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ABSTRACT

The present investigation entitled “Identificatiand Morpho-molecular
characterizationof genotypes of rice(ryza satival.) showing resistance to
sheath blight disease” was undertaken to obtdémrmation on the variability and
genetic divergence of the genotypes studiessessment of genetic diversity in
crop germplasm is vital for identification of thergtypes to be used in the future
breeding programme. Nature and magnitude of genedigability, genetic
diversity (OF statistics) at the phenotypic level was estimaied102 rice
genotypes and genetic distance at molecular lewging SSR primers) was
assessed in 32 genotypes.

Screening of the genotypes for resistance/tolerdanaece sheath blight
disease revealed that among all the genotypes itifeedt disease incidence
(100%) and intensity (91.34%) was recorded in PUBS/Alowed by the genotype
PUSA-5 (100% and 90.12% respectively) while the dsivdisease incidence
(10%) and intensity (1.11) was recorded in NivagZThus, about 40.19 per cent
genotypes showed resistance. Of the remaining Gbtgees 8 were moderately
susceptible, 36 were susceptible and 17 were higldgeptible.

Morphological traitsvis-a-vis flag leaf angle, panicle type, awing, panicle
threshability and seed coat colour was charactnmsing standard procedure of
IRRI on the basis of scale (scores 0-9). Flag &efle was erect/intermediate in
nearly 69.33 per cent genotypes. Panicle type wagpact/intermediate in nearly
80.43 genotypes with its panicle threshability miermediate to easy in nearly
38.37 genotypes seed coat colour was white/brownearly 73.43 genotypes.
Awning was absent in 84.31 genotypes.



Analysis of variance revealed significant differee@mong genotypes for
all the traits studied. The highest phenotypic amhotypic coefficients of
variability were observed for leaf width (cm) leoled by tillering ability, grain
yield ha’ (q), plant height (cm) , leaf length (cm) and p&iength (cm). In
general the phenotypic coefficients of variationravénigher than genotypic
coefficients of variation which indicates the rofleenvironment in the expression
of traits under observation. The estimates of &bility in broad sense was high
for all the characters. The present investigatiolicates a great scope in the
improvement of these traits as these charactergeimeral possessed high
estimates of heritability coupled with high genettvancement except for days
to maturity, grain length (mm) and days to 50% #oing (high heritability but
moderate genetic gain) indicating the preponderariadditive gene action for
control of these traits. Estimates of divergencermgnl02 rice genotypes revealed
that significant divergence existed among them. géotypes under study were
grouped into 8 clusters as per MahalanobigI®28) analysis employing Tochers
method; with maximum number of genotypes in cludtér(40) followed by
cluster Il (23), cluster VII (16), cluster VI (14nd cluster VIII (3). Maximum
intercluster distance was observed between clMdtesind VIII (1146.52) while
maximum intracluster distance was observed in etugt(1271.69).The per cent
contribution towards the total genetic divergeneeenled that plant height (cm),
days to 50% flowering, grain vyield hdq), days to maturity, tillering ability and
leaf width (cm) were the main contributing charestéowards total genetic
divergence.

Molecular characterization of selected 32 genotypmsa amongst the 102
genotypes was carried out using SSR markers. BB@R primers were used,
which identified a total of 22 alleles across thgsaotypes with a range of 2-5
alleles per locus and a mean of 2.87 per locus.PiBevalues, measuring allelic
diversity and polymorphism ranged from 0.22 (RM R#50.67 (RM 202), with a
mean PIC value of 0.42 per locus. Highest EffecMtiplex Ratio (1.58) was
observed in primers RM 530 and RM 555 and lowesit4)0in primer RM 245.
Hightest percentage of polymorphism (22.58%) watsiabd in primer RM555
and RM 530 and lowest (7.14) was observed in priRbt 145. Similarity
coefficients (measuring relatedness) were usedotstouct the dendogram and
clustering pattern of the genotypes. Pair wisdlarity coefficients ranged from
0.10-0.93. Similarity coefficient value reveale@gence of good genetic diversity
among these genotypes at the molecular level.h&ll32 genotypes got clustered
into four clusters with maximum number of genotypE3) in cluster Il followed
by cluster I.
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Chapter - 1
INTRODUCTION

Rice QOryza satival.) is one of the world’s most important cerealro
and is a major food grain contributor to the totadrld food grain basket. It
belongs to the genu@ryzafamily Gramineag(Poaceag and tribeOryzeae The
genusOryza consists of 23 wild and two cultivated specieg,,vihe AsianO.
sativaand the AfricarO. glaberrima O. sativaearlier domesticated in Asia has
now spread to almost all the rice growing areahefworld, whileO. glaberrima
domesticated in Western tropical Africa is confinedhat part of the world alone.
The basic chromosome number of the genus is n=h2. Species are either
diploid with 2n=24 chromosomes or tetraploids wi@m=48 chromosomes.
Because of long history of cultivation and selettimder diverse environments,
rice has acquired a broad range of adaptability tafetance to abiotic stresses,
thereby making its cultivation possible over a widage of water, soil and
climatic conditions that include areas from evelolWwdahe mean sea level to about
2100 m a.m.s.1.

Most of the world’'s rice is cultivated and consumi@ Asia, which
constitutes more than half of the global populationindia, rice is grown under
diverse ecosystems as rainfed uplands, rainfedoghasemideep and deepwater
lowlands, irrigated lands and hills. These are rggor rice ecosystems found
world over. No other plant species can grow undehswide range of conditions
and produce grains to feed the population in ABie is life for Asians in
general and Indians in particular. The crop cout&# the staple food of more than
65 per cent of the total population in India, 43 pent of the total food grain
production and 47 per cent of the total cereal petidn. Asia cultivates 137
million ha of rice of which India shares 42.56 moill ha. Its annual production
and productivity is 95.33 million tonnes and 2.224t, respectively (Directorate

of Economics and Statistics, 2013).



Rice is the staple diet of the majority of peoplelammu and Kashmir.
Rice crop ranks " both in area under cultivation and production. phésent
(2013-14) rice in the state is cultivated on araas€ 274 thousand hectares, its
production in 2013-14 was 9044 thousand quinta&5% mt and productivity is
3.238 t hd (D.O.E.S., 2013-14). In the states of Jammu ldashmir, it is
cultivated within an altitude of 1560-2200 maslparding 30.25t0 35.2 N
latitude, and 74 to 75.25 longitude. The entire area is irrigated and th&ce of
irrigation is melting snow at the higher rangeseadely affect the establishment
of rice nurseries. Further, the mean temperaturengluigrowing period ranges
from 13 to 26C. The growing period is limited to 120 to 135 dapsiring the
growing season, the temperatures are rather low. ddys are long, nights are
cool and wider differences exist between daily mmaxn and minimum

temperatures (Sangheztal.,2011).

Despite the continuous increase in global demdrmete, it is subjected
to various diseases that often place major comstravn its production. The
situation has become worse during last few yeatls thie introduction and wide
spread cultivation of high yielding fertilizer respsive varieties producing
maximum number of productive tillers per unit aref field, thus creating
increase in relative humidity and prolonging leadtmess, making the crop more
vulnerable to infection by pathogens. Among theous fungal diseases of rice
viz., Blast caused bigyricularia oryzag Rice sheath blight caused Bhizoctonia
solani, Brown Spot caused iyelminthosporium oryzadNarrow brown leaf spot
caused byCercospora janseanare the major diseases of rice. Rice sheath blight
(RSB) is one of the most devastating fungal disea$eice worldwide (Stodast
al., 2007; Bernardes-de-Assit al, 2009). It is a major disease of rice, second
only to rice blast in reducing both grain yield amahlity. It is becoming a major
constraint to rice production, especially in theemsified cultivation system
(Jayaprakashvel and Mathivanan, 2012). Each {eablight causes up to a 50%
decrease in the rice yield under favourable comattiaround the world (Zhereg



al., 2013). Sheath blight of ric&hizoctonia solaniwas reported for first time in
India by Paracer and Chahal (1963) from Punjablenihi Jammu and Kashmir,
the disease was recorded in 1972-73 from Anantiiag {986). The reduction in
the grain yield has been reported up to 10-30% ¢€Xial, 2008) and may reach
up to 50% during prevalent years (Meagal., 2001). Its causal agent is the
necrotrophic fungusRhizoctonia solaniKuhn (teleomorph Thanatephorus
cucumerigA. B. Frank) Donk) anastomosis group (AG) 1, isgrecific group IA
Websteret al. (1992). Rhizoctonia solaniKuhn is a worldwide, ecologically
diverse soil-borne fungus belonging to Order Cdrasaliales of the
Basidiomycota and is the mycelial or imperfectest@ftThanatephorus cucumeris
(A.B. Frank) Donk. Relationships within the spedi®sizoctonia solanare very
complex and confusing. Identification is based amastomoses groups (AG)
among isolates and cultural characteristics. Based hyphal anastomosis
reactions, isolates within this species complexehbeen divided into several
anastomosis groups (AGs). Currently, fRe solanispecies complex is divided
into 14 AGs denoted as AG 1 to AG 13 and AG BI (i@gret al, 2002). Isolates
of AG-1 have been further divided into three subgsy i.e. IA, IB and IC
(Ogoshi 1987). Among them, isolates Bf solani of AG-1 IA have been
associated with sheath blight in rice (Wai@l.,2013).

R. solanisurvives in the absence of a host as asexually upezt
sclerotia. Sclerotia can survive in the soil foygars, accumulate over time, and
are spread quickly during field preparation anadapplication (Websteat al.,
1992). Mature sclerotia are buoyant and collectiiadlorice plant culms with the
application of permanent flood. Initial infectionscur at the waterline as water
soaked lesions on leaf sheaths. Subsequent infscti@ caused by runner hyphae
that move upward to aerial portions of the plambdpce additional lesions, and
complete the disease cycle by producing scleratidhe surfaces of leaves and
leaf sheaths (Websteat al., 1992). The disease develops rapidly at flowering
when the canopy is most dense, creating a micradéinfavourable to fungal



growth and proliferation. High yielding, suscepéiplsemi-dwarf cultivars are
particularly vulnerable to sheath blight as shd#gtwse, high tillering, dense
planting, and high nitrogen input create conditisngable for disease epidemics
(Panet al., 1999). The ShB pathogen has a broad host range@rmbmplete
resistance has been identified in rice germplasew(st al.,2004); (Pinsoret al.,
2005). However, substantial differences in the lewé susceptibility to the ShB
pathogen among rice cultivars have been observddruield conditions (Jagt
al., 2007) ; (Marchettet al, 1998); Marchettet al,1991).

Breeding and utilization of resistant varieties atill considered the most
economic and effective ways for controlling riceeath blight. RSB is difficult to
control due to the low level of inherent resistaméerice against this disease
(Khodayariet al., 2009). Despite extensive screening for completestaasce or
immunity, no complete sheath blight resistance leen identified to date and
only moderate or partial resistance is availablaoiRL995). Nevertheless, there
are several lines of evidence that partial restgaran offer adequate protection
against the pathogen under field conditions €Lial., 1995). RSB is still not
efficiently controlled by resistance breeding (Vét al.,, 2003). The major
management strategies include agricultural preverttieatments and the use of
the antifungal antibiotics jinggangmycin or validgeim A, neither of which is
highly effective (Jianget al., 2012). Moreover, the application of fungicides
results in environmental concerns (Gonz&eal.,2012). Hence, development of
resistant varieties as a means to control RSBdsal#e, but greatly dependent on

the identification of resistant genotypes and pafpoih structure of the pathogen.

Rice resistance to SB is controlled by polygenelsrging to a typical
guantitative trait (Srinivasachast al, 2011; Taguchi-shiobaret al, 2013; Zuo
et al, 2013). The introduction of RFLP (restriction fragnt length
polymorphism) markers for QTL mapping of sheathgli(Li et al, 1995),
some major effective QTLs have been identified fresistant varieties such as

Teqing, Jasmine 85 and Tetep. Using a saturated IB&&ye map, the main-



effect QTL, epistatic QTL and QE interaction of eewsheath blight resistance-
related traits were investigated (Let al., 2014). Morphological traits such as
plant height, plant compaction, tiller angle, ardflsize are found affecting rice
SB resistance by changing plant micro-climate (Sasacharyet al, 2011). The
heading date is also correlated with SB resistaand, the varieties with later
maturing are generally more resistant to SB (Sasacharet al, 2011).

Morphological characterization is the first stepthe classification and
evaluation of germplasm (Smitt al, 1991). Besides, DNA markers also offers
opportunities to delineate the genetic differenaeghe molecular level in the
available materials. A range of biochemical andeuolar approaches are used to
study the diversity in conserved germplasm. PCRedbasarkers like Randomly
Amplified Polymorphic DNA (RAPD), Simple Sequenceepgeats (SSRs) and
Amplified Fragment Length polymorphism (AFLP) areduently used for such
purposes. SSRs are subsets of tandemly repeated fBiNilies represented by
extremely short nucleotide sequence repeat of ase Ipair that are abundantly
present in the eukaryotic genome, are highly polphic and co-dominant in
nature with Mendelian inheritance (Beckmann ande$ol990). SSR markers
show potential for large scale DNA fingerprinting rice due to high level of
polymorphism detected, their analysis by automagstems as well as high

accuracy and repeatability.

Incorporation of important traits available in thecal landraces and
cultivars into economically important varieties @s®s significance particularly
when their genetic base has considerably narrowednd and facilitates
improvement of rice varieties suitable for tempenagions of the state. The first
step in this direction is to identify promising @®ic resources through use of
robust, reliable and cost effective methods foredeination of variation and
diversity, both through conventional and molecutagans. Though a few studies
have been made at national and state level but ok wil date has been

undertaken in Jammu and Kashmir for identificatafrpromising genotypes for



Sheath Blight resistance. Keeping this fact in vidve present investigation was
carried out with the following objectives:-

. Screening of rice genotypes for sheath blight diseasistance.

. Morpho-molecular characterization of genotypes ioé rshowing
resistance to sheath blight disease.



Chapter - 2
REVIEW OF LITERATURE

Characterization of rice germplasm is essential ifentification of
disease resistant genotypes. Breeding and utdizadif resistant varieties are
considered the most economic and effective waysctortrolling rice sheath
blight. Hence, development of resistant varietissaameans to control RSB is
desirable. The study was designed to identify dratacterize the rice genotypes
for sheath blight disease. No or scanty work onglaposed problem has been
done in Kashmir. However work done on rice sheditihbin India and abroad in
relation to different aspects is available. So Hiarehas been made to evaluate

and summarize the literature regarding the topioksws:

Zou et al (2000)conducted a study to evaluate an F2 clonal poulati
of Jasmine 85/Lemont. The F2 population, includif®8 clonal families, was
inoculated by short toothpicks incubated with aistrRH-9 of the fungus. Based
on field disease evaluations in 2 years and a gemeap with 118 evenly
distributed molecular markers, six quantitativatttaci (QTLs) contributing to
sheath blight resistance were identified. These TISB-2, qSB-3, qSB-7, qSB-
9-1, qSB-9-2 and gSB-11, were located on chromosofe3, 7, 9 and 11,
respectively. The respective alleles of gSB-2, @SBSB-7, and qSB-9-2 from
Jasmine 85 could explain 21.2, 26.5, 22.2 and 100i%he total phenotypic
variation, respectively; while the alleles of qSB-%nd qSB-11 from Lemont
could explain 9.8% and 31.2% of the total phenatyariation. Of these qSB-2
and gSB-11 could be detected in both years, whkiteaining loci were detected
only in a single year. Furthermore, four QTLs (q2PgHD-3, gHD-5 and gHD-
7) controlling heading date and three QTLs (qPHg®H-4 and qPH-11)
controlling plant height were also identified. Tighurice sheath blight resistance
may be influenced by morphological traits, suctheading date and plant height,

in this study most detected resistance loci wetdinked to the loci for heading

date or plant height.



Eizengeet al. (2002) screene@ryzaspecies plants for rice sheath blight
Resistance. Rice wild relative®ryzaspecies, are one possible source of sheath
blight (Rhizoctonia solani resistance genes. Howevedryza spp. cannot be
screened in the field as is done for cultivatee (0. sativg because the plant
canopy does not favour disease development and planys drop mature seed.
Thus, a growth chamber - greenhouse method of rHag®ryza spp. and their
early generation progeny is needed. Primary-secgratad ratoon tillers of rice
cultivars- germplasm which ranged from moderateligtant to very susceptible
were evaluated first for sheath blight susceptipilPlants were inoculated by
placingR. solani- colonized toothpicks at the leaf collar, thenuibating plants in
a growth chamber. After 7 days, plants were visuadited for sheath blight
severity, and the lesion length of each leaf wassueed. Ranking of cultivar
germplasm susceptibility by visual rating of primmaecondary tillers
corresponded to the ranking from field ratings.Wdisratings correlated best with
combined lesion length of the second and thirddeav¥or ratoon tillers, visual
ratings correlated best with second-leaf lesiogtlenNext, this method was used
with ratoon tillers to evaluate sheath blight sypsiddlity of 21 Oryza spp.
accessions and;Fprogeny from crosses between 17 accessions artigated
rice. This method proved useful on a limited sdalescreening germplasm that

could not be evaluated under field conditions.

Pengt al. (2003) investigated the relationship between maquical
traits and sheath blight resistance by using aes@tgoopulation consisting of 240
inbred recombinant lines, derived from an elite boration of Zhenshan 9%
Minghui 63. Partial correlation analysis betweemmbtypic data (morphological
characteristics and heading date (HD) and sheahtbhting (SBR) showed that
only one trait, plant compactness, was signifigantirrelated with resistance to
sheath blight, eight traits such as, plant heigjeading date, penultimate leaf
angle, were significantly correlated with SBR antie t remaining 10

morphological traits were not consistently assecatwith SBR. A major



quantitative trait loci (QTL) controlling plant cgractness was found to be in the
site on chromosome 9 adjacent to the region redperfer qSB9, a major QTLs
conferring sheath blight resistance. One out of ttiree QTLs contributing to
penultimate leaf angle was mapped approximatelysame region as another
sheath blight resistance QTL, qSB5, located onrmabsome 5. Whereas no QTLs
underlying most other traits was detected on chesmmme region correlated with
sheath blight resistance QTL.

Le et al. (2004) studied the genetic control of resistanceheath blight
of rice. Based on disease evaluation and a gemedic with 148 molecular
makers, 15 M-QTLs detected for lesion height (Lhid aactual lesion length
(ALL) over assessment times were mapped on sevemnmcsomes (1, 2, 3, 4, 5,
9, and 12), explaining 35.8%-93.8% of the phenatyariation. The QTLs with
high additive effects for most resistance traitseM@und at the markers RM341
(on chromosome 2), RM156 (on chromosome 3), and 8&M&n chromosome 4).
All the QTLs had the positive alleles from parenéging; Lemont did not
contribute any alleles associated with higher dise&sistance. Despite different
assessment methods for host plant resistance,@1dst controlling lesion height
and actual lesion length in each assessment timme agproximately mapped at
the same chromosomal regions. Additive effects apgueto be more important
than digenic interactions. Rice sheath blight tasise was found influenced by
some morphological characters such as headingbdétkad no correlation with
plant height. However, it cannot be ascertainetief association between sheath
blight resistance and morphological traits is dug@leiotrophic effect or to close
linkage. Four QTLs, namely, QSbrla, QSbr2a, QSbascd QSbrob that were
found not associated with plant morphology or hegdlate are potentially useful
in breeding programs for sheath blight resistance.

Brooks (2007) developed a method to isolate afldeauta phytotoxin
from Rhizoctoniasolanito investigate the genetics of sheath blight susuéty.

Infiltration of the toxin preparation into plantalees induced necrosis in rice,

[ ]



maize, and tomato. Using 17 rice cultivars knownvaoy in sheath blight
resistance, genotypes were identified that wersites (tox-S) and insensitive
(tox-I) to the toxin, and a correlatiom € 0.66) between toxin sensitivity and
disease susceptibility was observed. Given the dbituast range oR. solan)
genotypes of host species may be both tox-S antl #xotal of 154 F2 progeny
from a cross between Cypress (tox-S) and Jasmir(&®84) segregated in a 9:7
ratio for tox-S/tox-l, indicating an epistatic inéetion between two genes controls
sensitivity to the toxin in rice. This work provisléhe means to genetically map
toxin sensitivity genes and eliminate susceptibénajypes when developing
sheath blight-resistant rice cultivars.

Jia et al. (2007) developed a standardized laboratory micenvdier
screening method to quantify resistanceRtosolaniin rice, five rice cultivars,
representing a wide range of observed diseaseioraainder field conditions,
were examined in a blind inoculation test at tHomations (Arkansas, Texas, and
Colombia). Rice seedlings were inoculated at threethto four-leaf stage with
potato dextrose agar plugs containing myceliumtaed covered with a 2- or 3-
litertransparent plastic bottle for maintaininglinigumidity after inoculation. Two
cultivars, Jasmine 85 and Lemont, that consistamilye shown the highest and
lowest levels of resistance, respectively, in prasifield and greenhouse studies,
were used as standards. Concurrent field expersnierArkansas and Texas also
were performed to compare the greenhouse disetingsravith those observed
under field conditions. Overall, the relative disearatings of the seven test
cultivars were consistent between test locatiorsvaith field evaluations. Thus,
the micro-chamber screening method can be used affective approach to
accurately quantify resistance to the sheath blghthogen under controlled
greenhouse conditions and should help expeditasdleetion process to improve

resistance to this important pathogen.

Venuet al.(2007) aimed to elucidated the molecular basiscefdefense

to the pathogen, RNA isolated frofh Solaniinfected leaves of Jasmine 85 was



used for both RL-SAGE library construction and rmoamray hybridization.
Robust LongSage (RL-SAGE) sequence analysis idetht20,233 and 24,049
distinct tags from the control and inoculated lig, respectively. Nearly half of
the significant tags>( 2 copies) from both libraries matched TIGR anrextat
genes and KOME full-length cDNAs. Among them, 428presented sense and
7% antisense transcripts, respectively. Interesting0% of the library-specific
(>10 copies) and differentially expressed (>4.0-fcltange) tags were novel
transcripts matching genomic sequence but not atewigenes. About 70% of
the genes identifed in the SAGE libraries showedilar expression patterns (up
or down-regulated) in the microarray data obtairffeain three biological
replications. Some candidate RL-SAGE tags and raicay genes were located
in known sheath blight QTL regions. The expressimnten differentially
expressed RL-SAGE tags was confirmed with RT-PCRe Tefense genes
associated with resistance Ro solaniidentified in this study are useful genomic
materials for further elucidation of the molecuteasis of the defense response to

R. solaniand fine mapping of target sheath blight QTLs.

Xie et al (2008) aimed to detect quantitative trait lociT(@) for
resistance to rice sheath blight (SB) that exprestably in different genetic
backgrounds and environments, the reciprocal inéggjon line populations
derived from the cross of Lemont and Teqing (LT-#red TQ-ILs) were planted
in the field in 2006-2007 and inoculated with igel&H-9 ofRhizoctonia solani
Lemont was highly susceptible, whereas Teqing wadearately resistant to RH-
9. The relative lesion height (a ratio of lesionghé to plant height) of TQ-ILs
was normally distributed, whereas that of LT-ILsswapparently inclined to the
susceptible parent Lemont. A total of 10 main-dffédLs (M-QTLs) and 13
epistatic QTLs (E-QTLs) conferring sheath blighgistance (SBR) were mapped
using data obtained from different years and geretckgrounds. Among them, 6
M-QTLs detected in 2006 were verified in 2007, sgjmg that these M-QTLs

had reliable performance across ye&®lh4 was the only M-QTL expressed



under the reciprocal backgrounds. On chromosom&Rlh10abetweenrRM216
and RM311 detected in TQ-ILs andQRIh10b between RM222 and RM216
detected in LT-ILs were regarded as different gdmessause their directions of
additive effect were opposite. Most QTLs identifiadl Q-ILs were not expressed
in LT-ILs, indicating the presence of a significaffect of genetic background.
By comparative mapping, 8 M-QTLs detected in thisdg were located in the
same or near regions that were associated with @BRified in the previous
studies. These M-QTLs have great potential to h@ieg in rice breeding for
SBR by marker-assisted selection (MAS), and M-QTMbgressed stably in
different backgrounds are favorable for gene pydamgi in SBR improvement in

rice.

Prasad and Eizenga (2008) evaluatedOf$za genotypes with three
different methods conducted in the greenhouse, thraiamber, or laboratory
because there are significant limitations to saregwild Oryzaspp. under field
conditions, to identify resistant sources for sheaélight disease. For the
microchamber method, 4-week-old seedlings were ulabed with a potato
dextrose agar plug containing mycelia, covered wifiliter soft drink bottle, and
rated 1 week after inoculation. A detached-leafhoétinvolved placing a potato
dextrose agar plug containing mycelia on the abbaxidace of a leaf section that
was cut from a 5- week-old plant and placed on trfdisr paper in a petri dish
under constant light, then evaluated after 72 h. the toothpick inoculation
method, toothpicks colonized with mycelia were ptha the leaf collar region of
plants at the panicle initiation stage, plants waeeed in a growth chamber, and
disease symptoms were evaluated after 7 days. Tdreahamber method gave a
more uniform, reproducible response, and was eagierse under greenhouse
conditions. Seve®ryzaspp. accessions were identified as moderatelytagsis
with three accessions classified @s nivara (IRGC104705, IRGC100898, and
IRGC104443) and one each & Barthii (IRGC100223),0. meridionalis



(IRGC105306), O. nivardO. sativa (IRGC100943), and O. officinalis
(IRGC105979).

Park et al. (2008) developed new methods for effective and aumif
infection and accurate evaluation of the diseastadiitate detailed analysis of
sheath blight resistance at genetic, molecularchamical, and functional
genomic levels, The efficiency &. solaniinfection was tested on two resistant
(Tetep and Jasmine 85) and two susceptible (Chugfgeo, Junambyeo)
cultivars using three different inoculum types (algl@ck, liquid cultured mycelia
ball, and mycelia suspension). By covering the ihated sheaths with aluminium
foil to maintain humidity, 100% infection rate washieved in this study. Liquid
cultured mycelia balls caused significantly londgesions (5.4 cm) than other
types of inoculum, including agar block (2.4 cm)Yamycelia suspension (1.6
cm). An improved method for evaluating sheath Hlidisease was selected by
comparing two methods for evaluating disease sgvamong three partially
resistant cultivars and five susceptible cultivarsculated with liquid cultured
mycelia balls. In addition, a new formula was depeld to calculate the disease
susceptibility index. Lesion length and the susbdy index generally were
correlated in each leaf, but there were discregasnibetween the two evaluation
methods due to differences in plant architectureoramthe cultivars. The
susceptibility index calculated using the new folenwas the most accurate
method for evaluating sheath blight disease acatissultivars. The effect of
heading date and panicle number also was evaluatezlation to sheath blight
resistance. Cultivars with late heading dates giyewvere more resistant to

sheath blight than those with early heading dates.

Zuo et al (2008) investigated the prospect of QTL-qSB-9Titjzed in
molecular breeding program @afponicarice for sheath blight resistance. Most of
the japonicarice cultivars showed lower level of sheath bligigistance than the
indicarice cultivars. At the corresponding site of gSB39Tine typicaljaponica

rice cultivars from different ecological



regions or countries proved to possess the subteailele(s). Introgression of
gSB-9Tq into these cultivars enhanced their rescgtdevel by decreasing sheath
blight score of 1.0 (0.5-1.3), which indicated tq&B-9Tq had a large potential in
strengthening the resistancejaponicarice to sheath blight. The use of the three
molecular markers, which were polymorphic betweenifig and manyaponica
rice cultivars, promotes the application of qSB-9ihga concrete molecular

breeding program.

Sharmaet al (2009) analysed a population of 279 F2:3 progesws
derived from a cross between two tropiggdonicaU.S. rice cultivars, Rosemont
(semi-dwarf, SB susceptible) and Pecos (tall, Sistant), to map SB resistance.
Progeny families were evaluated for disease reastiplant height (PH), and
heading date (HD) in replicated field trials fory2ar and genotyped with 149
simple sequence repeat markers. Correlation asdbgtiveen SB ratings with PH
and HD showed that both agronomic traits were 8ggmtly correlated with SB
resistance. Four significant (logarithm of oddsorat 3.6) quantitative trait loci
(QTLs) were identified for SB resistance, with widual effects explaining 5.6 to
33.4% of the total phenotypic variation. Plant Iigppeared to have a direct
influence on SB resistance, with QTLs for thesddreollocated on chromosome
1. Consistent results across years indicated #imlisy of the identified QTLs and

their potential for improving rice SB resistancéngsmarker-assisted selection.

Liu et al. (2009) determined the ability of controlled envinoent
inoculation assays to detect ShB resistance qa#wéttrait loci (QTLS) in a cross
derived from the susceptible cv. Lemont and théstast cv. Jasmine 85. The
disease reactions of 250 F5 recombinant inbred RéLs) were measured on the
seedlings inoculated using micro-chamber and nhmatrber assays under
greenhouse conditions. In total, 10 ShB- QTLs wdeatified on chromosomes
1, 2, 3,5, 6, and 9 using these two methods. Tioeorshamber method identified
four of five new ShB-QTLs, one on each of chromosseni, 3, 5, and 6. Both
micro-chamber and mist-chamber methods identifieal $hB-QTLs, qShB1 and



gShB9- 2. Four of the ShB-QTLs or ShB-QTL regiathantified on chromosomes
2, 3, and 9 were previously reported in the liter@at The major ShB-QTL qShB9-
2, which cosegregated with simple sequence re@aR) marker RM245 on

chromosome 9, contributed to 24.3 and 27.2% ofl foi@notypic variation in

ShB using microchamber and mist- chamber assagpectvely. gShB9-2, a

plant-stage-independent QTL, was also verifiedine rmaplotypes of 10 resistant
Lemont/Jasmine 85 RILs using haplotype analysises€hresults suggest that
multiple ShB- QTLs are involved in ShB resistancel ahat microchamber and
mist- chamber methods are effective for detectilagtpstage-independent QTLs.
Furthermore, two SSR markers, RM215 and RM245y@ivast markers and can

be used in marker-assisted breeding programs tmweiBhB resistance.

Yin et al.(2009) investigated the accurate resistance effegbB-9Tq, a
major QTL that derived from the indica cultivar Tmg, by using a backcross
population of Teqing and Lemont (the latter asrégaurrent parent) and a set of
near-isogenic lines (NIL) developed in their studf. strong pathogenic
Rhizoctonia solani line, RH-9, was used for inotola Two different
experimental designs were adopted. One was a ctehpleandomized
experiment in which plants that exhibited thrededént genotypes at qSB-9Tq
locus were distinguished by detecting the markeogges flanking qSB-9Tq in
the BC6F2 segregation population. The other wasrmalamized block design
experiment with three replicates using the threlesNif gSB-9Tq. The combined
results of the two experiments suggested that BBv@as a dominant resistance
QTL and could reduce disease rating by approximatd) using a 0_9 disease
rating scale. The results of the study provide rangt foundation for the fine

mapping of gSB-9Tq and its utilization in breeding.

Zuo et al. (2011) evaluated the effect of QTL qSB-11LE, lodaten
chromosome 11 of an SB-susceptible Oryza japonam cultivar Lemont, on
SBresistance and its potential in breeding progrhaynssing a set of near-isogenic

lines (NILs) that exhibit three different genotypatsthe qSB-11LE locus and



seven backcross populations. Results of field dsesvaluation under artificial
inoculation showed that the inheritance of resstanf qSB-11LE to SB is
controlled by additive gene action and that theegehave a dosage effect on
SBresistance. In greenhouse evaluations, the assisteffect of qSB-11LE was
expressed at 11 and 14 d after inoculation atilleging stage. Analysis of field
resistance of six BC1F1 populations and one BCZlulation, developed from
the backcrosses between Lemont as the donor parehtsix commercial O.
indica rice cultivars as recurrent parents, indidathat qSB-11LE could be
effectively used to enhance these cultivars’ SBtasce. These observations
suggest that the gSB-11LE has considerable potemtiaice breeding for
resistance to SB, and that its flanking molecularkars could be employed in

practical breeding programs for marker-assistegctieh.

Attaullah et al. (2012) studied the effect of surface disinfection,
temperatures, nutrients and chemicals on sclerggamination ofRhizoctonia
solani from potato tubers on potato dextrose agar (PEB€rmination occurred
from tuber pieces bearing sclerotia pre-treatedfa min with 0.1% of mercuric
chloride. Tuber pieces pretreated with 0.5 and 1%hercuric chloride for various
lengths of times, including 15 sec, 30 sec and wm@ showed no sclerotial
germination on PDA. Similarly sclerotial germinatiodid not occur after
pretreated with sodium hypochlorite for same cotre¢ions and times. Sclerotial
germination was optimal at a temperature of®n PDA. Germination of
sclerotia was best on PDA followed by cornmeal §GaMA). Minimum mycelial
growth occurred on water agar (WA) while sclerogjafmination was minimal on
malt extract agar (MEA) after one week of inocuati Tuber pieces bearing
sclerotia were also treated with 0.1% of mercuhde, sodium hypochlorite,
potassium hydroxide and ethanol for one min befiooeulation but no sclerotial

germination occurred on PDA except from pieceséaavith mercuric chloride.

Lal et al (2012) aimed to determine the virulence diversitysolates,

total six cultivars of rice were artificially inotated with 25 isolates dR. solani



in glass house. Three susceptible (pusa basmatiigpurna, swarna) and three
tolerant (pankaj, manasarovar, swarnadhan) cu#tivaere tested against all
isolates. All isolates were pathogenic on six walts except isolate rs-25
pathogenic, which was pathogenic on four cultivamsl non-pathogenic on two
cultivars namely, manasarovar and swarnadhan. ©hahkis of virulence reaction
on different cultivars, the isolates were categmtianto four groups; highly
virulent, moderately virulent, less virulent andraient. maximum relative lesion
size on cultivars pb-1, annapurna, swarna, pamikajasarovar and swarnadhan
was observed as 69.66 with rs-21, 72.74 with 8509 with rs-16, 65.43 with
rs-17, 59.09 with rs-18 and 61.87 with rs-6 regpebtt. Maximum virulence
index of 7.33 was at par in rs-16 and rs-18 andimam susceptibility index was
found on cv. annapurna (7.76). Four isolates w#.6, rs-18, rs-20 and rs-21 can

be used in future for screening for resistanceresgaheath blight of rice.

Nelsonet al (2012) evaluated 197 doubled-haploid lines froror@ss
between MCR10277 (resistant) and Cocodrie (suddeptiin field and
greenhouse assays with U. S. and Colombian pathegkates and genotyped at
111 microsatellite marker loci. Four SBR QTLs frefCR10277 were identified,
together accounting for 47% of field genetic vaoiat In all trials the strongest
effect was provided by a chromosome- 9 QTL, gshr-But some QTLs differed
for U. S. and Colombian R. solani isolates. SBR @¢ttincided with only two of
several height or heading time QTLs, suggesting the relationship between
these developmental traits and SBR is not simpte. the U. S. isolates, a

microchamber greenhouse assay revealed the same &31did field inoculation.

Jiaet al. (2012) aimed to identify ShB QTLs via associatioapming in
rice using 217 sub-core entries from the USDA doee collection, which were
phenotyped with a micro-chamber screening methatl ganotyped with 155
genome-wide markers. Structure analysis divided rttagping panel into five
groups, and model comparison revealed that PCAB gg@homic control was the

best model for association mapping of ShB. Ten werarloci on seven



chromosomes were significantly associated with aesp to the ShB pathogen.
Among multiple alleles in each identified loci, thkele contributing the greatest
effect to ShB resistance was named the putativistaes allele. Among 217

entries, entry GSOR 310389 contained the most ipatagsistant alleles, eight
out of ten. The number of putative resistant aflgeesented in an entry was
highly and significantly correlated with the degeaf ShB rating (r=20.535) or
the increase of ShB resistance. Majority of thestast entries that contained a
large number of the putative resistant alleles gl to indica, which is

consistent with a general observation that most &dsstant accessions are of
indica origin. These findings demonstrate the pmdérto improve breeding

efficiency by using marker-assisted selection tcapyd putative resistant alleles

from various loci in a cultivar for enhanced ShBiséance in rice.

Adhipathiet al.(2013) analysed resistant genotypes of rice agairesith
blight disease and virulence diversity among thalaies of pathogen. They
collected 1R. solaniisolates and characterized them based on morpbkaland
sclerotial characters and virulence diversity ondifferent rice varieties. The
disease progress and severities were analysed aspagunder disease progress
curve (AUDPC) value on the basis of lesion lengtborded on 4, 8, 12 and 16
DAI. Evaluation on the basis of AUDPC value, outléf varieties of rice, Sarju-
52 depicted highly resistant (19.91) while Jaya&Z), UPR-2005-38 (23.97) and
IET-15182 (23.16) showed moderately resistant deseaaction with most of the
isolates tested; whereas the variety Pusa Basm@tBls7) depicted highly
susceptible disease reaction. Among these somatesolwere highly and
moderately virulent whereas most of the isolategeviess virulent. The identified
resistant (Sarju-52) and susceptible (Pusa Bastihati the potential source for
the breeding programmes for further developmemnésitant varieties in rice.

Kutubuddinet al. (2013) reported the generation of transgenic livesl
overexpressing the riaexalate oxidase 4O0sox04 gene in a green tissue-specific

manner which breaks down oxalic acid (OA), the pgdnesis factor secreted by



R. Solanijn order to examine sheath blight resistance. Tams plants showed
higher enzyme activity of oxalate oxidase (OxO)nth@ontransgenic control
plants, which was visualized by histochemical assagnd sodium

dodecylsulphate-polyacrylamide gel electrophoré€SBSPAGE). Transgenic rice
leaves were more tolerant than control rice ledawesxogenous OA. Transgenic
plants showed a higher level of expression of otheflence-related genes in
response to pathogen infection. More importanttgnggenic plants exhibited
significantly enhanced durable resistanceRosolani The overexpression of
Osoxo4in rice did not show any detrimental phenotypicagronomic effect.

Findings indicated that rice OxO can be utilizedeetvely in plant genetic

manipulation for sheath blight resistance, and ipbsdor resistance to other
diseases caused by necrotrophic fungi, especiadiget that secrete OA. This is
the first report of the expression of defence genege in a green tissue-specific

manner for sheath blight resistance.

Liu et al. (2013) evaluated ShB resistance using 216 LIRIldeufield
conditions in Arkansas, Texas, and Louisiana dur2@98 and 2009. They
confirmed the presence of the major ShB-QJ®hB9-2based on the field data
and also identified one new ShB-QTL between markvi221 and RM112 on
chromosome 2 across all three locations. Basederii¢ld verification of ShB
evaluations, the microchamber and mist-chamberyassare simple, effective,
and reliable methods to identify major ShB-QTL®IgShB9-2in the greenhouse
at early vegetative stages. The markers RM215 ai@48 were found to be
closely linked togShB9-2n greenhouse and field assays, indicating that Wik

be useful for improving ShB resistance in rice dieg programs using MAS.

Zuo et al. (2013) reported the precise location of qSB-11LEyh
developed a near isogenic line, NIL-qSB11TQ, bykeaassisted selection that
contains susceptible allele(s) from Teqging (TQ)he qSB-11 locus in the LE
genetic background. NIL-gSB11TQ showed higher sutdmiéty to SB than LE
in both field and greenhouse tests, suggestingthimtregion of LE contains a



QTL contributing to SB resistance. In order to ethate the genetic background
effects and increase the accuracy of phenotypiduattan, a total of 112

chromosome segment substitution lines (CSSLs) with substituted segment
specific to the qSB-11LE region were produced asfitteemapping population.

The genetic backgrounds and morphological chanatitr of these CSSLs are
similar to those of the recurrent parent LE. ThaatolQ chromosomal segments
in these CSSL lines contiguously overlap to bridge qSB-11LE region.

Through artificial inoculation, all CSSLs were eakd for resistance to SB. For
the recombinant lines, their phenotypes were etaduan the field and also

evaluated in a controlled greenhouse environmehgwgg a consistent

phenotype in SB resistance across years and ocomglitiAfter comparing the

genotypic profile of each CSSL with its phenotygeeyt were able to localize
gSB-11LE to the region defined by two cleaved-angdifpolymorphic sequence
markers, Z22- 27C and Z23-33C covering 78.871 kisell on the rice reference
genome. Eleven putative genes were annotated wikiénregion and three of

them were considered the most likely candidates. fEsults of the study greatly
facilitated the cloning of the genes responsiblegféB-11LE and marker-assisted
breeding to incorporate qSB-11LE into other rickicars.

Shiobaraet al (2013) identified three landraces from the Hingata—
Jarjan, Nepal 555 and Nepal 8—with resistance &atshblight in 3 years’ field
testing, among 33 rice accessions, mainly from odwali Institute of
Agrobiological Sciences (NIAS) Core Collection. Remssed inbred lines
(BILs) derived from a cross between Jarjan and |l#agling Japanese cultivar
Koshihikari were used in QTL analyses. Since laeading lines show fewer
lesions, they used only earlier-heading BILs toi@vassociation with heading
date. They detected eight QTLs; the Jarjan allélehcee of these increased
resistance. Only one QTL, on chromosome 9 (betwearkers Nag 08KK18184
and Nag 08KK18871), was detected in all 3 yearsro@bsome segment
substitution lines (CSSLs) carrying it showed resise in field tests. Thirty F2



lines derived from a cross between Koshihikari and CSSL supported the QTL.

Kamal et al. (2014) screened six moderately resistant cultivaasyely
‘Teqing’, ‘Jasmine85’, ‘Tetep’, ‘Pecos’, ‘Azucenaand ‘Taducan’, one
susceptible local cultivar, ‘MR 219’, and two newlvanced breeding lines,
‘UKMRC 2’ and ‘UKMRC 9, by using micro-chamber anthist-chamber
methods. The fungal isolate was confirmed as Ransolsing ITS-rDNA
sequencing. Severe sheath blight was recordedwioiip inoculation with R.
solani under micro-chamber conditions. The mosstast cultivar was ‘Tetep’,
followed by ‘Teqing’. In mist-chamber screening, KMIRC 2’ showed the
highest level of susceptibility with a disease sgyendex (DSI) of 6.67, while
‘MR 219’ produced the highest DSI of 7.22 in thecrochamber. Significant
correlation of plant height and disease was obthinih relative lesion height
(RLH) indices. Significant correlations were aldmserved among diseased plant
affected area (DPAA), VRT (visual rating) and RLMith VRT being the most
accurate. On the basis of the disease reactioretepT and ‘Teqing’ were
identified as suitable donors to improve resistanc6l KMRC 2’ and ‘MR 219'.
Mist-chamber screening method was more reliablvaduate sheath blight under
greenhouse conditions than the micro-chamber method

Shuet al. (2014) observed the genetic diversity and populasimucture
among 72 rice-infecting isolates d®hizoctonia solanAG-1 IA, collected from
12 counties in south China, and were investigateshgunine inter-simple
sequence repeat (ISSR) markers. A total of 116 vavele amplified, with a
majority of amplified fragments ranging from 500 t@p2500 bp in size, of which
110 (94.8%) were polymorphic. Seventy-two isolatese grouped into six major
clusters at 73% genetic similarity coefficient e tunweighed pair group method
with arithmetic mean (UPGMA) with Dice’s distanceatmces. The genetic
diversity was high [percentage of polymorphic baf$6) = 94.83%; Shanon’s
diversity index (I) = 0.3175; Nei’'s diversity (h)0=2034] at the population level,
but low within populations [P % = 53.38%; Shanodigersity index (I) =0.2734;



Nei's diversity (h) =0.1811]. The mean coefficiaftgene differentiation (Gst)
was 0.165, indicating that 83.5% of the geneticediity resided within the
population. The genetic similarity values amongsubpopulations ranged from
0.9672 to a minimum of 0.8641, and genetic distamaties ranged from 0.1461
to 0.0333. Total gene flow (Nm) of 5.5810 indicatbat there was significant
gene flow among the sampled populations. Analydismolecular variance
(AMOVA) demonstrated that there was a relativelyhhievel (81.93%) of genetic
variation within subpopulations, with the gene @iéntiation coefficient®ST)
being 0.181. A Mantel test suggested that there measignificant correlation
between genetic differentiation and geographicshdce.

Liu et al. (2014) analysed recombinant inbred line (RIL) pagioh
from a cross between ‘H H1B’ and ‘R SB02’ (a deegiev rice variety with
resistance to sheath blight) planted in two loceidor four different growing
seasons. Seven traits were used to evaluate thasdiseverity, namely disease
rating (DR), lesion length (LL), lesion height (LHglative lesion length (RLL),
relative lesion height (RLH), plant height (PH) dmehding date (HD). Based on a
linkage map of 163 simple sequence repeat (SSRiergra total of 37 QTLs
were mapped on nine chromosomes. Additionally, pistatic QTLs were
identified, distributed on all the 12 chromosomele Tontribution of a single
QTL'’s additive and epistatic effect was of low meagde for most cases (from
0.39% to 24.62%). Among QTL x environment interaictiest, 28 additive QTLs
and six pairs of epistatic interactions were ineolvCorrelation analysis showed
that DR had significant positive correlations with, IRLL and RLH, but had a
negative correlation with PH, two of six QTLs cailing DR were mapped in the
same chromosome regions as the QTLs controlling Hte. alleles which can
enhance disease resistance and increase PH aretlimmesistant parent ‘R
SB02’, indicating that PH has certain effect omath blight resistance in the

present study.

Zuo et al (2014) employedjSB-9TQand TAC1TQ which control SB



resistance and tiller angle (TA), respectivelytdast whether the combination of
the two genes will further improve rice SB resis&mand reduce yield loss rather
than only one of them or neither. Using two pairsiear isogenic lines (NILs),
TAC1TQwas confirmed to contribute to SB resistance. Haxgeits effect was
less considerable than that gB5B-9TQ Subsequently, the two genes were
introduced into two commercial rice varieties tovelep a series of NILs. The
NILs carrying bothTAC1TQandgSB-9TQshowed more resistance than the NILs
containing only one of them. Comparing the graeld/per plant (GYP) under the
three different SB disease conditions, namely slighoderate and severe
conditions, NILs carrying both genes apparentlyt losver GYP than the NILs
without the two genes and the NILs carrying onAC1TQ Under slight disease
condition, no significant differences were foundroarphology, development and
GYP associated traits except for TA between thesNtarrying both genes and
either of them, indicating that the two genes haweinferior effect on rice
agronomic traits. Results indicated th&AC1TQ and qSB-9TQ have high
breeding potential, and pyramiding SB resistanca. @id morphological trait

QTL is a potential approach in improving rice SBiséance.

Nadarajabet al (2014)isolated two field isolates dRhizoctonia solani
from infected paddy plants in Malaysia.These isslatere verified via ITSIDNA
analysis that yielded 720 bp products of the ITRSHTS4 region, respectively.
The sequenced products showed insertion and suthmtiincidences which may
result in strain diversity and possible variationdisease severity. These strains
showed some regional and host-specific relatedviasshaximum likelihood and
further phylogenetic analysis via Maximum Parsimahpwed that these strains
were closely related tB. solaniAG1-1A (with 99-100% identity). Subsequent to
strain verification and analysis, these isolatesevussed in the screening of twenty
rice varieties for tolerance or resistance to sheaght via mycelial plug method
where both isolates (1801 and 1802) showed resistan moderate resistance to

Teqging, TETEP, and Jasmine 85. Isolate 1802 was miulent based on the



disease severity index values. This study also sHothat the mycelial plug
techniques were efficient in providing uniform indem and humidity for
screening. In addition this study shows that thee@se severity index is a better
mode of scoring for resistance compared to lesemgth. These findings will
provide a solid basis for our future breeding awmdesning activities at the

institution.



Chapter - 3
MATERIALS AND METHODS

The present investigation entitled “ldentificatiand morpho-molecular
characterization of genotypes of ric®ryza satival.) showing resistance to
sheath blight disease” was carried out at Experiatdfields and Biotechnology
Laboratory, centre for Plant Biotechnology, SKUAB&shmir, Shalimar during
years 2014-2015. The experimental field was locaédthe main campus,
Shalimar, Srinagar which is 15 km away from Srimagjty on the foot hills of
Mahadev. The altitude of the location is 1685 metieove mean sea level and
situated 34 N of latitude and 74.89E of longitude. The climate is temperate
characterized by mild summers. June and July agehtittest months while
January and February are the coldest. The maxinaumfall is received during
March to April.

3.1 Experimental material

A total of 102 rice genotypes were used for sdregrunder field
conditions for sheath blight resistand@ée name of the varieties/genotypes along
with their source are given in the Table-1. The ezkpental fields were well
prepared and standard cultural, manural and plaotegtion practices were

followed to ensure a healthy crop growth.

3.2 Isolation, identification of pathogen and scre@ng of rice cultivars
3.2.1 Isolation

Sheaths of the rice plants showing typical shééight symptoms, were
used for isolation of the pathogen. The rice shdath (3-4 mm) containing
diseased and healthy sheath portions, were cut stéhlized scissors, surface
sterilized in 0.1 per cent sodium hypochlorite solu for 1 minute, rinsed 2-3
times in sterilized distilled water, blotted drydaplaced aseptically on potato
dextrose agar (PDA) medium. Four such bits weregaleon PDA in each Petri
dish and incubated for two days at 2822



Table 1: List of the genotypes used in the presestudy

Nsd. Name of the genotype NSo Name of the genotype
Local landraces
1 Gulbara 6 | Mushkbudiji
2 Tumlahaal 7 | Niver Zag
3 Gurah 8 | Local Budgam 1
4 Baber 9 | Local Budgam 2
5 Wazul krea 10| Local Budgam 3
Released Varieties/Genotypes of SKUAST
NSO'_ Name of the genotype I\?o Name of the genotype
1 SKAU-429 20 | SKAU-403
2 SK-356 21 | Chenab
3 Shalimar Rice-1 22| SKAU-339
4 KHD/GP/120 23 | China-1039
5 KHD/GP/27 24 | SKAU-292
6 Shalimar Rice-3 25| China-988
7 China-1031 26| SK-338
8 SKAU-336 27 | SKAU-39
9 SKAU-2 28 | China-1007
10 | SKAU-337 29 | Pusa sugand-5
11 | Pusa Sugand-3 30 SKAU-46
12 | SKAU-408 31 | SKAU-402
13 | SKAU-389 32 | SKAU-404
14 | Shalimar Rice -2 33| SKAU-3
15 | KHD/GP/150 34 | SKAU-98
16 | Shalkew 35| SKAU-405
17 | K-332 36 | China-972
18 | K-116 37 | Kamad
19 | Jehlum




Other genotypes from IRRI etc.

Nsd. Name of the genotype NSo Name of the genotype
1 Calaro 29| T2 (MAS 71)

2 C101A51 30| NP 125

3 C101PKT 31| IRBN 2008 V-87

4 IR61728-413-2-1-1 32| Dular

5 Shai Tai Tsau 33| CO-39

6 C101A51/ARBN 152 34| BL-122/ARBN 141
7 BL-122 35 | BL-142/ARBN 142
8 Rasi 36 | IRBL Z-FU/EC 565188
9 IR64 37 | KHD/GP/208

10 | IR68333-RR-B-19 38| T1(MAS 70)

11 | Kanto-51 39| B-26

12 RIL-10 40 | B-10

13 IRBL1-CL/EC 565160 41| B-13

14 | IRBL 5M/EC 565166 42| B-5

15 | A57-115-4/ARBN 148 43| B-3

16 | B4 44 | B-19

17 IRBN KS-S/EC 565178 45/ B-1509

18 | C104PKT 46 | B-28

19 | A-57 47 | B-32

20 | B9 48 | B-8

21 B-14 49 | B-11

22 | RIL-29 50 | B-24

23 | Usen 51| YUNLEN-19

24 | Raminad Str 3 52| AS3(IRRI LINE)

25 BL 245 53 | C105TTP.4L23

26 BL-42 54 | IR63347-AL-201-1
27 | SAFED BREZ 55| K-225

28 | KHD/GP/154




3.2.2 Purification and identification

The hyphal tips emanating from the tissue bits eweut off and
transferred to PDA in Petri plates for purificati@and further growth of the
pathogen. For identification, morphological chagaistics such as shape, size and
colour of sclerotia, branching type, septation aodlour of mycelium,
presence/absence of moniloid cells, growth rate, etere observed under
compound microscope and compared with standardiggsn given by Parmeter
and Whitney (1970).

3.2.3 Screening of rice cultivars under natural conditiors

The screening of the cultivars was done under feladitions for which
the material was planted in the experimental figidhe SKUAST-K, Shalimar
according to Randomized Complete Block Design (REBIth the replicates
during kharief 2014Healthy and stout paddy seeds free from the diseasee
kept into fresh cotton bags and soaked in freslemfat 24 hours. After 24 hours
the seed bags were brought out and kept undeethgerature of 20 -3C. After
4-6 days the sprouts emerged and were sown inmurBle transplanting of the
seedlings was done after 35 days of sowing. Rh8olaninoculum was prepared
based on théollowing procedure. Dry sweet corn (40 g) and dyg grass grain
(30 g) weremixed in 1 liter of water and autoclaved #5 min twice. Mycelial
plugs were incubateth the mixture for 4 to 5 days, artden transferred to a
paper bag for producingclerotia, which were ground and uszslinoculumR.
solani was allowed to growthroughout the mixture for 3 days beforewas

sprinkled by hand over all field plants.
3.2.3  Screening under polyhouse

Three seedlings of similar germination rate werkected and planted at
least 3 cm apart in a 15 cm diameter plastic ghdfiwith soil. Soil was first
sterilized to ensure that the study was not cordedrby the presence of soilborne

R. solaniinoculum. Each cultivar was represented byedheplicate plants per



a solani) of rice disease

Plate-1 : Symptoms of sheath blightRhizoct



Plate-2 : Mycelia of seven day cultures dRhizoctonia solani



Plate-3 : Sheath blight disease screening in greeninse



replication. Each seedling was inoculated with antbmycelial disk placed and
pressed up to the base of the stem, assuring yelionm was in contact with the

plant.

The genotypes were scored as per the standard &S

Score Description

0 No infection

1 Vertical spread of the lesions upto 20% of plaight

3 Vertical spread of the lesions upto 21-30% ohpleeight

5 Vertical spread of the lesions upto 31-45% ohpleeight

7 Vertical spread of the lesions upto 46-65% ohpleeight

9 Vertical spread of the lesions more than 66%dafttheight

3.3 Morphological characterization
3.3.1  Morphological, maturity and yield component taits

Observations were recorded at the appropriate dpnedntal stages of plant
growth as per the descriptors for rice formulated IBPGR-IRRI Advisory
committee (IRRI, 1980). The characters includedfierstudy are:

1. Plant height (cm)

Height of the tagged plants was measured as thandis from ground
level to the tip of the tallest panicle excludingrs at maturity as suggested by
Gomez (1972).

2. Days to 50% flowering

Recorded as number of days taken freed sowing to the emergence of

flowers in 50 per cent plants in each experimepitatl



3. Panicle length (cm)

Panicle length of the main tiller of the taggednpdawas measured from

the panicle base to the tip of the panicle at thegti stage.
4. Days to maturity

Recorded as number of days taken fseed sowing to grain ripening
(physiological maturity) on whole plot basis.

5. Grain yield ha*(q)

The grains obtained from the net plot were driedtfeo to three days,

cleaned and then weighed.
3.3.2  Diagnostic plant characteristics

Diagnostic characteristics were recorded for eamhotype. The data was
recorded as per the Standard method suggestedabge®tl Evaluation System
for Rice, IRRI, Philippines (1996).

1. Leaf length (cm)

Leaf length was measured on the leaf just belowl#geleaf at the growth

stage 5-6.
2. Leaf width (cm)

Leaf width was measured on the ledflpesow the flag leaf at the stage 5-

3. Flag leaf angle

Leaf angle was measured at growth stagevith the code as:

1 = Erect

2 = Intermediate
3 = Horizontal

4 = Descending



4. Panicle type

The type of panicle (a determinate inflorescencéherterminal shoot) was

recorded at the growth stage-8 with following code:

1 = Compact
3 = Intermediate
5 = Open

5. Grain length (mm)

It was recorded from the base of the lowermosilstegmma to the tip
apiculus of the fertile lemma or palea at growthgst9. In case of awned
varieties, the grain was measured to a point coafparto the tip of the apiculus.

6. Grain width (mm)

It was recorded as the distance across the féetitena and the plea at

the widest point at growth stage-9.
7. Awning

Awn, a filiform extention of different lengths aimg from the keel
(middle nerve) of the lemma, was recorded at thewvtr stage 7-9 with the

following codes:

0 = Absent

1 = Short and |yaatwvned

5 = Short and yudwned

7 = Long and pdlyiawnwd

9 = Long and fully awned
8. Tillering ability

Tillering stage followed the seedling stage witle #ppearance of the

first tiller from the axillary bud in one of theM@r most nodes. Tillering ability



was recorded at the growth stages 2-6 by applyiaddllowing scale.

1 = Very prolific

3 = Good (20-2tetiplant)

5 = Medium (10-19)

7 = Poor (5-9)

9 = Very poor @dban 5 tillers/plant)
9. Panicle threshability

The panicle was firmly grasped andchgmlled over the panicle to
estimate percentage of shattered grains. The ddisamwere recorded at growth

stage-9 by applying the following scale:

= Diffikt (Less than 1% shattering)
= Modeig difficult (1-5% shattering)
Intexdiate (6-25% shattering)
= Lod26-50% shattering)
9 = Easy (51-100% shattexing
3.4 Quality traits

~N 01 Wk
1

1. 1000-seed weight (g)

From the bulk sample of grains obtained from theigas of tagged

plants, 1000 well filled grains were counted andglved in g.

2. Seed coat (bran) colour

The observation was recorded at the growth stage® the following

code:
1 = White 5 = Red
2 Light brown 6 = Variable purple
3 = Speckled brown 7 = Purple
4 = Brown



3.5 Statistical and biometrical analysis

The data recorded during the present investigatias subjected to the

following statistical and biometrical analysis.
* Analysis of variance and estimation of the compésmehvariability,
» Estimation of heritability and expected genetiagai
» Estimation of phenotypic and genotypic correlatoefficient,
» Divergence analysis
3.5.1 Analysis of variance and estimation of the agponents of variance

3.5.1.1 Analysis of variance

Analysis of variance for all the characters in@iensquare lattice design
was carried out for testing variation among theoggmes. The characteristic of
this design is that the number of treatments ieréept square and the block size

is the square root of the number of treatments.

The analysis of variance table was set up as under:

Source of d.f SS MSS Fcal

variation
Replication r-1 SSQr MSR=SSQr/r-1
Treatments T-1 SSQt  MST=SSOQt/T-1 MST/MSE
Error (r-1) (T-1) SSQe MSE=SSQe/(r-1) (T-1)
T .
Where,

R = number of replications

K2 = number of treatments

K = number of blocks

SS = Sum of squares



MSS = Mean sum of squares

SSQr = sum of squares due to replication
MSR = Mean sum of squares due to replication
MSE = Mean sum of squares due to intra-block error

The significance of varietal differences was teédtg F-test comparing
calculated F-value at 5 and 1 per cent level afigance at treatment (t-1) and
error (t-1) (r-1) degrees of freedom. If the F-walvas found to be significant,
comparison was further extended to compare eadtniemt mean with every
other treatment utilizing critical difference (C)Pwhich was calculated by the

following formula.

Critical difference (C.D.) = Standard error of difference SE (d) x t (0.05)rabred.f.

= (2MSe/r)”* x t (0.05) at error d.f.
Where,

MSe= Error mean square

r = Number of replications

3.5.1.2 Genotypic variance

Genotypic variance was calculated using the metbhodgested by
Johnsoret al (1955).

., _ MSG - MSE
C g — ;

Where,
6%, = Genotypic variance,
MSG = mean sum of squares due to genotypes,
MSE = mean sum of squares due to error, and
R = number of replications



3.5.1.3 Phenotypic variance

Phenotypic variance was calculated as per theedwe given by
Johnsoret al (1955).

G° p = 5’29 + 0%
Where,
6%p = Phenotypic variance
d*, = genotypic variance, and
g %e = errorvariance

3.5.1.5 Phenotypic and genotypic co-efficient of vation

The magnitude of phenotypic co-efficient of vaoat (PCV) and
genotypic co-efficient of variation (GCV) existimga trait was worked out by the
formula given by Burton (1952) :

N

pcv = MO P 100
X
Where,
62?p = Phenotypic variance, and
X = grand mean of the trait studied
GCV = —Véx_zgx 100
Where,
6%g = Genotypic variance, and
X = grand mean of the trait studied

3.5.2  Estimation of heritability genetic advance ath expected genetic gain
3.5.2.1 Heritability (broadsense)

It was estimated as per the procedure presentd8ulipn and Devane



(1953), Johnsort al (1955) and Hansoet al (1956).

h2 = Ozg
op
Where,
h? = Estimate of heritability in broad sense,
og = Genotypic variance, and
op = Phenotypic variance

3.5.2.2 Genetic advance

Genetic advance at 5 per cent selection intensdy worked out by
using the formula given by Lush (1949) and Johretaad. (1955).

GA = gzg X (0°p)*°x K
Where,
GA = Genetic advance of the trait,
oy = genotypic variance of the trait,
op = phenotypic variance of the trait, and
K = selection differential; (K= 2.06 at 5 per teselection
intensity)

3.5.2.3 Expected genetic gain (genetic advancepas cent of mean)

It was estimated as per the method suggestedimgsdoet al (1955).

Genetic gain = GXA x 100
Where,
GA. = Genetic advance of the trait, and
X = mean of the trait

3.5.3  Estimation of genotypic and phenotypic covances and correlation
coefficients

Covariance analysis followed the same patterrhasvéariance analysis.
The genotypic and phenotypic covariances betweenctvaracters were obtained

in the same fashion as corresponding variancesmést of genotypic and



phenotypic variances and covariances were sulestitut the following formula
suggested by Panse and Sukatme (1985) to calcotatelation co-efficient

between all possible pairs of characters.

3.5.1 Genotypic correlation co-efficient

_ Azxy 9)
ry (0) = ———2 =
V6% (@) 62 ()

3.5.2 Phenotypic correlation coefficient

G 2><y (p)
V2 (p) 62y (p)

ry @) =

Where,

Genotypic and phenotypic correlation
coefficients, respectively, between a pair of
characters x and y

Fy (@): Ty (P)

Genotypic and phenotypic covariances,
respectively, for a pair of characters x and y

6 2xy (9), 6°xy (p)

Genotypic variance for characters x and v,
respectively, and

6 2x(g), 6%y(9)

Phenotypic variance for character x and vy,

G “x(p), 6 “y(p) )
respectively.

3.5.3 Test of significance

The significance of a correlation co-efficient wasted by the following
formula :

r(n - 2)°°

t =
(I _ r.2)0.5

Where,
R
N

Correlation coefficient and

number of observations

Any value () exceeding the table value of t & df is significant.



3.6 Estimates of genetic divergence

The genetic divergence was computed using theedrtoe as described
by Rao (1952) and Singh and Choudhary (1985). Tétaild of analysis are

described under the following heads:

1)
2)
3)

4)

5)

Test of Wilk's criterion,
Transformation of correlated variables,
Computation of Bvalues,

Relative contribution of individual

divergence, and

Group constellation

characters tods total

3.6.1

Test of Wilk’s criterion

Variances and covariances were obtained from aisabf variance and

covariance tables and the following analysis opéision table was constructed:

Analysis of dispersion

Dispersion due

Matrix due to

o d.f. Sum of squares Sum of products
X% XZ...... X1 X2 X1X3z.......
Replications r-1 A b C d......
Between Q a b c d....
treatments (Q)
Within By A- (ata) B-(b+b) C-(ctc) D-(d+d)....
treatments (W) subtraction
Total N A B C D.....




The determination of error and error + varietyiaace-covariance matrix
were calculated by pivotal condensation methodsiigu‘V’ statistics which, in
turn, utilizes Wilk's criteria. A simultaneous test differences between mean
values of characters from all the genotypes inptlesent study was performed, as

per the details given below:
The Wilk’s test is :
V =-mlog e\

Where,
W
W+Q

Determinant of error matrix
Determinant of error + variety matrix

and,
g+k+1

Where,

Z
I

Total number of observations minus one,

number of variable minus one, and

Q
K

number of characters under study

V' Statistics so obtained was compared with thbulated value of?

for 2gk degrees of freedom.
3.6.2 Transformation of correlated variables

Plot means of the varieties corresponding to theracters studied were
transformed to uncorrelated variables by Pivotahdamsation Method, which
rendered the computation of Dalues between any combinations of two varieties
to simple summation of squares of differences amg¢formed values for various

characters. The skeleton procedure of obtainingsfeamed variables by Pivotal



Condensation Method is described below:

Let dispersion matrix of original variableg x; ............ Xp be
7\,11 7»12 le
7\,21 7»22 sz

and consider the extended matrix

7»11 7\,12 xlpxl
7\,21 7»22 prxZ

taking11 as the first pivotal element, the first row islesed by

1 A2 Mg X 1
Ty e ™ "

Sweeping out first column and using the first palotow, following reduced

matrix is obtained

ﬂ»zz Xm f)(z,\
)\1p2’ )\,pp/ Xp’
Where, \ / S
)‘H:'—;:ij—xu)ﬁ
11



il

Xi = - 7»|| X1
2\ 2\
Now, = V(xi) =V (xi) - 7»—” Cov. (X Xl) + 2 I
I Il
Ai?
=Ni - )\l—:l Xii
o il
1
Similarly, Cov. (%1 X7]) = A’
Similarly, Cov. (%' x7]") =4;’
o . Al .
also, cov. (x 1 % = cov. (xIxi) - o v (xi)
=Nl-Aill=0
So the new variables are uncorrelated.
Considering the second pivotal row
223 \2p x2
\22 \22 22
the further reduced matrix is
A33 e A3 AX3”
)\p3” )\’pU! Xp”
resulting into variables
XL X 2 X 3 e with variance

XIT XA22 A33" oo

V (X1)



They are all mutually uncorrelated as shown abaefarther % depends on x

and %', and % on %', X, and » only.
3.6.3 Computation of 3 values

For each pair-wise combination of the varietieg tthfferences in
transformed values for various characters were coesband B-values were
calculated according to the following formula:

P
D?= z (Yij =Y )?
i-1
Where,
P = number of characters studied, and

are two transformed variables of tiecharacter for
two genotypes

Yij and Yi

3.6.4 Relative contribution of individual charactess towards total
divergences

The ranking of differences in uncorrelated meamtwben all the
characters for all pair-wise combinations of vaegtwas carried out, with first
rank being assigned to the highest differencesallyimelative contribution of a
character towards total divergence was estimatechlmylating the percentage of

first rank in that character.
3.6.5  Group constellation

Tocher's method was used for assigning variousetras to different
clusters. The two varieties having smallest disafiom each other were
considered first to which a third variety havingadlest average Hvalue from the
first two varieties was added. Next come the neédoesth variety and the process
continued till the averageDvalue increased. The remaining varieties were then
considered for the next cluster and the processcavasnued till all varieties were

included in various clusters.



The spatial distances between clusters were dria¢eby taking square

root of average intra and inter clusteri@lues.

For each combination (pair of genotypes) the maswiation (di) i.e.
Yi-Yywithl1=1,2,3........... p was computed and &lues were calculated as
sum of these deviations i.e;y;%), where, yis the transformed variable from the
original variable xi. Accordingly Bvalues for all combinations were calculated.
The ¥ values so obtained for each pair of populationevigzated as>and were
tested against the tabulated valuedofor p degrees of freedom, where p is the

number of traits considered.

In all combinations each character was rankecherbasis of = vj - Vi
values. Rank | was given to the highest mean diffee and rank p to the lowest
mean difference, where p is the total number ofradtars. In this manner

contribution of each character to the total divaegewas computed.

Tocher method for grouping of varieties into vasoclusters was
adopted. This method is detailed in a simplified/\wg Rao (1952) and Singh and
Choudhary (1985).

All the above computations were carried out usheysoftware Indostat
at Bio-informatics Laboratory of the Division ofdpit Breeding and Genetics,
SKUAST-Kashmir, Shalimar.

3.7 Molecular characterization

The plant material used for molecular charactéonaare given in the
Table-2.



Table 2: List of genotypes used for molecular chaxderization

Nsd. Name of the genotype
1 Calaro
2 IRBN 1-CL/EC 565160
3 SKAU 356
4 IR61728-413-2-1-1
5 RIL-10
6 Shalimar Rice-1
7 Pusa Sugand-3
8 SKAU-389
9 B-9
10 Gureh
11 SKAU-408,
12 Rasi
13 C101PKT
14 B-14
15 Shalimar Rice -2
16 Tumlahaal
17 C101A51/ARBN 152
18 A57-115-4/ARBN 148
19 SK-336
20 China-1031
21 IR64
22 Shalimar Rice -3
23 IR68333-RR-B-19
24 SKAU-337
25 IRBL Z-FU/EC 565188
26 B-4
27 A-57,
28 Niver Zag
29 IRBNS5M/EC 565166
30 KHD/GP/27
31 Baber
32 KHD/GP/150




3.7.1 Methods adopted
The present investigation was carried out undésréint headings.
3.7.1.1 Genomic DNA extraction

Plant DNA was isolated using CTAB (Cetyl Trimethfdmmonium
Bromide) method as modified by Saghai-Marafal. (1994). In this young
leaves at 5 leaf stage were harvested (approximd@ielg of fresh weight).
Harvested leaves were placed in glassine bagsptetes in ice and stored in-
20°C. The leaves were ground to fine powder usiegchilled pestle and mortar
after adding liquid nitrogen to make leaves britle well as to stop DNase
activity. The powder was transferred immediately @050 ml autoclaved
polypropylene centrifuge tube containing 15 ml of-gvarmed (65°C) 2X CTAB
extraction buffer. The composition of extractionffbuis given in Table 3The
powder was suspended in the buffer by inverting ranating the tubes properly.
The tubes were incubated at 65°C for 30-40 minumeswater bath. The samples
were mixed occasionally while maintaining a tempae of 65 +1°C. After
incubation, 15ml of chloroform: isoamyl alcohol (2}was added and tubes were
swirled, till it made a dark green emulsion. Thees were placed on a rotary
shaker for 30 minutes and then centrifuged at IDyPén for 10 minutes at room
temperature. The supernatant was transferred lieaa sterile 50 ml Falcon tube.
5ul RNase (10mg/ml) was added to each tube andbated at 37°C in water bath
for 1 hour. Chloroform: isoamyl alcohol extractiand centrifugation step was

repeated after RNase treatment, if required.



Table-3 : Composition of 2X CTAB Extraction Buffer

Components Final concentration
CTAB 2%
Tris HCI ’ 200 mM
NaCl 1.4 M
EDTA 20 mM
Mercaptoethanol 0.2%

Following centrifugation, the upper agueous phaas transferred to a
clean sterile 50 ml Falcon tube. About 0.8 volunieclalled isopropyl alcohol
was added and the tubes were inverted gently detmeras. The DNA formed
white cotton like precipitate and good quality DNIdated atop. The floating
DNA was hooked out using a sterile hooked Pastgatte. If the DNA was not
hookable, it was pelleted by centrifugation. Theolkexl or pelleted DNA was
transferred into a clean sterile 2.0 ml microfugleets and was rinsed with 70 per
cent ethanol for five minutes so as to remove a&sydual salts followed by re-
centrifugation. Pellet was collected and the leftoethanol was dried up
completely by turning down microfuge tubes on atbiig paper and was allowed
to air dry (at room temperature) for one hour. Thdded 500-800 pl volume of
1X TE (Tris EDTA buffer-10mM Tris HCI, 1mM EDTA, p18.0). The tubes were

left for few hours at room temperature to allow DkAdissolve.
3.7.1.2 Assessment of quality and quantity of DNA

Quantity of DNA was checked by Agarose gel elgataresis. In this 0.8
g of agarose was dissolved in 100 ml of 1X TAE ®tguhoresis buffer (Tris
base-45 mM, Acetic acid- 45 mM and EDTA- 1mM). Thixture was heated till
the agarose was dissolved completely i.e. whentisnllbbecame transparent and
clear. It was cooled down to 60°C with constantrisiy. Ethidium bromide was

added to a final concentration of 0.5ug/ml of buffehe agarose solution was



poured into an already prepared gel mould with coard was left for 20-30 min
for solidification. DNA samples for loading wereepared by adding 2 ul loading
dye (6X) (0.25% w/v bromophenol blue, 50% glycerolsterile water) to 8 pl
DNA. Sterile water was added to make the volum@ifilp to the DNA such that
the final concentration of loading dye was 1X. TOEA samples were loaded
into wells with the help of micropipette. Along withe DNA samples, marker of
known concentration (uncat DNA of 50 ng/ul concentration) was also loaded.
The gel was run for about 1-2 hours at voltage of/ém. The gel was then
visualized under UV transilluminator. Using phot@lG documentation system
and the DNA samples were photographed. The inteons$ifluorescence of each
sample was compared with that of a standard maketithen DNA concentration
of each sample was ascertained. The quality of Ridples was judged based
on whether DNA formed a single high molecular weigand (good quality) or a

smear (degraded/poor quality).
3.7.1.3 SSR analysis
3.7.1.3.1 Selection of primers

The SSR markers used in the present study werectsdl from

www.gramene.org The selected microsatellite markers along witheirth

chromosomal location are presented in the Table-4.
3.7.1.3.2 PCR amplification

In vitro amplification using polymerase chain reaction (PGRas
performed in a 96 well microtiter plate in a BiogRar Eppendorf master cycler
using 75 ng of genomic DNA of each genotype inralfivolume of 20 ul per
reaction. The stock and final concentration ofatéht components that was used

in PCR is given in Table-5.



Table 4: List of selected primers along with theirprimer sequence and
chromosome number

SSR C’:\lkg Forward 5'-3’ Reverse 3'-5’
RM104 1 GGAAGAGGAGAGAAAGATGTGTGTCG| TCAACAGACACACCGCCACGC
RM202 11 CAGATTGGAGATGAAGTCCTCC CCAGCAAGCATGTCAATGTA
RM245 9 ATGCCGCCAGTGAATAGC CTGAGAATCCAATTATCTGGGG
RM125 7 ATCAGCAGCCATGGCAGCGACC AGGGGATCATGTGCCGAAGGCC
RM287 11 TTCCCTGTTAAGAGAGAAATC GTGTATTTGGTGAAAGCAAC
RM530 2 GCACTGACCACGACTGTTTG ACCGTAACCCGGATCTATCC
RM55 3 CCGTCGCCGTAGTAGAGAAG TCCCGGTTATTTTAAGGCG
RM555 2 TTGGATCAGCCAAAGGAGAC CAGCATTGTGGCATGGATAC

Table-5: Stock and final concentration of differentcomponents used in PCR

Components Stock Conc. Volume (ul) Final Conc.
Water - 3.8 -
PCR buffer 10X* 2.0 1X
MgCl; 25mM 1.2 1.5mM
dNTPs 1mM 4.0 100puM
Primer Forward 5uM 1.0 0.25uM
Primer Reverse S5uM 1.0 0.25uM
Taqg Polymerase 5U/ul 0.2 1Unit
DNA template 15ng/pl 5 75ng

Total 20

*10X PCR buffer: 10mM TrisHCI, pH 8.3, 50mM KCI,3mM MgCl,, 0.01 %
Gelatin



The reaction mixture was overlaid with a drop @i Imolecular weight

mineral oil (SIGA) and placed in 96 well thermalctr. Amplification was

performed using temperature profile mentioned enThble.

Table-6 : Temperature profile used in PCR

Time
Step Temperature (minutes) No. of cycles

Initial denaturation 94 4 1

\
Denaturation 94 0:30
Annealing 45-60 1 35
Elongation 72 1

_/
Final Extension 72 7 1
Hold 12

3.7.1.3.3 Scoring of SSR allele profile

The SSR allele sizes was determined by the posatidiands relative to
the DNA ladder. Total number of alleles was recdrder each microsatellite
marker in all the genotypes under study by givimg number to amplified alleles
as 1,2,3,4 and so on. Number 1 was given to tle¢edilaving highest molecular
weight. The amplified bands were recorded as 1(lpaesent) and 0 (band absent)
in a binary matrix.The accession that did not slamwy amplification were scored
as missing values if amplification was not repead@d as null alleles if the
amplification was repeated 2-3 times. If the bappeared in the negative control
the whole PCR reaction experiment was repeated.

3.7.1.3.4 Polymorphism information content

The PIC values as described by Botstgiml. (1980) were used to refer
to the relative value of each marker with respedhe amount of polymorphism
exhibited. PIC values for each of the primers wesgmated using formula given
by Nei (1973).



N
PIC = (R))°

Where Ris the frequency ofallele in I primer and summation extends over ‘n
patterns. PIC is synonymous with the term ‘genedity’ as described by Weir
(1990). The PIC takes into account not only the lpeimof alleles that are

expressed but also the relative frequencies okthtsles (Smittet al.,1997).
3.7.1.3.5 Cluster analysis

Cluster analysis of the germplasm, using binarya dgenerated by
microsatellite markers, was conducted using compst#tware programme
Numerical Taxonomic and Multivariate Analysis Syst€NTSYS-pc) version
2.02e (Rohlf,1997). Microsatellite marker amplitiom profile for all the
genotypes under study was compared to each otlteD&RA fragments were
scored as present (scored as 1) or absent (sceré &imilarity was estimated
using SIMQUAL function of NTSYS, which computes artety of similarity
coefficient for qualitative data (nominal data)m8arity matrix value based on

Nei and Li (1979) coefficient of similarity (fp were calculated as
D; = 2a/(2a+b+c)

Where ‘a’ represents matched fragments, b and ec taimatched
fragments. The 2a+b+c are the total number of feagmamplified in a particular
set. The similarity matrix was thus generated amthddogram was constructed
using UPGA (Unweighted pair Group Method using BAmetic Averages)
available in NTSYS.

3.7.1.3.6 Data analysis

The amplified products from SSR marker analysisrewecored
guantitatively for presence or absence for each kenarallele-genotype
combination. The data were entered into a binaryiras discrete variables.

Polymorphism information content (PIC) value of naarker was



calculated according to the following formula of dersoret al.(1993).

n
PIC = 13 Py
J=1
Where, pij in the frequency of"jallel for the " marker, and summed over on

alleles PIC value exceeding 0.5 indicated presesfc@olymorphism for the
alleles.

Pair wise comparisons of the cultivars based enptioportion of alleles
were used to measure the genetic similarity. Esémaf genetic similarity
(measuring genetic distance) were calculated betvadlepairs of the genotypes
according to Nei and Li (1979) based on the formula

Similarity(F) = 2 Nab/(Na+Nb)

Where,
Nab : Number of fragments shared by the genotgpsd b,
Na Total number of fragments detected in gerogypand
Nb Total number of fragments detected in genetyp

The resultant similarity matrix (n x n), where 8 the number of
genotypes studied, was employed to contract a Degnam based on the
Unweighted Pair Group Method with Arithmetic Aveesg(UPGMA) using
Sequential Agglomerative Hierarchial Nesting (SAHNhodule. Genetic
similarities were estimated from the matrix of ndata using jaccard similarity
coefficient. The similarity coefficients (reversermgtic distance) were used to
construct a Dendrogram. Based on the analysis Bfi§&rker data, the genotypes
were classified into different clusters to asshssgenetic diversity resulting at the

molecular level.



Chapter - 4
EXPERIMENTAL FINDINGS

The present investigation entitled “ldentificatiand morpho-molecular
characterizationof genotypes of rice(ryza satival.) showing resistance to
sheath blight disease” was undertaken to elicarmftion on resistance/tolerance
of 102 rice genotypes to sheath blight diseaseethhgRhizoctonia solaniThe
material for the study was used to record obseymatbn various aspects, as per
the methodology detailed in Chapter-3. The datdectdd was subjected to
appropriate statistical and biometrical analysishe Tinferences drawn as
experimental findings are presented in this chapter

4.1 Screening of genotypes for disease resistatiolrance

The genotypes in the present study were screenedsistance/tolerance to
rice sheath blight disease. Among all the genotygmesened the highest disease
incidence (100%) and intensity (91.34%) was rea@bmddé’usa Sugand-3 followed by
the genotype Pusa Sugand-5 (100% and 90.12%, teshbgcwhile the lowest
disease incidence (10%) and intensity (1.11) wesrded in Niver Zag. Perusal to
the Table-7 revealed that none of the genotypesinvasine, while 33 genotypes
were resistant viz. Niver Zag, Shalimar RicedR68333-RR-B-19, KHD/GP/150,
IRBL1-CL/EC 565160, IR64, Shalimar Rice-3, RIL-T&yrah, A-57, SKAU-389, B-
4, IRBL 5M/EC 565166, SKAU-429, SKAU-408, C101PKSKAU-356, Calaro,
C101A51/ARBN 152, IR61728-413-2-1-1, TUMLIHAAL, Bah B-14, SKAU-337,
KHD/GP/27, China-1031, B-9, Shalimar Rice-2, ASBUIARBN 148, Shai Tai
Tsau, C104PKT, SKAU-336 and K-225 and 8 were madireesistant viz. BL-122,
Rasi, KHD/GP/120, NP 125, Usen, C101A51, Gulbara 82 (MAS 71). Thus,
about 40.19 per cent genotypes showed resistafidbe @emaining 61 genotypes 8
were moderately susceptible, 36 were susceptildel @were highly susceptible viz.
Pusa Sugand-3, Pusa Sugand-5, Local Budgam-1, Waxzyl SKAU-39, SKAU-
292, B-5, SKAU-98, Shalaken, BL-245, C105TTP.4L2Benab, KHD/GP/208, K-
116, B-19, SKAU-338 and Yunlen-19.



Table-7 : Incidence and intensity of sheath blightlisease in rice genotypes

Disease
NSC;_ Genotype Incidence | Intensity | Score | .
(%) (%) (0-9)
Local Landraces
1 | Gulbara 50 26.66 3 MR
2 | Tumlahaal 10 5.55 1 R
3 | Gurah 10 3.3 1 R
4 | Baber 10 6.34 1 R
5 | Wazul krea 70 77.34 9 HS
6 | Mushkbudiji 60 50.00 7 S
7 | Niver Zag 10 1.11 1 R
8 | Local Budgam 1 80 77.77 9 HS
9 | Local Budgam 2 80 59.67 S
10 | Local Budgam 3 80 63.65 S
Released Varieties/Genotypes of SKUAST
1 | SKAU-429 10 4.67 1 R
2 | SKAU-356 10 5.50 1 R
3 | Shalimar Rice-1 10 2.22 1 R
4 | KHD/GP/120 50 22.22 3 MR
5 | KHD/GP/27 10 6.66 1 R
6 | Shalimar Rice-3 10 3.00 1 R
7 | China-1031 10 6.87 1 R
8 | SKAU-336 40 17.56 1 R
9 | SKAU-2 40 31.11 5 MS
10 | SKAU-337 10 6.66 1 R
11 | Pusa Sugand-3 100 91.34 HS
12 | SKAU-408 10 4.67 1 R
13 | SKAU-389 10 4.07 1 R
Contd...




Table-7 contd...

Disease

NSC;_ Genotype Incidence | Intensity Score | poaction

(%) (%) (0-9)
14 | Shalimar Rice -2 10 7.45 1 R
15 | KHD/GP/150 10 2.34 1 R
16 | Shalkew 80 74.76 9 HS
17 | K-332 30 38.89 5 MS
18 | K-116 80 70.00 9 HS
19 | Jehlum 70 61.34 7 S
20 | SKAU-403 60 55.56 7 S
21 | Chenab 80 72.67 9 HS
22 | SKAU-339 60 58.34 7 S
23 | China-1039 70 64.36 7 S
24 | SKAU-292 80 76.55 9 HS
25 | China-988 70 63.99 7 S
26 | SKAU-338 80 70.00 9 HS
27 | SKAU-39 90 76.88 9 HS
28 | China-1007 50 53.67 7 S
29 | Pusa sugand-5 100 90.12 9 HS
30 | SKAU-46 60 57.45 7 S
31 | SKAU-402 70 62.99 7 S
32 | SKAU-404 60 51.34 7 S
33 | SKAU-3 60 54.23 7 S
34 | SKAU-98 80 75.22 9 HS
35 | SKAU-405 60 56.44 7 S
36 | China-972 60 47.32 7 S
37 | Kamad 50 48.23 7 S

Contd...




Table-7 contd...

Disease
NSO'_ Genotype Incidence | Intensity Score Reaction
(%) (%) (0-9)
Other genotypes from IRRI etc.
1 | Calaro 10 5.55 1 R
2 | C101A51 50 24.67 3 MR
3 | C101PKT 10 5.00 1 R
4 | IR61728-413-2-1-1 10 5.55 1 R
5 | Shai Tai Tsau 30 16.66 1 R
6 | C101A51/ARBN 152 10 5.55 1 R
7 | BL-122° 30 20.67 3 MR
8 | Rasi 40 22.22 3 MR
9 | IR64 10 2.22 1 R
10 | IR68333-RR-B-19 10 2.22 1 R
11 | Kanto-51 60 50.00 7 S
12 | RIL-10 10 3.33 1 R
13 | IRBL1-CL/EC 565160 10 2.22 1 R
14 | IRBL 5M/EC 565166 10 4.44 1 R
15 | A57-115-4/ARBN 148 10 7.57 1 R
16 | B-4 10 4.67 1 R
17 | IRBN KS-S/EC 565178 50 38.88 5 MS
18 | C104PKT 40 16.86 1 R
19 | A-57 10 3.67 1 R
20 | B-9 10 7.03 1 R
21 | B-14 10 4.34 1 R
22 | RIL-29 60 37.99 5 MS
23 | Usen 40 24.67 3 MR
24 | Raminad Str 3 80 64.67 7 S
25 | BL 245 70 74.34 9 HS
26 | BL-42 30 34.78 5 MS
27 | SAFED BREZ 60 46.88 7 S
Contd...




Table-7 contd..

Disease
NSC;_ Genotype Incidence | Intensity Score | poaction
(%) (%) (0-9)
28 | KHD/GP/154 40 43.82 5 MS
29 | T2(MAS 71) 40 26.66 3 MR
30 | NP 125 30 23.33 3 MR
31 | IRBN 2008 V-87 70 53.67 7 S
32 | Dular 70 45.45 5 MS
33 | CO-39 50 50.00 7 S
34 | BL-122/ARBN 141 60 55.78 7 S
35 | BL-142/ARBN 142 60 56.78 7 S
36 | IRBL Z-FU/EC 565188 70 64.11 7 S
37 | KHD/GP/208 80 72.34 9 HS
38 | T1 (MAS 70) 30 34.78 5 MS
39 | B-26 80 64.67 7 S
40 | B-10 60 54.56 7 S
41 | B-13 80 62.23 7 S
42 | B-5 80 76.11 9 HS
43 | B-3 60 53.56 7 S
44 | B-19 80 70.00 9 HS
45 | B-1509 70 55.38 7 S
46 | B-28 60 53.33 7 S
47 | B-32 70 58.78 7 S
48 | B-8 50 51.11 7 S
49 | B-11 50 56.33 7 S
50 | B-24 60 46.78 7 S
51 | YUNLEN-19 80 67.34 9 HS
52 | A3(IRRI LINE) 40 31.56 5 MS
53 | C105TTP.4L23 80 71.56 9 HS
54 | IR63347-AL-201-1 70 60.99 7 S
55 | K-225 40 18.88 1 R




4.2 Morphological characterization

One hundred two genotypes were evaluated for mdvgloal
characteristics as per the standard procedureeotniiernational Rice Research
Institute, Philippines. A general scale with indetue 0-9 was adopted for most
of the traits. This scale generally provides infation on the economic worth of
the genotypes. Trait expression with a score etlor less is considered to be
desirable for use as a parent for hybridizationfo@ncial variety. Such genotypes
express nearly full biological potential for muchits under all levels of stresses
(diseases, insect pests, soil disorders, climatr@bles, etc.). Traits with a score
of 4-6 could be acceptable under certain limitatjdor commercial cultivars, but
traits with such a score are not considered foreggenmprovement through

introgression. Traits exhibiting a score of 7-9 evasidered undesirable.

The morphological description of the genotypeth present study with
respect to five characters vis-a-vis, flag leaflanganicle type, awing, panicle

threshability and seed coat colour is presenteddable-8.

Perusal of the results (Table-8) revealed thabtyges with erect flag
leaf angle were 45 (44.11%) and intermediate 323{@1 Similarly horizontal flag
leaf angle was recorded in 25 (24.50%) genotypasicke type was compact in
56 (54.90%) and intermediate in 32 (31.37%) geredydt was open in 14
(13.72%) genotypes. Awning pattern revealed thatais absent in 87 (85.29%),
short and partly awned in 9 (8.82%), short andyfalvned in 3 (2.94%) and long
and partially awned in 1 (0.98%). Seed coat colwas white in 23 (22.54%),
light brown in 47 (39.16%) speckled brown colour3n2.94%) genotypes and
brown in 27 (26.47). Panicle threshability wasidiift in 7 (6.86%) genotypes. It
was moderately in 31 (30.39%), intermediate in 48.3%) and loose in 15
(14.70%) genotypes.



Table 8: Morphological characters recorded in the ice genotypes

NS(;_ Name of the genotype F':gg;lzaf Panicle type |  Awning Thrzgﬂi:tﬁity Sigﬂ) coat
Local Landraces
1 | Gulbara 5 3 7 7 2
2 | Tumlahaal 5 1 9 3 4
3 | Gurah 5 1 5 7 2
4 | Baber 1 1 0 3 2
5 | Wazul krea 5 1 0 3 1
6 | Mushkbudji 5 1 0 1 3
7 | Niver Zag 5 3 0 7 2
8 | Local Budgam 1 3 1 0 3 1
9 | Local Budgam 2 3 2 0 5 4
10 | Local Budgam 3 1 1 0 3 2
Released Varieties/Genotypes of SKUAST
1 | SKAU-429 3 2 0 7 2
2 | SK-356 5 3 0 7 2
3 | Shalimar Rice-1 5 2 0 5 2
4 | KHD/GP/120 3 3 0 7 2
5 | KHD/GP/27 5 3 0 7 2
6 | Shalimar Rice-3 5 2 0 5 4
7 | China-1031 5 2 0 5 2
8 | SKAU-336 1 3 0 5 2
9 | SKAU-2 1 1 0 5 2
10 | SKAU-337 1 1 0 5 2
11 | Pusa Sugand-3 1 1 0 1 2
12 | SKAU-408 1 2 0 1 2
13 | SKAU-389 1 1 0 5 2
14 | Shalimar Rice -2 3 2 0 5 2
15 | KHD/GP/150 1 1 0 3 2
16 | Shalkew 3 1 0 5 3
17 | K-332 3 1 1 3 1
18 | K-116 5 5 5 5 2
Contd.




Table-8 contd..

S.
No.

Name of the genotype

Flag leaf
angle

Panicle type

Awning

Panicle
Threshability

Seed coat
colour
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Table-8 contd...

Name of the genotype

Flag leaf
angle

Panicle type

Awning

Panicle
Threshability

Seed coat
colour

11 | Kanto-51 3 2 0 5 1
12 | RIL-10 5 3 0 5 4
13 | IRBL1-CL/EC 565160 5 3 0 7 4
14 | IRBL 5M/EC 565166 5 3 0 5 2
15 | A57-115-4/ARBN 148 5 2 0 5 2
16 | B-4 3 3 0 3 1
17 | IRBN KS-S/EC 565174 1 2 0 3 2
18 | C104PKT 1 2 0 3 2
19 | A-57 3 2 0 5 2
20 | B-9 3 2 0 5 4
21 | B-14 3 2 1 5 2
22 | RIL-29 1 1 0 5 4
23 | Usen 1 2 0 3 2
24 | Raminad Str 3 1 1 0 1 3
25 | BL 245 1 1 1 3 4
26 | BL-42 3 2 0 3 1
27 | SAFED BREZ 3 1 9 1 1
28 | KHD/GP/154 1 1 0 5 4
29 | T2 (71) 1 1 0 3 2
30 | NP 125 1 1 0 ) 4
31 | IRBN 2008 V-87 5 1 0 3 4
32 | Dular 5 3 0 5 4
33 | CO-39 5 1 0 7 1
34 | BL-122/ARBN 141 1 1 0 3 2
Contd...
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No.

Name of the genotype

Flag leaf
angle

Panicle type

Awning

Panicle
Threshability

Seed coat
colour
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4.2.1  Analysis of variance

Data were recorded on eleven quantitative traits ylant height (cm),,
panicle length (cm), leaf length (cm), leaf widitm), tillering ability, days to
50% flowering, days to maturity, grain length (mmmain width (mm), 1000 seed
weight (g), grain yield ha

Analysis of variance revealed significant variati@mong all the
genotypes for all the eleven characters studiedarMeum of squares due to

genotypes for all the characters were found higidpificant (Table-9).
4.2.2  Variability and genetic components of variabn

The genetic variability components like genotypmean, range,
confidence interval (Cl), genotypic variance (G¥henotypic variance (PV),
phenotypic coefficient of variation (PCV), genotypcoefficient of variation
(GCV), heritability (bs) and genetic advance agagent of mean were estimated
for each qualitative character as well. A compaetperformance of all the

genotypes under study has been described as follows

The estimates were computed on single analysis (datisle 10). Plant
height ranged from 120.00 to 45.66 cm with a mea®316, panicle length
ranged from 24.66 to 14.66 cm with a mean of 19@&f length ranged from
50.66 to 24.00 cm with a mean of 33.98, leaf widthged from 1.43 to 0.40 cm
with a mean of 0.60 cm, tillering ability rangedrin 26.66 to 7.00 with a mean of
15.54, days to 50% flowering ranged from 125.087d33 days with a mean of
104.46, days to maturity ranged from 147.66 to QQ4days with a mean of
135.37 days, grain length ranged from 8.54 to &n8i with a mean of 7.75 mm,
grain width ranged from 3.18 to 2.04 mm with a me&r2.81 mm, 1000-seed
weight ranged from 31.83 to 20.43 g with a meaB8®#3 g and grain yield g ia
ranged from 131.92 to 16.85 g with a mean of 92,.83".



Table 9: Analysis of variance for yield and yielccomponent traits of 102 rice Q. sativa L.) genotypes

Mean squares
S. Source of df
No. variation h Plant Panicle Leaf Leaf Tillerin Daysto | . .o Grain Grain 1000-seed Grain
height length length width Abilt 9 50% mat{’mt length width | bt | Yield plot™
(cm) (cm) (cm) (cm) y flowering y (mm) (mm) gnt{g kg
1. | Replication 2 16.74** 0.421 9.558 0.005* 1.39 59. 2.83* 0.028 0.13* 13.50** 43.01
2. | Treatment 101 944.23*F 17.04%  88.65*} 0.12* B | 208.47* | 73.19** 0.40** 0.263* 26.32** 2612 4**
3. | Error 202 1.66 0.99 9.03 0.001 0.79 0.97 0.64 010. 0.009 0.94 23.18
S.E.Diff from Mean 0.74 0.57 1.72 0.02 0.51 0.55 460. 0.07 0.05 0.55 2.76
CD (p<0.05) 2.74 2.11 6.38 0.08 1.88 2.04 1.70 0.27 0.20 2.0 0.22

*Significant at 0.05 probability level

** Significant at 0.01 probability level




Table 10: Magnitude of variability for morphological maturity, yield and
yield component traits in rice . sativa L.)
NSc;. Trait 95% ClI Mean Range
1. | Plant height (cm) 91.17-95.15 93.16 45.66-0Q20.
2. | Panicle length (cm) 19.48-20.04 19.76 14.66@416
3. | Leaf length (cm) 33.31-34.64 33.98 24.00-50.56
4. | Leaf width (cm) 0.57-0.62 0.60 0.40-1.43
5. | Tillering ability 14.96-16.12 15.54 7.00-26.66
6. | Days to 50% flowering 103.52-105.40 104.46 841238.00
7. | Days to maturity 134.81-135.93 135.37 124.000@y
8. | Grain length (mm) 7.714-7.80 7.75 6.31-8.54
9. | Grain width (cm) 2.77-2.84 2.81s 2.04-3.18
10. | 100-seed weight (g) 27.76-28.45 28.1( 20.4831,,
11. | Grain yield (q hd) 88.99-95.67 92.33 16.85-131.92




The estimates of phenotypic coefficient of varemeere observed to be
higher in magnitude than the corresponding estisnategenotypic coefficient of
variance (Table 11). The magnitude of phenotypid ganotypic coefficient of
variance was low (<10.0 %) for grain length (mmgysl to maturity and days to
50% flowering; it was moderate (10.0-20.0 %) foaigrwidth (mm), 1000-seed
weight (g), leaf length (cm), panicle length (cnmdaplant height (cm) and high
(>20%) for leaf width (cm), tillering ability andrain yield (q hd).

Estimates of heritability (broad sense) were H{gh0%) for all the traits
(Table 12).Very high value of heritability of 99p@r cent was exhibited by plant
height (cm) whereas, leaf length (cm) exhibited p@ cent in the same
environment. Genetic advance was estimated at Tgqu@rof selection intensity
(Table 12) and converted into expected genetic ¢pér cent of mean). The
estimates revealed that the expected genetic gasrhwgh (>30%) for plant height
(cm) and grain yield (g 3 whereas, it was low (20.0%) for panicle lengtm)c
leaf length (cm), leaf width (cm), tillering abilitdays to 50% flowering, days to
maturity, grain length (mm), grain width (mm), 10G@ed weight (Q).

42.3 Correlation coefficient

The Correlation coefficients were determined usuagiances and co-
variances to obtain relationship among various attars and their relationship
with grain yield h&, at both genotypic and phenotypic level. Genotypic
correlation coefficient, were by and large, highremagnitude, though similar in
direction than their corresponding correlation ficefnts at phenotypic level. The
correlation coefficients both genotypig)(and phenotypic g, among the various
growth characters of rice genotypes are presemedable-13. Correlation
coefficients revealed that the economically imaotttrait i.e. grain yield (q 2
exhibited significant positive association with mieheight -(§-0.21, p = 0.21),
panicle length ¢0.21, p- 0.21), leaf length §r- 0.28, p- 0.23), leaf width @
-0.21, §0.20), tillering ability (§=0.26, =0.23), grain length §r0.24, §-0.23),
grain width (§=0.32, p =0.23), 1000-seed weigh{<0.32, =0.29) both at



Table 11: Phenotypic and genotypic coefficient ofariation for different
traits in rice (O. sativa L.)

o Trait PCV GCv
1. | Plant height (cm) 19.07 19.02
2. | Panicle length (cm) 12.74 11.70
3. | Leaf length (cm) 17.55 15.16
4. | Leaf width (cm) 34.81 34.16
5. | Tillering ability 33.10 32.60
6. | Days to 50% flowering 8.01 7.96
7. | Days to maturity 3.68 3.63
8. | Grain length (mm) 4.92 4.63
9. | Grain width (cm) 10.90 10.34
10. | 1000-seed weight (g) 10.90 10.34
11. | Grain yield (q hd) 32.24 31.81




Table 12: Estimates of variability, heritability, genetic advance and expected genetic gain for diffemt traits of rice (O.
sativa L.)

S. , Phenotypic Genotypic Heritability Genetic Expected genetic
No. Traits variance variance (broad sense) advance (% of mean)

1. | Plant height (cm) 315.85 314.18 0.99 36.41 39008

2. | Panicle length (cm) 6.34 5.35 0.84 4.37 22.14 %
3. | Leaf length (cm) 35.57 26.53 0.74 9.16 26.97%
4. | Leaf width (cm) 0.04 0.04 0.96 0.41 69.06 %
5. | Tillering ability 26.48 25.69 0.97 10.28 66 %5

6. | Days to 50% flowering 70.10 69.18 0.98 17.02 29646

7. | Days to maturity 24.83 24.18 0.97 9.99 7.38 %
8. | Grain length (mm) 0.14 0.12 0.88 0.69 8.96 %
9. | Grain width (cm) 0.09 0.08 0.90 0.56 20.22 %
10. | 1000-seed weight (g) 9.40 8.46 0.90 5.68 20.22%
11. | Grain yield (q hd) 886.26 863.08 0.97 59.72 64.68 %




Table 13:

component traits in 102 rice Q. sativa L.) genotypes

Genotypic (above diagonal) and phenotypidbelow diagonal) correlation coefficient of yieldand vyield

S. | Traits Plant Panicle Leaf Leaf Tillering Days to Days to Grain Grain 100-seed Grain
No. height length length width ability 50% maturity length width weight (g) | yield ha*
(cm) (cm) (cm) (cm) flowering (mm) (mm) q
1. Plant height (cm) 314.18 0.37 0.08 -0.31 -0.35 -0.49 -0.41 -0.03 -0.06 -0.06 0.20*
2. | Panicle length (cm) 0.34 ** 5.35 0.20 0.007 -0.33 -0.35 -0.25 0.04 0.29 0.29 0.21*
3. Leaf length (cm) 0.07 0.21 ** 26.53 0.19 -0.06 0.11 0.30 0.24 0.02 0.02 0.28*
4. | Leaf width (cm) -0.30 ** 0.01 0.16 ** 0.04 0.07 0.53 0.48 -0.27 0.06 0.06 0.21*
5. Tillering ability -0.34** -0.30 ** -0.06 0.07 25.69 0.29 0.56 -0.05 -0.08 -0.08 0.26**
6. | Days to 50% flowering -0.49* | -0.32 ** 0.09 0.52 ** 0.29 ** 69.18 0.41 -0.14 -0.06 -0.06 -0.15
7. Days to maturity -0.40 ** | -0.22 ** 0.25 ** 0.47 ** 0.54 ** 0.41 * 24.18 -0.001 0.19 0.19 0.13
8. Grain length (mm) -0.03 0.03 0.18* -0.24 ** -0.05 -0.13* -0.002 0.12 -0.17 -0.17 0.24*
9. | Grain width (cm) -0.05 0.25 ** 0.03 0.05 -0.07 -0.06 0.18 ** -0.14 * 0.08 1.00 0.32*
10. | 100-seed weight (g) -0.05 0.25* 0.03 0.05 -0.07 -0.06 0.18 ** -0.14 * 1.00* 8.46 0.32*
11. | Grain yield plot kg 0.21* 0.21* 0.23 ** 0.20 ** 0.23* -0.15* -0.13 * 0.23* 0.29 ** 0.29 ** 863.08

* **= Significant at 5% and 1% respectively




genotypic and phenotypic levels. Days to 50% flomger (fy = -0.153, § = -

0.151), days to maturity (1= -0.134, f - -0.131) exhibited negative and non-
significant association with fruit yield plahtlt was noticed that grain length was
positively and significantly associated with leehgith and leaf width and grain

width with panicle length.
4.2.4  Genetic divergence

Analysis of variance for dispersion revealed thatgenotypes expressed
significant variability for various traits underusty. Genetic divergence was

estimated for one hundred two genotypes of rice.

Based upon the performance of genotypes, 102 gee®tvere grouped
into eight clusters (Table-14) as per Mahalanobisualysis employing Tochers
method (Rao, 1952). The cluster diagram and demamnogFig.1 and 2) indicated
that the maximum number of genotypes fall in clud¥e(40) followed by cluster
Il (23), cluster VII (16), cluster VI (14), clust&/lll (3) and cluster I, cluster 1lI

and cluster V (two each).

The mean intra and inter-cluster distance)(Balues for the same
environment (Table 15) revealed that cluster V higghest intra-cluster distance
(D3 value of (1271.69) followed by cluster | (601.58e inter-cluster distances
(D?) value was highest (1146.52) between cluster &fil VIl followed by cluster
VII and VI (823.12), cluster VI and | (668.36), ster V and Ill (599.95). The

minimum inter- cluster distance was observed batvobgster Il and IV (376.39).

Cluster mean for different traits in the same smwnent (Table 16)
revealed that the magnitude of differences amorg rtfean of the traits for
clusters was significant. The range of variatiorclmster means for plant height
(cm) was 114.04 in cluster VII to 64.00 in clustédr Panicle length (cm) was
21.06 in cluster 1l to 16.83 in cluster I. Leaf ¢gh (cm) was 41.67 in cluster VIII
to 30.36 in cluster VI. Leaf width (cm) was 1.43dluster VIl to 0.50 in cluster
[ll. Tillering ability was 20.17 in cluster to 13.38 in cluster Il. Days to 50%



Table 14:

Distribution of different rice genotypesinto clusters based on
D? statistics (clustering by Tocher Method)

Cluster

No. of
genotypes

Variety/Accession No. of genotypes

2

Calaro, Kamad

23

SKAU-429, B-11, B-24, B-4, B-26, B-3, SKAU-3

SKAU-46, Mushkbudji, B-5, China-988,China-972,

B-32, Jehlum, Dular, IRBL Z-FU/EC 56518
Chenab, K-116, Shalimar Rice-2, IRBL5)
EC565166, Shalimar Rice-3, C101A51/ARBN14
Shalimar Rice-1

81
A/
p2,

B-8, SKAU-356

40

IR64, Tumlahaal, K-225, SKAU-336, C104PK
A57, SK-2, SKAU-337, B-9, B-14, SKAU-40¢
IR61728-413-2-1-1, IR68333-RR-B-19, T2(MA
71), Raminad Str 3, C0.39, Local Budgam
IR63347-AL-201-1, IRBN 2008 V-87, Shalkey
BL-42, K-332, Wazul Krew, Kanto-51, RIL-1(
BL-142/ARBN 142, T1, SK-339, China-103
SKAU-338, China-1007, B-10, B-13, B-19, |

1509, SKAU-98, B-28, A3(IRRI LINE), Local

Budgam-1, Local Budgam-2

KHD/GP/27, Pusa Susand-3

Vi

14

SKAU-405, Safed Brez, C105TTP.4L23, BL-12
Shai Tai Tsau, Usen, SKAU-389, Baber, RIL-]
IRBLKS-S/EC565178, Gulbara,Rasi,C101PK
C101A51

29,
(T,

Vi

16

Niver Zag, IRBL1-CL/EC565160, Gurah, KHL
GP/120, China-1031, A57-115-4/ARBN148, KH
GP/150,NP 125, BL 245,Yunlen-19, KHD/G
154,SKAU-403, SKAU-292,SKAU-39,SKAU-407
SKAU-404

VIl

BL-122/ARBN 141, KHD/GP/208,Pusa Sugand-

D/
D/
P/

OT




Table 15:  Average inter-cluster and intra-clster D*-values among rice ©. sativa L.) genotypes
S.

No. |Cluster— I Il [l v \% VI VI VI
1. 601.56 376.39 431.65 305.03 599.95 364.32 Q21| 593.00
2. I 74.67 177.62 193.55 505.93 545.17 187.82 4.6
3. 1 435.27 220.46 518.98 533.96 250.13 791.78
4. v 149.36 429.71 370.68 338.67 503.0
5. \Y 1271.69 668.36 633.46| 635.85
6. VI 261.09 823.12 449.53
7. VIl 131.99 1146.52
8. VI 0.00




Table 16 : Cluster means for yield and yield compgent traits in different clusters Of 102 rice genotpes Q. sativa L.)
. : . 1000- .
S Plgnt Panicle Leaf L_eaf Tillering Days to Days to Grain Gram seed .Graln
N X Cluster height length length width - 50% : length width : yield ha™*
0. ability . maturity weight
(cm) (cm) (cm) (cm) flowering (mm) (mm) © q
1. I 77.00 16.83| 31.83 0.63 20.17 104.67Y 138.83 7.83 2.590 24.97 120.40
2. Il 102.36 21.06 32.55 0.51 13.38 95.49 13393 797.] 2.90 29.05 104.772
3. 1] 98.67 19.83 31.50( 0.50 15.33 103.00| 132.83| 7.90 2.84 28.38 82.20
4. vV 91.57 20.00 35.91 0.61 16.68 107.17 137.68 7.14 2.96 329.6 86.73
S. \% 95.00 19.83 34.67 0.97 17.1y 109.50 14000 67.8 2.50 25.03 | 66.10
6 VI 64.00 17.43 30.36 0.60 16.52 109.14 134{14 767.] 2.62 26.21 89.07
7. VI 114.04 19.73 33.44 0.54 13.7% 102.21 | 129.77 7.74 2.52 25.21 101.16
8. VI 74.67 19.67 41.67 1.43 18.00 125.00 | 147.67 7.66 2.90 28.97 45.88




Fig. 1 : Mahalnobis Euclidean Distance (Not to th&cale)
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flowering was 125.00 in cluster VIl to 95.49 iruster Il. Days to maturity was
147.67 in cluster VIII to 129.77 in cluster VII. &n length (mm) was 7.90 in
cluster Ill to 7.66 in cluster VIII. Grain width (m) was 2.96 in cluster IV to 2.50
in cluster I. 1000-seed weight (g) was 29.63 irsdu IV to 24.97 in cluster I.
Grain yield gh#d was 120.40 in cluster | to 45.88 in cluster VII.

The per cent contributions of the traits towamslt genetic divergence
(Table-17) revealed that plant height was the mfator contributing to
divergence accounting for 41.16% followed by day$®% flowering (18.17%),
gain yield q h#& (12.02%), days to maturity (9.98%), grain length9834),
tillering ability (7.98%), leaf width (5.75%), andrain width (1.13). The
minimum contribution towards divergence was fromaigr width (1.13%)
followed by leaf width (5.75%) and tillering abi{7.98%).

4.3 Molecular characterization

Thirty two genotypes of rice were selected in thespnt study to
evaluate their genetic diversity at the moleculavel using micro-satellite
primers. The genotypes used for this study werel€KJ, C101A51/ARBN152,
SKAU-356,SR-1, [R64, Tumlahaal, Niver Zag, IRBL1AEC565160,
KHD/GP/27, Gurah, IRBL5SM/EC565166, Shalimar Rice-Bhina-1031,B-4,
A57, SK-337, B-9, B-14, Baber, SKAU-408, Shalimacdr2, IR61728-413-2-1-
1, IR68333-RR-B-19, KHD/GP/150, RIL-10, A57-115A®RBN148, IRBL1-
CL/EC565160, IRBL Z-FU/EC 565188, Rasi, CalarcKA®-389 and Pusa
Sugand-3.The experimental results obtained from the SSR araakalysis of

these genotypes are elaborated as under:
4.3.1  Genetic polymorphism

A total of eight simple sequence repeat (SSR) markesre utilized to
characterize and assess genetic diversity of 32tgees of rice. All these
markers generated good and reproducible productslfamf the 32 genotypes.

The level of polymorphism among the genotypas evaluated by calculating



Table- 17 :  Contribution of different traits to total genetic divergence
Nsd. Trait Times ranked 1% | Contribution (%)
1. | Plant height (cm) 2120 41.16
2. | Days to 50% flowering 936 18.17
3. | Grain yield (q hd) 619 12.02
4. | Days to maturity 514 9.98
5. | Tillering ability 411 7.984
6. | Leaf width (cm) 296 5.75
7. | Grain length (mm) 96 9.98
8. | Grain width (cm) 58 1.13




polymorphic bands, polymorphic information conteetfective multiplex ratio
and marker index for each of the 8 SSR loci evalliaEach of the 8 loci differed
significantly in their ability to determine varidity among the genotypes. The
size of most intensely amplified fragments was mheitrged by comparing the
migration distance of amplified fragments relatitee the molecular weight of
known size markers, 100 base pairs (bp) DNA laddetotal of 22 alleles were
detected across the 32 genotypes through the utbesd 8 SSR markers (Table
18). The number of alleles per locus generatechbge SSR markers varied from
2 (RM 104) (RM 202) (RM 530) (RM 287) and (RM 126)5 (RM 55) (Plate-4-
8). The average alleles per locus were 2.87.

Polymorphism index content value is the reflectainallelic diversity
and frequency among the genotypes. The PIC valagsdvfrom 0.22 (RM 202)
and (RM 245) to 0.67 (RM55) with an average of Op& locus. Significant
correlation existed between the PIC values andtimber of alleles at SSR loci.
PIC value of more than 0.60 was found for SSR markM55 and RM 555 and
it was less than 0.6 in RM 104, RM 530, RM 245, RBVI2RM 125 and RM 202.

4.3.2  Similarity coefficients between genotypeséreasing genetic distance

All the genotypes were scored for the presenceadsénce of the SSR
bands throughout 32 genotypes and the data wem@terpto binary data for the
presence (1) or absence (0) or as a missing oliser@®) for further analysis
with NTSYS-pc version 2.2 (Rohlf, 1997). NTSYS-pasvused to construct a
UPGMA (unweighted pair group method with arithmedwerages) dendrogram
showing the distance-based inter-relationship antbeggenotypes. A similarity
coefficients matrix based on the proportion of sbdaBSR alleles was used to
establish the level of relatedness between each qiathe genotypes. The
similarity index coefficient values obtained forcbgpair wise comparison among
32 genotypes are presented in Table 20. RelatippsAmong 32 genotypes
revealed a varying degree of genetic relationsRigirwise genetic similarity

coefficients varied from 0.00 to 0.94, with average of 0.62. Highest genetic
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Plate- 4. Ethidium bromide gel picture showing gentc relationship among 32 rice QOryza sativa L.) genotypes using SSR
primer RM 555

Coding for genotypes shown in plate

1. Calaro, 2. Tumlahaal, 3. CL01A51/ARBN 152, 4. SK36, 5. A-57, 6. Niver Zag, 7. IRBN5M/EC 565166, &HD/GP/27, 9. IR61728-413-2-1-1,

10. IR64, 11. KHD/GP/150, 12. B-14, 13. B-4, 14.BRI 1-CL/EC 565160, 15. A57-115-4/ARBN 148, 16. Chirl031, 17. Baber, 18. Shalimar Rice -2,

19. IR68333-RR-B-19, 20. SKAU-337, 21. IRBL Z-FU/EG65188, 22. Shalimar Rice -3, 23. Gureh, 24. BZR. Pusa Sugand-3, 26. SKAU-389, 27. RIL-10,
28. Shalimar Rice-1, 29. SKAU-408, 30. Rasi, 31. 8K 356 and 32. C101PKT




Plate-5: Ethidium bromide gel picture showing genet relationship among 32 rice QOryza sativa L.) genotypes using SSR
primer RM 555

Coding for genotypes shown in plate

1. Calaro, 2. Tumlahaal, 3. C101A51/ARBN 152, 4. SB36, 5. A-57, 6. Niver Zag, 7. IRBN5M/EC 565166, &HD/GP/27, 9. IR61728-413-2-1-1,

10. IR64, 11. KHD/GP/150, 12. B-14, 13. B-4, 14. BRI 1-CL/EC 565160, 15. A57-115-4/ARBN 148, 16. Chifl.031, 17. Baber, 18. Shalimar Rice -2,

19. IR68333-RR-B-19, 20. SKAU-337, 21. IRBL Z-FU/EG65188, 22. Shalimar Rice -3, 23. Gureh, 24. BZp. Pusa Sugand-3, 26. SKAU-389, 27. RIL-10,
28. Shalimar Rice-1, 29. SKAU-408, 30. Rasi, 31. 8K 356 and 32. C101PKT




100bp M

100bpM 15

----—-——-—---——--—----

Plate-6 : Ethidium bromide gel picture showing genic relationship among 32 rice Qryza sativa L.) genotypes using SSR
primer RM 104

Cading for genotypes shown in plate

1. Calaro, 2. Tumlahaal, 3. C101A51/ARBN 152, 4. SB36, 5. A-57, 6. Niver Zag, 7. IRBN5M/EC 565166, &HD/GP/27, 9. IR61728-413-2-1-1,

10. IR64, 11. KHD/GP/150, 12. B-14, 13. B-4, 14.BRI 1-CL/EC 565160, 15. A57-115-4/ARBN 148, 16. Chif1.031, 17. Baber, 18. Shalimar Rice -2,

19. IR68333-RR-B-19, 20. SKAU-337, 21. IRBL Z-FU/EG65188, 22. Shalimar Rice -3, 23. Gureh, 24. BZR. Pusa Sugand-3, 26. SKAU-389, 27. RIL-10,
28. Shalimar Rice-1, 29. SKAU-408, 30. Rasi, 31. 8K 356 and 32. C101PKT
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Plate-7: Ethidium bromide gel picture showing genat relationship among 32 rice Qryza sativa L.) genotypes using SSR
primer RM 530

Coding for genotypes shown in plate

1. Calaro, 2. Tumlahaal, 3. C101A51/ARBN 152, 4. SB36, 5. A-57, 6. Niver Zag, 7. IRBN5M/EC 565166, &HD/GP/27, 9. IR61728-413-2-1-1,

10. IR64, 11. KHD/GP/150, 12. B-14, 13. B-4, 14.BRl 1-CL/EC 565160, 15. A57-115-4/ARBN 148, 16. Clirl031, 17. Baber, 18. Shalimar Rice -2,

19. IR68333-RR-B-19, 20. SKAU-337, 21. IRBL Z-FU/EG65188, 22. Shalimar Rice -3, 23. Gureh, 24. BZh. Pusa Sugand-3, 26. SKAU-389, 27. RIL-10,
28. Shalimar Rice-1, 29. SKAU-408, 30. Rasi, 31. 8K 356 and 32. C101PKT
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Plate-8: Ethidium bromide gel picture showing genat relationship among 32 rice Qryza sativa L.) genotypes using SSR
primer RM 287

Coding for genotypes shown in plate

1. Calaro, 2. Tumlahaal, 3. C101A51/ARBN 152, 4. SB36, 5. A-57, 6. Niver Zag, 7. IRBN5M/EC 565166, &HD/GP/27, 9. IR61728-413-2-1-1,

10. IR64, 11. KHD/GP/150, 12. B-14, 13. B-4, 14. BRI 1-CL/EC 565160, 15. A57-115-4/ARBN 148, 16. Chirl031, 17. Baber, 18. Shalimar Rice -2,

19. IR68333-RR-B-19, 20. SKAU-337, 21. IRBL Z-FU/EG65188, 22. Shalimar Rice -3, 23. Gureh, 24. BZh. Pusa Sugand-3, 26. SKAU-389, 27. RIL-10,
28. Shalimar Rice-1, 29. SKAU-408, 30. Rasi, 31. 8K 356 and 32. C101PKT




Table 18: Total percentage of polymorphism detectedh 32 rice . sativa
L.) genotypes by SSR Markers

S. . Ch. Total Total no. Of Total No. (.)f Percentage of

No. Primer Name No. bands monomorphic | Polymorphic polymorphism
Bands Bands

1 | RM 145 9 28 26 2 7.14

2 | RM 555 2 31 24 7 22.58

3 RM 55 3 32 25 7 21.87

4 | RM 104 1 32 27 5 15.62

5 | RM 202 11 24 20 4 16.66

6 | RM 530 2 31 24 7 22.58

7 | RM 287 11 32 29 3 9.37

8 | RM 125 7 32 27 5 15.62

Total 242 202 40
Mean per primer 30.25 25.25 5




Table 19:

Allele variation and polymorphism information content (PIC) for SSR loci across 32 selectette (O. sativa L.)

genotypes
. Effective
S. SSR . Annealing No. of | Pic multiplex Marker
Primer sequence temperature . index
No marker o alleles| value ratio
(°C) EMR) | ™MD
F | ATGCCGCCAGTGAATAGC
1. | RM 245 R | CTGAGAATCCAATTATCTGGGG 50 3 0.22 0.14 0.03
F | TTGGATCAGCCAAAGGAGAC
2. | RM 555 R CAGCATTGTGGCATGGATAC 52 4 0.65 1.58 1.02
F CCGTCGCCGTAGTAGAGAAG
3. | RM55 R | TCCCGGTTATTTTAAGGCG 52 5 0.67 1.53 1.02
F GGAAGAGGAGAGAAAGATGTGTGTCG
4. | RM104 R | TCAACAGACACACCGCCACCGC 50 2 0.48 0.78 0.37
F CAGATTGGAGATGAAGTCCTCC
5 | RM 202 R | CCAGCAAGCATGTCAATGTA 45 2 0.22 0.66 0.14
F GCACTGACCACGACTGTTTG
6 | RM 530 R | ACCGTAACCCGGATCTATCC 55 2 0.43 1.58 0.67
F TTCCCTGTTAAGAGAGAAATC
7 | RM 287 R | GTGTATTTGGTGAAAGCAAC 60 2 0.50 0.28 0.14
F | ATCAGCAGCCATGGCAGCGACC
8 | RM 125 R | AGGGGATCATGTGCCGAAGGCC 55 2 | 026 0.78 020
Total 22 3.43
Average 2.87 0.42




Table- 20 :

Grouping of 32 rice Q. sativa L.) genotypes into different
clusters based on SSR markers

Cluster sub-clusters| Number of
N Name of genotypes
0. genotypes
I la 4 Calaro, Tumlahaal, Baber, Shalimatr
Rice-2
Ib 4 IR68333-RR-B-19, SK-337, IRBL Z-
FU/EC 565188, Shalimar Rice-3
I lla 4 C101A51/ARBN 152,SKAU-336,
A57-115-4/ARBN 148, China-1031
b 4 A-57, Niver Zag, IRBN5M/EC
565166, KHD/GP/27
llc 4 IR64, KHD/GP/150, B-14, B-4
Id 1 IRBN 1-CL/EC 565160
[l Ila 3 SKAU-408, Rasi, C101PKT
b 1 SKAU-356
v Iva 2 IR61728-413-2-1-1, SR-1
IVb 2 Gureh, Pusa Sugand-3
IVc 3 B-9, SKAU-389, RIL-10
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Fig. 3 : Similarity coefficient (Dice)




similarity coefficient was found as 0.84 followed/ I©.83 which is further
followed by 0.82. The least similarity coefficierfisund was 0.00 followed by
0.55, which was further followed by 0.61.

4.3.3  Cluster analysis and genetic divergence path

The input matrix for the genetic diversity/relateds among the
genotypes was prepared for SSR markers alleledffatetit loci that led to
generation of similarity values among the genotyptadied. Based on
information generated, the genotypes got separatedour main clusters which
were further sub-clustered into various sub-gro(ifble 20). Cluster | had 8
genotypes, Cluster Il had 13 genotypes, Clustehdd 4 genotypes and Cluster
IV had 7 genotypes.

The UPGMA dendrogram based on the cluster analgsid using
unbiased genetic similarity coefficients of theRS&lleles were constructed for
the 32 genotypes. The dendrogram revealed a pegidture showing the four

clusters. The genotypes assigned to different@lastere as under:

»  Cluster | consisted of eight genotypes (Calaro, laamal, Baber,
Shalimar Rice-2, IR68333-RR-B-19, SKAU-337, IRBL FXU/EC
565188 and Shalimar Rice-3) and was further divided two sub-
clusters (la and Ib) separated from each other sitmdarity value of
0.67 (Table 21). Among these sub-clusters, bothcthster contained
four genotype each.

»  Cluster Il consisted of thirteen genotypes (C10VARBN 152,SKAU-
336, Ab57-115-4/ARBN 148, China-1031, A-57, Niver ¢Za
IRBNSM/EC 565166, KHD/GP/27, IR64, KHD/GP/150, B;18-4 and
IRBN 1-CL/EC 565160) and was further divided intuif sub-clusters
lla, Ilb, lllc and IVd separated from each otheraasimilarity value of
0.0.71. Among these sub-cluster, the cluster Iks, llic contained four

genotypes each and lld contained only one genotype.



Table-21:  Similarity matrix for 32 rice (O. sativa L.) genotypes based on
SSR data

Gl G2 G3| G4| G5| G6| G7| G8 G9 G110 G111

Gl | 1.00

G2 1.00| 1.00

G3 | 0.87 | 0.66| 1.00

G4 | 0.80| 0.66| 1.00 1.00

G5 | 0.66 | 0.50| 0.85 0.83 1.00

G6 0.6 0.50| 0.85 0.83 1.00 1.00

G7 | 066 | 050, 0.82 083 100 1.00 1.00

G8 | 0.66 | 0.500 0.82| 0.83] 1.00 1.00 1.00 1.90

G9 0.5 0.46| 0.33 0.15 0.40 0.40 47 047 100

G10| 062 | 046| 0.77 076 08D 0.80 082 0/82 044 1.00

Gli1| 0.71 | 0.54| 0.79 0.72 076 0.46 0.80 0/80 037 08001
G12 G13| G14| G15 Gl G117 G18 G198 G20 G21 G22

G12 | 1.00

G13 | 0.88 1.00

G14 | 0.70 0.70| 1.00

G15 | 0.62 0.50| 0.80 1.00

G16 | 0.62 0.50| 0.80 1.00 1.00

G17 | 0.25 0.12| 040 0.57 0.5[r1.00

G18 | 0.37 0.25/0.53|0.71| 0.71| 0.85 | 1.00

G19 | 0.66 0.53/0.42|0.61| 0.61|0.61|0.76 | 1.00

G20 | 0.47 0.35| 0.25 0.400.40| 0.66| 0.53 0.8%1.00

G21 | 0.58 0.47/0.37 | 0.53| 0.53| 0.66| 0.80| 1.00 0.7% 1.00

G22 | 0.47 0471012 0.26 | 0.26| 0.53 040 0.7 0.87 0.62 1,00
G23 | G24| G25] G26] G27] G2d G29 G30 G3L  G32

G23 1.00

G24 0.80| 1.00

G25 0.93| 0.87] 1.00

G26 0.76| 1.00, 0.85 1.00

G27 0.80| 1.000 0.874 1.00 1.00

G28 0.61| 0.71] 057 071 071 1.00

G29 053| 037/ 050 046 0.37 046 1.00

G30 057| 040, 053 050 040 050 094 1400

G31 050| 0.35| 047 | 042 | 0.35| 042 | 0.82| 0.87] 1.00

G32 042| 053] 040 066 053 0.66 082 087 0.75001.




Cluster Il consisted of four genotypes (SKAU-4&&si, CLO1PKT and
SKAU- 356) and was divided into two sub-clusterfa(land l1lIb)
separated from each other at a similarity valu€®.66. Among these

sub-clusters llla contained three genotypes atdaihly one genotype.

Cluster IV consisted of seven genotypes (IR61728-21-1, Shalimar
Rice-1, Gurah, Pusa Sugand-3, B-9, SKAU-389 and-RILand was
further divided into three sub-clusters separatednfeach other at a
similarity value of 0.61. Among these sub-clustdrfa, Vb contained

two genotypes each and IVc contained three genstype



Table- 22:  Comparative analysis of genetic divergit among 32 rice Q. sativa L.) genotypes on the molecular
characterization (using SSR markers) and phenotypidiversity (using D’-statistics)

SSR marker diversity Phenotypic diversity
Cluster | Number of Cluster No. of . .
No. genotypes Name of genotypes No. genotypes Variety/Accession No. of genotypes
I 4 Calaro, Tumlahaal, Baber, Shalimar Rice- Calaro, Kamad
2
[ 2
4 IR68333-RR-B-19, SKAU-337, IRBL Zt
FU/EC 565188, Shalimar Rice-3
Il 4 C101A51/ARBN 152, SKAU-336, A57-
115-4/ARBN 148, China-1031 I 23 SKAU-429, B-11, B-24, B-4, B-26, B-3
i . SKAU-3, SKAU-46, Mushkbudji, B-5
4 ol Nor 28, IRBRNSMIEC 565166, China-988, China-972, B-32, Jehlum, Dul
IRBL Z-FU/EC 565188, Chenab, K-11
4 IR64, KHD/GP/150, B-14, B-4 Shalimar Ricez, IRBL5SM/EC565166
Shalimar Rice-3, C101A51/ARBN15
1 IRBN 1-CL/EC 565160 Shalimar Rice-1
[l 3 SKAU-408, Rasi, C101PKT B-8, SKAU-356
1 SKAU-356 i 2
\Y 2 IR61728-413-2-1-1, SR-1 v 40 IR64, Tumlahaal, K-225, SKAU-336
C104PKT, A57, SK-2, SKAU-337, B-9, B-
14, SKAU-408, IR61728-413-2-1-]
IR68333-RR-B-19, T2(MAS 71), Raming

L,

1d




Str 3, C0O.39, Local Budgam-3 , IR6334
AL-201-1, IRBN 2008 V-87, Shalkew, BL

42, K-332, Wazul Krew, Kanto-51, RIL-10,
BL-142/ARBN 142, T1, SK-339, China-
1039, SKAU-338, China-1007,B-10,B-13,B-

19, B-1509, SKAU-98, B-28, A3(IRR
LINE), Local Budgam-1, Local Budgam-2

Gureh, Pusa Sugand-3

KHD/GP/27, Pusa Susand-3

B-9, SKAU-389, RIL-10

Vi

14

SKAU-405, Safed Brez, C105TTP.4L2
BL-122, Shai Tai Tsau,Usen, SKAU-38

Baber, RIL-29, IRBLKS-S/EC565178,

Gulbara, Rasi, C101PKT, C101A51

Vi

16

Niver Zag, IRBL1-CL/EC565160, Gurah,

KHD/GP/120,China-1031, A57-11%-

4/ARBN148, KHD/GP/150, NP 125, B
245, Yunlen-19, KHD/GP/154,SKAU-40:
SKAU-292, SKAU-39, SKAU-402, SKAU
404

31
9,

—

VIl

BL-122/ARBN 141, KHD/GP/208, Pus

a

Sugand-5




Chapter -5
DISCUSSION

Rice pryza satival..) is one of the world’s most important cerealrt
is the staple food of over half of the world’s ptgiion, with much higher
dependence as a source of food energy in Asia.lifeifor Asians in general and
Indians in particular. RiceQryza satival..) is a popular cereal crop that belongs
to family Poaceae and includes other cereals sacWheat and corn. It is an
excellent source of complex carbohydrates andasost source of energy. Rice
is rich in nutrients and contains a number of vitesrand minerals. Two species
of rice are considered importa@ryza sativaand Oryza glaberrimaand grown
worldwide. Despite the continous increase in glodemand of rice, it is
subjected to various diseases that often placermajustraints on its production.
Among the major fungal diseases of rice, Rice $heéght is one of the most
devastating fungal disease of rice. It is secorg tmnand often rivals rice blast in
importance. Its causal agent is the necrotrophguis Rhizoctonia solanKuhn
[teleomorphThanatephorusucumeris(A. B. Frank) Donk] anastomosis group
(AG) 1, intraspecific group IA (Webstet al,, 1992).

Rice sheath blight (RSB) is difficult to controli@ to the low level of
inherent resistance of rice against this diseaseléfsonet al, 1972; Khodayari
et al, 2009). Although partial genetic resistance tdBRtas been reported and
major genes responsible for resistance have besmf(Paret al., 1999). RSB is
still not efficiently controlled by resistance bdeey (Cubeta and Vilgalys, 1997;
Wu et al., 2003). Sheath blight (ShB) management typicallg relied on the
application of fungicides in combination with cutilipractices (Willocquest al.,
2000). Hence, development of resistant varieties &amajor role to play to
control RSB is desirable, but greatly dependerdimninderstanding of the genetic
diversity of the rice genotypes and population ttrce of the pathogen. Better
understanding on the genetic diversity ensurebtbeder in planning crosses for
hybrid and line development, in assigning lineh&berotic groups and in plant



variety protection. Thus the success of breedingmmme depends mainly upon
choosing breeding stocks that have sufficient ‘itg. Classification of total
variability into its heritable and non-heritablengogonents such as phenotypic and
genotypic coefficient of variations, heritabilitystenates and expected genetic
advance is of paramount importance in understaniiegenetic make-up of any

breeding material under improvement.

Genetic diversity is normally assessed by commonphological traits.
However, such traits are affected by environmeewetbpment stage of the plant,
type of plant material and require several replicet to establish the genotypic
contributions. Molecular markers are expected toingor information
complimentary to the morphological descriptors, acould be potentially
exploited for crop improvement as they provide droe¢ opportunities to assess
genetic diversity more accurately due to their higformative index values
(Wong et al., 2009). Molecular genetic markers have brought phesral
changes in the area of plant breeding and manadeshgermplasm collections
(Hoxha et al, 2004) through their ability to produce unique DNwofiles in
various crops. The use of molecular markers allthes direct assessment of
genotypic variation at the DNA level. As genes iwed in traits of agronomic
importance are mapped and tagged, markers assistaading programs and even
to isolate the gene. Marker analysis helps to wided the genetic makeup of the
accessions and also make it possible to analyzglthw@l organization of genetic
diversity within a species (Welish and McCland, QR9DNA fingerprinting
technology in rice, physical mapping and genomeueecgng in rice and
combining of two genes for bacterial leaf blightistance in Basmati rice variety
through marker assisted selection has been suatigssthieved at NRCPB, New
Delhi (Josephet al., 2004; Gopalakrishnaet al, 2008; Parideet al, 2009;
Ngangkharret al.,2010).

Besides linkage mapping, gene targeting and asisiseeding, the DNA

polymorphism assays are powerful tool for char@ation and investigating



germplasm resources and genetic relatedness (Peivatl] 1996). Several classes
of DNA markers are available, but SSR markers aresidered as most robust
and amenable for genetic divergence studies dtigeto multiallelic nature, high
reproducibility, co-dominant inheritance and exte@s genomic coverage
(McCouchet al, 1998), exhibition of high degree of allelic vaiwa (Temnykhet
al., 2000) and ability to detect genetic variation witland between accessions
(Gilbert et al., 1999; Zenget al., 2007 and Zhengt al, 2011). Thousands of
potential SSRs have been identified in rice and@%,have been developed as
molecular markers (Temnykdt al, 2000; McCouclet al, 2002). These markers
are being used in rice to develop high density iemeaps, characterize genotypic
accessions and determine their genetic structytinize the assembly of core
collections and strengthen marker assisted breddicttniques (McCoucht al,
2002; Yuet al, 2002; Garriset al., 2005). SSR markers detect polymorphism by
assaying subsets of the total amounts of the DNf@vesgce variation in a genome.
PCR based polymorphisms result from DNA sequenc&tian at the primer
binding sites and from DNA length differences betwg@rimer binding sites. The
SSR assay utilizes pairs of primers flanking eaichple sequence repeat and
polymorphism differ for the number of repetitive-tdi or tetranucleotides units
present at one locus. Polymorphism information eéain¢PIC) value is reflection of
allelic diversity and frequency among the genotypmsy value exceeding 0.5

reflects higher degree of polymorphism (Dewoetlyl.,1995).
51 Screening of genotypes for disease resistartiorance

In the present study 102 genotypes were screerfed
resistance/tolerance to rice sheath blight disedseong all the genotypes
screened the highest disease incidence (100%) maehsity (91.34%) was
recorded in Pusa Sugand-3 followed by the genoByma Sugand-5 (100% and
90.12% respectively) while the lowest disease iete (10%) and intensity
(1.11) was recorded in Niver Zag. The screeninthefgenotypes revealed that

none of the genotype was immune, while 34 genotye resistant and 9 were



moderately resistant. Thus about 35.53 per certgpas showed resistance. Of
the remaining 78 genotypes 12 were moderately ptibtes 46 were susceptible
and 20 were highly susceptible. Several researdters attempted in the past to
identify sources of resistance to sheath blighB)3by screening a large number
of wild species, landraces, local and improvedials, advanced breeding lines
using different screening techniques (Srinivasaclearal, 2011). They broadly
included use of colonized typha bits (Bhaktavatsada al., 1978), a toothpicks
infected withR. solani(Zou et al.,2000), broadcasting of inoculum on rice plants
(Li et al.,1995; Savaret al.,1995; Singha and Borah 2000 and Héaial.,2002),
infected rice grain-hull mixtures (Pagt al., 1999; Willocquetet al., 2000),
detached leaf technique (Prasad and Eizenga, 20@B)nicro-chamber method
(Jiaet al.,2009) under controlled greenhouse conditionsomparison with field
ShB evaluation, the micro-chamber and mist-charabsays were simple, precise
and more reliable assays methods in tagging ShBtaese (Liuet al., 2009; Jia
et al., 2009). In the present study controlled chamberhottwas adopted by
keeping the potted plants inoculated with typha bitder greenhouse condition,
maintained at optimum humidity (90%) and tempert(#8-30°C) for disease

development.
5.2 Genetic variability, heritability and expectedgenetic gain

Extent of genetic variation was estimated in 102noggoes.
Morphological characterization of these genotypssper the Standard Evaluation
System of IRRI, revealed that the flag leaf anglen{feasure of photosynthetic
efficiency) was erect flag leaf angle in 45 (44.)1%termediate in 32 (31.37)
and horizontal in 25 (24.50%) genotypes. Thus nitgjdi76.37) had desirable
(erect/intermediate) flag leaf angle. Panicle tw@s compact in 56 (54.90%) and
intermediate in 32 (31.37%) genotypes. It was ojpefh4 (13.72%) genotypes.
Awning pattern revealed that it was absent in &28%), short and partly awned
in 9 (8.82%), short and fully awned in 3 (2.94%ydong and partially awned in
1 (0.98%). Seed coat colour was white in 23 (22)p48ght brown in 47



(39.16%) speckled brown colour in 3 (2.94%) genesypnd brown in 27 (26.47).
Panicle threshability was difficult in 7 (6.86%)rgeypes. It was moderately in 31
(30.39%), intermediate in 49 (48.03%) and loos&5r{14.70%) genotypes.

Genetic variability for 11 different quantitatiyeinherited traits viz.,
plant height (cm), panicle length (cm), leaf lengtim), leaf width (cm), tillering
ability, days to 50% flowering, days to maturityam length (mm), grain width
(mm), 1000-seed weight (g), grain yield (haAnalysis of quantitative traits
revealed the presence of significant genetic viandbr all the traits. Mean plant
height of the genotypes was recorded as 93.16+0r4 with the range of
variability from 120.00 to 45.66 cm. Panicle lendthd a population mean of
19.76+£0.57 cm, with variability range of 24.66 t6.86 cm. Leaf length and its
width ranged from 50.66 to 24.00 cm and 1.43 t® @#h with a population mean
of 33.98+1.72 and 0.60+0.02. Tillering ability elhed from 26.66 to 7.00, with
a mean of 15.54+0.51. Days to 50% flowering rewtdlat on an average the
mean days taken to 50% flowering were 104.46+0.%&deith the variability
range of 125.00 to 87.33. Days to maturity reveded early, medium and late
maturing genotypes were present in the populatiodied. On an average, the
mean days taken to maturity were 135.37+0.46 wih vYariability range of
147.66 to 124.00 days. Grain length and its widgo aexhibited significant
variation in the genotypes. The minimum grain léngicorded was 7.75 cm and
grain width 2.04 cm, while maximum grain length w&aS84 cm and grain width
3.18 cm. The population mean for Grain length wa$#0.07 cm and for grain
width 2.81+0.05 cm. 1000-seed recorded a populatiean weight (g) of 28.43
+0.55 with a variability range of 31.83 to 20.43a@r yield ghd revealed
tremendous variabilityange of 131.92 t016.85 g with a mean populaticaingr
yield of 10.22+2.76 q ha

Estimates of coefficient of variation (phenotypard (genotypic) were
derived were derived for each quantitative traitefOall magnitude of coefficient

of variation (phenotypic and genotypic) was low @) for days to maturity,



grain length (mm) and days to 50% flowering. It vmagderate (10.0-30.0%) for
plant height (cm), panicle length (cm), leaf lengtin), grain width (mm) and
1000-seed weight (g) and high (>30%) for leaf wigitm), tillering ability and
grain vyield q h&. Characters which possessed moderate to highicieafs of
variation suggested that there is better poterfisal improvement through
selection. A wide range of variability along witlgh estimates of phenotypic and
genotypic coefficients of variation further indieathat these attributes would
respond to selection. Characterization of crop géaem through different
morphological traits is an important step for assemnt of its genetic potential.
Our present finding shows great genetic potentighe studied genotypes. The
promising genotypes identified during the currelidg have the potential to be
used in future breeding programs for getting préistlecand quality results.
During the current study for most of the qualitateand quantitative traits highly
significant and positive differences were foundr @sults are in close agreement
with those of Pandewt al. (2009), who recorded highly significant variability
among the different rice genotypes. Similarly tiveling of Wanget al. (2006)
also gives support to the current findings. Thelifigs of Chandrat al. (2007)
and Abarshahet al. (2011) further strengthen the current findings, wdiso
found valuable and highly significant and positixaiability among their studied

genotypes.

Estimates of heritability are of considerable impoce to breeders as
they help in information of an efficient and pradgimabreeding programme.
Heritability (broad sense) estimates are informeatas they indicate relative
importance of genotypic and environmental contidwutto variability exhibited
and reliance that can be placed on phenotypic vdlueng selection. It is
considered in conjunction with the predicated genatlvance as suggested by
Panse and Sukhatme (1957) and Johnsoml. (1955) as the heritability is
influenced by bio-metrical method, generation ofbiy, sample size of

experimental material and environment. Heritapiljbroad sense) were high



(>60%) for all the traits in environment taken. Téstimated genetic advance and
heritability (bs) was utilized to calculate expettgenetic gain (% of mean).
Therefore, the effect of selection is realized mqueckly in those characters
which have high heritability as well as high geaegain. Normally in self-
pollinating crops like rice estimation of expecigehetic gain is not having that
much significance. However, identification of a féwgh yielding varieties in
yield traits and their selectioper sefrom a large number of genotypes can
provide a logistic approach to increase produgimductivity of that crop

species.

When high heritability is accompanied with highn&gc advance as per
cent of mean (GAM), it indicates additive gene etfeand selection may be
effective. High heritability with low GAM indicateenportance of non-additive
gene action where high heritability is exhibitededio favourable influence of
environment rather than genotype and the seledtorsuch traits may not be
rewarding. Low heritability with high GAM is goveed by additive gene effects
in which low heritability is exhibited due to higinvironmental effects and the
selection may be effective in such cases. Low #&laitity coupled with low GAM
indicates that character is highly influenced bwiemmental effects and
selection would be ineffective. The expected gengdin revealed that it was high
(>30%) for plant height (cm) and grain yield (g'havhereas, it was low (20.0%)
for panicle length (cm), leaf length (cm), leaf Widcm), tillering ability, days to
50% flowering, days to maturity, grain length (mmgjain width (mm), 1000-
seed weight (g).

The magnitude of PCV was higher than the GCV fbthe characters
which may be due to higher degree of interactiongehotypes with the
environment (Kavitha & Reddy, 2002). Katoehal. (1993) and Sawant & Patil
(1995) reported high GCV for plant height, wher&enesan and Subramanian
(1994) reported moderate GCV for this trait. HiglC\& for tillers plant *
(Ganesan and Subramanian, 1994) and for paniclgthefiokaprakastet al.,



1992) has been reported. Similarly, several rebeaxrkers have reported high
GCYV for yield and yield component traits..High magde of genetic variability,
heritability and genetic gain has been reportethis crop. High heritability for
tillers/plant (Sarvanan and Senthil, 1994) and rgrgield plant (Sawant and
Patil, 1995; Choudhury and Das 1998) have beenrteghaHigh expected genetic
gain for tillers plarit and yield components have been reported by Seivaral
Rangaswamy (1997). Most of the above results ipedsof heritability and
genetic advance were in agreement with reportsaenhryy Sarawgi and Rastogi
(2000), Vange (2009) and Pandey and Anurag (2@®ilarly, Anjaneyuluet
al. (2010) studied on 50 germplasm lines of rice reaegd#hat high PCV and GCV
were recorded for number of grains per panicletlitgr percentage and grain

yield per plant.
5.3 Correlation coefficients

Yield is an ultimate criterion which a plant breedhas always to keep in
view for evolving improved cultivars of any cropowever, yield is a polygenic
character and highly influenced by environment. Wilealge of the association of
guantitative characters specifically for yield ang attributes is of immense
practical value during selection. Variability stesliprovide information on the
extent of improvement possible in different chagestbut they do not throw light
on the extent and nature of relationship existiegwieen various contributing
characters and economically important characteesicel, a knowledge regarding
association of various characters among themselndsvith economic character
is necessary for making indirect selection for ioygment of economical
characters. Correlation studies pave way to know d@lsociation prevailing
between highly heritable characters with most enooocharacters and gives
better understanding of the contribution of eadit tn building up the genetic
make up of the crop. The phenotypic correlationdicate the extent of the
observed relationship between two characters. @bhiss not give true genetic

picture of the relationship because it indicateshbberitability as well as



environmental influences. Genotypic correlationgvpaie an estimate of inherent
association between genes controlling any two cia@rg Hence, it is of greater
significance and could be effectively utilized orrhulating an effective selection
scheme. Perusal of Table-13 indicated that in thesgmt investigation, the
estimates of phenotypic correlation were in genglightly higher than genotypic
correlation. In all instances, however, more impetnay be placed on the
genotypic correlations. The nature of genotypicrelation was more or less
similar to phenotypic correlation under study. @tation coefficients revealed
that the economically important trait i.e. grairldi (qha) exhibited significant
positive association with plant height ;=(.211, p - 0.210), panicle length
(rg=0.214, p= 0.212), leaf length ¢r- 0.287, p- 0.232), leaf width ¢ -0.211,
r,0.203), tillering ability (§-0.261, p=0.234), grain length §0.242,, §-0.230),
grain width (5 =0.322, p = 0.231), 1000-seed weigh{0.322, p-0.293) both at
genotypic and phenotypic levels. A similar resuliswalso reported by Sarkar
(2006) and Sharifet al. (2013). The finding of present investigation isesgnent
with the earlier worker viz., Laxmet al. (2014), Shankaet al. (2006) and
Ravindra et al. (2012); they have also recorded the positive catiet of

effective tiller with grain yield per plant.

Days to 50% flowering §r- -0.153, f - - 0.151), Days to maturity {t -
0.134, p - -0.131) exhibited negative and non-significantoagsion with grain
yield plant'. It was noticed that grain length was positivetyd asignificantly
associated with leaf length and leaf width and rgnaidth with panicle length.
Similar result also estimated by Saravegial. (1997) with leaf length and leaf
width on grain yield which showed positive direffeet. The harmony conclusion
of negative direct effect of days to maturity omigryield was exposed by Hasan
et al. (2012). The correlation between plant height aradngyield was significant
and positive. The positive direct effect of plargigiht on grain yield also
explained by Choudhury and Das (1998), Akhearal. (2011) and Ravindra
(2012).



54 Genetic diversity

Analysis of genetic diversity is a platform foratfied sampling of
breeding population. Involving genetically divepsrents is known to provide an
opportunity for bringing together gene constellasio yielding desirable
transgressive segregants in advanced generatiopsri& genotypes are selected
and used as parents in hybridization programmesveder, the selection of
superior parents from a large number of genotypes difficult task to perform.
Genetic divergence analysis among genotypes igutdétpscreen the genetically
diverse parents that are likely to produce higletwic effects among crosses and
also generate large spectrum of variability dursegregation and recombination
of genes at heterozygous polygenic blocks. Muliatar technique using D
statistics (Mahalanobis, 1928) is a powerful taolquantifying the degree of
divergence among the genotypes. This would helgdnotify putative parents for
executing an effective breeding strategy to obtagh heterotic response and
transgressive segregants. Estimation of genetiergénce helps in reducing the
large data of genotypes to manageable proportibisassumed that the parents
showing wide genetic divergence are best suited Heing used in the
hybridization programme. In the process of formutatthe rice improvement
programme through hybridization and creating valitgtfor the improvement of
yield and other desirable traits, it is essentialibderstand the nature and degree

of genetic divergence present in the available géasm.

The utility of multivariate analysis in quantifignthe degree of
divergence between populations so as to undergi@ntiend of their evolutionary
pattern and assess the relative contribution démdiht components to the total
divergence together with the nature of forces dpegaat intra and inter cluster
levels had greatly been emphasized (Murty and Q4866; Anand and Murty,
1968; Mishraet al,, 1994). High genetic variability for different gutitative traits
in rice has been reported earlier (Khetral, 2009; Ullahet al.,2011; Seyounet
al., 2012).



In the present study, 102 genotypes of rice weatuated to estimate the
genetic divergence for identification of potentfarents using Mahalanobis’ D
statistics. Analysis of variance for divergencesaed that the value of V-statistic
were significant indicating substantial genetic edsity in the material.
Classification of the 102 genotypes led to formmawd eight clusters (Table-14) as
per Mahalanobis Danalysis employing Tochers method (Rao, 1952)st&tulV
comprised of maximum number of genotypes (40) fodd by cluster Il (23),
cluster VII (16), cluster VI (14), cluster VIII (3&and cluster I, cluster Il and
cluster V (two each).

The pattern of group constellations in the prestundly, suggested that
geographical diversity was not an essential fatiogroup the genotypes from a
particular source or origin into one particular stkr. This means that,
geographical diversity, though important, was & only factor in determining
the genetic divergence. Genetic diversity is thecame of several factors,
including geographical diversity. Therefore selectof parents should be based
on genetic diversity rather than geographical diNgrand statistical distances
(D? presented the index of genetic diversity amoregéhclusters. According to
Rao (1952), no formal rules can be laid down fomiog a cluster, yet any two
genotypes belonging to the same cluster shoulédsifl®n an average, show a

smaller G value as compared to two genotypes falling intéed#t clusters.

Clustering together of genotypes from differentirses is probably due
to free exchange of germplasm among breeders d&éreliit regions and/or
unidirectional selection practised by breeders @vhailoring promising cultivars
for different regions (Chaturvedi and Maurya, 20(®gabesanet al, 2008).
Similarly, genotypes from the same source of orggitting grouped into different
clusters may be due to differential adaptation taried agro-ecosystems
(Kadamoorthly and Govindarasu, 2005; Senapati aartta® 2005). The mean
inter- and intra-cluster distances was measuredldatify the most divergent

clusters and also the genotypes within a clusttie Taximum intra-cluster



distance (B) of (1271.69) was in cluster V had followed bystr | (601.56) and
the minimum intra-cluster distance {Dof (0.00) was in cluster VIIl. The
maximum inter-cluster distances3Dvalue was (1146.52) between cluster VIII
and VII followed by cluster VIl and VI (823.12),udter VI and | (668.36), cluster
V and Il (599.95). The minimum inter- cluster @iste was observed between
cluster Il and IV (376.39). Genotypes includedaimparticular cluster indicated
their close relationship among themselves as cosdp#w the other clusters.
Therefore, it could be expected that genotypes imith cluster were less
genetically different with each other, and wereedse from the accessions
belonging to other clusters. Sohrabial. (2012) clustered 35 upland rice into six
clusters, cluster Ill contains 27 accessions anodtets |, Il, IV and V comprised

6, 10, 2 and 4 accessions, respectively, and clW$wwas monogenic.

Cluster mean for different traits (Table-15) rdedathat the magnitude
of differences among the mean of the traits forstets was significant. The
highest cluster means for plant height cm (114Wd$ found in cluster VII, for
panicle length (cm) was 21.06 in cluster I, foafléength (cm) was 41.67 in
cluster VI, for leaf width (cm) was 1.43 in clestVIl, for tillering ability was
20.17 in cluster I, for days to 50% flowering wa&510 in cluster VIII, for days
to maturity was 147.67 in cluster VIII, for graiength (mm) was 7.90 in cluster
[, for grain width (mm) was 2.96 in cluster IVorf 1000-seed weight (g) was
29.63 in cluster IV and for grain yield g-havas 120.40 in cluster I. Cluster mean
of different characters help in choosing the diggrarents for hybridization and
these divergent parents are likely to broaden #metic base (variability) and
make available transgressive segregants with héggrdtic effects (Qian and He,
1991; Rao and Gomathinayagam, 1997). Sardanal. (1997) observed that
cluster means and genotypic coefficient variatieveal interesting picture about

nature of diversity.

The maximum intra cluster distance ?(D(cluster V) indicated high

heterogenity in genetic constitution of genotypeghat cluster while minimum



intra cluster distance @ (cluster VIII) indicated homogenity in genetic
constitution of genotypes in that cluster. As wel the highest value of
intercluster distance (cluster VIII and VII) indted also more heterogeneous
genetic constitution of genotypes included in bothsters. Selection of the
parents for hybridization should be done from défé clusters having wide inter-
cluster distance and those selected parents shawigl highper seperformance
for the traits contributing maximum towards divarge (Singhet al, 1996).
Clusters consisting of only one genotype with dpedraits could be used in
hybridisation programme for the exploitation of dresis mainly as testers for
expression of maximum heterosis. Sirgghal. (2011) reported that highest mean
values for days to maturity, plant height, totaimier of tillers per plant and

panicle length and lowest mean values for test eigd kernel length.

The per cent contributions of the traits towamslt genetic divergence
(Table-17) revealed that plant height was the mfator contributing to
divergence accounting for 41.16% followed by day$®% flowering (18.17%),
gain yield g h#(12.02%), days to maturity (9.98%), grain length983s),
tillering ability (7.98%), leaf width (5.75%), andrain width (1.13). The
minimum contribution towards divergence was fromaigr width (1.13%)
followed by leaf width (5.75%) and tillering abylit (7.98%).The traits
contributing maximum towards the divergence shdédjiven great emphasis for
deciding the clusters to be chosen for hybridisaiad the subsequent selection
of the parents from the clusters be based on plegiseperformance. In rice crop
significant contribution towards divergence hasrbesported from plant height
(Karthikeyan, 2002); and grain yield (Singhal.,1996; Ahmad and Borah, 1999;
Karthikeyan, 2002; Datt and Mani, 2003). The impottcharacters reported by
some researchers were plant height, panicle lengtiper of unfilled grains per
panicle, 1000-grain weight (Latét al., 2011 and Sabesaat al., 2009), grain
yield, number of effective tillers (Baradhan andambavel, 2011), harvest index
(Ahmed et al., 2010), days to maturity (Kanwat al., 1983) and number of



secondary branches per panicle (Sietal.,1991).
5.5 Genetic diversity studies using SSR markers

Genetic diversity assessment of the rice genotyigegn essential
component in germplasm characterization and coatervto identify potential
parents. Morphological and seed traits have longnbine means of studying
taxonomy and variability among plant species. Msatellites are among the most
widely used DNA marker for many purposes such asrdity, genome mapping,
varietal identification, etc. (Teixeira da Silv)(5b). Simple sequence repeat is an
important tool for genetic variation identificatiaf germplasm (Powelét al.,
1996; Ma et al., 2011). SSR marker have some merits such a quisknes
simplicity, rich polymorphism and stability, thugibg widely applied in genetic
diversity analysis, molecular map construction gede mapping (Zhanet al.,
2007; Maet al., 2011), construction of fingerprints (Xia al., 2006; Maet al.,
2011), genetic purity test (Pergt al., 2003; Maet al., 2011), analysis of
germplasm diversity (Zhowet al, 2003; Jinet al., 2010; Maet al., 2011)
utilization of heterosis, especially in identificat of species with closer genetic
relationship. A total of 18,828 Class 1 di-, trindatetra-nucleotide SSRs,
representing 47 distinctive motif families, weremntified and annotated on the
rice genome. An abundance of microsatellite marieer®w available through the
published high-density linkage map; there was agragye of 51 hypervariable
SSRs per Mb, with the highest density of markersuoeng on chromosome 3
(55.8 SSRMb-1) and the lowest occurring on chromesal (41.0 SSRMb-1)
(IRGSP, 2005).

The present investigation addresses the utilimatb 8 sheath blight
linked microsatellite markers to reveal genetic ypwrphism and ensures
unambiguous identification of sheath blight QTL¥he 8 SSR markers used in
this study were mapped previously by Let al. (2013). The total number of
alleles produced by these primers was 22 and rainged2-5 with an average of

2.87 alleles per primer. Among the primers used B8produced a maximum of



5 alleles. This number is smaller than that regbfte average number of alleles
7.8 alleles/locus by Jaiet al. (2006); as recorded from a set of Indian aromatic
and quality rice accessions or et al. (2003) reported (6.3 alleles/locus) from
193 rice accessions drawn from 26 countries usibiy SR primer pairs and
detected an average allele number of 6.3 per laghgh is also higher than the
value reported here. Pervast al. (2009) used 32 SSR markers to determine the
genetic diversity of 35 cultivars of Asian rice asdowed a clear division of
cultivars into aromatic and non-aromatic groupsthieir experiment, the number
of alleles detected by microsatellite markers vhfrem 2 to 13 with an average
of 4.5 alleles per locus, which is higher than study (3.33 alleles per locus).
Such variability exist in the number of allelesed#é&d per locus might be due to
the diverse germplasm used and selection of SSRepsiwith scorable alleles.
However the average number of allele per locus7(2les) obtained in our
study is comparable with the result reported by €hal,. (2000) detecting 2.0-
5.5 alleles per SSR locus for various classes ofonatellites. Wongt al.(2009)
reported the genetic relationship and diversity y@i& among 8 Bario rice

cultivars using 12 SSR primers, detecting a tot&loalleles.

Polymorphism index content value is the reflectadnallelic diversity
and frequency among the genotypes. The PIC valagsdvfrom 0.22 (RM 202)
and (RM 245) to 0.67 (RM55) with an average of Op& locus. Significant
correlation existed between the PIC values andtimber of alleles at SSR loci.
PIC value 0of~0.60 was found for SSR markers RM55and RM 555 amdhs <
than 0.6 in RM 104, RM 530, RM 245, RM287, RM % RM 202. Raret al
(2007) studied genetic diversity among 35 rice ssiom (landraces, cultivars and
wild relatives) using SSR markers. Mean numberlleles per locus identified
were 4.86 with a mean PIC value of 0.70.

The maximum number of alleles (5) were recordedSBR marker RM
55 with high PIC values of around 0.67. The PICueabf SSR marker that
recorded 4 alleles was 0.65 and that recordedeBallvas 0.22, while those that



recorded 2 alleles was from 0.22-0.50. PIC value@®60 was found for SSR
markers RM55and RM 555 and it waghan 0.6 in RM 104, RM 530, RM 245,
RM287, RM 125 and RM 202. In the present invesitgatcomparatively low
mean PIC value (0.67) could be due to: (1) onlyiteoh number of genotypes
which are very well acclimatized to the local ebniment were used; (2) less
differences in the contribution of the marker DNégions; (3) gene pool with
narrow genetic base; (4) high selection pressutbefjenotypes that might have
resulted in more similarity of the genotypes (Gianoet al.,2005). In the present
study, the level of polymorphism determined by BI€ value (mean= 0.42) is
consistent with the reported PIC value in previaasks (Luetal., 2005; Wong
et al, 2009; Hossairet al, 2012). According to the early reports on the PIC
values ranged from a low of 0.24 to a high of (a@# averaged 0.61 (Jash al,
2004), 0.19 to 0.90 with an average of 0.75 (Boebaal, 2009), which is
markedly higher than the result in our study. Upedgtet al (2011) also reported

the average PIC value of 0.78.

These result revealed that markers RM55 woulddse in screening rice
genotypes followed by RM555, RM104 and so on. Thius,PIC value indicates
that all these primers were highly informative acapable of distinguishing

between genotypes.
5.6 Estimation of genetic distance

Dendrogram from SSR markers put the rice genotyipeslightly
different groups, thereby, indicating these markeasy in their efficiency in
extracting similarities and differences among thigges. Pair-wise comparisons
between the tested genotypes were used to calcbkagenetic similarity. All the
genotypes were scored for the presence and abséttoe SSR bands throughout
all 32 genotypes and the data were exported tayouhata for the presence (1) or
absence (0) or as a missing observation (9) fahéaranalysis with NTSYS-pc
version 2.2 (Rohlf, 1997). NTSYS-pc was used tostmtet a UPGMA
(unweighted pair group method with arithmetic agessy dendrogram showing



the distance-based interrelationship among the tgpes. A similarity
coefficients matrix based on the proportion of sdaESR alleles was used to
establish the level of relatedness between each giathe genotypes using
JACCARD'’s coefficient. The similarity index valuedtained for each pair wise
comparison among 32 genotypes are presented ir-P&blRelationships among
32 genotypes revealed a varying degree of gengftionship. Pairwise genetic
similarity coefficients varied from 0.00 to 0.94ijtvan average of 0.62. Highest
genetic similarity coefficient was found as 0.8#idaved by 0.83 which is further
followed by 0.82. The least similarity coefficierfisund was 0.00 followed by
0.55, which was further followed by 0.61. Above 75&netic similarity between
genotypes in cluster analysis for 48 traditionabnaatic rice collected from
different parts of Odisha using 12 SSR and 24 |9&#Rkers were obtained by
Meti et al. (2013) and Samadt al. (2014) respectively, which was comparable to
current results obtained in present study. Highilanty coefficient indicate
genotypes belonging to similar genetic backgrouhlis arises possibly by
selective crossing wherein alleles of a sourceamsembled or occasional out
crossing common events occurring spontaneouslyki@aarthi and Naravaneni,
2006). Contrarily, magnitude and spectrum of lowalue similarity coefficient
among genotypes is indication of higher genetiedity among the genotypes. In
this study, the larger range of similarity valuesr fcultivars revealed by
microsatellite markers provides greater confidefocehe assessments of genetic
diversity and relationships, which can be useduinre breeding programs. With
the aid of microsatellite makers and clusteringaddifferent distantly related rice
genotypes may be combined by intercrossing genstyjoe instance, aromatic
rice genotypes with non-aromatic rice genotypesnfrdifferent clusters to get
hybrid varieties with highest heterosis. Many stsdihave also reported
significantly greater allelic diversity of microsdiite markers than other
molecular markers (McCouc#t al., 2001). Marker-aided backcrossing (MAB),

enabled by advances in genomics and molecular mgppirecent years, is more
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precise, time-saving, and cost-effective way toeligy rice varieties that can

withstand these stresses than conventional breeding
5.7 Cluster analysis and genetic diversity pattern

The input matrix for the genetic diversity/relateds among the
genotypes was prepared for SSR markers alleledffatetit loci that led to
generation of similarity values among the genotymtadied. Based on
information generated, the genotypes got separatedour main clusters which
were further sub-clustered into various sub-groupBable). Cluster | had 8
genotypes, Cluster Il had 13 genotypes, Clustehdd 4 genotypes and Cluster
IV had 7 genotypes. The dendrogram reveals that gheotypes that are
derivatives of the genetically common backgrounadtéo cluster together or
nearer. The clustering pattern may be due to thestantial variation in
geographic and climatic conditions that house cifié agro-ecosystems (Ztat
al., 2004). Similar to current clustering pattern wés abtained by Metet al.
(2013) for 48 aromatic rice collection from Odisiging 12 SSR markers, which
separated the genotypes into 2 major clusters @ g6netic similarity using
jaccard’s similarity index. Comparative studieslifferent rice species using SSR
were successfully conducted by other researchegandpiet al. (2002), Rahman
et al. (2002), Wonget al. (2009), Prabhkaraet al. (2010), Singh and Singh.
(2012), Zhuet al. (2013). Herrereet al. (2008) used 48 simple-sequence-repeat
(SSR) markers to assess the genetic diversity oVddezuelan rice cultivars
released by the National Rice Breeding Program &twl978 and 2007 and
detected 203 alleles. Pervatal. (2010) used 35 SSR markers to detect genetic
diversity in 75 rice landraces and identified l1l4feles. The polymorphism
information content (PIC) ranged from 0.124 to ®,8®&ith an average of 0.569.
Beheraet al. (2012) used 36 microsatellite markers to assesstigashiversity in a
set of 33 medicinal rice genotypes and detectedpd@morphic loci. The PIC
values ranged between 0.24 and 0.956 with an awei@®.811 per locus.
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The gene diversity detected in this study (0.85¢amparable to overall
gene diversity of rice core collection (0.544) fradmina, North Korea, Japan,
Philippines, Brazil, Celebes, Java, Oceanina amdngm (Zhangt al.,2011) and
it is higher than US accession panel with averagedgliversity of 0.43 (Agrama
and Eizenga 2008) and Chinese rice accession pgnihet al. (2010) with the
average gene diversity of 0.47. The gene diversipprted in our study is lesser
than gene diversity (0.68) reported by (Liakat Ati al., 2011). Most of the
diversity panel with global accessions has the gbwersity of 0.5 to 0.7 (Garris
et al., 2005; Liakat Aliet al,. 2011; Niet al., 2002). These results on global
accessions help to infer that this diversity pasfefjermplasm lines represents a
large proportion of the genetic diversity that é&xis major rice growing Asian

continent.
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Chapter - 6
SUMMARY AND CONCLUSION

The present investigation entitled “Identificatiand Morpho-molecular
characterizationof genotypes of rice(ryza satival.) showing resistance to
sheath blight disease” was undertaken to obtédmrmation on the variability and
genetic divergence of the genotypes studiessessment of genetic diversity in
crop germplasm is vital for identification of thergptypes to be used in the future
breeding programme. Nature and magnitude of genedicability, genetic
diversity (O statistics) at the phenotypic level was estimaied102 rice
genotypes and genetic distance at molecular lewging SSR primers) was
assessed in selected 32 genoty@#ee hundred two genotypes were screened for
resistance/tolerance to rice sheath blight diseasger field conditions.The
genotypes were evaluated for morphological chargties as per the standard
procedure of the International Rice Research uUtstitPhilippines. A general
scale with index value 0-9 was adopted for mosthef traits.The observations
were recorded orleven quantitative traits viz., plant height jcpanicle length
(cm), leaf length (cm), leaf width (cm), tillerirapility, days to 50% flowering,
days to maturity, grain length (mm), grain widthniijn 1000 seed weight (g),
grain yield q hd. Data was subjected to various statistical andnbtdcal

analysis and the results obtained are summarizéietipresent chapter:

> Screening of the genotypes for resistance/tolerameiee sheath blight
disease revealed that among all the genotypes ifieedt disease
incidence (100%) and intensity (91.34%) was readtiddPusa Sugand-3
followed by the genotype Pusa Sugand-5 (100% andl296
respectively) while the lowest disease incidenc@¥{)L and intensity
(2.11) was recorded in Niver Zag. About 35.53 pent genotypes
showed resistance to the disease. Of the reman@irggnotypes 12 were
moderately susceptible, 46 were susceptible andw2@e highly
susceptible.
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Morphological traitsvis-a-vis flag leaf angle, panicle type, awing,
panicle threshability and seed coat colour was agtarized using
standard procedure of IRRI on the basis of scaler¢s 0-9). Flag leaf
angle was erect/intermediate in nearly 69.33 pet genotypes. Panicle
type was compact/intermediate in nearly 80.43 ggrest; with panicle
threshability as intermediate to easy in nearl\383&enotypes, seed coat
colour was white/brown in nearly 73.43 genotypesnfg was absent

in 84.31 genotypes.

Analysis of variance revealed significant differeecamong genotypes
for all the traits studied. The highest phenoty@nd genotypic
coefficients of variability were observed foratevidth (cm) followed
by tillering ability, grain yield ha (q), plant height (cm), leaf length
(cm) and panicle length (cm). In general the phgniotcoefficients of
variation were higher than genotypic coefficienfsvariation which
indicates the role of environment in the expressadntraits under

observation.

The estimates of heritability in broad sense wagh hior all the
characters. The present investigation indicategemt scope in the
improvement of these traits as these charactegeneral possessed
high estimates of heritability coupled with highngéc advancement
except for days to maturity, grain length (mm) adays to 50%
flowering (high heritability but moderate genegjain) indicating the

preponderance of additive gene action for comtfohese traits.

Genotypic correlation coefficient, were by and &rghigher in
magnitude, though similar in direction than theiorresponding
correlation coefficients at phenotypic level. Ctat®n coefficients
revealed that the economically important trait geain vyield (q h#)
exhibited significant positive association withil&eight (§-0.211, -
0.210), panicle length 410.214, p- 0.212), leaf length ¢r- 0.287, p-
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0.232), leaf width ¢ -0.211, §0.203), tillering ability (§-0.261,
r,=0.234), grain length §0.242,, r-0.230), grain width ¢-0.322, p =
0.231), 1000-seed weighty{0.322, 5-0.293) both at genotypic and

phenotypic levels.

Estimates of divergence among 102 rice genotypesated that
significant divergence existed among them. The tyges under study
were grouped into 8 clusters as per Mahalanolfig1928) analysis
employing Tochers method; with maximum number ehaypes in
cluster IV (40) followed by cluster Il (23), clust¥ll (16), cluster VI

(14),cluster VIII (3) and cluster I, cluster Il dweluster V (two each).

The mean intra and inter-cluster distancée)(Ralues for the same
environment (Table 16) revealed that cluster V highest intra-cluster
distance (B) value of (1271.69) followed by cluster | (601.58he
inter-cluster distances @Pvalue was highest (1146.52) between cluster
VIl and VII followed by cluster VII and VI (823.12 cluster VI and |
(668.36), cluster V and Il (599.95). The minimumter- cluster distance
was observed between cluster Il and IV (376.39).

The per cent contribution towards the total gendivergence revealed
that plant height (cm), days to 50% flowering, grgield ha" (q), days
to maturity, tillering ability and leaf width (cmjvere the main

contributing characters towards total genetic djeece.

Molecular characterization of selected 32 genotyjpes amongst the
102 genotypes was carried out using SSR markersot#l of eight
simple sequence repeat (SSR) markers were utitzettaracterize and
assess genetic diversity of 32 genotypes of rick.ti#ese markers
generated good and reproducible products for athef32 genotypes.
The level of polymorphism among the genotypes waaluated by

calculating polymorphic bands, polymorphic inforioat content,
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effective multiplex ratio and marker index for eashthe 8 SSR loci
evaluated. A total of 22 alleles were detectedsscthe 32 genotypes
through the use of these 8 SSR markers. The nuailaieles per locus
generated by these SSR markers varied from 2 (RN (M 202) (RM
530) (RM 287) and (RM 125) to 5 (RM 55), which alstands clearly
indicated from the fingerprinting (Plate 4-8). Theerage alleles per

locus were 2.87.

> Polymorphism information content value which is theflection of
allelic diversity and frequency among the genotypesealed that the
PIC values varied from 0.22 (RM 202) and (RM 245)0t67 (RM55)
with an average of 0.42 per locus. Significant elation existed
between the PIC values and the number of allel&S& loci. PIC value
of >0.60 was found for SSR markers RM 55and RM 555 iamds <
than 0.6 in RM 104, RM 530, RM 245, RM287, RM 12l &kM 202.

> Similarity coefficients (measuring relatedness) aveised to construct
the dendogram and clustering pattern of the gemstyp Pair wise
similarity coefficients ranged from 0.10-0.93. Semity coefficient
value revealed presence of good genetic diversityorsy these
genotypes at the molecular level. All the 32 gepesygot clustered into
four clusters which were further sub-clustered wmémious sub-groups,
with maximum number of genotypes (13) in clustdr fdllowed by
cluster I. Cluster | had 8 genotypes, Cluster Il had 13 ggrexyCluster
[l had 4 genotypes and Cluster IV had 7 genotypes

Based on the findings of the present investigati@nfollowing conclusion could

be drawn as under:

1) Genotypes which were screened for sheath bliglktadis resistance,

exhibit substantial genetic diversity at morphotadilevel.

2) For future breeding programme parents can be seldobm most
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3)

4)

divergent clusters showing high performance andbeantilized in
hybridization programme for creating variability the genetically
narrow crop species. The genotypes can also bisedtilfor the

transfer of specific traits into the commercialiegy/ies.

Marker analysis of the 32 selected genotypes redetiat SSR
markers were very robust in studying the genetilyrporphism.
However an elaborate study is suggested to contiven present
findings through the use of large number of SSRkerarthat would
cover whole genome and also identify rare/unigilleles

Forty resistant genotypes were identified undeld fieonditions,
which need to be studied under artificial epiphigtabnditions. The
genotypes can then be used for the development agpmg
population for the retrogression of sheath bliggdistance gene(s)
or QTL(s) into commercial cultivars.
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Raw Morphological data of 102 rice Qryza sativa L.) genotypes

Appendix - 1

Plant Penicle Leaf length | Leaf width Tillering Days to Days to Grain G.“"“” 1000 seed | Grain yield
height (cm) | length cm) | (cm) (cm) ability oo maturity length width weight @) | ha’ (q)
owering (mm) (mm)
Calaro R1 54 15 33 0.8 24 110 142 7.99 2.03 20.3 5.3
R2 52 14 33 0.8 25 109 142 7.93 2.06 20.6 126.98
R3 54 15 34 0.7 24 110 142 7.97 2.06 20.6 126.98
Mean 53.3333 14.6667 33.3333 0.7664 24.3333 609.6 142 7.96333 2.05 20.5 126.45
C101A51 R1 59 15 31 0.6 17 102 135 6.36 2.85 28.% 9.57
R2 60 14 33 0.5 16 102 135 6.36 2.86 28.6 72.59
R3 60 15 33 0.5 15 103 136 6.23 2.76 27.6 72.56
Mean 59.6667 14.6667 32.3333 0.5333 16 102.333 5.333 6.31667 2.82333 28.2333 71.5733
SKAU-429 R1 115 19 38 0.6 16 107 133 7.23 2.05 20.5 130.87
R2 117 19 38 0.6 16 107 133 7.41 2.27 22.7 132.45
R3 115 18 37 0.5 17 106 132 7.43 2.29 22.9 132.45
Mean 115.67 18.67 37.67 0.57 16.33 106.6[7 132.67 .36 7 2.20 22.03 131.92
C101PKT R1 56 17 29 0.6 18 109 130 6.88 2.99 29.9 8.99
R2 56 17 27 0.5 15 110 129 6.76 3.09 30.9 99.78
R3 58 18 27 0.6 19 109 131 6.79 2.87 28.7 99.6[7
Mean 56.6667 17.3333 27.6667 0.5666 17.3333 369.3 130 6.81 2.98333 29.8334 99.48
C101A51/ARBN152 R1 115 20 33 0.5 16 102 135 7.71 992. 29.9 56.98
R2 115 22 24 0.5 18 104 138 7.79 2.98 29.8 66.34
R3 111 22 36 0.5 16 100 136 7.66 2.88 28.8 63.67
Mean 113.667 21.3333 31 0.5 16.6667 102 136.333 72 7. 2.95 29.5 62.33
SKAU-356 R1 108 20 29 0.5 7 102 124 8.05 2.66 26.6 76.34
R2 110 22 30 0.5 8 102 124 7.99 2.99 29.9 78.3¢%
R3 112 23 29 0.5 7 101 124 7.99 2.58 25.8 76.99
Mean 110 21.6667 29.3333 0.5 7.33333 101.667 124 .01 8 2.74333 27.4333 77.2233
Shalimar Rice-1 R1 90 22 33 0.5 16 107 133 7.99 928 28.9 123.78




R2 93 23 32 0.5 15 106 132 8.05 2.85 28.5 127.65
R3 94 23 34 0.5 17 107 133 8.05 2.89 28.9 127.56
Mean 92.3333 22.6667 33 0.5 16 106.647 132.667 3 8.0 2.87667 28.7667 126.33
KHD/GP/120 R1 117 18 35 0.6 9 102 126 7.33 2.74 6 27. 100.01
R2 119 17 33 0.6 8 104 129 7.56 3.07 30.7 101.45
R3 117 18 35 0.6 7 104 127 7.39 2.75 27.5 111.03
Mean 117.667 17.6667 34.3333 0.6 8 103.383 127.3337.42667 2.86 28.6 104.163
Rasi R1 61 17 25 0.5 16 105 133 7.99 2.77 27.1 499.3
R2 64 16 27 0.5 16 104 134 7.67 3.06 30.6 100.23
R3 62 17 25 0.5 18 104 134 7.68 2.81 28.1 99.6/7
Mean 62.3333 16.6667 25.6667 0.5 16.6667 104.333 33.667 7.78 2.88 28.8 99.7467
IR64 R1 92 21 24 0.9 17 109 136 6.33 3.09 30.9 B7.9
R2 93 22 23 0.9 16 108 135 7.03 3.23 32.3 88.7|7
R3 95 21 25 0.9 17 110 137 6.54 3.23 32.3 88.56
Mean 93.3333 21.3333 24 0.9 16.666/7 109 136 635333 3.18333 31.8333 88.44
Gulbara R1 68 18 29 0.5 16 110 133 8.01 2.65 265 09.28
R2 67 16 28 0.5 17 110 134 8.02 2.51 251 107.89
R3 69 18 29 0.5 18 111 133 7.99 2.711 27.1 107.99
Mean 68 17.3333 28.6667 0.5 17 110.333 133.333 0680 2.62333 26.2333 108.37
Tumlahall R1 95 21 33 0.5 16 110 135 7.22 3.01 30.1 126.77
R2 98 22 34 0.6 17 110 134 7.34 3.05 30.5 126.67
R3 97 21 33 0.5 17 111 134 7.41 3.038 30.3 126.44
Mean 96.6667 21.3333 33.3333 0.5333 16.6667 330.3 134.333 7.32333 3.03 30.3 126.627
Niver Zag R1 118 18 35 0.5 17 101 134 8.09 2.0% 120. 115.34
R2 119 19 34 0.4 18 101 133 7.99 2.07 20.7 115.54
R3 120 20 32 0.5 17 101 133 8.02 2.05 20.9 116.34
Mean 119 19 33.6667 0.466671 17.3333 101 133.333 03383 2.04333 20.4333 115.74
IRBL1-CL/EC565160 R1 120 24 33 0.5 8 94 125 8.02 952. 295 76.67
R2 121 13 33 0.5 8 94 126 7.99 2.95 29.5 78.0p
R3 119 24 32 0.5 7 95 126 7.99 2.77 27.7 78.04




Mean 120 20.3333 32.6667 0.5 7.66647 94.33B3 625.6 8 2.89 28.9 77.5867
KHD/GP/27 R1 115 20 28 0.5 16 93 133 8.11 2.04 204 85.78
R2 116 20 27 0.5 17 94 132 8.01 2.23 22.3 87.06
R3 115 20 28 0.5 16 95 132 8.09 2.06 20.6 86.08
Mean 115.333 20 27.6667 0.5 16.3333 94 132.333 7 8.0 2.11 211 86.3067
Gurah R1 120 22 32 0.6 16 101 134 7.91 3.05 30.5 7.671
R2 120 23 33 0.5 17 100 131 7.87 3.06 30.4 116.34
R3 120 22 33 0.6 17 102 134 7.99 3.02 30.2 118.09
Mean 120 22.3333 32.6667 0.5666[ 16.6667 101 138 .92333 3.04333 30.4333 117.367
K-225 R1 72 18 29 0.5 16 110 135 7.03 3.03 30.3 9®9.
R2 71 17 30 0.5 17 110 134 7.23 3.21 32.1 87.99
R3 70 18 31 0.4 16 111 136 7.22 3.09 30.9 89.56
Mean 71 17.6667 30 0.46667 16.3333 110.383 13§ 6 7.1 3.11 31.1 89.18
IRBL5SM/EC565166 R1 100 18 32 0.5 14 94 131 8.44 82.8 28.8 97.99
R2 101 17 31 0.5 15 94 130 8.04 2.21 221 96.89
R3 100 18 30 0.6 16 95 131 8.35 2.65 26.5 96.99
Mean 100.333 17.6667 31 0.533338 15 94.3383 130.6678.27667 2.58 25.8 97.29
Shalimar Rice-3 R1 100 20 30 0.5 16 93 133 7.64 929 29.9 99.45
R2 101 21 31 0.5 17 94 132 7.59 2.89 28.9 100.11
R3 100 20 30 0.5 16 93 132 7.75 3.038 30.3 99.89
Mean 100.333 20.3333 30.3333 0.5 16.3333 93.3333 32.333 7.66667 2.97 29.7 99.816Y
China-1031 R1 115 17 34 0.5 7 101 126 7.55 3.04 4 30.| 120.44
R2 116 18 33 0.5 8 103 128 7.78 3.03 30.3 119.67
R3 118 17 34 0.5 6 101 128 7.65 3.01 30.1 120.22
Mean 116.333 17.3333 33.6667 0.5 7 101.667 127.333 7.66 3.02667 30.2667 120.11
A57-115-4/ARBN148 R1 115 19 33 0.5 7 101 128 7.79 .033 30.3 67.66
R2 116 19 34 0.5 7 102 129 8.01 2.56 25.6 69.6/7
R3 115 19 33 0.5 7 100 126 7.61 2.99 29.9 68.5p
Mean 115.333 19 33.3333 0.5 7 101 127.667 7.80333 2.86 28.6 68.6267
SKAU-336 R1 86 18 34 0.5 24 105 142 7.77 2.94 294 96.77




R2 88 18 33 0.5 23 104 142 7.87 2.89 28.9 67.88
R3 88 18 34 0.5 23 104 141 7.73 2.97 29.7 96.88
Mean 87.3333 18 33.6667 0.5 23.333 104.383 171.66 7.79 2.93333 29.3333 87.1767
B-4 R1 100 20 30 0.5 15 99 136 7.77 2.95 295 Bl4.0
R2 102 19 31 0.5 16 100 136 7.76 2.89 28.9 115.23
R3 100 18 30 0.5 17 100 135 7.57 2.99 29.9 113.Y8
Mean 100.667 19 30.3333 0.5 16 99.6647 135.667 7.7 2.94333 29.4333 114.347|
IRBLKS-S/EC565178 R1 60 17 27 0.6 15 110 135 8.14 .332 23.3 86.88
R2 63 18 28 0.6 17 112 134 8.19 2.77 27.7 87.44
R3 64 17 28 0.6 15 113 134 8.12 2.36 23.6 87.011
Mean 62.3333 17.3333 27.6667 0.6 15.66¢ 111.667 34.333 8.15 2.48667 24.8661 87.11
C104PKT R1 95 19 32 0.5 23 110 141 7.99 3.01 30.1 20.4B
R2 93 20 31 0.5 24 111 141 7.88 3.04 30.4 119.78
R3 92 19 30 0.5 24 112 142 7.93 2.99 29.9 120.34
Mean 93.3333 19.3333 31 0.5 23.666 111 141.333 93333 3.01333 30.1333 120.183
A57 R1 93 19 32 0.4 13 113 139 7.93 2.99 29.9 89.45
R2 94 20 33 0.5 14 112 140 7.77 3.02 30.2 90.33
R3 93 19 32 0.5 15 110 140 7.85 3.03 30.3 90.56
Mean 93.3333 19.3333 32.3333 0.4666 14 111.667 9.663 7.85 3.01333 30.1333 90.1133
SKAU-2 R1 78 18 34 0.5 15 107 138 7.88 3.03 30.3 9.34
R2 78 19 35 0.5 16 109 139 7.45 3.04 30.4 118.45
R3 78 18 34 0.5 15 108 139 7.88 3.038 30.3 118.98
Mean 78 18.3333 34.3333 0.5 15.333 108 138.667 73687 3.03333 30.3333 118.92
SKAU-337 R1 73 20 40 0.6 16 113 137 8.13 2.99 299 98.67
R2 74 20 42 0.6 16 113 139 8.14 2.98 29.8 99.07
R3 74 20 44 0.6 16 114 138 8.12 2.99 29.9 98.8|7
Mean 73.6667 20 42 0.6 16 113.333 138 8.13 2.9866729.8667 98.87
B-9 R1 85 18 38 0.8 22 98 142 7.66 3.01 30.1 114.75
R2 85 19 39 0.8 23 98 142 7.89 3.03 30.3 115.%6
R3 89 19 38 0.8 24 99 143 7.99 3.08 30.3 115.23




Mean 86.3333 18.6667 38.3333 0.8 23 98.33B83 132.33 7.84667 3.02333 30.2333 115.18
B-14 R1 95 22 40 0.9 8 102 135 7.79 2.69 26.9 04.6
R2 94 21 19 0.9 7 103 136 8.01 2.78 27.8 103.99
R3 95 22 40 1 7 104 136 7.77 2.72 27.2 104.89
Mean 94.6667 21.6667 33 0.93338 7.3333 103 135.66 7.85667 2.73 27.3 104.517
RIL-29 R1 62 17 34 0.8 8 113 133 8.14 2.69 26.9 456.
R2 64 18 44 0.8 7 112 134 7.99 2.99 29.9 78.28
R3 63 17 34 0.8 9 112 134 8.11 2.73 27.3 77.0p
Mean 63 17.3333 37.3333 0.8 8 112.333 133.667 8.08 2.80333 28.0333 77.2433
Baber R1 60 20 30 1 7 113 129 7.49 2.49 24.9 115.56
R2 62 21 30 1 7 112 127 7.55 2.88 28.8 114.99
R3 60 21 34 1 8 114 129 7.53 2.55 255 115.98
Mean 60.6667 20.6667 31.3333 1 7.3333 113 128.3337.52333 2.64 26.4 11551
SKAU-408 R1 83 24 40 0.6 14 114 138 7.72 2.71 271 87.05
R2 84 23 39 0.6 15 112 135 7.77 2.87 28.7 90.56
R3 84 24 40 0.6 15 114 138 7.75 2.77 27.7 92.32
Mean 83.6667 23.6667 39.6667 0.6 14.66¢ 113333 37 1 7.74667 2.78333 27.8333 89.9767
SKAU-389 R1 45 17 29 0.4 24 111 140 8.81 2.18 21.8 130.53
R2 a7 18 30 0.4 23 110 140 8.02 2.34 23.4 131.23
R3 45 17 29 0.4 24 110 139 8.79 2.22 22.2 132.04
Mean 45.6667 17.3333 29.3333 0.4 23.66¢ 110.333 39.667 8.54 2.24667 22.46671 131.26]7
Usen R1 55 20 29 0.5 23 108 126 8.01 2.49 244 876.8
R2 55 19 28 0.5 23 109 127 8.04 2.52 25.2 76.88
R3 56 20 29 0.5 22 107 127 7.99 2.56 25.6 75.99
Mean 55.3333 19.6667 28.6667 0.5 22.66¢ 108 626.6 8.01333 2.52333 25.2333 76.5833
Shalimar Rice-2 R1 105 25 39 0.5 8 87 133 7.99 29 29.9 111.44
R2 105 25 39 0.5 8 88 133 7.84 2.98 29.8 113.67
R3 105 24 28 0.5 7 87 133 7.81 2.98 29.8 111.34
Mean 105 24.6667 35.3333 0.5 7.6666 87.33B3 133 .88 7 2.98333 29.8333 112.15
IR61728-413-2-1-1 R1 89 17 33 0.5 17 102 140 7.87 .043 30.4 20.89




R2 89 17 38 0.5 14 102 139 7.99 3.05 30.5 30.2p
R3 94 18 40 0.6 14 100 139 7.94 3.05 30.5 34.33
Mean 90.6667 17.3333 37 0.53338 15 101.383 139.3337.93333 3.04667 30.4667| 28.48
Shai Tai Tsau R1 68 17 29 0.6 15 104 138 8.03 2.9 29.2 16.44
R2 68 17 29 0.6 16 104 137 8.01 2.94 29.4 16.89
R3 67 19 29 0.6 15 103 138 8.01 2.94 29.4 17.2p
Mean 67.6667 17.6667 29 0.6 15.3333 103.667 137.66 8.01667 2.93333 29.3333 16.85
BL-122 R1 62 17 27 0.5 14 114 138 7.89 3.01 30.1 227
R2 63 17 29 0.5 15 115 135 7.91 3.02 30.2 18.09
R3 65 18 30 0.5 17 115 136 7.91 3.02 30.2 18.08
Mean 63.3333 17.3333 28.6667 0.5 15.3333 114.667 36.333 7.90333 3.01667 30.1667 17.78
IR68333-RR-B-19 R1 89 17 33 0.5 17 102 140 7.87 43.0 30.4 20.89
R2 89 17 38 0.5 14 102 139 7.99 3.05 30.5 30.2p
R3 94 18 40 0.6 14 100 139 7.94 3.05 30.5 34.33
Mean 89 17 33 0.5 17 102 140 7.87 3.04 304 20.99
NP 125 R1 85 24 32 0.6 26 108 127 8.14 2.69 26.9 4576
R2 87 24 32 0.6 27 109 125 7.99 2.99 29.9 78.23
R3 86 22 33 0.6 27 108 125 8.01 2.99 29.9 76.45
Mean 86 23.3333 32.3333 0.6 26.6667 108.383 125.66 8.04667 2.89 28.9 77.0433
KHD/GP/150 R1 115 20 28 0.5 16 93 133 8.11 2.04 4 20. 85.78
R2 116 20 27 0.5 17 94 132 8.01 2.23 22.3 87.06
R3 115 20 28 0.5 16 95 132 8.09 2.06 20.6 86.08
Mean 115.333 20 27.6667 0.5 16.3333 94 132.333 7 8.0 2.11 211 86.3067
MAS-71 R1 99 22 48 0.5 14 98 137 7.99 2.98 29.8 234.
R2 97 22 51 0.6 16 100 135 7.98 2.99 29.9 32.66
R3 95 24 53 0.5 16 98 135 7.99 2.98 29.8 32.44
Mean 97 22.6667 50.6667 0.53338 15.3333 98.6667 5.663 7.98667 2.98333 29.8331 33.11
RAMINAD StR 3 R1 92 21 24 0.9 17 109 136 6.33 3.09 30.9 87.99
R2 93 22 23 0.9 16 108 135 7.03 3.23 32.3 88.7|7
R3 95 21 25 0.9 17 110 137 6.54 3.23 32.3 88.56




Mean 93.3333 21.3333 24 0.9 16.666 109 134 635333 3.18333 31.8333 88.44
BL 245 R1 108 20 29 0.5 7 102 124 8.05 2.66 26.9 346
R2 110 22 30 0.5 8 102 124 7.99 2.99 29.9 78.34
R3 112 23 29 0.5 7 101 124 7.99 2.58 25.8 76.99
Mean 110 21.6667 29.3333 0.5 7.3333 101.6p7 124 .01 8 2.74333 27.4333 77.2233
CO.39 R1 92 21 24 0.9 17 109 136 6.33 3.09 30.9 9987.
R2 93 22 23 0.9 16 108 135 7.03 3.23 32.3 88.7|7
R3 95 21 25 0.9 17 110 137 6.54 3.23 32.3 88.56
Mean 93.3333 21.3333 24 0.9 16.666 109 136 635333 3.18333 31.8333 88.44
Local Budgam 1 R1 97 17 34 0.6 8 113 133 8.14 269 26.9 76.45
R2 99 18 44 0.5 7 112 134 7.99 2.99 29.9 78.28
R3 97 17 34 0.5 9 112 134 8.11 2.73 27.3 77.0p
Mean 97.6667 17.3333 37.3333 0.5333 8 112.333  .6633 8.08 2.80333 28.0333 77.2438
C105TTP.4L23 R1 60 17 27 0.6 15 110 135 8.14 2.33 332 86.88
R2 63 18 28 0.6 17 112 134 8.19 2.77 27.7 87.44
R3 64 17 28 0.6 15 113 134 8.12 2.36 23.6 87.011
Mean 62.3333 17.3333 27.6667 0.6 15.66¢ 111.667 34.333 8.15 2.48667 24.8661 87.11
IR63347-AL-201-1 R1 92 21 24 0.9 17 109 136 6.33 093. 30.9 87.99
R2 93 22 23 0.9 16 108 135 7.03 3.23 32.3 88.7|7
R3 95 21 25 0.9 17 110 137 6.54 3.23 32.3 88.56
Mean 93.3333 21.3333 24 0.9 16.666 109 134 635333 3.18333 31.8333 88.44
IRBN 2008 V-87 R1 83 24 40 0.6 14 114 138 7.72 2.71 27.1 87.05
R2 84 23 39 0.6 15 112 135 7.77 2.87 28.7 90.56
R3 84 24 40 0.6 15 114 138 7.75 2.77 27.7 92.3p
Mean 83.6667 23.6667 39.6667 0.6 14.66¢ 113333 37 1 7.74667 2.78333 27.8333 89.9767
YUNLEN-19 R1 108 20 29 0.5 7 102 124 8.05 2.66 26.4 20.89
R2 110 22 30 0.5 8 102 124 7.99 2.99 29.9 30.2p
R3 112 23 29 0.5 7 101 124 7.99 2.58 25.8 34.33
Mean 110 21.6667 29.3333 0.5 7.3333 101.6p67 124 .01 8 2.74333 27.4333 28.48
SHALKEW R1 89 17 33 0.5 17 102 140 7.87 3.04 30.4 0.82




R2 89 17 38 0.5 14 102 139 7.99 3.05 30.5 30.2p
R3 94 18 40 0.6 14 100 139 7.94 3.05 30.5 34.33
Mean 90.6667 17.3333 37 0.53338 15 101.383 139.3337.93333 3.04667 30.4667| 28.48
BL-42 R1 83 24 40 0.6 14 114 138 7.72 271 27.1 0B7.
R2 84 23 39 0.6 15 112 135 7.77 2.87 28.7 90.56
R3 84 24 40 0.6 15 114 138 7.75 2.77 27.7 92.32
Mean 83.6667 23.6667 39.6667 0.6 14.6667 113333 37 1 7.74667 2.78333 27.8333 89.9767
SAFED BREZ R1 54 15 33 0.8 24 110 142 7.99 2.03 320. 125.39
R2 52 14 33 0.8 25 109 142 7.93 2.06 20.6 126.98
R3 54 15 34 0.7 24 110 142 7.97 2.06 20.6 126.98
Mean 53.3333 14.6667 33.3333 0.766G7 24.33B3 6@9.6 142 7.96333 2.05 20.5 126.45
KHD/GP/154 R1 115 20 28 0.5 16 93 133 8.11 2.04 4 20. 85.78
R2 116 20 27 0.5 17 94 132 8.01 2.23 22.3 87.06
R3 115 20 28 0.5 16 95 132 8.09 2.06 20.6 86.08
Mean 115.333 20 27.6667| 0.5 16.3333 94 132.333 7 8.0 211 21.1 86.3067
K-332 R1 95 19 32 0.5 23 110 141 7.99 3.01 30.1 AP0
R2 93 20 31 0.5 24 111 141 7.88 3.04 30.4 119.78
R3 92 19 30 0.5 24 112 142 7.93 2.99 29.9 120.34
Mean 93.3333 19.3333 31 0.5 23.6667 111 141.333 93333 3.01333 30.1333 120.18
K-116 R1 89 17 33 0.5 17 102 140 7.87 3.04 304 456.
R2 89 17 38 0.5 14 102 139 7.99 3.05 30.5 78.23
R3 94 18 40 0.6 14 100 139 7.94 3.05 30.5 77.05
Mean 90.6667 17.3333 37 0.53338 15 101.383 139.3337.93333 3.04667 30.4667| 77.2438
WAZUL KREA R1 97 17 34 0.6 8 113 133 8.14 2.69 26.9 76.45
R2 99 18 44 0.5 7 112 134 7.99 2.99 29.9 78.2B
R3 97 17 34 0.5 9 112 134 8.11 2.73 27.3 77.0p
Mean 97.6667 17.3333 37.3333 0.53333 8 112.333  .6633 8.08 2.80333 28.0333 77.2433
KANTO-51 R1 83 24 40 0.6 14 114 138 7.72 271 271 87.05
R2 84 23 39 0.6 15 112 135 7.77 2.87 28.7 90.56
R3 84 24 40 0.6 15 114 138 7.75 2.77 27.7 92.3p




Mean 83.6667 23.6667 39.6667 0.6 14.6667 113333 37 1 7.74667 2.78333 27.8333 89.9767
RIL-10 R1 97 17 34 0.6 8 113 133 8.14 2.69 26.9 456.
R2 99 18 44 0.5 7 112 134 7.99 2.99 29.9 78.2B
R3 97 17 34 0.5 9 112 134 8.11 2.73 27.3 77.0p
Mean 97.6667 17.3333 37.3333 0.53333 8 112.333  .6633 8.08 2.80333 28.0333 77.2433
DULAR R1 100 20 30 0.5 15 99 136 7.77 2.95 29.5 087.
R2 102 19 31 0.5 16 100 136 7.76 2.89 28.9 90.56
R3 100 18 30 0.5 17 100 135 7.57 2.99 29.9 92.32
Mean 100.667 19 30.3333 0.5 16 99.6647 135.667 7.7 2.94333 29.4333 89.9767|
BL-122/ARBN 141 R1 75 20 40 1.5 19 125 148 7.55 52.8 285 45.67
R2 75 19 43 15 18 124 147 7.89 2.97 29.7 46.99
R3 74 20 42 13 17 126 148 7.53 2.87 28.7 44.99
Mean 74.6667 19.6667 41.6667 1.43333 18 125 1%7.66 7.65667 2.89667 28.9667 45.8838
BL-142/ARBN 142 R1 95 19 32 0.5 23 110 141 7.99 13.0 30.1 120.43
R2 93 20 31 0.5 24 111 141 7.88 3.04 30.4 119.78
R3 92 19 30 0.5 24 112 142 7.93 2.99 29.9 120.34
Mean 93.3333 19.3333 31 0.5 23.6667 111 141.333 93333 3.01333 30.1333 120.183
IRBL Z-FU/EC
565188 R1 100 20 30 0.5 15 99 136 7.77 2.95 29.5 76.4b
R2 102 19 31 0.5 16 100 136 7.76 2.89 28.9 78.23
R3 100 18 30 0.5 17 100 135 7.57 2.99 29.9 77.05
Mean 100.667 19 30.3333 0.5 16 99.6647 135.667 7.7 2.94333 29.4333 77.2433
KHD/GP/208 R1 75 20 40 1.5 19 125 148 7.55 2.8§ 528. 45.67
R2 75 19 43 15 18 124 147 7.89 2.97 29.7 46.99
R3 74 20 42 13 17 126 148 7.53 2.87 28.7 44.99
Mean 74.6667 19.6667 41.6667 1.43333 18 125 1%7.66 7.65667 2.89667 28.9667 45.883B
MAS-70 R1 99 22 48 0.5 14 98 137 7.99 2.98 29.8 234.
R2 97 22 51 0.6 16 101 135 7.98 2.99 29.9 32.66
R3 95 24 53 0.5 16 98 135 7.99 2.98 29.8 32.44
Mean 97 22.6667 50.6667| 0.533338 15.3333 99 135.6677.98667 2.98333 29.8333 33.11
JEHLUM R1 100 20 30 0.5 16 93 133 7.66 2.99 29.9 499




R2 101 21 31 0.5 17 94 132 7.59 2.89 28.9 100.11
R3 100 20 30 0.5 16 93 132 7.75 3.038 30.3 99.89
Mean 100.333 20.3333 30.3333 0.5 16.3333 93.3333 32.333 7.66667 2.97 29.7 99.816Y
SKAU-403 R1 115 19 38 0.6 16 107 133 7.23 2.05 20.% 130.87
R2 117 19 38 0.6 17 107 134 7.41 2.27 22.7 132.45
R3 116 18 37 0.5 17 106 132 7.43 2.29 22.9 132.45
Mean 116 18.6667 37.6667 0.5666[ 16.6667 106.667 33 1 7.35667 2.20333 22.0333 131.92B8
CHENAB R1 105 25 39 0.5 8 87 133 7.99 2.99 29.9 441
R2 105 25 39 0.5 8 88 133 7.84 2.98 29.8 113.67
R3 105 24 28 0.5 7 87 133 7.81 2.98 29.8 111.34
Mean 105 24.6667 35.3333 0.5 7.666G7 87.3383 133 .88 7 2.98333 29.8333 112.15
SKAU-339 R1 86 18 34 0.5 24 105 142 7.77 2.94 294 96.77
R2 88 18 33 0.5 23 104 142 7.87 2.89 28.9 67.88
R3 88 18 34 0.5 23 104 141 7.73 2.97 29.7 96.88
Mean 87.3333 18 33.6667| 0.5 23.3333 104.383 171.66 7.79 2.93333 29.3333 87.1767
China-1039 R1 99 22 48 0.5 14 98 137 7.99 2.98 29.8 34.23
R2 97 22 51 0.6 16 101 135 7.98 2.99 29.9 32.6b
R3 95 24 53 0.5 16 98 135 7.99 2.98 29.8 32.44
Mean 97 22.6667 50.6667 0.53338 15.3333 99 135.6677.98667 2.98333 29.8333 33.11
SKAU-292 R1 118 19 38 0.6 16 107 133 7.23 2.05 20.% 130.87
R2 117 19 38 0.6 17 107 133 7.41 2.27 22.7 132.45
R3 115 18 37 0.5 17 106 132 7.43 2.29 22.9 132.45
Mean 116.667 18.6667 37.6667 0.56647 16.6667 606.6 132.667 7.35667 2.20333 22.033 131.923
China-988 R1 105 25 39 0.5 8 87 133 7.99 2.99 299 111.44
R2 105 25 39 0.5 8 88 133 7.84 2.98 29.8 113.67
R3 105 24 28 0.5 7 87 133 7.81 2.98 29.8 111.34
Mean 105 24.6667 35.3333 0.5 7.66647 87.33B3 133 .88 7 2.98333 29.8333 112.15
SKAU-338 R1 86 18 34 0.5 24 105 142 7.77 2.94 294 96.77
R2 88 18 33 0.5 23 104 142 7.87 2.89 28.9 67.88
R3 88 18 34 0.5 23 104 141 7.73 2.97 29.7 96.88




Mean 87.3333 18 33.6667 0.5 23.3333 104.383 171.66 7.79 2.93333 29.3333 87.1767
SKAU-39 R1 115 19 38 0.6 16 107 133 7.23 2.05 20.5 130.87
R2 117 19 38 0.6 16 107 133 7.41 2.27 22.7 132.45
R3 115 18 37 0.5 17 106 132 7.43 2.29 22.9 132.45
Mean 115.667 18.6667 37.6667 0.56647 16.3333 606.6 132.667 7.35667 2.20333 22.0333 131.923
China-1007 R1 99 22 48 0.5 14 98 137 7.99 2.98 29.8 34.23
R2 97 22 51 0.6 16 101 135 7.98 2.99 29.9 32.6b
R3 95 24 53 0.5 16 98 135 7.99 2.98 29.8 32.44
Mean 97 22.6667 50.6667| 0.533338 15.3333 99 135.6677.98667 2.98333 29.8333 33.11
Pusa Sugand-5 R1 75 20 40 1.5 19 125 148§ 7.5p 2.85 285 45.67
R2 75 19 43 15 18 124 147 7.89 2.97 29.7 46.99
R3 74 20 42 13 17 126 148 7.53 2.87 28.7 44.99
Mean 74.6667 19.6667 41.6667 1.43333 18 125 1%7.66 7.65667 2.89667 28.9667 45.8838
B-26 R1 100 20 30 0.5 15 99 136 7.77 2.95 29.5 L4,
R2 102 19 31 0.5 16 100 136 7.76 2.89 28.9 115.23
R3 100 18 30 0.5 17 100 135 7.57 2.99 29.9 113.Y8
Mean 100.667 19 30.3333 0.5 16 99.6647 135.667 7.7 2.94333 29.4333 114.347|
B-10 R1 97 17 34 0.6 8 113 133 8.14 2.69 26.9 76.45
R2 99 18 44 0.5 7 112 134 7.99 2.99 29.9 78.2B
R3 97 17 34 0.5 9 112 134 8.11 2.73 27.3 77.0p
Mean 97.6667 17.3333 37.3333 0.53333 8 112.333  .6633 8.08 2.80333 28.0333 77.2433
B-13 R1 91 18 38 0.8 22 98 142 7.66 3.01 30.1 BlAY
R2 89 19 39 0.8 23 98 142 7.89 3.03 30.3 115.%6
R3 90 19 38 0.8 24 99 143 7.99 3.08 30.3 115.23
Mean 90 18.6667 38.3333 0.8 23 98.3333 142.333 4688 3.02333 30.2333 115.18
B-5 R1 105 25 39 0.5 8 87 133 7.99 2.99 29.9 111.44
R2 105 25 39 0.5 8 88 133 7.84 2.98 29.8 113.67
R3 105 24 28 0.5 7 87 133 7.81 2.98 29.8 111.34
Mean 105 24.6667 35.3333 0.5 7.66647 87.33B3 133 .88 7 2.98333 29.8333 112.15
B-3 R1 100 20 30 0.5 15 99 136 7.77 2.95 295 Bl4.0




R2 102 19 31 0.5 16 100 136 7.76 2.89 28.9 115.23
R3 100 18 30 0.5 17 100 135 7.57 2.99 29.9 113.Y8
Mean 100.667 19 30.3333 0.5 16 99.6647 135.667 7.7 2.94333 29.4333 114.347
B-19 R1 95 22 40 0.9 8 102 135 7.79 2.69 26.9 04.6
R2 94 21 19 0.9 7 103 136 8.01 2.78 27.8 103.99
R3 95 22 40 1 7 104 136 7.77 2.72 27.2 104.89
Mean 94.6667 21.6667 33 0.933338 7.33333 103 135.66 7.85667 2.73 27.3 104.517
MUSHKBUDJI R1 105 25 39 0.5 8 87 133 7.99 2.99 29.9 11144
R2 105 25 39 0.5 8 88 133 7.84 2.98 29.8 113.67
R3 105 24 28 0.5 7 87 133 7.81 2.98 29.8 111.34
Mean 105 24.6667 35.3333 0.5 7.666G7 87.3383 133 .88 7 2.98333 29.8333 112.15
B-1509 R1 91 18 38 0.8 22 98 142 7.66 3.01 30.1 7614
R2 89 19 39 0.8 23 98 142 7.89 3.08 30.3 115.56
R3 90 19 38 0.8 24 99 143 7.99 3.03 30.3 115.23
Mean 90 18.6667 38.3333 0.8 23 98.3333 142.333 4668 3.02333 30.2333 115.18
SKAU-46 R1 100 20 30 0.5 16 93 133 7.66 2.99 29.9 9.49
R2 101 21 31 0.5 17 94 132 7.59 2.89 28.9 100.11
R3 100 20 30 0.5 16 93 132 7.75 3.03 30.3 99.89
Mean 100.333 20.3333 30.3333 0.5 16.3333 93.3333 32.333 7.66667 2.97 29.7 99.816Y
SKAU-402 R1 115 19 38 0.6 16 107 133 7.23 2.05 20.% 130.87
R2 117 19 38 0.6 16 107 133 7.41 2.27 22.7 132.45
R3 115 18 37 0.5 17 106 132 7.43 2.29 22.9 132.45
Mean 115.667 18.6667 37.6667 0.56647 16.3333 606.6 132.667 7.35667 2.20333 22.0333 131.923
SKAU-404 R1 115 19 38 0.6 16 107 133 7.23 2.05 20.% 130.87
R2 117 19 38 0.6 16 107 133 7.41 2.27 22.7 132.45
R3 115 18 37 0.5 17 106 132 7.43 2.29 22.9 132.45
Mean 115.667 18.6667 37.6667 0.56647 16.3333 606.6 132.667 7.35667 2.20333 22.0333 131.923
SKAU-3 R1 100 20 30 0.5 15 99 136 7.77 2.95 295 4.03
R2 102 19 31 0.5 16 100 136 7.76 2.89 28.9 115.23
R3 100 18 30 0.5 17 100 135 7.57 2.99 29.9 113.Y8




Mean 100.667 19 30.3333 0.5 16 99.6647 135.667 7.7 2.94333 29.4333 114.347
SKAU-98 R1 95 19 32 0.5 23 110 141 7.99 3.01 30.1 20.43
R2 93 20 31 0.5 24 111 141 7.88 3.04 30.4 119.78
R3 92 19 30 0.5 24 112 142 7.93 2.99 29.9 120.34
Mean 93.3333 19.3333 31 0.5 23.6667 111 141.333 93333 3.01333 30.1333 120.18
SKAU-405 R1 115 19 38 0.6 16 107 133 7.23 2.05 20.5 130.87
R2 117 19 38 0.6 16 107 133 7.41 2.27 22.7 132.45
R3 115 18 37 0.5 17 106 132 7.43 2.29 22.9 132.45
Mean 115.667 18.6667 37.6667 0.5666 16.33B3 606.6 132.667 7.35667 2.20333 22.0333 131.923
China-972 R1 100 20 30 0.5 16 93 133 7.66 2.99 29.9 99.45
R2 101 21 31 0.5 17 94 132 7.59 2.89 28.9 100.11
R3 100 20 30 0.5 16 93 132 7.75 3.03 30.3 99.89
Mean 100.333 20.3333 30.3333 0.5 16.3333 93.3333 32.383 7.66667 2.97 29.7 99.816Y
Pusa Sugand-3 R1 75 20 40 1.5 19 125 148§ 7.5p 2.85 285 45.67
R2 75 19 43 15 18 124 147 7.89 2.97 29.7 46.99
R3 74 20 42 13 17 126 148 7.53 2.87 28.7 44.99
Mean 74.6667 19.6667 41.6667 1.4333 18 125 1%7.66 7.65667 2.89667 28.9667 45.8838
B-28 R1 86 18 34 0.5 24 105 142 7.77 2.94 294 6.7
R2 88 18 33 0.5 23 104 142 7.87 2.89 28.9 67.88
R3 88 18 34 0.5 23 104 141 7.73 2.97 29.7 96.88
Mean 87.3333 18 33.6667 0.5 23.3333 104.383 171.66 7.79 2.93333 29.3333 87.1767
B-32 R1 105 25 39 0.5 8 87 133 7.99 2.99 29.9 14
R2 105 25 39 0.5 8 88 133 7.84 2.98 29.8 113.67
R3 105 24 28 0.5 7 87 133 7.81 2.98 29.8 111.34
Mean 105 24.6667 35.3333 0.5 7.66647 87.33B3 133 .88 7 2.98333 29.8333 112.15
B-8 R1 86 18 34 0.5 24 105 142 7.77 2.94 294 96.77
R2 88 18 33 0.5 23 104 142 7.87 2.89 28.9 67.88
R3 88 18 34 0.5 23 104 141 7.73 2.97 29.7 96.88
Mean 87.3333 18 33.6667 0.5 23.3333 104.383 171.66 7.79 2.93333 29.3333 87.1767
B-11 R1 105 25 39 0.5 8 87 133 7.99 2.99 29.9 mi4




R2 105 25 39 0.5 8 88 133 7.84 2.98 29.8 113.67
R3 105 24 28 0.5 7 87 133 7.81 2.98 29.8 111.34
Mean 105 24.6667 35.3333 0.5 7.66647 87.33B3 133 .88 7 2.98333 29.8333 112.15
B-24 R1 102 18 29 0.5 14 104 134 7.79 2.69 26.9 .64
R2 102 19 28 0.5 13 102 134 8.01 2.78 27.8 103.99
R3 100 19 28 0.6 14 102 135 7.77 2.72 27.2 104.89
Mean 101.333 18.6667 28.3333 0.53333 13.6667 602.6 134.333 7.85667 2.73 27.3 104.517
KAMAD R1 100 20 30 0.5 15 99 136 7.77 2.95 29.5 .034
R2 102 19 31 0.5 16 100 136 7.76 2.89 28.9 115.23
R3 100 18 30 0.5 17 100 135 7.57 2.99 29.9 113.Y8
Mean 100.667 19 30.3333 0.5 16 99.6647 135.667 7.7 2.94333 29.4333 114.347|
A3(IRRI LINE) R1 99 20 35 0.5 22 107 131 7.99 3.01 30.1 132.45
R2 102 24 36 0.6 23 105 134 7.88 3.04 30.4 132.45
R3 103 25 34 0.6 20 109 132 7.93 2.99 29.9 99.45
Mean 101.333 23 35 0.56667 21.666/7 107 132.333 3333 3.01333 30.1333 121.45
Local Budgam 2 R1 100 19 37 0.6 18 113 135 8.11 327 27.3 111.44
R2 105 22 34 0.5 16 109 134 7.66 3.01 30.1 113.67
R3 106 20 36 0.6 15 115 136 7.89 3.03 30.3 111.34
Mean 103.667 20.3333 35.6667 0.56647 16.3333 332.3 135 7.88667 2.92333 29.2333 112.15
Local Budgam 3 R1 107 19 35 0.6 14 115 138 7.89 729 29.7 96.77
R2 109 18 36 0.5 16 113 135 7.53 2.87 28.7 67.88
R3 108 21 38 0.5 17 111 136 7.77 2.94 294 96.88
Mean 108 19.33333 36.33333 0.533333 15.66667 118 36.3333 7.73 2.926667 29.26667 87.176p7
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