Genetic diversity analysis and nutritional assessnm¢ of cocoyam genotypes

in Malawi

By

OBED JOHN MWENYE

Submitted in accordance with the requirements for lhe Magister Scientiae Agriculturae
Degree in the Department of Plant Sciences (Plantr&ding), in the Faculty of

Natural and Agricultural Sciences at the Universityof the Free State

UNIVERSITY OF THE FREE STATE
BLOEMFONTEIN

SOUTH AFRICA

Supervisor: Prof. Maryke T. Labuschagne

Co-supervisors: Prof. Liezel Herselman

Dr. Ibrahim R.M. Benesi

NOVEMBER 2009



DECLARATION

“I declare that the dissertation hereby submittgdnte for the degree Magister Scientiae
Agriculturae at the University of the Free Statamng own independent work and has not

previously been submitted by me to another Unitygfsaculty.

| furthermore cede copyright of the dissertatiofievour of the University of the Free State.”

Obed John Mwenye Date



DEDICATION

This piece of work is dedicated to my parents Jaoh Ruth Mwenye and my fiancée Trintus
Njete whom | met in the course of my studies. Yt#iudaserve to enjoy the fruits of your

understanding, patience and love.



ACKNOWLEDGEMENTS

| would like to convey my sincere gratitude, appagon and thanks to various organisations,
institutions and individuals who were instrumenitathe course of my studies and research.
There were many others, who contributed to thicepief work, but it is not possible to

mention the names of all individuals, instituticared organisations, but | fully recognise and
appreciate your valuable contributions. The onstdi below are just a few of the many

contributors.

e Southern African Development Community/Implemetatiand Coordination of
Agricultural Research and Training in the SADC Reg(SADC/ICART) programme
hosted at the University of the Free State, Soutlic# for the financial support that
enabled me to pursue and accomplish my BaccalaBeiestiae Agriculturae Honores
and Magister Scientiae Agriculturae degrees.

* The government of Malawi through the Departmentgficultural Research Services
(DARS), under the Ministry of Agriculture and Fo&ecurity for the academic leave,
financial, administrative, human resource and netesupport during the entire study
period.

» Prof. M.T. Labuschagne, for her excellent supeovisienthusiasm, inspiration and all
other valuable support she rendered for my study.

» Prof. L. Herselman, for her excellent co-supervisitechnical and practical support, in
DNA analysis as well as interpretation of all th@lecular work. Her acceptance to
become a co-supervisor at the untimely departuigroE. Koen is highly appreciated.

* Dr. .LR.M. Benesi for his co-supervision especiatiythe field work. His encouragement,
moral and technical support as head of the RootTarixer crops research commodity
team in Malawi, is highly appreciated.

« Dr. E. Koen for her valuable input, technical agvand encouragement during the first
year of the research.

e« Dr. L. Schwalbach, for his coordination and adntnaigsve skills that made the
University of Free State, SADC/ICART programme ac&ss. His personal initiative to

find financial resources in times of uncertaintgisatly appreciated.

iv



Dr. A.P. Mtukuso, T. Chilanga and Dr. F. Chipungu &dministrative clearance and
their continued moral support and encouragement.

Messrs T. Mkandawire, P. Pamkomera, L. Pungulai, Mleta, R. Kaunda, H. Shawa,
H. Ching’anda, D.R. Kaluwa, all laboratory techaits and attendants, skilled and casual
labourers from DARS for their technical advice adddication in execution and
management of cocoyam germplasm trials at ChitaddeVikondezi Research Stations.
Mr. C.C. Moyo and all the staff from IITA/SARNET inlongwe, Malawi who helped in
the maintenance and characterisation of the cocayg@amplasm.

S. Geldenhuys, for administering various affairsoasated with my studies, moral
support and encouragement, which made my life aeBifontein conducive for studies.
My parents, John and Ruth and all my siblings Gsfgtrude, Elias, Innocent and John
(JInr.), relatives and friends in Malawi and abrdadtheir encouragement, motivation,
understanding and patience.

Trintus Njete, for her patience, love, encouragenaga moral support. Two years was
long enough but she chose to remain with me.

My fellow postgraduate students and colleagues e SADC/ICART programme at
the University of Free State, South Africa for thedoperation and assistance.

Above all, | thank God almighty for all the favourbBave seen throughout the course of

this study and many more to come.



TABLE OF CONTENTS

DECLARATION . ettt ettt e e e e e e e e e e e e e s s s e bbb bbb e et eeeaas e e e e e nnnabbeeeees ii
D] (@ 2 N [ N PP iii
ACKNOWLEDGEMENTS ...ttt e e e e e e e e e e e e e ee s \Y
TABLE OF CONTENTS ..ottt eee ettt e e e e re e e e ee e e e e e e e e Vi
LIST OF TABLES ...ttt ettt e e e e e s s s een e X
LIST OF FIGURES ..ottt eeee ettt e e e e e e e e e e e e e e e ssns s e e eeeaaaeaeeas Xii
LIST OF ABBREVIATIONS .....ouiiiiiiiiiiiiiieiiee sttt et e e e e e e e e e e e e e s eees Xiv
(O o Y It PP 1
General INTFOUCTION .......ooiiiiieie e e e e e e e e e e e e e e e e e e e eeeeeeeeeennnnes 1
1.1 Motivation and ODJECLIVES ............coivves o eeeeettes s s s e e e e e e e e e e e eeeeeeeeaeesennnaneene 1
1.2 RETEIEINCES ... et e e e e e e e e e e e e e e e e eees 5
(O Y It USRI 8
LITEIALUIE FEVIBW ...eeiiiiiiiiie ettt et e e e e e e e e e e e e e e e s s e e e e e e e e e e e e e e e aeaennans 8
2.1 INEFOTUCTION ..t e e e e e e e e e e e e e e e e e e ees 8
2.2 Taxonomical description of COCOYaM.........cceeeeeiiiiiiiii e 9
2.3 Origin, classification, history and diffusion of@myam.............ccccceeiviiiiiiiinnnnnn. 11
2.4 Cocoyam MOIPNOIOGY ....uuuiiiiieei e 13
2.5 Environmental conditions for cocoyam growth ................iiiiiiiiiinneeeeeeene. 16
2.6 Nutritional content and utilisation Of COCOYaM. wuunrevvvvvvvviiiiiiiiieiiie e, 17
2.7 Genetic diversity assessment of COCOYaM ..........cooovviiiiiiiiiiiiiiiiinee e 02
2.8. Methods of assessing genetic dIVEISILY .....cccceeevvvveieiiiiiiiie e 22
2.8.1  Morphological MArkers ..........ccooiiiiiiiiimm ettt a e e e 22
2.8.2  Biochemical MArKers ... 23
2.8.3  GENELIC MAIKEIS ..ottt e e e e e e e e e e e eeeaeebesbnnnnnseees 24



2.8.3.1 Application of AFLP analysis in cocoyam diversigsassment.............. 26

2.9 References

....................................................................................................... 29
CHAPTER 3 .ottt ettt e e e e e s e s bbb b bbb e e e e e eees 36
Ethno-botanical and morphological characterisationof cocoyam germplasm in Malawi
....................................................................................................................................... 36
3.1 [Ta 1 goTe [¥]ox 1 o] o HU TR RRR 36
3.2 Materials and MEthOdS ............uuiuiiiiii et 39
3.2.1 Collection of Malawian cocoyam germplasm and gatlgeof ethno-botany
AL . oot e e e e e e e e e e ————————a s 39
3.2.2  Morphological characterisation using deSCriptorS............ceeeeeeiieeeeeeeeeeeene. 39
3.2.2.1  Plant Material..........oooiiiiiiiiiiiiiiee ettt 39
3.2.2.2  Morphological traitS .......ccccoeiiiieeiiiiis e 40
3.2.3  DaAt@ @NAIYSIS ..ueuuuiiiiiie ettt ——————————— 40
3.3 RESUILS ANd AISCUSSION ....vvviiiiiiiiiiiie ettt 41

3.3.1 Ethno-botany: prevalence, preference and utilisadiococoyam in Malawi.. 41

3.3.2 Morphological description of 28 cocoyam accessioois Malawi ............... 46
3.3.3 Clustering of the 28 characterised cocoyam accessiom Malawi ............. 53
3.4 Conclusions and recommeNdatioNs ...........cceeererrrrrieeeniiirrree e 57
3.5 REFEIENCES ...ttt e e e e e e e e e e 58
CHAPTER 4 ... et e et e e e e e e et e e e e e e eeata e e e e eenennns 62
Genetic diversity of Malawian cocoyam germplasm asevealed by AFLP markers..... 62
4.1 INEFOTUCTION ... e e e e e e 62
4.2 Materials and Methods ............ooiiiiiii oo e 65
4.2.1  Plant Material .........ooooiiiiiiiii it 65
4.2.2  GenomiC DNA ISOIALION .......cuuriiiiiiiiiiiee et 65
4.2.3 DNA concentration and purity determination..............cccoeeevveeeviiiiivnnnnnnnnn. 67

Vi



A.2.4  AFLP @NAIYSIS ..ceiiiiiiiiiiiiieeae ettt 67

4.2.4.1 Restriction enzyme digestion and ligation reactions.................cccee..... 67
4.2.4.2 Pre-amplification reacCtionsS............ocvviceeeeeruuiiniiiiiiee e e e eeeeeeeeeeeeneannnnnns 86
4.2.4.3 Selective amplification reactionsS...........cccccceiiiiieii i 68
4.2.4.4 Gel eleCtropNOreSIS ......coooeeeeiiieeieeeeeeeemc e 68
4.2.5 DAt @NalYSIS ...uceiiiieieeeeeiiiieiieee e a et e et e e ——————————— 70
4.3. ReSUIts and diISCUSSION ......cooeiiiiiiiiiiieeeeeeee e e ee e 70

4.3.1 Assessment of intra-clonal diversity within select®coyam accessions using

o e I TP Y £S L 70
4.3.2 Assessment of genetic diversity among the cocoyacessions using AFLP
oL =1 )£ 1 P UPPPN 72
4.4 Conclusions and recommeNndatioNs ...........cceeeeerrrrrieeeniirrree e 77.
4.5 REIEIENCES ...ttt e e e e e e e e e e 78
(O 1 el I PR 82
Comparison of genetic diversity among Malawian cog@m germplasm using
morphological characters and AFLP analySis .....ccc.uuueeiiiiiiiiiiiie e 82
5.1 INEFOTUCTION ...t e e e e e 82
5.2 Materials and MethOdS ............uuuiiiiiii e e 85
5.2.1  Plant MAterialS.........coooiiiiiiiiiiiiiieee e 85
5.2.2 Morphological data COlECtioN .............ciioocceeiiiiiiiiiie e 85
5.2.3  DNA EXIFACHON ....eeiiiiiiiiieie e meee et e e e 85
5.2.4  AFLP @NAIYSIS ...coiiiiiiiiiiiiiiie e sttt 85
5.2.5 Genetic similarities and ClUStErNNG aNalYSIS e «eeeeeerreeerrrriiiiiiiiiiaieeeeeeaeeens 85
5.3 RESUILS 8NA AISCUSSION .....veeiiiiiiiiiiie ettt ee e 86

5.3.1 Clustering of the cocoyam accessions based on cmubmnorphological and
y I o = = TSP 86

5.3.2  Principal component analysis (PCA) for cocoyam asioans from Malawi ... 91

viii



5.3.3 Analysis of molecular variance (AMOVA) among andthim cocoyam

accesSIioNS frOM MalAWI..........ueiviiiiiieeeee e 93
5.3.4  Analysis of genetic diversity among Malawian coaoyaccessions .............. 95
5.4 Conclusions and recommeNdatioNs ...........cceeeeerrrrrieeeniirree e a7.
5.5 REFEIENCES ...ttt e e e e e e e e e 98
CHAPTER B ...t e ettt e e e e et e e e e e e e e ebn e e e e eennnnns 103
Mineral composition of Malawian cocoyam genotypPes...........uueeeeiieeeeeeeereeeeeeenennnnnns 103
6.1 INEFOAUCTION ... e e e e 103
6.2 Materials and Methods ...........cooiiiiii e 107
B.2.1  THAI SITE ..ttt 107

6.2.2 Collection and preparation of test SAMPIES .ewwemrevvvvvvvvvvnniiiiiieeeeeeenennnnnnn. 107

6.2.3 Preparation of sample solutions and reading ofrimerals ......................... 107
I A D - - - g =1 )£ £ S 108
6.3 RESUILS aNd iSCUSSION ....eneeeeeee et ee e 108
6.4 Conclusions and reCoOMMENAALIONS ... ...ee e 14
6.5 RETEIBNCES ... et e e e et e e e e et e e et e e e e e e annmaaneenaannan 115
CH AP T ER 7 e e 120
General conclusions and reCoOMMENAALIONS ......oeeeneeee e e eeaeeens 120
SUMM A RYY oo 125
OPSOMMING ... e e e 126
AP P EIN D I X L o 127



LIST OF TABLES

Table 3.1 Passport data of the cocoyam accessions indicaxagt collecting points,

topography, soil type and local NAMES ......cccoeeerviiiiiiiiie e 43

Table 3.2 Frequencies of desired cocoyam traits in Malawiregorted by farmers at

(oo]|[=Tox 1 o] 0 I 0T 11 ] £SO URRSRRPP PP 44

Table 3.3 Frequencies of common uses of cocoyam in Malawieasrted by farmers at

(oo ]| [=Tox 1o 1 0T 11 ] £ 45
Table 3.4 Morphological descriptors of 28 cocoyam accessfoys Malawi.................... 48

Table 3.5 Pair-wise genetic similarity coefficient matrix foR8 cocoyam genotypes

calculated from morphological characters......cccc..uvvviiiiiiiineeiis 56
Table 4.1 List of 28 accessions used in AFLP analySiS cooe..ovvvvvvvviiiiiiiiiiiieeeeeeeeeeee 6 6

Table 4.2 Adapter, primer pair combinationE¢oR| andMsd) and primer sequences used
INAFLP @NalYSIS ..ccoeiiiiiiiiiiiieee e e et nnanerennnnas 69

Table 4.3 Information generated using eight AFLP primer camalions ..............c.cccceeennn. 73

Table 4.4 Pair-wise genetic similarity coefficient matrix foR8 cocoyam genotypes

calculated from AFLP analysiS data ......... . eeeeeerrmnmiinineeeeeeeneeeseeeeennnnnn. 76

Table 5.1 Pair-wise genetic similarity coefficient matrix fo21 cocoyam genotypes

calculated using combined morphological and AFLRda...........cccoeeeeeeiineee. 90

Table 5.2 Analysis of molecular variance among and within ay@n accessions from

Malawi based on morphological data .........ccceeeeevivieieiiiiiic e, 94

Table 5.3 Analysis of molecular variance among and within ay@n accessions from
Malawi based 0N AFLP data..................mmmeeeeeee e e 94

Table 5.4 Analysis of molecular variance among and within ay@mn accessions from

Malawi based on combined morphological and AFLRdat................cccceeee 95
Table 6.1 Mineral composition (mg per kg) of cocoyam accessiivom Malawi............ 109
Table 6.2 Pre-planting soil chemical properties at trial site.............coovviiiiiiiiiciiiinnnnnn. 1n

X



Table 6.3 Pearson’s correlation matrix for the eight minerals the tested cocoyam

2 e o1 1o1] (0] £ [T TR 111

Table 6.4 Eigenvectors, eigenvalues, individual and cumudatpercentage of variation
explained by the first three principal componer®CY for the eight mineral

nutrients of the cocoyam accessions Studi€duea e eae....cooovvvvvveeiiiiiiiciceee e, 112

Xi



LIST OF FIGURES

Figure 2.1(A) Cocoyam plant, (B) Corm and cormels (Acuna,@00.............cccceeeeeeeenennnn. 14

Figure 3.1(A) Cocoyam C. esculentaplant exhibiting peltate leaf shape with an esgmtx
facing down position, (B) CocoyanX( sagittifoliun) plant exhibiting sagittate
leaf shape with a predominant cup-shaped poSItiON.............ocoeeeeiiiiiiiiiiiinnnnns 52

Figure 3.2Clustering of 28 cocoyam accessions from Malawiedasn 30 morphological
characters and UPGMA clustering using the Dice lamty coefficient. Red
represents accessions with peltate leaf base shapesaccessions with sagittate
leaf base shapes, while accessions collected fnensduth are underlined and the
rest are from the NOMth. ... e 54

Figure 4.1Dendrogram showing the intra-clonal similaritieghin three randomly selected
cocoyam accessions. Dendrogram was created baseflFbR analysis and

UPGMA cluster analysis using the Dice similarityeffecient. ... 71

Figure 4.2 Clustering of 28 cocoyam accessions coase AFLP analysis and UPGMA
clustering using the Dice similarity coefficiente® represents accessions with
peltate leaf base shapes while blue representssions with sagittate leaf base
shapes. Accessions collected from the south arerlined, and the rest are from
the north. The leaf base shapes of the accessidiladk are unknown.............. 74

Figure 5.1Clustering of 21 cocoyam accessions from Malawietasn combination of 30
morphological characters and AFLP analysis (sewvengr combinations). Red-
peltate leaf base shaped, blue-sagittate leaf blagped, underlined-accessions
collected from the south and the rest from themddendrogram was constructed
using the Dice similarity coefficient and UPMGA staring. .............cccccvvvunnnn... 87

Figure 5.2PCA of the 21 cocoyam accessions from Malawi (A$dahon morphological
traits analysis (B) based on AFLP analysis and f@3ed on combination of
morphological trait and AFLP analysis. Red représecessions with peltate base
shaped leaves, blue accessions with sagittate diegeed leaves while the leaf

base shape of accessions in black was unknown. cc.............oooiiiiciiiennennn. 92

Xii



Figure 6.1Scattergram showing the relative positions of caooyaccessions due to their

MINEral COMPOSITION......uuuitieiiieee e e e et e e e e e e e e e e e e e e e e eeeeeeeana e e aeeeeen e s 113

Xiii



LIST OF ABBREVIATIONS

°C Degree Celsius

°N North latitude

°S South latitude

pl Microlitre

um Micrometre

uM Micromolar

AFLP Amplified fragment length polymorphism
AMOVA Analysis of molecular variance

ANOVA Analysis of variance

ARET Agriculture Research and Extension Trust
ATP Adenosine Btriphosphate

BC Before Christ

BSA Bovine albumin serum

Ca Calcium

cm Centimetre

cmol/kg centimole per kilogram

Coy Cocoyam

Cu Copper

CVv Coefficient of variation

DARS Department of Agriculture Research Services
DNA Deoxyribonucleic acid

dNTPs 2Deoxynucleoside '&riphosphate

DRC Democratic Republic of Congo

DTT Dithiothreitol

EDTA Ethylene-diaminetetraacetate

EPA Extension Planning Area

FAO Food and Agriculture Organisation
FAOSTAT Food Agriculture and Organisation Statistic
Fe Iron

Xiv



g Gram

g Relative centrifugal force

GPX Guaiacol peroxidise

ha Hectare

HDM High dry matter

HNO Nitric acid

IBPGR International Board for Plant Genetic Reses

ITA/'SARRNET International Institute of Tropical Aigulture/Southern Africa Root

Crops Research Network

IPGRI International Plant Genetic Resources tinsti
K Potassium

Kcal kilocalories

KCI Potassium chloride

Kg Kilogram

LEISA Low External Input and Sustainable Agricué
LSD Least significant difference

M Molar

m Metre

MAS Marker-assisted selection

Masl Metres above sea level

Mg Magnesium

MgCl, Magnesium chloride

ml Millilitre

mm Millimetre

mM Millimolar

Mn Manganese

MOAFS Ministry of Agriculture and Food Security
MtDNA Mitochondrial DNA

n Chromosome number

Na Sodium

NaCl Sodium chloride

XV



NCSS
NH;NO;
ng

NILs
nm
NTSYS
P

PC
PCA
PCoA
PCR

pH

pmol
ppm
PVP
QTL
RAPD
RCBD
RFLP
SADC/ICART

SDS
SE
SNP
SOD
SPC
SSA
SSCP
SSR
STS

Number Cruncher Statistical System
Ammonium vanadate

Nanogram

Near-isogenic line(s)

Nanometre

Numerical taxonomy and multivariate analysistem
Phosphorous

Principal component

Principal component analysis

Principal coordinate analysis

Polymerase chain reaction

Power of hydrogen

Picomole

Parts per million

Polyvinylpyrrolidone

Quantitative trait loci

Random amplified polymorphic DNA
Randomised complete block design

Restriction fragment length polymorphism
Southern African Development Communitydlementation and
Coordination of Agricultural Research and Trainiimg the SADC
Region

Sodium dodecyl sulphate

Standard error

Single nucleotide polymorphism

Superoxide dismutase

South Pacific Community

Sub-Saharan Africa

Single strand conformation polymorphism
Simple sequence repeat

Sequence tagged site
XVi



Subsp
Taq
TBE

TE
Tris-HCI
U
UPGMA
USA

uv

var

viv
VNTR

w/v
WHO
Zn

Subspecies
Thermus aquaticus
Tris — Boric acid-EDTA
Tris-HCI/EDTA
Tris(hydroxymethyl) aminomethane hydroaliate
Unit
Unweighted pair group method of arithmetreages
United States of America
Ultra-violet
Variety
Volts
Volume per volume
Variable number of tandem repeats
Watt
Weight per volume
World Health Organisation

Zinc

XVii



CHAPTER 1

General introduction

1.1 Motivation and objectives

Cocoyam Colocasia esculentdl.) Schott andXanthosoma sagittifoliunfL.) Schott) is a
stem tuber crop that is widely cultivated in tragdi@and subtropical regions of the world
(Okonkwo, 1993). The two most cultivated speciesldwade areC. esculentaand X.
sagittifolium There are seven specieGuflocasia(taro) that originated from Asia and about
40 species oKanthosomdtannia) that originated from the American continent (FRgisve,
1972). The main economic parts in both speciesteecorms and cormels, as well as the
leaves. The corms and cormels are usually boilakled) roasted or fried and consumed in
conjunction with other foods like fish and cocoputparations. The leaves are usually boiled
or prepared in various ways mixed with other corehits like spinach (Onwueme, 1999;
Janseens, 2001).

According to Onwueme (1999), cocoyam is an impartaap in many parts of the world,

mainly for smallholder farmers. The crop plays ganaole in the lives of many as a food
security crop and has rich economic and socio-rlltconnotations. It is a cash crop and
foreign exchange earner, as well as an importantpoment in the rural development of

many areas and individuals.

As an ancient crop, cocoyam maintains considerablgo-cultural importance for the
people. The adulation and prestige attached toyemods only equalled by yam in certain
communities. It is considered as a prestige crapcaop of choice for loyalty, thanks-giving,
traditional feasting and fulfilment of obligation®nwueme, 1999). The crop features
prominently in the folklore and old traditions ofamy cultures in west Africa, Oceania and
south east Asia. Various parts of the cocoyam @amtused as traditional medicine. In fact,

to highlight its importance in other countries, Sarand Tonga, for example, each have a



depiction of cocoyamtéro) as a main feature on one of their currencies (@mae, 1999;
Caillonet al, 2006).

According to FAO (2005) the total world productioh cocoyam in 2005 was 10 million
tonnes. Africa as a continent is the major produwéeocoyam, followed by Asia, with about
half of the African production and Oceania withtjastenth of the total African production.
The Oceania region surpasses any other regionrimstef production, utilisation and

dependence on cocoyam for food (Onwueme, 1999).

Cocoyam is mainly produced and consumed on a sahses basis. However, a considerable
amount is produced as a cash crop. Surpluses fatasistence production are sold, thereby
playing a role in poverty alleviation of smallhotdarmers who are the main growers of the
crop. Countries like Fiji, Tonga, Cook Islands, &lw, Thailand and Samoa were (up until
1993 before leaf blight disease destroyed mostyaragplantations) the major exporters of
the crop, mainly to New Zealand and Australia aafned the much desirable foreign

exchange for their economies (Onwueme, 1999; Jars2601).

In major cocoyam producing countries, the indugtrgvides meaningful employment to a
large number of people, mostly in rural areas. Ebghon facilities for cleaning, sorting,

packaging and shipping of cocoyam provide addiliceaenues for poverty alleviation

through employment generation in the rural aread-ddwaii, processed forms of cocoyam
(taro) are produced in rural cottage industries. Theeefthe role of cocoyam in rural

development is even further enhanced (Onwueme,)1999

Cocoyam products have shown considerable poteintidifferent industries. In livestock
production, cocoyam leaves have proven to be usefukeplacement for different soybean
flour mixes and the flour has shown potential as raaterial for the production of lager
beer. Recent studies have revealed that cocoyanhstafine and contains small granules, a
property required in many industries (Onwuka andedin 1996; Perezt al, 2005;
Rodriguezet al, 2006).

Like many other crop plants, cocoyam productioraffected by both biotic and abiotic
stresses. Pests and diseases such as leaf bighsdiand cocoyam beefapuanaspecies)
2



reduce cocoyam Yyield to a greater extent. Othesteaimts of cocoyam production include:
weeds, laboriousness of the production system aactity of labour, scarcity of planting
material and improved varieties, post-harvest hagdhnd marketing and limited research
and extension services (Onwueme, 1999; Janseed$).Zlhis was corroborated by Serem
et al. (2008) and they furthermore observed that lammuicity was the major factor limiting
cocoyam production in various areas around Lakéovie in Kenya, Uganda and Tanzania.
This was attributed to the fact that cocoyam cation is restricted to wetlands, which was
already a limited resource in the region and otaetors that influence the production of the
crop (Seremet al, 2008). Research and development agencies theraefed to develop

appropriate cocoyam production technologies togaié existing constraints.

Malawi utilises and depends mainly on root and tutreps. Cassava, sweet potato and
potato are the main root and tuber crops. Otheontiraditional root and tuber crops like
yam, cocoyam, Livingstone and/or African potaRleCtranthus esculentud|.E. Br.) also
play an important role in the traditional settirgatdifolo, 2003). In Malawi, like in most
developing countries, root and tuber crops suctaasava, sweet potato, yam and cocoyam
act as principal sources of food, nutrition andhcaEome especially to most food insecure
households. These crops, cocoyam included, haveateg ability to produce more edible
energy per hectare per day compared to other coimtis®adnd produce satisfactory under
adverse conditions where other crops may fail (CGeme, 1978; Malawi Government
Report, 1996; Moyeet al, 1999; Sandifolo, 2003). This suggests that therg@l of such
crops like cocoyam, for food security, income gatien and nutritional enhancement in the
households are grossly underutilised. Cocoyam,itdeppssessing such rare attributes such
as yielding 30-60 ton/ha, being rich in mineralsl aftamins and possessing small starch
grains, remains an indispensable, yet neglecteal] fwop especially for predominantly
malnourished rural households (Eketeal, 2009).

According to Burlingamet al (2009) there exists a need for increased eftortsresources
to analyse, compile and disseminate data on theenticomposition of wild, underutilised
and under-appreciated food biodiversity. The abdits of this data at genetic resource level
assists countries to promote local species ancetiesi and to value and maintain the

ecosystems that produce them.



On the other hand, Onwueme (1999) pointed out thatmajor challenge of cocoyam
production is in fact the loss of a large pool o€@yam germplasm which is mostly held in
farmers’ fields and in the wild. These losses p@sdhreat to cocoyam germplasm
conservation, whose very existence determinesutuee of the crop. To guard such genetic
erosion in cocoyam, there exists a need for detaitdlection and conservation of the crop in
all growing and production areas. These genetiguregs would serve as a rich source for

diversity for the crop’s improvement as well astpotion against further genetic erosion.

Preservation and use of major root crop genetiouregs (cassava, potato and sweet potato)
has greatly benefited from international funds adted to economically important species.
Many developing countries, however, experienceialiffy in sustaining conservation and
genetic improvement of lesser root crops, mosttydar (cocoyam and yams) (Lebet al,
2005). Hence, these minor root and tuber cropdaiey lost due to lack of knowledge on
the importance of such traditional crops and latkesearch and conservation measures.
Most of these crops are being conserved by ther gjdeerations and/or are being left to

grow on their own (Malawi Government Report, 1996).

Detailed conservation and characterisation of casowould not only help in conserving the
national heritage in minor root and tuber crops bhls#o generate information on their
worthiness in terms of nutritional and potentiatiustrial utilisation and on the genetic
diversity that exists. The process has alreadytestathrough the collection and
characterisation of yams (Malawi Government Repd@&96; Luhanga, 2005; Msowoya,
2005).

In the case of cocoyam, there exists a need forawgal understanding of the genetics and
chemistry in order to enhance efficiency and effectess of improvement programmes
(Smith and Duvick, 1989). There are several geresfgrcessions of cocoyam in Malawi
and limited or no work has been undertaken to cplleharacterise and assess the genetic
yield potential for the local cocoyam genotypeséasons. It is therefore important that

cocoyam varieties from farmers’ local genotypes#asmns be collected and studied.



Beechinget al (1993) stated that a prerequisite for any gerptmrovement programme is
the knowledge of the extent of genetic variatioespnt between accessions and genetic
distance between all closely related species witlthvhybrids could be produced. This can
be achieved through the characterisation of thengkxsm using either morphological,

biochemical and/or DNA markers.

This study therefore was aimed at assessing thehulmgical and genetic diversity of
cocoyam genotypes of Malawi using ethno-botany, pinological and amplified fragment
length polymorphism (AFLP) markers. The study aletermined the mineral composition

of the local (Malawi) cocoyam genotypes.

1.2 References

Beeching, J., Garada, M., Nairot, M., Haysom H.R.Hughes M.A., and Charrier, A.
(1993). An assessment of genetic diversity within coll@et of cassavaManihot
esculentaCrantz) germplasm using molecular markers. AnoélBotany 72: 515-
520.

Burlingame, B., Charrondiere, R., and Mouille, B. 2009). Food composition is
fundamental to the cross-cutting initiative on edsity for food and nutrition.
Journal of Food Composition and Analysis, in press.

Caillon, S., Quero-Garcia, J., Lescure, J.P., and é&bot, V. (2006). Nature of taro
(Colocasia esculenta(L.)) genetic diversity prevalent in a Pacific @oeisland,
Vanua lava, Vanuatu. Genetic Resources and Crojutiwo 53: 1273-1289.

Ekwe, K., Nwosu, K., Ekwe, C., and Nwachukwu, I. (@09). Examining the
underexploited values of cocoyam€ofocasia and Xanthosomaspecies) for
enhanced household food security, nutrition andhecty in Nigeria. In: Jaenicke, H.,
Ganry, J., Zeledon-Hoeschle, I, and Kahane, R.s.JEdProceedings of the
international symposium on underutilized plants food security, income and
sustainable development. Acta Horticulturae 806i3Spp. 71-78.

FAO. (2005).http://www.fao.org/es/ess/top/commaodity.ht{2008/06/02).




Janseens, M. (2001)Crop production in tropical AfricaBonn, Germany: Institut fur obst-
und germusebau, abt. Tropicscher pflanzenbau, Ricam Friedrich-Wilhelms-
Universitat Bonn, auf dem Hugel 6, D-53121 Bonngr@amny. Directorate general for
international co-operation, Karmelietenstraat 15,0 Brussels, Belgium pp. 221-
228.

Lebot, V., Ivancic, A., and Abraham, K. (2005).The geographical distribution of allelic
diversity, a practical means of preserving and gisminor root crop genetic
resources. Experimental Agriculture 41: 475-489.

Luhanga, R. (2005).Molecular characterisation and genetic diversftyidd and cultivated
yams Dioscorea specigsn Malawi. Zomba: University of Malawi, MSc Thesis.

Malawi Government Report. (1996).Country report to the FAO international technical
conference on plant genetic resources. Leipzig: F#9-28.

Moyo, C.C., Mahungu, M., Soko, R., and Sandifolo, V(1999).Progress in developing
cassava varieties in Malawi. In: Akaroda, M. andi,T& (Eds.). Food security and
crop diversification in SADC countries: The role ohssava and sweet potato.
Proceedings of the scientific workshop of the SeuthAfrica Root Rrops Research
Network (SARRNET), pp. 143-150.

Msowoya, W. (2005).Morphological characterisation and genetic diwgraf wild and
cultivated yamsioscoreaspecies) in MalawiZomba: University of Malawi, MSc
Thesis.

Okonkwo, C. (1993).Taro, Colocasiaspp. In: Bergh, G. (Eds.) Genetic improvement of
vegetable crops. Oxford: Pergamon, pp. 709-715.

Onwueme, I. (1978)Tropical tuber cropsYams, cassava, sweet potato and cocoyams. John
Wiley and Sons, pp. 199-225.

Onwueme, 1. (1999).Taro cultivation in Asia and Pacific: RAP PublicatiorD909/16.
Bangokok, Thailand: Food and Agriculture Organmatiof the United Nations
regional office for Asia and the Pacific.

Onwuka, N., and Enech, C. (1996)The cocoyamXanthosoma sagittifoliuras a potential

raw material source for beer brewing. Plant Foaddduman Nutritiord9: 283-293.



Perez, E., Schultz, F.S., and Delahaye, E.P. (2006haracterisation of some properties of
starches isolated frorXanthosoma sagittifoliunftannia) and Colocasia esculenta
(taro). Carbohydrate Polymers 60: 139-145.

Purseglove, J. (1972)Tropical crops: Monocotyledons 1. London: Longmam, 66-74.

Rodriguez L., Lopez D.J., Preston T.R., and Petels., 2006. New cocoyamXanthosoma
sagittifolium) as partial replacement for soyabean meal in sugae diets for
growing pigs. Livestock Research for rural develepin 18. Retrieved from
http://www.lIrrd.org/Irrd (2009/09/10).

Sandifolo, V. (2003).Estimation of crop losses due to different causesot and tuber

crops: The case of Malawi. Proceedings of the Bx@ensultation on Root Crop
Statistics-Volume II: Invited Papers. Harare, Ziimva: Food and Agriculture
Organisation of The United Nations, Statistics siom, Regional Office for Africa.
FAO, Rome, pp. 41-47.

Serem, A.K., Palapala, V., Talwana, H., Nandi, J.Ndabikunze, B., and Korir, M.
(2008). Socio-economic constraints to sustainable cocogamduction in the Lake
Victoria crescent. African Journal of Environmenaience and Technology 2: 305-
308.

Smith, J., and Duvick, D. (1989).Germplasm collections and private breeder. In:wBro
A., Marshal, D., Frankel, O., and Williams, J. (BdsThe use of plant genetic
resources. Cambridge: Cambridge University prgss1§-31.



CHAPTER 2

Literature review

2.1 Introduction

In the past, mankind depended on a much wider rahg&ant species for food, fibre, health
security and other needs. The advent of the GreevolRtion has, however, changed
peoples’ needs throughout the world and only atéichhnumber of crops are being utilised to
meet the needs of staple diets and few major nod-fwops are being used to meet other
associated needs (Williams and Hag, 2002). Thowssandlant species and many more
varieties fall into a category defined as undeséd or neglected crops. These crops are
marginalised by both agricultural and nutritionasearch (Global forum for underutilised
species, 2009). This over reliance on just a fewpgiis risky to the world populace. Crops
may fail, wars and strife wreak havoc on harveats @mmodity prices oscillate. Recently,
with the problems of climate change, crop productltas been destabilised. The ever
increasing global population also continues to ptisth Green Revolution to its limits
(Ramana and Hodgkin, 2002). However, bringing tHasederutilised’ crops (species with
underexploited potential for contributing to focetarity, nutrition, health income generation
and environmental services) out of the shadows timomainstream would not only help to
spread the risk but also claim the marginal lanatigthal Academy of Science, 1975;
Ramana and Hodgkin, 2002; Williams and Hag, 200Rb& forum for underutilised
species, 2009).

Cocoyam, like many other indigenous tropical roobps, has been largely neglected.
Despite its adaptability, acceptance and commefo@l value, cocoyam has received little
attention by researchers (National Academy of Seet975; Ekweet al., 2009). Cocoyam

usually thrives in infertile or difficult terrainshat are not well suited for large-scale
commercial agriculture of most conventional staplgps. Since the poor are often the main
inhabitants of such areas, underutilised cropsdik®yam give them alternative sources of

income-paths out of poverty (Williams and Haq, 2002



Cocoyam holds great potential in commercial agtizel as it produces fine granule starch
desired in specialised industries (Onwueme, 19[f8)uture depends on selection of high
yielding, good quality genotypes and developmerbwfcost technologies that will enhance
its production (National Academy of Science, 19Fwever, in order to exploit this crop
better, an understanding of its genetic diversitg aistribution will be essential for its

conservation and use (Ramana and Hodgkin, 2002).

2.2 Taxonomical description of cocoyam

The taxonomy of cocoyam is confusing. The many commames of the crop further add to
the confusion (Onyilangat al, 1987). It is known by several common names iglish as
tannia, tania, yautia, cocoyam, tanjeSpanish asyautia, malanga(Antilles), macal
[(Mexico, (Yucatan)],quiscamotgHonduras)tiquisque(Costa Rica)pté (Panama)pkumo
(Venezuela)uncucha(Peru),gualuza(Bolivia), malangay(Colombia); Portuguese &&oba,
mangareto, mangarito, mangargBrazil) and French ashou Caribe(Antilles). Names in
other languages includgueiquexqugMexico), tannia taniea (Antilles), dasheen, tannia,
dalo (Fijian), arri, kachu (Indian), talla (Malayan),taro (Polynesian) andabi and yautia
(Tagalog, in the Philippines) (Willianet al, 1982).

Cocoyam is therefore a non-specific term, appleeddrious edible aroids (members of the
Araceae family). Various tropical aroids that produedible tubers are also collectively
referred to astaro’. There is therefore some confusion as to theaigbe terms cocoyam
andtaro without distinction among the genera (Janseen@]1)0n the Oceania region and
many other tropical producing countries, the commametaro is used for all edible aroids.
Nevertheless, each variety has its common na&bwméocasia esculentss referred to as the
true cocoyam, old cocoyam ¢aro and several common names includiagnia, yatua,
malanga, callalgp coco or new cocoyam are used to refer to domesticaiadthosoma
species which share substantially the same uséfaif0'1990; South Pacific Community
(SPC), 1993; Janseens, 2001). The confusion indheng of the crop is even greater among
the different continents. According to Onyilangfaal (1987),taro, dasheeneddoe curcas
true cocoyamand old cocoyam are all forms of a plant originally césed asArum

esculentuni. but now referred to aS. esculentgL) Schott orC. antiguorumSchott. All
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types are known asro in the Pacific region. However, the name cocoyamwest Africa is
used for bothColocasiaand Xanthosomaspecies. The nameatasheenand eddoeexist as
different forms of cocoyam in west India, but tthesheerof the southern United States of
America (USA) is regarded as teddoeof Trinidad (Onyilangaet al, 1987).

Cocoyam belongs to the monocotyledonous family éaac The family (often referred to as
aroids) contain several plants which are cultivatad used for food in various parts of the
world (Onwueme, 1978). The Araceae family consigtsome 100 genera and more than
1500 species. Members of this family are mostlpitral and subtropical plants (Purseglove,
1972). The aroids grow mainly in moist or shadyitzb. Some are terrestrial, while others

are vines, creepers or climbers. Many specieslspeepiphytes (Ekanem and Osuji, 2006).

The major edible aroids are classified into twbes and five gener&lasioideaewith the
generaCyrtospermaand Amorphophallusand Colocasioideaewith the generaAlocasig
Colocasiaand XanthosomgPurseglove, 1972). The basic chromosome numbgerisrally
n=14, except for the genekanthosomavhere n=13 (Janseens, 2001). The chromosomes of
cocoyam are prone to unpredictable behaviour durted) division, such that the
chromosome number per cell is not uniform withie ttrop. Chromosome numbers of
2n=22, 26, 28, 38 and 42 have all been reportedv Nges or variants of cocoyam,
therefore, occur quite frequently in nature or uncldtivation (Onwueme, 1978; Janseens,
2001).

Cocoyam production relies on traditional genotypeséssions mostly kept by elderly
members of the growing societies. Numerous botaniadeties of the crop exist. New
agricultural accessions have been developed andgéeerally fall into two main groups
namely theeddoetype, with small corm and large cormels and dhsheertype with large
corms and small cormels (Onwueme, 1978). Genotfoes different species of cocoyam
are distinguished based on the flesh colour ottrens and cormels, lamina and vein colour,
petiole colour, acidity of tuber and leaves, shaueidity (due to their ethenedioic or oxalic

acid content), fibre content and palatability (\dithset al, 1982).
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Purseglove (1972) suggested that the main disshguy feature between the two common
types of cocoyam i.eC. esculentand X. sagittifoliumis the position of the leaf attachment
on the petiole. IIC. esculentathe attachment of the petiole to the lamina isatéhe edge of
the lamina, but at some point in the middle ofldraina while inX. sagittifolium the petiole

is attached to the indentation and extends frombtee of the leaf iX. sagittifolium and

constitutes the midrib and the plants are usualigd (Janseens, 2001).

2.3 Origin, classification, history and diffusion & cocoyam

Cocoyam originated in south central Asia, probablindia or Malaysia (Onwueme, 1978).
The three genera of cocoyaf@plocasia, Alocasiaand Cyrtosperm are reported to have
originated in south east Asia and the Pacific @& he Indian subcontinent is considered as
the primary centre of origin for gener@olocasia and Alocasig whereas the genus

Cyrtospermaoriginated from Indonesia (Janseens, 2001).

Jianchuet al (2001) described the Yunnan province in southt \@sna, at the margins of

the centres of diversity in Assam and south easa,Ass an important region for ethno-
botanical and genetic diversity of cocoyaf. (esculenta Further evidence is given by

historical records which clearly show the impor&raf taro cultivation in the same area

nearly 2000 years agQi-Ming-Yao Shua book on agricultural technology written by Jia
Sixi in 600 BC, describetaro cultivation in great detail.

Cocoyam cultivation dates back some 10000 yearsasdbeen cultivated longer than wheat
or barley. Cocoyam, now used as a staple in pdr&ssia, the Pacific, the Caribbean and
Hawaii, was prevalent in the Mediterranean longhepotato made an appearance (Jianchu
et al, 2001).

The requirement of flooded conditions taro (C. esculentaconvinced anthropologists that
cocoyam was indeed the first irrigated crop and tha ancient "rice" terraces of Asia were
originally constructed for cocoyam (Plucknett, 1p7Bannia (X. sagittifoliun) on the other
hand, does not tolerate waterlogged conditions aghm(Onwueme, 1978). During
prehistoric times, cocoyam cultivation spread te tRacific islands. Around 500 BC,

Colocasiawas introduced to Africa, through Egypt, the Nilasin and east Africa. From
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west Africa, the crop spread to the west Indies taedropical parts of America (Onwueme,
1978; Kuruvilla and Avtar, 1981; Janseens, 2001).

On the other hand, FAO (1990) suggested @wbcasiaspecies spread to Egypt from India
and south east Asia and thence to Europe. Subgguemwas taken from Spain to tropical
America and then to west Africa. It spread to trestMndies with the slave trade as it was
used as food for slave€olocasiaspecies are today a staple food in many islandbef
south Pacific, such as Tonga, western Samoa andaPg@w Guinea. Due to its tolerance to
shady conditions, cocoyam is often planted undempgent plantations like banana,

coconut, citrus, oil palm and especially cocoa (FA@00).

Jianchuet al (2001) suggested that the crop flourished inemdimes due to its hardness
that suited primitive agriculture. The corms andneels were able to survive long periods of
desiccation. The crop would grow quickly and in thght climate and could produce three
small or two large crops per year. Dried cocoyamrabee an essential for survival on long
journeys that the Polynesians made from south Asistto the Pacific islands. It was these
long, open-boated voyages that assisted in diffuarmd distribution of slips and cuttings of
more than 100 plants, including cocoyam, breadfg@ims and coconut palm (Jianattual,
2001). This corroborates the fact that the spréadast root and tuber crops was facilitated
by their ability to thrive under varied adversepical conditions. The level of water
tolerance varies considerably among root and twbeps, ranging from the waterlogged
conditions required for cocoyam to the droughtremdee and minimal water supplies needed

for cassava once it has been established (Wil€84)1

On the other handXanthosomaspecies are reported to have originated and best fi
cultivated in tropical America, especially in cattAmerica and the Caribbean. It has since
spread to south east Asia, the Pacific islands Afnda. Spread of the crop to the south
Pacific and Africa occurred in recent times (Onweed978; Janseens, 2001). It was spread
by the Spanish and Portuguese, who also introdii¢edurope and Asia. It moved from the
Caribbean, in the late f%entury to Africa, first to Sierra Leone and thtenGhana (FAO,
1990).
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FAO (1990) suggested thatanthosomaspecies are now more important th@olocasia
species, being popular for their corms, cormelgvde and young stems. Although
Xanthosomeaspecies are relatively new to the Pacific regibiey have spread rapidly and
widely, becoming quite important in many of theargds. It is widely cultivated in Puerto
Rico, the Dominican Republic and Cuba and is imgurialong the coastal mountains of
South America, in the Amazon basin and in centrakfica (FAO, 1990).

Today cocoyam is grown nearly in all parts of thapics, as well as in some subtropical
regions. It is being grown nearly in all latitudimagions between 8 and 18S. Colocasia
esculentavar. esculentais widespread in its region of origin, but alsoaih hot and humid
regions in Africa.Colocasia esculentaar. antiquorumis cultivated in Japan, China and
India. Xanthosoma sagittifoliuns today found in all the hot and humid areashef world

and is grown extensively throughout west AfricanGkens, 2001).

There is limited information as to how cocoyam wasoduced into Malawi. However, two
routes seem probable. Like many other root crdpgsas been cultivated in suitable parts of
southern Africa for centuries and was probablyodtrced by the Portuguese traders. It could
have also been introduced by the early settleMaldwi who migrated from Zaire in central
Africa, present day the Democratic Republic of Gong (DRC)

(http://www.bioverrsityexplorer.oig

2.4 Cocoyam morphology

Cocoyam is a perennial monocotyledonous herb (Omeyd 978). It consists of a central
corm from which cormels, roots and shoots arisgufé 2.1, Onwueme, 1978; Willianes
al., 1982). Cocoyam is naturally a perennial crop,fobupractical purposes is harvested after
5-12 months of growth (Onwueme, 1978). Its growtd developmental cycle goes through
three main periods. During the first two monthgvgh is slow. This first period starts with
sprouting of shoots and ends when the cormels emditte second period is characterised
by a rapid increase in shoot growth, until 6-7 rhenafter planting. It is during this period
that plants achieve their maximum leaf area, psestdm diameter and height. During the
third period, the leaves start to wilt and the ltoiy weight of the above ground plant parts

decreases until harvest. This is the period of majovement of photo-assimilates from
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leaves to the corm and cormels. The senescende glant at the end of this period is used

by farmers as harvest period (Castro, 2006).

Figure 2.1 (A) Cocoyam plant, (B) Corm and cormelgAcuna, 2006).

Immediately after planting, there is a rapid inse& shoot growth until about six months
after planting. There after growth of the shoot ¢tholeaves) as well as the total dry weight
of the shoot declines. This pattern of growth hdide for both theC. esculentaand X.
sagittifolium(Onwueme, 1978).

Propagation of cocoyam is generally through vegatamneans using tubers or the apical
portions of large tubers harvested at maturity.nS&gation of the setts is possible as in
yams. In regions where the growing season is ipéed by dry periodsXanthosoma
species are usually first multiplied by means obath and later transplanted (Janseens,
2001). In cases where shoots are used for mubigphic instead of corms, yields are usually
higher compared to using lateral buds. Howeverpthbave to be pruned to encourage
growth of the corms (Williamet al,, 1982; Janseens, 2001).

The shoot of the cocoyam plant consists mainhhefleaves which arise in a whorl from the
apex of the corm. The terminal bud remains clos¢hi® apex. The leaves are the most
prominent aerial organ of the plant. Plant heighdetermined by the height of the leaves. It
ranges from 1-2 m. Each leaf consists of a longtguetiole and large lamina (Onwueme,
1978; Williamset al, 1982).
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The leaf lamina is large, thick, entire and glolsroli is more or less rounded, except for a
slight indentation at the base and pointednesSeatdp. The petiole may be one metre long
and is thick along its entire length, but thickértlee base than near the attachment to the
lamina. The base of the petiole where it is attddioethe corm is flaced out so that it clasps
around the apex of the corm. The petiole is sdifdughout its length, but replete with large
air spaces. These air spaces function as conduitgefation of the subterranean organs when
the plant is grown under swampy or flooded condg&igOnwueme, 1978; Williamst al.,
1982; Janseens, 2001). The leaves and the sh@otsoanally consumed as a spinach-like

vegetable (Janseens, 2001).

The main stem is an edible starch-rich, undergrosiedn (rhizome) structure called the
corm, from which offshoots, termed cormels; develBprseglove, 1972). The corm may be
up to 30 cm long and 15 cm in diameterdmsheenypes and is usually smaller @ddoe
types. Within the corm lies the parenchyma, whighdénsely packed with stored starch.
Scattered vascular bundles and a few lacifers oatuthe ground parenchyma. Cells
containing raphides (bundles of calcium oxalatejuodn the tissues of the corm, and to a
lesser extent, in all other parts of the plant (Qeme, 1978; Janseens, 2001).

The cormels arise from the auxiliary buds on thenso Morphologically, they represent the
lateral branches of the plant stem, while the coepresents the main stem (Onwueme,
1978). A terminal bud is present at the distal ehthe cormel. Scale leaves are also present
on the body of the cormel. Cormels, like the coanmg edible and less woody than the corm
(Onwueme, 1978; Williamst al, 1982; Janseens, 2001). Secondary corms may fesise
auxiliary buds of the corm of cocoyam, which giveerto suckers or daughter plants
(Onwueme, 1978). IXanthosomathe corm is more spherical and the cormels askfl
shaped, usually larger and more numerous thanarCtlocasiagenera (Williamset al,
1982).

Flowering in cocoyam is sporadic. When flowers acthiey appear shortly after planting,
sometimes before any of the leaves have expandelinflorescence arises from the leaf
axils or the centre of the cluster of unexpandexds. A plant may bear two or more

inflorescences. The peduncle is stout and relatisebrt (Onwueme, 1978; Willianet al.,
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1982). The inflorescence consists of a cylindragadix of flowers enclosed in a spathe. The
flowers are unisexual with the female flowers |lechat the base of the spadix and the male
flowers at the top. Sterile flowers are located@tween the pistillate and staminate flowers
(Purseglove, 1972).

The inflorescence of cocoyam is protogamous artillgie flowers are normally receptive 2-
4 days before pollen is shed. The spadices ar@rsefdrtile and produce few viable seed
(Castro, 2006). Flowers are fragrant and pollimai® probably by insects, especially flies.
Fruit and seed setting in cocoyam are even moreommon than flowering. Many
inflorescences wither without setting any seed. ffbis are clustered at the basal portion of
the spadix. Each fruit is a berry about 3-5 mm ianteter. The seed is hard and contains

endosperm and germinates with extreme difficultp@eme, 1978; Castro, 2006).

The root system of cocoyam is fibrous and confimex$tly to the top layers of the soil. The

roots arise from the lower portions of the corm\{@eme, 1978).

2.5 Environmental conditions for cocoyam growth

Cocoyam is a crop of the humid tropics. It requiaebot and relatively humid climate. It
does best at average temperatures abov@ aid minimum temperatures that do not fall
below 10C. Cocoyam does not perform under frosty conditi@swueme, 1978; Janseens,
2001). Photosynthesis is optimal between 2%2@anseens, 2001). Cocoyam generally has
a high moisture requirement. Best yields are obthiwhere annual rainfall is above 2000
mm. Low rainfall reduces corm growth and of the tiypes of cocoyameddoetypes
tolerate drier conditions better thalasheentypes. Thedasheentypes grow better under

flooded conditions (Onwueme, 1978).

Cocoyam can be grown both under flooded (lowlam#) @nflooded (upland) conditions. In
drier areas, it can be grown in swampy areas oetindgation. Cocoyam usually grows best
as a first crop after clearing. It requires heawyl anoist soils, with good fertility and
sufficient organic matter. Cocoyam prefers a séil @f 5.5-6.5 and tolerates saline soils
better than many other crops (Williaresal, 1982). Some cocoyam genotypes thrive better
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than others in water logged conditions. Howeveermittent moisture stress results in corms

that have dumb-bell shapes and poor quality (Onveyd978).

Yields are generally higher under flooded condgicsiue to the greater ability of the plant to
produce suckers, the larger leaf area and the isltenof leaf senescence. Expanded leaves of
the plant act as an extensive transpiring surfacgugh which large quantities of water are
lost. Cocoyam grown under flooded soil conditiogsable to transport oxygen from aerial
parts of the plant to the roots enabling roots éspire and grow normally. This makes
cocoyam a valuable crop in areas where there i€rwagging and flooding problems
(Onwueme, 1978; Janseens, 2001). However, thetak@s a long time to mature and the
amount of effort expended is greater (Janseend,)200Taiwan, upland-cultivated cocoyam
had higher mineral content than ones grown in pa@etland) conditions (Huangt al,
2007).

2.6 Nutritional content and utilisation of cocoyam

Cocoyam is an important crop in tropical and sytita areas because of the carbohydrates,
proteins, fats, vitamins and minerals, as well @stifie cash income it provides to farmers
(Onokpiseet al, 1999). It is a staple food for many people imadeping countries in Africa,
Asia and the Pacific. It is produced mainly in A#&i(especially in Nigeria) and in Asia
(mainly in China), but on the basis of per capiuailability, it is most important in Oceania.
In fact, it is an important food crop for more th&0 million people worldwide, especially
in the tropics and subtropics (Onokpeteal, 1999; Onwueme, 1999).

Studies conducted on nutritional composition of¢hmp suggested that it is a good source of
carbohydrates and minerals (Huagtgal, 2007; Njoku and Ohia, 2007; Pereizal, 2007)
and that leaves have quite substantial amountsot¢ips and vitamins (Onwueme, 1999). It
consists of 63.6-72.4% moisture, 21.1-26.2% staand 1.75-2.57% crude protein and
provides total energy in the range of 97.1-118.8//RO0 g fresh cocoyam. The corms have
reasonably high contents of potassium (K) and msigne(Mg) in the ranges of 2251-4143
and 118-219 mg/100 g dry matter respectively amdnaoderately good sources of water-

soluble vitamins such as thiamine, riboflavin asdabic acid, compared to other tropical
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roots. Essential amino acid contents are fairlydgewcept for the sulphur containing amino
acids such as tryptophan and histidine, (Huetra)., 2007).

Njoku and Ohia (2007) found cocoyam to be a goodrcs of minerals [sodium (Na),

potassium (K), magnesium (Mg) and calcium (Ca)] séhcsalts regulate the acid-base
balance of the body system. However, the apicaicseof the corms are reported to have
higher protein contents compared to the distali@eathich has high ash, fibre, Mg and
phoshorous (P) contents (Sefa-Dedeh and Kofi-Agyi04).

Cocoyam leaves are a good source of proteins, aighand vitamins, i.e. they are richfin
carotene and ascorbic acid (Thomas and Oyedirdl8)2dhd have great potential to qualify
as good vegetables for hypersensitive, diabetic agbebse people due to their anti-oxidant
properties (Englbergeet al, 2008; Thomas and Oyediran, 2008). Despite baingpod
source of carbohydrates and minerals, the cormsamdels contain anti-nutritional factors
namely the trypsin inhibitor, total oxalate, sokilxalate and calcium oxalate (Senal,
2006). Boiling of the tubers reduce the level dibte oxalates in the cooked tissue to below
detectable levels as soluble oxalates gets leaahedhydrolysed in cooking solutions (S&n
al., 2006; Catherwooet al, 2007). Soluble and insoluble oxalates are atamd in the
young and older leaves of cocoyam (Oscarsson anag8a2007) and cooking furthermore
significantly reduces the anti-nutritional fact@sd enhances the availability of crude fibre

and proteins in cocoyam leaves (Oscarsson and 8a28Q7; Lewtet al, 2009).

According to Janseens (2001), fresh corms and dsrofi€ocoyam are used in the same way
as potatoes. They are usually consumed after bmigd, baked, roasted or fried in oil. In
parts of west Africa, the boiled corms and cormalsy be pounded into a paste (fufu),
similar to pounded yam. Some communities also predlour to make pulp and Peretal
(2007) found that the flour of cocoyan€.( esculentaand X. sagittifolium) produced
chemical, physical and physicochemical propertiésciv were similar to those shown by
conventional flour of cereals. These studies shoseediderable potential of cocoyam flours
in terms of nutritional quality and good microbigical stability (Janseens, 2001; Pegetz
al., 2007).
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Recently, the use of cocoyam corms, cormels andeteas an animal feed seems to be
gaining recognition. Others have tried to explaveayam derivatives as potential sources of
raw material in various industries such as beer stacch production (Onwuka and Enech,
1996; Rodrigueet al, 2006; Mwetaet al, 2008; Abdulrashid and Agwunobi, 2009). Mweta
et al (2008) investigated the physiochemical and famai properties of starch from
cocoyam and cassava grown in Malawi to unravelrtpetential industrial applications.
Cocoyam starch granules exhibited polygonal triectahapes and small sizes (average of 7
um) and gave lower values of amylose content andepaarity with higher phosphorus
content, maximum wavelength of iodine complex apson and blue-value compared to
cassava starches. It exhibited lower swelling poesed solubility compared to cassava
starches. There were similar enthalpy values fotatgesation and retrogradation
characteristics of cocoyam and cassava starch. Hoaweocoyam starch displayed higher

retrogradation tendencies than cassava starches.

Onwuka and Enech (1996) investigated the poteatialwidely cultivated cocoyam cultivar
in Nigeria as a potential replacement of malt gelabeer production. Cocoyam was superior
to barley and sorghum as a substrate because pbtestially higher carbohydrate content
(71-78%) compared to barley (65%) and sorghum @3)7

Rodriguezet al (2006) found no significant differences in feaglipigs with different
mixtures of cocoyam leaves and soybean meal. Reghlbugh preliminary, indicated the
potential of fresh cocoyam leaves to replace upalb the soybean protein in diets based on
sugarcane juice for growing pigs. Furthermore, Ataginid and Agwunobi (2009) suggested
that proper processed cocoyam meal can effectregiace maize at 25% (raw sundried) and
50% (boiled and sundried) as a major source ofggner diets of broiler chicken finisher
feed.

Like most root and tuber crops, cocoyam faces pastest losses during storage which are
mainly influenced by storage conditions, the state maturity at harvest and the
morphological characteristics of the cormels. Wopathogens are a major cause of post-
harvest deterioration in cocoyasormels and the causal pathogen of cormel decay is
Sclerotium rolfsiiSacc (Onwueme, 1978; Agbor-egde and Rickard, 1991)
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Post-harvest losses in cocoyam are reduced undelitioms of low temperature (i5) and
high humidity (85%). Storage life under these ctinds can be prolonged for periods of up
to five to six weeksXanthosomaenotypes, however, tolerate storage under tropicdlient
conditions of more or less the same periods. Paxstelst fungicide treatment is important
especially forColocasiaspecies, which may register up to 60% decay irag(Onwueme,
1978; Agbor-egde and Rickard, 1991).

Sajevet al (2004) suggested that storing cocoyam at amlsrage temperatures bring
about changes in both textural and rheological adtaristics, compared to evaporative
cooled room and refrigerated storage. This iskatted to the dehydration of the cormels and
the biochemical changes of especially calcium iedubardness of pectic and related

materials, which affects the rheological propertiethe extracted flour.

The starchy corms and cormels are also storeckifiotim of dried chips and flour in order to
avoid post-harvest losses, especially in develomiogntries (Perezt al, 2007). This
guarantees year-round supplies of the tuber, whitbuld encourage consumption of this
flour and may contribute to new product developméyt regional food industries
(Onwueme, 1978). The corms and cormels can alssttwed underground. They are
normally left in the ground after maturity and hested when needed. This field storage for
the crop compensates for the poor storability oftingenotypes. Underground storage in pits

is also common (Onwueme, 1978).

2.7 Genetic diversity assessment of cocoyam

Plant genetic resources are a valuable resour@griculture, food security and forestry
because they provide genetic diversity necessargdth farmers and breeders to obtain new
cultivars (Laurentin, 2009). The ability to idegtijenetic variation is indispensable to
effective management and use of genetic resouncasreeding programme (Rao, 2004), as
a proper analysis of the genetic variation andtimahips between accessions or genotypes
is important to (a) understand the genetic vatigbivailable and its potential use in
breeding programmes; (b) estimate any possibledbgenetic diversity; (c) offer evidence
of the evolutionary forces shaping the genotypiediities and (d) choose priority genotypes

for conservation (Smith and Duvick, 1989).
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According to Beechingt al. (1993) a prerequisite for any genetic improveng@ongramme

is knowledge of the extent of genetic variationspré between genotypes and the genetic
distance between all closely related species witlchvhybrids could be produced. This can
be achieved through the characterisation of thengkxsm using either morphological,
biochemical or genetic markers. Genetic diversihalgsis and characterisation allows
evaluation of genetic variability, which is a fumdantal element in determining breeding
strategies and genetic conservation plans. As duaawledge is even necessary before the
breeding materials are exploited further (Gholiateat al, 2008).

Smith and Duvick (1989) reported that a breedirggpamme that is genetically broad-based
provides ideal results: steady gains under selectiod the ability to respond readily to
changed environments, diseases and economic trendscontrast, a narrow-based
programme would provide slow response to selectioth increase the likelihood of crises
triggered by outbreaks of diseases and insect .pAstack of genetic variability across

breeding programmes could exacerbate these deafieemationally or internationally,

conceivably threatening the usefulness of availahtesties and, of longer term significance,

the usefulness of breeding stocks.

Cocoyam has been neglected by research and cotisenetforts. There is limited
information available on the amount of diversitgttexists (Jianchat al, 2001; Lebott al,
2005). Hence, there exists a need to assess thet éftgenetic diversity and how much has
been conserved (Jianckual, 2001). Quero-Garciet al (2004) observed that with the lack
of an accurate assessment of the genetic distaesern between local genotypes, cocoyam
breeders often face a difficult choice in makinggsgons. The use of phenotypic values to
assess the degree of diversity in cocoyam is atgiltg due to somatic fixation and often
morphotypes are quite distinct even though theyestiee same genetic background.

Of late, alternative procedures such as biochermaocal molecular genetic markers have
received much attention (Lebot and Aradhya, 19@¢hn8llet al, 1999; Cailloret al., 2006).

Biochemical markers often make use of seed pr@ethenzyme electrophoresis to analyse
genetic diversity as they reveal differences betwseed storage proteins or enzymes

encoded by different alleles at one (allozymesjnore gene loci (isozymes) (Rao, 2004).
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Molecular makers, on the other hand, identify paypmism at DNA sequence level and
provide information about allelic variation at avgn locus and have overcome limitations of

both morphological and biochemical markers (Laurer009).

2.8. Methods of assessing genetic diversity

2.8.1 Morphological markers

Morphological traits have their basis in geneti@mtions that lead to visible differences in
the phenotype. Since only a small fraction of geoade for traits that are manifested in
observable phenotypes, i.e. classical morphologizakers, the level of information that can
realistically be obtained from morphological masker limited. For targeted studies of allelic
variation at specific genes, however, analysis dajrphological markers give useful
information about genetic diversity analysis (Snattd Smith, 1989).

Morphological traits used in selecting breeding eniat are associated with large genetic
distances. Therefore morphological traits usegearsetic markers are often undesirable in
genotypes and if used in selection must be remanethe final stages of the breeding
programme. In addition, the number of morphologioalrkers on genetic maps is generally
limited. Therefore their utility is reduced duettee large genetic distances (Swiecicki and
Timmer-Vuaghan, 2004).

Morphological markers are usually of limited usetssy are often affected by environmental
conditions or developmental growth stages. Howeirersome cases phenotypic markers
such as leaf tip necrosis associated WitB4 andYrl8 (wheat rust resistance genes) have

been intensively used in selection of durable taste in wheat (Feuillet and Keller, 2004).

Smith and Smith (1989) observed that the use obhwogical markers alone immediately
excludes analysis of those portions of the genacomgaming non-coding sequences, which in

plants can often account for more than 90% of tmepiete DNA sequence.

In cocoyam, morphological traits such as colouthefflesh of the corm and cormels, lamina
and vein colour and petiole colour have been uselistinguish genotypes. Size of the corm
and cormels are also important (Onwueme, 1978). Udbdaet al. (2007) characterised
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Cameroonian cocoyam using leaf margin colour, pesdiole colour, main vein colour, leaf
sheath colour, number of cormels per plant, weaihtormels and corms per plant. These
parameters represented 70.7% of the total variabioa different study, Quero-Garacg al.
(2004) used more or less the same agro-morpholagasts to stratify cocoyam germplasm.
In addition, leaf lamina characters like marginjoco, variegation and orientation, stolon
formation, corm shape, maturity period, growth hatorm flesh colour and taste were also

used.

2.8.2 Biochemical markers

Measurement and characterisation of genetic diyehsive always been a primary concern
in population and evolutionary genetic studies,alise genetic variability provides a basis
for evolutionary change. Over the years, methods detecting and analysing genetic
diversity have gradually progressed from Mendelaralyses of discrete morphological
traits, to statistical characterisation of continsly varying quantitative characters, to
electrophoretic assays of biochemical variants armakt recently, to molecular examinations
of DNA sequence variation (Zhamegjal, 1993).

Isoenzymes (isozymes) and allozymes are commorhémical markers that have been
developed. Isoenzymes are different molecular fomm&hich proteins may exist with the

same enzymatic specificity. This meant that difiéreariants of the same enzymes have
identical or similar functions and are present he same individual. On the other hand,
allozymes are variant proteins produced by allétioms of the same locus (isozymes
encoded by the allelic genes) (Zeidler, 2000). Due¢he amino acid charge differences,
allozymes can be differentiated by their relativignation speed during gel electrophoresis
(Mueller and Wolfenbarger, 1999).

These biochemical markers are powerful tools fonegeariability within and between
populations of plants, in genetic relatedness efjdnating system estimations and genetic
diversity assessments in clonally propagated @peties. Most allozymes are co-dominant
and are expressed at all stages of the life cy@aller, 2000).
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Biochemical markers have been used in differertistuin cocoyam. They have been used in
diversity analysis as well as pathogen identifma@nd characterisation (Lebot and Aradhya,
1991; Tambonegt al, 1999; Mitraet al,, 2007).

Electrophoretic analysis of isozymes was used tfferéntiate Phytophthora blight
susceptible cocoyam genotypes from resistant aviésa(et al, 2007). Further assessment
of the differential expression of enzymes and t®izymes was done to determine their
implications in Phytophthora blight disease resistance in cocoyam. Inductiod/a
increased activity of particular isoform(s) of supede dismutase (SOD) and guaiacol
peroxidase (GPX) against infection d@&fhytophthora colocasia€Rac in the resistant
genotypes and absence of such expressions in sikeible genotype led to the conclusion
of linkage of isozyme expression with blight resmte in cocoyam. This indicated the scope
of using SOD and GPX as biochemical markers foealie resistance. These markers could
be helpful in characterising the plants and for enaolar breeding for leaf blight resistance
(Sahocet al, 2007).

Electrophoretic analysis of isozymes helped toedéhtiate cultivated cocoyam genotypes
from wild types from Asia and Oceania. There wasatgr isozyme variation in Asia than in
Oceania, with Indonesia being the area of grealiestsity. However, no correlations were

found between zymotypes and morphotypes or pladgls (Lebot and Aradhya, 1991).

Manzanoet al (2001) found that isoenzyme analysis of esterasesperoxidases allowed

for the characterisation of clones and confirmexd there were no duplicates in the cocoyam
collection studied in Cuba, as each clone hadhigsacteristic banding pattern in the esterase
system. The study found a strong African and Jagmnas well as south east Asian and

Philippine influence on the origin of the Cubanessions.

2.8.3 Genetic markers

Genetic or molecular markers are powerful diageodtiols used to detect DNA
polymorphism both at the specific loci and whole@me level (Somers, 2004). According
to Somers (2004) and Gupta and Varshney (2004), Did#kers reveal polymorphism in a

DNA sequence, or the presence or absence of aydartDNA sequence at a particular site

24



in the genome (normally a restriction site or patyase chain reaction (PCR) primer binding
site). In most cases these polymorphisms manifeshselves in variation in the length of
homologous DNA fragments and can thus be visuale®dl quantified by electrophoretic
separation of fragments. In its simplest form, hesvea DNA polymorphism may comprise
no more than the substitution of a single nucleotida defined DNA segment. The DNA-
based molecular markers have revolutionised thbtyalbd characterise genetic variation.
Significant progress has been made in the apphicaif molecular markers to plant genetic
resources’ characterisation and evaluation (Gupta\éarshney, 2004).

Molecular markers are not only used in diversitgd aglationship analysis studies. They can
also be utilised in DNA fingerprinting of germplasand construction of molecular genetic
maps of whole genomes. Identification of molecutaarkers that are tightly linked to

genes/quantitative trait loci (QTL) controlling imant traits is also possible. This help in
gene tagging and is used in marker-assisted sahe@dAS) in plant breeding programmes,

leading to desirable gene stacking or pyramidirg{&s, 2004).

Molecular markers have several advantages oveititnaal phenotypic markers. They offer
great scope for improving the efficiency of convenal plant breeding by carrying out
selection not directly on the trait of interest tmt molecular markers linked to that trait.
This, of course, requires a molecular marker totigktly linked to the trait of interest.
Besides, these markers are not environmentallylaigggi and are, therefore, unaffected by
conditions in which the plants are grown and areeatable in all stages of plant growth
(Mohanet al,, 1997).

The different marker systems that have been degdlamd are being applied to a range of
crop plants include: restriction fragment lengtlypwrphism (RFLP), random amplified
polymorphic DNA (RAPD), AFLP and simple sequencpe@ (SSR) or microsatellites. In
recent years newer techniques have been developath wiclude sequence tagged sites
(STSs), single nucleotide polymorphism (SNP) arett (Rao, 2004).
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Powellet al (1996) observed that all marker assays haverdiftgoroperties: SSRs have the
highest expected heterozygosity while AFLPs argagtarised by a high multiplex ratio.
RAPDs are intermediate in heterozygosity and miatipatio, while RFLPs have moderate
heterozygosity and are uniquely appropriate ford@hg synteny. However, the most
important criteria determining choice of assay #thobe informativeness and ease of

genotyping for the specific crop system.

2.8.3.1 Application of AFLP analysis in cocoyam dersity assessment

AFLP (Voset al, 1995) is a DNA fingerprinting technique whichntoines the merits of
both the RFLP and the PCR techniques. It is widslgd in many types of genetic analyses
(Somers, 2004).

Vos et al (1995) reported that the AFLP technique is basedthe selective PCR
amplification of restriction fragments from a totdigest of genomic DNA. The AFLP
technique involves three steps: (a) restrictiorthef DNA and ligation of oligonucleotide
adapters, (b) selective amplification of sets stnietion fragments and (c) gel analysis of the
amplified fragments. AFLP analysis does not requargy sequence information of the
nucleotides to visualise PCR products as it udenited set of genetic primers. The method
can be used for DNA of any origin or complexity.eThumber of fragments detected in a
single reaction can be tuned by selection of smepifimer sets. The technique is highly
reproducible. Fingerprints can be used to distisig@ven between closely related organisms,
including near-isogenic lines (NILs). It allows sicmy of a large number of markers in a
given population. It is robust and reliable becanisthe stringent conditions that are used for

primer annealing.

According to Voset al (1995), the major advantage of the technology the high marker
density that can be obtained. The frequency witicwAFLP markers are detected depends
on the sequence polymorphism between the tested BéAples. The molecular basis of
AFLP polymorphism will usually be single nucleotigelymorphism in the restriction sites
or selection nucleotides adjacent to the restrcsibes. In addition, deletions, insertions and
rearrangements affecting the presence or sizestriatton fragments will result in detectable

polymorphism.
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AFLP has proved to be a molecular marker of interesocoyam diversity studies because
of its robustness. AFLP is preferred in most coaoyudies conducted so far because it can
analyse more samples per assay, it is reproduabley to use and does not require prior
sequence information. This is of great importamca crop like cocoyam which has not been
exposed to advanced molecular research (Mueller \&todfenbarger, 1999). However,
compared to co-dominant microsatellite markers, RFharkers suffer from their dominant
nature, i.e. markers are scored as present or taljeafl) and thus does not allow
identification of homologous alleles. This rendéne marker less useful for studies that

require precise assignment of allelic states (Mwelhd Wolfenbarger, 1999).

The technique was used to study the cocoyam gedetarsity in China and the Pacific
Ocean islands. In all these cases the AFLP fingesprdifferentiated the cocoyam
morphotypes, most of which did not present sigaificintra-clonal variation (Jianchet al,
2001; Caillonet al, 2006). AFLP assays were able to validate cocoganotypes stratified
using ethno-botany and morphological data. Thisngubthe efficiency of the AFLP assay,
especially if ethno-botany is incorporated in theeipretation of data (Jianclket al, 2001).
AFLP markers proved to be useful for detecting mhapés and fingerprinting of cocoyam
accessions in genebanks. This will be an importaritribution to cocoyam breeding

programmes where diversity is much sought aftee(@@Garcieet al, 2004).

The robustness of the AFLP assays were demonstrateeh three AFLP primer
combinations generated a total of 465 scorable ifiogtion products. The 255 accessions
from Vietnam, Thailand, Malaysia, Indonesia, theilippines, Papua New Guinea and
Vanuatu were grouped according to their countrgrggin, ploidy level (diploid or triploid)
and habitat - cultivated or wild (Kreilet al, 2004).

Caillon et al (2006) reported that the AFLP technique was lo&dian identifying duplicates,
somatic mutants, related genotypes and feral plaint®coyam. They further observed that
without farmers’ knowledge, this powerful technigweuld not have been able to list and
quantify the distinct but complementary diversityipatterns of cocoyam germplasm and
especially to highlight the importance of sexualrogluction.
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Sharmaet al (2008) used AFLP assays to analyse the geogmphiicferentiation,
phylogenetic relationships and to identify molecutzarkers linked to cocoyam leaf blight
resistance genes of Indian cocoyam. The significhfierentiation in Indian cocoyam
genotypes and identification of AFLP markers linkedhe leaf blight resistance gene clearly
demonstrated that AFLP assays can distinguish @mogenotypes by their unique and
different banding patterns. This may also providgaating point for map-based cloning of
this important gene. Jiachwet al (2004) emphasised the efficiency of AFLP markiers
investigating genetic relationships in one of theadeae ornamental foliage plants usually
propagated vegetatively, similar to cocoyam. Ab®ditcultivars ofAglaonemaspecies were
classified into eight clusters using AFLP markers.

Other markers have also been used in cocoyam studBPD markers have been used in
cocoyam diversity analysis studies in Ghana and YSé¢hnellet al, 1999; Offei,et al,
2004). In a study by Schnedt al (1999), RAPD markers suggested low levels of ene
variation (0.86-0.97 genetic similarity) among cgam genotypes from the United States of
America Department of Agriculture/Agricultural Reseh Services (USDA/ARS)
germplasm collection. Seven random primers gerg#@eRAPD loci, that revealed that 11
of the 18 genotypes assessed were identical BRA®ID loci. In a different study, Offeait al
(2004) used 10 random primers to study the geneéiversity and structure of the
experimental material in Ghana and a total of 12f@rént bands were detected. Levels of
polymorphic fragments detected by the 10 primenged from 69.2-100%.

Mace and Godwin (2002) identified microsatellitesnfi enriched genomic libraries tdro
cocoyam, which were mostly dinucleotide or trinatide repeats. Singét al. (2008) used

30 agro-morphological descriptors and DNA fingantgiof seven SSR primers to assess and
rationalise cocoyam diversity in Papua New Guindege sample was efficiently reduced to
10% of the total collection, removing unnecessarplidates.

Cocoyam holds great potential as a cash, food gg@urd industrial crop. Although limited
information exists on the amount of diversity irffelient cultivating regions, much of
germplasm is heldh situ by farmers maintaining the germplasm. A lot ofiaats of the crop
exists due to among other reasons the unpredickadiaviour of the chromosome numbers.
Genetic diversity and nutritional studies of thegin different niches will help generate the
information needed for an efficient conservatiod anprovement programme.

28



2.9 References

Abdulrashid, M., and Agwunobi, L.N. (2009).Taro cocoyam Colocasia esculenjameal
as feed ingredient in poultry. Pakistan Journdlofrition 8: 668-673.

Acuna, P.M. (2006).Cocoyam plant drawing. In: Castro, G. (Eds.). #&sicbn cocoyam
(Xanthosomapp) in Nicaragua, with emphasis on mosaic virygpdala: PhD thesis-
Swedish University of Agricultural sciences, pp. 8.

Agbor-egde, T., and Rickard, J. (1991)Study on the factors affecting storage of edible
aroids. Annals of Applied Biology 119: 121-130.

Beeching, J., Marmey, P., Garada, M., Nairot, M., dysom, H., Hughes, M., and
Charrier, A. (1993). An assessment of genetic diversity within collees of cassava
(Manihot esculentaCrantz) germplasm using molecular markers. AnoélBotany
72: 515-520.

Caillon S., Quero-Garcia, J., Lescure, J.P., and lmot, V. (2006). Nature of taro
(Colocasia esculentdL.)) genetic diversity prevalent in a Pacific @oeisland,
Vanua lava, Vanuatu. Genetic Resources and Crojutiwo 53: 1273-1289.

Castro, G. (2006).Studies on cocoyanXanthosomaspp) in Nicaragua, with emphasis on
dasheen mosaic virus. PhD thesis-Swedish UnivemsityAgricultural Sciences,
Uppsala, pp. 7-8.

Catherwood, D., Savagea, G., Masona, S., Scheffeth, and Douglas, J. (2007)Oxalate
content of cormels of Japandaseo (Colocasia esculentél..) Schott) and the effect
of cooking. Journal of Food Composition and Analy&D: 147-151.

Ekanem, A., and Osuiji, J. (2006)Mitotic index studies on edible cocoyam. Africayuthal
of Biotechnology 5: 846-849.

Ekwe, K., Nwosu, K., Ekwe, C., and Nwachukwu, |. (@09). Examining the
underexploited values of cocoyam€ofocasia and Xanthosomaspecies) for
enhanced household food security, nutrition andhecty in Nigeria. In: Jaenicke, H.,
Ganry, J., Zeledon-Hoeschle, I, and Kahane, R.s.[EdProceedings of the
international symposium on underutilized plants food security, income and

sustainable development. Acta Horticulturae 806i3Spp. 71-78.

29



Englberger, L., Schierle, J., Kraemer, K., Aalbersierg, W., Dolodolotawake, U.,
Humphries, J., Graham, R., Reid, A.P., Lorens, A.Albert, K., Levendusky, A.,
Johnson, E., Paul, Y., and Sengebau, F. (200®arotenoid and mineral content of
micronesian giant swantpro (Cyrtosperma cultivars. Journal of Food Composition
and Analysis 21: 93-106.

FAO (1990). Food and Agriculture Organisation of the Unitedtiblas. Roots, tubers,
plantain and bananas in human nutrition, Food anttitn series, No. 24: FAO
code: 86, AGRIS: SO1 ISBN 92-5-102862-1. Rome.

Feuillet, C., and Keller, B. (2004) Molecular markers for disease resistance: The pkam
of wheat. In: Lorz, H., and Wenzel, G. (Eds.). Bdinology of Agriculture and
Forestry, Vol 55. Molecular marker systems. Springerlag, Berlin Heidelberg, pp.
335-350.

Gholiazadeh, M., Mianji, G.R., and Zadeh, H.S. (208). Potential use of molecular
markers in genetic improvement of livestock. Asiaarnal of Animal and Veterinary
Advances 3: 120-128.

Global forum for underutilised species. (2009). http://www.underutilised-
species.org/about_ GFU.agR009/09/05).

Gupta, P., and Varshney, K., (2004)The development and use of microsatellite markers
for genetic analysis and plant breeding with emishais bread wheat. Euphytica 113:
163-185.

Huang, C.C., Chen, W.C. and Wang, C.C.R. (2007Comparison of Taiwan paddy- and -
upland cultivatedaro (Colocasia esculent&.) cultivars for nutritive values. Food
Chemistryl02: 250-256.

http ://www.bioversityexplorer.org/plants/araceae/cokiaaesculenta.htnf2008/03/20).

Janseens, M. (2001)Crop production in tropical Africa. Bonn, Germanustitut fur obst-
und germusebau, abt. Tropicscher pflanzenbau, igobie friedrich-wilhelms-
Universitat Bonn, auf dem hugel 6, D-53121 Bonngr@ny. Directorate general for
international co-operation, karmelietenstraat 18,080 Brussels, Belgium, pp. 221-
228.

30



Jiachun, C., Devanand, P.S., Norman, D.J., Henny,.R, and Chih-Chen T.C. (2004).
Genetic relationships ofgloenemaspecies and cultivars inferred from AFLP
markers. Annals of Botany 193: 157-166.

Jianchu, X., Yongping, Y., Yingdong, P., Ayad, W.G.and Eyzagnire, P. (2001)Genetic
diversity intaro (Colocasia esculent&chott, Araceae) in China: An ethnobotanical
and genetic approach. Economic Botany 55: 14-31.

Kreike, C., Van Eck, H., and Lebot, V. (2004).Genetic diversity oftaro, Colocasia
esculenta(L.) Schott, in Southeast Asia and the Pacificedretical and Applied
Genetics 109: 761-768.

Kuruvilla, K., and Avtar, S. (1981). Karyoptic and electrophoretic studies @no and its
origin. Euphytica 30: 405-413.

Laurentin, H. (2009). Data analysis for molecular characterisation c@nplgenetic
resources. Genetic Resources and Crop Evolutio856292.

Lebot, V., and Aradhya, K.M. (1991).Isozyme variation inaro (Colocasia esculentd..)
Schott) from Asia and Oceania. Euphytica 56: 55-66.

Lebot, V., Ivancic, A., and Abraham, K. (2005).The geographical distribution of allelic
diversity, a practical means of preserving and gisminor root crop genetic
resources. Experimental Agriculture 41: 475-489.

Lewu, M., Adebola, P., and Afolayan, A. (2009)Effect of cooking on the proximate
composition of the leaves of some accession€albcasia esculentél.) Schott in
Kwazulu-Natal province in South Africa. African Joal of Biotechnology 8: 1619-
1622.

Mace, E., and Godwin, I. (2002).Development and characterisation of polymorphic
microsatellite markers itaro (Colocasia esculenjaGenome 45: 823-832.

Manzano, A., Nodals, A., Gutierrez, M., Mayor, F., and Alfonso, C. (2001).
Morphological and isozyme variability dbro (Colocasia esculentdL.) Schott)
germplasm in Cuba. Plant Genetic Resources NeeslEt6: 31-40.

Mbouobda, H.D., Boudjeko, T., Djocgoue, P.F., Tsatk, T.J.J., and Omokolo, D.N.
(2007). Morphological characterization and agronomical estbn of cocoyam
(Xanthosoma sagittifolium(L.) Schott) germplasm in Cameroon. Journal of

Biological Sciences 7: 27-33.
31



Mitra, S., Sinha, B., Pal, H., and Tarafdar, J. (207). Comparative studies on
morphological characters, yield, nutritional stadumsl isozymes activity of some elite
genotypes otaro [Colocasia esculentél..) Schott var.antiquorunj grown in West
Bengal. In:Chandha M.L., Kuo, G., and Gowda, C.L.L. (Eds.)odeedings of the
First International Conference on Indigenous Vegew and Legumes. Acta
Horticulturae, 752 ISHS, pp. 219-230.

Mohan, M., Nair, S., Bhagwat, A., Krisnhna, T.G., Yano M., Bhatia C.R., and Sasaski
T. (1997). Genome mapping, molecular markers and markertadsiselection in
crop plants. Molecular Breeding 3: 87-107.

Mueller, U., and Wolfenbarger, L.L. (1999).AFLP and fingerprinting: Reviews. Tree 14:
389-394.

Mweta, D.E., Labuschagne, M.T., Koen, E., Benesi,R.M., and Saka, J.D.K. (2008
Some properties of starches from cocoyaBol¢casia esculenjaand cassava
(Manihot esculenteCrantz.) grown in Malawi. African Journal of Fo&tience 2:
102-111.

National Academy of Science. (1975)Underxploited tropical plants with promising
economic. Report of ad hoc panel of the advisorynrodtee on technology
inovations, national academy of sciences, USA. \iMgsbn D.C.

Njoku, P.C., and Ohia, C.C. (2007).Spectrophometric estimation studies of mineral
nutrient in three cocoyam cultivars. Pakistan Jauof Nutrition 6: 616-619.

Offei, S., Asante, I.K., and Danquah, E.Y. (2004)Genetic structure of seventy cocoyam
(Xanthosoma sagittifolium(L.), Schott) accessions in Ghana based on RAPD.
Hereditas 140: 123-128.

O'Hair, S.K. (1990). Tropical root and tuber crops. In: Janick, J. &whon, J.E. (Eds.).
Advances in new crops. Timber Press, Portland, ipR424-428.

Onokpise, O.U., Wutoh, J.G., Ndzana, X., Tambong,.J., Meboka, M.M., Sama, A.E.,
Nyochembeng, L., Aguegia, A., Nzietchueng S., WilsoJ.G., and Burns, M.
(1999).Evaluation of macabo cocoyam germplasm in Cameroodanick, J. (Eds.).
Perspectives on new crops and new uses. AlexantkiaASHS Press, pp. 394-396.

Onwueme, . (1978).The tropical tuber crops: Yams, cassava, sweett@@nd cocoyams.

John Wiley and Sons, pp. 199-225.
32



Onwueme, 1. (1999).Taro cultivation in Asia and Pacific: RAP PublicatiorD99/16.
Bangokok, Thailand: Food and Agriculture Organmatiof the United Nations
regional office for Asia and the Pacific.

Onwuka, N., and Enech, C. (1996)The cocoyamXanthosoma sagittifolliurras a potential
raw material source for beer brewing. Plant Foaddduman Nutrition 49: 283-293.

Onyilanga, J., Omenyi, A., lllioh, H., and Lowe, J.(1987). Colocasia esculentdL.)
Schott., Colocasia antiquorum Schott., How many species? A preliminary
investigation. Euphytica 36: 687-692.

Oscarsson, K., and Savage, G. (2007LComposition and availability of soluble and
insoluble oxalates in raw and cookedo (Colocasia esculentaar. Schott) leaves.
Food Chemistry 101: 559-562.

Perez, E., Guti'errez, M., Pacheco de Delahaye, ETovar, J., and Lares, M. (2007).
Production and characterisationXdnthosoma sagittifoliurandColocasia esculenta
flours. Journal of Food Science 72: 367-372.

Plucknett, D.L., 1976. Edible Aroids:Alocasia, Colocasia Cyrtosperma, Xanthosorma.
Simmonds, N.W. (Ed.). Evolution of Crop Plants. Hon and New York: Longman,
pp. 10-12.

Powell, W., Morgate, M., Chadre, C., Hanafey, M., dgel, J., Tingey, S., and Rafasalki,
A. (1996). The comparison of RFLP, AFLP, RAPD, and SSR (nsatellites)
markers for germplasm analysis. Molecular Bree@ng25-238.

Purseglove, J. (1972)Tropical crops: Monocotyledons Vol 1. Essex Engldrongman, pp.
66-74.

Quero-Garcia, J., Noyer, J., Perrier, X., Marchand, J.L., and Lebot, V. (2004).A
germplasm stratification dfro (Colocasia esculenjabased on agro-morphological
descriptors, validation by AFLP markers. Euphyti&y: 387-395.

Ramana, R.V., and Hodgkin, T. (2002)Genetic diversity and conservation and utilization
of plant genetic resources. Plant Cell, Tissue@rghn Culture 68: 1-19.

Rao, K.N. (2004). Plant genetic resources: Advancing conservatiod ase through
biotechnology. African Journal of Biotechnologyl36-145.

Rodriguez, L., Lopez D.J., Preston T.R., and PeterskK. (2006). New cocoyam

(Xanthosoma sagittifoliupnas partial replacement for soya bean meal inrscgae
33



diets for growing pigs. Livestock Research for rutavelopment 18(7). Retrieved
from http://www.lrrd.org/Irrd (2009/09/09).
Sahoo, M., Madhumita, D., Kole, P., Bhat, J., and Mkherjee, A. (2007).Antioxidative

enzymes and isozymes analysis t@fro genotypes and their implications in
Phytophthorablight disease resistance. Mycopathologia 163:-244.

Sajev, M., Manikantan, M., Kingsly, A., Moorthy, S, and Sreekumar, J. (2004)Texture
analysis oftaro (Colocasia esculentglL.) Schott) cormels during storage and
cooking. Journal of Food Science 69: 315-321.

Schnell R.J., Goenaga R., and Olano C.T. (1999kenetic similarities among cocoyam
cultivars based on Randomly Amplified PolymorphicN® (RAPD) analysis.
Scientia Horticulturae 80: 267-276.

Sefa-Dedeh, S., and Kofi-Agyir, S.E. (2004)Chemical composition and the effect of
processing on oxalate content of cocoydanthosoma sagittifoliunand Colocasia
esculentacormels. Food Chemistry 85: 479-487.

Sen, S., Bhattacharya, A.D.M., Sen, D., Das, A., @nPal, S. (2006).Nutrient and
antinutrient composition of cormels Gblocasia esculentaar. antiquorum Journal
of Vegetable Science 11: 17-33.

Sharma, K., Mishra, A.K., and Misra, R. (2008).Analysis of AFLP variation otaro
population and markers associated with leaf blrgbistance gene. Academic Journal
of Plant Sciences 1: 42-48.

Singh, D., Mace, E., Godwin, I., Mathur, P., Okpul,T., Taylor, M., Hunter, D.,
Kambuou, R., Ramanatha, Rao, V., and Jackson, G. @R8). Assessment and
rationalization of genetic diversity of Papua Newiiataro (Colocasia esculenja
using SSR DNA fingerprinting. Genetic Resources @map Evolution 55: 811-822.

Smith, J.S.C., and Duvick, D. (1989)Germplasm collections and private plant breeder. |
Brown, A., Marshal, D.R., Frankel, O. and Williamk, (Eds.). The use of plant
genetic resources. Cambridge University Press, BR{p. 16-31.

Smith, J.S.C., and Smith, O.S. (1989 he description and assessment of distances betwee
inbred lines of maize. Il. The utility of morpholcgl, biochemical and genetic
descriptors and a scheme for testing of distinoigs between inbred lines. Maydica

34:151-161.
34



Somers, D.J. (2004)Molecular marker systems and their evaluationcineal genetics. In:
Gupta, P.K. and Varshney, R., (Eds.). Cereal gec@mNetherlands: Kluwer
Academic Press, pp. 19-34.

South Pacific Community (SPC). (1993)Taro: South Pacific foods leaflet 1. Suva, Fiji:
Community educational material training centre.

Swiecicki, W.K., and Timmer-Vuaghan, (2004) The localisation of important traits: the
example peaRisum sativuni.) In: Lorz, L. and Wenzel, G., (Eds.). Bioteclhogy
of Agriculture and Forestry, Vol 55. Molecular marksystems. Springler-verlag,
Berlin Heidelberg, pp. 155-166.

Tambong, T.J.,, Poppe J., and Hofte, M. (1999).Pathogenicity, electrophoretic
characterization and iplanta detection of the cocoyam root rot disease pathogen
Pythium myriotylumEuropean Journal of Plant Pathology 105: 597-607.

Thomas, A., and Oyediran, O. (2008)Nutritional importance and micronutrient poterdial
of two non-conventional indigenous green leafy velgkes from Nigeria. Agricultural
Journal 3: 362-365.

Vos P., Hogers R., Bleeker, M., Reijans, M., Van deee, T., Hormes M., Friters A., Pot
J., Paleman, J., Kuiper, M. and Zabeau, M., (1995AFLP: A new technique for
DNA fingerprinting. Nucleic Acids Research 23: 440714.

Williams, C., Chew, W., and Rajaratnam, J. (1982).Cocoyam. In: Payne, W. (Ed.).
Tropical and field crops of the wetter regionsha# tropics. Longman, pp. 210-211.

Williams, J., and Haqg, N. (2002) Global research on underutilised crops: An assessof
current activities and proposals for enhanced oc@dip®. Southampton, UK:
International Centre for Underutilised Crops.

Wilson, J. (1984).Cocoyam. In: Goldsworthy, P., and Fischer, N. (Edehe physiology of
tropical field crops. New York and London: John M#land Sons Ltd, pp. 589-605.

Zeidler, M. (2000). Acta universitatis palackianea olomecensis FasuRarum Naturalium
Biolgica 38: 8-6.

Zhang, Q., Saghai Maroof, M.A., and Kleinhofs, A. 1993. Comparative diversity
analysis of RFLPs and isozymes within and amongijadions ofHordeum vulgare
ssp.spontaneumGenetics 134: 909-916.

35



CHAPTER 3

Ethno-botanical and morphological characterisationof cocoyam

germplasm in Malawi

3.1 Introduction

Cocoyam is one of the major root and tuber croptheftropics (O'Hair, 1990). It is widely
grown as a staple food and the potential of the @sohigh in the humid and sub-humid
tropics (Onwueme, 1978; Okonkwo, 1993). It is a rhenof the Araceae family and the two
most important species of the edible aroidsGresculentandX. sagittifolium(Purseglove,
1972).Colocasia esculentss commonly known ataro or old cocoyam an¥X. sagittifolium
astanniaor new cocoyam. They are generically called coooyamost parts of the tropics

and both produce edible starchy corms and corrReissé€glove, 1972; Janseens, 2001).

The cocoyam plant is a perennial herb but is catésl as an annual crop. It has a thick,
tuberous underground stem with simple, broad ang-fzetiole leaves (Okonkwo, 1993).

Generative propagation in natural conditions seldaeurs due to erratic flowering and poor
germination of seeds. Propagation under cultivasaherefore by vegetative means through
the corms and cormels and in the wild through si®l@urseglove, 1972; Onwueme, 1978).
It is a monoeciuos and highly variable plant. Tlamgs of species exist and it is nearly
impossible to describe all existing morphologicatiation and in most cases only the most
important and genetically inherited traits are uasdlistinguishing characters (Purseglove,
1972; Kurvilla and Singh, 1981; Ivancet al, 2003). Much of the visible phenotypic

diversity of cocoyam cultivars is attributed to e&five mutation and selection by growers
for specific attributes. Therefore there existsagy@iversity in colour patterns in the corms
and leaves (Mathews, 2004).

Cocoyam, though an important staple for milliongpebple in the world, is cultivated mainly
in developing countries and rarely on large plaotes, but rather on small farms with little
use of technology (Chien-Chuwet al, 2007). It has been neglected by science and most

knowledge regarding its diversity lies with farmersdifferent ethnic communities (Jianchu
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et al, 2001). Cocoyam genetic resources are generaligtanaed inex situcollections.In

situ collections are limited and there is a deartnédrimation regarding the existing level of
genetic diversity and how much has been consemetifierent communities (Lebot and
Aradhya, 1991). Furthermore, various systems fowgrg and uses of cocoyam in different

cocoyam growing regions have been poorly documented

A better understanding of cocoyam genetic diveraitgl its distribution lies in the ability of
researchers and breeders to tap the indigenouslé&dgevfrom ethnic groups. This will not
only help determine the level of diversity thatsgibut also what to collect, conserve and
use of the different species and wild relativescofoyam (Ramana and Hodgkin, 2002).
Information on the distribution of genetic diveysdnd its uses by farmers, as well as the
within-crop gene pool, is essential in the consgomaand maintenance of genetic diversity
in cultivated cocoyam (Lebot and Aradhya, 1991)af@lbterisation is one of the critical steps
in conservation and maintenance of genetic diversiice it helps to identify different
accessions and discern genetic relationships amgengtypes in a germplasm collection.
Traditional approaches for the measurement of dityethave relied upon the ability to
resolve differences in morphological traits (Katpal, 1996). These approaches have been
successful in cocoyam germplasm characterisatioim thve aid of ethno-botany and curinary
knowldge (Prana, 2000; Jiancktial, 2001; Mathews, 2004). However, they are limited i
accurate identification of accessions due to atichnumber of traits, especially with highly
heritable traits which show less variation over tnoisthe material studied and are often

affected by environmental influences (Rao, 2004yrkatin, 2009).

Cocoyam exhibits a wide range of agro-morphologmallymorphism. Numerous variable
but clonally stable traits are being used as markar varietal identification and assessment
of genetic diversity (Mathews, 2004). Prana (20@€8d 19 botanical and agronomical traits
to unravel the genetic variability in 335 cocoyagtessions from West Java. The study
succesfuly identifiedC. esculentavar. esculentaas the dominant species being used as a
carbohydrate source in West Ja€alocasia giganteand other wildtypes were furthermore
identified. Jianchuet al (2001) and Mathews (2004) demonstrated how imdige and
culinary knowledge added efficiency in cocoyam gaaem characterisation and

management. Mbouobds al (2007) found significant variability in Cameroanicocoyam
37



germplasm using agro-morphological traits. The @pal component analysis (PCA)
suggested that this represented 70.7% of the t@tahbility. Jianchuet al. (2001) used
ethno-botany data to elucidate cocoyam geneticrsityethat exists in China. Mathews
(2004) used a culinary knowledge survey and moégcapproaches to study the origin,
domestication and dispersal of cocoyam in the Radihis study established that cocoyam is
an ancient root crop in Asia, Africa and the Paaifhich is genetically diverse. International
Plant Genetic Resources Institute (IPGRI) desargptare also being utilised in many
cocoyam studies (IBPGR, 1989; IPGRI, 1999). Queaped et al (2004) and Opoku-
Agyemanet al. (2004) used cocoyam agro-morphological descsptieveloped by IPGRI to

characterise cocoyam germplasm in Vanuatu and Ghesygectively.

Based on many circumstantial stories and scientports, the ethno-botany of the Araceae
family is diverse and fascinating (Mathews, 2004 Malawi, like China, Vietnam and many
developing countries (Huet al, 2001; Jianchet al, 2001), most of its native germplasm is
managed by smallholder farmers (Malawi Governmeepd®, 1996). These farmers not
only demonstrate elaborate knowledge of the crdmy tgrow and conserve, but also
indigenous knowledge of local classification andesaof these crops. Mkumbirat al
(2003) and Benesi (2005) demonstrated how exteriginsvledge by Malawian farmers
helped in the classification of cassava into bitéerxd sweet cultivars, based on folk
taxonomy. Farmers hold enormous ethno-botanicaledhdo-ecological knowledge of the
cultivars they grow. Common descriptors used byn&s to characterise cocoyam include
leaf, petiole, root and tuber characters. In NeBgl (2004) found direct and positive links
between diversity of food traditions, ecologicarigions and cocoyam genotypes grown.
The diversity was strongly linked to ecological iséion, local uses and income generation
for the smallholder farmers.

Knowledge of the different culinary qualities idifferent qualities that affect preparation
and consumption is important to plant breeders umexdt is critical for the acceptance of
new cultivars by consumers. So far, no effort hasnbmade to relate specific genes in
cocoyam to specific culinary qualities or tradinuses and limited information on

traditional uses of cocoyam has been documenteth@va, 2004).
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The initiation of cocoyam research in Malawi thrbuan initial collection of germplasm calls
for a detailed characterisation and proper conservaof such material. This will be
successful if optimal existing indigenous knowledg®btained from farmers to help guide
the direction of conservation and establishmerat sficcessful breeding programme.

The objectives of this study were to (a) deterntireegenetic diversity of cocoyam genotypes
using ethno-botany and morphological markers andqlassess farmers’ preferences and

uses of cocoyam in Malawi.

3.2 Materials and methods

3.2.1 Collection of Malawian cocoyam germplasm angathering of ethno-botany data
Cocoyam germplasm were collected from severalidistm Malawi in 2007, jointly by the
Department of Agricultural Research Services (DARSY the International Institute of
Tropical Agriculture/Southern Africa Root Crops Rasch Network (ITA/SARRNET). This
collection was done in the northern and the soathegions of Malawi. In the north it was
done along the lake shore districts of Nkhatabaymphi, Karonga and Chitipa. In the south
collection was done in the Shire highlands and $inre valley districts of Mangochi,

Machinga, Zomba, Mulanje, Thyolo and Chikwawa.

Each accession collected had detailed passportataincluded: accession code, accession
name, sample status, name of farmer, ethnic greillpge, traditional authority, district,
extension planning area (EPA), collecting instdati collection date, taste, maturity period,
target use, period that cultivar has been withféammer and preferred characteristics of the
cultivar. The location of collection in terms ofitade, longitude and altitude was captured.
Collected accessions were multiplied at ChitedzeeRech Station in July 2007.

3.2.2 Morphological characterisation using descripirs
3.2.2.1 Plant material
Plant material consisted of 28 accessions fromctikection from several districts across

Malawi that was multiplied at Chitedze Researchi@aPre-sprouted corms were planted in
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a randomised complete block design (RCBD), witlee¢hreplicates of five plants each. The

planting distance was 0.9 m between rows and (h@tmeen plants.

The Chitedze Research Station is located betweitnde 1359’ S and longitude 338’ E
with an altitude of about 1146 m above sea levelqlinon the Lilongwe plain. It has a mean
annual temperature of ZD and mean annual rainfall of 892 mm [Ministry ajr&ulture and
Food Security (MOAFS, 2008)].

3.2.2.2  Morphological traits

The morphological (above ground) parameters wemduated between 3-6 months after
planting. Data for 30 above ground qualitative elters were collected according to the
International Plant Genetic Resources InstituteGRP Taro descriptor (IPGRI, 1999.

Morphological data for the 28 accessions were cdesieinto a binary matrix using the

procedure of Benesi (2005). Thus traits with twtegaries were scored in a normal binary
matrix and traits with multiple categories of deéston i.e. colour and shape, were coded
considering the range of diversity of the trait sswbred against that particular class. For
example, predominant position (shape) of leaf lamsurface (PPLLS) ranged from

1=drooping, 2=horizontal, 3=cup-shaped, 4=ereckape and 5=erect-apex down. If an

accession’s predominant position (shape) of leaira surface was drooping, it was scored
as 1 against PPLLS1 (drooping), and O for PPLLS®ifbntal), PPLLS3 (cup-shaped),

PPLLS4 (erect) and PPLLSS5 (erect-apex down) (AppebdPGRI, 1999).

3.2.3 Data analysis

Similarity coefficients for morphological data wecalculated using the Dice coefficient
(Dice, 1945) and the NTSYSpc version 2.2c comppsskage (Rohlf, 2000). Dendrograms
were constructed using the unweighted pair groufhoteof arithmetic averages (UPGMA)
in SAHN programme parameters (Rohlf, 2000). Thedgess of fit of clustering matrices
was calculated using COPH and MXCOMP programme$Ti8Y Spc.
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3.3 Results and discussion

3.3.1 Ethno-botany: prevalence, preference and uislation of cocoyam in Malawi

Results indicated that cocoyam is grown in both sethern and northern regions of
Malawi. It is grown from as low as 87 masl and aghtas 1470 masl provided there is ample
moisture. It is mainly grown as a homestead-backyaop in the southern region. In the
northern region it is cultivated as an intercrop rtst dimba (wetland) crops like
banana/plantains. It is grown as a food crop inttf® regions covered in this study (Table
3.1).

The crop is known by different names in the différeegions. This is mainly influenced by
the different ethnic groups found in the regioneTorthern region (lake shore) is mainly
dominated by th&umbukaand Tongatribes that refer to cocoyam asasimbe Sometimes
they distinguish the local genotypes from introdtuts from China by the Chinese experts as
chinese In the southern region cocoyam is generally reteto akoko.The Yaotribe in the
southern districts along the Shire highlands aéferrto cocoyam asigumbwaanddumbe.
The LhomweandMang’anjatribes in the southern region also refer to conogaskoka All

the local names however, do not have specific nmgarother than cocoyam (Table 3.1).

Results showed that people from the two regiongepreocoyam with high dry matter
(HDM) content. Other traits that farmers prefermecluded taste, high yield in terms of tuber
size, mealyness, resilience to bad weather, eaatynity and good cooking properties (Table
3.2). In both regions people opted for tubers WibM content (41%), followed by taste
(17%), high yield (17%) and good cooking properiige boiling (17%), mealyness (8%)
and suitability for making pulpisima (8%) (Table 3.2).

The preferences varied between the two regions.nbinnern region of Malawi is the only
region which consumes root crops as their stape ¢assava in Nkhatabay district
(Mkumbira et al., 2003). Hence people in the region preferred gacowith high yield,
taste, good quality for making pulp, HDM contentlamealyness. On the other hand, the
southern region consumes cocoyam as a snack dueadfast. Hence they prefer traits that
will not affect palatability and taste such as HDtslste and after boiling properties. These

traits are not only important to the consumers &lsb for breeders. Breeders need to
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incorporate these traits if they are to be effitien their breeding efforts. Breeding for
cocoyam that incorporates these traits would helgiffusion of the new varieties to the end

users.
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Table 3.1 Passport data of the cocoyam accessionslicating exact collecting points, topography, soitype and local

names

Acc. No!? Region District Ethnic group® Altitude (masl) Latitude Longitude Topography Soiltype Local name
1 MH/CHE/2007/Coy1 South Mangochi  Yao 491 8416962 0694616 Flood-plain Sandy-loam  Koko
2 MH/L1/2007/Coy3 South Mangochi  Yao - - - HillMountain ~ Sandy-clay-loam Dumbe
3 MH/MDU/2007Coy5 South Mangochi  Yao 809 8410092 0779941 Undulating - Koko
4 MHG/BA/2007/Coy6 South Machinga Yao - - - - - Koko
5 MHG/NTU/2007/Coy9A  South Machinga Yao 689 8321745 0745218 Undulating Loam Zigumbwa
6  ZA/FIKI/2007/Coy13 South Zomba Yao 669 8310041 0741085 Undulating Loam Koko
7 ZA/MDO/2007/Coy14 South Zomba Yao 632 8309052 0740177 Undulating Sandy-loam  Koko
8  ZA/MA/2007/Coyl6 South Zomba Yao 642 8307949 0739696 Undulating Loam Koko
9 MHG/CHA/2007/Coy20  South Machinga Yao 761 8321301 0756851 Undulating Loam Koko
10 MHGI/NA/2001/Coy21 South Mangochi  Yao 644 8320916 0766748 Flood-plain Sandy-loam  Koko
11 ZA/NSA/2007/Coy21/4  South Zomba Yao 750 8314423 0755149 Flood-plain Sandy-loam  Koko
12 MHG/NA/2007/Coy22 South Machinga Yao 644 8320916 0766748 Plain Sandy-loam  Koko
13 MHG/MTE/2007/Coy23  South Machinga Yao 632 8315754 0767374 Flood-plain Sandy-loam  Koko (Chinese)
14 ZA/BU/2007/Coy28 South Zomba Yao 1091 8307476 0750996 Hill/mountain ~ Sandy-loam  Koko
15 MHG/KWE/2007/Coy30 South Machinga Yao 621 8315830 0742474 Undulating - Koko
16 ZA/MU/2007/Coy31 South Zomba Chewa 789 8297105 0756067 Flood-plain Sandy-loam  Koko
17 MJI/INA/2007/Coy34 South Mulanje Lhomwe 662 8221091 0789589 Undulating Loam Koko
18 TO/CHI/2007/Coy37 South Thyolo Lhomwe 850 8214137 0732542 Undulating Loam Koko
19 CK/MKHU/2007/Coy42  South Chikwawa Mang’anja 87 8223070 0699476 Flood-plain Sandy-loam  Koko
20 NB/KWE/2007/Coy49 North Nkhata-bay Tonga 514 8662516 0614353 Lake shore Loam Masimbi
21 NB/MU/2007/Coy50 North Nkhata-bay Tonga 492 8664064 0615054 Lake shore Sandy-loam  Masimbi
22 NB/MTE/2007/Coy51 North Nkhata-bay Tonga 516 8691588 0623979 Lake shore Sandy-loam  Masimbi
23 NB/KA/2007/Coy53 North Nkhata-bay Tonga 534 8723858 0631438 Flood-plain Clay-loam Masimbi (Chinese)
24 NBJ/CHI/2007/Coy55 North Nkhata-bay Tonga 1070 8740380 0627943 Undulating Loam Masimbi
25 NBJ/CHI/2007/Coy56 North Nkhata-bay Tonga 1070 8740380 0627943 Undulating Loam Masimbi
26  NBJ/CHI/2007/Coy57 North Nkhata-bay Tumbuka - - - - - Masimbi
27 RU/KHA/2007/Coy60 North Rumphi Tumbuka 1093 8802084 0610223 Flood-plain Clay-loam Masimbi
28 RU/KA/2007/Coy61 North Rumphi Tumbuka 1203 8810392 0612944 - Loam Masimbi
29 RU/KA/2007/Coy62 North Rumphi Tumbuka 1203 8810392 0612944 - Loam Masimbi
30 RU/CHA/2007/Coy63 North Rumphi Tumbuka 1332 8812708 0612085 Flood-plain Loam Masimbi (Chinese)
31 RU/NKHA/2007/Coy64  North Rumphi Tumbuka 1324 8812628 0612199 Undulating Sandy-clay-loafasimbi
32 RU/MA/2007/Coy65 North Rumphi Tumbuka 1288 8813996 0618130 Phoka hills Sandy-clay-loaitoko
33 CP/KA/2007/Coy66A North Chitipa Msukwa 1470 8931548 0558533 Undulating Sandy-clay-loamasimbi (Chinese)
34 RU/MWA/2007/Coy70 North Rumphi Tumbuka 1139 8813606 0627654 Undulating Sandy-clay-loamasimbi

"Accession name of the genotypes include the distriaditional leader of the area and year of ctite. In the subsequent section and chapters, thily
accession code e.g. Coyl, is used. Only 28 ofltbgeaaccessions were further characterised, demagtudy.

“The ethnic group of the individual and/or farmenaiing the accession and not necessarily the é@hoicthe region or area

masl-metre above sea level, - missing data
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Table 3.2 Frequencies of desired cocoyam traits iMalawi as reported by farmers

at collection points

Preferred characteristics North South General
No % No % No %
High dry matter 2 6 12 35 14 41
Taste 3 8 3 8 6 17
High yield (tuber size) 5 14 1 3 6 17
Good for breakfast (boiled tubers) 3 8 3 8 6 17
Mealyness 3 8 0 0 3 8
Good formsima(pulp) 3 8 0 0 3 8
Easy to cook (cooks fast) 1 3 0 0 1 3
Resilience to bad weather (adaptability) 2 6 0 0 2 6
Early maturing 0 0 1 3 1 3
Tuber flesh colour 1 3 0 0 1 3
Good flowers (ornamental) 1 3 0 0 1 3
Total number of respondents - 34 - 34 - 34

Results of Table 3.3 suggest that most Malawiamescosoyam as food. About 88% of the
respondents use cocoyam as food in the form oéthdilbers, 12% assima(pulp) and 38%
use the leaves as a vegetable. The study showethtisély people from the northern region
use cocoyam for making pulp. Both the northern #rel southern region used cocoyam
leaves as vegetable although more people fromaihi $29% versus 9%) used the leaves as
vegetable. Eating cocoyam as boiled snacks is camimboth regions and seems to be the
main way of consuming cocoyam. Caillenal. (2006) suggested that farmers in Vanuatu in
the Pacific region used agronomic traits such rag tiequired to mature, yield and taste in
cultivar selection. Tasty, “strongtaros with HDM content are used to makelot a
cocoyam pudding that is highly valued socially. Noitating and soft cocoyam with low
HDM are reserved for another important MelanesRap(la New Guinea and Vanuatu) meal
made from grated corms known laplap. Non-irritating dry, but soft cocoyam are roasted.
However, Caillonet al. (2006) observed that over the last two generatsahsction criteria

have changed from a preference for a dry cormdhatbe roasted, to a strong corm that can
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be boiled. This has coincided with the introductmfncooking pots. Studies by Aregheore
and Perera (2003) agreed with the idea that magplpeuse HDM and firm texture after
cooking as selection criteria for cocoyam genotypesSamoa, cocoyam genotypes with
such characters as HDM were found to be more aalskptResults are similar to what Rijal
(2004) and Hueet al (2001) found in Nepal and Vietnam, respectivélgrmers’ priority

traits of cocoyam included uses of plant partsasud adaptation and eating quality.

Table 3.3 Frequencies of common uses of cocoyam Malawi as reported by

farmers at collection points

Most common uses North South General
No % No % No %
Food - boiling tubers 15 44 15 44 30 88
Food - Msima(pulp) 4 12 0 0 4 12
- Leaves as vegetables 3 9 10 29 13 38
Source of income (sale of fresh 7 21 0 0 7 21

tubers)

Livestock feed - fish 0 0 1 3 1 3
- pigs 0 0 1 3 1 3

Medicine - for ring worms 0 0 1 3 1 3
Ornamental flowers 1 3 0 0 1 3
Total number of respondents - 34 - 34 - 34

According to this study, cocoyam is used as ac®of income to most (21%) growers in
the northern region (Table 3.3). Mature tubersustgally sold along the main roads. It is also
used as a livestock feed in the southern region).(6%e leaves are fed to pigs and used as
fish feed in fish ponds (Table 3.3). The use ofog@en for pigs is not widespread. In
Cambodia it was observed that farmers lack knowdeafghow to use and process cocoyam
leaves and of the benefits of cocoyam leaves fyg (Bunthaet al, 2008). Stems, leaves and
the petioles are usually peeled and boiled beferegofed to livestock, particularly pigs, to
reduce the itching effect (Miller, 1992). AccorditmAgwunobiet al. (2004) boiling reduces

the amount of anti-nutritional factors in cocoyaormels and that feed intake, weight gain
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and feed efficiency for the diets containing boitetoyam were better than for non-boiled

and sun-dried cocoyam cormels.

Results indicated that people from the south u®e |gaf sap as an ointment to treat
ringworms i.e. a fungal skin infection (Table 3.3his could be in line with Rijal (2004),
Brown et al. (2005) and Cheat al (2007) who highlighted members of the Araceaeiliam
including the generXanthosomand Colocasia as important medicinal plants. They are a
valuable source for glycosidase inhibitors thataarg-diabetic, anti-metastatic, anti-viral and
immunomodulatory agents. The powder bmalomena aromaticahizomes, another
member of the family Araceae, is used as an afifiArimatory agent, a tonic for treatment of
skin disease in India (Chext al, 2007). In Hawaii, a preliminary studin (vivo) by Brownet

al. (2005) suggested thabi, a paste made froi@. esculentahave novel tumour specific
anti-cancer activities. On the other hand, cocoysrmsed as a medicine for headache in
Nepal (Rijal, 2004).

Cocoyam is also used as an ornamental plant imai (Table 3.3). Most people in and
around town grow it as an ornamental in their bactty. Péreirat al. (2005) suggested that
despite the fact that some genotypes do not floaterll, most cocoyam plants have
characteristics which qualify them as ornamentahtd, mainly as potted plants or as parts of

gardens.

3.3.2 Morphological description of 28 cocoyam accaisns from Malawi

This study considered only morphological traits andt agronomical traits since
morphological traits typify varieties and are used characterisation of germplasm.
Agronomical traits are used for evaluation purpasilk the aim of recommending a variety
for farmers. Agronomical evaluation has to be dimngeveral environments due to genotype

by environment interaction of agronomical traitsl &neir polygenic nature (Benesi, 2005).

Results indicated similarities and differences ihe tabove-ground morphological
characteristics (Table 3.4). Of the 30 above-groahdracteristics studied only one was
monomorphic (Another characteristic, leaf main vamiegation (LMVV) was absent in all
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accessions except for one (Coy5), all the accesstudied had open cross section of the
lower part of the petiole (CSLPP)).

The cocoyam accessions showed high levels of vlityalor plant growth habit, in terms of
plant span (PS) and plant height (PH) (Table 3vst of the clones (75%) had a medium
(50-100 cm) plant span, 21.4% had a wide span (b@0and only 1% had a narrow plant
span (<50 cm). Most of the accessions (78.6%) wedium in height (50-100 cm) whilst
17.9% of the accessions were dwarfs (<50 cm) (T&8bde. This suggested that a large
number of accessions were tall with a wide plargnspnd will need a wide spacing to
perform well. These characteristics are importanthay also determine the maturity period
of cocoyam plants. Prana (2000) found a strongetaion in plant height and corm
maturity. Dwarf types matured early (<6 months) ametlium plants were ready between 6-9
months whilst giant/tall types took 9-12 months @ture. Accession Coy5 from the
southern region exhibited a narrow plant span amarfdheight. However, this could be as a
result of the agro-ecological conditions that esdstduring the growing season. All
accessions did not flower, corroborating Onwuen®#/8) that flowering seldom occurs in
cocoyam. Side shoots (stolons) and suckers arerteqgan cocoyam production as sources
of planting materials. Few (10.7%) accessions predistolons and 78.6% of the accessions
produced at least 1 to 5 suckers (direct shoo&)IET3.4).

Farmers prefer accessions with suckers for mutagilon purposes. However, excessive
production of stolons reduces corm production aedeiases production costs, hence farmers
tend to select against this trait. Leledtal (2004) suggested that the presence of long stolon
is a characteristic of wild genotypes and is oféssociated with small elongated corms,

continuous growth and high concentration of calcaxalate that causes acridity.
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Table 3.4

Morphological descriptors of 28 cocoyamcaessions from Malawi

Acc.No. PS PH SS SL NOS LBA PPLLS LBM LBC LBCV TOV cov LBMC
Coyl Medium  Medium None N/A  Absent Sagittate Cup shaped Entire Green Absent  Absent  Absent Purple
Coy3 Medium  Dwarf None N/A  Absent Peltate Erect-apex dow Entire Yellow-green  Present  Stripe Yellow-green urpke
Coy5 Narrow Dwarf None N/A  Absent Sagittate  Cup shaped ntiré Green Present Mottle  Yellow-green  Purple
Coy6 Medium  Medium None N/A 1to5 Sagittate  Erect-agewn Entire Dark-green Absent  Absent  Absent Purple
Coy9A  Medium  Medium None N/A 1to5 Peltate Erect-apewdo Undulate  Yellow-green Present Mottle  Yellow-gree Purple
Coy13 Medium  Medium None N/A 1to5 Sagittate ~ Cup shaped Undulate  Dark-green Present  Fleck Yellow-green  Rurp
Coyl4 Medium  Medium None N/A  Absent Sagittate  Cup shaped Entire Dark-green Absent  Absent  Absent Purple
Coyl6 Wide Tall 6 t010 Long 1to5 Peltate Erect-apexdow Undulate  Green Absent  Absent  Absent Purple
Coy20 Medium  Medium None N/A 1to5 Peltate Erect-apewdo Undulate  Yellow-green Present Mottle  Yellow-gree Purple
Coy22 Medium  Dwarf None N/A 1to5 Sagittate Erect-apewd Undulate  Dark green Absent  Absent  Absent Purple
Coy23 Wide Medium 1to5 Long 1to5 Peltate Erect-apewnl Sinute Dark-green Present  Mottle Dark-green pleur
Coy28 Wide Medium None N/A 1to5 Sagittate Cup shaped dulete  Green Present Mottle  Yellow-green  Purple
Coy34 Medium  Medium None N/A 1to5 Sagittate Cup shaped Entire Green Absent  Absent  Absent Purple
Coy37 Medium  Medium None N/A  Absent Sagittate  Cup shaped Entire Dark-green Absent  Absent  Absent Purple
Coy42 Medium  Medium None N/A 1to5 Sagittate ~ Cup shaped Entire Dark-green Present Mottle  Yellow-green  Pairpl
Coy49 Medium  Dwarf None N/A 1to5 Sagittate ~ Cup shaped ntirg Light-green Absent  Absent  Absent Whitish
Coy51 Medium  Medium None N/A 1to5 Sagittate ~ Cup shaped Entire Green Present Mottle  Dark-green Whitish
Coy53 Medium  Medium 1to5 Long 1to5 Peltate Erect-agewn Undulate  Dark-green Absent  Absent  Absent Burp
Coy55 Medium  Medium None N/A 1to5 Peltate Erect-apewd Undulate  Dark-green Present  Fleck Yellow-greefPurple
Coy56 Medium  Dwarf None N/A 1to5 Sagittate Cup shaped Entire Green Absent  Absent  Absent Yellow
Coy57 Medium  Medium None N/A 1to5 Sagittate Cup shaped Entire Yellow-green  Present Mottle  Yellow-green g
Coy60 Wide Medium None N/A 1to5 Sagittate Cup shaped ntir& Dark-green Present Mottle  Yellow-green  Whitis
Coy61 Medium  Medium None N/A 1to5 Sagittate Cup shaped Entire Green Absent  Absent  Absent Whitish
Coy62 Wide Medium None N/A 1to5 Sagittate Cup shaped ntir& Green Present Mottle  Yellow-green  Whitish
Coy63 Medium  Medium None N/A 1to5 Sagittate Cup shaped Entire Green Absent  Absent  Absent Purple
Coy65 Wide Medium None N/A  Absent Sagittate Cup shaped ntir& Green Absent  Absent  Absent Whitish
Coy66A Medium  Medium None N/A 1to5 Sagittate ~ Cup shaped Entire Green Absent  Absent  Absent Yellow
Coy70 Medium  Medium None N/A 1to5 Sagittate Erect-agewn Entire Yellow-green  Present Mottle  Yellow-gme Whitish

Key: PS-plant span, PH-plant height, SS-side sh¢sitdons), SL-stolon length, NOS-number of suck@isect shoots), LBA-leaf base shape, PPLLS-
predominant position (shape) of leaf lamina surfdd®M-leaf blade margin, LBC-leaf blade colour, LB@eaf blade colour variegation, TOV-type of

variegation, COV-colour of variegation, LBMC-ledflde margin colour.
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Table 3.4 (Continued)

Acc. No. PJP PJC SCLBT LMVC LMVV VP CPTT CPMT CPBT PS

Coyl Absent Absent  Milky Green Absent Y-pattern Lighegn Purple Purple Absent
Coy3 Small Purple Pink Green Absent Y-pattern extentledec. Veins  Purple Purple Brownish Present
Coy5 Absent Absent  Milky Yellow Present Y-pattern exteddto sec. Vein Light-green Green Brownish Absent
Coy6 Absent Absent  Milky Green Absent y-pattern Lightyple Purple Purple Absent
Coy9A Medium Purple Brownish  Green Absent Y-pattern edéeh to sec. Veins ~ Brownish Brownish Light-green séitt
Coy13 Absent Absent  Milky Light-green Absent Y-pattern ght-green Green Light-green Absent
Coyl4 Absent Absent  Milky Green Absent Other Light-green Light-green  Brownish Absent
Coyl6 Small other Yellow Green Absent Y-pattern extendedec. Veins  Light-green Light-green  Light-green Absent
Coy20 Small Purple Pink Yellow-green Absent Y-patterneexted to sec. Veins  Light-purple Brownish Green esent
Coy22 Absent Absent  Milky Green Absent Y-pattern Lighegn Purple Purple Absent
Coy23 Small Purple Brownish  Green Absent Y-pattern ex¢ehdo sec. Veins  Brownish Light-green  Light-green Absent
Coy28 Absent Absent  Whitish Light-green Absent Y-pattertended to sec. Veins  Light-green Purple Browmpleu Present
Coy34 Absent Absent  Milky Green Absent Y-pattern Lighegn Other Brownish Absent
Coy37 Absent Absent  Milky Green Absent Y-pattern extendedsec. Veins  Light-green Purple Purple Absent
Coy42 Absent Absent  Milky Light-green Absent Y-pattern ght-green Purple Purple Absent
Coy49 Absent Absent  Milky Light-green Absent Y-pattern ght-green Light-green  Light-green Absent
Coy51 Absent Absent  Milky Green Absent Y-pattern Lighegn Green Light-green Absent
Coy53 Small Purple Milky Green Absent Y-pattern Purple oBnish Green Absent
Coy55 Small Purple Pink Green Absent Y-pattern extentledec. Veins  Purple Green Green Absent
Coy56 Absent Absent  Milky Green Absent Y-pattern extendedsec. Veins  Light-green Green Green Absent
Coy57 Absent Absent  Milky Green Absent Y-pattern Lighegn Green Light-green Absent
Coy60 Absent Absent  Milky Green Absent Y-pattern Lighegn Green Light-green Absent
Coy61 Absent Absent  Milky Green Absent Y-pattern Lighegn Green Light-green Absent
Coy62 Absent Absent  Milky Light-green Absent Y-patterrtended to sec. Veins  Light-green Green Light-green Absent

Co 63 Absent Absent  Milky Green Absent Y-pattern Lighegn Green Green Absent
Coy65 Absent Absent  Milky Green Absent Y-pattern Lighegn Green Light-green Absent
Coy66A  Absent Absent  Milky Green Absent Y-pattern Lighegn Green Light-green Absent
Coy70 Absent Absent  Milky Green Absent Y-pattern Lighegn Green Light-green Absent

Key: PJP-petiole junction pattern, PJC-petiole fiamccolour, SCBLT-sap colour of leaf blade tip, M@-leaf main vein colour, LMVV-leaf main vein
variegation, VP-vein pattern, CPTT-colour of peitdp third, CPMT-colour of petiole middle thirdPBT-colour of petiole basal third, PS-petiole srip
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Table 3.4 (Continued)

Acc. No. PSC LA PBRC CSLPP LsC LSEC LW
Coy Absent Absent Brown Open Red-purple Dark brown-oomtus Absent
Coy3 Purple Absent White Open Light-green Other Low
Coy5 Absent Present Green Open Red-purple Dark browrardgtnuous Low
Coy6 Absent Absent White Open Red-purple Dark brown-comus Low
Coy9A Other Absent Other Open Light-green Other Low
Coy13 Absent Absent White Open Light-green Purple Low
Coyl4 Absent Absent White Open Red-purple Other Low
Coyl6 Absent Absent White Open Light-green Other Low
Coy20 Green Absent Green Open Light-green Purple Low
Coy22 Absent Absent White Open Light-green Purple Low
Coy23 Absent Absent Green Open Light-green Dark browneootinuous Low
Coy28 Light-green Absent Green Open Brownish Dark browntinuous Low
Coy34 Absent Absent White Open Whitish Other Low
Coy37 Absent Absent White Open Light-green Other Low
Coy42 Light-green Absent Green Open Red-purple Dark broaincontinuous Low
Coy49 Absent Absent White Open Light-green Purple Low
Coy51 Absent Absent White Open Light-green White Absent
Coy53 Absent Absent White Open Light-green Dark brown-cattinuous Low
Coy55 Absent Absent White Open Light-green Other Low
Coy56 Absent Absent White Open Light-green Purple Low
Coy57 Absent Absent White Open Light-green Dark brown-g¢mitinuous Low
Coy60 Absent Present Green Open Light-green Dark browrcotinuous Absent
Coy61 Absent Present White Open Light-green Dark brownheoatinuous Low
Coy62 Absent Absent Green Open Light-green White Low
Coy63 Absent Absent White Open Light-green Purple Low
Coy65 Absent Absent White Open Light-green Dark brown-g¢wmitinuous Absent
Coy66A Absent Present White Open Light-green Other Low
Coy70 Absent Absent White Open Light-green Purple Low

Key: PSC-petiole stripe colour, LA-leaf lamina apgage PBRC-petiole base ring colour, CSLPP-crosieseof lower part of petiole, LSC-leaf sheath
colour, LSEC-leaf sheath edge colour, LW-leaf wasis
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The key to distinguish the two most common ediblackae members, nameDBplocasia
andXanthosomais based on the predominant leaf base shape (Paweed972).Colocasia
species has peltate leaves whdanthosomaspecies has sagittate or hastate leaves with
pointed top tips (not rounded). Based on the predam leaf base shape, 25% of the clones
had peltate and 75% sagittate leaves as displayEdjure 3.1 (Table 3.4). This suggests that
Malawi has bothColocasia and Xanthosomaspecies being conserved and cultivated by
farmers. Danquatet al (2006), in characterising a mutant populationcotoyam X.
sagittifoliunm), found that the plants had a non-peltate petitliechment. All theXanthosoma

plants had sagittate leaf shapes.

The predominant leaf lamina position (PPLLS) was-shaped (64.3%), whilst 35.7% of the
accessions exhibited leaves with lamina-apex fadogn. The leaf blade colour (LBC)
ranged from green (42.9%) to dark-green (35.7%heOticcessions showed yellow-green
(17.9%) and light-green (3.6%) leaves. Results ssigtpat most (67.9%) of the leaves of the
accessions had an entire margin (LBM) whilst fewemendulate (28.6%) and sinute (3.6%)
(Table 3.4). There was a close relationship betwherpredominant leaf base shape (LBS)
and predominant position of leaf lamina surfacel{FF). All accessions with a peltate leaf
base shape had an erect-apex down leaf laminaceupiasition as opposed to almost all
accessions (90.5%) with sagittate leaves whichhkeébeni a cup-shaped leaf lamina surface
position (Table 3.4). The peltate leaf base shapambssions (25%) had a small petiole
junction pattern which was absent in the sagited® base shaped accessions (75%) (Table
3.4 and Figure 3.1). The petiole junction patterthie peltate leaves varied from light-green
to purple. These traits seemed to be closely etlatel can be effectively used for cultivar

identification.
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A B

Figure 3.1 (A) Cocoyam C. esculenta) plant exhibiting peltate leaf shape
with an erect-apex facing down position, (B) Cocoya (X.
sagittifolium) plant exhibiting sagittate leaf shape with a

predominant cup-shaped position.

Leaf blade colour (LBC) of the 28 accessions wasdadly green. However, it varied from
light-green, green to dark-green with some plahtsvéng yellow-green leaves. There was a
high level of variation for leaf blade colour vagaion. Fifty percent of the accessions
showed leaf blade colour variegation (TOV) thatie@rfrom stripes (3.6%), to mottling
(39.3%) to flecks (7.1%). The colour of variegati@OV) was mostly yellow-green (42.9%)
and dark-green (7.1%) with the rest of the accassghowing no colour variegation on the
leaf blade. Results further suggested that a numbaccessions had a purplish leaf blade
margin colour (LBMC) (64.3%) whilst the other acsiesis exhibited white (28.6%) and
yellow (7.1%) leaf blade margin colour (Table 3.4).

The accessions’ sap colour of leaf blade tip (SCBiahged from milky-white (75%), white
i.e. transparent (3.6%), pink (10.7%) as well aswbr (7.1% (Table 3.4). It was observed
that most of the accessions with a sagittate lesklshape had milky-white sap and the
peltate leaf base shaped accessions white (tramgpapink and brown coloured sap. The
vein pattern (VP) of the leaves varied from y-paité57.1%) to y-pattern extending to
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secondary veins (39.3%) whilst accession Coyl4 wais very distinct. There was a
relationship between vein pattern and sap colouleaf blade tip. All accessions which
produced coloured sap had a vein pattern of y-extiension to secondary veins except for
accessions Coy37, Coy56 and Coy62 which had milkigensap. Accessions with a vein
pattern of y-extending to secondary veins had mehlzaves suggesting that they belong to
the genusColocasia This corroborates reports that suggest that wee rhain genera of

cocoyam are distinct in the vein pattern of theaves (Onwueme, 1978).

The accessions showed low levels of variabilityeaf waxiness, leaf sheath edge colour and
petiole stripe colour. All accessions had an opgesszsection at the lower part of petiole and
the main vein colour was basically green. Howeweith the heterogeneous nature of
cocoyam (lvancic and Lebot, 2000), it was difficitscore some characters as was the case
in a study by Quero-Garcét al. (2004).

These results corroborate studies by Prana (2088)eahigh levels of variation was found in
morphological characters, especially in the petisleh that they could be used as diagnostic
characters to distinguish differetatro genotypes. In China and Taiwan ethno-botanica dat
not only provided clues on domestication and geratblution of cocoyam, but also gave a
solid indication of genetic diversity (Huet al, 2001; Jianchet al, 2001). Like in China,
morphological characteristics observed in the fialtd indigenous knowledge of people
about uses, folk names, selection and managemewidpd a good indication and measure
of the available cocoyam genetic diversity in Nggjal, 2004).

3.3.3 Clustering of the 28 characterised cocoyam @essions from Malawi

The 28 cocoyam accessions from Malawi were chaiaete using 30 morphological
characteristics. The data was coded into a binatyixn(section 3.3.2.2) and used to create a
dendrogram. The dendrogram was constructed uss@ite similarity coefficient and the
UPGMA clustering method. The accessions separatedwo main clusters, | and 1l, mainly
corresponding to the two species based on leaf $izeg@e i.e. sagittate and peltate leaf base
shapes and region of collection (Figure 3.2). $aigitleaf base shaped accessions clustered

in main cluster | while the peltate leaf base skageessions clustered in main cluster Il
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Dice similarity coefficient

Figure 3.2 Clustering of 28 cocoyam accessions fromlalawi based on 30
morphological characters and UPGMA clustering usingthe Dice
similarity coefficient. Red represents accessionsith peltate leaf
base shapes, blue, accessions with sagittate lea&ske shapes,
while accessions collected from the south are undé@ned and the

rest are from the north.
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There were two sub-clusters A and B, in main clusWithin cluster | (sagittate), accessions

from the southern and northern regions mostly ehest separately (Figure 3.2). Most (19) of
the sagittate leaf base shaped accessions clustereldster A and only two accessions

(Coy5 and Coy28) in sub-cluster B. Cluster A furtebdivided into two sub-clusters, a and
b. Most accessions from the south clustered inctudter a, whilst all accessions from the
north clustered in sub-cluster b, with two acceassiimom the south (Coyl3 and Coy34). Two
of the accessions from the south (Coy5 and Coyk®}ered separately in sub-cluster B and
were characterised by yellow-green mottled leavddsese two accessions were the most
dissimilar within the main cluster 1, i.e. 55% siamnj whilst accessions Coy57 and Coy70,
both from the north, were the most similar accessim both clusters | and Il, i.e. 92%

similar (Figure 3.2).

The main cluster 1l (peltate) subdivided into twob<lusters, C and D. Sub-cluster C
contained six accessions and was sub-divided mtosub-clusters, ¢ and d. Sub-cluster c
contained two accessions from the north and thefn@®s the south. Sub-cluster d contained
a single accession, Coy16 from the south clustesmgs own. Two accessions identified by
farmers asChinese,Coy23 (south) and Coy53 (north) clustered togethesub-cluster C.
The most similar accessions in cluster Il were @oyhd Coy55 (75%) and the most
dissimilar accession was Coy16, which was only Si#filar to the rest of the accessions in
cluster 1l (Figure 3.2). Accessions of cluster ddstate) were 45% similar to accessions of
cluster Il (peltate). Accessions within cluster én more closely related compared to those
in cluster Il. However, accessions Coy5 and Coyb&lwclustered outside the main cluster
[, contributed much to the variation in this clustAccessions in Cluster Il showed high

levels of variation.

Clustering methods will always cluster data whettenot there are really clusters in the
data, it was therefore important to run some cHeckhe existence of clusters i.e. how well
the cluster analysis represents the original matfidistances among genotypes/accessions.
The matrix correlation based on the goodness aff fustering to data matrixes (Table 4.3)
was therefore calculated using COPH and MXCOMP mammgnes. The r value gives a
measure of goodness of fit for a cluster analysts@87220 in the present study suggested a

good fit.
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Table 3.5 Pair-wise genetic similarity coefficientmatrix for 28 cocoyam genotypes calculated from maqmhological

characters

Coyl Coy3 Coy5 Coy6 Coy9A Coyl3 Coyl4 Coyl6 Coy20 Coy22 Coy23 Coy28 Coy34 Coy37 Coy42 Coy49 Coy51 Gsy

Coyl 1.000

Coy3 0.407  1.000

Coy5 0556 0.414  1.000

Coy6 0741 0519 0444  1.000

Coy9A  0.407 0567 0379 0482  1.000

Coyl3 0593 0448 0517 0704 0557  1.000

Coyl4 0741 0518 0593 0778 0407 0704  1.000

Coyl6 0333 0482 0259 0444 0519 0482 0444 0010

Coy20 0296 0700 0.310 0482 0667 0552 0.370 810.4 1.000

Coy22 0667 0556 0.444 0852 0519 0778 0.704 560.5 0.482 1.000

Coy23 0259 0.448 0310 0407 0690 0414 0.370 300.6 0.517 0.407  1.000

Coy28 0510 0351 0545 0431 0421 0582 0431 850.3 0.500 0471 0393  1.000

Coy34 0731 0436 0518 0769 0400 0.704 0.808 910.4 0.364 0.731 0.327 0482 1.000

Coy37 0769 0545 0518 0808 0436 0704 0.846 910.4 0.400 0.808 0.400 0.482 0.769  1.000

Coy42 0741 0400 0655 0778 0500 0759 0.704 960.2 0.467 0.704 0.448 0.667 0655 0.691  1.000

Coy49 0593 0.444 0481 0.667 0407 0778 0.704 820.4 0.407 0.741 0333 0431 0731 0692 0667 1.000

Coy51 0704 0414 0517 0667 0483 0759 0.667 440.4 0.379 0.667 0.414 0473 0741 0667 0665 0.778.000

Coy53 0407 0518 0222 0593 0630 0556 0482 930.5 0.593 0630 0667 0275 0528 0528 0482 0.448.444  1.000
Coy55 0370 0.724 0.345 0593 0.690 0.690 0.518 930.5 0.759 0.630 0586 0.407 0482 0556 0.483 0440517 0.741
Coy56 0604 0518 0556 0642 0444 0667 0679 2805 0.444 0717 0333 0440 0745 0745 0556 0.756.741  0.491
Coy57 0630 0483 0586 0667 0621 0793 0.667 070.4 0.444 0.667 0.448 0509 0704 0704 0759 0.778.862  0.519
Coy60 0556 0.310 0586 0519 0483 0.655 0.519 330.3 0.345 0519 0483 0509 0519 0519 0690 0.598.759  0.407
Coy6l 0630 0.370 0556 0.630 0482 0704 0.630 440.4 0.333 0630 0370 0431 0731 0654 0630 0.740.815 0.518
Coy62 0556 0.414 0655 0556 0512 0759 0593 820.4 0.519 0556 0.483 0691 0.630 0630 0724 0.740.793 0.333
Coy63 0741 0481 0556 0778 0482 0.815 0.667 19.5 0.482 0.778 0370 0520 0.885 0.808 0593 0.778.852  0.444
Coy65 0741 0.370 0556 0593 0407 0.667 0.778 440.4 0.259 0593 0.370 0431 0.692 0692 0704 0.700.852  0.593
Coy66A 0.667 0.407 0556 0.704 0444 0778 0.704 48D. 0.370 0704 0333 0471 0808 0731 0630 0778.852 0.482
Coy70 0582 0542 0508 0727 0.610  0.780  0.655 090.5 0.508 0.727 0441 0464 0.691 0.655 0.678  0.760.847  0.848

Table 3.5 (Continued)

Coy55 Coy56 Coy57 Coy60 Coy6l Coy62 Coy63 Coy65 yB66A Coy70

Coy55 1.000

Coy56 0.593 1.000

Coy57 0.552 0.704 1.000

Coy60 0.448 0.556  0.793 1.000

Coy61 0.482 0.755  0.852 0.815 1.000

Coy62 0.512 0.704 0.793 0.759 0.704 1.000

Coy63 0.630 0.868 0.815 0.630 0.815 0.741 1.000

Coy65 0.407 0.679 0.815 0.778 0.815 0.741  0.778 001.0

Coy66A 0.519 0.830 0.815 0.704 0.889 0.741  0.889 778®. 1.000

Coy70 0.610 0.691 0915 0.712 0.764 0.780  0.800 270.7 0.800 1.000

r=0.87220
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Accessions separated based on species as repgrt@dirbeglove (1972) and Onwueme
(1978) who stated that sagittate leaf base-shapedyam plants belong to the species
Xanthosomaand peltate leaf base-shaped plant€dtocasia Accessions were successfully
clustered into the two major species of the Araceaeily based on the 28 polymorphic
morphological characters. The high levels of vasrabetween the two species are due to the
extreme heterogeneous nature of the plant whiatgrdimg to Morton (1972) and Ivancic
and Lebot (2000) may be due to large variationhromosome structure and number, such
that the morphological differences among and witthe two species are large. This
variation may be associated with mutations andnsite selection by isolated human
communities in diverse environments, followed bytowuous vegetative propagation which
resulted in the phenotypic diversity observed. @iaadrogram showed that accessions from
the same region (location) clustered together, ssiygg movement of germplasm within the
regions as farmers’ source of planting materiaakely famer to farmer exchange. The fact
that the Chinese introductions grouped togetheroborates farmers’ knowledge on the
introduction and domestication of cocoyam in Malawising the 28 polymorphic
morphological characteristics all accessions weséinguished from each other. Results
furthermore suggested that much of the germplasdhmwithin Xanthosomaspecies. This
corroborated Onwueme (1978) and Janseens (200t)suwdgested tha¢anthosomapecies
have become much more important world wide comptréblocasiaspecies world wide.

3.4 Conclusions and recommendations

This study has shown that there exists a great abhaflicocoyam diversity in Malawi. Most
of the cocoyam genotypes found in Malawi belongethéXanthosomapecies compared to
the Colocasiaspecies. Farmers maintaining this diversity alslal mich ethno-botanical and
ecological knowledge of the cocoyam genotypes tingly are conserving. Farmers’
preferences regarding cocoyam genotypes include afgglant parts, areas of adaptation and
eating quality. Farmers in Malawi use cocoyam nyaad a food crop and to a lesser extent
as feed for livestock, an ornamental plant and asedicinal plant. These preferences and
uses of cocoyam vary between the two regions otiialPreferences and uses also tend to
shape the way genotypes are disseminated from fatonéarmer, hence the diversity.

Researchers need to incorporate this indigenous/lkedge if they are to disseminate new
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cocoyam genotypes. It is recommended that a thbraodection be done in all regions of
Malawi to conserve all the cocoyam germplasm béielgl by farmers as it is a heritage of
the nation. This would also help to determine theant of the cocoyam diversity of the

country after proper characterisation.
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CHAPTER 4

Genetic diversity of Malawian cocoyam germplasm asevealed by AFLP

markers

4.1 Introduction

Cocoyam is significant in world agriculture for thonutrition and the role it plays in
subsistence economies, as well as crop diversditdFAO, 1990; Onwueme, 1999; Caillon
et al, 2004). The advent of the Green Revolution sasesperate fight for survival from
hunger and starvation, hence the introduction afkggrowing, high energy sustaining starch
crops as staples in farming and food systems ofwbed (Ekweet al, 2009). This left
cocoyam and similar crops as un-enterprising conitmesgd overshadowed by the “new
crops” which have gained more credence as stapldsf@Ekweet al., 2009; Global Forum
for Underutilised Species, 2009). The consequescthat cocoyam has become grossly
marginalised while its rich values remain undereiptl for enhancing household food
security and economic empowerment (Elaetval., 2009).

Cocoyam now faces genetic erosion due to changtgeieropping pattern, introduction of
improved varieties and changes in the ecosystenerefdre an assessment of genetic
diversity prevalent in local germplasm needs immaedattention (Lakhanpaset al, 2003).

A better understanding of genetic diversity, i.ari@tion present in all species, their genetic
material and the ecosystems, as well as its digtob, is essential for germplasm
conservation and use. Ramana and Hodgkin (2003)ested that central to any effective
conservation programme is an understanding of gedetersity in the species of concern.
This has not been the case in most conservationt€fieithenn situ or ex sity which have
proceeded with little information on the genetigatsity being conserved. Therefore there

exists an urgent need to remedy the situation (Raraad Hodgkin, 2002).

Several techniques are used to identify geneti@tran between and within species. These

include traditional methods of assessing divetsityneasuring variation in phenotypic traits

(both qualitative and quantitative) (Kagp al, 1996), biochemical methods based on protein
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and enzyme electrophoresis (Brown, 1978) and DNgebatechniques that identify
polymorphisms due to differences in DNA sequenées et al, 1996; Rao, 2004). DNA-

based markers have become methods of choice irtigelinversity studies, as they analyse
variation at DNA level. This excludes all envirormted influences and time specificity, since
analysis can be performed at any growth stage wsiygplant part and requires only small
amounts of material (Mueller and Wolfenbarger, 19280, 2004). DNA-based markers that
are being used in diversity studies in crop plantduding cocoyam are RFLP, RAPD,
AFLP, SSRs or microsatellites, STSs and SNPs (Karpal, 1996) as well as variable
number of tandem repeats (VNTR) and single stramdocmation polymorphisms (SSCP).
Other markers such as specific mitochondrial DNAOMA) and Y chromosomes are used

in identification of maternal and paternal linea@eghardt and Weimann, 2007).

In Asia, Ochiaiet al (2001) differentiated cocoyanafo) cultivars based on geographical
and phylogenetic relationships. RAPD and isozymalyaes established evolutionary and
genetic relationships among Asian cocoyam. In arsge study, Lakhanpael al. (2003)
used RAPD marker analysis to assess the genetarsitiy as well as genetic basis of
morphotypic classification in Indiataro. Three out of 13 random decamer primers analysed
showed 100% polymorphism. However, the clusterirgtgon did not show any strict
relationship with regard to geographical distribati morphotype classification and
genotypic diversity. RAPD markers were used to ssdke genetic diversity in cocoyam
germplasm in the USA and Ghana (Schmllal, 1999; Blayet al, 2004). On the other
hand, SSR markers proved powerful in genetic dityestudies of cocoyam by identifying
duplicates in the Pacific region germplasm (Macwl a&Godwin, 2002), as well as
rationalising and reducing cocoyam diversity pregly revealed by agro-morphological
descriptors (Macet al, 2006; Singlet al, 2008).

AFLP markers (Voset al, 1995), developed for assessing genetic varigbiind
constructing genetic maps in many species, arectefée in plant cultivar identification
(Arnau et al, 2001). AFLP markers were used to validate cocoggermplasm stratified
using agro-morphological descriptors in Vanuatag@uGarciaet al., 2004) and to reveal
genetic diversity of cocoyamato) in south east Asia and the Pacific region (Krezkeal,

2004). AFLP analysis grouped cultivars accordingheir country of origin, ploidy level
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(diploid or triploid) and habitat - cultivated orild: AFLP markers were used to analyse the
geographical differentiation and phylogenetic iielahips and to identify markers linked to

cocoyam leaf blight resistance genes of Indao (Sharmeet al, 2008).

Cocoyam is usually asexually propagated exceptbfeeding purposes (Wilson, 1990).
Sexual propagation, though rarely present, occuestd the erratic flowering nature of the
plant (Onwueme, 1978). Lasso (2008) suggestedithatimprobable for most asexually
reproducing species to transfer exact replicah®fmbhaternal genome to their offspring over
longer periods of time. Genetic changes slip ire thugenetic or epigenetic mutations, endo-
symbiotic activities or yet unknown mechanisms. &rnvariations in clonal plants such as
cocoyam therefore often occur from somatic embryegs which promotes somatic
mutations or somaclonal variation (Larkin and Sowmftc 1981; Santelicegt al, 1995).
Thousands of years of asexual propagation are tidoghave fixed somatic mutations in
cocoyam such that morphotypes and/or clones ate gistinct even when they share the

same genetic background (Quero-Gastial., 2004).

There is limited information as to the prevalennd axtent of intra-clonal variations and its
effect on genetic diversity of cocoyam. There & alear measure with which one can
identify a threshold of genetic dissimilarity diste below which cocoyam plants can be
considered to represent a single or different cldteidies have shown that clones, i.e.
individuals that grow and propagate by self-repiara of genetically identical units, do not
always present identical genetic fingerprints (lbasX08). Often clonal fingerprints are less
than 100% similar due to differences between raifaditsinits forming a clone) and replicate
runs of the same template DNA. To this extent, AFh&kers have been successfully used
in identifying variation within clones (Douhovnikofand Dodd, 2003). The highly
polymorphic AFLP fragments maximise the sensitivofythe analysis in order to separate
clones as well as sibs. To provide an objectivenmed identifying clones, several authors
suggested different threshold Jaccard similaritijcdes to provide a lower limit of fingerprint
similarities of different clonal species. In twopseate studies Arenst al (1998) and
Douhovnikoff and Dodd (2003) set their minimum #ireld similarity for the identification
of clones at 0.98, based on DNA extractions ofstume clone. On the other hand, Winfield

et al. (1998) detected similarities between duplicaté ssamples ofPopulus nigrasubsp.
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betulifolia trees ranging from 0.96 to 1.0 and predicted titegs having a similarity index of
0.95 were close to clonal scoring range. Lasso§p0Bserved that most studies indicated
that individuals having less than 2-4% differenaegheir fingerprint profiles have been
classified as part of the same clone. These thiéstadues (2-4%) have been found to be

consistent across studies, such that they are alveosy used universally.

Hence, this study determined the genetic diversitycocoyam genotypes of Malawi.
Specifically the study aimed at assessing (a) g@reetic diversity among Malawian cocoyam
accessions and (b) the intra-clonal genetic ditsevgithin accessions using AFLP markers.

4.2 Materials and methods

4.2.1 Plant material

Plant materials were obtained from the cocoyam gtxsm collection at the Malawi Plant
Genetic Resources Centre of Malawi at Chitedze &ebkeStation, Lilongwe, Malawi.
Twenty-eight cocoyam accessions, randomly samplenoh fthe collection, were used for
AFLP analysis (Table 4.1). Three plants randomimgad from each cocoyam accession
were analysed to assess the intra-clonal varidhahexists within the Malawian cocoyam
accessions. The analysis involved three indivicaahples (Coy5, Coy6 and Coy20) and a

bulk sample of each of the three sampled accessions

4.2.2 Genomic DNA isolation

The modified Dellaportat al (1983) DNA minipreparation method was used toastttotal
genomic DNA from cocoyam plant samples. Fresh yol#ages were collected from the
gene-bank and kept on ice. The leaf samples weezdrdried in a FreezeMobile Il freeze-
drier. Approximately 250 ul of the freeze-driedfleaaterial was ground to a fine powder
using the TissueLyser (Qiagen, Retsch) homogemsenlume of 800 ul extraction buffer
(100 mM Tris(hydroxymethyl) aminomethane hydrocldel(Tris-HCI), 50 mM Ethylene-
diaminetetraacetate (EDTA) and 500 mM NaCl and ®%)(of polyvinylpyrrolidone (PVP)
and 0.2%f3-mercaptoethanol) was added to approximately 299gphilised leaf material of

the individual samples and incubated at@%or one hour. After an hour, 2% sodium
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dodecyl sulphate (SDS) was added and the samplesfuréher incubated for 15 min at 65

with intermittent shaking.

Table 4.1 List of 28 accessions used in AFLP analys

Accession No. Region District Leaf base shape

MH/LI/2007/Coy3 South  Mangochi Peltate

MH/NDU/2007/Coy5 South Mangochi  Sagittate
MHG/BA/2007/Coy6 South Machinga Sagittate
MHG/NTU/2007/Coy9A South  Machinga Peltate

ZA/FIK1/2007/Coy13 South  Zomba Sagittate
ZA/NDO/2007/Coyl4  South Zomba Sagittate
ZA/IMA/2007/Coy16 South  Zomba Peltate

MHG/CHA/2007Coy20 South Machinga Peltate

ZA/INSA/2007/Coy21/4 South  Zomba Unknown
MHG/NA/2007/Coy22 South Machinga Sagittate
MHG/NTE/2007/Coy23 South Machinga Peltate

ZA/BU/2007Coy28 South  Zomba Sagittate
MHG/KWE/2007/Coy30 South  Machinga Unknown
ZA/MU/2007/Coy31 South Zomba Unknown
TO/NJO/2007/Coy38  South  Thyolo Unknown
CK/MKHU/2007/Coy42 South  Chikwawa Unknown
NB/KA/2007/Coy49 North  Nkhata-bay Unknown
NB/MU/2007/Coy50 North  Nkhata-bay Unknown
NB/MTE/2007/Coy51  North  Nkhata-bay Sagittate
NB/KA/2007/Coy54 North  Nkhata-bay Unknown
NB/CHI/2007/Coy55 North  Nkhata-bay Peltate

NB/CHI/2007/Coy56 North  Nkhata-bay Sagittate
NB/CHI/2007/Coy57 North  Nkhata-bay Sagittate
RU/KHA/2007/Coy60  North  Rumphi Sagittate
RU/KA/2007/Coy62 North  Rumphi Sagittate
RU/CHA/2007/Coy63  North  Rumphi Sagittate
RU/NKHA/2007/Coy64 North  Rumphi Unknown
RU/MWA/2007/Coy70 North  Rumphi Sagittate

The samples were cooled for 2 min after which 5 MaBsium acetate was added to the
mixture and incubated on ice for 20 min. Phase®weparated by centrifugation at 12000 g
for 10 min. The DNA was precipitated from the aquephase with 0.66 volumes ice-cold

isopropanol and incubated at -80for one hour. The resultant mixture was centefligt
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12000 g for 10 min. The supernatant was discardddtze DNA pellets air-dried for another
hour. The pellets were resuspended in 500 ul TE$A (TE) buffer (10 mM Tris-HCI, pH
8.0; 1 mM EDTA, pH 8.0) and incubated for 15 mir6&iC. DNA was precipitated with 500
ul ice-cold isopropanol and incubated at @@or 1 hour. The resultant mixture was
centrifuged at 12000 g for 10 min and pellets wadredried for one hour to remove excess
isopropanol. The DNA was resuspended in 200 ul Tieb (pH 8.0) to which 0.2 mg/ml
RNase was added and incubated aE3ar two hours. Samples were stored &fér further

use.

4.2.3 DNA concentration and purity determination

DNA concentration and quality were estimated usingiltra-violet (UV) spectrophotometer
by measuring absorbencies at 260 nm and 280 nrbyaatéctrophoresis in 0.8% agarose gel
(w/v) in 1x UNTAN running buffer (40 mM Tris-HCI, &bhM EDTA, pH adjusted to 7.4 with
acetic acid) for 60 min at 80 V. DNA was visualisgging ethidium bromide. The genomic

DNA was diluted to 200 ng/ul, depending on the emi@ation of each sample.

4.2.4 AFLP analysis
AFLP analysis was performed according to \&isal (1995) as modified by Herselman
(2003). DNA was digested usingcoRl (rare 6-base cutter) andisd (frequent 4-base

cutter). Primer combinations are given in Table 4.2

4.2.4.1 Restriction enzyme digestion and ligatioreactions

Genomic DNA (1 upl) was digested with 4 U lisd and 1xMsd-buffer [5S0mM NacCl; 10
mM Tris-HCI, pH 7.9; 10 mM MgGland 0.1 mM dithiothreitol (DTT)] for 5 hours at &7
and followed by an overnight digestion at G7using 5 UEcoRI and NaCl to a final
concentration of 100 mM. Digestions were carriedl ia a final volume of 50 pl. Adapter
ligation were done by addition of 10 ul ligationxjiLx ligase buffer (66 mM Tris-HCI, pH
7.6; 6.6 mM MgCJ; 10 mM DTT and 66 uM ATP); 0.4 mM adenosinetrfphosphate
(ATP) 50 pmolMsd-adapter, 5 pmoEcdR| adapter and 1 U T4 DNA ligase] to the 50 pl

restriction reaction and incubated at@®vernight.
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4.2.4.2 Pre-amplification reactions

Pre-amplification reactions were done using 5 pipgkate DNA from the restriction/ligation
mixture using 30 ng of each of the pre-amplificatigrimers EcoRI- and Msd-primer+0,
Table 4.1), 1x Promeg&aq polymerase buffer (10 mM Tris-HCI; pH 9.0; 50 mMCKand
0.1% (v/v) Triton X-100), 2 mM MgG| 200 pM of each '2 deoxynucleoside '5
triphosphate (ANTP) and 1 Uaq DNA polymerase (Promega, Madison, WI, USA). PCR
was done at 5 min as 94 °C followed by 30 cycle8®tec at 9€, 60 sec at 56, and 60
sec at 7Z and a final elongation of 10 min at 72 °C. Qualind quantity of pre-
amplification reactions were determined by eledimpsis in 1.5% (w/v) agarose gels. The

pre-amplified DNA was diluted accordingly priorgelective amplifications (1:10 to 1:20).

4.2.4.3 Selective amplification reactions

Selective amplifications carried were out usinguiditl pre-amplification products. The
selective amplification reactions were carried iou& total volume of 20 pl containing 5 pl
diluted pre-amplified DNA, 1x PromegBaq DNA polymerase buffer, 2 mM Mggl 200
UM of each dNTP, 100 pg/ml bovine serum albuminABS80 ngMsd primer+3, 30 ng
EcaRl primer+3 and 0.75 U Promedaq polymerase. The PCR programme used was as
follows: one cycle of denaturation at @for 5 min followed by one cycle of 30 sec at®4
30 sec at 6& and 60 sec at 2. The annealing temperature was lowered B/fer cycle
during the next eight cycles after which 25 cyckese performed at 98 for 30 sec, 5&
for 30 sec and 7€ for 60 sec followed by one last elongation ofdid at 72C. EcoRl and
Msd primers were coded beginning with E and M respebt (Table 4.2).

AFLP analysis on the three individuals and theikéd samples for intra-clonal assessment
was done using four primer combinations (E-AGG/MACA-ACT/M-CAT; E-ACT/M-
CTA and E-ACC/M-CTA).

4.2.4.4  Gel electrophoresis
PCR products were mixed with 20 pl formamide dy&49(v/v) de-ionised formamide; 10
mM EDTA, pH 8.0; 0.05% (w/v) bromophenol blue and®% (w/v) xylene cynol] and

denatured by incubation for 5 min at 95°C.
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Table 4.2 Adapter, primer pair combinations EcoRl and Msel) and primer

sequences used in AFLP analysis

Enzyme Type Sequence (5'-3")

EcoRl  Adapter-F CTCGTAGACTGCGTACC
Adapter-R AATTGGTACGCAGTCTAC
Msd Adapter-F  GACGATGAGTCCTGAG
Adapter-R  TACTCAGGACTCAT
EcoRl Primer + 0 GACTGCGTACCAATTC
Primer + 3 GACTGCGTACCAATTCNNN
NNN = AAC, ACA, ACC, ACT, AGG
Msd Primer + 0 GATGAGTCCTGAGTAA
Primer + 3 GATGAGTCCTGAGTAANNN
NNN = CAC, CAT, CTA, CTT

Mixtures were immediately placed on ice prior t@adong. PCR products were separated
using 5% (w/v) denaturing polyacrylamide gels [18ctylamide: bis-acrylamide; 7 M urea
and 1x TBE buffer (89 mM Tris-HCI; 89 mM boric acidnd 2.0 mM EDTA)].
Electrophoresis was performed at constant pow80dA for approximately two hours.

The silver staining process for DNA visualisatidrifee denaturing acrylamide gels was done
using the Silver Sequen¢eDNA Sequencing System of Promega. Gels were firetD%
(v/v) acetic acid for 30 min, and rinsed three smede-ionized water, first for 10 min and 5
min each the last two washes. Gels were stainadsolution of 0.1% (w/v) silver nitrate and
0.056% (v/v) formaldehyde for 30 min and rinsedi@ionized water for 10 sec before being
immersed in a cold (4-10°C) developer [3% (w/v) isad carbonate; 0.056% (v/v)
formaldehyde and 2 pg/ml sodium thiosulphate]. Tleés were shaken manually in the
developer until the DNA fragments became visiblee T0% acetic acid was used to stop the

developing process and shaking continued for d&déur2-3 min. The gel was rinsed in de-
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ionised water again and left to dry at room tempeeaovernight. A photograph of the gel
was taken by exposing the photographic paper dlimultigrade IV RC de luxe) directly
under the gel to dim light for 20 sec.

4.2.5 Data analysis

DNA fingerprint analysis was done by scoring fragiseinto a binary matrix as present (1)
or absent (0). Similarity coefficients were calcathusing Dice similarity coefficients (Dice,

1945; Nei and Li, 1979) using the NTSYSpc versidhl2 computer package (Rohlf, 2000).
Dendrograms were constructed using UPGMA clustemn§AHN programme parameters
(Rohlf, 2000). The goodness of fit of clusteringadanatrices was calculated using COPH
and MXCOMP programmes, in NTSYSpc.

4.3. Results and discussion
4.3.1 Assessment of intra-clonal diversity within edlected cocoyam accessions using
AFLP analysis

The dendrogram (Figure 4. 1) indicated that theexewno genetic variation within the
different individuals from the same accessions tnedbulked sample except for accession
Coy20. The three individual samples and the bub@uple of accessions Coy5 and Coy6
were 100% similar. The three individuals and thékédi sample of Coy20 all grouped
together. However, only one of the three individsamples of Coy20 was 100% similar to
the bulked sample. The other two individuals (Coey2@nd Coy20-11) were 96% and 98%
similar, respectively to the bulked sample (Coy2@kp This suggested a 2-4% genetic
variation within accession Coy20. The genetic wamawithin accession Coy20s’ individual
samples and the bulk was within the similarity sin@d index levels for clones presumed to

be similar in intra-clonal diversity studies (2-4%psso, 2008).

According to Rozenfel@t al. (2007) the genetic structure and diversity ohalgpopulations

present a challenge in diversity studies. It neadsomparison of the extent of genetic
variability among individuals within and among ptgiions. Therefore calls for a thorough
assessment of the population using appropriate aulale markers and statistically

representative sample of the individuals. The dgerdissimilarity observed from the few
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accessions tested in the present study was wittenntinimum threshold levels set and

observed in similar clonal diversity studies (Arestsal, 1998; Douhovnikoff and Dodd,
2003; Lasso, 2008).

Coy20-Bulk
Loy20-111

Coy2011

Coy20-1

Coy6-Bulk
Coy6-1

Coy-6-111

Coy6-11

Coy5-Bulk
Coy5-111

Coy5-1

Coy5-11

0.85 0.89 0.93 0.96 1.00
Dice Similarity Coefficient

Figure 4.1 Dendrogram showing the intra-clonal simiarities within three
randomly selected cocoyam accessions. Dendrogram svareated

based on AFLP analysis and UPGMA cluster analysisaing the
Dice similarity coefficient.

Although a detailed study is required to elucididitthe variation is representative of the
Malawian cocoyam populations, the present studygesigd limited diversity within
accessions. The diversity observed within Coy2Qcd:be attributed to clonal growth, selfing
and somatic mutations as suggested by Rozeafetd (2007) as well as differences between

ramets (all units forming a clone) and replicatesrwf the same template DNA (Lasso,
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2008). Out-crossing and migration which are dominamocesses in genetic diversity in
clonal populations appear to be marginal here haalessions exhibited non-flowering
behaviour (Chapter 3). Based on the low levels exfetic diversity within clones, AFLP

analysis on the entire set of 28 accessions wdaerperd using a bulk sample (of three
individuals) of each accession. By bulking DNA frahree individuals per accession, a

representative sample for each accession was eltain

4.3.2 Assessment of genetic diversity among the ogam accessions using AFLP
analysis

Eight AFLP primer combinations were randomly seddcand tested on the 28 cocoyam
accessions. The eight selected primer combinatmnosluced a total of 241 scorable
fragments. A total of 223 fragments were polymocphith an average of 30 polymorphic
fragments per primer pair combination, representi8§% polymorphism. Primer
combinations E-AAC/M-CTA, E-ACC/M-CTT, E-ACC/M-CTAE-ACA/M-CTA and E-
ACT/M-CTA produced the highest number of amplifiedgments. Primer combination E-
ACT/M-CAC produced the lowest number of amplifiedagments. High levels of
polymorphism were observed for all primer combioasi used ranging from 83% (E-
ACT/M-CTA) to 100% (E-ACT/M-CTA) (Table 4.3).

The dendrogram constructed based on AFLP markeesaled two main clusters | and Il

(Figure 4.2). Main cluster | contained 11 accessiomostly from the southern region. All but
one (Coy55) of the peltate leaf base shaped acressgrouped together in main cluster |, i.e.
accessions Coy3 and Coy9A as well as Coyl6, CogdCay23. Cluster | subdivided into

two clusters, A and B. Cluster A contained ten e ficcessions in this group. Only one
accession, Coy63 from the northern region clustereis own in cluster B.

Low levels of variation were observed among thstfmine accessions within cluster |
(85.3% similarity). The other two accessions witblaster I, Coyl6 and Coy63, clustered
separately from other accessions and were the dissimilar in this cluster with a Dice

genetic similarity coefficient of 79.3% and 68.8frelation to the other accessions in this
group, respectively. Accessions Coy3 and Coy9A wke2most similar accessions in the

cluster with a Dice similarity coefficient of 96.1%
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Table 4.3 Information generated using eight AFLP pmmer combinations

Primer Total scorable Polymorphic %
combinations fragments fragments Polymorphism
E-AAC/M-CTA 40 37 92.5
E-ACC/M-CTT 40 36 90.0
E-ACT/M-CAC 12 10 83.3
E-ACC/M-CTA 35 34 97.1
E-ACT/M-CTA 32 31 96.9
E-AAC/M-CTT 29 28 96.6
E-ACA/M-CTT 19 19 100.0
E-ACA/M-CTA 34 30 88.2
Total 241 223 93.0
Average 30 28 93.0

The second main cluster Il contained 17 accesdimms both the southern and northern
regions. All accessions with known leaf base shapehister Il, except for Coy55, exhibited
sagittate base shaped leaves. The most closetgdedacessions in cluster Il were accessions
Coyb55 and Coy56, with a Dice genetic similarity9af.4%. The cluster further sub-divided
into clusters C and D. Cluster C contained nineessions, mostly from the south. Cluster C
further sub-divided into sub-clusters a and b. Sluister a contained two accessions Coy5
and Coy70, from the south and north respectiveljyp-8uster b contained seven accessions
from the south. However, cluster D contained emgitessions all of which were collected
from the north, most of which exhibited sagittatsd shaped leaves. Only accession Coy55
in cluster Il exhibited peltate base shaped leadaster Il represented low levels of

diversity, with all accessions in this cluster lge88% similar.

High levels of genetic diversity were detected le=w the two main clusters i.e. 38.1%.
However, the genetic relationship among accessatisn each main cluster (I and Il) was
close. The accessions in main cluster | were 8%Bftlar, excluding accessions Coy16 and
Coy63 which clustered separately from the restiefdaccessions while accessions in cluster

Il were 87.7% similar.
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Figure 4.2 Clustering of 28 cocoyam accessions balsen AFLP analysis and
UPGMA clustering using the Dice similarity coefficent. Red
represents accessions with peltate leaf base shapesile blue
represents accessions with sagittate leaf base shesp Accessions
collected from the south are underlined, and the rgt are from the
north. The leaf base shapes of the accessions inabk are

unknown.
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AFLP markers proved a valuable tool for cultivaendification, especially in such a
collection with a narrow genetic base. Although sagenotypes were genetically similar, all
accessions could be uniquely distinguished fromheatber. Results agreed with that of
earlier studies by Quero-Garaog al (2004). In practical terms, however, crosses betw

genetically closely related genotypes such as thiesdified by the AFLP analysis, will have

to be avoided.

The correlation matrix based on the goodness aff fiiustering to data matrixes (Table 4.4)
was calculated using COPH and MXCOMP programme. Thalue gives a measure of
goodness of fit for a cluster analysis. The r-valti®.98097 in the present study suggested a

very good fit.

Results indicated that accessions mostly clustamarding to species i.€olocasiaand
Xanthosoma Cluster | contained mostly peltate leaf basedessions while cluster I
contained sagittate leaf base shaped accessiorordhtg to Purseglove (1972) and
Onwueme (1978)Colocasia species is characterised by peltate leaf baseeskhaple
Xanthosomas non-peltate i.e. sagittate. The high levelgasfation between the two clusters
further suggested the presence of the two diffespaties of cocoyam, differentiated based
on AFLP fingerprints. Variations within clustersggest continuous gradation within the
cocoyam species which has been suggested by sawudhaks, such that further classification
into finer groupings is complicated (Murton, 19Twueme, 1978). This contrasts a study
by Sharmaet al (2008) where AFLP markers unveiled high levelsvafiation withinC.
esculentaApart fromX. sagittifoliumandC. esculentavhich exist in numerous forms, other
species ofColocasiaandXanthosomaalso exists. These include atrovirens X. caracuand

X. violaceumwhilst C. esculentavar. antiquorumandC. esculentavar. esculentahave been
characterised as distinct varieties (Murton, 197)eike et al (2004) observed very
distinctive AFLP fingerprint patterns fdC. esculentaThe closely related species like
gigantea Alocasia spp., X. sagittifolium X. violacaum,X. brasiliense X. robustumand
Amorphophallus campanulatudid not show any resemblance to tGe esculenta AFLP
banding patterns and therefore were excluded flrgenetic diversity analysis t&ro (C.

esculentain south east Asia and the Pacific.
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Table 4.4 Pair-wise genetic similarity coefficientmatrix for 28 cocoyam genotypes calculated from AFP analysis data

Coy3 Coy5 Coy6 Coy9A Coyl3 Coyl4 Coyl6é Coy20 Coy2l1 Coy22 Coy23 Coy28 Coy30 Coy3l Coy38 Coy42 Coy4%oy50

Coy3 1.000

Coy5 0272  1.000

Coy6 0870 0391  1.000

Coy9A 0961 0244 0.898  1.000

Coyl3 0288 0939 0417 0260  1.000

Coyld 0319 0897 0430 0283 0950 1.000

Coyl6 0778 0354 0727 0810 0349 0.368 1.000

Coy20  0.896 0391 0859 0891 0403 0434 0.825 00LO

Coy21/4 0929 0310 0853 0949 0333 0349 0.807.920 1.000

Coy22 0251 0932 0440 0271 0944 0926 0.377 8%.3 0.275 1.000

Coy23 0.887 0349 0841 0868 0372 0421 0798 310.9 0.917 0374  1.000

Coy28 0281 0918 0419 0277 0949 0937 0.343 940.3 0.313 0943 0.368  1.000

Coy30 0277 0920 0420 0288 0947 0.942 0.372 040.4 0.326 0935 0.368 0.956  1.000

Coy3l 0294 0917 0420 0276 0933 0950 0.366 110.4 0.342 0928 0.397 0964 0965 1.000

Coy38 0308 0905 0440 0305 0259 0.923 0.386 3104 0.348 0924 0403 0961 0961 0962  1.000

Coy42 0854 0256 0847 0874 0885 0278 0.770 300.8 0.855 0273 0852 0272 0282 0308 0323 1.000

Coy49 0382 0868 0481 0361 0844 0.888 0450 9504 0.414 0859 0.466 0901 0896 0918 0902  0.402.000
Coy50 0321 0836 0417 0324 0880 0842 0.376 03.4 0.351 0861 0378 0875 0892 0872 0876 0.332.900 1.000
Coy51 0298 0.896 0439 0304 0321 0872 0.385 400.4 0.352 0.895 0.400 0901 0910 0.897 0908 0.338.917 0.927
Coy54 0861 0295 0842 0931 0879 0371 0795 620.8 0.878 0356 0876 0343 0360 0382 0374 0.868.416 0.383
Coy55 0304 0893 0426 0320 0885 0.863 0.350 980.3 0.323 0.892 0.338 0902 0912 0890 0902 0326912 0.937
Coy56  0.287 0905 0412 0299 0824 0.869 0.364 130.4 0.324 0.897 0.365 0.897 0914 0.865 0905 0.308.921 0.924
Coy57 0324 0862 0481 0349 0858 0831 0.368 4604 0.324 0870 0.393 0878 0853 0865 0870 0.360.884 0.880
Coy60 0356 0.854 0482 0354 0824 0.843 0404 6204 0.386 0.848 0425 0874 0873 0865 0870 0.368.925 0.884
Coy62 0362 0.862 0484 0368 0858 0.848 0.414 79.4 0.402 0857 0.440 0871 0.884 0.869 0880 0.370.934 0.904
Coy63  0.681 0489 0792 0740 0.469 0461 0.679 880.6 0.667 0547 0.636 0496 0486 0484 0514 0.650.536  0.462
Coy64  0.886 0377 0843 0902 0402 0428 0.803 980.8 0.900 0368 0923 0391 0399 0404 0417 0850484 0.450
Coy70 0350 0.924 0439 0307 0.877 0.851 0.407 640.4 0.359 0870 0416 0.870 0.857 0.860 0.865 0.320.878  0.840

Table4.4 (Continued)

Coy51 Coy54 Coy55 Coy56  Coy57 Coy60 Coy62 Coy63 y66 _ Coy70

Coy51 1.000

Coy54 0.378 1.000

Coy55 0.952  0.400 1.000

Coy56 0.957 0.353 0.974 1.000

Coy57 0922 0.391 0.914 0.937 1.000

Coy60 0918 0.371 0.918 0.934 0.898 1.000

Coy62 0.936  0.363 0.928 0.951 0.896 0.970 1.000

Coy63 0.504  0.667 0.526  0.498 0.541 0.538 0.546 001.0

Coy64 0.434  0.896 0.395  0.400 0.407 0.446  0.457 610.6 1.000

Coy70 0.884  0.346 0.875 0.912 0.876 0.863  0.888 090.5 0.428 1.000

r =0.98097
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In this study, there was no to limited prior knodde of the germplasm but clear banding
patterns were observed among accessions, suggdstipgesence of two different species as
seen in the dendrogram (Figure 4.2). However, adlceessions exhibited unfamiliar bands
and clustered out of the main two clusters, whiggested the possible presence of the other

species or subspecies.

As has been observed in other clonally propagateplsc genetic clusters revealed by AFLP
markers are marked with similar morphotypes andilaingenotypes being distributed
closely. This is attributed to the absence of actsexual reproduction and constant
movement of clonal material across the growing argi (Crouchet al, 2000). The
dendrogram (Figure 4.2) suggested a clear genéferahtiation in accordance to spatial
patterns. Most accessions from the south groupgether in cluster | and sub-cluster C of
the main cluster Il. On the other hand, accesswitls sagittate leaf base shapes collected
from the northern region clustered together in slister c. The constant movement of clonal
material within each region may explain the faettttmost of the morphotypes and genotypes
of Malawi are similar within each region. Howevtite presence of genotypes from different
regions in the same cluster suggested that thdmited isolation between the two regions.
The between cluster heterogeneity was much latggn the within cluster heterogeneity.
This contradicts results observed in Vanuatu whdfreP markers were used to validate a
stratification oftaro germplasm (Quero-Garcet al, 2004), which could be due to the fact

that only a single known species was investigasedpgposed to the present study.

4.4 Conclusions and recommendations

The AFLP technique was successful in uniquely ifgng all accessions as well as
unveiling the presence and level of intra-clonalatéon within and between accessions. The
intra-clonal variation was within the minimum thineédd to assume that the members
belonged to the same clone. Hence any member &f accessions exhibiting intra-clonal
variation could be used to represent other membgisut affecting the position of the
accession in population diversity. The dendrograiggssted the presence of the two main
cocoyam specieSolocasiaandXanthosomand possible subspecies of the two species. The

AFLP technique indicated high levels of variatiatween the two cocoyam species and low
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levels of variation among accessions in each oftin@ species identified. The genetic
diversity of cocoyam in Malawi showed differenta@ti patterns according to geographical
level as several genotypes from the same locatimtered together. The results of the AFLP
analysis need to be corroborated with agro-mormicéd characterisation to elucidate the
pattern of the clustering of the genotypes and libgv diversity is stratified across the
country. It is also recommended that a mitotic ndgudy be conducted to see if the

accessions cluster according to their ploidy levels
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CHAPTER 5

Comparison of genetic diversity among Malawian cog@am germplasm

using morphological characters and AFLP analysis

5.1 Introduction

Conservation and sustainable use of plant genetmurces are essential to meet the demand
for future food security (Rao, 2004 lant genetic resources are an important compasfent
biodiversity and provide the basic genetic varighilfor breeding that allows new and
improved cultivars to be developed (Powatllal, 1995). Numerous germplasm collections
have been established and it is important to krieneixtent of diversity that exist as well as
identify species that are present (Ferguson, 20@ifgrmation on genetic diversity and
relationships within and among crop species and thiéd relatives is essential for the
efficient utilisation of plant genetic resource leotions (Mohammadi and Prasanna, 2003;
Ferguson, 2007).

A number of methods are available for the analydiggenetic diversity in germplasm
accessions, breeding lines and populations. Thesieoals include agro-morphological (Karp
et al, 1996), biochemical (Brown, 1978) and molecuNA-based) markers (Rao, 2004).
IPGRI descriptor lists are often used for evaluatiof morphological characteristics,
supplemented by cytogenetic studies of accessidnshvare useful in the establishment of
chromosome number and genome composition. On ther dband, biochemical and
molecular methods describe accessions using bidcheand molecular markers. These are
readily detectable sequences of DNA or proteins sghinheritance can be monitored
(Biodiversity International, Rural Development Admnsitration, 2009). There are several
methods that can be employed in biochemical anceontdr characterisation, which differ
from each other in terms of ease of analysis, dymibility and level of polymorphism,
number and genome distribution of loci (Rao, 20@4gdiversity International, Rural

Development Administration, 2009).
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However, in order to elucidate clear genetic relathips within and between populations
and/or individuals, agro-morphological data haveb® correlated with molecular data.
According to Mohammadi and Prasanna (2003), foeaswonably accurate and unbiased
estimate of genetic diversity, adequate attentas tb be devoted to (a) sampling strategies,
(b) utilisation of various data sets on the badisunderstanding of their strengths and
constraints, (c) choice of genetic distance me#&syrelustering procedures and other
multivariate methods in analyses of data and (djeative determination of genetic
relationships.

Determining true genetic (similarity or dissimilg)i relationships between individuals is
therefore an important and decisive point for @usg and analysing diversity within and
among populations, as different procedures (indliggsld conflicting outcomes. Several
approaches are used to study genetic diversityiwdahd among populations or groups of
individuals (Kosman and Leornado, 2005). Assessiegetic diversity within a group
implies quantifying genetic variability in a groapd comparing individuals belonging to the
same group using similarity coefficients such axdal, Dice and simple matching. On the
other hand, classification and ordination methagsused to visualise relationship patterns
of individuals and/or groups. Comparing differembgps of individuals involves different

statistics like Wright's F statistics and Nei’s pareters (Laurentin, 2009).

Cluster and ordination methods type individualg @opulation into groups in a hierarchical
structure, such that similar individuals belondhe same group and dissimilar individuals in
different groups. UPGMA is the most frequently usdastering method (Laurentin, 2009)
and principal coordinate analysis (PCoA) (GowerG@)9and principal component analysis
(PCA) are the most used ordination methods in ass&st of plant diversity. Cluster analysis
and ordination techniques’ complementarity in iptetation of the diversity among
individuals is often observed. Similarities in #ugalysis pattern of both techniques is used as

a measure of the technique’s empirical accuracgg8uet al, 2004 Laurentin, 2009).

Overall, diversity in assessment of plant genetgources may be partitioned into within and
between groups of the populations under investigatiThis is achieved by analysis of

molecular variance (AMOVA). AMOVA identifies moletar variation within and between
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population groups, based on squared distances domparing pair-to-pair all the band
patterns at different hierarchical levels (Excaffet al., 1992). AMOVA eliminates the

normality assumption used in the conventional amsalpf variance (ANOVA) to test the
significance of the variance components with the ospermutations. Sources of variation
are partitioned into among groups and within groopsndividuals and error (Laurentin,
2009).

Cocoyam, a member of the Araceae family (Onwuen®¥8), has been cultivated for
generations (Mathews, 2004). Genotypes have belettag by subsistence farmers to
conform to local agro-ecological conditions andiglbrequirements. Local importance has
declined with the availability of productive sharseason root crops. Demand for cash crops
and shortage of land due to population pressureldthgo the narrowing of its diversity
(Singhet al.,2008). The serious repercussion of the loss abyam genetic diversity has led
to the collection, evaluation and conservation ofayam genetic resources in different

regions, Malawi inclusive.

Estimates of genetic diversity in cocoyam have bebtained by analysing phenotypic
characters (Quero-Garciat al, 2004; Danquahet al, 2006; Murakamiet al., 2006;
Mbouobdaet al, 2007), isozyme or storage proteins (Lebot anadAya, 1991; Tamboregt
al., 1999; Manzanet al, 2001), DNA sequences (Mace and Godwin, 2002;K¢ret al,
2004) and a combination of two or all techniqueshtet al, 2004; Quero-Garciat al,
2004; Singhet al, 2008). However, phenotypic descriptors alone dbatways allow the
quantification of the genotypic difference or sianity between cultivars as do genetic
distances based on DNA polymorphism (Lefeleftral.,2001). As observed by Okpet al.
(2005), phenotypic variation did not exactly reflgenotypic variation at molecular level in
cocoyam. Singlet al. (2008) suggested that information derived fromoagorphological
characterisation should therefore be treated wathtion. However, the use of predominant
and stable agro-morphological traits can providedmformation and stratification prior to
thorough molecular characterisation. According wlle® and Beckmann (1983) use of
molecular markers as an additional tool for germmlaharacterisation and description add

efficiency to the whole process.
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This study was aimed at determining the genetierdity in cocoyam accessions from
Malawi using morphological characters, AFLP anayand a combination of the two
methods. Specifically the study compared the efficy of using these methods in
determining cocoyam genetic diversity.

5.2 Materials and methods
5.2.1 Plant materials
Plant materials and experimental design for mompiiohl characteristics and AFLP analysis

techniques are given in Sections 3.2.2.1 and 4e3gdectively.

5.2.2 Morphological data collection
Data collection procedures for morphological cherastics of the cocoyam accessions are

as described in Section 3.2.2.2.

5.2.3 DNA extraction
Total genomic DNA from cocoyam samples was extdhcaecording to the modified

Dellaportaet al (1983) DNA minipreparation method as describe8eation 4.2.2.

5.2.4 AFLP analysis
AFLP analysis was performed according to \asal (1995) as modified by Herselman
(2003). DNA was digested usiiiggaR| (rare 6-base cutter) amdisd (frequent 4-base cutter)

as described in Section 4.2.4. Primer combinatawagjiven in Table 4.2.

5.2.5 Genetic similarities and clustering analysis

Morphological data for the accessions were condertégo a binary matrix using the
procedure of Benesi (2005) in Section 3.2.2.2. Divderprint analysis was done by scoring
fragments into a binary matrix as present (1) areab (0). Dendrograms for morphological,
AFLP analysis and a combination of the two analysese constructed using the Dice
similarity coefficient (Dice, 1945; Nei and Li, 19¥ and UPGMA clustering in SAHN

programme parameters using the NTSYSpc version @#wuter package (Rohlf, 2000).

For combined analysis, only accessions for whicth lmoorphological and AFLP data were
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available (21 in total), were used. PCA bi-plotsrevprepared using the Dice dissimilarity
coefficient and PCA algorithms using DARwin 5.0.1&8tware (Perrieet al, 2003; Perrier
and Jacquemand-Collet, 2006). AMOVA analysis wasedasing the software ARLEQUIN
3.11 (Excoffieret al, 2005). For morphological data, the total vare&m@enong accessions
was partitioned into variance among groups andiwiginoups. The groups were defined on
the basis of leaf base shape, either peltate dtaagrepresenting the two speciéslocasia
and Xanthosomarespectively). For AFLP and combined data, theugs were based on the
two clusters obtained during the construction @& dendrograms, because some accessions
used during AFLP analysis did not have completepimological data, especially leaf base
shapes were unknown for some accessions. Theisarik for partitioning of the genetic
components was tested using 16000 permutationboddih an AMOVA is usually done
using genetic data only, in the present study, AMOWas also done using the
morphological data and combined morphological afd.A data. This was done since the
morphological data was also in binary matrix (0O d)jdand because the study wanted to
elucidate the partitioning of variance within aretvieen the two assumed spec(@éslocasia
and Xanthosoma based on morphological and AFLP data. Similar AKAO analysis
(including morphological and AFLP data) were doryeDonini et al (2000) to assess the

diversity in United Kingdom winter wheat.

5.3 Results and discussion
5.3.1 Clustering of the cocoyam accessions based combined morphological and
AFLP data

The dendrogram in Figure 5.1 was drawn with combisi@a from morphological characters
and AFLP analysis of 21 accessions that could lagacterised using both morphological
and AFLP data. Results suggested that accessioupag based on species. Two groups
were identified, one group belonging @blocasiaand the other tXanthosomaspecies,
based on the type of leaf base shapes (attachméimé petiole) i.e. peltat€€plocasig and
sagittate Xanthosomp(Purseglove, 1972; Onwueme, 1978). Cluster laioet all but one
(Coyb5) peltate leaf base shaped accessions (jn@edthe other hand, cluster Il contained

predominantly sagittate leaf shaped accessions.
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Figure 5.1 Clustering of 21 cocoyam accessions fronMalawi based on
combination of 30 morphological characters and AFLPanalysis
(seven primer combinations). Red-peltate leaf basghaped, blue-
sagittate leaf base shaped, underlined-accessionsllected from
the south and the rest from the north. Dendrogram was
constructed using the Dice similarity coefficient ad UPMGA

clustering.

87



However, accession Coy55 with peltate leaf shapesipgd in sub-cluster D with the
sagittate leaf shaped accessions. Three sagitatdoase shaped accessions (Coy6, Coy42

and Coy63) grouped with the peltate leaf base aaesin cluster I.

Results (Figure 5.1) further suggested that diffea¢ion of accessions was based on region
of collection. Cluster | mainly contained accessidrom the southern region (underlined).

Accession Coy63 from the northern region, was etkaeal in this cluster in that it clustered

separately from the other accessions and happenegel the most dissimilar accession of the
group (66% similarity). Main cluster Il containedcassions from both the southern and
northern regions of Malawi. However, the two popiolas clearly separated. Sub-cluster C
contained accessions from the southern region &ubp-cluster D, on the other hand, only

contained accessions collected from the northegiome

In comparison with dendrograms constructed basedamphological characters (Figure 3.2)
and AFLP analysis (Figure 4.2) differentiation lo¢ taccessions based on combined data was
more similar to the AFLP dendrogram than the molgdioal data dendrogram. This could
be as a result of the number of data points prasaihe AFLP analysis (241) as opposed to
the morphological characters (156). Variation betmviehe two population group€g¢locasia
and Xanthosomaspecies) was more pronounced in AFLP analysis1¢88similar) as
opposed to morphological characterisation (45%) aoohbined analysis (42% similar).
Variation within each main group was lower usinglL®&Fand combined analysis compared
to morphological characterisation. Using AFLP asmlyaccessions with sagittate leaf base
shapes were 88% similar and using combined anaB2%, while using morphological
characterisation similarity was 45%. Similaritytiwn accessions with peltate leaf base
shapes was 69% using AFLP analysis, 66% for cordbilag¢a and 48% using morphological
data.

For all analyses (morphological, AFLP and combimiada), accession Coyl6 showed the
highest level of variation within the peltate ledfaped accessions that clustered together in
main cluster I. Accession Coy55, that clusteredassply from the other peltate leaf shaped
accessions using AFLP and combined data, was tlyeagoession with peltate leaf shape

that was collected from the northern region.
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The matrix correlation based on the goodness aff fiiustering to data matrixes (Table 5.1)
was calculated using the COPH and MXCOMP programrhe.r value gives a measure of
goodness of fit for a cluster analysis. The r-valti®.96636 found suggested a very good fit.
This is intermediate between the r-value for AFLRlgsis (r=0.98097) and morphological
characterisation (r=0.872220).

All three analyses suggested the presence of tlhedigtinct species i.eColocasiaand

Xanthosoma if species definition is based on the leaf basape (petiole attachment)
characteristics. Variation between accessions wathdrmore based on the region of
collection. The southern region accessions tendegrdup separately from ones from the

northern region for all three analyses.

Variation was higher within theColocasia species i.e. peltate accessions than the
Xanthosoma.e. sagittate accessions. Accessions Coy5 an@&ostered separately from
the rest of the accessions using morphologicalactars while accession Coy63 clustered
separately using AFLP and combined data analyseedrs and conservationists interested
in maintaining high levels of genetic diversity sk consider using Coyl16 (representative
of peltate leaf base shaped accessions) and Coy&8Cand Coy63 (representative of

sagittate leaf base shaped accessions) in thedimgeand conservation efforts.
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Table 5.1

Pair-wise genetic similarity coefficientmatrix for 21 cocoyam genotypes calculated using owined

morphological and AFLP data

Coy3 Coy5 Coy6 Coy9A Coyl3 Coyl4 Coyl6é Coy20 Coy22Coy23 Coy28 Coy42 Coy49 Coy51 Coy55 Coy56 Coy57 y60
Coy3  1.000
Coy5 0.299  1.000
Coy6 0.811 0.400 1.000
Coy9A 0.872 0.273 0.817  1.000
Coyl13 0.319 0.858 0.467 0.323 1.000
Coyl4 0.353 0.845 0487 0.307 0.908  1.000
Coyl6 0.722 0.337 0.678 0.748 0.373 0.382 1.000
Coy20 0.860 0376 0.799 0.844 0430 0424 0.765 1.000
Coy22 0.312 0.835 0.518 0.325 0.910 0.884 0.414 0.401 001.0
Coy23 0.806 0.384 0.770 0.830 0.379 0412 0.768 0.860 59.3 1.000
Coy28 0.293 0.849 0.420 0.305 0.881 0.855 0.350 0.410 540.8 0.373 1.000
Coy42 0.752 0345 0.833 0.778 0.371 0363 0.669 0.754 740.3 0.769  0.354  1.000
Coy49 0.393 0.804 0.510 0.369 0.867 0.859 0.455 0.481 380.8 0.444 0.826 0.453 1.000
Coy51 0.320 0.825 0478 0.341 0.857 0.838 0.396 0.429 500.8 0.403 0.830 0.408 0.894 1.000
Coy55 0.389 0.780 0.456 0.403 0.840 0.800 0.399 0.467 350.8 0.386 0.804 0.363 0.829 0.864 1.000
Coy56 0.328 0.843 0450 0.327 0.856 0.838 0.393 0419 620.8 0.360 0.818 0.355 0.894 0919 0.901 1.000
Coy57 0.358 0.804 0.516 0.411 0.818 0.800 0.376 0.447 300.8 0.404 0.804 0.464 0.865 0.910 0.314 0.981 1.000
Coy60 0.347 0.804 0488 0.380 0.817 0789 0.389 0.441 840.7 0.436 0.809 0434 0871 0.889 0.823 0.868 0.876.000
Coy62 0.371 0.824 0.496 0.399 0.840 0.806 0.426 0.485 000.8 0.447 0.838 0.444 0.903 0.910 0.848 0.909 0.878.933
Coy63 0.643 0502 0.790 0.687 0.536 0519 0.647 0.651 960.5 0.588 0.497 0670 0579 0570 0547 0566  0.598.555
Coy70 0.387 0.844 0.489 0.372 0.858 0.817 0.422 0.472 410.8 0.420 0.794 0.403 0.859 0.877 0.820 0.872 0.8880.834
Table 5.1 (Continued)
Coy62 Coy63 Coy70
Coy62 1.000
Coy63 0.581  1.000
Coy70 0.868 0.566 1.000
r=96636
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5.3.2 Principal component analysis (PCA) for cocoya accessions from Malawi

The PCA is one of the ordination methods that ameduo visualise genetic relationships
within populations. According to Laurentin (2009)CR does not group individuals
according to a hierarchical structure but rath@resents the relationship based on presence
or absence of markers, in a low-dimension spaceh Wis relationship, ordination of the
individuals according to similarity/dissimilarity ag be easily visualised. The PCA was
computed to visualise the relationship among theogam accessions analysed using
morphological characters (Figure 5.2A), AFLP analy&igure 5.2B) and a combination of
both (Figure 5.2C).

Results from PCA analysis using morphological tdata showed two distinct groups based
on the leaf base shapes i.e. peltate and sagttaiges (Figure 5.2A). All sagittate leaf base
shaped accessions were on the left side (in blue)paltate (in red) on the right side of the
PCA bi-plot. Results further suggested that peltesd base shaped leaves were not as
closely related as the sagittate leaf base shapmagpbgTwo distinct groups were visible
within the peltate leaf base shaped accessiong, @aty9A, Coy20 and Coy23 forming a
separate group from Coy3, Coy16, Coy53 and Coy55.

Figure 5.2B shows the relationship of the accessiona PCA bi-plot based on AFLP
analysis. Results suggested a closer relationsdtipden accessions within the two distinct
groups. Accessions with sagittate leaf base shappsar to be more closely related as
opposed to those with peltate shapes. AccessioBX avhich had a peltate leaf base shape,
clustered together with sagittate leaf base shagpamkssions while Coy6 and Coy42
(sagittate) grouped together with the peltate beefe shaped accessions. Accession Coy63
clustered separately from both the peltate andttasgileaf base shaped accessions.
Accessions in black were not morphologically chtrased, hence their leaf base shapes are

unknown.

Figure 5.2C represents the relationship of the gawpaccessions based on a combination of

morphological characters and AFLP analysis.
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Figure 5.2 PCA of the 21 cocoyam accessions from Mavi (A) based on morphological traits analysis (B)

based on AFLP analysis and (C) based on combinatiolmf morphological trait and AFLP

analysis. Red represents accessions with peltate 98 shaped leaves, blue accessions with

sagittate base shaped leaves while the leaf baseaplk of accessions in black was unknown.
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Results suggested a closer relationship within ghgittate base shaped accessions than
within the peltate leaf based accessions. The twops of accessions were distinct from
each other. As for AFLP (Figure 5.2B), accessiory35oclustered among the sagittate leaf
shaped accessions, despite being characterised eliatep while three accessions
characterised as sagittate (Coy6, Coy42 and Coy@ijped closer to the peltate group than
the sagittate group. The combined PCA also sugddsggier differentiation between the two
populations, representing tlmlocasiaandXanthosomapecies.

The three PCA biplots showed similar relationshggsong and within the cocoyam
accessions and similarity to the hierarchical @usg of the data. In all PCAs there was a
clear distinction among the two morphologicallyfeiientiated population€olocasiaand
Xanthosomapecies based on peltate and sagittate leaf hapes The PCAs suggested low
levels of variation among the sagittate accessidhs. PCA based on AFLP analysis was
similar to PCA based on combined analysis, bottwsgllotwo distinct groups. In both PCAs

accession Coy63 clustered separately from theofdbe peltate accessions.

5.3.3 Analysis of molecular variance (AMOVA) amon@nd within cocoyam accessions
from Malawi

The total variance among the cocoyam accessionspaggioned into variance among
populations and within populations. Populations AMOVA analysis using morphological
data were defined on the basis of morphologicalssif@ation into Colocasia and
Xanthosomaspecies i.e. peltate and sagittate leaf base sh&pgce not all accessions used
for AFLP analysis were characterised using morpiiol characters, populations for
AMOVA analysis based on AFLP and combined data &gt be defined based on leaf
shapes. However, the partioning of accessionsnram groups during AFLP and combined
cluster analysis were used to define two main ggdop AMOVA. The significance of the

partitioning of the genetic variance components teated using 16000 permutations.

Results in Table 5.2 suggests highly significaritedences among and within populations
based on morphological characters (P<0.000). Resliowed that most (64.3%) of the

variation was within the population i.e. within tipeltate and sagittate population groups
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compared to among populations (35.7%). Thg ¥alue shows the degree of genetic

variation among the population and is relativelgthiat 0.35725.

Table 5.2 Analysis of molecular variance among andvithin cocoyam accessions
from Malawi based on morphological data

Source of variation Sum of squares Variance Percentage

components  variation

Among cocoyam populations 69.230 5.70370 35.72529 (P<0.000)
Within cocoyam populations  244.846 10.26173 64.27471 (P<0.000)
Total 314.075 15.96543

Table 5.3 shows the AMOVA results for the accessibased on AFLP data (genetic data).
Results indicated that the variance components higtdy significant (P<0.000) among and

within the cocoyam populations (Table 5.3). Restitdher suggested that the highest
differentiation was among (79.2%) populations coragdo within populations (20.8%). The

Fstvalue of 0.79209 is high, suggesting high levelyariation among the two populations

i.e. group | (probably peltate) and group Il (prblyasagittate) of the AFLP dendrogram

(Figure 4.2). Results indicated that almost 80%hef variation revealed by AFLP analysis

could be attributed to the two main clusters (pbipgeltate and sagittate) and that AFLP
analysis revealed low levels of variation betweetreasions of the same group (probably low
levels of variation within each of the two speciés|ocasiaandXanthosomabut high levels

of variation between the two species).

Table 5.3 Analysis of molecular variance among andvithin cocoyam accessions

from Malawi based on AFLP data

Source of variation Sum of squares  Variance Percentage

components  variation

Among cocoyam populations  828.333 64.73673 79.20962 (P<0.000)
Within cocoyam populations 415.980 16.99164 20.79038 (P<0.000)
Total 1244.314 81.72836
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AMOVA results using combined morphological and AFd&a indicated highly significant
differences among and within the populations (P80Q)0The analysis showed that 67.4% of
the variation lied among the two population groaps 32.6% within the population groups
(group I and group II, Figure 5.1). Thetfvalue of 0.67395 is high, further suggesting high
differentiation among the two population groups pebably the two specieSplocasiaand
Xanthosomaspecies. The variation among populations was |laveenpared to using only

AFLP data, but higher when using morphological data

Table 5.4 Analysis of molecular variance among andvithin cocoyam accessions

from Malawi based on combined morphological and AFIP data

Source of variation Sum of squares Variance Percentage

components variation

Among cocoyam populations 624.802 63.19634 67.39526 (P<0.000)
Within cocoyam populations  539.517 30.57337 32.60474 (P<0.000)
Total 1164.320 93.76971

5.3.4 Analysis of genetic diversity among Malawianocoyam accessions
The major output after characterisation of plantejie resources is quantification of the
genetic diversity and to know the genetic relatiopswithin and/or among groups of the
accessions (Laurentin, 2009). In the present staldwter analysis and ordination methods
have been used to visualise and quantify the irdrad inter-group relationships of the
cocoyam accessions from Malawi. Two clear popufagooups were identified by all three
dendrograms (morphological, AFLP and combined aislly To display the relationships
among the cocoyam accessions in terms of theitippselative to coordinate axes, principal
component analyses were performed. The PCA bi-plotearly separated the
morphologically similar accessions into two grouyes Colocasia(peltate) andkanthosoma
(sagittate). In agreement to what Lefebeteal (2001) found, grouping of accessions in the
PCA bi-plots were similar to the clustering of tb@coyam accessions in the dendrograms.
Within similar groups low levels of variation weobserved. As suggested by Laurentin
(2009) the PCA bi-plots gave a better visualisattbrthe cocoyam accessions’ relationship
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than the UPGMA clustering. Relationships of acaessi(Coy5, Coy28 and Coy63) which
appeared to be dissimilar to other accessionsein ¢tfusters in dendrograms could be crearly

observed.

Results of the AMOVA further alluded to the presenaf the two species within the
germplasm collection as differentiation among tbhpiation groups observed was high. The
three AMOVAs confirmed the presence of the two magpecies of cocoyam in the
collection as was observed with the UPGMA clustgrend the PCA bi-plots of the
accessions. However, all three AMOVAs indicated lewels of variation within the two
population groups i.eColocasiaand Xanthosomaspecies. The highdfr values observed
among the two distinct populations further suppbttee variation of the accessions based on
species. The AMOVA demonstrated how efficient the tmnethods used were in identifying
the two species. In a different study by Stedje Bu#tenya-Ziraba (2003) an AMOVA
analysis showed that variation among species aodpgrwas less than 10%, whereas the
variation within species and groups was more tHa%.9This was attributed to the fact that
the groups which were morphologically distinct werdy sub-species of Solanaceae family
(Solanum anguivi,am andS. aethiopicuni.) and could not be distinctively separated using

RAPD as was the case with two separate specieswdéain the present study.

The present study corroborated the results repdnyeldebotet al (2004) who detected low
variation within cocoyamaro (C. esculentpgermplasm of south east Asia and Oceania
using both morphological and AFLP analysis. Inrailsir study Quero-Garciat al. (2004)
also found low genetic variation within cocoyam @ps. However, the AFLP fingerprints

used did not identify any duplicates in the sample.

Assessment of genetic variability between accessisrof interest in practical applications
such as conservation of genetic resources and émoaglthe genetic basis of genotypes for
breeding purposes. In plant genetic resource ceaten, it is useful to know whether
individuals that are phenotypically similar displsiynilar gene combinations. For breeding
purposes, information on genetic distances betwi@&rent genotypes helps to predict their
ability to combine (Charcosset al, 1998; Lefebvret al, 2001). The low levels of variation

within the two species observed morphologically amatidated by AFLP analysis pose a
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challenge in selection of parents for making imgroents to the germplasm. This is similar
to what Lebot and Arhadya (1991) observed that @intihe major challenges in cocoyam
breeding is the narrow genetic base of the crop that it is necessary to further explore the
available genetic diversity within the species. ®amtion of morphological characters and
molecular analysis has indicated that accessiongh wbontrasting morphological
characteristics usually should not cluster togethiewever, in rare cases they could cluster
together, which according to Lebot (1992), is aclaanifestation of the clonally propagated
nature of cocoyartaro and “sport” type mutations which do not have angerlying genetic
basis. In such instances Lebot (1992) suggested thea level of similarity based on
molecular analyses is considered a better indicaft@enetic similarity than morphological
characterisation. Similarly the accession Coy5%yatterised morphologically &olocasia
species but grouping witkanthosomapecies using AFLP analysis, could be regardedeas

latter. This however, needs further investigatiothbon morphological and genetic level.

5.4 Conclusions and recommendations

Genetic diversity of cocoyam accessions from Malévas revealed that the germplasm
consists of two species of the Araceae family Gmlocasia and Xanthosoma The
morphological, AFLP and combined analyses suggabktegresence of two different species
within the studied germplasm. The study has furtitee revealed low levels of genetic
variation within the different cocoyam species. T$teady has shown the efficiency of
combining morphological characters and moleculalyais in genetic diversity assessment
studies. Results based on AFLP analysis were mioriéas to the combined analysis than
morphological traits alone. This showed the efficie of the AFLP technique in diversity
analysis of cocoyam. There was consistency in ¢heionship of the cocoyam accessions
using the different cluster and ordination methasisvell as the AMOVA. The dendrograms,
PCA bi-plots and AMOVA showed high levels of vaiteat between the two species and low
levels within the species. The data analysis alscealed that the genetic diversity of
cocoyam accessions in Malawi was related to theremt regions of collection. Accessions
from the southern regions separated from the orms the northern region. This study,
though informative, only covered a subset of theogam germplasm in Malawi due to time

limitation, but acted as an initial investigatiomta cocoyam germplasm conservation and
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breeding. A broader spectrum investigation intogbeetic diversity of the crop is therefore

recommended to cover all regions.
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CHAPTER 6

Mineral composition of Malawian cocoyam genotypes

6.1 Introduction

Cocoyam contributes significantly to the human diretparts of the Pacific region, Latin
America, Africa and Asia (FAO, 2001). It is rank# fifth most consumed root and tuber
crop in the world after potato, cassava, sweettpa@ad yam (FAOSTAT, 2005). Its starchy
corms and cormels are used as a subsistence staplleey provide a cheap source of
carbohydrates in many parts of Africa, south eastaAthe Pacific islands, Hawaii,
Philippines, West Indies and parts of South Amer@acoyam serves as a source of income
for many families in the tropics and subtropicsribonget al, 1997; Sajeeet al, 2004).
Young leaves, petioles and stems of cocoyam am asa leafy vegetable (Okonkwo, 1993;
Janseens, 2001). In addition to its importancénéndiet, cocoyam is closely integrated into

the social and cultural life of most of the cultimvg communities (Cailloet al, 2004).

The main nutrient provided by cocoyam as with maitiyer root and tuber crops is the
dietary energy supplied by carbohydrates (O'Ha®#90). According to Onwueme (1978)
cocoyam tubers contain an average of 20-25% cadvates (fresh weight), mostly starch
which consists predominantly of amylopectin as wadl 17-18% amylose. The starch
granules of cocoyam are small (4-7 um) and hydeslysasily comparative to other root and
tuber crops (Onwueme, 1978; Mweth al, 2008) and as such it is readily digestible
(Onwueme, 1978; Okonkwo, 1993). For this reasorcogam starch is utilised in the
preparation of speciality foods for individuals ttih@quire carbohydrate as a source of energy
that will not stress metabolic processes i.e. peplier patients, patients with pancreatic
disease, chronic liver problems and inflammatorwdloas well as gall bladder disease and
infant meals (Sefa-Dedeh and Kofir-Agyir, 2004; Eamuel-lkpemeet al, 2007). The
protein fraction of cocoyam tubers is low (1-3%}y dike most root and tuber crop proteins,
sulphur containing-amino acids are limiting. Thetpms in cocoyam are limited to histidine,

lysine, isoleucine, tryptophan and methionine (FA@90; Onwueme, 1999).
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The corms and cormels #f sagittifoliumare superior t&€. esculentan terms of energy and
proteins (Bradbury and Holloway, 1988), but lesgedtible due to slightly bigger starch
granules (Janseens, 2001). Sefa-Dedeh and KofirA@P04) observed variations in
chemical composition of the different sections oft@yam cormels (distal, middle and
apical). The apical section contained high promantent and starch was the highest at the
middle section while the distal section containeghhlevels of ash, fibre and minerals,
disagreeing with what Onwueme (1978) suggestedhleatariation is from the distal section
to the growing apex (geotropic).

Cocoyam corms and cormels are good sources of $eental mineral nutrients that
contribute to growth as well as health maintenazce general well being (South Pacific
Community (SPC), 1993). The major mineral nutrientocoyam is K (FAO, 1990) and it is
also rich in Fe, Zn and Ca which are essentiabtolding blood and bones (Bradbury and
Holloway, 1988; Englbergeat al, 2008). In their study, Willst al (1983) observed variable
mineral nutrient levels between different cultivafscocoyam in Papua New Guinea. The
cormels contained K (250-480 mg/100 g), Mg (19-337100 g), Ca (11-45 mg/100 g), Zn
(0.2-6.3 mg/100 g), Fe (0.6-1.8 mg/100 g) and N& (g /100 g). In a different study
Agbor-Egbe and Rickard (1990) observed variatiomineral composition of the two genera
of cocoyam, withC. esculentacorms showing higher mineral levels th¥n sagittifolium
Xanthosoma sagittifoliumorms contained, on fresh weight basis, Ca (05g4kg), P (2.2-
4.7 g/kg), K (15.1-39.1 g/kg), Mg (1.0-2.1 g/kg)e £12.9-26.9 mg/kg), Na (38.2-147.7
mg/kg), Mn (7.2-11.3 mg/kg), Zn (13.4-16.2 mg/kand Cu (8.3-13.9). On the other hadd
esculentavar antiquorumcorms contained Ca (0.2-8.0 g/kg), P (2.0-3.7 g/Kg(13.3-21.2
g/kg), Mg (0.8-1.3 g/kg), Fe (13.4-18.5 mg/kg), N&B.4-173.7 mg/kg), Mn (9.7-14.8
mg/kg), Zn (14.8-19.2 mg/kg) and Cu (2.9-17.6 my/Kdjoku and Ohia (2007) suggested
that cocoyam is a good source of Na, K, Mg and @ase salts regulate the acid-base
balance of the body. Wide variations observed & ritineral composition values between
sections of the cormels as well as among diffeceittvars of cocoyam have been attributed
to differences in genetic background as well anate, soil, season and agronomic factors
(FAO, 1990).
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Studies by Englbergest al (2003; 2008) suggested that cocoyam tubers cwdagood
levels of provitamin A carotenoids. A wide rangepsbvitamin A carotenoid levels were
found in cocoyam cultivars (especially in the giawtamptaro) and coloured cultivars
showed high levels af- andp-carotene and essential minerals like Zn and Ca.

The tender leaves, petioles as well as the stemsoafyam which are eaten as a leafy
vegetable (Okonkwo, 1993; Janseens, 2001), aretegpto be a good source of proteins,
vitamin A, C, B (riboflavin) and B (thiamin) (Aregheore and Perera, 2003) as well as
essential dietary mineral nutrients especially i, €, Mg, Zn and Fe (Ejoét al, 1996;
Barminaset al, 1998). According to Janseens (2001) cocoyamekeawontain 20% proteins
(on dry matter basis) and all essential amino aextept for methionine and cystine as is the
case with most leafy vegetables (Gerleiffal, 1965; Ejohet al, 1996). In a separate study,
Thomas and Oyediran (2008) found that cocoyam kawere rich inf-carotene, ascorbic
acid and micronutrients of nutritional importanaeause of their anti-oxidant properties, but
low in Na, carbohydrates and energy content. Inoeenmnecent study in South Africa, Lewu
et al (2009) found high levels of crude protein in cgam leaves. The study also suggested
that cooking improved the availability of proteifibre as well as lipid contents of the
cocoyam leaves. This was attributed to the breakdiovtannin during cooking which form
complexes with proteins, thereby, inhibiting itsadability. This suggested that cocoyam
leaves may be a good source of plant protein fagmal resource communities and a good
compliment to its tubers which are low in protefbewu et al, 2009).

The effective use of cocoyam is, however, hampeuria the acrid factors found in tubers
(skin or peels and flesh) (Catherwoetdal, 2007) and leaves (Oscarsson and Savage, 2007),
which causes a sharp irritation and burning ofttiteat and mouth when uncooked material
is ingested (Emmanuel-lkpenst al, 2007) and this is caused by the presence ofucalc
oxalate raphides (Janseens, 2001). Traditionalegsieg methods of anaerobic fermentation
in underground pits for several weeks, removalhef thick layer of skin of the corms and
cormels, drying, soaking in water, prolonged cogkim baking and ethanol extraction have
been reported to reduce the acridity factor sigaiftly (Onwueme, 1978; Sefa-Dedeh and
Kofir-Agyir, 2004; Catherwooet al, 2007).
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The importance of taking adequate essential miatdents has been well documented
(FAO/WHO, 2000; Graharat al, 2001; Welch, 2002). In countries like Malawi, vl most
people’s diets are low in animal proteins, i.e.hwdt meat consumption per capita of 5.1
against 13.0 kg/person/year of sub-Saharan AffR8A) (FAOSTAT, 2004), the risk of
micro-nutrient deficiency is high. Cocoyam nutnited composition studies suggested that it
contains a range of important macro- and microtents (Agbor-Egbe and Rickard, 1990;
Senet al, 2006; Njoku and Ohia, 2007; Englbergdr al, 2008). However, unlike the
minerals, the protein-calorie contribution of therras and cormels of cocoyam have been
well documented (National Academy of Science, 19K4l|s et al, 1983; Aregheore and
Perera, 2003; Sest al., 2006).

According to Burlingameet al (2009) recent research has provided data to rcortfe
micro-nutrient superiority of some lesser knownpsrdike cocoyam and their wild varieties
over other more extensively utilised crops. Howeudie existence of many cocoyam
genotypes and/or cultivars with distinct botanichbracteristics suggests the presence of
variation in nutritional composition due to diffaes in habitat, growth conditions and
genetic background. Therefore, in order to develiteria to improve these cultivars through
selection or breeding, nutritional composition ofras and cormels need to be determined
and compared together with yields traits (8éml, 2006). Data on nutritional composition
would help to re-assess the value of neglecte@twasiand encourage their sustainable use as
well as coming up with a detailed database of mmrwient rich plant species that would
help in planning nutritional intervention progranmsras well as save the loss of micronutrient
rich plant species and their edible wild relatiy@sivetti and Ogle, 2000). Burlingane al
(2009) further suggested that nutritional compositdata are expected to have a major
impact on micro-nutrient intake estimations, whimdcome complex due to micro-nutrient

composition variation that exists in many cultivars

This study assessed Malawi cocoyam germplasm w#perct to micro-nutrient content in
order to identify germplasm that could be used ¢wetbp lines that would help combat
micro-nutrient deficiencies among the marginal vese farmers. Specifically the study
assessed (a) the mineral levels (K, P, Ca, Mg, N, Fe and Zn) and (b) their variation

among the different cocoyam accessions from theWah cocoyam germplasm.
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6.2 Materials and methods

6.2.1 Trial site

The trial was planted at Chitedze Research Sta8oi.samples were collected from trial sites
and analysed for pH, organic matter, organic cardoeh available minerals at the Agricultural
Research and Extension Trust (ARET) soil laborat&ymples were taken from top- and sub-

soil.

6.2.2 Collection and preparation of test samples

Cocoyam samples used were collected from the gesnplbank (collected for genetic
diversity studies) at Chitedze Research Statiolonigwe Malawi. Forty-five samples were
collected representing 15 accessions each repglithtee times and were sampled based on
maturity of the accessions (corms). The corms wheoeoughly washed with water and the
outer skins peeled off using a kitchen knife. TlesHy part of the cormels were grated, air-
dried for 72 hours and ground manually into a fiegvder using a laboratory metallic motor.
The powder of each sample was stored in transpanetight plastic bottles as stock samples

until required for analyses.

6.2.3 Preparation of sample solutions and readingf the minerals

Exactly 2 g of each of the cocoyam samples washegign pre-heated and cooled crucibles
and ashed in a furnace at 550°C for three hoursp&s were removed from the furnace and
allowed to cool. Samples were digested with 1-DfHINO (55%) and left to evaporate in a

hot sand-bath. Samples were further ashed at 5&0°8) minutes. Upon cooling, the ashed
samples were digested again with 10 ml of 1:2 HXO @desiccated for a few minutes. About
50 ml of distilled water was used to rinse the digd samples into 100 ml flasks and the
flasks were filled up to the marks with distillechter and read (Fe, Zn, Mn, Na, K, Ca and
Mg) on an atomic absorption spectrophotometer. phete was determined by adding the
ammonium vanadate (NMO3) colour reagent and read on a thermo-spectromiterme

(Hesse, 1971).
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6.2.4 Data analysis

Mineral composition data for the cocoyam accessipese subjected to ANOVA using
Agrobase (2000). Correlation coefficients among thierent cocoyam minerals were
estimated using the Pearson's product moment meathadrrelation analysis. In order to
ascertain the accession with the best mineralgbatits, PCA, a data reduction technique,
was performed. The goal of this analysis was testrant linear combinations of the original
variables (Fe, Zn, Mn, Na, Ca, K, Mg and P) thatoamted for as much of the total variation
as possible. In order to reduce the influence dhlieva and scale differences during PCA,
data were standardised as follows: The mean oligamfar each genotype was standardised
by subtracting the mean value of the variable arbequently dividing with its respective
standard deviation (Bekele, 2005; Ssnal, 2006). This results in standardised values for
each variable with an average of zero and standandation of one or less. These
standardised values were used to perform PCA. DUAGA, the 15 cocoyam accessions
were represented by rows and the eight mineralemisr by columns. A scatter plot of factor
scores was drawn with PC1 as the X-axis and PCtheasr-axis to observe the relative
position of the cocoyam accessions as a resulbofponent loadings of those characters.
PCA, correlation analyses and the scatter plot weréormed using the Number Cruncher
Statistical System, NCSS 2000 (Hintze, 1998).

6.3 Results and discussion

There were highly significant £0.001) differences among the Malawian cocoyam
accessions studied with regard to mineral commusi{iTable 6.1). The average micro-

nutrient composition for the accessions were 5g&g, 21.76 mg/kg, 13.49 mg/kg, 192.0
mg/kg, 207.42 mg/kg, 15078.62 mg/kg, 725.04 mglikd 2204.9 respectively for Fe, Zn,

Mn, Na, Ca, K, Mg and P. Results suggested thas khé major mineral present in the

cocoyam accessions studied followed by P, Mg and c@aroborating earlier studies

(Enomfon and Umoh, 2004; Njoku and Ohia, 2007). Tésults further suggested higher
levels of the trace elements (Fe, Zn and Mn) in dbeoyam accessions than previously
reported in other studies (Wilit al, 1983; Njoku and Ohia, 2007).
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Table 6.1 Mineral composition (mg per kg) of cocoya accessions from Malawi

Accession Fe Zn Mn Na Ca K Mg P
Coyl10 43.72 16.17 5.67 170.2 81.0 11900 662 1206.0
Coy5 50.28 17.33 6.17 272.5 76.7 14241 650 1156.3

Coy27 42.67 17.50 6.00 330.0 70.9 21877 715 1358.7
Coy42 68.88 19.17 6.33 343.9 85.5 8523 605 1146.2
Coy34A 153.57 39.33 31.00 30.5 206.8 7633 760 1234.2
Coy24 45.95 17.17 6.33 230.0 136.1 14917 553 1129.2
Coy39 35.77 16.83 7.00 322.0 128.3 10717 595 1144.7
Coy34B 53.11 18.00 11.33 59.5 143.4 22506 635 1169.0
Coy53 45.94 28.67 42.50 22.8 588.3 8367 1283 868.5

Coy33 40.82 20.83 7.59 113.6 358.0 18517 730 1240.5
Coyl4 30.79 12.17 5.17 275.7 131.5 15106 626 1117.5
Coy23 41.87 37.51 42.55 29.0 638.1 13293 1316 1256.0
Coyl2 39.33 22.84 8.25 260.3 133.9 16223 553 1401.3
Coy45 37.16 25.46 6.25 150.3 198.8 27389 659 1297.2
Coy75 34.06 17.47 10.25 270.3 133.9 14973 534 1348.7

Mean 50.9 21.8 13.5 192.0 207.4 15078.6 725.0 1204.9
CV% 12.33 11.57 3.63 18.73 4.62 9.84 10.28 6.12
SE (3) 5.13 2.06 1.77 29.37 7.82 1210.94 60.87 60.23
LSD g5 10.51 4.21 16.07 60.17 13.30 2480.51 124.69 123.38

1 *% *% *% *% *% *% *% *%
Sign

LSD-least significant difference, CV-coefficientdriation, SE-standard error, ** significance ad@001.

Cocoyam accessions Coy45, Coy34B and Coy27 showédédvels of K, while accessions
Coyl12, Coy75 and Coy27 showed high levels of P Mgdwas high in accessions Coy23,
Coy53 and Coy34A. Accessions that showed high $evéltrace elements i.e. Fe and Zn
were Coy34A, Coy42, Coy23 and Coy53. The mean gatdiehe essential minerals Fe, Ca
and Zn suggested that the mineral levels preseihiese accessions were above that of other
major root and tuber crops (Wanasundera and Raundt994; Ravindramet al, 1995;
Charleset al, 2005). On the other hand cultivars Coy10, Capd Coy33 showed low
mineral levels. This mineral variation among cudtiv suggests a wide range of diversity in

the cocoyam accessions in terms of mineral levetk aifers potential genetic material to
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improve the micro-nutrient levels in cocoyam acess through breeding (Burlinganet
al., 2009).

Variation in mineral composition among the cocoyatcessions is probably due to
differences in the genetic potential of each caltito obtain nutrients from the soil
(Onwueme, 1978; Guchhaat al, 2008) since different cocoyam genotypes havieraift
nutrient-use efficiencies (Goenaga and Chardon5)198 their study, Lebogt al. (2004)
found high levels of variability in south east Asiad Oceanigaro germplasm with regard to
chemical composition i.e. minerals, lipids, progimamylose, HDM, glucose, fructose and
saccharose. They suggested that cultivar seleatoarid be efficient for their improvement

since these traits are genetically controlled.

Cocoyam is characterised by a long growing period &igh fertiliser requirements,
especially in N, P, K and Ca (Kabeerathumehal, 1985). According to Wanet al, (2008)
availability of N, P, K and S fertilisers increageld as well as nutritional quality of root and
tuber crops. Phosphorous stimulates root developam@henhances N uptake and K plays an
important part in the transportation of starch andars from above ground plant parts to
tubers whilst the amount of available Ca and Sha4oil solution is directly linked to the
available Ca and S in the tubers. The high minexals obtained in the current study may be
as a result of the available and exchangeable algnérom both the top- and sub-soils,
especially P and K which are important for root @lepment (Table 6.2) (Miyasalet al,
2001; Li et al, 2005). The variation in minerals composition ldoalso be attributed to
genetic differences between the accessions in kibpgothe soil ions and anions in an acidic
soil. The soils at Chitedze Research Stations amdysclay loam (MoAFS, 2008). Table 5.2
indicates that the soils were acidic and valuessaf organic C, total N, available P,
exchangeable Ca, K and Mg were high for both top-sub-soils. This could be attributed to

residual fertilisers from previous cropping seasons

The correlation matrix revealed positive and higsilynificant (p<0.01) correlation between
Mg and Mn (f = 0.904), Mg and Ca{r= 0.927) as well as Ca and Mrf & 0.861) and
negative significant correlation between Mg and(Na= -0.589), Ca and Na*(r -0.5780)
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and Mn and Na tr 0.630) (Table 6.3). No significant correlationsres observed between

K, P, Fe and Zn with the rest of the minerals.

Table 6.2 Pre-planting soil chemical properties atrial site

Depth  pH oC OM N Total P Na K Ca Mg
CaCh (%) (%) (%) N(@) ppm Meq% Meq% Meq% Meq%

Top 457 145 294 0.15 0.13 21.70 0.35 0.27 3.12 830
Sub 460 145 294 0.15 0.10 20.74 031 0.27 3.60 .80 0
Top 459 160 325 0.15 0.14 17.20 0.30 0.34 3.76 .900
Sub 485 114 231 0.12 0.10 1830 0.23 0.26 428 .00 1

Top-soil 0-20 cm, Sub-soil 20-40 cm, OC-organicbcar, OM-organic matter, ppm-parts per million, Meg-
milliequivalent

Table 6.3 Pearson’s correlation matrix for the eighminerals of the tested cocoyam

accessions
Zn Mn Na Ca K Mg P

Fe 0.194 0.349 -0.336 -0.031 -0.425  0.045 -0.027
Zn 0.297 -0.343 0.325 0.361 0.274 0.167
Mn -0.630 0.86** -0.428 0.90% -0.362

Na -0.580 0.054 -0.58% 0.312

Ca -0.193  0.92%* -0.354

K -0.269 0.481
Mg -0.416

*P<0.05 *P<0.01

These results are in contrast to findings by 8eal. (2006) where they found significant
positive correlations in Mg with both P and K aslivas Ca to P and K. This could be
attributed to differences in the genotype nutrieseg- efficiency and differences in
environment. The presence of significant negativeretation among different minerals

suggest a major challenge to breeders to enharedfispminerals in these genotypes
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without taking into consideration the associatdéafon other minerals (Burlinganat al,
2009).

The PCA grouped the eight mineral nutrients inghticomponents, which accounted for
100% of the variability existing among the cocoyactessions. Table 6.4 indicates that the
first six principal components (PC) explained 98466f the total variation. The first three

eigenvectors (the only ones with eigenvalues graatan one) accounted for a cumulative

value of 83.34% of the entire variability among tested cocoyam accessions.

Table 6.4 Eigenvectors, eigenvalues, individual andcumulative percentage of
variation explained by the first three principal components (PC) for the

eight mineral nutrients of the cocoyam accessionsuslied

Variables Eigenvectors

PC1 PC2 PC3
Fe -0.16 -0.17 -0.82
Zn -0.17 0.59 -0.28
Mn -0.49 0.00 -0.05
Na 0.38 -0.17 0.17
Ca -0.46 0.15 0.27
K 0.21 0.63 0.17
Mg -0.48 0.07 0.23
P 0.27 0.41 -0.26
Eigenvalues 3.77 1.67 1.24
Individual percentage variation explained 47.09 820. 15.43
Cumulative percent variation explained 47.09 6791 83.34

The first PC, which explained 47.09% of the totariation among the accessions, was
mainly attributed to variation in Mn, Mg, Ca, Na,aRd K. Likewise, 20.81% of the total
variability among the genotypes accounted for #med PC originated from variation in K,
Zn and P. The third PC, which explained 15.43%heftbtal variation were due to variation

in Fe only. Two of the mineral nutrients, K anddhtibuted significantly to variation in two
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of the three significant PCs, making them relativelore important. This agrees with earlier
studies where K was portrayed as the major mimarlent component and that cocoyam is
a good source of Na, Mg, Ca and P (FAO, 1990; Enarahd Umoh, 2004; Njoku and Ohia,
2007) as well as having significant levels of Fe,d&hd Zn, especially in purple and yellow
or pink-fleshed cultivars (Englberget al, 2003; 2008). However, this study did not assess

the variation in micronutrients in relation to cofiesh colour.

During PCA the accession with the most desirablpmnent score appears in the upper
right quadrant of the graph and as it has the IsigRE1 and PC2 values. The scattergram
(Figure 6.1) suggests that accession Coy45 is #s¢ tultivar as it appears in the upper

quadrant of the scattergram.
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Figure 6.1 Scattergram showing the relative positios of cocoyam

accessions due to their mineral composition.

This accession had the highest K level which is rte@n mineral element present in the
cocoyam. Accessions Coy27, Coyl2 and Coy34B appethe right quadrant of the graph

and have above average levels of the minerals KPantlich are the major mineral elements.
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It also had appreciable levels of Mn, Mg, Na, Ca, @hd Fe. Based on these results,
accessions Coy45, Coy27, Coyl2 and Coy34B reprgeentising genetic material from
which improved lines may be developed.

6.4 Conclusions and recommendations

Cocoyam can serve as a cheap dietary source aftedsuainerals required by humans. The
crop is capable of absorbing a wide range of mieeséth relevance to human health. The
results presented in this study revealed that aooogccessions from Malawi are high in K,
P and Mg. Accessions are also rich in essentiakrala Ca, Fe and Zn. There was a wide
variation in mineral composition among accessigxxessions Coy45, Coy27, Coyl2 and
Coy34B were identified as genotypes with good nah@&omposition and potential for
becoming parental lines to enrich the germplasne. ddtoyam accessions’ K, P, Mg, Fe, Zn
and Mn levels are well above the adult recommendietary allowances and minimum
requirements (FAO/WHO, 2000). Taking Ca and Fe doboyam corms would be good for
women and growing children who need a lot of Ca Badn their diet. Calcium helps to
make strong bones and teeth and Fe helps keepldbd healthy. Zn helps the body in
protection against infection, builds the blood agmtects against vitamin A deficiency.
However, due to time limitations the study did aesess the macro-nutrients (carbohydrates,
lipids and proteins) and anti-nutrient factors présin the accessions to reveal a full
nutritional and anti-nutritional composition as as$ the genotype by environment effect. It
is therefore recommended that time permitting, shigly should be repeated on the macro-
nutrients and in several environments (locationd aeasons) to compliment the micro-
nutrient data presented in this study. A complatermation package on the nutritional and
anti-nutritional composition of the local cocoyarargplasm would help to guide policy
makers, nutritionists and research in incorporatihg crop into the diversification
programme undertaken by the Malawi government dieoto curb drought recurrence due to

over reliance on predominantly cereal-based diets.
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CHAPTER 7

General conclusions and recommendations

Plant genetic resources are an important compomebteeding. Knowledge of genetic
variation present within cultivars and/or closelglated species is a prerequisite to a
sustainable plant genetic resource conservationrapbvement programme. Limited or no
information exists on the levels and patterns afegje diversity, as well as utilisation of
cocoyam in Malawi. Hence, cocoyam accessions dellefrom local farmers in Malawi
were characterised using ethno-botany, morpholbgateracters and AFLP analysis.
Mineral composition of a selection of cocoyam ast®s was determined to identify

suitable cultivars that would help combat microrieutt deficiencies in the country.

Information on prevalence, farmer’'s preferences atilisation of cocoyam cultivars in

Malawi was gathered during germplasm collectionsu®s indicated that cocoyam is grown
in both regions of the country covered in this gtud. northern and southern Malawi. The
crop is cultivated in both low and high altitudeas provided water is not limiting. Although
cocoyam is known by different names based on atiirot a particular cultivating area, it is

generally referred to asoko throughout the country. Other names includasimbiin the

north (TumbukaandNkhonderibe) andzigumbwaanddumbein the south among théaa

The study showed that farmers in Malawi hold ricthhne-botanical and ecological
knowledge of cocoyam accessions they are conserWagmer’'s preferences regarding
cocoyam cultivars included uses of plant partsptdon and eating quality. Specifically
farmers preferred high yielding cultivars in terofssize of tubers, HDM content, mealyness,
taste, shorter maturity period, good cooking proeer(making pulp and fast cooking) as
well as resilience to detrimental weather condgioand good ornamental characters.
Preferences tended to vary between the two regibnslalawi, cocoyam is mainly grown as
a food crop and a source of income, but also asraamental plant. It is usually consumed

as a snack in the form of boiled tubers and tcsadeextent tubers are dried and ground for
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making pulp (msima). Tender leaves are used asfg leegetable and livestock feed (fish

and pigs). The leaves are also used as a traditioedicine for ringworms.

Characterisation of cocoyam using morphologicatdradicated that farmers in Malawi are

maintaining high levels of cocoyam diversity. O®tl30 traits used to characterise the
germplasm, only one was monomorphic (cross-sedfdower the part of the petiole) and

one character (main vein colour) was monomorphi@llnbut showed difference in one

accession. Traits such as predominant leaf bageesimredominant leaf lamina position,

petiole junction pattern and colour, sap colouleaff blade tip and vein pattern of the leaves
were highly polymorphic and contributed signifidsrio the total variation of the accessions.
These morphological characters were highly varialle could be used to uniquely identify
cultivars in a breeding programme. The resultshiemrnore suggested that most of the
genotypes in Malawi belong to tbd@nthosomapecies rather than to t®locasiaspecies.

The dendrogram constructed using morphological atdtars separated the accessions
according to species based on leaf base shapaslépattachment) i.e. peltate leaf base
accessionsColocasig and sagittate{anthosompa Accessions Coy5 and Coy28 were the
most dissimilar among th€anthosomaspecies (sagittate group). Accession Coy16 was the
most dissimilar among th€olocasiaspecies (peltate) group. The accessions wereefurth
differentiated within the main clusters based ogiae of collection. Accessions from the
northern region clustered separately from the drea the southern region. High levels of
variation were identified between the two cocoygracses (45% similar). Variation within
the species was moderate. However, it was highdriwithe Colocasiaspecies (peltate)

compared to th€anthosomapecies (sagittate).

The AFLP technique successfully illustrated theegenvariation within (intra-clonal) and
among accessions. The observed intra-clonal vamiat2-4%) was within the minimum
acceptable dissimilarity threshold for genotypes kelong to the same clone. The
dendrogram constructed using AFLP fingerprints cordd the presence of the two species
identified using morphological characters. Accessiothat were morphologically
characterised aSolocasia(peltate) andKanthosomgsagittate) grouped separately, with the

exception of four accessions.
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AFLP analysis revealed high levels of diversityvimtn the two species. However, within
each of the two species the level of genetic vianaitvas low. The genetic diversity of the
cocoyam accessions also exhibited a differentidtiased on geographical level. Accessions
Coy16 and Coy63 were the most dissimilar in@wtocasia(sagittate) species. On the other
hand, accessions Coy5, Coy70 and Coy57 clusteptagely from the other accessions of
the Xanthosoma (sagittate) species. Accession Coy55, morpholdlgicalentified as
Colocasia(peltate), clustered among the sagittate group amyersely accessions Coy6,
Coy42 and Coy63 clustered among the peltate group.

Combined morphological traits and AFLP data anay$erther confirmed the results
suggested by dendrograms constructed using momgibaland AFLP data. The dendrogram
constructed using combined morphological charades AFLP data was more similar to
the one constructed using AFLP data than using hubogical data. For all three analyses,
accessions separated into two main groups accotditige two species based on leaf base
shape of accessions. High levels of variation welbserved between the two species.
Variation within accessions was higher in fhelocasiacompared toXanthosomaspecies.
Variation between accessions was furthermore mauoaged on collection region since

accessions from the south tended to group sepafetet ones from the north.

The three PCA bi-plots (morphological characterBL.R data and combined morphological
and AFLP data) showed similar relationships amond within cocoyam accessions and
similarity to the hierarchical clustering of thetaaA clear distinction was visible among the
two morphologically differentiated populationsCdlocasia and Xanthosomaspecies).
Accessions Coy6, Coy42 and Coy63 separated fromrdbe of theColocasia (peltate)

species while accession Coy55 clustered amonygdhéhosomgsagittate) species.

The AMOVAs partitioned the total variance amongagm accessions into variance among
and within populations, basically defined on moilplhaal characterisation into the two
main species of cocoyafolocasia(peltate) andanthosomgsagittate). Results indicated
that most of the variation lied between the twouapons compared to within populations.
This agreed with the hierarchical clustering andARg-plots results which showed high
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levels of variation between the two populations pamed to the variations within the

populations ColocasiaandXanthosomapecies).

Cocoyam accessions showed high levels of divernsitgerms of mineral composition.

Results confirmed that K is the major mineral comgid of the tubers. The tubers also
exhibited high levels of essential minerals (CaaRd Zn). Incorporating cocoyam into the
diet of resource poor farmers would help reducentih@o-nutrient deficiency prevalent in

the country. Accessions Coyl2, Coy27, Coy34B angd6Gshowed high levels of minerals
and could be utilised as parents to incorporateettiaits into new cultivars.

Although the accessions exhibited high morpholdgicariation, the AFLP technique
revealed low levels of genetic variation within tpgrmplasm. The narrow genetic base poses
a major challenge to conservationists and breealersocoyam germplasm is vulnerable to
future disease epidemics and insect damage. Thelévgls of morphological variation in
the germplasm is due to the high rate of vegetairepagation after somatic mutations and
famers’ selections that fix different morphotypewing more or less the same genetic base.
The AFLP technique which detects polymorphism ia #&ntire genome reduced the high
levels of variation observed morphologically, (muoppgical traits are mainly expressed by a
limited number of genes). The study has thereftu@ve that the two methods can best

elucidate the level and pattern of genetic diver§iised complementary.

Results are similar to what others found in majpcoyam growing regions of south east
Asia and the Oceania region. The narrow genetie lzasl high variability and level of
mineral composition has been observed in most grgpwegions and different species of

cocoyam.

It is therefore recommended that farmers’ ethnabical knowledge be preserved and
incorporated into the future improvement programmkethe crop. Farmers’ preferences, if
incorporated into a breeding programme, tend t@eland enhance the adoption of newly
developed cultivars. Apart from a few accessionsy8; Coyl16, Coy28, Coy55 and Coy63)
that showed high levels of variation within eachtlué two species, it is recommended that
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genotypes from other regions be utilised to broatlen existing narrow genetic base

available for crosses.

The information revealed by this study will helpgrave efficiency in cocoyam conservation
and future improvement programmes. The low levdisgenetic variation among the
accessions should help conservationists and breeesrgn better conservation efforts of the
crop in case of disease epidemics and pest outhr8akeders will have options of parents
for making crosses, as the genetic distances arti@engenotypes has been uncovered. The
most distinct morphological traits identified inighstudy will be used by the breeders and
conservationists in cultivar characterisation addntification required by variety release
committee. Farmers’ will have improved cultivardiwall the desired traits as breeders have
knowledge of the farmers’ preferences and desnatst This will in turn ease adoption of
released cocoyam cultivars. The study should aksip Imutritionists, technologists and
extension agents, both public and private, to lie#n advocate and market the crop and its

products to resource poor farmers and potentialstres.

The study only covered a subset (southern and erortiegions) of the existing germplasm in
the country. In future a broad spectrum collectaord study on genetic diversity (agro-
morphological, molecular and nutritional) shoulddmaducted in the country to confirm the
extent of the genetic diversity prevalent in Malakuture studies should also consider use of
a combination both morphological characters and RRhalysis to uncover the pattern and
extent of genetic diversity in the country. A cyeogtic study would also help to identify any

possible association between the pattern of diyeasid the ploidy nature of the crop.
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SUMMARY

Cocoyam C. esculentgL.) Schott andX. sagittifolium(L.) Schott) belongs to the family
Araceae. Cocoyam has the potential to contribyeifstantly to world agriculture in terms
of food, nutrition and crop diversification. Degpthis the crop remains neglected in terms of
research focus. Limited or no information existstlom prevalence, preference and utilisation
as well as the pattern and level of diversity thaists in cocoyam germplasm found in
Malawi. This study determined the level and pattef genetic diversity of cocoyam from
Malawi using ethno-botany, morphological charactessd AFLP markers. Mineral
composition of selected genotypes was also detexdniThe ethno-botanical survey showed
that farmers in Malawi maintain a large amount @éa@yam germplasm. These farmers have
rich ethno-botanical and ecological knowledge of ttocoyam cultivars they conserve.
Farmer’s preferences regarding cocoyam cultivactuded uses of plant parts, adaptation
and eating quality. Morphological characters showegh levels of variation among
accessions. Two main species of cocoy@umipcasiaandXanthosomavere identified based
on leaf base shapes (petiole attachment). AFLP ensrkhowed low levels of genetic
diversity between accessions as opposed to therhaiphological diversity. A combined
(morphological characters and AFLP data) analysingt UPGMA clustering, PCA and
AMOVA further alluded to the presence of the twa@a@pam species within the germplasm.
High levels of variation were detected betweentthe species and low levels of variation
were observed within each of the two speci€sldcasia and Xanthosomp The PCA
exhibited a better representation of the genetierdity pattern than the hierarchical
clustering. Accessions showed high levels of minesanposition. Potassium was identified
as the major mineral component. Accessions alsigatl high levels of essential minerals
(Ca, Fe and Zn). Incorporating cocoyam into thé dig¢he resource poor farmers could help
in the fight of the most prevalent micro-nutriemfidiencies. A study on morphological and
genetic diversity as well full nutritional assessinef the tubers and leaves of cocoyam from
the whole country is recommended. In order to beoatthe narrow genetic base observed

importation of foreign material is recommended.
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OPSOMMING

Amadumbie C. esculenta(L.) Schott enX. sagittifolium (L.) Schott) behoort aan die
Araceae familie. Amadumbie het die potensiaal otekenisvol tot wéreldlandbou in terme
van voedsel, voedingswaarde en gewasdiversifikagiee dra. Ten spyte hiervan word die
gewas nog steeds in terme van navorsing afgesiBagerkte of geen inligting is oor die
voorkoms, voorkeure en gebruik van die gewas sawalie patroon en vlak van diversiteit
wat voorkom in kiemplasma van Malawi beskikbaarhierdie studie is die patroon en vlak
van genetiese diversiteit in amadumbie kiemplasma Malawi met behulp van etno-
botanie, morfologiese eienskappe en AFLP merkerpadle Minerale inhoud van
geselekteerde genotipes is ook bepaal. Die etremlaste opname het getoon dat boere in
Malawi ‘n groot hoeveelheid genotipes onderhou. Iiiere wat die kiemplasma aanplant het
‘n ryk etno-botaniese en ekologiese kennis vargditipes wat hulle bewaar. Die boere se
voorkeur in terme van amadumbie cultivars sluitdia potensiéle gebruik van plantdele,
aanpassing en eetbaarheid. Morfologiese eienskbppénoé vlakke van variasie tussen
genotipes getoon. Die twee hoof spesies van amadu@blocasiaen Xanthosomajs op
grond van blaarbasis vorms (petiool aanhegtingjegdifiseer. AFLP merkers het lae vlakke
van diversiteit tussen genotipes getoon, wat tegligt was met die hoé morfologiese
diversiteit. Gekombineerde analises (morfologieeaskappe en AFLP data) met UPGMA
groepering, PCA en AMOVA het die teenwoordigheich vevee amadumbie spesies in die
kiemplasma bevestig. Hoé vlakke van variasie tudsespesies en lae vlakke binne die twee
spesiesColocasiaen Xanthosompis waargeneem. Die PCA het ‘n beter verteenwagaindi
van die genetiese diversiteitspatrone as hierargedepering gegee. Genotipes het hoé
mineraalinhoudvlakke getoon. Kalium was die beldwse minerale komponent. Genotipes
het ook hoé vlakke van noodsaaklike minerale (Gaek Zn) gehad. Die insluiting van
amadumbie in die dieet van hulpbron-arm boere &adie stryd teen mikro-element tekorte
bydra. ‘n Volledige studie van morfologiese en dease diversiteit sowel as voedingswaarde
analise van die knolle en blare van amadumbie vamele land word aanbeveel. Die invoer

van kiemplasma word aanbeveel, om die smal geedbi@sis van die gewas te verbreed.

126



APPENDIX 1

Morphological descriptor used for cocoyam charactesation

No Description Categories Code

1. Maximum horizontal distance reached by leaves Nafdrow (<50 cm) 7.1.1
2- Medium (50-100 cm)
3-Wide (>100 cm)

2.  Maximum vertical distance reached by leavesatired to 1-Dwarf (<50 cm) 7.1.2

ground level

2-Medium (50-100 cm)
3-Tall (>100 cm)

3. Number of stolons (side shoots) 0- None 7.1.3
1-1to 5
2-61t0 10
3-11to 20
4- >20

4.  Measure of the longest stolon 1-Short (<15 cm) 1.311
2-Long £15 cm)

5. Number of suckers (direct shoot) 0- None 47.1.
1-1to5
2-61t0 10
3-11to 20
4->20

6. Leaf base shape (with regard to the petiolelatte@nt) 1-Peltate 7.2.1
99-Other e.g. sagittate, hastate
specify

7. Predominant position (shape) of leaf laminaaxef 1- Drooping 7.2.2
2-Horizontal
3-Cup-shaped
4-Erect - apex up
5-Erect - apex down
99-Other (specify)

8. Leaf blade margin 1-Entire 7.2.3
2-Undulate
3-Sinuate
99-Other (specify)

9. Leafblade colour 1-Whitish 7.2.4
2-Yellow or yellow green
3-Green
4-Dark green
5-Pink
6- Red
7-Purple
8-Blackish (violet-blue)
99-Other (specify

10. Leaf blade colour variegation 0- Absent ¥2.
1-Present

11. Type of variegation 1-Fleck 7.2.4.2
2-Mottle
3-Stripe

12. Colour of variegation 1-Whitish 7.24.3
2-Yellow
3-Orange

127



13.

14.

15.

16.

17.

18.

19.

20.

21.

Leaf blade margin colour (observed on the upgde of

blade)

Leaf lamina appendages

Petiole junction pattern- Area of spots at vginction on

upper surface of leaf

Petiole junction colour (observed on the ugde)

Sap colour of leaf blade tip

Leaf main vein colour (observed the upper sideaf blade,

beyond junction)

Leaf main vein variegation (observed the upgpde of leaf

blade)

Vein pattern (shape of pigmentation on veindeai lower

surface)

Petiole colour-colour of top third
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4-Green

5-Pink

6-Red

7-Purple

99-Other (specify)

1-Whitish

2-Yellow

3-Orange

4-Green

5-Pink

6-Red

7-Purple

99. Other (specify)
0-Absent

1-Present

0-Absent

1-Small

2-Medium

3-Large

0-Absent

1-Yellow

2-Green

3-Red

4-Purple

99-Other (specify)
1-Whitish (transwd)

2-Yellow

3-Pink

4-Red

5-Dark red

6-Brownish

99-Other (specify)

1-Whitish

2-Yellow

3-Orange

4-Green

5-Pink

6-Red

7-Brownish

8-Purple

99-Other (specify

0-Absent

1-Present
1-V pattern (in a ‘V’ space)

2-l pattern (in an ‘I’ shape)
3-Y pattern (in a 'Y’ shape)

4-Y pattern and extending to

secondary veins

99-Other (specify)
1-Whitish

2-Yellow

3-Orange

4-Light green

7.2.5

7.2.6

7.2.8

7.2.9

7.2.10

7.211

7.2.11.1

7.2.12

2714.1



22.

23.

24,

25.

26.

27.

28.

29.

Petiole colour-colour of middle third

Petiole colour-colour of bottom third

Petiole stripe

Petiole stripe colour

Petiole basal-ring colour

Cross-section of lower part of petiole (obsdrem healthy
and fully developed leaves of the same age

Leaf sheath colour

Leaf sheath edge colour

4-Green
6-Red
7-Brown
8-Purple
99-Other (e.g. ‘bronze’, black7.2.14.2
specify)
1-Whitish
2-Yellow
3-Orange
4-Light green
4-Green
6-Red
7-Brown
8-Purple
99-Other (e.g. ‘bronze’, black
specify)
1-Whitish 7.2.14.3
2-Yellow
3-Orange
4-Light green
4-Green
6-Red
7-Brown
8-Purple
99-Other (e.g. ‘bronze’, black
specify)
0-Absent 7.2.15
1-Present
1-Whitish 7.2.15.1
2-Yellow
3-Orange
4-Light green
4-Green
6-Red
7-Brown
8-Purple
99-Other (e.g. ‘bronze’, black7.2.16
specify)
1-White
2-Green (yellow green)
3-Pink
4-Red
5-Purple
99-Other (specify)
1-Open 7.2.17

2-Closed
1-Whitish 7.2.19
2-Yellow
3-Light green
4-Red purple
5-Brownish
99-Other (specify)
1-Dark brown (contirs)o 7.2.19.1
2-Dark brown(not continuous)



99-Other (specify)
30. Leaf waxiness 0-Absent 7.2.20
3-Low
5- Medium
7-High
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