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ABSTRACT
African horned melon Cucumis metuliferysis an indigenouscrop belonging to the

family CucurbitaceaeThe crophas been neglected despite its high potential. Therefore
to conserve the biodiversity of this crop, there is neggréonote its domestication and
production. However, this caonly be realized if its morphologyagronomic and
nutritional value is understoodhe objective of this stug was to determine the agro
morphological performancand nutritional composition of horned melon accessions
obtainedfrom selected agrecological zones in Kenya. Thlstudywascorductedat the
University of Emburesearch farm for two cropping seasons; October to January 2018
and March to June 2019. The experiment was laidroatrandomizedcompleteblock
design withnineteen accessiongplicatel three timesThe accessions wegdanted in
experimental plots measuring 3m x 3m at a spacing of 1m by 1m. Morphological and
agronomic characterization was based on modifernational Plant Genetic Resource
Institute (PGRI) descriptors for melorData was recorded from foptants per plot per
redicate. The fruit content of Fe and P were determined using atomic absorption
spectrophotometry while Na and K were determined using flame photometry procedure.
Vitamin C content was estimated by titrimetric method. Sugar contemtdetermined
using a brix refractometerThe qualitative and quantitativedata obtained from
morphological and agronomicharacters wer@rganized in a matriand subjected to
cluster analysis A dendrogramwas then constructedsing unweighted pagroup
method with arithmetic average. Agronomic and nutritional data alsssubjected to
analysis of variance using XLSTAZ019statistical software and means separated using
Students Newmans Keuls test at 95% level of confidesignificant differences
(p<005) were observed in all the quantitative tragtecept the number of branches and
main vine length. However, qualitative variations were only observed in fruit shape, rind
colour and seed shaptn both seasons, the dendrogram sepdratéo 5 supported
clusters with thaliversity between classé®ing63.82% in the first season and 68.84%

in the second season adiversity within classes being6.18% in the first season and
31.16% in the seconskasonAccessions from RongdVote, SiakagoMaragua, Oyug

and Meru had the highelstuit number and fruit weight for both season hence they can be

more preferred by farmers and consumdrge accessions also varied significantly

Xii



(p<0.05)in their nutritional compositioexcept the Moisture Content and tigamin C.

The composition of the mineral contents in the fruits followed the order K > P >Na >Fe
Potassium (K)ontent ranged from 249.52mg/10065.17mg/100g for Kangundo and
Embu accessions respectively. Sodium (Na) ranged from 2.27mg/1A@gyng/100dgor
Mitunguu and Siakago accessions respectively. Phosphorus (P) range was 40.49mg/100g
8.76mg/100g for Migori and Machakos accessions respectively. Iron (Fe) ranged from
2.61mg/100¢0.80mg/100g for Kianjokoma and Maragua accessions respectiMady.
horred melon accessions tested in this study showed a highnmagphological and
nutrition variation. The study recommended thecassiondrom Kehancha, Embu and
Siakagowhichrecorded highest sugarment across seasonst® used by plant breeders

to improve on taste which is considered to be bland by some consumers.
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CHAPTER ONE
INTRODUCTION

1.1Background

Horned melon Qucumis metuliferys (2n = 2x = 24)js an annual vine in the family,
CucurbitaceagWanget al, 2007. It was named "horned melon" because the fruit has
hornlike spineg(Wanget al, 2007. The species hamgasderivedfrom the Latin word,
metulg meaning a small pyramid, arfdrus meaning bearing (Usmagt al, 2015)
referring to the sharp spines on the frdiihe family comprises of about 118 genera and
825 species with their members spread mainly in regions of tropical and subtropical
worldwide (Wanget al, 2007). The Cucurbitaceaefamily includes two subfamilies
Zanonioideaeand theCucurbitoideae. Cucurbitoideasomprisesof eight tribes one of
which isMelothrieaewhich includes the genu@Gucumis(Rabeiet al, 2013) Apart from
horned melon, the gen@icumishas more than 30 other species incigccucumberC.
sativug and melon Cucumis melpboth of which are widely grown iKenya (FAQ
2011). It also includes West Indian gherkid. (angurig, the Aardvark cucumberC(
humifructug that grow underground and thmaddy melon €. myriocarpu¥ which is
known to be toxic (Foster, 2003; Usmainal.,, 2015) and is rarely grown. Horned melon
has many common names like jelly melon, Kiwano (English), Melano (Israel), bitter wild
cucumber ( Sout ha ANigedial @ogrnmelah briwagthers (Wannang,
2011).

Horned melon has a natural habitat ranging from samdi highlands to lovaltitude
riverine semievergreen forest (Berlingeri &respo, 2012). Horned melon dominates
both tropical and sutropical areas (Wilkin&llert, 2004). It cannot tolerate cold and
mist conditiongMey, 2014) Horned melon grows at an altitude range of 210 to 1800 m
above sea level (Bester & Condy, 2013). It usually grows in shallow or deep, well
drained, mostly alluvial sandy soil on river banksiivier beds or flood plain@Berlingeri

& Crespo, 201p It hasalso been shown to grow glay or loam soil and rocky slopes
which are rich in nutrients and have full sunlight exposure and a pH range of 6.0 and 6.5

(Usmanet al, 2015).1t climbs on treesor shrubs in various vegetan types such as



forest edgessemi evergreen forest, deciduous woodland (often with Acacia), savanna or

grasslandlt also grows in disturbed argand abandoned land (Anon, 2D14

The @timum growing temperatuffer horned melomanges between 2B0°C (Aliero &
Gumi, 2012)The pl antds growth is not greatly af
although flowering seems to be affected by temperatures over @0f@Co & Gumi,

2012) At temperatures above 35°C, germination is also greatly inhiljaédro &

Gumi, 2012) The plant can do well with as little as 350 to 550 mm of rainfall per season
and dry air is beneficial during the harvest peri@arftwell, 2011).Semtarid climate

and warm season rainfall enhances the fruit ripening stage, enabling the fruit to develop
full flavor (Aliero & Gumi, 2012).Flowering and fructification of the fruit is affected by
photoperiod; flowering requires short days of less thdnhours, with a minimum

inductive cycle of about eight weefaliero &Gumi, 2012)

Cucurbits are widely cultivated around tlerld and are among the most important fruits
consumed in Africa since they are rich in several vitamins and minerals (Degjuahge
2015). They are ranked among the major vegetable fruits grown in Kenya and exported
abroad for their nutritional valuend economic significance as foreign exchange earners
(Tshilidzi et al, 2016). The major species of cucurbits grown in Kenya are butternut
(Cucurbita moschafa pumpkin Cucurbita maximg cucumber Cucumis sativys
courgettes Qucurbita pepd and watermien (Citrullus lanatug (HCDA, 2016). The
major melon producing areas in Kenya are Makueni, Tana River, Kilifi, Migori, Kwale
and Meru counties accounting for 69% of the national value (HCDA, 2014). Recently,
production of horned melon has been reportechamy parts of Kenya including Meru,
Embu, Kisii, Homabay, Kitui and Machakos counties (Bob, 2018). Globally, the
production of horned melon has increased in the recent decades with its major exporters

being New Zealand, Israel and Kenya which export i to Europe (Cantwell, 2011).



1.2 Statement of the Problem

Despite the numerous advantages of horned melon over other fruits, the fruit is hardly
known in most parts of the world with only one aspect of the stunning visual appeal being
known and well explained by scientists (Wilkiefler, 2004).Although Kenya idisted
among the few exporters of horned melon (HCDA, 2014), the fruit remains less popular
among small scale Kenyan farmers and not widely grown in many paitte abuntry

The crop is therefore underutilized despite its high nutritional value andomdon
potential. This is attributed to the lack of awareness of its nutritional and economic value
among Kenyas (Bob, 2018) Its agronomic requirements are also not well understood
(Bob, 2018) Some horned melon accessions have been identified in vargras a
ecological zones in Kenyaut their agremorphologictraits have not been studié¢gob,

2018. Consequently, no selectidms been conducted on this crop despite its high
economicand nutritionpotential. It is expected that where this plant alreaxdgts in the

wil d or i ntr oduscaewetalth aof agioarpholegica Gariafiorthat! cah

be utilized in its improvement would be found. There is therefore need to evaluate the
agronome¢ performance, morphological tra#nd nutrition composibin of various

accessions of horned melon available in Kenya.

1.3 Justification

Horned melon has many health benefits including slowing of aging, facilitation of weight
loss, improving eye health, prevention of cancer and many others (Usna&n2015;
Reshmika & Sameer, 2016). Promotion of this high value crop can go a long way in
improving food and nutritional security as well as economic livelihoods of many small
scale farmers in Keny@ob, 2018) The long shelf life of its fruits and ability t@tain

the decorative appeal for many months at room temperature is an additional desirable
attribute that makes it attractive to many small scale farmers and cons{H@Ga\,

2014) The crop is being promoted as amportant horticultural fruit with growig
demand within and internationally, including United KingddrHCDA, 2014) Horned

melon is also drought and heat tolerant and has the ability to germinate under high saline
conditions (Lysne, 2015) hence qualifies as one of the climate smart crops witdle a

genetic diversity in Africa. In addition, it is resistant to root knot nematodes that majorly
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attack the Cucurbitacea family (Waltezt al., 200§. Cucurbit breeders have therefore
developed a strong interest in the crop since it is a pool for lugefies for the
improvement of the cucurbdrops(Yagi et al, 2014. Determination of morphological

and agronomic characteristics of horned melon is the first step towards its genetic
improvement and promotion d@f h e  cproduptionsamong small holdéarmers in
Kenya. This study provide useful information on the agmmorphological diversity
among Kenyan accessions labrned melon which willbe useful when initiating the

breeding program and smhance its promotion among farmers

1.4 ResearciQuestions
i. What is the level of morphologicalariation between different horned melon
accessions available in Kenya?
ii. How do different horned melon accessions from different-agodogical zones in
Kenya vary in their agronomic performance?
iii. How do differem horned melon accessions from different agcological zones in

Kenya vary in their nutritional composition?

1.5 Research Objectives
1.5.1 Broad Objective
To determine the morphological variatjomgronomic performance and nutritional

composition ohorned melon accessions from different agcological zones in Kenya.

1.5.2 Specific Objectives

1. To evaluate the morphologicalariation of different horned melon accessions
available in Kenya using morphologiadiaracteristics

2. To evaluate the agronomiperformance of different horned melon accessions
available in Kenya.

3. To determine the nutritional composition of different horned melon accessions

available in Kenya.



CHAPTER TWO
LITERATURE REVIEW

2.1 Origin of Horned Melon

Horned melon is native to Staharan Africa (Berlingeri & Crespo, 2012; Bester &
Condy, 2013).The cropoccurs naturally throughout the tropical and-twpical semi

arid regions of Africa, from South Africa, Somalsenegal (WilkinsEllert, 2004),
Nigeria, Namibia, Botswana and Swaziland (Usmetnal., 2015). The crop was
introduced to Australia 70 years ago as a weddman et al, 2015 and later
acclimatized in countries like California, New Zealand and KéMay, 2014) In Kenya,

the speciesmetuliferus was initially growing naturally in the wild before being
domesticatedBester & Condy, 2013)The birds, wild animals and bushmen are largely
responsible for the dispersal of seeds from the native to the farms where they are
domesticated since they eaethpened fruits in the wdl then disseminat@Jsmanet al.,
2015. Dispersalis fast because the juicy ripe fruit is easily eaten due to lack of a hard
outer skin (Welman, 2009).

2.2 Botanical Description of Horned Melon

Horned melon is a stretching otriailing herbaceous annual vine that climbs over bushes

and trees in the wildAnon, 2014) It has thin and hairy stems that are very ltagure

(Mey, 2014) Vegetative parts are covered with spreading stiff white or brbairs
resulting in a rough textur@Mey, 2014) The stems grow to a maximum height of 5
meters, radiating from a woody rootstock with spreadingsh&ach vine is capable of
producing up to 100 fruitéApril et al, 2018)The tendrils of horned melon aséghtly

weak hence should be supported (Anon, 2014). The leaves are dark green, heart shaped,
shallowly lobed and longtalked. It has thin, unbranched and curling tendrils coming
from the axilsyDembiskyet al, 2011).

Horned melon is a momaious plantwith flowers that are small sized, bright yellow,
funnelshapedaxillary and opening to 5 lobdkysne, 2015) It has female flowers with
yellow corolla with an area ofi85mm by 412 mm(Aliero & Gumi, 2012) The ovary

is 20 mm long, green with numerous dark green fleshy spines ending in stiff bristles
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(Lysne, 2015)The pistillate enlarges to form the frwhich grows above a prickly green
ovary(Mey, 2014) The staminate usually appears sevdegis before the female flowers
(Mey, 2014) It forms in clusters of 1 to 4, with a short, green to pale yellow corolla with
an area of 5 to 13 by 2 to 8 mm united in lower third pedicillate (Ushah 2015). The

fruit is ellipsoidcylindrically shapedindcan attain a maximum area of 60 to 18t by
28194 mm when mature (Bester & Condy, 2013). It is normally light green when
immature and bright orange at ripenifMyeng, 2010) Ripe fruit has jellike flesh with

a refreshingly fruity taste, and texture simita a passion fruit while the unripe fruit
remains darigreen (Mey, 2014) The skin has a broken pattern of light, scribbly
interlacing lines, with sharp spines at the top (Mey, 2014). The spines are stout, broad
based, fleshy with an area ofi 18t mm by 2i5 mm and white to brown bristkgpped
(Weng,2010) The fruit Afleshod is translucent,
are ellipsoid shapednd flattened andan be trudo-type unless there is outcrossing
(Cantwel, 201}

2.3Uses of Horned melon

The fruits of horned melon occur in two forms namely the bitter andbittar forms,
which occur mostly in the wild stat@Jsmanet al., 2015). The bitter form contains
cucurbitaens or triterpenoids, which at@ghly toxic compoundence not fit for human
consumptiorwhile the norbitter form has been found to be less toxic and is cultivated in
many parts of the world (Usmat al,.2015). However, the fruit has a bland taste (Bester
& Condy, 2013) which makes it less popular likther cucubitacins although some
African countries like Botswana, Zimbabwe and South Africa are already growing

sweeter selections (National Research Council, 2008).

Horned melon &as high economiwalue which has not been fully exploitédliero &

Gumi, 2012) The flesh and the seeds can be eaten raw and the immature fruits can also
be relished like cucumber but the nutritionalueais rated twice higher than that of
cucumber (Lim, 2012; Anon, 2014). The fruit can be eaten fresh after being sprinkled
with sugar or salt to enhance its flavor then gently scooped using a @feog, 2010)

The fruit can also be sliced and added to tropical fruit sa{agisne, 2015)



The hgh moisture proportion in the fruit provides a good source of water for animals and
human in the arid and seraiid areas (Aprikt al.,2018) Generally, the ripe fruit can be
used for decoration puoges due to its ornamental appearaf€antwell, 2011) The

pulp and the seeds of horned melon can be blended in a food processor for making
beverages for refreshments (Apdt al., 2018). The pulp can also be spooned over
sorbets, yoghurts and ice creams to enhancaveur (Weng, 2010)It can also be used

as a substitute for vinegar in salad dresgMgcormack, 2005)Both the seeds and the
skin of horned melon are edible (Anon, 2014). The wild fruits capalzied whole like in
Kalahari Desert and can be sliced and dried for future (Mey, 2014) The leaves can

be boiled and eaten like spinach when young (Anon, 2014). Various amino acids, fatty
acids and volatile compounds that are preser@.imetuliferuscan be used to alleviate

malnutrition (Karayeet al., 2012).

Horned melon has also been shown to have numerous uses in the pharmaceutical industry
(Weng, 2010) The various health benefits of the plant are due to the phytochemical
constituents that are present in the fruit (Usnedral., 2015). The plant has wseral
groups of secondary metabolites which account for its use as food or in the treatment of
various ailments(Weng, 2010) These include alkaloids, carbohydrates, cardiac
glycosides, flavonoids, saponins, tannins, steroids and terpenoids (Motlhanka, 2008;
Jimam et al, 2010; Gotep, 2011; Usmaat al, 2014). Beta carotene and vitamin A
contained in the pulp is of importance in boosting the immune system, for good night
vision and for healthy skin (Usmaat al, 2015). Consumption df. metuliferusalso
increa®s the values of blood parameters: packed cell volume, haemoglobin, red blood
cell and white blood cell counts (Usmanal, 2014). It also helps in vision health, strong

bones and teeth and reducing heart burn (Sultana & Rahman, 2014).

The seeds contailinoleic and oleic acids which are believed to help with the lowering of
blood pressure (Hossakt al |, 2011) . They also contain
t o c op h e r todopheoh whichUare organic types of vitamin E which have many
health benefitgdo the body cells and organs, such as the red blood cells, skin, muscles,

nerves and hea(Weng, 2010) Vitamin E also helps to neutralize the damage from free
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radicals which can cause cancer and cardiovascular diseases (&tsahaP014; Usman

et al, 2015).Isolated alkaloids fronC. metuliferushave also been shown to have some
antiviral effects (Wannangt al., 2010) and antulcer property (Wannangt al, 2009;
Omale et al, 2011). Research conducted by Jimatnal. (2010) and Gotep (2011)
suggestedhat the glycosides extracted from the fruit pulp possessdaitetic effects
against diabetes mellit®Weng, 2010) The high level of zinc irC. metuliferuscould

have an effect on fertility through increase of sperm count and sperm motility (Wannang
et al.,2008).

2.4 Storage of Horned Melon

The stage of maturity at harvest is considered critical for an adequatbapesst life
and eating quality (Cantwel, 201 Ripening and accumulation of sugars happens during
the last 10 days of the growth periodhorned melonWeng, 2010) The fruit is very
sensitive to chilling and mist cdition (Mey, 2014. During harvesting, one should wear
gloves to prewvet the hands from being prickéNational Research Council, 2008 his

is dueto the sharp spines that surrouti@ whole fruit.The fruit can be storedt room
temperatee for six months, making thegood ornamental fruit§Cadet, 2014)This is
done by cutting the fruit into half then the flesh scooped and the shell used as a bowl
(Weng, 20D). However, the fruit should not be stored near applesbananas that
producemuch ethylengUsmanet al., 2015). Qualities like big sizes (250g)ellow-
orange exteriocolourandflavoured pulp areequiredfor market purpose@Reshmika &
Sameer,2016. During packaging, thdruits are packed in boxes wsingle layer trays
(Weng, 2010) This is to prevent the spimmuncture that lowerthe storage duration of
the fruit (Weng, 2010).

2.5 Nutritional Composition of Horned Melon

Horned melon occurs in twimrms namelythe bitter form which contains cucurbitacins
(triterpenoids), which is a mix of highly toxic compound (Kausgilkal, 2015) and the
nontbitter form which has been found to be less toxic and has also been widely cultivated
(Wannang, 2011). Theonbitter form can be described as flavorless or rather bland
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(pineapplebanandike) taste (Lysne, 2015Major nutrients contained in horned melon
are Iron (32.88%), Magnesium (22.14%), Vitamin C (13.67%), Phosphorus (12.29%) and
Vitamin B6 (11.31%). @er minor nutrients include; Vitamin A, Vitamin B5, tdmin

B3, Vitamin B2and betacarotene, Dembitskyet al, 2011; Usmaret al.,2015). Some
secondary metabolites like the alkaloids, flavonoids, saponins, saponins glycoside,
volatile oil and cardiac lgcosides are also present in both the leaves and the seeds
(Aliero & Gumi, 2012)Wilkins-Ellert, (2004 reported that horned melon fruit comprised

of 90% moisture, about 10% protein, 6% fat, and 45% carbohydrate.

Sugar is considered to be one of tasic taste qualities for most fruits and vegetables.
Sweet taste induces preference thus enhances consumptidgheavide versa (Cadet,
2014).The levels of sugain horned melorare relatively low compared to netted melons
which is 7.86g/100g(Suslowet al., (2013) Andréset al. (2016) reportedthat horned
melon fruit contains about 90% moisture. The high moisture content compares with that
of other cucurbits including cucumber, netted melons, watermelon, summer squash and
winter squash that areported to have a moisture content of 96%, 90.15%, 92.6%, 94%
and 89% respectively (Cantwell & Susla#013). The moisture content indicates the
lifespan of the fruit (Fellows, 2000) and high moisture is typical for fresh fruits at
maturity (Abiodun & Adeleke, 2010)The high moisture proportion in the cucurbits
promotes them a good sources of water for animals and human in the arid adidemi
areas (Aprilet al.,2018).

Only about a third to a hatff the vitaminC in horned melon can be obtained from fresh
oranges Andréset al.,2016. Studies conducted byonsoli & Camargo (2015Bello et

al. (2014) and USDA (2011pn Cucurbits reported that cucumber, netted melon,
watermelon, summer squash, winter squash and ash gourd had vitamin C content of 4.7
mg/100g, 38.7 mg/100g, 7.0 mg/100g, 14.7 mg/100g, 12.3 mg/100g and 13 mg/100g
respectively.Lim (2012) reported that moed melon contains twice the amount of
Vitamin C found in cucumber which also varied with the levels observed in this study.
According to Lee and Kader (2000), vitamin C content can be influenced haprest

and postharvest factors including prevaigrclimatic conditions and cultural practices.
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A fresh fruits of horned melon contain 2 mg/100g of Na (Rudrappa9) Previous
studies conducted on other cucurbits reported that plants like cucumber, watermelon,
summer squash and winter squash haa¢ddent of 1.1mg/g, 1mg/100g, 2mg/100g and
4mg/100g respectivelyJSDA, 2011) Sodium is very essential in maintaining the water
balance within the cells, muscle contraction and nervous system fun@t¥ensg), 2010)

Low sodium and high levels of K in human dmetve been reported to be beneficial in the
prevention of high blood pressure (Nerdy, 2018). The nutrient Na is only required in
small quantity and when in excess, it is excreted by the ki@deubiapet al, 2015)

This makes horned melon a suitable fruit in regulating the blood pressure which is a

major cause of death in the wofM/eng, 2010)

Rudrappa (Q19) reported that fresh fruits of horned melon coni#i@ mg/100g ofK

which is relatively lower than what was observed in most accessions in this study
Previous studies on other cucurbits reported that edible fruits of summer squash, winter
squash, watermelon and cucumber had high potassium content of 195mg/100g,
350mg/100g, 100mg/100g and 149mg/100g respectively (Masalahi, 2011; Cantwell

& Suslow D13; Suslowet al, 2013).Potassium has much influence on the fruit quality

for instance the fruitolour, appearance, size, acidity and improved drought resistance
(Kumar et al., 2006). It also has many functions like enhancing plant metabolic
processesncreased root growth, reduced water loss and improved resistance to pests and
diseases (Kumar et al., 2006). The benefits of high K intake in human bodies include

prevention of stroke, coronary heart disease and hypertension (Weaver, 2013).

RudrappaZ019)reported that the P content of horned me$o®87mg/100g Comparable
levels 0f35mg/100g and 32mg/10@j P were reported isummer and winter squably
Bello et al. (2014)In the same study they reported relatively lower levels of 17mg/100g
and10mg/100gof P incucumber anavatermelon Phosphorus is needed in the body for
maintaining the cell structure, regulation of cellular signalling, maintaining-tese

homeostasis and bone mineralizat{dfcclure et al, 2014) Recommende® intake for
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adults is 606700mg/day hence consumption of a few horned melon fruits per day is

enough to achieve the daily P requiremégarp, 2013)

Rudrappa (2019yeportedthat horned melon contain 1.18g/100g of Fe. Studes
conducted on other cucurbgsowed thatucumber, netted melon, watermelon, summer
squash and winter squash to have 0.3mg/100g, 0.21mg/100g, 0.5mg/100g, 0.5mg/100g
and 0.6mg/100g of iron content respeety (Nair & lyengar, 2009Brown & Hodgkin,

2015) Horned melon therefore contains more than double the levels of Fe contained in
other cucurbits thus making @n important source of this micronutrigfWweng, 2010)

Iron plays a role in oxidation metabolism, transport and cellular prolifergbiamw &
lyengar, 2009)Lack of Fein the body causes aemia which is a disease that affects alll
ages in a population but especially breast feeding and the pregnant mothers (Letnerda
al., 2006). The range required for adults is 8.7mg/day in males and 14.8mg/day in
femaleshence consumption of a few horneelon fruits per day is enough to achieve
this daily requiremenfWeng, 2010)There was significant positive correlation between

Fe and K content. This concurred with the finding of Asri & Sonmez ZR0ho
reported a positive correlation betwdesandK contentin tomatoes.

This study was the firsattemptto compare the nutritional composition of different

accessions of horned melon available in Kenya.

2.6 Production Constraints of Horned Melon

The seeds of horned melon are reportedly hard to germinate if not well treated through
fermentation for about-3 days at room temperature to remove the jelly like substance
which contains some inhibitory factor for germination and then air dried (Giebait,

2011 Aliero & Gumi, 2012) Fermentation helps teeparatehe seed from the pulp,
removes germination inhibitors andhhibits or Kkills certain disease organisms
(Mccormack, 2005)Fermentation can also introduce beneficial fungi, and in some cases,
may help overcomer prevent detrimental bacteria (Mccormack, 2005). The plant yield

is reported to be low especially the ones growing inviiiéd (Gumi, 2013. However,

some studiebave stated that like other plants in the Cucurbitacea family, the yield and

the fruit quality are considerably affected by water requirements, sowing dates, fertilizer
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application rates and plant densities (Welman, 20@3hough the natural insect
pollinators are not well known, honeybees #re efficient pollinators (WilkinsEllert,
2009). They are not naturally attracted to the flowers of horned melon but they only visit
the plant when no other alternative plant isusrd (National Research Council, 2008).

African horned cucumber is highly resistdatdiseases including viral infectionsilts

and other root problems and has been used commercially as a cucumber rootstock
(Walterset al., 2006; Guanet al., 2014). Like all Cucurbitacea family cropsprned
melon can also be attacked pgsts like whitefly, red spider mite and aphids especially
whengrown in extremelywarm areasor with high levels of nutents which encourage

soft growth (Siglenzaet al, 2005) The plant cannot be intercropped with other crops
due to its spreading natur€he sharp spines of the fruits may injure the pickknsng
harvesting, thus requirinthem to wear glovegCantwell , 2011) The main culinary
constraint of horned melon is that most people thalfruit not appealing as a foodstuff

as the appearance certainly can be perturbing (Ustnaln 2015).However,in countries

like Zimbabwe, Botswana and South Africa, the sweeter selection is currently grown
(National Research Council, 2008). In Kentfegere is no available data on any attempts

towards taste improvement.

2.7 Genetic Potential of Horned Melon

In cucurbits,micro-organisms lfacteria which cause diseaséige water spots on the
fruits, viruses (notably, zucchini virus) and fungi especially in a wetter clicsatebe a
problem (Sharmaet al., 2016). Unlike other cucurbits such as cucumber and melons,
horned melon has been shown to be highly resistant to nmdtiematodes (Walteet

al., 2006; Yagiet al, 2014) whitefly, Papaya ring spot virus, and Watermelon mosaic
virus (Huanget al.,2009). The only enemy of horned melonthe wild is thecaterpillar

that attacks the fruits lying on the grou(@harmaet al.,2016. Resistance to rodénot
nematodes Nleloidogyne incognitg which is a major impediment in cucumber
production (Sigiienzeet al., 2005) exists inCucumis metuliferysout efforts of making

crosses ofCucumisspecies with cucumber by mya researchers have not succeeded
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(Walters & Wehner, 2002). The only alternative for utiliziBg metuliferusresistance

genes is somatic hybridization using protoplast fusion (Weng, 2010).

Apart from disease and pest resistar€emetuliferushas also been shown to possess
drought and heat tolerance as well as the ability to germinate under high saline conditions
(Lysne, 2015). These attributbaveendeared horned melon to many cucurbit breeders in
the world but the crop has not been widdlydsed in Kenya. It is therefore of uttermost
importance to evaluate the diverse accessions of horned meloeanya Ko understand

their morphologyand agronomic potential. The proposed study will greatly contribute not
only to agronomic improvement of hwed melon but also to the field of cucurbit
breeding. Collection of different accessions will also broaden the available genetic
variability. This can be used by plant breeders for the improvement of undesirable traits

in the Kenyan accessions like theralaaste.

2.8Importance of Genetic Diversity in Crop Production

The evolution of new biotypes of pests and diseases andtelichange has increased
challenges to crop breeders, who would like to increase crop production by introducing
resistance to multiple biotic and abiotic stresses (Hayetshl, 2004). Genetic diversity
improves the chances that the crop will cope better with insects, diseases o
environmental stresses such as drought, heat or fl@@dgindarajet al., 2015) The
different characteristics of the diverse varieties can potentially reduce the losses as a
result of these stresséSharmaet al.,2016. When only one plant variety is grown, the

vulnerability of the crop to the stresses becomes hi@tarmeet al.,2019.

The expected climatic and environmental changes will place unprecedented stress on
agricultural systems and, as a result, the most diverse cropping systems are likely to be
the most adaptabl@&ngelset al.,2014) An adequate range of crop and varietal diversity
allows farmers to undertake practices tpabtect them against different hazards and
risks, and provide them with a kind of insurance against the unknown, as such farmers
and farming systems become more resilient to natural hazBrdgel§et al., 2014).

Different horned melon accessiom®llectedfrom different agreecological zones are
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likely to possessappreciable genetic diversityince they received different weather
patterns and different nutrient compositions hence ¢heybe exploited by plant breeders

for the improvement of the crqngds et al.,2014).

2.9 Measures of Diversity in plants

Diversity is important in survival of all living organismsGenetic variability is the
variation in alleles or DNA sequence in the gene pool of a populafidnneneet al,
2018. Genes ardundamental units of biological variatiahat helps in shaping and
defining individuals and population, speciealyspecies and alternatively the kingdoms
of life on earth(Mukhopadhyay & Bhattacharjee, 201&) deermining the uniqueness
of a phenotype and selection of parents for hgization, information concerning
germplasm diversity and genetic relationship is very g in plant breeding
(Motlhaodi et al, 2009) Genetic diversity plays role in the selection of breeu
material and determining the perfante of the specie{Mukhopadhyay &
Bhattacharjee, 2016Yarious factors affecting the measures of genetic variatidnde
genetic composition of the populatio®production system and number of individuals
being sampledn each populatiofMuneneet al, 2018) There are several measures of
genetic diversityMotlhaodiet al, 2009. The first is genetic base which indicates how
frequently a line appears in in a commercial @riof a particular crofMotlhaodiet al.,
2009.The second igieneticdiversity which is the dference among the populations
(Motlhaodi et al, 2009.The thrd is alleleic diversitywhich is used when the genetic
marker data can be interpreted by an allele maiw teterozygosity is the most
commonly used measure of gtic variation with populatiorfMotlhaodi et al., 2009
Muneneet al,, 2019.

2.10Phenotypic Variation among crop plants

Phenotypic variation is the tendgnaf an organism to vary from the outward appearance
( K6 o pet ald20011). There are three components of phenotypic variability which
includes canalization, development stability and morphological integréiibnet al.,
2018) Canalization isthe property of an organism that ensures similar phenotypic

expressions within a group by boosting development against both genetic and
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environmental perturbations (Marriogt al, 2001). Developmental stability is the
property of an organism that promotesiation of micreenvironmental origin within the
organism( K6 o pet al.,®20011) It therefore ensures consistent phenotypic expression
within individuals given a specific genotype and the environment outside the organism
(Munene et al, 2018). Morphdogical integration refers to the phenotypic
interdependence of two or more structures that reflects common development or function
(Watson and Eyzaguirre, 2002). It is estimated by the level of covariation or correlation
among structureg K 6 o peai al,20011) Strong covariation between traits indicates a
high degree of integration and is thought to be caused by shared developmental,
functional or genetic influencg#lenget al, 2006) Among the earliest genetic markers
used in germlasm management are the morphological and phenotypical metRalbsi,

2013) The methods depend on discrimination of individual accessions based on physical

traits like leaf shape, growth habit, maturity cycle and flower t(aits et al, 2018)

Phenotypic variability results from both environmental fest@and genetic factors

( K6 o pat ald20011) Phenotypic characterization involves characterizing advanced
morphological traits with agronomic importang@ée et al.,2006; Raghamet al, 2014)
Morphological traits are important in any plant breeding because they are tlstefirst
genetic relationship stud{Pavlicev & Cheverud, 2011)There are, however, some
factors limiting phenotypic characterizationK 6 o pei al.,026011) For example, it is
difficult to characterize a large collection of germplasm hence it only meet criteria for
few desirable traitgThi et al, 2018) In addition, phenotypic tres are influenced by
environmental factors like rainfall and temperature thus leading to difference in
expression hence complicating interpretation of res(Itk 6 o p etnafl, 020011)
Therefore, the plant ost be given extensive trials unddgre same environment and
season in order to give a valid comparig@villmore et al, 2007) Lastly, the tras of
interest may not be significantly different at an early stage hence the plant is required to
grow to maturity before identification (Muneret al., 2018). Despite the numerous
demerits, phenotypic and morphological characterization are still very important

measures in genetic variation because they are re(idbleeiet al.,2013)
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2.11 Horned Melon Germplasm Collection

Germplasm consistf living genetic resources like seeds or tissues that are maintained
for the purpose adnimalandplant breedingpreservation, and other research uses (Volis
& Blecher, 2010). Tése resources may take ttoem of trees growing in nurseries

seed collections stored seed bank§Raghamiet al, 2014) Germplasm collections can
range from collections of domesticated breeding lines that have undergone extensive
human selectionto wild species (Kathayat et al, 2019) Germplasm collection is
important for the maintenance of biological diversity and food sec(Riaghamiet al,

2014) The seedlings derived from the commercial cultigehéhorned melordo not
exhibit much variabilitRaghamiet al, 2014) However,accessions from the wild ha

a wide phenological variability which can be used for selection and breeding for

improvedtraits (Varshneyet al,, 2007)

A key step of inititing plant breeding is establishimggermplasm baniRaghamiet al,

2014) This prevents extinction of landrace of any desirable cultivated crop species
(Rosemmw & Dahlberg,2000. This involves collection of basic information concerning
the crop which is recorded at the time of collection for example the crop (Raghami

et al, 2014) This helps in identifying possible duplicates and new entries and aids in
planning for further crop collection (Ojiewet al, 2010) Previous horned melon

accessionbBavebeen maintained by the gene bdkuneneet al, 2018)

Anot her source of germplasm incl udresgu t he
(Raghamiet al, 2014) This sourcehowever possesseas high risk to their extinction due

to high human awvity that leads to loss of natural habi{&aghamiet al, 2014) Hence
conservatia through breeding is most preferred since it enhances and stabilizes the
available horned melon accessi@vuneneet al, 2018) Categorizing of theavailabke
accession intomorphologically distincigroups is very useful and will help in rescuing

the existing accession from erosion and conserving the novel g@&aghamiet al.,

2014)
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CHAPTER THREE
MATERIALS AND METHODS

3.1Sampled Regions
The major melon producing areas in Kenya are Makueni, Tana River, Kilifi, Migori,

Kwale and Meru accounting for 69% of the national value (HCR&14). However,
there is very scanty information about the production of horned melon in Kemga
most information on production sanot been publishedThe sampled countiesvere
therefore selected based onpublishednformation obtainedrom varioussourcesThe
local community was requestéd guide to where the samples coublel obtainedn the

locality sampled

3.1.1 Embu County
Embu County is in the Eastern part of Kenya. Embu lies at a latitud@. %811 and

longitude 37.450§Gachimbi, 2002)Melon production in Embu County is mainly done
in Mbeere North and Mbeere South stdunties which are found lower midland (M)

3, 4 and 5 agro ecological zones and are characterized by hot and drgrisemi
conditions (Gachimbi, 2002) The two sub coures mainly engage in indigenous
livestock keeping and growing of drougleisistant crops such as millet, sorghum and
green grams (MoALF, 2016a)he area receives an annual rainfall ranging from 640 mm
to 2000 mm(Gachimbi, 2002) The soils are mainly hemic nitisols derived from basic
volcanic rocks. They are deep, highly weathered with friable clay texture and moderate to
high inherent fertility (FAO, 2011)The horned melon producedeanajorly consumed
locally. The experimental materials wereollected from Siakago (LM3), Kiambere
(LM4), Kianjokoma UM1) and Embu (UM2) (Gachimbi, 2002)

3.1.2 Meru County
Meru County is reportedly among the leading producers of horned melon. The County

lies on the eastern slopes of Mt. Kenya covering a total area of 693,620 hectares (GoK,
2013a).It lies at a latitude of 0.0463 and a longitude of 37.6%&®etzoldet. al,
2010The County is divided into four agro ecological zones ranging from UH3 to LM6
(Jaetzoldet. al, 2010).Meru is the main producesf horned melon in Kenya that are

exported to the European countriébe study targetd the warmerzonesparticularly the
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LM1 to LM5 with average temperatures ranging from 20.90 24C and average
precipitation of 586,600 mm(Jaetzoldet. al, 2010) These areas lie on an altitude
range of 75@L300 m above sea level (MoOALF, 2016b)The county ismainly
characterizedy black cotton soils that formrust when dry andasily getlooded when

it rains (Jaetzolet. al, 2010) The experimental materials were collected frigleru and

Mitunguuregions.

3.1.3 Makueni County

Makueni County is located in the South Eastern part of Kelhyaes at a latitude of
1.8041 and a longitude of 37.620Bétzolcet. al, 2010)The County is characterized by
a lowlying terrain except for the hilly areas such as Kilungu Hills, Mbooits Fnd
Chyulu Hills (Jaetzoldet. al, 2010) Several agreecological zonesre found in the
County Theseinclude lower highland (LH) 2 receivingn average annual rainfall of
10001300 mm upper midland (UM) 2 receiving an averagenual rainfallof 980-1200
mm; UM 3 receiving about 950050 mm of average annual rainfdlM 4 receiving
about 80050mm of average annual rainfaihd UM 5 receiving about 66350 mm of
average annual rainfaflaetzoldet. al, 2010) Others are LM Jcotton zong with an
average rainfall of 80800mm of annual rainfall, LM 4marginal cotton zone with an
average annual rainfall 76860 mm, LM 5(livestockmillet zong, receiving about 650
750mm of average annuainfall (MoALF, 2016c). The soils are largely humidisols,
which are welldrained, extremely deep, dusky red to dark reddish brown, of friable clay
and with high inherent fertility and acidic humic tops@lhetzoldet. al, 2010). The

accessiongvere collectedrom Woteregion(Lower Midland).

3.1.4Kwale County

Kwale County is located in the Coastal part of Kenya. It lies at an altitude of between 60
and 135 meters above sea lefdaetzoldet. al, 2010) The County also lies at a latitude

of - 4.1738 and a longitude of 39.452%&0K, 2013b)The average annual precipitation
range from 1200mm at the coastal belt to 600rmthe coastal lowlands, the average
temperatures ranges fro?3°C to 26.6C in Shimba Hills, and from 24°6 to 27.5C in

the hinterland(Jaetzold, 2010; GoK, 2013bJhe County is divided into several agro
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ecological zonegJaetzoldet. al, 2010) This study targeid agricultural potential areas

which are the wet Coastaplands commonly known as Shimba Hills, the hot and humid

coastal plain where crop production and fishing activities predomimatiiding areas

near the shoreline) and the gulimid foot plateauncludingareas bordering the elevated

Nyika Plateau suchsa Mat uga and Ki koneni ( MoALF, 201¢
loamy to sandy with basement rockSoK, 2013b) Cucurbit production in Kwale

Countyis majorly for export (HCDA, 2014).

3.1.5 Kilifi County

Kwale County lies at a latitude 68.6667 and dongitude 0f39.7500(Jaetzoldet al,
2010).Four agreecological zones can be identified namely: Coastal Low{@id zone

3, 4,5 and 6 (Jaetzokt al., 2010). The CL3 has a precipitation of 1,300 mm per annum
and mean annual temperature of@{Jaetzolcet. al, 2010) The altitude ranges from 1
450m above sea levglaetzoldet. al, 2010) The CL4, has an average precipitation of
900 mm and annual mean temperature €24 he CL5 is of lower agricultural potential
with precipitation of 708000 mm and temperatures of 25:27.0°C (Jaetzoldet. al,
2010) The CLS6 lies in an altitude of 00 m ASL with a mean annual temperature of
27°C and annual precipitation of 35000 mm (MoALF, 2016e). The soil ranges from
loamy to sandy soilJaetzoldet al, 2010). Cucurbit production in Kilifi County is
majorly for export (HCDA, 2014).

3.1.6 Migori County

The county has an altitude varying between 1140 to 4625 m above the se# kdsel.

lies ata latitudeof -0.6667 and a longitude of 34.88Betzoldet. al, 2010) The area
experiences mean average temperature ranging from minimunf@ft@#naximum of
31°C, with high humidity and a potential evaporation of 1800 to 2000 mm per year
(Jaetzoldet al, 2010) Six agroecological zones have been identified in the county
ranging from to LM 15 covering parts of Nyatike, Rongo and Migori stdunties to

UM 1-4 covering Kuria East and West, Rongo, Kehancha and Ntimargosutiies
(MoALF, 2016f). Agriculturd activities in the County vary with the agezological

zonesMigori soils are majorly well drained and tend to be loadaefzoldet al, 2010)
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Melon production is majorly for local consumptiofihe study covered Rongo (LM4)
Migori and Kehancha (UM-4).

3.1.7Machakos County

Machakos Conty is located in the Eastetdenya regionlt lies at a latitude 0f1.5167

and a longitude of 37.266{Jaetzoldet. al, 2010)The County is largely semuarid,
receiving a mean annual rainfall of about 500 mm with variations depending on the
altitude (Jaetzoldet. al, 2010) Temperatures range from 18 to°29(Jaetzoldet al,

2010) The county is categorized into five aggoological zong based on the potential
crop production suitability @ktzoldet al, 2010). The UM 2-3 is mostly suitable for
maize, beans, dairy and coffegiile UM 5-6 is suitable for ranchingJaetzoldet. al,

2010) ThelLM 3-5 is suitable for dairnkeeping beansmaize, pigeon peas, cow peas,
mangoes and indigenous chicken and is found in Matungulu, Mwala, Masinga, and Yatta
(Jaetzoldet. al, 2010) The study covered mainly the UN-3 aroundMachakos and

Kangundo areas.

3.1.8Muranga County

The county is locatedt the Central region of Kenya with a latitude-0f7167 and a
longitude of 37.150@QJaetzolcet. al, 2010) The average annual temperaturdalef area

is 20.°C. The average annual precipitation is 1198 (Jaetzoldet. al, 2010) The
county liesbetween 94 m above sea levah theEast and 3,358 above sea levellong

the slopes of thédberdare Mountaing the West(Jaetzoldet. al, 2010) The county is
divided into six agreecological zones. The agexological zone one consists of the
highest potential zones where forestry, tea and tourism industry form the most important
economic activitiegJaetzoldet. al, 2010) Agro-ecological zones two and three are the
lowlands east of Aberdares and are generally suitable for both coffee apdadaing
(Jaetzoldet. al, 2010) The flatter area of Makuyu division of Maragwa constituency is
characterized by arid and searid conditionsand lies inagroecological zones 4, 5 and
6 (Jaetzoldet. al, 2010) This is where the study covered. lmese zones, coffee and

pineapple plantations thrive by irrigatighaetzolcet al,, 2010)
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3.1.9Homa Bay County

The County of Homa Bay is located in south western Kehlya.county lies at a latitude
of -0.68333 and a longitude of 34.4%aetzoldet. al, 2010) The temperatures in the
County range from 17.1°C to 34.8°&eraging 22.5°QGoK, 201%). The average
annual rainfall is 1226 mmTlhe County is divided into severabroecological zong
mainly upper midlands (UM) (UM3), (UM4) and lower midlandgLM2), (LM3),
(LM4) and(LM5) (Jaetzoldet. al, 2010) Agricultural activities in the County vary with
the agreecological zonesThe area supports livestock rearing and millet growing
(Jaetzoldet al, 2010) Agriculture is the leading income contributor to the households
and it plays a crucial role to food and nutrition securityhi@ County (Jaetzoldet. al,
2010)

3.1.10Tharaka-Nithi County

TharakaNithi County is located in th&asternpart of Kenya.The cainty lies between
latitudes 0000 7 6 a n d oGt dahd &tdeen 18ngitudes 3T 6 and 370 46¢
(Jaetzoldet. al, 2010) The County has two main ecological zond@fe highlandgupper

zone) comprie of Maara thatreceives adequate rainfall for agriculturdaetzoldet. al,

2010) The semtarid zone(lower zone) covex Tharaka Northand Tharaka South sub
counties and receives less than 700 mm of rainfall per annum, making it largely suitable
for livestock rather than croproduction. Tharaka Nithi is generally a low land, with an
altitude ranging between 250 and 150 Jaetzoldet. al, 2010) The County has mean
annual temperatures that range from below 21°C in the west to above 25°C in the east,
this variation being primrily due to an east to west pattern of rising altit(dietzoldet.

al., 2010) Most of the western part of the county receives average rainfall of 1860

mm annuallywhile the eastern part of the county receives an average ofLl@60 mm
annually, except for a small south eastern corridor where rainfall is 380 mm. The

forest area receives as much as 2200annually(Jaetzolcet al.,2010).

3.1.11Kisii County
Kisii County is located in western part of Kenyldne county lies at a latitude €9.6667
and a longitude of 34.750Q0aetzoldet al.,2010).The county can be divided into three
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agro-ecological zones comprisirgf 75% UM, 20% LH and5% LM. The study cowed
the areas of Nyakodhe maximum temperatures in the county range between 21°C
30°C while the minimum temperatures range between 1I52D°C (Jaetzoldet. al,
2010) The averagéemperaturén Kisii is 19.6°C. In a yaathe averageainfall is 1922
mm (Jaetzoldet al.,2010).

3.1.12Narok County

Narok County is situated in Kenya along the Great Rift Valldye county between a
latitude of-1.0833 and a longitude of 35.866¥aetzoldet al.,2010).Narok County has

an elevation of 1827m above sea level with the soils being majorly sandyJaatmold

et al.,2010). The County covers an area of 1944km? and has a population of 850,920.
The temperature range is°C2to 28°C and the average rainfall range of 501800 mm

per annun(Jaetzoldet. al, 2010) The samples were obtained from Mulot area.

3.2 Experimental Materials

Nineteen accessions of mature horned melon fruits were collected from the wild and
farmersdéd fields from s ¢he eaptisgrdwncThasencountes i n
include Meru, Embu, Makueni, Kisii, Homabay, Muranga, Narok, Machakos, Tharaka
Nithi, Kwale and Migori (Figure 3.1 and Table 3.1). The collections comprised of local

landraces and wild types.
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Table 3.1: List of Horned Melon Accessions Evaluated in the Study

S/No. | Accession| County Place of AEZ | GPS Coordinates
Code Collection

1 ACC1 TharakaNithi | Kathwana | UM 0.327201S37.86605%
2 ACC2 Meru Meru UH 0.05154N, 37.64585k
3 ACC3 Embu Siakago LM 0.57733@®, 37.64054E
4 ACCA4 Mu r a n g ¢ Maragua UM 0.79995%, 37.13301&
5 ACC5 TharakaNithi | Chuka UH 0.331004, 37.647958
6 ACC6 Migori Kehancha | UM 1.193604, 34.61586&
7 ACC7 Narok Narok LH 1.08504%, 35.87735&
8 ACC8 Embu Kianjokoma | UM 0.395748, 37.50382FE
9 ACC9 Machakos Kangundo | LM 1.29921%, 37.35072&
10 ACC10 Kwale Kwale LH 4.181473, 39.46014&
11 ACC11 Migori Rongo LM 0.7462048, 34.59528&
12 ACC12 Machakos Machakos | LM 1.528225, 37.26300%
13 ACC13 Migori Migori UM 1.070804, 34.47252F
14 ACC14 Meru Mitunguu UH 0.10849(, 37.78481&
15 ACC15 Makueni Wote LM 1.78824%, 37.63315E
16 ACC16 Embu Kiambere | LM 0.68461%, 37.79210E
17 ACC17 Embu Embu UM 0.487726&, 37.458008
18 ACC18 Kisii Nyakoe LM 0.62790@, 34.76294&
19 ACC19 Homabay Oyugis LM 0.50798%, 34.73748E

3.3 Description of the Study Site

Thefield experimentvas carried out ahe University of EmbuResearch Farm in Embu

County Kenya.The siteis located on latitud€®®°3 1 6 5 2 an@ Brpitudeé 372 7 6

2 . 2Haban elevation of 1480 m above sealdkeé nya | nf or maxThen Gui
average annual rainfall is 1252 mm and is received in two distinct rainy seasons; the long
rains (midMarchto September) with an average rainfall of 650 mm and the short rains

(mid- October to February) with an average of 450 mfre(nya | nf or mat i on
2 0 1 Bhe area has a mean annual temperature ofQ,%5mean maximum of 25, and

a mean minimum of 14°C (Jaetzoldet al, 2006) The mean annual potential
evaporation is 1422 mm while mean annual evagospiration is 950 mm (Jaetzadd

al., 2006). The soils are mainly hemic nitisols derived from basic volcanic rocks. They

are deep, highly weathered wifiiable clay texture and moderate to high inherent

fertility (FAO, 2011). Most farmers rely on production of crops like maize and

horticultural crops such as tomatdq&tuneneet al., 2018)
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3.4 Preparation of Experimental Materials

The ripened fruits were collected and transported in Vedlelled paper bags to the
University of Embu. The fruits were cut open with a sharp knife and the pulp carefully
scooped out usin@ clean spatula. The obtained seeds were separately fermented
remove the jellylike substance anib soften the seed co@ticcormack, 2005)This was
done in plastic containers using pure water for three days and thaehmiedr(Aliero &

Gumi, 2012) The same plant material was used for both seasons.

3.5 Experimental Designand Layout

The field experiment was laid out in a Randomized Complete Block Design with three
replications. The nineteen different accessions were used as treatments and were
allocated experimental plots measuringndy 3m. Aonemeterwide alley was provided
between plots to avoid any interference with the plants during data collection and crop
husbandry. Three seeds were planted per hole at a spacingnabyll m and later
thinned to one seedling one week after germinagahero & Gumi, 2012) Well
decomposed farm yard manufEs® C - 20° C) and TSP fertilizer were applied in the
planting holes before sowing at the recommended rates of 30 t/ha and 200 Kg/ha,
respectively(Weng, 2010) Each plot comprised dive plantsthat were planted in a
zigzag pattern to ensuesd data was collectdtbm four taggedplants. Two rows othe

Embu accession were used as guard rows around the experimenté@biationu et al
(2009a) Other agronomic practices including irrigatigrests and weeds control were
done uniformly in dlthe plots whenever necessary. Weeding was manually done using a
jembe. Pests like the red spider mites were controlled using BaZBbRB8EC at
10ml/20L Aliero & Gumi, 2012.The study was carried out iwo seasons from October
2018 to January 2019 and from March to July 2009 first season was conducted
under raiafed conditiors while for the second season, there was supplementary irrigation
due to the precipitation deficit experienced in the wholenty. The weather condition
during the two seasomss been presented in appendix 8.
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3.6 Data Collection

3.6.1 AgroMorphological Characterization

Morphologcal data were recorded frofour selected and tagged plants in each accession
in eachreplicate Tagging was done on the third week after planting where plants with
good health and uniforrgrowth stagewere considered. Characterizatioas based on
IPGRI (2003) descriptors for melan @ppendix ) which was also used by Jarret and
Griffin (2007) and Gichimuet al. (2009). Qualitative parameters includigrowth habit,

rind colaur, flesh colaur, fruit shape seed shape and seed emld@uantitativeparameters
included rind thicknessnumber of seeds per plambain vine length, branch numbeer
plant, fruit number per plant and average fruit weidbata scoring for each character
was done on the same day for each accessiontfierthirdweek till 50% flowering to
avoid the differences in development stages of gradéinret & Griffin, 2007) Other
agronomic parameters included percentage germination, days to emergence, days to

female and male flowering, days to maturity and resistance to pests and diseases.

3.6.1Determination of Nutritional Composition of Horned Melon Accessions

At physiologicalmaturity, the fruits werdarvested when the outer flesh changed from
dark green to pale yellofAliero & Gumi, 2012) The fruits were themwashedand
ground into sample pastes. The pastes put in plastic containers and appropriately
labelled The sample paste for each accession was divided into triplicate then their

nutrient component determinééliero & Gumi, 2012).

3.6.1.1Determination of Moisture and Sugar Content

Moisture content of fruit samples were determined by oven drying method (Nerdy, 2018).
Moisture content was obtained dyying the freshfruit samples to a constant weight in a
thermostatically controlled oven at P05as described in appendix Zhe moisture
content was calculated on weeight basis using the following formula:

Moisture content (%) ¥2 - W3 x 100
W2-W1

Where
W1 = weight of container with lid;
W2 = weight of container with lid and sample before drying; and
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W3 = weight of contader with lid and sample after drying.
Sugar contet was determined by use of brix refractomet@fillferforce, 2016)as

described in appendix 3

3.6.1.2Quantification of Ascorbic acid

Ascorbic acid or Vitamin Gvas quantified by titratinghe fruit sample against phenol
indo-2, 6- Dichlorophenol(DPIP) as described in appendix Biluted juice was pipetted
into a 100 ml volumetric flaskhen25 mL of 20% metaphosphoric acid was added then
diluted to the required quantityfen @0) ml of fruit juice was pipettin a small flask
and 2.5 ml of acetone adddddophenol solutionwvas used in titratiomntil a faint pink
colour persistedfor 15 secondgTareenet al, 2016) The results were expressed as
mg/100gdry weight

3.6.1.3Quantification of mineral elements

The mineral elements were determined by atomic absorption spectrophot@ndtry
flame photometry Each of the fruit samples was accurately weigied®.5 g and
separatelyut into crucibles and placed inside a muffle face at 558 for 5 hours for
ashing. The ash was dissaliveith 20 ml of 0.1M HNQ solution and made to a final
volume of 100 ml with deionized water in volumetric standard flask. Absorbaase
measured on an atomic absorption sp@ttodanetryfor Fe and P and flame photometry
for K and Naaccording to the wavelength of eachnemal (Jenway PFP7)The
concentrationof iron and phosphorus minerals in the sample was determined by
regression line equation obtained from the determination of tearlty standard series

solution of each mineral

3.7 Data Analysis
In order to estimate the morphological diversity between the accessi@isative and

guantitative data was organized into a matrix and subjected to cluster analysis using
XLSTAT Version 2019. Estimated agimilarity among the phenotypegere calculated
using dissimilarity units and expressed as Euclidean genetic digidazet al, 2017)

Dissimilarity indices were used to generate a dendrogram using the unweighted pair

27



group method with arithmetic average (UPGMA). fcation was performed based on
t he c| as s es étald20wePrircipat Compboneérda Analysis (PCA) was used
to analyzethe contribution of the variables to the total variation observed between the

nineteen horned melon accessions.

Agronomic and nutritional data was analyzed using SAS software version 9.4.
Agronomic variablesvere subjected to ANOVA at 5% level of significance to test for the
significant differences between accessions. Separation of means was doak for
parameters using SN&t 95% levelof confidence Pearson correlation coefficients were
carriedto determine the relationship betwdbe growth and yield characteristics
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CHAPTER FOUR
RESULTS

4.1 Agro-Morphological Diversity

4.1.1Qualitative Traits
The qualitative characters that were scored on the 19 horned melon accessions were

growth habit, leaf blade, leaf shape, flower biology, corolla colour, fruit shape,
predominant rinccolour, design produced by secondary skin colour, skin stripe colour,
presence of grooves on the fruit, flesh colour, seed shape and¢a@eed There was no
variation in all tke qualitative traits except tHeuit shape, predominant rind colour and
seed shap€Table4.1). For the fruit shape, 74% of the accessions wereiedipt shaped

while 26% were cylindrically shaped. The cylindrical ones were from Maragua, Meru,
Migori, Oyugis and Rongo. For the rind colour, 63.84% were light green while 36.16%
were dark green. The dark green ones consisted of accessions from KatWwamatua,
Chuka, Kianjokoma, Migori, Kiambere and Oyugis. For the seed shape, 63.16% were
elliptically shaped while 36.84% had pinonette shape. The pinonette shaped ones
included accessions from Embu, Siakago, Chuka, Katawstitunguu, Machakos and

Kwale while the rest of the accessions were elliptically shaped.

There was no variation in all the other qualitative traits namely growth habit, leaf blade,
leaf shape, flower biology, corolla colour, design produced by secondary skin colour,
presence of grooves on the fruit, flesh colour and sekxir. The leaves ha8-palmately
shallow lobed blade. Both male and female flowers were yellow in colour for all the
accessions. The fruit had a mixture of both dotted and stripe skin design with green
background and grooves present in the whole fruit. The felslurwas geen with white

seeds. All the accessions were runners with a main vine that was highly branched.
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Table 4.1:Variation in Qualitative Variables of the 19 Horned Melon Accessions

S/No. | Accessions | Leaf Growth | Rind Rind Flesh | Fruit shape | Seed Seed | Grooves | Leaf Petal Colour
shape | habit colour Pattern | colour shape colour Blade
1. Kathwana | Entire | Runner | Dark green| Mixed | Green | Elliptical Pinonette| White | Whole Shallow | Deep yellow
2. Meru Entire | Runner | Light green| Mixed | Green | Cylindrical | Elliptical | White | Whole Shallow | Deep yellow
3. Siakago Entire | Runner | Light green| Mixed | Green | Elliptical Pinonette| White | Whole Shallow | Deep yellow
4, Maragwa Entire | Runner | Dark green| Mixed | Green | Cylindrical | Elliptical | White | Whole Shallow | Deep yellow
5. Chuka Entire | Runner | Dark green| Mixed | Green | Elliptical Pinonette| White | Whole Shallow | Deep yellow
6. Kehancha | Entire | Runner | Light green| Mixed | Green | Elliptical Elliptical | White | Whole Shallow | Deep yellow
7. Narok Entire | Runner | Light green| Mixed | Green | Elliptical Elliptical | White | Whole Shallow | Deep yellow
8. Kianjokoma | Entire | Runner | Dark green| Mixed | Green | Elliptical Elliptical | White | Whole Shallow | Deep yellow
9. Kangundo | Entire | Runner | Light green| Mixed | Green | Elliptical Elliptical | White | Whole Shallow | Deep yellow
10. Kwale Entire | Runner | Light green| Mixed | Green | Elliptical Pinonette| White | Whole Shallow | Deep yellow
11. Rongo Entire | Runner | Light green| Mixed | Green | Cylindrical | Elliptical | White | Whole Shallow | Deep yellow
12. Machakos | Entire | Runner | Light green| Mixed | Green | Elliptical Pinonette| White | Whole Shallow | Deep yellow
13. Migori Entire | Runner | Dark green| Mixed | Green | Cylindrical | Elliptical | White | Whole Shallow | Deep yellow
14. Mitunguu Entire | Runner | Light green| Mixed | Green | Elliptical Pinonette| White | Whole Shallow | Deep yellow
15. Wote Entire | Runner | Light green| Mixed | Green | Elliptical Elliptical | White | Whole Shallow | Deep yellow
16. Kiambere Entire | Runner | Dark green| Mixed | Green | Elliptical Elliptical | White | Whole Shallow | Deep yellow
17. Embu Entire | Runner | Light green| Mixed | Green | Elliptical Pinonette| White | Whole Shallow | Deep yellow
18. Nyakoe Entire | Runner | Light green| Mixed | Green | Elliptical Elliptical | White | Whole Shallow | Deep yellow
19. Oyugis Entire | Runner | Dark green| Mixed | Green | Cylindrical | Elliptical | White | Whole Shallow | Deep yellow
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4.1.2 Quantitative Traits
Quantitative characters that were evaluated include vine length, number of branches on the

main vine, fruit number, fruit weightseed size andind thickness. There weigighly
significant (p<0.0001)differencesbetween accessions feeed size and rind thickneiss
both seasonflable4.2and4.3). The different accessions also varied significantly in fruit
number in season(p<0.004)andfor the combined season analysis (p<0.001) as shown in
Table 42 and Table 4.4 respectivelfhe means for all the otheguantitative variables
weresignificantly (p>0.05) different among accessioBiskago accession was leading in
fruit number R0) in the first season bueduced significantly to less than 10 in the second
season. fie Rongo accessiorecorded the highest average num{dah) of fruits for the
combinedseasonsAll the accessions recorded lower yields in the second season as
compared to the first season except the Meru acceddamhakos and Nyakoe accessions
consistently recorded thkiggest and the smallest rind thickness respectively in both
seasons (Tab$st.2 4.3and Appendix B Seasonal variations wesggnificant for some of

the quantitativemorphologicalvariables likefruit number and rind thickneqslata not
shown) Seasonby accession interactionsere not significant for all the quantitative
variables indicating that different variables responded in a similar way to different

production seasor{&ppendix 9)
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Table 4.2: Variation in Quantitative Traits of Horned Melon Accessions foiSeason 1

Accessions | Main Vine Branch Fruit Fruit Seed Size | Rind Thickness
Length (cm) | Number | Number | Weight (g) | (mm) (mm)

Kathwana 265.00 14.80 11.06® 226.33 4.0 4.18

Meru 260.67 12.83 10.67° 259.33 3.75%¢ 417

Siakago 258.50 15.17 20.00 256.00 3.87 3.8«

Maragua 269.00 15.33 16.67° | 246.00 4.10 3.54cde

Chuka 264.67 13.83 9.6 194.67 3.4 3.03*

Kehancha | 254.83 17.50 11.0G° 214.67 3.6 417

Narok 238.83 14.83 11.0G° 207.00 3.73c 3.38cde

Kianjokoma | 255.00 12.33 11.67° | 215.33 3.20 3.07

Kangundo | 267.17 16.33 7.33 218.00 3.70c 4.02

Kwale 253.17 16.00 10.33" 227.67 4.0 3.04%

Rongo 253.00 13.83 18.67 204.00 3.35¢ 3.64cde

Machakos | 268.67 15.67 13.33" 195.00 3.98 5.3(°

Migori 239.33 15.00 15.00" 196.67 3.44cd 3.03

Mitunguu 267.67 15.00 12.33" 214.33 4.0P 3.91°¢

Wote 280.83 15.93 18.33 207.00 3.7 3.58cde

Kiambere 251.00 14.33 13.67° 214.67 3.17 3.11%

Embu 267.17 14.50 11.33° 230.67 3.86% 3.600cde

Nyakoe 249.67 15.33 15.33° 226.00 4.0% 2.94

Oyugis 256.33 14.50 9.33® 259.33 3.45 3.23d%

P value 0.916NS 0.873'S 0.004 0.442'S <0.0001 | <0.0001

SE 14.350 1.543 2.097 20.379 0.107 0.172

Means followed by the same |l etter are not signific:

test at pO 0.05. NS = Not Significant; SE = Standar
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Table 4.3: Variation in Quantitative Traits of Horned Melon Accessions forSeason 2

Accessions | Main Vine Branch Fruit Fruit Seed Size | Rind Thickness
Length (cm) | Number | Number | Weight (g) | (mm) (mm)

Kathwana | 258.67 16.17 9.00 226.32 3.820 4.30

Meru 240.67 14.67 15.67 259.33 3.540d 4.40°

Siakago 240.50 16.83 9.75 256.00 3.7 4.02cd

Maragua 259.33 15.17 12.94 246.00 3.95 3.69cd

Chuka 252.67 15.50 12.39 194.67 3.67°¢d 3.2

Kehancha | 251.83 15.67 10.94 214.67 3.52bd 4.34

Narok 234.67 13.83 13.36 207.00 3.4620cd 3.5

Kianjokoma | 243.33 15.33 9.92 215.33 3.23¢ 3.258!

Kangundo | 259.33 15.67 7.50 218.00 3.620d 4.21c

Kwale 238.50 15.33 8.67 227.67 3.75%¢ 3.30d

Rongo 256.50 15.67 14.33 204.00 3.28« 3.80«

Machakos | 267.17 15.50 12.36 195.00 3.820 5.4%

Migori 242.33 14.67 11.75 196.67 3.29 3.22

Mitunguu 255.50 15.00 12.33 214.67 4.96 3.88«

Wote 273.33 16.50 13.81 207.00 3.59%d 3.7%

Kiambere 257.33 14.33 11.00 214.67 3.12 3.28

Embu 262.67 15.50 10.58 230.67 3.44pxd 3.7

Nyakoe 254.33 16.50 12.89 226.00 3.92 3.08

Oyugis 248.33 14.33 8.44 259.33 3.590cd 3.39¢

P value 0.877S 0.990'S | 0.378'S | 0.442' < 0.0001 < 0.0001

SE 13.418 1.338 2.082 20.379 0.0389 0.190

Means followed by the same | etter are not sign

test at pO 0.05. NS = Not Significant; SE = St
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Table 44: Variation in Quantitative Traits of Horned Melon Accessions for the Two

Seasos Combined

Accessions | Main Vine Branch Fruit Fruit Seed Size| Rind Thickness
Length (cm) | Number Number | Weight (g) | (mm) (mm)

Kathwana | 261.83 15.48 10.0G%° | 226.33 3.97e0 4.24

Meru 250.58 13.75 13.17%¢ | 259.33 3.660¢ 4.28

Siakago 249.42 16.00 14.88%¢ | 256.00 3.79%¢ 3.94

Maragua 264.17 15.25 14.8F°¢ | 246.00 4.02 3.61cde

Chuka 258.67 14.67 11.03%¢ | 194.67 3.470ef 3.12f

Kehancha | 253.33 16.58 10.97 | 214.67 3.5 4.20

Narok 236.75 14.33 12.18° | 207.00 3.60pcde 3.46"f

Kianjokoma | 249.17 13.83 10.79c | 215.33 3.2 3.16"

Kangundo | 263.25 16.00 7.4 218.00 3.66°¢d 4.12c

Kwale 245.83 15.67 9.50%c | 227.67 3.88" 3.19f

Rongo 254.75 14.75 16.5G 204.00 3.32f 3.72de

Machakos | 267.92 15.58 12.85%¢ | 195.00 3.90% 5.37

Migori 240.83 14.83 13.38%¢ | 196.67 3.36%f 3.12f

Mitunguu 261.58 15.00 12.33%¢ | 214.33 4.01 3.89%cd

Wote 277.08 16.21 16.072°> | 207.00 3.65¢d 3.66%

Kiambere 254.17 14.88 12.33%¢ | 214.67 3.14 3.20¢

Embu 265.25 15.00 10.96%¢ | 230.67 3.65 3.684

Nyakoe 252.00 15.91 14.1F¥ | 226.00 3.99 3.01

Oyugis 252.42 14.42 8.88° 259.33 3.5xde 3.31¢f

P value 0.949'S 0.98NS 0.001 0.070Ns <0.0001 | <0.0001

SE 9.823 1.021 1.477 14.410 0.0298 0.128

Means followed by the same |l etter are not signific:

test at pO 0.05. NS = Not Significant; SE = Standar

4.1.3 Agronomic Traits
Agronomic parameters that were evaluated included percentage germination, days to

emergence, days to male and female flowedanddays to maturityThere werehighly
significant(P<0.001)differencesin all agronomidraitsas shown in Tab&4.5(seasorl),

4.6 (season 2)4.7 and Appendix 9(combined seasonsJhe accessions frotathwana,
Siakago, Kangundand Embuaccessions recorded the highest percentage germination of
100% for both seasonKehanchaaccession consistenttgcorded the lowest germination
percentage 060.33% andb8.33%in first and second season respectivéigr days to
emergencethe Meru andKathwanaaccessions took thghortest (8 days) and longest (12
day9 to emergerespectively Across the two seasons, Kehancha accession recorded the
shortest time (59 days) to produce the male flowers while the Rongo accession recorded
the longest time (74 days). Kehancha accession again took the shortest time (62 days) to

produce the female flows while the Kangundo accession took the longest time (75 days).
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On days to maturity, Kehancha accession took the shortest maturity period of 102 days
while Oyugis accession took the longest period of 122 dagasonal variations were
significant for perent germination (p<0.031), days to male flowering (p<0.0001) and days
to female flowering (p<0.0001). Season by accession interactions were also significant for
days to emergence (p<0.001), days to male flowering (p<0.0001) and days to female
flowering (p<0.0001) indicating thatthese variables respondedfetently to different
seasongAppendix 9.

Table 4.5: Variation in Agronomic Traits of Horned M elon Accessiongor Season 1

Accessions | Percent Days to Days toMale | Days toFemale | Days to
Germination | Emergence | Flowering Flowering M aturity
Kathwana 1000 11.67 66.339 69.33¢ 100.67
Meru 88.67 8.33 62.33° 65.00 102.33¢
Siakago 100 9.33 61.33° 64.33 101.33
Maragua 100 8.67 63 66.00° 103.33¢
Chuka 100 9.67°¢ 63 66.00° 103.67
Kehancha 50.3% 9.67cd 60° 63.00 o8t
Narok 78" 9.67cd 60° 69.67° 107¢d
Kianjokoma | 10Q* 8.67 66.6 79 69.33° 106«
Kangundo 100 8.67 60.67¢ 63.63° CIsa
Kwale 100 9.67 66°de 68.33¢ 100.33
Rongo 66.67° 10.33%c 70 82.0G¢ 1172bc
Machakos 94.33 10.67° 66.670 68.67° 102.67
Migori 8P 10.33%¢ 71.67° 73.33 116
Mitunguu 94.33 8.33 62de 65.67¢ 102.67
Wote 8% 9.67 64°de 67.33¢ 101.33¢
Kiambere 94.33 1Qpbed 66.6 7% 69.33° 107.33<
Embu 100 10.33%c 81.33 84.0C 118.67
Nyakoe 100 11 64cde 65.67° 101.67
Oyugis 83.33" 1Qpoed 68 70.00° 119
P value 0.0004 0.0001 0.0001 0.0001 0.0001
S.E 2.2003 0.1342 0.1342 0.8000 0.9199

NB: Means followed by the same letter are not significantly diffea¢pt 0.05

35



Table 4.6: Variation in Agronomic Traits of Horned Melon Accessions for Season 2

Accessions Percent Days to Days to Days to Days to
Germination | Emergence | Male Female Maturity
Flowering | Flowering
Kathwana 100 10.33° 61pcd 64.67Abcde 105.33
Meru 91.67 9.3 57.33 61.009¢ 107.67¢
Siakago 100 9.00 58.33¢ 61.00¢ 108.33¢
Maragua 83.33 9.3 61.67« 64.67°cd | 109.67%
Chuka 91.67 9.67 59.33« 61.67% 110.67%
Kehancha 58.32 9.67 57.00 59.670d | 105.33
Narok 66.67 9.67 58.33¢ 60.33° 109.00¢
Kianjokoma | 83.33 9.3 63.67°¢ 66.67°C 111.009%
Kangundo 100 9.00° 58.33¢ 62.0(pcde 106.67¢
Kwale 91.67 9.67 59.67 64.000cde 108.00¢
Rongo 66.67 9.67 68 69.33 118.67°°
Machakos 91.67 10.0® 60pcd 62.67cd 109.33bcd
Migori 75 11.33 62.33 65.0@ cde 125.06°
Mitunguu 100 9.00° 59.33« 62.0(pcde 111.67%
Wote 75 9.60 58.334 61.67% 109.67%
Kiambere 91.67 10.0® 63.33°¢ 66.0G°c 115.67<
Embu 100 9.00° 63.00r 64.670cde 124.67°
Nyakoe 91.67 9.60° 59.6 7P« 63.33cde 111.67%
Oyugis 66.67 9.00 64%° 67.67Pe 125.33
P value 0.0038 0.0001 0.0001 0.0001 0.0001
S.E 2.3371 0.1089 0.4155 0.3989 0.9094

NB. Means followed by the same letter are not significantly diffesept= 0.05
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Table 4.7: Variation in Agronomic Traits of Horned Melon Accessions for the Two

Seasons Combined

Accessions | Percent Days to Days to Male | Days to Female | Days to
Germination | Emergence | Flowering flowering Maturity
Kathwana 100 11.0CG 63.6 70 66.1 7% 103.00f
Meru 90.17¢c 8.83 59.83" 63.50" 105.00f
Siakago 100 9.1 et 59.83" 63.00" 104.83f
Maragua 91.67bC 9.00 62.33f 65.33f 106.50¢
Chuka 95.83" 9.6 7pcaef 61.17df 63.33° 107.17¢
Kehancha 54.33 9.6@cdef 58.50 61.83 101.67
Narok 72.33 9.6 7pcaef 59.17f 62.33 105.06'
Kianjokoma | 91.67 9.0 65.17df 67.83cd 108.50%
Kangundo 100 8.83 59.50f 74.67 102.83f
Kwale 95.83" 9.6 peaef 63.50f 66.004f 104.17
Rongo 66.6 7 10.0@Pcde 73.5G 61.83 114.83¢
Machakos 93.06" 10.33%c 63.33f 65.6 70 106.00¢
Migori 82.003°¢ 10.83" 67.00° 69.00 120.5@°
Mitunguu 97.17° 8.67 60.67¢f 63.33f 107.17¢
Wote 82.0G%c 9.66cdef 61.1 70 64.33% 105.50¢f
Kiambere 93.00°® 10.0@bedef 65.00f 68.0(rcde 111.504
Embu 100 10.16®bcd 72.17° 73.50° 121.67
Nyakoe 95.83° 10.33%° 61.830ef 64.83% 106.67¢f
Oyugis 75.000c 9.5(0pdef 66.00¢ 69.50° 122.18
P value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
S.E 1.1680 0.8009 0.5155 0.4704 0.7281

NB: Means followed by the same letter are not significantly diffesept= 0.05

4.1.4Correlation Analysis between Quantitative AgroMorphological Traits
Relation between the quantitative traits were pr essed by a Pear sono:

shown in Tables4.8 1 4.10. There was positive correlatidmetweendays to male and
female flowering and days to maturitfFor thefirst season, days to male flowering had
strong positive correlation with days female flowering (r = 0.988). Days to maturity
also had a strong positive correlation with days to male flowering (r = 0.785) and days to
female flowering (r= 0.810). For season two, there was a strong positive correlation
between days téemale flowering and days tomale flowering (r= 0.9729 and days to
maturity ¢ = 0.645.

There was also strong correlation between daysate flowering and days to maturity (

= 0.679. When the two seasons were combined, the analysis showed strong positive

correlation betweedays to male flowering and days to fem#tvering ¢ = 0.992) as
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well as days to male flowering and days to matunity Q.785). There was also strong
correlatbn between days female flowering and days to maturity<10.809)

Table48: Pear sonds Correl ation Coefficient for
Melon for Season 1

Vine
Variables Length
Branch Branch
Number 0.146 Number
Fruit Fruit
Number 0.045 0.026 Number
Fruit Fruit
Weight 0.101 -0.138 -0.001 Weight
Days to Days to
Emergence | -0.191 0.161 0.129 -0.265 Emergence
DTMF -0.060 | -0.314 0.184 -0.125 | 0.432 DTMF
DTFF -0.101 | -0.336 0.220 -0.066 | 0.417 0.988& DTFF
Days to
Maturity -0.202 | -0.384 0.028 0.089 0.234 0.785% 0.810*

Key: Values in esterisks are different from 0 with significance level alpha=0.05. -DD&¥s to female
flowering; DTMF Days to male flowering

Tabled9:Pear sonds Corr el at Quanttati@oleaitsofiHormee nt f or
Melon for Season 2

Vine
Variables Length
Branch Branch
Number 0.402 Number
Fruit Fruit
Number 0.085 -0.110 Number
Fruit Fruit
Weight 0.101 -0.138 -0.001 Weight
Days to Days to
Emergence | 0.058 -0.100 0.114 0.507 Emergence
DTMF 0.085 -0.194 -0.090 -0.074 | 0.212 DTMF
DTFF 0.095 -0.174 -0.163 0.033 0.162 0.972* | DTFF
Days to
Maturity 0.020 -0.351 -0.029 0.002 0.332 0.676* | 0.645*

Key: Values in esterisks are different from 0 with significance lalpha=0.05. DTFFDays to female
flowering; DTMF Days to male flowering
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Table 410: Pear sonods Correl ation Coefficient
Melon for the Two Seasons combined

Vine
Variables Length
Branch Branch
Number 0.398 Number
Fruit Fruit
Number 0.112 0.054 Number
Fruit Fruit
Weight -0.093 | -0.090 -0.084 Weight
Days to Days to
Emergence | -0.043 | 0.155 0.084 -0.392 | Emergence
DTMF 0.037 -0.315 0.136 -0.114 | 0.434 DTMF
DTFF 0.013 -0.351 0.150 -0.036 | 0.416 0.992* | DTFF
Days to
Maturity -0.119 | -0.423 0.020 0.046 0.301 0.785* | 0.809*

Key: Values in esterisks are different from 0 with significance level alpha=0.05. -DD&{s to female
flowering; DTMF Days to male flowering

4.1.5 Cluster Analysisusing Agro-Morphological Traits

Agglomerative hierarchical clusteringpnducted usindpoth quantitative and qualitative
variables depictedigh morphological diversity betwedhe accession@igures 4.1 and
4.2). In both seasons, the dendrogram separatedS supported cluster3he diversity
betweenclassesvas estimated &3.82%in the first seasomand 68.84%n the second
season thus thaiversity within classes wa36.18%in the first seasoand 31.16%n the
second season. In the first season,dfea and Embu accessions separated in their own

supported singleton clusters whilethre secondeasonOyugis accession separated into a

singleton supported cluster. There appeared to be close proximity between Maragua, Meru

and Siakago accessions whitouped together in cluster 2 in both seasons. Rongo, Narok

and Migori accessions also grouped together in cluster 3 in both seasons. The rest of the

accessions grouped together in the biggest cluster of 10 members in season 1 (Figure 4.1)

which separatetlurther in season 2 to form two supported clustéte Wote, Chuka and

Machakos in one cluster (Figure 4.2).
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4.1.6 Principal Component Analysisof Agro-Morphological Traits

Principal Component Analysis was used to descibetribution of specific variables to

the observedvariation amongthe horned melon access®oihe first three variability
factors (F1, F2 and F3) explain®8.91% and 9.20% of the total variation in the first and
second season respectivelyne variables contributed differently to the obserwvariation

with fruit weightand main vine length contributing the highest toalRtl F2 respectively

in both seasonsOn the other hand,ags to male and female flowering and days to
maturity had the highest contributioto F3 as shown ifrable 4.11 The rest of the
variables contributed minimaltto the three principal factar$he correlation between the
variables and the diversity factors F1 and F2 is shown Figure 4.4. Most of the variables
portrayed diverse correlation with the factors in differerdseas except fruit weight
which was consistent over the two seasons. The proximity between accessions was further
assessed through a two dimensional presentation which plotted the accessions at proximal
distances based on their similarigigure 4.3.

Table 4.11: Percent Contribution of the Variables to the Total Variation

Season 1 Season 2

Variables F1 F2 F3 F1 F2 F3

Main Vine Length 0.466 76.303 22.079 3.134 96.359 0.213
Branch Number 0.006 0.111 0.106 0.000 0.112 0.173
Rind Colour 0.000 0.084 0.024 0.000 0.004 0.578
Fruit Shape 0.020 0.105 0.063 0.021 0.002 0.420
Seed Shape 0.000 0.1273 0.104 0.001 0.012 0.124
Fruit Number 0.000 0.003 0.459 0.039 0.001 0.032
Days to Emergence| 0.015 0.054 0.061 0.018 0.005 0.067
DTMF 0.147 5.462 29.200 0.011 0.066 9.685
DTFF 0.040 5.402 22.652 0.001 0.137 7.818
Days to Maturity 0.056 11.796 25.232 0.000 0.126 80.709
Fruit Weight 99.249 0.420 0.020 96.773 3.129 0.005
Seed Size 0.002 0.014 0.002 0.001 0.006 0.039
Rind Thickness 0.000 0.073 0.001 0.000 0.041 0.136
Eigenvalue 411.945 112.645 82.282| | 420.019 92.496 47.815
Variability (%) 65.105 17.803 13.004 72.859 16.045 8.294
Cumulative % 65.105 82.908 95.912 72.859 88.903 97.198

Key: DTFF Days to female flowering; DTMFDays to maldlowering
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4.2 Proximate and Nutritional Composition of Horned Melon Accessions

Proximate and nutritional ofthe horned melon accessior@e shown in Tbles 412
(season 1), 4.13 (season 2)14 and Appendix Yboth seasons combinedh the first
season, the accessions did not vary significantlyoistare conten(Table4.12 unlike in
season 2 where there whighly significant differencan moisture contenamong the
accessions g0.0001)as shown inTable4.13 The Kiambereaccession hhthe highest
moisture contenvf 94.84% while Nyakoeaacession hdthe lowestof moisture content of
91.526 in the second seasoffombined season analysis, did not show any significant
differencesn moisture conterbetween accessioffigppendix 9)Sugar content wasund

to vary significantly(p<0.0001)between accessions. Tisgakagoand Meruaccessios
recording the highes{4.6% by mass) and lowest (2.14%y mass) sugar content,
respectivelyjn season onélable4.12). The sugar content increased in the second season
with Kehancha accession havitige highest content 05.09% by mass while Kwale
accessiorhad the lowest content of 3706 by mass(Table 4.13. Kehancha accession
maintained the highest sugar conten4.30% by massn the combined season analysis
with Kangundo accession recording the lowest seasonal average of sugar content (3.04%
by massps evident imTable4.14.

The composition ofhe mineral contents in the fruitsllowed the order K > P >Na >Fe
with Potassium(K) being the most abundant mineral found in the fruitsthe first
season,K content in the fruits ranged fror845.13 mg/100grecorded in Kathwana
accession td16.43mg/100grecorded in Kiambere accessifrable 4.12. In the second
seasonK content was highest in Kangundo accession (Zbrh§/100g while Kiambere
accession had the lowest (167.7@/100g (Table 4.B). Kangundo accession had the
highest seasonal averagekofcontent (249.52ng/100g while Kiambere maintained the
lowest seasonal average of 14210g/100g(Table 4.8). PhosphorugP) contentwas
highest in Migori accession (48ng/100g and lowest inKangundoaccession §.76
mg/100g in season {Table 4.12)In season Zhere was a general reductionRrcontent
with Meru accession recording the highest content of 41g2500gwhile the lowest

content of 8.7Img/100gwas recorded by Machakos accesgibable 4.13) On seasonal

44



average, Migori accession had the highesbftent of 40.49ng/100gwhile Machakos
had the lowest content of 8.88)/100g(Table 4.14)

Significant (P<0.05) variations in Sodium (Na) content were also recorded among
accessions in both seasoi$ie Rongo and Woteaccessios recordedthe highestNa
contentof 2.28 mg/100gand 2.36mg/100gin the first(Table 4.12)and secondTable

4.13) seasorrespectively.Siakago accessioconsistentlyrecordedthe lowestcontent of
1.13ng/100gand 1.07mg/100gin the first (Table 4.12) and second (Table 4.13ssra
respectivelyThe Wote accession also recorded the highest Na content in seasonal average
(2.27 mg/100g with Siakago accession recording the lowest seasonal average of 1.10
mg/100g (Table 4.8). The accessions also varied significantly (P<0.05)ram (Fe)
content Nyakoe accession had the highest Fe content of iBf@00gwhile Maragua
accession had the lowest contentLldf5 mg/100gin season ITable 4.12) In the second
seasonthe highest Fe content of 2.5/100gwas recordedh the Kianjokoma accession

while the lowest was 0.31mg/100grecorded in Embu accessidmable 4.B). In the
seasonal averages, Kianjokoma and Maragua accessions maintained the highest and
lowest Fe content of 2.6Ing/100g and 0.81 mg/100g respectively(Table 414).
Significant (P<0.05) variation among accessions in Vitamin C content was only observed
in the second season experimé¢hable 4.B). Kianjokoma accession had theghest
Vitamin C conten{2.87mg/100g while Kathwanaaccessiorhad the lowestontent(1.18
mg/100g.
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Table 4.12: Nutrient Composition of Horned Melon Accessions for Season 1

Accessions | MC (%) | Mass Potassium | Phosphorus | Sodium Iron Vitamin C
Sugar (%) | (mg/1009 (mg/1009 (mg/1009 | (mg/1009 | (mg/1009
Kathwana | 89.72 3.053def 245.13 16.38" 1.46% 2.207P« 1.88
Meru 94.14 214 166.43% 19.6% 1.37° 1.357% 1.95
Siakago 89.70 463 218.43° 42.800 1.1? 2.703° 2.55
Maragua 90.14 2.96¢ 166.4F% 10.68 1.55° 1.15C¢ 1.73
Chuka 91.68 3.2gde 210.070° 11.52 1.520 1.723¢ 1.50
Kehancha | 90.69 3.68° 226.43° 29.04 1.86° 1.627¢ 1.86
Narok 90.69 2.7 2xdef 119.97 11.000 1.62° 2.576% 1.51
Kianjokoma| 92.75 3.33de 227.37° 35.64 2.03P 2.716° 1.81
Kangundo | 92.39 2.549 244.73 8.76' 1.62° 2.463c 1.60
Kwale 90.17 3.56 215.23b 32.904 1.97° 2.173% 1.69
Rongo 89.73 2.549 202.40"b° 12.55 2.28 1.523€ 1.32
Machakos | 90.57 2.94pdef 227.16° 8.81" 1.76° 1.957Fcde 1.24
Migori 89.75 3.5 227.10° 48.12 1.93° 1.873% | 6.84
Mitunguu 90.92 3.40% 189.27p« 9.67 2.03P 1.620 3.19
Wote 92.29 3.23de 207.20"b° 11.93 2.19P 1.307 2.06
Kiambere 92.10 3.02:def 116.43 11.48 1.520 1.39C 1.72
Embu 90.71 3.46% 146.57 24 .44 1.47° 1.573¢ 1.62
Nyakoe 91.47 4.03 201.10%° 9.76 1.37° 3.063 2.11
Oyugis 92.35 3.10%f 224.50° 13.14 131 2.2379 [ 159
P value 0.813'S 0.0001 0.0001 0.0001 0.0142 0.0001 0.408'S
S.E 1.522 0.148 9.009 1.716 0.215 0.167 0.185
NB: Means followed by the same letter are significantly differentat p= 0.05
Table 4.13: Nutrient Composition of Horned Melon Accessiongor Season2
Accessions | MC (%) | Mass Potassium | Phosphorus | Sodium Iron Vitamin C
Sugar (%) | (mg/1009 (mg/1009 (mg/1009 | (mg/1009 | (mg/1009
Kathwana | 93.4&% | 4.15%¢ 237.73° 33.9¢ 1.46%¢ 0.6301 1.18
Meru 92.25f 4,067 191.07°c 41.25 1.34¢ 0.747¢%9 1.95
Siakago 94 47> | 353" 225,970¢ 12.76" 1.08 1.160 1.5
Maragua 03.18% | 3.47 193.00°° 19.63% 1.430c 0.460 1.82¢
Chuka 94,44 | 4.18° 220,70 20.90¢ 1.41¢ 0.65F" 1.73%
Kehancha | 94.6F° 5.09 224,970° 26.42° 1.8280¢ 0.543¢ 1.86¢
Narok 94.2F | 355! 237.17° 12.80% 1.730c 2.45@ 1.81¢¢
Kianjokoma| 93.36% | 4.4C 230.70%° 22.90¢ 2.18° 2.504 2.8
Kangundo | 93.56° | 3.53" 254.30 9.52¢ 1.47%¢ 2.463 2.0Z
Kwale 93,790 | 3.07 211.20%° 26.90%° 1.46%¢ 0.390 1.85¢
Rongo 94 4FC | 4,274 214,80 16.30% 1.730c 0.787¢ 1.21
Machakos | 93.80°¢¢ | 3.64" 246.23° 8.71 1.37° 0.39%¢ 2.61°
Migori 93.03%cd | 4,36 232.07%° 32.89 1.74% 1.45% 1.23
Mitunguu 03.46% | 4.35 205.03%° 10.27 2.00¢ 1.077Fce 1.80¢
Wote 91.87 3.79 220.07%° 15.00% 2.36 1.00%f 1.40
Kiambere 94.84 3.53" 167.70 14.07 1.64%¢ 0.35%4 2.06°
Embu 94.068° | 4,98 183.7¢ 15.12%f 1.550¢ 0.314 1.43
Nyakoe 91.57 4.04 206.770° 10.47 1.570¢ 0.96.3f 1.75%
Oyugis 92.86' 3.68" 244.60° 17.53ef 1.48%¢ 0.450 1.96
P value 0.0001 | 0.0001 0.0010 0.0001 0.0034 0.0001 0.0001
S.E 0.276 0.036 12.646 2.183 0.183 0.106 0.083

NB: Means followed by the same letter are not significantly diffemept= 0.05MC = Moisture Content
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Table 4.14: Nutrient compositionof horned melon accessions for Combined Seasons

Accessions | MC (%) Mass Potassium | Phosphorus | Sodium Iron Vitamin C
Sugar (%) | (mg/100g) | (mg/100g) | (mg/100g)| (mg/100g)| (mg/100g)
Kathwana | 91.50 3.6 241.43° 25.14 1.38¢ 1.42¢ 1.53
Meru 93.19 3.10 178.75' 30.48 1.36¢ 1.05%0 1.95
Siakago 91.99 4.08° 222,204 | 27.78 1.10 1.93 2.04
Maragua 91.66 3.22 179.73 15.16¢% 1.49 0.8¢ 1.78
Chuka 93.06 3.73 215.38%d | 16.2F 1.47 1.19%0 1.61
Kehancha | 92.65 4.3% 225,704 | 27.7% 1.84% 1.08%1 1.86
Narok 92.45 3.13 178.57 11.90 1.68°« 2.5 1.66
Kianjokoma | 93.06 3.86% 229.03%d | 2927 2.18° 2.6 2.34
Kangundo | 92.98 3.04 249.52 9.14 1.59 2.46 1.81
Kwale 91.98 3.3 213.22%d | 29,90 1.7pb 1.280%f 1.77
Rongo 92.07 3.41" 208.60°% | 14,439 2.0P2°¢ 1.16%0 1.27
Machakos | 92.19 3.29" 236.97% 8.76 1.57 1.67¢ 1.92
Migori 91.89 3.9 229.58%d | 40.49 1.83%¢ 1.66° 4.03
Mitunguu 92.20 3.87% 197.15¢ 9.97f 2.02bc 1.389% 2.49
Wote 92.06 3.519" 213.63%d | 13.46 2.2F 1.15%0 1.73
Kiambere 93.47 3.28" 142.07 12.78¢ 1.5 0.879 1.89
Embu 92.38 4,220 165.17 19.78 1.5 0.9419 1.53
Nyakoe 91.49 4.03° 203.93% 10.15*f 1.43 2.0 1.93
Oyugis 92.61 3.35MN 234.55% 15.34¢% 1.40¢ 1.349% 1.77
P value 0.9467S | <0.0001 <0.0001 <0.0001 <0.0001 | <0.0001 | 0.5310'
S.E 0.773 0.076 7.763 1.388 0.141 0.099 0594

NB: Means followed by the same letter are not significantly diffeaept= 0.05MC = Moisture Content

4.2.1Correlation between the Nutrients in Horned Melon

There was insignificant (P>0.05) correlation betweenmajority of the tested nutrients
However thereweresignificantcorrelatiors (P<0.05)between Potassium and Iroantent

(0.453) and between Vitamin C and Iron (0.388)shownn table 4.15 There were no
significant correlations between the nutritional composition and-agygphological traits

of the horned melon accessions that were studiath not presented)

Table 4.15: Correlation between NutrientElementstested in the study

Variables %MC

Sugar 0.121 Sugar

K -0.032 -0.103 K

Na -0.084 0.249 -0.133 Na

Fe -0.001 -0.106 0.453 0.210 Fe

Vitamin C -0.003 -0.180 0.078 0.112 0.386 Vitamin C
P -0.074 0.220 -0.057 -0.055 -0.221 -0.168

NB: Values in bold are different from 0 withsggnificance level alpha=0.0MC = Moisture Content
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4.2.2 Cluster Analysis using Nutritional Composition

Agglomerative hierarchical clustering conducted ughng nutritionalvariables separated
the accessionsito 5 supported clusterd the dendrogramrhe diversity between classes
was estimated a®0.52%6 thus the diversity within classes wasly 9.4%6. Kiambere
accessiorseparated ifts own supported singleton clust@luster 5)while the rest of the
clusters had either 4 or 5 memheéFbe accessionfrom Rongo, Wote, Chuka, Mitunguu
and Nyakoe groupetbgether in clustef while Migori, Kwale, Kianjokoma, Kehancha
and Siakag@accessions also grouped together in cluatdihe accessiorfsom Kathwana,
Kangundo, Machakos and Oyugjsoupedtogether incluster 4 those from Embu, Meru,
Maragua and Narok grouped together in clust€Fiure 45). There seemed to be no
relationship between the nutritional composition of the accessions and proximity of their

origin.
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Figure 4.5: Cluster Dendrogm lllustrating Nutritional Diversity between Horned Melon
Accessions
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CHAPTER FIVE
DISCUSSION

5.1 Agro-morphological Diversity
Significantdiversity was observed between the horned melon accessions baagu-on
morphological variationexcept fruit shape, seed shape and predominant rind colour
Similar observation was made by Bisognin (2002) and Gichanal. (20093 who
reported that cucurbits are similar in above ground development but have high genetic
diversity in fruit charactertges such as fruit shape, flesh colour, seed shape and seed
colour. Most of the accessions (74%) had elliptically shaped fruits while the rest (26%)
had cylindrically shaped fruitdvost of the accessions (63.16%gd elliptically shaped
seedswhile the rest (36.84%) had pinonette shaped seeds. This observation concurred
with earlier report by Bester & Condy (2013) that the fruitCatumis metuliferusvere
ellipsoid-cylindrically shaped. The rind colour varied from light green to dark green with
majority of the accessions being dark green. However, the fruit colour in all accessions
changed tdoright orange at ripening. Similar observation was made by Demiztsaly
(2011) and Mey (2014).

Quantitative characters that were evaluated include main vigghlenumber of branches

on the main vine, fruit number, fruit weight, rind thickness and seed number. The former
four are considered to be yield components while the latter two are quality components
(Gichimu et al., 20099. Among the yield components, lgnfruit number recorded
significant differences among accessions; ranging from an average of 17 fruits produced
by the Rongo accession to 7 fruits produced by Kangundo accession. Unfortunately, the
prolific nature of the Rongo accession may have compeamike fruit weight which
averaged 204 g, a far cry from 259 g recorate@®yugis and Meru accessions. However,
this could be possibly improved by enhancing the soil fertility since high vyielding
accessions are expected to have a relatively higher demlam$sential nutrients.
Apparently C. metuliferusis highly variable in terms of fruit yield as different studies
have reported divergent data on fruit number and weight. Apal. (2018) reported that

each vine is capable of producing up to 100 fruitsa study evaluating 26. metuliferus

plant introductions in Missouri, United States, Marsh (1993) obtained fruit numbers
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ranging from 14 to 101 fruits per plant but with relatively lower fruit weights ranging from

12 to 31 grams.

For successful yieldelection, all the yield components should be considered. Although
there vereno significant variatiosamong accessions in vine length and branch number,
these variables are expected to have a significant influence on yield as repdkped by

al. (2018). Similar observation was also made by Deetpal. (2018) in cucumbewho

also reported that the yields were strongly correlated to branch number and vine length
(p=0.677) In the contrary and against expectations, this study observed no significant
correlation between the yield components. This observation was supported by the fact that
some accessions managed to produce many fruits despite not being well enddwed wit
long vines and many brancheSimilarly, some accessions with long vines and many
branches produced relatively fewer fruits. This was an indication that there is great
breeding potential to improve the yields of horned melon through selective hybridization
of accessions possessing desirable yield components. For example, the potahgal of
Rongo accession can be further expanded by increasing the vine length and branch
number through hybridization with the Wote accession which was found to combine long
vine length with high branch number and fruit number.

Significant differences amongceessions were also recorded in seed size and rind
thickness. This evaluation was important because both the seeds and the rind of horned
melon are edible. The seed size ranged from 3.17 mm recorded in Kiambere accession to
4.10 mm recorded in Maragua ass®n. This observation was divergent from what was
reported bywilkins-Ellert (2004) that the seeds Gf metuliferusare 51 8 mm long. All
accessions had more than 100 seeds per fruit. Rind thickness also varied from 5.37 mm
recorded in the Machakos assion to 3.01 mm recorded in the Nyakoe accession. There
was no available data in literature comparing the rind thickness among different
accessionsf horned melonHowever, for the watermelon, the rind thickness ranged from
7-24 mm (FAO, 2011).There wee slight significant seasonal variations between
accessions for all the quantitative variables indicatingttieticcessions westable and

may not be significantly affected by genotype by environment interadipendix 9)
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This is a positive agronomic trait that would ensure constant productivity of the horned
melon across variable weather conditioHswever watermelon had a rind thickness of
more than 10 mnfAbdullahet al, 2017)

Although there were no significant variations among accessions in fruit weigimaind

vine length, the principatomponent malysis indicated that the two had the highest
contribution to the total variation observed between the nineteen accessions studied. This
was an indication that there was a high potential of agronomic selection among the
accessions based on these variabld®e average length of the main vine ranged from
236.75 cm recorded in the Narok accession to 277.08 cm recorded in Wote accession. This
big gap between the shortest and the longest vine is an indication of the improvement
potential among the accessioriadied. However, the vine length obtained in this study

fell short of the 5 meters length reported by Apeil al. (2018). Similarly, high
improvement potential was observed in fruit weight whose variation among accessions
varied from 195.0 grams produced by Machakos accession to 259.33 grams produced by
Meru and Oyugis accessions. This was slightly high than theageeof 200 grams
reported by WilkinsEllert (2004) in Israel. However, unlike vine length whose potential is

a combined effect of the genetics and agronomic nourishment, fruit weight may be
affected by fruit number unless the plant is adequately and tisgiplied with all

essential growth resources.

Unlike the growth variables, other agronomic variables namely, percent germination, days
to seed emergence, days to male and female flowering and days to maturity, recorded
highly significant variations bateen accessions. This was expected as all these variables
are liable to be affected by the weather especially the temperature and the accessions were
all collected from different geographical locations where they were used to different
weather patterns. Vition in flowering time orC. metuliferuswas also reported by Weng
(2010). Most of the accessions recorded high viability of between 80 and 100% except
five accessions whose germination percentage was lower than 80%. These were
accessions from KehanchBpngo, Narok and Oyugis. This observation was consistent

over the two seasons indicating thig cause could be morphologgked and acquired
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from the original habitat. Aliero and Gumi (2012) also observed high germination
percentage averaging 96.66%thvuntreated seeds of horned melon. Significant positive
correlation that was observed between days to male and female flowering and days to
maturity was an indication that thegariables are morphologicallinked thus selection

for one would automaticlyl improve the others. Principatomponent analysis also
showed that the three variables contributed significantly to the total variation observed
between the accessions and therefore they can be easy targets for selective improvement

of the accessions.

A cluster dendrogram developed using the qualitative and quantitative traits as well as the
agronomic variables indicated ahthere was significant agmorphological variation
between the accessions studied. The accessions separatdideints) clusterswith a
between classes diversity 68.82% in the first season and 68.84% in the second season
thus the diversity within classes was 36.18% in the first seasb85R06% in the second
seasonThis was a considerable high level of genetic diversityatmessions of the same
species and further underscores the enormous selection potential that exists within horned
melon accessionand the observed clustering was influenced by environmental factors
and not geneticsThere are scanty reports on the genehiracterization o€. metuliferus
accessions in Kenya. A related study conducted by Giclkinali (20099 on watermelon
accessions obtained relatively lower genetic diversity 6b4% between classes and 8

27% within classes. Other previous studies demted by Henaret al. (2013) on
muskmelon in Tunisia and Solmast al (2010) on melon genotypes collected from
Eastern and Central Anatolia region of Turkey also reported high morphological variation
between cucurbits. In another genetic diversity stuolyducted by Weng (2010) among

C. metuliferus accessions using cucumber microsatellites, unexpectedly low genetic
diversity was observed between 36 accessions. The 42 microsatellite markers only
managed to separate the accessions into six supported gietgosing on average 3.3

alleles across the 3B. metuliferusaccessions and 12 of them were monomorphic.

The effect of the region of origin of the accessions was evident as most accessions

clustered according to the proximity of their places of origin (where they were collected).
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For example, the Wote, Machakos and Chuka accessions all of which were from the
Eastern Kenya region clustered together as it was the case with Kathwana, Kangundo,
Mitunguu, Kiambere and Kianjokoma accessions which were also from Eastern Kenya
region. The similarity of accessions from the regions of close proximity was further
evidentin the two dimensional presentation which plotted the accessions at proximal
distances based on their similarggd cross pollinatiarSimilar observation was reported

by Weng (2010) when studying the genetic diversityCatumis metuliferupopulations

using cucumber microsatellites where he noted that accessions that were collected from
nearby locations were clustered in the same group. However, some accessions that were
collected from distinctively diverse geographical regions clustered together waghn
indication of high agronomic potential of horned melon over a wide range of
environmental conditions. This observation was further supported by the fact that all the
nineteen accessions with diverse geographical origin managed to produce appieciably
common location. Therefore, there is wide agronoraigge of horned melon in Kenya.

This supports the previous report by WilkiBBert (2004) that horned melon occurs at
altitudes from near sea level to 1800 m and toleaatede range of soil types throughout

their natural distribution area.

5.2 Nutrient Composition of Horned Melon Accessions

Horned melonhas been recently attracting attention due to their high nutrient quality
(Usmanet al, 2015. This study establishetthat there were significant differere@mong
horned melon accessiofts theproximate anchutrient traitsThe accessionstudiedwere

found to have sufficiently higher moisture contentanging between 90 and 959%his
observation concurred with an earlier report by Andrés et al. (2016) that horned melon
fruit contains about 90% moistur€he high moisture content compares with that of other
cucurbits including cucumber, netted melons, watermelon, summer squashirded
squash that are reported to have a moisture content of 96%, 90.15%, 92.6%, 94% and 89%
respectively (Cantwell & Suslow 2013; FAO, 2011 and USDA, 20The moisture
content indicates the lifespan of the fruit (Fellows, 2000) agld moisture isypical for

fresh fruits at maturitfAbiodun & Adeleke, 2010)The high moisture contenh the
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cucurbitspromotes therma good sourceof water for animals and human in the arid and

semtarid areas (Apriet al.,2018).

Sugar content varied significantly among accessions and among sebisohs. first
season, the sugar content rangetiveen 2.14 and 4.63 g/100gt increased in the second
season to a range of 3.07 to 5.09 g/100gs€Hevels of sugaontent vererelatively low
compared tavhat is reported in other melons. Suslow et al. (2013) reported sugar content
of 7.869/100g innetted melonThe generalincrease in sugar content in season 2 as
compared to season Was attributedto the dry weather experiencad season two
Abiodun & Adeleke (2010) reported that increase in moisture content in the fruit reduces
the sugar content due to dilution and subsequent water kKetsancha accession
consistently recorded high sugar content with minimal variations bees¢asonsEmbu

and Migori accessionsisoconsistently recorded high levels of sugar contéhis was an
indication that there is a potential for selection for high sugar content withiKenyan
horned melon accessionSugar is considered to be onéthe basic taste qualities for
most fruits andvegetables. Sweet taste enhangeference thus enhancesnsumption

and the vice versa (Cadet, 2014).

The dudied accessions recorded high levelsRaftassium(K) rangng from 116.43
mg/100gto 245.13 mg/100gin season one arfdom 167.70mg/100gto 254.30mg/100g

in seasonwo. This observation corroboratearlier reports thatdrned melon is very rich

in potassium contenust like other cucurbitRudrappa (2019) reported that fresh fruits of
hornedmelon contairl23mg/100g ofK which is relatively lover than what was observed

in most accessions itis study Previous studiesn othercucurbits reported thadible

fruits of summer squash, winter squash, watermelon and cucumber had high potassium
content of 195mg/100g, 350mg/1Q0gl00OMmd@100g and 149mg/100g respectively
(Masabniet al.,2011, Cantwell& Suslow 2013Suslowet al, 2013).Potassium has much
influence on the fruit quality for instance the fruit color, appearance, size, acidity an
improved drought resistance (Kumar et al., 2006). It also has rhargtions like
enhancingplant metabolic processes, increased root growth, reduced water loss and

improved resistance to pests and diseases (Kumar et al., 20@6penefits of igh K
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intake in human bodies includprevenion of stroke coronary heart disease and

hypertension\(Veaver, 2013).

Phosphorous (Pgontent was also found to vary significantly among accessions ranging
from 8.76 mg/100gto 48.10mg/100gin the firstseasorandfrom 8.70 mg/100g to 41.27
mg/100g in thesecond seasoithe P content reported IRudrappa (20199f 37 mg/100g

falls within this range. Comparable levels 8mg/100g and 32mg/100gf P were
reported insummer and winter squadly Bello et al. (2014) In the same study they
reported relatively lower levels of 17mg/100g abhdmg/100gof P in cucumber and
watermelon Phosphorus is needed in the body for maintaining the cell structure,
regulation of cellular signalling maintaining aciebase homeostasis and bone
mineralization(Mcclureet al, 2014) Recommendel intake for adults is 66000mg/day
hence consumption of a few horned melon fruits per day is enough to achieve the daily P
requirement(Karp, 2013)

The sodium (Na) contentobservedin the studyrangedfrom 1.13 t02.28 mg/100g in
season land 1.08 t02.36 mg/100gin season twoRudrappa (2019jeported that fresh
fruits of horned melorcontain2 mg/100g of NaPrevious gidies conducted on other
cucurbits reported that plantike cucumber, watermelon, summer squash and winter
squash had Na content of 1.1mg/g, 1mg/100g, 2mg/100g and 4mg/100g respectively
(USDA, 2011;Bello & al., 2014). Sodium is very essential in maintaining the water
balance within the cells, muscle contraction and nervous system fundiawssodium

and high levels of K in human dibtve been reported to be beneficial in the prevention of
high bloodpressurgNerdy, 2018).The nutrient Na is only required in small quantity and
when in excess, it is excreted by the kidriBypubiapet al 2015) This makes horned
melona suitablefruit in regulating the blood pressure which is a major cause of death in

the world.

The studied accessions were also found to vary significantly in the Iron (Fe) content in
their fruits. The Fe content ranged frdni5mg/100gto 3.06 mg/100gin season one and
from 0.314 mg/100g to 2.50 mg/100gseason twoThese levels were highéranthose
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reported byRudrappa (2019jhat horned melon contain 1.18g/100gof Fe. Studes
conducted on other cucurbigfowed thatucumber, netted melon, watermelon, summer
squash and winter squash to have 0.3mg/10®f,mg/100g,0.5mg/100g,0.5mg/100g
and 0.6mg/100g of iron content respectiv@liair & lyengar, 2009 Brown & Hodgkin,
2015) Horned melon lerefore contains more than double the levels of Fe contained in
other cucurbits thus makingain important source of this micronutrient. Irplays a role

in oxidation metabolism, transport and cellular proliferatidair & lyengar, 2009)Lack

of Fein the body causeanaemiawhich is a disease that affscll ages in a population
but especially breast feeding and the pregmawmthers(Lonnerdaet al, 2006). The range
required for adults is 8.7mg/day in males and 14.8mg/day in ferate® consumption
of a few horned melon fruits per day is enough to achieigedtily requirementThere
was significant positive correlation teseeen Fe and K content. This concurred with the
finding of Asri & Sonmez (204) who reported a positive correlation betwdanand K

content in tomatoes.

The levels ofVitamin C observed among horned melon accessaraysedn this study
ranged froml.24to 6.84mg/100gin season one arfdom 1.18to 2.87mg/100gn season

two. On average, the observed levels were relatively low compared to the levels reported
by Rudrappa (2019) of 5.3 mg/100g. The observed Vitamin C levels were also relatively
low compared to the levels reported on other cucurBitsdies conducted bgonsoli &
Camargo 2015) Bello et al. (20149 and USDA 2011 on Cucurbits repoted that
cucumber, netted melpwatermelon, summer squash, winter squasheasmdgourchad
vitamin C content of 4.7mg/100g, 38.7mg/100g, 7.0mg/100g, 14.7 mg/100g, 12.3
mg/100g andlL3 mg/100g respectively Lim (2012 reported that horned melon contains
twice the amounbf Vitamin C found in cucumbemhich also varied with the levels
observed in this studyThe low levels of vitamin C observed in this study was attributed to
external rather than genetic factohscording to Lee and Kader (2000), vitamirc@ntent

can be influenced by pilgarvestand postarvest factors includingrevaiing climatic
conditions and cultural practices.There was significant correlatiobetween Ironand

Vitamin C content indicating that Iron content increased as Vitamin C content increased
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Generally the nutrientdevels observed in season 2 were highat the levels recorded in
season 1This was attributed to the prevailing weather conditions where the first season
received more rainfall than the second season during which the rainfall levels dropped
drastically (appendix 8)Babita et al. (2010 reported that water stress promotes
accumulation of total soluble solig§SS)in crops as an adaptation mechanism including
sugar, glycerol and proline in water melon (Huatal, 200%). However in crops ike
onions, water stress does not affect & amount (Kumaet al.,2007).Matrtinelli et al.,

2010 also reported that water drought affects minevaiponent byeducing K levels

while Cg Fe,NaandZn are increasedHowever,Esmaeilianet al. (2012 reported that

water stresfavourskK accumulation.
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CHAPTER SIX
SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATIONS
6.1 Summary of findings
Qualitative variations among accessions were only observed in fruit shape, predominant
rind colour and seed shapEhe rest ofthe qualitative traits, namely growth habit, leaf
blade, leaf shape, flower biology, corolla colour, secondary skin colour, presence of

grooves on the fruit, flesh colour and seed colour, were not variable among accessions.

There were significant differees between accessions for seed size, rind thickness and
fruit number. The means for all the other quantitative variables were not significantly
different among accessions. However, there were highly significant differences in all
agronomic traits, namelyercent germination, days to emergence, days to male flowering,
days to female flowering and days to maturity. Significant correlations between
agronomic traits were only observed in the reproductive traits i.e. between days to male
and female flowering rad days to maturity. Other quantitative traits appeared to be
independent of each other and therefore, none of them can be used to select for the other
during agronomic improvement of this crofhere weresignificant seasonal variations
between accessiorier all the quantitative variables indicating that the accessions were
genetically stable and may not be significantly affected by genotype by environment

interactions.

Cluster analysis using agroorphological traits depicted high level of diverdigtween
accessions of 63.82% and 68.84% in the first and second season, respectively. There
appeared to be close proximity between Maragua, Meru and Siakago accessions which
clustered together in both seasons. Rongo, Narok and Migori accessions alsa groupe
together in both seasons. The rest of the accessions grouped together in the biggest cluster
of 10 members in season 1 which separated further in season 2 to form two supported
clusters with Wote, Chuka and Machakos in one clustewever,some accessins that

were collected from distinctively diverse geographical regions clustered together which
was an indication of high agronomic potential of horned melon over a wide range of

environmental conditions. This observation was further supported by thth&adll the
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nineteen accessions with diverse geographical origin managed to produce appreciably in a

common location. Therefore, there is wide agronomic range of horned melon in Kenya.

Principal component analysis showed that the variables contributed differently to the
observed variation with fruit weight and main vine length contributing the highest to F1
and F2 respectively in both seasons. On the other hand, days to male and female flowering
and days to maturity had the highest contribution to F3. The rest of the variables
contributed minimally to the three principal factors. These factors that showed the highest
contribution to the observed diversity should be most targeted for selectiamy duri

agronomic improvement of this crop.

There was high diversity betwe@nrned meloraccessions in terms of their sugar content
and nutritional composition. This diversity can be exploited by plant breeders for
improvement of the eating and nutritionaladjty of the crop. The levels of nutritional
content of horned melon was found to be either comparable or higher than the content in
other cucurbits. Considering the prolific nature of horned melon, the crop can play a major
role in nutritional security othe Kenyan community. Similarly, there were insignificant
correlations between majority of the tested nutrients. Unlike in the-ragrphological
variation, there seemed to be no relationship between the nutritional composition of the

accessions and priowity of their origin.

6.2 Conclusion

This study established that thereists significantly high agranorphological and
nutritional variation within horned melon which can be exploited by plant breeders for
genetic improvement of this high value crop whose potential is yet to be fully utilized. The
study further established that there is great breeding potential to improve the yields o
horned melon through selective hybridization of accessions possessing desirable yield
components. In addition, the study findings indicated that horned melon has a high
agronomic potential over a wide range of environmental conditions as accessions from
diverse geographical regions recorded appreciable yields in a common lo¢agocrop

was also found to have high content of important nutritional components and can therefore
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play a significant role in ensuring food anchutritional securityamong housetids.
Therefore, plant breeders should embark on improving the agronomic and quality
attributes of this crop through targeted selection and hybridizationb@&$teperforming
cultivars should then be promoted among farmers in all-agotogical zones in &ya.
In addition, some accessiotigt possess other desirable attributes such as relatively high
sugar levels and nutrient content can be harnessed by plant breedérgtHer

improvementeating and nutritional qualityf this valuable crop.

6.3 Recommendatiors

1) This study established existence of breeding potential to improve the yields of horned
melon through selective hybridization of accessions possessing desirable yield
components.

2) All the nineteen accessions with diverse geographical ongamaged to produce
appreciably in a common location indicating that there is wide agronomic range of
horned melon in Kenya. This study therefore recommends promotion of horned melon
production in all agreecological zones in Kenya where basic agriculttegaburces are
not limiting.

3) Kehancha accession consistently recorded high sugar content with minimal variations
over the seasons. Embu and Migori accessions also consistently recorded high levels
of sugar content. The three accessions are therefore recmtathéoplant breeders
seekingto improvetaste of horned melon which is considered by some consumers to

be bland and less appealing.

6.4 Opportunities for Further Research
The use of molecular markers would complement the study by identifying greater

polymorphism that exist amongst the accessions. This would be a great step establishing
the more advancedenetic diversity.Further evaluation should be done using more
accessins and looking at more traitdhan the ones used in this stuaisthis would widen

the scope of diversitfor further selectionFurthe study is also recommended to analyse

the antinutritional components of horned melon.
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APPEN

DICES

Appendix 1: Descriptors for M elon

Note | Descriptor name Descriptor state Note
Plant
1 Plant growth habit | 1. Bushy
2. Runner
2 Main vine length To be measured in cm
maturity.
3 Number of branches To be counted along th¢
on the main vine main vine at maturity
4 Leaf blade 3. Shallow Depth of incisions of
5. Medium margin of leaf of central
7.Deep third of plant.
5 Leaf Shape 1. Entire
2. Trilobate
3. Pentalobate
4. 3palmately lobed
5. 5palmately lobed
99 Other (specify)
Flower
6 Hermaphroditic 0. Absent
flowers 1. Present
7 Corollacolour 1. Deepyellow
2. Light-yellow
Fruit
8 Fruit Number To be counted per plani
at harvest
9 Fruit weight (KQg) To be measured at
physiological
maturity
10 Fruit shape 1. Pyriform
2. Cylindrical
3. Flattened
4. Elliptic
5. Broad elliptic
6. Round
11 Predominant fruit | 1. Brown
skin colour 2. White
(Background) 3. Dark green
4. Medium green
5. Yellow
6.. Light green
99 Other (specify)
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12 Design produced by 0. No 2 skin colour Colour pattern of fruit
secondary skin 1. Solid skin

colour (Colour 2. Stripped
pattern) 3. Spotted

4. Mixed

99 Other (specify)

. None

. Light green

. Medium green
. Dark green

. White

. Yellow

. Brown

9 Other (specify)

13 Skin stripe colour

14 Flesh colour . Red Colour of ripe fruit flesh

. Pink

. Yellow

. White

. Mixed

. Orange
Green

é Other (specify)

. Sweet
. Bland
. Bitter

15 Flesh Taste

16 Thickness of outer
layer of pericarp

. Thick (2624mm) Measured in mm at
. Medium ( 1619mm) physiological ripeness.
. Thin (<10mm)

. Absent

. At basal half

. At apical half
. On whole fruit

17 Grooves

WNPFPOWNRWNRPRPONOUOPRARWNRPRONOORWNE

Seed

18 Seed Size . Very small (<5 mm)

. Small (38 mm)

. Intermediate (42 mm)
. Large (1316 mm)

. Very large (> 16 mm)

19 Seed Shape . Roundish (length/width <2.0)

. Elliptical (length/width
between 2 and 2.5)

. Oval (length/width >2.5)

. Triangular

. Pinonet type (like pine seeds

99 Other (specify)

NEFROORWDNPRE

g bhw

20 Predominant Seed | 1. White
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Colour 2. Light Brown or Tan
3. Brown
4. Dark Brown
5. Black
99 Other (specify)
21 Numberof seeds pel 1. Low (<10)
fruit 2. Intermediate (1:000)
3. High (>100)
Other Agronomic Aspects
22 Days to Emergence No. of days from sowing
to when the seedling
emerges
23 Days to first flower No. of days from sowing
to when the first flower
opens
24 Days to first female No. of days from sowing
flower to when the first female
flower opens
25 Maturity Period 1. Early (<70 days) No. of days from sowing
2. Intermediate (790 days) to
3. Late (91110 days) when the fruit ripens
4. Very late (>110 days)
26 Disease resistance | 1. Highly resistant
2. Resistant
3. Moderately Resistant
4. Susceptible
5. Severely Diseased
27 Pest resistance 1. Highly resistant
2. Resistant
3. Moderately Resistant
4. Susceptible
5. Highly susceptible
28 Non-pathogenic 1. Highly resistant
disorders 2. Resistant
3. Moderately Resistant
4. Susceptible
5. Highly susceptible

Source: Jarret and Griffin, 2007; IPGRI, 2003
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Appendix 2: Determination of the moisture content (Nerdy, 2018)

a) Method

1. The emptydish and lid waglried in the oven at 106 for 3 hours then transferred to
the desiccator toaol. The empty dish and lid wasen be weighed.

About 3g of sample waspread then weighed to the dish

The dish with the sample wataced inthe oven then drgkfor 3 hours at 108

The dish wih partially covered lid wasansferred to the desiccator to cool.

The dish and thdried sample waseweighed.

L

Calculate the moisture content on awetight basis using the following formula:

Moisture content (%) ¥2 - W3 x 100
W2-W1

Where,
W1 = weight of container with lid;
W2 = weight of container with lid and sample before drying; and

W3 = weight of container with lid and sample after drying

Appendix 3: Determination of Sugar content using Brix refractomete(Cadet, 2014)

Procedure:

1. 25ml of the fruits sample wantrifuged for 10 minutes

2. 15ml of the clear sample wataced in clean beakers.

3. Well calibrated and clean brix was then used. Cleaningdwas usng pure water and
calibration waglone using pure water.

4. Few drops of the liquid are then dropped ondlide wsing a dropper then the flip was
covered and left to stabilize.

5. The readings werthen taken through the eye piece focus under the ray

6. Analysis werghen done in triplicates
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Appendix 4: Determination of Vitamin C (Ascorbic Acid) (Tareenet al.,2016)
a) Reagents

i) Standard Indophenol Solution

if) Standard Ascorbic acid solution

i) Metaphosphoric acid20 %

iv) Acetone

b) Procedure

Pipette 50 mL of unconcentrated juice (or the equivalent of concentrated juice) into a 100
mL volumetric flask, add 25 mL of 20¥%metaphosphoric acid as stabilizing agent and
dilute to volume. Pipette 10 mL in a small flask and add 2.5 mL acetone. Titrate with

indophenol solution until a faint pink colour persists for 15 seconds.

c) Calculation
Vitamin C (mg/100mL juice) = 20 ({C)
Where,
X = mL indophenols solution,
C = Vitamin C per mL indophenol solution

74



Appendix 5: Determination of Phosphorus conten{Consoli & Camargo, 2015)

a)
1.
2.

b)

Preparation of the ash solution

To prepare the ash solution, 10 g of sample was burned in a furnace at 550°C.

5 ml of concentrated nitric acid was added to the obtained ash and the mixture was
boiled for 5 min on a hot plate.

Nitric acid was added to maintain the volume in initial amount. Solution was
transferred into a container and 40 ml distilled water wasddden boiled for 10

min. After cooling 100 ml of ash solution was prepared in a flask.

Measuring Phosphorous
Spectrophotometric method was used to measure phosphorus.
For this purpose, 5 ml of ash solution was transferred to a 100 ml volumetrithitask

25 ml of vanadate molybdate reagent was added and solution was made up to 100 ml.

Af ter 10 mi nut es o6 rel axati on, absorbance

wavelength against blank sample.
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Appendix 6: Determination of Na and K using flarme photometer (Nerdy,2018)
Instruments, reagents and glassware

1. Flame photometer FLAPHO

2. Glass pipettes: 1, 2, 10 ml.

3. Stock solutions of Na+ and K+, ¢ = 1 mg/ml.

4. 6 numbered 100 ml volumetric flasks.

Preparation of standard solutions
Standard solutions/ere prepared by dilution of stock solutions. Different glass pipettes
and numbered 100 ml volumetric flasks were used to prepare the solutions as follows:
Flask No 1 2 3 4 5 6
Volume of the pipette to use 1 1 2 10 |10 |10
Volume of Na stock solution tpipette | 0.5 1 2 4 6 8

Volume of K stock solution to pipette | 0.5 1 2 4 6 8
Concentration of solution obtained 5 10 20 40 |60 |80

Sample preparation
Test solution was given in 100 ml flask which was filled up to the mark with distilled

water and mixed.

Measurement

The instrument was warmed up fe8 minutes then filled with distilled water
Aspirate the most concentrated standard solution (solution number 6)
Aspirate distilled watei the instrument should read

Aspirate standard solutions no. 1, 2{&kst solution, and then standards 4, 5, 6.
Record the results.

Repeat 37 for solutions of potassium.

N o g M wDd e

Aspirate distilled water for at least 5 minutes to clean the system
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Appendix 7: Determination of Iron content (Nerdy, 2019

Preparation of the standards

The standards wagrepared by using iron nitrate which was prepgato 0.001M. The
0.001M wasthen used to prepare different concentrations by measuring 5ml, 10ml, 15ml
and 20ml into different test tubes.

To test tube 1, miron nitrate wasdded. To test tube 8ml was added, and to test tube 3,

5, and5, 10ml, 15ml, and 20ml wasdded consecutively. To tesie 1, 20ml of 0.1M

HCI wasadded. To test tube 2, 8,and 5, distilled water wasdded 15ml to test tube 2,
10ml totest tube 3, 5ml to test tube 4 and none to tes ful®.5ml of 0.1M KCSN was
added to each test tube which to form aaeldurto confirm formation of FeSCN2+ ion.

Preparation of the plant sample

Preparation of the plant sample$&@ of the plansamples wasveighed and placed into a
crucible.

The crucibles wathen heated with a hot burner flame until the food sample turned to ash.
The time for heating was 20 minutes.

The burner was removed and the samples were allowed to cool. They weraredrisfe
small beakers.

10ml Of HCI was carefully added to the beakers and stirred to the beakers toixangd m
was well done. The waken filtered to collect the filtrate. 2.5ml of 0.1 KCSN was added
to each filtrated.

Finding the absorbance

A wavelengh of 458nm wasised in the UWis. The standard solutions wtgen placed
in different curettes and also plant samples in diffecen¢ttes. The absorbance wasn
measured and recorded.

Data analysis A standard curve (Beers law) of the standard doatcams verses

absorbance wassed to find the concentrations of the plant samples.
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Appendix 8: Rainfall Received at the Sitdrom October 2018 to July 2019
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Appendix 9: ANOV A Tables

a. Quantitative traits for combined seasons

Table 1:Analysis ofvariance (Main Vine

Length):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 13105.605 | 354.206 | 0.612 0.949

Error 76 | 44000.000 | 578.947

Corrected | 113| 57105.605

Total
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Table 2:Analysis of variance (Branch No):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 |118.308 3.198 0.511 0.987

Error 76 | 475.447 6.256

Corrected | 113| 593.755

Total

Table 3Analysis of variance

(Fruit No.):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 985.255 26.629 2.033 0.005

Error 76 | 995.429 13.098

Corrected | 113| 1980.683

Total

Table 4Analysis of variance (%

germination):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 20519.939 | 554.593 | 3.192 < 0.0001

Error 76 | 13204.667 | 173.746

Corrected | 113| 33724.605

Total

Table 5Analysis of variance (

Days to emergence)

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 61.965 1.675 6.159 < 0.0001

Error 76 | 20.667 0.272

Corrected | 113| 82.632

Total
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Table 6Analysis of variance
(Days to male flowering)

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 3051.333 | 82.468 17.125 | <0.0001

Error 76 | 366.000 4.816

Corrected | 113| 3417.333

Total

Table 7Analysis ofvariance

(Days to female flowering)

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 2539.333 | 68.631 16.789 | <0.0001

Error 76 | 310.667 4.088

Corrected | 113| 2850.000

Total

Table 8Analysis of varance

(Days to maturity)

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 6011.333 |162.468 | 15.095 |<0.0001

Error 76 | 818.000 10.763

Corrected | 113| 6829.333

Total

Table Analysis of variance (Fruit weight):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 |46672.351 | 1261.415 | 1.012 0.470

Error 76 | 94686.667 | 1245.877

Corrected | 113| 141359.018

Total
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Table 10Analysis of variance (Seed size):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 |9.500 0.257 7.457 < 0.0001

Error 76 | 2.617 0.034

Corrected | 113]| 12.117

Total

Table 11Analysis of variance (Rind

thickness):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 37.897 1.024 10.372 | <0.0001

Error 76 | 7.505 0.099

Corrected | 113]| 45.402

Total

b. ANOVA for nutritional composition for combined seasons

Table 12Analysis of variane

(percentage moisture contgnt

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 297.383 8.037 2.239 0.002

Error 76 | 272.758 3.589

Corrected | 113|570.140

Total

Table 13Analysis of variance

(Sugar):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 48.695 1.316 37.953 |[<

0.0001

Error 76 | 2.635 0.035

Corrected | 113|51.331

Total
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Table 14Analysis of variance

(Potassiunt

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 119666.566 3234.232 | 8.944 <

0.0001

Error 76 | 27482.880 | 361.617

Corrected | 113| 147149.446

Total

Table 15Analysis of variance

(Sodium:

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 |10.964 0.296 2.487 0.000

Error 76 | 9.056 0.119

Corrected | 113| 20.020

Total

Table 16Analysis of variance

(Iron):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 68.496 1.851 31.598 |<

0.0001

Error 76 |4.453 0.059

Corrected | 113| 72.948

Total

Table 17Analysis of variance

(VitaminC):

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 |0.305 0.008 1.210 0.239

Error 76 |0.518 0.007

Corrected | 113| 0.824

Total
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Table 18Analysis of variance

(Phosphorukx

Source DF | Sum of Mean F Pr>F
squares squares

Model 37 | 12909.254 | 348.899 30.178 | <

0.0001

Error 76 | 878.665 11.561

Corrected | 113| 13787.918

Total

83




