EVALUATION OF TARO LEAF BLIGHT ( Phytophthora colocasiae)
DISEASE INCIDENCE, SEVERITY, ENVIRONMENTAL EFFECTS
AND RELATIONSHIP BETWEEN RESISTANCE AND
AGRONOMIC TRAITS OF SELECTED TARO
(Colocasiae esculenta) ACCESSIONS
IN WESTERN KENYA.

BY

OTIENO CARREN ADHIAMBO

A THESIS SUBMITTED IN THE FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF DOCTOR OF
PHILOSOPHY IN BOTANY

DEPARTMENT OF BOTANY

MASENO UNIVERSITY

©2019



DECLARATION
DECLARATION BY CANDIDATE
| declare that the dissertation hereby submittedni®y for the degree of Doctor of
Philosophy in Botany (Microbiology) at Maseno Umnisigy is my own independent work
and has not previously been submitted for the awaeddegree in any other university. |

further cede copyright of the dissertation in favoliMaseno University.

Otieno Carren Adhiambo

PG/PhD/00087/2012 Signature............... Date........cooenne.

RECOMMENDATION BY SUPERVISORS
This thesis has been developed under our supamasid&Jniversity supervisors

Prof. Valerie Palapala
School of Science and Technology

United States International University

P.O Box 14643-00800 ' VQ/
Nairobi. Signature 1 XA

Dr. George Opande

Department of Botany

Maseno University

Private bag

Maseno Signature............... Date.................



ACKNOWLEDGEMENT
I am profoundly grateful to the Lord Almighty whoagted me wisdom and divine grace
to pursue post-graduate studies at Maseno Uniyef3iory be to His Holy name. | wish
to express my deepest gratitude to the followingppe for their kind assistance: Prof.
Valerie Palapala as my chief supervisor. She has laepillar in my academic pursuit
with constant response and guidance. No amountraiftigdle or money can pay the
impact she made in my life, the mentorship andgheeral support are immeasurable.
You suggested this problem and provided excellepersision during the course of the
investigation. Your helpful criticism and inspimti during the preparation of this
manuscript helped to shape the work. | express nojopnd gratitude also to the
Capacitate East Africa Program for unveiling thiejgct. To Dr. George Opande of the
department of Botany, Maseno University | say Gs$ you for your tireless support,
advice and concern. | convey my sincere gratitutkethanks to all staff members of the
department of Botany, Maseno University for allogvime to use the laboratory and
greenhouse to conduct experiment. My appreciatiso goes to the able Dean of
Physical and Biological Sciences, Maseno Univerfitygranting me the opportunity to
study in this noble institution. Much appreciationDaniel Buyela of Maseno University
who greatly assisted me throughout the laboratooykwMany thanks to Mr. Nelson
Kidula of KALRO - Kisii for his immense contributioin statistical analyses. Special
thanks go to my family, husband and my lovely ddegland sons, who suffered a lot
during my long absence from home, including publtidays and weekends, May God

richly, bless them for their patience, enduranae @nayers.



DEDICATION
To God Almighty,
My dear husband Ben and children, Pascaline, Redn&dama and John for

understanding why | couldn’t be there for them guene they needed me



ABSTRACT
Taro (Colocasiae esculenth. Schott) popularly known as ‘nduma’ is an aquatiant
grown for its edible leaves and corms. It is maioljtivated in Western and Central
Kenya but its production is constrained majorlyRiytophthora colocasia taro leaf
blight (TLB) disease. The disease causes destruction aff ded corm. Knowledge
pertaining to taro association with the diseas&érce, severity, index, Rainfall, R.H,
temperature, interrelationship between agrononaitstand disease resistance of Kenyan
and Pacific — Caribbean taro accessions remainamknn Western Kenya. The study
was conducted at MMUST University farm, Maseno ersity laboratory and
greenhouse to determine disease incidence, sevardgx, resistance and agronomic
traits of Pacific - Caribbean and Kenyan taro botkivo andin-vitro. Field experiments
were arranged in a C.R.D and replicated five tinvage the control experiments in the
greenhouse were blocked. Disease incidence wasebthy calculating the percentage
number of leaves infected per accession. Severdy gerived from a subjective score
scale of 1-9 adopted from Simongbal. (2016). Effect of R.H, rainfall and temperature
was determined based on disease incidence, sevanty index vis a vis the
meteorological data obtained from Kakamega weatitation. Number of leaves,
suckers, plant height and leaf surface area reptedehe agronomic traits. Relationship
between agronomic traits and disease resistancedetsmined by correlation and
dendogram analyses. Analysis of variance was usddignificant means separated by
the L.S.D at 5% significance level. Disease incaeranged between 17.71% - 29.86%,
severity 33.2% - 53.5% and index 0.71 - 1.54 focifita- Caribbean and Kenyan taro
respectively. The peak rainfall amounts of 174 288.9 mm, maximum temperature of
28.6°C and R.H range of 56 - 66% vyielded the higlesdence, severity and index.
Disease resistance ranged between 58.27% - 89.3B8Kehyan and Pacific — Caribbean
taro respectively with BL/SM/128 portraying the Ihggt resistance of 89.73% while
KNY/ELD/75 had the highest resistance (84.34%) agntite Kenyan taro accessions.
Disease incidence and severity negatively corrélatgh number of leaves and corm
weight. Plant height was not affected by diseagection BL/SM/120 had the highest
mean number of leaves (8.1) and KNY/KSM/20 had Iltwest (4.6) The identified
tolerant taro accessions could be suggested farefubreeding. Further evaluations
should be done on the identified taro under divemeironments and screening with
more virulent TLB isolates to aid in understandiligease pattern. These would guide in
ascertaining the right planting time to prevenedise epidemic and to develop accessions
with improved resistance and productivity.
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CHAPTER ONE

INTRODUCTION
1.1 Background
1.1.1 Taro production
Taro Colocasiae esculent@d) Schott), a member of th&raceaefamily is a staple food
in many developing countries in Africa, Asia and ®acific Island. It is produced mainly
in Africa but is most important per capita in Ocieatt is the fourteenth most consumed
vegetable and the fifth most harvested root crafnénworld. Taro has a better adaptation
to saline and swampy soils than other related csoph as cassava and potatoes. (Singh

etal.,2012).

The natural habitat of taro is the edge of watarses and in marshy areas where few
crops would succeed (Wanyama and Mardell, 2006mémy countries, taro is being
replaced by sweet potatoes and cassava, largelyoddieease and pest problems which
are becoming a limiting factor for its productiddep et al.,2009). It is a rich source of
carbohydrates, proteins, minerals and vitamins lzexl medicinal properties to reduce
tuberculosis, ulcers, pulmonary congestion and dumgfections (Sharmat al., 2008).
The corms are utilized in various industries fa greparation of high fructose syrup and

alcohols (Vishniet al.,2012).

1.1.2 Taro leaf blight disease

Taro leaf blight disease (TLB) poses a seriousathte food security in national
economies where it is grown. It has contributedigmificant changes in dietary patterns
and cropping systems (Trujillo, 1996). Prior toflblight outbreak, taro was the major

export earner in countries like American Samoa amdr 90% of households were



growing the crop, after the outbreak, only 1% & tbtal supply ofColocasiae esculenta
were available to the local market (Asraku, 2000)e majority of varieties of tarthat
existed have been lost primarily through infectigrthe pathogen. In Hawaii, prior to the
arrival of taro leaf blight, there were approximat850 different varieties in the country
which overtime as a result of TLB disease becanss khan 40 different varieties
(Asraku, 2010). The use of planting material frorfected corms, increases the disease
incidence in subsequent taro crops. Other factkes dlensity of plants, temperature and
humidity are among factors influencing infectiordaspread of TLB disease warranting

research on the same (Whehan, 1992).

The disease (TLB) if not managed early may leayliet reduction of more than 50%.
The survival of the crop and genetic data basharsatened and may lead to extinction.
Taro leaf blight pathogen brought about wide spfeatine in countries that used it as a
staple food. Due to the outbreak of the disease)des especially from Cameroon were
skeptical of the etiology and health consequenéésendisease and they abandoned the
crop in the field which led to widespread povei@hénet al, 1994). As a result of this
disease epidemic, huge financial losses have bemmred by many farmers since taro
was the main crop grown and also their main sowfcencome both locally and for

exportation to nearby countries (Mboegal, 2013).

1.1.3 Taro leaf blight disease management

A lot has been done globally on control measuresaod leaf blight which include:
broadcasting on radio, training and seminars orirabmethods but these efforts have
had minimal effects. There is also difficulty inadsing the right parental genotypes as a

result of inaccurate assessment of the genetiditatien of different taro cultivars which



help to discriminate between susceptible and w#igaro cultivars (Queret al., 2004).
Other management strategies have also been usszhtiml thedisease which include

crop rotation and use of fungicides (Asraku, 2010).

Early cultural disease management has been recodeden reducing the inoculum
level and relative humidity in the field. Infectddaves should be removed from
plantation, burnt and buried. The plants shoulavlakely spaced and be away from older
infected ones (Huntest al., 2002). This has been found to reduce the disdwsesver
negligible (Mandyet al., 2009). Rouging reduces inoculum levels but itniy @ffective
during the early stages of disease developmento [€af blight is an explosive disease
hence cultural and physical control methods aralysineffective during an epidemic.
As disease severity and intensity increases, palyaf removal mimics the blight by

further reducing total leaf surface area (Hueteal, 2001).

Field sanitation may decrease disease levels @arthe season, but sporulating leaf
lesions supply enough propagules (sporangia, zoespdo increase disease (Asraku,
2010). It has also been demonstrated experimeriatly in the presence and absence of
leaf blight, that planting taro closer together royes vyield. It has also been found that
close spacing increases the total weight and numbeorms, though individual corms
become smaller (Brooks, 2005). Close spacing @%.m) may as well increase leaf
blight severity. Other cultural methods recommendedude; deep planting, delay of
planting on the same land for a minimum of threekge avoiding planting close to older
infected ones and preventing the carry-over of soomsuckers which can harbour the
pathogen from one crop to the other (Jackson, 19g8usting date of planting to escape

periods known to be of high disease prevalence haee recommended to reduce initial



inoculum of the pathogen and incidence of earlygaealisease development (Nwanosike
et al., 2015). Moreover, lower disease incidence and sigvefi taro leaf blight was
reported in taromaize intercropping system than those grown in maohore. The effect
of planting time, leaf removal, intercropping analer of fertilizer on incidence and

severity of the disease has been unknown (Asrdki)2

Successful control of taro leaf blight is also ploleswith chemicals especially with the
use of protective and systemic fungicides (Nelebal.,2011). Infected plants would be
sprayed with fungicides such as Ridomil MZ and Maseaz(Hunteret al., 2002).
Mancozeb (e.g., Dithane M45), copper (e.g., coppeychloride), metalaxyl (e.g.,
Ridomil Gold MZ) and phosphorus acid (e.g., Fos¢hekve also been recommended.
Mancozeb and copper have protective activity onily Metalaxyl and phosphorus acids
were generally specific foPhytophthora diseases with the former prone to the
development of resistance by the organism (Fulertmd Tyson, 2003). Copper
fungicides such as copper oxychloride would beiad@t the rate of 4.1kg per 100 litres
of water per hectare. Protestant chemical spragtacong copper, manganese, or zinc,
have been effective against taro leaf blight, bedavly rains make repeated applications
necessary. Good results have also been reportbdmétalaxyl, a systemic agent used
against the oomycetes (Vishetl al., 2012). Despite the effectiveness of fungicides in
controlling taro leaf blight, the presence of wasgating on the leaf lamina makes it
ineffective, rendering it uneconomically feasible large quantities of fungicides and
repeated applications are required. The efficacfungicides is also strongly governed
by the severity of the disease at the time of appibn, and the prevailing weather

conditions (Fullerton and Tyson, 2003).



Generally, fungicides are most effective when diseacidence is low and timely
applications reduce inoculum levels. When diseas#sr exponential phase, efficacy of
disease control is reduced. Method of applicatitso anfluence efficacy. Motorized
knapsack applications are superior to conventidnaraulic machines due to large
coverage and speed of application especially i hégnfall situations (Jackson, 1999).
Moreover, there are known disadvantages to ovemee on use of fungicides, one being
an increased frequency of resistant mutants, eapeti pathogen populations with the
higher evolutionary potential. Recent years of aede have shown an increase in the
occurrence and spread of pathogen strains reststamdjor types of fungicides and even
strains resistant to more than one chemical (Viséinal., 2012). Spraying chemicals
every two weeks for 3-5 months is neither costetife nor compatible with a
subsistence agriculture system common in many mdri8/estern and Central Kenya
counties. Under epidemic conditions of taro leadtil disease, chemical treatments are
unable to control the disease (Brooks, 2000). Tiara subsistence crop and routine
chemical use is neither economically practical eovironmentally suitable, sprays are
not effective when applied just before or duringe frequent periods of heavy rainfall
(Vishnuet al.,2012). Controlling taro leaf blight using chemg# difficult and cultural
methods have generated interest in finding vasegsistant to the disease. Most farmers
who traditionally grow taro cannot afford the extast required for fungicides and
labour involved in leaf removal and spraying (Hurée al, 2001). Host resistance is
probably the most valuable control in Agricultuf@esistant varieties are not only

environmentally friendly but also require little ditional disease control input from



farmers. To select for quantitative resistancerethie need to accumulate the resistant

plants.

It has been reported that soil application, seedlttnent and foliar spray of rhizobacterial
cultures isolated from taro d?hytophthorablight reduces disease incidence and severity
and increases yield, compared to untreated pathogewlated plants (Askaru, 2010).
Experiments using saprophytic micro-organisms hal®wn that Pseudomonas
fluorescenceBacillus subtilisand Gliocladium flimbriatumcan control the fungui-
vivo and in-vitro. The potential for this biological control howeveaas not been
effectively tested at the farmer level (FAO, 199])e use of resistant varieties offers the
most suitable management and long-term strateginstgiaro leaf blight disease. It is
cost effective and environmentally acceptable (Bsp®005). The success of breeding
for resistance against TLB depends on the avaitigluf genetic resources and the type
of resistance they confer (Iramet al., 2004). The use of polygenic or horizontal
resistance (HR) is one of the most effective mearcontrol taro leaf blight (Singét al
2010). Horizontal resistance (HR) is controlledébgumber of minor genes and does not

involve a gene-for-gene relationship.

1.1.4 Taro leaf blight disease resistance

The resistance mechanism of taro against TLB issidered to fall under the HR
category based on several host-pathogen interaatimdels and genetic studies
(Robinson, 1996). Ivanciet al. (1994) reported that horizontal resistance wascéffe
against all races of pathogen and has a reputdgrodurability, therefore referred to as
durable resistance. This breeding strategy involthes systematic selection of the

resistant individuals from a population followed bgcombination of the selected



individuals to form a new population (recurrenteséion). With HR breeding strategies,
it is normal to generate many progenies of goodragnic quality differing widely in
their degree of disease resistance. Such a rangeiarial provides the opportunity to
match the degree of resistance to the potentiél ofsdisease (Fullerton and Tyson,
2003). On the other hand, Vertical resistance (V&30 referred to as monogenic
resistance is generally controlled by one or fewomgenes and provides complete
control against certain races of a pathogen (Setgdl, 2001). It is often characterized
by a hypersensitive reaction in the host. Subsdtpjarew pathogen races evolve that
are able to attack previously resistant plants nwakiertical resistance a non-durable
resistance (Singlet al., 2001). According to Atak (2016), hybrid genotypelsV.
vinifera crossed withV. labruscavaried in resistance to fungal diseases andleatnost
resistant cultivars could be used as resistant rdo#o major challenge however, is the
reliable identification of the least susceptibldividuals in the population for use in the
next cycle of inter-crossing. The breeder seldotspiants or lines with the lower levels
of disease severity and by doing that continuoushgr the seasons, the level of

guantitative resistance will increase fairly ragiDo Valeet al, 2001).

Samoa implemented a programme to screen and ewdluatexotic varieties of taro
which included; ‘Toantal”, “Pwetepwet’, “Pastora’né “PSB-G2”. The first three

varieties originated from the Federated States widiesia (FSM) whereas “PSB-G2”
was obtained from the Philippine Seed Board (Fona®05). Genetic resistance of
cultivars offers the best long-term control of téeaf blight. However, desirable cultural
characteristics and eating qualities are oftendasing breeding. Current breeding efforts

therefore are focused on improving yield, suckedegirable for vegetative propagation,



time to maturity, taste, and texture (Hurgel, 2001). Trip report at National root crops
research institute, Nigeria by Graham (2012) reack#éihat out of 343 abstracts presented
to the symposium on International network for egliatoids (INEA) in 2012, only three
were onColocasiae esculentaut of the three, the aspects of its agronomyewery

minimal.

Controlling taro leaf blight by use of host resmsta and tolerance can make a major
contribution towards world food production. (Wanyanand Mardell, 2006). The
phenomenon of incidence, severity, resistance aisdegptibility in regard to taro leaf
blight disease of taro are incompletely understquatticularly in Kenya. The
epidemiological parameters such as rainfall, teatpee and relative humidity and their
contribution to taro leaf blight disease incidetarel severity on Pacific - Caribbean and
Kenyan taro has rarely been ascertained. The &abHUlight pathogen is capable of
releasing their spores in water and this usualtyeases during rainy season and high
humidity reducing corm vyields as a result of redudeaf area for photosynthesis
(Miyasakaet al., 2007). This leads to low productivity, low qualiyanting materials,

low level value addition and processing (WanyantMardell, 2006).

1.1.5 Production of taro in Kenya

Taro production has reduced drastically in thellotarket with a subsequent increase in
its retail price especially due to the epidemicboedk of taro leaf bligh(Jugurnauthet
al., 2001). The growth of taro in Kenya is on a ssifesice basis with very limited record
of production status. It is poorly researched asgoduction is negatively affected by at
least 10 major diseases and pests in different pdrthe world (Benjaw, 2017). The

impact of the blight in Kenya has led to continliess of taro and its genetic resources.



However, the interaction effect of environment aach leaf blight disease epidemic has
hardly been investigated in different counties ehifa (Lebogt al.,2003). The study of
relationship between disease progression with veegiarameters would be paramount
for effective disease management (Lebbtal., 2008). Taro agronomy and quality are
among the aspects that have pausley been studigdnya (Akweeet al, 2015). The
effect of the disease on leaf and corm productiomaro needed to be investigated to
establish the extent of damage caused by the diseakfferent counties of Kenya. More
in-depth studies are required to find out the ey for breeding for taro leaf blight

disease resistance.

Taro Colocasiae esculentas one of the principal root crops that have shayveat
promise in generating income among rural communiiie Kakamega and Nairobi
counties of Kenya. Its production in Kenya has hesvebeen low as compared to the
Pacific - Caribbean countries. Kenya has experigmieereasing food security as a result
of smallholder farmers and improper disease comimdl prevention (Akweet al.,2015).
The agricultural diversification by growing a vdyieof crops including underutilized
crops is the alternative way to address food sgcand alleviating poverty amongst rural
communities. In Kenya, the disease has been managene extent with a combination
of chemicals. However due to leaf texture, angleeaf, wax coating on leaf surface and
coincidence of the disease incidence with highfaliamounts in the tropics, the disease
management has become a major challenge to farAeast from developing resistance
to fungicides, depending on chemicals alone forealie control would cause

environmental pollution. The most sustainable optfor managing taro leaf blight



disease is proficient use of both biocontrol anskdse resistant accessions (Wanyama

and Mardell, 2006).

Pathogenicity of taro leaf blight isolates from vees Kenya on taro accessions from
different counties of Kenya (Kakamega, Kisumu, Sjaylumias, Busia, Trans-Nzoia,
Uasin Gishu and Nairobi) together with those froatiRc - Caribbean has pausley been
established. Screening on Kenyan taro accessiodstéomine their level of tolerance to
TLB is very crucial in improving taro production Kenya. (Fullerton and Tyson, 2004).
This study aimed to determine disease incidenoeergg and index of taro leaf blight
and effect of rainfall, temperature and relativenidity on the same Kakamega county
of Kenya. The need for designing solutions in cotinigathe devastating effects of taro
leaf blight disease cannot be overemphasized. Tés®arch work has sought to
determine the incidence and severityPdlfytophthora colocasiam Pacific - Caribbean
and Kenya taro accessions through conducting fredts and greenhouse pathogenicity
test. The baseline information on the incidence sederity of the disease in Kenya

would foster a strategic planning towards its mamagnt (Omeget al.,2016).

1.2 Statement of the Problem

Production of taro in Kenya has faced many challsngne of which is leaf blight
disease caused biyhytophthora colocasiaeTaro leaf blight incidence, severity and
disease index on Kenyan and Pacific - Caribbeanaecessions has been unknown. The
incidence and severity of the pathogen has nevar bempared between the Kenyan and
the Pacific - Caribbean taro. Pacific - Caribbeammunities have had intensive and

promising research towards development of tarobdéght resistant taro accessions.
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Taro leaf blight disease has been a serious probfetaro in the humid tropics where
rainfall is greater than 2500 mm per annum. Thecefdf Rainfall, relative humidity and
temperature on TLB disease of Kenyan and PacifiCaribbean taro accessions has
hardly been done in Kenya and particularly Kakameganty. Taro leaf blight spores,
rainfall, temperature and humidity are the facttihsit closely correlate with the

occurrence of this disease (Terefal, 2015).

The relationship between agronomic traits and Tl&ease resistance of Kenyan and
Pacific - Caribbean taro accessions as been unkamdnKenyan taro accessions have
rarely been compared with the accessions from ieaciCaribbean countries so as to
determine their level of resistance to taro legftil Results from such study will enable

use of plants with reasonable resistance.

The problem associated with low taro production dodf level of TLB resistant
accessions in Kenya has not been established. Memethe agronomic traits of Kenyan
taro have hardly been compared with the access$ions Pacific — Caribbean to enable
determination of the highest yielding and TLB dse#olerant taro accessions. Although
vast genetic diversity exists in well adapted tacoessions, so far not much systematic
study on resistance or susceptibility level of emgs taro genetic resources has been

conducted in Kenya and the empirical informatiorresistance to TLB is not available.
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1.3 Objectives

1.3.1 General Objective

Evaluation of taro leaf blightPhytophthora colocasigedisease incidence, severity,
environmental effects and relationship betweenstasce and agronomic traits of

selected taroGolocasiae esculentaccessions in Western Kenya.

1.3.2 Specific Objectives

1. To determine the incidence, severity and diseadexirof TLB disease on Kenyan
and Pacific - Caribbean taro accessions

2. To determine the effect of Rainfall, relative huitydand temperature on TLB
disease of Kenyan and Pacific - Caribbean tarossomes.

3. To establish the relationship between agronomitstemd TLB disease resistance of

Kenyan and Pacific - Caribbean taro accessions.

1.3.3. Hypotheses

1. Pacific - Caribbean taro accessions record higlwer leaf blight disease incidence,
severity and index than the Kenyan taro

2. Taro leaf blight disease on Pacific - Caribbeamae highly affected by rainfall,
temperature and relative humidity than Kenyan taro

3. There is no relationship between agronomic trangl &aro leaf blight disease

resistance of Kenyan and Pacific - Caribbean tecessions.

12



1.4 Justification

Resistant taro accessions had been developed inRaosic - Caribbean countries. This
was why it was important in this present study eonpare the Kenyan taro accessions
with those screened from Pacific - Caribbean termeine the level of TLB incidence and
severity of Kenyan accessions in an effort to bifeedesistance to taro leaf blight.
Weather factors such as rainfall, relative humidity temperature play a crucial role in
taro leaf blight epidemic development. For thatsmm Kakamega where field
experiments were conducted was well suited forstidy due to its high annual rainfall
and environmental condition that were conduciveepademic of taro leaf blight. A
comprehensive knowledge and understanding of epadegical triggers of taro leaf
blight in Kenya was needed for better managementhef disease. The correlation
between weather and disease incidence togethersesérity has been recognized in the
effort to manage taro leaf blight disease (Ektal.,2017). Based on understanding the
disease epidemiology, effective control and managgmeasures of the blight could be

developed and implemented.

Use of fungicides has proved expensive and nonr@mvientally friendly thus there was
need to develop integrated management strategibsasuuse of resistant varieties which
are natural and non-hazardous (Vistetual., 2012). The impact of taro leaf blight on
Kenyan taro, the continued loss of taro genetiougses is a driving force towards the
development of sustainable strategies for the mamagt of the disease. Research on
taro leaf blight disease incidence done by Chiggnd Ugwuja (2013), showed that most

parts of East Africa produced TLB susceptible taowessions hence development of

13



genetically resistant accessions alongside otheagement measures were paramount in

solving this present problem.

Host plant resistance is considered the most pedcfeasible and economical method of
plant disease management. It is necessary to geaelontegrated disease management
strategy by combining host plant resistance andibitles as efficient components. The
use of resistant taro accessions reduces proldaraif plant pathogens and for this
approach to be successful it is essential to aadlyz plant pathogen populations for the
understanding of the epidemiology, host—pathogenrevatution, and resistance
management (Vishnwet al., 2012). This will help in initiating suitable brdad

programmes for the development of resistant culiioh taro.
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CHAPTER TWO
LITERATURE REVIEW

2.1 Taro Plant Biology

Taro, an herbaceous plant also known as elephargreas to a height of 1-2 m but
survives from year to year by means of corms amchets. It consists of a central corm
lying just below the soil surface. Roots grow dovanes while cormels, daughter corms
and runners (stolon) grow laterally. The root syste fibrous and lies mainly in the top
one metre of soil (FAO, 1999). Root formation taldsce immediately after planting
followed by rapid growth of the shoot. Shoot growtiows rapid decline at about six
months after planting, this is followed by a redoctin active leaves, decrease in mean
petiole length and decrease in total leaf area (FA¥®9). Each leaf is made up of an
erect petiole and a large lamina. The petiole $20m long and is flared out at its base
where it attaches to the corm. The petiole is #stlat the base and thinner towards its
attachment. The lamina is 20-50 cm long, oblongtewaith the basal lobes rounded. It
is entire, glabrous and thick (Vivasare al., 2011). Taro is due for harvesting 5-12

months after planting (Benjaw, 2017).

2.2 Taro Classification

Taro belongs to the familraceaewithin the sub-familyColocasioideaeand the genus
Colocasiae. There are several taro species, soméioh are wild such a€olocasiae
affinins (wild), C. falax(wild), C. gagantegwild and cultivated)C. oresbia(wild), C.
virosa (wild) and colocasiae esculentéwild and cultivated). The wild types are more
acidic, have smaller corms, long thin stolons amir&ly green leaves (Jugurnawhal,

2001). The cultivated species of taro are clagkifis Colocasiae esculentabut the
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species is considered to be polymorphic. They vesénguished into two botanical
varieties;Colocasiae esculenta var. esculerfizasheen) an€olocasiae esculenta var.
antiquorum(eddoes) (FAO, 2012 olocasiaeesculentavar. esculentais characterized
by the possession of a large cylindrical centralm;oand very few cormels. It is
agronomically referred to as the dasheen typerof @@AO, 2012).Colocasiaeesculent

var. antiquorum on the other hand, has a small globular centwain¢ with several

relatively large cormels arising from the corm. §kariety is agronomically referred to
as the eddoes type of taro. Other taro speciesidaclXanthosoma sagittifolium,

Cyrtosperma mercusé@ndAlocasia macrorrhizogBrooks, 2000).

2.3 World distribution and production trends of taro

Taro world production is estimated at 11.8 millitomnes per annum (Vishret al.,
2012). It is produced globally from about 2 millibectares with average yield of 6t/ha
(Singh et al., 2012). Most of the global production comes fronveleping countries
characterized by small holder production systemd wlying on minimum external
resource input (Singbt al, 2012). Taro plays a role in food security, ridn, culture
and income generation to resource-poor farmerscandumers even though it is under-

studied (Sharmat al.,2008).
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Table 2.1:Estimated production of taro in 2009 from the 2ghleist producers
worldwide (FAO, 2011)

Production
Country (tonnes) Country Production (tonnes)
Nigeria 4 459 650 Central African Republic 1876
China 1692551 Thailand 104 472
Cameroon 1668 130 Céte d’lvoire 90 000
Ghana 1 504 000 Gabon 70 131
Papua New Guinea 313 814 Fiji 69 863
Madagascar 239 901 Democratic Republic of Congé5 000
Japan 182 000 Solomon Islands 48 449
Egypt 160 000 Burundi 44 502
Rwanda 136 849 Sao Tome and Principe 35 066
Philippines 120 000 Chad 32732

According to Ayoguet al. (2015) and FAO (2009), Nigeria was the world'syést

producer of taro, accounting for up to 4.5 millitonnes out of 9.2 million tonnes

produced annually throughout the world.

Table 2.2:Taro Production in Africa in (2005-2006)

Rank (USD Country Production Production
1000) (Tones) Value

1 Nigeria 554, 968 5,387000
2 Ghana 173,931 1,688,000
3 Cameroon 98,899 1,200,000
4 Madagascar 17,307 240,000
5 Egypt 13,698 151,971

6 Rwanda 11,394 110,607

7 Central Africa Republic 10,302 100,000
8 Cote d’lvoire 7,717 93,639

9 D. R.C Congo 6,825 66,250
10 Burundi 5,988 58,125

11 Gabon 5,279 56,000

12 Liberia 3,090 30,000

Source: Http://Faostat.Fao.Org
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It is cultivated extensively but at a subsistereeel for local consumption in the South-
East Nigeria. In the past few years, taro producteastically declined, by about 50%
(Ayogu et al.,2015). Japanese are the major world importer @fthall-corm taro, with
annual quantities averaging 20,000 tons fresh &)@80B tons frozen. China supplies
most of the imports to Japan. A part from China Bhilippines has the largest area
devoted to taro in Asia proper. About 34,000 hetaf land was devoted to taro in 1996
producing about 117,000 tones (Simomga@l 2016). Most Pacific Islands produce large
corm taro for house and domestic consumption anéxport to New Zealand, Australia
and the USA. In Africa, high production of taro about seventy-four per cent (74%)

comes from the west and central African countriesd, 2012).

Taro production system is dominated by the West Afriompared to East Africa. The
FAO database (2012) indicated that West Africa ysfdr the largest taro producing
region. From 2008 — 2012, Africa accounted for 86Rglobal area harvested and 74%
of total taro production. The West African sub-mgalone accounted for 61% of global
area harvested and 50% of global production. THigsees indicated a decline in the
contribution of the region to global taro produation the preceding 5 years (2003 —
2007). Akweeet al (2015) reported that the events of production emdsumption of

taro in East Africa is neither known nor the varief taro being grown. This is partly
because even in research and development, thedugion system is regarded as
informal being managed outside convectional market, in the region, taro could

contribute substantially to food and income segwftmany households. Onyeka (2014)
reported that taro production system is regardedamsinformal activity by both

researchers and policy makers. This has contribiatet$ under-exploitation despite the
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nutritional value and its potential as food andhca®p. Although the crop is contributing
substantially to the food and income security oyn&ouseholds in East, West and
Central Africa, there is inadequate if any well daented and consolidated information
on its cultivation, consumption and importance iteellhoods in those regions. This
necessitates research-based knowledge informatitimet rural farmers on efficient and
proper utilization of taro crop like any other dovaied cash crops in the mainstream

farming.

2.4 Production trends of taro in Kenya

Taro production is decreasing in many countries tdugeveral diseases and pests. This
has made it to be replaced by sweet potatoes asdvwa There are competing demands
on labour to produce crops both for food and cdsfis has seen a trend towards the
replacement of traditional cultivars by a smallasmber bred for high yield in
monoculture (Akweet al, 2015). The loss of this traditional diversity ytaave serious
repercussions. It may mean that in the face obssrpest and disease outbreaks, or a
need for other traits, such as nutritional quaktyological adaptation including climatic
changes, food processing potential, pharmaceufcatucts, cultivars will not be
available to evaluate (Tyaegt al, 2003). In Kenya, the production of taro is exteiym
low compared to the neighboring countries like WiggrRwanda and Burundi which are

exporters of the same.

Taro production system is lower in comparison teeotroot and tuber crops like cassava,
sweet potato and yams. The low productivity is piiip due to low quality planting
materials and low level of value-addition and pssteg (Wanyama and Mardell, 2006).

In some counties in Central Kenyan, Western antdvRifey and Nyanza regions, taro is
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grown by small scale farmers near the streamsver ianks since most rural population
lack modern irrigation facilities for an upland darcultivation. The agricultural

diversification by growing variety of crops includj underutilized crops is the alternative
way to address food security and alleviating pgvamongst rural communities in Kenya

(Akweeet al, 2015).

Some of the challenges that Kenyan farmers fadededdifficulty in selecting the right
germplasm in the absence of an accurate asseseiméeir genetic constitution (Quero
et al, 2004). There is genetic erosion of resourcesdifenous African crops including
taro. Moreover, Kenyan farmers reluctantly adopd &ccessions that can withstand the
ever-changing climate and the increasing biotic abgbtic plant stresses that limit
maximum crop production. There is an urgent neguéserve the remaining indigenous
germplasm of native food crops for future crop depment and posterity. In Kenya, taro
crop is perceived to be a traditional food by meagnmunities (Onwueme, 1998).

Taro contains carbohydrates, proteins, very gooserggl mineral elements like
potassium, calcium, phosphorous, vitamins and diefiares (Opara, 2001). There is
need for more research on local taro productiosiy iseases and pests. Although taro
crop is more expensive than other root crops inyldeits agronomical potential is low
(Lee, 1999). There is limited research work andnmfation on it in Kenya and as such
minimal modern varieties have been developed. Eurtbre, there is limited information
concerning the diversity of species or varietiggpaomy, production and contribution to

food sustainability and security (Singhal.,2012).
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Taro is affected by at least 10 major diseasespasts in different parts of the world.
Taro leaf blight disease is one of the major dissas taro. It was first recorded in Guam
in 1918 and later in Hawaii in 1920 (Singh al., 2012). The disease can reduce corm
yield by up to 50% and leaf yield by 95% in susi@ptvarieties. It also deteriorates
corm quality causing heavy losses during storagendontrolled it causes great loss of
crop genetic diversity as well as impact on persamzomes and national economies

(Singhet al.,2012).

2.5 Cultivation

Taro can be planted from three kinds of plantingemal; Tops which are the leaf stalks

with little of the top of the taro root. It is tlrrost common planting material and usually
has flat base, second is the suckers which grom Sigles of the taro roots or corm and
usually has pointed base, third type is the runmdrieh grow out from corms and run

over the surface of the ground, they make shoa@tsdan be used to plant taro (FAO,
1999). Taro can be grown where water is abundaimt @pland situations where watering

is supplied by rainfall or by supplemental irrigatti It can be grown under flooded

conditions due to air spaces in its petiole whigrnpt gaseous exchange with the
atmosphere under water (Mare, 2009). For maximugidyj the water level should be

controlled; so that the base of the plant is alwayder water. Flooded cultivation has
some advantages over the dry-land cultivation &t they have higher yields and it

controls weeds (FAO, 1999). On the other handlooded production system taro needs
a longer maturation period, investment in infrastuce and operational costs are higher,

and monoculture is likely.
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Like most root crops, taro does well on deep, moiseven swampy soils where the
annual rainfall exceeds 250 mm per annum. Eddoesrare resistant to drought and
cold than dasheen type. The crop attains maturitiiinvsix to twelve months after
planting in dry-land cultivation and after tweleefifteen months for wetland cultivation
(Tumuhimbise, 2009). The crop is harvested aftdedine in the height and when the
leaves turn yellow. The signals are usually lesstirdit in flooded taro cultivation.
Harvesting is usually done by hand tools, even @tmanized production systems. First
the soil around the corm is loosened and then @@ ¢s pulled up by grabbing the base

of the petioles (FAO, 1999).

2.6 Significance of Taro

Taro is an important staple crop throughout theie®and part of the traditional culture
in places like Hawaii and the Samoan Archipelagmdfgoet al (2016) stated that taro

is a very significant crop in the life and cultwkthe highlanders not only as one of their
staple food but also indispensable part in theoperdnce of sacred activities and rituals.
In Cameroon and other west African countries, fara cultural food. It is sacred and

honoured (Carnatt al, 2016).

Taro is nutritionally superior to both cassava gan in the possession of higher protein,
mineral and vitamin contents as well as easily stigke starch. The leaves are eaten
cooked, and the corm is baked, boiled, fried, pednihto a paste (poi), or made into
flour (Brooks, 2005). The young leaves are a natrg spinach-like vegetable, which

provides a lot of minerals, vitamins and thiami@ayeka, 2014). The taro leaf contains
about 23% protein on a dry weight basis. It is @gtch source of calcium, phosphorus,

iron, Vitamin C, thiamine, riboflavin and niacin,hiech are important constituents of
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human diet. The fresh taro lamina has about 20%dxiter, while the fresh petiole has

about 6% dry matter (Doet al.,2009). The food value of taro is as shown in T&uBe

Table 2.3:Proximate Composition of the Taro Corm on a Freghght Basis

Component Content
Moisture 63-85%
Carbohydrate (Mostly starch) 13-29%
Protein 1.4-3.0%

Fat 0.16-0.36%

Crude fibre 0.60-1.18%
Ash 0.60-1.3%
Vitamin C 7-9 mg/100 g
Thiamine 0.18 mg/100 g
Riboflavin 0.04mg/100g
Niacin 0.9 mg/100 g

Source Onwueme, 1994

2.7 Taro leaf blight disease

Taro leaf blight disease is causedRiytophthora colocasiagRaciborski) and is one of
the most important economic disease of taro becausduces corm yield by up to 50%
(Singhet al, 2006) and leaf yield by up to 95% in susceptigaotypes (Nelsoat al,
2011). The blight disease affects the leaves ariblee of taro plants, resulting in
extensive damage of the foliage. It belongs togéreusPhytophthoraJugurnauttet al.,
2001). Among the pathogenic oomycetes, membeitseofénushytophthoraare among
the most devastating and attack a range of economcspecies such as pepper, tomato

and soybeans (Brooks, 2005).

Taro leaf blight disease was first recorded in Sammo1993 but first described in Java
(Mathews, 1999). Its outbreak caused farmers terdify into other subsistence food

crops (Fonoti, 2005). Thhytophthora colocasiaes an oomycete fungus, generally
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prevalent under cloudy weather conditions withrmigtent rains and temperature around
28°C. It has limited host range. It is known to infemimarily Colocasiae spp(C.
esculent, C. esculent var. globulifer, C. antiquuy@ndAlocasia mycorrhizggiant taro)
(Singhet al, 2012). Although taro can be infected by the pgémp the ability of the
disease to become epidemic on this host is restrisy very low inoculum production.
Xanthosoma sppndXanthosoma saggittifoliare immune. Other reported hosts include
Amorphophallus campanulatyslephant-foot yam)Bougainvillea spectalfperiwinkle),
Draconian polyphyllumguava),Hevea brasiliensigrubber), Panaxilis (bougainvillea),
Cantharanthus roseus quinquefoligdmerican ginseng)Piper beetle (betel), Piper
nigrum (black pepper)Ricinis communigcastor bean) and®incarosea(periwinkle)

(Singhet al.,2012).

Taro leaf blight symptoms begin with small patcloes leaves, they appear as small,
water-soaked spots, which increase in size and aunithe presence of the fungus is
also characterized by white mycelium around the mdoith the advancement of the
disease, lesions enlarge and become irregularapes(Dipa, 2017). The leaves become
dark brown in colour with yellow margins (Vishmt al.,2012). A small circular speck,

brown on the upper surface and water soaked belostmbegins on lobes and sides of
the leaf where water collects. Initial spots giveerto secondary infections (Jackson,
1999). According to Bandyopadhyay al (2011),Phytophthora colocasiaappeared as

small brown coalescing lesions with orange exudatiwhite sporulation was observed
on the lesion surface under wet condition folloviagdmassive leaf defoliation and death
of plant. Clear yellow to red droplets ooze frdme spots and develops into dark brown

hard pellets as they dry. Spores may be trappedeinhe pellets. Petioles are not
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attacked but later collapse as the leaf bladestralged, collapses and dies (Vistetial.,

2012).

The fungus also causes post-harvest corm rot dsgodered when cut open (Jackson,
1999).Phytophthora colocasiais characterized by the production of chlamydospane
the isolates, ovoid, ellipsoid, semi-papillate spwia that are caduceus and with medium
pedicel (Brooks, 2005). Brooks (2005) further repdrthat circular and regular spots
occur on the margins of the leaf which regularlcreased in diameter. Further
investigation by Brooks (2005) revealed yellow a&ed liquid drops in the middle of the
spot in the morning but when dry, the liquid becasoid and brown in colour. White
ring of sporangia around the edge of lesions alsmiated taro leaf blight symptoms.
Later the center of the lesion become papery aiidofas producing ‘shot hole’
appearance. In Irian, Jaya and Indonesia, Pail@§leeported taro leaf blight disease
symptoms as purple brown spots on the upper pafteoleaf which appeared wet on the

lower side.

Plate 2.1:Colocasiae esculenghowing TLB disease infestation

The progress of taro leaf blight disease is medsiaréerms of the number of lesions, the
amount of diseased tissue, or number of diseasactsplPlants can individually be

evaluated for disease scoring by observing andrdew the percentage leaf infection .
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According to Chothanet al (2017), development of late blight disease ofatmmwas
initially slow but, later increased with time. Tal®2.4 below shows disease progression in

plants.

Table 2.4: Stages of lesion development

Stage Observation time Symptoms

1(early stage of 2 days after Appearance of water-soaked lesions on
infection) inoculation leaves

2 (intermediate stage 7-8 days after Yellowing of leaves

of infection) inoculation

3 (late stage of 7-10 days after Increase in intensity of blackening and
infection) inoculation decay of leaves

4 (very late stage of 10-20 days after Destruction of entire leaf, total yellowing

infection) inoculation of all leaves, wilting and death of plant.

Misraet al, 2008

The mechanism of taro leaf blight disease infecisonot yet fully understood (Hiraida,
2016). The pathogen can cause biochemical changas. Misra (2008) noted that taro
has mechanisms to eliminate pathogens by incregdiegolic levels which accelerates
recovery during inflammation. Several methods tst the pathogenicity of taro leaf
blight on taro have been used. Bandyopadtetesl (2011) used detached leaves of taro
of one-month old plants. These were inoculated with isolates of zoospore suspension
after which they were incubated in moist chamber@2C. Twenty-four hours after
inoculation, water — soaked lesions, showing tylpieaf blight symptoms appeared on
the leaves and the detached leaves completelyogenrwithin 48 hours. Uninoculated

detached leaves were not affected.
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Padmaja (2013), reported a pathogenicity test Bdheaf discs removed from three-
month-old plants and inoculated with 10 pl of apamsion of 3x1tzoospore per ml. The

discs were later incubated in the dark af@7or five days. The inoculated discs
developed taro leaf blight disease symptoms wihke dontrol produced no symptom.
Nelsonet al.(2011) further reported pathogenicity test doneselected young taro plants
of approximately 30 cm height grown in green houdee plants were inoculated with
zoospore suspension &hytophthora colocasiaelhey were covered with plastic bag
and incubated at room temperature for 2-3 dayseWataked lesions were formed on all

inoculated sites just after three days.

2.7. Fungal disease incidence and severity

Taro leaf blight diseaseauses corms to rot both in the field and in s@ragding to
heavy storage losses (Mboagal, 2015). Worse still, taro crop has very narrowegje
diversity suggesting that with the severity of tiight incidence if positive steps are not
taken, the crop might face extinction with the ypaor’s situation worsening (Bassey
al, 2016). The phenomenon of incidence and sevénityegard to taro leaf blight disease
of taro are not completely understood in Kenya.dkding to Miyasakat al (2012) taro
cultivars differed significantly in severity of TLBnd in severity of corm rots. George
(2016) in his ICAR (Indian Council of Agriculturdkesearch)-CTCRI (Central Tuber
Crops Research Institute) Annual Report 2015-16eakad that, out of the 1271
accessions screened, 288 showed high incidencasshea mosaic disease, while 513
accessions were found to be free of any symptombarearly stages of plant growth.
Within an infected area, the first lesions were doenfection from adjacent plants

(Ayogu et al, 2015). It has been revealed that while sometpléd@come severely
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diseased with continuous night time sporulatiomect immediately adjacent may have
little or no disease (Fullerton and Tyson, 2003¢cdtding to Tarleet al (2014) taro
blight severity increased rapidly immediately aflee appearance of the first symptoms

and then decreased eventually.

Generally, older leaves or younger leaves lowethiea canopy were most severely
affected because of a number of factors which ohedn a constant supply of inoculum
deposited by runoff water or dew from above; a maveducive microclimate for the
oomycete lower in the canopy; and also, becausdetisewaxy cuticles of older leaves
tolerate better adhesion of spore-carrying watepsl(Fullerton and Tyson, 2003). Tyson
and Fullerton (2015) further indicated in theirgach outcome that taro leaf discs taken
from the youngest fully expanded leaves produced tesults for discriminating between
TLB disease incidence and severity among diffemotessions of taro. Furthermore,
lesion development was generally greater on lestfsdiaken from second or third leaves.
The importance of soil borne chlamydospores ingbidemiology of the disease has not
been established but they could allow survivalhaf pathogen between crops (Fullerton
and Tyson, 2003). In situations where, vegetatiagenmel dies off because of drought or
cold conditions, the pathogen most likely surviestween seasons as vegetative
mycelium in the infected corms. While most of thdgewithin the first few days, a small
proportion develops thick walls, forming chlamydosgs that are able to survive in soil
for up to three months (Ayoget al, 2015). In wetland taro production, the movenunt
paddy water carries these sporangia and zoosponeacaplants and between fields.
Because growers propagate taro vegetatively, titeym anknowingly transport taro leaf

blight pathogen between fields and over long distanby the movement of infected
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planting material (Nelsoret al, 2011). Adindeet al (2016) reported a significant
difference in taro leaf blight disease incidenceoag six villages in Nigeria. The
variation was attributed to varied agronomic piEgi such as plant spacing, farm
sanitation and use of fungicide across the villa@dsse spacing is thought to contribute
to increased chances of disease disseminationc&afiplanting material and handling
could also be responsible for the significant défeces in TLB infestation (Brooks,

2005).

Onyeka (2014) evaluated 70 farmer’s field acrogghtestate representatives of taro
growing agro-ecologies of Nigeria and reported Tih&idence range of 65% to 90% and
a generally high disease severity within fields.iefha and Ugwuja (2013) similarly
attributed significant difference in incidence @ird leaf blight disease in some sites
within a location in Nsukka area in Nigeria to difnces in agronomic practices
observed by each individual farmer before, duringd aafter planting. Further
investigation by Chiejina and Ugwuja (2013) revdalbat wide spacing of plants and
avoiding to plant near an infected plot reduce@ak® incidence and severity (Tyson and
Fullerton, 2015). Time of planting also affectedidence and severity of taro leaf blight.
It was revealed that farmers who planted their rlgmg before the disease incidence
period had less disease infection on their crops those who planted at the peak of the
disease (Chiejina and Ugwuja, 2013). Asraku (20&pdrted that transportation and the
use of diseased planting materials represent armaans of transmitting TLB disease.
Previous research showed that the rate of diseagsagpment observed on taro in the
field differed with leaf age (Tyson and Fullertd015). Brooks (2008) found out that

older leaves were more susceptible to TLB than gdeaves and suggested the need to
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standardize the age of the leaves selected fordmsaf assays. Adindet al (2016)
reported that disease severity appeared to incr&#beincrease in disease incidence

across different locations.

2.8. Environmental influence on fungal disease indence and severity

Environment is one of the major factors that inflce the process of an epidemic, having
the capacity to induce or retard it (Chiejina angwdja, 2013). The epidemiological
parameters such as rainfall, temperature and vel&tumidity and their contribution to
taro leaf blight disease incidence and severity lesn unknown in Kenya. Rainfall,
humidity and temperature are the key factors cdlimigothe taro leaf blight disease cycle
and epidemiology. Favorable temperatures and regpkriods of leaf wetness,
particularly in the humid tropics promote TLB epwies by favouring pathogen
dispersal, infection, and disease development (Ayeigal., 2015). Outbreaks of the
disease in new areas distant from known centetigfettion probably result from the

introduction of infected planting material.

The study of relationship between disease progresswith weather parameters is of
paramount importance for effective disease manage(Bdakywaset al, 2013). Disease

development under natural conditions was found eoirffluenced by environmental
factors (Chothanet al, 2017). Climate influences the pathogen and tds énvironment

separately and in interaction throughout the peabdrop growth from infection to host
death (Benzohraet al, 2018). Brooke (2005) revealed that apart fromepth
environmental factors, moisture, sunshine and watsb influence fungal disease

incidence and severity and that epidemics geneflallyish when night temperatures are
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in the range of 17-20 °C. The cool temperaturesiudtite the release of infective

zoospores, promoting multiple infections (Fullertord Tyson, 2003).

Taro leaves have waxy hydrophobic leaf cuticlesciviassist the wash-off of sporangia
and zoospores from the leaves into the soil, dr gpash onto other leaves and petioles,
particularly the lower older ones. However, in #iesence of regular rainfall, conditions
favourable to re-infection occur on most nightsugimgy regular cycling and survival on

infected plants thus making it endemic (Ayagal, 2015).

According to Cabi (2016), TLB pathogen grows raypidl areas with high humidity and
heavy rainfall. Raet al (2002) reported that moisture levels were paosiyivcorrelated
with the development of number and size of leafhiliof maize lesions in both
susceptible and resistant varieties of maize. @nhyil Adipala et al (1993) and
Ramathaniet al. (2009) noted a prevalence of Northern leaf blightighlands and
wetter areas of Kenya and Uganda. Temperature gdkierrate of reproduction of fungi
and the physiological conditions of the host. Terapee highly affects the growth and
aggressiveness of pathogens and expression okdisgmptoms in the plants (Benzohra

et al, 2018).

The warm, humid days and cool, wet nights of tlits are ideal for reproduction and
spread oP. colocasiaeDuring rainy weather, leaves of taro that norgnille for 30-40

days may be destroyed in less than 20 days. Theeredohealthy plant that carries 5-7
functional leaves may have only 2-3 leaves whenected. This reduces net
photosynthesis, resulting in a reduced corm yiBldnts growing in extremely hot and

humid environments show high susceptibility to btigiseases than those growing under
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normal conditions (Campbell and Benson, 1994). &hegportant aspects have received
scanty investigation about taro leaf blight diseasavestern Kenya. Benzohwet al
(2018) in his study, indicated differences in effef temperature levels on mycelial
growth and sporulation oAscochyta fabadt was revealed that most mycelial growth,
sporulation and pycnidial formation were first obvsel at 22°C, but progressively the
good morphological and cultural characters declimsiiow and above 22°C, with
absence of sporulation at 26 and 30°C. AccordingGhothaniet al (2017) increase in
early blight disease severity index in tomato wasgaratively higher in the temperature
range of 35.2 — 38°8 (maximum), 17.1-24°C (minimum) and 26.80-31.3€ average
temperature. The disease severity index was algh ht 30-58% evening relative
humidity and 1.2—-2.2 wind speed. The above conaitiwere most congenial for disease
development. Sahet al (2014) reported that minimum temperature had gatmnee
highly significant correlation with early blight sfase of tomato. Pefouea al (2007)
showed that radial growth dfrachysphaera fructigendecreased to minimum at higher
temperatures, which could be considered as lethrarddial growth of the pathogen.
Sehajpal and Singh (2014) noted that temperatu2081°C was the best for mycelial
growth of Botrytis gladiolorumand the least was observed at 30£1°C. No conatidl
sclerotial production was recorded at lower andrezmé temperatures. The rate of
mycelial growth ofSphaeropsis pyriputrescengreased as temperature increased up to
20°C and then decreased rapidly as temperatureased. Sehajpal and Singh (2014)
also reported that temperatures ranging from 2&28% 65% humidity during the day

and 20-22 °C and 100% humidity during the nightfaed the fungus. TLB spores were
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produced mainly during rainy nights with heavy dewthe morning facilitating the

scattering of the spores allowing germination ariddtion. (Matthews, 1999).

Spores of the fungus are also moved in wind dri&én and dew to new areas of same
leaf, nearby plants or new plantings. Spores alieade and on sunny day shrivel and die
within 2-3 hours as humidity falls (Jackson, 1999ke water collecting on older leaves,
as well as high temperature and high humidity amedacive to onset, spread of the
disease and germination of the spores. The dis@asgpread from plant to plant by wind
and splashing rain. Spores survive in planting metdfor three or more weeks
(Matthews, 1999). Infected planting materials im@ans of dispersal of the disease over
long distances and from season to anot@errelation coefficient study by Chothaeti

al. (2017) on early blight disease of tomato revedtet, maximum temperature was
significant, whereas morning relative humidity awdning relative humidity were highly
significant with negative effect on developmenteafly blight. Increase in temperature

by 1°C increased the development of early blight by @&Chothankt al, 2017).

Asexual reproduction by taro leaf blight, occurradinly during wet weather. Sporangia
were formed at the end of short, un-branched orirsgig branched sporangiophores at
the edge of lesions. They were ovoid to ellipsoithva distinct narrow apical plug,

average 40-50 x 23 um. Sporangia were separateddporangiophores by rain, leaving
a stalk 3-10 um in length attached to their baseirg wet weather, sporangia germinate

on the upper surface of leaves (Brooks, 2005).

It is well known that temperature influences pa#rogevelopment as well as expression

of host resistance. The effect of temperature ogremgiveness component had been
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established for many pathogen species and preaantgtimum for spore germination,
lesion development and sporulation. However, thepaoese to temperature differed
among individuals. Spore production rate of twof lasst isolates R. triticina) were
found to be identical at 2-18 °C but different & B0 °C (Tsopmbengt al., 2014).

Growth was found to be faster between 27-30 °Ct(Scal, 2011).

Minimum and maximum temperatures for growth werported to be 10 and 35 °C
respectively (Brooks, 2005; Scet al., 2011). In-vitro, the optimum temperature for
growth of taro leaf blight pathogen was approxinye#s°C (Brooks, 2005, Fullerton and
Tyson, 2004). According to Tsopmbemrg al. (2014) the growth of taro leaf blight
disease increased with temperature and the maxigramth was obtained at 27 and 30
°C independently of the pH value. Taro leaf bliglathogen was found to be strongly
influenced by temperature both in laboratory aettfobservations (Tyson and Fullerton,

2015).

When temperatures were near 20°C and humidity wgds (80-100%), most germination
was indirect, producing zoospores that swim foew minutes, encyst and form germ
tube. This process could occur in two hours or.l&sorangia germinated directly
between 20-28°C. The incubation period of taro ldagfht pathogen was reported to be
2-4 days at optimal temperatures of 24-27°C (Brp@k®5). Tsopmbengt al., (2014)
on effect of different pH and temperature levelsreuitro growth and sporulation of taro
leaf blight, revealed that a pH of 7 and a tempeeatof 27 °C were the optimum
conditions for the pathogen growth while those pbrsilation were 6 and 18 °C
respectively. In the leaf disc assays performed Tyygon and Fullerton (2015),

temperature had a statistically significant effeat lesion size and percent successful
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infections. At 15°C the rate of infection of leafscs was very low. The rate of
development of lesions on leaf discs was howeveratgst at 25 and 30°C, but
suppressed at 35°C. Colony growth of the pathogas also completely inhibited at
35°C (Tyson and Fullerton, 2015). Taro leaf bligis#tease spread faster among leaves of
the same plant and between plant by rain splaslwardtblown rain. It is highly adapted

to wet humid environment and favoured by floodiogditions in the field (Shakywaat

al., 2013). Data obtained by Shakywetral (2013) indicated that weather parameters
viz., average relative humidity, cumulative raihfahd sunshine hours were positive but

significantly correlated with taro leaf blight dése incidence and severity.

Other factors involved in plant disease spreaduthel susceptible host, virulent
pathogen, frequency of each element over time anatidn and frequency of favourable
environment. The host factors that affect epidenévelopment include; levels of
genetic resistance or susceptibility of the hosie pathogen factor that affect epidemic
include; levels of virulence, quantity of inoculumear host, type of reproduction of the
pathogen, ecology of the pathogen and mode of dppéahe pathogen. According to
Agrios (2005) the process of epidemic is influenbgdenvironment (Whehan, 1992).
Research has shown that absence of certain impartdrients such as calcium and
phosphorus increase taro leaf blight disease infeciThis needs to be investigated
further (Askaru, 2010). Human activity also playsode in TLB disease epidemics and
they include; site selection and preparation, $ielecf propagative materials, cultural

practices, disease control measures and introductioew pathogens.
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2.9. Resistance of plants to fungal diseases

Limited published research has been done on patimtyeof TLB pathogen isolates of
Western Kenya and Kenya as a whole. There is arnsajustraint for existing breeding
programs, particularly with reference to resistahgeTLB caused byPhytophthora
colocasiagLebotet al., 2008). Long term breeding strategy for taro, basedecurrent
selection of wide genetic base composed of cageidlected parental genotypes from
diverse geographical origin could be used to maenmutagenic resistance in progenies

(Lebotet al.,2008).

Controlling plant diseases by use of host resigtamud tolerance can make a major
contribution towards world food production. It hpsoven to be an extremely cost-
effective and environmentally acceptable approdabefaet al.,2010). This breeding
strategy involves the systematic selection of #mstant individuals from a population
followed by recombination of the selected individuao form a new population
(recurrent selection). The main advantage of thiategy is its ability to accumulate
minor resistance genes, which individually wouldifes minimal resistance (Singt al.,
2010). But together they are likely to be addit@rel provide durable disease resistance.
Several studies have been carried out to deterthaneesistance level of taro to various
diseases and to identify resistant accessionsderiu breeding studies. However, there
has been difficulty in choosing the right paremahotypes. This has made it difficult to
discriminate between susceptible and resistantdaltovars (Quercet al., 2004). More
research is required in order to breed for reststato taro leaf blight disease.
Characteristic defense response in taro like matmgrohost species likely includes

systemic events through signaling and possibly tdotise and hydrolytic enzymes,
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enzyme inhibitors and phytoalexins (Ayogtial, 2015). However, the phenomenon of
resistance, tolerance and susceptibility using epidlogical parameters are

incompletely understood.

Atak (2016) investigated the resistance level ohsagrape species to different strains of
Uncinula necatoy the causal agent of powdery mildew and realizdterdnces in
resistance among different grap&4ti€ vinifera) cultivars. Miyasakat al (2012) in a
study found out that mechanism of resistance foundultivars resistant to taro leaf
blight was effective against other fungal pathoge@sforio et al. (2015) realized
generally lower resistance &fitis vinifera cultivars from humid regions of Spain to
downy mildew than those from other regions. ResoifltBeld evaluations by Tyson and
Fullerton, (2015) revealed that, individual tarcessions responded quite differently in
successive tests in terms of resistance to tafdbleght. It was suggested that in some
plant-pathogen interactions such as Pythium damgifyglowny mildewsPhytophthora
diseases and viral infections, the hosts whichatedned reasonable maturity and vigour
before the outbreak of an infection, would show entgsistance to the infection than

those in their juvenile stages (Chiejina and UgwR( 3).

Prajongjaet al. (2014) reported that climate of Thailand beingy@wvourable for fungal
diseases, even in hybrid grape cultivars some ptibte individuals were discovered.
However, during hot, dry conditions, lesions depeld slowly and in some, the pathogen
died out and the lesions failed to expand furtfidnis suggested a great influence of
environmental factors on fungal diseases. The mdreffect of environmental conditions
on symptom development makes field assessmentssadtance unreliable (Tyson and

Fullerton, 2015). In a study by Atak (2016), thesistance levels of some cultivars
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belonging to different species were determined regaiwo fungal diseases, namely
downy and powdery mildew, under climatic conditiam&'alova, South Africa and were
found to vary indicating that different cultivarssponded differently to taro leaf blight
infection. Miyasakaet al (2012) in his study revealed that most traditidtawaian taro
cultivars did not have high natural resistance doo tleaf blight. Planting heavily
susceptible taro could also multiply the numbesmdres in the field increasing taro leaf

blight severity and decreasing the yield of théstast cultivars (Yaltet al.,2009).

The cultivars with higher disease resistance atended for use as parents in future
breeding programmes because in recent years, thecpon of human health and safer
food production have emerged as very important essuJsing intensive spray
applications to control fungal diseases in grapedpction is not recommended,
especially for fresh consumptions. Singhal. (2012) reported ineffective management
of TLB in the Pacific through chemical and cultunaéasures and suggested the use of
disease resistance cultivars for sustainable mamagfeof the disease. Recent breeding
programmes in Hawaii have crossed TLB resistartiveus from other areas of the world
with commercial cultivars in Hawaii. According thet 2015-2016 ICAR-CTCRI Annual
Report by George, (2016), of the nineteen taro ssioes screened artificially, six
(1C087153, 1C012601, 1C012294, 1C310104, TCR-26@ aCR-326) showed moderate
resistance to taro leaf blight. The knowledge alkand leaf blight resistance is still
limited on Kenyan taro accessions. Repeated cosmp@iwith the best cultivar are a
useful statistical procedure to identify promisiregcessions among others for

conventional breeding with commercial parents tprione disease resistance and yields.
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2.10. Yield and Quality of taro

Taro agronomy and quality are important aspectshiénae pausly been studied in Kenya.
The study on its agronomic requirements are neédedprove its productivity and
storage. The crop is underutilized, with very lmaitinformation on its production status,
protection, agronomy, social-economic values anst-parvest management (Benjaw,
2017). Of all the different kinds of cocoyam, té@nlocasia esculenjastands out among
others due to high corm and cormel yields, earlyunitg, high palatability and ease of
cooking (Bassegt al, 2016). In composition, the main economic paftthe taro plant
are the corms and cormels, as well as the leawasg{A 2015). The fresh corm has about
two-thirds water and 13-29% carbohydrate, whicpresdominantly starch. Mukherjes

al. (2016) reported relationships among the vyieldibatting characters of taro and
observed mean weight of cormels, number of corpeiplant and leaf area index (LAI)
to be positively and significantly correlated wigkeld. Taro blight is a yield-limiting
constraint in taro production (Tarlet al, 2014). In addition, the use of poor yielding
cultivars and decreased cropping areas (Ustadl., 2010), as well as cocoyam leaf and
root rot blight complex (Mbanasa al, 2008) have affected both growth and yield of the
crop in the humid topics (Udoét al., 2010). Highly susceptible cultivars appeared to
produce smaller leaves on shorter petioles. Thaatnpf taro leaf blight on production of
taro in Kenya need to be ascertained in order ¢églclon to the continued loss of taro and

its genetic resources (Brooks, 2005).

Taro crop has been ignored as a legitimate cropefeearch which is managed outside
conventional agricultural production, marketing aswbnomic channels (Mare, 2009).

Such knowledge gaps limit the understanding of ssio@’s sensitivity to pathogen
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infection in terms of agronomic performance wairagntfurther investigation (Whehan,
1992). Inadequate literature has been generated Kakamega county of Kenya to
describe the yield and quality of taro they prodpadicularly in relation to weather and
taro leaf blight infection. In recent years, seVéaamlands have been devastated by leaf
blight resulting in the disappearance of the cnapnf most world markets. It has also
become inaccessible to rural poor in particularsi@es, the livelihood of many rural
farmers particularly in Kenya who depend on it imcome either as occupation or for
commerce purpose has been greatly affected. Tleaghscan cause yield losses of 30-
50%, and results in lowering of the quality of hest (Tadele, 2009). In many Pacific
countries, Guarino (2012) reported taro yield lesskeup to 90 % in Cameroon. In some
parts of the North West and South West Regionsamhé€roon, the disease damaged the
farms completely leading to a stop of the cultivatisince then. Tarlat al. (2014)
reported yield losses of 100 % of tomato fruits tluéate blight caused Y. infestans
Fontem and Schippers (2004) reported a total damilyeckleberry nurseries due to late
blight caused byP. infestansPlants with the disease have fewer leaves thamalpr
healthy leaves last up to 40 days and those irddudwe 3-4 leaves instead of 6-7. The

yield may be 30-50% lower. It also reduces the sfzganting material (Jackson, 1999).

Miyasakaet al (2012) in his study revealed that mean dry weightultivars were

correlated negatively with severity of corm rot ahdt greater TLB resistance for taro
accessions was associated positively with greatemeight of corm. This meant that
taro leaf blight causes corm rot in addition tof lelight. It was also reported that
increasing levels of apparent resistance to TLB #@mdorm rots in cultivars were

associated with increased dry weight corm yieldsor@e (2016) in his ICAR-CTCRI
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Annual Report 2015-16 revealed that the corm weigtglephant foot taro ranged from
0.2 to 100 g. Preliminary evaluation trial in tamtéro with seven accessions showed that
the average cormel yield/plant ranged from 14.400985.80 g. Further study by
Miyasakaet al (2012), revealed that low-rainfall periods resdltin poor survival of
vegetative propagules and poor corm quality dudéoss of starch. Mukherjeet al
(2016) reported that leaf number was highly infleesh by environment and dry matter
percentage of taro corms were least affected bgtiveonment. The future is uncertain,
as it is not clear if alternative food crops cdhtfie gap left by insufficient production of
taro. Maize production has never met the demand @adtains are usually very
expensive. Taro leaf blight disease has a potetttiateate a devastating effect such as
reduction in food and household incomes, increggrerty and even starvation (Singh

etal.,2012).
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CHAPTER THREE

MATERIALS AND METHODS

3.1. Study Area

Experiments were established at two locations: MbesiMuliro University of Science
and Technology in Kakamega county and Maseno Usityerin Kisumu county.
Kakamega town is located within the upper highlag-ecological zone. Its climate is
classified as tropical with a great deal of rain&@len in the driest month. It belongs to
group Af (Tropical rainforest) by Koppen- Geigersegm of climatic classification
(Wambua, 2004). The average temperature is’°20.Zhe variation in temperature
throughout the year is 2.@€. The lowest average temperature usually occurduip
when it is approximately 198. The annual rainfall is approximately 1971 mm.
Between the driest and the wettest months, therdifice in precipitation is 212 mm
(Kakamega —data.org). Kakamega county of Kenyan@swk to receive high amounts of

rainfall throughout the year which is favorable floe fungal pathogen.

MMUST University lies between longitudes of’320"E - 34570"W and latitudes of
0°0730’N - 0°10'15"S of the equator at an altitude of about 2000 nvelsea level
(Wambua, 2004). The trials were conducted from dan@013 to November 2013, and
September 2013 to April 2014 at MMUST universitydgan and Kakamega Mlimani
estate garden, respectively in the two respectrepping seasons. Maseno University
lies within Latitude: 0° 00' 60.00" N and Longitud#® 35' 59.99" E and 1503 metres
above sea level. Rainfall provided all the waterglant growth except for the first one

month that water was provided approximately 2 ditper plant in the morning and
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evening. Weeding was done twice a month by uprgatimd use of a hoe. The soils of
Kakamega and Maseno farms showed some similabig@sgy generally loamy sandy,
slightly acidic with relatively deep top soil. Nhv@mical was used throughout the study.
Harvesting occurred ten months after planting fier first experiment, and for the second
and third it was after seven months. A completatydomized design was used in the two
fields to avoid biasness because there was noat@xperiment. This ensured that the
extraneous factors affected the treatment conditegually.

The laboratory and greenhouse experiments wereucted at Maseno University due to
the availability of materials and equipmenBhytophthora colocasiaésolates were
obtained from University of Eldoret laboratory.

3.2. Determination of taro leaf blight disease indence, severity and disease index on
Pacific - Caribbean and Kenyan taro accessions

A series of studies were done on taro leaf bligeéakse incidence, severity and disease
index on Kenya and Pacific - Caribbean taro which inctuti®o field studies and one
greenhouse study. The first field study was fromuday - November 2013, second field
study from December 2013 - April 2014 and finalhe tgreenhouse experiment was
conducted from September 2015 — January 2016.

3.2.1 Determination of taro leaf blight disease indence on Pacific-Caribbean and
Kenyan taro accessions under MMUST garden, Milimanestate garden and
greenhouse

3.2.1.1 MMUST Field study

The Field study — 1 was conducted on Pacific - l¥e@n taro accessions from January -

November 2013. Three hundred Pacific - Caribbeanttdbers imported from the Pacific
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community (Hawaii, Papua New Guinea, Samoa, Japadonesia, Malaysia and
Thailand) through the Secretariat of the Pacifian@wnity (SPC) based in Suva, Fiji
Islands in conformity to KEPHIS requirements wesedl All the quarantine measures
were undertaken to ensure safety of all crops bettoey were airlifted and imported to
Kenya. The Pacific - Caribbean taro was preferiedesthey had already been improved
for resistance to TLB.

3.2.1.1.1 Preparation of imported taro accessionsif planting

Three hundred plants obtained from 25 differeneasions used in MMUST field study
included the following; (BL/HW/08, BL/HW/26, BL/HV&/7, BL/PNG/10, BL/SM/111,
BL/SM/116, BL/SM/120, BL/SM/128, BL/SM/132, BL/SM43, BL/SM/149,
BL/SM/151, BL/SM/152, BL/SM/158, BL/SM/43, BL/SM/80BL/SM/92, CA/JP/03,
CE/IND/O1, CE/IND/O6, CE/MAL/12, CE/MAL/14, CE/THA/7, CE/THA/09,
CE/THA/24). The coding was used to represent tliterdnt regions from which they
were obtained i.e. BL/HW was from Hawaii, BL/SM fnoSamoa, BL/PNG from Papua
New Guinea, CA/JP from Japan, CE/IND from Indone€iB/MAL from Malacia and
CE/THA from Thailand. Each of the accessions wesgte in number. The plants were
placed in a greenhouse at MMUST University for tmeeks to stabilize before planting.
In the greenhouse they were watered every day agfitoximately 1 liter of water per
plant.

Experimental area measuring 35068 (M0 m by 50 m) not previously cultivated was
cleared using a machete, hand ploughed and harrtwied using jembes and hoes
before planting. Soil was made into raised bedsrieparation for planting. Three

hundred taro suckers were planted in 60 cm deepshahd each sucker firmly placed
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using hands according to the methods of Brooks {RUhe spacing was 0.5 m between
plants and 1.0 m between rows. Watering was dorteeirmorning and evening for one
month approximately one liter per plant using drdger. The plants were arranged in a
completely randomized design (CRD) since there wereontrol experiment in the field
The design also ensured that each individual gtadt the same chance of becoming a
participant in the study.

3.2.1.1.2 Determination of TLB disease incidencerfthe Pacific - Caribbean taro
accessions under MMUST garden.

Total number of suckers infected, total number edves infected and the disease
incidence were recorded at monthly intervals frév@ &ppearance of the first symptom
(mainly at 3 months) till the crop was harveste@wNpartially furled leaves and old
leaves touching the ground were not evaluateddémae of taro leaf blight was recorded
monthly. Taro leaf blight disease symptoms whiatiude; yellow and red liquid drops
in the middle of the lesion with dry solid, browarpcles on leaf lamina often with white
ring of sporangia around the edge of lesions, whatdr become papery and may fall out
producing ‘shot hole’ appearance were carefullyeobsd to confirm the disease.
Computation of disease incidence was determinedrdicy to the formula of Oparet

al. (2012) as

Percentage (%) disease incidence = Numbleagés affected per accessiri00

Total number of leaves sampled peession

The accessions were evaluated on a 0 - 100% inmedefitaro leaf blight.
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3.2.1.2 Determination of TLB disease incidenceifthe Kenyan and sampled

Pacific — Caribbean taro accessions under Milimaniestate garden

The Pacific - Caribbean and Kenyan taro accessi@ns used from October 2013 - April
2014, Kenyan taro accessions (whole plant) werleateld from farmer’s plots in seven
regions in Kenya where taro was frequently growant€al Kenya in Karole, Kisumu
Dungan beach along Lake Victoria, Siaya along Daonirfarm, Kakamega-Milimani,
Mumias near sugar company, Kitale- Malbasa, BuBimdala area, Eldoret, Lange’s
area. Some Pacific-Caribbean taro accessions filwn fitst experiment were also
sampled, considering the least and the most sublEepiccessions. At least 3 samples
were collected per region. A total of twenty saxa accessions were obtained. They
included; KNY/KIS/81, KNY/BSA/41, KNY/ELD/75, BL/HW8B CE/JP/3, BL/SM/120,
KMM/MM1/75, KNY/KIS/20, KNY/CTR/33, BL/HW/26, BL/HW80, KMM/MM2/76,
KNY/KIS/21, KNY/KTL/61, CE/IND/1, BL/SM/28, KNY/SYA50, KNY/KIS/22,
KNY/SYA/51, CE/THA/7, CE/IND/6, BL/SM/48, KNY/KAK/B, CE/THA/24,
CE/MAL/14, BL/SM/111. All the accessions were |Béeé according to region of origin,
tied together with a rope and transported by raadhé experimental site which was
established within Mlimani estate garden. The are@apreviously cultivated with taro
measured 2,240 7fYOm by 50m), cleared, hand ploughed and harrowézke and soil
made into raised beds was used in a completelyoraizeéd design. Similar procedure as

described in 3.2.1.1.2 was used.
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3.2.1.3 Determination of disease incidence for théenyan and sampled Pacific-
Caribbean accessions under greenhouse study

The experiment comprising laboratory and greenhause conducted from September
2015 - January 2016.

3.2.1.3.1 Laboratory media preparation

Preparation of media, sterilization, isolation andintenance of fungal cultures were
done according to the methods of Nagh al. (2014). Petri dishes were placed in
sterilization tins and sterilized in hot air oven16FC for 90 minutes. Potato Dextrose
Agar (PDA) media and water used in the study weggliged at a temperature of 121.6
°C for 20 minutes in an autoclave as described b Egal (2014). The isolates were
then sub-cultured to enhance multiplication. Thaditons within the greenhouse were
controlled majorly in terms of water availabilitg &vo litres of water was provided to
each plant every two days. Temperature ranged 887C. The greenhouse activities
were as outlined in section 3.2.1.3.5 to 3.2.1b@[dw.

3.2.1.3.1.1 Sterilization and plating of medium

Work surfaces were sterilized by ethyl alcohol andium hypochlorite. Scalpel blades
and inoculation loops were sterilized over flamiatiRg of medium was done by melting
the sterilized medium and distributing in 9 cm déden petri plates. This was done
aseptically at the rate of 20 ml per plate in #grmihar flow-hood chamber and allowed to
solidify. Taro leaf blight pathogen isolates prewsty obtained from University of
Eldoret and sub-cultured within Maseno Universdpdratory onto water agar till pure
cultures were obtained were aseptically placechan middle of each Petri dish using

inoculation loops. They were then covered with ealips. The cultures were incubated
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for 4 days maintaining them at room temperatureaidrawer within the laboratory
according to the methods of Shresttaal (2012). The remaining isolates were then
stored at room temperature in 2ml tubes contaihidgplugs of mycelium, 3- and 1-ml
water for future use.

3.2.1.3.1.2 Pathogenic nature of isolates

The pathogenic nature of the isolates was detednime proving Koch’s postulates
through pathogenicity test according to the methofdddomakoet al (2016), where
disease free taro leaves were placed on sterifited paper soaked with distilled water
and placed in petri dishes. The plates were inoedlith 2 ml of sporangial suspension
containing Phytophthora colocasiaevhich had earlier been sub-cultured in Maseno
laboratory. The leaves were then covered with jldstgs and left for two days at room
temperature. After two days, the inoculated siteswed water soaking lesions at the
beginning but later turned brown according to theewvations of Lin and Ko (2008).
3.2.1.3.2 Soil sterilization for greenhouse use

Black sandy loamy soil from Maseno Botanical gardeas sifted to remove stones,
plastic materials and plant debris. The soil wasrst sterilized in a barrel at f@for
two hours. The sterilized soil was left in the leaovernight to cool before use according
to the methods of Askaru (2010). The taro plamsnfithe previous experiment two of
Pacific - Caribbean and Kenyan taro were sampletidering the least and the most
susceptible accessions as obtained from the previcesult. They included;
KNY/SYA/51, KNY/KAK/16, CA/JP/O3, CE/IND/01 CE/THAY7, KNY/BSA/41,
BL/HW/26, BL/SM/80, KNY/SYA/50, KNY/KTL/61, BL/SM/2, KNY/MU/75,

KNY/CNT/33, BL/IHW/08, CE/THA/24, KNY/KSM/81. KNY/SW/50.
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Ten-liter plastic buckets filled with the sterild¢op soil and the samples placed at 1m x
1m using a complete randomized design for the rtreats, however, the control
experiment was blocked to prevent contaminatiore &periment had three replications.
The crops were watered with 2 litres per planhmorning, every two days using clean
water and administered at the base of the croptUiters were covered with the soil and
firmed down according to the methods of Maetal (2008).

3.2.1.3.2.1 Inoculum preparation

Two Phytophthora colocasiapathogen treatments coded 21R1 and 3R1 isolates we
selected for greenhouse inoculation as they hatindisely pure cultures of the
pathogen. Distilled water was used on the leagseatrol. The inoculation was done by
using two most virulent isolates Bhytophthora colocasiaéshowing very fast growth)
in the culture medium. Mycelia mat from the cultwere harvested using sterile scalpel
into an electric blender. After blending for fivarmtes, 200 ml of sterile distilled water
was added into 500 ml conical flask and filteredngsdouble layer muslin cloth
according to the methods of Manztaal (2008).

3.2.1.3.2.2 Plant inoculation

Soil inoculation was done by pouring 20 ml of inlueas suspension at the base of the
stem of each plant according to the methods of Mahal (2008). This was done three
months after planting. Control seedlings were &éatith the same quantity of sterile
distilled water. Both the inoculated and the cdntseedlings were covered with
polythene bags to increase humidity around thetplaccording to the methods of Manza
et al (2008). After 24 hours, polythene bags were rezdder 20 minutes and the plants

watered. Four days after inoculation, the polythbags were finally removedThere

49



were 16 accession with 3 plants per accessionrpatntent. There were two pathogen
inoculation treatments and one control. The greesd@xperiment data was collected for
5 months. Similar procedure as described in thevipus experiment for obtaining
disease incidence was used.

3.2.2 Determination of taro leaf blight disease sevity on Pacific - Caribbean and
Kenyan taro accessions under MMUST garden, Milimangarden and greenhouse
study

Taro leaf blight disease symptoms which begin witiall patches on leaves and water-
soaked spots, white mycelium irregular in shapermadhe lesion (Dipa, 2017) with dark
brown color and yellow margins (Vishmt al.,2012) were carefully observed to confirm
the disease. Total area of leaves, total areaadete infected and the disease severity
were recorded at monthly intervals from the appesgaof the first symptom (at 3
months) till the crop was harvested.

3.2.2.1 Determination of Leaf area

Areas of leaves were measured by using non-desteuctethods of Chagt al (1993)
and Luet al (2002) using the formula ¥ Lpawhere

Wp=Leaf width passing the petiole attaching point

Lpa=Length of the petiole attaching point to the apéleaf

Area of leaves infected by the disease were astessing the maximum length and
breadth of the affected leaf area. The measuremesrts obtained by use of a transparent

ruler.
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3.2.2.2 Determination of disease severity

Disease severity ratings per accession per expetimere undertaken using a subjective
score scale of 1-9 adopted from Simoregoal (2016) (Table 3.1). However, records
were made as the percentage leaf area infected.

Table 3.1:Severity computation

Scale % leaf area infected Description

0-1 0 no infection

1-2 3 >1% but <10%

2-3 10 11-20 small lesions

3-4 25 10 % leaf area infected

4-5 50 25 % leaf area infected

5-6 75 50% leaf area infected

6-7 90 75% leaf area infected

7-8 97 Only few green areas left (much less th0%)
8-9 100 foliage completely destroyed/dead

The score was repeated monthly for eight monttikerfirst experiment, five months for
the second experiment and five months for the dreese experiment. The start of
scoring took into consideration the beginning afedise development i.e. first appearance
of TLB symptoms on taro leaves.

3.2.3 Determination of TLB disease index on PacificCaribbean and Kenyan taro
accessions under MMUST garden, Milimani garden angreenhouse study

Disease index is a function of disease incidena#® severity and it was calculated
according to the method of Pandetyal. (2003) by transforming percentage severity into
scale (Table 3.1 above). The product of the peaggnincidence and the corresponding

severity scale was obtained as;
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Disease index = % incidence x the correspondingrég\scale.

This was performed for the three sets of experisient

3.3 Determination of the effect of rainfall, tempeature and relative humidity on
disease incidence and severity on Pacific - Caribae and Kenyan and taro

accessions

3.3.1 Collection of meteorological data from Kakamga weather station

Relative humidity recorded in the morning (RH600) afternoon (RH 1200), minimum,
average and maximum mean monthly temperature, @@@@e rainfall prevailing at the
observation sites were collected from Kakamega onelegical station as secondary data
for the interpretation of results. The weather gfesnwere scored against the different
accessions of taro used. Similar procedure wasategefor minimum temperature,
maximum temperature, relative humidity in the mogiiand relative humidity in the
afternoon.

3.3.2. Determination of effect of rainfall, temperéure and relative humidity on taro

leaf blight disease incidence of Pacific - Caribbesand Kenyan taro accessions

under MMUST garden and Milimani estate garden

Average monthly rainfall in mm, prevailing at théservation sites were collected as
secondary data from Kakamega meteorological stdborthe interpretation of results.
The rainfall changes were scored against each mafnthro growth. Incidence of taro

leaf blight pathogen was obtained as;

Percentage (%) disease incidence = Numbleawés affected per accessiori00

Total number of leaves sampled peession
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This was done monthly for 8 months in the firstdistudy and 5 months for the second

study.

3.3.3. Determination of effect of rainfall, temperéure, and relative humidity on taro
leaf blight disease severity on Pacific - Caribbeaand Kenyan taro accessions under
MMUST and Milimani gardens

Average monthly rainfall in mm, minimum temperatur@gaximum temperature, relative
humidity in the morning and relative humidity inethafternoon prevailing at the
observation sites were collected as secondaryfadataKakamega meteorological station
for the interpretation of results. The weather demnwere scored against each month of
taro growth for 8 months. Level of severity of tdeaf blight pathogen as obtained using
a subjective score scale of 1-9 adopted from Simengl (2016) (Table 3.1).

recorded against every accession monthly. This deaee for 8 months and 5 months
respectively when the accessions showed signs iritya

3.4 Determination of the relationship between TLB tease resistance and

agronomic traits of Pacific - Caribbean and Kenyantaro accessions

Determination of resistance to taro leaf blightedise was performed on Pacific-
Caribbean and Kenyan taro accessions on field esghgouse experiments. Healthy leaf
area was calculated by subtracting the alreadyireatgpercent disease severity from 100

as; Percent healthy leaf area = 100% - % diseasgise

Where disease severity percentage was calculatedcpession per experiment using a
subjective score scale of 1-9 adopted from Simagtgal. (2016) to arrive at the disease

severity percentages.
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Resistance was then calculated using the formulkooiti et al (2008) with slight

modification as;

Resistance = Percentage healthy leaf area (100%iséase severity)

This was done for each accession and for eaclcadgli

3.4.1. Determination of the severity categories andisease reaction of MMUST,
Milimani estate garden and greenhouse Pacific - Cdvbean and Kenyan taro

The percent disease severity determined in 3.4ab@s used to categorize the disease
severity index according to Rana (2006). The sgvgrercentage categories were as

indicated in Table 3.2. below.

Table 3.2.Resistance and susceptibility scale, Rana, (2006)

Severity percentage range Disease reaction

0.0 - 10% Resistant (R)

10.1 - 25.0% Moderately resistant (MR)
25.1 - 50% Moderately susceptible (MS)
50% and above Susceptible (S)

3.4.2. Determination of Agronomic traits of MMUST, Milimani estate garden and
greenhouse Pacific - Caribbean and Kenyan taro

The agronomic traits of Kenyan and Pacific - Cag#lnio taro accessions were determined
to identify the most productive taro accessiblorphological and yield trait parameters
of the taro accessions were evaluated 3-10 mortitéis @danting. This was achieved by
counting the total number of suckers (corm planes)the number produced from each

plant per month.
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Total number of leaves in each plant were countestyemonth only for fully unfolded
leaf according to the methods of Mabhaudhi (20®)fertilizer or agrochemical against
pests was administered. The totals from each @asaession were summed up and
average determined. Cluster analysis on the bdsiaccessions’ disease incidence,
severity and agronomic performances was also paddr Plant height in centimetres
was measured using a tape measure at one-montainéeross 5 months from the base
of the plant immediately above the soil surfacetaghe base of the second youngest
fully unfolded leaf according to the methods of Mabdhi, (2012). Corm length was
measured in centimeters by use of tape measuretfrempart attached to the stem to root
tip. Corm diameter was also measured in centinattbe middle and the largest part of
the corm by use of Vernier calipers. Corms wegamed and placed on an electronic
weighing scale. They were then measured in grame ah harvesting. The totals from
each taro accession were summed up and averagmuoheé.

3.5 Data Analysis
The data collected were pooled and subjected ttysiedo obtain descriptive statistics

(Percentages, S.D and Means) using the Statif®Rmelkage for Social Scientists (SPSS
20). Analysis system (SAS), statistical packagé®, was used to determine the analysis
of variance (ANOVA). Correlation analysis was dotte establish the relationship

between taro leaf blight disease resistance aodaignonomic traits. Whenever there was
a significant difference between the means, thet leignificant difference (LSD) method

was used to separate them at 5% to compare mefamedifes as described by Obi
(2002). Linear model was used to compare varigibitween regions in terms of disease
resistance and agronomic traits. The incidence sawkrity data were also analyzed

statistically with weather parameters using coti@a and regression techniques.
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Furthermore, data was subjected to cluster anatysishe basis of accession disease
incidence, severity and agronomic performances. fihationship between taro leaf

blight disease resistance and agronomic traitamf Was determined by generating the
correlation coefficients and coefficient of detemation between disease resistance and

agronomic performance according to the methodswdibsikeet al (2005).
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CHAPTER FOUR
RESULTS

4.1 Taro leaf blight disease incidence on PacificdGaribbean taro accessions of
MMUST garden
Results on TLB disease incidence of Pacific - Gaén taro accessions under MMUST
garden conditions were as shown on Table 4.1. Rexge TLB disease incidence had
very high (p<0.001) significant effect on accessiohhe mean disease incidence for the
taro accessions was 21.88%. The accessions patteaydarity in that all of them had
their least disease incidence in theif"¥@onth (Table 4.1). Unique qualities of disease
tolerance were observed in accession BL/SM/128 hvincreased in disease incidence
between age 3 and 4 from 30.56 to 38.8% and thereaged between age 4 to 10
months from 38.8 to 18.6%. Similar superior qualisas observed in accession
BL/HW/26 which also increased in incidence betwage 3 and 4 months from 18.05-
20.3%, decreased between 4-6 months from 20.3 .&94d,lincreased between age 6-7
from 11.6-15.5% and eventually decreased between7agp 10 from 15.5 to 9.6%
incidence. CE/THA/O7 increased in incidence betwaga 3 to 8 months from 15.39 to
32.3% then finally decreased from 32.3 to 22.8%wbeh age 8 and 10 months. The
longest continuous increase in disease incidenom fmonth 3-8 was observed in

accession CE/THA/07 from 15.39-32.3% incidence eespely.
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Table 4.1: Percentage of TLB disease incidence on Pacifia#Beaan taro under

MMUST garden
Age of plant in months
PId
3mth 4 mths 5mths 6mths 7mths 8mths 9mths 10 mth M
Pacific taro Mean Percentage TLB disease incidence
accessions
BL/HW/08 18.05 20.3 155 12.3 14.3 19.3 13.8 10.2 5.41
BL/HW/26 22.03 23.9 17 11.6 15.5 14.6 12.3 9.6 25.8
BL/HW/37 22.86 25.8 24.4 17.9 22.6 18 16.8 12.8 120.
BL/SM/152  27.01 25.1 29.9 18.3 23.2 15.9 16.7 17.421.69
BL/SM/132  34.15 29.8 23.8 17.9 20 19.5 211 17.2 .922
BL/SM/120  18.83 114 19.2 18.6 24.4 26.1 22.8 18.619.99
BL/SM/128  30.56 38.8 24.7 22 20.2 16.6 15 13.6 3.9
BL/SM/92 13.68 24.7 24.6 24.3 20.9 23.9 17.2 13.720.37
BL/SM/143  17.11 45.2 28.7 24.6 25 27.7 22.6 18.1 .126
BL/SM/149  24.36 22.6 19.6 14.7 20.9 23 25.2 18 21.4
BL/SM/151  11.59 23.1 18.4 18.3 21.7 28.4 26.1 18.820.79
BL/SM/116  10.58 11.5 10.8 12.2 20.7 19.7 214 18.915.72
BL/SM/111  16.51 40.4 26.3 38.7 25.6 28.7 32.9 20.328.68
BL/SM/158  21.52 18 19.8 21.7 235 29.3 27 25.8 23.3
BL/SM/153  16.35 30.4 26.5 25.4 34.1 36.9 29.2 24.927.97
BL/SM/80 21.69 12.9 11.8 8.9 11.9 14.7 13.2 9.5 3.01
CE/MAL/12  20.17 12.2 16 13.6 27.2 29.7 23.6 20.2 .330
CE/MAL/14  13.69 37.2 36.9 23.2 27.8 24.3 20.8 19.725.45
CA/JP/03 10.00 39.9 41.2 29 38.7 41.6 35.9 31.2 .08B3
CE/IND/01 28.87 27.9 27.1 24.4 26.3 26.8 25.1 21.525.99
CE/IND/06 32.23 12 15.1 15.7 39 42.5 37 32.6 28.27
CE/THA/07  15.39 20.3 21 25.8 32.2 32.3 27.7 22.8 .624
CE/THA/09  23.93 32.7 32.2 21.8 195 30.2 28.8 27.227.04
CE/THA/24  21.02 29 30.9 29.2 35.1 30.1 23.3 17.5 .027
BL/PNG/10 10.47 255 23.2 20.2 24.4 25.7 23.2 19.1  21.47
Mean 20.11 25.24 22.73 18.87 23.47 24.50 21.88 18.26 21.88
S.D 6.73 9.49 7.42 5.95 6.99 7.41 6.17 5.64 5.51
L.S.D p<0.05 0.64 0.9 0.7 0.56 0.66 0.7 0.58 0.53
CV 33.47 37.6 32.63 31.53 29.78 30.25 28.18 30.91 247

The result revealed that most taro accessionsredfp<0.05) significantly in incidence

of TLB caused byhytophthora colocasiad he accession with the highest mean disease

incidence of 33.09% was CA/JP/03 and the lowestdémze of 13.07% was from

BL/SM/80 as shown in figure 4.1. Most of the ace@ss ranged between 15 - 25%

disease incidence (fig 4.1).
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Figure 4.1: Mean TLB disease incidence of Pacific - Caribbeaa aiccessions under
MMUST garden.

No accesson showed regular increase in TLB dise#beage At four months of age,
TLB disease incidence obtained the highest medbd4%. The second highest mean
incidence of 24.5% was at eight months old. Thehtenonth which was also the last

month had the lowest mean incidence of 18.26% 4Ry
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Figure 4.2: Mean TLB disease incidence vis age of Pacific 4likean taro under
MMUST garden.

4.1.1 Taro leaf blight disease incidence of PacificCaribbean and Kenyan taro

under Milimani garden

The result on table 4.2 revealed that region, ateesand age independently showed
highly (p<0.001) significant effect on TLB diseaseidence. The interactions of the
three however were statistically (p>0.05) insigrafit. The mean TLB disease incidence
for the Pacific - Caribbean accession was 7.14%thatl of Kenya was 13.19%. The
accessions that reduced in incidence in their mashth of growth, between age 6-
7months were the Kenyan Mumias KMM/MM1/75, Busia YBSA/41, Kisumu
KNY/KIS/22 and the Pacific - Caribbean accessioSsmoa BL/SM/48, Hawaii
BL/HW/80 and Malacia CE/MAL/14. Pacific - Caribbeaccessions BL/SM/111 and
CE/JP/03 however maintained same level of diseasdeance between age 6 - 7 and 5 -
6 respectively as shown on table 4.2. Zero (0%pemce was obtained only in Pacific -
Caribbean accessions, CE/THA/07, BL/HW/08, BL/IHW&t CE/IND/O6 and only at

age 5 months. It was important to note that thé Bigndard deviation and coefficient of
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variation computed in the earlier months of stucg\as a result of the widely distributed
data about the mean. This was more common wherle®sr was zero incidence, when

plants did not show any symptom of TLB disease.

Table 4.2:Percentage of TLB disease incidence of Pacificriotbaan and Kenyan taro

accessions under Milimani garden.

Age in months

Region Accession 05 06 07Pooled m

Kenyan KNY/KIS/81 18.18 16.67 21.28 15.23
Kenyan KMM/MM1/75 47.06 25 17.65 22.84
Kenyan KMM/MM2/76 13.64 15.15 35.56 18.20
Kenyan KNY/SYA/50 13.64 14.71 40.54 18.22
Kenyan KNY/SYA/51 27.27 23.53 42.11 23.73
Kenyan KNY/BSA/41 38.89 33.33 29.63 27.04
Kenyan KNY/KIS/20 9.52 33.33 45.16 22.05
Kenyan KNY/KIS/21 11.54 19.23 32.35 15.12
Kenyan KNY/KIS/22 16.67 23.33 21.95 22.39
Kenyan KNY/KAK/16 3.23 16.13 21.28 8.13
Kenyan KNY/ELD/75 5.71 11.43 25.58 8.54
Kenyan KNY/CTR/33 14.71 21.95 28.30 12.99
Kenyan KNY/KTL/61 3.92 7.84 26.79 7.71
Pacific CE/THA/7 0 4 21.95 5.19
Pacific CE/THA/24 14.29 9.09 15.79 7.83
Pacific BL/HW/8 0 4.35 20.51 4.97
Pacific BL/HW/26 2.78 12.19 23.69 7.73
Pacific CE/IND/1 4 16 21.57 8.31
Pacific CE/IND/6 0 4.76 8.62 3.73
Pacific CE/MAL/14 5.26 15.79 14.29 7.07
Pacific CE/JP/3 11.11 11.11 20.51 11.62
Pacific BL/HW/80 0 20 16.13 7.23
Pacific BL/SM/28 8.33 4.54 13.64 5.30
Pacific BL/SM/48 6.67 10 20 7.33
Pacific BL/SM/111 21.43 10.26 10.26 8.39
Pacific BL/SM/120 10.71 7.14 23.21 8.21
Mean 14.03 15.03 23.78 12.12
SD 11.06 8.06 9.15 5.72
Ccv 78.83 53.63 38.48 47.19
LSD 1.462 1.066 1.21

61



All the accessions recorded incidences of below .56%nyan taro recorded higher
percentage disease incidence than the Pacificiblézan throughout the growing period.
The highest significant (p<0.05) disease incidesic27.04% was obtained from Kenyan
accession KNY/BSA/41 and the lowest incidence @8% from Pacific - Caribbean taro
accession CE/IND/06. The lowest percentage TLBadisencidence among the Kenyan
accessions of 7.71% was from Kitale accession KN'W/&1. The highest TLB disease
incidence among the Pacific — Caribbean taro ammesswas obtained from Japan
CE/JP/03 with 11.62% (Figure 4.3). Among the Kentamo accessions, Busia had the
highest mean TLB disease incidence of 27.04% wHitiele had the least mean incidence

of 7.71% (Figure 4.3).
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Figure 4.3: Mean TLB disease incidence of Kenyan and Paciiaribbean taro under

Milimani garden
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The highest mean incidence of 23.78% was obtaihpthat age of seven months and the
least TLB incidence of 14.03% at the age of fiventhe. Age five and six months had

significantly (p>0.05) the same TLB disease incimeas shown by the error bars (Figure

5months 6months 7months
Age in months

4.4)

= = N N w
ol o al o al o

Mean TLB disease incidence
o

Figure 4.4: Mean TLB disease incidence vis age of Pacific -likean and Kenyan taro

under Milimani garden

4.1.1.1 Taro leaf blight disease incidence of Paicit Caribbean and Kenyan taro

under greenhouse study
The result of Pacific - Caribbean and Kenyan taseake incidence was as shown in

Table 4.3. Region of taro origin, the accessiors age portrayed statistically significant
(p<0.001) effect on TLB disease incidence. Inteoast between age and region also
significantly (p<0.001) influenced TLB disease ohence. All the Pacific - Caribbean
taro accessions recorded a decrease in TLB diseaisence between 6-7 months. All
the Kenyan taro accessions showed regular incriea3é.B disease incidence except

KNY/KTL/61 from Kitale that decreased, increased aventually decreased. The mean
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disease incidence for the Pacific - Caribbean atwesvas 20.08% and that of Kenya

was 59.04%.

Table 4.3 Percentage of TLB disease incidence of Pacifiaribbean and Kenyan taro
accessions under greenhouse study

Age in months

Region Accession 3months4months 5months 6months 7months Pooled
KENYAN KNY/SYA/51 55.93 59.72 67.53 64.44 69.69 63.47
KENYAN KNY/SYA/50 54.69 59.74 65 62.22 7157 62.64
KENYAN KNY/KSM/81 55.56 63.51 64.97 67.25 65.74 63.41
KENYAN KNY/MU/75 49.6 56.96 63.92 67.05 70.41 61.59
KENYAN KNY/KAK/16 18.26 24.65 42 43.29 43.82 34.40
KENYAN KNY/BSA/41 53.39 61.54 63.58 66.26 66.32 62.22
KENYAN KNY/KTL/61 63.33 55.26 67.5 64.29 62.75 62.63
KENYAN KNY/CNT/33 56.29 56.71 61.93 66.29 68.43 61.93
PACIFIC CA/JP/O3 26.67 20.51 28.21 28.21 2157 25.03
PACIFIC BL/HW/26 21.88 19.05 23.81 20.45 17.31 20.49
PACIFIC BL/SM/92 29.032 28,57 28.95 26.83 22 27.08
PACIFIC BL/HW/08 20 27.78 30.77 30.95 2549 26.99
PACIFIC CE/THA/O7 26.67 22.22 38.46 35.71 30 30.61
PACIFIC BL/SM/80 26.47 30 35 32.56 29.78 30.76
PACIFIC CE/IND/1 29.03  31.58 37.5 34.88 29.41 3248
PACIFIC CE/THA/24 27.27  28.57 35.71 37.21 27.08 31.17
Mean 38.38 40.4 47.18 46.74 45.09 43.56
SD 15.6 16.85 16.23 17.15 20.85 17.03
Ccv 40.65 41.71 34.4 36.69 46.24  39.1
LSD=(p<0.05) 2.63 2.84 2.74 2.89 3.51

Max 63.33 63.51 67.53 67.25 7157 63.47
Min 18.26 19.05 23.81 20.45 17.31 20.49

The highest disease incidence of 63.47% was redoifdem Kenyan accession

KNY/SYA/51 and the lowest of 20.49% from Pacifi€aribbean accession BL/HW/26.

The highest incidence among the Pacific - Caribbef32.48% was obtained from

CE/IND/O1 of Indonesia. The lowest TLB disease diecice among the Kenyan taro of

34.4% was recorded from KNY/KAK/16 of Kakamega. Simdicated that the lowest

incidence among the Kenyan accessions was signifjcdp<0.05) higher than the
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highest TLB disease incidence among the PacifiaritBean accessions (Figure 4.5). No

Pacific - Caribbean taro accession recorded abho%e dsease incidence.
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Kenyan and Pacific- Caribbean taro accessions

Figure 4.5: Mean TLB disease incidence of Kenyan and Paciiaribbean taro under
greenhouse study
All the accessions showed incidence right fromehmeonths of age. The highest mean

incidence of 47.18% was obtained at age 5 monttslan least of 38.38% at age three

the incidence rate appeared almost constant betageefive and seven (Fig 4.6).
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Figure 4.6: Mean TLB disease incidence of Pacific - Caribbeaoh ldkenyan taro vis age

under greenhouse study

4.1.2 Taro leaf blight disease severity of PacificCaribbean taro under MMUST

Garden

The result of disease severity of Pacific - Cardobéaro accessions was as shown on
table 4.4. Accession, age and their interactiomsveld statistically (p<0.001) significant
effects on TLB disease severity. No accession sterdly increased from month 3-8
however most of the accessions increased in dissaggity with age as shown on table
4.4. Accessions BL/HW/08, BL/HW/26 and BL/HW/37 hadnilar reaction to TLB
disease incidence in that their percentage sevestye higher at the beginning of the

study, decreased and finally increased.
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Table 4.4Percentage of TLB disease severity on Pacific #lbaan taro undeviMUST

garden.
Age in months PD M
3mths 4mths 5mth 6mths 7mths 8mths 9mth  10mt
Pacific taro Mean TLB disease severity
BL/HW/08 6.4 5.2 3.7 5.5 6.8 17.8 120 149 9.0

BL/HW/26 5.8 3.4 7.3 6.8 13.7 14.6 12.5 10.0 9.3

BL/HW/37 6.6 3.2 11.7 8.2 34.2 30.3 26.7 124 16.6
BL/PNG/10 7.0 14.1 9.8 6.8 14.9 14.9 17.6 155 12.6
BL/SM/111 3.8 9.0 10.4 8.9 16.1 13.4 13.1 6.7 10.2
BL/SM/116 20.9 5.8 7.5 5.8 22.4 26.9 17.0 15.8 15.3
BL/SM/120 8.8 6.2 13.3 11.8 175 10.7 146 11.3 11.8
BL/SM/128 15.3 8.5 7.3 10.7 14.6 24.2 20.0 13.7 14.3
BL/SM/132 9.2 3.2 16.0 14.6 29.0 29.0 27.2 10.8 17.4
BL/SM/143 4.1 4.7 6.4 4.5 14.5 14.7 157 12.0 9.6

BL/SM/149 11.8 7.9 5.4 5.8 19.1 17.4 16.8 14.5 12.4
BL/SM/151 1.8 1.8 3.8 3.8 27.8 23.9 195 158 12.3
BL/SM/152 6.8 3.3 129 147 26.9 32.3 30.3 10.2 17.2
BL/SM/158 3.1 4.0 8.9 8.5 20.2 25.1 25.7 184 14.2

BL/SM/80 73 91 233 201 409 362 403 283 25.7
BL/SM/92 103 4.1 104 3.5 138 159 159 50 9.9
CAJIP/O3 31 73 88 96 260 323 256 145 15.9

CE/ND/OL 223 303 311 121 228 163 217 158 215
CE/ND/O6 358 425 482 340 458 500 563 392 440
CE/MAL/12 88 113 237 195 338 359 338 237 23.8
CEMAL/14 50 38 60 52 265 353 386 247 18.1
CE/THA/O7 261 222 219 228 295 295 295 295 26.4
CE/THA/09 114 114 263 245 260 299 278 224 225
CE/THA/24 88 148 273 278 334 355 337 18.3 25.0

Mean 10.2 9.7 143 12.0 23.6 25.1 243 16.6 17.0

Cv 89.7 87.4 744 949 68.2 66 69.3 66.9 78.6
LSD (p<0.05) 2.54 2.69 340 2.95 4.27 427 419 3.28

The highest disease severity of 44% was recorddd mwionesia accession CE/IND/06
and the least (p<0.05) disease severity of 9% firHawaiian taro accession BL/HW/08.

Accession CE/THA/24 (25% severity) and CE/THA/0®.@26 severity) had almost
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equal TLB disease severity. This similarity in &eior could have been due to their

genetic relatedness.
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Figure 4.7: Mean TLB disease severity of Pacific - Caribbean tander MMUST

garden

A non-uniform trend of percentage disease sevenityh age was experienced. The
highest TLB disease severity was at age 8 months 26.1% and the lowest at age 4

with 9.7% disease severity (Fig 4.8).
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Figure 4.8: Mean TLB disease severity of Pacific - Caribbeanage under MMUST
garden

4.1.2.1. Taro leaf blight disease severity of Pdici - Caribbean and Kenyan taro

under Milimani Garden

The results on TLB disease severity on Pacific ridb@an and Kenyan taro under
Milimani garden were as shown on table 4.5. Regage and their interactions had
significant (p<0.001) effect on disease severitye dccessions had insignificant (p>0.05)
effect on TLB disease severity as shown on tabte Wnique trend in TLB disease
severity was observed in Pacific - Caribbean tanere BL/SM/48 increased in severity
between age 5-6 then decreased between sixth (23B% seventh month (17.7%)
(Table 4.5). Pacific - Caribbean accessions CEBIBHY CE/THA/24 increased initially
then finally decreased. All the Kenyan taro acaessincreased in disease severity from
five months to seven months except Busia accessdy/BSA/41 and Central Kenya

accession KNY/CTR/33 which reduced between six m®@ind seven months as 58.3-
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46.7% and 49-47% respectively (Table 4.5). Mean Tidase severity for the Pacific —

Caribbean taro was 10.28% and the Kenyan was 18.75%

Table 4.5:Percentage of TLB disease severity on Pacific #fbDaan taro and Kenyan

under Milimani garden

Age in months

Region Accession 5 months 6 months 7 months  Pooldean
Pacific BL/HW/26 1.4+3.8 13.6+18.4 44.3+20.9 11.9420.9
Pacific BL/HW/08 0+0 2.5+5  31.3+31.5 6.8+17.9
Pacific BL/HW/80 0+0 23.3+23.1 41.74£38.2 13+24.2
Pacific BL/SM/111 10+0 31.7#37.5 17.7+28 11.9+21.6
Pacific BL/SM/120 18.8+23.9 21.34£36.133.8+19.7 14.84+23.2
Pacific BL/SM/28 1+1.7 6.745.8  25+43.3 6.5+19.3
Pacific BL/SM/48 3.3t5.8 23.3+23.1  17.7+28 8.9+17.2
Pacific CE/IND/01 2.5+5 21.3+21.7 43.8+23.9 13.5+21.8
Pacific CE/IND/06 00 2.5+5 21.3+21.7 4.9+12.3
Pacific CE/JP/03 12.5+25 8.8411.8 26.3+32.5 9.8+19.5
Pacific CE/MAL/14 2.545 15+12.2  30+30.8 9.5+17.9
Pacific CE/THA/24 5+5.8 3.844.3  30+23.1 7.8+15,1
Pacific CE/THA/O7 0£0 2.5¢5 38.8+12.5 14.3+28.5
Kenya KMM/MM1/75 8.8+9.5 244241  52+26.6 17.3+24.9
Kenya KMM/MM2/76 1.8+1.6 16+19.5  66+28.2 17.1+29.2
Kenya KNY/BSA/41 33.3t14.4 58.3+14.4 46.7+37.5 28.31+29
Kenya KNY/CTR/33 10.6+13.2  49+35.6  47+23.3 21.3429
Kenya KNY/ELD/75 1.5+1.7 10+¢0 37.514.4 9.8+15.8
Kenya KNY/KAK/16 0.6£1.3 20.6%26.9 35+22.4 11.2+20.4
Kenya KNY/KIS/20 5#5.8 46.3+26.9 50+20.4 20.6+26.9
Kenya KNY/KIS/21 13.3+24.5 31.3+23.9 56.3+12.5 20.3+26.2
Kenya KNY/KIS/22 17.5+8.7 30+23.1 56.3+12.5 21.4423.7
Kenya KNY/KIS/81 1.5+1.7 7.515 7510 17.1429.9
Kenya KNY/KTL/61 2.6+4.3 8+4.5 55+20.9 13.1+23.3
Kenya KNY/SYA/50 3.3t4.7 27.5%£26.3 56.3+23.9 17.7+26.5
Kenya KNY/SYA/51 25+20.4 52.5+30.7 62.5t14.4 28.5+30.5
Mean 15.06 28.73 47.94 31.09
Ccv 96.02 82.77 49.4 84.01
LSD (p<0.05) 3.03 5.98 6.5

The highest disease severity of 28.5% was obsaemddenyan accession KNY/SYA/51

whereas the lowest severity of 6.5% was realizedPanific - Caribbean accession
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BL/SM/28. Among the Pacific - Caribbean accessidBs/SM/120 had the highest
disease severity of 14.8%. The lowest in seventorgg the Kenyan accessions was

KNY/ELD/75 with 9.8%.
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Figure 4.9: Mean TLB disease severity of Pacific- Caribbean ldadyan taro under

Milimani garden

Disease severity advanced with the age of tarotplage seven months recorded the
highest severity of 47.94% while the lowest diseseseerity of 15.06% was recorded in

the fifth month. (Fig 4.10).
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Figure 4.10:Mean TLB disease severity of Pacific — Caribbeaah ldenyan taro vis age
under Milimani garden

4.1.2.2 Taro leaf blight disease severity of Padaift Caribbean and Kenyan taro

under greenhouse study

The result on taro leaf blight disease severityanific - Caribbean greenhouse taro was
as indicated on table 4.6 below. Independentlyioregaccession and age significantly
(p<0.05) influenced TLB disease severity. Similatlye interaction between region of
origin and age showed significant (p<0.001) effeots disease severity. Further,
interactions between accessions and age significgpx0.001) affected disease severity
which steadily increased from third month to seliembnth in both Pacific - Caribbean
and Kenyan taro (Table 4.6). Pacific - Caribbeaoeasion BL/SM/80 maintained a
severity of 30.56% between age five and six mordihsindication of tolerance to TLB
disease. The mean TLB disease severity for thdi®acCaribbean taro was 20.47% and

that of Kenya was 29.64%.
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Table 4.67ercentage TLB disease severity on Pacific-Caribb@ad Kenyan accessions of taro under greenhdwdg s

Age in months

Region Pooled
Accession 3months 4moths 5months 6months 7months mean

Pacific BL/HW/08 11.78+21.71  14+20.78 20.56+19.91 26.11+27.02 27.78+26.35 20.04+23.16
Pacific BL/HW/26 3.22+4.09 3.56%+3.91 6.67+5 11.67+10.9 21.67+22.64 9.36+13.16
Pacific BL/SM/80 12.56+12.2 17.78+16.79 30.56+24.3 30.56+24.3 36.11+28.26 25.51+22.79
Pacific BL/SM/92 5.11+4.78 1049.68 21.67+22.64 23.33+22.22 11.67+10.9 14.36+16.61
Pacific CA/JP/O3 2.44+3.21 5.89+4.96 11.67+10.9 22.22+19.54  33.33+25 15.11+18.49
Pacific CE/IND/1 9.33+11.82 20.89+23.2  25+#21.65 30.56+24.3  33.33+25 23.82+22.41
Pacific CE/THA/07 16+20.76 14.78+20.44 25.56+31.96 27.78+26.35 41.67+33.07 25.16+27.6
Pacific CE/THA/24 12+16.35 20.56+19.91 36.11+28.26 41.67+33.07 41.67+33.07 30.4+28.48

Kenya KNY/BSA/41 34.03+26.83 40.28+30.63 45.28+34.29 48.06+35.58 50.14+36.38 43.56+33.08
Kenya KNY/CNT/33 17.6+17.16 27.5+23.99 36.32+28.46 41.39+31.76 45.56+33.94 33.67+29.34
Kenya KNY/KAK/16 4.36+9.21 11.19+13.91 21.78+23.35 30.69+27.78 33.89+28.71 20.38+24.5
Kenya KNY/KSM/81 7.97+10.55 19.03+18.47 31.33+ 42.78+32.61 48.78+35.83 29.98+30.01
Kenya KNY/KTL/61 18.33426.22 23.33+25.5 25+25 36.11+28.26 44.44+34.86 29.44+28.55
Kenya KNY/MU/75 9.28+13.96 13.28+13.67 24.33+21.65 35.42+30.1 41.39+33.65 24.74+26.8
Kenya KNY/SYA/50 8.44+9.86 12.56+11.83 21.94+20.52 33.89+30.37 45.83+34.57 24.53+26.88
Kenya KNY/SYA/51 9.56+12.7 21.11+23.98 36.28+28.51 41.67+32.08 45.28+34.79 30.78+30.11

Mean 13.25 20.36 29.75 36.76 41.49 28.32
Cv 135.3 109.2 90.7 83.2 79.3 101
LSD 2.96 3.67 4.45 5.05 5.44
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Most Kenyan taro accessions recorded higher TLERadis severity than the Pacific-
Caribbean taro. Kenyan accession KNY/BSA/41 scerguificantly (p<0.05) the highest
blight disease severity of 43.56% and the lowesesy of 9.36% was recorded with

Pacific - Caribbean accession BL/HW/26
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Figure 4.11:Mean TLB disease severity of Pacific- Caribbean ldadyan taro under

greenhouse study

There was gradual increase in disease severityagighof taro plant. The highest severity
was recorded at age seven months with 41.49% antbivest at age two months with

13.25%.
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Figure 4.12:Mean TLB disease severity of Pacific — Caribbeaah léenyan taro vis age
under greenhouse study.

4.1.3 Taro leaf blight disease index of Pacific- Cdbean taro under MMUST field

The result on monthly taro leaf blight disease nda various accessions of Pacific-
Caribbean taro was as shown on table 4.7 below. &geaccessions had independent
significant (p<0.001) effects on disease index. &doer, the interactions between
accessions and age were statistically (p<0.001ifgignt. In all the accessions, there

was no consistent increase in disease index weh(Baple 4.7).
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Table 4.7:Mean monthly TLB disease index of Pacific - Caridbéaro under MMUST

Garden
Age in months
3mth  4mth 5mth 6mth 7mth 8mth 9mth 10 mnth
Pacific taro Pld M
BL/HW/08 041 041 0.29 0.22 0.28 0.48 0.42 0.28 350.
BL/HW/26 0.5 0.42 0.38 0.24 0.41 0.43 0.35 0.25 70.3
BL/HW/37 0.48 0.45 0.66 0.41 0.87 0.7 0.62 0.37 70.5
BL/SM/152 061 0.8 0.72 0.79 1.01 1.11 1.02 0.55 830.
BL/SM/132 0.8 0.85 0.84 0.63 1 1.03 0.78 0.43 0.8
BL/SM/120 0.47 0.77 0.63 0.54 0.53 0.33 0.36 0.3 490.
BL/SM/128 0.94 0.58 0.54 0.62 0.59 0.82 0.53 0.36 .620
BL/SM/92 0.39 0.26 0.3 0.18 0.31 0.39 0.33 0.18 90.2
BL/SM/143 0.36 0.38 0.34 0.24 0.31 0.39 0.48 0.36 .360
BL/SM/149 0.61 0.54 0.41 0.34 0.62 0.73 0.63 0.49 .550
BL/SM/151 0.18 0.2 0.23 0.25 0.72 0.59 0.62 0.48 410.
BL/SM/116 0.34 0.23 0.4 0.35 0.63 0.82 0.59 0.44 480.
BL/SM/111 0.32 0.76 0.48 0.31 0.48 0.45 0.52 0.36 460
BL/SM/158 0.41 0.39 0.46 0.55 0.74 1 0.92 0.76 0.65
BL/SM/153 0.33 0.57 0.53 0.34 0.84 0.9 0.94 0.61 630.
BL/SM/80 052 0.84 1.01 0.9 1.49 1.4 1.2 0.86 1.03
CE/MAL/12 0.47 0.79 0.93 0.82 1.05 1.07 0.97 0.69 .850
CE/MAL/14 0.27 0.28 0.43 0.33 1.35 1.77 1.62 1.17 90
CA/JP/03 0.16 0.22 0.26 0.23 0.81 1.07 0.78 0.55 510.
CE/IND/01 1.06 1.43 1.42 0.61 0.92 0.75 0.68 0.57 .930
CE/IND/06 1.4 1.81 1.96 1.22 1.83 2 1.83 1.35 1.68
CE/THA/07 0.47 0.64 0.68 0.8 1.14 1.14 0.98 0.81 830.
CE/THA/09 0.66 0.95 1.24 0.78 0.71 1.12 1.03 0.89 .920
CE/THA/24 053 0.75 0.99 0.84 1.24 1.21 0.88 0.54 .870
BL/PNG/10 0.19 0.52 0.63 0.37 0.7 0.48 0.53 0.54 5 0.
Mean 052 0.63 0.67 0.52 0.82 0.89 0.78 0.57 0.68
SD 0.28 0.367 0.401 0.27 0.38 0.42 0.37 0.28 0.29
CVv 54.37 57.89 59.85 52.1 45.6 47.13 46.6 48.6 43.7
LSD 0.03 0.03 0.04 0.03 0.04 0.04 0.03 0.03
(p<0.05)
Max 1.4 1.81 1.96 1.22 1.83 2 1.83 1.35 1.68
Min 0.16 0.2 0.23 0.18 0.28 0.33 0.33 0.18 0.29
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Most Pacific - Caribbean taro accessions recordszhde index below 1.0. The accession
with the highest significant (p<0.05) disease ind#x 1.68 was CE/IND/06 from
Indonesia and the one with the lowest significg®t0(05) disease index of 0.29 was

BL/SM/92 from Samoa.
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Figure 4.13:Mean TLB disease index of Pacific - Caribbean taxder MMUST garden

There was irregular increase in TLB disease indeath \ege of plant. The highest
significant (p<0.05) disease index of 0.89 was iole@ in month eight and the lowest

significant (p<0.05) index of 0.52 was recordedhi@ month three and six.
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Figure 4.14:Mean TLB disease index of Pacific — Caribbean @sage under
MMUST garden

4.1.3.1. Taro leaf blight disease index of Pacifi€aribbean field study-2 under

Milimani garden

The result on monthly taro leaf blight disease ide various accessions of Pacific -
Caribbean taro were as shown on table 4.8 beloatisBtal evidence indicated that
disease index was different according to regionrevtiee accessions came from and their
age. The accessions themselves were significapti9.05) different. The interactions
between region and age also showed significant.Q840) effects on TLB disease index.
The mean TLB disease index for the Pacific - Ca#rbtaro was 0.2 and that of Kenya

was 0.78.
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Table 4.8:Mean monthly TLB disease index of Pacific - Cariéth@nd Kenyan taro
under Milimani garden

Age in months

Region Accession 05 06 07 Pooled m
KENYAN KNY/KIS/81 0.27 0.42 1.3 0.5
KENYAN KMM/MM1/75 1.22 0.85 0.9 0.7
KENYAN KMM/MM2/76 0.22 0.46 2.1 0.6
KENYAN KNY/SYA/50 0.24 0.52 2.1 0.6
KENYAN KNY/SYA/51 0.96 1.18 2.3 1
KENYAN KNY/BSA/41 1.69 1.78 15 11
KENYAN KNY/KIS/20 0.19 1.58 23 0.9
KENYAN KNY/KIS/21 0.26 0.72 1.7 0.6
KENYAN KNY/KIS/22 0.58 0.93 1.2 0.7
KENYAN KNY/KAK/16 0.04 0.45 0.9 0.3
KENYAN KNY/ELD/75 0.09 0.34 1.2 0.3
KENYAN KNY/CTR/33 0.35 1.05 14 0.6
KENYAN KNY/KTL/61 0.06 0.2 1.4 0.3
PACIFIC CE/THA/7 0 0.06 1.3 0.3
PACIFIC CE/THA/24 0.29 0.34 0.6 0.3
PACIFIC BL/HW/8 0 0.07 0.8 0.2
PACIFIC BL/HW/26 0.04 0.31 11 0.3
PACIFIC CE/IND/1 0.06 0.52 1 0.3
PACIFIC CE/IND/6 0 0.07 0.3 0.1
PACIFIC CE/MAL/14 0.08 0.47 0.6 0.2
PACIFIC CE/JP/3 0.22 0.25 0.8 0.3
PACIFIC BL/HW/80 0 0.73 0.6 0.3
PACIFIC BL/SM/28 0.11 0.11 0.4 0.1
PACIFIC BL/SM/48 0.11 0.37 0.5 0.2
PACIFIC BL/SM/111 0.64 0.41 0.3 0.3
PACIFIC BL/SM/120 0.3 0.2 1 0.3
Mean 0.36 0.55 11 0.4
SD 0.41 0.44 0.6 0.3
Ccv 114 80 52 58
LSD (p<0.05) 0.05 0.06 0.1 0
Max 1.69 1.78 2.3 11
Min 0 0.06 0.3 0.1
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Most Kenyan taro accessions recorded disease #diteater than the Pacific -
Caribbean as shown in figure 4.15 below. The higbgmificant (p<0.05) disease index
of 1.1 was recorded in Kenyan accession KNY/INDI@Bile the lowest significant

(p<0.05) index of 0.1 was obtained from PacificariBbean taro accessions; CE/IND/06
and BL/SM/28. The lowest disease index among thaeyKe accessions of 0.3 included;
KNY/KAK/16, KNY/ELD/75 and KNY/KTL/61. The highestdisease index of 0.3

among the Pacific - Caribbean accessions was @utdiom accessions; BL/SM/120,

BL/SM/111, CE/THA/07, CE/THA/24, BL/HW/26, CE/IND1Q CE/JP/03, BL/HW/80.
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Kenyan and Pacific- Caribbean taro accessions

Figure 4.15:Mean TLB disease index of Pacific - Caribbean tarder Milimani garden
The disease showed progressive increase in diggdese with plant age (From age five
to seven) as shown in figure 4.16. Age seven hadithest significant (p<0.05) disease

index of 1.1 and age five had the lowest signifiqarr0.05) disease index of 0.36.
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Figure 4.16:Mean TLB disease index of Pacific — Caribbean t@sage under

Milimani garden

4.1.3.2 Taro leaf blight disease index of PacificGaribbean and Kenyan taro under
greenhouse study

Table 4.9below gives a summary of mean monthly TLB diseaskex on Pacific -
Caribbean and Kenyan greenhouse grown taro. Theae significant (p<0.001)
individual effects of region, age and accession3 0B disease index. Interaction effects
between region and age were equally significané HAighest significant (p<0.05) disease
index of 2.26 was recorded with Kenyan accessiorYfS8YA/51 and the lowest disease
index of 0.8 with Pacific - Caribbean accessionHB/08 as shown in table 4.9. There
was no significant difference (p>0.05) in diseasek between accession KNY/SYA/51,
KNY/SYA/50 and KNY/KSM/81 at age three months. Theee accessions were
obtained from the same and neighboring countieXaifya. In the seventh month,
accession KNY/MU/75, KNY/KAK/16, KNY/BSA/41, KNY/KT/61, KNY/CNT/33 all
from different counties of Kenya had varied TLBadise indices (Table 4.9). The mean

TLB disease index for Pacific-Caribbean taro wa6@nd that of Kenya was 2.08ll
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the Pacific - Caribbean taro accessions had lowsade index than those of Kenya
except the Kenyan Kakamega taro KNY/KAK/16 that wtaistically (p>0.05) the same
as the Pacific -Caribbean ones. The mean TLB diseatex for the Pacific - Caribbean
taro was 0.86 and the Kenyan was 2.08.

Table 4.9: Summary of TLB disease index on Pacific - Caribbaat Kenyan

greenhouse grown taro viz age.

Age in months

Region Accession 3 4 5 6 7 Pooled m
KENYAN KNY/SYA/51 1.36 1.86 259 258 291 2.26
KENYAN KNY/SYA/50 127 16 206 228 2.98 2.038
KENYAN KNY/KSM/81 128 1.92 235 273 298 2.252
KENYAN KNY/MU/75 1.16 1.55 21 251 282 2.028
KENYAN KNY/KAK/16 0.33 061 1.29 1.53 1.61 1.074
KENYAN KNY/BSA/41 197 242 265 284 2.89 2.554
KENYAN KNY/KTL/61 1.83 1.78 225 243 2.58 2.174
KENYAN KNY/CNT/33 1.69 194 235 265 285 2.296
PACIFIC CA/JP/O3 045 046 0.75 091 0.79 0.672
PACIFIC BL/HW/26 0.39 036 055 055 054 0.478
PACIFIC BL/SM/92 0.61 0.73 09 086 0.59 0.738
PACIFIC BL/HWI/08 0.42 0.71 0.96 1.03 0.88 0.8
PACIFIC CE/THA/O07 0.74 059 124 1.23 1.2 1
PACIFIC BL/SM/80 0.71 0.9 125 1.16 1.13 1.03
PACIFIC CE/IND/1 068 095 125 124 1.08 1.04
PACIFIC CE/THA/24 0.70.89 135 1.49 1.08 1.102
Mean 097 1.2 162 1.75 1.81 1.47
SD 0.52 0.63 0.68 0.77 0.96 0.69
Cv 53.61 525 41.98 44 53.04 46.94
LSD (p<0.05) 0.090.11 0.11 0.13 0.16

Max 1.97 242 265 284 298 2.554
Min 0.33 0.36 055 055 0.54 0.478

The lowest disease index among the Kenyan accessibrl.07 was obtained from
KNY/KAK/16 and the highest index among the PacifiCaribbean accession of 1.1 was

obtained from CE/THA/24.
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Kenyan and Pacific - Caribbean taro accessions

Figure 4.17:Mean TLB disease index of Kenyan and Pacific -litsan taro under

greenhouse study.

There was a gradual increase in disease indextanthplant age. Age seven months had
the highest significant (p<0.05) disease index.81 &nd the lowest disease index of 0.97

was obtained at age three (Fig 4.18).
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Figure 4.18:Mean TLB disease index of Kenyan and Pacific #lib&an taro vis age

under greenhouse study

4.2 Effect of mean monthly rainfall, temperature aml relative humidity on TLB

disease incidence on Pacific - Caribbean taro und&dMUST Garden.

The result on field study performed on Pacific +iblaean taro were as illustrated on
table 4.10 below. There was no significant (P>0.6B¢ct of rainfall on TLB disease
development on Pacific- Caribbean taro. No regylattern of disease incidence to
illustrate the effect of average temperature on dhme. Disease incidence was at its
highest of 20.75% when average temperature was Z).5ainfall 16.1mm and R.H
69%. The lowest incidence of 19.1% was recordedvatage temperature of 242
rainfall of 7.7mm and average relative humidity6@ (Table 4.10). The significantly
(p<0.05) highest percentage disease incidence G¥%5 was obtained at a maximum
temperature of 27°Z. The range of morning relative humidity for theripd of study
was 71-89%. There was no regular increase in diseaglence with increase in relative

humidity within the months of study. At relative rhidity 80% recorded in the morning
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hours, in September, the percentage disease nmoadeas significantly (p<0.05) highest
at 25.74% whereas at relative humidity 73% recordetthe morning in November, the

percentage disease incidence was significantly .J&0owest at 19.1% as shown on
table 4.10There wasn't a regular pattern in the effect ohtige humidity recorded in the

afternoon on the mean taro leaf blight diseasedémae on Pacific - Caribbean taro
throughout the course of the study. However sigairftly (p<0.05) highest afternoon RH
of 68% registered a disease incidence of 20.6%ewklhative humidity of 63% recorded

significantly (p<0.05) lowest disease incidencd ®f1%.
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Table 4.10.Summary of TLB disease incidence on Pacific - Gagén taro under

MMUST garden viz means monthly rainfall, temperatand relative humidity

Apr May Jun Jul Aug Sept Oct Nov
Pacific accessions Mean monthly TLB disease incidea Pooled
Mean
BL/HW/08 201 203 155 123 143 193 13.8 10.2 .715
BL/HW/26 23.8 23.€ 17 11.€ 15.5 14.€ 12.2 9.€ 1€
BL/HW/37 22.1 25.8 24.4 17.9 22.6 18 16.8 12.8 20
BL/PNG/1( 10.2 25.1 29.¢ 18.5 23.2 15.¢ 16.7 17.¢ 19.€
BL/SM/111 15.3 29.8 23.8 17.9 20 195 211 17.2 620.
BL/SM/11€ 13.2 11.4 19. 18.6 24.L 26.1 22.¢ 18.¢ 19.c
BL/SM/120 18.6 38.8 24.7 22 20.2 16.6 15 13.6 21.2
BL/SM/12¢ 31.4 247 24.¢ 24.¢ 20.€ 23.€ 17.2 13.7 22.€
BL/SM/132 37.1 45.2 28.7 24.6 25 27.7 22.6 18.1 628.
BL/SM/14% 16.€ 22.€ 19.€ 147 20.€ 23 25.2 18 20.1
BL/SM/14¢ 232 23.1 18.4 18.5 219 28.4 26.1 18.¢ 22.¢
BL/SM/151 113 115 108 122 207 197 21.4 18.9 5.81
BL/SM/152 27.6 40.4 26.3 38.7 25.6 28.7 32.9 2030 3
BL/SM/158 20 18 19.8 21.7 235 29.3 27 25.8 231
BL/SM/8C 19.¢€ 30.4 26.t 25.4 34.1 36.€ 29.2 24.¢ 28.4
BL/SM/92 125 12.9 11.8 8.9 11.9 14.7 13.2 9.5b 911.
CA/JP/03 11.9 12.2 16 13.6 27.2 29.7 23.6 20.2 19.3
CE/IND/O1 325 37.2 36.9 23.2 27.8 24.3 20.8 19.7 7.82
CE/IND/O€ 38.4 39.¢ 41.2 2¢ 38.7 41.€ 35.¢ 31.2 37
CE/MAL/12 19.2 27.9 27.1 24.4 26.3 26.8 25.1 21.5 4.82
CE/MAL/14 132 12 151 157 39 425 37 326 259
CE/THA/07 14.7 20.3 21 25.8 32.2 32.3 27.7 22.8 624.
CE/THA/0¢ 23.7 32.7 32.2 21.¢ 19.t 30.2 28.¢ 27.2 27
CE/THA/24 21.7 29 30.9 29.2 35.1 30.1 23.3 175 127.
Mean 206 255 23.2 202 244 257 23.2 191 228
SD 6.73 949 742 595 6.99 741 6.17 5.64 5.50
LSD(p<005) 064 09 07 056 066 07 058 053
cVv 3347 376 3263 3153 2978 3025 28.18 3091 247
Max 342 46.3 40.47 29.27 37.78 41.67 36.57 31.83.43
Min 10 1053 125 9.62 12.38 14.02 12.32 9.09 423
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4.2.1 Effect of mean monthly rainfall, temperatureand relative humidity on taro

leaf blight disease incidence on Pacific — Caribbesand Kenyan taro under

Milimani Garden

The result of the finding was as indicated on tablgl below. This study clearly
portrayed the relationship between disease pragressd rainfall amounts. Increase in
rainfall led to an increase in TLB disease incicenn both categories of taro accessions.
The highest amount of rainfall recorded duringpleeod of study was 223.9 mm and the
disease incidence for Kenyan taro was 29.859%. i@&n dther hand, the Pacific-
Caribbean taro had an incidence of 17.705%. Thafgigntly lowest disease incidence
of 3.023% for the Kenyan taro was recorded at adlimimount of 65.5 mm while for the
Pacific - Caribbean accession, the disease inceddevas zero at the same amount of
rainfall. The two highest recorded TLB diseasedraice of 23.78% and 15.3% occurred
during the month of April and March which also resed the highest amount of rainfall
of 223.9 mm and 174 mm respectively. Disease imceewas significantly (p<0.05)
lowest at rainfall amount of 65.5 mm during the tioof February. (Table 4.11). Pacific-
Caribbean accessions; CE/THA/07, BL/HW/08, BL/HW/ZBE/IND/01, CE/IND/06,
BL/HW/80/ BL/HW/48 increased in incidence with iease in amount of rainfall.
CE/JP/03 was however constant between Februarivanch then increased in incidence
between March and April. Kenyan accessions; KMM/MKE KNY/SYA/50,
KNY/KIS/20, KNY/KIS/21, KNY/KAK/16, KNY/ELD/75, KNY/CTR/33 and
KNY/KIS/61 also showed increase in disease incidenith increase in rainfall amount.
Out of the twenty-six accessions investigated stevwed inconsistent increase in disease

incidence with increase in rainfall.
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There was no clear and consistent effect of minimtemperature on TLB disease
incidence contrary to the numerous findings of Gt al (2016), Asha (2006) and
Omegeet al. (2016) supporting a positive correlation between tempeeatund taro leaf
blight disease incidence. At minimum temperaturé41°C, which occurred in April,
highest disease incidence of 23.78 % was recortleg. finding disagreed with that of
Hiraida (2016) that a minimum air temperature of3834C was optimum for the
development of taro leaf blight. Increase in maximtemperature however led to
increase in disease incidence. At maximum tempezradfi 29.6C in March, disease
incidence of 15.03% was recorded and at ®®ih February, the incidence was 14.03%
(Table 4.11). Average temperature increased witihegse in disease incidence during
the month of February and March. In April, the aags temperature decreased from

22.35-15.08C as disease incidence increased from 21.25-23.78%.

The month of April recorded the highest averagatieg® humidity of 59% and the
highest morning R.H of 66%. (Table 4.11). Diseasxdence was however significantly
(p<0.05) lowest at average relative humidity 51%e Tighest average relative humidity
of 59% recorded for the period of study gave rigethte highest percentage disease
incidence of 23.78% (Table 4.11). The findings galhgrevealed an increase in taro leaf
blight disease incidence with increase in relativenidity. Similarly, Harplapur (2005)
found a range of relative humidity 58.7-84.5% falwe for development of fungddaf

blight.
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Table 4.11:Percentage of TLB disease incidence on PacificitbBean taro under

Milimani garden viz mean monthly rainfall, tempena and relative humidity

Age in months

Feb March  April

Region Accession 05 06 07 Pd Mn
Kenyan KNY/KIS/81 18.18 16.67 21.28 15.23
Kenyan KMM/MM1/75 47.06 25 17.65 22.84
Kenyan KMM/MM2/76 13.64 15.15 35.56 18.20
Kenyan KNY/SYA/50 13.64 14.71 40.54 18.22
Kenyan KNY/SYA/51 27.27 23.53 42.11 23.73
Kenyan KNY/BSA/41 38.89 33.33 29.63 27.04
Kenyan KNY/KIS/20 9.52 33.33 45.16 22.05
Kenyan KNY/KIS/21 11.54 19.23 32.35 15.12
Kenyan KNY/KIS/22 16.67 23.33 21.95 22.39
Kenyan KNY/KAK/16 3.23 16.13 21.28 8.13
Kenyan KNY/ELD/75 5.71 11.43 25.58 8.54
Kenyan KNY/CTR/33 14.71 21.95 28.30 12.99
Kenyan KNY/KTL/61 3.92 7.84 26.79 7.71
Pacific CE/THA/7 0 4 21.95 5.19
Pacific CE/THA/24 14.29 9.09 15.79 7.83
Pacific BL/HW/8 0 4.35 20.51 4.97
Pacific BL/HW/26 2.78 12.19 23.69 7.73
Pacific CE/IND/1 4 16 21.57 8.31
Pacific CE/IND/6 0 4.76 8.62 3.73
Pacific CE/MAL/14 5.26 15.79 14.29 7.07
Pacific CE/JP/3 1111 11.111 20.51 11.62
Pacific BL/HW/80 0 20 16.13 7.23
Pacific BL/SM/28 8.33 4.54 13.64 5.30
Pacific BL/SM/48 6.67 10 20 7.33
Pacific BL/SM/111 21.43 10.26 10.26 8.39
Pacific BL/SM/120 10.71 7.14 23.21 8.21
Mean 14.03 15.03 23.78 12.12
SD 11.06 8.06 9.15 5.72
CVv 78.83 53.63 38.48 47.19
LSD p<0.05 1.462 1.066 1.21
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4.2.2 Effect of mean monthly rainfall, temperatureand relative humidity on taro

leaf blight disease severity on Pacific - Caribbeataro grown under MMUST

garden

Table 4.12 below summarizes the result on effechedn monthly rainfall, temperature
and relative humidity on TLB disease severity orifta- Caribbean taroGolocasiae
esculentq The rainfall range during the period of study wasntm - 24.9 mm in July
and April respectively. The lowest amount of raihfacorded for the period of study of
5.5 mm had disease severity of 12% while the higreafall amount recorded for the
study of 24.9 mm registered disease severity d#%0There was no positive correlation
between rainfall and TLB disease severity. Thislddae due to the fact that Pacific -
Caribbean was a high rainfall receiving countrysthine plants had adapted means of

resisting the infection even when rainfall conditiwas optimum.

The highest significant (p<0.05) disease severitym1% was recorded at minimum
temperature of %€ whereas the lowest significant (p<0.05) sevedfy9.7% was
recorded at minimum temperature of P&5(Table 4.12)The significantly (p<0.05)
highest percentage disease severity of 25% wasnebtat maximum temperature of
27.2C whereas the significantly (p<0.05) lowest seyenf 9.7% was recorded at
maximum temperature of 27@. However, the highest temperature recorded fer th
study of 27.8C recorded a disease severity of 24.3% and theslowwmperature recorded
for the duration of the study of 26@ obtained a lower mean disease severity of 23.6%

(Table 4.12).
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There was no regular trend on the effect of mormelative humidity on disease severity.
contrary to the report by Manjat al (2017) that high relative humidity favors TLB
disease development and transmission. The highgstisant (p<0.05) disease severity
of 25.1% was recorded at morning relative humidity80% and the lowest significant
(p<0.05) disease severity of 9.7% was obtaineelative humidity of 82%. The second
highest disease severity obtained of 24.3% in Qutatas recorded at afternoon R.H
59%. This was supported by the findings of Chothanial. (2017) that there was an
increase in early blight severity at evening rgatumidity of 30-58%. Contrary to this
present finding, the lowest disease severity o¥®also occurred at R.H of 59% in the
month of May. On the other hand, the highest aftennR.H recorded for the study of
68% occurred in the month of April with disease esé¢y of 10.2%. The afternoon
relative humidity of 59% occurred both in the mowthMay and October with varied
disease incidences of 9.7 and 24.3% respectivetyebVer , the month of June, August
and September recorded equal afternoon relativadiymvith varied disease incidences
as 14.3, 23.6 and 25.1% respectively. The averagéve humidity either did not show
increase with increase in disease severity. AtageR.H of 69%, disease severity was
25.1% whereas at RH of 72.5%. disease severity Wé%. This inconsistency could

have been due to effect of other factors like &dirgnd temperature variation.
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Table 4.12:Summary of mean monthly rainfall, temperature asdtive humidity on

TLB disease severity on Pacific - Caribbean taowgrunder MMUST garden

Month Apr May Jun Jul Aug Sept Oct Nov

3mths 4mnths 5mths  6mths 7mths 8mths 9mths  10mths
Pacific taro Mean monthly TLB disease severity pd m
BL/HW/08 6.4 5.2 3.7 5.5 6.8 17.8 12 14.9 9
BL/HW/26 5.8 3.4 7.3 6.8 13.7 14.6 125 10 9.3
BL/HW/37 6.6 3.2 11.7 8.2 34.2 30.2 26.7 12.4 14.8
BL/PNG/10 7 14.1 9.8 6.8 14.9 14.9 17.6 155 11.2
BL/SM/111 3.8 9 10.4 8.9 16.1 134 13.1 6.7 9
BL/SM/116 20.9 5.8 7.5 5.8 22.4 26.9 17 15.8 13.6
BL/SM/120 8.8 6.2 13.3 11.8 17.5 10.7 14.6 11.3 510.
BL/SM/128 15.3 8.5 7.3 10.7 14.6 24.2 20 13.7 12.7
BL/SM/132 9.2 3.2 16 14.6 29 29 27.2 10.8 154
BL/SM/143 4.1 4.7 6.4 4.5 14.5 14.7 15.7 12 8.5
BL/SM/149 11.8 7.9 5.4 5.8 19.1 17.4 16.8 14.5 11
BL/SM/151 1.8 1.8 3.8 3.8 27.8 23.9 19.5 15.8 10.9
BL/SM/152 6.8 3.3 12.9 14.7 26.9 32.3 30.2 10.2 315.
BL/SM/158 3.1 4 8.9 8.5 20.2 25.1 25.7 18.4 12.7
BL/SM/80 7.3 9.1 23.3 20.1 40.9 36.2 40.3 28.3 22.8
BL/SM/92 10.3 4.1 10.4 3.5 13.8 15.9 15.9 5 8.8
CA/JP/03 3.1 7.3 8.8 9.6 26 32.2 25.6 14.5 141
CE/IND/01 22.3 30.3 311 12.1 22.8 16.2 21.7 15.8 9.11
CE/IND/06 35.8 42.5 48.2 34 45.8 50 56.2 39.2 39.1
CE/MAL/12 8.8 11.3 23.7 195 33.8 35.9 33.8 23.7 .221
CE/MAL/14 5 3.8 6 5.2 26.5 35.2 38.6 24.7 16.1
CE/THA/O07 26.1 22.2 21.9 22.8 29.5 295 295 29.5 3.42
CE/THA/09 114 114 26.3 24.5 26 29.9 27.8 22.4 20
CE/THA/24 8.8 14.8 27.3 27.8 33.4 35.5 33.7 18.3 .222
Mean 10.2 9.7 14.3 12 23.6 25.1 24.3 16.6 15.1
Ccv 131 141 126 134 104 97.3 96.7 113 104.8
LSD 2.539 2.696 3.4 2951 4.27 4.269 4.186 3.283
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4.2.3 Effect of mean monthly rainfall, temperatureand relative humidity on taro

leaf blight disease severity on Pacific - Caribbeaand Kenyan taro grown under
Milimani Garden

Result on effect of mean monthly rainfall on TdBease severity on Pacific - Caribbean
taro was given in table 4.13 below. Generally, TBease severity increased with
increase in the amount of rainfall. The month ofiAwhich had the highest amount of
rainfall of 223.9 mm gave the highest recorded atiseseverity of 47.94%. The least
severity of 15.06% was recorded in February wherfathamount was least (15.06 mm).
Pacific-Caribbean accessions; BL/SM/28, CE/IND/OCE/IND/06, CE/MAL/14,
CE/THA/07 and Kenyan accessions; KMM/MM1/75, KMM/NY6, KNY/ELD/75,
KNY/KAK/16, KNY/KIS/20, KNY/KIS/21, KNY/KIS/22, KNY/KIS/81, KNY/KTL/61,
KNY/SYA/50, KNY/SYA/51 had their disease severitycrease gradually with increase
in rainfall. Harplapur (2005) reported similar résn his study that rainfall range of 47-
104 mm were most favorable for development of nfosigal diseases. The other
accessions did not have consistent increase inrigevath increase in rainfall. The
highest significant (p<0.05) disease severity 401.94% was recorded at minimum
temperature of 14°C, average temperature 21°€5and maximum temperature of
28.£C. These findings agreed with the earlier findiffgSahuet al. (2014) that the
minimum temperature had a negative highly significeorrelation with blight disease
development. Ayoget al (2015) earlier stated that, epidemics generddliyrish when
night temperatures are in the range 17-20 °C. ©bktemperatures stimulate the release

of infective zoospores, promoting multiple infectso (Fullerton and Tyson, 2003).
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Increase in temperature therefore did not condigtéead to increase in TLB disease
severity. This was contrary to the finding of Beheoet al (2018) that temperature was
directly proportional to disease severity. It wesaontrary to the report of Charlesal.
(2016) that increase in maximum temperature coedd lto increase in disease severity.
The result also implied that age of plant has somafluence on disease severity.

The lowest disease severity of 15.06% was recowtetbwer relative humidity in
February. The result agreed with the findings ofadasike (2015) that relative humidity
of 67 - 85.6 % favoured leaf blight development.nif@n taro consistently recorded
higher TLB disease severity than Pacific - Carilbbeauld be as a result as a result of
the fact that Pacific - Caribbean taro accessioaewnproved for tolerance to taro leaf
blight. Mbong et al. (2015) supported this in his finding that there evepores and

mycelia growth oPhytophthora colocasiai all the cultivars both improved and local.
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Table 4.13: Summary of TLB disease severity on Pacific - Cagdoband Kenyan taro
field study -2 viz varied rainfall, temperaturedarelative humidity

Age in months

Region Accession 5 mths (Feb) 6 mths (Mar)  7mths pd) Pooled Mn
Pacific BL/SM/28 1+1.7 6.715.¢ 25143.% 6.5+19.:
Pacific BL/SM/A8 3.3t5.¢ 23.3+23.: 17.742¢ 8.9+17..
Pacific CE/IND/1 2.5+ 21.3+21" 43.8423.¢ 13.5+21.¢
Pacific CE/IND/€E 0+0 2.5+ 21.3+21° 4.9+12.:
Pacific CE/JP/. 12.542F 8.8+11.¢ 26.3+32.! 9.8+19.t
Pacific CE/MAL/14 2.5+E 15+12.; 30+30.¢ 9.5+17.¢
Pacific CE/THA/24 5+5.¢ 3.844.: 30+23.: 7.8+15,:
Pacific CE/THA/7 0+0 2.5+ 38.8+12.! 14.3+28.!
Kenye KMM/MM1/75 8.8+9.f 241424 52+26.¢ 17.3+24.¢
Kenye KMM/MM2/76 1.8+1.¢ 16+19.t 66+28.. 17.1+29.
Kenye KNY/BSA/41 33.31£14. 58.3+14. 46.7+£37.! 28.3+2¢
Kenye KNY/CTR/33 10.6+13.. 49+35.¢ 47+23.: 21.3+2¢
Kenye KNY/ELD/75 1.5+1.% 10+C 37.514.. 9.8+15.¢
Kenye KNY/KAK/16 0.6+1.¢ 20.6+26. 35+22.« 11.2420.
Kenye  KNY/KIS/20 5145.¢ 46.3126. 50+20.« 20.6+26.¢
Kenye KNY/KIS/21 13.3+24.! 31.34£23.¢ 56.3+12.! 20.3+26.:
Kenye  KNY/KIS/22 17.5+8.° 30+23.: 56.3+12.! 21.4+23.°
Kenye KNY/KIS/81 1.5+1.7 7.54E 75+C  17.1+29.¢
Kenye KNY/KTL/61 2.6+4.: 8+4.F 55+20.¢ 13.1+23.
Kenye KNY/SYA/50 3.3t4.% 27.5+26.. 56.3423.¢ 17.7+26.!
Kenye KNY/SYA/51 25+20. 52.5+30." 62.5414.2 28.5+30.!
Total 6.6 21 44.4 14.5
Ccv 96.02 82.77 49.4 84.01
LSD p<0.0t 3.0 5.9¢ 6.5
Mean 15.06 28.73 47.94 31.09

4.3 Relationship between TLB disease resistance aAgronomic traits of Pacific -
Caribbean taro accessions under MMUST garden

4.3.1 Taro leaf blight disease resistance of Padifi Caribbean taro accessions under
MMUST garden

Table 4.14 below gives the disease resistancehirdifferent taro accessions from
Pacific - Caribbean. The overall range of TLB dseaesistance was 56.16 - 93.45%.

The accession BL/SM/14 from Samoa had the highisstide resistance of 93.45%. All
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the accessions from Samoa recorded TLB diseasstarse of at least 80% except
accession BL/SM/80 which was 73.84%. The rangeiséate resistance for Samoan
accessions was 73.84 - 93.45%. The resistance fangbhe Hawaian accessions was
73.84 - 90.54. The least resistance was obtaired fndonesian accession CE/IND/06
with 56.16%. The accessions from Indonesia and |3mai recorded below 80%

resistance. The Samoan accessions seemed to esdplettiority over the rest in disease
resistance, followed by the Hawaian accesson. Tiding of this study depicted an

influence of location of origin on TLB disease stance.
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Table 4.14:Taro leaf blight disease resistance of PacificHlib@an taro accessions

under MMUST Garden

Region Accession Resistance
PACIFIC BL/HW/08 90.54
PACIFIC BL/HW/26 90.6
PACIFIC BL/HW/37 81.56
PACIFIC BL/HW/80 73.84
PACIFIC BL/PNG/10 86.73
PACIFIC BL/SM/111 90.12
PACIFIC BL/SM/116 86.5
PACIFIC BL/SM/120 89.34
PACIFIC BL/SM/128 84.55
PACIFIC BL/SM/132 80.97
PACIFIC BL/SM/143 93.45
PACIFIC BL/SM/149 88.43
PACIFIC BL/SM/151 85.85
PACIFIC BL/SM/152 82.78
PACIFIC BL/SM/153 87.46
PACIFIC BL/SM/158 84.23
PACIFIC BL/SM/80 73.84
PACIFIC BL/SM/92 89.63
PACIFIC CA/JP/03 84.77
PACIFIC CE/IND/01 79.04
PACIFIC CE/IND/06 56.16
PACIFIC CE/MAL/12 74.55
PACIFIC CE/MAL/14 80.87
PACIFIC CE/THA/07 71.49
PACIFIC CE/THA/09 75.97
PACIFIC CE/THA/24 75.95
Min 56.16
Max 93.45

4.3.1.1 Agronomic traits in terms of number of leags of Pacific-Caribbean taro
under MMUST Garden
Mean monthly number of leaves of Pacific - Caribb&o under MMUST Garden was

given on Table 4.15 below. The highest number alvés of 10 was obtained from
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Hawaiian accession BL/HW/26 and the lowest of 6lB&ves was from Samoan
accession BL/SM/158. Age 10 months had the higaestage number of leaves of 9.1
while age 5 months had the least number of leat/&7& (Table 4.15). The Hawaiian
accessions BL/HW/26, BL/HW/08 and BL/HW/37 had thghest number of leaves with
an average of 9.6 leaves, Thailand followed witreaerage of 8.04, Papua New Guinea

7.8, Samoa 7.59, Indonesia, 7.49 and Malacia &43ectively.
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Table 4.15:Mean number of leaves from various accessions cfi®a Caribbean taro under MMUST Garden
Mean number of leaves of various accessions dfi@&aribbean taro
Age 3mnths 4months 5mnths  6mths 7mths 8mths 9mths 10mths
Pacific taro Mean Mean Mean Mean Mean Mean Man Mean Pld M
BL/HW/08 11.1+3.2 8.75+2.3 8.08+2.1 8.08+1.9 8.842.5 10+2.5 11+1.6 12+3.6 9.7¢+2.85
BL/HW/26 9.83+3.9 8.33+1.8 8.75+2 9.33+2.5 9.842.2 11+2 12+2.1 11+1.8 10+2.55
BL/HW/37 8.75+4.5 8.08+1.8 8.17+1.8 8.08+1.7 9.2+1.9 10+2.9 9.842.6 11+2.2 9.11+2.64
BL/PNG/10 7.82+1.4 5.42+1.7 5.1841.9 6.18+1.9 7.2+1.7 10+1.7 10#1.7 10+1.7 7.872.71
BL/SM/111  9.08%3 7+2.1 7.08+2.2 7.33+2.6 8.2+2.8 8.2+2.8 8+2.8 8+2.7 7.85+2.63
BL/SM/116 8.67+3.3 7.92+2.2 7.33+2.5 6.75+2.1 6.9+2.2 6.9+2.2 7.2+2.3 8.3+1.8 7.5+2.38
BL/SM/120 12.8+3.1 7.5+1.7 7.5+1.7 7.42+1.6 8.9+1.6 8.9+1.6 9+1.7 9.9+1.8 9+2.49
BL/SM/128 6+1.7 6.42+1.9 6.33+1.8 6.42+1.9 7.8+1.5 7.84#1.5 7.5+1.4 8.8+1.5 7.14+1.83
BL/SM/132 10.3%6 6.83%+1.5 7+1.7 7.17+1.9 8.3+1.8 8.3+1.8 8.3+1.7 8.8+1.8 8.11+2.78
BL/SM/143 6.33+x1.7 7.25+2 7.17+2.4 7.5+2.2 9.1+1.9 9.1+1.9 8.7+1.8 8.9+1.8 8+2.17
BL/SM/149 6.5+1.5 6.25+1.5 6.42+1.4 6.42+2.4 7.1+2.4 7.1+2.4 7.2+2.4 8.842 6.9€+2.11
BL/SM/151 5.75+2 5.25+1.8 5.33+1.7 5.42+1.7 6.6+x1.7 6.6+1.7 6.4+1.7 6.8+2 6.02+1.82
BL/SM/152 11.445 7.33+1.8 7.08+1.7 6.67+2.5 8.4+2.2 8.2+2 7.7+2.9 8.1+2.3 8.1+2.97
BL/SM/153 8.67+2.4 5.92+1.6 5.83+1.8 5.67+1.8 7.1+2.4 6.2+1.5 6.1+1.6 8.2+1.3 6.7+2.07
BL/SM/158 6.58+4.3 4.75+1.6 5.25+1.9 5.67+2.2 7.5+1.6 7.5+1.6 7.3+1.7 7.8+1.7 6.55+2.41
BL/SM/80 8.83+5.2 6.42+1.7 6.33#1.8 6.33+1.8 7.4+2 7.4+2 7.8+1.7 9.4+2.2 7.5+2.66
BL/SM/92 7.92+1.4 9.08+2.1 8.67+1.7 8.67+1.7 9.4+1.4 9.4+1.4 9.9+1.2 11+1.6 9.2€+1.77
CA/JP/03 5.83+2.9 5.92+1.8 6.08+1.9 6.17+2.3 7.6+2.4 7.6+2.4 7.7+2.4 9+1.9 6.9¢+2.44
CE/IND/O1 8.08+3.5 6.17+1.5 6+1.4 6+1.3 7.9+1.2 7.9+1.2 7.841.3 8.2+.1.6 7.25+£1.95
CE/IND/O6 10.1+4.1 7.08+1.4 7+1.4 6.83+1.6 7.5+1.5 7.5+1.5 7.4+1.6 8.3+1.8 7.742.21
CE/MAL/12 9.9245.1 6+1.9 6+1.9 7.08+2.4 7.9+2 7.9+2 7.9+2 8.4+2.7 7.6%+2.87
E/MAL/14 6.08%+2.5 6+1.5 5.75t1.4 6.67+1.4 7+1.5 7415 6.841.3 7.6+x1.4 6.61+1.65
CE/THA/07 9.75+4.2 6.25+1.6 6.42+1.8 6.42+1.8 7.3+1.9 7.3x1.9 7.5+1.7 9+1.7 7.4&2.45
CE/THA/09 9.75%4 6.5+1.8 6.67+1.7 6.75+1.6 7.8+1.6 7.8+t1.6 8+1.8 8.7+1.8 7.7542.31
CE/THA/24  13.1#5 8.09+2.1 7.08+1.8 6.25+2 6.8+2.2 9.5+2.4 9.5+2.4 11+1.9 8.8¢+3.36
Mean/month 8.7¢+4.1 6.8242.1 6.7542 6.85+2.1 7.¢+2.1 8.3+2.3 8.2+2.3 9.1+2.3 7.82.63
Ccv 46.3 30.1 29.6 30.8 26 28 28 25
LSD p<0.05) 0.57 0.287 0.28 0.3 0.3 0.3 0.3 0.3
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4.3.1.2 Agronomic traits (in terms of leaf area) oPacific - Caribbean taro under
MMUST Garden in correlation with TLB disease resisance

There was a statistically significant weak coriielatbetween resistance and average leaf
area as shown in the figure 4.19 below. The cdefitoof determination (§ (0.072) was
positive indicating that there was more resistancglants with greater leaf area. When
the scattered graph was presented, the line offlbdsad a positive slope as shown in

figure 4.19 below.
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Figure 4.19: A scatter plot of leaf area in a month versus #ststance under MMUST
Garden

4.3.1.3 Agronomic traits in terms of number of suc&rs of Pacific - Caribbean taro
under MMUST Garden in correlation with TLB diseaseresistance

The number of suckers increased over time. Thesyakistance improved as the plant
matured. Correlation between TLB resistance andoauraf suckers shown on figure 4.2

revealed a positive but weak co-efficient of 0.00&&ween the resistance and the
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number of suckers. It showed that plants with msuekers tended to have higher

resistance.
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Figure 4.20: A scatter plot of the number of suckers in a moaitsus the resistance
under MMUST Garden

4.3.1.4. Level of resistance of Pacific - Caribbeaaro accession against TLB disease
under MMUST garden

Generally, most of the Pacific - Caribbean accessiwere moderately resistant. The
resistant accessions were BL/SM/92, BL/SM/143, BIL/BL1, BL/HW/26 and
BL/HW/08. Three of these were from Samoa and twamfrHawaii. Only accession
CE/IND/0O6 from Indonesia was found to be moderagigceptible to taro leaf blight
(Table 4.16). None of the Pacific - Caribbean taogessions was susceptible (Table

4.16).
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Table 4.16:Level of resistance of Pacific - Caribbean tarceasmn against TLB
disease under MMUST Garden

Scale Range of Leve No of Accessions
identi disease |of accessions
ty severity  resis
tanc
e
0-1 0-10% R 5 BL/HW/08, BL/HW/26, BL/SM/111, BL/SM/143 BL/SA
1-2 10.1-25% MR 19 BL/HW/37, BL/IPNG/10, BL/SM/1186,

BL/SM/120, BL/SM/128, BL/SM/132,
BL/SM/149, BL/SM/151, BL/SM/152,
BL/SM/158, BL/SM/80, CA/JP/03, CE/IND/01,
CE/MAL/12, CE/MAL/14, CE/THA/07,
CE/THA/09, CE/THA/24, CE/IND/06

2-3 25.1-50% MS 1 CE/IND/06

3-4 S None None

>50%

Host responses: R = Resistant; MR = Moderatelgtasi; MS = Moderately susceptible;
S = Susceptible.

4.3.2 Taro leaf blight disease resistance of Padfi Caribbean and Kenyan taro
accessions under Milimani Garden

Table 4.17 below presents disease resistance for Racific - Caribbean and Kenyan
taro accessions. The accession that had the higle=sdse resistance of 89.73% was
Samoan BL/SM/128 and the lowest resistance wasinglatafrom Kenyan- Siaya
accession KNY/SYA/51 with 58.27%. All the Kenyanrdaaccessions had disease
resistance of below 80% except accession KNY/KAKfdGn Kakamega county with
82.9% resistance and KNY/ELD/75 with 84.34% resistafrom Uashin Gishu county.
None of the Pacific - Caribbean taro accessionshietmv 73.81% resistance and six out
of thirteen Pacific - Caribbean accessions had ®@86 resistance. On average, the
Pacific - Caribbean highest resistant accessionre@sded on Indonesia and Japan with

82.49% resistance. Malacia, Hawaii, Samoa and dhaihad their average resistance at
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82.25, 81.46, 80.44, and 80. 39% respectively. Réneya’s least resistant accession was
obtained from Busia with a percentage of 64.02%y&i Kisumu, Central Kenya,
Mumias had their average disease resistance of6641.24, 67.66 and 69.46%
respectively. The result revealed generally higheB disease resistance with the Pacific

- Caribbean taro accessions than the Kenyan taro.

Table 4.17:Taro leaf blight disease resistance of Pacificrlibean and Kenyan taro

accessions under Milimani Garden

Region Accession Resistance
KENYAN KMM/MM1/75 67.47
KENYAN KMM/MM2/76 71.44
KENYAN KNY/BSA/41 64.02
KENYAN KNY/CTR/33 67.66
KENYAN KNY/ELD/75 84.34
KENYAN KNY/KAK/16 82.9
KENYAN KNY/KIS/20 70.91
KENYAN KNY/KIS/21 68.57
KENYAN KNY/KIS/22 68.07
KENYAN KNY/KIS/81 61.39
KENYAN KNY/KTL/61 79.16
KENYAN KNY/SYA/50 70.05
KENYAN KNY/SYA/51 58.27
PACIFIC BL/HW/08 88.65
PACIFIC BL/HW/26 78.13
PACIFIC BL/HW/80 77.59
PACIFIC BL/SM/111 77.54
PACIFIC BL/SM/120 76.91
PACIFIC BL/SM/128 89.73
PACIFIC BL/SM/80 77.59
PACIFIC CA/JP/03 82.49
PACIFIC CE/IND/01 75.28
PACIFIC CE/IND/06 89.7
PACIFIC CE/MAL/14 82.25
PACIFIC CE/THA/07 73.81
PACIFIC CE/THA/24 86.96
Min 58.27
Max 89.73
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4.3.2.1 Agronomic traits in terms of number of leags of Pacific - Caribbean and
Kenyan taro under Milimani Garden

The result on number of leaves of Pacific - Cardstband Kenyan taro under Milimani
garden was given on table 4.18. The highest mearbeuof leaves of 8.1 was obtained
from Samoan BL/SM/120 and the one with the lowesamnumber of leaves of 4.7 was
from accession CE/JP/3 from Japan. Age three hadothest number of leaves of 2.05
while age seven had the highest mean number oé4eafv10.98. The average number of
leaves for the Pacific - Caribbean taro was 6.2emvur Kenya was 5.85 leaves. There
was steady increase in number of leaves with iseréa age of plant as shown on table

4.18. Pacific - Caribbean taro hence produced reanees than the Kenyan.
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Table.4.18:Mean number of leaves of Pacific - Caribbean anadyia taro accessions
under Milimani Garden

Mean number of leaves compared by region

Age 3mnths 4mnths 5mnths 6mnths 7mnths
Region Taro accession M leaves M. M leave Mean Mean PD Mn
leaves leaves leaves

Pacific  BL/HW/26 2.4340.53 2.86+0.69 5.14+0.9 5.86* 10.86+2.73  5.43+3.33
Pacific ~ BL/HW/8 2.25+0.5 2.25#0.5 5+0.82 5.75+1.719.75+1.71 5+3.03
Pacific ~ BL/HW/80 1.33+0.58 440 5+1 8.33+3.79 10.8H8 5.8%+3.63
Pacific  BL/SM/111 2.33+0.58 2.67+1.15 4.67+0.58 2%5 13+2.65 7.1345.25
Pacific  BL/SM/120 240 3.5+3 7+2.7 14+2.94 14+2.94 167
Pacific  BL/SM/28 2.67+0.58 340 410 14.67+2.52 14852 7.8+5.98
Pacific  BL/SM/48 3+0 3.33+0.58 540 13.33+1.53 13333 7.6+4.97
Pacific  CE/IND/1 2+0 4.25+1,26 6.25+1.7 6.25+1.71 2.75+3.77 6.3%4.12
Pacific  CE/IND/6 1.540.58 4.75+1.5 5.25+1.89 5.28A 14.5+1.29 6.25+4.67
Pacific  CE/JP/3 1.5+40.58 3.25+0.5 4.5+1.29 4.5+1.299.75+3.3 4.7+3.21
Pacific CE/MAL/14 2.25+0.5 3.75#0.5 4.75+1.26 4.1%6 14+2.71 5.9+4.46
Pacific CE/THA/24 2.75+0.5 2.75#0.5 5.25+0.96 5.53@0  9.5+1.73 5.1542.72
Pacific CE/THA/7 2.25+0.5 2.25#0.5 6.25+2.06 6.2% 10.25+1.71 5.45+3.36
Kenya  KMM/MM1/75 2.2+0.45 2.6+0.55 3.4+0.89 4.8+2.9 13.6%+1.52 5.32+4.46
Kenya  KMM/MM2/76 210 2.4+0.55 4.4+1.82 6.6%0.89 90 4.88+2.83
Kenya  KNY/BSA/41 30 3+0 6+3 7£1.73 9+1.94 5.6+2.77
Kenya  KNY/CTR/33  1.840.45 2+0 6.8+1.3 8.2+1.48 1165 5.88+3.72
Kenya  KNY/ELD/75 1.75+0.5 240 8.75+0.5 8.75%0.5 1%+0.96 6.4+3.9
Kenya  KNY/KAK/16 1.4+0.55 240 6.2+1.64 6.2+1.64 20455 5.04+3.19
Kenya  KNY/KIS/20 2.25+0.5 2.25#0.5 5.25+0.5 5.25:0. 7.75%1.5 4.55+2.26
Kenya  KNY/KIS/21 1+0 2+0 6.5+1.29 6.5%£1.29 8.5+0.58 4.9+3.06
Kenya  KNY/KIS/22 2+0 2+0 6+2.83 7.5+1 10.25+0.5 3.5
Kenya  KNY/KIS/81 2.25+¢0.5 2.5#0.58 2.75+0.5 4.54#2.3 11.75+2.75 4.75%+3.97
Kenya  KNY/KTL/61  1.2+0.45 240 10.2+1.3  10.2+1.3 241.3 6.96+4.59
Kenya  KNY/SYA/50 210 2.25+¢0.5 5.5+2.08 8.5+2.08 2.98 5.5+3.41
Kenya  KNY/SYA/51  2.75+0.5 30 5.5+3 8.5+1.29 9.548. 5.85+3.13

Mean 2.05+0.64 2.75+1.03 5.64+2.09 7.45+£3.17 84P%FB 5.77+3.89

Ccv 31.2 37.5 37.1 42.6 23.7

LSD p<0.05 0.15 0.2405 0.488 0.74 0.607

4.3.2.2 Agronomic traits (in terms of leaf area) oPacific - Caribbean and Kenyan
taro under Milimani Garden in correlation with TLB disease resistance.
There was a statistically significant correlaticgtieeen resistance and average leaf area

as shown in the figure 4.3 below. The coefficiemiswegative indicating that there was
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less resistance in plants with greater leaf areae\the scattered graph was presented,

the line of best fit had a negative slope as shioviigure 21 below.
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Figure 4.21: A scatter plot of leaf area versus TLB resistanugen Milimani garden

4.3.2.3 Agronomic traits (in terms of number of sukers) of Pacific - Caribbean and
Kenyan taro under Milimani Garden in correlation with TLB disease resistance.

The resistance had a statistically significant elatrons with total number of suckers.
The correlation was however negative with a comffit 0.1106in that increase in the

number of suckers led to a decrease in diseas#arse as shown in figure 22 below
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Figure 4.22: A scatter plot of the number of suckers in a mamtsus the resistance in

the Second experiment

4.3.2.4 Level of resistance of Pacific - Caribbeaaro accession against TLB disease
under Milimani Garden

The result on investigation of taro leaf blightedise resistance in Kenyan and Pacific -
Caribbean taro in experiment two are as outlinedtatite 4.19. The pooled average
disease resistance of the accessions revealed athahe accessions except one
(CE/THA/O7) were moderately resistant. None of élteessions was resistant and none

was susceptible (Table 4.19).
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Table 4.19:Level of resistance of Pacific - Caribbean tarceason against TLB disease

under Mililani garden

No of
Level of accession Accession identity
Scale resistance S
0-1 R None None
BL/SM/26, BL/HW/08, BL/HW/80, BL/SM/111,
BL/SM/120, BL/SM/28, BL/SM/48, CE/IND/01
1-2 MR 12 CE/IND/06, CE/JP/03, CE/MAL/14, CE/THA/24
2-3 MS 1 CE/THA/O7
34 S None None

*Host responses: R = Resistant; MR = Moderatelystasi; MS = Moderately susceptible; S =
Susceptible.

4.3.2.5 Level of resistance of Kenyan taro accessiagainst TLB disease under
Milimani garden

The result on Kenyan taro accession varietal deseasistance under field study two was
as illustrated on table 4.20 below. Ten of the ssioms were moderately resistant, two,
moderately susceptible and only one (KNY/ELD/75)swasistant. None of them was

susceptible to taro leaf blight.
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Table 4.20:Level of resistance of Kenyan taro accession ag&inB disease under
Milimani garden

Scale Levelof No of Accession identity
resistance accessions
0-1 R 1 KNY/ELD/75
1-2 MR 10 KMM/MM1/75, KMM/MM2/76, KNY/CTR/33,
KNY/KAK/16,

KNY/KIS/20,KNY/KIS/21,KNY/KIS/22,KNY/KIS/81,
KNY/KTL/61, KNY/SYA/50

2-3 MS 2 KNY/BSA/41, KNY/SYA/51

3-4 S None None

Host responses: R = Resistant; MR = Moderatelstasi; MS = Moderately susceptible; S = Susceptible

4.3.3. Relationship between TLB disease resistanaad agronomic traits of Pacific -
Caribbean and Kenyan taro accessions under greenhse study

The greenhouse experiment result on TLB diseasstaase is presented on table 4.21
below. The highest disease resistance of 89.69%obtmned from Hawaii accession
BL/HW/26 and the lowest resistance of 55.06% wanded from Kenyan accession
from Busia county KNY/BSA/41. Of the eight Pacifi€aribbean accessions examined,
three had over 83.32% resistance. None of the Kemya&essions observed recorded
more than 73.47% resistance. The average TLB diseasstance for Pacific - Caribbean
taro accessions were 78.59% and for Kenya was &/ .96e result revealed low disease

resistance on Kenyan taro than the Pacific - Caahb
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Table 4.21:Taro leaf blight disease resistance of Pacificrlib@an and Kenyan taro

accessions under greenhouse experiment

Region Accession Resistance
KENYAN KNY/BSA/41 55.06
KENYAN KNY/CNT/33 63.95
KENYAN KNY/KAK/16 78.14
KENYAN KNY/KSM/81 66.44
KENYAN KNY/KTL/61 67.34
KENYAN KNY/MU/75 73.47
KENYAN KNY/SYA/50 72.74
KENYAN KNY/SYA/51 66.42
PACIFIC BL/HW/08 78.73
PACIFIC BL/HW/26 89.68
PACIFIC BL/SM/80 74.38
PACIFIC BL/SM/92 85.53
PACIFIC CA/JP/03 83.32
PACIFIC CE/IND/01 75.32
PACIFIC CE/THA/O7 73.54
PACIFIC CE/THA/24 68.28
Min 55.06
Max 89.68

Summary of the level of resistance to taro leajtliof Pacific - Caribbean and Kenyan

taro is shown on figure 4.23 and 4.24 below. Défere in disease resistance among the

two categories of accessions inoculated in thidysindicated that there was difference in

varietal reaction to TLB pathogen and also aggvessiss of the pathogens used for

inoculation.
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Host responses: R = Resistant; MR = Moderatelgtasi; MS = Moderately susceptible; S = Susceptible
Figure 4.23:Count of Pacific- Caribbean taro accessions byl lefveesistance to taro
leaf blight under greenhouse experiment of Septe@®5 to January 2016

MR MS
Level of resistance

Count of
accessions
o N b OO

Host responses: R = Resistant; MR = Moderatelgtasi; MS = Moderately susceptible; S = Susceptible
Figure 4.24:Count of Kenyan taro accessions by level of resc&do taro leaf blight
under greenhouse experiment of September 2015t@da2016

4.3.3.1. Number of leaves of Pacific-Caribbean andenyan taro under greenhouse
study

The result on mean monthly number of leaves of fRRaCiaribbean and Kenyan taro
under showed that the highest number of leaves®fbage seven, the last month of
study. The lowest mean number of leaves of 3.4moedwat age three which was also the
first month of data recording. The accession witiniicantly (p<0.05) highest mean
number of leaves of 4.7 was Pacific Hawaiian acoa8L/HW/26 and the one with the
lowest mean number of leaves of 4.2 was Kenyan iKaka accession KNY/KAK/16.

The number of leaves of Pacific - Caribbean andyidartaro was statistically the same
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with Pacific - Caribbean taro accessions recordangaverage of 4.48 and Kenyan

accessions 4.45 leaves.

Table 4.22Mean number of leaves compared between Pacificibkizan and Kenyan

taro accessions on greenhouse experiment

Mean number of leaves compared by region

Age 3mnths 4mnths 5mnths 6mnths 7mnths

Regior Accessiol Mean Mean Mean Mean Mean Pled

mean

Pacific BL/HW/08 3.3+0.f  4+0.€ 4.3+0.5 4.7+0f 5.7x0.5 4.4+]

Pacific BL/HW/26 3.6£0.f 4.7+0.f 4.7+0.f 4.9+0.¢ 5.8+0.7 4.7%0.¢
Pacific BL/SM/8C 3.840.4 4.4+0.7 4.4+0.7 4.8+0.« 5.2+0.¢ 4.5%0.%
Pacific BL/SM/92 3.4+0.f 3.9+0.8 4.2+0.« 4.6x0.f 5.6+x0.7 4.3%0.C
Pacific CA/JP/O: 3.3+0.f 4.3+0.f 4.3+0.f 4.3+0.f 5.7+0.7 4.4%0.
Pacific CE/IND/1 3.4+0.f 4.2+0.f 4.4+0f 4.8+0.« 5.7+0.7 4.5%0.¢
Pacific CE/THA/O7 3.3+0.f  4+0.€ 4.3+0.5 4.7+0.f 5.6x0.7 4.4+]

Pacific CE/THA/24 3.740.f  4.7+x0.7 4.7+x0.7 4.8+0.7  5.3x0.¢ 4.6%0.¢
Kenye KNY/BSA/41 3.2#0.5 4%0.7 4.2+0.« 4.6+x0.f 5.3+0.f 4.320.
Kenye KNY/CNT/33 3.5+0.! 4.6+.0.7 4.6x0.¢ 4.9+0.7 5.5+0.¢ 4.6x0.¢
Kenye KNY/KAK/16 3.2+0.2 3.9+0.7 4.2+0.f 4.6x0.¢ 4.9+0.7 4.2+0.¢
Kenye KNY/KSM/81 3.3+0.« 4.1+0.7 4.4+x0.f 4.8+0.« 620.& 4.5%1.]
Kenye KNY/KTL/61 3.3x0.f 4.2+] 4.4+0.7 4.7x0.7 5.7#1 4511
Kenye KNY/MU/75  3.5+0.f 4.4+0.7 4.4x0.f 4.8+0.! 5.4+0.¢ 4.5+0.
Kenye KNY/SYA/50 3.6+0.f 4.3#0.& 4.4+0.f 5x0.t 5.7+0.7 4.6+0.¢

Kenye KNY/SYA/51 3.3x0.f 4+0.7 4.3+0.f 5%0.7 5.5+0.¢ 4.4+]
Mear 3.4 4.2 4.406 4.¢ 5.t 4.t
Ccv 145 16.7 13.¢ 12.5 14.5 2C
LSD 0.11 0.07 0.0¢ 0.0¢ 0.0¢ 0.1Z
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Figure 4.25 below showed that the number of leafd3acific - Caribbean and Kenyan
taro had a steady but slow increase in numberaekte from month three to month seven.
The error bars indicated significant differencenumber of leaves only between age

three in September and age seven in January. Agetdosix number of leaves were

Nov Dec Jan

Months of study

statistically the same.

Sept Oct

Mean number of leaves
N w H (03]

=

o

mKenya leaves ® Pacific leaves
Figure 4.25.Comparison of number of leaves of Pacific - Cardvband Kenyan taro
4.3.3.2 Plant height of Pacific - Caribbean and Kgran taro under greenhouse study
The plant height was compared by region and thétress given on model table 4.23.
The average height for the accessions from Kenya6Bad5cm. This was taller than the
accessions from the Pacific-Caribbean by 3.43 ceroAding to the model, Kenyan
varieties under the 2R1 treatment had an averagghthef 43.91 cm. The height
increased by 8.55 units each month for the five tgnirrespective of the region from
which the accession came from. There was stafiséealence to indicate that the

accession from Pacific-Caribbean were 3.43 unitsrtsh than the Kenyan ones. The
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accessions under the other treatments were alsdeshiban those under the 2R1
treatment as indicated in model table 4.23.

Table 4.23: Mean leaf height compared between Pacific - Caabband Kenyan taro

accessions on greenhouse study

Std t-
Estimate  Error value Pr (> 1)
Intercept 43.9076 0.4515 97.2562e-16 ***
Category pacific -3.4266 0.3933 -8.7182e-16  ***
Treatment 3R1 -3.1207 0.3966 -7.868.39-15 ***
Treatment water -9.1495 0.3966 -23.0K2e-16 ***
Age in months 8.5456 0.1145 74.6492e-16 ***

Significance. codes: 0 “*** 0.001 ** 0.01 *" Q05 ‘.’ 0.1" 1

4.3.3.3 Corm weight of Pacific-Caribbean and Kenyataro under greenhouse study.
The result on corm weight comparison between RaeifCaribbean and Kenyan taro
were given on a model table 4.24. The accessiam the Pacific - Caribbean had
heavier corm weights compared to the Kenyan on#sstatistical significance as shown
in the model. Further, there was enough statisgealence to indicate that plants in the
3R1 taro leaf blight pathogen and water treatmbatsa heavier corm than those under
the 2R1taro leaf blight pathogen treatment as shiovthe model table 4.24. There was
not enough statistical evidence to indicate tha torm diameter and corm length

between accessions from the Pacific - Caribbearkanga differed.
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Table 4.24:Mean corm weight compared between Pacific - Cadhlsnd Kenyan taro

accessions on greenhouse experiment

Std

Estimate Error t-value Pr(>t)
_ *kk

Intercept -61.4528 3.6305 16.927 <2e-16
Category 10.1859 3.1626 3.221 0.0013 **

Treatment3R1 2.8759 3.1891 0.902 0.3673
Treatment water 9.9703 3.1891 3.126 0.0018 **
Age In months 27.4842 0.9206 29.854 <2e-16 ***

Significance. codes: 0 ***' 0.001 ** 0.01 * Q05‘’0.1"1
4.3.3.4 Level of resistance of Pacific - Caribbeanaro accession against TLB disease

under greenhouse study

The result on greenhouse experiment is shown de #P5. Compared to the experiment
one of April-November 2013, more Pacific - Caribbe@&cessions became susceptible or
moderately susceptible to taro leaf blight as shownable 4.25. The disease reaction of
the eight accessions of taro showed differenceesistance to isolates 8hytophthora
colocasiae In the pooled response of taro to TLB diseasegssion BL/HW/26 emerged
resistant while CE/THA/24 and BL/SM/80 were modehatsusceptible (Table 4.25).
This variation could indicate that there existeffiedences in resistance levels and degree
of response of various taro accessions to inoallaight pathogen. This is because the
genetic makeup of taro may promote the growth gmelagl of the pathogen or resist and
eliminate it altogether. Cadle-Davidsehal. (2011) investigated the resistance level of
some Vitis species to different strainsldricinula necatoy the causal agent of powdery
mildew. They determined resistance level differeanamongst accessions similar to this
current study. Furthermore, the findings of Ataki8) was consistent with this study

that resistance levels in cultivars can differ tbfferent isolates. The finding further
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stated that while species were important in rescgabreeding, the resistance level of
each accession should be determined.

Table 4.25:Level of resistance of Pacific - Caribbean tarceason against TLB disease

under greenhouse study

Scale Level of Number of  Accession identity
resistance  accessions

0-1 R 1 BL/HW/26
BL/HW/08, BL/SM/92, CA/JP/03,
1-2 MR 5 CE/IND/O1, CE/THA/O7
2-3 MS 2 CE/THA/24, BL/ISM/80
3-4 S NONE

Host responses: R = Resistant; MR = Moderatelgtasi; MS = Moderately susceptible; S = Susceptible

4.3.3.2 Resistance of Kenyan taro accession agaim$B disease under greenhouse
study

Table 4.26 below illustrates the summary of Kenjaio accession disease resistance
under greenhouse study. For the Kenyan taro accessmoderate susceptibility was
observed. It was evident that none of the Kenyaresgions evaluated in the greenhouse
was resistant to taro leaf blight and that accessio®longing to the same species differed
in their resistance to pathogens. Similar to thdifigs in this study, Atak (2016) reported
thatV. viniferacultivars generally had low disease resistanceit bvas also reported that
resistance level of cultivars varied. It agreechvdhakywaret al. (2013) who evaluated
ninety taro accessions in India and observed tbaé nvas resistant to taro leaf blight. In
the pooled taro disease reaction, KNY/KAK/16, KNYWT5 and KNY/SYA/50 were
moderately resistant. Mishra (2010) supportedfth@éing in his report thaPhytophthora
colocasiaepathogen usually produce an elicitor which is gegped by its host taro, so

that once it is detected the taro plant can lirhi¢ spread of pathogens through a
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hypersensitive response that induces apoptosis fifakes the unaffected tissue to
develop a systemic acquired resistance which renither entire plant more resistant to

pathogen attacks (Last al, 2001).

Table 4.26:Level of resistance of Kenyan taro accession agdioB disease under

greenhouse study

Scale Level of  Number of  Accession identity
resistance  accessions
0-1 R NONE
1-2 MR 3 KNY/KAK/16, KNY/MU/75, KNY/SYA/50
KNY/BSA/14, KNY/CNT/33, KNY/KIS/81,
2-3 MS 5 KNY/KTL/61, KNY/SYA/51
3-4 S NONE

Host responses: R = Resistant; MR = Moderatelgtasi; MS = Moderately susceptible; S = Susceptible

4.3.4 Progress of taro leaf blight disease infestah on tolerant Pacific - Caribbean
accession CE/IND/06 and susceptible Busia accessKINY/BSA/41 leaves

Plates 4.1 to 4.4 below showed the progress ofléaoblight on a Pacific - Caribbean
accession CE/IND/16 known to be moderately toletantaro leaf blight. Plate 4.1
showed a healthy leaf, 4.2 showed lesion spots |lojgwg on leaves, 4.3 indicated
enlarged lesion surrounded by yellowish discoloratn leaf while 4.4, the dark brown
halo was then concentrated at the apex. The diggageess was slow and localized, an
indication of resistant accessiordhe finding was in concurrence withe following
symptoms used to determine resistant variety byurhagth et al. 2001); no leaf
showing symptoms of taro leaf blight, mild symptoors one or less than half of the

leaves and ability to hold in the field after it neady for harvesting without rotting.
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Wilson (1990) finding was consistent with this find that in a resistant plant, a diseased

tissue falls away from spots (short holes symptoms)

Stages of development of symptoms of TLB diseasetafo on a moderately resistant
taro

Plate 4.3:Lesion spots surrounded by yellow halo on lamina
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Plate 4.4:Dark brown halo concentrated at the leaf apex

Stages of development of symptoms of TLB diseasetafo on a susceptible taro

Plates 4.5 to 4.8 given below showed stages oflderent of symptoms of TLB disease
on a susceptible taro. 4.5, was an indication aealthy leaf, 4.6, yellowing covering
entire leaf margin, 4.7, yellowing covering entieaf and finally plate 4.8 shows
browning and defoliation of leaf. According to tReigurnauth,et al. (2001), the
following symptoms indicated susceptible varietiesywn to olive green spots on leaf,
edge of the spots diffuse, lesions becoming tamtbror dark brown/ black edge. Highly
susceptible cultivars were expected to produce lsmkdaves on shorter petioles. The
leaves could be completely destroyed by the bljgkt as indicated on plate 4.8 of

KNY/BSA/41.
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Plate 4.8:Browning / blackening of and defoliation of leaf
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4.3.5 Cluster analysis for populations on incidengeseverity, leaves and suckers for
MMUST Garden (Experiment - 1)

Figure 4.26 from cluster analysis below groups #&lceessions when considering the
percent incidence, the severity of the diseaseatleeage total leaves per month and the
average total suckers per month. The closer thardis, the closer the clustering. Cluster
three formed the major group of 11 taro accessvamte cluster one had only six taro
accessions. As the figure below shows, the clugjeof accessions in the dendrogram
was not correlated with geographical origin. Theessions from the same region did not
behave in a similar fashion for instance, the asioes HW/37 and SM/120 were from
Hawaii and Samoa respectively. The origins weréedsht but were closely matched
with regard to disease incidence, its severity, tttal number of leaves and the total

number of suckers.

Experiment 1: Incidence, Severity, Leaves, Suckers

50

40
L

30

Dislance
20
L

10

]

INDO1
INDVOG

THA4
HVW/ET
Sh120
shiez
HW/o8
HwW26
¥
a9
SMr128
PNG/10
SMi116
sSMr143
Sh111
MAL2
THAOT
smeo
THADS
SMI152
SMI132

Accessions
helust (*,"comolete”)

Figure 4.26: UPGMA dendogram indicating relationship among 2&easions of taro
Pacific-Caribbean under MMUST garden (experiment 1)
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4.3.5.1. Cluster analysis for Pacific - Caribbeanatro populations on incidence,

severity, leaves and suckers for Milimani Garden (Eperiment 2)

There was a lot of variability when the Pacific arl®bean accessions were used under
Milimani Garden. Further, the same experience ab Wie first experiment was not
visibly seen. In the first experiment, the accessitom Japan (JP/03) was closely
clustered with two from Samoa (SM/149 and SM/128) a third from PNG (PNG/10).
On the contrary, under different experiment enwinental condition in the second, the
Japan accession (JP/03) was closely clustered avittawaiian (HW/80). Hawaii and
Samoa were generally distant in terms of theirtreado TLB disease and agronomic

traits.

Experiment 2 Pacific: Incidence, Severity, Leaves, Suckers
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Figure 4.27:UPGMA dendogram indicating relationship among 1&=asions of taro of
Pacific-Caribbean under milimani garden (experingnt
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4.3.5.2. Cluster analysis for Kenyan taro populatins on incidence, severity, leaves
and suckers for Milimani Garden (Experiment - 2)

The same cluster analysis was conducted for the/dtemarieties. In figure 4.10 below,
two main clusters are visible. The one to the lefs matched accessions from Kitale,
Central and Kakamega. The one to the right hashedtearieties from Kisumu, Siaya,
Mummias and Busia. This could have been attribtiedimilar weather conditions in
areas with matching qualities. The clustering wéh wespect to the disease incidence,

its severity, the total number of leaves and th& taumber of suckers.

Experiment 2 Kenyan; Incidence, Severity, Leaves, Suckers
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Figure 4.28:Cluster analysis for Kenyan taro accessions basgrtirentage disease
incidence under Milimani Garden (Experiment 2)
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4.3.5.3. Cluster analysis for both Kenyan and Padd - Caribbean taro accessions on
percentage disease incidence under Milimani GardefExperiment 2)

There was no clear distinction from the clusterofgkenyan and Pacific -Caribbean
accessions. Kenyans featured in all clusters ang wiesely linked to all the clusters
(Figure 4.11). Only one sub-cluster had accessmm Samoa (SM/28, SM/48, SM/111),
Malaysia (MAL/14), Thailand (THA/24, THA/7) and Haw (HW/08) but excluded any
Kenyan accession (Figure 4.11). The dendogram silswved clustering within related
locations. There were KIS/21; KIS/81 and BSA /41SKO0 respectively clustering very
closely. This could also confirm genetic similarityd relatedness among taro from same

region.

Experiment 2: Incidence, Severity, Leaves, Suckers
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Figure 4.29:UPGMA dendogram indicating relationship among 2éeasions of taro of

Pacific - Caribbean and Kenya under Milimani Gar{Experiment 2)
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Whereas no direct estimation for gene flow was nakierring this study, indirect

deductions could be made from the phenetic analydi® incidence, severity and
agronomic performance data provided evidence ofegiow between populations

obtained from different localities. This is becausecessions from different origins
frequently clustered together. However, the highilarity among accessions from same
locality leads to low genetic variation among them.

4.3.5.4. Cluster analysis for Pacific - Caribbeanrad Kenyan taro accessions based

on percentage disease incidence and agronomic traitinder greenhouse study

Figure 4.30 below gives the cluster analysis fog #tcessions from the Pacific -
Caribbean when infected in the green house. Thaering showed very short distances
between clusters (a distance of about 5 units abow). This meant that the clusters

were very close together hence it is difficult tstithctly differentiate them.

Experiment 3 Pacific: Incidence, Leaves, Suckers, WtCorm, DiaCorm, LenCorm, HgtPL
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Figure 4.30: Cluster analysis for Pacific - Caribbean taro asioes based on percentage
disease incidence and agronomic traits under goeesehstudy
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4.3.5.5. Cluster analysis for Kenyan taro accessistibased on percentage disease
incidence and agronomic traits under greenhouse stly

Figure 4.31 below gives the cluster analysis fog #tcessions from Kenya when
inoculated in the green house. The clustering sddaeg distances between clusters (a
distance of up to 50 units and below). This mehaat the clusters were widely apart
hence they could easily be differentiated. Centahya accession (CNT/33) was
distantly related from the rest of the accessi@iaya and Kitale taro accessions were

closely related. Kakamega, Kisumu, Mummias and 8atso clustered closely

Experiment 3 Kenyan: Incidence, Leaves, Suckers, WtCorm, DiaCorm, LenCorm, HgtPL
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Figure 4.31:Cluster analysis for Kenyan taro accessions basgrtirentage disease
incidence and agronomic traits under greenhousky stu
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4.3.5.6. Cluster analysis for both Kenyan and Paad- Caribbean taro accessions on
percentage disease incidence under greenhouse

Figure 4.32 below shows that there was a clearadigp between some Kenyan
accessions and those from the Pacific - Caribbdesnvthey were all introduced to TLB
pathogen in the greenhouse. All the Kenyan accessilusters closely together while all
the Pacific -Caribbean accessions were in diffecrgters Siaya accession SYA/50 and

SYA/51 appeared to be closely related

Experiment 3: Incidence, Leaves, Suckers, WtCorm, DiaCorm, LenCorm, HgtPL
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Figure 4.32:Cluster analysis for both Kenyan and Pacific - Blagan taro accessions
under greenhouse study
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CHAPTER FIVE
DISCUSSION

5.1. Taro leaf blight disease incidence on PacifiCaribbean taro accessions under
MMUST field
The Pacific - Caribbean taro accessions did notvstwiform TLB disease incidence.
The varied level of disease incidence could be essalt of genetic differences among
the taro accessions and it concurred with the rigsliof Miyasakat al (2012) that taro
cultivars differed in their incidence to TLB androorot. The inconsistence increase in
disease incidence in taro accession CE/IND/01, G¥e/M2, BL/SM/143 among others
which showed irregular progress in disease incidacild probably be as a result of the
accession showing tolerance to the pathogen. Illdcalso be as a result of weather
influence such as increase or decrease in the anobduainfall. This has been observed
in April which received high amount of rainfall remn registered high mean disease
incidence for most taro accessions yet they west I months old (Kakamega-
data.org.Https://en.climate-data.org). Campbell d@whson, (1994) reported similar
results that factors involved in plant fungal epmie included; favorable environment,
susceptibility of host and virulent pathogen. Sar&aal (2017) in a study on field
management of TLB using promising germplasm alssenked that taro leaf blight

disease incidence correlated with meteorologicedipaters.

The presence of the disease on young leaves @& thomths and rapid development of
the disease on the leaves suggested that TLB v&og fungus which was able to
attack the leaves at all developmental stages. eélrker expression of the disease

symptoms on the younger leaves may also be duéneotenderness of the cuticle
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membrane of the younger leaves than the older ¢6asube and Pundhir 2005).
Plumbley and Sweetmore (1994) in a study concuwigld results of this study that the
susceptibility of some yam cultivars to a fungaedise was due to low resistance factors

that reduce disease infection.

5.1.1 Taro leaf blight disease incidence on PacificCaribbean and Kenyan taro
accessions under Milimani Garden

The difference in disease incidence among the iBaciCaribbean and Kenyan taro
accessions could be due to different host and path@redisposing situations just as
earlier reported by Cardos al. (2004) that conditions might be conducive for atien

of a disease but not for its spread depending tipemost and pathogen. The findings of
the present study that showed variability in TLBeadise incidence were at slight variance
with the results of Chiedina and Ugwuja (2013) wkported that the taro accessions
studied were all susceptible to TLB disease. Thess progressive increase in disease
incidence with age of plant in most accessionsistudhich could be attributed to leaf
senescence and reduced immunity normally increagitigage. This fact was supported
by the findings of Nwanosiket al (2015) that most fungal diseases depended om sfag
plant growth and they tended to increase with ddpe consistent increase in disease
incidence in these taro accessions was as a reswbntinued multiplication of the
disease due to the prevailing favorable weatheditions of high rainfall, relative
humidity and temperature during the respective manbimilar results were reported by
Chikkaswamy and Rabin (2014) that powdery mildewgedse caused by fungus

Phyllactinia coryleacommonly occurred during September to March ipita region.
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The accessions could also be susceptible to theogan or may have had reduced

immunity as they approached senescence.

The high mean TLB disease incidence in Busia KNYABS accession was indicative of
the prevalence of the disease in that locations Tact was supported by the earlier
findings of Chiedina and Ugwuja (2013) who attrémlitvariation in disease incidence
from one location to another to differences in wlom potentials across these locations.
The genetic makeup of the particular accession$dcalso have contributed to high
disease incidence. The increase in disease in@deith increasing age was supported
by the earlier work of Shakywat al (2013) that increasing disease levels usuallyiocc
in the late growing season as a result of increasige of the susceptibility of plant
tissues. The results were also supported by th& wfofyson and Fullerton, (2015) who
reported that older taro leaves were more susdeptib TLB than young leaved.he
results were in agreement with the findings of Gdwet al. (2016) that TLB leaf
incidence increased with age after planting. ltestahat as the plant aged, there seemed
to be more cell death than cell division that ilased the susceptibility of the plant to
diseases. Moreover, the increased accumulationastes as plant ages and increase in

population of plant pathogen with time could in@eausceptibility to diseases.

The reason for lower disease incidence among th#id®a Caribbean taro was because
they were improved cultivars developed for resistato TLB in Pacific - Caribbean.
This result was in support of the findings of Charkt al (2016) who argued that
improved cultivar BL/SM/132 from Samoa did not shamy symptom of taro leaf blight
disease hence low incidence and sevefibe percentage incidence differences exhibited

between the two locations also suggested that @iatihct location of origin influenced
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the disease in a unique manner probably due to Ghtors like climate peculiar to each
environment of origin. The present results havesshthat the effect of region of origin
of taro on disease incidence varied from one loocato another. Chiejina and Ugwuja
(2013) observed that some farmers planted thepsctong before the outbreak of the
infection which minimized disease incidence whilthess planted just before the

infection or after the infection. These practicesld affect the subsequent progenies.

5.1.1.1 Taro leaf blight disease incidence on Pacit Caribbean and Kenyan taro
accessions under greenhouse study

The lower disease incidence in Pacific - Caribb@am could be due to genetic properties
developed by the accessions to reduce the effeitteopathogen. This could have been
attributed to the tendency of the plant getting fl infected leaves due to
hypersensitivity reaction. This study was in comence with the findings of Haelapur
(2005) that TLB disease incidence increased gradlser became stable. It was also in
tandem with the findings of Chowdhury and Hoss&f1() that decrease in disease
incidence could be brought about by growth andhéasof new leaves which were not
attacked by the pathogen due to the plant gainohgrance as a result of increased
immunity.

The greenhouse results also indicated differennepercent incidences found to be
consistent with a previous study by Nahal (2016) who stated that virulence tests
showed a significant difference (p<0.05) in theratt infection on the green house plants
thought to be attributed to their differences inrpimlogy. Age seven which was the last
month of data collection registered significantp<.05) low mean disease incidence.

This indicated that the pathogen slowly progredsa initial stages of growth and then
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decreased in incidence with the age. This studggdeed with that of Haelapur (2005)
that age of plant affected the extent of diseaszeqtibility and that susceptibility

increased with age of plant. The Pacific - Carilbéao disease incidence increased
from age three to five then started decreasing fema five to age seven which was

indicative of disease tolerance.

5.1.2 Taro leaf blight disease severity on PacificCaribbean taro accessions under
MMUST garden

The generally low severity exhibited among the fRact Caribbean taro accessions
could be due to accession’s low susceptibility idBTdisease. Hiraida (2016h his
study, linked low disease severity of a cultivathte cultivar being less prone to diseases.
Adamako.et al. (2016) findings supported the current researcleporting that low TLB
disease severity was linked to clean planting nageand good agricultural practices. It
could also be as a result of external factors li&mperature, rainfall and relative
humidity being unfavorable to the pathogen. Thist faas supported by the report of
Hiraida (2016) that weather conditions such as hmghfall, temperature and humidity
influenced infection rates in all plants, includirigose with a degree of genetic

resistance

5.1.2.1 Taro leaf blight disease severity on Padaifi Caribbean and Kenyan taro
accessions under Milimani garden

This present finding that indicated lower diseameesty at initial stages of growth and
increased with age could be due to increase iruinats and increasing age of plant. The
result corroborated the report by Hiraida (201&ttduring the first stages of TLB

infection, taro uses non-specific mechanisms toniakte pathogens by increasing
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antifungal levels which protects cells from oxidatiand accelerate recovery during
inflammation. Harplapur (2005) reported a similesult that high susceptibility of plants
to fungal diseaseshostly occurred at a later age after flowering. firgher increase in
disease severity among Kenyan taro than the Pad@faribbean suggested that a number
of Pacific - Caribbean accessions investigated waezant to taro leaf blight. Contrary
finding by Brook (2008) indicated a decrease in TleBion diameter with increasing
plant age. The varied levels of disease severitgngnthe taro accessions showed that
there were different levels of inherent properttesreduce disease severity in the
accessions. Different taro accessions exhibitetereifit levels of disease resistance.
Location of origin of the accessions could alsoypdarole in determining the level of
disease susceptibility although contrary to thedgthy Hunteret al (1996) that the
disease severity levels of the taro accessionsestudere significantly (p<0.05) the

same

5.1.2.2 Taro leaf blight disease severity on Paafi Caribbean and Kenyan taro
accessions under greenhouse study.

Kenyan accessions had generally higher diseasétyaban the Pacific - Caribbean taro
revealing that different locations from which tavere obtained influenced TLB disease
severity. This was consistent with the report ofaflds et al (2016) that improved
Samoan accession BL/SM/132 from Pacific - Caribbeaither showed tissue collapse
even after TLB pathogen inoculation nor symptonteod leaf blight disease compared to
other taro accessions which showed high severtgsrdifferences in disease severity
was also portrayed among the different Pacific Flsbe@an and Kenyan taro accessions.

This could be attributed to genetic and environmlemtifferences as described by
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Miyasakaet al (2012). Omeget al (2016) attributed the differences in disease $igve
to genetic differences among taro plants. Nattlal (2013) reported in support of this
finding that there was a differential degree ofpmasse against taro leaf blight disease
among different taro accessions. The result shom@dase in TLB disease severity with
increase in age as described by Shakystal. (2013) that late growing periods of taro
revealed higher TLB disease levels than early perim the TLB-Kenya pathosystem,
there was evidence of physiological adaptatioRloftophthora Colocasiad his finding
was also in concurrence with the report of Ramad{#2010) that the role of pathogen
variability and adaptation cannot be precluded anady in fact account for the

observations.

5.1.3 Taro leaf blight disease index on Pacific -&ibbean taro accessions under
MMUST Garden

Pacific - Caribbean taro generally indicated losedise index. The evidence of low TLB
disease index in this study could have been dpeg@nd post- infection defense related
factors in the tolerant accessioriBhere was no regular increase in disease index
throughout the growing period. There could havenbar influence of a fluctuating
external factor such as rainfall, relative humiddand temperature as indicated on
Kakamega-data.org.Https://en.climate-data.org. 8akal (2017) in his study on field
management of taro leaf blight reported that maxmmpercent disease index was
observed when mean average temperature was °8).h7aximum relative humidity

93.12% and mean rainfall 95.43mm.
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5.1.3.1 Taro leaf blight disease index on PacificGaribbean and Kenyan taro
accessions under Milimani garden

The initially low disease index could have beenitaited to the fact that plants had just
grown and had not yet been attacked by the pathogehe pathogen had not reached
exponential phase. This could also be due to drgtiner conditions which was evident
from the early months of growth not favourable ttoe pathogen, however when weather
condition once again became congenial for the desedevelopment, disease index
increased (Ragt al., 2002) (Kakamega-data.org.Https://en.climate-data.org). hNske

et al (2015) attributed low disease index of 0.143-B.26 relatively high minimum
temperature (16°C), maximum temperature (27°C)mnderate humidity. Kenyan taro
consistently conveyed higher TLB disease index than Pacific - Caribbean. Two
Kenyan accession, KNY/KAK/16 and KNY/ELD/75 had eidse index of TLB that did
not differ significantly (p<0.05) from disease inds exhibited in some Pacific -
Caribbean accessions. This was an indication arenit tolerance to TLB that could also

be found in non-improved taro.

5.1.3.2 Taro leaf blight disease index on PacificGaribbean and Kenyan taro
accessions under greenhouse study.

The application of artificially prepare®hytophthora colocasiadtaro leaf blight)
pathogen performed in the greenhouse exhibitedeasad TLB disease index as
compared to the natural inoculation observed infitld. The disease index continued to
increase month by month in some accessions whichdivactly correlated with age of
plant. The high TLB disease index could be duedcordary inoculum followed by

released conidia in the air during saturation ge(Ramadhani, 2010). It could further be
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attributed to background contamination or proxintiyinoculum source (Takaet al.,
1994). Some accessions did not show continuedaseran disease index with age. This
finding was consistent with report of Brooks (20@Bat inoculated leaves of all taro
hybrids showed a decrease in lesion diameter witiheasing plant age. Misrt al.
(2008) showed that infection on taro plant tissu@eased peroxidase, PR-proteins, and
decreased sugar 11 production to induce tissuéhdeaducing the spread of disease.
Nwanosikeet al.(2015) attributed increase in disease index tola@via pathotypes of the

pathogen.

5.1.3.3 Taro leaf blight disease index on PacificGaribbean and Kenyan taro
accessions under greenhouse study

The result was indicative of location relatednetshe accessions in terms of disease
index. Similarly, Chiejina and Ugwuja (2013) attribd variation of disease index from
one location to another, to differences in inoculpotential across the locations of

origin.

5.2. Mean monthly rainfall, temperature and relative humidity on taro leaf blight
disease incidence on Pacific - Caribbean taro growumder MMUST garden.

The relative TLB disease tolerance exhibited amdmg Pacific - Caribbean taro
accessions could have been attributed to the Fatt Racific - Caribbean region was
wetter than Kenya and the accessions easily adaptedy to reduce TLB disease
incidence even under high rainfall amounts. Theltesf this study disagreed with the
report by Harlapur (2005) that the period of raggason could also be a period of pests
and diseases attack from other crops thereforesaser in incidence. The result also

disagreed with that of Van der Puge al (2015) that wet season recorded the highest
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incidence of 99% whilst the dry season recordedldimest incidence of 92% in most

fungal plant diseases.

This result was contrary to the report by Trujik®65) that taro leaf blight disease was
much related to temperature condition and thatess® in minimum temperature
promoted taro leaf blight development. HarlapurO&0similarly in his study, revealed
that the most favorable maximum temperature inticelato most plant blight
development was (26.3-29.4°C). The result was imcaoence with several reports by
Van der Puijeet al, 2015, Carnotet al (2016) and Askaru, (2010) that high relative

humidity promotes taro leaf blight disease incidenc

Dipa (2017), reported that th€olocasiaeblight disease increased at temperatures
between 25 and 2&. This finding corroborated those of Omegeal, (2016) that taro
leaf blight disease occurred when night temperatare 21-2%C and day temperature
are 25-28C. The finding stated further that taro leaf blighsulted to temperature related
growth of causal organisfhytophthora colocasiae L. Radth the rapid growth during
warm day followed by slow growth during cooler nigfihe present investigation was
also consistent with that of tarogen annual re@081/2002 that the growth rate of taro
leaf blight pathogen and the rate of lesion devalempt were strongly influenced by
temperature and fungal disease incidence ofteeaserwith increase in temperature. The
report continued to state that most TLB pathogewiwed within a temperature range of
25°C-3PC and that at temperature abov@c3%he pathogen stopped to grow. This was
also consistent with the report by Trujilo (196Bpt taro leaf blight disease had a

positive correlation with temperature
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Askaru (2010) reported similar result that taranpdagrowing in extremely hot and humid
environments showed higher susceptibility to bligigease than those growing under
cold and dry conditions. This could be because wdereproduction by taro leaf blight
pathogen, occurred mainly during wet weather andleraie temperature promoted
sexual reproduction and also governs physiologicatesses. The findings of Onyeka
(2014), further stated that taro leaf blight diseésvel differ according to temperature
with an increase in incidence with increase in terafure. The result was also consistent
with that of Charleset al (2016) that high temperatures increadedytophthora
colocasiaeincidence. Hiraida (2016) reported in support bistcurrent study that

infection of all crops was positively correlatediwiemperature up to 29°C.

This finding revealed that high humidity had a grnefluence on the development of the
Phytophthora colocasiafingus which could lead to disease epidemic dgveént. This
study also revealed that taro leaf blight diseasgeased with increase in relative
humidity such that susceptible accessions were [@elp devastated when the
conditions were of very high relative humidity. $hpositive correlation between TLB
disease development and relative humidity agredid tve report by Van der Puig al.
(2015) that high humidity of 90-100% favoured TLBsehse progress. Similarly,
Rahmanret al. (2003) reported a high influence of high humidity the development of

leaf spot caused Wolletortrichum gloeosporioidesn leaves of most fruits.
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5.2.1 Mean monthly rainfall, temperature and relatve humidity on Phytophthora
colocasiae disease incidence on Pacific - Caribbean and Kenyaaro grown under
Milimani garden.

The present result indicated some relationship éetwthe pathogen and weather
changes. Relatively high rainfall, temperature dwahnidity were conducive for TLB
pathogen and it was consistent with the finding€bbwdhury and Hossain (2011) that
higher incidence of leaf spot of jackfruit fungatpogen increased during the month that
experienced highest rainfall amount. Similar legiots caused byColletortrichum
gloeosporioideson leaves of other fruit species had also beearteg to be influenced
by excessive rainfall (Rahmaet al, 2003). The finding was also supported by that of
Mbonget al (2013) who observed that symptoms suggestiveL& Were observed on
taro plants in southern States of Nigeria followsddisappearance of the same with
onset of dry periods. The result further corrobedatat of Adindest al (2016) that taro
leaf blight grows very rapidly in areas with highrhidity and heavy rainfall that aids the
spread through rain splash on the free leaves.fiffusg was in tandem with the report
by Hiraide, (2016) that higher fungal disease iank would result from higher rainfall
recorded during production season. Further, Majal. (2017) supported this present
report in his finding that TLB disease incidencesweégh in fields during rainy seasons
and that as dry season approached, disease ineideshaced. He further indicated on his
field reports that early leaf infection often toplkace where rainfall, dew or guttation
droplets accumulated. Mborgg al. (2013) further reported that rain wash off spgran
and zoospores from leaves into the soil or splastomther leaves and petiole of plants

causing infection. Hiraide (2016) reported a simikssult that rainfall with a maximum
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of 198.20 mm positively correlated with TLB diseastection. The present finding also
concurred with the result of Carnettal. (2016) which stated that the interaction number
of watering and percentage of attacks proved highgyificant (P<0.05%) and that

increased watering contributed to increased disieasience.

The effect of minimal manifestation of disease stongs on young plants could also
have played a role in this study (Omegfeal, 2016) and (Askaru, 2010). Minimum
temperature seemed not to have influenced diseaggence as it was almost constant
throughout the study yet there was continued irseréa disease incidence among both
Kenyan and Pacific - Caribbean taro. This findingsvin slight variance with the report
of Hiraida (2016) that TLB infection of all cropsaw positively correlated with
temperature up to 29°C. Tarogen annual report @12ZD02 reported that cool wet
conditions promoted the development of taro leaghblsymptoms. It further stated that
in hot dry conditions, lesions developed slowlyl fa expand or the fungus completely
died. Age as a factor that increases susceptilfitiaro plants to TLB pathogen might
also have taken effect. Rainfall was 65.5 mm winenpiants were just three months old

when least disease incidence was recorded.

Kenyan taro was higher in disease incidence tharPtctific - Caribbean taro. The result
indicated an increase in disease incidence wittease in rainfall. Rainfall was known to
aid the spread of the fungus and to provide masstaquired for its development (Van
der Puijeet al.2015). The result of this research indicated supporpositive correlation
between taro leaf blight disease incidence and ¢eatpre. The result corroborated that
of Charleset al (2016) that high temperatures increageloytophthora colocasiae

incidence. He further noted thBhytophthora colocasiagas a warm weather pathogen
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growing most rapidly at temperature between 2%3thd that optimum minimum and
maximum temperature for the growth of TLB was’@and 38C respectively. This
result was also supported by Van der Pefjal. 015)that taro leaf blight was favoured
by high temperatures ranging from’C5 35C with an optimum of 2&. Similar reports
were noted by Chowdhury and Hossain (2011) thalietortrichum gloeosporioides
fungal pathogen on leaves of guava and mango $pécies, were influenced by
excessive temperature. This result was also densisvith the report made by Asha
(2006) that temperature of ZBwas best for taro leaf blight pathogen growthe Tésult
further corroborated the report by Jugurnaeithl (2001) that the level of taro leaf blight
infection was higher (20-30%) with increased terape. The findings of Dipa (2017)
that at temperatures of 20 to°22during the night, théhytophthora blightdisease
would increase supported this current report. Tihdirfig was however contrary to the
other findings of Omeget al. (2016) that high temperatures normally hinder talrght
disease manifestation. Disease incidence incrdaseoth taro categories irrespective of
maximum temperature. The interactive effect ofdlierent categories of accessions and
maximum temperature on the blight disease showatlthie disease was more variety
dependent than maximum temperature dependent. prbisably suggested that there
were higher levels of genetic differences betweenyé@n and Pacific - Caribbean taro.
The implication of this was that the Pacific - @dsean taro would have greater chances

of resisting the pathogen if there was an epidemic.

The present research revealed support of high htymod TLB development. It agreed
with the findings of Brooks (2015) that warm hundiglys and cool wet nights were ideal

for the reproduction and spread Bhytophthora colocasiaeThis finding was also
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supported by the findings of Charlesal (2016) that 100% incidence of taro leaf blight
was observed when relative humidity was hidforeover, Tarogen annual report
(2001/2002) stated that cool wet conditions promhat@pid Phytophthora colocasiae
symptom development in taro. The report also stdtatdin hot dry conditions, lesions
developed slowly, fail to expand or the fungus dira#f. The result indicated that high
humidity promoted pathogen development just as @ue@ by Askaru (2010) that high
humidity and water availability increased TLB ineitte and severity. The study also
agreed with that of Brooks (2015) that warm humagsdand cool wet nights were ideal
for the reproduction and spread of taro leaf blidisease. Dipa (2017) further supported
this finding in his report that relative humidity @ below 65% during the day and R.H
of 100% during the night would promote taro leaghbl disease. In a study by Margt

al. (2017) on TLB disease incidence, the finding edee that the fungus depended on
free surface water and high relative humidity dgritne wet seasons and that the
incidence was determined by the duration of surfamssture. The results were in
support of the earlier study of Shakywair al. (2013) who reported that maximum
sporangia germination, penetration of taro leavestaso leaf blight and zoospores
formation were recorded at relative humidity 900%0 The result also corroborated the
report by Jugurnautbt al (2001) that the level of taro leaf blight infextiwas higher
(20-30%) in the super-humid conditions (humidity&28%) which in their case, occurred
in January, February and May. In this present stublg ‘super humid’ conditions
occurred in April and August which revealed simitegnds for the level of taro leaf

blight incidence in relation to relative humidity.
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This difference in incidence rate between Pacificaribbean and Kenyan taro could be
due to the inherent susceptibility to attack by Th&hogen on Kenyan taro since there
was no prior screening done on Kenyan taro unlie Racific - Caribbean taro which
were screened. This comparison was in concurrerittetihe report by Graham (2012)
that most accessions from the Pacific - Caribbesth een improved through breeding

for resistance to taro leaf blight.

5.2.2 Mean monthly rainfall, temperature and relatve humidity on Phytophthora
colocasiae disease severity on Pacific - Caribbean taro growander MMUST

Garden

Rainfall and relative humidity did not show any smtent effect on TLB disease
severity, other factors of fungal disease epidengplcould have had effect. Increase in
minimum temperature also did not increase tarobéght disease severity. Many reports
have been published on positive correlation betwesmperature and TLB disease
severity but this study indicated no relationsliiffects of other factors like age of plant
and other weather factors such as sunshine, leafeg® and cloud cover could have
played a role. This finding corroborated the regmytChothaniet al. (2017) that some
unknown factors might be involved in early bligletvélopment on tomato apart from the

known weather factors.
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5.2.3 Mean monthly rainfall, temperature and relatve humidity on Phytophthora
colocasiae disease severity on Pacific - Caribbean and Kenyaaro grown under
Milimani garden

The percentage disease severity on Kenyan taredsed steadily after the third month
of growth with increase in the amount of rainfalhe results of present findings were
comparative with those of Dadarum (2016) who regzbithat disease was in epidemic
form in the rainy season. There was low diseaserggwhenever monthly rainfall was
low as supported by the study done by Jugurnatithl (2001), the same occurred in
August and December. Gadre and Joshi (2003), efsarted that the survival of the
Colocasiae fungus under field conditions was favoured by fliogd conditions.
Nwanosikeet al. (2015) reported higher Northern leaf blight in peaiseverity in the
highlands as compared to relatively dry lowlandiorg. This was to mean that high
rainfall and high relative humidity of highlands wd favour the blight. He further
reported in support of this finding that rainfalnge of 325.3-679.2 mm during the
growing seasons would favour the fungal blight @t The disease severity increased
with increase in rainfall such that by April (whiokceived the highest amount of rainfall)

the susceptible accessions had already been highbted.

The highest amount of rainfall recorded during pleeiod of study was 223.9 mm and
severity for Kenyan taro was 54.5%. On the otherdhdhe TLB disease severity on
Pacific - Caribbean taro was 33.2%. According te #everity scale of Omeg# al

(2016) at high rainfall amount, in this case 22389nthe severity inference for the
Kenyan taro was high infection, falling between7sB4 severity scales. The severity of

Pacific - Caribbean taro on the other hand was &&MWm26%-50% which is moderate
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infection. The result of this study indicated thatavy rainfall promoted the occurrence of
taro leaf blight and it was consistent with thedfimgs of Adindeet al. (2016) which

stated that taro leaf blight grew very rapidly ireas with high humidity and heavy
rainfall that aids the spread through rain splasihe free leaves. High moisture content

seemed to favour the pathogen increasing sevariipglheavy rainfall.

There was no disease severity at temperaturé’G4Bobably because the plants were
just three months old and had not yet been infeoteuad not yet shown symptoms of
TLB disease. This was in partial support of theorepy Nwanosike (2015) on northern
maize blight that minimum temperatures of 13.7-16.9avored the blight disease
severity. At 15.3C minimum temperature, disease severity was 13.5B86. result
indicated increase in disease severity with in@easninimum temperature. This was in
concurrence with the findings of Fullerton and Trys(2003) that TLB epidemics
generally flourished when night temperatures werthé range of 17-20 °C and that the
cool temperatures stimulate the release of infectroospores, promoting multiple
infections. Chothaniet al (2017) reported that increase in tomato earlghblseverity
was higher at minimum temperature range of 17.4°%24.1t was well known that
temperature governed the rate of reproduction afjifun that reproduction increased

with temperature (Benzohed al, 2018).

Temperature also affected the growth and aggresssgeof pathogens together with
expression of disease symptoms in plants. Moreavenad been demonstrated that
inoculum density was closely related with tempewand disease development (Siegh

al .2014). The present result was in support of théirigs by Pan and Ghosh (1997) that
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studied the relationship of various environmengakdrs with blight severity and showed
positive relationship of severity with maximum tesngture. Asha (2006) also suggested
that temperature played an important role in disetevelopment. The current study also
corroborated the findings of Charlesal (2016) thaPhytophthora colocasiais a warm
weather pathogen growing most rapidly at tempeeabatween 27-3C. Charleset al
(2016) further stated that optimum minimum and nmaxn temperature for the growth
of TLB was 16C and 38C respectively. It was however contrary to the ifiigdof
Chothanilet al. (2017) on tomato early blight that increase inlthight disease severity
was comparatively higher at maximum temperaturgead5.2 — 38%. The present
finding disagreed with that of Ramadhani (2010} everity ofE. turcicumblight of
maize was lower in warmer areas. The present fghdupported that of Benzohea al.
(2018) that most mycelial growth, pycnidia formatiand sporulation declined above

22°C with absence of sporulation at 26 an8G0

Fernandezt al (2014) found out that temperature highly affedtezl mycelial growth of

B. cinereaisolates and that temperature discriminated isslaased on their temperature
optima. Benzohraet al. (2018) and Pefauraet al (2007) further reported that
Trachysphaera fructigeneadial growth decreased to minimum at higher tewaupees.
Similarly, Sehajpal and Singh (2014) noted thatpgerature of 20+1°C was the best for
mycelial growthBotrytis gladiolorumand the least was observed at 30+1°C and that no
conidial and sclerotial production was recordetbater and extreme temperatures. The
rate of mycelial growth oEphaeropsis pyriputresceimgreased as temperature increased
up to 20°C and then decreased rapidly as temperatgreasedin the latter finding,

increase in temperature led to an increase in skissaverity. Benzohet al. (2018) and
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Fernandoet al. (2012) also reported th&orynespora cassiicolaporulated freely on
PDA at 10 to 35 °C with a peak at 30 °C. However,sporulation or growth of the
colonies of the isolates was observed at tempemtoelow 8C and above 35°C. The
present result however contradicted the earliedifig of Sahuet al. (2014) in his
epidemiological studies on early blight diseas¢oafato that minimum temperature had

a negative highly significant correlation with gablight disease development.

This finding indicated support on an increase latree humidity with increase in disease
severity. Mbonget al. (2015) in his study on mycelia growth and sporatatof
Phytophthora colocasiaesolates supported the finding in his report tivadier optimum
conditions of relative humidity approaching 100%ere was greatest sporulation in TLB
pathogen. Harplapur (2005) similarly reported that Georgia, Russia, the most

favourable relative humidity for development of meleaf blight was 75 to 90%.

5.3 Relationship between TLB disease resistance aagronomic traits of Pacific -
Caribbean taro accessions under MMUST Garden

The Pacific - Caribbean taro accessions did notvshoiform TLB disease resistance
which could have been due to genetic variabilityyddaka (2010) reported that oxalate
oxidase homologs abundant in some taro genotype&d doe involved in disease
resistance. Similar findings were noted in the repof Graham (2012) that most Samoan
accessions were tolerant to taro leaf blight. Gral{a012) further reported that some
Indonesian taro accessions such as CE/IND/24 arltNOEL4 were susceptible to taro

leaf blight.
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The variation in number of leaves with age couldenheen attributed to the effect of
weather elements which varied each month. Thetresad in support of the findings by
Ogbonneet al. (2013) who stated that the differences in yieddgmeters could be due to
climatic factors such as relative humidity, temper@ and rainfall. Mare (2009), reported
that temperature was the most important factorctiffg growth and development of taro

plant. Referring to the Kakamega-data.org.Https.¢lenate-data.org this present

finding indicated that high temperature was notofable for sucker formation and in
most cases, increase in sucker usually led to aserén number of leaves. This present
finding corroborated the report by Timlet al (2006) that end of season tuber mass
decreased with increase in temperatures aboC 24 potatoes. This finding
contradicted the report by Omegeal (2016) that high temperatures favoured more leaf
production in taro fields. The finding was also tary to the report of Mare (2009) that
higher temperatures sped up development betweengenw® and tuber initiation,
whereas total tuber dry mass and leaf area dectesilk increasing temperatures in

potatoes.

The number of leaves seemed to increase with ag#aaf. This could be due to the
proportional increase in tubers. In correlatingstasice between number of suckers and
disease resistance, there was positive but wealelabon. Plants with more suckers
tended to have higher resistance. This was the famheaves since the proportion of leaf

to leaf area was 1:1.
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5.3.1 Relationship between TLB resistance and agromic traits of Pacific -

Caribbean and Kenyan taro accessions under Milimanarden

The generally high TLB disease resistance obseivehis particular study could have
been attributed to the fact that the study areapnadously not been used for taro or any
related crop hence low disease prevalence. Thatiariin disease resistance between
the Pacific - Caribbean and Kenyan taro could be thuthe varied environmental
conditions exhibited in regions of plant collectigktak, (2016) reported in concurrence
to this present finding that cultivars from diffateregions of Spain collected to
determine their fungal disease resistance, hadraénéigh sensitivity to the pathogen
except for some collected from the humid regionSdin. These cultivars showed more
resistance than those from other regions. Variedtien to TLB exhibited between
Pacific - Caribbean and Kenyan taro accession wasas to the result reported by
Padmaja, (2013) on his studies on TLB diseasedisafise reaction of 37 accessions of
taro showed differences in disease resistance.ré@sdts also suggested that Pacific-
Caribbean accessions did exhibit qualitative andntjtative (rate-reducing) resistance

which limit the spread of TLB disease.

The results further suggested that the level abtasce within genotypes also affected
the disease development over time. The close tdasimesistance between Pacific -
Caribbean and Kenyan taro disease resistance deirlg stages of development could
be attributed to conditions being less conduciveloB disease development during the
period of study. Patakgt al. (1998) reported from his study on disease sevarityyield

of sweet corn hybrid that the reactions of the mmesistant cultivars could not be
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differentiated when conditions were less condutorehe development of Northern leaf
blight. Further improvement of resistance to TLBano would then require evaluation of
breeding materials in environments that are leastigcive to taro leaf blight. The result
that indicated high TLB disease resistance amomgeskenyan taro accessions was in
accordance with reports of Ackadt al. (2014) that some reasonable resistance to taro
leaf blight could be found in local germplasm jasis been reported in Kakamega and

Eldoret taro accessions of Kenya.

Increase in number of leaves with age could haea la¢tributed to high rainfall amount

in April (223.9mm) (Kakamega-data.oitps://en.climate-data.oygin contrast, lowest

yield was scored at rainfall amount of 65.5mm. Hrginfall amount accorded to this
study, promoted leaf formation and when there wagewstress, the number of leaves
reduced due to premature senescence of leaveswbhisl go along with reduced leaf
surface area as a means of the plant to cope &dtliced water availability. Reduced leaf
area would lead to reduced photosynthesis limitogn development. Limited water
availability according to the report by MabhaudBD12) was found to reduce plant
growth due to reduced cell division and expanshMisra et al (2008) reported that taro
growth was favored by high amounts of rainfall tighout the year. He further reported
that under cloudy weather conditions with interenttrains, taro plant grew at a faster
rate. This study was also in support of the findibg Mare (2009) that water availability
influenced the yield and tuber size of taro couplétth increased tuber number and mean
weight. Similar results were reported by Miyasa&kal. 001) that in taro, inadequate

rainfall during the time of greatest water needst(jnefore corms develop) resulted in
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lower yield and percentage corm dry matter. Maf®), also discovered an increase in

total fresh and marketable tuber yield with incnegg&mount of irrigation water.

The present finding observed high levels of vatigbior plant growth habit in terms of
yield. This could have been attributed to the inherentivarl variation and climatic
factors. The findings of this study support thosdigbewi et al. (2013) who stated that
variation of cultivars had effect on the sprout asthblishment of yam. The study also
agreed with the report of Ome@¢ al (2016) that significant variation in number of
leaves among cultivars could be due to climatitdiacand genetic cultivar difference in
growth habits. Ogbonnayet al (1983) and Ogbonnet al (2013) further reported the
varietal differences across the cultivars and sloate cultivars would not produce much
suckers and long petiole, even when the essent@htly environments had been
provided. The Kenyan most yielding accession imgeof number of leaves was found to
be KNY/KTL/61 with mean leaves of 6.96. The scafikat of leaf area versus resistance
showed negative coefficient and that indicated tessstance in plants with greater leaf

area. This was the same for leaves since the pgropaf leaf to leaf area was 1:1.

5.3.2 Relationship between TLB disease resistancedaagronomic traits of Pacific -
Caribbean and Kenyan taro accessions under greenhse study.

The wide variation of resistance to TLB betweenRlaeific - Caribbean and Kenyan taro
alludes to long term co-evolution Bhytophthora colocasiaand taro within the Kenyan
taro. It is thus conceivable that among both hast@athogen, there was a wide array of
pathogenicity and resistance genes respectivaiginStof the fungal pathogen could also
have produceéxcessive anti resistance factors in the susceptildtivars to breakdown

their resistanceThis study showed that more Pacific - Caribbean &acessions could be
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used as sources of resistance to TLB infectiontsissand Jackson (2015) in a leaflet
produced by the Ministry of Agriculture and Liveskp Solomon Islands, with support
from IPPSIT reported that breeding programs in BaNew Guinea and Samoa had
produced plants resistant to taro leaf blight. Swlomon Islands, a hybrid, LA16, had
been found to be resistant to taro leaf blight. y&naccessions were neither screened
nor were known to be resistant to taro leaf blighte number of leaves of Pacific-
Caribbean and Kenyan taro were statistically tmeesal’hose of Pacific - Caribbean taro
accessions recorded an average of 4.48 and Kerygamssaons 4.45 leaves. This could
have been due to the fact that greenhouse wasotledtrand therefore very minimal
environmental effects were realized. It was impdrtédo note that no significant

correlation was obtained between TLB disease sesistand agronomic traits.
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CHAPTER SIX
CONCLUSIONS, RECOMMENDATIONS AND SUGGESTIONS FOR FURTHER
RESEARCH
6.1. CONCLUSION
Incidence, severity and disease index of the taab blight was comparatively lower in
Pacific - Caribbean taro accessions than in Kertgan accessions. The time of taro

planting and location influenced TLB disease inoiwks severity and disease index.

In MMUST Garden study on Pacific - Caribbean talona, the mean TLB disease
incidence was 21.88. At Milimani Garden study, melsease incidence for Pacific -
Caribbean taro was 7.14% and that of Kenya was9%3.1The greenhouse study
obtained far much higher disease incidence as wtrek pathogen inoculation, with
Pacific - Caribbean accession recording a lowermmeaidence of 28.08% than the

Kenyan, 59.04%.

The mean TLB disease severity for the Pacific -ilfbean taro under MMUST Garden
was 17%, the mean severity for Pacific - Caribb@ao at Milimani Garden was 7.14%
while the Kenyan tar under the same study was #8.T%e greenhouse study had higher
disease severity with Pacific - Caribbean accessonrding a lower mean severity of

20.47% than the Kenyan, 29.64%.

The mean TLB disease index for the Pacific - Ca@vbtaro under MMUST Garden was
0.68, the mean index for Pacific - Caribbean tarMiéimani Garden was 0.2 while the

Kenyan taro under the same study was 0.78. Thenlgoese study had higher disease
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index with Pacific - Caribbean accession recordingwer mean disease index of 0.86

than the Kenyan, 2.08.

The weather parameters had profound effect on theafence of the disease and the
effect differed significantly in different weatheonditions. When rainfall was high, the
temperatures high and relative humidity favourdtilyh during the period of study, the
incidence, severity and disease index of TLB ineeea The experiment revealed that the
disease spread very fast particularly when conutiwere favourable and could be very
destructive. The two peak rainfall amounts of 174namd 223.9mm, minimum
temperature of 24.38°C, maximum temperature ofZ8#nd a range of R.H of 56-66%
yielded the highest disease incidences and sevirityoth Pacific - Caribbean and

Kenyan taro.

Pacific - Caribbean taro having been screened ftlo@r location of origin, yielded
higher disease resistance than the Kenyan tarohiffhest disease resistance of 89.73%
was obtained from Pacific - Caribbean taro BL/SN¥Hhd the lowest of 58.27% from
KNY/SYA/51. None of the Pacific - Caribbean taradhaelow 73.81% resistance. The
disease is therefore a major constraint to tardymtion in Kakamega county of Kenya.
However, sources of resistance to TLB of taro gmgsio exist within the Kenyan taro
accessions; Kakamega KNY/KAK/16 with 82.9% and Uasbishu KNY/ELD/75 with
84.34% resistance. However, the identified accassieeded further evaluations under

more disease pressure as well as under diverseoaments.

The identification of some Kenyan taro accessionset moderately resistant to TLB was

a plus to our country as the accessions could bsidered possible candidates for further
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breeding purposes although some of them were |l@Miyig. The moderate resistant
accessions such as; CE/IND/O, BL/SM/92, BL/SM/80L/38W/151, BL/SM/83,
BL/SM/25, BL/SM/120, BL/SM/136, BL/SM/13, KNY/KAK/& with multiple
comparisons with the most resistant cultivars camiged to produce source of resistance

to taro leaf blight caused by the fundRisytophthora colocasiatr better yield

The quality and yield of taro was found to be aféecby weather parameters and taro
leaf blight disease infection. Taro leaf blightidence and severity negatively correlated
with yield with Kenyan taro accessions recordingido yield in terms of number of
leaves and weight of corm than the Pacific - Ca#rbtaro. Pacific — Caribbean Hawaian
accessions had highest mean no of leaves of 9ddvied by Papua New Guinea (PNG)
with a mean of 7.8. and the lowest mean of 4.6 Wwasm KNY/KSM/20. Kenyan
accession KNY/KTL/61 from Kitale was found to be shbigh yielding and BL/SM/110

from Samoa Pacific - Caribbean.

6.2 Recommendations
The taro accessions that experienced low TLB déeséasidence, severity and disease

index should be investigated further for futuredaieg

Weather pattern needed to be monitored in reladdme of planting as it has effects on
disease incidence, severity and index. There  aé®d for further evaluations of the
identified taro under more disease pressure, dvensironments and for longer duration

in order to understand disease pattern in termmscadence and severity. This will help to
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establish appropriate time to combat the diseasmimimum effort and to design for

sustainable management strategy for the disease.

Based on the present results, the identified wesisand moderately resistant taro
accessions could be suggested for future breedigeVer, artificial screening of them
with most virulent isolates dPhytophthora colocasiashould be conducted to enhance

production of resistant taro in Kenya.

The resistant and moderately resistant accessgpecially under greenhouse conditions
such as; BL/HW/26 CE/IND/01, BL/HW/08, BL/SM/25, B:EM/92,CA/JP/03,,
CE/THA/07 KNY/KAK/16 KNY/MU/75 and KNY/SYA/50 reque multiple
comparisons with other resistant cultivars fromeotltountries who have produced

resistant accession like China in order to procimece of resistance to TLB.

6.3 Suggestions for Further Research

The parameters of epidemiology viz. total amountaififall in the growing period, leaf
wetness period, vapor presser deficit, sunshine, lmd microclimatic parameters and
canopy temperature should be critically evaluate@s to be able to correlate between

the disease and weather factors.

Kenyan taro accessions found to be moderatelytaesishould be evaluated further in

taro leaf blight endemic areas to authenticatelthvability of their moderate resistance.
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The knowledge about the genetic diversity of taratarms of disease resistance and
agronomical traits should be pursued in all tarmaging regions of Kenya for potential
mitigation of leaf blight of taro. Agronomical ewation conducted will assist in the

recommendation of best varieties for farmers

Critical study should be conducted on host-pathoggstem to find out the most
appropriate time to combat the disease at minimiflonteThis will help in the integrated

management of the disease in the surveyed areas.

Molecular characterization of a greater number @B Tpathogen isolates should be
conducted and their genetic diversity together whthir pathogenicity be studied in detail
for effective realization of sustainable preventaifrthe blight disease and for combating

taro leaf blight menace.
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APPENDICES

APPENDIX 1: Two-way ANOVA comparing effect of Accesion and Age of plant on
the incidence of disease for MMUST Garden

Df Sum sq Mean sq F value Pr (>F)
Accession 24 5842 243.41 12.71 <2e-16 Fokk
Age 1 58 58.43 3.05 0.0828
Accession: 24 2381 99.22 5.18 1.06e-10 ekl
Age
Residuals 150 2873 19.15

Significance. codes: 0 “*** 0.001 *** 0.01 " Q05‘”0.1" 1

APPENDIX 11: Three-way ANOVA comparing effect of Rgion, Accession and Age
of plant on the incidence of disease for Milimani @rden

Df Sum Sq  Mean Sq  F-Value Pr(F>)

Region 1 2313 3213 53.685 1.87e-10  ***
Accession 25 2727 114 1.898 0.0183 *
Age 1 6808 6808 113.736 <2e-16 el
Region: Age 1 143 143 2.383 0.1267
Accession: Age 25 796 33 0.554 0.948
Residual 78 4669 60

Significance. codes: 0 ***' 0.001 *** 0.01 *’ 005 ‘"0.1"1

APPENDIX 111: Three-way ANOVA comparing effect of Region, Accession and
Age of plant on the incidence of disease for Expenent three

Df Sum Sq Mean sq F-Value Pr(>F)

Region 1 19166 19166  1254.56 <2e-16 Frk
Accession 15 4039 289 18.886  6.84E-15 ***
Age 1 625 625 40.888  6.24E-08 ***
Region: Age 1 411 411 26.929  4.22E-06 ***
Accession: Age 15 335 24 1.566 1.24E-01
Residuals 48 733 15

Significance. codes: 0 “*** 0.001 ** 0.01 *" Q05 ‘" 0.1"1
APPENDIX 1V Two-way ANOVA comparing effect of Accession and Aagfeplant on the
disease severity for MMUST Garden

Significance. codes: 0 ***' 0.001 **' 0.01 *’ 005‘"0.1"1
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APPENDIX V: Three-way ANOVA comparing effect of Region, Accessn and Age
of plant on disease severity for Milimani Garden

Df Sum Sq Mean Sq F-Value Pr (>F)
Region 1 2338 2338 16.441 0.000118 ***
Accession 25 2520 105 0.738 0.796845
Age 1 29926 29926  210.443 <2e-16 oA
Region: Age 1 1964 1964 13.811 0.000378  ***
Accession: Age 25 1646 69 0.482 0.976843
Residuals 78 11092 142

Significance. codes: 0 “*** 0.001 *** 0.01 " Q05‘”0.1" 1

APPENDIX V1: Three-way ANOVA comparing effect of Region, Accession and Age
of plant on disease severity for greenhouse experént

DF Sum Sq Mean Sq F Value Pr(>F)

Region 1 1680 1680 131.668 2.32E-15***
Accesson 15 3472 248 19.435 3.91E-15**
Age 1 7415 7415 581.17 <2e-1  ***
Region: Age 1 196 196 15.379  0.000279***
Accession: 15 531 38 2.975 0.002482 **
Age

Residuals 48 612

Significance. codes: 0 “*** 0.001 *** 0.01 * Q05‘”0.1" 1

APPENDIX V11: Two-way ANOVA comparing effect of Acession and Age of plant
on the Disease Index for MMUST Garden
Df Sum Sq Mean sq F-value Pr(>F)

Accession 24 17.294 0.7206 17.541 <2e-16  ***
Age 1 0.6426 15.642 0.000118 ok
Accession: Age 24  3.748 0.1562 3.802 2.40E-07 ***
Residual 150 6.162 0.0411

Significance. codes: 0 ***' 0.001 **' 0.01 *’ 005 ‘"0.1"1
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APPENDIX V111:Three-way ANOVA comparing effect of Region, Accession and
Age of plant on the Disease Index for Milimani Garén

Df SumSg Mean SgF value Pr(>F)

Region 1 4,833 4,833 48.106 1.04E-09 ***
Accession 25 4.089 0.17 1.696 0.0428 *
Age 1 17.99 17.99 179.075 <2e-16 ***
Region: Age 1 2.264 2.264 22.539 9.18E-06 ***
Accession: Age 25 2.241 0.093 0.929 0.5638
Residuals 78 7.836 0.1

Significance. codes: 0 *** 0.001“** @1 * 0.05'70.1"1

APPENDIX 1X: Three-way ANOVA comparing effect of Region, Accession and Age
of plant on disease index for greenhouse experiment

Df Sum Sq Mean Sq F-value Pr(>F)
Region 1 30.111 30.111 1165.561 <2e-16 Frx
Accession 15 8.488 0.606 23.47 <2e-16 ok
Age 1 7.828 7.828 303.01 <2e-16 Frx
Region: Age 1 2.321 2.321 89.838 1.42E-12  ***
Accession: 15 0.672 0.048 1.859 0.0565
Age
Residuals 48 1.24 0.026

Significance. codes: 0 “*** 0.001 *** 0.01 * Q05‘”0.1" 1

APPENDIX X: Agro-metrological data used for the interpretationof effect of
weather on TLB disease incidence, severity and inge
Mean environmental condition at different age ompnth)

Year Rainfall(mm) Mintemp Avertemp Max RH Aver R.H
2013 (°C) (°C) temp fC) 1200 RH 0600Z
(%) at (%) at
4pm 10am
April  24.9 15.4 16.25 17.1 68 75 82
May 13.2 14.5 21.35 27.4 59 725 86
June 9.2 14.5 20.75 26.8 58 735 89
July 55 13.6 20.5 26.7 53 69.5 86
Aug 17.2 13.9 20.5 26.4 58 70 82
Sept 16.1 14 20.6 27.2 58 69 80
Oct 12.4 14.7 20.45 27.5 59 65 71
Nov 7.7 14.8 21.2 27.3 63 68 73

Kakamega meteorological station (2013)
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APPENDIX XI: Agro-metrological data used for the interpretationof effect of
weather on TLB disease incidence, severity and inge

Mean environmental condition at different age cmpnth)

Year 2013 Rainfall Min Ave  Maxi R.H 1200 Average R.H
(mm) temp temp temp (%) at R.H 0600Z
(°C) °c) (°C) 4pm (%) at
10am
December  65.5 14.5 21 27.5 55 56.9 58.8
Year 2014 Rainfall Min Ave Max R.H 1200 Average R.H
(mm) temp temp temp (%) at R.H 0600Z
(°C) (°C) (°©) 4pm (%) at
10am
January 45.2 13.7 215 293 43 49.75 56.5
February 102.2 14.4 21.729.1 43 51 59
March 174 15.1 22.3529.6 46 55 64
April 223.9 141 21.2528.4 52 59 66

Kakamega meteorological station (2013-2014)

APPENDIX X1I: ANOVA table for the best models regressing diseaseverity to
weather elements and the age of plant

Model Sum of Squares df Mean Square F Sig.
1 Regression 265.145 6 44.191 86.691 °0p0
Residual 164.651 323 0
Total 429.796| 329

a. Dependent Variable: Severity

b. Predictors: (Constant), Age of Plant, R.H atlZ&infall, RH at 0600, MINTEMP,

MAX.TEMP
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APPENDIX X1l1:Linear model comparing number of leaves by region under

Milimani Garden

Estimate| Std, Error t-value Pr(>t)
Intercept -1.28521 0.24075| -5.339| 1.39E-07| ***
Category 0.60056 0.19038 3.155 0.0017| **
Age 2.25701 0.06724 33.568 <2e -16 ***

Significance. codes: 0 ***' 0.001 **' 0.01 *’ 005 ‘"0.1"1

APPENDIX X1V: Corm yield data for greenhouse taro

Region Accession Wtcorm Diacorm Lengcorm
in gms incm incm

KENYAN KNY/BSA/41 160.97 6.2 9.08
KENYAN KNY/CNT/33 154.04 5.49 9.48
KENYAN KNY/KAK/16 212.34 7.46 10.42
KENYAN KNY/KSM/81 156.94 5.69 9.26
KENYAN KNY/KTL/61 158.63 5.94 9.12
KENYAN KNY/MU/75 172.73 6.31 9.9
KENYAN KNY/SYA/50 168.16 5.42 9.49
KENYAN KNY/SYA/51 150.84 5.19 9.04
PACIFIC BL/HW/08 218.19 6.1 8.66
PACIFIC BL/HW/26 217.13 6.22 9.11
PACIFIC BL/SM/80 215.84 6.36 8.64
PACIFIC BL/SM/92 195.6 5.84 8.94
PACIFIC CA/JP/O3 219.86 6.29 8.37
PACIFIC CE/IND/1 223.13 6.27 8.92
PACIFIC CE/THA/OQ7 200.72 6.43 8.82
PACIFIC CE/THA/24 221.23 6.07 8.5

APPENDIX XV: ANOVA table testing the relationship between disease incidence
and the total leaves and number of suckers for thiérst experiment

Model Sum of Squares df Mean Square H Sig.
1 Regression 974.816 P 487.408 9.432 °0po
Residual 10179.828 197 51.674
Total 11154.643 199

a. Dependent Variable: Incidence

b. Predictors: (Constant), Total suckers Total Plaaves
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APPENDIX XVI: ANOVA table testing the relationship between disease incidence

and the total leaves and number of suckers for theecond experiment

Model Sum of Squares df Mean Squatre F Sig
2 Regression 3139.88P2 1 3139.882 26.415 q
Residual 15214.905 128 118.866
Total 18354.787 129

a. Dependent Variable: Incidence

b. Predictors: (Constant), suckers Total, Planivesd otal

c. Predictors: (Constant), Plant Leaves Total

Appendix XV11: Comparison of number of leaves of &cific-Caribbean and
Kenyan taro under greenhouse study

Estimate Std Error  t-value Pr(>t)

Intercept 3.06996 0.04555 67.404 <2e-16 ***
Category

Pacific 0.03477 0.03968 0.876 0.381
Treatment3R1 0.03784 0.04001 0.946 0.344
Treatment

Water -0.11532 0.04001 -2.882 0.004 **
Age in months 0.46907 0.01155 40.614 <2e-16 ***

Statistically significant differences* =P0.05, ** P<0.01, and *** = K 0.001.

Appendix XV111: Comparison of corm weight of Pacift-Caribbean and Kenyan

taro under greenhouse study

Estimate Std.Error t-value Pr(>t)

*kk
Intercept 61.4528 3.6305 -16.927 <2e-16
Category *x
Pacific 10.1859 3.1626  3.221 0.0013
Treatment3R1 2.8759 3.1891 0.902 0.3673
Treatment ok
Water 9.9703 3.1891 3.126 0.0018
Age in months  27.4842 0.9206 29.854  <2e-16 ***

Significance codes: 0 *** 0.001 ** 0.01 *’005‘"0.1"1
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Appendix XIX: The secretariat of the Pacific Commurity (SPC/CPS) Suva Regional
office-plant condition form
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Appendix XX: Kenya Plant Health Inspectorate Servie (KEPHIS) -Pest Diagnosis
Report
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PROPOSED CHECKLIST FOR AN OPEN QUARANTINE VACILITY/OITE

1. The arca should be isolated and well fenced with only one entrance intn the
facility. One entrance Lo also serve as an exil.

2. The entrance must have a sccure pate, which must be locked ot all times,

3. A concrete trough to be constructed to hold disinfectant solution (0 be s

&far dipping the shoes or feel when entering and eoming out of the
quarantine. This should cover enlire entrance,

4. No unauthorized person should gain nccess tn the nrea.

5. The personnel who will be manning the site must be aware of the trechnical
knowledge of the operations of the trial site.

6. No plant of the same family a3 the onea on the quarantine should be grown
near the crop. They should be at least 400 melers away,

7. Nobody should take or carry away any plant part from the open quarantine.

8. All implements used in the open quarantine facility should be cleaned jand
stored in a designated store.

9, There should be no exchanpe of working tools to avoid contamination or e
thoroughly disinfected before transferring elsewhere.

10. Ensurc the crop performance is monitored and maintain a hard cover
book on the site and record any pests, disezse and weeda olrmarved.

11. Pruvide guards’ shade at quarantine site,

12. Provide running water tap at the sile,

13. Inspection visits by KEPHIS plant inspectors shall be organized regularly
during active prowth period of the plants under quarantine. KEPHIS has the
right to inspect the facility without KOTICE.

14. The occupation health and safety measures should be put in place. The
safety of the neighbars should also be assured. Provide permonal protective
equipment (PPE] for the workers.

© KENYA PLANT HEALTH INSPECTORATE SERVICES
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