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EXTENDED ABSTRACT

Salinity is an ever increasing problem that reduces rice yield in many rice fields around the
world. Soil salinity contributes to one of the most serious eccddb@nd environmental
problems in most of the irrigation schemes in Tanzania. Developing a salt tolerant rice
genotype is one of the solutions to the problem of saliltgrker assisted selection
(MAS) is an indirect selection process wherérait of interest is selected based on a
marker (morphological biochemicalor DNA/RNA variation) linked to a trait of interest
rather than on the trait itselThus,the MAStechniquewvas used in this study becausgsit

very reliable in the selection of several traits associated with salinity and can also
accderate the breeding process and increase selection efficiency. Therefore, the objectives
of the study were: iJo evaluate the responses of eight rice genotypes at various levels of
salinity for the identification of parents for breeding prograin. to as sess f ar me
perceptions about salinity problems occurring in their fields in the study @jeto
estimate heritability ofsaltol in the new lines, andiv) to assess the markéait

association and segregation ratio of new ri@gyga satival) lines.

A study was conductedinder a controlled environment in the Department of Crop
Sciences and Horticulture of the Sokoine University of Agriculture, to evahete
responsesf eightrice genotypes at three levels of NaCl concentrations (0 mM NaCL,

mM NaCl and 100 mM NaCl) and identify parental materials for breeding program. This
was followed by a study on farmer s perce,|
in their irrigated schemes The study on far mer 6wovilleges c e pt
(llonga and Chanzuru) in Kilosa District, Morogoro region involving rice farmdise

other study was conducted during April$@ptembeP016 at Chanzuru irrigation scheme

in Kilosa Dstrict to determine the characteristics of soil, and eatalusegregating
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populations in selected saline environment at Chanzuru irrigation scheme. The heritability
and genetic advance as well as the association of markerqudthtativetraits were

determined during the study.

During the controlled experimerttree salinity indices namely salinity tolerance index,
salinity susceptibility index and % relative reduction were used along with the IRRI
standard evaluation score for salinity tolerance to rank the rice genotypes in terms of their
tolerance and suggebility. The results of the evaluation of eight rice genotypes showed
that SUAKOKGO10 and NERICAL19 were the most susceptible rice genotyp&s
comparison with the other genotypéserefore they wereselectedo be used aecurrent

parentgo improvetheir salinity tolerance using FL478 tee donor parent

The study on far mer 6s p dadcaecledunderstanding vfe al e
salinity problems occurring araffecting the crogroduction in Kilosa District. Farmers
perceived four majofactors contributing to the problem of salinity in their areas, namely,

poor quality of irrigation water, poor drainage system, inadequate rainfall and
inappropriate use of fertilizers. However, poor quality irrigation water and poor drainage
infrastructue were the leading factors perceived to be contributing to the problem of
salinity in the areas. As a result of these factonsndas perceived poor harvegoor
productionandpoor yieldof the rice crops. It was also established that farmeasticed

crop diversification and increased farm sizeaesponse tohe growing effects of salinity

on their crop production and livelihoods.

Segregating populations along with the parent materials were evaluated in a saline
environment using a randomized complélock design with four replications. Fresh leaf

samples from young seedlings were collected for DNA extraction and mieaker



association study as well as inheritance study. High heritability and high genetic advance
were established in theew lines or all traits except grain yield per plant and idi8in
weight. Grain yield per plant was positively correlated with number of reproductive tillers
and 106grain weight. When the genotypes were scored for salinity injury, NLF3
population recorded the lowescore indicating that this population was highly tolerant to
salinity as compared to other populations. The best performing genotypes among the
introgression lines were NLF3 (F3 lines developeaiossing NERICAL-19 and FL478

and SUF3 3 lines devalped bycrossing SUAKOKQ®10 and FL478 for most of the

traits studied. For inheritance and markeait association studies, the selected markers for
the assessment of segregation and goodness of fit fittedinteelthe expected ratio of
1:2:1. The two mkers loci (RM7075and RM562) used were significantly associated
with the number of filled grains per panicle and grain yield per plant in the studied rice

materials.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

One ofthe majorchallengs in relaton to the world agriculture jsroducing nore food to
addresghe food insecurityproblem facingthe currentpopulation and amdditional 2.3

billion people by 2 050 worldwide (FAO, 2009). Salinigk§¢essamountof soluble salts

in the soil solutiohis a major stress limitig the production ofolod cropsSalinity induces

water deficit even in well watered soils by decreasing the osmotic potential of soil solutes
thus making it difficult for roots to extract water from their surrounding media (S&tam

al., 2002). The effect of high salinity grlant can be observed at the whole plant level in
terms of decrease in productivity andlant death (Paridat al, 2004). The global
projection show that sadiffected soils are increasing particularly in irrigated areas. In the
last decades sadtffectedareas have been reported to increase from 20 % (45 million
hectares) to 33 % (74.25 million hectares) (Metternich and Zinck, 2003; Kumar and
Shrivastava, 2015). These figures suggest that at a global scale, every day an area of about
2000 ha of irrigated@ropland is affected by varying levels of salinity (Qagtial, 2014).
Therefore, it has been estimated that more than 50 % of the arable land would be salinized

by the year 2050 (Janet al, 2011).

Most soils within the arid and semiarid environniseare already experiencing increasing
levels of salinity. The main sources sdlts includerainfall (Rengasamy and Olsson,
1993), mineral weathering (Macumbér991), irrigation and various saline water bodies
(SPORE, 1995),undegroundwater which redisbutes accumulated salts during
evaporation (Macumber, 1991), chemical fertilizers applications (Rengasamy and Olsson,
1993) and man activities (Dregne, 1976). Rainwater contain® mailligrams/kilograms

of salt and theoncentration of salt decreaseth distance from the coast (Munns, 2002).



If the concentration is 10 mg/kg, this would add 10 kg/haatiffer 100 mm of rain per
year; the acumulation of this salt in the soil would be considerable over millennia
(Ghassemet al, 1995; Munns, 2002)Thesesources leado three different classes of
salinization andsodification namely saline ECe>4dS+h, ESP<15%, pH<8.5); saline
sodic (ECe>4dSm, ESP>15%, pH<8.5) and sodic soils (ECe<4dSnESP>15%,

pH>8.5) (Richards, 1954).

In Tanzania, agriculire is the stronghold of the national economy, with rice being one of
the major food and cash crops (Agritrade, 2012). The countrgdsofthe largest rice
produces accounting for about 80% of total production in Eastern Africa. Consequently,
the county ranks second within Eadfrica in terms of rice production and consumption
after Madagascar (Kafiriet al, 2003 and Agritrade, 2012). Despite this promising trend,
it is further noted that rice production is heavily dependent on rainfall, and goder
weather conditions and improved husbandry, the country is potentially capable of
achieving food selfufficiency as measured by levels of grain production (Concern
Worldwide, 2008). Rice is grown under three major ecosystems, namelgdaiowland,
irrigation (or flooded conditions) and upland rice (fflcoded conditions), with each type
characterized by a relatively low yet differing production potential depending on varying

soil and climatic conditions (Kato, 2007).

Kilosa District is one of thareas in Tanzania with high potential for agricultural; this is

partly attributed to relatively favourable climate and potentially fertile soils in the major
part of the district (Kimaro, 2014). One of the principal crops grown in the district is rice
(Corcern worldwide, 2008). Despite the fact that Kilosa District has high potential for

agricultural production, land productivity has remained low (Kimetral, 2001). One of



the reasons for the low productivity of land in the District could be attribtdgethe

presence of soluble salts in the irrigated fields in the District.

In Tanzania, salaffected soils are a major constraint to rice production that contributes to
low yields in most rice producing irrigation schemes, (Kashd€itkenga et al., 20123;
Makoi and Ndakidemi, 2007), sesarid irrigated, and neirrigated, and in lowland areas
characterised by high water tables (Kanyekal., 1995; FAO, 2001). Breeding for salt
tolerant rice genotypes is one of the, most effeciind long term solubn for resource
poor farmersn saltprone areagGregorio and Senadhira, 199For effective breeding,
farmersdé knowledge, and preferences for
researclhi farmer interaction and collaboration. Farmers can igeovital information on

the existing problem, type of cultivar, desired traits and insight on irafle they are

willing to make in the design ahe cultivar (Sperlinget al., 2001).

Salinity tolerance at different growth stages of crop appearsetocdmtrolled by
independent genes (Shahbaz and Ashraf (2013). For example, -tolesaht cultivar
Pokkali, a majoiQTL (Saltol) was identified on chromosome 1 and involved in salinity
tolerance at the seedling stage (Bonifaal, 2002 Ghomi et al, 2013) This QTL,
according to Bonillaet al. (2002), explains for 64% to 80% of the phenotypic variance in
crop tolerance. Several studies have reported tha@ffishas also been detected in some

otherwild rice cultivars (Reret al, 2005; Takehisatal., 2004).

The following basic genetic approaches have been used to enhance salt tolerance of the
rice crop: (i) exploitation of natural bidiversity in rice gene pool through direct selection
and mapping of quantitative trait loci (QTL) under stressironment (Foolad, 2004;

Flowers, 2004) for traits associated with salinity tolerance, followed by marker assisted



selection (MAS) and (i) development of transgenic plants to introduce novel genes as well
as the alteration in expression levels of tkisténg genes to affect the degree of salt stress

tolerance (Munns, 2005).

Breeder use the strategy eXploiting thegenetic variability of the available germplasms

for the identification of tolerant genotypéhat may sustain a reasonable yield ol sa
affected soilsAshrafetal., 2006). The microsatellite marker or Simple Sequence Repeat
(SSR) has been proved to be ideal for making genetic maps (Islam, 2004; Niones,
2004), assisting selection (Bhuiyan, 2005) and studying genetiersitly in rice
germplasm. The microsatellite marker analysis is promising for the identification of
major gene locus for salt tolerance that can be helpful for plant breeders to develop new

rice cultivars.

The development of new rice cultigafor salinity tolerance has been achieved by the use

of several breeding methods including; mutation breeding which has a significant
contribution toward production of high yielding and salt stress tolerant rice varieties
(Cassells and Doyle, 2003; Paet/ al, 2009; Dast al, 2014). There are many reports
where mutation breeding has resulted in enhanced salinity tolerance in various rice
cultivars. For example, rice seeds irradiated with carbon (C) or neon (Ne) ions have
generated mutant variety withigh salt tolerance (Hayastdt al, 2007). Similarly,
genetically engineered rice has also been developed and found to have high salt tolerance
(Mohantyet al.,2002). Salt tolerant varieties can also be developed through conventional
breeding. Accordingo Singhet al. (2004), in India six rice varieties developed through

conventional breeding have been released as salt tolerant rice varieties.

However, the progress in breeding rice for salt tolerance is slow due to the complexity of

the inheritance ptgrn of salt tolerance and difficulties in screening for salt tolerance, but



with the advancement s i n Satabl eicnul talme bri iod &

Pokkali has been identified which accounts for 39.2, 43.9 and 43.2 per cent of phenotypic
variation for three important salblerance associated traimmely Na“, K* and Na/K
absorption ratio respectively (NareBabuet al, 2014;Vasuki and Geeth&01§. The
use of the microsatellite markers to selectively transfer @it into a desired gnetic

base could help to overcome the difficulties in screening for salinity tolerance in rice.

Rice, generally, is considered as a salt sensitive crop, but the extent of its sensitivity
fluctuates during different growth and developmental stages.skid that rice is tolerant

to salinity stress during germination and active tillering, whereas it displays more
sensitivity during early vegetative and reproductive stages (ettas, 1995; Zhuet al,

2001).

Sodium ion (N&) and chloride ion (C) received from NaCl salts contaminate the soil,
because these ions are well known as the toxic ions which damage plarascaliesult,
plant growth and development are directly restrained, leading to low yield and/or plant

death (Lauchli and Grattan, @D).

However, irrigation watersontaining Na and Cl have undesirable effects on the physical
properties of soils because it is associated with the accumulation of sodium ion on the soil
exchange complex. This eventually impacts the instability ofsthie aggregates that
results into the dispersion of soil particles and clogging of soil pores and the destruction of
crops. Undergroundwater containing soluble saltgs mainly drawn to the surface by
evapeotranspiration, where the solubkalts are depdsd on the soilsurface thereby
forming white crusts which arelear indicators of the presence of salinity. Farming in such

an area is severely impacted by this proc&sdly et al, 2015), and mostlyhe farmers



are the ones who suffer tlaelverseeffects of this process on the productivity of their

crops.

Therefore, understanding the farmersoé per
productivity is important in the development of the best cultivars that address the needs of
the farmers. Aditionally, it helps extension officers to promote soil and water
conservation practices or decide on the best measures that safe guide the farmer
production within a given location. Kruger (2006); and Wickhairal. (2006) reported

t hat f ar mens sodld he eargood ritry point for any intervention either by

changing their perception through demonstrations or building on what they already know.

1.1 Problem Statement and Justification

1.1.2 Problem statement

There are a few scattered researchorepon saklaffected soils in Tanzania (Mnkeni,
1996; Makoi and Ndakidemi, 2007; Kasheig#lenga et al.,2012a), but the extent tie
problem isnot well established. Mnkeni (1996) estimated that there were more than 2.9
million ha affected by soil sality while, 700 000 ha had high sodicity. In FAO (2000)
report, it was estimated that over 1.7 million ha are saline and 300 000 ha are sodic; while
FAO (2003) further reportedthat salt affected soilsvere over 3.5 million ha with
proportions of 16% an84 % for sodicity and salinity, respectively. Studies condutted
Tanzania by Kashengg€illenga et al. (2012 and 2014) reported a growing effects of salt
affected soils in most of the rice irrigation schernme$anzania such as Kilosa irrigation
scheme There was also alincreasing concern from farmers, btite fell short of

estimating the total areas affected by salinity in the country.



The disparityin the figureson the extent of saliffected soil Tanzanjassuggestshat the

total area affected bgalt in the country is not well known. In reality, soil salinity is a
serious problem that is turning agricultural land to barren, salty lands in Tanzania. In
addition, several small scale rice irrigation schemes (classified as traditional irrigation
schenes) are experiencing low yields due to salt (salinity) problems (Kashéhgega

et al, 2012b). Apart from the fact that the problem of-séfiected soils in rice production
systems is increasing, information of the type of salts and their exterinis/ o lacking

(KashengeKillengaet al.,2012a).

1.1.3 Justification

The production of rice in Tanzania is dominated by sis@dle farmers (Tanzania
Agribusiness Report Q3, 2016). Kanyeka (2001) and Msaghlah (2002) reported that
more than 90%f rice in the country is cultivated by smallholder peasant farmers mainly
using traditional irrigation systems on small holdings. According to Alam (2006) and
Singh (2001), the traditional irrigation schemasigh asKilosa irrigation schemes) are
experiaecing increasing levels of salinity because of mismgan@ent of the soils,
irrigation, poorly designed and managed irrigation infrastructures, excessive and irrational

use of irrigation water and also due to global climatic change (FAO, 2000; FAO, 2003).

Given the highly variable conditions, salin#jressed environments and limited resources
under which the crop is grown, yield below 1.5 ¥ ave been reported in most irrigation
schemes globallf{Kanyeka, 2001; Msombeat al., 2002; FAO, 2003; Kafiti, 2004).
According to Efisueet al. (2008) the production deficit can be overcome by the use of

improved, highyielding varieties adaptable to the saffected environments.



1.3 Study Objectives
1.3.1 Overall objective
The overall objective of thisstly was to develop salt tolerant rice genotypes for increased

rice productivity in Kilosa District, Tanzania.

1.3.2 Specific objectives
i) To evaluate the responses of eight rice genotypes at various levels of salinity for the

identification of parents fobreeding program.

i) To assess farmerdés perceptions about
study area

iii) To estimate heritabilityand genetic advanad saltol in the new lines

Iv) To assess markgraits association and segregatiratio of new rice@ryza satival)

lines

1.4 Research Hypothesis

I Majority of the rice irrigation schemes of Kilosa District are saline.

. There are no differences in genotypes growth iesponse to soil salinity under
field condition.

ii.  Salinty tolerance is a polygenic trait; therefore there is no paternal effect on

heritability of salt tolerance.
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CHAPTER TWO

SALINITY STRESS EFFECTS ON SOME MORPHGPHYSIOLOGICAL TRAITS

OF SELECTED RICE (Oryza sativaL..) GENOTYPES

Abstract

A study was conducted to evaluate the responses of selected rice genfooype&RRI

and the AfricaRice Centeat various levels of salinity to idéfy parental materials for
breeding purposes. The evaluation was done at the seedling stage in the Department of
Crop Science andHorticultureof the Sokoine University of Agriculture, during November

and December 2015Eight rice genotypes were evaludtat threelevels of NaCl
concentrations (0 mM NaCL, 50 mM NaCl and 100 mM NacCl). Salt injury was scored on

a 19 scale based on seedling growth characteristics following the modified Standard
Evaluation ScordSES) of the International Rice Research togti The percent relative
reduction (% RR), salinity tolerance index (STI) and salinity susceptibility index (SSI)
were used to rank genotypes as tolerant or susceptible. On the basis of SES, phenotypic
observation threeindices (SSI, STI and %RR), dryatter (DM) reduction, three rice
genotypes (FL 478, IRRI 128, IR6519B-20-3,) were identified as salt tolerant; IRRI

113 and IRRI 112 were moderately tolerant whildAKOKO-10, NERICAL-19 and

IRRI 124 werehighly susceptible to salinityFl 478and IR61924B-10-3 showed higher
tolerance to salinity than other tolerant parent aadthereforeselected as donor parent;
similarly, SUAKOKO-10 and NERICAL-19 were selected as recurrent parents to be used

in a breeding program because of thegh susceptiility and diverse genetic bases.
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2.0 INTRODUCTION

There is wide range of variatiomsnong cerealfor salt tolerance, and rice has shown to

be the most sensitive cereal to salinity and barley the most tolerant cereal (Munns and
Tester, 2008; and Karaet al., 2012). Globally, rice is one of the most important crops,
but it is seriously affected by soil salinity. Rice responds to salt stress by minimizing
influx, maintaining efflux, and translocation and compartmentalizing potentially toxic ions

such afNa" and Cl (Tester and Davenport, 2003; Kadral, 2006; Anilet al, 2007).

Soil salinization has become one of the major environmental problems affecting plant
growth and productivity worldwide (Allakhverdieat al, 2000). Salinity affects plantsy
inducing water deficit in plants even in well watered soils by decreasing the osmotic
potential of soil solutes which makes it difficult for roots to take up water from the soil
(Sairamet al, 2002). Salinity can affect crop by either caugitent deah or decreasing

the productivity of the crop (Pariad al, 2004).

Salt stress can lead to a considerable decrease in the fresh and dry weights of leaves,
stems, tillers, fertile tillers and roots of susceptible genotypes (Chartzoulakis and Klapaki,
2000). In susceptible plants, high sodium and chlorine ions concentration in soil compete
with the uptake of essential nutrients, especially IKading to K deficiency. Inducing

salinity environment in soil by using NaGhcreass the concentration of Naand Cl

level in soil and subsequently increases thbsorptionby susceptible plants. Thus, high
concentration of Naand Cl in plant affects th@bsorptionof C&*, Mg®*, and K by the

plants (Khanet al, 1999). Aliet al (2014 and Mohammadet d. (2015) conducted

similar experiments using the hydroponic system and cultural medium respectively.

Salinity stress limits the caloric and the nutritional potentiabgdficultural production
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(Keshtehgaret al, 2013) Therefore, the objective of thisusty was to identifyparental

materials tdbe usedn breedingorograms.

2.1 Materials and Methods

The soil used for the experiment was analyzed before and after the experiment to establish
the extent of NaCl concentration in soil as result of irrigatleour soil samples were
randomly collected. The samples weigout ¥deg of Dil sample at a depth of80 cm,
compositedand a sutsample was collected through a quartering systdrafinal sample

was air dried, ground argleved through 2 mm mesh aren the pH, ECe, Na, K, Ca and

Mg contents were determined. Soil pH was determined using the pH reader (Hanna
Instrument pH Meter, Model Hi 9032) in a 1: 2.5 soil water ratio. Electrical conductivity
was determined by the portable electrical conductivitgten (Hanna Instrument
Conductivity Meter, Model Hi 9032) in 1:2.5 soil water ratios (Jackson, 1973). Available
potassium and sodium were determined using the ammonium acetate extraction method.
Soil Ca and Mg avalilability were determined using the stgdrpaste extraction method.

The exchangeable sodium percentage (ESP) was determined using the following equation:
ESP =0.94+1.119SAR

While SAR was determined using the following equation:

Na"
JCa + MO /2 i f oh h h h h h hhhAhAh Al dddddd &

SAR=

Organic carbon (OC) was determined using the WalBlegk wet digestion method and

was expressed in percentage (Allison, 1965).

Eight parent rice varieties with diverse gendtackground were evaluated in the screen
house to validate their tolerance to soil salinity and select varieties for a breeding program.

Six of the parent materials were ordered from IRRI two from the AfricaRice Centre. The
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materials from IRRI were recdymant inbred lines developed for salinity tolerance and
the materials from AfricaRice Center had no prior information on their responses to
salinity (Table2.1). SuakokelO is an improvedarietywhich was released for cultivation

in newly developed swampin Liberia during the wet season by IITA in 1979 at the
Liberiads Centr al Experi ment Steaalileag). at
Additionally, NERICAL-19 is a high yieldingadapted lowland rice variety imost of
West African countriesard in the lowlands ecosystem, NERIEA19 has been reported

to toleraterion toxicity (AfricaRice, 2010), (Table 2.1).

Table 21: Genotypes classification and origin

Genotypes Institution of origin Classification of genotypes
FL478 IRRI Salinity

IR651924B-10-3 IRRI Salinity

IRRI 112 IRRI Salinity

IRRI 113 IRRI Salinity

IRRI 124 IRRI Salinity

IRRI 128 IRRI Salinity

SUAKOKO-10 AfricaRice -

NERICA-L-19 AfricaRice

These materialswere tested at different NaCl concenwat at the seedling stage under
controlled conditions in a screen house at the Sokoine Uniyefsigriculture (SUA in
2015. The IRRI standard protocol (Gregoriet al, 1997) was used to evaluatalts

tolerance of rice genotypes (Table 2.2).

Table 22: Modified standard evaluation score (SES) of visual salt injury at seedling

stage
Scores Observation Tolerance
1 Normal growth on leaf symptoms Highly tolerant

3 Nearly normal growth, but leaf tips or few leaves whitish aiéd Tolerant
5 Growth severely retarded; most leaves rolled; only a few are ~ Moderately
elongating tolerant

7 Complete cessation of growth; most leaves dry; some plants dy Susceptible
9 Almost all plants dead or dying Highly susceptible

Source:Gregorioet al.,1997 IRRI



21

The rice genotypes were grown under three concentrations of salinity stress namely 100
mM NaCl, 50 mM NaCl and 0 mM NaCl using a randomized complete block design
arranged in factorial with 3 replications. Prior to planting, seedre germinated in glass
petridishes and three seedlings transplanted per pot (with dimension, 18 x 19 cm)
containing 1.7 kg of homogeneous mixture of planting medium including soil, farm yard
manure and rice husk in the ratio of 6:2:10. Seedlings watered with distilled water

for 21 days after transplanting and once every week up to 43 days after transplanting for
data collection. Salinity treatments were applied 21 days after transplanting. The control
pots were irrigated with distilled water onseeklyuntil 22 days after the salinitinduced

treatments were applied.

Plant height was measured from the base of the plant (top of the soil) to the tip of the
tallest leaf after 22 days of salinity applicatiétants were then removed from peairsd
theroots of each lant were washed with tap wateinsed with distilled waterplotted and

dried using blotting paper and the roots and shoots were separated. All the plant samples
(whole plant) were dried at AT for 48 hours in an oven to a constargight and dry

weight (g plant) was determined.Dried shoas and roos were weighed and ground to
powder, wherda, Md¢*, C&, K" and K/Na" were determined using the ashing method

at a temperature of 53C to 600°C. Sodium (N8 and K contentgcmolg® dry weight)

of shoots and roots were determined from a 0.5g dried digested sample using a flame

photometer.

The percent relative reduction (RR %) of morphological traits was calculated as:
[RR% = I (BMs/BMcl), (Mohammadetal , 2014) ] éé é e&&é&é&é (2
Where: BMs=biomas under salinity; BMc=biomassunder control

The Salinity susceptibility index (SSI) was determined as,
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A (1

SSI=

Where Ys and Yns are the mean biomass of a given genotygasine and nosaline

conditions respectively, and Sl was the salinity intensity index, calculated as

/////////////////////////////

1- X
Sl = Eééééééééééééeééeéeéeécééeéeecéée.®
N

Where: X% and Xy, are the means of all genotypes under salinity stressed and non
stressed mvironments respectively (Farid and Ali, 2012). The SSI as an index provides an
assessment of the relative performance of a given entry with regard to the mean
performance of all the genotypes Fischer and Maurer (1&d@inity tolerance index
(STI) was alculated as total dry weight of plant obtained from different salt treatments

concentrations compared to total plant dry weight obtained from control.

TDWSX, s mms 4 2 2 2 2 24 24 4 4 2 2 2 2 2 24 2 2 24 2 2 4 2 2 2 2
STI:TDW)_S(looeeeeeeeeeeeeeeeeeee..eeeeeee.(5)
Si

Where; TDW=total dry weight, Si =control treagmt, Sx= salt level treatment (Seydi,

2003).

Data obtained were subjected to analysis of variance using the Genstat Statistical Package
14" edition (Goedhart and Thissen, 2011). Treatment means were compared using Tukey

Honestly Significant Test (HSD).

2.2 Results and Discussion

2.2.1 Soil characteristics as determined during the experiment

The chemical and physical properties of the soil were analyzed before and after the
experiment and the results are presented in Tabhksnd 2.4. The initial electical
conductivity (ECe) of the soil wak4 dsnT and the pH was 7.5. All exchangeable cations

recorded low values. Similarly, the sodium adsorption ratio (SAR) and exchangeable
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sodium percentage (ESP) of the soil were low (0.9 and 0.1 % respectivéeihyg initial

soil sample. Increased NaCl concentration influenced the properties of the initial samples
as well as the SAR and ESP values. The final ECe, SAR, ESP and exchangealde cation
were all influenced by increas&hCl concentration at the end of teperiment, but soll

pH decreased with increase in NaCl concentration (T2d&). The soil N& increased

with increase in NaCl concentration. This was the result of accumulated effect over time
(KhajehHosseiniet al.,2003; Farhoudet al.,2007). Potasium, Magnesium and Calcium

also increaseTable 2.4a) Soil texture did not change in the final analystarmyard

manure is a valuable source of organic matter, nitrogen, phosphorus, potassium, and some
micronutrients (Berryet al., 2003) by its additin to soil, it also gradually improves the

soil macronutrient status (Rezg al., 2013).

The useof irrigating water containing Na and Cl for crop production creates losigrm

changes on the soil properties that eventually lead to the serious @mbaificy the soil

fertility. Alobaidy et al. (2010) reported that the use of irrigation water with a high Na
concentration causes high accumulation of exchangeableaNaound soi | p a
Excess sodium on adsorption site is hazardous to plant datth affects the growth and

yield of crops. Darwistet al.( 2 0 0 9) also stated that Aal mc

physiology andnorphologyi s af fected by soil salinityo.

Table 23a: Initial chemical properties of soil

Exchangeable
cations:cmolkg®

ocC ESP Na'/K*
Soil sample Ece pH c& Mg®” K* Na' (%) SAR (%) ratio

Original soil sample 0.4 7.5 115 95 102 98 51 302 4.3 0.9
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Table 2.3b: Initial physical properties of soil

% Particle size distribution

Soil sample Silt Sand Clay Textural class

Original soil sample 10.9 54.2 34.8 Sand clay loam

Table 24a: Final chemical properties of soil

Exchangeable cations:cmolkg

oC ESP Na'/K*
Treatments Ece pH Ca?* Mg?* K* Na' (%) SAR (%) ratio

100mM NaCl 5.7 7.1 215 112 1248 31.1 33 7.7 96 2.5
50mM NaCl 3.6 7.1 193 10.7 1263 248 32 64 8.1 1.9
OmM NaCl 0.7 7.1 219 108 12.69 109 34 2.7 4 0.9

Table 24b: Final physical properties of soil

% Particle size distribution

Treatments Silt Sand Clay Textural Class

100mM NacCl 16.9 66.9 16.1 Sandy clay loam
50mM NacCl 12.7 67.9 19.3 Sandy clay loam
OmM NaCl 14.7 69.2 16.1 Sandy clay loam

2.3 Ranking of Rice Genotypes on the Basis Of Salt Injunat the Seedling Stage

The salinity tolerance scores calculated for the eight rice genotypes are shownid.Fig

All the eight rice genotypes grew healthily in the nsalinized condition. In salinized
condition, the genotypes showed nearly normal graatttower NaCl concentration (50

mM NacCl) from score 3 to 4.5. However, at higher NaCl concentration (100 mM NacCl)
there was a wide range of phenotypic variations from score 3 (Nearly normal growth) to 7
(Complete cessation of growth) as shown in. Bi@. The most salinity tolerant genotypes
based on the SES scores were FL478, IRRI128, IR68BIP0-3 and IRRI 112; while the
salinity susceptible genotypes based on SES scores were SUdkdkBRICALL9, IRRI

124 and IRRI 113. Islamat al. (2007) made a siilar observation on a wide variation in

phenotypes from tolerant (score 3) to highly susceptible (score 9) rice lines using modified
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SES of IRRI standard protocol. The susceptible genotypes were more stressed under saline

condition than tolerant genotypes.

Effects of salinity rice genotypes

Salinity tolerance score

m 50m M NacCl

ORr NWBWULMON OW

B 100m MNacCl

Rice genotypes

Figure 2.1: Modified standard evaluation score (SES) of visual salt injury at seedling
stage

Note: 1= normal growth (highly tolerant) and 9 = all palnts completely dead (highly

susceptible).

2.4 RelationshipamongVarious M orpho-physiological Traits of Rice Genotypes

The salinity tolerance scores had significant negative correlation with the entireomorph
physiological traits investigated which includes plant height, SDW, RDW and root shoot
ratio) as shown in Tabl25. The traitsshoot dry weight (SDW) and root dry weight
(RDW), plant height and root/shoot ratio showeidhly significant positive correlation

with other traitsexcept SES score, which showed negative correlationaMitither traits
investigated The irverse correlation between scores and the other traits might have been
the result of the inhibiting effects of salinity on roots and shoots elongations which
probably led to the reduction in water uptake by the plant and subsequently reduces plant

height al dry matter accumulation (Werner and Finkelstein, 1995). Magtuah(2005)
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reported that the adverse effects of salinity stress on two grasses studied were more
obvious on shoot than the root growth. Jamil and Rha (2007) observed a decrease in shoot

length, root lengths and dry weights with increasing salt stress.

Table 25: ThePear sonds correl at i ophysologedl fraitscof e nt s

rice genotypes

Plant height RDW SDW root /shoot ratio
Plant height
RDW 0.89**
SDW 0.56** 0.81**
Root/Shoot Ratio 0.98** 0.88** 0.54**
SES scores -0.81** -0.82** -0.64** -0.81**

Note: RDW—roots dry weights; SDW shoots dry weights
** Correlation was significant at the p < 0.01.

2.5 Ranking of Rice Gemtypes Based Salinity Indices

Rice genotypes were ranked on the basis of their tolerance, susceptibility and the percent
reduction in morphghysiological traits bserved under salt stress. Tldationships of

the percent relative reduction in root dryigigs (RDW), shoot dry weight (SDW), reot

shoot ratio and plant height under saline condition (100 mM NaCl) to the salinity index
(SI) are shown in FigR.2 (ad). A strong relationship was observed between the mean root
dry weight and SSI as shown kig. 2.2 @); the shoot dry weight and SSIkig. 2.2 (b)

also showed a strong relationship. There were also strong relationships betwesoobot

ratio and SSI as well as mean plant height and SSIZFRg and d).

The coefficient of determination shwes that 88.7 % of variation in relative root dry
weight can be attributed to salinity index and 85.3 % of variation relative shoot dry weight
can also be attributed to salinity index. In the case of relative sbobt ratio and relative

plant height, shas that 69.9% and 68.6% of the variation in rebbot ratio and plant
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height can be explained by SSI respectively. In this study, the differences among the
genotypes with increase in salinity level were much obvious as indicated by the reduction
in morphephysiological traits and the results of the various salinity indices (T&bes

and 2.6, and Fig 2.2). Reduction in dry matter accumulation is directly proportional to
increased salinity levels (Tsuda and Hirai, 200f)e results of this study are slari to

those reported by Majkowsla al (2008). These results aat¢soin line with the report of

Masoodetal.( 2005) who suggested that dAsalt stre

On the basis of tolerance and susceptibility indices (Tdb&and 2.7), four genotypes

were selected as tolerant 8, IRRF128, IR651924B-10-3 and IRR#112), while the
remaining four were considered susceptible to salinity stress (NERIC® SuakokelO,
IRRI113 and IRRI 124). The roots of plants were in direct contath the growth media
containing toxic salts that might have retarded the root development, shoot elongation and
dry matter accumulation. The results of this study agree with Syvestsdn(2000) and
Kasukabeet al (2006) who reported that under sdtly condition, CQ assimilation of

plant which is a major energy source for growth and development becomes decreased. In
addition, Vasqueet al (2006) reported that reduction in root length was caused by the
decrease in biomass which was observed usdkrstressThere was alecrease in root

length and root dry weight with increase in salinity in the present study
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Figure 2.2: (a-d). Effects of salinity on growth and plant characteristics

Table 26: Salinity Tolerance Index at 100mMNacCI concentration

Genotypes plant SDW RDW R/S Ratio Mean of Tolerance
height tolerance
index value

FL-478 61.55 0.65 0.46 0.61 15.82 T
IRRI-128 57.93 0.66 0.33 0.57 14.87 T
IR651924B-10-3 55.29 0.75 0.37 0.50 14.23 T
IRRI-112 52.78 0.68 0.36 0.52 13.59 MT
IRRI-113 50.13 0.50 0.25 0.50 12.84 MS
IRRI-124 4570 0.45 0.21 0.45 11.70 S
NERICA-1-19 4485 0.59 0.26 0.44 11.53 S
SUAKOKO-10 4216 0.44 0.26 0.42 10.82 HS

Note: RDW=Root dry weight; SDW = Shoot dry weight; R/S = R&bioot ratio; higher
means indicate tolerance and lower means indicate susceptMuiain of tolerance index
value br genotype was calculated as the average of all indices calculated for the

morphological traits of each rice genotype.
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Table 2.7: Salinity susceptibility index for physiological parameters (SSI)

Genotypes Ela_mt RDW SDW Ro_o t/shoot Mean Tolerance
eight ratio
FL-478 0.79 0.79 0.80 0.78 0.79 T
IR651924B-10-3 0.92 092 0.57 1.00 0.85 T
IRRI-112 0.97 093 0.73 0.96 0.90 T
IRRI-113 1.02 1.11  1.15 1.01 1.07 S
IRRI-124 1.11 1.17 1.27 1.10 1.16 S
IRRI-128 0.86 0.98 0.79 0.85 0.87 T
NERICA-L-19 1.13 1.09 0.95 1.12 1.07 S
SUAKOKO-10 1.18 1.08 1.30 1.17 1.18 S

Note: The higher the mean the susceptible the genotype at 100 mMNaCI; genotypes which
scored below 1.0 were considered tolerant and those which scored above 1.0 were

considerd susceptible.

2.6 Conclusions and Recommendations

2.6.1 Conclusions

The results of this study show that there weegiationsin the performance of rice
genotypes at the different levels of NaCl concentration used during the study. Salinity
stress affeed all Morphephysiological traits of rice getypeswherey threeof the rice
genotypes from IRRI (FL 478, IRRI 128 and IR659R-10-3) were salinity tolerant and
one (IRRI 112) was moderately tolerdatsalinity stress. At the same timeNERICA-L-
19 and SUAKOKG-10 from AfricaRice and two of the genotypes from IRRImely,
IRRI 113 and IRRI124) were susceptible to salinity stress respectiitly.these results,
therefore NERICA-L-19 and SUAKOKQ10 were selected asisceptiblgparents and two
of the iice genotypes from IRRI (FU78 and IR65192b-10-3) were selected aslerant

parents to be used in a breeding program.

2.6.2 Recommendation
1. The selected rice genotypes need to be further assessed by using molecular means to

confirm the presence tifie gene for tolerancedltol).
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2. The improvement of the selected susceptible cultivars should be done by the aid of a

marker assisted selection in order to select the best genotypes
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CHAPTER THREE

EVALUATION OF THE RESPONSES OF EIGHT RICE (Oryza satival.)
GENOTYPES TO VARIOUS CONCENTRATIONS OF NaClIN A CONTROLLED

ENVIRONMENT

Abstract

Salinity is an ever increasing problem that reducgield in many rice fields around the
world. Developing a salt tolerant genotype is one of the solutions to the problem of
salinity. This experiment was carried out in the Department of Crop Science and
Horticulture at SUA to assess the salinity tolerance ride8(Oryza sativa L) genotypes at

the seedling stagéon accumulation in plantnd dry matter conteationg with Molecular
markerswere used to evaluate the tolerance of each rice genofyipe genotypes were
IRRI 112 IRRI 124, FL 478, IRRI 113, IRE8.24B-10-3, IRRI 128, NERICAL-19 and
SUAKOKO-10. In this experiment, the genotypes were exposed to three salinity levels in
a randomized complete block design arranged in factorial with three replications. The
salinity levels were 100 mMNaCl, 50 mM NaCland 0 mM NaCl. A homogenous
mixture of sand, farm yard manure and rice husk (ratio of 6:2:10 respectively) as the
planting medium for all rice genotypes. The soil texture was sandyiaday. The growth

of the gnotypesjon accumulatiorand dry matterant ent s wer e signi f i
affected by increase in NaCl concentration. T®altol SSR markers (RM7075 and
RM562) were used to determine the presence of salinity toleraatiel)( gene in rice
genotypes. Based on the SSR markins accumulatbn and dry weight of plants, two
genotypes IR651924B-10-3, and IRRI112)along with FL478were selected assalt
tolerant while two (IRRI-113 and IRRiI128) were moderately tolerant, and three
(NERICA-19, SUAKOKG10 and IRRi124) were the most susceptiblegenotypes

Thereforetwo susceptible and twiolerantparents were selected.
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3.0 INTRODUCTION

Rice Oryza satival.) is one of the most important crops used as a source of food in the
world, and it accounts for more than 21% of the calorific intakéslofe wor | dds po
(Ma etal., 2007 and Melissat al., 2009). Most of the people in rice producing areas of
Asia, Africa and South America stilllepend on rice for their daily caloric intake
(Surridge, 2004; Josept al.,2010). Rice has being chatarized as a salt sensitive crop,

but there is variation in the extent of its sensitivity. It is known that rice is tolerant to
salinity stress during germination and active tillering, whereas it displays more sensitivity

during early vegetative and replactive stages (Luttst al, 1995; Zhwet al,, 2001).

Screening of rice genotypes for salt tolerance at seedling stage is readily acceptable as it is
based on a simple criterion of selection, and it also provides rapid screening which is
difficult at thevegetative and reproductive stages (Gregetial, 1997).Screening of rice
genotypes using theonventional methods very difficult because of the large effects of

the environment and low narrow sense heritability of salt tolerance (Gregorio, b@87)

the introduction of DNA markers seems to be the best technique for efficient evaluation
and selection of plant materiaBlfowmik et al, 2009). Recent progress and technical
advances in DNA marker technology permit reduction of time and accuracy of the
breeding program where pronounced effects of environment lead to poor selection

efficiency Sultanaetal., 2009).

When NaCl is used for screening for salt tolerance staium Na’) and chloride ios

(CI") dissociate from NaCl salts and contaminatesthié medium, because these ions are
well known as the toxic ions which damage plant cells in both ionic and osmotic effects.
Plant growth and development are directly restrained by theses ions whidh gradvth

reduction anglant deat (Lauchli and Gattan, 2007). Sodium and chlorine ions have the
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ability to restrict the uptake of other essential plant nutrients such as potassium,

magnesium and calcium.

Potassium is an essential nutrient that plays/ery importantrole in growth and
development of flants. It is actively involved in different cellular and physiological
processes including osmotic adjustment, stomata reguladioa catiorranion balance
(Marschner, 2012). Regulation of'#la” homoeostasis within cells is an important
indicator of salttolerance in plants (Zhi2003; Siddiquiet al, 2008, 2009). Calcium is
another essential element that helps in maintaining structural and functional integrity of
membranes, stabilization of cell wall and regulation of ion homeostasis @rahj201Q
Morganet al, 2014). These two elemeniBotassium and calciungeem to be readily
displaced from binding sites by sodium and chloride,itimsrefore affecting plant growth
Maintaining sufficient concentrations of K and Ca in saline soil helps plants
overcoming specific ion toxicities, particularly in susceptible plants, which are more prone
to salt damage (Grattand Grieve, 1999). Also, Kand Md* have been reported to play

an important role in enzyme activation (Barker and Pilhe2007). Therole of Md¢*

under salt stress h&gen variable. For instance, Kgncreases in rice callus (Ahmad

al., 2009) and decreasessoybean callus (Liu and Stad@001).

In order tobe able toadequatelyaddressthe problem of soil salinization, theeigetic
variability of the available genotype needs to be exploited for the identification of tolerant
genotype that may sustain a reasonable yield on salt affected soil (&slaiaf2006).

The microsatellite marker or Simple Sequence Repeat (3aR)been proved to be
ideal for making genetic maps l@is), 2004; Niones, 2004) analssisting in genotype
selection (Bhuiyan, 2005)The SSR marker analysis is a promising mean of identifying

genes loci for salt tolerance that can be helpful folant breeders in the development of
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new cultivars. Therefore the objective of this study was to assess the salinity tolerance of
8 rice Oryza sativa L) genotypes at the seedling stage using molecular markers,

physiologicaltraitsandion accumulatio.

3.1 Materials and Methods

Eight rice genotypes (six from IRRI and two frofrfricaRice) were tested at different

levels ofNaCl concentrations at the seedling stage the screen housa the Sokoine
University of Agriculturein 2015 (Table 4.1). IRI standard protocol (Gregoriet al,

1997) was used to assess the tolerance of the rice genotypes to salinity conditions Table
2.2. Two SSR markers, RM7075 and RM562, which have also been used for salinity

tolerance screening, were usedssess the telance of the rice genotypes

The rice genotypes were grown under three conditions of salinity stress using a
randomized complete block design with factorial arrangement. The concentrations of NaCl
in the irrigation water used were 100 mM NaCl, 50 mM Na@d 0 mM NaCl
respectively. Prior to planting of the genotypes, seeds were germinated and three seedlings
sown per pot containing 1.7 kg of homogeneous mixture of planting medium including
soil, farm yard manure and rice husk in the ratio 6:2:10. Tedlisgs were well watered

with distilled water for a period of 21 days after sowing and then the salinity treatments
were applied. The control pots were irrigated with distilled water up to the endtaf d

collection which was done 48ys

Plantswere renoved from pots 22 days after the application of salinity stress; each plant
roots were washed with tap water and rinsed with distilled water. The roots were then
blotted dry using blotting paper and then were separated from the shoot using scissors.

Datawere collectedn roots and shoots dry weighfll the plant samples were dried at
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70 °C for 48 hoursin an oven to a constant weight and dry weight (g Plamias
determined. After drying, shoots and roots were weighed on an electronic beam balance
and then ground to powder. The NaC&*, Mg*, K* and K/Na" were determined.
Sodium (N&) C&* Mg?* and K contents (cmol § dry weight) of shoot and root were

determined from a 0.5g dried digested sample using a flame photometer.

3.2 Statistical Analyss

Data collectedn dry weightandion accumulatiorwere subjectetb two-way analysis of
variance for a factorial arrangement in randomized complete block design using the
genstat statistical package™ddition (Goedhart and Thissen, 2011). Treatnfemtuced

salinity) meansvere compared using Tukey honestly significant test (HSD).

3.3 DNA Extraction and Amplification of Microsatellite Markers

Genomic DNA was isolated from leaves of tweek old plants based on the DNA
isolation protocol of Egniret al. (1998). Two selected DNA primers [RM7075 (Bhowmik
et al, 2009); and RM562Rajendraret al.,2012)] were used for this study. Amplified
microsatellite loci were analyzed for polymorphism using 1.5 % Agarose Gel
Electrophoresis and the result revealbat the two primerdRM7075 and RM562)

detected clear polymorphism among the rice genotypes analyzed.

Each PCR reaction was carried out with 21.0 pl reaction mixtures containing DNA
premix, 20 pl of primer master mix and 1.0 pl of each template DNApg&arRCR profile

was maintained as initial denaturation at°@for 3 minutes, followed by 33 cycles of
denaturation at 94C for 30 seconds, annealing at-65 °C for 30 seconds, and
polymerization at 72C for 1 minute; and final extension by 5 minuéés2°C. A 100 bp

DNA ladder was used to determine the band location of the DNA sample.
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3.4 Results and Discussion

3.4.1 Screening of salt tolerancby SSRmarkers

Thebanding pattern of the genotypes was scdngdomparing the banding pattern of++L

478. The genotype that showed similar banding pattern like FL 478, were considered as
tolerant and those with different banding pattern were considered susceptible. The selected
recurrent parents (NERIGA-19 and SUAKOKQG10) showed banding patterns differen

from that of FL-478 and two of the genotypes from IRRI showed similar banding patterns
like FL-478 and were therefore toleraftwo of the tolerant genotypéR659124B-10-3

and FL478 which also had lower percent reductiondig weight and lower Na
acamulation undesaline conditions were selected as the donor parents to be used in the

breeding program.

The RM7075 marker identified five tolerant genotypes namely-1RR IRRF113, IRR}
128, IR651924B-10-3, FL-478, while three genotypes, IRRP4, NERICA-L-19 and
SUAKOKO-10 were found to be susceptible (F&j1). Theseesults werdollowed by a
breeding scheme as shown(Fig. 5.1). A field survey in chapter four aided in identifying

an ideal site for the field evaluation of the new genotypesldped in chapter five.

RM 7075

| 2 3 4 5 6 7 8

Figure 3.1: Gel images of the foreground selection of donor and recurrent parents
using salt tolerance markers RM 7075(A), and RM 562 (B).1. IRRI
112 2.IRRI 124; 3. FL 478; 4.IRRI 113; 5. IR659124B-10-3; 6. IRRI
128 7.NERICA-L-19; 8. SUAKOKO -10.

Note: The bands of interest are indicated by the arrows.
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The marker RM 562 identified five tolerant genotypes namely IRRI 112, IRGSBIAD-

3, FL478, IRRI 128 and NEICA-L-19, and three susceptible genotypes; SUAKOKD

IRRI 113 and IRRI 124Fig. 3.1). The markers showed a clear relationship with the salt
tolerance alleles in the rice genotyp&kis shows that mlecular markers are capable of
identifying alleles tht are associated with key phenotypic traits @fual, 2004).For
example,Nguyenet al (2001) found that microsatellite marker was associated with NaCl
tolerant alleles at seedling stage in a crop population and similar results were also reported

by Lang et al (2000).

3.4.2 Evaluatingthe effects of salinity on dry weightof rice genotypes

Table 3.1 presents thanean square valuesf dry matterweight of 8 rice genotypes.
Significant differences were observed among genotypes after thieatipp of wlinity
treatmentsNaCl concentration effects were significant at (p<0.01). The variety x NaCl
concentration interaction was highdygnificant ¢ < 0.05)for rooti shoot ratio. In terms

of the root dry weight and the shoot dry weight, there were nafis@gmt differences.
There were decrease in shoot and root dry weights with increase in NaCl conceagation
shown in Appendix 15The decrease of shoot and root dry weight might have been due to
a reduction in turgor which resulted in lower water ptééin plant or a disturbance in
mineral supply to root and shoot. These results are similar to the findings ofeflaim

(2004); and Mahmoosdt al (2009).

Table 31: Mean square (ANOVA) of rice genotypes under salt stress

Salinity levels 2 0.857** 746** 0.874*
Variety 7 0.220** 189.3* 0.044**
Salinity levels x Variety 14 0.013° 28.22% 0.003°®

** = gignificant at (1%)

ns = no significant difference

Note: SDW-shoot dry veight; RDWroot dry weightplant height (cm) and dry weight
(grams).
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3.61lon Accumulation in Rice Genotypes

The mean square effects of NaCl on the ion accumulation in the 8 rice genotypes are
presented in Table 3.2 and Appendix Téere were significan(P < 0.01) differences
observed inon accumulationin all the genotypeatfter the application oNaCl. Sodium
chlorideconcentration had significant (P < 0.01) effects@maccumulationThe variety

x NaCl concentrations interactions were highly sigaifit (p < 0.05) foaccumulated ions

in all the genotypesOne ofthe mechanismsef salt tolerant plant under high salinity
conditions is to accrue and partition Na the older leaves, but sensitiviee genotypes
arenot able to do this successfully (Mios and Tester2008). As a result of high salt
concentration, thery weights of the susceptible genotypes weegerely affected in the
saline environmentsThe effects on dry weights of rice genotypes were probdindto

high salinity caused by incsedsodiumconcentration angdubsequenincrease in the
absorption okodium in plantsThe current study observed a higbtassiunmsodium ratio

in the shoots of tolerantice genotypesThis might have been due to the ability of the
tolerant rice genotys to absorb more potassium than sodium in shoots or
compartmentalize the sodium ion in the leaves as opposed to the susceptible genotypes.
Potassium is considered an essential element in plant growth under saline conditions,
because of its role in osnAregulation and stress mitigation in saline environments

(Cakmak, 2010).

Table 32: Means square values oNaCl effect on nutrients uptakein rice genotypes

SKS  pca?* RK* RMg® RNa® SC& SMg

Sources of df sK* S N&

variation Na"

Salinity

levels 2 0.06** 1.7 0.96* 0.36** 1.5 0.001* 1.1** 0.03* 0.04**
Variety 7 0.20* 0.07** 0.09** 0.04** 0.12** 0.01* 0.04** 0.02** 0.04**
Salinity

level x 1

Variety 4 0.16* 0.04* 0.07** 0.11** 0.05** 0.004** 0.04** 0.02** 0.01**

** = gignificant at (1%)
Note: SK-patassium on shoot; SNaodium in shoot; SG&calcium in shoot; SM-

magnesium in shoot; R&acalcium in root; RK-Potassium in root; RMg-magnesium in

root; RNd-sodium in root; SK/SNa-sodium potassium ratio in shioo
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3.7Ranking of Rice GenotypedBased onSalinity Tolerance

Results show that the differencis performanceamong the genotypes at high salinity
level were muctobvious Tables 33 and 34). High salinity level adversely influenced the
performances athe rice genotypes. It was clear that increasing salinity level from OmM
NaCl to 100 mM NaCl resulted in significant reductions in pldiryt weight (oot dry
weight, shoot dry weighand root and shoot ratio). However, the maximum reduction was
obtainedat 100 mM, the highest NaCl concentratiapplied. Reduction in dry matter
accumulatiorwasdirect by proportion to increased salinity levels. The result of this study
agrees with results reported by Majkowsks al. (2008). High salinity might have
inhibited the root and shoot elongation due to the slowing down of the atzerption by

the plant as reported by (Jeannedtel., 2002). Saget al (1997) observed thasalinity

stress adverselgffected shoot more than the root growth and Jaanidl Rha @007)
reported that the shoot length, root lengths and the dry matter weight of radish plants were
decreased with increase in salinity stress. This result is also in agreement with previous
reports by Masooet al. (2005) which suggested that salt stresguced the biomass of

rice. Essa (2002) reported that shoot dry weight was more sensitive to salinity than root
dry weight. The #fects of NaCl onon accumulation irice root and shoot undsaline

conditionare presented in Appendixes 11 & 12.

Table 3.3: Percent reduction in physiological traits of rice genotypes

Genotypes Plant height RDW SDW Root/shoot ratio

50mM 100mM 100mM  50mM 100mM 50mM  100mM Mean of Tolerance

NacCl NaCl 50Mm NaCl NaCl NaCl NaCl NaCl tralts

Na

FL-478 31.2 38.4 42.9 53.6 25.1 41 31.2 38.4 429
IR651924B-10103 38.1 44.7 51.4 62.5 20.8 24.5 38.1 49.5 45.3
IRR-112 40 47.2 42.2 63.2 4.1 31.3 40 47.2 47.2
IRRI-113 39.6 49.8 49.7 74.9 16.8 49.6 39.6 49.8 56.0 MT
IRRI-124 47.7 54.2 60.6 79 25.7 54.7 47.7 54.2 60.5 S
IRRI-128 39.2 421 475 66.2 30.3 53.2 39.2 42.1 50.9 MT
NERICAL-L-19 40.7 55.2 47.4 73.4 11.2 40.8 40.7 55.1 56.1 S
SU AKOKO-10 46 57.8 58.9 73.1 23.1 55.9 46.6 57.8 61.2 S

Note: RDW = root dry weight; SDW = shoot dry weigpiant height (cm) and dry weight
(grams).



Table 34: Effects ofNaCl concentrationson dry matter weight of eight rice genotypes

RDW SDW Root/Shoot Ratio
OomM 50mM 100mM OmM 50 mM 100mM  OmM 50mM  100mM
Genotypes NaCl NaCl NaCl NaCl NaCl NaCl NaCl NaCl NaCl
FL478 0.65J 0.37¢h  0.30af 1.19d 0.90bd 0.71ac 68.600 47.20k 42.2
IR651924B-10-3 0.56hj 0.27af 0.21ae 0.90bd 0.71ad 0.68ad 61.601 38.10h 31.10c
IRRI-112 0.57hj 0.33cg 0.21ae 0.94cd 0.90bd 0.64ad 6130l 36.70g 32.30d
IRRI-113 0.61ijj 0.31laf 0.15ac 0.88bd 0.73ad 0.44ac 69.60p 42.00] 34.90f
IRRI-124 0.45¢#) 0.18af 0.09a 0.72ad 0.54ac  0.33ab 63.60m 33.20e 29.10b
IRRI-128 0.52gj 0.27af 0.18ad 0.99cd 0.69ad 0.46ac 66.30n 40.20i 38.40h
NERICA-L-19 0.61ijj 0.32bg 0.16ad 0.78ad 0.69ad 0.46ac 78.90q 46.70k  35.40f
SUAKOKO-10 0.39ei 0.16ad 0.11ab 0.6lac 0.47ac 0.27a 66.00n 35.20a 27.80f
Salinity level (s.e.) 0.02 0.05 0.06
Genotpe (s.e.d) 0.03 0.09 0.1
Salinity x Genotype (s.e.d) 0.06 0.15 0.17

Tukey(®O 0. 05) ;

Note: RDW = root dry weight; SDW = shoot dry weight; plant height (cm) and dry weight (grams).

4%
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3.8 Conclusions and Recommendations

3.8.1 Conclusion

Salt stress induced changes in ion accumulation in rice andnditer atthe seedling
stage. Th variations in ion accumulation and dry matiegight ofrice genotypesclearly
distinguished the tolerant from susceptible genotypes. The maximum variation was

realized when NaCl concentration was increased tarid0

Additionally, there were differems among the genotypes in terms of sodium and
potassiumabsorptionand the molecular markers used showed clear polymorphism among
the genotypes. The SSR markers used in this study were able to clearly distinguish tolerant
genotypes fronsusceptibleFurtrer, on the basis of SSR marker analysis, th@N& ratio

in the shootsand the interaction among the genotypes at the different levels of salinity,
NERICA-L-19 and SUAKOKQG10 were selected as thecurrentparents tde improved

for salttolerance

3.8.2 Recommendations

1. The molecular markers used for this study should be used to evaluate the subsequent
breeding materialfyecause the markers agrelymorphic for salt tolerance

2. Theselected rice genotypes should be furtheed to develop new ridanes for salt

tolerance
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CHAPTER FOUR

FARMERSS® PERCEPTI ONS ON SALINITY PROBLEN

FIELDS IN KILOSA DISTRICT

Abstract

Soil salinity contributes to one of the most serious ecological and environmental problems

in mostof the irrigation schemes ihanzania,ncluding KilosaDistrict, wherethe smal

scale farmers cultivate rice for their livelihood. Plant breeders can help these farmers find

a lasting solution to the problerm thisregardsy nd er st an d i pegceptiomseof f ar n
the problenof salinityand its effects on crop productivity is important in the development

of the best cultivars that address the needs of the farmers. Additionally, it helps extension
officers to promote the best cultivar and water corag@n practices or decide on the best
measures that safe guide the farmer production within a given location. A study was
conducted in Chanzuru and llonga villages in Kilosa District in 2016 to determine
farmersdé perceptions henwilage® A kociecariomiasurvey pr o
was carried out on 60 respondents within the two villages. Data were collected using the
semistructured questionnaires, aadalyzedthe Statistical Package for Social Science
(SPSS) software. Thesults showedhat farmers perceived salinity more on the basis of
location than they did on the basis of sed@mographics. The main causes of soil salinity

as perceived by farmers were poor quality of irrigation water and poor drainage systems.
Some socioeconomic and degnaphic characteristics that significantly influenced the

far mersé perceptions were sex and househo
area varied significantly from village to village, with their sed®mographic
determinants. Farmers empéd/the strategy of crop diversification and increase in farm

size in response to the problem of salinity occurring in their fields. Farmer perception on
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salinity should therefore be used as entry point by stakeholders to develop intervention

programsthahel p t o solve the problems occurring
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4.0 INTRODUCTION

Salinization of Soil is one of the serious environmental factors that limit crops productivity
worldwide. Because of this adverse factor, most of the agricultural crops are now
considered safensitive due to the high concentration of salts in the soil (Munns and
Tester, 2008)Salinity is a serious problem and, it affeatsout 800 million ha of arable
lands worldwide. Approximately 33 % of irrigated areas (about 74.25 milimnare
currently considered threatened by soil salinization at various degkessar and
Shrivastava, 2015). It has bepmjected thaby the year 2050, there will be more than 50

% of the farm land worldwide, which would become gdfected(Jamiletal., 2011)

Rice has shown to be the most sensitive cereal crop while barley the most tolerant cereal
crop (Munns and Tester, 2008; and Kardmal, 2012). Salinity has serious effects on
percentage of filled spikelets, grain weight, and can also hthdabsorptiorof essential

nutrients in rice (ClermorDauphinet al, 2010).

Most irrigation schemes, which are especially within the arid and semiarid environments,
are already experiencing increasing levels otafitcted soil, due to the mismayement

of the soils, the use of poor quality irrigation water, poor drainage system, poorly designed
and managed irrigation infrastructures, excessive use of irrigation water and climate

change (Kashengkillenga, 2010).

Irrigation water containingNa”™ and CI' hasadverse effects on the physical properties of
soil, because it is mostly connected with the buildup of sodium ion on the soil exchange
complex. The quality of water used for irrigation can impact the volatility of the soil
aggregates which evemtlly leads to the dispersion of the clay particles and the clogging

of soil pores. When underground water moves to the soil surface by-waappiration,
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the soluble salts condense on the soil particles on the surface and form a white crust (Plate
4.1). Irrigation practices affect the land by increasing the rates of leakage and groundwater
recharge which results into the rise in water table. The water tables when it rises it brings
salts into the plant root zone which affects both plant growth and sadtste; then the

salts remain behind on the soil surface after the water has been taken up by plants or lost
due to evaporation (Podmore, 2009). This process is what leads to the formation of saline
soi l i n the far mer soé f ifaen lahds ardrihé predoctiveyeoj u e n

crops, such as rice.

Therefore, understanding the perception of farmers on the causes and effects of soil
salinity makes room for stakeholders to decide on the best measures that safe guide the
farmers' production witin a given location. Kruger (2006); and Wickhanal. (2006)
reported that farmers' perceptions could be a good entry point for any intervention on the
environmental conservation either by changing their perception through practical

demonstrations or biyuilding on what they already know.
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Plate 4.1: Saline soil in the study area (Chanzuru, Kilosa)

Far mersd perceptions on salinity are defi
salinity and the conseguces for crop production. This perception is also defined by the
way the farmers judge the severity of the soil salinity in the fulfillment of their farming
objectives in the light of the possibilities and constraints of their farming sy#tieter,
199.Far mer sé6 perceptions on salinity resul
farming experiences and salinity constraints. On the basis of this perception, the farmer

defines a strategy to cope with salinii€len, 1996).

There is similartyp et ween f ar mer 6s perceptions and
stress in the environment. The far mer sé
cases on socidemographic factors. The number of response strategies depends on how

immediate or seere the problem is perceived to be by the farmer (Mémasken, 2000).
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In short, the perception of a farmer largely depends on the amount of information available
to them and the extent to which they are able to correctly interpret the information they

have acquired in order to respond to a given situation (Nelson and Quick, 1997).

For i nstance, mo st farmersd6 who perceiv
adaptation options in response to salinity symptoms such as, planting of tolerant varieties,
crop diversification and water management
condition and weather variability might influence their investment decision and
consequently, the f ar merMambaeal. @@lb).cTheretore, a n d

the objectives of the study were:

i . To determine farmerso6é perception on sal
ii. To examine farmers perception on factors contributing to salinity.
lii. To assesshestrategies employed by farmers to cope watlingy problem in their

areas.

4.1 Materials and Methods

4.1.1 Location of study

The study was conducted in two villages (Chanzuru and llonga) in Klostict,
Morogoro Regionkig. 4.1). The location was selected based on the reported potential of
the District with respect to rice production and the presence of salt affected soils in the
various irrigation schemes within the District. Morogoro region contains six administrative
districts namely Morogoro Urban, Morogoro Rural, Mvomero, Kilosa, Kilomband
Ulanga. Kilosa District idocated about 300 km inland from the coast of Dar es Salaam
(Benjaminseret al, 2009). Kilosa District i€4 245kn? in size making up about 20 per

cent of the region (KDC, 2010); and has a population of 438 175 pedpdiS(T2013).
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The study area has a sehumid climate with an average rainfall of 800 mm annually.
The early rain starts in November and ends in January followed by heavy rainfall between
March and May. The district experiences a long dry season from J@etdber and the
average annual temperature is 286 Rice farmers in Chanzurward begin rice
cultivation activities in November and end in May, depending on the availability of water.
Rice is rotated with other crops during the dry season. The watsttlfre [longa irrigation
scheme is the main source of irrigation water for both Chaanzuru and llonga irrigation

schemes.

The district lies between 6AS and 8AS, an.
to the north and Morogoro District to the eab the south, it is bordered by the
Kilombero District and part of Iringa Region (KDC, 2000). Kilosa District comprises
mostly flat lowland that covers the whole of the eastern part called Mkata Plains. The
district has several big permanent rivers tiogfether account for 3200 ha of irrigable

land of which only 11000 ha are being exploited. One of the principal crops grown in the

district is rice (Concern worldwide, 2008).

Rice is a major crop grown in llonga and Chanzuru irrigated schemes ebaitatte other

crops also grown by farmers such as maize, vegetables, beans and sunflower in upland
plots betweenJune andNovember. The irrigation schemes in llonga and Chanzuru are
located about 15 km from Kilosa Town, and share similar source of imigalihe
irrigation scheme in I longa is positionedc
more favourable condition in terms of the availability of irrigation water and the access to
good drainage system. Unl i ke thditer irriGatiann z u r 1

infrastructure where most of the canals are cemented and well maintained.
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Figure 4.2: Map showingthe study areas

The two villages (llonga and Chanzuru) represent one of the major rice producing areas in
Kilosa District. Farmers in these villages, produce rice mainly as irrigated crop and a small

portion in the lowland for raified rice production.

4.1.2 Research design

4.1.2.1 Sampling design

The target population comprised rice farmers in llonga @hdnzuru villages in Kilosa
District, Morogoro Region. A simple random sample of 30 farmers was selected from each

village making a total sample of 60 farmers representing farmers of both villages.
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4.1.3 Data collection and analysis

4.1.3.1 Data collecton

Semistructured questionnaire was administered to 60 randomly selected smallholder rice
farmers from the two sample villages. The enumerators were trained for two days prior to
administering the questionnaire. Data were collected on-slsrmmgraphic ciracteristics

and vari abl es relating t o far mer so per c
respondent was asked to grade their perceived constraints based ®n ap0oi nt 6 s s

(ie, ranging from fino problemd to Avery ser

4.1.3.2Data processing and analysis

The perceived factors contributing to salinity constraints were rated and grouped into
cat egomioespradv!| 8 mo, Afa probl emo, Afa serio
problemd as it relates t o ihegugcareas, ancha rankingeaspr o
conducted using the Problem Confrontation Index (PCI) as suggested by Ndamani and
Watanabe (2015). The values of PCI were estimated using the following formula:

PCl = Pppx 0 +P, x 1 +Pgy x 2 +Pygpx 3

PCI = Problem Coméntation Index

Pp= Number of respondents who said fino pro
Po= Number of respondents who said fia prob
Po= Number of respondents who said fa ser.i

Pisp= Number of respondents who said fda very

Far mer s 6n gndactare qgoitribuding to salinity was analyzed using descriptive
statistics in SPSS version 20. The Chi square test was conducted to verify the significant

|l evel of association between farmer 6s per
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4.2 Results and Digussion

42. 1 F a rPeneeivedl sffects of salinity on rice production in the study areas

There were variations in the ranking of perceived problem by locations (#dblkend

4.2). The PCI values obtained from farmers in llonga on the problem posedirbty sa

ranged from 43 to 47, indicating low perception of the problem. Farmers from llonga

r a n ksalidity feduces yiel (t he product produced by a
pr obl egsaliniymeduceS harvedt (t he particul ar efamimmersint o
gatheredinwas r anked as t h aalinityeaffests crop pradoctiemas a n d

ranked second.

In Chanzuru village, famers perceived salinity problem differently than farmers in llonga
village as indicated by the higher PCI valuesdach problem. The PCI values obtained
from Chanzuru village were quite higher than those from llonga village; they ranged from
61 to 68, which meant that those farmers perceived the problems as more serious than
t heir col | ea g u &alifitpaffeste arop productiah ,Isadifitygreducesfrice

yi el dasdl ifini ty r e warec rarked Hirat rsecend tamd thirds serious

problems in the village.

A combined analysis of the problem differed in rank (Tab®). The PCI values for the
problemsranged from 104 to 113 and the first serious common problem to both villages
wa s sadfingyt affeits crop productien wi t h a PCI value of 11
pr obl e saliniyaeslucas harvest. Farmers in both vifll age
salinity problems in completely different ways; however, they all had some knowledge of

each problem and its effects on their crops and yields.
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Far mersod perceptions of salinity issues a
management préems. The challenge is to listen and to learn from the knowledge of
farmers, because the knowledge of farmers on soils problems offers a completely different
set of scales with regard to land use, which has important implications for sustainable

agricultue. Similar observation was made by (Nederlof and Dangbegnon, 2007; &assa

al., 2013).
Table 41: Farmersodé perception of salinity prol
village (n = 30)
. Very serious Serious No
Constraints problem problem Problem problem PCl Rank
Salinity reduces rice yield 7 10 6 7 47 1
Salinity affects crop
production 6 9 9 6 45 2
Salinity reduces harvest 6 9 7 8 43 3

Table42:Far mer sd6 percepti ons iogfricegaaringini ty prob

Chanzuru village (n = 30)

Constraints Very serious  Serious Problem No PCI  Rank
problem problem problem

Salinity affects crop

production 9 20 1 0 68 1
Salinity reduces rice yield 8 17 5 0 63 2
Salinity reduces harvest 10 11 9 0 61 3

Table 43: Combined analysis of alinity problems affecting rice farmers in

Chanzuru ward, Kilosa District (n = 60)

Very serious  Serious No
CONSTRAINTS problem problem Problem problem PClI Rank
Salinity affects crop
production 15 19 17 9 113 1
Salinity reduces rice yield 14 26 12 8 110 2

Salinity reduces harvest 18 29 6 7 104 3
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42. 2 Farmersod perceptions on factors contr
Table4.4 presents the perception of farmers on factors contributing to salinitgéyolo.

During the study, farmers identified four factors which they perceived were responsible
for salinity problems in their fields/schemes. Those factors were poor quality irrigation
water (saline water), inadequate rainfall, poor drainage systemnapgdropriate use of
fertilizer in the schemes; however, the perception of these factors varied from village to
village. Descriptive statistics and chi square test was conducted to describe the perceptions
of the farmers in each village and to verify thgndiicant level of association between

far merds perceptions and |l ocations (vill e
perception per location for the various contributing factors to salinity were significant for
poor drainage system?x8.149, p©0.05) and poor quality of irrigation water#%x.0.36,

p<.01). This indicates that there were significant association between the two villages in
terms of the drainage infrastructure and the quality of water used for irrigation and factors
contributing tosalinity occurrence. Poor drainage system and poor quality irrigation water
were highly associated with farmerdés perc
two villages. Farmers perceived these factors as being the ultimate factors responsible

the problem of salinity in their fields. The inappropriate use of fertilizer and the inadequate
rainfall were not significantly associated with the problem of salinity as perceived by
farmers in both villages (%.42, p >0.05; and %0.089, P= 0.76) spectively. More

farmers in Chanzuru village considered poor quality irrigation water and poor drainage

system as major factors contributing to soil salinity, than farmers in llonga village.

Far mer 6s perception c-aemogrdpleic chawtériktiose (Ngige d by
2009) . Further mor e, perception on salini:t
nature and degree of engagement with the environment (Rahman, 2009). Therefore, these

factors were also analysed to determine the level of associagbmedn socio
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demographic characteristics and the far me]
(Tables4. 5) . The study revealed that far mer ¢
location than soci@lemographic characters, except for sex andisébold size.
Gardebroelet al. (2010) reported that perceptions are context and location specific due to
heterogeneity in factors that influence them such as, education, gender, age, resource
endowments and institutional factois tables4.5a and %e, the perception on poor

quality irrigation water was significantly associated with sex of respondent and household
size (¥=11.25, p < 0.01 and?3¢4.05, p < 0.05) respectively. This implies that perception

of few factors contributing to salinity was mordlienced by the sex (females rather than
males) of respondent and the size (below 5 members) of the household to which a farmer
belonged. This might be that salinity constraint is likely to deepen gender inequality as
women depend more on the natural emwiment for their livelihoodsHalakiet al, 2013).

Large household size may provide the needed labour requirement for farming than a small

household size (Omoregbetal, 2013).

Table 44: Perception of farmers on factor catributing to salinity by location

llonga village Chanzuru village
Actors contributing to salinity  Problem No problem Problem No problem X?  P-value
Poor drainage system 8 (13.3%) 22(36.7%) 19(31.7) 11(18.3) 8.148 0.004
Inadequate rainfall 7(11.7%) 23(38.3%) 8(13.3) 22(36.7%) 0.089 0.76
Poor quality of irrigation water 12 (20%) 18 (30%) 24 (40%) 6 (10%) 10.36 0.001
Wrong use of fertilizer 5(8.3%) 25(41.6%) 6 (10%) 24 (40%) 0.42 0.52

Note: Frequency and percentage on bracket.
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Table 45: Perceptiors of farmers on factors contributing to salinity using socie

demographic characteristics

Table 4.5a. Sex
Male Female
Perceived constraints Problem  No problem  Problem No problem X? P-value
Poor drainage system 15 (25%) 25 (41.7%) 12 (20%) 8 (13.3%) 2.73 0.09
Inadequate rainfall 8 (13.3%) 32(53.3%) 7 (11.7%) 13 (21.7%) 1.6 0.21
Poor quality of irrigation
water 18 (30%) 22 (436.7%) 18 (30%) 2 (3.3%) 11.25 0.001
Wrong use of fertilizer 7 (11.7%) 33 (55%) 5 (8.2%) 15 (25%) 0.47 0.49
Table 4.5b. Marital status
Single Married
Problem No Problem No problem X P-value
Perceived constraints problem
Poor drainage system 8 (13.3%) 9 (15%) 19 (31.7%) 24 (40%) 0.04 0.84
Inadequate rainfall 4(6.7%) 13(21.P%0) 11 (18.3) 32(53.3%) 0.027 0.87
Poor quality of irrigation
water 10 (16.7%) 7 (11.7% 26 (43.3%) 17 (28.3%) 0.014 0.907
Wrong use of fertilizer 2 (3.3%) 15 (25%) 10 (16.7%) 33 (55%) 1.003 0.314
Table 4.5c¢. Education
Below primary Above primary
No
Perceived constraints Problem problem Problem No problem X2 P-value
Poor drainage system 20 (33.3%) 23(38.3%) 7(11.7%) 10(16.7%) 0.14 0.708
Inadequate rainfall 10 (16.7%) 33 (55%) 5 (8.3%) 12 (20%) 0.246 0.62
Poor quality of irrigation
water 28 (46.7%) 15 (25%) 8 (13.3%) 9 (15%) 1.66 0.198
Wrong use of fertilizer 9 (15%) 34 (56.7%) 3 (5%) 14 (23.3%) 0.082 0.774
Note: Frequency and percentage on bracket.
Age
Table 4.5d. 20 to 40 years Above 40 years
No
Problem problem  Problem No problem X? P-value
Poor drainage system 14 (23.3%) 23 (38.3%) 13 (21.7%) 10 (16.7%) 2 0.157
Inadequate rainfall 9 (15%) 28 (46.7%) 6 (10%) 17 (28.3%) 0.024 0.878
Poor quality of irrigation
water 19 (31.7%) 18 (30%) 17 (28.3%) 6 (10%) 3 0.083
Wrong useof fertilizer 8 (10%) 27 (45%) 6 (610%) 19 (31.7%) 0.159 0.69
Table 4.5e.. Household size
1-5 members Above 5 members
Perceived constraints Problem  No problem Problem No problem  X? P-value
Poor drainage system 14 (23.3%) 19 (31.7%) 13 (21.7%) 14 (23.3%) 0.197 0.657
Inadequate rainfall 7(11.7%) 26 (43.3%) 8(13.3%) 19 (31.7%) 0.561 0.454
Poor quality of irrigation
water 16 (26.7%) 17 (28.3%) 7 (11.7%) 20(33.3%) 4.05 0.044
Wrong use of fertilizer 7(11.7%) 26 (43.3%) 5(8.3%) 22(36.7%) 0.067 0.795
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Table 4.5f. Years of experience
1-15 years Above 15 years

Perceived constraints Problem No problem Problem No problem X2 P-value
Poor drainage system 18 (30%) 23 (38.3%) 9 (15%) 10 (16.7%) 0.063 0.802
Inadequate rainfal 10 (16.7%) 31 (51.7%) 5(8.3%) 14 (23.3%) 0.026 0.872
Poor quality of irrigation

water 24 (40%) 17 (28.3%) 12 (20%) 7(11.7%) 0.116 0.734
Wrong use of fertilizer 7(11.7%) 34 (56.7%) 5 (8.3%) 14 (23.3%) 0.693 0.405

423Far mer 6 s c o p orsuptairmablerlieetheog i e s f

Tables4.6 t04.8 present farmer coping strategies in relation to perceived salinity problem
in their fields. In Chanzuru ward, farmers cultivated maize, beans and sunflower in
addition to rice as alternative crops for food andome, but the amount of land area
cultivated per crop also varied between the two villages. Farmers who perceived salinity
as a serious problem allotted more land for each crop production. In Chanzuru, farmers
cultivated rice on 1 to 7 acres of land with average of 2.3 acres. In llonga, farmers
planted 1 to 4 acres of rice with an average of 1.61 acres. In terms of maize cultivation,
farmers in Chanzuru farmed 0 to 3 acres of land (average land area of 1.04 acres) while
llonga farmers 0 to 9 acres wiasmed for maize with an average area of 2.48 acres. The
average area allocated for beans cultivation was slightly more for Chanzuru farmers than

llonga farmers, but area cultivated for sunflower was similar for both villages.

In addition to the cultivadn of other crops as alternative sources of food and income,
most rice farmers also cultivated some selected salinity tolerant rice genotypes in areas
perceived to have high salinity in their fields, so as to minimize yield reduction in those
areas. Fivepercent (5%) of farmers in llonga cultivated SarqTXD-306) and 6.7%
cultivated Kisegese as salinity tolerant rice cultivars. In Chanzuru, 18 % of farmers
cultivated Sareb(TXD-306) and 10% percent cultivated Kisegese as salinity tolerant rice

cultivars. Crop diversification strategies have been incorporated in several development
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programs worldwide to improve household income in-tsgloped areas (Papadimitriou
and Dent, 2001). Besides, crop diversification also helps for proper utilization of
agricutural resources including land, water and other resources through providing farmers
with viable options to grow different crops on their land (Fetemn al, 2009;

Wondimagegret al, 2011; Degyet al.,2012; Rehimaet al., 2013).

Table46:Far mer sd6 crop diversification in 11 on
Chanzuru

Rice Maize Beans Sunflower
Mean (acre) 2.32 1.04 2.3 2
Min(acre) 1 0 1 1
Max(acre) 7 3 3 3
Std. deviation 1.73 2.47 0.76 0.69

llonga

Rice Maize Beans Sunflover
Mean (acre) 1.61 2.48 2 1.9
Min (acre) 1 0 1 1
Max (acre) 4 9 3 3
Std. deviation 0.97 0.53 0.82 0.76

Area cultivated per crop (acres)

Table 4.7: Farmers perceived tolerantrice varieties in llonga village

Tolerant variety Response Frequency percentage
Sare5 (TXD-306) Yes 3 5%
No 57 95%
Kisegese Yes 4 6.7%
No 56 93.3%

Table 48: Farmers perceived tolerantrice varieties in Chanzuru village

Tolerant variety Response Frequency Percertage
Sare5 (TXD-306) Yes 11 18.3

No 49 81.7
Kisegese Yes 6 10.0

No 54 90.0
424Far mer s sources of information on sal.

The source and quality of information received by farmers influence their perception.
Velandiaet al (2010) reprted that the uses of information sources are complementary to
extension, but farmers prioritize some sources over and above others based on the

importance these sources play in decision making processes.
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The study found three sources of informatiorttoa causes of salinity (Fig.2) in the two
villages. Farmers mentioned seliscovery as the main source of information on salinity
problem. The second source of information was extension services followed by
information fromfellow farmers. Extension veaexpected to be best source of information,

but was ineffective; this could probably be due to the shortage of extension officers in the
areas. This is in agreement to the previous study which found that inadequate number of
Agricultural Extension offices is a barrier to farmer accessing quality information (Isinika
and Mdoe, 200}. According to Aina (2006)farmers hardly obtain new information on
problem associated with cropgauction in the areas because of the low number of

agricultural extension aftfers.
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Figure4.l: Far mer s sour ces ofinstuldyfaceasimKtiosaon on s

district, 2016.

4.3 Conclusion and Recommendatios

4.3.1 Conclusion

The results indicated that farmers in the two villages clearlgepeed soil salinity
problem differently as well as the factors contributing to the salinity problem. Moreover,
the Farmers in Chanzuru village perceived salinity as a serious problem to crop production

than farmers in llonga village. Theoor quality of irrigation water and poor drainage
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system were the main contributing factors to the occurrence of salinity, in the two villages.
Farmersemployed a strategy of crapversification whichprobably served as alternative

sources of food and incomghe exten®n services in the villages were ineffective.

4.3.2 Recommendations

1. An effective extension program for the dissemination of useful agricultural information
and farmer education on problems in the field is required for better handling of the
problem inthe field.

2. The farmers in the study area would needctdtivate improvedsalinity tolerant rice

varieties towiden the genetic diversity inose saline environments.
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CHAPTER FIVE

ESTIMATION OF HERITABILITY AND GENETIC ADVANCE OF SALTOL IN
SEGREGATING RICE (Oryza SativaL.) GENOTYPES USING PHENOTYPIC

ATTRIBUTES

Abstract

Soil salinity is a serious threat to crop yields, and sometimes considered a silent killer
especially in countries where irrigation is an essential practice in the agricslggtam.

Two rice (Oryza salival.) genotypes suscéple to salinity (NERICAL-19 and
SUAKOKO-10) were crossedo tolerant genotype (FL4F8at Sokoine University of
Agriculture, Morogoro, Tanzania to produce F2 and F3 generations for the study of
heritability and genetic advance for eight quantitativesrdihe marker assisted selection
method was applied in theelection andlevelopment of thesgopulationsOne hundred

ninety two (9¢ F2 and(96) F3 populationgespectively alongvith three parents and a
known susceptible check were evaluated usinghdamized complete block design with
four replications. There were considerable differences for genotypic coefficient of
variation (GCV) from 4.5 % for days to 50% flowering to 22.23% for SES score;
meanwhile, the estimates of phenotypic coefficient ofatem (PCV) varied from 4.56 %

for days to 50% flowering to 25.01 fetandard evaluatioscore(SES) The estimate of
heritability ranged from 0.82 for SES score to 0. 98 for days to 50 % flowering. Genetic
advance ranged from 1.14 g for grain yield p&amt to 13.87 cm for plant height. The
high estimate of genetic advance was observed for plant height and days to 50%
flowering; reproductive tillers and spikelet sterility were moderate. The GA values
recorded for 10@rain weight and grain yield peragpit were the lowest. There were high

heritability estimates associated with high expected genetic advance for plant height and
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days to 50% flowering; therefore, phenotypic selection of these traits will be more
effective for their improvement. There weresjive correlation coefficients among yield

and yieldcomponentsGrain yield (g/plant) showed significant positive correlation with
100-grain weight, number of reproductive tillers which indicates that yield can be
improved by using these traits as sttt criteria for subsequent generations. It can be
concluded that heritability, genetic advance and positive association of traits should be

used as selection criteria for the improvement of rice genotypes.
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5.0 INTRODUCTION

Rice; Oryza satva (Asian rice) orOryza glaberrimaAfrican rice) is the most important
food crop and a major food gr aietalf2@it). most
Rice provides about 21% of global human per capita energy and 15% of per capital protein
and Gilories. Rice is particularly important in Asia, especially among the poor, where it
accounts for 5@80% of daily caloric intake (IRRI, 2001). However, riseconsidered to

be very sensive to saline conditions (Naheed al, 2008; Shahbaz and Zia, 2Qlihat

constraints production of the crop

The development of improved salt tolerant rice varieties is an effective mean of
alleviating some of these constraints (i.e. salinity stre€agneticvariability in rice is
important forthe development of agffective rice breedingrogram Abebeet al, 2017)
Genetic variation is the occurrence of differences among the individuals due to the
differences in their genetic composition and the environment in which they were raised

(Falconer and Mackay, 1996).

The effectiveness of selection depends on the amount of heritability for the traits being
selected. Heritability helps the breeder to predict theegeigain under selection which
assiss the breeder to formulate the suitable bregdmethodology (Tiwari,2015).
Heritability estimates along with genetadvance are normally dséin predicting the

gain under selection (Johnsenal, 1955). Heritability is a good index of the transmission

of character from parents to their offspring (Falconer, 1981).eElinates of heritality

help the plant breeder durisglection of elite genotypes from diverse genetic populations,
and the genetic advance is the measure of genetic gain under selection (Tiwari, 2015). The
estimation of genetic advance under selectiepends on genetic variability, heritability

and selection intensity.
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The development of rice cultivars which have potential for salt tolerance is an important
aim in the breeding programs (Pegtgal, 2008). The genetic variation for the traits under
selection process and a high heritability and genetic advance help to predict the best
cultivars in breeding programs (Ulloa, 2006; Ramanjinappaal., 2011). Breeding
programs associated with understanding of key traits could positively impact thengreedi
process (Flowers and Flowers, 2005). Ray and Islam (2008) reported that mitigation of
saline soil through various methods, such as reclamation, irrigation and drainage are not
always economical or practical, but breeding for salt tolerance offers monespg,

energy efficient, economical, and socially acceptable approach to solving the problem.
Many scientists have developed salinity tolerant rice genotypes by the use of molecular
breeding (molecular markers). Therefore, the present investigationumeiestaken to
estimate the heritability and genetic advance for F2 and F3 segregating populations along

with the parental lines.

5.1 Materials and Methods

5.1.1 Study location

The study was conducted at Chanzuru village in Kilosa District, MorogogioRebut

water samples were collected from Chanzuru and llonga villages to compare the quality of
irrigation water. Kilosa District is located approximately 300 km inland from the coast

and Dar es Salaam. Kilosa is also one of six districts within Mooogegion, it is 14 245

km? in size making up about 20 per cent of the region (KDC, 2010). The district lies
bet ween 6AS and 8AS, and 36A300E and 38AE
Morogoro District to the East. In the South, it is borderedlbymbero District and part

of Iringa Region (KDC, 2000). Kilosa District comprises mostly of flat lowland that

covers the whole of the eastern part called Mkata Plains.
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5.1.2 Experimental design

Forty-eight seeds each for the parents, each F3 and RRefafmom a cross NERICA -

19 x FL 478 and SUAKOKEL0 x FL 478 along with a susceptible check were planted in
the field at Chanzuru irrigation scheme, Kilosa in April 2016. The design of the
experiment was the randomized complete block (Kalton, 1948; rMieh al., 2003;
Zdr av ktal, 20l1; Nakhaekt al., 2014; Menezeslnior et al., 2016; Liu et al.,
2016 with four replications. Each replicate consisted of one row of 3.25 m with a plant
spacing of 25 cm x 25 cm and 50 cm between replicates. The border lines avessl pl

with FL478

Breeding scheme for the development of ric&)fyza satival) genotypes

Hybridization and generations of F2 and F3

SUAKOKO-10

X Season one

FL478

34 F1 seeds produced

20 seeds sown 4TF1 seeds produced

20 seeds sown

Genotyping with
2 SSR Markers

m MAS for target salinity | Season two
tolerance and
advanced to
_selfing 2 __selfing _

Genotyping with
MAS | 2 SSR Markers
for target salinity

56 F2 seedproduced m tolerance and
m l 13 seeds sown $ l 47 F2 seedproduced advanced to

21 seeds sown

Genotyping with
MAS | 2 SSR Markers
for target salinity

tolerance and Season four
advanced to

Season three

77 F2 seedproduced 89 F2 seedproduced
48 seeds sown 48 seeds sown

Figure 5.1. Marker assisted selection breeding adapted for the introgression of salt

tolerance markersinto improved genetic bases
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5.2 Soil and Water Sampling and Analyses

Four composite soil samples were taken from the site of the experimeain(8tp soil)

at the corners and center of each plot prior to the experiment. The soil samples were air
dried, fom which soil solutions were made by mixing soil and water at the ratio of
1:2.5 (soils: water). The solutions were analyzed fof, NMég**, K*, C&*, OC, TN, P,
pHi25 and EG.,s Total nitrogen (TN) was determined by Kjeldahl method, organic
carbon wadetermined by Walkley black (BLKw) method, exchangeable phosphorous
(P) was determined by Olsen meth@dailable ptassium and sodium, Magnesium and
Calcium were determined using the ammonium acetate extraction m&bibghH was
determined using the pkeader (Hanna Instrument pH Meter, Model Hi 9032) in a 1: 2.5
soil water ratio and the electrical conductivity of soil was determined by the portable
electrical conductivity meter (Hanna Instrument Conductivity Meter, Model Hi 9032) in
1:2.5 soil water dos (Jackson, 1973)rrigation and discharged waters were sampled
from Chanzuru and llonga irrigation schemes prior to the study. The water samples
were collected from the Main River, experimental site, irrigation pond and adjacent
wells. Water samplewere analyzed for three bases namely calcium, magnesium, and
sodium. Sodium was determined using the flame photometer, while calcium and

magnesium were determined using the atomic adsorption sgawtometer.

5.2.1 Data collection

Evaluation of the ricgenotypes was carried out for eight differgofantitativevariables
representing the reproductive and ripening growth stages of rice. The standard evaluation
score was according Gregomd al. (1977). Traits selection and measurement techniques
were basd on IRRI standard evaluation system of rice (IRRI, 1980). Panicle length was
measured in centimeters from the base to the tip of the panicle. Plant height was recorded

in centimeters from the base of the shoot to the tip of the tallest leaf blade.eSpikel
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sterility readings were obtained from a count of vael’eloped spikelets in proportion to
total number of spikelets of five panicles. i®@in weight was determined from a
random sample of 100 well developed, whole grains within a population, drig8%o
moisture content and weighed on precision balance to obtain therd@0weight.
Reproductive tillers were considered as those tillers that produced spikelets with or
without filled grains. Reproductive tillers were counted for all genotypes. Nunders
tiller were considered the number of shawiat grew after the initial parent shoot. Days to
50% flowering was determined #&s number of days from sowing to when 50 % of the
rice population had flowered argtain yield was considered as the averagaght of
filled grains on five panicles per plarlants were scored based on the IRRI standard
evaluation of salinity injury.Data were collected on five plants per hill and averaged for

data analysis

In order to assess and quantify the genetitatbdity among the genotypes, the variance
components and values of heritability and genetic advance were estimated using the
formula given by Burton and De Vane (1953) and applied by many researchers such as
Johnsoret al. (1955),Fehret al. (1987), Allard (1999)Baye (2002) TuhinaKhatunet al.

(2015) among othersvg = (MSGMSE/T); Vp = (MSGI/r); Ve = MSE/T);

Where MSG is meansquare of genotypes, MSE mean squares of error amdis

replication

Genotypic coefficient of variability (GCV) andhpnotypic coefficient of variation were
calculatedusng t he foll owing formul ae: PCV= (4
Whereilg and O0p are the genotypic, phenotypi
grand mean of the trait respectively. Heritability in the broad seAsenas estimated on

genotypicmeans as 4 Vg/Vp. Where fis heritability; Vj Is genotypic variance andpV
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Is phenotypic variance. The genetic gain (GA) was estimated by the following method:

GA=k &p . h

Where Kk is selection intensity in standard unit. Five percent (5%) oaiR@ F3 were
selected to produce the populations of the next generations, and k=3,9&rdad sense
heritability,; dp = the phenotypic standar

variance.

5.2.2 Data analysis
All recorded morphological datéor the traits were analyzed using Genstat statistical
package version 14 and means of traits were separated using Tukey Honestly Significant

Test (HSD).

5.3 Results and Discussion

5.3.1 Weather data, soil and water properties

The weather data collecteduring the period of the experimeist shown in Appendix .1

The minimum and maximuntemperatures werd8.27C and 29.64C respectively
Results from the soil analysis in Appendix 2 show that the site selected for the experiment
was a completely saline enehment with electrical conductivity (ECe) ranging from 4.98

to 6.78 dsiit and pH ranging from 7.43 to 7.74. The texture of the soil was selaghyand

the clay percentage was high enough to prevent percolation of water in the soil. The
exchangeable sodiupercentage (ESP) ranged between 5.4 to 12 % indicating that the
soil was saline and nesodic. For saline soils the ESP value must not exceed 15 %; and an
ESP value higher than 15 % indicates sodicity. Saline soil has ESP less 15 % and electrical
conductvity is more than 4mS/cm, while for sodic soil, ESP is more than 15% and the

electrical conductivity is less than 4 d$mt 25° C (U.S. Salinity Laboratory Staff, 1954).
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The water sample (AppendicesaBd 4) collected from the major dam used as main
souce of irrigation for both schemegas norsaline (0.18dsft), however, water samples
collected from the project site and other alternative sources (wells) of water in Chanzuru
village, recorded high salinity. The application of such highly saline waterigation

water would increase sadfffected areas in a short period. Patehl. (2011) reported that

area under salaffected soils will continue to increase each year due to the introduction of

irrigation in new areas.

The average rainfall ding the time of the experimeiiMarch to September 2016)as

7.86 mm (Appendix 1). High temperature and low average rainfall are factors which
contribute significantly to the buildup of salinity in the fieldBhe appearance of the soil
during the experimnt is shown in Appendix 7and theresults of water analysis for
Chanzuru irrigation scheme shown in Appendix 8The results obtained from the water
samples collected from the study area are shown in Table 1. The pH of the samples ranged
from 7.36 for apond to 7.57 for the main irrigation dam. The electric conductivity of
irrigation water samples (ECiw) varied significantly among the different sources from
which the samples were collected. The lowest ECiw (0.18"isras recorded for sample
taken fromthe main dam and the highest ECiw (8.9 dsmas recorded for sample taken
from an underground source/well. The sample collected from the experimental site
recorded an ECiw of 6.23 dsm Sodium Adsorption Ratio (SARyasused topredict the
sodium (Na)hazard in the soil.Results from the soil analysis showed variation in the
values of the SAR The SAR values for the underground sources wereehifyalues
ranged from 17.77 to 18.24hdicating sodicity (Jameset al, 1982; Texas AgrilLife
Extension Sevice, 2017). The SAR values for samples collected from the experimental

site, the main dam and pond ranged between 4.52 and 12.68, thus indicating salinity rather



82

than sodicity Jame<et al, 1982;Texas AgriLife Extension Service, 2017). Appendices 9

and10 give tables of interpreting results.

5.4 GeneticParameters for Agronomic Characters of Rice Generations

The phenotypic variance (Vp), genotypic variance (Vg), phenotypic coefficient of
variation (PCV), genotypic coefficient of variation (GCV), heritip (h*b) and genetic
advance (GApre shown in Table 5.The PCV was higher than the corresponding GCV
for all traits thus indicating that there were to some degree interaction of all traits with the
environment. Components of phenotypic varianég)(were found to be greater than the
components genotypic variana#d) for all the characters indicating that the expressions
of these characters were influenced by environmental factors, but the environmental
influence was low because of the low differesicbetween PCV and GCV. Breeding
programs depend on genetic variation of traits, genetic systems controlling inheritance and
genetic and environmental factors that influence their expresst@mdeh, 2015)
Knowledge of genetic variation assists the plargeders in choosing which agronomic
traits should be used in their breedipgpgrammes. Higtheritability was observed for
days to 50% flowering (98.0 %), plant height (96 %), panicle length (88 %), spikelet
sterility (853%), reproductive tillers (85 %@alinity injury (82 %), and number of tillers

(56 %). According to Johnsaet al. (1955), heritabilityand genetic advanad a traitare
important to make sufficient improvement through selectidrherefore, the genetic
advance for each trait was detemsil. There was high genetic advance for plant height
(13.87 cm), and days to 50% flowering (8.97 days). High genetic advance and high
heritability were observed for plant height and days to 50% flowering. Other traits
recorded high heritability and modesgato low GA. High heritability with high genetic
suggest that effective progress in improvement through selection could be achieved for

yield (Akbar et al., 2003). The high heritability with moderate to low genetic advance
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values were recorded for spikekerility (4.7 %), reproductive tillers (3.54), SES score
(2.08), panicle length (2.35 cm), 1@@ain weight (1.15 g) and grain yield/plant (1.14 g)
respectively. This indicates that selection for these traits is less effective compared to
those traits wh high heritability and high genetic advance (Eid, 2009). Number tillers had
low heritability and low genetic advance indicating that this trait was highly influenced by

the environment.

Table 51: Genetic parameters for agonomic characters of four rice generations

Traits Vg Vp GCV% PCV% h% GA
Days to 50% Flow. (days) 19.1  19.82 4.5 4.56 0.98 8.97
100-grain weight (g) 0.33 0.35 13.1 23.4 094 1.15
Grain yield (g/plant) 0.37 0.44 1112 12.19 0.83 1.14
Panicle length (cm) 149 1.7 6.16 6.56 0.88 2.35
Plant height (cm) 47.3 49.35 10.43 10.65 0.96 13.87
Reproductive tillers (#) 3.5 4.14 13.05 14.19 0.85 3.54
SES Scores (scale) 1.25 1.53 22.23 25.01 0.82 2.08
Spikelet sterility (%) 6.27 7.54 15.11 1381 0.83 4.70
No. of Tillers 1.6 2.88 6.74 9.05 0.56 2.00

Selection intensity (5%) = 2.06Y¥e = Environmental variance, GCV= Genotypic
coefficient of variation, PCV= Phenotypic coefficient of variation, Vp = phenotypic
variance, Vg=genotypic variaecGA= Genetic advanf@enetic gain

5.5 Analysis of Variance and Mean Performance of Rice Genotypes under Saline
Conditions

The analysis of variance (ANOVA) showed that mean square due to genotypes was highly

significant; indicating that considerablenaunt of genetic variability existed among the

genotypeqTable 5.2) The genotypic variability was high for plant height (197.34 cm)

followed by days to 50% flowering (79.28), spikelet sterility (31.11%), and reproductive

tillers (25.95) and plant heigf20.0cm) respectively. High amount of genetic variability

for many of these traits had also been reported earlier by various scientists (Etaaldey

2012; and Sharmet al.,2014). However, there were low genetic variability recorded for
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panicle length(6.79 cm) SES scores (6.64), Grain yield/plant (1.85g) andgifif
weight (1.38g) respectively. The results are similar to those reported byelediaf2013)
who found significant variations among all the genotypBsagsica rapa for ten

characterstudied.

Table 52: Mean square, range, means, SES and coefficient of variation for yield

and morphological traits

Mean square

Traits Genotypic variation Range Mean CV%
Days to 50% Flowering  79.28*** 87.0-101 9766 1.7
100-grain weight 1.38*** 1.42.41 2.45 11.4
Grain yield (g/plant) 1.85%* * 1.332.31 2.01 12.2
Panicle length 6.79%** 18.1-:21.53  19.8 4.6
Plant height 197.34*** 56.8276.3 65.95 4.3
Reproductive tillers 25.95%** 11.88-16.32 14.87 10.2
SES Scores 6.64*** 3.636.88 4.89 20.7
Spikelet sterility 31,11 % 15.1222.06 19.12 10.2

***Sjignificant at p O 0.001

The mean performance varied among different rice genotypes used in the experiment as
shown in Table 5.3 ahAppendix 13. The longest days to 50% flowering was recorded for
Suakokel10 (101.0 days) while the minimum was recorded for FL478 (87 days). Among
the segregating lines, days to 50% flowering were similar among the genotypes; however,
NL F3 and SUF3 floweed earlier than NLF2 and SUF2 (Table 5.3). As for-gedin
weight, the maximum weight (2.61 g) was recorded for FL478 and minimum (1.40 g) was
recorded for NERICAL-19. For the segregating lines, grain weigletsorded variedand,

SUF3 recorded a higheveight (2.43 g) while NLF3 recorded the lowest (2.25 g). Grain
yield per plant was also determined and the maximum grain yield/plant (1.92 g) was
recorded for NLF3 and the minimum grain yield/plant (1.33 g) was recorded for IR 29. In
light of the segregaig lines, SUF2 recorded lowest grainyield/plant (1.66 g) and NLF3

recorded the highest grain yield/plant (1.92 g). Panicle length was measured and the result
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showed that SUF3 had the longest (21.03 cm) length, while FL478 recorded the shortest
(18.1 cm) éngth. Plant height for all the genotypes ranged from 76.30 cm for NERICA

19 to 56.82 cm for FL478. Among the segregating lines, NLF3 recorded the shortest
height (59.95 cm). The maximum number of reproductive tillers (19.92) was recorded for
SUF3 and th lowest number of reproductive tillers (11.58) was recorded for IR 29. The
results on sterile spikelets, show SuakdKorecording the highest number (22.95 %) of
sterile spikelets, while NLF2 recorded the lowest number of sterile spikelets (13.76 %).
When the genotypes were scored for salinity injury, NLF3 recorded the lowest score
(3.63) indicating that this population was highly tolerant to salinity as compared to other
genotypes. The most susceptible genotype was SUAKQB&@hich recorded a score of

6.88. The best performing genotypes among the segregating generations were NLF3 and
SUF3 for most of the traits studied. The SES scores varied significantly among all the rice
genotypes. Appendices 5 and 6 show the seed and grain colors of parental naatérials

progenies used during the experiment.



Table 53: Mean performance of rice genotypes under saline condition

98

Days to 50% 100-grain Grain Panicle Plant height Reproductive SES Scores  Spikelet sterility

Flowering weight(g) yield length (cm)  (cm) tillers (%)
Genotypes (g/plant) (No. of tillers)
NLF2 (NERICA-L-19 X FL 478) 97.2 2.33 1.75 19.42 75.24 15.41 4.76 13.76
NLF3 (NERICA-L-19 X FL478) 96.7 2.25 1.92 18.31 59.95 16.25 3.63 13.79
SUF2 (SUAKOKO-10 X FL 478) 97.2 2.31 1.66 20.4 67.51 19.78 4.45 18.93
SUF3(SUAKOKO-10 X FL 478) 96.8 2,43 1.84 21.03 64.33 19.92 4.18 17.49
NERICA-L-19 (Recurrent) 98.5 14 1.63 20.45 76.3 13.95 591 21.72
SUAKOKO-10 (Recurrent) 101 1.42 1.42 20.13 66.79 12.35 6.88 22.95
FL 478 (Donor) 87 2.61 1.84 18.1 56.82 15.54 3.77 15.12
IR 29 (Susceptible check) 100.3 1.59 1.33 19.06 60.7 11.58 6.38 22.06

S.E 1.7 0.23 0.21 0.91 2.87 1.63 1.04 24

CV % 1.7 11.4 12.2 4.6 4.2 11.3 20.6 11.3
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5.6 Correlation Coefficients of Grain Yield andYield Components

The correlation coefficients of yield and agphysiological traits of rice genotypes are
presented infable 5.4 Correlation coefficients estimated for yield and its components
showed that grain yield had positive and highly significantretation with 100grain
weight (r=0.58; p<0.01) and positive significant correlation with number of reproductive
tillers (r=0.38; p<0.05).These results indicate that 8fain weight and number of
reproductive tiller were found to be the principle yietwmponents. This result is similar

to the results that have been reported by Fataal. (2011) and Babwet al. (2012) for

reproductive tillers and Hassahal.(2016) for 1006grain weight.

Grain yield/plant had negative and significant correlatiothsalinity injury scores and
spikelet sterility, while days to 50% flowering had negative butsignificant correlation

with grain yield/plant. Spikelet sterility had highly significant negative correlation with
grain weight, grain yield, and number refproductive tillers, but positive correlation with
panicle length and salinity injury score. This result agrees with Hatsah 2016) for
100-grain weight and grain yield/plant, but not for the other traits; this was probably due
to the different set®f genotypes used and the environment. Plant height had -a non
significant positive correlation with spikelet sterility. Plant height was significantly and
positively correlated with panicle length. This is an indication that increased plant height
would result in an increase in panicle length of plant. This result agrees with the report of
Nayaket al. (2001). Soil salinity in the field adversely affected the grain filling process,
and increased the numbers of unfilled grains as a result of spikeletys{Eidi 5.1). The
results of spikelet sterility show that about 55% of the variability in spikelet sterility can

be attributed to soil salinity.



Table 54: Correlation coefficients of yield and agrephysiological traits of four rice generations

Days to Grain Grain Panicle Plant No. of SES Spikelet
Flowering weight (g) vyield length height (cm) Reprod. scores sterility
(days) (g/plant) (cm) Tillers (%)

Days to Flowering (days)

Grain weight(g) -0.52*

Grain yield (g/plant) -0.33ns 0.58***

Panicle length (cm) 0.37* -0.07 0.02

Plant height (cm) 0.29ns -0.29 -0.01 0.36*

No. of Reprod. Tillers -0.12ns 0.54** 0.38* 0.26 -0.22

SES scores 0.42* -0.65%** -0.42* 0.11 -0.02 -0.60%**

Spikelet sterility (%) 0.65*** -0.73%* -0.47* 0.19 0.28 -0.43* 0.68***

Number of tillers 0.17ns 0 0.01 0.23 -0.08 0.65*** -0.19 -0.11

Note: *, ** and*** are the levels of significance at P<B.®<0.01 and P<0.001 respectively.

88
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Figure 5.2: Relationship of salinity injury scores and spikelet sterility index of seven

rice genotypes

5.7 Conclusion

The results of this study indicate that there wajadte genetic variability present in the
materials studied. The NLF3 and SUF3 populations recorded the best performances for all
traits studied as compared to NF2, SUF2 and the parental populations. High heritability
and high genetic advance were recartta days to 50% flowering and plant height, while
grain yield of the genotypes correlated positively with grain weight and number of
productive tillers. The NF3 populations recorded the lowest SES value followed by SUF3

population, indicating theimproved tolerance to salinity.

5.8 Recommendationgo Work on

1. The selection of the next parental genotypes should be based on the traits (grain weight
and number of reproductive tillers) which positively correlated with grain yield as well
as those whiclmad high heritability and genetic advance for the effective improvement
of yield of rice genotypes; and

2. The salinity tolerant populations (NLF3 and SUF3) are to be used in further breeding

programs to tedbr agronomigperformance.
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CHAPTER SIX

ASSESSMENT OFMARKER -TRAIT AS SOCIATION AND SEGREGATION

RATIO OF NEW RICE (Oryza sativa, ). LINES

Abstract

Marker Assisted Selection technique is very useful and reliable and can help in the
selection of several traits associated with abiotic stresses such as salinity toleraraoe and ¢
also accelerate the breeding process and increase selection efficiency. The study was
conducted to assess the association of markers for grain related traits and ddtexmine
genetic segregation ratioour population of the segregating lin€gls2 andF3) of two
different crosses (NERIGA-19 /FL478 and SUAKOKGEL/FL478) along with three
parenth lines were used for the studyhd& genotypic segregation patterns efalRd K
individuals of these crosseswere studied using cisiguare test. The Marker trai
association was also performed using linear regression to identify the association of
tolerance component traits with linked polymorphic markers. The selected markers for the
assessment of segregation and goodness of fit fitted well the expected dafialoflThe

two marker loci (RM7075 and RM562) were significantly associated with the number of

filled grains and grain yield per panicle in the studied rice materials.
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6.0INTRODUCTION

Rice Oryza satival..) is a one of the most important cerealgs and serves as the staple
food for over ond hi rd of t he wor |l do6-Nejadged al,ud0El}). i o n
However the productivity of rice is greatly affected due to soil salinity which is the second
most widespread soil problem after drought in gcewing areas of the world (Sabouri

and Sabouri, 2008; Islast al, 2011). Several salt tolerant rice lines have been developed
by incorporatingSaltol QTL into modern high yielding, but saensitive rice varieties
through a targeted marker assisteceatdn approach (Alet al, 2013; Huyenet al,

2013).

Application of molecular markers has played a growing role in the rice breeding and
genetics programmes during the last few decades. Among the different types of molecular
markers, microsatellitesalve been utilized most extensively because they can be readily
amplified by PCR and have large amount of allelic variation at each locus. These markers

are generally categorised as hybridization and PCR based markers (Epdbar@005).

Conventionabreeding programs have been used to develop rice varieties tolerant to salt in
an effort to incorporate salt tolerance into elite rice genotypes from their wild relatives.

Conventional method of breeding for salt tolerance has met with very limited sutgess

to complex nature of the traits. Salt tolerance is a complex trait genetically and
physiologically (Flowers, 2004). A number of genomic tools have been developed by
breeders, to improve the efficiency of breeding programs. These include micr@satellit

markers that have been used effectively to i@épLs associated with salt tolerance in

chromosome 1 of a rice genome (Sirgglal, 2007).
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Markertraits association is an alternative approach, to identifying BiN#kers which
are located in or in the imgborhood of the genes of interest. The strategies to identify
markertrait association could be used for natural (unknown ancestry) or breeding

population (known ancestry) (Thomson, 2014).

The Simple Sequence Repeat (SSR) markers were used to tstakesaht progeny from
segregating generations (Bhuiyan, 2005); thus, microsatellite marker analygmrsant
for developing markeassisted selection programs (Gregaial, 2002). Therefore, the
present investigation was carried out to find asg@an of markers for yield related traits

and determine the genetic segregation ratios amewgines.

6.1 Materials and Methods

6.1.1 Plant materials

On the basis of previous phenotypic and genotypic evaluation for salt tolerance, three rice
genotypesNERICA-L-19, SUAKOKQO10 (high yielding varieties) nal FL-478 (exotic

salt tolerant) were selected as parents for transferring of salt tolerant genes from tolerant
to high yielding rice varieties. Crosses were made between NERICA and FL378;

and SWAKOKO-10 and FE478 during September 2014 to February 2016, where
NERICA-L-19 and SUAKOKQL10 were the recipient parents and-BL8 was the donor
parent(Fig. 5.1). F2 and F3 generations were produced from these crosses for field
evaluation along with pantal materials and a susceptible check variety in Kilosa District
during April to August 2016. Leaf samples were collected from 200 plants of
introgression lines and four parents and subjected to genotyping through marker analysis
(using SSR markers)The genotypes used were obtained from crosses between two
recurrent and one donor parents; and two markers were used namely RM7075 and

RM562).
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6.1.2 Collection of leaf samples for molecular analysis

Fresh leaf samples were collected fromdaly old seedlingso extract genomic DNA.
Initially, healthy portion of the youngest leaves of the tiller were cut apart with sterilized
scissors and washed in distilled water and ethanol (70%) and dried on fresh tissue paper to
remove spore of microorganisms and any osimerrce of foreign DNA. The collected leaf
samples were then kept in white polythene bags containing silica gel. The leaf samples
were thertaken tothe Laboratory atSUA andstored fora week andhen DNAextraction

was performed

6.2 Isolation of Genomc DNA

Genomic DNA was isolated from leaves of@4y old plant based on the DNA isolation
protocol of Egniret al. (1998). Samples were ground to powder using the -geinder. A

1000e | ice cold extraction buffer atevbashfoadded
7 minutes and then incubated on ice for 5 minutes. Six microlteges 6 Rnase [ AO
added and incubated at°87for 40 minutes then spun at maximum speed for 10 minutes
and supernatants transferred to new tubes. One tenth (1/10) volufeVoAOAC and

equal volume of ice cold isopropanol was added and then incubatef’&t for 30

minutes. Samples were then centrifuged at regular speed and supernatant discarded and
pellets dissolved in 6@0 of 2M AOAC for 30 minutes then centrifugeddasupernatant
transferred into new tubes. Equal volume of isopropanol was added, mixed by inversion
and incubated at20°C for 45 minutes; and afterward centrifuged then supernatant
discarded and pellets washed in 70% ethanol, centrifuged and ethanaletisaad DNA

pellet airdry. The DNA pellets were resuspended irl66f 1x T.E buffer for use at a

later date.
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6.3 Amplification and Agarose gel Electrophoresis

Two selected DNA primers [RM7075 (Bhowmdk al, 2009); and RM562 (Rajendrat

al., 2012)] were used for this study. Amplified microsatellite loci were agdlyibr
polymorphism using 2 % Agarose Gel Electrophoresis and the result revealed that the two
primers detected clear polymorphism among the rice genotypes analyzed. RM7075 and
RM562 were polymorphic and showed clear bands for each rice genotype. The PCR
primix was obtained from Biolab inc., England. Each PCR reaction was carried out with
26.0 pl reaction mixtures containing DNA premix; 25 pl of primer master mix and 1.0 pl
of each template DNA samples. PCR profile was maintained as initial denaturation at
94 °C for 3 minutes, followed by 33 cycles of denaturation at 94 oC for 30 seconds,
annealing at 557 °C for 30 seconds, and polymerization at°Z2for 1 minute; and final
extension by 5 minutes at 72. A 100 bp DNA ladder was used tompare the size of

the molecule and position of the bands for the samples loaded. The Gel watmest

in ethidium bromide. Banding patterns were visualized with ultraviolet -itamsinator.

The banding patterns were scored compared with tolecaitol and susceptible control
varieties and similar banding pattern to-#E8 were considered as salinity tolerant and

NERICA-L-19 & SUAKOKO-10were considered as salinity susceptible genotypes.

6.4 Data Collection

Data were collected on days to 50%wering, grain yield, grain weight, plant height,
spikelet sterility , number of productive tillers, panicle length Informative bands were
scored as present (1) or absent (0) Present bands were further classified as heterozygous
(H), tolerant (T) or susptible (S). Standard evaluationoses (SES) were recorded 25

days after transplant, 50 days after transpdauak at reproductive stage.
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6.5Data Analysis

6.5.1 Chisquare Test

For the K and F, generations the genotypic segregation patterns wereedtuding chi
square test. The SSR areadominant markers, therefore the goodness of fit was tested for

1:2:1 segregation (Gomez and Gomez, 1984).

6.5.2 Singlemarker Analysis

The sequences of the markers are presented in Table 6.1. NMarkerssociatin was
performed using SPSS version 20.0 software to identify the association of tolerance
component traits with linked polymorphic markers of the salinity tolerance gene by using
linear regression model. Thevalue determines whether a marker was asstiaith the
phenotype, and Hor a marker, evaluates the magnitude of quantitative trait loci effect to
phenotypes.

Linear model used:

Ji = #H+bX

Where 3i i's t hei o etstpeo nrdeernkert raliltel eX of t he

regression coefficient arid is the random error.

Table 6.1: The sequence and size of the microsatellite markers usém screening salt

tolerant rice genotypes

Sequence

PRIMER FORWARD REVERSE ANN. TEMP. °C

RM7075 GCGTTGCAGCGGAATTTGTAGG CCCTGCTTCTCTCGTGCAGTCG 55
RM562 GGAAAGGAAGAATCAGACACAGAGC GTACCGTTCCTTTCGTCACTTCC 55
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6.6 Results and Discussion

6.6.1 Markers segegations for salinity tolerance

The Gel Electrophoresis result revealed that the two primers detected clear polymorphism
among the rice genotypes analyzed (Fig. 6.1 and 6.2). The selected markers were assessed
for segregation and goodness of fit was wébde 1:2:1 ratio using cksquare test in all the
segregating populations and the results for each population are given in Table 6.2. The
segregation of two markers RM7075 and RM562 (chromosome 1) was assessed and it
fitted well into expected 1:2:1 ratioThe probability values were varied and indicated
nonsignificant difference between the expected and observed numbers (Table 6.2). The
markers used in this study were-dominant markers and showed clear polymorphism for

the rice genotypes.

910 11 1213 1415 1617 1819 L FL NLSU

Figure 6.1: DNA bands amplified from leaves of NLF3 rice genotypes using
microsatellite RM 7075 DNA marker. Lanes 119 are F3 individuals
while FI, NL and SU are referred to as K478, NERICA-L-19 and

SUAKOKO -10 respectively. Lanes L ardONA ladders.
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9 10 11 12 13 14 15 16 17 18 19 L

300bp

Figure 6.2: DNA bands amplified from leaves of NLF2 rice genotypes using
microsatellite RM 7075 DNA marker. Lanes 119 are F3 individuals
while Fl, NL and SU are referred to as H478, NERICA-L-19 and

SUAKOKO -10 respectively. Lanes L are DNA ladders

9 10 11 1213 14 15 16 17 18 19 NLFL SU L

250 by

Figure 6.3: DNA bands amplified from leaves of SUF3 rice genotypes using
microsatellite RM562 DNA marker. Lanes 119 are F3 individuals while
FI, NL and SU are referred to as F1478, NERICA-L-19 and SUAKOKO-

10 respectively. Lanes L are DNA ladders.
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Figure 64: DNA bands amplified from leaves of SUF2 rice genotypes using
microsatellite RM562 DNA marker. Lanes 119 are BB individuals while
FI, NL and SU are referred to as H478, NERICA-L-19 and SUAKOKO-

10 respectively. Lanes L are DNA ladders.
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Table 62: Observed and expected segregation ratios of tolerant and susceptible
plants in the F2& F3 generation for the genetic cross between the rice

genotypes NERICAL-19 x FL478 and SUAKOKGO-10 x FL478.

MARK Generati Reaction (Allele favored in Observed  Expected X? P-
ER on segregation) No. No. (1:2:1)  value
Tolerant 15 12 0.33s
NLF2 Heterozygous 22 24 0.1/hs 0.54
Susceptible 12 12 0.0ns
Tolerant 12 12 0.00ns
SUF2  Heterozygous 21 24 0.17ns 0.78
Susceptible 15 12 0.33ns
RM7075 Tolerant 14 12 0.33ns
NLF3 Heterozygous 23 24 0.04ns 0.79
Susceptible 11 12 0.08ns
Tolerant 17 12 0.%ns
SUF3  Heterozygous 20 24 0..6hs  0.47
Susceptible 11 12 0.0&hs
Tolerant 14 12 0.33ns
NLF2 Heterozygous 19 24 1.04ns 0.35
Susceptible 15 12 0.75ns
Tolerant 16 12 1.3%s
SUF2  Heterozygous 22 24 0.14ns  0.40
Susceptible 10 12 0.33ns
RM562 Tolerant 14 12 0.33ns
NLF3 Heterozygous 25 25 0.0ns 0.57
Susceptible 9 12 0.75ns
Tolerant 15 12 0.75ns
SUF3  Heterozygous 25 24 0.04ns 0.35
Susceptible 8 12 1.33ns

NOTE: NLF2, 3= NERRICAL-19 X FL478and SUF23=SUAKOKO-10 X FL478;
"= Not significant.

6.8 SSR Marker trait Association

Two agronomic traits which were significantly associated with the marker used were
number of filled grains and grain yield per panicle. The two sacamt SSR loci identified

for the agronomic traits had’®f total variation explained ranging from 9.2 % to 42.9 %
for the entire segregating individual studied. For number of filled grains, the two loci in
NLF2 individuals had a significant associatigax(.001); and RM7075 explained 39.0 %

of the total agronomic variation in number of filled grains. RM7075 had the largest effect,
explaining 11.7 % of total variation in grain yield/plant. In the SUF2 individuals, the

marker loci were significantly assotaal with number of filled grains, and RM7075
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explained 42.9 % of the total variation in agronomic traits. Within the same individuals,
the marker loci were significantly associated with grain yield per plant; RM562 explained
10.7 % of the total variationVithin the F3 individuals, the marker loci were also found
associated with filled grains and number of grain per plant. With NLF3 individuals; the
marker locusRM7075 hadthe largest effect, explaining 23.5 % of the total variation in
number of filled grais; and RM 7075 explained 18.9 % of the total variation in grain yield
indicating that this locus had the largest effect. With SUF3 individuals, the loci exhibited
significant association with the traits studied. For number of filled grains, the marker loc
RM7075 showed the largest genetic association, explaining 29.0 % of the total variation.
Marker locus with the largest effect on grain yield was RM7075 which explained 13.2 %
of the total variation in grain yield. These results are similar to the fisdi Agramaet

al. (2007) and Borbat al (2010) who found significant associations of SSR markers with

grain yield and yield components.

The marker locus RM7075 on chromosome 1 was significantly associated with grain
yield/plant and number of filled rgins/panicle simultaneously, thus demonstrating its
strong effect on agronomic variations. These pleiotropic effects associated with markers

locus RM7075 could be used in maremsisted selection to improve breeding efficiency.
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Table 6.3: Association relationship of the markers with grain weight and grain yield

of F2 and F3 populations

Genotype Traits Marker R®  df Regressions  F- pvalue
coefficient  value

_ — RM7075 39 42 0.62 26.24  <0.001
NLE No. offilled grains p\ioes™ 16 42 0.40 8.12  0.007
2 Grain yield/plant RM7075 11.7 42 0.34 5.42 0.025
RM562 11.3 42 0.33 521  0.028

. . RM7075 42.9 42 0.65 30.75  <0.001
SUR, No. offilled grains pyises™ 122 42 0.35 687  0.002
Grain yielplant  RM7075 9.2 42 0.30 414  0.048
RM562 107 42 0.32 488  0.033

No. of filled grains RM7075 235 47 0.50 15.44  <0.001
NLE ' RM562 19.8 47 0.44 11.34  0.002
3 Grain vieldplant  RM7075  18.9 47 0.43 10.73  0.002
rainyelapiant - pyvse2 125 47 0.35 6.545 0.014

No. of filled grains RM7075 29 47 0.53 18.79 <0001
SUR, RM562 21.9 47 0.46 12.93  0.001
Grain yielplant  RM7075 132 47 363 6.52  0.014
RM562 11.4 47 0.35 5.94  0.019

Note: df = degree of freedom,’R coefficient of determination.

6.9 Conclusion

The selected markers assessed for segregation aoahess of fit, fitted well into the
expected ratio of 1:2:1, and the marker loci (RM562 and RM7075) were significantly
(P<0.005) associated with grain yield per panicle and number of filled grains per panicle.
These two associated SSR markers are potaratiaidates for markeassisted selection

to improve salinity tolerance in rice. The detected salt tolerant rice genotypes could be

considered as the potential sources to improve thewssdeptibleyenotype.

6.10 Recommendations

1. The yield relatedraits influenced the yield of rice, directly or indirectly; therefore, the
identification of genic regions controlling these traits is valuable to the promotion of
rice breeding programs.

2. These SSR markers may also be used to screen larger germpfasatipns to identify

additional @nors to breed for salt tolerancerice.
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CHAPTER SEVEN

7.0 CONCLUSION AND RECOMMENDATION S

7.1 Conclusion

Farmers in theChanzuru and llonga villagedearly perceived soil salinity as a problem
which affects their crop yield, harvest and productiorigation waterrich in saltsand

poor drainage ystem were perceived by farmers as the main contributing factors to
salinity occurrence in the irrigation schemes. These factors were perceived more by
farmers in Chanzuru village than the farmers in llonga villdgecope with the problem

of salinity, frmer in the two villages diversified their crop production in response to the

salinity problem and as a means of seeking alternative sources of food and. income

There werereductiors in physiological traitsion accumulation and dry matter conteoits
rice genotypesvhich clearlydistinguished the tolerance from susceptible genotyples.
molecular markers useid the studywere able to discriminate well todnt genotypes
from susceptible, thereforehd genotypes, NERIGA-19 and SUAKOKQG10 were
selectedas the susceptible parents to be used for improvement of salt toleranEé4a@gd

wasusedasthe donor parents.

There were highertability and genetic advanabserved for all traits studied except 100
grain weght and grain yield per plant; aradso here were highly significartorelations
amongthe variousyield components. The components which correlated well with grain
yield were grain weight and number of reproductive tillefsvo of the segregating
populations (NLF3 and SUIlF3vere more tderant and performed better than NLF2 and

SUF2 populatiomunder saline conditions.
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The selected markers assessed for segregation and goodness of fit, fitted well into the
expected 1:2:1 ratio and the marker loci were significantly (P<0.005) associategauith

yield per panicle and number of filled grains per panicle.

7.2 Recommendatios

1. Further study needs to be conducted in Chanzuru village to investigations and identify
the root cause(s) of poor quality irrigation water and recommend measusaseto
crop |l osses in farmerso fields.

2. Thetwo rice genotypes from the AfricaRice Center have now been identified as salt
sensitive rice genotypes; therefore, other researchers should be made aware of the use
of these genotypes as recurrent parentsriher salt tolerant breeding programs.

3. Furthermore,raits showing strong correlations with grain yield (&ff@in weight and
days to 50% flowering), high heritability estimates and high genetic advance (days to
50% flowering, panicle length, plantight and reproductive tiller) from selection in
the field experiment should be used as selection criteria for salinity tolerance in the
field.

4. The NLF3 and SUF3 populations should be used in further selection program to

enhance the yield perfoance of succeeding generations.
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APPENDICES

Appendix 1: Weather data for Chanzuru ward for March to September, 2016

Weather information

Temperature °C
Month Minimum Maximum Rainfall (mm)
March 22.8 34.1 7.24
April 21.4 29.9 21.6
May 18 28.8 14.1
June 16.2 27.8 2.2
July 15.3 28.3 2
August 16.6 28.9 5.3
September 17.6 29.7 2.6

Average 18.27 29.64 7.86




Appendix 2: Physical and chemical of soil from project siteri Chanzuru
TN oC Ex. P CEC Exchangeable bases

Ece Particle size density Texture (Kjeld)  (BIkw) (mg/kg) (cmol/kg) zinc  Copper (cmol/kg) ESP
Lab.Nos pH (dsm') %clay %silt % sand Class % % Pbry-1 CEC  mg/kg mg/kg Ca** Mg? K* Na' (%)
BLOCK | 7.74 4.98 38.32 3.28 58.4  Sandy clay 0.1 0.98 13.97 15 1.53 6.87 6.49 7.88 041 0.81 54
BLOCK I 7.43 6.57 40.32 3.28 56.4 Sandyclay 0.11 1.19 16.14 16 1.14 7.34 12.8 9.94 0.38 1.82 114
BLOCK Il 7.53 6.48 4131 2.29 56.5 Sandyclay 0.12 0.87 19.79 182 1.64 7.45 5.2 10.42 0.58 2.18 12
BLOCKIV 7.61 6.78 38.35 5.38 56.3 Sandyclay 0.11 1.19 24.25 17.3 1.06 734 6.08 9.65 049 15 8.7

€Tt
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Appendix 3: Water samples collected from llonga irrigation scheme

Sample 1 Sample 2 Sanple 3 Sample 4 Sample 5
pH 6.43 6.2 6.52 6.15 6.38
Ece (dsm" 0.22 0.17 0.15 0.16 0.19

Appendix 4: Water samples collected from Chanzuru irrigation scheme

Irrigation Dam Project site Pond Well 1 Well 2
pH 7.57 7.74 7.36 7.4 7.59
Ece 0.18 6.23 0.34 4.7 8.9

Appendix 5: Seeds and grain colors of rice parental genotypes

A. Donor parent

B. Susceptible parent 1

C. Susceptible parent 2



