), while the leasjenotypes folsweetness
were NDL 2006/487, NDL 2006/85hd NDL 2006/738 with score points of 14, 16

and 17 respectively.
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Table 20: Farmer sd genotypes s edlmdiessandtafieased on yield, disease

Naliendele Mtopwa Nachingwea

Geno Y Rank D Rank H Rank T Rank Y Rank D Rank H Rank T Rank Y Rank D Rank H Rank T Rank

1 14 12 12 12 10 12 32 1 18 9 15 115 31 4 32 2 20 10 17 115 28 6 27 1
2 21 9 22 4 15 7 21 6 19 7.5 30 45 33 2 31 3 33 1 34 3 35 1 23 5
3 19 10 13 11 18 3 19 8 24 3 17 10 34 1 38 1 31 2 17 115 33 2 25 4
4 24 8 21 5 16 6 20 7 20 6 31 3 30 55 25 7 23 7 20 9 31 4 26 2.5
5 28 5 18 7 17 45 26 3 21 5 30 45 29 7 28 5 21 9 25 7 27 7 21 6.5
6 29 35 14 10 17 45 24 4 17 10 19 9 15 12 29 4 22 8 23 8 22 95 26 2.5
7 32 1 20 6 14 85 28 2 25 2 34 1 21 10 17 10 25 6 33 4 22 95 21 6.5
8 31 2 27 1 19 2 12 12 27 1 29 6 30 55 15 12 30 3 38 1 17 12 14 12
9 25 6.5 26 2 21 1 14 105 19 75 28 7 24 9 22 8 27 4 35 2 26 8 17 10
10 18 11 16 8 11 11 23 5 16 11 15 115 25 8 27 6 17 12 19 10 30 5 20

11 25 6.5 24 3 12 10 15 9 15 12 25 8 20 11 20 9 19 11 31 5 20 11 19 9
12 29 35 15 9 14 85 14 105 22 4 33 2 32 3 16 11 26 5 29 6 32 3 16 11

N.B: 1. The higher the number of the variables, the better the genotype
2. Yield and diseasassessely visual observation
3. Root taste and hardness scored by chew taste

KEY:

Y = Yield, D = Disease, H=Hardness ral T = Taste

1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, 5 = NDL 2006/104, 6 =NDL 2006/283, 7 = NDL 2006/438, 8 =06¢320
9 = NDL 2006/738, 10 = NDL 2006/741, 11 = NDL 2006/840, 12 = NDL 2006/850
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423 Far mer s6 pair wise matrix selection
4.2.3.1 Naliendele site

At Naliendele site, twige farmers participateith the assessment of genotypesduhs

on yield the results argresented ir{Table 28). Genotype NDL 2006/438 wabe
highestyielder (11 score)followed by NDL 2006/850 and NDL 2006/28But

Albert was thdeastyielder (0 scorg@ among the varieties and genotypssessed

Table 21: Pair wise ranking based on yieldfor Naliendele site

Genotype 1 2 3 4 5 6 7 8 9 10 11 12 Score Rank
ALBERT 0 12
KIROBA 2 4 8
NALIENDELE 3 2 3 9
NDL 2006/030 4 4 4 5 7
NDL 2006/104 5 5 5 7 5.5
NDL 2006/283 6 6 6 9 25
NDL 2006438 7 7 7 11 1
NDL 2006/487 8 8 8 8 4
NDL 2006/738 9 9 9 7 5.5
NDL 2006/741 10 2 3 2 10
NDL 2006840 11 2 3 1 11
NDL 2006/850 12 12 12 9 25
KEY:

1 = Albert, 2 = Kiroba3 = Naliendele, 4 = NDL 2006/030, 5NDL 2006/104, 6 =NDL 2006/283, = NDL 2006/438,
8 = NDL 2006/4879 = NDL 2006/738, 10 = NDL 2006/741, 11 = NDL 2006/84R,= NDL 2006/850.

4.2.3.2 Mtopwa site

At Mtopwa and Nachingwea sites, fifteen farmpasticipatedor the comparison of
genotypeshasedon yield (Table 29). Basd on yield at Mtopwa genotype NDL
2006438 (11 scores)was superior followed by NDL 2006/48@0 scorg and

Kiroba (9 scores)while genotypeNDL 2006/741was the leadi0 score.

o1
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Table 22 Pair wise ranking based on yieldor Mtopwa site

Genotype 1 2 3 4 5 6 7 8 9 10 11 12 Score Rank

ALBERT

KIROBA

NALIENDELE
NDL 2006/030
NDL 2006/104
NDL 2006/283
NDL 2006/438
NDL 2006/487
NDL 2006/738
NDL 2006741
NDL 2006840
NDL 2006/850

[E=Y
o

P P O 0N O O A WODN
N NN DN 0O NDNDNMNDNDDN
W W W W o N W ww

~N N 2 01 0O W

=
N

12 12 12

KEY:
1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, NBL 2006/104, 6 =NDL 2006/283, = NDL 2006/438,
8 = NDL 2006/4879 = NDL 2006/738, 10 = NDL 2006/741, 11 = NDL 2006/84R,= NDL 2006/850.

4.2.3.3 Nachingwea site

At Nachingwea site, fifteen farmers participated for the comparison of genotypes
based on yieldBased on yield aNachingwea, Kirobavith 11 score, outperformed
other genotypes followed by NDL 2006/48Y0 score)and Naliendelg9 score).
Genotype NDL 2006/741 was the least genotype in terms of,yiektored (0)

(Table30).
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Table 23. Pair wise ranking for Nachingwea site.

Genotype 1 2 3 4 5 6 7 8 9 10 11 12 Score Rank
ALBERT 0 12
KIROBA 2 11 1
NALIENDELE 3 2 9 3
NDL 2006/030 4 2 3 5 7
NDL 2006/104 5 2 3 3 9
NDL 2006/283 6 2 3 7 5
NDL 2006/438 7 2 3 8 4
NDL 2006/487 8 2 8 10 2
NDL 2006/738 9 2 3 4 8
NDL 2006/741 10 2 3 1 11
NDL 2006840 11 2 3 2 10
NDL 2006/850 12 2 3 12 12 12 12 12 6 6
KEY:

1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, NBL 2006/104, 6 =NDL 2006/283, = NDL 2006/438,
8 = NDL 2006/4879 = NDL 2006/738, 10 = NDL 2006/741, 11 = NDL 2006/8#2,= NDL 2006/850.

4.3 Effect of Weeding Regimes on thePerformance of Root Yield and Yield
Components
Weeding once and weeding twieereused as factsrthat determinghe root yield

and or yield components of cassava. At Naliendele dry mpéierentagevas the

only variable that showed significant diffecasat (P 00.05 (Apppendix 1). The
weeding regime (weeding twice) gawn overall mean of 36.94% dry matter,
whereas weeding regime (weeding once) gave the overall mean of 36.56% dry
matter (Table31). The grand mean for Naliendedée was 36.75% dry matterAt
Mtopwa, percentage dry matter, plant height and root yield differed significantly at
(P 00.05), (PO0.001) and (RO0.05) respectively (Appendix)3Weeding twice at
Mtopwa gave 37.92% dry matter, 100.38 cm plant height and root yield of Beb4

1, while where genotypes were weeded ortrg, matterpercentage was 38.32%,
plant height was 93.36cm and rg@eld of 7.65 ha' (Table30). The grand means at
Mtopwa were 37.92 fodry matter percentage, 96.89 cm for plant height and

8.10t ha for root yield.
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Plant height and root yield showed significant difference¢Pad 0 .afd{P)O
0.001) regectively, at Nachingwea (Append®. Weeding twice gaven overall
mean of 162.5 cm for plant height (Tald6), while the overall mean for weeding
once wasl53.5 cm. The grand mean for plant height was 158.0Ganotypes that
were weeded twice at Nacigwea gave 18.9tLha® of root yieldoutweighing those
weeded once which gave 17.45ha’. The grand mean for root yield was

18.18t ha'.

Table 24: Means of variables that showed significant differences witkliffering
weeding regimesat the trial sites

Location Variable Means
Grand Mean Weeding twice Weeding once

Naliendele % Dry Matter 36.75 36.94 36.56
SD 2.907 2.734 3.066

S.e 0.343 0.456 0.511

c.v. (%) 7.911 7.367 8.426

Mtopwa % Dry Matter 37.92 37.52 38.32
SD 3.158 3.731 2.483

S.e 0.372 0.622 0.414

c.v. (%) 8.328 9.908 6.503

Plant Height 96.89 100.38 93.36
SD 15.34 14172 15.475

S.e 1.808 2.465 2.579
c.v. (%) 15.833 14.802 16.491

Root Yield 8.1 8.54 7.65

SD 3.2 3.313 2.281

S.e 0.377 0.552 0.38
cv. (%)  39.514 34.537 34.542

Nachingwea Plant Height 158 162.5 153.5
SD 20 21.391 18.788

S.e 2.438 3.565 3.131
c.v. (%) 13.091 13.096 12.301

Root Yield 18.18 18.91 17.45
SD 10.158 8.547 11.299

S.e 1.197 1.424 1.883

c.v. (%) 25 23 32
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4.4  Genetic Correlations betweenCassavaYield Componentsat Naliendele,
Mtopwa and Nachingwea
The correlation coeifients between cassava root yield camgnts are presented in
(Table 32). At Naliendele, very highly significant positive correlations were
observed between root yield and plant height (r =0.5738***); stem girth
(r = 0.6902** ) androots per plant (r = 0.6237***)The resultsalso revealed highly
positive significant correlatigrbetween plant height and stem girth (r = 0.5815***)
and between stem girth and roots per plant (r = 0.6458%*high and positive
significant correlation was observed between plant height and root size

(r = 0.3594**)

On the other hand, at Mtopwa only roots per plant shoaddghly positive
correlation ¢ = 0.422**) with root yield. Plant height showed negative significant
correlationwith root dry matter r = {0.2395*) andwaspositively andsignificantly
correlated with roots per plant(r = 0.2395*). Another negative significant

correlation (r =0.0583*) was observecebveen rot size and stem girth (Tabl)3

As indicated in Tald 3, at Nachingwea positive highly significant correlations
were observed between root yield and stem girth (r = 0.3848***), root yield and
roots per plant (r = 0.7474***) and between brancpes plant and roots pgilant

(r = 3852***), There was a negive highly significant correlation (r £.3813***)
between plant height and branches per plAtgo, positive and highly significant
correlationswvere observed between root size and stem girth (0.3516***); stem girth

and roots per plant (0.3429**) antbetween root size and harvest index
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(r = 0.3152**). Moreover positive significant correlations were observed between
root yield and plant height (r = 0.2537*) and between stem girth and hardest

(r = 0.3006%)

Consistently posite correlation between roots and yield was observed at all
locations, Naliendele (0.6902***), Mtopwa (0.422**) and Nachingwea (0.7474***)
Number of branches per plant was negatively correlated with yield at Naliendele
(-0.2656) and Mtopwa-Q.0151). At Naliendele and Mtopwa, harvest index had

negative correlation with vyield -@.0585 and -0.1583 respectively).
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Table 32 Genetic correlation between cassava traits at Naliendele, Mtopwa and Nachingwea

Location PLHT BRPL RTSZ SGTH DM RTPL HI YLD
Naliencele PHT 1.0000 -0.168 0.3594 ** 0.5815 *** 0.0091 0.4507 *** -0.1912 0.5738***
BPL 1.0000 -0.0224 -0.1047 -0.0612 -0.0086 0.1155 -0.2656
RSZ 1.0000 0.1709 -0.1117 0.0407 -0.1187 0.2682
SGH 1.0000 -0.0605 0.6458 *** -0.0095 0.6902***
DM 1.0000 0.0256 -0.0174 0.1378
RPL 1.0000 0.0132 0.6237***
HI 1.0000 -0.0585
RYLD 1.0000
Mtopwa PHT 1.0000 -0.1918 -0.0215 0.1342 -0.2395 0.2395* 0.1688 0.0200
BPL 1.0000 -0.0706 -0.2853 0.0212 0.1525 0.2155 -0.0151
RSZ 1.0000 -0.0583* 0.1184 -0.1581 -0.1930 0.0691
SGH 1.0000 -0.2206 -0.1014 -0.1876 -0.0532
DM 1.0000 -0.0091 0.0694 0.1687
RPL 1.0000 0.1448 0.422%**
HI 1.0000 -0.1583
RYLD 1.0000
Nachingwea PHT 1.0000 -0.3813 *** 0.0298 0.1999 -0.1124 -0.1845 -0.0408 0.2537*
BPL 1.0000 -0.1129 -0.0318 -0.0670 0.3852 *** 0.1112 0.1897
RSz 1.0000 0.3516 ** -0.0584 0.0772 0.3152 ** 0.1896
SCGH 1.0000 -0.0293 0.3429 ** 0.3006 * 0.3848***
DM 1.0000 0.0232 -0.1698 -0.0777
RPL 1.0000 0.2189 0.7474***
HI 1.0000 0.2683
RYLD 1.0000

PHT = Plant height, BPL = Branches per plant, RSZ = Root size, SGH = Stem girth, DM = Dry matter, RPL = Roots per pléatyést index, YLD =Yield
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Based on combined alysis highly significantpositivecorreldions existed between
variables(Table 33). Positivelyand highly significant correlations were observed
between vyield and plant height (r =0.5436**9tem girth (r = 0.3874***) and
harvest index (r = 0.3025***) Also positive highly significant correlationsvere
observedbetween plant height and stem girth(r = 0.5900*** ), roots per plant

(r = 0.4463***) and harvest index (r .3005***). Other positive correlations were
observed between branches pnpand roots per plant (0.2441***), stem girth and
roots per plant (r = 5046**) and between roots per plant and harvest index
(r = 2647***). Another positive and highly significant correlation was observed
between branches per plant and katvindex (r = 0.1762**)On the other hand
negative significantorrelation {0.15480*) was observed between stgirth and

dry matter There was no any variable that gave negative correlation with in the

combined analysis.
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Table 25: Genetic correlations between variables influencing yield in cassava as observed in a combined analysis

PHT BPL RSZ SGH DM RPL HI YLD

PHT 1.00® -0.02570 0.10970 0.5900 *** -0.05730 0.4463 *** 0.3005 *** 0.5436***
BPL 1.0000 -0.06060 0.03350 -0.04100 0.2441 *** 0.1762 ** 0.0947
RSz 1.00® -0.00620 0.07370 0.0033 0.08330 0.1969
SGH 1.0000 -0.15480 * 0.5046 *** 0.09280 0.3874***
DM 1.0000 -0.00100 0.02690 0.0472
RPL 1.0000 0.2647 *** 0.7053***
HI 1.0000 0.3025***
YLD 1.000

Significance Levels 0.05 0.01 0.005 0.001

If correlation( r =>) 0.1335 0.1749 0.1903 0.2224

Where; PHT = Plant height, BPL = Branches per plant, RSZ = Root size, SGH = Stem girth, DM = Dry matter, RPL = Roots per
plant, HI = Harvesindex, YLD = Root yield
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4.5  Path Analysis

4.5.1 Associations among cassava root yield influencing components at
Naliendele, Mtopwa and Nachingwea

4.5.1.1 Associations atNaliendele

Results of associations among factors that influenced cassava eidt afi

Naliendele as described using path coefficient anabrgsshown inFigure 4 and

Table 34. The results indicated significant variability in causal relationships among

cassava root yield influencing components. The highest genetic correlation on

cassava root yield was found on plant height (r = 0.451), but the highest direct effect

on cassava root yield was observed on stem girth (0.381) with genetic correlation of

0.309. Thelowest genetic correlatior(i 0.076§ was found betweenbranches per

plantandyield. The highest indirect effect on yield (0.246) was found on roots per

plant via stem girth, while the lowest was found on most variables via harvest index.

These included lpnt height via harvest index (0.002), branches per plant via

harvest ilex (0.001), root size via harvest index0(001), stem girth via harvest

index (0.000) indirect effect of dry aiter via harvest index (0.00@)nd indirect

effect of roots perlpnt via harvest index (0.000).



Where:

1 = plant height 2 = braaches per plant

5=dry matter 6 =roots per plant

X =residual P,g= effect of plant height P,g= effect of branches per plant

]
—
=]

4+—Pr -

—

3 =root size 4 = sem girth
7 = harvest index

\44—}0‘\1—}014—“ PpPd—pWgE—PpN

Psg = effect of root sizd’g = effect of stem girth Psg = effect of dry matter
Psg = effectsof roots per plant

effect

rig= 0451
Iog = -0.076
rsg= 0.108
rsg= 0.309
rsgs=-0.021
res= 0.314
r.g =-0.023

P = Direct effect

Figure 4: Path diagram showing relationships between yield and yield

r,=-0.168
3= 0.359
ria= 0.581
ris= 0.009
re= 0.451
ri;=-0.191
r.s3= 0.022

r = Correlaion coefficient

components of cassava at Naliendele

P;s = effect of harvest indexP,s = residual

r4=-0.105 rs7=-0.119
[o5 = -0.0161 I45 = -0.061
re = -0.009 rse= 0.646
r.,= 0.116 r,7=-0.01

rs= 0.171 rsg= 0.026
r3s=-0.112 rs;=-0.017
rsg= 0.041 re;= 0.013

8 =yield

rl7
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4.5.1.2 Associations atMtopwa

Generally, at Mtopwa, most of genetic correlations, direct effects iraidect
effects of different traits were low. The leading genetic correlation of cassava root
yield components was positive and found on plant height where r = (FHifis#teb

and Table 34). The direct effect of roots per plant gave the greatest magnitude
(0.492) The other positive effect was observed on direct effect of dry matter (0.159)
and root size (0.083). Indirect effects of roots per plant were weak and negative with

exception of indirect effect via stegirth (0.001), which was weak bubgitive.
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X
Where:
1 = plan height 2 = branches per plaBt= root size 4 = stem girth
5 = dry matter 6 = roots per plant 7 = harvestindex 8 =yield

X =residual P;g= effect of plant height P,g= effect of branches per plant

Psg = effect of root sizd’4g = effect of stem gitt

Psg = effect of dry matter

Psg = effects of roots per plaitg = effect of harvest inde®g = residual effect

rig=0.064 ri,=-0.192 r,=-0.285 r37=-0.193
r,g=0.046 riz=-0.022 r.s = 0.021 rss=-0.221
I3g = -0.014 14 = 0.134 Io6 = 0.153 l46 = -0.101
r,g=-0.045 ris=-0.24 r,;,=0.216 rs7=-0.188
rsg= 0.010 rig=0.239 r3s» =-0.058 rsg = -0.009
res =-0.070 ri7=0.169 rss= 0.118 rs7= 0.069
r.g=-0.020 r.3=-0.071 r3g=-0.158 re7 = 0.145

P = Direct effect r = Correlation coefficient

Figure 5: Path diagram showing relationships between yield and yield
components of cassava at Mtopwa
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4.5.1.3 Asociations atNachingwea

The path angsis coefficients for Nachingwea are presente@Hgure 6 and Table

34). The highest genetic correlation (0.41vith yield was observedn stem girth,

while the highest direct effect on cassava root yield igasrdedon roots per plant
(0.794), folloned by direct effect of plant height (0.421). Stem girth hatirect

effect of 0.032, while the weakest indirect effec{-0.027) was given by dry matter.
Indirect effects of roots per plant via plant height, branches per plant, root size, stem
girth, dry matter and harvest iaa wee - 0.078, 0.017, 0.008,0.011 and 0.017

respectively.



Where:

1 = plant heigh
5 = dry matter

X = residualP,g = effect of plant height

2 = braaches per plant
6 = roots per plant

4—Pp
]
—
[ ¥

—

I'ss

w<—>m4—>m<—>,_= W 4—Ppr

rl7

3 =root size 4 = stem girth

7 = harvestindex 8 =yield

P,g = effect of branches per plant
Psg = effect of root sizd’g = effect of stem girth Psg = effect of dry matter
Psg = effects of roots per plaitg = effect of harvest indeR,g = residual effect

rig=-0.167 ri»=-0.381 ro,=-0.032 r37=0.315
r,g = 0.045 riz=0.030 ros =-0.067 rss5=-0.290
rzg=-0.158 ria=0.2 r.s = 0.385 rig=0.343
rsg=0.417 rs=-0.112 r,,=0.111 rs7=0.301
rsg = -0.060 rig=-0.185 rza = 0.352 rsg= 0.023
res = -0.047 ri7=-0.041 rss = -0.058 rs7=-0.17
rrg= 0.019 rr3=-0.113 rzg= 0.077 re7= 0.219
re=0.510 P = Direct effect r = Correlation coefficient

Figure 6. Path diagram showing relationships betweenyield and vyield
components of cassava at Nachingwea
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Table 26. Path coefficients for cassava root yield influencing components at
Naliendele, Mtopwa and Nachingwea

Effect Nali Mtop Nachi
1 Plant height on root yield, g 0.573 -0.020 0.254
Direct effect of plant height, 1 0.123 -0.075 0.421
Indirect effect via branches per plantPs  0.032 0.012 -0.017
Indirect effect via root size;4Psg 0.058 -0.002 0.003
Indirect effect via stem girth;4Pss 0.221 -0.00L -0.006
Indirect effect via dry matter;gPsg 0.001 -0.038 0.003
Indirect effect via roots per plantgPss 0.14 0.118 -0.147
Indirect effect via harvest index,/P-g -0.002 -0.034 -0.003
Total 0.573 -0.020 0.254
2 Branches per plant on roa yield, rog -0.266 -0016 0.191
Direct effect of branches per plantgP -0.19 -0.061 0.045
Indirect effect via plant height;Pig -0.021 0.014 -0.16
Indirect effect via root sizepdPsg -0.004 -0.006 -0.012
Indirect effect via stem girtho4Pss -0.04 0.002 0.001
Indirect effect via dry matterydPsg -0.01 0.003 0.002
Indirect effect via roots per plantsPss -0.003 0.075 0.306
Indirect effect via harvest indexPsg 0.001 -0.043 0.009
Total -0.266 0.016 0.191
3 Root size, kg 0.268 0.069 -0.051
Direct effect of root size, 0.161 0.083 0.106
Indirecteffectvia plant height, #1Ps 0.044 0.002 -0.16
Indirect effect via branches per plantPs  0.004 0.004 -0.005
Indirect effect via stem girthg4Pss 0.065 0.00 -0.011
Indirect effect via dry mattergdPsg -0.018 0.019 0.002
Indirect effect via roots per plantgPss 0.013 -0.078 0.015
Indirect effect via harvest indexPsg -0.001 0.039 0.002
Total 0.268 0.069 -0.051
4 Stem girth, r4g 0.690 -0.053 0.384
Direct effect of stem girth, & 0.381 -0.008 -0.032
Indirect effect via plant height,#P;g 0.071 -0.01 0.084
Indirect effect via branches per plantPss 0.02 0.017 -0.001
Indirect effect via root size,44Pss 0.028 -0.005 0.037
Indirect effect via dry matter 4Psg -0.01 -0.035 0.001
Indirect effect via roots per plantgsges 0.2 -0.05 0.272
Indirect effect via harvest indexP-s 0.00 0.038 0.023
Total 0.690 -0.053 0.384
5 Dry matter, rsg 0.138 0.170 -0.077
Direct efiect of dry matter, £ 0.158 0.159 -0.027
Indirect effect via plant heights:Pis 0.001 0.018 -0.047

Indirect effect via branches per plantPs  0.012 -0.001 -0.003
Indirect effect via root sizeg4Pas -0.018 0.01 -0.006
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Indirect effect via ®m girth, g4Pas -0.023 0.002 0.001
Indirect effect via roots per plantgPsg 0.008 -0.004 0.018
Indirect effect via harvest indexPss 0.00 -0.014 -0.013
Total 0.138 0.170 -0.077
6 Roots per plant, rzg 0.624 0.423 0.746
Direct effect ofroots per plot, B 0.31 0.492 0.794
Indirect effect via plant heightgP1g 0.055 -0.018 -0.078
Indirect effect via branches per plantRs  0.002 -0.009 0.017
Indirect effect via root sizegdPas 0.007 -0.013 0.008
Indirect effect via stemigh, resPas 0.246 0.001 -0.011
Indirect effect via dry mattergdPsg 0.004 -0.001 -0.001
Indirect effect via harvest index;P-s 0.00 -0.029 0.017
Total 0.624 0.423 0.746
7 Harvest index, r78 -0.015 -0.180 0.268
Direct effect of harvest inde Pyg 0.008 -0.2 0.078
Indirect effect via plant height;#P;g -0.023 -0.013 -0.017
Indirect effect via branches per plantPss  0.022 -0.013 0.005
Indirect effect via root size;4Psg -0.019 -0.016 0.033
Indirect effect via stem girthy4Pss -0.004 0.002 -0.01
Indirect effect via dry matterydpsg -0.003 -0.011 0.005
Indirect effect via roots per plantgPss 0.004 0.071 0.174
Total -0.015 -0.180 0.268

Key: Nali = Naliendele, Mtop = Mtopwa and Nachi = Nachingwea

45.2 Associatons among cassava root yield influencing components in
combined analysis

In the combined analysis, roots per plant revealed to have the highest influence on

cassava root yield (Figuré and Table 35) Roots per @nt had the highest direct

effect of 0.619 o cassava root yield. The stem girth had the highest correlation

coefficient (r = 0.481) with root yieldRoots per planthad bothpositive and

negativeindirect effects on other variableBositive ndirect effecs were foundvia

plant height (0.129and harvest index (0.014), while negative indirect effects were

foundvia branches per plant 0.011) and stem girth- 0.047).0On the other hand,

no influence was revealed in indirect effect of roots per plant via root size (0.000)

and dry matter (0.000).



99

]
—
[

4+“—Pp -

rl7

—

N4 PO ¢ P U PRt ——PW >N

Where:
1 = plant eight 2 = branches per plant 3 =root size 4 = stem girth
5 = dry matter 6 = roots per plant 7 = harvest index 8 =yield

X =residual P,g= effect of plant height P,g= effect of branches per plant
P3g = effect of root sizd’g = effect of stem gth Psg = effect of dry matter
Psg = effects of roots per plafyg = effect of harvest inde®gs = residual effect

rig=0.253 ri» =-0.026 ra=0.033 rs;=0.083
r,g=0.139 riz=0.11 r,s =-0.041 rss =-0.155
rsg= 0.044 ris=0.59 rg = 0.244 rs = 0.505
l48 = 0.481 5= -0.057 r.,=0.176 rs7=0.093
rsg= 0.012 rig= 0.446 rss» =-0.006 rsg =-0.001
res = 0.086 ri7=0.301 r3s = 0.074 rs;= 0.027
rg= 0.248 r.3=-0.061 rzg= 0.003 re7 = 0.265

P = Direct effect r = Correlation coefficient

Figure 7. Path diagram showing relationships between yield and vyield

components of cassava under combined analysis
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Table 27. Path coefficients for combired analysis of cassava root yield

influencing variables

Effect Coefficients
1 Plant height on root yield, #g 0.543
Direct effect of plant height, P 0.290
Indirect effect via branches per plantPes 0.001
Indirect effect via root size;4Pss 0.017
Indirect effect via stem girthg4Psg -0.055
Indirect effect via dry matter;4Psg -0.002
Indirecteffect via roots per plant;dPss 0.276
Indirect effect via harvest index,P;s 0.016
Total 0.543
2 Branches per plant on root yield, pg 0.095
Direct effect of branches per plantgP -0.045
Indirect effect via plant heightzPis -0.008
Indirect effect via root size,3Pss -0.009
Indirect effect via stem girthp4Pss -0.003
Indirect effect via dry matterydPsg -0.001
Indirect effect via roots per plantgPss 0.151
Indirect effect via harvest indexP-s 0.010
Total 0.095
3 Root size, &g 0.198
Direct effect of root size,d& 0.153
Indirect efied via plant height, 3P 0.032
Indirect effect via branches per plantPss 0.003
Indirect effect via stem girthgiPas 0.001
Indirect effect via dry matterggPsg 0.003
Indirect effect via roots per plantgPss 0.002
Indirect effect via harvest index/P-s 0.004
Total 0.198
4 Stem girth, 148 0.388
Direct effect of stem girth, & -0.093
Indirect effect via plant height;P;g 0.171
Indirea effect via branches per plani;?.g -0.001
Indirect effect via root size,,3Psg -0.001

Indirect effect via dry matter 4Psg -0.006
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Indirect effect via roots per plantgges 0.313
Indirect effect via harvest index,P;s 0.005
Total 0.388
Dry matter, rsg 0.046
Direct effect of dry matter,dg 0.036
Indirect effect via plant heights#P;g -0.017
Indirect effect via branches per plantPss 0.002
Indirect effect via root sizegdPss 0.011
Indirect effect via stem girthigsPys 0.014
Indirect effect via roots per plantgPss -0.001
Indirect effect via harvest index;P:s 0.001
Total 0.046
Roots per plant, rgg 0.704
Direct effect of roots per plotsp 0.619
Indirect effect via plant heights#P;g 0.129
Indirect effect via branches per plantPss -0.011
Indirect effect via root sizegdPss 0.000
Indirect effect via stem girthg4Pss -0.047
Indirect effect via dry matteredPsg 0.000
Indirect effect via harvest index;P-g 0.014
Total 0.704
Harvest index, g 0.3@
Direct effect of harvest index;§ 0.054
Indirect effect via plant height;#P;s 0.087
Indirect effect via branches per plantPss -0.008
Indirect effect via root size;4Psg 0.013
Indirect effect via €m girth, psPyg -0.009
Indirect effect via dry matterygpss 0.001
Indirect effect via roots per plantgPss 0.164
Total 0.3@
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4.6  Estimatesof Variance Components( {), Coefficient of Variation
(%GCV and %PCV), Broad SenseHeritability ( h%) and Expected
GeneticAdvance (%EGA) for the Variables under Study
The magnitude of phenotypic coefficient of variation wassistentlyhigher than
the genotypic coefficient ofariation in all the characters studied (TaB&. The
phenotypic coefficient of variation ranged between 8.48%3.55%, cassava root
yield showing the highest magnitude followed by root size (61.91%), while the
lowest (8.48%) was observed dry matte. Also the highest genotypic coefficient
of variation (45.02%) was observexh root yield and the lowest (1.94%) in dry
matter. Broad sense heritability’¢hand genetic gain for different characters varied
considerably. Heritability obtained over lomats ranged between 5% and 72.9%.
Plant height had the highest lof 72.9% while dry matter had the lowe$t bf 5%.
Stem girth, root yield, roots per plant, branches per plant, harvest index and root size
recorded broad sense heritamtof 69.4%, ®.19%, 44.88%, 28.52, 25.22% and
11.47% respectively. The expected genetic gain values were moderate ranging
between 0.91%o 65.71%, cassava root yield recording the highest while the lowest
expected genetic gain was recorded for dry matter. Roots par; plant height,
stem girth, branches per plant and root size recorded expected genesiofgain

37.05%, 36.67%, 383, 17.60 and 14.63 respectively.



Table 28 Estimates of parameters of variability for yield and yield componers for cassava in the trial sites
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Variable Mean g ph ol GCV (%) PCV (%) h’b  EGA (%)
Plant height 130.3217 738.3795 1012.8815 274.5019 20.8507 24.4208 0.729 36.6731
Number of branches 2.6506 0.1799 0.6306 0.4507 15.9997  29.9587 0.2852 17.6022
Root size 0.2528 0.0029 0.0249 0.022 20.969 61.9131 0.1147 14.6298
Roots per plant 4.3889 1.3886 3.0938 1.7052 26.8494  40.0767 0.4488  37.0549
Stem girth 4.4354 0.7554 1.0884 0.333 19.596 23.5217 0.6941 33.6305
Dry matter (%) 37.6309 0.5327 10.1789 9.6462 1.9395 8.4782 0.0523 0.914
Harvest index 0.685 0.0@8 0.0109 0.0082 7.6693 15.2714 0.252 7.934
Root yield 12.6326 32.3499 64.4545 32.1045 45,0238 63.5525 0.5019 65.7082
Where: fg = v ar i an c e’phi=wariangeednectd ppemotypic, U¥l = variance dudocation, GCV (%) = genotypic

coefficient of variation, PCV (%) = phenotypic coefficient of variatiohn2b = broad heritabilityEGA (%) = expected

genetic advance.
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4.7  Stability Parameters for Studied CassavaYield and Yield Influencing
Components
The results for stability parameters for the studied cassava yield and yield

influencingcomponentsre presentgin figures8 to 23 and Table 3.

4.7.1 Relationships ofstability parameters with roots per plant

47.1.1 b-value

Genotypes D and F had roots per plaht{5.47 and 4.49 respectivelg@bove the

mean Genotypes Gand H had meanoots per plant value$3.67 and 3.46
respectively) belovthe mean(Table ¥), but cmmparably withb-values above and
close to unityFigure8). Genotype D had a-bvalueof 0.16 which is closer to zero,
however anong all the genotypes, genotypeh@d thelowestb-1 value closest to

zero(0.10).

4.7.1.2 S°dand b-value

Genotypes 11 ahl2 comparably showed low variances of deviafba6 and 0.37)
and regression coefficien{8.80 and 0.81¢lose to unit value than other genotypes
(Table F). On the other hand, variety 3 showed low stability (Fig@)revith S’d

value of 5.80R?value of 0.30and b1 value of 0.5.

4.7.2 Relationships of stability parameters with stem girth

4.7.2.1 b-value

Genotype C had stem girth me@81 cm)above the mean lge, with b-1value of
0.05. (Figure 10). Genotype H had a-b value of 0.16 but with he lowest mean

stem girth(3.46 cm)and which is also below the mean va(liable J).
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4.7.2.2 S°d and b- value

Variety, 1 showed the lowest stability among the tested genotifgarell), while
genotypes7 and 8 showed low variance of deviatiof0.00/8 and 0.0017
respectively)and regression coefficien{®.95 and 0.96approaching unit value
(Table &). While variety 8 showed b value (1.16),very close to unityvariety 1

had a stem girth megA.88 cm)below average with the lowest stabil{fyigure 11).
Genotypes 116 and 12 showed b values of 1.26, 1.25 and 1.24 respectively,
above the unit value and variance of deviation values below average variance of
deviation, where genotype 11 comparably showed low variance of deviat®f)

(Figurelland Table 3).
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3 35 4 4.5 5 5.5 6 01 High Stabilt
Mean Value 05 00 05 10 15 20
i
Figure 8: b1 values against roots per Figure 9: S°d values against
plant mean values b 1 values for roots per plant
KEY:

1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, NBL 2006/104, 6 =NDL 2006/283, = NDL 2006/438,
8 = NDL 2006/4879 = NDL 20@5/738, 10 = NDL 2006/741, 11 = NDL 2006/84(2, = NDL 2006/850.

A = Albert, B = Kiroba, C = Naliendele, D = NDL 2006/030=BNDL 2006/104, F =NDL 2006/28% = NDL 2006/438,
H = NDL 2006/4871 = NDL 2006/738, J = NDL 2006/741, K = NDL 2006/840= NDL 2006/850.
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Figure 11: $°d values against b
values for stem girth

1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, NBL 2006/104, 6 =NDL 2006/283, =
NDL 2006/438, 8 = NDL 2006/4879 = NDL 2006/738, 10 = NDL 2006/741, 11 = NDL 2006/840,
12 = NDL 2006/850.

A = Albert, B = Kiroba, C =Naliendele, D = NDL 2006/030, £ NDL 2006/104, F =NDL 2006/28%
= NDL 2006/438, H = NDL 2006/48T= NDL 2006/738, J = NDL 2006/741, K = NDL 2006/840=
NDL 2006/850.

4.7.3 Relationships of stability parameters with plant height

47.3.1 b-value

Genotypes | and L had plant height vale¢sl31.7 cm and 138.9 cm respectively

abovethe mean value, and showedlbvaluesof -0.014 and-0.012 respectively.

Genotype H showed the lowest plant heigmtan(116.7 cm) with b-1value of

0.126(Figure 12 and Table 3).

4.7.3.2 S°d and b- value

Genotype 12 showed the lowest variance of devia{i28), with a regression

coefficient(0.95) which wasvery close to {Table ). Genotype 9 had-b value
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of -0.014very near to zerand $d close to gerage value of variance of deviation
(229.9) Variety 1had low stability in plant heightvith $°d value of 442.4Figure

13and Table 3).
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Figure 12 b i values against Figure 13: S°d values against i values
plant height mean values for plant height
KEY:

1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, NBL 2006/1Ct, 6 =NDL 2006/2837 = NDL
2006/438, 8 = NDL 2006/4879 = NDL 2006/738, 10 = NDL 2006/741, 11 = NDL 2006/842,= NDL
2006/850.

A = Albert, B = Kiroba, C = Naliendele, D = NDL 2006/030=BDL 2006/104, F =NDL 2006/28% = NDL
2006/438, H = NDL 206/487 1 = NDL 2006/738, J = NDL 2006/741, K = NDL 2006/840= NDL
2006/850.

4.7.4 Relationships of stability parameters withnumber of branches per plant
4.7.4.1 b-value

Variety B,had number of branches per plé268) which isabove the avage mean
value with regression coefficie(®.83)and b1 value of-0.136 Genotypes,|Jand

K had number of branches per plafit2.63, 2.54and 2.27 respectivelyust below
the mean value and had regression coefficiait€.5231, 0.8371 and 0.4057

regectively.(Figurel4 and Table 3).
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4.7.4.2 S°d and b- value

Genotypes 5 and 10 had low variances of deviafiob0064 and 0.0071)with
regression coefficientof 0.60 and 0.8d4nd bl values of-0.265 and 0.346
respectively Table37). Genotypd had the b-1 equals to 0.43%yhereas genotype
had the bl valueof -0.265 Variety2 with 0.136 (b1 value) hadhigher variance of
deviation relative to genotype 11, 5 and VYariety 3 and genotype 4 showed low
stability, b-1 values of 2.159 and 2.03®,the number of branches per plaith S°d

values of 0.52 and 0.46 respectivéygure B and Table 3).
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Figure 14: bi values against number of Figure 15: S°d values against ki values
branches per plant mean for number of branches per
values plant
KEY:

1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, HBL 2006/104, 6 =NDL 2006/283, =
NDL 2006/438, 8 = NDL 2006/4879 = NDL 2006/738, 10 = NDL 2006474, 11 = NDL 2006/840,
12 = NDL 2006/850.

A = Albert, B = Kiroba, C = Naliendele, D = NDL 2006/030, E = NDL 2006/104, F =NDL 2006/283,
= NDL 2006/438, H = NDL 2006/48T = NDL 2006/738, J = NDL 2006/741, K = NDL 2006/8405
NDL 2006/850.
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4.7.5 Relationships of stability parameters with root size

4.75.1 b-value

Genotypes K and L had-bvalues(-0.113and-0.199 with meanroot sizes(0.27
and 0.28)bovethe mean valueespectively Genotype F had meanroot size value

below the root size mean w& butwith b-1 value 0.123 (Table J).

4.7.5.2 S’d and b- value

High stability was shown by the genotypes 6, 11 anavit® S°d values of 0.002,
0.004 and0.005 respectivelyGenotypes 9 and 10 haekery low variances of
deviationof 0.0004andi 0.0001(Table ¥), but had regression coefficientkse to
one (0.8831 and 0.8963 respectivelyhe low stability on root size across the
locations was shown by¢ genotype %Figure 17) with S'd value of 0.04and b1

value of 1.344Table J).
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Figure 16. b1 values against root size mean values. Figure 17: S°d values againsb i

values for root size.

KEY:

1 = Albert, 2 = Kiroba, 3 = Naliendele, 4 = NDL 2006/030, NBL 2006/104, 6 =NDL 2006/283, =
NDL 2006/438, 8 = NDL 2006/4879 = NDL 2006/738, 10 = NDL 2006/741, 11 = NDL 2006/849,
= NDL 2006/850.

A = Albert, B = Kiroba, C = Naliendele, B NDL 2006/030, E= NDL 2006/104, F =NDL 2006/28%&
= NDL 2006/438, H = NDL 2006/48T = NDL 2006/738, J = NDL 2006/741, K = NDL 2006/840=
NDL 2006/850.











































































































































































