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ABSTRACT

The screen housand fieldexperiments were conducted during the 2017 /2018 rainy
seasn in order to characterizgain yield and rootrahitecture offifteen(15) selected
Faya rice genotypesamely; Faya 14 M 69, Faya Zan#h) Faya Mafuta 1, Faya
Mafuta 2, Faya Mkanjira,Acc 5934, Mw 1685 Acc 9290, Acc 9293, Acc 18037,
Acc 18028 Acc 17323, Accl7344,Acc 5933, and Faya &onga,at both molecular
and morphological levels for furthertilization in crop breeding programmeBbhe
fifteen (15) selected Faya rice genotypes were obtained from Lifégticultural
Research StatioffLARS). The molecular work was conducted thte Molecular
Biology Laboratoryof Sokoine Universityof Agriculture (Tanzania) using ten (10)
Simple Sequence Repeat (SSRarkers The morphological study was done at
Lifuwu ResearchStation (Malawi) ontwelve (12) qualitative andtwelve (12)
guantitative morphological traitéive (5) root architecturaltraits and seven {)grain
quality traitsin screen house (using PVC pipemnd field conditions The present
study illustrated rich genetic divergence for different quantitative and qualitative traits
among the Faya rice genotypes. The quantitative traitsasgtain yield,1000 grain
weight, spikelet fertility, number of panicles per plant, number of tillers per plant,
panicle length, leaf length, leaf width, flag leaf length, flag leaf width and number of
spikelets per panle illustrated most variationThe studied root architectural traits
suchasfresh root mass, root number, maximum rdeoigth,fresh shoot mass, dry root
mass and drghoot mass showed greatriation among the studied genotypes. All the
grain quaity traits in the presenstudy showd no variation except translucency,
chalkiness, gelatinization temperature and gel cteiscy The eleven qualitative

traits studieddepicted great variatiorGrain yield traitcorrelated positively with root



number, root thicknessdot volume), 1000 gin weight,number of spikelets per
panicle, spikelet fertility angblant height and negatively witthe other associated
traits that were analyzed. The agglomerative hierarchical clustering using twenty five
(25) quantitative morphological, grain qualignd root architectural traits grouped the
fifteen (15) Faya rice genotypes into four (4) clusters andRmecipal Components

while the same genotypes were categorized into three clusters teingh0) SSR
markers were used for clustering. All the td®)(SSR (Microsatellite) markers that
were used in studying the 15 Faya rice genotypes turned out to be polymorphic for the
target traits and amplified 14#2andsand 63 allelesThe least genetic similarity index
magnitude detected for and among the ggmeyimplies that some of the genotypes
studied have closely similar genetic constitution while others are distantly similar. The
highest Polymerase Information Content (PIC) value was recorded for primer RM215
and all the markers used in this study weratrad, convenienand cedominant in
nature.The screening of the genotypes using both morphological and molecular (SSR)
markers for the fifteen (15) rice genotypes has revealed that the genotypes are diverse
and would produce significant transgressisegregants if used imeneral and
hybridizationbreeding work. All the SSR markers used in this study have proven to be
a success in studying the land races of rice as evidenced in the current work where all

markers turned out to be polymorphic.
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CHAPTER ONE

1.0INTRODUCTION

Rice (Oryza sativa L)s one of the most important staple food cropthe world Rice

I's a nutritious cereal crop, providing 16¢
population.lt is bdieved that rice originated inosith - eastern Asia from where it

spread eastward into China. Eventually it spread westards into Asia Minor,

Southern Europe and Af&.In some Africa countries such ddalawi and Tanzania

it is ranked secontb maize(Mzengeza, 2010) an(FAOSTAT, 2015) andfirst in

some Asian countries like India and china in feeding the increasing popy[&tiang,
2007).Malawi has an estimated annual rice production of 99t@i2from a total of

50,146 hectares of rice paddy area (Kany#aal 2007)grown as rain fed lowland,

rainfed upland and irrigated lowland.

Rice taxonomical aspect illustrates that lgelongs to thekingdom: Plantae,
subkingdom: Tracheobionta, superdivision: Spermatophyta, divislagnoliophyta
class: Lilliopsida, subclass:Commelinidae,order. Cyperales, family: Poaceaer
Gramineaegenus: Oyza L, speciesOryza sativa L(Acquaah,2007; Ballan, 2013)
and is a monocof he genus Oryzes distributed throughout the tropics and subtropics
of the world. The genus consists of 23 wild and weedy spacidstwo cultivated
species, namely®. sativa L and O. glaberrima.L for Asia and Africa respectively
(Joachim, 2015There are three (3) geographicabces of Oryza sativa rice
worldwide, namely; hdica group, consisting of the cultivated rices of the tropical
regionsin India, Indoi China, and the Philippines, Japonigeoup and javanica

group, which arehighly or partialy sterile. The basic chromosome number of the



genus is n=12. The species are either diploid with 2n=24 chromosomes or tetraploids
with 2n=48 chromosomes. The genotypes studied in this investigatiodipdoeds

with 2n=24 chromosomes a@adelandracesuitable for lowland rainfed conditions.

Oryza sativa Lis basically an autogamous plant propagating through seeds produced
by self pollination.GenerallyO. sativaas a seHpollinated speciesan only permit a
0.5% natural out crossing.he rice inflorescence is a panicle which bears siingle
flowered spikeletsFertilization occurs irspikelets, which havsix anthers with more
thanone thousandl(000 pollen grains in each, and an ovuldma branched stigma.

The flower is surrounded by a lemma and palea, structures which form the hull that
encloses the threshed grain. The outer glumes are usually ghiseung only about

onei fourth the length of the lemma and palea, despite that in sameties they
approach the lemma and palea in length. The blooming of rice normally takes place
between 8A.M and 4 P.M., with the largest number of flowers opening around or
before noon. The mean blooming duration of a flower in a single panicle ranges f
seven to ten days and this varies depending on the varietiesic@ndrowing

environment.

In this study, the main focus was to characterize grain yield, grain quahsr plant
growth parametersnd root architectural diversity of the selected Faya rice genotypes
using both molecular and morphological markeesain yield in rice is generally
determined from yield components namely; number of panickss m 1000 grain
weight, spkelet fertility, and number ofspikelet/panicle. The yield of rice also
dependson grain quality characteristic§Mzengeza 2010). Examples of such grain

quality characteristics includeutritional and milling qualitiesappearance, and grain



size The size of theice grain is very fundamental for its contribution to both yield
and marketing of the graims consumer preferences diff&retermination of the grain

size considers such charactesgaainlength, width and shape

According to Abadet al., (2016), Kilanbero and Faya 14M G&e the most aromatic
landraces that are produced and have high marketability value in Malawi. However,
there is a lack of information on grain quality characteristics for most Faya rice

genotypes.

The rice grain qualitgan be described in two distinguishing categories, namely; the
consumerso6 basis and the millersdé basis.
grain size and shape, @ang behaviour, grain coloutaste, tenderness, flavor when
cooked, and nutiibnal value(Abdallahet al, 2016 . On the other hanct
description of quality is based on totallling recovery and the proportion of head and
broken rice on millingGrain quality is a crucial character to study not only because of

its contribution to yield, but also due to its influence in rice marketing and trade
(Abdalah et al., 2016. Grain length, widthand shapeare positively correlated
character§Anandakumar and Uthargs@013. Studies on grain quality characters

have shown different results concerning its genetic control. It is from these great
attributes of grain qualityni rice that made this studpnsidercharacterizinghe Faya

genotypes quality

Furthermore,tiis appreciated that much work in rice has beeredomthe upper part
of the plant namely; tillering ability, number of panicléiag leaf length, leaf area

grain yield and spikelet fertility, among others, and little on the lower part (root



architecture) Rice has a fibrous root system which is dividatb three categories
namely; seminal roots, mesdgboroots and nodal roots. I§ ithe latter rootype (nodal
root) which wasstudied in this papeihe oot system plays an important role under
both normaland droughtonditions. The nature and extent of root characteristics are
considered to be major factors affecting plant response to water Skressoot
diameter (thicknessand root length density (RLD) argsed to characterize root
system development of rice tvars(Henryet al.,2011). Rootsoffer anchorage to the
rice plant. The absorption of nutrients and water from the soil which is eventually
translated into grairs accomplished by roots. Roa@ee responsible for determination
of the tillering ability d some rice cultivars. It was important therefore to conduct
more studies omice cultivar differences in terms @bot system developmenand

their correlations with other plant growth parameters

The process of studying the aforementioned traits demands a combiogtbath
morphological and molecular markeas morphological markers alone have tended to
belimited and notassociated with important economic traits (for examgtainyield

and quality).Some examples of morphological markers include leaf shape, flower
colour and ligule lengthMolecular marker technique is a tool for selecting such
complex traits as root and yield, and permit molecular breeders to detect genetic loci
controlling traits for drought tolerancé resistance, grain yield, aroma, and grain
recovery among others without having to measure the phenotype. Examples of such
molecular markers include Simple Sequence Repeats (SSRs) Mdaikese studies

are vital for molecular teeders and variety developers as they help to identify traits
and genotypes that can be utilized in further rice genetic improvement and / or

introduced as cultivars.



1.1 Overall objective.
The overall objective wathereforeto characterizegrainyield and root architecturef
selected Faya rice genotypasorder to identify superior genotyptsat can be used in

breeding programmes

1.2 Specific Objectives
The specific objectes of the study werto;
(1) Phenotype the rdotraits andother growth parameters using morphological
markers.
(2) Evaluate grain quality, grain yieldomponentsand somegrowth parameteref
the genotypes.
(3) Determine diversity ofjrain yieldand some root traitef the genotypes using

Simple Sequence Repea&SR molecular markers



CHAPTER TWO

2.0LITELATURE REVIEW

2.1Rice production

Rice (Oryza sativa. ) is one of the most imptant staple food crop@&hush2005)
feeding more than half oféghworld 6 s p o (Vadreahtei ab2015).1t is estimated
that at least 50% more food will need to be produ@ddxandratos and Bruinsma

2012 to feed the wor |l dosogrowtp 9.9 bdlionim2050wh i ¢ h

Rice provides 21% of energy ai&% of protein fohuman better nutritiofiZibaee
2013). It is ranked first in some Asian couesriike India and Bina(Zhang 2007) In
Malawi, rice is the second important staple food crop after n{ddzengeza2010)
In Tanzania, rice is the second major and popular food crop after maize in terms of

production volume, farmers involved and cultivated area (FAOSRA15).

Ballan (2013, reportedhat overall there is an estimateglobal need for an additional
116 million tons of rice by 2035 as compared to439 million tons production in 2010.
Malawi has an estimated annual rice productb®9,272onsfrom a total of 50146
hectares of rice paddy aréidanyika et al, 2007) grown a rairfed lowland, upland

and irrigated rice

Lowland riee production can either be rainfed orgated Generallyrainfed lowland

rice ecosystemkack water supply anddr water controhence subjected to flooding

or drought(Anonynous, 2010) and (Balasubramanian al., 2007) According to
Ballan (2013), yland rice, is a unique rice ecotype that can be grown on upland fields

where soil remaingerobic There ae several rice genotypes which can either be



landraces (Modi, 2004) with traits vital for crop advancement (Jagtegl, 2015),
improved varieties and Near Isogeniégnes (NILs) (Shashidharet al.,2012and
Prabuddha et al., 20p8he ricelandrace are local cultivatbat have been grown by

farmers for a long timen a particular area

2.2Grain yield and quality characterization

The main purpose of any breeding programsn® attain high grain yield. A breeder
can be working omevelopment ofliseag resistant or drought toleramte varieties
(Tomaret al, 2016)but by the end of thdayneed to translate into higheldsfor the
common farme(Banumathyet al., 2010) Grain yield isusually obtaineckither from
the yield compoents such as number of productive tillgranicles) pesquare metre,
spikelets / paniclefertility percentage (Ripening Ratidhye 1000 grain weightr net
plot. One of the most funaaental considerationsby rice breeders invarieties
development igiood grain qualityBautistaetal., 2009;BhonsleandSelaphan2010)
This is the case because even varieties with high yield can be rejected by consumers
and tradersAniekwe, 2010)because of their poor appearanc@paqueness (chalk
cooking and eating qualitig3raore, 2005)he characterizatioand improvemenof
rice genotypes should therefore put in consideration of the rice ygeddhandquality

parameters

2.3Importance of rice roots system

A plant root system consists of different kinds of roots that vary in morphology and
function. Rice has a fibrous root system which is divided into three categories,
namely; seminal roots, mesocotyl roots and nodal roots. The three root classes vary in

origin, anatomy and function .Thi&ce seminal rogtalso known as the embryonic or



radical root is the firstroot which breaks through the covering very soon after
coleorhiza emerges during seed germination. This root graws @n long within 2

3 days dkr seed germinatiofGowdalet al.,2011).There is only one radical root in

rice and is usually the longest root before the thiteaf period which lasts up to the
seventh leaf stage or early vegetative staljkesocotyl roots are those that grow from

the axis between the node of the coleoptiles and the base of the radical and they
develop only when the seed is treated with some chemicals or under deep seeding.
They usually lack coarseness and branch or lateral roots. Nodal roots are post
embryonic rots which emerge from the nodes at the base ofitlegplant stem and

tillers. They elongate deeply into the soil which later initiate the emergence and
growth of branches or laterals from the pericycle and epidermis. The branch or lateral
root have been distinguished into three, namely; theype, Mi typeand Si type.

The Li typeareusually longand course with length range of 0.9.3mm, Mi type

are long and course lateral roots without branches aridtype are short, fine,
numerous and non branching lateral roots generally ranging from 0.0351 mm

The spatial configuration and distribution of these rootsedeine root system

architecturgGowdal,et al.,2011 Kanbaret al.,2009;Henry, et al.,2011)

The root system plays fundamental functions in rice growth and development, namely:
acquisitionof nutrient elements and water (Toorehial.,2007),enhancing tolerance

of the plant to abiotic stressnd anchorage of the plant includibgsynthesisof
hormones and amino acidBhe rootsare responsible for absorption of mastrients

and waer. Inorganic carbon is absorbaad the form of carbon dioxidenainly by
leaveswhile all the other esmntial mineral elements are absorllecbugh root surface

from the soilfor rice growth There ishigh grain yieldmainly due to a greatesink



size (total nurber of spikelets) caused byager paniclanfluenced by increased root
activity. One of the met severe abiotic stresses limiting rice productivity in the world
is drought(Haider et. al., 2012; Kadioghu, 2012 and has a serious impact on the
sustainability of re yields in rainfed farming system Drought is a climatic
abnormality characterized by deficient supply of moisture resulting either from sub
normal rainfall, erratic rainfall distribution, higher water need, salt concentrations or a
combination of all the factord’he mode of drought regance with which roots are
most likely associatets drought avoidance. Genotypes that have deep, coarse roots
with a high ability of branching and penetratioglasticity in leaf rolling high
cuticular resistancéhigher root to shoatatio, andearly somatal closurere reported

as componet traits of drought avoidanceWang and Yamauchi, 20D&he
mechanism for drought tolerance in rice is accomplished by the ability of the plant to
absorbmore water from soi(Abbaset al., 2014) Therefore,the key to developing

elite rice varieties suitable for water use efficiency is to improvedbesysem with

deep rovand high water uptake ability.

Soil salinity isanother severe abiotic stress affecting rice produckiogh salt stress
which occurs at both cellular and the entire plant lewBtsupts homeostasis in water
potential and ion distoution. Greatchanges in ion and water homeostasis lead to
molecular damage, growthrast and even death of the plant. Roots therefore play a
fundamental role in the exclusion of sodium and chloride (Na+ anyl iGhs for

plants growing in saline soils

Although the understanding about rice root has been expanded in the last decades,

thereremainsmuch to be done about root morphology and physiology, especially in
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the geneticsof roots There is a close relation between above ground traits and
underground roots, providing an alternative approach for rice genetic improvement.
However, root research is still a consuming and diffietork, because it isargely
influenced by the complex derground environmenhence a need to find methods of

studying them and inclusion of molecular markers

2.4 Methods of root phenotyping

The growth of roots, morphology and distribution are closely related to many factors
such as genetics, growth statjtage, soil water and nutrients, soil temperatarel

other soil propertiesThe studying of the root architecture is not a simple process due
to the complex nature of the roots tagy are hidden in the soillThere are several
methods of studying the roots of rice plamtsa somehow simpler wafHan et al.,

2016) among which somef theminclude root sampling by usig a root box pin

board method This method enables us to collect the entire root system with minimum
disturbance to its structure. This can also be used to evaluate the response of root

system development and plavater use precisely.

Glass rhizotrons is also another method of studying roots. In this method, plants are
gown in thin rhizotrons with glass sides that are filled with soil iswetined at 15°.
Photographs aréaken and non destructiveassessment made of root traits such as
rooting angle and depth whenever needed.

The basket method of root phenotyping is also used to study roots. In this method, the
average growth angle of rice nodal roots is evaluated more easily. The advantage of

this method is that it enables researchers to quantitatively determine which accession
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is a shallow or deeprooting type. This method can also be used in several

experimental conditions ranging from field to hydroponic culture.

Furthermore, the use of PVCHes is also another method of studying roots. In this
method plants are gown in PVC tubes that are filled with soil. For ricep2@ide

and 106cm+long tubes are recommended but the sizes vary depending on the number
of days the plants are expected togbewn in the soil and plant space. The study can
be done in a greenhouse or in an open field conditibisthe later method that the

screen house experiment presented in this pagmsted

2.5Markers for rice breeding

2.5.1 Morphological markers

The marker assisted breeding is traced back a long time to the use aicelasr
morphological markersas anassisting tool for selectiof plants with desired
chaacteristics in breedingrogramgJameekt al.,2015. Themarkers used in early
history of plant breeding mainly included visible morphological traits, such as leaf
shape, flower color, pubescencelor, seed shapawn type and length, leaf rolling,
ligule shape and colourpod color, and seed coloummong othes. These
morphological markergienerally represent genetic polymorphisms which are easily
identified and manipulated. Some of these markers are linked with other agronomic
traits and thus can be used as indirect selecriteria in practical breeding.a#ever,
morphological markeravailable are limited, and many of these markers are not
associated with important economic traits (for examgtajn yield and quality) and
even have undesirable effects on the developraed growth of plants; hence calls for

molecular markers.
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2.5.2 Molecular markers

Molecular marker technique is a tool for selecting sucmpdex traits as root and
yield, and permit moleculaplant breeders to detect genetic loci controlling traits fo
drought tolerancé resistance, grain yield, aroma, and grain recovery among others
without having to measure the phenotyPéoshida et al., 2010). This helps in
reducing breeding time andbleur need to conduct field wo(kGowdaet al., 2011).
Different molecular markers namelySimple Sequence Repea®SR, Sequence
Cleaved Amplified Region(SCAR), Amplified Fragment Length d¢tymorphism
(AFLP), Random Amplified Polymorphic DNA (RAPD)Restriction Fragment
Length Polymorphism (RFLP)and Single Nucleotide Polymorphism (SNP) (Brara,
2015;Hossainret al.,2007;Srividhyaet al.,2011)are being used not as a replacement
for but a valued supplement to conventional breediMglecular markers, for
example; Simple Sequence Repe&SRs), have proven vital in detenation of
geneticdiversity within and among specigShasidhar et al., 2014 Etemadet al.,
2012;Ahmad, 2015)Basically, Simple Sequencedpeats (SSRs) are also referred to
as microsatellite and are the most commonly used molecular markers. They are
generally PCR dependent markers which are cost effective, highly regdstejuci
discriminatory efficiency (Ballan, 2013) anddetecting any polymorphism of a
particular trait (Jameel et al, 2015; Hong et al., 2010) for further varieties

development.

Microsatellite Markers have been used for characterization of gefredicsity (Hosan
etal., 2010)in different plant speciesuchas whea{Tomaret al.,2016).The genetic
diversity of both cultivated and wild speciegve also been examined in rice (Afiukwa

et al.2016)
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It is from this background that the present stu@s undertaken to assess the genetic
diversity of 15 selected Faya rice genotypes to screen out the grain yield and root

architecture in order to select diversified parents having desirable traits.



14

CHAPTER THREE

3.0MATERIALS AND METHODS

3.1Plant materials

The fifteen (15) selectedraya rice genotypes sourced from LifuwAgricultural
Research Statiomn Malawi were the plant materials used in ths&udy. All the

genotypes ar®ryza sativdand races suitablef lowland ecosystem

Table 1: List of selected Faya rice genotypesand their origin

SR NO. ENTRY NAME OF GENOTYPE ORIGIN
IDENTITY
1 T1 Mw 1685 Malawi
2 T2 Faya 14 M 69 Malawi
3 T3 Acc 9290 Malawi
4 T4 Faya Mafuta 1 Malawi
5 T5 Acc 18028 Malawi
6 T6 Faya Kalonga Malawi
7 T7 Acc 5934 Malawi
8 T8 Acc 18037 Malawi
9 T9 Faya Makanijira Malawi
10 T10 Acc 17323 Malawi
11 T11 Acc 5933 Malawi
12 T12 Faya Zambia Zambia
13 T13 Acc 17344 Malawi
14 T14 Faya Mafuta 2 Malawi
15 T15 Acc 9293 Malawi

Note: Acc = Accession

3.2 Methods

3.2.1Screen Huse(PVC) Experiment

3.2.1.1Characterization of the root traits and other growth parametersin PVC
pipes using morphological markers

The selected &ya rice genotypes were growntire screen house conditions using the

polyvinyl chloride (PVC) tubesf 100 cm height and > 15 cm diamelkaid out in a
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Randomized Complete Block Design (RCBID)order toevaluate the morphological
traits. The PVC pipes were used in the screen house in order to easily study the root
architecture and other growth parameters so as to complement field silitkes.
experimentvas conductedt Lifuwu Agricultural Research Station in Malawduring

the 2017/2018ainy seasoncommencingin Novembey 2017 and endingin May,

2018

There werehree (3) repliates and the fifteen (15electedyenotypesonstitute the
experimentatreatments. The PVC pipeshichrepresented eadtill, were spaced at

25 x 25 cm so as to fow the recommended field spacingrmally used for theice

crop. The pipes were buried in the ground to a depth of 10 cm each filled with clay
loam soil. Four (4) PVC pipes were used as hifisvhich ez@h genotype was planted
per replicate. Three prgerminated seedlings were directly planted into eacl PV
pipe and thinned to one (1) at 10 dayseraseedling emergenc@ASE). The
recommended cultural practices suchfexsilizer applicatios were done at 1@ays

after seedling emergen¢ipASE) and 40days after seedling emergen@ASE) for

NPK and Urea respectivelyrhe fertilizer rate was 2.05 g per hibbr{e PVC pipe)
represeting 120 kg per hectare for eachPK basaldressing and Urep dressing
fertilizers Water was appliecat 2 days interval except the week of fertilizer
application in which the frequency was increased to everyday. Weeding was practiced

using hands and was done upon appearance of the weeds.

The observations on the following morphological features were recorded at the
respective plant stagesumber of tillers (N) per hill, number of days to flowering,

flag leaf length (FLL) and width, basal leaf length and width, panicle length, plant
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height, number of panicles per plant, number of days to matuniynber of grains
(spikelets) per panicle, 100grain weight, and grainisid, were assessed, and
analyzed.

Number of days to 50% flowering: This is recorded asumber of days when
approximatelyhalf (50%) of the plants have headed.

Number of tillers per hill: This parameter was accomplished by counting the total
number of tillers per hill / statioduringmaturity stage of the crop.

Spikelet fertility percentage (Rling grain r atio): Total number of filled and
unfilled grains(spikelets)oer panicle was counted to calculate the spikelet fertility in a
panicle. The following formula was applied to get the actual percentage;

Spikelet fertility percentage Filled grainsUnfilled Grairs x 100

Flag leaf length: A flag leafis the last leaf in a rice plant aitd lengthwas measured

in centimetersusing a rulerfrom the ligule to the tip of the blade on five plants that
were sampled.

Flag leafwidth: This was measured in centimeters using a ruler at the widest segment
of the flag leaf on five sampled plants.

Leaf blade length: This was measured ioentimeters from the ligule to the tip of the
blade on five representative plants and the mean value was eventually calculated. The
leaf of interest is that lying below the flag leaf in a rice plant.

Leaf blade width: This parameter was measurenl thesane highest leaf below the
flag leaf on which length was collected for the five representative plants

Panicle length This was measured tentimetersrom the panicle node to the tip of
the panicle using a ruler.

Number of panicles per plant: The number opanicles was recorded per hill for all

the plants and averages taken for all the three replicates of the treatment.
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Number of days to maturity: This was recorded as the datevanich approximately

80% of the grains on the panicle were fully ripened rexadly for harvesting.

Plant height This was measured icentimeters(cm) using a plant height ruler at
maturity stage from the soil surface to the top of the spike excluding the awns (for the
genotypes which posses awns).

Number of grains (spikelets) perpanicle: This was counted using a grain counter as
the number of grains obtained from each panicle.

Grain yield / plant: The grainsweight of individual plants was recorded in grams
using a digital balance. The averages for all the three replicates were taken and
equated to yield per hectaaéier adjusting the moisture content of the grain to 14 %.

In order to separate the root atelsiure from the upper part of the plants during
harvest, the shoots were cut at the base and the pipes filled with water for overnight to
loosen the soil. The following day, the pipes were relieved of theasdilthe roots
thoroughly washedsinga waterhorse pipe.

Rice root architectural phenotyping

The root traits morphological dasuch as maximum root length (MRL), root number
(RN), fresh and dry Root eight, fresh shoot wight, dry shoot weight, got / shoot

ratio, and root wlume (root thickness) were recorded after root washiag discussed
below.

Fresh root mass(g): This parameter was recorded in grams using a digital balance.
As a process, the roots were cleared and blotted with filter paper in order to remove
any excess water and the fregbights were eventually measured

Dry root mass(g): The roots were ovendried at 70°C for 72 hours and the dry

weight captured in grams using a digital balance.
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Fresh shoot weight (g): The shoots weight of each genotype was recorded using a
digital weighing balance after cutting them into small pieces of < 10 cm.

Dry shoot weight (g): The shoots were then placed in enveloged oven dried at 70

°C for 72 hours (three days) followed lgcording of the weight using a digital
balance.

Maximum root length: This was recorded in centimeters from the crown to the root
tip as the length of the longest root of a particular plant. It was achieved using a
measuring ruler. The Maximum Root Lengtfives the plant potential to absorb
moisture and nutrients in deeper soil layer for its use.

Root number: The total number of roots per plattcrown region was determinéut

each plantThe method was simply counting the number of roots available in each
plant. This trait isimportantfor the physical strength and potential for root system
architecture of the plant.

Root volume or root thickness The Root volume was measured in millilitenl)

which is equivalent to cubic centimeters (osjng water displacement procedure. In
this method, a beaker of known volume was filled with water and the respective plant
roots were placed in the same beaker. The volume of water which came out after
placing the roots was regarded as the actual root volume of the plant roots in question.
This trait was studied because it gives the plaatability to permeate a large volume

of soll.

Root to shoot matio (R / SR): This relatiorship trait was determined laividing the
measuremestof the roots by thos#f the shoat

Grain length: This was recaled on 10 randomly selected grafr@m the base of the
lowermostglumesto the tip of the fertile lemma or palea using a caliper in millimeter

(mm).
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Grain width: This parameter was measured on 10 representative plants using a
caliper as a distance across the fertile lemma and palea at the widest point in
millimeter (mm).

Brown rice shape: This was measuredly dividing the grain length value with that of

the grain width of the respective genotype.

1000 grain weight: The one thousand (1000) grains were counted using an electronic

grain counter prior to determinirige weight using a digital weighing balance.

3.2.2 Fieldexperiment
3.2.2.1Evaluation of grain yield, quality and other growth parameters of the

genotypesusing morphological markersin field conditions

3.2.21.1Plant materials
The samegenotypes used in tleereen house as elaborated ablElL, above werealso

used in the field condition to accomplish this specific objective.

3.2.2.12 Methods

Thefifteen (15)selected Faya rice genotypasre alsagrown inthe field conditions

The field experiment was aldaid out in a Randomized Complete Block Design
(RCBD) in order to evaluate the morphological traits. The experiment was conducted
at Lifuwu Agricultural Research Statioexperimental farm irMalawi; during the
2017/ 2018 rainy seasostartingin December2017 toMay, 2018The experimental
areareceiveda rainfall amount of 1420 mm during the season in questidhe
experiment was replicated three (3) times. Each treatment was planted in a plot

measuring 5 m x 0.5 ifgross area of 2.5 ). The spacing between rows was 25 cm x
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25 cm.The plants weralsospaced a5 cm x 25 cm and the natea for grain yield
hawvesting wasl n? (4 m x 0.25 m). There was a 50 cm space separating each
replicate whereas a 30 cm space was adopted to separate thd ipdotgenotypes

were randomly allocated to the plots as illustrated ifihee below.

p 18.0m s

A
REP | REP I REP Il
T12 T14 T12

L05m

T5 T12 T2
T15 T7 T 10
T3 T9 T1
T10 T6 T13
T1 T10 T3
T4 T4 T15
T14 T3 T2
T6 T5 T7
T2 T11 T5
T13 T2 T8
T9 T15 T14
T11 T1 T11
T8 T13 T6
T7 T8 T9
‘ sm ‘:O.Sm#

v

Figure 1. Field lay out for the fifteen (15)studied Faya rice genotypes
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3.2.2.13 Data collectionand analysis

The growth morphological data such as plant height, panicle length, basal leaf length
and width, leaf blade colour, basal leaf sheath colour, flagdaegth and widthligule
shape andolour, leaf blade pubescence, auricle preséabsence and colour, lemma
and paleecolour, stigma colour, panicle types, panicle exsertpamicle altitude of
branchesapiculuscolour, awning,sterile lemma colouwere recorded. Moreover,
numberof sgkelets (grains)/ panicle, 1000 grain weighthumberof days to 50%
flowering, no of days to maturity, spikelet fertility percentaganicle threshability,
numberof tillers per plantill, numberof panicles per planwere also recordedsrain
quality traits such aschalkiness, translucencyamylose content gelatinization
temperature, gel consistendyown rice size (length, width) andbrown rice shape
were collected(based on descriptor fronBioversity International IRRI) and
(WARDA) (2007) Grain yield for the genotypes was eventually recortiethe case

of the field condition, sixteeplants fromthe middle row of each plot (i.e. 1?met
plot) were harvestedhreshed and audlried. The total grain weight for each plot was

measured in grams aednverted to tos / ha at 14% moisture content

Data analysis was done for analysis of variance (ANOVA) using Gengtatdigon
software. Corrdations were established ased byPearson (n) exceprocedure
(Abdalah et al., 2016) to illustrate the relationships between root architecture and
other growth traits with grain yieldThe agglomerative hierarchical clustering for
dendrogam was done using XLSTAT 2018e¥sion on the Euclidean distance matrix
foll owi ng kageprodéduredod the 25 imarphological markers. Principal

Component Analysis (PCA) was also performedibyng the XLSTAT 2018 ¥rsion.
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The twenty five (25)morphological markersn field condition also comprised
parameter measurements of traits in treen house andere recorded as follows;
Number of tillers per hill: This parameter was accomplished by counting the total
number of tillers per hill (plant) during maturity stage of the crop.

Number of days to 50% flowering: This was achieved by recording the number of
days taken by each genotype from transplanting to opening of the first floaleour

50% of the plants grown either in the field or screen house conditions.

Number of days to maturity: This was recorded as tldate on whiclabout80% of

the grainn the panicle were fully ripened and ready for harvesting.

Spikelet fertility percentage It wasachieved by counting the number of filled grains
and total spikeletsper panicle and converted intpercentageas described by
International Rice Research Institut®RI) (2013. The bttal number of filled and
unfilled grains per panicle wabereforecounted to calculate the spikelet fertility in a
panicle. The followig formula was applied to get the actual percentage;

Spikelet fertility percentage Filled graing/ Unfilled grainsx 100

Flag leaf length: Flag leafis the last leaf in a rice plant. kvas measured in
centimeters using a ruler from the ligule to the tip of the blade on five plants that were
randomlysampled.

Flag leaf width: It was measured in centimeters using a ruler at the widest segment of
the flag leaf on fiveandomlysampled plarst

Flag leaf altitude: This was measured from five samples near the collar at the angle
of attachment between the flag leaf and the main panicle axis during anthesis.

Leaf blade length: This was measured in centimeters from the ligule to the tip of the
blade on five representative plants. The leaf of interest is that lying below the flag leaf

in a rice plant.
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Leaf blade width: This parameter was measured on the same highest leaf below the
flag leaf on which length was collected for the five represemtati@nts

Leaf blade pubescence:This involved visual assessment and by touching, rubbing
fingers over the leaf surface from the tip downwards during late vegetative stage.

Leaf blade altitude: This parameter was recorded during late vegetative prageto
heading. It was recorded by observing the position of the leaf blade tip in relation to its
base scored on the leaf below the flag leaf.

Basal leaf sheath olour: It was achieved through visual appearance of the outer
surface of the sheath durifage vegetative stage.

Panicle length This was measured entimeterdrom the panicle node to the tip of

the panicle using a ruler.

Number of panicles per plant: The number of panicles was recorded per hill for all
the plants and averages takendbithe three replicates of the treatment.

Plant height This was measured in centimeters using a plant height ruler at maturity
stage from the soil surface to the top of the spike excluding the awns (for the
genotypes which posses awns).

Number of grains (spikelets) per panicle: This includes the number of grains per
panicle regarding both field and unfilled graittsvas obtained by counting the grains
from each panicle using a digital grain counter.

Panicle exsertion: This was recorded as the crop approached maturity by observing
the way the plant is exserted above the sheath of the flag leaf.

Panicle threshability: This was done in order to assess the percentage of the grains
that can be removed by grasping the panwith the hand and applying a slight

rolling pressure with the palm and fingers.
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Panicle altitude of branches: This refers to the compactness of the panicle, classified
accordingto its mode of branching, angle of primary branches and spikielesity
captured as the crop approached maturity.

Lemma and paleacolour. Lemma is the larger and lower part of two bracts that
contain the flower while the palea is the smallpper parof two bracts that contain
the flower and later the seed. Both lbése structures offer protection by covering the
flower and eventually the seeand collectively are referred &s the hull of the seed.
These wereecorded by observing the plants after anthesis to hard dough stage.
Lemma shapeof apiculus: This wascaptured after harvest the genotype®r shape

of the grain tip.

Sterile lemmapresence andcolour: This was observed on five representative plants
Apiculus colour: This is asmall pointed tip of the spikelet as a laibservation
parameter at maturitstage othe crop.

Auricle presence / absence and colouifhe sheath is the leaf part which wraps the
leaf .At the junction point between the leaf and the caflawhere the auricle can be
found depending on the varietyhe auricle colour is also obtained at late vegetative
stage for the genotypes possessing auricles.

Awning: This was recorded for the presence and distribution of awns along the
panicle from flowering to maturity.

Ligule presence and colour:This wascollected during late vegetative stage for those
possessing ligule.

Ligule shape: This was recorded from five representative plants during the late

vegetative stagthrough observation.
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Rice grain quality traits

Milling recovery and degree of nilling: Milling recovery is the total milled rice
obtained out of paddy, expressed as weight percent of milled rice (including broken)
obtained from a sample of paddy. Milling of rice increases its shelf life and whiteness,
a physical propsy that the cosumers dalesire.

Hundred grams of rough rice/paddy (rice that the husk/hull has not been removed)
were weighed. The moisture content was determined using a digital grain moisture
meter. The measured paddy was dehulled with testing husker machine and the
resulting brown rice and husks were weighed separately. The brown rice was milled in
a testing miller for 30 seconds. The bran was weighed and the weight of the total
milled rice was determined. Degree of Milling (DOM) is the amount of bran left on
milled rice kernels and this also affects the milled rice paste viscosities.

The following equations were used to determine the milling traits of rice samples.

% Milling Recovery= MRW / WoP x 100; where MRW Milled Rice Weightand
WoP = Weight of paddy.

Chalkiness: The acceptance of rice by consumerslso dependenbn chalkiness,
which is a kernehppearance trait.ne opaque area in the rikernels referred to as
chalk or white bellyand ishighly not acceptable by most consum@ise main cause

of chalkiness is a malformation of starch granules which ciesair spaces between
them leading to staining of the same.

Translucency: The translucency involvedsual examination of the grains @aylight
followed by judging the grains into groups either cloudy, opaqueor translucent.
Amylose conteri: Amylose content isa vital index for establishing the quality and
flavor or tasteof rice. In this study, it wasot assessedlue to lack oflaboratory

equipment such as spectrometer at the time of data handling.
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Gelatinization temperature by alkali-digestion value Thisis asimplerapproach of
detecting the energy needed to melt starch in the rice dmdime present study, was
achieved by soaking seven (7) rice grains of eptotypefor 16 hours in 1.7 9%KOH

as a similar procedure describday Bioversity International2007in rice standard
evaluation for gelatinization temperature

Gel consistencyThe rice sample of 0.1fgr each genotype/asground and placeith

a test tube with thymol blue of 0.025% ethanol 0.2 ml) andpotassium hydroxide
(KOH) of (0.2N, 2 ml). Theest tubes were theshalen to ensure contents are mixed.
This was followedoy boiling of thecontents in the test tulfer 15minutes;resting for

7 minutes andhen placed in an ickath for < 20minutes(time was paty modified

for a highe duration as compared to thiéiustrated Bioversity International 2007
descriptor, for ease of handling of the sampl@fer cooling, the test tubes were laid
flat on graph paper foat least 1 hour. The distance that the gel travelled was then
recordel as the gel consistency

Grain length: This was recaled on 10 representative graifiem the base of the
lowermostglumesto the tipof the fertile lemma or palea using a calipemillimeter
(mm).

Grain width: This parameter was measured on 10 representative plants using a
caliper as a distance across the fertile lemma and palea at the widestnpoint
millimeter (mm)

Brown rice shape: This was captured by dividing the grain length value with that of
the grain vidth of the respective genotype.

1000 grain weight The one thousand (1000) grains were counted using an electronic

grain counter prior to capturing the weight using a digital weighing balance. In order



27

to get the appropriate weight, the moisture content of each genotype was recorded and
the respective 100§rain weght adjusted to 14 % moisturerent.

Grain yield / ha: In the case of the screen house (PVC) conditibis, trait was
obtained from the net plot are&four (4) hills per replicate representing 0.7%fthe

total harvest areand converted to grain yield per hectétré ha) at 14 % moisture
content for each genotyp&@he moisture content was measured using an Autocomp
Grainmini moisture metein the case of field experiment, thet area for grainigld

harvesting was 1 fi¢4 m x 0.25 m).

3.2.3 aboratory Experiment

3.23.1 Molecular examination of some root traits and grain yield ofthe
genotypes.

3.2.3.11 Plant Materials.

The specific objectivei t aerntine diversity of grain yield and sommot traits of the

genotypes using Simple Sequence Repeats (SSR) molecular mankass

accomplished using the same plant materafisselected fifteen (15) Faya rice

genotypes The plant materials were of diverse Fayee landracesbtained from

Lifuwu AgriculturalResearch Station. The evaluation of genetic diversity of these rice

landraces involved ten (10) Simple Sequence Repeat (SSR¢muautkof the initially

plannedfourteen (14 SSRmarkers. Four (4) SSR primers were not used because they

comprisel wrong reverse primers alod a missing reverse primer from thmeagent

supplier.Table Z2illustratesthe list of SSR prirars used in the present study

3.2.3.1.2Methods.
The 15 genotypes were grown in potshe screen house followéy DNA extraction

at 21 cysafter seedlingmergence.
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3.2.3.1.2.1DNA Extraction.

Genomic DNA was isolated from young green leausing DNA extraction kit
(product)imported from ZymdResearcli USA. DNA extraction was done using the
following protocol(a completely different protocol from the earlier proposed CTAB
method); as were guidelines from the DNA extraction kit:

1. The150 mg of finely cut rice leaves were added to a ZR Badbaagl" Lysis
Tube (2.0 mm). 750 pl Lysis Solutigd5 ml equivalent in this case)as then
added to the tube.

The Genomic Lysis Buffer (15 ml) was prepared and added to ibeta
mercaptoethanol 75 mi.¢€. 500ul per 100 ml equivalent).

2. The samples were ground by acid washed s@mstead ofbead beatdr
followed by further grinding using Disruptor Genié" at 13000 rpm.

3. Furthermore, centrifugation of the ZR Bashidgad™ Lysis Tube containing
sampleg2 mm) in amicro centrifugeat a 13000 rpmvas done. Centrifugation
was conductedn order to sepata the liquid from semi solid particles as
DNA may be in the liquid component at this stage.

4. The 400 i supernatantvas transfeed to a Zymo- Spin™ IV spin filter
(Orange Top) in a collection tube and centrifuged at 8000 rpm

5. 1200 pl of Genomic Lysis Buffer was addedthe collection tube from step 4
above and mixed.

6. 600 pl of the mixture from step 5 was transferred to a Zyimgpin ™ 1IC
Column in a collection tube amé@ntrifuged at a revolution df3,000 rpm.

7. The flow through was discarded from the collection and stage 6 processes were

repeated.
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8. 200 pl DNA Prei WashBuffer was added to the ZymdSpin™ IIC columnin

a new collection tube and centrifuged at 13,000 rpm

9. 500 pl DNA gi Wash Buffer was added to the Zym8pin™ IIC columnina

new collection tube and centrifuged at 13,000 rpm

10.The Zymo - Spin™ IIC column was transferred to a clean 1.5 micro
centrifugetube and 75 pl DNA Elution Buffer was added directly to the
column matrix, followed by centrifugationat 8000 rpm

11.The Zymo- Spin™ IV i HRC Spin Filter (Green Top) was snapped at the base
and placed into a clean collection tube. This was followed by centrifugation at
13,000 rpm.

12.The eluted DNA was then transferred to a prepared ZyB@n™ IV i HRC
Spin Filter (Greerop) in a clean 1.5 mhicro centrifugeube and centrifuged

at 8000 rpm.

3.2.3.1.2.Zhecking the quality of DNA

DNA quality was checked by;

T

Prepaing agarose gel which wasmixture of buffer TDE (150 ml) and agarose
(0.8 %).

The mixture wasplaced in a microwave for (8 4 minutes) and thereafter
allowed to cool

Ethidium Bromide was addetb the mixture in the casting tray foeasy
visualization andvaswaited to settléor 30 minutes.

Lamda was dr genomic DNA and Ladd€d.00 Bp)were placedat the first two

wells forcomparisons
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1 Loading die (1 pl) was used for allowing the samsph®t tomix with buffer, but
to stay on the wellCurrent was allowed to flow for 1 hour before checking.
The DNA was found to be of high quality for running P@mi/ or other downstream

applications.

3.2.3.1.2.3PCR amplification.

PCR, a polymerase chain reaction technique was done followed by electrophoresis
using agaras gel electrophoresiAGE).The polymerase chaireaction was dona

the Veriti 96well Thermal cyter for 2 hours. The total reactio mixture was 26l
which comprised 2 Master Mix (12.5 pl), Forward and Reverse Primers (1.0 pl),
Nuclease Free Water (10) and DNA (2 pl).The programmabldPCR thermal
controller set for 32 cycles whiccomprisedeach cycle includ#4°Cfor 5 minutes,

94 °C for 1 minute, annealing temperaturepdnding on the primer (tablg for 1
minute, 72C for 1 minute,72°C for 5 minutes, and 4°C for storage (hold)he gel
solutionwas composed of 3ggarose in 150 ml TAE buffarhere 2%Ethidium was
added after it had cooled from the microwave h€hé loading dye was gently mixed
with the DNA of each genotype and deposited into the correspondindp@&ggtining

with the Ladder (5@p). The PCR products were electrophoresed on the gel solution,
and analyzed under the Ultra violet (UV) tralhgminator for DNA detection

followed capturing of band pictures

Scoring of Band The gels were scored for computer analysis on the basis of the
presence and or absence of the amplified produaia each well If a product was
presentit was indicated as one (&d if alsent; it was indicated as zero @ross all

fifteen (15) Fayaice genotypes
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3.2.3.1.2.Data analysis

The gaetic similarity was analyzedsing Jaccard simildy coefficient based on the
UPGMA in XLSTAT 2018 Versiondescribed ® Ballan (2013) for the 2013.3
Version Polymorphic Information Content (PIC) wasalculated applying hie
following procedure:

PIC=1- x P>where P is the frequency dfallele. This formula was also reported by
Joachim (2015and Ballan (2013)

Principal Component Anatys (PCA) was also performed using the XLSTAT 2018
Version.

The list of SSR markers used and their corresponding sequence have been illustrated

in the Table2 below.

Table 2: List of 10 SSR markers and their sequence used in the study

SR. MARKER CHR  AMPLIC ANN FORWARD (F) AND REVERSE TRAIT (S) SOURCE

NO NO ONSIZE TEMP (R) SEQUENCES
(BP) (°C)

1 RM 212 1 112-136 52.5 F: CCACTTTCAGCTACTACCAG MRL, NT Oraibi et al.,
R: CACCCATTTGTCTCTCATTATG (2014)

2 RM 213 2 139 57 F: ATCTGTTTGCAGGGGACAAG RN Gramene
R: AGGTCTAGACGATGTCGTGA

3 RM 215 9 148 59 F: CAAAATGGAGCAGCAAGAGC  MRL Joachim
R: TGAGCACCTCCTTCTCTGTAG (2015)

4 RM 231 3 168182 58.5 F: CCAGATTATTTCCTGAGGTC GY Ballan (2013)
R: CACTTGCATAGTTCTGCATTG

5 RM 242 9 225 58 F: GGCCAACGTGTGTATGTCTC MRL, Ballan (2013)
R: TATATGCCAAGACGGATGGG DRW

6 RM 248 7 102 59.2 F: TCCTTGTGAAATCTGGTCCC GY Gramene
R: GTAGCCTAGCATGGTGCATG

7 RM 262 2 154 58.3 F: CATTCCGTCTCGGCTCAACT RT Ballan (2013)
R: CAGAGCAAGGTGGCTTGC

8 RM 315 1 133 53.5 F: GAGGTACTTCCTCCGTTTCAC RN, PH, PL Mahalingam
R: AGTCAGCTCACTGTGCAGTG etal., (2013)

9 RM 3810 1 105 55.4 F: ACGAAGGAACTACCCGTGTG RT Gramene
R: CGCACATGTTACTCTAGCGG

10 RM 331 8 176 55 F:GAACCAGAGGACAAAAATGC RL, NT Afiukwa et al.,

R:CATCATACATTTGCAGCCAG (2016)
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CHAPTER FOUR

4.0RESULTS

In order to achieve the set objectsfer this studyexperiments were conductedtime
screen housdaboratoryand field condtions at LifuwuAgricultural Research Station
and Sokoine University of Agriculture in 2017 /20Fr an easy presentatiotie
results and discussion of these experimentgdaseribedunderScreen houséPVC)

experiment, Field experiment and Laboratory experiment.

4.1Performance of 15 Fayaice genotypesn screen house (PVC) experiment

4.1.1 Grain yield and gowth parameter traits

The averaggerformancenf the selected fifteen (15) Fayiae genotypes for different
studied traitss illustrated in Tble 3 The observations followed the characterization

and evaluation procedudd studying traitaising morfpological markers.
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Table 3: Mean performance of selected 15 Faya Rice Genotypes for the 10 quantitativeitsain PVC pipes (Screen House)

TRT GENOTYPE GRY PLH NPP TPP PAL LBL LBW FLL FLW SPP
NO NAME (ton/ ha) (cm) (cm) (cm) (cm) (cm) (cm)

1 Mw 1685 3.2 138.2 14.3 18.0 21.9 50.0 1.2 231 1.4 101.2
2 Faya 14 M 69 35 100.6 16.0 21.3 25.5 30.6 1.3 33.3 1.2 104.3
3 Acc 9290 21 147.6 22.6 27.6 26.3 47.3 0.9 28.9 1.2 121.3
4 Faya Mafuta 1, 2.6 156.8 17.3 20.6 27.3 447 1.1 21.8 1.3 1747
5 Acc 18028 2.7 156.8 17.6 20.6 255 53.0 1.2 29.6 14 160.0
6 FayaKalonga 2.9 107.2 15.6 16.0 274 44.5 1.2 30.3 1.4 2289
7 Acc 5934 2.2 152.9 18.0 24.0 251 51.7 1.0 31.0 1.3 1111
8 Mw 18037 2.6 166.3 13.6 14.0 249 48.6 1.3 26.6 15 178.1
9 Faya Makanijira 2.2 138.6 21.6 24.0 229 43.4 1.1 28.7 1.3 86.7
10 Acc 17323 2.9 151.3 18.0 19.3 254 50.2 1.2 29.8 1.4 206.6
11 Acc 5933 2.5 145.4 20.0 18.3 251 514 1.1 29.5 1.3 147.7
12 Faya Zambia 2.7 158.7 14.0 16.6 25.0 42.2 1.2 214 1.5 209.5
13 Acc 17344 2.7 169.7 17.0 13.6 25.5 56.4 1.4 32.6 1.6 191.9
14 Faya Mafuta 2 2.7 164.9 19.0 21.3 28.6 46.2 1.1 25.1 1.3 215.2
15 Acc 9293 3.0 146.2 15.6 20.3 23.7 54.9 1.0 31.8 1.2 149.7
Grand mean 2.75 146.74 17.39 19.73 25.38 47.72 1.19 28.28 1.41 159.12
F pr 0.050 <.001 0.084 0.007 <.001 <.001 <.001 0.002 <.001 <.001
LSD (5 %) 0.780 16.18 5.70 6.46 1.91 8.26 0.15 5.83 0.16 65.97
SE 0.382 5.602 1.974 2.238 0.664 2.863 0.055 2.019 0.058 22.84
Range 217135 1007 169.7 18.6 22.6 13.6-27.6 21.9-28.6  30.6i 56.4 0.97 1.4 21.47 333 12116  86.71 228.9
CV % 17.0 6.6 19.7 19.6 4.5 104 8.0 12.4 7.1 24.9

Note: QRY = Grain yield; R.H = Plant height; NPP Nlumber of Panicles per PlarftPP = Tillers per planf PAL = Panicle Length; BL = LeafBlade
Length; LBW = LeafBladeWidth; FLL = FlagLeaf Length; FLW = Flag Leaf Widtl8PP = Spikelets pempicle,SF = Spikelet fertility.
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4.1.1.1Grain yield (ton / ha).

Significant differences (P €.050)were observed among the selectieg@ genotypes
for this trait. Specifically, Faya 14 M 69 depicted the average maximum gie3cb
tons per hectare while the minimyneld was exhbited byAccession 9290 with grain
yield of 21 tons per hectarelhe grand meavalue for this trait wa2.75tons per

hectare.

4.1.1.2Plant height (cm).

Therewere very highly significant differencesR < 0.001) fo this trait amongst the
rice genotypesThe dhta illustratethat genotypeviw 17344 had themaximum height
of 169.7 cm while Faya 14 M 6&tained the minimum height of 100.6 cAll the

genotypes except two were tall with plant height of more than 110 cm.

4.11.3Panicle number.

The number of panicles per plant d#ded significant differenced?(= Q044) among
genotypesand Accession 9290 attaingtie maximum meamumber ofpanicles per
plantof 22.67. On the other hand, the minimum meammber of panicles per plant of
13.6 was attained by Accession @B/ which was apar with FayaZambiawith 14

panicles / plant

4.1.1.4Tiller number.

This trait showedighly significant differencesraong thestudiedrice genotypesas
evidenced bythe probability valugP = 0007). The mean maximum and minimum
values of 27.67 and 187 were attained foAccession 9290 and Accessidii344

respectively.
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Figure 2: Early and late vegetative stages with high tillers formation of 16aya

ri ce genotypes grown in PVC pipes
4.1.1.5Panicle length (cm).
There werevery highly significant differencegP < 0.00]) amongthe selected rice
genotypes for this traiFurthermoreFaya Mafuta 2 had the mean maximymanicle
lengthamong all the selected rice genotypes Wi867 cmand theminimum panicle

lengthwasattained bygenotype Mw 168%vith 21.96cm.

4.1.16 Leaf blade length.

There werevery highlysignificant difference$P < 0.001) observed among the studied
rice genotypes fothis trait. From the resudf it was noted thatiw 18037 hadthe
meanlongest leaf of 67 cm whereas the shonest 30.67 cm foFaya 14 M 69
4.1.1.7Leaf blade width (cm).

Very highly sgnificant differences were observed for this trait among the studied
genotys with the probability valueP( < Q001). In addition, Accession 17344
depicted the mean maximum width of 1.45 cm andrtteimum leaf blade width

value was foAccession 9290 (0.942 cm).
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4.11.8Flag leaf length (cm)

This trait exhibitedhighly significant differences among tretudied genotypeand

had a probability value (P =.@2). Faya 14 M 69 attained the average maximum
value of 33.38 cm while Faya Zambia gave the mean minimum value of 21.42 cm

which was closely at par with Faya Mafuta 1 with flag leaf lengtilo88cm

4.1.1.9Flag leaf width (cm)

Very highly sgnificant differences (P <0.001) were oferved among the rice
genotypes forhis trait. From the resultst was noted thafcc 17344had the mean
widest leafof 1.692 cm whereas the narroweghs observed in Accession 17344

(1.225 cm) which was closely at par withya 14 M 69 (1.292 cm).

4.1.1.0 Number of spikelets per panicle

This trait exhibited very high significant differences among the stuttedyenotypes

as evidenced by p 8.001 on the aalyzed data. Furthermore, Fayal&nga attained

the average maximum value of 228.9 grains per panicle while the minimum value of

86.7 was achieved in Faya makanjira.

4.1.2Root Architectural and other phenotypic Traits
The studied genotypes performed differently in terrhsoot architectural traits @ah

the results are presented iable 4
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Table 4: Mean performance of selected 15 Faya rice genotypes for theot and other traits grown in PVC pipes (Screen buse)

TRT NO GENOTYPE FRM RON MRL FSM ROV DRM DSM R/SR NDM
NAME (9) (cm) (9) (cc) (9) (9)

1 Mw 1685 148.1 262.0 51.3 74.3 191.7 95.7 69.3 1.4 122.0
2 Faya 14 M 69 115.9 367.0 62.3 39.4 291.7 58.6 435 15 161.0
3 Acc 9290 398.6 329.3 70.0 88.1 350.0 138.7 76.1 1.7 164.0
4 Faya Mafuta 1, 208.3 387.3 49.6 68.1 175.0 76.8 60.9 1.2 156.0
5 Acc 18028 326.2 317.3 76.3 113.3 350.0 132.0 88.3 15 156.0
6 Faya Kalonga 101.2 163.7 32.0 20.1 141.7 36.9 33.7 1.1 131.0
7 Acc 5934 342.0 280.0 69.6 725 208.3 86.5 71.4 11 158.0
8 Mw 18037 326.1 383.0 68.0 75.0 250.0 97.8 72.0 1.4 150.0
9 Faya Makanjira 210.9 230.3 45.6 67.9 150.0 126.9 68.7 1.8 146.0
10 Acc 17323 334.4 305.3 61.5 74.3 291.7 119.9 73.1 1.6 157.0
11 Acc 5933 295.3 277.7 58.3 94.4 225.0 83.8 73.5 11 160.0
12 Faya Zambia 3295 350.7 59.6 68.2 275.0 110.8 67.6 1.70 152.0
13 Acc 17344 324.1 316.0 56.1 114.6 300.0 80.6 87.9 1.0 156.0
14 Faya Mafuta 2 295.1 266.0 56.6 101.8 250.0 97.9 77.2 1.2 156.0
15 Acc 9293 383.4 271.3 82.3 78.4 300.0 87.8 65.0 14 148.0
Grand mean 275.9 300.4 59.9 770 2500 95.4 68.5 14 151.5
Range 101.2i 398.6  163.7i 387.3  32.01 82.3 29.17 114.6 141.77 350.0 36.97 138.7 33.71 88.3 1.07 1.8 122.0- 164
F pr <.001 <.001 <.001 <.001 0.108 0.041 0.039 0.837 0.00
LSD (5%) 129.2 81.9 18.5 31.3 147.4 54.7 28.2 0.9 0.00
SE 44.766 28.369 6.430 10.844 51.05 18.95 9.784 0.325 0.00
CV % 28.1 16.4 18.6 24.3 35.4 34.4 247 39.1 0.00

Note: FRM = Fresh Root Mass, MRL = Maximum Root Length, ROV= Root Volume, GRL = Grain Length, GRW = Grain Width, TGW = Thousand Gra
Weight, RON = Root Number, FSM = Fresh Shoot Mass, DRM = Dry Root Mass, DSM = Dry Shoot Mass, R/ S R = Root / Sho@NRatibluishber
Of Days to Maturity
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4.1.2.1 Fresh root nass(g)
For this character, very highly significant differencés € Q001) were observed
among the genotypes with Accession 9290 depicting the mean maximum value of 399

grams, while the minimum value #01 grams was recorded in Fayaléhga.

4.1.2.2Root number
This trait exhibited very high significant differenggs< Q001) amongthe genotypes.
More specifically, Faya Mfuta 1 had a maximum root number (387.3) and the

minimum mean &lue (163.7) was found in Fayakinga.

4.1.2.3Maximum r oot length (cm):

Very highly significant differencesP( < 0.001) were observed among the studied
genotypes for maximum root length. Accession 9293 exhibited maximum value (82.3
cm), whereas the mimum value was obtained in Fayalkinga with a value of 32

cm.
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' T15:82.3 cm

Figure 3: A comparison of Accession 9293 longest roetith the shortest root of

Faya Kalonga grown in PVC pipes
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Figure 4: Comparison of root length of some selected Faytdce genotypes grown

in PVC pipes.
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4.1.2.4 Fresh shoot mss (Q)
Very highly significant differences were exhibited among the studied genotypes for
this character. The mean maximum fresh shoot weight was recorded in Accession

17344 (114.6 g) whilst theminimum value was exhibited in Fayaldnga (29.1 g)

4.1.2.5Ro0t volume (cc)

Non - significant differences were observed among the genotypes for this trait.
However, Accession 9290 exhibited the mean maximum value of 350 cc and was non
- significantly at par with that of Accession 18028 (350 cc). The meammmivalue

was obtained in Fayagfonga (142 cc).

4.1.2.6Dry root mass (g)

Significant differencesR = 0041) were exhibited for this trait among the studied
genotypes. Thaverage maximum magnitude of 138.7 g was attained by Accession
9290 while the minimum (36.§) was achieved for Fayéalonga and grand value was

95.4 ¢g.

4.1.2.7Dry shoot weight ()
This trait showed significant differenceB € 0039) among thestudied genotypes.
Furthermore, Accession 18028 exhibited mean maximum mass of 88.3 g and was

closely at par with Accession 17344 which had a weight of 87.9 g.

4.1.2.8Root/shoot ratio
The analyzed datexhibited non significant differences for this traimong the sidied
genotypes. Besides, Fayaakanjira exhibited the maximum value of 1.84 where as

the minimum value was attained Bgcession 17344 (1.02).
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4.1.1.9Number of days to nmaturity

There were not significant differences in terms of numbetays to maturity among

the studied genotypes. However, it was noted that Accession 9290 had the longest
number of days to mature while Mw 1685 had the shortest average number of days to

reach maturity, which were 164 days and 122 days respectively.

4.1.3Grain quality traits

Table 5. Mean performance of selected 15 Faya riceegotypes grown inscreen

house (PVC)pipes

TRT  GENOTYPE GR L GRW GRS DTF TGW SPF

NO NAME (mm) (mm) 50% (9) (%)
1 Mw 1685 9.6 3.2 2.9 96 35.6 96.9
2 Faya 14 M 69 9.4 2.6 3.5 114 34.9 92.0
3 Acc 9290 8.7 2.5 3.4 134 23.2 90.3
4 Faya Mafutal 9.2 2.5 3.6 102 26.2 96.4
5 Acc 18028 9.2 2.8 3.2 108 29.3 96.6
6 Faya Kalonga 8.1 2.4 3.3 100 26.4 92.8
7 Acc 5934 9.1 2.6 3.4 118 27.9 95.0
8 Acc 18037 9.5 2.7 3.4 112 31.3 97.1
9 Faya Makanjira 9.8 2.6 3.8 110 28.0 94.9
10 Acc 17323 9.4 2.7 3.5 118 26.2 95.7
11 Acc 5933 9.3 2.8 3.3 114 26.5 96.7
12 Faya Zambia 9.8 2.8 3.4 106 29.1 97.7
13 Acc 17344 9.1 2.6 3.4 119 30.7 97.0
14 Faya Mafuta2 9.0 2.5 3.6 117 23.3 97.7
15 Acc 9293 8.9 2.6 3.3 100 27.2 98.7
Grand mean 95 2.7 3.4 111.2 28.4 95.7
F pr NS NS NS NS <.001 <.001
SE 0.00 0.00 0.00 0.00 0.00 0.00
CV % 0.00 0.00 0.00 0.00 9.1 1.9

GRL = Grain Length, GRW = Grain Width, &= Grain Shape, TF = Days to 50 %
Flowering, $F = Spikelet fertility, TGW = Thousand Grain WeightDM = Number
NS = Noni Significant.
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4.1.31 Grain length

The analyzed data illustrated ndnsignificant differences for this trait among the
studied genotypes. Howevercamparison amonthe genotypes illustrated that Faya
makanijira (9.89 mmhadthe maximum length though was closely at par with Faya
Zambia (98 mm) and Mw 1685 (9.62Dn the other hand, Fayaakonga depicted the

lowest mean length among the group valued at 8.13 mm.

4.1.32 Grain width

NonT significant difference was exhibited among the studied genotypes for this trait.
However, the analyzed dathows that meamaximum grain width is found in
genotypes Mw 1685 valued at 3.22 mm while the minimum value Faya kalonga

(2.45 mm).

4.1.3.3 Brown grain shape
There was not significant difference for this trait among the studied genotypes. The
maximum gain shape was recorded in Fayakdnjira (3.8) whereas the minimum

value was in Mw 1685 (2.98)

4.1.3.4Days to 50 % fowering.

There were noii significant differences observed for days to 50% flowering among
the studied genotypes. Days to 50% flowering among the rice genotypes ranged from
96 to 134 and the grand mean value of 112.2 dBys.minimum number of days to

50 % flowerng was96 and was observed iMw 1685 whereas AccessioA290

exhibited maximum days of 134 50 % flowering.
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4.1.35 Onethousand (1000grain weight

The analyzed data exhibited very Higlignificant difference¢P < 0001)among the
studied genotypes for this trait. The mean maxinrl@®0 grainweight was atiined in
Mw 1685(35.689) and was closely at par with that of Faya 14 M 69 (34.96g)e

the minimum value was in Accession 9290 (23.27 g)wasl alscclosely at par with

Faya Mafuta 2 (23.34 g).

4.1.3.6 Spikelet értility (%)

Very highly significant differences were exhibited on this trait among the studied
genotypes as evidenced etp <0.001 value on the analyzed data. It was also noted
that the average maximum value of 98.78 % was achieved in Accession 9293 while

the minimum value of 90.31 % was attained by Accession 9290.

4.1.4 Phenotypic traits orrelations

Correlation analysis was done on the phenotypic data in order to establish the
magnitude of relationships between pairs of traits. Great interests were those
correlations between grain yield and root architecture as have been the main targets
of this sty though some grain quality argtowth parameters were also included
Table 6below illustrates the outcome of the existing associations among thirteen (13)

traits for genotypes grown ihe screen housesing PVC pipes.
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Table 6: Phenotypic traits correlations for the genotypes grownn the screen houseising (PVC) pipes

TRAIT FRM GRL RON MRL FSM TGW ROV NDM GRY PLH SPP SPF TPP
FRM 1.00

GRL 0.048 1.00

RON 0.294 0.413 1.00

MRL 0.747° 0.141 0.459 1.00

FSM 0.665" 0.145 0.189 0.462 1.00

TGW -0.450 0.468" 0.229 -0.003 -0.207 1.00

ROV 0.640° -0.006 0.482 0.77T 0.521" -0.029 1.00

NDM 0.558" 0.068 0.564" 0.507" 0.373 -0.388 0.570" 1.00

GRY -0.510° -0.009 0.018 -0.047 -0.377 0.583" 0.088 -0.350 1.00

PLH 0.740° 0.267 0.371 0.379 0.785 -0.282 0.291 0.314 -0.505" 1.00

SPP 0.093 -0.343 0.008 -0.216 -0.169 -0.345 0.021 -0.064 0.151 0.153 1.00

SPF 0.147 0.603" 0.178 0.061 0.381 0.260 -0.188 -0.215 0.027 0.613 0.256 1.00

TPP 0.268 -0.078 0.004 0.286 0.226 -0.369 0.249 0.465 -0.481 -0.035 -0.633" -0.600°  1.00

* Significant correlation at 0.05 level (2tailed); **Significant correlation at 0.01 level (2tailed).

FRM = Fresh Root Mas§RL= Grain LengthRON = Root Number, MRL = Maximum Root LengthSM = Fresh Shoot Mas§GW = Thousand Grain
Weight, ROV = RootVolume,NDM = Number of Days to Maturity, BY = Grain Yield, R.H = Plant Height SPP = Number of Spikelets per PaniclEFS-
Spikelet Fertility TPP =Tillers Per Plant
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4.1.4.1 Fresh root nass
Fresh root mass positively correlated wathtraits except grain yield and 1000 grain

weight However,some correlations were not significant.

4.1.4.2 Grain length
Grain length exhibited positive associations vathtraits (although some correlations
were not significant) except number of tillers per plant, number of spikelets per

panicle, root thickness, and grain yield.

4.14.3 Root umber
Positive correlationvas exhibited for root number with all other charactelswvever,
significant and positive correlation was observed with maximum root length, root

thickness, number of days to maturity and plant height

4.1.4.4 Maximum root length (cm)

Maximum Root Length exhibited positivand significantcorrelation withsuch traits
as fresh root masspot number, fresh shoot masept thicknessnumber of days to
maturity, numbe of tillers per plant, and plant height while with other traits were no
significant. On the other hand, there was negatwel noni significantassociation
for the same traitvith 1000 grain weighhumber ofspikelets per panicle and grain

yield.

4.14.5Fresh shoot nass (Q)

This trait exhibited positive and significant relationship witlesh root mass
maximum root lengthyoot volume /root thicknessnumber of days to maturity,
spikelet fertility, and plant height. On the other handggative and significant

association waexhibited for the same trait wignain yield.
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4.1.4.6 Thousand grain weight (g)

There was positiveand significantcorrelation for 1000 grain weight with such
charactes as grain lengthspikelet fertility and grain yield. However, negativeand
significantassociation was attained for the samd trath fresh root masswunber of
days to maturitynumber 6 spikelets per paniclenumber of tillerger plant and plant

height

4.14.7Root volume (cc)
Positiveand significantcorrelationwas exhibited for root volumwith such taits as
fresh root mass, root number and maximum root length inclidesfy shoot mass

number of days to matity, and plant height

4.1.4.8Number of days to maturity (NDM)

The number of days to maturity exhibited positeved significantcorrelaton with
fresh root masgoot number maximum root length, fresh shoot mass, root thickness
number of tillers per planand plant height On the other hand, negativend
significantrelationship was exhibited for the trait in question with 1000ngvaeight

and grain yield

4.1.4.9 Grain yield (tons / ha)

Therewas positive and significant association ¢pain yieldwith 1000 grain weigh

and plant heightHowever, such traits as fresh root mass, fresh shoot mass, number of
days to maturity, number of tillers per plant and plant height depicted negative

significantassociatiorwith the trait in question.
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4.1.4.10Plant height (cm)

Plant height was positivelyand significantlycorrelated withall the traits except

numberof spikelets per panicle which was nesignificant. Furthermore, the same
trait illustrated negativand significantrelationship withthe remaining traits such as

1000 gran weight and grain yield with an exceptionrmafmber of tillers per plant

4.14.11Number of spikelets per @nicle
This trait exhibited psitive and significantcorrelation with spikelet fertility only.
However, the same trashowed negativand significaneissociatiorwith grain length

1000 grain weighand numler of tillers per plant.

4.14.12 Spikelet értility
Spikelet fertility exhibited positivand significantorrelation wih such traits as gin

length fresh shoot mas&000 grain weightand number of spikele{sable 6)

4.1.4.13 Number of tllers per plant

Number of tiller per plant positively assot@d with fresh root massnaximum root
length root thicknessand nunber of days tomaturity However, the same trait
correlated negativeland significantlywith number of spikelets per paniclgrain

yield andspikelet fertility.

4.2 Performance of the selected 15 Faya rice genotypes in fieldperiment
The screen house experiment was condudtecrder to complement the field

experiments which gawbe outcomeresentedn Table 7below.
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Table 7: Mean performance of selected 15 Faya rice genotypes iield condition

TRT NO GENOTYPE GRY PLH NPP TPP PAL LBL LBW FLL FLW SPP
NAME (ton /ha)  (cm) (cm) (cm) (cm) (cm) (cm)

1 Mw 1685 3.3 143.7 13.6 12.0 22.1 39.3 11 33.0 1.1 124,
2 Faya 14 M 69 4.2 140.4 14.1 160 26.6 42.3 11 30.1 1.0 185.0
3 Acc 9290 25 128.9 11.8 13.5 25.5 46.6 11 30.7 1.2 192.0
4 Faya Mafuta 1, 31 114.2 9.0 9.8 31.2 54.1 1.3 36.2 1.4 265.7
5 Acc 18028 2.6 130.7 9.3 9.6 27.9 52.7 1.3 35.7 1.3 237.3
6 Faya Kalonga 2.8 93.2 7.7 7.7 29.0 50.8 1.3 335 1.6 267.3
7 Acc 5934 3.2 140.1 115 129 27.2 50.1 11 34.5 1.3 194.0
8 Acc 18037 2.4 138.7 7.6 8.2 28.3 45.0 1.2 34.8 1.6 242.3
9 Faya Makanijira 2.6 118.3 15.1 141 24.2 46.7 1.2 26.4 1.1 96.7
10 Acc 17323 2.4 131.6 8.5 8.6 26.8 52.5 1.2 35.5 1.3 236.7
11 Acc 5933 2.3 129.4 10.1 10.0 26.2 49.2 1.2 321 1.3 200.3
12 Faya Zambia 2.9 139.9 6.9 7.3 28.6 52.8 1.4 33.1 1.6 246.7
13 Acc 17344 2.6 138.0 7.4 8.1 27.3 52.3 1.3 42.8 15 280.7
14 Faya Mafuta 2 25 156.0 8.2 9.3 317 52.9 1.2 375 1.4 274.3
15 Acc 9293 3.0 120.7 119 11.4 24.7 43.7 1.0 34.4 1.0 164.0
Grand mean 2.8 131.5 10.3 10.4 27.1 48.7 1.2 34.0 1.3 213.8
Range 2.3i 4.2 93.2i 156.0  6.9i 141 7.3i 16,0 22.1i 31.7  39.3i 54.1 1.0i 1.4  26.4i 428 1.0i 1.6 124.0i 280.7
F pr 0.015 0.374 <.001 <.001 <.001 0.001 0.229 <.001 <.001 <.001
LSD (5%) 0.865 42.4 25 2.6 1.9 6.8 0.2 4.5 0.1 65.1
SE 0.300 14.679 0.897 0.915 0.688 2.38 0.086 1.563 0.036 22.55
CV % 18.1 19.3 15.0 15.1 4.4 8.5 12.0 7.9 4.6 18.3

Note: GRY = Grain yield; R.H = Plant height; NPP = Number of Paeglper PlantTPP = Number of tillersper plant PAL = Panicle Length; LBL =
Leaf Blade Length; LBW = Leaf Blade Width; FLL = Flag Leaf Length; FLWlag Leaf Width;SPP = Spikelets per Panicle
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4.21 Yield and growth parameter traits

4.21.1 Grain yield (ton/ha)

Highly significant differencesR = 0.0) were exhibited among the studied genotypes

for this trait. Faya 14 M 6%ad the mean maximum vyield of 4.201 tons per hectare
while the minimum yield was exhibited in Accession 5933 valued at 2.330 tons per
hectare.

4.2.1.2 Plant height (cm)

There were not significant differences for this trait amongst the studied genotypes.
However, the analyzed data showed that Faya mafuta 2 had the average maximum

height of 156 cnwhile Faya Kalongattained the mean minimum height of 93.2 cm.

4.2.1.3 Number of panicles per lant

The number of panicles per plant showed very highgnificant differencesK <
0.001). The mean maximum number of panicles per plant was attained by Faya 14 M
69 with the value of 16.03. On the contrary, the minimum mean value of 7.33

panicles per plant was attained by Faya Zambia.

4.2.1.4 Tiller number
There were very highly significant differences for this trait among the studied
genotypeqP < 0.00). The mean maximum and minimum values of 16.03 and 7.33

were achieved for Faydakanjira and Faya Zambia respectively.

4.2.1.5 Paniclegéngth (cm)

There was very highly significant variation among the studied genotypes for this trait
with a probability value of (p < 0.001). The maximum value was achieved in Faya
Mafuta 2 (31.78 cm) and was closely at par with Relyduta 1 (31.2 cm) while the

minimum mean magnitude was in Mw 1685 (22.15 cm).
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4.2.1.6Leaf blade length (cm)

This characterexhibited very highly significant differences among the studied
gendypes witha probability value (< 0.001) The longest mean value of 54 emas
attained inFaya mafuta 1whereas the shortest was Mw 1685 with the value of

39.31 cm.

4.2.17 Leaf blade width (cm)

This trait exhibited significant differences @&videnced by a (p < 0.001) value
observed among the studied genotypes. From the data, it was notEdythaambia

had the mean widest leaf of 1.4 cm whereas the narrowest was attained in Accession

9293 with value of 1.067 cm.

4.2.18 Flag leaf length (cm)

These traits showed very highly significant difference of p < 0.001 among the studied
genotypes. It was also discovered that Accession 17344 attained the average
maximum value 0f42.83 cm and the minimum value was for Régkanjira £6.22

cm).

4.2.19 Flag leaf width (cm)

There were venhighly significant differences (P < 0.0019r this trait among the
studied. Besides, the mean maximum value was attained in Faya Zambia (1.62 cm)
which was closely at par with Mw 18037.60 cm)and Faya kilonga (1.606 cm). On

the other hand, the avemginimum value was attained Bgcession 9293 (1.06 cm)

and was closely at par with Faya 14 M 69 (1.086 cm).
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4.2.110 Number of spikelets per @nicle
The studied genotypes exhibited very highggngicant differences® <0.00]) on this
trait. The average maximum number of spikelets per panicle was exhibited in

Accession 17344 (280.7) while the minimum was attained in Majanjira (96.7).

Table 8: Mean performance ofselected 15 Faya rice@notypes in field condition

TRT  GENOTYPE GRL (mm)  GRW GRS GMR DTF NDM TGW SPF Scent
NO NAME (mm) (%) 50% (9) (%) (Aroma)
1 Mw 1685 9.8 3.2 3.0 75 95 122 255 95.6 Scented
2 Fayal4 M 69  10.2 3.0 33 75 103 141 21.0 94.9 Scented
3 Acc 9290 10.6 2.7 3.9 74 99 144 18.1 95.5 Scented
4 Faya Mafuta 1, 10.1 2.7 3.6 77 109 136 19.7 95.7 Scented
5 Acc 18028 10.2 3.0 33 77 112 136 20.2 97.1 Scented
6 Faya Kalonga  10.0 3.0 3.3 75 106 131 21.7 97.5 Scented
7 Acc 5934 10.4 2.8 3.6 75 112 138 21.6 94.4 Scented
8 Mw 18037 10.1 3.0 3.3 77 112 130 214 97.2 Scented
9 Faya Makanjira 10.3 2.8 3.6 78 96 127 23.8 92.4 Scented
10 Acc 17323 10.1 2.9 35 76 110 137 20.1 95.6 Scented
11 Acc 5933 10.1 3.0 3.3 75 113 140 19.3 95.1 Scented
12 Faya Zambia 10.2 3.0 3.3 77 112 132 23.8 96.1 Scented
13 Acc 17344 10.4 3.0 34 78 109 136 21.8 96.4 Scented
14 Faya Mafuta2 10.4 2.7 3.7 75 108 136 17.9 96.9 Scented
15 Acc 9293 10.1 2.7 3.6 74 98 128 21.1 95.9 Scented
Grand mean 10.24 3.1 3.4 76 106 134.2 21.10 95.9 All
Range 9.81 10.6 2732 3.0-39 74-78 95 122144 17.9255 94.497.2 genotypes
113 are
F pr NS NS NS NS NS NS <.001 0.008 aromatic
LSD (5%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CV % 0.00 0.00 0.00 0.00 0.00 0.00 8.3 1.6

Note: GMR = Grain Milling Recovery, GRL = Graibength, GRW = Grain Width, GR= Grain Shape, TF = Days
to 50 % Flowering, BF = Spikelet fertility, TGW = Thousand Grain WeightlDM = Number of Days to Maturity

4.22 Grain quality and other traits

4.22.1 Grain length

Non i significant differences were exhibited for this trait among the studied
genotypes. However, average maximum value of 10.61 mm was obtained in

Accession 9290 and the minimum was 9.86 for Mw 1685.
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4.2.2.2 Grain wdth

There was noni significant diffeence among the studied genotypes for this trait.
However, the analyzed data depicts that mean maximum grain width is found in
genotype Mw 1685 valued at 3.25 mm while the minimum vedue Accession 9290

(2.71 mm).

4.2.2.3 Brown grain siape
There were an - significant differences for this trait among the studied genotypes.
The maximum grain shape was recorded in Accession 9290 (3.91mm) whereas the

minimumvalue was in Mw 1685 (3.03 mm).

4.2.2.4 Grain milling recovery (%)

There was notsignificant difference among the studied genotypes for this trait.
However, it was noted that the maximum milling reagveas 78 % for genotypes
Faya Makanjira and Accession 17344. The minimum value was 74 % captured in

Accession 990 and Accession 9293.

4.22.5 Number of days to 50% fowering

There was non significant difference for number of days%lowering among the
studied geotypes. However, differences in magnitude was noticed as four (4)
genotypes took a maximum of 112 days to 50% flowering, namely; Accession 18028,
Accession 18037, Accession 5934 and Faya Zambia while the minimum number of

days was 95 and was exhibitedMw 1685.
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4.22.6 Number of days to naturity

Non i significant difference was observed among the studied genotypes for the
number of days to maturity. However, Accession 9290 exhibited the average
maximum number of days to maturity (144 days) while @85 had the earliest

number of days to maturity (122 days)

4.2.27 1000 grain veight

The analyzed data illustrated very highly significant differences with a probablity (
0.001) among the studied genotypes for this trait. The mean maximumgifioo
weight was 25.52 mm for Mw 1685 while the minimumdue was in Accession for

Faya Mafuta 2 with a magnitude of 17.94 mm.

4.2.28 Spikelet fertility (%)

There weresignificant differences P = 0008) among the studied genotydes this

trait. Besides, Fayaalonga exhibited the average maximum value of 97.5 % and was
closely at par with Accession 18037 (97.2%) and Accession 18028 (97.1). The mean

minimum value was atiiaed by Faya Mkanjira (92.4 %).

4.2.29 Scent(Aroma)

All the genotypes were found to be scented (aromatic) after cofkaie 8)

4.2.210Chalkiness(white belly)
In this study, all the genotypes had no chalk except three (Faya Makanjira, Accession

9293 and Accession 18037) which had miciealkiness.
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4.2.211 Translucency

The studiedice genotypes gave different results on tingt as a majority of them (10
genotypes) depicted opaque graifise opaque was observed in Mw 1685, Faya 14 M
69, Faya Mafuta 1, Faya Mafuta 2, Faya ZamBiecession 9293Accession 18028,
Accession 17323, Accession, Faalonga and Accession 17344. Tthanslucency
was observed iriccession 5933, Accession 5934 dafxccesion 9290nhereas the
cloudy was exhibitedn Faya Makanjiraeand Accession 9293These results represent

66.7 %, 20 % and 13 % for opaque, translucency and cloudy grains respectively

4.2.212 Gelatinization temperature by alkali-digestion value

The results showed that Accessi@?93, Accession 18037 and Fayalanjira were
not affected by l&ali digestion These therefore belong to the low alkali digestion with
high temperature (> 7%C). Therest of the genotypes; Mw 1685, Faya 14 M 69, Acc
9290, Faya Mafuta 1, Acc 1802Baya kalonga, Acc 593%4cc 17323, Acc5933,
Faya Zambia, Acc71344, and Faya Bfuta 2belong to the intermediate gelatinization

temperature (70 74 °C).

4.2.2.13 Gel consistency

The results indicated that majority of the genotypes had an intermediate gel
consistency types although individual valueedtied. The genotypes such as Faya 14

M 69 (48 mm),Accession 929@45 mm), Faya Mafuta 1 (52 mm), Accession 18028
(46 mm), Accessio®293 (60 mm), Faya Makanjira (46 mm), Accession 1733

mm), Accession 593447 mm) Faya Zambia (52 mm), Accession 17344(58mm),
Faya mafuta 2 (51 mm) and Accession 9293 (55 mm) are all intermediate because
they fall on the gel lengtmange of(41- 60 mm). However, Mw 1685 (40 mm),

Accession 18037(30 mm), Accession 5934 (39 mm) Baga Kalonga (40 mm)
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exhibited a hard types of gel consistency which range from (36Tn# mm).
Genotypes which were grouped as intermediate had a softhgelthose ceegorized

as highpossessed hard gel.

4.2.3Phenotypic faits correlations

Correlation analysis was also done on pienotypic traits for rice genotypes which
were grown in field condition. An exception of the traits is noticed since the root
architectural traits only depended on the screen house (PVC) work hence have not
reappeared in the field data. TaBldelow illustrates the correlation existing among

theten (10) traits of the studied genotypes.

Table 9: Phenotypic traits correlations for the genotypes grown in field condition

Trait GRY PLH NPP TPP PAL LBL NDM SPP TGW SPF
GRY 1.00

PLH -0.538** 1.00

NPP 0.587** -0.647* 1.00

TPP 0.572* -0.602* 0.976* 1.00

PAL -0.139 0.236 -0.641* -0.576* 1.00

LBL -0.444 0.308 -0.692* -0.651+* 0.749* 1.00

NDM -0.016 -0.249 -0.051 0.068 0.369 0.388 1.00

SPP -0.266 0.372 -0.848* -0.788* 0.856* 0.742* 0.404& 1.00

TGW 0.203 0.138 0.167 0.054 -0.502* 0.054 -0.794* -0.447 1.00

SPF -0.206 0.506* -0.749* -0.723* 0.516* -0.723* 0.037 0.752* -0.251 1.00

* Significant correlation at 0.05 level(2-tailed); **Significant correlation at 0.01 level (2-tailed).

Note: GRY = Grain Yield,PLH = Plant Height, NPP &umber of Panicles per PlamPP= Number of Tillergper
Plant PAL = Panicle Length, LBL = Leaf Blade LengtBPF = Spikelet Fility, NDM = Number of Days to
Maturity, SPP = Number of Spikelets per Panidl&W =Thousand Grain Weight.

4.2.31 Grain yield (tons/ ha)

Positive and significantcorrelations were exhibited fograin yield with number of

panicles per plant anadumber of tillers On the other hand, negatie@d significant

association was attained fdre trait in quetion with plant heightleaf length and

number ofspikelets per paaole.
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4.2.32 Plant height (cm)

Plant height was positivelgnd significantlycorrelated withleaf length, numbeof
spikelets per panicle and spikelet fertilityHowever, negativeand significant
relationships were observed for the trait in mention with number of days to maturity,

number of tillers, number of pentes per plant and grain yield &ble 9).

4.2.33 Number of panicles per pant

There was positivand highly significantorrelation for the number of panicles per
plant with grain yieldand numbe of tillers per plant.However, negativeand
significantcorrelation was attained for thisait with plant height, panicle length, leaf

length number & spikelets per panicle and spikelet fertility

4.2.34 Number of tillers per plant

The number of tillers per plant demonstrated posiéind significantcorrelation with

grain yield and number of panicles per plan the other hand, negativend

significant association was exhibitefbr the same rait with plant height, panicle

length, leaf lengthnumber of spi&lets per panicle and spikelet fertility

4.2.35 Panicle length (cm)

Positiveand significantcorrelation was exhibited for paniclength withleaf length,
number of days to maturifynumber of spikelets per pafe and spikelets fertilityOn
the contrary, this trait had negative and significant associattbimumber of panicles

per plant, number of tillers and 1000 grain weight
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4.2.36 Leaf length (cm)

Leaf Length exhibited positivand significant correlation with plant height, panicle
length nunber of days to maturity andumber of spikelets per planHowever,
negativeand significantassociation wasoticed for the trait in questionith spikelet

fertility.

4.2.37 Number of days tomaturity (NDM)
Positive and significant relationshigp were exhibited for the number of days to
maturity with panicle length, leaf length amimber of spikelets per panicl€n the

same trait, negativand significantorrelation was attained wittD00 grain weight

4.2.38 Number of spikelets per panicle

The number of spikelets per panicle showed posdive significaniasso@tion with
plant height panicle lendt, leaf length and number of days to maturi®n the other
hand, negativand significantcorrelation was attained for thisit with grain yield

number of paicles per plant, number of tillers and 1000 grain weight

4.2.39 One thousand grain weight (g)
The trait exhibited negative and significant correlation \pitimicle length, number of
days to maturity number of spikelets per panicle and spikelet fertildawever, all the

other traits correlatedon- significantly with the trait in question.

4.2.310 Spikelet ertility (%)

The trait exhibitegositiveand significant correlation with plant height, panicle length
and numberof spikelets per panicleHowever, the same trait had negati&ed
significantassociatiorwith numbe of panicles peplant numberof tillers per plant,

leaf lengthand ore thousand grain weight
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4.2.4Rice quditative traits

4.2.41 Apiculus colour

Apiculus isthe small pointed portionf palea or lemma tipdepending on whichever

is longer. In this study, five (5) genotypes were scored to have straw clour and the
remaining ten (10) genotypes showed brown tawny colour representing 33.3% and

66.7% respectively.

apiculus colour

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Rice genotypes percentge

straw brown tawny

Figure 5: Percentage of apiculusolour

4.2.4.2 Basal leaf sheath alour

Green colour was observed in ten (10) genotypes namely; Mw Fa§al14 M 69,
Accession 9290, Faya &futa 1, Accession 18028, Accessi5934, Accession 18037,
Faya Makanjira, Accession 5933 and Accession 17344 representing 66.7 %.
Furthermore such genotypes dsayaKalonga, Accession 17323, Faya Zaanlind
Faya Mafuta 2 dxibited agreen with purple lines colour.his stands for 26.7 % of

the entire studied genotype®nly one genotype, Accession 9293, exhibited purple

colour on this trait and this caters for 6.6 % of the studied genotypes
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4.2 4.3 Ligule shape and olour
This was another trait vital for characterization of rice. In this work, all the studied
genotypes had similar ligule shape of Zreft. Besidesthat all the ligules of the

studied genotypes were whitish in colour illustrating lack of variation in Ipaits.t

4.24.4 Leaf blade olour
Leaf blade color was ather qualitative trait that wassed to characterize the rice
genotypes. In this studgll the rice genotypesexhibited a green colourexcept

Accession 9293 which had a light green colour.

4.2.45 Leaf blade pubescence

In this study, it was noted that all the genotypes were pubescent.

4.2.46 Panicle exsertion

This trait is very fundamental for the identification of rice cultivars because it is very
clear as the crogtand in the field at early maturity stagehe studied genotyge
showed variation for thisrait because nine (9) genotypes were observed to be we

exserted, four (4veremoderately well exserted whereas two (2) were exserted partly.

4.2.47 Auricle presence/ absence and color
The studied genotypes were categorized as all enriched wiitles basing on the
observation. Besides that, was also noted thaall the genotypes had light green

auricles.
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4.2.48 Flag leaf dtitude

In this study, nine (9) genotypes exhibited an erect behawidhis trait. In addition,
semii erect(intermediate)oehavior on this trait wasoticed in three (3) genotypes
and tke remaining three (3) genotypeégpicted horizontal behavior. Therefore the
erect, semi erect (intermediate) and horizontal treatments shared the levels of 60 %,
20 % and 20 % respectivelyhe figure 5below illustrates the variation levels in

percentage on the flag leaf of the genotypes.

70% -
60% -
50% -
40% -
30% -

20% -

10% -

0% T T 1
Erect Semi-erect Horizontal

Figure 6. Percentage of flag leaf altitude

4.24.9 Panicle altitude of lranches

The studied genotypes behawdifferently to this trait. Basically, an erect mode of
branching was exhibited in four Y4enotypes, namely; Accession 9290, Faya 14 M
69, Accession 5933 and Faya Zambia whereas open (spyeagies of branching
was observedn Faya Kalonga, Accession 5934and Accession 17323 , and the

remaining genotypes had seimgrect(semii compact paniclemode of branching.
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4.2.410Lemma and paleacolour

Lemma and palea of most of the genotypes evaluated had straw color 155 (81.15%).
Nineteen (9.95%) of the genotypes had brown furrows arklirteen (6.81%) had
brown color olemma and palea. In addition, tyb.05%) of the genopes had black

color, ong(0.52%)had purple and on@®.52%) had purple spots.

4.2.411 Sterile lemma olour
Sterile lemma is the flowerless bract at the base of spik&llethe genotypes had
straw colorexcept Faya Mkanjirawhich depcted gold colour representing 93.3 %

and 6.7% respectively.

4.2.412 Awning

This trait was considerenh order to dedctthe presence or absence @ing in the
studied genotypes. It was noted that all the genotypes were avexiespt Accession
17323, Faya Mkanijira and Accession 9293 whialere partly avned.This represents

80 % and 20 % fothe awnlessand partly awnedenotypesespectively.

4.2.5 Agglomerative HierarchicalClustering

The agglomerative hierarchical clustering was done using XLSTAT on the Euclidean
di stance matrix foll owi ng The dendroy¥anr waé s
constructedisingtwenty five (25)quantitative morphologicafjrain quality and root
architectural traits for the fifteen (15) Faya rice genotypé® rice genotypes were
grouped intdour (4) clusters aftethe analysis and depicted the followiogtegories;
cluster 1 compriseddw 1685 only, cluster 2 consisted dfaya 14 M 69 and Faya

Kalonga In addition,cluste 3 composed of seven (7) genotymeghas Accession
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929Q Faya Mafuta 1Accession 5934Faya MakanjiraAccession 5933Faya Mafuta
2 and Accession 9293, and cluster 4 consisted of five genotypes, namely; Accession
18028 Accession 18037Accession 17323Faya Zambia rd Accession 17344s

shown in figure 6
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Figure 7: Dendrogram using agglomerative clustering method illustrating the
profile of 15 Faya rice genotypes based on morphological, grain
quality and root architectural characters.
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Furthermore, the clustering analysis gave results on mean value of each trait. It was
therebre noted thathe maximum cluster mean values for grain length (9.62), grain
width (3.22), 1000 grain weight (35.68) and spikelet fertility (96.98) were exhiinited
cluster 1in cluster 2, the maximum centroid values were obtained in such traits as
grain yield, panicle length and flag leaf length with magnitudes &f 36.4 and 31.8
respectivelyln addition, cluster 3 maximum mean values were obtainediimber of
panicles per plant, (19.2umber oftillers per plant (22.33), days to maturitybgL4),

grain shape (3.5) and days to 50% flowering (113ZH)ster 4 comprised a majority

of the traits with the maximum values and these include; plant height (16[2&6),
length (50.11), leaf width (1.3), flag leaf width (1.5), number of spikeletpaeicle
(189.2), fresh root mass (328.06), root number (334.46), maximum root length
(64.33), fresh shoot mass (89.13), root volume (293.34), dry root mass (108.26), dry
shoot mass (77.8) and root / shoot ratio (1.48gnerally, cluster 2 comprised the
lowest mean performing traits whereas cluster 4 yielded the highest mean traits of the

studied genotypes.

Table 6showsthe centroids / means of the 25 morphological, grain quality and root

architectural traits of the 1Faya rice genotypes in four (dlusters
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Table 10: Cluster centroids of 25 morphological, grain quality and root
architectural traits of the 15 Faya Rice Genotypes

TRAIT C L U S T E R

1 2 3 4
Grain yield 3.212 3.287 2.521 2.764
Plant height 138.200 103.900 150.343 160.560
Panicles /plant 14.360 15.835 19.201 16.068
Tillers/plant 18.000 18.665 22.333 16.868
Panicle length 21.960 26.495 25.619 25.292
Leaf length 50.000 37.625 48.560 50.118
Leaf width 1.200 1.271 1.081 1.305
Flagleaflength 23.170 31.880 28.156 28.044
Flag leaf width 1.483 1.350 1.333 1.537
Spikelets / panicle 101.200 166.600 143.771 189.220
Fresh root mass 148.100 109.050 304.800 328.060
Root number 262.000 265.350 291.700 334.460
Maximum root length 51.330 47.165 61.763 64.334
Fresh shoot mass 74.300 34.310 81.637 89.138
Root volume 191.700 216.700 236.900 293.340
Dry root mass 95.790 47.800 99.826 108.262
Dry shoot mass 69.390 38.655 70.436 77.804
Root / shoot ratio 1.412 1.384 1.424 1.488
Days to maturity 122.000 146.000 155.429 154.200
Grain length 9.620 8.780 9.191 9.442
Grain width 3.220 2.550 2.619 2.758
Grain shape 2.980 3.430 3.507 3.416
Days to 50 %lowering 96.000 107.000 113571 112.600
Thousand grain weight 35.680 30.705 26.086 29.382
Spikelet fertility 96.980 92.460 95.711 95.711

4.2.6The Principal Component Analysis (PCA.

The principal component analysis (PCA) for the 15 Faya gmeotypes produced
results for factor scoresEigen value, variability percentage and cumulative
percentages. Thanalyses leado the emergence of five (5) Principal Components.
The first principal component had a variance cumulative magnitud@3.&04 %
wherasthe entire five components comprised a varianwulativevalue 0f99.59

%. The traits associated withthe maximum first principalcomponent variance
cumulative percentage wereot number, fresh root mass, root volume, number of
spikelets per pacle, days to maturity, days to 50 % flowering and spikelet fertility
with values of 9.492, 8.246, 7.183, 3.504, 3.185, 1.437 and 0.792 respectively.
Furthermore, characters associated with the second principal component variance

cumulative percentage wemumber of spikelets per panicle (1.675), root number
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(1.026), days to maturity (0.604) and spikelet fertility (0.5).addition, the third
principal component was related to number of spikelet per panicle (1.879) and fresh

root mass (0.867).

The fourth principal component had only plant height trait (0.592) as its associating
trait with a high positive aatribution towards the available variance cumulative value
(99.13 %). The fifth principal component was correlated with such a trait as dry root
mass with the value d0.596 The levels of discrimination for the principal axes
exhibited by Egen valueswere 14.026, 0.438, 0.274, 0.134 and 0.368 principal
components 12, 3, 4 and 5respectively. In this regard, the Eigen discrimination
values vere highest in the first principal component and lowest in the fifth component
and that was true also for the variance percentatiehighest value of 93.504 % and
lowest magnitude of 0.456 %dable 1lillustrates Fincipal Component Aalysis

(PCA) for the factor scores, Eigen values, variability percentage and variance
cumulative percentage of the 25 morphological, grain quality and root architectural
traits for the 15 Faya rice genotypédhe graph of the first and second principal
componentusing 25morphological markers / traits also agree with the clustering
pattern already presented despite minor differences. In that graph, it has been
illustrated that most of the genotypes are clustered together at the éefiegaiting

that they share commorttidutes.For example, T3, T4, T7, T9, T11, T14, T5 which
belong to tuster 3 have also been grouped together. However, other genotypes which
are in cluster four have been grouped togettidr those of cluster three in the third
component of the plot. €atments 1, 2 and 4 have been scattered in the second
component whereas treatment 6 is in the first component of the plot and this means

they are more variable from the relst.a related situation, the graph of the firsdan
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second principal componensédso grouped the 25 traits of the gepEs underthe

study.

Results showethatnumber of spikelets per panicle, root number and fresh root mass
were clustered in the first, second, and third component respectively. The rest of the
remaining traits were chitered together at the centethe plotted graph. Figurdsra
graphfor the first and secongdrincipal components of the 15 Faya rice genotypes
basing on the 25 morphological, grain quality and root architecturalhits figure

8is the same graphub having an illustration of the 25 traits and their corresponding

components.

Table 11 Factor scores, Eigen values, variability and variance cumulative
percentageof 25 morphological, grain quality and root architectural

traits for the five principal components

Character Principal 1 Principal 2  Principal 3~ Principal 4  Principal 5
Grain yield -3.299 -0.093 -0.063 -0.107 -0.167
Plant keight 2.973 0.222 0.153 0.592 0.234
Number of panicles plant -2.655 -0.055 -0.043 -0.015 -0.047
Number oftillers /plant -2.554 -0.057 -0.095 -0.014 -0.032
Panicle Ength -2.308 0.078 0.011 -0.043 -0.082
Leaf length -1.327 0.049 0.098 0.077 0.065
Leaf width -3.368 -0.111 -0.062 -0.103 -0.177
Flag leaf length -2.180 0.054 -0.004 -0.083 0.000
Flag leafwidth -3.358 -0.111 -0.061 -0.101 -0.175
Number of spikelets gmicle 3.504 1.675 1.879 -0.157 -0.248
Freshroot mass 8.246 -2.373 0.867 0.293 -0.352
Root number 9.492 1.026 -1.488 0.322 -0.616
Maximumroot length -0.848 -0.195 -0.173 -0.140 -0.066
Freshshootmass -0.084 -0.420 -0.032 0.097 0.183
Rootvolume 7.183 -0.215 -0.310 -1.515 0.353
Dry root mass 0.721 -0.475 -0.324 0.413 0.596
Dry shootmass -0.443 -0.230 -0.101 0.176 0.167
Root/shootratio -3.358 -0.115 -0.066 -0.101 -0.171
Number of éys tomaturity 3.185 0.604 0.032 0.278 0.349
Grainlength -3.014 -0.067 -0.068 -0.067 -0.132
Grainwidth -3.302 -0.104 -0.065 -0.097 -0.166
Grainshape -3.270 -0.099 -0.060 -0.092 -0.165
Days t050 % fowering 1.437 0.401 0.052 0.184 0.357
Thousandyrain weight -2.164 0.114 -0.138 -0.033 -0.008

Spikeletfertility 0.792 0.500 0.062 0.238 0.301
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Figure 8: First and second principal components illustrating relationships of 15

Faya rice genotypes based on 25 morphological, grain quality and root

architectural traits.

Note:

T1 = Mw 1685

T2 = Faya 14 M 69
T3 = Acc 9290

T4 = Faya Mafuta 1
T5 = Acc 18028

T6 = Faya Kalonga
T7= Acc 5934

T8 = Acc 18037

T9 = Faya Makanijira
T10=Acc 17323
T11 = Acc 5933

T12 = Faya Zambia
T13 = Acc 17344
T14 = Faya Mafuta 2

T15 = Acc 9293
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Figure 9: First and second principal components illustrating relationships of 25
morphological, grain quality and root architectural traits.
4.3 Performance of the genotypebased on molecular (SSRinarker studies
In this study a total of ten (10) SSR primers were used for the fifteen (15) Faya rice
genotypes and all those markers turned out to be polymorphic for the target traits. The
markers yielded a total of 14Bands ad each primer had an averageldf2 bands
amplified after running the PCRThe primer base pair bands ranged from the
minimum 102 bp (RM 248) to the maximum 225 bp (RM 242) and were realized on
the banding patterns oheh markerln total, 63alleleswere scored anthe average
number of alleles per primer w&s3 which ranged from 2 to 8 alleles. There were
three markers recorded for a maximum of eight (8) alleles namely; RM 213, RM231

and RMR48 whereas three other rkars had six alleles each, such as RM 212, RM
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315 and RM331. The minimum number wfo (2) alleleswas obtained in RM215
where as RM 242 and RM262 scored 7 alleles each. The Polymorphism Indormat
Content (PIC) was tabulatetbr each marker andthis is tundamental for the
measurement of iflormativeness of the studied genotypes scores. The PIC ranged
from 0.46 for RM 231 to 0.98 for RM 215 and the mean valuesOan&s The results

for each marker have beemepentedn the platesbelow. The letterT (which has
ranged from T1o T15 at the top of each plateepresergthe genotypes studieslich
thatT1l = Mw 1685, T2 = Faya 1M 69, T3 = Acc 9290, T4 = Faya Mafuta 1, T5 =
Acc 18028, T6 = Faya Kalonga, T7= Acc 5934, T8 = Acc 180B¥ = Faya
Makanijira T10 = Acc 17323,T11 = Acc 5933, T12= Faya Zambia, T13 = Acc 17344,
T14 = Faya Mafuta 2, T15 = Acc 92831 stands for the.adder usedvith a size of

50 Bp. The number of alleles per primer, PIC values and number of ampbifieds

have been illustrated inable 5 below.

4.3.1RM212

This marker is associated witifildr number and maximum root length aisdocated

on chromosome 1 (Pricat al, 2002; Shashidhaet al.,2010).Thirteen of the studied
genotypes showed presence of bands for this marker and two (2) depicted absence
The marker amplified six (palleles with size ranging from 89 to 113Hhis marker

showed PIC value of 0.a8d theexpected product size for this marker was 112bp.
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RM212

Figure 10: Primer RM 212

4.3.2RM213

Themarker is located on chromosome 2, linked toghBN2.2 and is associated with
root number (Hemamaliret al., 2000; Hue et al., 2018)It amplified a total of eight
alleles with120to 161 Bp. Fourteen (14) of the studied genotypes showed presence of
bands for this marker and one (1) depicted absembe marker showed PIC value of

0.67andexpected product size for allele in this marker wasB39
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Figure 11 Primer RM 213

4.3.3RM215

The markelis located on chromosome 9, linked with QTL, gPhl1.1 and associated to
plant heightas well as maximum root leng{McCouchet al., 2003).All the studied
genotypes showed presencebahds for this marker. &mplified two (2) alleles with

the size ranging from 139 tol19%p. It showed PIC value of 0.98nd theexpected

product size for allele in this marker was Bi&
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RM 215

Figure 12: Primer RM 215

4.3.4 RM231

The marker is linked to the Quantitative Trait Loci (QTL, qGY3.1) for grain yield,
(Ballan 2013), and is found on chromosomé& amplified eight(8) alleles witha size
ranging from 168 to 182 B All the studied genotypes showed presence of $and
these markers. Itlustrated the RT value of 0.46and the expected product size for

allele in this marker was 16#p.
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Figure 13: Primer RM 231

4.3.5RM242

RM 231 islocated on chromosome 9, linked to the QTL, gph9.1s and the traits plant
height, maximum root length and deep ra@ight Shashidhaet al.,2010). Among

the studied genotypes, thirteen (13) showed presence of bands for this marker and two
(2) depicted absencdt amplified seven (7) alleles with size ranging from 163 to
216bp. This marker showed PIC value of 0.82 and the expected product size for allele

in this marker was 225bp.
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Figure 14: Primer RM 242

4.3.6RM248

RM 248is located on chromosome 7, and is linked to the QTL, qGY9 for grain yield
(www.gramene.org)Among the studied genotypes, fourteen (14) showed presence of
bands for this marker and one (1) depicted absénamplified eight(8) alleles with a

size rangng from 67 to 96bp. Ishowed RT value of 0.67and theexpected product

size for allele inhis marker was 102bp.
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Figure 15: Primer RM 248

4.3.7RM262

The marker is located on chromosome 2, linked to the QTL, gRTfér root

thickness (Yanetal., 2008). All the studied genotypes showed presence oflfand
this marker. Itamplified a total of seve() alleles with a sizeanging from 129 to

173Bp. It showedthe PIC value of 0.78.
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Figure 16: Primer RM 262

4.3.8RM315

RM 315is located on chromosome 2, linked to the QTI3TY1.1and phl.1 for the
trait root number (Vikramet al., 2011) Among the studied genotypes, fourtg@d)
showed presence of bands for this marker and one (1) depicted absancglified
total seven(6) alleles withsize ranging from 134 to 198p. The PIC value for this

marker was 0.78 and tlexpected produdize for allelewas 133bp.
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Figure 17: Primer RM 315

4.3.9RM 331
The markeis for root length and number of tilletgaits (www.gramene.org All the
studied genotypes showed presence ofdbdior this markerlt amplified six (6)

alleles wih size ranging from 176 to 2@p and the PIC value was 0.84.
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Figure 18: Primer RM 331

4.3.10RM 3810

The markeris located on ctomosome 1 and linked to QTL, gRTHL for the trait
root thickness (Yanet al.,2008).Thirteen of the studied genotypes showed presence
of bands for this marker and two (2) depicted absertesnplified five (5) alleles
with sizeranging from 78 to 104 ® It showed PIC value of 0.72 and tbgpected

product size for allele in this marker was 105bp.
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Figure 19: Primer RM 3810

Table 12: lllustration of number of amplified bands, number of alleles per

primer, and PIC.

SR LOCUS NUMBER OF

NO NAME BANDS AMPLIFIED ALLELES PIC
1 RM212 13 6 0.78
2 RM213 14 8 0.67
3 RM215 15 2 0.98
4 RM231 15 8 0.46
5 RM242 13 7 0.71
6 RM248 14 8 0.67
7 RM262 15 7 0.78
8 RM315 14 6 0.81
9 RM331 15 6 0.84
10 RMS3810 13 5 0.85

Total 141 63

Mean 14.1 6.3 0.75





















































































