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PREFACE

As per the report of ‘Consultative Group on International Agricultural Research’ (CGIAR), rice (Oryza
sativa L.) and rice related activities will be able to address 9 of the 17 United Nations Sustainable
Development Goals (SDG). It is estimated that 40% of the world’s population consume rice as their
major source of food, and 1.6 billion people in Asia take rice as their mainstay food. Further, rice
production is an important source of livelihood for around 144 million rice-farming households and for
millions of people working on rice farms as labourers. Paradoxically, rice farming is assumed to be
associated with poverty in several countries. Moreover, ~900 million of the world’s poor depend on
rice as producers or consumers. Out of these, some 400 million poor and undernourished people are
engaged in growing rice. Therefore, SDGs comprising of No Poverty (Goal 1), Zero Hunger (Goal 2)
and rice cultivation are highly related and achieving the first two SDGs is dependent on the profitable
rice farming. Apart from Goal 1 and 2 of SDGs, rice production is also related with Gender equality
(Goal 5), Clean water and sanitation (Goal 6), Decent work and economic growth (Goal 8), Responsible
consumption and production (Goal 12), Climate action (Goal 13), Life on Land (Goal 15) and Partnerships
(Goal 17).

Above mentioned SDGs related with rice cultivation could only be achieved through integrated
rice research, wide dissemination of technologies, empowerment of women, sustainable resource
management, etc. The partnerships among the government institutions, public and private organizations,
farmers, policy makers, and other stakeholders are essential for attaining the SDGs through rice
cultivation. Keeping in mind those facts, the objective of this congress is to provide a platform for all
rice stakeholders to interact and exchange ideas about recent advances in rice science and brainstorm
key policies to meet the United nations” SDGs as well as to sustain rice cultivation in India. The Congress
is divided into four broad thematic areas 1. Enhancing rice productivity and quality, 2. Sustainable rice
farming, 3. Biotic-stress management in rice and 4. Rice for livelihood security, equity, and profitability.

We have received overwhelming responses from the rice researchers from the country and abroad.
A total of 388 extended summaries were accepted for the Congress. This compilation was not possible
without the support from the scientists from different partner institutes and from ICAR-National Rice
Research Institute, Cuttack. At the end, we thank all the participants of this Congress without whose
handwork and dedication for rice research, it was not possible to document the present trend of rice
science. The great enthusiasm shown by honourable delegates from all around the world is praiseworthy.

Chairman and Members
Programme and Publication Committee
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ETHYLENE COULD BE THE RETROGRADE SIGNAL FOR THE TRADE
OFF BETWEEN SPIKELET NUMBER AND GRAIN FILLING

P K Mohapatra*

School of Life Science, Sambalpur University, Jyoti vihar, Sambal pur-768019, Odisha, India
*Corresponding author e-mail: pravat1948@rediffmail.com

Riceplantisuniquecered becauseof sgnificant
variation in phenotype, physiology and genotype
inherentin diversity of cultivarsused. Unlike other
ceredls, riceisversatile of being comparatively sturdy
and resilient to various physicochemical stressesand
feeds more people on earth. Significance of riceto
mankindisbased onfactorslikea Ricecultivation and
consumption isassoci ated with human food security,
b. Small and margind farmersnumbering 144 million
with farm size lesser than one hectare, c. Rice is
important source of food, employment andincomefor
rural poor, d. Rich biodiversity ensuresdiffusioninto
habitats contrasting for land topol ogy, moistureregime
and other cultural conditions, e. Long history of
cultivationintricately related to food habit and human
culturewithimportant influenceon socid order, rdigion
andtraditional customs.

Origin of cultivated rice

For ricedepth of weter level of thefidd dictates
the phenol ogy of the crop, short duration ephemeral
low yielding cultivars are grown in the absence of
accumulated water and long durationtall phenotypes
inhabit ponded water habitat. Evolution and speciation
of rice hastaken place according to land topol ogy and
physical propertiesof soil toretain water. Inthelong
processof evolution, aputative progenitor likeperennid
Oryza rufipogon living in swampy ditches was
probably transformed into anannua form Oryza sativa,
native of seasona water limited land habitat. The hall
mark of domestication wasincrease of grain number
per panicle. Articulation of high numbersof grainsin
compact orientation had accrued yield benefits. But
overcrowding large number of spikeletsinto crammed
spaceof paniclerachisinthemorerecently devel oped

cultivarshasmarginalised thisadvantage.
Spikelet filling of rice panicleislocation specific

Rice plant bears a complex racemose type
inflorescence, where pedicel late spikeletsareborneon
nodesand tipsof branches. Each spikelet bearsagrain
at maturity. Individual grain development islocation
specific; spikeletsof upper primary branchesreach
anthesisearly and devel op faster compared to those
on basa branches. The gpica spikdetsproducequaity
grainsfor human consumption, whereaspoorly filled
grainsoninferior spikeletsbecomebrittleand fragile
during hulling. This heterogeneous pattern of
development was preferred in traditional riceisan
important strategy for plant survival infickleclimatic
conditions. Homogeneity of development would have
been disastrousfor the seed formationin asituation
whereinclement wegther coincideswith sengtivestages
of development. Because grain yield was low in
traditiond rice, rice breedersimproved paniclespikel et
number in new super ricecultivars; intheprocessthe
heterogeneous panicle architecture was partially
compromised to arelatively homogeneous pattern
through reduction of apical dominance. The extra
spikeletsare accommodated on secondary branches.
Increase of spikelet dengty under-rated grainfilling by
compromisingwithactivitiesof key starch synthesising
enzymes like sucrose synthase, ADPglucose
pyrophosphorylase and starch synthase in inferior
spikelets.

Hormonal control of endosperm starch
biosynthesis

The spikelet specific discriminationin starch
synthesisinrice paniclehasnot been prgudiced toany
discriminationin supply of assmilates. The concept of
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apoor assmilate supply owing to possiblelimitations
of sourceactivity not supportiveof causaity inreduced
endosperm starch synthesi s has extended exploration
of hormond factorsregulatiinggrandeve opmentinrice.
Asof today, mani pulation of spikelet development with
hormoneswasthought to be an option for improved
starch synthes's. Hormoneactionsarefar fromsmple
andinvolveinteractions between positiveand negative
regulators. Bereft of any significant breskthrough, initia
research focussed more attention on the positive
regulatorsinrice. Infact, intrinsiclevelsof cytokinin,
auxin and gibberellic acid were low in the inferior
spikeletsand their externa applicationimproved grain
filling Sgnificantly, but theexplorationswerenot fruitful
forraisngyieldceiling of rice.

Ethyleneasregulator for grainfilling.

Theroleof ethyleneinhibiting grainfilling of
inferior spikeletswasdiscovered first by Mohapatra
et d (2000). The hormonewasfound affecting starch
fillingand grainqudity of theunder-deve oped spikelets
by impeding activities of enzymes of sucrose

metabolism. Later it wasnoted that theinferior spikelets
generate more ethylene compared to the superior apica
spikelets at anthesis. High ethylene level slackens
endosperm cell division and starch synthesis.
Additionally, crammed space for spikelet
accommodation generatesmoreethylene. High ethylene
production owing to spikelet compaction up-regul ates
expression of genes encoding ethylene signal
transduction that conflictswith expression of starch
synthesizing enzymesgenes. The perniciouseffectsof
ethyleneon expression of genesfor sarch biosynthesis
enzymes could be countered in compact panicle, with
ethylene actioninhibitor 1-M CP applied at booting
stage. Application of theinhibitor not only reduces
expression of genesfor ethylene synthesisand signal
transduction, but al so enhanced expression of various
starch synthesizing enzyme genes. Thisresearch has
identified the close linkage of ethylene action with
endosperm starch synthesis of rice caryopsis, making
it a possible target for manipulation through
biotechnologicd interventionintheforthcoming years.
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IRC/TM-1/OP-2

ADVANCES IN DEVELOPING MULTI-GENE ABIOTIC AND BIOTIC-
STRESSES TOLERANT RICE VARIETIES

Nitika Sandhu® %, Shailesh Yadav?® and Arvind Kumar? 3
! Punjab Agricultural University, Ludhiana, Punjab, India
2International Rice Research Institute, Philippines
® IRRI South Asia Regional Centre (ISARC), Varanasi, Uttar Pradesh, India
*Corresponding author e-mail: nitikasandhu@pau.edu

Increasingincidencesof multipleabiotic tresses
together with increasing population are the major
congraintsto attain the global food security. Rice, the
major staplefood crop isvery much proneto various
abiotic and biotic stresseswhich can occur one at a
timeor two or moretogether inasingle crop growing
season and adversely affectstherice production and
productivity. Thedevadtating effect of multiple stresses
onricecropismuch moreerratic and complex leading
to higher lossesinthecrop grainyield. Theconcurrent
occurrence of multiple streeses can destroy rice
productioninmany of therainfed areas of South and
Southeast-Asa. Genomics-assisted breeding Strategies
havebeeningrumentd inintrogresson of variousmagor
effect QTLs/genesinto ricemegavarietiesand have
proven successful in achieving the desired level of
tolerance/resistance to various abiotic stresses in
diffferent crop species. Keeping the present scenario
of changing climatein mind, the paper presentsthe
successin combining toleranceto two or moreabiotic
stresses in megarice varieties applying genomics-
assisted breeding and development of high-yielding
climateresilient ricethrough stacking of multiplegenes/
QTLs, which can withstand in acascade of multiple
stresses occurring regularly under direct seeded
cultivation conditions.

MATERIALAND METHODS

To combine anaerobic germination, blast
resistance, brown planthopper resistance, bacterial
blight res tance, gdl midgeres stance, grainyield under
direct-seeded cultivation conditions, early vigor, nodal
roots and early and uniform emergence in the

background of high yielding irrigated rice cultivar
IRO9N538 (IRRI 132/PR 30138-35-2//IR04N114)
with preferable grain type, a genomics-assisted
breeding (GAB) program began in the 2014 DSwith
12 donors, including donorsfor bioticand aiotic stress
toleranceand DSR-adapted traits. GAB wasattempted
tointrogressand assemblemultiple QTL/genesfor traits
that increaseadaptability to direct seeded riceconditions
suchasroot traits[nodal root number (qNR, ,, gNR; )
androot hair density (qRHD, ,, gqRHD, ,, gqRHD, )],
early vegetative vigor (qEVV,,), early uniform
emergence (QEUE, ,, qEUE,, ,), grain yield under
DSR conditions (qGY, ,, qGY,,, dGY,,,) (Sandhu et
a. 2015), andlodging resistance (qLDG, ) (Dixit et
a. 2015) had been pyramided with abiotic stresses
(drought QTLs-gDTY,, gDTY,, gDTY,, and
qDTY,,,) aswell as bioticresistance (gall midge-Gn,
blast- Pi9, Pita 2, bacterial leaf blight- Xa4 , Xa21,
xa5, xal3, and brown plant hoppers-Bph3 and
Bph17) usng marker-assisted sal ection gpproach. The
polymorphic SSRs, indel and gene specific markers
for theintrogressed genomic regionswere exploited
for the detection of thetrue F sand the progenies. As
theintrogressed genomic regions/genesaremany in
number and also were not fine mapped, sequential
genotyping approach was used to make genotyping
labor and cost effective. Thefirst stage selectionwas
doneonly onthe phenotypically selected plantsusing
the peak markers associated with the introgressed
QTLs. The second stage sel ection was done on the
selected plantsharbouring the specific donor dleeusing
the flanking and all other markers underlying the
genomicregions.
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RESULTS

Thegrainyield performanceof conventiondly
and genomic assisted derived breeding lines was
compared, the genomicsass sted derived breeding lines
showed better results in term of improve yield,
adaptability and multiple stresstol erance/resi stance
over traditiona conventiond breeding dervied breeding
lines. The devel oped promising breeding lineswith
superior grain quality and better adaptability carrying
7-11 QTL</genes for various biotic and abiotic
tolerance/resistance have the potential to bereleased
asDSR varietiesin different countries of South and
South EastAsia

Thegrainyield advantagein conventionally
derived multiparent breeding linesranged from2.0to
6.6t ha' whilethegrainyield advantagein biparental
breeding linesranged from 1.5t0 6.3t ha. Genomic
assisted derived multiparent breeding linesyielded
sgnificantly higher (3.3 t06.7t ha?) thanthemultiparent
lines devel oped from the conventional breeding (2.1
t0 6.6t hat). Eleven such promising breeding lines
devel oped fromthegenomic asssted breeding program
carrying 7-11 QTLs/genesand 8 breeding linesfrom
the conventional breeding programwith grain-yield
improvement of 0.7to 1.6t hatand 0.07to 0.7 t ha?,
respectively over best check were selected.

DISCUSSION

Theincreased grain yield of breeding lines
developed under conventional breeding program
involving multi-parent performed better than the bi-
parental breeding lines across generationswhich may
result fromtheaccumulation of dldesfor traitsincreasing
rice adaptability to direct seeded cultivation Situation.
Though, themulti-parent crossrequiresmoretimeand
higher costsfor the population development, but the
increased genetic variations may open window to
improvegrainyiedand adaptability under direct seeded
cultivation situation. The better performance of the
breeding lines derived from the genomics assisted
breeding program over the breeding lines from the
conventional breeding programintermof grainyield
improvement under direct seeded cultivation Situation
could beresult of precise marker based selection that
hel p reducetheundesirablelinkagedrags.
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IRC/TM-1/OP-3

COMBINING HIGH-THROUGHPUT PHENOTYPING AND GENOME-WIDE
ASSOCIATION STUDIES FOR GENETIC DISSECTION OF NITROGEN USE
EFFICIENCY IN RICE
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Low nitrogen useefficiency and gpply highrate
of nitrogen fertilizersinriceproduction strongly affected
farmer income and ecosystem damage. Breeding rice
with higher nitrogen useefficiency iscritica for food
security, sustainable development to gainmoreyield
from less fertilizer for more efficiency. In therice
breeding program, screening large number of accesson
and donor identification play avita role. Nitrogenuse
efficiency (NUE) iscomplex traits, inherent by nitrogen
uptake, assmilation and remobilization. Itisgoverned
by multiple quantitativetraitsand strongly affected by
environmental conditions such as soil type, rainfall
pattern, soil nitrogen soil water availability (Xuetd.,
2020). Therefore, uniformenvironmentiscritica. Huge
germplasmsareofteninitialy screened under controlled
environmental conditions, withsubsetsof promisnglines
selected for subsequencefield sudy. Recent advances
in crop phenomics and genomics have provided
powerful toolsforquantifying traitsand discovering
associ atedwith numerousabiotic stressin plantsaswell
asfor N studies.High-throughput phenotyping isnon-
destructive, time series capture large number of
genotypesand plant traitssuch asgrowth, architecturd,
physiological and biomass-related traits with high
precision and accuracy.Genome-wide association sudy
(GWAYS) of natural genetic variation considered asa
potential tool accel eratesthe discovery of key genes
and dlelesassociated withthe NUE traits. (Xu et d.,

2020; Yang et ., 2014). Therefore, combining high-
throughput phenotyping and genome-wide associaion
studiesisnove approach, draw awholepicture of the
genetic architecture of NUE inrice. The objective of
thisstudy toidentify donorsfor NUE inriceusing high-
throughput phenomics approach and to map QTLY
genesgoverning NUE inricegenotypes.
METHODOLOGY

To e ect thebest performingricegenotypeswith
high nitrogen use efficiencyideotypeto acceleratethe
cultivar release, rice experiment with 300 diverse
genotypesunder pot condition. Two factor experiment
withrecommended nitrogen leve (120kg/ha~ 1.245¢g/
pot) and without nitrogen supply was conducted at
Nangji Deshmukh Plant Phenomics Centre, ICAR —
IndianAgricultura Research Indtitutein kharif season
2019.Plant of ricegenotypesgrownin plastic potsfilled
with 15 kg soil.Rice genotypeswas sown under field
condition on 8th July, 2019. Twenty-three day after
sowing, observefrequently until seedlingshave 3-4true
leaves, it transplanted in pots, with 1 seedling per 1
pot. Before transplanting, basal application of
120N:60P:80K where applied with three split doses
of nitrogen in control treatment. Five weeks after
transplanting, two uniformed potsper treatment were
load and laid out randomized block design (RBD) in
automated plant transport and imaging systems
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(LemnaTec Scandyzer 3D). Thegrowth conditionsin
the greenhouse were set to 32°C during day timeand
28°C at night with day light period lasted about 14
hoursstarting from7 am.

At 68 daysafter sowing (DAS), 75DASand
83DAS, riceplantswere captured using visiblerange
of thelight spectrum (V1S), infrared (IR) and near-
infrared (NIR) sensors. The image of the rice was
acquiredusing a3D-scandyzer (LemnaTec, Germany)
and analyzed using LemnaGrid program. Manual
measurement traitswere collected such asbooting time,
heading time, maturity time, grainyield, biomass at
harvesting stage. Nitrogen content andlysisin shoot and
dehulled graina maturity followed Dumascombustion
method using Euro EA 3000 Elementa Analyzer (Euro
Vector, Italy).Selection of rice donorswith contract
nitrogen use efficiency using multi-trait genotype-
ideotypedistanceindex (MGIDI). All Satistical tests
and graphswere performed using Rv.4.0.2.The 150
firgt riceaccess onsfromthisstudy wereddivered from
the 3K rice genome project ((3K RGP, 2014; Wang
et al., 2018). The second subset included 147
genotypes was derived 50 K rice genic SNP chip
‘OsSNPnks' . PLINK program version 1.9was used
to obtain asubset of 3,576,323 SNPsinthefirst subset
and 27,835 SNPsin the second subset with aminor
dldefrequency (MAF) > 5% and amissng dataratio
<0.1for association anayses. GWA Swas performed
withGenera Linear Model (GLM), Mixed Linear
Model (MLM) and Fixed and random model
Circulating Probability Unification Mode (FarmCPU)
using R package rMVP and GAPITversion3. The
GrameneQTL databaseand QTL annotationriceonline
database (QTARO) were searched to identify the
physical locations of the previously reported QTLS.
Thecandidate genesweredetermined using thegenome
browser of the Rice Annotation Project Database.

RESULTS
Nitrogen shaped thericeplant architectureinto

threetrait groupsincludearchitectural, physiological
and biomass-related traits, which are successfully
captured and quantifiedusing VIS, IRand NIR sensors.
Big phenome image data with 72,000 images and
2.88TB data on NUE of rice were generated.At
68DAS, 75DASand 83DAS, principal component
analysis of 104 i-traits showed thatnitrogen have
dramatic effects on plant growth and devel opment.
Control plantswere clearly distinguished from low
nitrogen stressplants, but plants of the same genotype
or among agronomic groups tended to be grouped
together. Firgt principlecomponent gradually decreases
from 48.61% at 68DAS to 31.35% at 83DAS
suggesting that more phenotypic variance can be
observed between control and low nitrogen stressplant
a earlier stage. Selection indexMGIDI with10%
seectionintengty, 30 superior ricegenotypeswith high
grainyieldunder low nitrogenlevel weresdected. Rice
donorswith high NUE havegrainyield under stress
morethan 12 grams, contain at least 8tillerswith 100%
productivetiller percentage per pot and harvest index
no less than 0.4. Major NUE related traits were
strongly effected under nitrogen stress condition such
asplant height, tiller number, dry weight and grainyield.
Various QTLs/genescontrol NUE related traitsal so
recognized, presented in whole 12 chromosomes.
Highest log vauewasdetected intiller traitsandtiller-
related derived fromi-traits, productivetiller percentage
(PTP)traits under both control and nitrogen stress
condition using GLM, MLM and FarmCPU
modd .Mgor QTL governing nitrogen uptakeefficiency
(NUpE)were found such as gNUpE2.1 and
gNUpE12.1 and nitrogen utilization efficiency (NULE)
suchasgNUtE2.1, gNUtE9. 1by both FarmCPU and
MLM modd.

CONCLUSION

Phenomicsand high-throughput phenotypingis
efficient techniquesthat canrgpidly increasethroughput
enabling the screening of large numbers of rice
genotypes for NUE breeding in rice. It is new
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technologies for improvement of rice NUE were
developed for screening diverserice genotyperice
NUE. Big phenomeimage datagenerated fromthis
study can be used for furtherstrengthen the rice
improvement. Thedonorsidentified fromthisstudy can
beused for further field evaluation and utilizationin
NUE rice breeding program. QTL/genesgoverning
NUE in rice are widely distributed through whole
genome highlighted the complicated of theinheritance
of NUE and itscomponents. Gene/QTLsidentified
from thisstudy would be beneficial for breeding for
highnitrogen useefficiencyinrice.
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IRC/TM-1/OP-4

MOLECULAR MAPPING OF NOVEL LOW SOIL PHOSPHORUS
TOLERANCE LOCI AND MARKER-ASSISTED INTROGRESSION OF PUP1
INTO ELITE RICE VARIETIES
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Adequate availability of phosphorus(P) isa
magjor production constraintinricein Indiaand asfar
asthe soilsare considered asthey arelow (49.3% of
s0ils) to medium (48.8% of soils) intermsof actua or
available P content. Consdering limited Preservesin
theworld coupled withincreasing cost of Pfertilizers,
itisimperativeto devel op aternative solutionsfor this
problem, likebetter crop resi due management, adoption
of integrated nutrient management and devel opment of
low soil Ptolerant ricevarieties. Toleranceto low soil
Pispolygenicinriceand sofar only onemajor QTL,
Pupl has been identified and characterized to be
associated with low soil Ptolerance and utilized in
breeding programsacrosstheworld (Chinet a. 2011).
K eeping these pointsin view, this study focused on
identification of novel, non-Pupl type sources of
tolerance, molecular mapping of the genetic loci
associ ated with tolerance and depl oy them along with
Puplindlitericevarieties.

METHODOLOGY:

A total of 96 north-eastern rice germplasm
(Mahadevaswamy et a 2019) alongwith 56 landraces
Iricevarieties (Kaleet al 2020) were screenedinthe
low soil Pplot (AvailableP<2kg ha?) a ICAR-1IRR,
Hyderabad, Indiafor 14 tolerance associated traits

aong with thetolerant checks- Swarna, Kasalath and
susceptible (i.e. sensitive) checksImproved Samba
Mahsuri (1ISM) and MTU1010inaugmented RBD in
order toidentify tolerancericelines. They werethen
screened with aset of PCR based markers, specific
for Pupl toidentify novel sourcesof tolerance. Two
RIL populationswere devel oped fromtwo such nove,
non-Pupl donor lines, Rasi and Wuzuhophek by
crossingthemwith 1ISM. The RILswere screenedin
the low soil P plot of ICAR-IIRR and molecular
mapping wasundertakenwiththehelp of SSR markers.
Inorder totransfer Puplintoditericevarieties, Svarna
rice variety (possessing Pupl) was crossed with
Improved SambaMahsuri and MTU1010 (which are
sensitive to low soil P levels) and marker-assisted
backcross breeding approach was adopted to develop
NILs(Anilaet a.2018). The developed NILswere
subjected for testing inthelow soil Pplot of ICAR-
IIRR and also inlow phosphorustolerancetrial s of
AICRIP.

RESULTS

Screening of 152 ricelinesintheexperimental
low soil Pplot revealed that threericelines/varieties,
viz., Rasi, Wuzuhophek and 1C21683 possess
excellent toleranceto low soil P. Theselines showed
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highest valuefor stresstoleranceindex (ST1), yield
dability index (Y S) andyiedindex (Y1), and thelowest
valuefor toleranceindex (TOL), stresssusceptibility
index (SS1) and percent yield reduction (PY R). Further,
thegermplasm lineswere screened for the presence of
Pupl QTL usingthereported markers- K46-1, K46-
2, K46-K1, K452 and K46 cgl (Chin et a. 2011)
and theandysisreved ed the compl ete absence of Pupl
genomicregioninthericelines, Ras, Wuzuhophek and
|C21683, indicating novel genetic control other than
Puplinthesethreericelineswith respect tolow soil P
tolerance.

TheRIL mapping popul ationsdevel oped from
Ras and Wuzuhophek were anayzed for 14 tolerance
associated traits. In the Wuzuhophek derived
population, 16 QTLswereidentified (6 Mg or and 10
Minor) withaQTL hotspot identified ontheshortarm
of Chr. 8 harboringfivemgor QTLsfor thetraits, plant
height, shoot length, number of productivetillers, panicle
length and plant yield. The other QTL swereidentified
for the traits root volume, dry shoot weight, total
biomass and root to shoot ratio and mapped on Chr.7
and. Inthe mapping population derived from Rasi, a
totd of 15mgor QTLswereidentified, includingthoses
for daysto 50 % flowering are present on Chr. 9 &
12, for Plant height on Chr. 4, for paniclelength on
Chr. 11, for root volume on Chr. 10, 11& 12, for dry
shoot weight on Chr. 5, for dry root weight on Chr. 2,
for strawweightonChr. 2& 4, plantyiedldon Chr. 2 &
8andfortest seedweightonChr. 1 & 7.

With an objective to improve low soil P
toleranceof theditericevarieties- ISV andMTU1010
by targeted introgression of the major QTL,
Pupl,crosseswere made with thetwo rice varieties
withthevariety, Swarna(possessing Pupl) serving as
donor. Backcrossingwasrestrictedto BC, generation
since there was maximum recurrent parent genome
recovery of 85- 89 % among the BCF, plants. By
BC,F, generation, promising, tolerant NILsof ISM

and MTU1010 possessing Puplwereidentified (which
were > 95% similar to the recurrent parents) and
validatedinlow soil Pplot of ICAR-1IRR. Two best
lineseachfrom1SM and MTU1010 areinfind year of
testinginAICRIPtrids.

CONCLUSION:

Varietd improvement andidentification of novel
sources for low P tolerance helps in reducing the
application of P fertilizers, import burdens, and
environmental contaminationsduetofertilizer run-offs
and for getting sustainableyields, thusenhancing the
incomeof farmers. Threenove, non-Pupl typedonors,
viz., Rasi, Wazuhophek and 1C21683 have been
identified through the present study. Mgor and minor
QTLsassociated with novel low soil Ptolerance have
been identified from Ras and Wazuhophek through
molecular mapping. Breeding lines of the eliterice
varieties, ISM and MTU1010 possessing Pupl and
showing excellent tolerancetolow soil Plevelshave
been developed through MABB approach. The
present study highlightsthe effective use of molecular
markersinrapididentification of novel sourcesof low
soil P tolerance and also in improving low soil P
toleranceof Indian ditericevarietiesthrough MABB
approach.
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The rice variety ‘Swarna is an extremely
popular variety in the eastern region of the country.
Thefarmersof eastern Indiaare mostly cultivating
rainfed rice and face the occurrencesof ill effects of
climate changewhich are very frequent. Thus, rice
productionintheregionisnot stable. Thisvariety is
also highly susceptibleto different biotic and abiotic
stresseslikebacterial blight (BB) disease caused by
Xanthomonasoryzaepv. oryzae (X 00) and flash flood
which causesaheavy yieldloss. Therefore, asuperior
variety need to be devel oped with biotic and abiotic
stresstolerance and enhanced yield from the previous
verson.

OBJECTIVE

In this study our objective is to develop a
variety with submergencetolerance, bacterid leaf blight
resistance and higher yield in the background of mega
variety ‘Swarna.

MATERIAL AND METHODS

Leaves were collected from 15 days old
seedlings to extract genomic DNA for molecular
screening. Total genomic DNA extraction and PCR
were done as per the standard protocol. Genomic
DNA wasisolated from freshleavesby CTAB method.
Theamplification of DNA wasperformed .Fivegene-
specificmarkersnamely Gnla, GW2, gw5, OsSPI 14,
and SCM 2 were used to screen for the presence of
yield component QTLs. In 2.5-3% gel PCR
amplification productswereloaded whichiscontaining
0.8 mg/ml EtBr for the process of electrophoresisin
1X TBE (pH 8.0) for 4 hours. Data scored were

pradhancrri@gmail.com

anayzed for each genotype-primer combination based
on the presence or absence of amplified products.

RESULTS

Themolecular marker integrated backcross
breeding program has been employed to transfer
proposed seven genes/QTLs into Swarna variety.
During the backcrossgeneration, direct markerswere
usedfor SublA, Gw2, OsSPL 14, SCM 2 and markers
closely linked to the genesfor xab, xal3, and Xa21
genes. Threedonor parentsviz, SwarnaSubl, Swarna
MAS (CR Dhan 800) and Swarna-Habataki werefirst
screened for parental polymorphism and validated for
presence and absence of the targeted genes. First
Swarna Subl was crossed with Swarna MAS
produced F1. Those seedswere grown, and the next
crosswasdonewith our third parent Svarna- Habataki.
After completion of the 3-way cross with multiple
parents, Swarna-Subl, SwarnaMAS and Swarna-
Habataki, thefirst back crosswasdonewith Swarna,
the recipient parent and 796 BC1F1 seeds were
produced. Theamplification of thegenomic DNA was
performed using gene-based direct markersfor strong
culm, wealthy farmers’ panicle, grain width,
submergencetolerance and markersclosdly linked to
the BB resistance. We have found 6 plants out of a
total 796 progenieswhich containsall the six genes/
QTLs and total of 446 numbers of seeds were
produced for further evaluation and backcrossing. The
amplification of thegenomic DNA of 446 progeniesof
BC2F1wasperformed and 161, 169 and 173 positive
plantsweredetected for GW2, SCM2, OsSPL 14 and
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159 plantswere observed to be positive plantsfor the
SublA. Inthisexperiment, 157, 168 and 27 progenies
were observed to be positivefor xab, xal3, and Xa21,
respectively. Four plantswere found to be having 7
gene combinations. Those four BC2F1 plants
containing seven genewere selfed and after selfing, a
total number of 15570 seedsfromthederivativewere
produced and screened for seven desirable genes/
QTLsand wegot one plant with all 7 desirablegene.
The Screening of BC2F3 progeniesfor BB disease
res stlance and Submergencetol erancewas performed.
The bioassay was conducted for theres stancereaction
of the pyramided linesand parental linesagainst the
eight Xooisolates. Thedonor parent showed asmaller
rangeof averagelesonlengths(0.4cmto0.5cm) while
the*Swarna had very highlesionlength (10.3cmto
12 cm). A total of 80 genotypescomprising 78 BC2F3
sevengeneplantsand 4 parentswereevauatedinthe
submergence screening tank under controlled condition.
Total submergence stressof 14 dayswasapplied to
thepyramided and parentd lines. All the 79 plantswhich
arepostivefor Subl exhibited regeneration ability of
62.5 to 87.5% and they regenerated after aweek of
de-submergence. However, no regeneration was
detected intherecipient parent ‘ Swarna . The Subl
pyramided lineshave shown similarity of regeneration
ability very muchwith Svarna-Sub1 whichisthedonor
parent while Swarnacould not revive and thus decay
completely under the submergence stress. The
pyramided lines showed better regeneration ability
were SSBY-69-584, SSBY-69-868, SSBY-69-27.
The evaluation of yield QTLs was performed for
SCM2. Culm strength of the pyramided lineswere
vaidated by calculating different parametersfor culm
breaking force. For the 3rd internode, the pyramided

linesshowed arangeof 13.5cmto 17.9cmwhichis
very much similar to our donor Swarna-Habataki and
higher then Swarna. Here the bending strength is
calculated highest in SSBY-69-1063 that is 39 and
Swarna-Habataki also displayed similar bending
srength. Thirty daysold pyramided linescarrying Subl
and BB resistance genes and yield QTLs with the
parentsweretrangplanted inthemainfield. Plot sizeof
6 m2 was allotted for each entry with 40 plants per
row and 5 rows per entry at 15 x 20 cmspacingina
randomized complete block design with three
replications transplanted at NRRI, Cuttack in wet
Season, 2019. Eva uation of the pyramided and parental

linesindicated that the pyramided line SSBY-69-245
showed highest panicleweight of 6.63g followed by
6.35g in SSBY-69-840. The pyramided line SSBY-
69-840 al so showed highest yield of 7.52 t/ha. The
panicleweight was 2.87gin recipient parent Swarna.

CONCLUSIONS

Eva uation resultsindicated that the pyramided
line SSBY-69-840yielded highest grainyield of 7.52
t/hafollowed by 7.34t/haand 7.02 from SSBY-69-
245 and SSBY-69-1063, respectively. The best
pyramided lineshowed 18 % yidd advantage over the
recipient parent, Swarnaand 6.8 % over yield QTLs
,Submergencetolerance and BB resistance.
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IRC/TM-1/OP-6

IDENTIFICATION OF QTLS ASSOCIATED WITH GRAIN YIELD AND
RELATED TRAITS UNDER LOW LIGHT IN RICE (Oryza sativa L.)
Soumya Mohanty, S Das, D Panda, M Biswal, J Kumar, N Mohanty, B Mishra, A Kumar, S Samantray,
SK Pradhan, MJ Baig and L Behera’

ICAR- National Rice Research Institute, Cuttack-753006, Odisha, India

"Corresponding author email:

Low lightis oneof theimportant constraints
for grainyield and qudity of ricein kharif (wet) season.
About 40to 50% yield lossisexperienced dueto low
light intensity during K harif (wet season) inIndiaand
South East Asian countries. It affectsall the stages of
rice growth. It has pronounced effect on the entire
photo-morphogenesisof rice plant resulting reduction
inthenumber of tillersand paniclesat vegetative stage,
whileit causesreductionin pike et number, grainweght
and grainquality at thereproductive stage. Besides, it
affectsplant height, shoot and root growth. Low light
causes varieties of biochemical and physiological
disturbancesin plants. Thereissufficient evidencethat
low light intensity caused by overcast skiesisthemgjor
factorimpairing grainyield, whichaveragesaround 1.2
t ha-1 during thewet seasonin India. In the present
study, aRIL population derived from tolerant cultivar,
Swarnagprapbhaand susceptible cultivar, IR8 wasused
toidentify QTLsassociated grainyiddand rdated traits
under low light tolerance.

OBJECTIVE:
| dentification of QTLsassociated withgrain

yield and related traitsunder low light, Normal light
and both conditionsinrice.

METHODOLOGY:

Field experiments were conducted in the
experimental plotsof ICAR-Nationa Rice Research
Institute (NRRI), Cuttack, Odisha, India (20.4625°
N, 85.8830° E) during the kharif 2019. Two
genotypes, i.e., Swarnaprabha (Tolerant), IR8
(Susceptible) along with their 188 RILs (F,) were

lambodarjamujhadi @gmail.com

growninAlphalatticedesgnwithtworeplications. Low
light stresswasimposed after 15 daysof transplantation
uptomeaturity (activetillering sageto maturity) by using
agro shade nets matted on wooden frame (50% and
25% interception of photosynthetically active photon
flux density), while no agro shade net was used for
normd light condition. Thespacing of plantswerekept
lineto line 20cm and plant to plant 15cm. Readings
weretaken after 45 days of shadetreatment fromthe
flagleavesduring 50% flowering stage. Datafor dl the
10 agro-morphological traits (DFF, PH, TN, PN,GN,
SN,SFP%, TGW,PW and GY) were taken for
phenotypica study. Genotyping hasbeendoneby using
both SSR and SNP markers. Devel opment of linkage
map and QTL anaysshasbeen doneby using software
ICIMapping- 4.2 under both Low light and normd light
conditions,

RESULT:

188 RILswerephenotypedfor 10grainyield
and related traitsduring kharif season and genotyped
with polymorphic SSR (77) and SNP (46) markers.
Phenotypic traits showed wide variations. Linkage
anaysisledtotheidentificationof 17, 14and4QTLsS
associatedwithgrainyield and related traitsunder low
light , normal light and both conditions, respectively.
Phenotypic varianceexplained by any QTL variedfrom
4.331014.19% (Table 1).

CONCLUSION:

Thestable QTLsfor grainyield and related
traitsidentified in either seasonswould be useful in
marker-ass sted selection breeding for improving grain
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Tablel: QTLsldentified in RIL sof the Cross Swar naprabha (T)and IR8(S) for Kharif 2019.

Low Light Hormal Light
S| Na Trait aTL Chirom® LafiMarker RightMarker Pozition LOD PVE[%) #Add Pozitlan LOD PVE(%) Add
1PH gPFH1.1 1 RMA0207 Affx93254811 20 2.40 7.74 6.3052
2PH gPH1.2 1RM11738 RM11935 116 324 .53 B.97
3PH qPH9.1 BAR«93244150 NKSSR3-44 120 2.23 2.96 5.36 123 26T 8.29 B.16
4PH gPHT1.4 11 RM26086 Affx93233829 102 10.12 1247 22.36
5T gTNZ.1 2RM13861 NKS5R2-54 B 200 T.04 0.47
6PN qPNT.1 1ARxD3254811 ANx9I2591432 iy 2.30 T.62 0.47
7PN qPN1.8 BNKSSR 817  RMSS6 40 204 792 039
14 GHN qEN1.1 1RM11738 RM11935 117 275 B.04 B.80
15GN qGN4. T AANMKO3242145 AlN=93215884 1]} 2.0% 4 34 5093 1 aIar 516 7.60
16 GN qENE.T BRM225565 RM22506 310 313 5.48 8.15
17 GN qgENE.2 BRM22542 RM226T4 354 2.04 5.20 7.0
18 GN qGNT11.1 11 Affx 93233529 NKS5R 11-3 126 2.67 12.03 -21.18 128 311 1277 -21.27
85N qENT.T 1RM11738 RM11935 122 2.38 T.00 B.06
DEN gaN3. T JIRM15981 RM15630 201 2.00 B.52 -8.21
105N gSNT1.T 11 Affx 93233829 NKS5R 11-3 130 216 468 -21.84
11 SFP qsFP1.1 1RM12157 RM12182 arz2 2.55 B.TD 4.68
12 &5FP q&FFP1.2 1HKS5R 1-67 RM11738 a2 2.51 8.33 3.96
135FP qSFPa.1 BRMEGZ08 RMZZ5565 308 2.61 7.33 4.21
19TGW  gTGWT.1 TRM1E ANx93258412 42 387 14,19 1.26
20 TGW qTEWaE.1 BNKSSR 8-10 RM&208 203 272 433 -0.56
21 PwW gPWa.1 4AMXB3I242145 ANMxAT2E0E2T 1] 3.37 5.50 0.0 F'3 3.097 .29 0.25
22 PW gPWe.1 BAMxB3230266 Affx93252641 251 2.80 8.82 0.26
23PW qFie.2 BRMG208 RM225565 i} 2.36 438 047
24 PW qgPWi1.1 11 Affx 83233829 HKSSR 11-3 127 245 12.04 -0.54
25GY qEY1.1 1RM11738 RM11935 111 3.53 11.45 1.86
26 GY qEYS.1 S5Afx03248203 AffxD3230537 Li] 313 6.35 -1.24
27 GY qGEYa.1 BRMGZ208 RM225565 ans 3.84 11.4038 1.44
yiddunder low light prevailing, especidly ineaster India profiling of low light tolerant and sengitiverice
insusceptiblehighyieldricecultivars. Further, workis varietiesinduced by low light stressat active
continuingtoidentify QTL under lowlight inrabi season tillering stage. Scientific Reports

9:5753(NAASRating:10.1).
Kumar A, PandaD, Biswal M, Dey P, Beheral, Baig

usingsameRIL population.
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Baig MJ, Kumar A, Ngangkham U, starch content and glycemicindex of rice (O.
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IRC/TM-1/PP-1

MAS OF SOME RICE GENOTYPES FOR BACTERIAL LEAF BLIGHT (BLB)
RESISTANCE

Renjimol R and P. Sindhumole*

RARS Pattambi, Kerala, India
"Corresponding author email: sindhumole.p@kau.in

Bacterial Leaf Blight (BLB) caused by
Xanthomonas oryzae pv. Oryzae, is an important
biotic stress, severely affecting the annual rice
production all over theworld. Thesystemicinfection
of thispathogen resultsin thewilting and desi ccation of
leaves causing crop loss. Leaf sheathsand culmsare
more susceptibleto thisinfection. The pathogen lives
on the dead plants and spreads through water. This
disseseinfectstheledf veinsaswell asthexylem, causing
blockageand plant wilting.

BL B can be controlled by the devel opment of
Host Plant Resistance (HPR), becauseit isthe most
economic and eco-friendly strategy for management
of biotic stresses. For devel oping host plant resistance
to BL B, resistance genes must beincorporated into
high yielding susceptible varieties. One of the most
important resistance genesisxal3. Being arecessive
gene, xal3 is very difficult to assess but, can be
diagnosed easily using closely linked molecular
markers. Major objective of the present study was
marker asssted sdlection of (MAS) of sometraditiona
rice genotypes for xal3 gene using its linked STS
marker RG-136.

METHODOLOGY

Field screening was conducted for forty two
traditiona rice genotypesobtained fromthegermplasm
collectionat theDivisonof Plant Breedingand Genetics,
RARS, Pattambi. Artificia inoculation of BLB culture
was conducted for the seedlings of al genotypeson
the 30" day of sowing. Symptomlessgenotypeswere
selected for molecular characterisation using RG 136,
specificfor xal3 gene. Sixteen symptomlessand two
susceptible check genotypeswere used for molecular

characterisation. Theamplification pattern wasviewed
by eectrophoresisfollowed by UV trans-illumination.

RESULTS

Artificial screening of forty twotaditiona rice
genotypes redlted in the identification of sixteen
symptomless genotypes. Subsequently, thesewere
subjected to molecular characterisation with STS
marker RG 136 linked to therecessive genexal3, for
BLB resistance. During PCR amplification, specific
bands were produced only in ten rice genotypes
indicating that thesetraditiona genotypeswerehaving
the gene xal3. Hence it can be concluded that the
res stancein theseten genotypesviz., Ponkuruka(TRV
2029), Kalluruli (TRV 2054), Karuthacheera(TRV
2059), Kathikannan (TRV 2062), Pokkalai-11 (TRV
2063), O-10 (TRV 2076), Pokkali (TRV 2125),
Karutha karuka (TRV 2127), Kachu vithu (TRV
2148), and Punjapurathu (TRV 2154), may duetothe
presence of xal3 gene.

Also, the remaining six symptomless rice
genotypesidentified duringtheartificia screeninginfidd
viz,, Nithyakadyani (TRV 2001), Kuruva(TRV 2064),
Mannuveliyan (TRV 2066), Karutha cheera (TRV
2068), Gendakasaa(TRV 2070), and Manga apuram
(TRV 2071) did not show any amplification for RG-
136 marker. Thisindicatesthe absence of xal3 gene
inthesesix genotypes. Hencetheresistance exhibited
by them may be dueto the presence of the some other
resistance genes. As expected, there was no
amplification for themarker in two susceptible check
genotypes (TRV 2008-Pandi vellaand TRV 2141-
Kuruva). Similar marker assisted screening of BLB

141
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resistance gene xal3 was conducted by Phuc et al.
(2005) using the STSmarker RG 136 itsdlf inhundred
ricevarietiesand they found that Sixty varietieshad the
xal3 gene and also found that it is present in
homozygoussate.

CONCLUSION
Inthe present study, acompleterecessive BLB

resi stant genexal3 could be successfully diagnosedin
tentraditiona rice genotypesthrough marker assisted

selectionwith STS marker RG136, closely linked to

this specific gene. Hence, these genotypes can be

utilised as donors for marker assisted breeding to

develop BLB resstant highyieldingricevarieties.

REFERENCES

Phuc, N. V., Lang, N. T. and Buu, C. B. 2005. STS
and marker-assisted selection for bacterial

blight resistance in rice, Oryza sativa L.
Omonrice13:18-25

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India

|



. N
I

1% Indian Rice Congress - 2020 D\ K ice
._/ 2%

Rice Research and Development for Achieving Sustainable Development Goals \_.

Congress
g

Theme - I: Enhancing rice productivity and quality

IRC/TM-1PP-2

GREEN SUPER RICE — A RECENT DEVELOPMENT

Jyoti Prakash Sahoo*, Laxmipreeya Behera and Kailash Chandra Samal
College of Agriculture, OUAT, Bhubaneswar—751003, Odisha, India

"Corresponding author email:

Riceistheleading food cropsglobally, and it
plays akey rolein food security. The conflicts are
becoming more and more acute between rice
production and environmental capita. For thisreason,
the Green Super Rice concept was proposed by
scientists in China to promote the production of
resource-saving and environmentally-friendly rice,
which canincreaseyieldsandimprovequality. Green
super rice has been described as one of theworld’s
key agricultura scienceand cropimprovement goals,
for the use of important genes associ ated with superior
agronomic characteristics, such ashighyield, nutrient
useefficiency and biotic and abiotic stressresistance.

Keywords: GSR, Rice, Productivity, Food
security

INTRODUCTION

Rice (Oryza sativa L.) is one of the most
important food crops and isthe principal staplefood
for amost half of theworld's population. Theworld
popul ation isexpected to continue growing and hit 9
billion by 2050, which callsfor anincrease of dmost
70 percent infood production (FAO 2013). Therefore,
to ensure global food security and living standards,
increasedriceyieldsarecrucial. Inorder toboost rice
yields, farmershave gradually increased the amounts
of fertilizers (Ali et al. 2018). Overuse of nitrogen
fertilizersand poor efficiency of fertilizer use, have
caused Sgnificant resdud quantitiesof nitrogenfertilizer
to enter the soil and water bodiesaround farmlands,
resulting in seriouscontamination of theecosystem (Al
et al. 2018). Another factor that hindersagricultura
productionisalso theregular occurrence of drought,
posing mgor threatsto globa food security (Luo 2010).

jyotiprakashsahoo2010@gmail.com

Therefore, thebreeding and cultivation of new varieties
of rice using China's proposed green super rice
technol ogy, with superior res stancetobioticand abiotic
stresses, including water and nutrient quality, has
becomeakey objective of improving riceto stabilize
theproductivity of riceand ensurefood security.

TheGreen Super Riceproject

In 2005, a green super rice project was
proposed by Chinese scientiststo cultivate new rice
varietieswith different characteristics, including high
fertilizer performance, water conservation, drought
tolerance, and improved resistance to stress due to
increasing resource scarcity, atmaospheric pollution, and
deterioration of ecologica systems. Theinternational
cooperation project ‘ Green Super Ricefor Resource-
Poor Farmersof Africaand Asia’ was sponsored by
the Bill and Melinda Gates Foundation in 2009. In
2010, theMinigtry of Scienceand Technology of China
granted the project,” Breeding and Development of
Green Super Rice,” with extended funding up to 2018
(Zhang et al. 2018).

Major focal points of the Green Super Rice
project

I. Production and devel opment of green
super rice breeding, through technol ogica systems

. Establishment of entire genome
selection platforms based on recent devel opmentsin
worldwideresearch onricefunctiona genomics

. Production of new germplasm
resourcesby pyramidizing greentrait genes(Table 1)

V. Breeding new green super ricecultivars
with different combinationsof greenfeatures

16
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Table 1. Genesrelated togreen traitsin green super rice

Greentraits Gene (Chromosome)

Function

Grain quality and OsAAP6 (1), GL2/GS2/OsGRF4 (2), GNP1(3), Igy3
yield (3), GL3.ITGWIITGW3(3), Chak5(5), GW5(5),
GW7/GL7(7), GLW7/0sSPL13(7), OsSOTUB1 (8)

Biotic stress  Bsr-d1(3), Bph3(4), BPH6 (4), PigmR (6), IPA1(8),

resistance STV11(11), Xal0(11), BPHI (12)

NUE (Nitrogen use DEP1(9), NRT1.1B (10), GRF4(2)
efficiency)

Abiotic stress LGSL1(2),COLD1(4),CTB4a(4),bzIP73(9), HAN1

resistance (Cold) (11

Abiotic stress OsTT1(3)
resistance (Heat)

Changein Expression dueto variationsin promoter
or premature termination or establishment of protein
structure

Amino acid substitution or gene deletion or Change
in Expression due to variations in promoter or
premature termination

Amino acid substitutionor

Changein Expression dueto variationsin promoter
or premature termination

Amino acid substitution or gene deletion or Change
in Expression dueto variationsin promoter

Substitution of Amino acids

V. Techniquesof high-yield production
and field management for Green Super Rice

Green genesidentified for the breeding of new
GSR varieties

At present, 3000 genes have been cloned and
dissected in rice affecting a broad variety of
phenotypes, withtoleranceto biotic stressesand abiotic
stressesand high efficacy of nutrient usage, highyield
and characteristicsof good grain quality (Wingeta .

Table 2. Databases available for green super rice breeding

2018).These can bereferred to asgreen genes. Asthe
templatesfor green super rice breeding, these green
genes were used (Table 1). Several databases and
software programmes (Table 2) for rice genomic
variations have been developed during the
implementation of the Green Super Rice project. For
gene functional analysis and rice breeding, such
databasesprovidecriticd platformsfor whole-genome
selection (Yuetd., 2020).

Database or software programme Information
available

Web link or references

RFGB (Ricefunctiond genomicsand  Informationsregarding the variation in rice genomic

breeding database)
Rice SNPsDatabase

Marker-assisted molecular breeding Comparing rice breeding materials

platformfor GSR
RiceVarMapv2.0

GSsoftwaregblup.jar

Rice breeding by selecting genomic regions

genomic variations and genome-wide associationanalysis

http://www.rmbreeding .cn/
http://variation.ic4r.org/

http://47.92.174.110

Integratingand annotation of the data sets available for rice  http://ricev armap .ncpgr .cn/

v2/
Covarrubias-Pazaran et al.,

Identification of additive effect and dominance effects 2018
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CONCLUSION

In 2050, theworld populationisprojected to
reach ninebillion. Rapid population growth requiresa
corresponding increasein the production of riceina
sugtainableway, whichinfuturedecadeswill beamgor
challengefor global rice breeders. Green super rice
varigtiescanmantain sableand higher yiddswithless
inputsand higher res stlance and recoverability features
when facing theregular occurrence of severeclimate
change-induced stresses. Over the past decade
experience has shown that the combination of green
super rice varieties and corresponding improved
growing techniqueswill lead to moreefficient and higher
yields, thereby reducing the use of pesticides and
fertilizersinirrigatedrice production areasby morethan
30 percent aswell asirrigation water by at least 30
percent (Yueta ., 2020). Inorder to guidethegreen
development of agriculture, green super rice can
becomeacrucial factor and its objectivesrelated to
entire genome breeding strategies can providetrends
or set examplesfor other cropsto explorewith suitable
traits.
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IRC/TM-1/PP-3

MARKER ASSISTED INTROGRESSION OF YIELD ENHANCING GENES
INTO RESTORER LINE OF RICE (ORYZA SATIVA L.)

Bhargava K* 2, Shivani D%, Pushpavalli SNCVL?3, Beulah P! and P Senguttuvel”

N CAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana, India
2Department of Agricultural Biotechnology, College of Agriculture (PJTSAU), Hyderabad-500030,
Telangana, India
SDepartment of Molecular Biology and Biotechnology, College of Agriculture (PJTSAU), Hyderabad-
500030, Telangana, India
"Corresponding author email: shivani.angrau@gmail.com

Rice (Oryza sativa L.) is one of the major
staplefood cropsand isaprimary source of food for
morethan half of the global population. To feed the
increasing popul ation, development of climate smart
ricevarieties/hybridswithahigher yield potentid are
highly required. Hybrid rice providesyield advantage
of 15-25% over current commercial cultivarswhich
requiresdevel oping number of diverse parenta lines
with good restoring ability and specific desirabletraits.
Therefore, improving parentd linesbecomesanintegra
part of hybrid rice breeding programmes.Through
quantitativetraitloci (QTL) andysiswithfinemapping
or positiona cloning using ricemutants, about 20 genes
involvedinyiddrdatedtratswereisolaedinricewhich
arebeing used for rice breeding programs. Recently,
several genesincluding Gnlaand OsSPL14 which
contributefor geneticimprovement of yield potentid in
ricewereidentified.

METHODOLOGY

Thestudy wascarried out at ICAR-Research
farm, Indian Institute of Rice Research (IIRR),
Hyderabad during wet season (Kharif), 2019. In
Kharif, 2018 hybridization was carried out between
an aerobicrestorer lineAR 9-18 and yield enhancing
donor Y PK 198 for generating F;s. True F1 plants
were selfed to generate F2 population.These 205
segregating F, population derived from the cross
between AR 9-18 and YPK 198 possessing Gnla

and OsSPL 14 were used for the study. Experiment
was conducted in non-replicated trial withthirty days
old seedlingsof F, population along with parentsand
restorer check KMR-3R. Recommended cultural
practicesand plant protection measures were taken
up for raising ahealthy crop.

The leaf samples of 205 segregating F,
popul ation, parental linesand checkswere collected
from 20-25 days old seedlings and stored at -20°C to
extract genomic DNA for molecular screening of yield
enhancing genesin the population. Extraction of total
genomic DNA was carried out by using the Cetyl
trimethyl ammonium bromide (CTAB) buffer and by
chloroform:isoamy! a cohol extraction followed by
ethanal precipitation. Agarose gd e ectrophoresisand
nano drop UV spectrophotometer was used to
estimate DNA concentration and each samplewasthen
diluted to approximately 40-50 ng/il and stored at 4°C
for further use. All genotyping markersfollowed the
PCR conditions and PCR products amplified were
electrophoresedin 2.5 % agarose gel.

RESULTS

Parental polymorphism and F, population
screening

Inthe present study for screening of twoyield
enhancing genes in F, population, parental

polymorphism survey wastaken up between aerobic
restorer AR 9-18 and yield enhancing donor Y PK 198.
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A total of ten (Gnla- 4 markers) and (OsSPL14 - 6
markers) gene specific markers were used to study
parental polymorphism. Among four gene specific
markers, onemarker Gnla-indel 3for Gnlaandamong
six gene specific markers, one marker viz.,
0s089g39950 for OsSPL 14 showed polymorphism
between parents AR 9-18 and YPK 198. These
polymorphic markerswere used for screening of 205
segregating F, population for the presence of yield
enhancing Gnlaand OsSPL 14 genes.

Screening of yield enhancing Gnlain F,
population

Two hundred and five segregating popul ation
inF, generationwerescreened for the presenceof yield
enhancing gene Gnlalocated on the chromosome 1
with gene specific marker Gnlarindel 3. Out of 205F,
popul ation, 48 plantswere positivewhich showed band
sizesmilar toyield enhancing donor parent Y PK 198,
43 plantswerenegativewnhich showed band szesimilar
to aerobic restorer AR 9-18 and 114 plants showed
the heterozygousband by amplifying boththefragments
(Figurel).

Screening of yield enhancing gene
OsSPL14in F,population

The same segregating F, population was
screened for yield enhancing gene OsSPL 14 | ocated
on chromosome 8 with gene specific Os08g39950

——
-— —— =
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Figure1: Segregation pattern of F,population for themarker
Gnla-indel 3for yield enhancing geneGnla.

L=100bp ladder, P1=Aerobic restorer parent (AR 9-18), P2=
Yield enhancing donor parent (YPK 198), P= Positive,
N=Negative, H=Heterozygous.

marker. Out of two hundred and five F, popul ation,
38 plantshaving yield enhancing geneat homozygous
satusweretaken aspositive, which showed band size
similar to donor parent YPK 198, 57 plants were
negative which showed band sizesmilar toAR 9-18
and 110 plantswere heterozygous by amplifying both
thefragments(Figure 2). Thescreening resultsrevealed
that out of two hundred and five F, popul ation screened,
48 plantshad Gnla, 38 plantshad OsSPL 14 and 21
plantshad both Gnla and OsSPL 14 genes. The plants
with homozygouspositivesfor yield enhancing genes
showed improved grain number per panicle. Similar
results were reported by Huang et al. (2018). This
demonstrates that marker assisted screening in F,
segregating populations reduces the time for
accelerating parental development with high grain
number. With advent of marker assisted breeding, the
study resulted in development of improved aerobic
restorer lines with yield enhancing genes, which
ultimately will beutilized in developing highyielding
aerobic hybridsfor unfavourable ecologies.

The screening resultsin F, popul ation were
subjected to chi-square (+2) analysis to test their
goodnessof fit totest for appropriatemendelianratio
1:2:1. Genetic segregation pattern of yield enhancing
genes Gnlaand OsSPL14 inthe F, population was
doneusing chi-square (+2) test. The expected number
was set based on the normal mendelian segregation

Figure2: Segregation pattern of F,population for themarker
DRRM RF3-10for Rf3fertility restorer gene.

L=100bp ladder, P1=Aerobic restorer parent (AR 9-18), P2=
Yield enhancing donor parent (Y PK 198), C=Check variety
(KMR-3R), P= Positive, N=Negative, H=Heterozygous.
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pattern of the single gene (homozygousfor positive:
heterozygous. homozygousfor negative=1:2:1 ratio).

CONCLUSION

Chi sgquareandyssrevededthat thetablevadue
of +2 at 0.05 level of probability at 2 degrees of
freedom is5.99. The calculated +2 value was|ower
than the chi-squaretablevalue5.99 at 2 df. Thus, the
differenceisnon-significant between the observed and
expected valuesfor both theyield enhancing genes,
indicating that they showed a normal mendelian
segregation pattern. Kimet al. (2018) reported similar
findingsfor genetic segregation pattern of bothyield
enhancing genein BC,F, progeniesusing thechi-square
(+2) test. Theplantswith both theyield enhancing genes
showed improved grain number per panicle. The

heterozygousand homozygouspositive plantsfor yield
enhancing geneswere further forwarded to the next
generationfor evauation.
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IRC/TM-1/PP-4

ELECTRON BEAM AND GAMMA RAYS INDUCED ANNA (R) 4 RICE
MUTANTS WITH IMPROVED GRAIN QUALITY

P. Arunachalam?’, R. Lalitha!, C. Vanniarajan' and J. Souframanien?
! Department of Plant Breeding and Genetics, Agricultural College and Research Institute, TNAU, Madurai
625104, Tamil Nadu, India
’Nuclear Agriculture and Biotechnology Division, Bhabha Atomic Research Centre (BARC), Mumbai-
400085, India
"Corresponding author email: arunachalp@gmail.com

The directed seeded rice cultivation under
rainfed situation needs short duration and drought
tolerant rice varietiesto mitigate moisture stressand to
avoidyieldloss. Ricevariety Anna(R) 4 hastheability
totoleratemoisture stressand isspecialy released for
rainfed tractsof Tamilnadu. Though the plant type of
Anna(R) 4 cultivar issuitablefor rainfed cultivation, its
long dender grain type has not been preferred by the
farmersof Tamil Nadu because of low market price.
Hence, to meet market demand, altering grain type of
Anna(R) 4will leadtoincreased adaptation by farmers
with good remunerative price. Thehybridizationand
sdectioninriceisoneof theoptionsto dter graintype.
Thisprocesswill generatethevariationsderived from
both parent for al traitsand the selection of desirable
plant type become complex process. The mutation of
Anna(R) 4 cultivar and selecting thedesirablegrain
typefrom mutantsof Anna(R) 4isaviable optionto
alter thegraintype. Hence, the new mutant source of
electron beam and gammarayswere used to induce
mutation and generate variability.

METHODOLOGY:

The seeds of Anna (R) 4 rice variety were
subjected to e ectron beam and gammaraysirradiation
at different dosesfrom 100 Gy to 400 Gy of 50 Gy
intervals. Gammarays (* Co) treatment of seedswas
undertaken at Bhabha Atomic Research Centre,
Mumbal and electron beam at 10 MeV at electron
beam Accelerator facility of Electron Beam Centre,
BARC. The LD, values were estimated from
germination percentageof different levelsof radiation

by Probit analysis. Based on LD, , 200 Gy, 250 Gy,
300 Gy and 350 Gy mutant seedswereraised for M,
generation during 2017-18 a Agricultura Collegeand
Research Ingtitute, Madurai. The M, generation was
raised from M, seeds of 200 individual plantsfrom
each dose. A total of 5400 plants and 12240 plants
wereraised and observed for M, generation during
kharif 2018. Theviable mutantswereidentified and
early maturing mutantsweretagged and observations
on quantitativetraitswererecorded.

RESULTS

TheviablemutantsweregeneratedinAnna(R)
4riceM,, populationby irredictionin plant habit namely
tall, dwarf, grassy and extreme dwarf through macro
mutation. Mutantsin tillering, leaf shape, flower
organisation, awvned grainsetc. wereidentifiedinM,
popul ation. Based on viable mutantsthe effectiveness
was0.086 and 0.05, efficiency was0.54 and 0.723in
electron beam and gammaraysrespectively. Themicro
mutations in quantitative traits generated range of
variability throughirradiation. Theexpresson of plant
height wasvaried from 67 to 127 cm (el ectron beam)
and 70 to 120 cm (gamma rays) and in number of
productivetillersby electron beam was 3 to 29 and
gammarayswas 2 to 28 with negative shift in mean
performance. The mutantsfrom both radiation caused
postiveshiftinmeanfromAnna(R) 4for paniclelength
and panicleweight. The bidirectional shiftin mean
performancewas observed in number of filled grains
per panicleand grainyield per plant in all the doses
from 200t0 350 Gy in both radiations.

22
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Thefreguency of reduced grainlength mutants
produced fromlong dender (6.9 mm) Anna(R) 4rice
was 0.0146 by el ectron beam and 0.0019 by gamma
rays. Therange of medium dender graintype mutants
wasrecorded in el ectron beamwasfrom 5.71t0 6.53
mm and gamma rays was from 6.04 to 6.53 mm.
Among grain mutantsthe grain yield per plant was
ranged from6.2t045.1 gand 11to 52 gin electron
beam and gammaraysrespectively.
CONCLUSION:

The viable macro mutants induced by
irradiation in M, population from Anna (R) 4 rice
indicatesthe el ectron beam found to be more effective
and lessefficient than gammarays. Both &raysand
electron beamshavelow LETsof around 0.2KeV/pum
(Magori et al., 2010). However, electron beam
irradiation proved to be stronger mutagenic effect as
short pulseswhereasgammairradiation at same dose
ascontinuous effect. Hencethe el ectron beam caused
moreinjury inseedling and growth charactersand pollen
Serility at lesser dosethan gammarays.

EB mutant from Anna(RM
AnnalF 4 GL-6.92 mm, L/B ratio-
GL-5.58 mm; LIB 3.42
ratio-3.10

Figurel. Early maturingmedium dender grain typemutant
from electron beam mutants from Anna (R) 4 ricein M,
generation

Theirradiaionscaused widerangeof variations
for all quantitativetraits studied by inducing micro
mutations. Theradiation caused reductionin mean plant
height and number of productivetillersinM, population
from Anna(R) 4 across doses, whereasincreasein
mean performance was noticed in paniclelength and
panicleweight. Theeectronbeamfoundtoefficientin
reducing grainlength than gammaraysinlong dender
graintypeAnna(R) 4rice(Fig. 1). More numbers of
reduced grainlength mutantswith mediumdender grain
type were isolated from electron beam (79) than
gammarays (24) mutantsin M, generation. Among
doses, the 300 Gy of electron beam found more
efficient inisolating medium dender grain mutants (63
no.). Huang et al. (2013) reported that the QTLs
affecting grainlength arefinemapped namely qGL-3a,
qGL4b, qGL7, GS7, qSS7, qGRL 1 and LGS1 are
located across chromosome number 3,4, 7, 1and 2.
This supported that the grain length character are
governed by oligogenesand can bedtered by mutation.
Further thegrain mutantsin bothirradiationsproduced
morevariaionsfor sngleplantyield. Thisoffersmore
scopefor salecting medium dender graintype mutants
withimproved yield performance. These mutantshelp
to devel op drought tolerant rice variety withimproved
grainqudity of Anna(R) 4 rice, to benefit direct seeded
ricegrowingfarmers.
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IRC/TM-1/PP-5

STABLE HIGH YIELDING MUTANT RICE VARIETY -TUNGABHADRA SONA
(GNV 1801) FOR TUNGABHADRA COMMAND AREA OF KARNATAKA

Mahantashivayogayya K*, Sujay Hurali!, Masthana Reddy B. G, Pramesh D! and Gowdar S.B.

All India Co-ordinated Rice improvement project, *Agriculture Research Sation, Gangavathi - 583 227
University of Agricultural Sciences, Raichur- 584 104, Karnataka state
E-mail: mahant.shivayogayya2@gmail.com

Rice(Oryzasatival..) isastaplefood source
for nearly 3.5 billion people and has occupied an
enviable prime place among thefood crops cultivated
around theworld, which contributes significantly to
global food security and with Chinaand Indiaas|ead
producers. Measurement of G x E interaction has
adwaysremained anintriguing probleminthepast. Now
a day, the use of biplot to quantify the genotype
environment interaction (GEI) iswidespread sincethe
GE effectscan bevisualized in asinglegraph, which
facilitates the comparison of genotypes and their
Interaction with the environments. Morerecently, Yan
et a. (2000) proposed a new technique in the GEI
analysisusing biplotssmilar totheAMMI technique,
which hasthe advantage of decomposing thejoint effect
of genotype (G) and GE (G + GE) by principal
component andysis, differingfromtheorigind AMMI
analysisthat decomposes only GE and method was
called GGE biplot by Yan et al. (2000). The main
objective of thisstudy wasto eval uaterice genotypes
andto apply GGE biplot toidentify better performance
and stability on grainyield and henceto recommend
the best genotype for rice farmers of tungabhadra
command areaof Karnataka.

METHODOLOGY:

Theexperimental materia for the present sudy
cond sted of twenty-two medium dender rice genotypes
used from previous study Prashant et al. (2019)
including BPT 5204 based mutants along with local
checks BPT 5204 and Gangavati sona, Thesevarieties
were evaluated in four locations of Karnatakaviz.,
Agriculture Research Station, Gangavati, Agriculture

Research Station, Dhadesugur, Agriculture Research
Station, Manoor and Agriculture Research Station,
Kawadimatti of Karnataka state during kharif 2019.
Evaluation of these rice genotypes along with four
checkswas carried out using randomized complete
block design with threereplicationsat four locations
selected under study. Each genotypewas planted in
13 rows of 4 m row length with aspacing of 20 cm
between therowsand 15 cm between the plantswas
followed in all locations and recommended package
of practicesfor ricecultivationsin respectivelocations
were followed, AMMI model and GGE bi-plot
methodol ogy was used for the stability anaysis.

RESULTS:

Analysis of variance as per AMMI model
reveal ed that there was significant contribution for
variation by main effects(genotypesand environments)
andinteraction effectsfor thetrait yield. Sgnificant mean
sum of squares dueto genotypesindicated that there
existed genotypic differences and significance of
environment explainsthat environmentd effectsdiffer
across different locations and test locations were
diverse. Further, GXE interaction effectssignify that
genotypes behave differently across different
environments. Large sum of squares due to
environmentsfor yieldindicated that differencesamong
environmenta meanswerevery highand environments
werediversein nature. It wasfound in present study
that environmental mean variationswerevery higher
than genotypic mean variationsfor yield. Hence, test
locationswerediverse. Themulltiplicative variance of
the treatment sum of squaresdueto GxE interaction

24
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was further partitioned into interaction principal
component axis (IPCA) asit wassignificant. IPCA |
and IPCA 11 scoresexplained 71.92 per cent and 25.06
per cent of theinteraction respectively. Thesetwo PCA
axescumulatively captured 96.98 per cent of thetotal
GEl for the trait grain yield per hectare. Stability
parameters. AccordingtoAMMI gtability vaue (ASV)
Tungabhadrasona (BPT mutant GNV 1801) wasthe
most stable genotypefor yield (8637 kg/ha), sinceit
recorded lowest ASV (0.31) followed by BPT mutant
1804 (8003 kg/ha) and BPT mutant 1811 (8071 kg/
ha) with 0.39 and 0.41 ASV respectively. According
to genotypic selectionindex (GSI), BPT mutant 1801
wasfoundto bethebest variety sinceit recorded lower
vaueforit. Patternof genotype-environment interaction
display using graphica tool: A polygonisdrawvnonthe
genotypesthat arefarthest from the bi-plot origin so
thet al other genotypesfd| withinthepolygon. Locations
withinthe samesector sharethe samewinning genotype
and locationsin different sectorshavedifferent winning
genotypes. Thus, polygon view of a GGE bi-plot
indicates presence or absence of cross-over GEI.
‘“Whichwonwhere’ pattern of GGE biplotsfor grain
yield of sdlected varietiesindicated that genotypesviz.,
|ET-27870, IET-26241, Gangavati sanna, BPT mutant
1809, BPT mutant 1806 and IET-27438 occupied
vertices of polygon and unstablefor grainyield per
hectare, sncethey werelocated on verticesof polygon.
Thefour environmentswere divided into four sub-
groupsby theradiating linesfromthebiplot originto
intersect each of the polygonsidesat right angle. First
sub-group consi sted of environment Dhadesugur (E4)
in which IET-27438 was winning genotype.
Kawadimatti (E3) formed the second sub-group, in
whichthe genotypel ET-27870 waswinner. Third sub
group consisted of environment Malnoor (E2) where
| ET-26241 wasthewinner. Fourth sub group cons sted
of environment Gangavati (E1) where BPT mutant
1809 wasthewinner. Rest of the genotypesviz., GNV
10-89, Tungabhadrasona (BPT mutant GNV 1801),

BPT mutant 1811, BPT mutant 1804, RNR-15048,
BPT-5204, Rp Bio 226 and GGV-05-01 werefound
to be stable according to GGE biplotssincethey are
located near origin and among them Tungabhadrasona
(BPT mutant GNV 1801) was most stable genotype
becauseit islocated very closer to theorigin (number
10) and have highyield potential combined with the
better and wide adaptability over different agro-climatic
conditions(Fig. 1.).

‘Discrimitiveness vs. representativeness
pattern of GGE biplot for grain yield per hectare.
I ndlicated that the environment Kawadimatti (E3) had
shortest vector, so this environment was unable to
discriminate the genotypes, whilethe environments
Ma noor (E2), Dhadesugur (E4) and Gangavati (E1)
were having longer vectorsthan Kawadimatti (E3)
depicting that environmentswereableto discriminate
the genotypes for grain yield per hectare. Low
discrimination ability of thel ocation Kawadimatti (E3)
could bedueto environmental or human effect.

Which Won ‘WhernWWeal

AR =

Fig 1. Polygon view of GGE bi-plot based on thesymmetrical
scaling for ‘which won-where' pattern of genotypes and
locationsfor grainyield per hectare.
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CONCLUSION:

Genotype-Environment (GE) interactionisa
complex phenomenon in nature which needsto be
understood by breedersin order toidentify locations
that are suitablefor better yield of agiven variety. It
wasreveded by AMMI andysisin present investigation
that there existed significant GE interaction among
twenty-two ricevarietieseva uated acrossfour different
locations. Analysisreveal ed that Tungabhadrasona
(BPT mutant GNV 1801), BPT mutant 1804 and BPT
mutant 1811 werefound to be most stable varieties.
Among thesevarieties, Tungabhadrasona(BPT mutant
GNV 1801) was found to be best variety since it
recorded highest grain yield and also it was stable
performer for grainyied acrossfour different locations
and could bereleased for commercia cultivation.

TheAMMI mode and GGE biplotswerefound
to beexcdlent tool to understand GE interactions. But,
GGE biplotscould providemoremeaninginformation
with referenceto rel ationship between genotypesand
environments.
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IRC/TM-1/PP-6

DEVELOPMENT OF HETEROTIC HYBRIDS THROUGH
ALLOCYTOPLASMIC RESTORER IMPROVEMENT IN RICE (ORYZA
SATIVA L)

K. Rukmini Devi, V. Venkanna, K.Parimala,Y. Hari, B. Satish Chandra, N. Lingaiah ,K. Rajendra Prasad
and P. Jagan Mohan Rao

Regional Agricultural Research Sation (PJTSAU), Warangal-506007, India
Email id: rukminirars@gmail.com

Hybrid rice technology is one of the most
promising and sustainable option to break theyield
celinginrice. Threelinesystemiswiddy adapted for
development of hybrids. Thefrequency of restorersin
germplasmisaround 10— 15 %. Improving potential
restorer linesand diversification of CM S source must
beanintegra part of hybrid ricebreeding. Cytoplasmic
malegerility (CMYS) isamaternally inherited trait and
pollenfertility isrestored by nuclear encoded genes
caledfertility restorer (Rf) genesandit wasdiscovered
that fertility restorationiscontrolled by twoindependent
dominant nuclear genes Rf3 and Rf4genes|ocated on
chromosome 1 and chromosome 10 respectively which
have mgor influence on fertility restorationin many
restorer linesfor WA-CM Slines. Themain objective
of allo cytoplasmic restorers development are
increasing the magnitude of heterosis through
broadening the genetic base, combining thedesirable
traitsand increasing thefrequency of restorer genes.

METHODOLOGY:

Single, double and three way crosses were
made between restorer linesand handled the breeding
materid up to F, generation by pedigree method. The
new Restorer linesdeveloped wereevaduated for yield
and other ancillary characterslike pollenload, plant
heightand paniclelength, restoring ability, quality
traitsand also biotic stressesfor further usein hybrid
breeding programme. Subsequently the new restorer
lineswere screened for fertility restorer genesusing
functional markers RM 6100 (Rf4) and RM 3873
(Rf3). Smultaneoudy these newly developed restorer

linesweretest crossed with different CM Slines.The
resultant test crosses were studied for maintainer /
restorer reaction using 1% lodine potassium iodide
solution and confirmed fertility restoration for second
timealso. Based on fertility restoration percentage,
yield, plant type, grain type and other morphological
characters 27 hybrids were selected for further
evauation.

RESULTSAND DISCUSSION:

Interestingly thefrequency of restoration was
highwith arangeof 90—100 % pollenfertility in 153
hybridsand rest of the crosseswere partialy fertile
(<80%) out of 315 test crosses studied. By using
restorer lines developed from R x R parenta line
improvement programmewith different CM Slineshas
resultedinincreaseof fertility restorationin morenumber
of crossesdueto accumulation of Rf genesin restorer
lines. Forty eight hybridswerestudied for confirmation
of restoring ability for second timeduring Kharif, 2015.
Most of thehybridswerevery early toearly induration.
Thenew restorer linesWGL-R15, WGL-R17, WGL-
R18, WGL-R23, WGL-R24, WGL-R26, WGL-R44,
WGL-R55, WGL-R 65 and WGL -R 66 werefound
to be good combiners as they have shown restorer
reactionin morethan four CM Slines. Based ongrain
yield, graintypeand spikel et fertility 27 hybridswere
selected and evaluated for three seasonsat station level
during Kharif, 2016, Rabi 2016-17 and Kharif 2017
along with check PA 6444. Pooled data over three
seasons indicated that WGRH-18 (7.27 t/ha) and
WGRH-17 (7.18 t/ha) and WGRH-22 (6.90 t/ha)
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and WGRH-10 (6.87 t/ha) recorded superior yield
over check PA 6444 (6.20t/ha). The hybrid WGRH -
18 (16.31**)hasrecorded high significant standard
heterosis followed by WGRH-17 (14.75**), WGRH-
22 (12.10**)WGRH-19 ( 5.38**), while spikelet
fertility recorded was85.6 % in WGRH-18, 90.5%in
WGRH-17, 86.3%inWGRH-22 and 83.17 %in PA
6444. The hybrid WGRH-18 was nominated for
AICRP during Kharif 2019and Multi location trial

(Early) in Kharif 2018. The results of pooled data
from s riceresearch centersin Telanganastate showed
that WGRH-18 hasrecorded higher yield of 7.43t/ha
over check PA6444(7.08t/ha). Therestorersfor these

hybrids possessing Rf3 and Rf4 for WGRH-18 &
WGRH-19, while Rf3 for WGRH-17. Among the
restorer lines WGL R-7, WGL R-11, WGLR-13,
WGLR-14 and WGLR-15 positive for both
Rf3andRf4 andWGLR-12, WGLR-17 and WGLR-
23for Rf3 geneswereidentified asgood restorers.
CONCLUSION:

All theconventiona breeding Strategiesalong
with use of molecular markerslinked to Rf genescan
enhance the selection efficiency to develop better
parentd linesfurther whichwill hepindeve oping highly
heterotic hybrids.

28]
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IRC/TM-1PP-7

STUDIES ON GENE ACTION FOR YIELD AND QUALITY COMPONENTS IN
RICE

Sreelakshmi, Ch.*, Ramesh Babu, P., HariPrasad Reddy, K., Anil Kumar , P and Latha P

Agricultural Research Sation, Nellore, ANGRAU, AP, India
*Corresponding author: sreelakshmi.angrau@gmail.com

Riceislifeand princeamong cered s, belongs
to genusOryza of thefamily poaceaeanditisthemost
diverse cereal crop. Rice offers a great wealth of
meaterid for genetic sudiesbecauseof itswideecol ogicd
distribution and enormous variation encountered for
variousmorphologica and physiologica characters. To
breed a genotype with high yielding potential,
information onthegeneticmechanism contralling various
traits in the genetic material being studied is a
prerequisite. Thedetection and estimation of epistasis
in the inheritance of various quantitative triats are
essential for rapid improvement. Generation mean
analysis (Hayman, 1958) is the best method for
estimating genetic varianceand epistasis
MATERIALAND METHODS

The present investigation was carried at
Agricultural Research Station, Nellore, ANGRAU, AP,
Indiaduring 2014-2017. Six crossescomprising F1,
F2, BC1, BC2, P1 and P2 generations. Generation
mean analysi swasfollowed asper the proceduregiven
by Hayman, 1958 for elevenyield and 12 qualitative
parametersinrice

RESULTSAND DISCUSSION

A perusal of gene effectsin generation mean
analysisfor six crossesviz.,, RNR 2465 x NLR 145,
BPT 5204 x IR 64, BPT 5204 x IR 36, BPT 5204 x
NLR 34449, WGL 48684 x IR 36 and RNR 2465 x
IR 64 reveal ed the presence of significant proportion
of epigtatic effectsbes desthemgor componentsviz.,
additive (d) and dominance (h) gene effects for
important yield and quality attributes. Partitioning of
varianceindicating that the mean values (m) for gene
effectswerehighly significant in all thesix crossesfor

all the charactersexcept ear bearingtillersper plant,
grainyield, SCMR and kernel L/B ratiointhe cross
BPT 5204 x IR 64 andfilled grainsper panicleand gel
consistency inRNR 2465 x IR 64.

Additivegenecomponent wassignificantinall
the six hybridsfor daysto 50 percent flowering, test
weight and number of filled grainsper paniclesuggesting
simple sdlection would be useful for improvement of
thetraits. Dominance (h) component wassignificantin
al thesix hybridsfor daysto 50 percent flowering,
daysto maturity, test weight, SCMR, number of filled
grainsper panicle, harvestindex, milling recovery (%),
water uptake and volume expansion ratio. Higher
magnitude of negative dominance geneeffectsmost of
the hybridsindicated thedominanceof decreaser dleles
intheinheritance of thetraitsand therefore, selection
would beeffectiveonly at later generations. Among
theinteraction effectsadditive x additive (i) type of
epigasswith negativesgnwassggnificantindl thesix
hybrids for days to 50 per cent flowering, days to
maturity, plant height, grainyield, SCM R, number of
filledgrainsper panicleand kernd lengthindicating little
scope of improvement through simple pedigree
section.

Dominancex dominance (1) geneeffectswere
sgnificantinall thesix hybridsfor daysto 50 percent
flowering, daysto maturity, test weight, SCM R, number
of filled grains per panicle, kernel length, milling
recovery (%) and water uptake indicating that in
addition to additive and dominance gene effects, the
epistatic interaction effectswerea so important inthe
expression of above studied characters in rice.
However, the magnitude of epistasis could be biased
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by the presence of linkage especialy (i) and ()
(Kempthorne, 1957). Even though, the effect of
epistasisis basi ¢ genetic mechanism perhaps cannot
be considered asnegligible. Hence, biparental mating
and recurrent selection especially reciprocal recurrent
selectionin early segregating generationsto break the
repulsion phaselinkagesfollowed by isolation of pure
lines in advanced generation would be the correct
strategy ascompared to pedigree breeding alone.

In the present investigation, the results of
dominance (h) and dominance x dominance (I) type
Interactionsreveal ed preval ence of duplicatetype of
epistassinmogt of thetraitsinal thesix hybridsexcept
in WGL 48684 x IR 36 for plant height, effective
bearingtillersper plant and kernel breadth; in RNR
2465 x NLR 145for effectivebearing tillers per plant
and grainyield; in RNR 2465 x IR 64 for number of
filled grainsper panicleand BPT 5204 x NLR 34449
(for kerndl breadth and kernel elongationratio), BPT
5204 x IR 64 (for head ricerecovery) and BPT 5204
x IR 36 (for harvest index) where complementary gene
actionplayed avitd roleintheinheritanceof thetraits.
It was evident from theresultsthat the duplicatetype
of epistasiswascommon, except infew hybridsfor

some characterslimiting the pace of progressthrough
selection. Therefore, few cyclesof recurrent selection
followed by pedigree method would be effectiveand
useful to utilized| typesof geneeffectsby maintaining
cond derable heterozygosity through mating of selected
plantsin early segregating generations.

Significance of additive components besides
duplicate epistasisindicated the scopefor recovering
the transgressive plants effect for the characters
governed by non additive gene actionsand epistasis
recurrent sel ection methods can berecommended. But
thesemethodshave certain limitationsin saf pollinated
cropslikerice, dueto difficulty in crossing and seed
sterility. Repeated back crossingismorerewardingto
pool up the desired genes into single line. Hence
biparental mating in early generation followed by
selection besides repeated back crossing will give
fruitful results.

REFERENCES

Hayman, B.1. 1958. The separation of epistasisfrom
additiveand dominancevariationingeneration
means. Heredity.12: 371-390.

Kempthorne, O. 1957.An introduction to genetic
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IRC/TM-1/PP-8

STUDY ON STABILITY OF GRAIN YIELD IN LONG DURATION RICE
CULTURES

Sreelakshmi, Ch., Ramesh Babu, P., Vineetha, U., Paramasiva, Madhusudhan, P and Rajasekhar P

Agricultural Research Sation, Nellore-524003, Andhra Pradesh, India
Corresponding author: sreelakshmi.angrau@gmail.com

Riceisawonder crop anditisthestaplefood
of morethan two third of worldspopulation, ricehas
wide adaptability to grow well in different types of
agroclimatic conditions. Varietal adaptability to
environmental fluctuations is important for the
stabilization of crop production over both theregion
and years. Aninformation on genotypex environment
interaction leads to successful evaluation of stable
genotype, which could be used for generd cultivation.
Yieldisacomplex quantitative character andisgreatly
influenced by environmenta fluctuation; hencesdection
for superior genotypebased onyield per seat asingle
location in ayear may not be very effective. Thus,
varietal stability is of paramount importance for
stabilizing the production over region and seasons
especidly indecreased farm hol dingsand resource poor
farmer conditions. This lays a heavy emphasis on
deve oping technol ogieswhilekeeping sustainability of
small farmer and hisresourcesasthetop priority. In
subsistence agricultural system, yield per semay be
lessimportant than reaching acertainyield level (Fox
etal., 1997). Therefore, development of varietiesand
hybridswith stable performanceisgaining ground to
help achievesustainability inagricultura production. To
achievethis, first concept isto select the genotypewith
thesmallest deviation fromitsproduction potentia. In
view of this, the present investigation was carried out
with eight rice genotypes.

MATERIALSAND METHODS

Eight elitegenotypesviz., NLR 3548, NLR
3637, NLR 3638, NLR 3644, NLR 3634, NL R 3635,
NLR 3640, NLR 3545 and three checks, NLR 33892,
NLR 3041and BPT 5204 were taken for study for

three consecutive yearsto study the stability of the
performancewith respect to grainyield, the present
experiment was conducted aAgricultural Research
Station, Nellore, ANGRAU during 2017-18, 2018-
19 and 2019-20 kharif season. The genotypeswere
planted inthreereplicationswith aspacing of 20x15cm?
and having aplot size of 12m? every year.Fertilizers
wereapplied @ 120:60:40 kgha-1 N, P and K,
respectively.Plant protection measuresweretaken as
and whenrequired. Datawasrecorded on daystaken
for 50% flowering, grain yield and its attributing
characters. Thesustainability was cal cul ated based on
theformulagiven below: (Average performanceof the
genotypeintermsof yield/better performanceamong
theyears)x 100.
RESULTSAND DISCUSSION

High performanceregarding grainyield was
recorded by NLR 3548 (6.23t/ha) followed by NLR
3634 (5.89t/ha). The culture NLR 3634 possessed
finegrainandit a so performed better when compared
to the medium slender grain typeslike NLR 33892
(5.5t/ha) and NL R 3041 (3.63t/ha0. High sustainability
index indicatesthelittleeffect on environmental factors
ontheyield of agenotype. Inthe present study high
sustainability index wasrecorded by NL R 3644 (9058)
followed by NLR 33892 (90.48), NLR 3548 (88.7)
and NL R 3545 (85.4) indicating the stabl e performance
of the genotypes over the years tested. High mean
performance coupled with high sustainability index was
observed with the genotypesviz., NLR 3644 (GY:
5865, S1:90.5) followed by NLR 3548 (GY:5530,
S1:9048), NLR 33892 (GY:5530, SI:90.48) and NLR
3635 (GY:5780, SI:82.2) indicating the best
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SNo  Genotype Grainyield Average Standard Best Sustainability
performance devation score index
2017-18 201819  2019-20
1 NLR3548 6.47 7.02 5.19 6.23 094 7.02 887
2 NLR3637 6.83 529 502 573 101 6.83 832
3 NLR3638 6.8 493 479 551 113 6.80 809
4 NLR3644 6.47 651 460 5.86 109 6.47 905
5 NLR3634 7.75 5.36 456 5.89 16 7.75 76
6 NLR3635 7.03 5.87 443 5.78 13 7.03 82
7 NLR3640 6.77 5.60 437 558 12 77 84
8 NLR3545 5.79 6.10 375 521 12 6.12 854
9 NLR33892 279 249 443 324 104 443 731
10 NLR3041 6.11 590 457 553 084 6.1 04
u BPT 5204 432 272 384 363 0.82 432 838

performance of thegenotypesandit could betakenas REFERENCES:

anindication of proximity between best performance Fox, PN.J. Crossa. and Romagosa |. 1997. In
and the average performance over the years. These (Kempton RA and PN Fox eds.) Stetistical
genotypescan beused aparentsin thefuturebreeding methods for Plant Variety Evaluation.
programmes for evolving genotypes with high Championand Hall, London, PP117-38.
sugtainability of grainyield.
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IRC/TM-1/PP-9

PS11 EFFICIENCY OF QTL INTROGRESSED LINES OF HYBRID RICE
RESTORER, KMR-3R UNDER HIGH TEMPERATURE STRESS
Jaldhani V, Kondamudi R, Poli Y, Srikanth B, Sanjeeva Rao D, Neeraja CN, Rao PR, Subrahmanyam D,
Voleti SR and Senguttuvel P*

ICAR - Indian Institute of Rice Research, Rajendranagar, Hyderabad-500030, TS, India
*Email: senguttuvel @gmail.com

Climate changeresulted in high temperature
episodesand atered precipitation levels. According to
|PCC, the global mean temperature was expected to
riseby 2.5°C - 5.8°C by theend of the present century.
In order to sustain globa rice production and to meet
the estimated demand of growing population, breeding
ricefor hightemperaturestressremainsamgjor priority.
Inthisregard, hybrid ricetechnology could beagreat
opportunity for itsheterosis. Hybrid rice technology
contributed amgor shareinglobal riceproduction. In
India, hybridriceiscultivatedin 3million hectaresand
provides 34 milliontonsof ricegrain. Rice hybrids
consistently noted 10-13% vyield advantage over
conventiona varietieswithstanding varioushbiotic and
abiotic sresses. However, yied of hybridswaseffected
dueto low seed setting under high temperatures (38
°C). Usually inIndia, rice hybrid seed production was
followed indry (summer) season. Thehightemperature
at anthesis stage effects the pollen viability, anther
dehiscence, pollentubed ongation and sigmareceptivity
whicheventudly resultsinlow spikel et fertility rateand
reduced grainyidld.

In order to produce high temperaturetolerant
rice hybrids, heat tolerant parents can play key role
and moreover, the association between rice hybrids
andtheir heat tolerant parental linescan beunderstood.
Thus, the emphasiswas given to theimprovement of
hest tolerant hybrid riceparents. KMR-3R ispromising
restorer line employed in the development of ahybrid
KRH-2. Nagina22 (N22) isapotential geneticresource
for heat tolerance and widdly used inthe heset tolerance
sudies.

Toachievethis, therestorer line(KMR-3R)
wasintrogressed withgHTSF1.1and gqHTSF4.1 for
heat tolerance through Marker-Assisted Backcross
Breeding (MABB) approach at Indian Ingtitute of Rice
Research (IIRR).

OBJECTIVE

The developed heat tolerant lines and their
parentswere subjected to chlorophyll and fluorescence
screening studiesto identify therelation between PSI|
efficiency and hesat tolerance.

METHODOLOGY

Eight BILs(BC,F,) derived fromthe KMR-
3R/Nagina22 wereeva uated for heat toleranceinterms
of physiologica traitssuch aschlorophyll fluorescence
during 2018. Thetrait chlorophyll fluorescence canbe
used asan effectivetool to eva uatethe photosynthetic
performanceof plantsunder high temperature. Marker-
Assisted Backcross Breeding (MABB) approachwas
followed to succeed theintrogression of gHTSF1.1
and gHTSF4.1 into the KMR-3R. The SSR makers
associated with QTLs - RM431, RM11943 and
RM 12091 for gHTSF1.1 on chromosome 1 and
RM5757 for gHTSF4.1 on chromosome 4 were
employed for genotypic confirmation of QTL positive
plants. In addition, the derived BILs were also
screened for fertility restoration.

As in AICRIP plant physiology high
temperaturetria, hightemperature stresswasimposed
by enclosing the cropwith apoly cover tent just before
theanthesisstage. It wasassembled with atransparent
polythene sheet (>92% transmittance) of 1 mm
thickness (~19 gauge) and supported over a metal
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framework. Anincreaseinthetemperature (4°C—5°C)
over theambient conditionswasnoticed insdethepoly
cover tent. A standard thermo hygrometer was
employed to record the minimum and maximum
temperaturesand relative humidity (RH) insdethepoly
cover tent throughout the experiment period.

Chlorophyll fluorescence was measured at
reproductive stage (1 week after anthesis) using a
portable fluorometer (PAM-210, Walz, Effeltrich,
Germany). Thefluorescence parametersviz., maximum
efficiency of PSII photochemistry (Fv/Fm), Electron
transport rate (ETR), effective PSII quantum yield
(OPSII), coefficient of photochemical quenching (GP)
and coefficient of non-photochemica quenching (qN)
weremeasured in dark adapted (30-45min.) leaves
collected from genotypes under ambient and high
temperature stress. Thedatawas anaysed statistically
using two-way ANOVA in Satistix 8.1.

RESULTS
Significant differenceswere observed between
treatments (T), genotypes (G) and the interaction

between T X G. The mean Fv/Fm reduced from 0.782
incontrol to 0.722 under hightemperature. All the QTL

Figure 1. M ean valuesof Chlorophyll FluorescenceTraits
under ambient and high temperaturestress.

positive|Lsnoted with higher Fv/Fmvaue(IL8ison
par) than N22 (0.736) except QTL negativeline, IL1
(0.588). Thisisduetotheeffect of introgressed QTLS
which not only controls spikel et fertility under high
temperature, also the photosynthetictraits.

ETRfor all the genotypeswas decreased by
16% under hightemperature stress. QTL positivelLs
and N22 were observed with higher ETR than
recurrent parent, KMR-3R (14.55) and QTL negative
IL1 (21.65). TheIL8 (27.3) and IL4 (27.08) were
observed with higher ETR.

TheOPSII wasreduced significantly under high
temperature stressby 22.5% over the control. All the
QTL positivelLswere observed with higher values
after theN22 (0.335). Conversaly, KMR-3R (0.156)
and QTL negative IL1 (0.229) were observed with
lower values.

Further, therewasareductioningPandgN in
al thegenotypes. Themean gP under control was0.436
which reduced to 0.337. N22 was observed with
maximum gPfor both the experimenta conditions(i.e.,
0.483in control and 0.460 in hightemperature stress).
AmongthelLs, 1L7(0.353) wasobserved with highest
gP value next to the N22. QTL negative IL1 was
observed with the gP value of 0.259. N22 (0.801)
and IL4 (0.705) were observed with high gN values
under high temperature stress. IL1 (0.652) was
observed withlower gN vdueamongthelLsin stress
environment.

CONCLUSION

The fluorescence parameters recorded a
significant reduction under high temperature stress.
However, hegt tolerant QTL introgressed positivelines
noted better performance under high temperature
stress.

341
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IRC/TM-1/PP-10

GENETIC ANALYSIS OF YIELD AND QUALITY ATTRIBUTESIN
MOLAKOKULU RICE CULTURES

Srihari G, Ramesh Babu P2, Sreelakshmi Ch3,, Dayal Prasad Babu* and Jayalalitha®

College of Agriculture, Bapatla, Guntur, Andhra Pradesh, India
Email:gorigesriharibreeder @gmail.com

Riceisthemgor staplefood cropinindiaand
Andhra Pradesh aswell. Nelloreis popular for rice
cultivation and it is named for its rice cultivation.
Molakolukulu rice was indigenous to Nellore and
traditionally it wascultivated inthedistrictsof Nellore,
Chittoor, Prakasam, Kadapaand Guntur districtsup
to 1947. They werefamousfor their good cooking,
eating and keeping qudity. But they were of very long
durationed (160-180 days) and highly photo sendtive
and can begrown only during kharif season. They grow
very tall (130-150 cms), susceptibleto lodging and
low yielders. Though the molakolukulu and
molakolukulu derived rice varieties possess good
cooking, eating and keeping quality, dueto their very
long duration, tall with lodging habit, photo sensitive
and suitablefor only kharif season theareaunder these
varietiesisreduced drastically and now being grownin
only about 45000 acresin Prakasam, Y SR Kadapa,
partsof Guntur and Krishnadistricts (Ramesh Babu et
a., 2016). Hence it is time to transfer the good
characters of molakolukulu in to medium and short
durationricevarietieswhich arewidely cultivated by
farmersinkharif aswell asrabi seasons.

METHODOLOGY

Toimprovemolakolukuluricevarietiesonehas
to study the mgjor chemical componentswhich made
them superior intermsof cooking quaity and the exact
features of the varieties interms of yield and yield
components. In view of that the present study was
conducted with 25 molakolukulu ricegenotypesduring
2017 kharif season at agricultural research Station,
Nelloreto study thevariability, heritability, genetic
advance, genetic advance as percent of mean for 25

yield and quality attributes. The genotypeswereplated
with aspacing of 20x15cm, 5x5m plot using RBD
design with three replications. Relavant agronomic
practiceswerefollowedtoraiseagood crop. Anaysis
was done as per the standard procedures.

RESULTSAND DISCUSSION

The present study reveal ed that the estimates
of PCV and GCV werehighfor Alkdi spreading value,
Gel consistency, Oil content and Zinc content.
Moderate PCV and GCV were observed for Plant
height, Number of productivetillersper plant, Hag | eaf
length and Protein content. High PCV and Moderate
GCV wereobservedfor Filled grainsper panicle, Weter
uptake and Iron content. Moderate PCV andlow GCV
were observed for Flag leaf breadth and Grainyield
per plant. While, low PCV and GCV wereobserved
for Daysto 50 %flowering, Test weight, Kernel length,
Kernd breadth, Kernel length/breadthratio, Hulling %,
Milling %, Head rice recovery, Amylose content,
Kerndl elongation ratio, Volumeexpansion ratio and
Gd congstency.

PCV vaueswerecloseto GCV for thetraits,
Daysto 50% flowering, Plant height, Flag leaf length,
Filled grainsper panicle, Test weight, Kernel length,
Kernel breadth, Kernd lengthvbreadthratio, Hulling%,
Milling%, Head ricerecovery, Gel consstency, Amylose
content and Protein content

exhibiting littleor noinfluence of environment
onthesetraits, whilefor thetraits, Paniclelength, Flag
leaf breadth, Number of productivetillersper plant,
Grainyied per plant, Water uptake, Volumeexpansion
ratio, Kernel elongationratio, Alkali spreading value,
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Iron content, Zinc content and Oil content, PCV was
higher than GCV indicating the effect of environment
inexpression of thesetraits.

Theegimatesof heritability and geneticadvance
asper cent of mean were high for the charactersviz.,
plant height, filled grainsper panicle, flag lesf length, ol
content, gel consistency andiron content indicating the
influence of additive gene actionintheinheritance of
thesetraitshence s mple selection would berewarding.
High heritability coupled with moderate genetic
advanceas per cent of mean was observed for Panicle
length, Test weight, Kernel length/breadth ratio, Head
ricerecovery, Protein content, Volumeexpansionratio
and Amylose content. M oderate heritability coupled
with high genetic advance asper cent of mean observed
for Zinc content, Alkali spreading value and Water
uptake. M oderate heritability coupled with moderate
genetic advanceasper cent of mean observed for Flag
leaf breadth and Productive tillers per plant. High
heritability coupled with low genetic advance as per
cent of mean wasobserved for Daysto 50% flowering,
Kerne lengthand Milling%.

Involvement of both additive and non additive
geneactionintheinheritanceof dl thesetraitsthussmple
selection may not be effective instead population
improvement for thesetraitswould bedesirable. The
traditional molakolukulu rice varieties were of tall
statured plants, having more productivetillers, less
number of grains per panicle. Theadvanced cultures
developed from traditional varieties were of
comparatively short stature, less tillers with more
productiveones, morefilled grainsper panicle, medium
lengthy panicleand nonlodgingin nature. Smilarly, the
traditional onesare of bold grain typeswhereasthe
advanced lineswereof medium dender types. Thetrend
wasgreatly evidenced inthe present study.
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IRC/TM-1/PP-11

PERFORMANCE OF DIFFERENT CROP ESTABLISHMENT METHODS AND
NUTRIENT MANAGEMENT PRACTICES ON RICE IN RICE-PAIRA PEA
CROPPING SYSTEM

Chandramani Khanda’, Anshuman Nayak and Subhashree Das

Regional Research and Technology Transfer Sation, Bhawanipatna, OUAT, Odisha, 766001, India
"Coressponding author e-mail: cmkhandaouat@gmail.com

Theproductivity and sustainability of rice-based
systems are threatened because of theinefficient use
of inputs(fertilizer, water, l1abor); increesng scarcity of
resources, epecialy water andlabor; changing climate;
theemerging energy crissandrising fuel prices; the
risng cost of cultivation; and emerging socioeconomic
changes such as urbanization, migration of labor,
preference of non-agricultural work, concerns about
farm-related pollution (Ladhaet al., 2009). Farmers
of Odishaarecultivating paddy by manud transplanting
and broadcasting. Delayed onset of monsoon and
shortage of labour during the peak time of planting
paddy are the main problem to complete timely
transplanting. Mechanical transplanting with self
propelled transplanter and direct seeding of rice by
tractor drawn seed drill could bean dternativefor paddy
cultivation. Smilarly, nutrient management playsavitd
rolein successful crop production. Balanceand site
specific nutrient management isthe need of the hour.
K eegping thisin mind, theexperimenta was conducted
with the objectiveto evaluatethe” Effect of different
crop establishment methodsand nutrient management
practicesof riceinrice- pairapeasystem” onyield
atributes, yield and economicsof therice-peacropping
system.

MATERIALSAND METHODS

The experiment was conducted at Regional
Research and Technology Transfer Station (OUAT),
Bhawanipatna during 2017-18 and 2018-19 to
evaluatethedifferent crop establishment methodsand
nutrient management practiceson kharif ricefollowed
by pea sown as paira crop. The experiment was

conducted in split plot design with twelvetreatment
combinations, consisting of three crop establishment
methodsviz M, : Mechanicd transplanting (MTP), M.:
Direct seeding of ricewith seed drill (DSR) and M.
Manud transplanting (TP) inmain plot and four nutrient
management practicesviz. N,: Rice Crop Manager
(RCM)-95.2:29.9: 35.4:25.0 kg N: P,O,: K,O: Zn
SO, hat, N,: State recommendation (SR)- 80:40:40
kg N: P,O,: K,O ha', N,: Soil test based fertilizer
Recommendation (STBFR)100:30:40:25kgN: PO,
K,O: Zn SO, ha*and N,: Farmers' Practice (FP)-
100:50:30kgN: P,O,: K, O ha'insub plot replicated
thrice.

Thesoil of theexperimentd stewasclagy loam
having pH 6.4, medium in organic carbon content
(0.60%), low in available N (214.0kg hat), highin
available P (34.1 kg ha?), medium in available K
(264.0kg hat) and low in Zinc content (0.38mg kg?).
Medium duration paddy variety MTU-1010wasused
for direct seeding of riceby seed drill and nursery raising
on 30" June 2017 and 25" June 2018, respectively,
for mechanica transplanting and manud transplanting.
Pea(Kaahandi local) was sown fifteen daysprior to
harvest of paddy.

RESULTS

Thenumber of effectivetillersghill and graing
panicle were significantly higher in mechanical
trangplanting (M TP) than direct seeding of riceby seed
drill (DSR) but remained at par with manual
transplanting (TP). Higher number of effectivetillers
hill-* and grainspanicle* (9.5 and 117, respectively)
wereobserved infertilizer applied plot using RCM
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Tablel1: Effect of crop establishment methodsand nutrient management on yield attributes, yield and economicsof riceunder
rice- pairapeacropping system (Pooled over 2017-18 and 2018-19)

Treatment No. of No. of GranYidd Strawyield SeedYidd REY System SystemNet Return
effective  grains of Paddy  of Paddy of Pea (kgha') Grossreturn return Rupee?
tillershill * Panicle® (kgha?) (kgha')  (kgha?) (Rs.ha?) (Rs.ha?) invested

(Rs.ha?)
Crop establishment methods( Main Plot)

MTP 87 116 4117 4510 317 4951 79233 36228 184

DR 78 102 3818 4299 448 499% 80061 44792 227

TP 86 109 3906 4319 402 4961 79495 32559 169

SEmt 02 24 679 509 89 765 1231 1231 003

CD at 5% 0.7 75 2140 1605 279 NS NS 3830 0.10
Nutrient management (Sub Plot)

RCM 95 g 4480 4846 412 5561 89023 45758 208

R 70 101 3052 3567 A 3981 63336 2299 159

STBFR 88 110 4290 4634 426 5408 86654 45517 215

P 81 107 3%7 4408 %5 4925 78373 37164 192

SEmt 03 25 1118 1223 146 1287 2053 2053 005

CD at 5% 0.7 73 320.7 3507 418 369.2 5339 5339 015

During 2017-18, cost of Paddy =Rs.14.5/kg, straw=Rs.1.00/kg, pea=Rs.40.00/kg and during 2018-19, cost of Paddy = Rs.17.70/kg,

straw=Rs.1.00/kg and pea=Rs.45.00

which remained at par with STBFR (8.8 and 110,
respectively) but significantly higher from FP (8.1 and
107, respectively) and SR (7.0 and 101, respectively).

Amongst different establishment methods,
maximum grainyield wasobtainedinMTP (4117 kg
hat) whichwasat par with manua transplanting (3906
kg ha) and sgnificantly morefrom DSR (3818 kg ha
1). Paddy straw yield followed the sametrend asthat
of grainyield. Maximumgrainyield (4480 kg ha?) of
paddy was recorded in the nutrient management
practiceusing RCM, (Sharmaet.al., 2019) whichwas
at par with STBFR (4290 kg ha?) and remained
statistically superior from FP (3967 kg ha') and SR
(3052 kg hat). Thegrainyieldin RCM and STBFR
nutrient management practiceswere 46.8 and 40.5%
higher than fertilizer application as per state
recommendation, repectively. Straw yied followedthe
sametrend asthat of grainyield.

Seedyield of peawassignificantly influenced
by different crop establishment methods. Higher pea
seed yield (448 kg ha') was obtained in DSR plot,
whichwassignificantly higher from TP (402 kg ha?)
and M TP (317 kg ha?). Theseedyield of peain DSR
plot was 11.4 and 41.3% higher than manual
trangplanting and mechanicd trangplanting, respectively.
STBFR produced higher peaseed (426 kg hat) which
wasat par with RCM (412 kg ha') and significantly
superior from FP (365 kg hat) and SR (354 kg ha?).
Nutrient management using STBFR produced 16.7 and
20.3% higher pea seed than FP and SR fertilizer
application, respectively.

Crop establishment by DSR produced
maximum Rice equivalent yield REY (4995 kg/ha)
followed by TP (4961 kg ha') and M TP (4951 kg ha
1). However, nutrient application usng RCM produced
higher REY (5561 kg hat), which was at par with
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STBFR method (5408 kg hat) but significantly more
than FP (4925 kg ha') and SR (3981 kg ha'). REY in
RCM and STBFR approach was 39.7 and 35.8%
higher in comparisonto SR, respectively (Table 1).

System net return was higher in DSR method
of crop establishment (Rs.44792 ha?) which was
significantly higher than mechanical transplanting
(Rs.36228 ha) and manual transplanting (Rs.32559
ha). Among the nutrient management practices, RCM
fetched higher net return (Rs.45758 hat) whichwasat
par with STBFR approach (Rs.45517 ha?) and
significantly higher from FPand SR.. DSR recorded
significantly higher return per rupeeinvested (2.27)
followed by MTP(1.84) and TP (1.69). Among the
nutrient management approaches STBFR recorded
higher return per rupeeinvested (2.15) followed by
RCM (2.08), FP(1.92) and SR (1.59).
CONCLUSION

For higher production, profit and better
utilizationof resourcesunder changingdimaticStuation,
direct seeding of riceusing seed drill fertilized with soil
test based fertilizer application (100:30:40:25 kg N,

P,O, K,O, ZnSO, ha') followed by paira peais
advisable over manual transplanting with state
recommended fertilizer gpplicationin Odisha.
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FERTILITY RESTORATION STUDIESOF PROMISING GENOTYPESIN RICE
(ORYZA SATIVA L))

K. Rama Krishna Prasad and Y.Suneetha’

Regional Agricultural Research Sation, Maruteru-534 122,
Acharya N. G. Ranga Agricultural University, Andhra Pradesh, India
"Coressponding author e-mail: yadlasuneetha @gmail.com

Rice is the principal food crop cultivated
throughout theworld. However, yield plateaus have
been observed in the crop in recent years. Siddiq
(1997) reported hybrid rice to be a potent
technological option for breaking theyield plateaus.
Further, Akhter et al. (2008) i dentified the establishment
of test crossnursery toidentify restorer and maintainer
linesastheinitid stepfor any successtul three-linehybrid
ricebreeding program. Inthiscontext, the present study
was undertaken with the objective of identification of
potential restorersand maintainersfor the popular and
widely used CMSlinesof rice.

MATERIALSAND METHODS

The experimental material comprised of 50
hybrids obtained from the mating of two CM Slines
(APMS6A and APMS8A) with 25 genotypes (BPT
5204, RP6112-M S-128-5-2-3-1-4-5, MTU 2244-
128-18, MTU 2201-34-3-1, MTU 2049-5-2-1,
MTU 2247-55-2, BPT 2659, IMP 16, MTU 1061,
RM 168-28-1-1-1, MTU 2336-70-46-25-44, MTU
2347-158-3-1-1, MTU 2336-62-25-39-16, MTU
2284-103-1-7, HR L4, NLR 5815-10-1-1-1, UTR
51, NLR 3445 and BPT 2782). These hybridswere
evaluated at Regional Agricultural Research Station,
Maruteru. A standard spacing of 20 x 15 cm was
adopted for planting and 30 plantsweremaintainedin
asinglerow. Spikelet fertility (%) wasrecorded on
fiverandomly selected plantsin each hybrid.

Pollen sterility studieswerecarried out inthe
F1 plants. For this purpose 15-20 spikel etsfrom just
emerged paniclesof threerandomly selected plantsof

each hybrid were collected separately in a vial
containing 70% ethanol. A glassdidewastakenwitha
drop of 1% lodine Potassium lodide (IK1) stain. All
the antherswere taken out with the help of aforceps
and placed inthestain. Thesewere gently crushed by
using aneedle head torelease the pollen grains. After
removing the debris, a cover dip was placed and
observed under microscope. Pollen sterility per cent
was obtained asratio of the sterile pollento thetotal
polleninthree microscopic fieldsand was expressed
in percentage. For spikelet fertility, five paniclesof each
hybrid were covered with butter paper bagsto avoid
foreign pollen contamination and were harvested at
maturity. The genotypeswereclassified asmaintainers
or restorersasper the procedure described by Virmani
et al. (1997) based on pollen sterility per cent and
spikelet fertility per cent.

RESULTSAND DISCUSSION

Pollen sterility percentage was observed to
range from 2.06 (APMS 8A x NLR 3445) to 60.23
(APMSB8A x MTU 2049-5-2-1) withan averagevaue
of 21.11 per cent (Table 1). Based ontheclassification
for pollen sterility provided by Virmani et al. (1997),
16 genotypeswereclassfied asfully fertilewith 0-20
per cent pollen sterility (BPT 5204, MTU 2244-128-
18, MTU 2049-5-2-1, BPT 2659, MTU 2336-62-
25-39-16, NLR 5815-10-1-1-1, MTU 2067-9-1-1-
2, MTU 2345-98-3, BPT 2782, NLR 3445, MTU
2331-216-1-1, IMP 16, UTR 51, MTU 2336-70-
46-25-44, RP6112-M S-128-5-2-3-1-4-5and MTU
2201-34-3-1), four asfertilewith 21-30 per cent pollen
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sterility (MTU 2247-55-2, MTU 2284-103-1-7, RM
168-28-1-1-1 and RM 138-80-3-1-1-1) and five as
partially fertile with 31-70 per cent pollen sterility
(MTU 2284-103-1-9, MTU 1061, MTU 2347-158-
3-1-1, MTU 2337-216-1-1 and HR L4) for APMS
6A. For APMSB8A, 11 genotypes, (NLR 3445, MTU
2247-55-2, MTU 2337-216-1-1, MTU 2067-9-1-
1-2,JMP 16, BPT 2659, MTU 2345-98-3, RP6112-
MS-128-5-2-3-1-4-5, BPT 5204, MTU 2244-128-
18and MTU 2331-216-1-1) wereclassified asfully
fertile, whilesix genotypes(MTU 2336-70-46-25-44,
MTU 2347-158-3-1-1, BPT 2782, MTU 2336-62-
25-39-16, NLR 5815-10-1-1-1 and MTU 2284-
103-1-7) wereclassfied asfertileand eight genotypes
(HR L4, MTU 2201-34-3-1, RM 138-80-3-1-1-1,
MTU 2284-103-1-9, UTR 51, MTU 1061, RM 168-
28-1-1-1 and MTU 2049-5-2-1) were classified as
partidly fertile. However, noneof thegenotypesstudied
had recorded maintainer reaction (100 per cent pollen
sterility) for the CM Slinesstudied.

Spikelet fertility for the 50 hybridsstudiedin
the present investigation was observed to rangefrom
46.24 per cent (APMS 8A x MTU 2049-5-2-1) to
92.30 per cent (APMS 8A x MTU 2337-216-1-1)
with amean vaueof 75.61 per cent (Table 1). Based
ontheclassficationfor spike et fertility percentagegiven
by Virmani et al. (1997), 17 genotypeswereclassified
asrestorerswith morethan 75 per cent spikelet fertility
(BPT 5204, MTU 2049-5-2-1, MTU 2336-62-25-
39-16, MTU 2244-128-18, BPT 2659, NLR 3445,
MTU 2067-9-1-1-2, MTU 2331-216-1-1, IMP 16,
BPT 2782, NLR5815-10-1-1-1, MTU 2336-70-46-
25-44, MTU 2345-98-3, UTR 51, RP 6112-M S
128-5-2-3-1-4-5, MTU 2201-34-3-1 and MTU
2247-55-2), six aspartia restorerswith 50.1-75 per
cent spikelet fertility (MTU 2284-103-1-7, RM 168-
28-1-1-1, RM 138-80-3-1-1-1, MTU 2284-103-1-
9, MTU 2337-216-1-1 and MTU 2347-158-3-1-1)
and two aspartial maintainerswith 0.1 to 50 per cent

Tablel. I dentification of maintainer sand restorer sbased on
pollen sterility and spikelet fertility per centage

S Crosscombination Pollen Spikelet
No. sterility fertility
) (%
CrosseswithAPMS 6A
1 APMSG6A xBPT 5204 1250 8392
2 APMSG6A xRP6112-MS-128-5-2-3-1-4-51750 7831
3 APMSG6A xMTU 2244-128-18 6.34 920.37
4 APMS6A xMTU 2201-34-3-1 1998 7752
5 APMSG6A x MTU 2049-5-2-1 762 91.83
6 APMS6AXMTU 2247-55-2 234 7649
7 APMSG6A x BPT 2659 862 90.18
8 APMS6A xJMP16 1534 8645
9 APMS6AXMTU 1061 3188 4801
10 APMSG6A x RM 168-28-1-1-1 2782 6968
11 APMSG6A x MTU 2336-70-46-25-44 1560 8403
12 APMS6A X MTU 2347-158-3-1-1 3188 6312
13 APMS6A x MTU 2336-62-25-39-16 863 0.77
14 APMSG6A xMTU 2284-103-1-7 2470  70.77
15 APMS6AXHRL4 5562 4426
16 APMS6A xNLR5815-10-1-1-1 945 85.25
17 APMS6A xUTR51 1553 8197
18 APMSG6A x NLR 3445 1220 8888
19 APMSG6A xBPT 2782 1150 8527
20 APMS6A xMTU 2284-103-1-9 3093 6557
21 APMS6A xMTU 2345-98-3 1060 8375
2 APMS6A xMTU 2067-9-1-1-2 962 83.09
23 APMSG6A X RM 138-80-3-1-1-1 2823 69.27
24 APMS6A xMTU 2337-216-1-1 3$H25 6475
25 APMS6A xMTU 2331-216-1-1 1340 8759
Crosseswith APM S 8A
26 APMSB8A x BPT 5204 1455 8295
27 APMS8A x RP6112-MS-128-5-2-3-1-4-51430 7949
28 APMS8A xMTU 2244-128-18 1646 8L04
29 APMS8A XxMTU 2201-34-3-1 3277 6373
30D APMSB8A x MTU 2049-5-2-1 6023 4624
3L APMSB8A x MTU 2247-55-2 426 91.25
P APMSBS8A x BPT 2659 814 87.15
3B APMS8A xIMP 16 726 90.95
# APMS8A XMTU 1061 3789 4711
H APMSBA xRM 168-28-1-1-1 3973 5877
3% APMS8A xMTU 2336-70-46-25-44 2043 7708
37 APMS8A xMTU 2347-158-3-1-1 25 7200
3B APMS8A xMTU 2336-62-25-39-16 2745 7005
30 APMSB8A xMTU 2284-103-1-7 2012 6838
40 APMS8AXHRL4 3262 6379
41 APMS8A XxNLR5815-10-1-1-1 2842 69.06
42 APMS8AXUTR51 3749 5801
43 APMSB8A x NLR 3445 206 92,08
24 APMSB8A xBPT 2782 2380 7095
45 APMSS8A x MTU 2284-103-1-9 3738 5812
46 APMS8A x MTU 2345-98-3 1146 8845
47 APMS8A xMTU 2067-9-1-1-2 6.85 91.92
48 APMSB8A x RM 138-80-3-1-1-1 3349 6301
49 APMS8A xMTU 2337-216-1-1 6.82 92.30
50 APMS8A xMTU 2331-216-1-1 1693 87.07
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spikelet fertility (MTU 1061 and HR L4) for APM S
6A, while 12 genotypes (MTU 2337-216-1-1, NLR
3445, MTU 2067-9-1-1-2, MTU 2247-55-2, IMP
16, MTU 2345-98-3, BPT 2659, MTU 2331-216-
1-1, BPT 5204, MTU 2244-128-18, RP6112-M S
128-5-2-3-1-4-5 and MTU 2336-70-46-25-44)
were identified as restorers, 11 as partial restorers
(MTU 2347-158-3-1-1, BPT 2782, MTU 2336-62-
25-39-16, NLR 5815-10-1-1-1, MTU 2284-103-
1-7, HR L4, MTU 2201-34-3-1, RM 138-80-3-1-
1-1, RM 168-28-1-1-1, MTU 2284-103-1-9 and
UTR51) and two aspartial maintainers(MTU 1061
and MTU 2049-5-2-1) for APM S8A.. However, none
of the genotypes studied had recorded maintainer
reaction (O per cent spikel et fertility) for the CM Slines
studied.

A perusal of theresultson pollen sterility and
pikelet fertility percentagereveded 17 genotypes(BPT
5204, MTU 2049-5-2-1, MTU 2336-62-25-39-16,
MTU 2244-128-18, BPT 2659, NLR 3445, MTU
2067-9-1-1-2, MTU 2331-216-1-1, IMP 16, BPT
2782, NLR 5815-10-1-1-1, MTU 2336-70-46-25-
44, MTU 2345-98-3, UTR 51, RP 6112-MS-128-
5-2-3-1-4-5, MTU 2201-34-3-1 and MTU 2247-
55-2) to be potential restorersfor APMS6A; and 12
(MTU 2337-216-1-1, NLR 3445, MTU 2067-9-1-
1-2, MTU 2247-55-2, IMP 16, MTU 2345-98-3,

BPT 2659, MTU 2331-216-1-1, BPT 5204, MTU
2244-128-18, RP 6112-M S-128-5-2-3-1-4-5 and
MTU 2336-70-46-25-44) for APMS 8A.
CONCLUSION

Seven genotypes (BPT 5204, NLR 3445,
MTU 2331-216-1-1, MTU 2067-9-1-1-2, MTU
2336-62-25-39-16, MTU 2049-5-2-1 and NLR
5815-10-1-1-1) wereidentified as potential restorers
for both, APMS 6A and APM S 8A. However, none
of the genotypes studied had recorded maintainer
reactionfor the CM Slinesstudied.
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GREEN SUPER RICE — A RECENT DEVELOPMENT
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Department of Agricultural Biotechnology, College of Agriculture, Odisha University of Agriculture and
Technology, Bhubaneswar — 751003, India
*Corresponding E mail: jyotiprakashsahoo2010@gmail.com

Rice (Oryza sativa L.) is one of the most
important food cropsand isthe principal staplefood
for amost half of theworld’spopulation. Theworld
population isexpected to continue growing and hit 9
billion by 2050, which callsfor an increase of amost
70 percent infood production (FAO 2013). Therefore,
to ensure global food security and living standards,
increasedriceyieldsarecrucial. In order to boost rice
yields, farmershave gradually increased the amounts
of fertilizers (Ali et al. 2018). Overuse of nitrogen
fertilizersand poor efficiency of fertilizer use, have
caused sgnificant resdud quantitiesof nitrogenfertilizer
to enter the soil and water bodies around farmlands,
resulting in seriouscontamination of theecosystem (Al
et al. 2018). Another factor that hindersagricultural
productionisalso theregular occurrence of drought,
posing maor threatsto globa food security (Luo 2010).
Therefore, thebreeding and cultivation of new varieties
of rice using China's proposed green super rice
technology, with superior res stanceto bioticand abictic
stresses, including water and nutrient quality, has
becomeakey objective of improving riceto stabilize
the productivity of riceand ensurefood security.

THE GREEN SUPER RICE PROJECT

In 2005, a green super rice project was
proposed by Chinese scientiststo cultivate new rice
varietieswith different characteristics, including high
fertilizer performance, water conservation, drought
tolerance, and improved resistance to stress due to
increas ng resource scarcity, atmospheric pollution, and
deterioration of ecologica systems. Theinternational
cooperation project * Green Super Ricefor Resource-
Poor Farmersof Africaand Asia’ was sponsored by

the Bill and Melinda Gates Foundation in 2009. In
2010, theMinistry of Scienceand Technology of China
granted the project,” Breeding and Devel opment of
Green Super Rice,” with extended funding up to 2018
(Zhang et al. 2018).

MAJOR FOCAL POINTS OF THE
GREEN SUPER RICE PROJECT

I. Production and devel opment of green
super rice breeding, through technological systems

ii. Establishment of entire genome
selection platforms based on recent developmentsin
worldwideresearch onricefunctiona genomics

. Production of new germplasm
resourcesby pyramidizing greentrait genes(Table 1)

V. Breeding new green super ricecultivars
with different combinationsof greenfeatures

V. Techniquesof high-yield production
and field management for Green Super Rice

GREEN GENES IDENTIFIED FOR
THE BREEDING OF NEW GSRVARIETIES

At present, 3000 genes have been cloned and
dissected in rice affecting a broad variety of
phenotypes, withtoleranceto biotic stressesand abiotic
stressesand high efficacy of nutrient usage, highyield
and characteristicsof good grain quality (Wing et al .
2018).These can bereferred to asgreen genes. Asthe
templatesfor green super rice breeding, thesegreen
genes were used (Table 1). Several databases and
software programmes (Table 2) for rice genomic
variations have been developed during the
implementation of the Green Super Rice project. For
gene functional analysis and rice breeding, such
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Table 1. Genesrelated togreen traitsin green super rice

Greentraits Gene (Chromosome)

Function

Grainquality andyield

Biotic stress resistance
STV11(11), Xal0(11), BPHI (12)

NUE (Nitrogen use
efficiency)

DEP1(9), NRT1.1B (10), GRF4(2)

Abiotic stress resistance
(Cold) (12)

Abiotic stress resistance
(Heat)

OsTT1(3)

OsAAPS (1), GL2/GS2/OsGRF4 (2), GNPL(3), Igy3
(3), GL3.3TGW3/GTGW3(3), Chalk5 (5), GW5 (5),
GW7/GL7(7), GLW7/0OsSPL13(7), OSOTUB1 (8)

Bs-d1(3), Bph3 (4), BPH6 (4), PigmR (6), IPAL(8),

LGSL (2), COLD1(4), CTB4a(4), bZIP73(9), HAN1

Change in Expression due to variations in
promoter or premature termination or
establishment of protein structure

Amino acid substitution or gene deletion or
Change in Expression due to variations in
promoter or prematuretermination

Amino acid substitutionor Change in
Expression due to variations in promoter or
premature termination

Amino acid substitution or gene deletion or
Change in Expression due to variations in
promoter

Substitution of Amino acids

databasesprovidecritica platformsfor whole-genome
selection (Yuet d., 2020).

CONCLUSION

In 2050, theworld populationisprojected to
reach ninebillion. Rapid population growth requiresa
corresponding increasein the production of riceina
sugtainableway, whichinfuturedecadeswill beamgor
challengefor global rice breeders. Green super rice
varietiescan maintain stableand higher yiedswithless
inputsand higher res stlance and recoverability features

Table2. Databasesavailablefor green super ricebreeding

when facing theregular occurrence of severeclimate
change-induced stresses. Over the past decade
experience has shown that the combination of green
super rice varieties and corresponding improved
growing techniqueswill lead to moreefficient and higher
yields, thereby reducing the use of pesticides and
fertilizersinirrigatedrice production areasby morethan
30 percent aswell asirrigation water by at least 30
percent (Yueta ., 2020). Inorder to guidethegreen
development of agriculture, green super rice can

Database or software programme  Information

available

Web link or references

RFGB (Ricefunctional genomicsand
breeding database)

Informationsregarding thevariation in rice genomic

http://www.rmbre eding .cn/

http://variation.ic4r.org/
http://47.92.174.110
http://ricev armap .ncpgr .cn/v2/

Rice SNPs Database Rice breeding by selecting genomic regions
Marker-assisted molecular breeding ~ Comparing rice breeding materials

platformfor GSR Integratingand annotation of the data sets available
RiceVarMapv2.0 for rice genomic variations and genome-wide

associationanalysis
GS softwaregblup.jar
effects

Identification of additive effect and dominance

Covarrubias-Pazaran et d., 2018

T |
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becomeacrucial factor and its objectivesrelated to
entire genome breeding strategies can providetrends
or set examplesfor other cropsto explorewith suitable
traits.
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VARIATION IN GI OF PROMISING EMS SAMBAMAHSURI MUTANTS

N. Siromani, B. Suneel , M Sheshu Madhav and D. Sanjeevarao

ICAR-Indian Institute of Rice research, Rajendranagar, Hyderabad-500030, India
"Coressponding author e-mail: sraodurbha@gmail.com

Rice isthemost important cereal crop of the
world’'s population. Carbohydrates are the major
sourceof energy inhumandiet. Itiseasly digestible,
rich source of starch(containstwo polysaccharides,
amylose and amylopectin) and contains proteins(
adbumins globulins, prolaminesand glutdinsetc.), lipids
asmagor metabolites.& Mineras, vitaminsand smple
sugarsare present intraces. Theglycemicindex (Gl)
concept wasintroduced by Jenkinset al. in 1981 for
Diabetespatients. Gl isdefined asthe areaunder the
blood glucose response curve that is measured two
hoursafter afixed amount of available carbohydrateis
consumed compared to acontrol food, whichiseither
whitebread or glucose.

Glucose, amonosaccharide, inducesalarge
glycemic response and isoften used asthereference
food (Gl of glucoseis 100). Food factorsinfluencing
glycemic responses:Amount of carbohydrate, nature
of carbohydrate or starch, amylose, amylopectin,
starch-nutrient interaction , resistant starch, cooking/
food processing , degree of starch gelatinization,
particlesize, food form, cellular structure, other food
components, fat and protein, dietary fibre, antinutrients,
organic acids. The Gl concept has been extended to
aso takeinto account the effect of thetotal amount of
carbohydrate consumed. Thusglycemicload (GL), a
product of Gl and quantity of carbohydrate eaten
providesan indication of glucoseavailablefor energy
or storagefollowing acarbohydrate containing meal.
Thetimerequired for digestion of starch and rel ease of
glucosearethemgor physiologica propertiesof sarch.
It has been used as the key clinical marker in
characterizing starchy food and assessing dietary
carbohydrate qudity. Gl isinfluenced primarily by the
structure and composition of starch.

Although over thousand rice varietieswere
released sofar, only few of them becamemegavarieties
like Swarna, Sambamahsuri, | R-64, Pusabasmati-
1121, etc. Most of the released varieties are high
yielding, but, thesemegavarieties possessdesirableor
acceptable cooking quality. Among these, in non-
aromatic rice category, Sambamahsuri isconsidered
andwell accepted acrossthevariousrice stake holders
as best in cooking quality. Hence, many breeding
programmesaimed to reach smilar cooking qudity by
using Sambamahsuri asoneof the parentsor subjecting
it to mutagenesisto get better yield with same cooking
quelity.

OBJECTIVE

Sambamahsuri islow in Gl. Hence, Gl was
estimated in the promising EM S mutantsto further
categorizethese mutantsbased on Gl value.

METHODOLOGY

SambaMahsuri ishighly popular in Southern
and Eagtern partsof India. It holdshighest acresinthe
states of Andhra Pradesh, Telangana, Tamilnadu and
Karnataka. Consequently, around 10,000 EM S Samba
Mahsuri mutant lineswere developed by IIRR and
CCMB. Of these, some(98) promising mutantswere
selected based on morphological as well as yield
parameters and were screened for Gl by widely
followedinvitro method(Goni et.a 1992). Compared
with invivo, this invitro method is less costly,
smpleeasy, etc., andit canbeusedfor initia screening
of thevarieties.

RESULTS

Amongthe98 promisinglines, 43 werelow
inGl; only twolineswere highin Gl and theremaining
53 were medium in GI; and it ranges from 46.23
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(lowest) t072.27 (highest).Gl isinfluenced primarily
by the structure and composition of starch. A GlI
classification systemisin common useinwhichfoods
are categorized ashaving low (0-55), medium (55—
69) or high Gl (70") (BrandMiller et d., 2003a).Starch
hydrolysisisthe key factor intheestimation. Therice
kernel Starchisdivided into threefractionsbased on
the enzymatic hydrolysis, readily digestible (RDS),

slowly digestible (SDS), and resistant starch (RS)
(Englyst and Hudson, 1996).Mutation in starch
biosynthetic enzymes produce altered amylopectin
chainlengthdigtributioninriceendosperm(Fujitaetd.,
2007) and the suppression of both SBEI b and SBEI
inrice led to high AC (Zhu et al., 2012). Hence,
reasons for the variation in Gl in mutant lines in
comparison with Sambamahsuri isunderway.
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IRC/TM-1/PP-15

FUNCTIONAL GENOMICS STUDY IN RICE

Siddhartha Shankar Sharma and Jannila Praveena?
"IDepartment of Genetics and Plant Breeding, Uttar Banga Krishi Viswavidyalaya, Pundibari, Cooch
Behar-736165, West Bengal, India
2Department of Fruit Science and Horticulture Technology, Orissa University of Agriculture and
Technology, Bhubaneswar-750003,0disha, India
E mail: siddharthashankarsharma77@gmail.com

Rice(Oryzasativa) hasbeenwdl knownasa
model for plant functional genomicsresearchduetoits
petite genome size. The accurate genome sequences
were characterized by co-linearity with the sequences
of other distantly related cered crops, high-efficiency
transformation technol ogy, and abundant germplasm
resources(Jang et al., 2012). Inthelast few decades,
remarkabl e advancement has been achievedinrice
functional genomicsresearch, suchas: (1) congtruction
of resource platforms for high-throughput gene
identification; (2) functional genomicsanayssof gene
sequencesfor important agronomictraitsand biologica
processes; and (3) development of novel tools for
categorization of desirable genes.

Our amisto focuson the mainimprovement
achieved during thelast 10 yearsaswell as present
our prospects for future studies of rice functional
genomicsresearch and possible challengesin applying
the findingsto the devel opment of green super rice
(GR).

RECENT DEVELOPMENT OF PLATFORMS
FOR RICE FUNCTIONAL GENOMICS
RESEARCH

Many of thefunctional genomicsplatforms
have been established in the past decade, as the
completion of whole-genome sequencing in rice,
together with collection of germplasm resourcesand
generationof mutant libraries, full-length cDNA libraries,
gene expression microarrays, and RNA-sequencing
(RNA-seq) technologiesfor expression profiling. Vast

platformsof proteomics, metabolomics, and phenomics
have also been gradually established and improved,
and corresponding platformsof bioinformaticsandysis
and databases have also been set upinrice.

GENE EXPRESSION PROFILES

Thetool Knowledge-Based OryzaMolecular
Biologica Encyclopedia(KOME) database collects
information for about 38, 000 full-length cDNAs of
japonica cv. Nipponbare. The Rice indica cDNA
Database (RICD) database contains 10, 081 and 12,
727 full-length cDNA sequencesfrom Minghui 63 and
Gaungluai 4, respectively. Affymetrix GeneChip Rice
GenomeArray was used for the analyses of specific
expression profilesin varioustissuesunder different
stressconditionsin elitehybrid rice Shanyou 63 and its
parents Zhenshan 97 and Minghui 63, whichwerein
the information platform of the Collection of Rice
Expression Profiles(CREP).

HIGH-THROUGHPUT PHENOTYPING
FACILITY

CropDesign (Bdgium) deve oped the TraitMill
platform, which can be used to measure the
Quantitetivetraits. LemnaTec Scandyzer 3D suitsbest
for fully automatic analysis of plant phenotypes. The
Audrdian Plant PhenomicsFadility hasfruitfully pplied
thistechnology inthe studies of salt stress, drought
tolerance, toxicity (boron) tolerance , as well as
modeling and prediction of crop yield and root
development. In 2011, KeyGene (Netherlands) and
LemnaTec (Germany) announced the initiation of
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commercia operation of aplant phenomicsplatform
(PhenoFab), which has been officially useful in
commercia crop breeding.

EPIGENOMICS

Epigenomesareacallection of whole-genome
chromatin profilesof cellsunder specificinternal and
environmenta conditions, suchasDNA methylation,
histone modification, and arrangement of nucleosomes
on genomic DNA. Compared with Arabidopsis, the
features of DNA methylation in rice include the
following. (1) Theaverage methylationlevelsof CG
CHG, and CHH and the total cytosine methylation
density in rice genome are much higher. (2) The
methylations of CG and CHG occur mainly in the
heterochromatin regions, which modify thetransposable
elementsand related genes.

METABOLOMICS

In recent years, with the development of
metabolomicsandytical technologies, particularly the
advancein metabolic profiling based on mass spectra
and magnetic resonanceimaging, theresearch fid dsof
metabolomics have been continuously expanded.
Progress has been made in the application of plant
metabolomicsto theidentification of functional genes,
dissection of metabolic pathways, and geneticanalysis
of naturd variationsthroughintegrationwith other omics
technologies. Themetabolomicandysisof samplesfrom
210RILsderived fromacrossbetweentwoditeindica
rice varieties, Zhenshan 97 and Minghui 63, and
detected approximately 1000 metabolites, whichwere
resolved to over 2800 metabolic QTLS.

PROTEOMICS

Proteomics research focuses on protein
identification, quantification, activity, stability,
locdlization, and function, which play essentid rolesin
cdl sgnding events. Inthelast decade great advances
have been achieved inrice proteomics, which provide
comprehensive snapshotson the understanding of rice

devel opment, stresstolerance, organelle, secretome,
and protein post-tranglational modification (PTM).
Proteomicsstudiesin rice have been performed mostly
using gel-based (1DE, 2DE, and 2DIGE) and gel-free
(LC-MS/MS or MudPIT) approaches. Scientists
reviewed and summarized the progress in rice
proteomicsstudiesfrom 2010to 2013, withmgor focus
on rice under diverse abiotic and biotic stress
conditions,

BIOINFORMATICSAND DATASETSINRICE

Along with the advancesin rice functional
genomicsresearch and thewidespread application of
varioushigh-throughput technol ogies, therehavebeen
explosveincreasesin variouskindsof omicsdatasets.
A largenumber of bioinformaticsdatabaseshavebeen
condructedinrice, including the databases of genomes,
transcriptomes, proteomes, and metabolomes.

NEWLY DEVELOPED TOOLS FOR GENE
IDENTIFICATION

1. Genome-Editing Technology through
useof CRISPR/Cas9

2. Genome-wideA ssociation Studies

FUNCTIONAL GENOMICSOF IMPORTANT
AGRONOMICTRAITS

Functional genomic understanding of an
agronomictrait refersto characterization of thegenes
(including non-coding sequences) and their regulatory
networks, which collectively determinetheformation
and development of thetrait. Theformation of any trait
involvesalargearray of genes, andthemgority of the
genesthat participatein many processesthus affect
thedevel opment of many traits (or pleiotropic effects).
Dataand literature accumul ated to date have already
clearly depicted sucha‘ net-like” structure between
genesandtraits.

CONCLUSION

The knowledge, genes, germplasms, and
genomic dataobtained presently are already enough
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to lead a revolutionary change in strategies and
technol ogiesin rice breeding, which can betermed
* designed genomic breeding.” Such breeding may
includethefollowing components:

1) Specifications of the traits (yield,
quality, resstancesto biotic and abiotic Stresses, NUE)
for cultivars adaptive to specific cropping systems,
especially emphasizing resource saving and
environment-friendly agriculturefor green development;

2) Listsof thegenesand germplasmsfor
thetraits,
3) Technologies for whole-genome

selection and gene-specificintrogression;

4) Breeding programs for
implementation. Theprogressinriceresearchmay aso
provide modelsfor other crops, thustransforming the
norm of crop breeding.

REFERENCES
Jang,Y.,Ca,Z., Xie,W.,Long, T., Yu, H., and Zhang,

Q. (2012). Ricefunctiona genomicsresearch:

progress and implications for cropgenetic

improvement. Biotechnol. 30: 1059-1070.
Li,Y., Xiao, J., Chen, L., Huang, X., Cheng, Z., Han,

B.,Zhang Q. & Wu, C. (2018). Ricefunctiona

genomics research: past decade and
future. Molecular plant, 11(3): 359-380.
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MARKER ASSISTED INTROGRESSION OF SEMI-DWARFING GENE IN
KATARNI RICE
Mankesh Kumar*, Kumar Vaibhav, Kumari Neha, Kumari Suvidha, Divya Mahto, S. P. Singh, Satyendra
and P. K. Singh

Department of Plant Breeding and Genetics, Bihar Agricultural University, Sabour, Bhagalpur-813210,
Bihar, India
*Coressponding author e-mail: mankesh2008@gmail.com

‘Katarni’ isgeographical indication tagged
scentedricelandraceof Bihar. However, itislow yielder
(25-30 Qtlg'ha) duetoitstall and lodging tendency at
thetimematurity. Marker asssted introgression of semi-
dwarfing (sdl) genefromricevarietiesRgendraSweta
and BPT5204 into K atarni was attempted and present
study isframed for ng the background recovery
inthe backcrosslines.

METHODOLOGY

Assessment of background recovery in133
BC,F,plantsof Katarni x R.Swetaand 80 BC,F, plants
of Katarni x BPT5204 was performed.Foreground
selection wasperformed using sd1 gene specific primer
(Speilmeyeret al., 2002) while recombinant and
background sel ection was performed using parental
polymorphic SSR markers. Presence of aromagene
inthe selected progenieswas confirmed through gene

specific primer for badh2 gene (Bradbury et al ., 2005).

RESULTS

Average Recurrent Parent Genome (RPG) %
recovery of BC,F, plantsin Katarni x R. Swetawas
90.26% with amaximum recovery of 94.68% in plant
number BCKRS-79. In case of BC,F, plants of
Katarni x BPT5204, the average RPG % was 91.89
with maximum recovery of 94.44% in BCKBT-
50.Phenotypic performances of the plant number
BCKRS-79 and BCKBPT-50 werein congruity with
theresultsof background sdlection. Except plant height,
the morphol ogical features of both these plantswere
smilar torecipient parent Katarni (Table1). Evaluaion
of yield of selected semi-dwarf, early maturity arometic
backcross derivative of Katarni rice is being done
through multi locationtesting.

CONCLUSION

Previous attempts through conventional
breeding to reducetheheight of Katarni andto makeit

Table 1. Phenotypic performanceof the plantsidentified through background markers

Plant / parent Plant height Days of 1000grain  Kernel length Kernel breadth  L/Bratio Leaf aroma
(cm) flowering  wt. (gm) (mm) (mm) score

Katarni 164.90 125 1250 740 149 499 3

R.Sweta 11020 109 1200 792 151 519 0

BPT5204 98.20 112 1450 7.89 163 477 0

BCKRS-79 128 21 1250 717 164 437 2

BCKBPT-50 128 12 1375 857 176 4.86 3
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non-lodging with high yielding ability werefailed due
lossof itsvariousexquisitequdity traits. Inthe present
study, thefunctional molecular markersof aromaand
semi-dwarfism gene had provided aconvenient way
to screen the progenies and background selection
increased the accuracy and reduced the duration of
thebreeding processtoimprovethetraditiona Katarni
ricefor yeild and variousagronomictraits.

REFERENCES

Bradbury LMT, Fitzgerdd TL, Henry RJ, Jn Q,Waters
DLE(2005) Thegenefor fragranceinrice.Plant
BiotechJ3:363-370

Spielmeyer W, Ellis MH, Chandler PM (2002)
Semidwarf (sd-1), “ greenrevolution’ rice,
contains adefective gibberellin 20-oxidase
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IRC/TM-1/PP-17

GENITIC DIVERSITY ANALYSIS OF RICE (ORYZA SATIVA L))
GENOTYPES FOR YIELD ATTRIBUTING CHARASTERS

N. K. Gayathri*, K. Mohan Vishnu Vardhan, N. Kamakshi, Khayum Ahemad and M. Subba Rao

Regional Agricultural Research Sation, Nandyal - 518003, ANGRAU, Andhra Pradesh, India
*Coressponding author e-mail: gayathrirars@gmail.com

Riceisthemain staplefood for 50% population
of theworld andits production hasto beincreased to
880 milliontonnesby 2025 to meet thegloba demand.
But theareaunder ricecultivation cannot beincreased
dueto urbanization and popul ation growth, breeding
of ricevarietieswith highyielding ability, toleranceto
biotic and abiotic stresses and adoption to varied
climatic conditionsisneed of the hour. Development
of novel varietiesthrough hybridization programme
dependsonthesdectionof parentsfromthedivergent
germplasm which arewel| characterized.

The present investigation was taken up with
the objective of studying genetic divergence and
quantitative characterization of fifty germplasmlines
of rice.

METHODOLOGY

Fifty rice genotypes collected from different
sources wereraised at Regional Agriculture Research
StationNandya during kharif 2019toidentify diverse
genotypes. Theexperiment waslaidinrandomizeblock
design with threereplications. The genotypeswere
raised in arow length of 5 metersin 6 rowswith a
spacing of 30 cm X 20cm and recommended
agronomic practices were followed. They were
evaluated for six yield and yield attributing characters
likedaysto 50% flowering, plant height, paniclelength,
number of productivetillersper plant, test weight and
grainyield per plant. Ten random plants per genotype
in each replication were sel ected and tagged to record
observations. The genetic distance between the
genotypes was worked out using Mahalnbobis D?
analysis(1936) and grouping of varietiesinto clusters
wasdonefollowing the Tocher’smethod (Rao, 1952).

Thisisthe most effective method of quantifying the
degree of genetic divergence among the genotypes
takenfor the study.

RESULTS

Analysis of variance showed significant
differencesfor al thesix character studied among 50
genotypesbased on D? analysis. 50 genotypeswere
dividedinto seven clusters(Table 1). Maximum number
of genotypes (33 genotypes) weregroupedin cluster |
followed by cluster 11 with seven genotypes. Cluster
IV havefour genotypesfollowed by cluster VI with
three genotypes while the remaining clusters were
represented by one genotype each. Clustering pattern
represented that genotypes collected from the same
geographicoriginweredistributed in different clusters
(Vennilaet al.2011).

Table 1. Clustering patter n of 50 genotypes.

Cluster No. of genotypes
I 33

Name of genotypes

MTU 2077,MTU 1064, MTU 1075, MTU
4850, Tellahamsa, Indursamba,JGL
17004,MTU 3626, JGL 11727, AdityaNLR
40024, WGL 678, Tulasi,NLR 33057,
Vardhan ,Vasumathi,NL R 34449, NLR 3041,
NLR 145, NLR 3358, NLR 34242, NLR
33359, NLR 33641, NLR 33671,NLR 30491,
MAS 26, NLR 4001, Taramathi, NLR
40065,RNR 2354, RNR 15048, NLR
2064,NLR 4002, NLR 3217

MTU 1061, C-148,NLR 9674, NLR
28600,NLR27999,NL R 33892,NLR 33365

Shireen

Varsha, NLR 40065, Triguna, Govind
NLR 28523

Kalabhatty, Rakthashali, Kalakar
Swarnasub

<
B W Rk AR
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Table 2. Intraand inter cluster averageof yield traitsin 50
ricegenotypes.

| I 1l v Vv \ Vi

I 23345 915.93 46919 6148 518.71 44632 44831
[l 231.87 1755.531028.96 447.18 1121.59 708.31

[ 0.00 137844 787.87 45897 1056.94
v 31293 81354 67632 958.71
\% 0.00 34581 92445
Vi 21034 1163.15
VI 0.00

The inter and intra cluster distances are
presentedin Table 2. Inter cluster distancewas higher
than intracluster distance indicating wider genetic
diversty among genotypes. Themaximuminter cluster
distance was observed between cluster |1 and cluster
[11 (1755.53) followed by cluster 111 and cluster IV
(1378.44), clugter VI and clugter V11 (1163.15), cluster
[l and cluster V11 (1056.94) and cluster |1 and cluster
IV (1028.96) indicating wider genetic divergity of the
genotypeshbetweenthegroups. Thehybridsdevel oped
by sdlecting parentsfrom these groupswould produce
high variabl e segregating popul ationswith improved
granyiddthroughtransgressivebreeding. Theminimum
inter cluster distance wasrecorded between cluster V
and cluster V1 (345.81) and cluster | and cluster V1
(446.32) indicating the genotypesin these cluster are
geneticaly very closeand hence hybridization between
thesegroupsisnot desirable.

The maximum intra cluster distance was
observedincluster 1V (312.93) followed by cluster 11
(231.87). Hence sdlection withinthese clustersmaybe
exercised based on the highest areas of desirabletraits
by making usethe method of improvement through
inter varietal hybridization. Minimum intracluster
distancewasobserved for clusterslii (0.00), V (0.00)
and VIl (0.00). Similar resultsreported by Kumari et
al (2016).

The cluster means presented in Table 3
revealed that cluster IV with four genotypesrecorded
highest mean value for panicle length (35.58 cm) ,
number of productivetillersper plant (47) , test weight
(21.42g) and grainyield per plant (106.83g). Cluster
Il and cluster VIl were characterized by recording
more number of daysto percent flowering (125 and
120 daysrespectively) and cluster V with more plant
height (159.67 cm) followed by cluster |1 (143.52).
Early flowering genotypesweregrouped in cluster 111
(83 days) and cluster VI (90 days) and tall genotypes
incluster V (159.67 cm) and cluster 11 (143.52cm).
Cluster I11 hasrecorded minimum valuesfor number
of daysto 50 percent flowering (83 days), panicle
length (22 cm ), number of productivetillersper plant
(21) , test weight (12g) and grainyield per plant (23g).

Noneof the clusters contained the genotypes
with all the desirable characterswhich can bedirectly
selected and utilized. All theminimum and maximum

Table3. Cluster meansof different yield charactersin 50ricegenotypes.

Cluster  Daysto50% Plant height Paniclelength Productivetillers Testweight (g)  Yield/plant (g)
flowering

I 10082 9903 24.23 3130 167 49.83

Il 12514 14352 24.71 27133 1524 5243

1 8333 1050 200 2067 1200 230

v 10542 10958 3558 4692 2142 106.83

\Y, 10333 159.67 2633 3033 16.67 4333

\Y/ 920.33 13633 27.78 4144 14.22 67.89

VI 1200 7167 21.33 2200 14.33 34.00

541
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Fig1: MahlnbobisEuclidean? Distancesof genotypeclusters

cluster meanvauesweredigributedinreatively distinct
clusters. However thecluster IV recorded relatively
desirablemean valuesfor paniclelength (35.58 cm)
,maximum number of productivetillersper plant (47),
test weight (21.429) andgrainyied per plant (106.83g).
Similar resultswere reported by Bhanumurthy et al
(2010) indicating hybridization between divergent
cluster genotypesisnecessary to develop desirable
genotypes. Based onthe performance of the genotypes
within the cluster better genotypes can be neither

Table4. Percentageof contribution of each char acter towar ds
total diver gence.

Character No.of first rank Contribution (%)
Daysto50% flowering 523 4269

Plant height 281 29
Paniclelength 2 0.16
Productivetillers 5 041

Test weight () 149 12.16
Yield/plant (g) 265 2163

directly selected nor used as potential parents in
hybridization programme.

Percent contribution of each character tototal
divergenceispresentedin Table 4. Among six traits
number of daysto 50 percent flowering contributed
maximum divergence (42.69%) followed by plant
height (22.94%), yield per plant (21.63%) and test
weight (12.16%). The minimum percentage of
contribution was by number of productivetillersper
plant (0.41%) followed by paniclelength (0.16%). The
traitslikenumber of daysto 50 percent flowering, plant
height, yield per plant contributed 87.26%toward total
divergence. Hence these traits should be given
importancein hybridization and sdectionin segregeting
popul ationsto develop novel genotypes.
CONCLUSION:

The hybridization between parents selected
from cluster |1 and cluster 111, cluster |11 and cluster
IV, cluster V1 and cluster V11, cluster 111 and cluster
VII and cluster Il and cluster IV with theimportance
totraitslike number of daysto 50 percent flowering,
plant height , yield per plant in the segregating
popul ationscan besuggested for development of better
varieties from thesefifty genotypes.

REFERENCES:

Bhanumurthy S., Manimaran, R., Sheeba ,A.,
Manivannan, N., Ramya,B., Kumar, D and
Ramasubramanian ,G.V., 2010.Genetic
diversity anaysisof ricegermplasm linesfor
yield attributing triats .Electronic Journal of
Plant Breeding 1 (4) : 500-504.

MamtaKumari, Suresh Babu, G and Nithin B Path.,
2016. Geneticdivergty andysisof rice( Oryza
sativa L.) germplasm under aerobic condition.
Bangladesh Journal of Botany 45 (3) : 727-
732.
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IRC/TM-1/PP-18

MARKER ASSISTED PYRAMIDING OF MAJOR ABIOTIC STRESSES OF
COASTAL RICE AREAS

Girija Rani Merugumala,*?*, Venkata Satyanarayana Paladugu?, Chamundeswari Narne!, Venkata
Ramana Rao Puram?, Nagakumari P, Kalpana Kavuri!, Prabhakar Mathyam?® and Ravikumar
Boggavar apu?

'Acharya N G Ranga Agricultural University (ANGRAU) Regional Agricultural Research Sation,
Maruteru-534122, West Godavari District, AP, India
2ANGRAU- Agricultural Research Sation, Machilipatnam-521002, Krishna district, Andhra Pradesh,
3Central Institute of Dry land Agriculture, Hyderabad, Telangana, India
*E-mail: girija_aprri@yahoo.co.in, girijaaprri@gmail.com

Riceisimportant staplefood crop for south
Asa Riceproductivity hasto beimproved enormoudy
to meet demands of ever growing population with
shrinking resources. Occurrenceof trangent flashfloods
to prolonged stagnant flooding of rice crop from
germinationto harvesting stage coupled withlodging
of the crop at reproductive phase dueto unpredicted
cyclonic rainsin monsoon is causing drastic yield
reductionin coastal areas. Simultaneoudly increasein
coastd sdlinity isanother abiotic stressdampening the
rice productivity. Largescaeadoption of direct seeding
islimited during wet season dueto lack of anaerobic
germinationinthecoasta ecosystem. Precisemolecular
breeding for major biotic stressesof coastal riceareas
would enhancethe productivity under changed climatic
conditions. Present study aimed to pyramid mgjor
abioitc stressesviz., submergence, lodging resistance,
salinity and anaerobic germination inthe back ground
of Swarnasubl using marker assisted selection.
METHODOLOGY

Marker assisted pyramiding of mgjor abioitc
stressesinthe background of Swarnasubl wascarried
out using 11110-9-1-1-1-1 as donor for lodging
resistance (GirijaRani et al. 2019) , FL478for Saltol
, AC 39416A for anaerobic germination for three
weeks ( Sandyaet al. 2017) at Regional Agricultural
Research Station(RARS), Maruteru of AcharyaNG

RangaAgriculturd University (ANGRAU) fromthe
years 2016 to 2018. Two successive back crosses
were performed using Swarnasubl asfemal e parent
and 11110-9-1-1-1-1 for qCd6 for culm diameter
(GirijaRani et al 2019) withforeground (RM 20557)
and recombinant markers ( RM 340, RM 30 ) on
chromosome 6 for twotrait Introgressed Lines (ILs)
of submergenceand lodging resistance. Simultaneoudy
two cycles of back crosses of swarnasubl/ FL 478
wasgenerated for pyramiding of submergenceand sat
tolerance using fore ground (RM 10694) and
recombinant markers (RM 10793, AP 3206 ) on
chromosome 1. Whereasthree cyclesof back crosses
were adopted for incorporation of identified QTL
gAG3.1 for anaerobic germination from AC39416A
a RARS, Maruteru for getting two trait ILs of
submergence and anaerobic germination using fore
ground marker (RM 15561 ) and recombinant markers
(RM 15576, RM15441) on chromosome 3. Three
traits (submergence, lodging resistance and salinity)
pyramided lineswere developed by crossing BCF,
two trait ILsof subl+qCd6 with two trait ILs of
BC,F, of subl+saltol. Three trait pyramided line
(Sub1+qCd6+saltal ) F, confirmedlinewerecrossed
withBC,F, linesof Sub1+gAG 3.1to get find targeted
traits pyramided lines of submergence, lodging
resi stance, salinity and anaerobic germination. Ineach
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generation, fore ground and recombinant markersfor
targeted traitswere used apart from Sub1 foreground
marker sub1BC2 and recombinant markers(RM 8303,
RM 23887) for Swarnanasubl/ 11110-9-1-1-1 and
Swarnasubl/FL 478 and RM 23788 asfore ground
marker and RM 316, RM23917 as recombinant
markersfor back crossof Swarnasubl/AC 39416A.
All thegenotypingwork isperformed asper GirijaRani
et al 2019 and electrophoresiswas carried out using
3% high resol ution metaphor Agarose.

RESULTS

Thedetallsof development of pyramided lines
of major abioitc stresses submergence, lodging
resistance, salinity and anaerobic germination was
depictedin thefollowing schemati ¢ representation.

For the development of two trait ILs of
submergenceand sdinity, 79 positive plantsconferring
Sub1+Saltol wereidentified at F, generation out of
122 plants genotyped in Rabi 2016. Generated sixty
seven BC F, plants of Swarnasubl/FL 478 were
genotyped to identify 24 positive plantsfor further
development of BC,F, using trait specific foreground
and recombinant markers and finally identified 21
positive twotrait ILsof submergenceand sainity out
of 309 plantsat BC,F, generationin 2017 for further
use in pyramided double cross. Submergence and
lodging resistant IL swere devel oped by selection of

istod py iding of gCdf, Saftol and gAS 3.1 QTLs in Swarnasubl
Roki 016-17  Swarssmub /7L 47 Swmnastl I 110-8-1-1-1 Swmmasub] A TS4EE A
s, s Sl saltid Saghy 1 byl Samhl bgiis 3.1

trofi) i1/ [
Kharif 2007 [N B, L=t
F5. 55 124/67) {47 /208) {157134)
e 2017-18 BT BCT, BET,
F5. B3 (Rt ] {13577 {12/265)
Kharif 7018 i & L=t A
Pyramided double oross (a8 0]
e I | et L+t Sadind]
(17/266]

= 5! fowre ground sebectson
Rabi FOLR-15 Pyramided convergent cross R Resoom binant selection

%, B | Sublsqedfefaltobrgha 3.1)

7 Pyrasnichesd live Fumiiss. of submergencs, lodging
Peskstance, salenity and anoerobic germination

51 positive plantsfor Sub1 +Cd6 at F, generation of
Swarnasubl/11110-9-1-1-1-1 among 103 plantstested
using trait specificforeground and recombinant markers
in2016. Generated 208 BC F, plantswere screened
using fore ground and recombinant markers of Subl
and qCd6 and identified 47 positive plantsfor further
useinthe development of second back crossduring
kKharif 2017. Identified 19 confirmed ILs of
submergence and lodging resi stance out of 577 plants
by fore ground and recombinant selection at BC,F,
generation during Rabi 2017. Threetrait pyramided
double cross 266 plants were generated by crossing
21 twotrait ILsof Sub1+Saltol asfemalewith 19 two
trait ILsof Sub1+qCd6 asmale during Rabi 2017.

Simultaneously 30 positive plants of
Sub1+gAG3.1 were identified at F, in 2016 and
generated 134 BC,F, plants of Swarnasubl/
AC39416A for the development of twotrait ILsof
submergence and anaerobic germination. Foreground
and recombinant selection resulted in identification of
15 confirmed lines of Subl+ gAG3.1 at BC F,
generation for further usein devel opment of 265 BC,F,
plantsduring kahrif 2017. Generated 103 BC,F, plants
by using 12 positive BC,F, plantsduring Rabi 2017.

To convergeall thefour targeted traitsviz.,
submergence, lodging res stance, slinity and anaerobic
germination, 17 identified three trait ILs of
b1+qCd6+ Saltol in kharif 2018 were used as
femaleplants and 19two trait ILsof Subl+gAG3.1
atBC,F, generationasmaeplants. Finaly developed
17 marker assisted pyramided lines (PILs) of
bl1l+gCd6+ Saltol+gAG3.1 for submergence
lodging resistance, sdinity and anaerobic germination
to combat adverseeffectsof climate changed condition
out of 548 plants genotyped by respectivetarget trait
foreground and recombinant selection.

CONCLUSION

Thedeveloped 17 marker assisted pyramided
introgressed lines of submergence, salinity , lodging
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resistance and anaerobic germination would serve as
climate resilient lines in coastal ecosystem after
thorough phenotypicevauationfor yield under targeted
environments. Nonlodging highyielding submergence
and salt tolerant rice varieties having three weeks
anaerobic germination would help the farmers in
realizing sustained yields by overcoming labour
shortage.

REFERENCES

GirijaRani M, SatyanarayanaPV, Chamundeswari
N, Ravikumar BNVSR, RamanaRao PV,
Pavani L and Deepika V 2019 Molecular
breeding of “ Swarnd’, amegaricevariety for
lodging resistance. Molecular Breeding: 39-55.
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Physiological basis of stagnant flooding
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IRC/TM-1/PP-19

TROMBAY KARJAT KOLAM- FINE RICE VARIETY
Gawai MP*, Kunkerkar RL, Das BK, Vikashkumar, Keluskar MH, Mardane RG, Bhagat SB, Bhave SG
and Haldankar PM

Regional Agricultural Research Sation(Dr. BSKKYV), Karjat
*Coressponding author e-mail: mahendragawai 76@gmail.com

Thericecultivationin Konkanregioniscarried
out onthreetypesof soilsclassfied asupland, midiand
and lowland requiring early, midlateand late varieties
respectively. Theproportion of areaunder early, midlate
and late varieties is about 40, 40 and 20 percent
respectively. There is a need for fine and midlate
duration rice variety for Kharif season in Konkan
region of Maharashtra state with higher yield.
Accordingly, the efforts were made to develop and
release the Trombay Karjat Kolamto fulfill the
requirement of finegrain type, midlateduration, high
yiedingricevariety for thefarmersof theKonkanregion
of Maharashtra state collaboration with BARC,
Mumbal.

OBJECTIVE:

Inthe peri urban areas of Maharashtrathereis
ahuge demand of finericeto evolvemidlateduration,
dwarf sature, non-lodging, highyielding, short dender
grantypericevariety
METHODOLOGY:

PusaBasmati1l mutant (early duration) was
crossed with Pusa Basmatil (midlate duration) and
midlate duration, dwarf stature, non-lodging, high
yielding, short dender graintypericevariety Trombay
KajatKolam (IET 27100) isevolved through pedigree
method followed by selection

RESULT:

Thericevariety Trombay Karjat Kolam (IET
27000) exhibited 30.50%, 20.7% and 18.95% higher

grainyield over thechecksin station, stateand adaptive
trid srespectively. It showed excelent milling (73.7%),
head ricerecovery (67.98%) andacceptableamylose
content (23.09%) with trand ucent grainsand excellent
cooking quality. It has been observed moderately
resistant to stem borer with an averageyield of 4.0to
4.5 t/ha. Therefore, thisrice variety isreleased for
Konkan region of Maharashtrastate.
CONCLUSION:

Trombay Karjat Kolam high yielding rice
variety having dwarf staturewith short lender grain
typewith good grainqudity, midlatedurationisrelease
for commercia cultivation in Konkan region of
Maharashtra State has been notified vide S.03482(E)
20, dt 7" October 2020
REFERENCE:

Sanjeev Singh (2006)., Gammaraysinduced mutations

in Basmati rice, Indian J. Genet., 66(2): 143-

144

M aharashtra State Rice Workshop 2017 pp : 21& 70

IIRR Annual Progress report 2017 Vol.1- Varietal
Improvement pp. 1.386to 1.390

ILLUSTRATION:

Trombay Karjat Kolam (BARCKKYV 13) IET
27000isrdeasefor commercid cultivation and notified
vide S.03482(E) 20, dt 7" October 2020

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India

|50



. N
I

1% Indian Rice Congress - 2020 O\ Rindian ice
)

Rice Research and Development for Achieving Sustainable Development Goals \_.°

Congress

Theme - I: Enhancing rice productivity and quality

IRC/TM-1/PP-20

KARJAT SHATABDI —RICE VARIETY FOR SCENTED BEATEN RICE
(POHA)

Kunkerkar RL*, Gawai MP, Keluskar MH, Mardane RG, Bhagat SB, Bhave SG and
Haldankar PM

Regional Agricultural Research Sation (Dr. BSKKYV), Karjat
*Coressponding author e-mail: rlkrmesh@rediffmail.com

Rice (Oryza sativa L.) is the world’'s most
important crop and staplefood for more than half of
the population. It continuesto hold the key to sustain
food security in Indiafor morethan half of thetotal
population. Thelocd ricecultivar “Botvel” ispopular
for beatenrice. Itistall and long duration. Thereis
need to develop high yielding, dwarf and short bold
graintypericevariety suitablefor beatenrice (Poha).
Accordingly, the effortswere madeto develop rice
variety to fulfill the requirement of Konkan region
farmers. Induction of mutationswith radiation hasbeen
themost frequently used method for directly developed
mutant varieties. Theprimestrategy in mutation-based
breeding has been to upgrade the well-adapted plant
varieties by altering one or two major traits, which
improvetheir productivity.

OBJECTIVE:

Todeveop highyieding, dwarf and short bold
graintypericevariety suitablefor beaten rice (Poha).

METHODOLOGY:

Thetraditiond landraceof riceviz., Botvel was
subjected to gammairradiation at different doses (50
Kr,100Kr, 150Kr and 200Kr). The M2 seeds
collected from M 1 were space planted to eval uatefor
desirabletraits. A total of 350 plants were selected
based on plant type and productivity per sefrom 50Kr
doseof irradiationin Botvel M2 population and were
advanced to M 3. These M3 familieswere eval uated
for yield parametersand further selected BM 4 stable
popul ationwas eva uated in Station and multilocation
tridsalongwith check.

RESULT:

Thericevariety Karjat Shatabdihastrand ucent
grains and excellent cooking qualityfor beatenrice
(Poha) with scent, isdwarf in statureand non-lodging,
12510 130 daysto maturity (Midlateduration), having
Short bold grain typeexhibited 51.53 %, 22.5% and
16.22 % higher grainyield over the checksin station,
state and adaptive trials respectively. It showed
excellent milling (67.09%), head rice recovery
(63.56%) andacceptable amylose content (20.08%)
It has been observed Moderately resistant to stem
borer and bacterial |eaf blight and Leaf blastwith an
averageyield of 3.8to4.0t/ha. Therefore, thisrice
variety isreleased for beaten rice (Poha) with scentfor
Konkanregion of Maharashtrastate

CONCLUSION:

Karjat Shatabdi medium duration, dwarf
stature, short bold graintypehighyidding ricevariety
suitable for beaten rice (Poha) with scentis
recommended for cultivation in Konkan region of
MaharashtraState

REFERENCE:

Singh, Sanjeev, RichhariaA. K. and Joshi A. K. 1998.
An assessment of gamma ray induced
mutationsinrice (OryzasativaL.). Indian J.
Genet., 58: 455-463.

M aharashtraState Rice Workshop 2015 pp : 158 and
2016 pp: 138

ILLUSTRATION:
Karjat Shatabdi ricevariety suitablefor beaten

rice (Poha) with scentis recommended by Jt.
AGRESCO 2019
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IRC/TM-1/PP-21

BPT 2841- A HIGH YIELDING BIOFORTIFIED BLACK RICE GENOTYPE
WITH EXCELLENT COOKING QUALITY

B. Krishna Veni!, Rama Rao C.V!, Sandeep Raja’ D., Suneetha Y., Mrudhula K. A.* and
Subba Rao L.V?

'Agril. Research Sation, 2Post Harvest Technology Centre, Bapatla, 3ICAR-1IRR, Hyderabad
Acharya N.G. Ranga Agril. University, Guntur-522101, Andhra Pradesh
*Coressponding author e-mail: krishnavenirru@gmail.com

Rice (Oryza sativa L.) is the predominant
staple food crop for more than half of the world's
population and is playing apivotal rolein providing
human nutrition, energy supply and food security of
Asian countries. Change in income levels and self
sufficiency induced riceavailability for consumptionhas
brought a shift in the consumer as well as market
preferencesfor better ricegrainqudity. Although, white
riceisthemost widely consumed rice, pigmentedrice
is considered as enriched rice for taste and health
benefitsdueto the presence of anthocyanin. Thebrown
rice possess higher concentration of Total Phenol
Content (TPC) and antioxidant activity thanwhiterice
inboth pigmented and non-pigmented varieties(lsnaini
et al., 2019). Hence, consumption of wholegrain has
amgjor rolefor theoverall healthimprovement and
management of chronic disorders. Colored rice possess
unique color, flavor therefore they are used as an
ingradient in many dishes and pigmented rice is
becoming popular among health-conscious food
consumersfor itsantioxidants mainly becauseitisa
good source of bioactive compounds.

Due to increased health consciousness and
demand for coloredrice, farmersin Andhra Pradesh
and Telanganastatesare growing black ricevarieties
like Burmablack, Kaabhatt and Chakhao amudi which
arepopular inNortheastern datesof India Eventhough,
al these varieties are popular for their nutritional
properties, theseblack glutinousriceismainly used for
the preparation of sweet snacksand dessertsinAsia
and isnot suitablefor consumption as plain cooked
rice. Epecidly in South India, theconsumersof Andhra

Pradesh, Telangana, Karnatakaand Tamilnadu prefer
to eat varietieslike SambaM ahsuri, Telangana Sona
and White Ponni etc., which possessmedium slender
grainwith excellent cooking quality i.e. soft and flaky
texture of cooked rice. In addition, all thetraditional
black ricevarietiesaretall in stature, low yielding,
possess bold grain and had low amylose content with
poor cooking quality. Hence, for the devel opment of
highyidding colored ricegenotypespossessng medium
dender graintype coupled with good cooking quality,
abreeding programmewasinitiated at Agril. Research
Station, Bapatla by utilizing the breeding material
supplied by ICAR-1IRR, Hyderabad.

BPT 2841 isaderivative of athreeway cross
between MTU 7029/IRGC 18195 and MTU 1081
and maturesin 130-135 daysduring kharif season &
125 daysinrabi season. It isasemi-dwarf genotype
with 100-110cm plant height and hasayield potential
of 5.5t06.0t/ha. It also exhibited moderateresistance
to blast and BPH. Unlike other traditional black rice
varieties, BPT 2841 has straw colour hull and the
unpolishedriceisblack. BPT 2841 possess medium
dender grain with atest weight of 14.0to 14.5g and
a so recorded morethan 60% head ricerecovery. Alkdi
spreading value (ASV) and amylose content (AC) are
theimportant cooking quality traitswhich determine
thetextureof cookedrice. Li et al., (2016) also stated
that theamyl ose content of thericevariety hasculinary
implications because it has an influence on the
organoleptic qualities of riceonce cooked. BPT 2841
recorded intermediate amyl ose content (23.5%) and
akai spreading vaue (4.0), hencethe cooked ricewill
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be soft and flaky. Mg ority of des black ricevarieties
possess low amylose content, hence may not be
includedindaily diet, particularly in South Indiawhere
riceconsumersprefer soft and flaky texture of cooked
rice.

Theunpolishedriceof BPT 2841 wastutilized
for analysisof nutritional and functiona propertiesby
following standard procedures at Post Harvest
Technology Centre, Bapatla (Table 1). BPT 2841
recorded 11.08% protein content whereas BPT 5204
brown rice recorded 8.0% protein content. Thetotal
phenol content and total antioxidant activity of BPT
2841 aremuch higher when compared with BPT 5204.
The antioxidant activities of pigmented rice were
compared with those of non pigmentedricein several
studiesand theresults demonstrated that the extracts

Table 1. Physico-chemical and bio-chemical quality
parametersof BPT 2841

Quality parameter BPT2841 BPT5204
Hulling(%) 768 758
Milling (%) 66.6 66.6
Head Rice Recovery (%) 621 634
Kernel length (mm) 472 491
Kernel breadth (mm) 180 181
Length/breadth ratio 256 27
Amylose content (%) 235 29
Alkali spreading value 40 50
Gel consistency (mm) 2 2
Total phenolsin unpolished

rice (mg/100g) 052 594
Antioxidant activity in

unpolished rice (mg/100g) 11052 390
Antioxidant activity in 5%

polished rice (mg/100g) 90.19

Protein content in unpolished rice  11.02 80
Zinc content in unpolished rice 243 188
Fe content in unpolished rice 156 87

from pigmented ricedisplayed higher antioxidant activity
than the non pigmented rice (Finocchiaro et al.,2007).
Itisalwaysbetter to consumethe pigmentedriceas
wholegrainto get themaximum nutrientsavailable. If
the pigmented/non pigmented paddy grainisdightly
polished (1-2%), thenit will becooked easily asnormal
polished ricewhich increasesthe pal atability also and
theconsumerswill get the available nutrientswithout
muchloss. Theanalyssof antioxidant activity wasaso
carried out on 5% polished rice of BPT 2841 which
recorded 90.19 mg/100g as compared to 39.0 mg/
100g antioxidant activity in non pigmented unpolished
BPT 5204. Duetoit’shighyield potential, nutritional
propertiesand excellent cooking quality, BPT 2841
wasrecommended for minikit testinginfarmer’sfields
inAndhraPradesh state. BPT 2841 compl eted first
year of minikit testing and the results are quite
encouraging. Farmersare very much interested and
thereis huge demand for the seed of BPT 2841 not
only inAndhraPradesh but also from the farmers of
Telanganaand Karnataka states. Moreresearch and
publicity on the relationshi p between antioxidantsand
diseaserisk mechanismswould increase consumption
of theanthocyaninrich pigmented ricein near future

REFERENCES:

Isnaini C., Pattavara Pathomrung S.and Nattaya
Konsue. 2019. Effect of preparation method
on chemical property of different Thai rice
variety. Journd of Food and Nutrition Research,
7(3): 231- 236

Finocchiaro F, Ferrari B, Glaninetti A, Dall’ AstaC,
Galavema G, Scazzina F et al. (2007)
Characterization of antioxidant compoundsof
red and white rice and changes in total
antioxidant capacity during processing.
Molecular Nutrition & Food Research
51(8):1006-1019
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IRC/TM-1/PP-22

CHARACTERIZATION OF COLORED RICE GENOTYPES FOR
NUTRITIONAL TRAITS AND FUNCTIONAL PROPERTIES

B. Krishna Veni?, D. Sandeep Raja,? C.V. Rama Rao! and P. Sridevi®

'Agril. Research Sation, ?Post Harvest Technology Centre, *Agril. College, Bapatla
Acharya N.G. Ranga Agril. University, Guntur-522101, Andhra Pradesh
*Corresponding author e-mail:krishnavenirru@gmail.com

Riceistheonly cerea cooked and consumed
asawholegrainand quality considerationsare much
moreimportant than any other food crops. In addition
to common white rice varieties, there are some
speciality rices such as pigmented rice (black also
known as purple, brown and red) and the colorsin
rice are due to the deposition of large amounts of
anthocyanin or proanthocyanidin pigment intherice
coat. The commonly consumed whitericeisahighly
refined staple cereal, which is devoid of almost all
mineralsand nutrients. The pigmented rice, enriched
withanthocyaninisknownfor it'staste& hedth benefits
and arebeing consumed sinceimmemoria inmost of
SouthAsian countries. Recently, coloredricevarieties
haverece ved greeter attention from consumersfor their
higher bioactive compounds, antioxidant activity, anti-
inflammeatory and other hedlth benefitsassociated with
them (Alveset al.,2016). Eventhough, many studies
elucidating the variability and associations among
physicd and chemicd qudity parameterswerereported
earlier, the studieson biochemical quality parameters
of riceand their relationship with other quality traits
aremeager. Hence, an attempt wasmadein the present
investigation to study the variability and inter-
relationships among nutritional traits and phenolic
compounds.

METHODOLOGY

The experimental material consisted of
9 black pericarp colored rice genotypes (BPT 2841,
BPT 2848, BPT 3136, BPT 3341, BPT 3144, BPT
3145, BPT 3137, BPT 3173, BPT 3344) 6 red
pericarp colored genotypes (BPT 2858, BPT 3111,
BPT 3137, BPT 3141, BPT 3143 and BPT 3178)

and one non pigmented popul ar ricevariety BPT 5204
as control. All these genotypes were grown in an
experiment conducted at ARS, Bapatlainrandomized
block design with 3 replications during kharif,2019.
Each genotypewasgrownin 3.0 n plot with aspacing
of 20x15cm. After harvesting, the paddy was sun-
dried to amoisture content of about 12% stored inan
air-tight plastic bag at room temperature for three
months and then stored at 4° C in the dark before
analysis. Each sample per genotype per replication
(threereplicates per genotype) was dehusked and the
unpolished ricewasutilized for estimation of 13 physico-
chemica (kernd length, kernd breadth, L/B ratio, water
uptake, volumeexpangonratio, amylose content, alkdi
spreading value), nutritiona (protein content, iron and
zinc content) and bio-chemica qudity parameters(tota
phenol content, flavonoid content, anti-oxidant activity)
by following standard procedures. Themean datawas
utilizedfor cdculaion of GCV, PCV, heritahility, genetic
advance percent over mean and the association
between nutritional and functional properties by
adopting standard statistical analysis.

RESULTS

All the colored rice genotypes used
inthe present study flowered earlier when compared
with the non pigmented control variety BPT 5204 and
recorded 120-135 daysduration. With medium dender
graintype, all the colored rice genotypesunder study
recorded 5.5-6.5t/hagrainyield. Alkali spreading
value (ASV) and amylose content (AC) are the
important cooking quality traitswhich determinethe
texture of cooked rice. Among the genotypes under
study, BPT 2841, BPT 2848, BPT 2858, BPT 3136,
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BPT 3140 and BPT 3144 manifested intermediate
akali spreading valueand amylose content, hencethe
cooked riceof al these genotypeswill besoft and flaky
which ismostly preferred by the consumers. Inthe
present study, the protein content ranged from 8.0%
to 14.2% and the black rice genotypesviz, BPT 3136,
BPT 3141, BPT 3143, BPT 3346, BPT 3144 and
BPT 2848 recorded >10% protein content. Among
red pericarp colored genotypes, BPT 2858 (12.82%)
followed by BPT 3111 (10.97 %) recorded high
protein content where asthe check variety BPT 5204
recorded 8.0% protein content in brown rice. In
addition, BPT 2848 and BPT 3136 were nominated
andevauatedinlVT- Bidfortificationtria under AICRIP
testing during kharif 2019-20. Among all the entries
tested inthistria over 10locationsspread over 7 states
inthe country, BPT 2848 recorded maximum mean
protein content of 10.5% in polished rice sample
followed by BPT 3136 which recorded amean protein
content of 9.36% whereasthe check DRR Dhan 45
recorded 6.43% and BPT 5204 recorded 7.36%
protein content which confirmstheresults of present
study. The genotypes viz., BPT 3141 (27.8ppm)
followed by BPT 3136 (27.0ppm), BPT 2858
(26.8ppm) and BPT 3145 (26.1ppm) recorded high
Zn content while BPT 2858, BPT 3111, BPT 3145
and BPT 3143 recorded Fe content of more than
10ppmin unpolished rice samples. The control BPT
5204 recorded 16.8 ppm Zn and 8.7 ppm Fe content
inunpolishedrice. Maximumtota phenol content (TPC)
wasexhibited by BPT 2858 (174.48mg/100g) followed
by BPT 3141 (156.31 mg/100g), BPT 3144
(150.82mg/100g) and BPT 3344 (148.65mg/100g).
Total antioxidant activity (AOA) and total flavonoid
contents (TFC) are higher in colored rice genotypes
when compared with non pigmented control variety
BPT 5204. Yuehan et al., (2018) also reported that
the free TPC of whole grain red rice and black rice
had significantly higher vauesthan that of whiterice.

The analysis of variance of two way
classfication reved ed sgnificant differencesamong the
genotypesfor al the charactersstudied. Theresultsof
various genetic parametersrevealed that maximum
phenotypic and genotypic coefficientsof variationwas
observed for total phenol content (51.2 and 49.3
respectively), whileprotein content (%) manifested the
least values (6.18 and 5.46 respectively). All the
characters studied manifested high estimates for
heritability ranging from 89.70 (flavonoid content) to
95.6 (tota phenol content). Additive genetic variance
isrequiredfor theestimation of heritability and response
to selectionisdirectly proportional to narrow sense
heritability. Themaximum vauefor genetic advanceas
percent of mean was observed for total anti-oxidant
activity (78.5) followed by flavonoid content (62.4).
High GCV and PCV coupled with high heritability and
genetic advance as percent of mean were observed
for total phenol content, total antioxidant activity,
flavonoid content, zinc content, iron content, protein
content and grainyiel d/plant suggesting an additivetype
of gene action. The choice of appropriate breeding
procedure dependson thetype of geneactioninvolved
in the expression of these characters in a genetic
popul ation and additive genetic variance is a pre-
requisitefor genetic gain under selection, becausethis
istheonly genetic variancewhich respondsto sdlection.
Hence, all these traits will be improved by simple
section.

Thecorrelation coefficientsca culated between
functional properties(total phenol content, flavonoid
content, antioxidant activity) and nutritiond parameters
reveded that tota phenol content manifested significant
and positive associ ation with total antioxidant activity
(0.625) (Fig.1). It also manifested positive and
significant relationship with flavonoid content (0.763),
Zn (0.574), Fe (0.545) and protein content (0.589)
suggesting that the colored genotypes used in the
present study arerich in micronutrientsand protein
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Fig 1: Correlation between total phenol content and antl-
oxidant activity
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content. High correlation between phenolic contents
and antioxidant activity werereported erlier indifferent
ricesamplesby Yuehanet al.,, (2018). Thecorrelation
of Fecontent with another micro nutrient Zinc (0.531)
isalso positiveand significant whiletherel ationship of
protein content with Feand Znispositive. Theresults
of thisstudy suggest that total phenol content, flavonoid
content, total antioxidant activity are positively
associated with each other and also with protein
content, Zn and Fe content, hence simultaneous
improvement of all thesetraitsisanticipated whichis
useful for isolation of genotypeswith beneficia hedth
effects.

CONCLUSIONS

The traditional glutinous black rice
varietiesof North Eastern Indiaare popular for their
nutritive value but possesstall plant stature, proneto
lodging and arelow yielding types. Hence, the colored
ricegenotypesreported inthe present investigationviz.,
BPT 2841, BPT 2848, BPT 2858, BPT 3136, BPT
3140 and BPT 3144 which had semi-dwarf stature,
early to medium duration (90-105 days for 50%
flowering), highyield potentia (5.5t/ha—6.5t/ha),
medium dender grain type coupled with good cooking
and nutritional quality parametersmay beexploited
commercidly.
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Successful hybrid rice breeding programme
necessitates continuous devel opment of diversified
parenta linesand their geneticimprovement for multiple
traitsof importance. Theyield advantagein the current
generationindicax indica hybridricelinesis15-20
% (1-1.5t.ha®) whereas, inindicax japonica hybrids,
itisaround 25-30%. In three-line system of hybrid
ricebreeding, identification of gable parenta linesfrom
diverseindica, tropicd japonicaandlinesderived from
indicax tropical japonica crossesisimportant with
respect to increasing the heterosislevels. Breeding
parental lines from inter-sub specific crosses i.e.
exploitation of heterosis using indica and tropical
japonicagermplasmisoneof thestrategiestoincrease
theyield potential of hybrids. The major objective of
this study was to breed intermediate superior and
diverse hybrid parenta linesfor the development of
heteroticricehybridsinIndia.

METHODOLOGY

Crosses were made using promising indica
parenta linesasfemae parentswith tropica japonica
lines as male parents. Segregating materialswere
advanced by pedigree method of breeding and 106
promising, stablegenotypes were developed by
selecting for important characterslikeindica plant type
and grain type with medium height and strong culm.
These promisingindicax tropical japonica derivatives
were screened for restorer (Rf4 and Rf3) and wide

compatibility (Sbn) genesusing reported candidate
gene specific markers. For molecular screening,
reported candidate gene specific markersviz., RMS-
PRR9-1 (Pranathi et al. 2016) for Rf4, RMS-SF21-
5 (Pranathi et al. 2016) for Rf3 and Sbn INDEL
(Sundaramet al. 2010) for Sbn were used. Based on
molecular screening, 50 genotypeswith variousaldic
combinations of Rf4, Rf3 andSbn were selected and
test crossed with one WA-CMSlinei.e. APMS6A
during kharif 2018 to validatethelr fertility restoration
ability at fieldlevd.

RESULTS

Out of 106promising indica x tropical
japonicaderivativelines, 2% wereidentified withthree
gene combination (Rf3/Rf4/S6n), 15 % of genotypes
were identified with both Rf3 and Rf4, 14% of
genotypes possessed only Rf4, 10 % of genotypes
carried Rf4 and Sbn gene combination and 13% of
genotypeswere observed to be completely devoid of
any of the genestested through marker analysis. Test
crossed F s were analysed for pollen and spikelet
fertility percent toidentify restorersand maintainers.
Out of two genotypes with Rf4, Rf3 and Sbn gene
combination, one (1JD38) behaved asrestorer and the
other genotype (1JD34) behaved aspartial maintainer.
Out of 16 genotypes with both Rf3 and Rf4, 11
genotypes were proved as restorers and remaining
genotypes behaved as partia restorers. Out of 6
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genotypeswith only Rf4, four genotypes behaved as
restorers and two behaved as partial restorers. Four
genotypeswith only Rf3 behaved aspartid maintainers.
Of 7 genotypeswith Rf4 and Son gene combination, 6
genotypes behaved as potential restorers. From the
present study, it can be concluded that Rf4 has a
gronger influenceonfertility restoration ability than Rf3.
It has been observed thatpresence of Sbnwith either
of the Rf3 or Rf4 hasincreased the spikel et fertility per
cent. However, the confounding effect of Son geneon
both thefertility restoration genesneedsto be studied
further.

CONCLUSION

Breeding intermediate superior parental lines
by introgressing thetropical japonica genome segments
possessing wide compatibility genesinto theindica
genetic background offers a new opportunity for
increasing heterosis levels in hybrid rice
breedingprogammes. The heterosis|evels between
selected indica WA-CMS lines and indica tropical
japonica derivatives lines are being evaluated.
Development of superior parental lines through
intersubspecific hybridization may broaden thegenetic
base of parenta pool inhybridrice.
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CAUSE AND EFFECT RELATIONSHIP AMONG YIELD AND QUALITY
ATTRIBUTES IN RICE

Ramesh Babu P and Sreelakshmi Ch.*

Agricultural Research Sation, Nellore-524003, Andhra Pradesh, India
*Corresponding author email: sreelakshmi.angrau@gmail.com

With the advent of dwarf genesaspectacular
improvement of yield wasnoticed inrice. We could
able to meet the food requirement of the country’s
population but also reached to a phase of export to
other countries. Dueto the concerted efforts of many
breeders, many high yielding rice varieties were
developedwhichweresuitablefor different agrodimetic
conditions. Both yield and quality traitsinricewere
not easily amenabl e to selection dueto its complex
natureand are polygenictraits. Beforeformulation of
any breeding programmeabetter understanding of the
relationship between theyield anditsattributing traits,
quaity parametersisaprerequisite. Hence, the present
study wasformulated to study the associ ation among
yield and quality traitsinricefor selected crosses.

MATERIALAND METHODS

The experimental material consistsofseven
parentsviz., Erramaldu, IR 72, IR 64, sambamahsuri,
Swarnamukhi. Bharani and NLR 33637, its21 F s
and Fsderivedthrough didlell mating (Griffing 1956).
Theinterrdationshipsamong yied andyield components
and cooking attributesin parents, F sand F,salong
with direct and indirect contribution of yield and its
component characterstowardsyield , quality traits
towards protein content were studied (According to
Wright, 1921; Deway and Lu, 1959).A tota of twenty
four charactersweretaken for study.

RESULTSAND DISCUSSION

Simplecorrel ation coefficientswere computed
among different character pairsi.e., yieldandyield
componentsfor three setsincludes seven parents, 21
F,sand 21 F,sto study the nature and magnitude of
interrelationshipsamong different character pairs. The

resultsindicated that there was positive association
between grainyield and daysto 50% flowering, ear
bearingtillersper plant and primary branches per plant
inparents. In F1syield was positively correlated with
plant height, ear bearing tillersper plant, paniclelength,
primary branchesper panicle, filled grainsper panicle
and kernel breadth. The associationin F, generation
between yield and daysto 50% flowering, plant height,
ear bearingtillersper plant and filled grainsper panicle
waspositive.

Correlation of protein content was studied for
grain dimensions, milling and cooking charactersfor
thethree setsreved ed that test weight was positively
associated withkernd length, L/B ratioin parents, while
inF sitwasassociated with kernel length, L/B ratio
andinF, itwascorrelated withkernel Iengthand kernel
breedth only indicating theimportanceof kernel length,
breadthand L/bratioinisolatingricevarietieswithfine
granqudlity.

Chakinesspercentage, anundesrabletrait was
associated with kerndl length, L/B ratio and test weight
in F1and with kernel breadth only in F, generation,
suggesting that the characters viz., kernel length,
breadth, L/b ratio and test weight can be used as
selection criteria, while selecting genotypeswith low
chalkinesspercentage.

Hulling percentagewas correl ated with kernel
breadth in parents and F s, while milling % was
associated with hulling percentage in parents. The
positive association was al so observed with hulling
percent in parents. The positive correlation was a so
observed between head rice recovery and hulling
percent, kernel lengthin parentsonly. Kernel breadth
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after cooking was positively associated with kernel
length, L/B ratio in parents and with water uptake,
volume expansion in F, generation. The positive
rel ationship wasa so observed between thetraitskernd
length after cooking and water uptakein parents, F,
and F, generations and between kernel length after
cooking and volumeexpansionin F, generation.

GT score was also associated with amylose
content, kerndl length and milling percentage, headrice
recovery and kernel breadth in F_s. Protein content
was correlated with test weight, hulling percentage,
head rice recovery, kernel breadth in parentsand it
was correlated only with head ricerecovery in F sand
withL/BratioinF.s.

Thepathandysisrevededthat in parents, F s
and F,sear bearing tillers per plant and filled grains
per paniclewerethemajor direct contributing factors

for grainyieldfollowed by test weight warranting their
inclusion during selection of genotypeswith highgrain
yield.For protein content the major contributing factors
were head ricerecovery followed by kernel breadth
and L/bratio both directly and indirectly through other
characters suggesting theimportance of thesetraits,
whilesdecting lineswith high protein content.
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CHARACTERIZATION OF ELITE TEMPERATE RICE (ORYZA SATIVA. L)
OF KASHMIR HIMALAYAS
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Rice(OryzasativaL.) isoneof thefew crops
endowed withrichgeneticdiversity. Riceinthedtateis
grown across diverse agro-ecological conditions
ranging from subtropica zoneof Jammu (>200mamd)
to temperate high atitudesregion of Kashmir (2300m
amdl) spread between 30.4°N to 34.38°N latitude and
74.0°E to 75.25°E longitude. Rice cultivationis an
integral component of rich cultura heritage of thestate
andisaprimary sourceof caloriesinthe people'sdiet
compared to wheat and maize (Ngjeeb et al., 2017).
Agro-morphological parametersof thericecultivars
determinetheir yidd potentia, local agronomicsuitability
and ability to escape from or to tolerate biotic and
abiotic stresses. Ricegrain qudity traitsencompassthe
totality of al characteristicsand featuresof riceor the
rice productsthat meetsthe consumer demandsand
preference (Siddiqui and Kammamaru, 2007). A
number of rice varieties are being grown across
Kashmir valey belonging to two subspeciesof ricesuch
asindica and japonicadueto their suitability under
different ecotonesof thevalley.

METHODOLOGY

The experimental material consisted of 51
genotypes and was evaluated in randomized block
design (RBD) with three replications at Mountain
Research Centre for Field Crops (MRCFC),
Khudwani. Net plot sizewas5mPwith row to row and
plant to plant distance of 20cmx 15cm. Themainaim
of thisstudy wasto characterize ditericegermplasm
for variousagro-morphological and qudity traits. Grain
and cooking quality characteristics and other post

harvest featureswererecorded asper DUSguidelines
following Standard Evauation System of IRRI.

RESULT
Significant amount of genetic variability was
observed for all agro-morphological and cooking

Table-1: Frequency digtribution of thegenotypesintodifferent
classesfor important traits

Characteristics States No. Freguency
Daysto 50 % flowering

Early (80-90) 14 275%

[ ntermediate (90-100) 2 54.9%

Late(>100) 9 17.6%
Paniclelength (cm)

Short (16-20 cm) 14 275%

Medium (21-25cm) K3 68.6 %

Long (26-30cm) 2 39%
No. of effectivetillersper plant

Very high (>25) 0 0%

Good (20-25) 2 39%

Medium (10-19) viel 96.1%

Low (5-9) 0 0%
Daysto maturity

Very early (<120) 1 1.96%

Ealy (120-125) 10 19.61%

Intermediate (125-135) 29 56.86%

Late(>135) n 21.57%
Plant height (cm)

Semi dwarf (<90cm) 13 255%

Intermediate(110-130cm) b 68.6%

Tal (>130cm) 3 59%
Grainyield (g/ha)

High (>90 g/ha) 8 15.7%

Medium (70-90 g/ha) 3 451%

Low (50-70g/ha) 8 15.7%

Very low (<50 g/ha) 1 235%
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Table-2: Classification of genotypeson thebasisof someimportant cooking quality traits.

Name Amylose (%) ASV Aroma GC(mm)
China-1007 Intermediate Intermediate Non scented Hard
China-1039 Low Intermediate Non-scented Hard
Chenab Intermediate Intermediate Non-scented Hard
Jhelum Intermediate Intermediate Non-scented Medium
SR-1 Intermediate Intermediate Non-scented Hard
SR-2 Intermediate Intermediate Non-scented Hard
SR-3 Intermediate Intermediate Non-scented Hard
R4 Intermediate Intermediate L ow-scented Hard
SKUA-292 Intermediate Intermediate Non-scented Hard
SKUA-403 Intermediate Intermediate Non-scented Hard
SKUA-406 Intermediate Intermediate Non-scented Hard
SKUA-410 Intermediate Intermediate Non-scented Medium
SKUA-412 Low Intermediate Non-scented Medium
SKUA-415 Low Intermediate Non-scented Hard
SKUA-420 High Intermediate Mild-scented Soft
SKUA-478 Intermediate Intermediate Non-scented Soft
SKUA-483 Intermediate Intermediate Non-scented Medium
SKUA-484 Intermediate Intermediate Non-scented Hard
SKUA-485 Low Low High-scented Medium
SKUA-486 Low Intermediate Non-scented Hard
SKUA-487 Low Intermediate Non-scented Hard
SKUA-483 Intermediate Intermediate Non-scented Medium
SKUA-491 Intermediate Intermediate Non-scented Medium
SKUA-494 Intermediate Intermediate High-scented Medium
SKUA-495 Intermediate Intermediate Non-scented Hard
SKUA-49%6 Intermediate Intermediate Non-scented Soft
SKUA-497 Intermediate Intermediate Non-scented Hard
SKUA-499 Low Intermediate Non-scented Medium
SKUA-500 Intermediate Intermediate Non-scented Hard
SKUA-501 Intermediate Intermediate Non-scented Medium
SKUA-502 Low Intermediate Non-scented Soft
SKUA-521 Low Low Non-scented Hard
SKUA-522 Low Intermediate Non-scented Hard
SKUA-523 Low Low, intermediate Non-scented Hard
SKUA-524 Intermediate Low, intermediate Non-scented Hard
SKUA-525 Low Intermediate Non-scented Hard
SKUA-526 Low Low, intermediate Non-scented Hard
Purplerice Low Intermediate Non-scented Soft
Heera Low Intermediate Non-scented Medium
Koshihikari Low Low, intermediate L ow-scented Medium
K-332 Low Low Non-scented Medium
Name Amylose ASV Aroma cC
Kohsar Low Low Non-scented Soft
SR5 Low Intermediate Non-scented Medium
Mushkbudji Low Low, intermediate High-scented Medium
Kamad Low Low, intermediate L ow-scented Hard
Pusa Sughand-3 High Intermediate High-scented Medium
SKUA-514 Low Low Non-scented Soft
SKUA-505 Low Low Non-scented Hard
Nunbouel Low Low, intermediate L ow-scented Medium
Tangdar zag Low Low, intermediate Non-scented Hard
Aromatic zag Low Low Mild-scented Hard

ASV=alkali spreading value, GC= gel consistency (mm)
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quality traits. Further the genotypes could also be
differentiated onthebasi sof morphological traitssuch
asplant height, daysto 50 % flowering, paniclelength,
number of effectivetillers/plant and daysto maturity
etc and frequency distribution givenin Table-1. Also
cooking quality characteristics of each genotypeis
mentionedin Table-2.

CONCLUSION

Thegenotypeshave recently been devel oped,
thereforethelr characterization for varioustraitsshal
help their usein futurerice breeding programmefor

improvement of most popular typeslacking oneor other
traits. Also characterization shall helpinregistration
process with PPV & FRA and ICAR-NBPGR after
their releaseand notification.
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DISSECTION OF GENETIC VARIABILITY AND DUS CHARACTERIZATION
IN ELITE TEMPERATE GERMPLASM OF RICE (Oryza sativa L.)
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Existenceof basdlinegeneticvariability inrice
(Oryzasativa L.) or inany other cereal cropisessential
that holds a key in improving both production and
productivityfor both subs stenceaswell asto meet ever
increasing demand of global rice supply. The
improvement of riceproductioninIndiaismorecrucia
in view of foodsecurity concerns due to growing
popul ation. Essentidly variability denotestheexistence
of differences between the individuals of plant
population dueto their genetic configuration and the
environment inwhichthey areraised up. Themagnitude
of phenotypicdidribution sgnifiestherangeof flexible
selectionwith referenceto particular and potentid trait
for improvement(Sumanthet al., 2017). Classifying
genetic variability traits are both quantitative and
quditativeinnature, which manifessdifferentidly under
diverseclimatic conditionsdueto crossinteractionsof
genotypeswith environmenta featuresi.e. for yiddand
yield attributing traits.Rice genotypeshave agreater
genetic diversity than elite cultivars (commercial
cultivars)and represent an intermediate stage in
domestication betweenwildriceand ditecultivarsand
this facilitates rice breeding while simultaneously
maintaining most of thediversity inricegermplasm
repository. Once the variety or novel genotype is
developed and identified, itsnovelty or uniquenesshas
to be critically evaluated through characteristic
descriptor guidelines. The concept of distinctness,
uniformity and stability are fundamental to the
characterization of avariety asauniquecreation (Raui,
2003). Agro-morphologica and qudity characterization
of germplasm is fundamental in order to provide
information for plant breeding programmes.in the

present investigation aset of ricegenotypesincluding
eliteand pipeline advanced rice material sweretested
acrossdiverseecologica nichesfor the assessment of
existing genetic variability and further characterized
for their agro-morphological and grain quality
parameters to ascertain the benchmark values and
descriptor featuresfor their uniqueidentification.

METHODOLOGY

The experiment was carried out at three
locationsi.e. Mountain Research Centrefor Fidld Crops
(MRCFC), Khudwani (34°N latitude and 74° N
longitude at 1560mamd) (E1), Faculty of Agriculture
(FoA), Wadoora (34° N latitude and 74° Elongitude
at 1580m amdl) (E2) and Pombay, Kulgam (33.6° N
latitude and 75.0° Elongitude at 1739m amdl) (E3) of
Sher-e-Kashmir University of Agricultural Sciencesand
Technology of Kashmir, during kharif season of
2018.Theinvedigationwaslad outinrandomized block
designwith threereplications at each location with
spacing 15 x 20 cm.

RESULT

A wide range of genetic variability was
observedfor dl thetraitsthat varied differentialy across
diverse environments as evident from the ridge
distribution pattern. The observed distributionismore
conspicuously non-overlapping with respect to
significant number of traits. This ascertains that
phenotypic range distribution pattern changeswith
changing environment specificaly either inincreased
or decreased manner defining aclassified existence of
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variationamong genotypesfor different traitsat different
locations. It isalso observed that the distribution and
spread of thedataisdifferent in caseof daysto maturity,
flag leaf width, daysto 50 per cent flowering andtiller
count. It was also observed that theseyield and yield
attributing traits exhibited a linear and non-linear
associations with each other as depicted in. It is
revealed that total grains per panicle showed linear
relationship (direct effect) withfilled grainsper panicle,
grainyield showed linear relationship with biological
yield. Also, amongthequdlity traits, grainlength showed
linear relationship (direct effect) with grain length
breadth ratio, decorticated kernel length and kernel
length after cooking.

To establish distinctiveness genotypeswere
characterized for agro-morphologica traitsand quaity
traits(Fig. 1).
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CONCLUSION

Thetested genotypes hold acolossal amount
of variability for mogt of thetraitsat eachlocation. Also
the genotypeswerediversetherefore, the systematic
characterization of these genotypes is pivotal to
recognize desired traits. It will pavethe approach to
widenther utilization Srategies.
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Fig. 1: Frequency distribution for different agro-mor phological and quality traits
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IRC/TM-1/PP-27

PBNR 03-2 : HIGH YIELDING VARIETY OF PADDY RELEASED FOR
MARATHWADA REGION OF MAHARASHTRA STATE

A. K. Gore, S. B. Borgaonkar and A. B. Jadhav

Upland Paddy Research Scheme, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani
*Corresponding author Email: akgoremkv@gmail.com

Rice is staple food of two third of world
population. Indiaranksfirstin acreageand secondin
production at global level. Riceiscultivated intwo
ecosystemsin Marathwadaregion asrainfed Upland
and irrigated Upland. The seedsare sown by drilling
method in black cotton soils. Previoudy releasedrice
varieties were resistant to lodging (Prabhavati and
Parag) but thosevarietiesarelow inquality parameters.
Thesevarigtiesd so showed grain shattering at maturity
sage. Hencethereisurgent need to devel op semi
dwarf gtature, non shattering, early maturity and high
yield potentia variety of Paddy with resstanceto stem
borer. Stem borer isthe major pest of upland paddy
cultivationin Marathwada. Thevariety PBNR 03-2
was developed by adopting pedigree method of
breeding from across of PBNR 52 X |IET 12077 at
Upland Paddy Research Scheme, Vasantrao Naik
MarathwadaKrishi Vidyapeeth, Parbhani. Thevariety
PBNR 03-2wastested in preliminary stationtrid during
kharif 2006 at Parbhani. Inonestationtrial conducted
during kharif 2006 at Parbhani locationthevariety has
recorded 35.11 percent and 23.98 percent higher
yield over Parag and Avishkar (checks) respectively.
On an average five advanced varietal trials over

mulltil ocationswere conducted during 2007 t0 2011 in
M aharashtra ( Basmathnagar, Somnathpur, Parbhani
and Rahuri) (Table No. 2). Thevariety PBNR 03-2
recorded 13.71 percent and 31.89 percent higher
yield over Parag and Avishkar (checks) respectively in
advanced varietd trial during Kharif 2007. Thevariety
PBNR 03-2 recorded 25.26 percent and 14.53
percent higher yield over Parag and Avishkar (checks)
respectively in advanced varietal trial during Kharif
2008. The variety PBNR 03-2 recorded 23.76
percent and 16.67 percent higher yield over Parag
and Avishkar (checks) respectively inadvanced varietd
trial during Kharif 2009. The variety PBNR 03-2
recorded 13.62 percent and 0.34 percent higher yield
over Parag and Avishkar (checks) respectively in
advanced varietd trial during Kharif 2010. Thevariety
PBNR 03-2 recorded 20.05 percent and 32.47
percent higher yield over Parag and Avishkar (checks)
respectively in advanced varietal trial during Kharif
2011. Theoverall increaseinyield at all locationsin
advanced varietd trialsduring 2007 to 2011 was 19.20
percent and 19.18 percent higher yield over Parag
and Avishkar (checks) respectively.
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IRC/TM-1/PP-28

COMPARATIVE STUDY OF RICE CULTURES AT UPLAND PADDY
RESEARCH SCHEME, PARBHANI

A.K. Gore, S. B. Borgaonkar and A. B. Jadhav

Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani
*Corresponding author Email: akgoremkv@gmail.com

Riceisconsumed asmajor source of calories
inAsian countries. Riceisastaplefood for morethan
half of theworld'spopulation, and 90% of theworld's
ricecomesfromAsia. Riceisamain stapleinmore
than 100 countriesworldwide. In some households,
riceisincluded with morethan onemeal aday. This
garchy high-cdoriegrainisgeneradly low cost, making
it accessibletoal and avital baseof many diets. Each
country showcases a rice specialty to reflect local
spicesand taste preferences: risottoin Italy, pagllain
Spain, jambalayainthe southern U.S., coconut ricein
Colombia, steamed ricein China, rice and beansin
Mexico, and sweet ricein Portugal. Itisalso regarded
as life. Rice is cultivated in two ecosystems in
Marathwadaregion asrain fed Upland and irrigated
Upland. Theseedsaresown by drilling methodinblack
cotton soils. The experiment was conducted at Upland
Paddy Research Scheme, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani. The

experiment waslaid down inrandomized block design
by using 10 culturesof rice. Theexperiment wassown
during Kharif 2018. All the recomonded package of
practiceswerefollowed toraisegood crop. Theculture
PBNR 11-23 (3846 kg/ha) recorded highest grainyield
followed by PBNR 11-22 (3590 kg/ha) over check
PBNR 03-2 (2872 kg/ha) and Avishkar (3265 kg/ha).
Theremaining rice cultureswerefound non significant
over both the checks. The maximum plant height of 88
cm was recorded in rice culture PBNR 11-25. The
rice culture PBNR 11-23 wasfound early in 50 per
cent flowering (76 days). Thericeculture PBNR 11-
23 recorded maximum paniclelength (30cm). Maximu
number of tillerswerenoted inrice culture PBNR 11-
23 (290). The rice culture PBNR 11-25 recorded
maximumnumber of spikelets. Theoveral performance
wasfound promisingin caseof culture PBNR 11-23
at Parbhani location.
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DYNAMICSOF STARCH FORMATIONAND GENE EXPRESSION DURING GRAIN FILLING
AND ITSPOSSIBLE INFLUENCE ON GRAIN QUALITY.

D. Sanjeeva Rao*, N. Siromani, K. Krishnakanth, M SheshuMadhav, C. N. Neeraja and
D. Subrahmanyam

ICAR-Indian Institute of Rice Research, Rajendranagar, Hyderabad-500030, India
*Corresponding author Email: sraodurbha@gmail.com

Afteryield, grain quality isimportant for the
large-scale adoption of a variety. Grain quality is
assessed to determine milling yield, grain type,
chalkiness and cooking quality before selecting
desrablericevarieties. Cooking quality includesaroma,
akdi spreadingvdue(ASV), gd conagtency (GC) and
gpparent amylose content (AC). Aromaof cookedrice
isexamined by trained pane membersandisprescribed
for basmati and aromatic short grains. ASV indirectly
represents the gel atinization temperature of starch
granule during cooking. GC givesthetendernessor
hardness information of the cooked grain. AC is
considered as chief cooking quality indicator and it
indicates the presence or absence of stickiness of
cooked grains. Generdly, low or waxy (0%) amylose
form ticky cooked grainswhile cooked grainsarewell
separaedinintermediateto highamyloserice However,

43 B3 40 &5 A A4

theinterrel ationshipsbetween amyloseand other qudity
andrheologicd parametersexhibited variationsamong
similar amylose containing varietiesand the predicted
cooking quality isnot realized dwaysand it istill
dusve
OBJECTIVE

Asdgarchisthemaor component of ricegrain,
quality analyssisbeing done on 3 monthsaged paddy
and amylose quantity isinadequate to explain these
variations. Hence, this study focused on starch
biosynthessduringgrainfilling.
METHODOLOGY

Twenty varietiesalongwithimproved Samba
mashuriwere used for quality. Panicleswere collected
at eachfive-day interval during grainfilling period for
phenotypic and gene expression analysis.

& 1m M ] im 41 141 40 143

FigureCorrelation between grain quality parameter sand gene expr ession of star ch metabolizing enzymes
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Photosynthetic rate of flag leaf wasmeasured. Grain
weight was measured in brownricegrains. AC and
amylopectin (AP) content wereestimated inindividua
grainsunder non-interfering conditionsby measuring
theintensity of respectiveiodine complexesat 620 and
520 nmwavel engths. Geneexpression (rea-time-PCR
andys s)wasandyzed usng fourteen reported primers,
GBSSI and 1l and SBEI, Ila and I1b, ADPGP2a,
ADPGP3, SDBE1, SDBE2, SDBE3, DP2, SS1, SS3b
& SHAA inthegrainsof upper branches.

RESULTS

Grainfilling wasinitiatedin multiplebranches
of panicle. Grain weight indicates the stage of
development beforeitscharacteristicweight isreached.
Amyloseincreased whileamylopectin decreased with
increaseingranweght. Amylopectintoamyloserétio
and expression of four genesweresimilar for ISM and
Tellahamsa. All the genes (except SDBE2) were
expressed on all intervalsin ISM. Expression of all
geneswere observed at someintervalsin Jaya, MTU

1010 andVikramarya. ADPGP2a, ADPGP3 and SS3b
genesin Tellahamsa, ADPGP3 aonein Swarnadhan,
ADPGP2aand SDBE3in DRRDhan 39, ADPGP2a
and SS1 in Rasi, ADPGP2a, SDBE3 and SH4A in
Varadhan, ADPGP2a, ADPGP3 & SDBE3in Nidhi
and ADPGP2a, ADPGP3 & SDBELin Sampadawere
expressed at dl intervals. Multiplecorrelation anaysis
indicatessignificant negetive correlation betweenASV
and GC, amylopectin content (AP) and GC,ASV and
SBE1landASV and SBE2b. Chainlength variationsin
branching appearsasthereason for thevariationin
granquaity among smilar AC containing varieties.
CONCLUSION

Absence of SBEIIb expression in some
varieties indicates the absence of short chains in
amylopectin. Variation in expression can produce
variationinbranching density leading to variationin
cooking qudity. Thisindicatesthat process(grainfilling)
candictate product (harvested grain).

78]
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IRC/TM-1/PP-30

PYRAMID BREEDING OF THREE DROUGHT TRAIT YIELD QTL
THROUGH MAB IN RICE (ORYZA SATIVA L))

Alpana Anupam* and Nimai Prasad Mandal

Central Raifed Upland Rice Research Sation (ICAR-NRRI), PB-48, Hazaibag-825301, Jharkahnd, India
*Corresponding author email: alpanabiotech.anupam@gmail.com

Riceyield stability requiresan attenuation of
thereduction of yield losses caused by environmental
stresses such as drought. More than 44 per cent of
India’s areas were under various degrees of drought
conditions(abnormally dry to exceptiondly dry) asof
June 10, 2019 — that is nearly 11 percentage point
over a year ago, according to the Drought Early
Warning System (DEWS).Drought isoneof themgjor
constraints to rice production in rain fed areas.
Worldwide, drought affectsapproximately 23 million
haof rainfed rice. Theincreased frequency of drought
inrainfed areasthreatensrice production and demands
the devel opment of ricevarietieswhich are capable of
highyield under stress. Riceishighly susceptibleto
water stressduring the reproductive stage, leading to
significant reductioningrain GY (Kamoshitaetal.,
2008). Theyield lossmagnitude dependsonthegrowth
sageand duration, the severity of Drought Stress(Gana
et a., 2011). Using grain yield under stress as the
primary selection criterion, severd QTLscontributing
toyield under drought stressat thereproductive stage
haveaso beenidentified, suchasgDTY  , (Vikramet
al. 2011; Ghimireetal. 2012), qDTY,, (Venuprasad
eta. 2009), qDTY,,, (Venuprasad et d. 2007; Swamy
et al. 2013), qDTY,, (Venuprasad et
al. 2009), qDTY,, (Swamy et al. 2013), qDTY
(Venuprasad et al. 2012), gDTY , (Swamy et
al. 2013), and gDTY ,, (Bernier et al. 2007).
AccordingtoArvindeta (2018)., researcherswill need
introgression the combination of 13-15 genes/QTLSs
through cogt-effective M A Sdrategy breeding program
todeve op climateresilient and better ricevarieties. To
understand theinteractionsamong geneticloci QTL
pyramidingisrequired. Inricebreeding programsQTL

pyramiding also improvethe efficiency of marker-
assisted selectionfor desirableloci.

A mgor QTL for grainyield under reproductive
stage, gDTY1.1, was identified and thisis the first
reported QTL inricewithamajor and consistent effect
in multipleelite genetic backgrounds (Vikramet al.,
2011). Another QTL,gDTY2.2, dsolinked withgrain
yield under reproductive stage drought stress was
identified from acrossof drought gDTY parent Aday
sel and IR64 at IRRI (Swamy et al., unpublished).
gDTY .. to bethelargest and most consistent QTL
affecting yield under drought conditions(Dixitetal.,
(2017). Shamsudin et al. (2016) identified positive
digenic interactions of gDTY,, and qDTY,, with
gDTY,, , enhancing overall expression of drought-
related traits. Interactionof qDTY,, with gDTY, |
and gDTY,,, reduces the flowering duration and
subsequently increasesGY under stress(Vikramet d.,
2016). Similar interactionof qDTY2.3and qDTY3.2
withgDTY12.1inaVandanabackground (Dixit et al.
2012b); gDTY2.2andgDTY3.1withgDTY12.1inan
MRQ74 background (Shamsudin et al. 2016); and
gDTY2.2+DTY4.1linan IR64 background (Swamy
et al. 2013) wasobserved.

gDTY1.1 showed positiveinteractionswith
gDTY2.1,9DTY2.2,andgqDTY3.1, whereasqDTY2.2
showed positiveinteractionswithqDTY4.1,gDTY12.1,
andgDTY3.1. gDTY3.1 showed positiveinteractions
withgDTY1.1,gqDTY2.2,gqDTY12.1,gDTY6.1, and
gDTY6.2 (Arvindet a., 2018).

OBJECTIVE

Theam of thisstudy wasto pyramid drought
QTLs,gDTY3.1,gDTY2.2,andgDTY1.1invariety
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having submergence QTL SUBL to develop high
yielding drought and submergenceDTY variety through
marker assisted backcross breeding approach.
METHODOLOGY

Two drought qDTY breeding linesdevel oped
a IRRI, Philippines, IR102784:2-42-47-2-1-4 (P1)
and IR 102796-14-77-2-1-2 (P2) were used in the
study for crossing which have already drought QTL
gDTY2.2and submergence QTL SUBL.Breedingline,
P74-41(P3) which hasQTL gDTY3.1 developed at
Central Rainfed Upland Rice Research Station
Hazaribag, Jnarkhand used asdonor of gDTY3.1. P1
and P2 were crossed with P3 plant. DNA isolation of
F1 plantsdone by modified CTAB method (Murray
and Thompson, 1980).Foreground selection of F1
plantsfortheQTLsgDTY1.1,gDTY2.2andgDTY3.1
was done by QTL linked RM markers gDTY1.1
(RM11943, RM 431 and RM3825), qDTY2.2
(RM279, RM236) and gDTY3.1 (RM520)
respectively.
RESULT

15 F1shavefound with the crossing between
parents P1, P2 and P3.Among 15 Flsonly 13 F1s
have QTL gqDTY2.2, 11 F1s have QTL gDTY3.1.
Among 15 F1 plants only 10 F1 plants have both
drought QTLs qDTY2.2 and gDTY3.1. We have
crossed these F1swith gD TY1.1 donor lines(102796-
14-77-2-1-2 and IR102784 -2-118-22-1-1-2). We
have get crossed seeds and now sown these seedsin
phenotype.

CONCLUSION

In this study, we are trying to pyramid high
yidding drought tolerant QTL sinto highyiel ding drought
susceptiblevariety which have aready submergence
QTL through MAB approach. Marker assisted
backcross provide aunique opportunity to combine
multipletrait specific QT Lswith other stress-tolerant
traitsinvery short time. May bethesevarietiesserve
asvaluablegenetic materia and reducetheyieldlosses
dueto drought and flood prone areas.
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IRC/TM-1/PP-31

DECIPHERING GENE ACTION FOR SOME QUANTITATIVE CHARACTERS
IN RICE (Oryza sativa L.)

Amrita Kumari®, B. K. Senapati and Anita Roy Aich

Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal-741252, India
*Corresponding author e-mail: amritamishra241092@gmail.com

Rice isthe premier food crop of the world,
contributing to 73 percent of thetota calorieintake of
the population. Yield traits are dependent on their
expressononseverd morphologica and developmentd
traits which areinterrel ated with each other. Generation
mean andydsisavery ussful techniqueused to estimeate
geneactionfor apolygenictrait. Thereforethe study
was carried out to estimates the gene actions, i.e.,
additive, dominanceand epistatic effectsby usingfive
parameter model (generation mean analysis).

MATERIALSAND METHODS

The experiment was carried out at the
Instructional Farm, Bidhan Chandra Krishi
Viswavidyaaya, Jaguli, Nadia, West Bengal during
2017-18. The Crossing was made between different
ricevarietiesi.e, Mahsuri x Bhutmuri and IR 36 x
Bhutmuri during Kharif seasonto obtain the F, seeds
of the said crosses. Theexperiment waslaidin RBD
withfour replications. Observationswererecorded on
10 plantsin case of parentsand F, 30 plantsof F, and
60 plantsin F, for different characters.

The analysisof variance wasworked out to
test the differencesamong genotypesby F-test. The
Scaling test as described by Mather (1949) and
Hayman & Mather (1955) was used to check the
adequacy of theadditive-dominancemode for dilerent
charactersin each cross. Five parameter model was
estimated by the Hayman (1958) and Jinks & Jones
(1958) model.

RESULTSAND DISCUSSION

Analysis of variance revealed significant
differences among the parents, F_hybrids and F,

generdionagang dl charactersstudied. The Generation
mean analysisfor eighteen quantitative characters of
different generationsfor Cross| and Crossl| havebeen
presentedin Tablel respectively. TheCand D scaling
test for all the charactersin thetwo crosses showed
that at least oneor bothwerefound sgnificantindicating
thepresenceof non-dldicinteractionintheinheritance
of the characters under study. Both the crosses
exhibiting non-allelicinteraction for theinheritance of
amost al thetraitsstudied. However the characters
number of grains per panicle and harvest index
percent(%) in cross| and 1000 grainsweight () in
cross showed nonsignificant valuesfor both Cand D
scales indicating the non-interacting mode of
inheritance. From the table 1, Simple additive-
dominance model wasfound to beinadequate which
showsthe presence of non- aldicinteractionfor days
to 50 percent flowering, daysto maturity, number of
panicles per plant, number of primary branches per
panicle, number of secondary branchesper paniclein
Crossl andfor plant height(cm), number of tillersper
plant, number of panicles per plant, number of grains
per panicle, number of filled grainsper panicle, and
fertility percentage (%) in crossll. Similarly, Smple
additive-dominance (3-parameters) model wasfound
to be adequate which showstheabsence of non- dlelic
interaction for plant height(cm), number of tillersper
plant, paniclelength, number of grains per panicle,
number of filled grains per panicle, fertility
percentage(%v), 1000 grainweight(g), grainlength(mm),
grain breadth(mm), grain L/B ratio, straw weight(g),
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Frrr ottt rr harvest index (%) and grainyield per plant(g) in Cross
| Furthermore, additive-dominance modd isadequate
for daysto 50 percent flowering, daysto maturity,
paniclelength(cm), number of primary branchesper
- terrerre e panicle, number of secondary branches per
panicle, 1000 grainweight(g), grainlength, grain breadith,
granL/B ratio, straw weight(g), harvest index (%) and
grainyield per plant(g) in CrosslI. In Cross| dl gene
electsfor daysto maturity, number of primary branches
per panicle and number of secondary branches per
panicleweresgnificant except dominance gene effect
in daysto 50 percent flowering and number of panicles
per plant. Roy and Senapati (2011) al so reported that
the dominance effect wasnot significant for thedaysto
50% flowering. In the case of the adequacy of the
Simpleadditive-dominancemodel, only additivegene
electsweresgnificantinpaniclelength, granL/B rétio,
straw weight (g) and grainyield per plant(g). Similarly,
Only dominance geneeffect wassignificantingrain
breadth (mm). In plant height(cm), number of grains
per panicle, number of filled grains per panicleand
harvest index (%) both additive and dominance gene
ellectsweredgnificant. In Crossl| al geneefiectsfor
plant height, number of tillers per plant, number of
paniclesper plant, number of filled grainsper panicle
and fertility percentage were significant except
dominancex dominancegeneeffect innumber of grains
per panicle. Inthe case of the adequacy of thesmple
additive dominance model, only additive gene effect
wassignificant ingrain breadth (mm), straw weight (g)
andgrainyield per plant(g). Similarly only dominance
gene effect was significant in, daysto maturity and
number of primary branches per panicle.
CONCLUSION

From thisexperiment all the different typesof
interactions were observed for most of thetraitsin

Crossl and Crossl|. Itisworth noting that the presence
of an additive, dominance, additive x additive and

Epistasis

d

m
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2.27
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0.027
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0.3
0.071
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432
144
322

joint scaling test Five parameter model
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0.26£0.18
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dominance x dominance interaction effects were
present aong with either duplicate dominant epistasis
or complementary recessive epistasisfor most of its
traitsincross| and cross|1. Selection may beddayed
to later segregating generationsfollowed by recurrent
selection. Selection proceduresi.e, pureline selection,
mass sel ection, progeny selection, hybridization and
sdlectionwith pedigreebreedingissufficient to harness
the additive gene action. Heterosis breeding and
recombinant breeding with the postponement of
sdection at |atter generationsareeffectivein harnessing
dominancegeneactiontothefull extent. So, biparenta

mating design, reciproca recurrent selectionand didld
sdectivemating sysem might beprofitableinexploiting
both additive and non additive gene action to obtain
desirablerecombinants.
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IRC/TM-1/PP-32

GENERATION MEAN ANALYSIS (FIVE PARAMETER MODEL) FOR SOME
QUANTITATIVE CHARACTERS IN RICE(ORYZA SATIVA L.)

Amrita Kumari*, B. K. Senapati and Anita Roy Aich

Bidhan Chandra KrishiViswavidyalaya, Mohanpur, Nadia, West Bengal-741252
*Corresponding author e-mail: amritamishra241092@gmail.com

Rice is the mgor cerea food crop of the
world,contributing to 73 percent of thetotal calorie
intake ofthe population.Yield traits are dependent on
their expression on several morphological and
developmentd traits, which areinterrel ated with each
other. Generation mean analysis is a very useful
technique used to estimate gene action for apolygenic
trait. Thereforethe study was carried out to estimates
thegeneactions, i.e., additive, dominanceand epidtatic
effectsby usngfive parameter model (generation mean
andyss).

MATERIALSAND METHOD

The experiment was carried out at the
Instructional Farm, Bidhan Chandra
KrishiViswavidyalaya, Jaguli, Nadia, West Bengal
during 2017-18.The Crossing was made between
different ricevarietiesi.e Mahsuri x Bhutmuri and IR
36 x Bhutmuri during Kharif season to obtainthe F,
seedsof thesaid crosses. The experiment waslaidin
RBD with four replications. Observations were
recorded on 10 plantsin case of parentsand F, 30
plants of F, and 60 plants in F_for different
characters. Theanaysis of variance wasworked out
to test the differencesamong genotypesby F-test. The
Scaling test as described by Mather (1949) and
Hayman & Mather (1955) was used to check the
adequacy of theadditive-dominancemode for diCerent
charactersin each cross. Five parameter model was
estimated bythe Hayman (1958) and Jinks & Jones
(1958) model.

RESULTSAND DISCUSSION
Analysis of variance revealed significant

differences among the parents, F, hybrids and F,
generdionagang dl charactersstudied. The Generation
mean analysisfor elghteen quantitative characters of
different generationsfor Cross| and Crossl| havebeen
presentedin Tablel respectively. The C and D scaling
test for al the charactersin the two crosses showed
that at least oneor bothwerefound sgnificantindicating
thepresenceof non-dldicinteractionintheinheritance
of the characters under study. Both the crosses
exhibiting non-allelicinteraction for theinheritance of
amost all thetraits studied.However the characters
number of grains per panicle and harvest index
percent(%) in cross| and 1000 grainsweight () in
cross showed nonsignificant valuesfor both Cand D
scales indicating the non-interacting mode of
inheritance. Fromthetable, S mpleadditive-dominance
model wasfound to beinadequate which showsthe
presence of non- allelic interaction for days to 50
percent flowering, daysto maturity, number of panicles
per plant, number of primary branches per panicle,
number of secondary branches per paniclein Cross|

and for plant height(cm), number of tillersper plant,
number of panicles per plant, number of grains per
panicle, number of filled grainsper panicle, and fertility
percentage (%) incrossll.Similarly, Smpleadditive-
dominance (3-parameters) model was found to be
adeguate which shows the absence of non- allelic
interaction for plant height(cm), number of tillersper
plant, paniclelength, number of grains per panicle,
number of filled grains per panicle, fertility
percentage(%v), 1000 grainweight(g), grainlength(mm),
grain breadth(mm), grain L/B ratio, straw weight(g),

harvestindex (%) and grainyield per plant(g) in Cross
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|.Furthermore, additive-dominancemode isadequate
for daysto 50 percent flowering, daysto maturity,
paniclelength(cm), number of primary branchesper
panicle, number of secondary branches per
panicle, 1000 grainweight(g), grainlength, grain breadth,
granL/B ratio, straw weight(g), harvest index (%) and
grainyield per plant(g) in Crossll. In Cross| all gene
electsfor daysto maturity, number of primary branches
per panicle and number of secondary branches per
panicleweresgnificant except dominance geneeffect
indaysto 50 percent flowering and number of panicles
per plant.Roy and Senapati (2011)al so reported that
thedominanceeffect wasnot significant for thedaysto
50% flowering. In the case of the adequacy of the
Simpleadditive-dominance modd, only additivegene
electsweredgnificantinpaniclelength, grainL/Bratio,
straw weight(g) and grainyield per plant(g). Similarly,
Only dominance geneeffect wassignificantingrain
breadth(mm). In plant height(cm), number of grainsper
panicle, number of filled grainsper panicleand harvest
index (%) both additive and dominance gene eliects
weresignificant. In Crossl| all gene eliectsfor plant
height, number of tillersper plant, number of panicles
per plant, number of filled grainsper panicleandfertility
percentage were significant except dominance x
dominancegeneeffect in number of grainsper panicle.
In the case of the adequacy of the simple additive
dominance model, only additive gene effect was
sgnificant in grain breadth(mm), straw weight(g) and
grainyield per plant(g). Smilarly only dominancegene
effect wassgnificant in, daysto maturity and number

of primary branchesper panicle.
CONCLUSION

Fromthisexperiment al thedifferent typesof
interactions were observed for most of thetraitsin
Crossl and Crossl|. Itisworth noting that the presence
of an additive, dominance, additive x additive and
dominance x dominance interaction effects were
present a ong with either duplicate dominant epistasis
or complementary recessive epistasisfor most of its
traitsin cross| and cross|1. Selection may beddayed
to later segregating generationsfollowed by recurrent
selection. Selection proceduresi.e, purelineselection,
mass sel ection, progeny selection, hybridization and
selectionwith pedigreebreedingissufficient toharness
the additive gene action. Heterosis breeding and
recombinant breeding with the postponement of
sdection at latter generationsareeffectivein harnessing
dominancegeneactiontothefull extent. So, biparental
mating design, reciprocd recurrent sdlectionanddialle
sdectivemating sysem might beprofitableinexploiting
both additive and non additive gene action to obtain
desirablerecombinants.
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IRC/TM-1/PP-33

CRISPR-CAS9 APPROACH FOR DEVELOPING DESIGNER
BIOFORTIFIED RICE

Laxmipreeya Behera*, Jyoti Prakash Sahoo, K. C. Samal and P. K. Agrawal

Odisha University of Agriculture and Technology, Bhubaneswar-751003, Odisha, India
*Corresponding email: klaxmipreeyal@gmail.com

According to theWorld Health Organization
(WHO) about 2 billion peopleintheworld aresuffering
fromvitamin and mineral deficiencies, asoknown as
“hiddenhunger”. Thisisanimportant and consderable
health issue that occurswhen aperson isexposed to
low-qudlity food lacking micronutrients, vitamins, and
minerals in the food. Therefore, to overcome the
micronutrient deficiency problems, food platewith food
diversity isadvocated. It oftenisnot possiblebecause
of economic or other factors. More than half of the
global population depends solely on rice (Oryza
sativa), as a staple food, which is their source of
nutrients, contributing up to 70% of thedaily caories.
Hencein order to overcomethe above-said problem
itishightimeto opt for the bio-fortification of staple
crops like riceandwheat. This is one of the most
acceptable options to solve this alarming
problem.Different approacheswerefollowed by the
scientificcommunity for biofortificationinrice. Except
for Zn, nomagjor successwasachievedinricefor other
traits Biofortification by geneticmeansisthemost vigble
approach. Successful reportsfor biofortification of rice
for provitaminA, carotenoids, zinc, andiron contentin
thericegrain areavailablefollowing thetransgenic
approach. However, the transgenic crops face
regulatory issues for their uses by farmers and
commercidization. Thediscovery of sequencespecific-
based nucl easetechnol ogy including the CRISPR/Cas9
tool devel oped during the last decades becomesthe
methods of choicefor their precision in editing the
genome and devel opment of transgenic cropswith
desrabletraits. They werea so expected to circumvent
thelimitationsof transgenic plantsdevel oped through
traditiona methods.

DESIGNER RICE FORNUTRITION

Clustered, regularly interspaced, short
palindromic repeat (CRISPR) associated protein 9
(Cas9) or CRISPR-Cas9 has emerged as the most
accessible, economical and efficient technology to
undertake genomeediting inriceand develop designer
biofortified rice cultivarsto overcomethe problem of
hidden hunger.Targeting gene knockout by
Agrobacterium-mediated transformation of tworice
branching enzyme (SBE) SBEI and SBEIIb through
CRISPR/Cas9 genome editing technology has been
effectively employed for the development of high
amyloserice(Sunetal., 2017). Thesbel Imutant plants
showed an increase of amylose content (AC) and
resistant starch (RS) content as high as 25 and 9.8
respectively. Recently Dong and his colleagues
demonstrated targeted geneinsertion of marker-free
DNA inriceusing CRISPR-Cas9 genomeediting. They
reported that thismethod provided atargeted insertion
of a5.2 kb carotenoid biosynthesis cassette at two
genomic safe harborsinrice. The marker-freerice
plantswere obtained with high carotenoid content in
the seedswith no detectabl e penalty in morphol ogy or
yidd. Wholegenome sequencing reved ed the absence
of off-target mutations by Cas9 in the engineered
plants. These results demonstrated targeted gene
insertion of marker-free DNA inriceusing CRISPR-
Cas9 genome editing and offer apromising strategy
for geneticimprovement of riceand other crops. Yang
and histeam knock out fiverice carotenoid catabolic
genes (OsCYP97A4, OsDSM2, OsCCD4a,
OsCCD4b and OsCCD?7) to increase the amount of
&-carotene accumulation in rice endosperm by the
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Figurel. Designer Rice

CRISPR/Cas9 system. Knockdown of OsVIT2 by
CRISPR-based approach has become an exampl e of
attaining theampleamount of grain Fe, smilar tothe
published T-DNA insartionfor sllencing of thisgenein
different rice cultivars. Besidestheimprovement of
nutritiona value, genomeediting systemsarea so used
tomodify ricegenesresultingin non-toxicand hedlthier
varietieswith reduced amount of multiple heavy meta
contaminationrisksinricegrans.

Theuseof CRISPR/Cas9 editing system got
the success in knocking out the metal transporter
gene OsNramp5 and developed indica ricelineswith
low accumulation Cd. Field trials of
the OsNramp5 mutated indica ricelines showed that
the concentration Cd was consistently less (0.05 mg/
kg) ascompared to thewild-type indicarice (0.33to
2.90 mg/kg) without affecting the plant yield. Recently
anew grategy likemultiplex genomeeditinginricewas
reported whichisan easy and well-understood system,
especially for comparing and dissecting thefunctions
and relationships of major genes/QTLs (Xu et al.,
2016). Multiplexinginricecan significantly edit 82%
of the desired target sites representing deletion,
insertion, substitution, and inversion events, thus
exhibiting high efficiency of editing.In near future, this
method is expected to be a very useful tool for the
development of designer rice.

CRISPR/Cas9 for Quality Improvement of Rice
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Functional Senemics of Rice Grain Quality

L

Figure2. Molecular basisof quality assessment by Crispr/
cas9

CONCLUSION

Genetic biofortification strategyis a viable
approachfor thedeve opment of highly nutritiousfood,
particularly ricefor thenutritional security of millions.
CRISPR/Cas-based genome editing tool is a fast,
sustainable and cost-effective approach for the
improvement of ricegrain quality. Recently multiplex
editing through CRISPR/ Casisfound to be an easy
andwell-understood system, especialy for comparing
and dissecting thefunctionsand rel ationships of major
genes/QTL sand targeting insertion and deletion of more
than two targeted traits. It can also be used for the
development of adesigner biofortified ricewithahigher
quantity of essential amino acids, fatty acids, vitamins
(carotenoid, Vit B12, VitD) andmineralssuch asiron,
zinc, selenium, calcium, iodine, low glycaemicindex
(Gl) riceand reduce multiple heavy meta accumuletion
risksinthegrans.
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RICE BIOFORTIFICATION

Ambika Prasad Mishra* and Jyoti Prakash Sahoo

Odisha University of Agriculture and Technology, Bhubaneswar-751003, Odisha, India
*Corresponding email: ambikal23mishra@gmail.com

After independence, a trending population
boom occurred, but no subgtantiad increaseinfood grain
production to feed them resulted in food grain
insufficiency. Theintroduction of highyidding varieties
(HYV’9) that are highly fertiliser sensitiveduring the
Green Revolution period (1965-70) solved theproblem
of food graininsufficiency and food grain production
has now increased to 257 mt in India (Jena et al.,
2018). Poverty was the major issue during the pre-
greenrevolution era, but it hasnow been transferred
to micronutrient malnutrition, i.e. night blindness,
xerophthalmia, iron deficiency anaemia, etc. In 50
percent of theworld sagricultura soils, Znisdeficient
and isregarded asthe most important micronutrient
deficiency in cropsworldwide. Around 2 billion people
worldwidearesuffering from zinc deficiency and about
L5millionchildrendiefromzincmanutritionevery year
(Jenaetd., 2018). Globdly, approximately 0.8 million
individualsand nearly 0.45 million children areat risk
of dying from zinc deficiency eachyear. Indiahasone
of thehighest ratesof soil and human diet deficiencies
inZn. 50 percent of Indian soilsareZn deficient, if no
management isperformed, rising to 63 percent by 2025.
InIndia, gpproximately 0.15 million childrendieeach
year because of Zn deficiency. Zinc deficiency leadsto
diarrhoea cases, with 25 percent of global diarrhoea
deathsamong children under 5 yearsof age. Around
48,000 Indian children per year could be saved by Zn
fortification in staple foods (WHO, 2015). Night
blindnessand xerophthalmia, which isthe absence of
serum (plasma) retinol concentrations, are caused by
vitamin-A deficiency (Hotz et ., 2007). It hasbeen
shownthat periodic community delivery of vitaminA
decreasestherisksof xerophthalmiaand mortality in

young children (WHO, 2009).According to asurvey,
zincdeficiency wasca culated highestinAsig, followed
by Ironand Vitamin A (Amy Saltzman et a., 2017).
Iron deficiency wasfound to be approximately similar
for AsaandAfricafollowed by Latin Americaand the
Caribbean and subsequently the Vitamin A deficiency
wasfound to be highest inAsia, followed by Africa
and Latin Americaand the Caribbean (Figure 1). As
per thetota kilocdoriesuptakeinAsia Africaand Latin
Americaand the Caribbean, riceisthemost consumed
food crop followed by wheat, maize, potato and
cassava. So the gpproachestorelieve Zinc, vitamin-A
and Iron deficiency ischangeof diet, supplementation
or Bio-fortification particularly inriceasitisthestaple
food.

BIOFORTIFIED RICE - ADVANTAGESAND
LIMITATIONS

Biofortification is the production, without
sacrificing agronomic efficiency and significant
consumer preferred characterigtics, of nutrient-dense
staplefood crops using the best traditional breeding
practisesand modern biotechnol ogy. Asplantsexpand,
biof ortification isbased on making plant foods more
nutritious. The foods are applied to traditional
fortification nutrientswhen they are being processed
(Nestd etd., 2006). For over abillionindividuds, rice
isastaplefood crop. Rice endospermisdeficientin
many nutrients, including vitamins, proteins,
micronutrients, etc. (starchy and most edible component
of riceseed). Nutrient reach istheAleuronelayer of
dehusked rice grain but is lost during milling and
polishing. Unprocessedrice, that is, smelly or nasty in
taste, becomesrancid. Rice provides 30-50 percent
of thedaily consumption of calories. Ricefarmingis
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Figurel. Population at risk for micronutrient deficiency

Figure?2. Total kilocaloriesper day (million) of top fivestaple
crops

the primary sourceof jobsin Indiaand globally, for the
most part. Rice, dueto itsbroader adaptability, plays
an important role in food preservation. Rice
endosperm, embryo, and bran contain 32%, 13%, and
55% respectively of iron, and they also contain 57%,
9%, and 34% respectively of zinc. Around 20.7
percent, 17.05 percent, and 36.61 percent Zn loss
occursduring de-hulling, polishing and cooking. Rice
isprimarily growninflooded soil wherezincisnot very
access bleto the crop becausein reduced conditionsit
isbound to sulphur and carbonate.

It is a genetically modified enriched rice
genomeof provitaminA (&carotene). All goldenrice
creditsare awarded to the Rockefeller Foundation, the
EU and the Swiss Federal | nstitute of Technology.
Professor Ingo Potrycus and Dr. Peter Beyer were
considered the creators of golden rice enriched with
a-carotene. They used the soil bacterium

(Agrobacterium tumifascience) crtl geneandthegene
Daffodil gene for genetic makeup alteration. By
breeding, golden rice cannot be achieved. Two grades
of golden rice are available; golden ricel (SGR1):
promoter is modified here and contains 5-7ig of &
carotene per gramme of rice and Golden rice2:
replacement of Pysdaffodil withmaizegeneand 31ig
of &carotene per gramme of rice. Somea- carotene
enriched popular ricevarietiesare|R 64, IR 36 (mega
varietieswith broad Asian coverage), BRRI dhan 29
(the most popular boro rice variety in Bangladesh),
PSB Rc 82 (the most popular Rice variety of
Philippines), OS 6561 (most popular in Vietnam),
Chehirang (leading variety in Indonesia), Swarna
(importantinIndia).

Biofortification of rice hasmany benefits, i.e.
increased nutritional value, and decreased mortality
caused by adult and child micronutrients, decreased
diseasesof dietary deficiency and ahed thy population
with good and rapid immune responsesto infections.
Biofortification of riceaso hassomedrawbackswith
these benefits, i.e. high cost of processing, i.e.
meachinery, technol ogy, patenting, etc., potentia negative
interaction of biofortified rice on other plants/ non-
GM ricecropscausing lossof wildtypericevarieties,
low significant equivaence, i.e. inability to providehigh
micronutrient and protein content compared to
upplements.

CONCLUSION

The Green Revolution greatly increased
production and achieved thefood security dilemmacof
developing nations such as India, but it isfar from
developed nationsintermsof dietary diversification.
Approximately half of theworld’s population recorded
Zn, FeandvitaminA deficienciesleadingtoimpaired
immune function, iron deficiency anaemia, and
xerophthal mia, respectively. People were advised to
be careful about diversifying their daily diet to solve
the problems of micronutrient deficiency, but most
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peopledo not afford to supplement their diet because
of poor economic conditions. Therewas considerable
potentia for biofortification of stgplecropssuchasrice
andwheet to solvethe problemsof nutrient deficiencies.
To relieve micronutrient malnutrition, awareness of
dietary diversity must be controlled. Research and
devel opment of nutrient-enriched biofortified crops
should becarried out to resolvethisissue, asindividuas
from underdeveloped countries cannot afford
supplemented and diversified foods. Thereare many
elements of biofortification, but one is simpler.
Therefore, the definition of food security can now be
well defined asasufficient amount of accessto hedthy
foods.
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IRC/TM-1/PP-35

A PERFECT PCR BASED CO-DOMINANT MARKER OF OSABCC1
LIMITING SHOOT TO GRAIN TRANSLOCATION OF ARSENIC IN RICE

Dibakar Das, Poulomi Sen, Arup kr. Saha, Shampa Purkayastha and Somnath Bhattacharyya*

Crop Research Unit, Genetics and Plant Breeding, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur,
Nadia-741252, West Bengal, India
*Corresponding author email: somnathbhat@yahoo.com

Arsenicaccumulationinricegrainsisaserious
public health concern affecting millions. Rice
accumul atesarsenic efficiently than any other ceredls.
Arsenic accumulation in the human body through
drinking water and food resultsin various diseases
including cancer. Riceisthe primary routefor dietary
exposure of arsenic to humans (Signes-Pastor et al.
2008). Development of low arsenic-
accumulating varieties for contaminated areas is
considered an effective and sustainable solution for
reducing the dietary exposure of arsenic to humans
through consumption of rice.

Arsenictolerancebreedinginriceisassociated
with complex physiological and genetic challenges.
Previoudy identified genessuchasLg1andLs2could
not be used in breeding dueto lack of identification of
suitablemutants. Arsenic phenotypingisaso adifficult
and |aborious process. Moreover, molecular markers
for easier selection of low arsenic accumulating
genotypesare not available. I dentification of novel
alleles of important genes involved in arsenic
accumulation from available germplasm and their
molecular markers can therefore greatly accelerate
arsenictolerancebreeding.

OsABCC1, aCtypeABC proteingeneinthe
rice genome, significantly limits shoot to grain
trand ocation of arsenic by sequestering arsenicinthe
vacuolesof phloemcompanion cdlsinthefirg internode
of rice(Song et a. 2014). Vacuolar sequestration of
arsenicinthefirst internode by OSABCCLlishow rice
saves its next generation of seeds from toxicity.
OsABCCl istherefore animportant genetarget for

arsenictolerance breeding inrice. The objectives of
the present study wereto

1 Identify anovel alele of OSABCC1
from nativericegermplasm

2. Develop a PCR based co-dominant
marker of OSABCC1 for selection

METHODOLOGY

100 genotypes along with 148 recombinant
inbred lines(RILSs) and near isogeniclines(NILs) from
a cross between Gobindabhog and Shatabdi were
cultivated inan arsenic contaminated field (22.92°N,
88.54°E), Nadia, Indiaduring wet seasonsin 2017,
2018 and 2019 respectively for estimation of grain
arsenic by FIAS-AAS(Perkin Elmer). The RIL
population was developed by single seed descent
method and NIL swerederived by safing heterozygous
RILs. Relative quantification of OsSABCC1 wasdone
by Real Time PCR from the first internode of
Gobindabhog and Shatabdi and their NILs during
dough stage of grain filling. The whole gene was
sequenced from Gobindabhog and Shatabdi by Sanger
sequencing to identify single nucleotide
polymorphism(SNP). OneSNPinthe15thintronwas
used to devel op a PCR based co-dominant marker.
Themarker wasvadidated inthegermplasmand RIL
population.

RESULTS
In this study, grain-arsenic content in one
hundred genotypesrevealed alarge variation ranging

0.053mg/kg to 0.49mg/kg. All aromatic genotypes
accumulated significantly less arsenic in grains.
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Figure 1. Relative abundance of OsABCCL1 transcripts
duringdough stagein thefirst internode of Gobindabhog
and Shatabdi and two NILs carrying Gobindabhog and
Shatabdi alleleswhen grown in control (Con) and ar senic
contaminated (Aslll) soils. Three biological replicated
samplesareindicated with SD. Pvalue of Sudent’st test of
parentsand thetwotypesof NIL saregiven on each pair.

Compared to high accumulating variety, Shatabdi, 6-8
timestranscript upregul ation of Arsenic sequestering
gene, ABCC1, wasobserved in thefirst internode of
low accumulating variety Gobindabhog when 5 mg/kg
of arsenite was present in soil. Comparison of the
genomic sequence of OSABCCL identified 8 SNPs
between the two genotypes; 5inintronsand 3 silent
mutationsin exons. Weidentified a PCR based co-
dominant marker targeting aSNP (T/G) betweenthe
two genotypes which clearly distinguished 100
genotypesintolow (mean 0.14mg/kg) and high (mean

0.35mg/kg) accumulating groups. All aromatic
genotypes, either long or small grain, carry the
Gobindabhog-type ABCC1 allele and are low
accumulatorsof arsenic. Gobindabhog dldecarrying
62 RILsand NILs showed almost 40-50% lessAs-
accumulationingrainsrelativeto 84 RILsand NILs
carrying ABCC1-Shatabdi alele.

CONCLUSIONS

| dentification of novel allelesof low arsenic
accumulating genesand their molecular markerswill
greatly acceleratearsenictolerancebreedinginrice. In
thisstudy, weidentified anovel allele of OSABCC1
from thelocal aromatic genotype Gobindabhog and
developed aPCR based co-dominant marker for low
arsenic accumulation genotypinginrice. Themarker
will beussful inintrogressonof low accumulaingdldes
of OsABCC1.into highyid ding photoperiodinsendtive
varietal backgroundsmoreeasily and accurately.
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IRC/TM-1/PP-36

YIELD ENHANCING ABILITY OF JAPONICA TYPE SPIKE1 GENE FROM
AN AUS RICE AND ITSALLELE SPECIFIC EASY-TO-USE MARKER

Poulomi Sen, Shampa Purkayastha, Dibakar Das, Arup K Saha, Prabir K Bhattacharyya, Tirthankar
Biswas and Somnath Bhattacharyya*
Crop Research Unit, Genetics and Plant Breeding, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur,
Nadia-741252, West Bengal, India
*Corresponding author email: somnathbhat@yahoo.com

Rice production needs to be enhanced 50%
by 2050 to feed the predicted 9 billion world population
without any chanceof increased availability of cultiveble
land. Devel opment of highyielding short and medium
durationvariety wereachieved after introduction of Sd1
or greenrevolutiongene. For further yield enhancement,
breeders are targeting pyramiding of severa yield
enhancing QTLs and genes from diverse sources.
SPIKEL (0Os04g0615000) gene on chromosome4is
confirmed to be involved in yield enhancement by
improving Spikelet number per panidebut yied positive
SPIKE1 dldeisonly reportedintropica andtemperate
japonicarice. Itsyiddenhancing ability indifferentindica
background was explained by higher expression and
dissmilarity inthreeaminoacidsrelaivetoindicadlde.
Although ausand aromatic subpopul ationisoriginated
by different pathways as that of indicatype but no
report of alelic status of SPIKEL gene in aus or
aromatic subpopulationisobserved. Multipleoriginbut
single domestication theory showed theintrogression
of domestication related alel esfrom both jgponicaand
indicainto aussubpopulation. A few bp del etion causes
anarrow leaf phenotypethat Nal 1 affectspolar auxin
transport aswell asreduces the number of vascular
bundlesbetween two veinsthusplaysanimportantrole
inthecontrol of lateral leaf growthanditisalelicto
SPIKEL (Fujinoet al., 2008). It was also shown that
GREEN FOR PHOTOSYNTHESIS (GPS) locus
whichimprovescarboxylationefficiency inrice, isadso
alelicto SPIKEL (Takai etal., 2013). ThisGPS-dlee
increases mesophyll cell number between vascul ar
bundles which leads to thickened leaves and

plelotropically enhances photosynthesisrate. Severd
alelic variantsarereported to beinvolved in higher
rate of net photosynthesisboth inindicaand japonica
rice. Identification of yield positivealeeof SPIKEL
inausor aromatic subpopulationwill beuseful inrice
breedingfor their eesier crosscompatibility withindica-
HYVs. Theobjectives of the present study wereto

1. Identify a yield positive allele of
SPIKE1inausor aromatic subpopulation

2. Develop asingle PCR tube based co-
dominant marker for marker assisted sl ection

METHODOLOGY

100 random genotypesof ricecomprisingloca
land racesincluding somehighyidding varietieswere
studied for important yield attributing parameters, flag
leaf breadth and rel ative quantification of SPIKE1 was
done by Real Time PCR. Based on contrasting
phenotypic and real timedatafull gene sequences of
some genotypeswere compared. Besidesapopular
variety Shatabdi, Bhutmuri, an aus-typelandrace of
Benga hadtheyield positivealeeexactly smilar to
japonicaallee. 165 recombinant inbred lines (RILS)
and near isogenic lines (NILs) from across between
Bhutmuri and IR64 were cultivated in aJaguli field
(22.92°N, 88.54°E), Nadia, India. TheRIL population
wasdeve oped by sngleseed decent methodandNILs
werederived by selfing heterozygousRILs. Relative
quantification of SPIK E1 wasdoneby Red TimePCR
fromtheyoung paniclesduring 25 mm stage. Thewhole
genewas sequenced from Bhutmuri, Vandana, |R64,
Shatabdi etc by Sanger sequencing to identify single
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Figurel.Reativeabundanceof SPIKE1ltranscriptin 25mm
stageof young paniclewith threebiological replicationsfrom
thegenotypesand NILs.

nucleotide polymorphism (SNP). One SNPin the
3'UTR was used to develop a PCR based co-
dominant marker. Themarker wasvalidated intheRIL
and NIL population.

RESULTS

Inthisstudy, one hundred genotypesreveded
alargevariation onyield attributing parameters and
flag leaf breadth. Compared to Vandana and IR64,
Shatabdi, Bhutmuri showed 4-5 times transcript
upregulation of SPIKE1 gene. By comparing the
genomic sequence of SPIKEL1 among Bhutmuri,
Shatabdi, IR64, Vandana, Dular etc we identified
clearly two groups with 8 SNPs; 3 in introns, 3
mutationsinexonsand 2in3 UTRregions. Based on
theA/G mutation at 9081 bp positionat 3 UTRasingle
PCR tube based codominant marker has been
developed and thismarker hasbeen validated in 165
RILsand NILsproduced by acrossbetween Bhutmuri
and |R64.

Comparison of yield (g)/sgm, filled graing/
panicleand panicles/plant among four genotypesand

NILs carrying indicatype parental SPIKE1 alleles
[NIL-Van(S) and NIL-IR64 (S)] wasdone and another
yield pogtive SPIKE1 [NIL-Shat(S) and NIL-Bhut(S)]
dldeandthemeansdiffer dgnificantly a theprobability
p<0.05 and p<0.01 respectively by twoway ANOVA
andyss.

Comparison of therate of photosynthesis(Pn),
total conductance of CO2 (gtc) and vascular bundle
number (VBN) between two mgor veinsof theflag
leaves, of Shatabdi, Vandana, Bhutmuri, IR64,
SPIKE1-NIL Shatabdi, Vandana, Bhutmuri and IR64
(with fivereplicationin each) wasdone. They show
sgnificant fifferenceat p<0.05 and p<0.01 respectively
by Student’st test between the parents and between
two groupsof NILs.

CONCLUSIONS

Identification of single tube co-dominant
marker for theyield pogitive SNPfrom austypeindica
ricewill bemore useful in accurate selection of yield
positive homozygous lines at the early segregating
populationandit will beeasier for crosscompatibility
withindicaHYVs.
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IRC/TM-1/PP-37

GENOTYPE DEPENDENT LEAF AREA IMPROVEMENT OF RICE UNDER
LOW LIGHT IS CORRELATED WITH HIGH PHOTOSYNTHESIS RATE PER
DRY WEIGHT IN UNIT AREA AND YIELD ENHANCEMENT

Shoumik Saha, Shampa Purkayastha. Vangaru Sathish, Sebantee Ganguly, K Nimitha and
Somnath Bhattacharyya

Crop Research Unit, Genetics and Plant Breeding, Bidhan Chandra KrishiViswavidyalaya, Mohanpur,
Nadia-741252, West Bengal, India
*Corresponding author email: somnathbhat@yahoo.com

Preferred plant architectureof most of theshort-
dature, highyielding, N-responsvevarietieswiththick
and erect leavesin rice breeding program considers
no dearth of solar radiation. Thus, most of theserice
varietieslack genotypic plagticity, particularly, for the
areaswhere solar radiation drops bel ow 500imol/m?/
sec. Inthe eastern states of India, rice plantsreceive
lessthan 500imol/m?/sec during wet seasons i.e. during
themonths, July to October, consequently, ricesuffers
yieldloss. Itisaso observable by thehugeyield gap
between wet and dry seasonsinthiszone (2.8 tone/ha
vs 5.1 tone/ha). Although yield is complex traits
depends both on source and sink but photosynthesis
efficiency and high remobilization capacity play
important rolesinimproving yield, particularly, if light
isbelow optima (Evansand Poorter, 2001; Fabreet.d.,
2016). Riceasoimprovesleaf area(LA) under low
light but genotypic variation and their correlaionwith
the yield improvement ability is not described.
Therefore, variation of LA between semi-dwarf high
yielding varietiesand other loca landracesadopted to
semi-deep and deep water ecologies (usualy receives
low light intensity), if exists, may be useful inrice
breeding program, particularly, if photosynthetic
plasticity aso presentsin these genetic resources. L eaf
szeand shgpe controlled by many quantitativetrait|oci
(QTLs) located on 12 chromosomesand afew of them
werecloned also. Leaf sizecontrolling genesor QTLS
influencethericeyield aso asphotosynthetic products
of topthreeleaveshavethemgjor contributioningrain
filling and flag leaf al one contributes morethan 50%.

Weidentifiedlargevariationinlesf areainrice
anditspositive correlation with shadetoleranceindex.
Most of the semi-deep rice genotypes showed high
yield by improving leaf area, chlorophyll b and
photosynthesisratein DW per unit areaand afew of
them also plastic. Relative abundance of NAL 1 gene
inflagleaf washighin most of thegenotypeswith high
SLA index but thegeneisnot upregulated under LL.

METHODOLOGIES

We grew 30 genotypes both under open and
shade following randomly block design with three
replications. Shade-net (30% light-cut) wasprovided
at theheight of 3m keeping 1.5m open fromtheground
sothat sufficient air can flow.Photosyntheticaly active
radiation (PAR), temperatureand rel ative humidity was
measured daily at 9hrs, 13 hrsand 15:45 hrsduring
the period, transplanting to maturity, by portable
automatic weather station. No sgnificant differencein
relative humidity and temperature was observed
between open and shade during growth period.

TheL Al wasobtained by multiplying theleaf
areaper gram by thetota dry matter of al greenleaves
fromthesampleareaand dividing by theareaoccupied
by the sample.Photosynthesisrate (Pn) of theflag | eaf
were measured with portabl e gas-exchange systems
(L1-6800; LI-COR, USA) at the two days after
heading. The ambient CO2 concentration in the | eaf
chamber of L1-6800 waskept at 380 molm2s?.

RNA wasisolated from three plants of each
line and the samplewas pooled as described earlier.
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Quantitativered-time PCR anaysswasperformedon
a StepOnePlus Rea-Time PCR System (Applied
Biosystems, USA) using aSY BR green PCR master
mix(Applied Biosystems, USA) asdescribed earlier
Bhattacharyyaet al 2002.

RESULTS

Thisstudy observed observed widevariation
of leaf areaamong the genotypesranging from 737
cm? to 2676 cm? under open and 555¢cm? to 4478cm?
under shade with mean 1545cm? and 2088cm?
respectively.Wide range of specific leaf areaalso
observed with arange 8.9-30.6 under open and 11.2-
57.4 under shadewith mean 16.5 and 28.1 Thus, the
consideration of leaf areaindex, LAl and specificleaf
areaindex, SLAI (ratio of shadeby open) reflectsthe
genotypic specific acclimati zation ability and plagticity
under shade. Under shade 30% and 70% increase of
LA and SLA wasobserved.

THRESHOLDLIGHT INTENSITY FOR
IMPROVING LEAFAREA

Toidentify thethreshold light intensity for |eaf
rea and specific leaf area expansion, we arranged
another two shade-areas with two and three lairs of
white-net, thereby, four different situations created
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including oneopen conditionwithambient light intengty
another with single layer of net. Both genotypes,
Purnendu and | R64 started | eaf -areaexpansion at 622
pumole/mt?/sec PAR or below but Purnendu started
improvement of SLA even above 622 umole/mt?/sec.
Both leaf areaand SLA declined sharply in between
351 and 160 pmole/mt?/sec but lesf areaat 160 umole/
mt?/sec becamel essthan those of ambient condition
but SLA remain greater at thesamelow light intensity
than those under ambient light (approx. 1000 pmol e/
mt?/sec).Negligibleexpresson observed at 30 DAT in
al the genotypes except Laldhan. At Pl stage,
Bhasamanik, La dhan, Pantdhan19 and Sashi showed
high expression rel ativeto remaining genotypesunder
shade. Lessexpressionfoundin Purnendu dthough high
SLAI (2.7) recorded.

CONCLUSION

Overdl, rateof net photosynthesisratereduced
to half in shade as compared to open by most of the
genotypes butimprovement of photosynthesisrate per
DW inunit leaf areaunder shadewasobservedonly in
tolerant genotypes. High LAI with high photosynthesis
rate per DW in unit leaf area can betargeted during
shade-tolerance breeding program and contrasting
parentswill be useful for the mapping of thetraits.
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IRC/TM-1/PP-38

IDENTIFICATION AND ANALYSIS OF LOW-LIGHT TOLERANT RICE
GENOTYPES IN EASTERN INDIA

Shoumik Saha, Sebantee Ganguly, Shampa Purkayastha, Dibakar Das, Arup Kumar Saha,
Subhadeep Das and Somnath Bhattacharyya*

Crop Research Unit, Genetics and Plant Breeding, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur,
Nadia-741252, West Bengal, India
*Corresponding author email: somnathbhat@yahoo.com

InIndiaand SouthAsa, riceiscultivated mainly
in rainy season (kharif rice) when it receives
sgnificantly lessirradiation (below 500im/m-1/sec-1)
dueto overcast cloud throughout the growing season.
Low irradiance reducesthe photosynthesisvis-a-vis
dry weight, asriceexhibitsoptimum net photosynthesis
at therange of 800-1000 im/m-1/sec-1 (Murchie et
al 2002; Kasgjimaet al 2011). Depending onthestage
of rice, low light intensity can affect grainyield by 34-
55% (Duttaet al, 2018; Janardhan et al, 1980; Nayak
and Murty, 1980; and VVoleti and Singh, 1996) anditis
dueto reducedtiller number, dry weight (Venkateswarlu
1977, Singh 2005), spikelet number (Adhya et al
2008), test weight (Voleti and Singh 1996, Jiao and
Li, 2001). Severa reportsindicated that mechanism
of highyielding ability under shadevariesaccordingto
varieties (Janardan and Murty 1980, Nayak and Murty
1980). Tolerant varieties adjust thelow irradiance by
improving net photosynthesis rate with stronger
antioxidant activitiesand higher amount of chlorophyll
aand b better trand ocation efficiency from sourceorgan
tosink organsvis-a-vispreventsimpaired snk size.

Asvariety specific tolerance mechanismis
reported earlier so our objectivewasto screenalarge
set of genotypesinfield for identification of tolerance
genotypes with diverse mechanism of low light
tolerancewhichwill findly helpinpyramiding of target
traits.

METHODOLOGY

300 rice genotypes, predominantly landraces
or itsderived lines, collected from eastern and north

eastern Indiawere grown both under white shade net
(30-35% light-cut) and open conditionsin university
experimental field (Latitude 22.87° and longitude
88.20) for thefirst year (2015) in augumented design.
Based on high yielding ability under openfield, 100
genotypes were selected and grown further for
consecutive three kharif seasons (2016, 2017 and
2018)in randomized block design. Five randomly
selected plants from each row were used for taking
observations, like, no of panicles per plant (PN), dry
weights (50 days after transplanting) (DW), daysto
50% flowering (DFF) and grainyield per plant (Y P).

The chlorophyll content was calculated
following theequations proposed by Barneset al.1992.
Flag leaveswere considered for the estimation of net
photosynthesisrate (Pn) at the panicleinitiation stage
(within two days of emergence) using portable
photosynthesisanalyser Li6800 of LiCor, USA using
variousintensity of light ranging from 50to 900 im
photon m-2s-1. Mean va ue of consecutivethreeyears
dataaswell as proportion of performance under low
light and open expressed asindex, consgdered for PCA,
Pearson correlation and two-tailed t-test analysisusing
XLSTAT 2019. Two-way ANOVA was made using
Graph Pad Prism 6. Stable genotypeswereidentified
based on gability anadyss(Eberhart and Russe Modd,
1966) and as per model, stable genotypeswerethose
where mean square deviation from regression line
(&di2) not sgnificantly (at 5% leve) different fromzero.

RESULTS
100 highyielding genotypeswere selected for
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growing consecutivethreeyearsfor analysisof yield
attributing and other parameters. Index is cal cul ated
astheratio of performance under shade by open. The
mean value of per-plant yield (PY) under low light
intensity was 8.19gcompared with the open 16.81g
with more than 50% reduction where as 38%, 34%
and 22% reduction of panicle number (PN), grain
number (GN) and test weight (TW) were observedin
the same condition. Under shade, 39% and 19.7% of
thetotd yield-variationiscontrolled by genotypesand
yearsrespectively whereas 71% and 2% under open
grown plants. Heritability (broad sense) of theyield
under shade islow (58% vs 83%) relative to open.
GN, TW and DW showed significant correlation
between open and shade and no correl ation observed
for PY, PN and Chla/b. Purnendu showed best shade
toleranceability (ST1, 0.79) but Pantdhan19 yielded
highest, 15.8g. Purnendu, Sashi and Pantdhanl9,
showed lessyield reduction by maintaining or even by
increasing grain numbersunder shade and test weight.
Ontheother hand, maintenance of equivalent number
of panicle under both situationswasthekey for the
tolerance of Bhasamanik, Sasarang, Rudra and
Swarnaprabha. Both open and shade grown plants
showed widerangeof variation both for chlorophyll a
and bwith meanincrease of 12% Chla/b under shade.
34% reduced mean dry weight observed ranging from
32 to 90% although Sasarang, Rudraand Purnendu
limited less than 20% reduction under shade. PCA
identifiesthe mutual rel ationship between characters
and hdp usdeciding theimportant charactersexplaining
maximum contribution towards variation and rel ated

genotypesfor thosecontributing character. Threeeigen-
vectorswith near oneeigen valueexplain aimost 70%
of thetotal variation. First component explains 35%
variability and ST1 and PNI, havethemgor contribution
with their positive association. In second component
explainsaround 19% variability, mainly contributed by
GNI, TWI and DWI. GNI and SWI are negatively
associated with DWI and PNI. The study identified
stable genotypes considering threeyear’sPY and PN
of 20 contrasting genotypesfollowing Eberhart and
Russel model (1966).

CONCLUSION

Genotype dependent shade tolerance was
manifested by either improving or maintaining equa
amount paniclenumber or grain number or test weight.
Thus, stable shade-tolerant ricelines Purnendu, Sashi,
Pantdhan19fromalarge set of genotypeswith different
adjustment ability to keep up 72% or moreyield of
open-grown plants can be used further for theyield
improvement in kharif season aswell asanalysisat
thephysiological and molecular levels.

REFERENCES
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IRC/TM-1/PP-39

AGRO-MORPHOLOGICAL AND QUALITY CHARACTERIZATION OF FINE
AND SEMI-FINE GRAIN RICE (ORYZA SATIVA L.) FOR TEMPERATE
AGRO-ECOSYSTEM
Uzma Mehraj?, F. A. Sheikh!, Najeebul Rehman Sofi*?, A. B. Shikari?, M. A. Bhat!, M. A. Ahangar?,
Nakeeb Un Nisal, Showkat A. Waza® and M. A. Khan?

Division of Genetics and Plant Breeding, Faculty of Agriculture Wadura, SKUAST-K of Kashmir, J&K,
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Mountain Research Centre for Field Crops Khudwani, SKUAST of Kashmir, J&K, India
3Mountain Crop Research Sation Sagam, SKUAST of Kashmir, J&K, India
*Corresponding author: najeeb_sofi @rediffmail.com

Rice(Oryzasatival.) playsasignificantrole
inlivelihood of peopleof Jammu and Kashmir State.
Kashmir valley has atradition of growing short to
medium bold seeded ricevarieties. But with changein
lifestyleand preferences, high demandfor finegrained
and aromatic ricesis being observed in the market.
Thishasresulted in ahugeimport of such ricesfrom
neighbouring states. Fineand semi-finegrain basmati
riceispraisedfor itsuniquequality and givespleasant
flavour after cooking. Thearomatic basmati andfine
grain rice varieties offers high returns to farmers,
enjoying apreferentia treatment both in domesticand
international markets generating three times more
income, sofarmersaremoreinclinedtoit.

Thetestingand evaudtionof fine/semi-finegrain
basmati typesof riceisbeing continuoudy carried out
at Khudwani centre of SKUAST-Kashmir, aunique
temperate research centre of the country. Theresults
have shownthat grain size, grain texture and cooking
quality traitsare not asper the standard. Theforemost
reasonisthat thesevarietiesarelatematuring and asa
result haveto facelower temperatures particularly at
flowering and grainfilling stages. Thisinfluencesgrain
chakiness, heedricerecovery and overdl grainquality.
I nthisconnection an experiment wasundertakenduring
2017 a Khudwani centre of SKUAST-Kashmir (1690
mamd) withthe objectiveto characterizeanumber of
fineand semi-finegrainrice genotypes and eva uate
some promising onesfor cooking quality and aroma.

METHODOLOGY

Theexperimental materia consisted of 92rice
genotypesdongwithfour check varieties. Thematerids
werelaidin augmented block designinthefield and
plot size given to each genotypewas 15 m? with crop
geometry of 20 cmx 15cm. Agro-morphologica and
cooking quality characterswererecorded as per the
descriptors for rice formulated by IBPGR-IRRI
Advisory committee (IRRI, 1980).

RESULTS

Theresultshave revealed abroad-spectrum
variability for traitslike daysto 50% flowering (81.0-
115DAYS), number of tillerg/plant (10.2-24.4), number
of spikelets/ panicle(50.2-207.1), paniclelength (20.1-
26.8 cm), paniclefertility (57.3-89.2%) and for grain
yield (15.5-85.8 g/ha)[ Table 1]. The most promising
genotypesidentified onthebas sof agronomicfeatures
wereAVT-FG V1, IRTON-25, AVT-FG-V2,AVT-I
E(H)2511, IVT M(H) 2817, PVT-V1and IVT-BT-
3010 (Table 1). Cooking quality analysis of some
promising varietiesshowed Sgnificant variationswithin
different quality parameters. Thelonger kernd length,
higher elongation after cooking, intermediateamylose
content and strong aroma were found to be the
distinctive features of theidentified promising rice
cultivars (Table 2). The testing of these promising
varietiesin multilocation trial srepresenting different
ecotonesof thevaley will hdpinidentifying most Sable
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Table1: Agro-morphological trait char acterization of promisingfineand semi-finegrain ricegenotypes

Genotype DF PH NT AL DM NG PF oY
AVT-FGV1 102 912 119 264 143 1286 84.82 75.07
AVT-FGV2 103 911 12 250 142 586 8382 69.36
AVT-FG-V3(SKUA-494) 110 09 138 254 143 1247 8301 67.28
AVT-FG-V4 106 876 133 26.1 144 1453 8512 60.05
AVT-FG-V5 106 911 130 254 143 1756 80.22 8583
AVT-FG-V6 105 00 119 268 143 1106 83.66 8297
AVT-FG-V7(SKUA-420) 111 87.0 141 256 157 1373 8918 45.08
AVT-FG-V8 105 919 123 257 143 1093 7037 69.77
PUSA BASMATI-1509 15 A7 138 274 153 502 6293 1558
PUSA SUGAND-3 15 837 138 230 143 1629 8193 1987
IVT-BT-3024 100 831 115 24.3 141 1889 83.76 2027
IVT-BT-3027 101 916 124 268 140 1157 74.30 2640
IVT-BT-3022 101 938 nv 24.3 143 780 5731 250
IVT-BT-3020 114 86.7 102 212 141 1825 55.95 26.35
IVT-BT-3010 ™ 9L7 139 242 141 1825 8045 7540
Genotype/ Ecotype DF PH NT A DM NG P (e
GS-30 810 1048 15 250 133 2071 7041 200
GS-393 4.0 1381 107 24.6 130 160.7 7782 200
GS407 9%5.0 1382 108 5.7 130 1192 7539 24.20
PVT-V1 97.0 1253 127 200 146 1469 8L02 56.74
GSR-33 101 1195 16.7 212 147 1195 7785 66.9
GSR-30 115 7.3 176 195 146 1155 7156 76.83
IRTON-23 103 66.7 244 211 146 1198 7208 7500
IRTON-25 103 1199 173 218 141 1520 8301 70.00
IURON-8 108 1068 105 28 150 1216 82.66 6391
IURON-20 107 664 141 235 145 1080 7515 68.07
AVT-1-V3 97 %4 127 250 146 1625 7238 2961
AVT-IE(H)2511 B 1088 137 217 143 1503 8L06 7195
IVT-IM(H)2817 B 1036 123 237 143 1191 8146 5744
[IRON-35 113 %54 120 21 144 1152 7731 34.03
Range 810115 7531382 102-244 201-268 130157 50.2-207.1 57.3-89.2 155858

DF= Daysto 50 % flowering; PH=Plant height (cm); NT= No. of tillers/ plant; PL=Panicle length (cm); DM= Daysto maturity;
NG=No. of graing/panicle; PF=Paniclefertility (%); GY=Grainyield (¢/ha)

Table2: Cooking quality traitsof promising fineand semi-
finegrainricegenotypes

Genotype KLAC KBAC Aroma GC ASV AC

(mm) (1-7 scale) (%)
AVT-FG-V1 84 17 4 b 2 254
AVT-FGV5 1036 2 3 4 3 236
AVT-FG-V6 1388 2 4 45 4 270
IVT-BT-3010 844 172 4 0 7 243
AVT-IE(H)2511 91 21 4 37 1 205
IVT-M(H)2817 101 2.3 3 20 2 265
IRTON-23 98 22 3 4 1 234

KLAC=Kernal length after cooking: KBAC=kernel breadth
after cooking: ASV=Alkali spread value

andfarmer preferred variety for wide cultivation across
the state.

CONCLUSION

Agro-morphologicd traitsevauation of 92 fine/
semi-finericegenotypesshowed much variation. Some
of thepromising ricevarietieson thebasisof various
agronomictraitsalso exhibited good cooking quality.
Hence, these genotypesare suggested for wider testing
inorder to find the most stable cultivarsfor genera
cultivation acrossthevalley.
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IRC/TM-1/PP-40

IDENTIFICATION OF SUPERIOR ALLELES FOR HIGH YIELD-POTENTIAL
UNDER DROUGHT AND THEIR FUNCTIONAL MARKERS FOLLOWING
CANDIDATE GENE APPROACH IN RICE

Arup Kr Saha, Pooja Rai and Somnath Bhattacharyya*

Crop Research Unit, Genetics and Plant Breeding, Bidhan Chandra KrishiViswavidyalaya, Mohanpur, West
Bengal, India741252
*Corresponding author email: somnathbhat@yahoo.com

Drought reduces yield by 15-50 per cent
depending on the stress intensity and crop growth
period at whichthestressoccursinrice. Drought stress
occursat any stage of ricegrowth and the magnitude of
lossdepends on growth stages, among these, drought
dressa theflower initiation tagemay cut yield much as
plants do not get any scope to decrease the loss by
physiologica and phenologica adjustments. Drought
stressat the reproductive stage (panicle devel opment
to anthesis) reducesyield severely becauseit hampers
thespikel et primordiadevel opment and promotesflora
derility. Effortsinitiated for the devel opment of variety
which smultaneoudy yield both under water stressas
well asunder non-stressenvironment.

Several genes have been identified already
whichinfluencethe performance of riceyield under
drought. Among them, it has been observed that
overexpression of candidate genes in root, viz,
OsNAC10 (NAC domain containing gene,
AK069257), OsAP37 (Apetalous 37, AK061380),
sgnificantly improvericeyield (Jeonget al., 2010; Oh
et al., 2009).Overexpression was made by transgenic
approach using strong root-specific promoter. There
isnoinformation regarding the satusof thesegenesin
landracesof riceor availabledrought tolerant varieties
genotypes. So effortswill beinitiated to identify the
status of these genesin drought tolerant genotypes.
Ultimately, itwill leed toidentification of superior aldes
andtheir functiona markerswhichwill beuseful inrice
breeding programfor devel oping drought tolerant lines.
S0, the objectives of thisstudy are

i. Identification varieties/landraceswith high
yield potential under water deficit condition.

ii. Identification of superior alleles for the
drought tolerant candidate genes using relative
quantification of transcript.

iii. Development of functiona candidategene
based marker.
METHODOLOGY

Thirty ricegenotypescomprising of landraces
collected from upland ecology, known drought tolerant
genotypesand highyielding cultivarseva uated for their
reproductive drought tolerance ability both under soil
cylinder experiment (15-20% moisture w/w) at the
rainout shelter aswell asunder rainfed low land field.
Drought stress wasimposed by withdrawing water by
twoweeksinaset of cylindersat the panicleinitiation
stage keeping another set well irrigated.

RESULTS

Drought stress in soil-cylinder experiment
reduced plantyield (PY) on water sufficient condition,
asexpected, from an average of 14.92g-10.95g under
drought i.e. aimost 23% mean reduction. Mean
difference between WS and WD grown plantsfor most
of the parameters likeflag-leaf temperature (°C)
mean (33.2+1.16vs35.8+ 1.2), CG/panicle (22+ 9
vs46+ 8.1), root freshwt (57.1+ 31.5vs22.9+ 11.9),
root dry wt(g) (24.6+ 14.1vs 8.6+ 4.4). Meanfilled
grainreduced to 62.0 from 85. A strong and positive
relationship between filled grain and PY both under
WD (r= 0.686) and WS (r=0.542) was
observed but chaffy grain showed a negative
correlationwithyield under drought stressbut not under
WS. High net photosynthesi srate showed also positive
correlation (0.308) withyield under drought but the
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correationwasinggnificant under WS. Bi-plot anayss
using two mgor componentsof PCA andysisidentified
Chotogora, Kariagora, Ras asthetolerant highyidding
genotypesaong with known tolerant linesN22 and
Dular. Yield and its attributing parametersof all 30
genotypescompared inregiond research substation at
Sekhampur following RBD both under well-watered
and water deficit (irrigation withdrawn at the 45 days
after transplanting) conditions. Mean yield reduction
was 1.71 kg/10n? which was about 40% ranging from
19%to 58%. Chotagora, N22 and Bhutmuri produced
4.32t/ha, 3.84 t/haand 3.79 t/hawith drought tolerance
index (ratio of yieldin Water deficient by sufficient)
0.81, 0.80 and 0.67 respectively. When yield
potentiality of newly identified two lines, Chotogora
and Bhutmuri wascompared with N22, no significant
differences noticed among thesethree genotypesunder
WD but Chotogora produced better yield under WS
condition. Thus, reproductivedrought tolerance ability
of Kariagora, Chotogora was almost similar
to Dular and N22, if not better and Chotogora
and Bhutmuri canbe considered ashighyielding donor
parent for improving yield under drought-proneareas
in addition to N22 and Dular. Like soil cylinder
experiment, yield under WD was positively correl ated
withfilled graingpanicle.

Over-expression of two genes, OsAP37 in
leaves and OsNAC10 transcription factors in
roots improves yield during terminal drought
stress. Sequencing of thefull length genomic DNA
OsAP37 and NAC10 was done among eight
genotypes. Multi-allignment identified SNP based
allelesfor both genes: Chotogora and N22 carry the
sameAP37 dldeasreference Nipponbere (Japonica)
whereas Chotogora, Kariagoraand N22 possesssame
NAC10 allele like Nipponbere and remaining
genotypes are the same as that of IR64 (Indica).
Relative abundance of AP37 and NAC10 transcripts
wascompared in stressgrown five genotypes, Satabdi,
Chotogora, Kariagora, N22 and IR64. Transcript
abundance of AP37 was 10-12 timeshigher inthree
rice genotypeswith higher drought toleranceindex,

Kariagora, Chotogoraand N22. Similarly, expression
of NAC10 transcript was also 5-6 folds greater
in Kariagora and Chotogora on Satabdi. Thisstudy
also developed SNP derived PCR based markersfor
both genes. KariagoraNAC10 alelewhen validated
inF, population, it showed yield advantage over N22
aleleunder reproductive stress.

CONCLUSIONS

Overdl this study identified reproductive
drought tolerance aus type landrace, Chototogora,
Kariagoraand Bhutmuri, and among these, Chotogora
and Bhutmuri cgpableof producing highyield bothunder
WSandWD. They aresuggested for cultivationinthe
vast drought-pronerainfed low land areas of red and
lateritic soil and useinthehybridization program also.
Other than high filled-grain/panicle, narrow gap of the
flag-leaf temperature between WSand WD and high
potential yield no specific physiological and
morphologica characters seem to contributedirectly
to higher yield. However, instead of the selection
parameters available during drought stress, better
recovery capacity asreflected by highgrainyield should
bethecriteriafor thefinal selection of reproductive
drought tolerance lines. SNP derived PCR based
markers from the OsAP37 and OsSNAC10 allele of
Chotogoraand Kariagoracan be useful after further
validation for theimprovement of yield when drought
develop during panicleinitiationto flowering stage.
REFERENCES
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IRC/TM-1/PP-41

DEVELOPMENT OF AN ALLELE SPECIFIC MARKER OF YIELD
ENHANCING NOG1 GENE IN RICE

Purkayastha S, Das D, Sen P, Saha AK, Bhattacharyya PK and Bhattacharyya S*

Crop Research Unit, Genetics and Plant Breeding, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur,
Nadia-741252, WB
Corresponding author email: somnathbhat@yahoo.com

Rice(Oryza sativa) isthe staplefood for one
third of theworld’spopul ation and onefifth of thetotal
land area occupied by cered's, isunder rice production.
FAO hadraiseditsforecast of world paddy production
in2017 by 2.9 milliontonnesto 759.6 milliontonnes
(503.9 milliontonnes, milled basis). Theaverageyield
of riceis3.5-5t\ha. In present scenario to fulfill the
increasing demand of ricethe averageyield must be
increased. Somerice genotypeslike Satabdi (8t\ha),
Ajay (7.5t\ha), Khitish and Rajlaxmi (7t/ha) lead to
the stagnation of yieldinrice. Our challengeisto break
thisyield plateau. For thisboth source and sink must
be improved. Recently, rice breeders are aiming
towardsdevel opingricevarigtieswhichnot only perform
better under favorable condition but also performwell
indifferent agro ecologica condition. Suchavariety is
really missing acrosstheglobe Deb. Genetic diversity
ascontainedinfolk varieties (a so called landraces) of
rice and its wild relatives provides the bedrock of
evolution for cultivated rice (Oryza sativa) and its
differentitioninto variouscultivarsto adgpt to different
environments. Additionally, most of thelandraces of
rice varieties do not fetch better market price or
acceptabledueto lower yield and poor grain quality.
So, effortsarereally required for identification of new
highyidding candidate genesresourceswithgood grain
quality aswell aspossessing other criteriain normal
stuation. Thereisnoinformation regarding the status
of thesegenesinlandracesof riceor availablein high
yielding acceptabl e varieties/genotypes. So, effortswill
beinitiated toidentify thetatus of thesegenesinhigh/
low yidding varietiesand landraces. Ultimately, it will
lead to identification of superior aleles and their

functiona markerswhichwill beuseful inricebreeding
program for devel oping high yielding lines. Recently,
severa yield enhancing genes of riceareidentified
following map based cloning. NOG1issuch agene
whichimprovesgrain/paniclewithout anegative effect
onthepaniclesper plant, test wel ght and heading date.
Introduction of favorable NOGL1 alleleincreasesthe
grainyield by 25.8% in therice genotypes carrying
NOG1-unfavourablealele. Even over expression of
NOGL1 canfurther increasethegrainyield by 19.5%in
the NOG1-containing variety.A 12 bp light sensitive
Cis-sequencerepeat isidentified onthe 5’ -upstream
regulatory element of favourable NOG1
alees.hence,our hypoths swastherice genotypewith
higher expression NOG1 gene with 12 bp repeat
element can betargeted for theimprovement of rice
yidd.

OBJECTIVES

| dentification of superior dldefor NOG1 gene
andvdidation of dleespecific markersassociated with
increased grainyield of landracesunder West Bengd
condition.
MATERIALSAND METHODS

Alldespecific primer pairsweredesigned from
the promoter region (position - Forward primer 1189bp
and Reverse primer 1353bp) — expected band size:
164 bp and 152 bp of NOG1 to identify the 12bp IN/
DEL variation.200 genotypeswere screened based on
PCR based markersfollowed by field-phenotyping for
theconsecutivethreeyears. RNA extractionwasdone
fromflag leavesduring panicleinitiation stageusing
thermo scientific GeneJET Plant RNA PurificationMini

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India

Tis



o=

1% Indian Rice Congress - 2020 @1

Rice Research and Development for Achieving Sustainable Development Goals \\. =

t

Indian Rice
Congress
00—

Theme -1: Enhancing rice productivity and quality

RGQ-NOG1

Srabani

= S = = ]

MNZ2 IET2Z5701 Purmnsndu  Rudre

Fig. 1. Relative expression of NOG 1 genein flag leaf of
different genotypes

Kit. Crossing were done between N22 (NOG-),
IET25701 (NOG+) & Rudra (NOG+), Purnendu
(NOG-) parenta pairsand wereutilized for vaidation.
Sdlectionwasdoneonthebasisof Redl timePCR and
Yield related parametersi.e. Total grain number per
panicle, primary branch number, grain number of
primary branches, the secondary branch number and
grain number of secondary branches.

RESULT

Inthisstudy, two hundred genotypesrevea ed
alargevariationonyiddattributing parametersi.egran
number per panicle. Compared to N22 and Purnendu
, Rudra, IET25701 showed 4-5 times transcript
upregulation of NOG1 gene. Hence, these two
contrasting genotypes are used as parentsto develop

RILsand hetrozygytederived NILslines. A PCR based
In/De marker hasbeen devel oped and thismarker has
been validated in 130 RIL sand hetrozygyte derived
NIL lines produced by a cross between N22and
IET25701 and Rudraand Purnendu. Comparision of
Number of grainsper panicleweredoneinboth RILS
and NILswithsinglepoint analyssshowssignificantly
differencein the meansat the probability p<0.05 and
p<0.01 respectively.
CONCLUSION

In-Del based marker, developed from the Up-
stream regulatory e ementsof NOGLisuseful for the
identification of yield enhancing alelesfrom alarge
number of genotypes very easily. NOGL1 alele of
IET25701 isussful for theenhancement of yiddinrice.
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ASSOCIATION MAPPING FOR AGRONOMIC AND GRAIN QUALITY
TRAITSIN RICE (Oryza sativa L .)

Sweta Sinha*, Yogendra Kumar, Sareeta Nahakpam, Kumari Rashmi and | S Solanki

Bihar Agricultural University, Sabour, Bhagalpur-813210, Bihar, India
*Corresponding author email: bablysweta@gmail.com

Riceisstaplefood for morethan half of the
world'spopulation. It also servesasamode monocot
plant for genetic and genomic sudy. Indiahasthelargest
area under rice with about 44 million hectares and
secondin production with 110.15milliontonsinworld
during 2017-18 (Neerjaet al. 2019). The estimated
Indian population by 2050 is 1.63 billion and a per
capitademand about 250 g/day, the productivity needs
to be increased from the present 2.05t ha to 3.3-
4.05t har' to meet therequirement of about 150 million
tonsof rice(Neerjaet a. 2019). Sncethecurrentyield
trendsarenot sufficient tofeed the projected population
by 2050. Deveoping highyielding varietiesispriority
to feed the projected population by 2050. To meet the
food needs of the growing population, plant breeders
select for agronomically important traitslikeyield.
Determining thegenetic basisof quantitatively inherited
traitsisamgor god in plant breeding. | dentification of
QTLsor genesassociated to particular trait accel erated
the crop improvement either by introgressing the
identified QTL/genesin desired genotype by marker
assisted breeding or by transgeni c technol ogy. Over
thelast two decades, conventiond linkage mapping has
fadilitated theidentification of individud quantitativetrait
loci (QTLs) associated withyield factors, biotic and
abiotic stresstolerance and other quaity traitsinrice.
However, it hasrelatively low resolution and istime-
consuming as it requires generation of large size
mapping population from biparental crossing. In
contrast, the association mapping is a powerful
approach to identify associations between traits of
interest and genetic markers using diverse
genotypes.Associ ation mapping providesbroader dlele
coverage as a high-resol ution gene mapping method

ascompared to the bi parental mapping method.Many
QTLs can be mapped simultaneously and reported
QTLscandsobevalidated. Several useful QTLsand
genesreported for agronomic, yidd and nutritiond traits
invariousbiparenta and natura mapping populations
inrice.However, thereisaneed to continuoudy search
for novd dleesto cater tothediverseneedsof breeding
programsto mitigate the adverse effects of climate
change and to meet thefood and nutritional demands
of farmersand consumers (Descalsota-Empleo et al.
2019).The present study was conducted to
characterizethericegermplasm and identify molecular
markers associated with agronomic and grain quality
traitsthat could be useful for breeding programs.
METHODOLOGY

Forty-eight germplasm of ricewasgrownin
the experimental field of Riceresearch farm, Bihar
Agricultural University, Sabour, Bhagalpur. The
seedlingsweretransplanted inaRandomized Complete
Block Designintwo replicationswith spacing of 20
cm row to row and 20 cm plant to plant. All the
recommended agronomic packages of practiceswere
adopted during the entire crop period. In each
replication, fiverandom plantsfrom middle portion of
the rows were chosen and the observations were
recorded on daysto 50% flowering,plant height, panicle
length, flag leaf length, flag leaf width, effectivetillers
per plant, number of grains per panicle, test weight,
grainyield per plant, grainlength, grain breadth and
grainlength/ breadth ratio. DNA wasextracted from
theforty-eight germplasm of rice by using modified
Ddlaportaprotocol. The DNA extracted wasused for
PCR amplificationswith 56 SSR markers.The PCR
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productswereresolved by agarose gel dectrophoress.
The amplicons were visualized by UV light and
documented in gel documentation system. Themean
phenotypic dataof two replicationswere subjected to
analysis of variance (ANOVA) for al traits. The
correlation coefficientswere computed between dl the
traitsunder study. The genotypic datagenerated from
38 polymorphic SSR markers were used
assesspolymorphism information content,similarity
coefficients, population structure and kinship
coefficients. Association between SSR markersand
phenotypic performance (twelve traits) of therice
germplasm was cal culated using software TASSEL
Standa one Version 4.0. Thetwo statistical modelsi)
generd linear model (GLM) andii) mixed linear model
(MLM) wereusedfor theanaysis.

RESULTS

SSR markers produced 110 polymorphicloci
out of 38 polymorphic markers. Polymorphism
information content val ue ranged between 0.10 and
0.37. Themarker RM 8085, RM 475 and RM235was
highly informative. The Cluster analysis based on
UPGMA method separated the 48 germplasmintofive
major clusters. The population structure analysis
grouped the 48 rice germplasm into two
subpopulations, onewith 7 genotypes and the other
with 41 genotypes. Kinship analysisindicated atotal
of 91.62% of the germplasm having their kinship
estimates between 0.50 and 1.50. The association
andysisidentified 125 and 84 marker-trait association

by GLM and MLM approaches, respectively at P
va ues<0.05. Thephenotypic variationsdemonstrated
by the associated loci ranged from 8.11 to 38.66%
and6.71t0 27.24%for GLM and MLM, respectively.
In GLM, marker RM430 located on chromosome 5
showed highly significant association withtest weight.
While in MLM, marker RM6324 located on
chromosome 1, RM 320 | ocated on chromosome 7 and
RM552 located on chromosome 11 showed highly
sgnificant association with grain breadth and RM 6324
located on chromosome 1 showed highly significant
association with test weight. The significant marker-
trait association waslower inMLM compared to those
in GLM. MLM method was proven to be useful in
controlling falseassociations.

CONCLUSION

Themarkersidentifiedinthisstudy which needs
to be further validated and would be very useful in
marker assisted selection programs.
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IRC/TM-1/PP-43

RICE GENETIC RESOURCES: COLLECTION, CONSERVATION AND
UTILIZATION

Ashish Rai

Dr. Rajendra Prasad Central Agricultural University, Pusa, Bihar, INDIA
*Corresponding author email: meashishrai @gmail.com

Theplant genetic resources (PGR) isthebasic
raw materia for any cropimprovement programme. It
may consist of seed or vegetative propagul es (tuber,
rhizome, sucker, buds, cutting, seedling etc.) of crop
plants, which containsthefunctiona unitsof heredity.
They are generally known as germplasm or genetic
resource material. Sir Otto Frankel coined theword
‘Genetic Resources . Rice (Oryza sativa L.) isoneof
the most important cereal food cropsfor morethan
50% of theworld population and provides 50-80%
of daily cdorieintake. Riceisgrowninmorethan 115
countries. InIndia, itiscultivated under awiderange
of growing conditions. Below sealevel farming in
Kuttanad in Keralaand high altitude farming inthe
Himalayas. Because of itsadaptationto such variable
agro-ecosystems. Theincreased demand for ricewill

haveto be met fromlessland, lesswater, lesslabour
and fewer chemicalsunder changing climate. Canwe
meet the challengesto rice productivity, stability and
nutritiona quality improvement by strategic useof the
available PGR? Can India, having morethan 106,000
germplasm in the National Gene Bank (NGB)
effectively use of these resources? Past experience
suggeststhat germplasm il holdsthekey to our food
and nutritional security of future generation. Itiswell
known that thetraditiond ricevarietiesand their wild
relatives condtitute an inval uable gene pool intermsof
res stanceftol eranceto biotic and abiotic stresses, which
can beexploited for devel oping modern new generation
ricevarietieshaving enough resilienceto sustain the
adverseclimatic changes.
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STUDY OF GENETIC PARAMETERS FOR YIELD AND NUTRITIONAL
TRAITS IN RICE (ORYZA SATIVA L))

N. Naga DurgaRao?, V. Roja?, V. Satyanarayana Rao® and V. Srinivasa Rac*

"Genetics and Plant Breeding, Agricultural College, Bapatla-522101
2Advanced Post Graduate Centre, Guntur-522034
*Genetics and Plant Breeding, Agricultural College, Bapatla-522101
4qatistics & Computer Applications, Agricultural College, Bapatla-522101
*Corresponding author email: roja.ronanki@gmail.com

Riceistheworld’smost important food crop
and aprimary food sourcefor morethan onethird of
world’'spopulation. Itisthecrucial dietary and food
security sourcefor people of many Asian countries.
Theessence of plant breeding liesin the creation of
genetic variation whichisaprerequisitefor any crop
improvement programme.A thorough knowledgeon
nature and magnitude in the genetic variability and
association of charactersof aspeciesisapre-requisite
for an effective breeding programme. Increased hedlth
consciousnessamong therice consumershasresulted
ingreater attention to the genotypes containing higher
level s of bioactive compounds, such asantioxidants
and phenols. In this context, the present study was
takenup to assessthe genetic parametersfor theyield
and nutritional content of traditional coloured aswell
aswhiterice genotypes collected from thefarmers of
different digtrictsof Telangana.

METHODOLOGY

The 30 genotypes (comprising of red andwhite
pericarp) usedin the present study were collected from
farmersof different districtsof Telangana. All the 30
genotypesweregrown at Agricultural College Farm,
Bapatladuring Kharif2018 on separateraised nursery
beds. Thirty daysold seedlingsweretransplantedin
themainfield laid out in Randomized Block Design
(RBD) with three replications.Observations were
recorded on 17 different yield and nutritional traits
viz,plant height (cm), daysto 50% flowering, number
of productivetillersplant %, paniclelength (cm), spikelet

fertility (%), yield plot* (Kg), 100 grain weight (g),
kernal length/breadth ratio, protein content (%), Zn
content (igg™t), Fe content (igg™), total starch content
(%), amylose content (%), totd antioxidant activity (mg
AAE 100gY), total soluble phenol content (mg 100g
1, glycemic index and phytate content (mg 100g
1).Phenotypic and genotypi ¢ coefficients of variation
(GCV and PCV) were computed according to Burton
and Devane (1953). Heritability in broad sense was
estimated asper Allard (1960) and genetic advance
was estimated as per theformulaproposed by Johnson
et al. (1955).

RESULTS

Analysis of variance revealed significant
differencesamong the genotypesfor al the characters
indicating presence of sufficient variability amongthe
genotypes, thus, the possibility geneticimprovement
through selectionishighly promising.Estimatesfrom
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Fig 1. Graphical representation of trait wise GCV and PCV
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GCV and PCV (figure 1) reveded, highest phenotypic
and genotypic coefficient of variation wasobserved
for total antioxidant activity (55.25 and 50.83
respectively), whileglycemicindex manifested theleast
values(7.83 and 7.72 respectively). The estimates of
heritability ranged from 68.00 (spikelet fertility) to
99.40 (Daysto 50% flowering). The maximum vaue
for genetic advance as percent of mean wasobserved
for Iron content (83.28) followed by yield per plot
(72.75), amylose content (66.55) and 100 grainweight
(64.42). Thecoefficient of variability studiesindicated
that the estimates of PCV weredightly higher thanthe
corresponding GCV for all the characters, indicating
that these characters were less influenced by the
environment.Therefore, selection on the basis of
phenotypea one can beeffectivefor theimprovement
of thesetraits. Similar estimatesof dightly higher PCV
than GCV werereported earlier by Sudeepthiet al.
(2020).High heritability combined with high genetic
advanceas per cent of mean (figure 2) was observed
for plant height, number of productivetillersplant?,
paniclelength, yield plot?, 100 grain weight, kernel
length/ breadth ratio, protein content, Zn content, Fe
content, amylose content, total antioxidant activity, total
soluble phenol content, phytate content. Thus, these
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Fig2. Graphical representation of trait wiseHeritability and
Geneticadvance

traitsare mainly under the control of additive gene
action and hence these characters may be improved
by following simple selection.High heritability with
moderate genetic advance wasrecorded for daysto
50% flowering, spikel et fertility, total starch content and
glycemicindex appear to be under the control of non-
additivegeneactions.Hence, ingtead of amplesdlection,
other methods like heterosis breeding or recurrent
selection could be better alternative methods for
improvement of thesetraits. Similar resultswereaso
reported byUmeshet al. (2015).

CONCLUSION

High GCV and PCV coupled with high
heritability and high genetic advanceaspercent of mean
were observed for number of productivetillersplant?,
yield plot, 100 grain weight, kernel length/breadth
ratio, zinc content, iron content, amylose content, total
antioxidant activity and total soluble phenol content
suggesting an additivetypeof geneaction. Hence, good
responseto selection can beattained for improvement
of thesetraits.
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STUDIES ON COMBINING ABILITY AND HETEROSIS FOR DEVELOPING
HYBRIDS IN RICE (ORYZA SATIVA L))

S. C. Ghosh*, D. Sharma and P. K. Chandrakar

Indira Gandhi Krishi Vishwavidyalaya, Krishak Nagar, Raipur— 492012, (C.G) India
E-mail: syamghoshgpb@gmail.com

Riceisoneof theforemost cered cropsfeeding
over morethan half of world’spopulation. Itisgrown
in morethan ahundred countries and about 90% of
thericeintheworldisgrowninAsia. Exploitation of
heterosis (hybrid vigor) isone of the most important
applicationsof geneticsin agricultureparticularly rice.
Itisnot only contributing to food security, but also
beneficial for environment, soil and water resources.
Magnitude of heterod sisdetermined by thecombining
ability of the parentsand crossesin hybridsand also
influence by environmental factors.

METHODOLOGY:

To study combining ability and heterosisfor
developing hybridsin rice (Oryza sativa L.)” was
conducted at Research Farm, Department of Genetics
and Plant Breeding, Indira Gandhi Krishi
Vishwavidyalaya, Raipur Chhattisgarh during Rabi
2009-10 and Kharif 2010 to evaluate the variability,
to estimate the GCA of parentsand SCA of hybrids,
to assessthe magnitude of heterosisfor variousyield
and related traitsand to i dentify the maintainersand
restorers for different CM S lines under study. The
experimental material included three CM Slinesviz,
APMS6A, CRMS 31A and IR 79156A and seven
testersviz., NPT 2-2-694-1, NPT 9, NPT 80-1, ET
1-12, ET 1-13, TOX 981-11-2-3 and R 1244-1246-
1-605-1 and their twenty one Flsweregeneratedin
linex tester pattern for theestimation of variousgenetic
parameters, combining ability and heterosis. These
hybrids and parents were raised in Randomized
CompleteBlock Design (RCBD) withtworeplications.
Thedataobtained wassubjected tolinex tester anayss
Kempthorne (1957).

RESULTS:

Combining ability and heterosswasworked
out for charactersviz., daysto 50% flowering, pollen
fertility (%), flag leaf length, flag leaf width, flag |eaf
area, plant height, productivetillersper plant, panicle
length, fertile spikelets per panicle, Serile spikel etsper
panicle, number of spikeletsper panicle, number of
spikeetsper plant, spikel et fertility (%0), thousandgrain
weight, grainyield per plant and head rice recovery
(%). The analysis of variance revealed the
predominance of non-additive geneactionfor theall
charactersunder study, indicating the possibility of
exploitation of heterosisVirmani, (1994). Amongthe
CMSlinesstudied, it wasreved ed that the CM Sline
IR 79156A wasfoundto bethegood generd combiner
and among testers NPT 80-1, TOX 694-11-2-3 and
R 1244-1246-1-605-1 werefound to be good genera
combinersfor grainyield per plant, pollenfertility (%),
fertile spikel ets per panicle and spikel ets per panicle.

CONCLUSION:

The hybrids APMS 6A/TOX 694-11-2-3,
CRMS31A/ET 1-12, IR 79156A/NPT 80-1and IR
79156A/ET 1-13 were identified as a good
combinations on the basis of SCA effects, per se
performancefor grainyield per plant anditsattributes
viz., head rice recovery (%), pollen fertility (%),
spikelets per panicle, 1000 seed weight and daysto
50% flowering.

Crosses APMS 6A/ET 1-13, CRMS 31A/
NPT 80-1, CRMS 31A/ET 1-12, IR 79156A/NPT
80-1and IR 79156A/ET 1-13wereidentified asgood
heterotic hybridsfor grainyield per plant, pollenfertility
(%), spikeletsfertility (%) and spikeletsfertility (%).
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Based onthepollenfertility percent and spikel et
fertility percent, six genotypes were identified as
potential restorer viz., ET 1-12, NPT 2-2-694-1, NPT
9, NPT 80-1, TOX 981-11-2-3 and R 1244-1246-
1-605-1. Testersviz,, TOX 981-11-2-3, ET 1-12for
APMS 6A; NPT 9, NPT 80-1, TOX 981-11-2-3,
ET 1-12; R 1244-1246-1-605-1 for CRMS 31A;
NPT 2-2-694-1, TOX 981-11-2-3; NPT 80-1 for
IR 79156A identified wereaspotentid restorers. Three
genotypesindifferent combinations, wereidentified as
potential maintainersviz., ET 1-13and NPT 2-2-694-
1 for APMS 6A; NPT 2-2-694-1 for CRMS 31A
and NPT 9for IR 79156A. Molecular exploration may

be used for further for moreinsight in quantitative
understanding and the molecul ar understanding with
respect to broad sense and narrow sense heritability
with respect to additive and non additive geneaction,
combining ability and heritability or heteross.
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STUDIES ON COMBINING ABILITY AND HETEROSIS FOR GRAIN YIELD
AND QUALITY IN HYBRID RICE (ORYZA SATIVA L))
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’ICAR-Indian Institute of Rice Research, Rajendranagar, Hyderabad -500030, Telangana, India
“PITSAU, Rajendranagar, Hyderabad -500030, Telangana, India
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Riceisthe most important food crop in the
world andit feedsnearly haf of theworld spopulation.
Indiaisthesecond largest producer of riceintheworld
after china. InIndiaitisgrowninanareaof 44.15mha
with aproduction of 116.47 mtand the productivity of
2638kg per ha (INDIASTAT, 2018-19). Plateauing
trendintheyield of HYV'’s, declining and degrading
natural resources necessitates looking for some
innovative technol ogiesto boost upriceproductionin
thecountry. Hybrid riceisthebest practically feasible
and readily acceptable optionsavailableto increase
the production. InIndia, Telangana Stateisonly the
hybrid rice seed hub around 90% of thehybrid seedis
being produced in Karimnagar, Warangal and
Nizamabad didricts. Theincreased yield of ricehybrids
alone doesnot endure profitability to farmersif their
quality isnot acceptable and don't fetch high premium
inthemarket. Keepinginview of the present problems
in hybridrice, thisstudy was undertaken to develop
the high yielding rice hybridswith acceptablegrain
quelity.

METHODOLOGY

In the present study five CMS lines were
crossed with twelverestorersin linex tester design.
Theresultant 60 hybridsalong with their parentsand
four checkswereevad uated inrandomized block design
with three replications during kharif, 2014 at Seed
Research and Technology Centre, PJTSAU,
Rajendranagar, Hyderabad for grain yield and its
components. Data was recorded for days to 50%

flowering, plant height (cm), number of productivetillers
per plant, paniclelength (cm), number of filled grains
per panicle, 1000 grainweight (g), spikel et fertility (%0)
andgrainyield per plant (g). After harvest of thecrop
grainquality traitsviz., hulling (%), milling (%), head
ricerecovery (%), kernel length (mm), kernel breadth
(mm) andkernd L/B ratio, kernd length after cooking
(mm) and el ongation ratio wererecorded during rabi,
2014-15. Mean data was subjected to statistical
analysis as per the line x tester designby using the
softwareWindostat Version 9.1.

RESULTS

Analysisof variance for grainyield and its
componentsreveal ed that, SCA varianceswerehigher
than GCA variancesfor the characters studied except
for daysto 50% flowering indicating the predominance
of non-additive geneaction. Among thelinesstudied,
IR-58025A wasfound to be good general combiner
for number of productivetillersper plant, paniclelength,
1000 grainweight and grainyield per plant. Theline,
IR-79156A exhibited desirable gca effect for plant
height, number of filled grainsper panicleand spikel et
fertility percentage. Out of twelvetestersstudied, RNR-
2781 and RNR-15038 recorded significant positive
gca effects for grain yield per plant, number of
productivetillersper plant, paniclelength, number of
filled grainsper panicle, spikelet fertility (%) and 1000
grainweight and thesewere considered asbest generd
combiners.
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Based on per se performance, sca effectsand
the corresponding gca status of parents, six crosses
viz., IR-58025A x RNR-15038, IR-79156A x
NWGR-3132, IR-58025A x RNR-2781, IR-79156A
X RNR-2781, APMS-6A x RNR-15038 and
APMS-6A x RNR-2781were identified as best
specific crosscombinationsfor grainyield per plant,
number of productivetillersper plant, paniclelength,
number of filled grains per panicle and 1000 grain
welght.

Heterosisfor grainyield per plantismainly
because of ssmultaneous manifestation of heterosisfor
yield component traits. The hybrid, IR-58025A x
RNR-15038 which expressed highly significant positive
heterosisfor grainyield over standard checks(MTU-
1010 and KRH-2) aso proved its performance in
productivetillersper plant, paniclelength, number of
filledgrainsper panidleand grainyield per plant. Smilar
casewith IR-79156A x NWGR-2781, IR-58025A x
RNR-2781, IR-79156A x RNR-2781, APM S-6A X
RNR-15038, APMS-6A x RNR-2781, IR-58025A
X RNR-15028, IR-79156A x RNR-15038 and IR-
68897A x RNR-2781 in respect to grain yield and
most of itscontributing traits. These hybridscould be
utilized for exploitation of hybridvigour inrice. Shivam
and Harish (2013) observed that the crossesinvolving
lines with IR-79156A, IR-58025A and APM S-6A
found to be superior for grainyield.

Studieson grain quality analysisreved ed that
theline IR-79156A and the testers WGL -3962 and
RNR-2781 werefound to be superior for milling (%),
head ricerecovery (%), kernd length, kernel breadth,
kernel L/B ratio and kernel length after cooking. In
addition, thelines, IR-68897A and APM S-6A and the
testerssuch asNWGR-3132, RNR-15038 and RNR-
2456 showed good performancefor someof thegrain
quality traits. Among the 60 hybridsstudied, thehybrids
APMS-6A x NWGR-3132 exhibited high mean,
sgnificant sca effect and standard heterosisfor hulling

(%), milling (%), headricerecovery (%0), kernd length
after cooking and kernel elongation ratio with
intermediate alkali spreading value and intermediate
amylose content. The hybrids, IR-68897A x RNR-
2456, APM S-6A x RNR-15038, IR-58025A x RNR-
2781, APMS-6A x RNR-2458 and IR-58025A x
RNR-15038 were found to be good for some of the
grainqudity traits.

CONCLUSION

Based on overal study, it was concluded that
the lines, IR-79156A, IR-58025A, APMS-6A and
testers, RNR-15038, RNR-2781 and NWGR-3132
were found to be good general combinersfor grain
yield and itscomponents. It can be emphasi zed that
the hybrids viz., IR-58025A x RNR-15038, IR-
79156A x NWGR-3132, IR-58025A x RNR-2781,
IR-79156A x RNR-2781, APMS-6A x RNR-15038,
APMS-6A x RNR-2781 weretop ranking hybrids, in
view of high per seperformance, desirable sca effects
and heterosisfor grainyield and itscomponent traits.
Whereas, hybrids, APMS-6A x NWGR-3132, IR-
68897A x RNR-2456, APM S-6A x RNR-15038, IR-
58025A x RNR-2781, APM S-6A x RNR-2458 and
IR-58025A x RNR-15038were better with respect
to grain quality. The crosscombinationssuch asIR-
58025A x RNR-15038, IR-58025A x RNR-2781 and
APMS-6A x RNR-15038 were found to promising
for grainyield and grain quality. These hybrids could
befurther tested in different agro-climatic zonesover
seasonsfor their superiority and stability.

REFERENCES
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IRC/TM-1/PP-47

MARKER ASSISTED INTROGRESSION OF THE MAJOR QTL ASSOCIATED
WITH TOLERANCE TO LOW SOIL P, PUPL, INTO THE POPULAR RICE
VARIETY, WARANGAL SANNALU (WGL-32100)

Y. Hari**, K. Rukminidevi?, V. Venkannal, B. Satish Chandra?!, Ch. Ramulu?!, N. Lingaiah?, K. Rajendra
Prasad, R.M. Sundaram?, S. Malathi?, P. Jagan Mohan Rao' and P. Raghu Rami Reddy*

'Regional Agricultural Research Sation(PJTSAU), Warangal-506007, Telangana Sate, India
2l CAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana Sate, India
* Author for correspondence e-mail: itsyhari @yahoo.co.in

Phosphorus(P) isavital nutrient required for
growth and devel opment of rice plant. Phosphorus (P)
isoneof thesix essential macronutrients(N, P K, Ca,
Mg, and S) required by plants. Phosphorusdeficiency
isone of themost important abiotic stressfactorsthat
limitriceyieldsin India Warangal Sannalu (WGL-
32100) isahighyielding, medium-dender (MS) grain
typericevariety with 135 daysof duration, butishighly
susceptibletolow soil P. Inthe present investigation,
we attempted to improve WGL -32100 for tolerance
tolow soil Pby introgressing arecently cloned and
characterised mgjor QTL associated with low P
tolerance, Pup1QTL (Wissuwaet al. 1998) through
marker ass sted selection.

METHODOLOGY:

Marker-ass sted backcrossbreeding (MABB)
coupled with phenotype-based sel ection was adopted
for introgression of Pupl QTL into WGL-32100.
Swarna(MTU 7029), ahighyielding variety possessng
Pupl was used as the donor and was crossed to
WGL-32100to generate F;s. Two functiona markers,
K46-1 and K46-2 (Chinet al. 2011) specificfor Pupl
was used for foreground selectionin F, BC F, and
BC,F, generations, while background selection was
carried out based on physically observable phenotypic
traits and parental polymorphic markers in each
backcrossgeneration. Backcrossing wasdonetill BC,
generation, after which the plants were advanced
through pedigree method.

RESULTS:

The F s generated from the cross, WGL -
32100/Swarna were screened for presence of the
target trait Pupl QTL using the two QTL linked
molecular markersi.e. K46-1 and K46-2 to identify
the ‘true’ F,s showing heterozygous amplification
pattern. Atotal of 12* positive’ F swereidentified and
then backcrossed to WGL -32100 with the F sbeing
used asthemale parent to generate BC F, plants. Out
of 263 BC F, plants, a total of 144 plants were
identified to be positivefor K46-1, 129 plantswere
positivefor K46-2 and 18 wereidentified to bedouble
positivefor Pupl QTL. The 18 double positive BC F,
plantswerethen subjected for background selection
using 133 parental polymorphic SSR markersand a
single ‘positive’ BC,F, plant # WS 49 possessing
maximum recovery of recurrent parent genome (73%o)
was sel ected and then backcrossed with WGL-32100
to generate BC,F, plants. A similar marker-assisted
selection procedure was followed for selection of
BC,F, plantsandasingle‘ positive’ BCF, plant#WS
49-29 possessing maximum recovery of recurrent
parent genome (88%) was selected and selfed to
generate BC,F, BC,F, BC,F,and BCF, plants. At
BC,F,, fivebackcrossderivedlinesviz, WGL-1593,
WGL-1590, WGL-1588, WGL-1596 and WGL-
1602 possessing tolerant allelefor Pupl QTL, high
yield, mediumdender grantypesmila toWGL-32100
and recurrent parent genome recovery ranging from
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88.8 9% to 98.6 % were selected and advanced for
further evauation.

CONCLUSION:

Improved ricelines can be hel pful toresource
poor farmerswho grow these varietiesin soilswith
low P availability. Breeding lines of WGL-32100
possessing Pupl QTL can serve asgood donorsfor
targeted transfer of themajor QTL to other eliterice
varietiesand can be hel pful to reducetheamount spent
onsubsidy of phosphaticfertilizersinIndia

REFERENCES:
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IRC/TM-1/PP-48

DERIVING GENETIC COEFFICIENTS OF POPULAR RICE (ORYZA SATIVA
L.) VARIETIES OF SCARCE RAINFALL ZONE OF ANDHRA PRADESH

S. Jaffar Basha', S. Balaji Nayak?, N. K. Gayathri3, M. Sunil Kumar* and T. Murali Krishana®

1235Regional Agricultural Research Sation (ANGRAU), Nandyal, Kurnool-518502, Andhra Pradesh, India
4 Regional Agricultural Research Sation(ANGRAU), Lam, Guntur, Kurnool-522034, Andhra Pradesh, India
*Corresponding author e-mail: shaik.jaffarbasha@gmail.com

Agricultureisfacing the challenge of adapting
to the consequences of climate change, aphenomenon
affecting crop productive stability by reducing water
availability for growth. Yield estimationisone of the
primary challengesfor successful implementation of
Pradhan Mantri Fasal Bhima Yojana (PMFBY)
Programme. Conventional methods of crop yield
estimation are more time consuming, laborious,
expensive and limited to short window of data
collection. Using thesemethods assessing yield losses
isquitecomplicated and chdlenging. A comprehensive
scientific approach which can assess/estimateyield
losses of individual farm unitsisthe need of the hour
for sucoessful implementation of insuranceinagriculture.
Crop modeling and system analysis have al so been
viewed aspotentid tool to quantify theeffectsof climate,
seasonal weather condition, soil environment,
management and genotypeaswell astheir interaction
on crop growth, yield, resource-use efficiency and
environmental impacts (Shamim et al. 2012).Yao
FengMei et al. (2005) derived genetic coefficients of
different cultivarsused for validating the model by
repeatedly adjusting the model until a close match
between the s mulated and the observed phenology and
yield was obtained. Crop simulation modelsarethe
better waysto understand theinteractionsbetweenthe
different factorsof the productive processand allow
defining new scenariosto introduce changesintheir
variables. To bridgethe gap, RICE-Y ES programme
of IRRI isbeing implementing in Andhra Pradesh.
Genetic coefficientsof popular ricecultivarsgrownin

different agro-ecol ogical zonesishighly essentia to
increase the yield estimation accuracy. Hence this
experiment isproposed to derive genetic coefficients
for popular ricevarietiesof thescarcerainfal zoneto
increasetheyied estimation accuracy.

METHODOLOGY

A fidd experiment wasundertaken at Regiond
Agriculture Research Station, AcharyaN.G. Ranga
Agricultural University, Nandyal, Andhra Pradesh
during 2019-20 on vertisolsunder irrigated condition
to derive genetic coefficientsfor popular ricevarieties
of the scarce rainfall zone to increase the yield
estimation accuracy. Thetreatments cons sted of seven
ricevarieties (BPT 5204, NDLR 7, NDLR 8, NLR
3041, NLR 34449 and BPT 2270) in randomized
block design and replicated thrice. Recommended
doseof fertilizersof 240N, 80 P,O, + 80K ,O kg ha
twasapplied with nitrogenin three splits, phosphorus
asbasal and potassiumintwo splits. Dataon daysto
reach different phenophases, biomasspartitioning and
leaf areaindex a monthly intervasupto harvest, plant
height, productivetillers per square metre, panicle
length, seeds per panicle, test weight, grainyield and
harvest index at harvest was recorded. The data
gatheredineach obsarvation weredatisticaly eva uated
for criticd differenceat 5% leve of probability to assess
thesignificance of treatment meansusing analysisof
variancetechnique

RESULTS

Higher Leaf Arealndex (LAI) of 2.00and 6.82
wasobservedin NDLR 7 at 30 DaysAfter Planting

|
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(DAP) and 60 DA Prespectively whereashigher LAI
of 6.28 and 6.08 was observed in BPT 2270 at 90
DAP and harvest respectively. Lower LAl inNLR
33358(1.46 and 3.38) at 30 DAPand 60 DAP,NDLR
7(3.86) at 90 DAPand NLR 34449 (3.42) at harvest
wasrecorded. Among varietieshigher root dry weight
per square metre was observed in NLR 3041 at 30
DAP, 60 DAP, 90 DAPand harvest (70.4 g, 251.7 g,
413.7 gand 447.4 g respectively). Significantly lower
root dry weight per square metrewas observed in BPT
2270 (46.9 g) at 30 DAPR, BPT 5204 (142.9 g) at 60
DAPR,NDLR 7 (171.7 gand 238.3 g) a 90 DAP at
harvest respectively. Shoot dry weight per squaremetre
differ among varietiesat different stages. Higher shoot
dry weight at 30 DARP,NDLR 8(157.9g), NLR 33358
(778.5 g), BPT 2270 (1326.3 g and 1812.1 g) was
recorded. Significantly lower shoot dry weight per
square metrewas observed in NLR 34449 (127.1 g)
at 30 DAP, BPT 2270 (505.8 g) at 60 DAP, BPT
5204 (1024.3 g) at 90 DAPand NLR 33358 (1375.6
0) at harvest respectively. Among thevarieties tested
NL R 33358 was short duration (106 days) and BPT
2270waslong duration (164 days). Plant height and
panicle length was non significant whereas higher
productivetillersper square metre (400.4) and harvest

index (47.4) was observed in NLR 33358. Higher
seeds per panicle (250.7) wasobserved inNDLR 7.
L ower seedsper panicle (196.9) wasobserved in BPT
5204. Higher test weight (16.37 g) and grain yield
(7907 kg ha?) was observed in BPT 2270. Lower
test weight (12.82 g) and grainyield (6320 kg ha?)
was observed in NLR 33358. Lower harvest index
(41.8) wasobservedinNDLR 7.

CONCLUSION

Studieson different parametersof popular rice
varietiesof scarcerainfall zone showed differential
responseto variousgrowth andyied parameters. Long
durationricevarietieswith higher grainyieldwould not
fitinthe climatic situation where supply of irrigation
water isfor shorter period. Theshort duration varieties
with optimum grain yield would be better choicefor
scarcerainfall zoneand datacollected wasutilized for
yield estimation accuracy.

REFERENCES

Shamim, M., Shekh, A. M., Vyas Pandey,
Patel, H. R., and Lunagaria, M.M. 2012. Simulating
thephenology, growthandyidd of aromdicricecultivars
usng CERESRicemodd under different environments.
Journal of Agrometeorology 14 (1), 31-34.

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India

|



1% Indian Rice Congress - 2020

Rice Research and Development for Achieving Sustainable Development Goals\ 74 bl —

)/ lndia.n Rice

Congress

Theme -1: Enhancing rice productivity and quality

IRC/TM-1/PP-49

ASSOCIATION MAPPING REVEAL SOURCE, SINK AND THEIR
RELATIONSHIP OF HIGH-YIELDING SHORT-DURATION RICE
Nidhi Chaturvedi®’, Nguyen Trung Duc**', Animireddy China Malakondaiah?, Dhandapani Raju®’,

Sudhir Kumar?, Chandrapal Vishwakarma!, Renu Pandey?, Madan Pal Singh?, Ranjith Kumar Ellur?,
Gopala Krishnan?, Viswanathan Chinnusamy®

Division of Plant Physiology, ICAR —

Indian Agriculture Research Institute,Pusa Campus, New Delhi

110012, India

2Division of Genetics, ICAR —

Indian Agriculture Research Institute,Pusa Campus, New Delhi 110012

®Vietnam National University of Agriculture, Hanoi 10000, Vietnam
* Correspondence: viswanathan@iari.res.in, R.Dhandapani @icar.gov.in

Breeding high-yieldingshort-duration rice
varietiesreslienceto climatechangeisanove Srategy
for food security, sustai nable development, feeding 9
billion people by 2050. Short-duration varietieshave
lessrisk of damage caused by flooding, drought, and
sdtwater intrusion. High-yielding ricevarietieswill
providebetter incomefor farmer andgrainyiedinrice
Is mainly depend on source-sink relationship.
Understanding the mechanism of source, snk andtheir
relationship will contributeinimproving grainyield
potentia and qudity (Fernieet d., 2020). Theobjective
of thisstudy istoi,grouping diverse genotypes based
on source and sink traitsfor rice breeding program

resilienceto climatechange; ii,selecting thediteshort
growth duration highyielding genotypes, suitablefor
diverse ecosystem in India and iii,dissecting
guantitative trait controls sources, sink and their
rel ationship in rice by association mapping method.
METHODOLOGY

Field experiment with 182 rice genotypeswere
laid outin RCBD withthreereplicationsin Kharif seeson
2020, ICAR-IndianAgricultural Research Institute,
New Dehi. Two or three seedlingsweretransplanted
per hill a aplant density 15x20 cm (33 plant per m?).
Genotypingwas performed using 50K ricegenic SNP
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chip *OsSNPNks' . A subset of 27,835 SNPswith a
minor aldefrequency (MAF) > 5% and amissing data
ratio < 0.1 wasused for association analyses. GWAS
was performed with MLM, SUPER and FarmCPU
models using R package GAPIT version 3 and
rMVP.The Gramene QTL database and QTL
annotation rice online database (QTARO) were
searched to identify the physical locations of the
previoudy reported QTLs. The candidate geneswere
determined using the genome browser of the Rice
Annotation Project Database. All statistical testsand
graphswere performed using Rv.4.0.2 (R Core Team,
2020).

RESULTS

Population structurewas analyzed usng SNP
markersand combined with previous study of Tiwari
et a. (2015) and McCouch et al. (2016) showed that
the 04 genotypes groups were identified (indica,
basmati, ausand japonica). Hierarchical clustering
analysis of 07 phenotypic traits of 182 diverse
genotypeswereclassified into 05 groups. Traditiondl
varieties and improved varieties were clustered in
different groups. Genotypeswith higher tiller numbers
tend to have shorter plant height. Threeditegenotypes
were selected MTU1010, Pusa Sugandh 5 and
Sabhagidhan. These genotypes have short-duration
from 76 to 81 daysthat is5-7 days shorter than |R64
and have significant higher.Association mapping of
sourcetraits, sink traitsand source-sink ratio showed
that, QTL/genesassociated with sourcestraitslocated

in chromosomes 2, 6. QTL/genes associated with
sourcestraitsand sink traitslocated in chromosomes
2, 6 and 9. QTL/genes associated with source-sink
ratiolocated in chromosome 1, 7 and 11.

CONCLUSION

Three elite genotypes MTU1010, Pusa
Sugandh 5 and Sabhagi dhan were sel ectedas short-
durationand high-yielding genotypes, suitable for
diverse ecosystemof Indiaand resilienceto climate
change.Thereisatrade-off between plant height and
tiller number.QTL/genesassociated with source-sink
ratiolocated independently with QTL/genesassociated
sourcesand sink traits. Theresultsof thisstudy will
provideabasisof source-sink relationship for further
study of candidate genesand for the devel opment of
high-yielding short-durationricevarieties.
REFERENCES
Wang, Y., Wang, J., Zhai, L., Liang, C., Chen, K., &

Xu, J. (2020). Identify QTLsand candidate

genes underlying source-, sink-, and grain

yied-ratedtraitsinriceby integrated andyss
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IRC/TM-1/PP-50

DEVELOPMENT AND EVALUATION OF SHORT DURATION EXTRA LONG
SLENDER EXPORT ORIENTED RICE CULTURE MTU 1341
Y. Satish*, N. Chamundeswari, B.N.V.S.R. Ravi Kumar, P. Venkata Ramana Rao, M. Girija Rani A.V.S.
Durga Prasad, P.V. Satyanarayana, P. Ramesh Babu and G. Jogi Naidu ’

Regional Agricultural Research Sation, Maruteru-534 122, West Godavari, AP, India
*Corresponding author email: tej.satishl@gmail.com

Riceisthe mgor staple food crop in India.
Among theglobal riceexporting countries, Indiaisone
of theleading country with total exportsworth of 6350
million USD including basmati and non-basmati.
Approximately aquantity of 4.45 million tonnes of
basmati riceand 5.04 million tonnes of non-basmati
riceisbeing exported during 2019-20.(www.airea.net).
Indiaexportsbasmati ricemgorly to Iran, Saudi Arabia,
UAE, Irag, USA, UK and other countries and non-
basmati riceto Nepal, Benin, Somalia, Guinea, Togo
and other countries. In recent past the non-basmati rice
exports (53%) are gaining more importance and
development of ricevarietieshaving export potentid is
the need of the hour to meet the domestic and export
demand.

OBJECTIVE

Todevelopricevarietieswith highyielding,
extralong dender grain typeand good cooking quaity
with export potentid.
METHODOLOGY

MTU 1341, an extralong dender riceculture
developed by crossing M TU 1010 asfemal e parent

and KMP 149 as male parent. The segregating
population were advanced by pedigree breeding
method and the line MTU 2261-11-3-1-2 (MTU
1341) wasidentified with high yield and extralong
dender grain. Thericeculturewastestedingationtrids
viz., OYT, PYT and AYT a RARS, Maruteru,
followed by multi locationtesting during Kharif, 2016
and 2017. Thedatawas summarized and thericeculture
MTU 1341 ishaving superior yield over check and
thequality datawas analyzed and found to be suitable
for rice exportsin non-basmati segment.

RESULTSAND CONCLUSIONS

The rice culture MTU 1341, recorded an
average yield of 7461 kg/ha in station trials in
comparison with best check MTU 1010 (6089 kg/ha)
with 22.5 percent increase over the check. In multi
location trials conducted during Kharif, 2016 and
Kharif, 2017 therice cultureMTU 1341 recorded an
averageyield of 6824 kg/hain comparisonwith check
variety MTU 1010 (5184 kg/ha) with an yield
advantage of 31.6 percent. Owing to the superior
performance of the cultureit was decided to test the

Tablel: Evaluation of MTU 1341 riceculturein station trialsand multi location trials

Nameof theTrial Year of testing Grainyield (kg/ha) Percentageincrease over check
Entry(MTU 1341) Check(MTU 1010)

OYT-Ealy Rabi 2014-15 8264 6975 1848

PYT-Ealy Kharif 2015 6810 5030 3539

AYT-Ealy Rabi 2015-16 7310 6262 16.74

Average over Station Trids 7461 6089 25

MLT-Early | Year (pooled) Kharif 2016 6664 4661 4297

MLT-Early Il Year (pooled) Kharif 2017 6984 5707 2238

Averagein MLTs 6824 5184 316
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cultureMTU 1341infarmersfiddsduring Rabi, 2020-
21. (Tablel)

MTU 1341 haskerndl length of 7.01 mm and
kernel breadth of 1.99 mmwith L/B ratio of 3.52. It
a so has68% milling percentage and 60% of headrice

recovery. With an average yield of more than 25
percent over thericevariety MTU 1010 along with
good grain quality, thericecultureMTU 1341 canbe
agood rice culture for the state of Andhra Pradesh
with export potential in non-basmati segment.
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IRC/TM-1/PP-51

EVALUATION OF HIGH YIELDING, MID-EARLY RICE VARIETY WITH
BETTER GRAIN QUALITY

D.B. Prajapati, M.B. Parmar, A.G. Pampaniya and N.R. Makawana

Main Rice Research Sation, Anand Agricultural University, Nawagam- 387540, Gujarat
E-mail: dbprajapati207@gmail.com

Theresearchwork wascarried out breeding a
superior highyidding, mid-early, mediumdender variety
of ricewith better cooking and milling quaitiesat Main
Rice Research Station, Nawagam and paddy Research
station, Dabhoi of Anand Agricultural University and
two paddy stationsviz. Navsari and Vyaraof Navasari
Agricultural University, Navasari. Thegrainyield of
NWGR 15022 was recorded 5137 kg/ha which is
26.8,14.1 and 4.3 per cent higher over the state check
viz., GR 4 (4136 kg/ha), GR 12 (4541 kg/ha) and
Mahisagar (5205 kg/ha), respectively. It possesses
good grain quality traitsviz., high head ricerecovery
(62.51%), medium amylose content (25.42%) and
Length and breadth ratio (3.41) and medium slender
grains having milled grains (5.46 mm), high cooked
kernel length up to 9.2 mm, volumeexpansionratiois
4.63.

Key Words: NWGR 15022, high yielding,
Cooking and milling qualities

Riceoccupiesabout five per cent of thegross
cropped areaand cultivationisabout 7.5t0 8.0 lac
hectaresinthegate. Inthe Gujarat, farmersaregrowing
early andfinegrainvarietiesviz, GR4and GR 12 are
most popular among farmersaswell asconsumersand
were released in the year of 1981 and 2005,
respectively, whereas, Mahisagar in 2016. The
productivity of GR 4 and GR 12 varieties going to
decreasing; hencean urgent need to develop aquality
variety of medium slender grain group. Hence,
systeméti c effortswere madeto evolveasuperior early,
medium slender kernel typerice variety with better
cookingand milling quaities.

METHODOLOGY

The NWGR 15022 was devel oped through
crossof GR-11 x IR-60 by pedigree salection method,
than it wasevaluated for yield with promising entries
including check varieties, GR 4,GR 12 and M ahisagar
indifferent trialsviz,, PET-E, SSVT-Eand LSV T-E-

Tablel. Evaluation of high yielding, mid-early ricevariety with better grain quality along with checks

Year Expt. Locations Grainyield (kg/ha) CD.a5% CV.CV%
NWGR15022 GR4(a) GR12(c) MahiSagar(d)

2017 PET-E NWG 4977 3935 4977 112 132
DAB 3885 4042 4343 ™4 87

2018 SSVT-E  NWG 5750¢ - 4857 569 7.7
DAB 55124 - 4405 671 91

2019 LSVT-E-F NWG 59544 457 5265 5613 07 105
DAB 60142 4667 5333 5513 915 10
NVS 5701% 3328 3866 5420 1033 17
VYA 3301 4001 3700 4274 9n 145

Overall Mean 5137 - - 4925 - -

% increase over check - 26.8 141 43

Note:1.a=GR-4 c=GR-12, d =Mahisagar indicates Sgnificant at 5% level than respective check.
2. NWG= Nawagam, DAB=Dabhoi, NV S= Navsari, VYA= Vyaralocations.
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Characters NWGR 15022 GR4 GR12 M ahisagar
DFF (days) 97(86-107) 87(79-92) 95(84-103) 91(78-97)
Days to Maturity 127(116-137) 117(109-122) 125(114-133) 121(108-128)
Plant height (cm) 121(110-126) 109(108-112) 119(115-126) 111(105-120)
Paniclelength (cm) 22.0(195-239) 20.0(16.8-22.2) 23.0(225-238) 24.0(21.8-25.8)
Number of productivetillers/ plant 10(8.0-12.0) 10(8.0-11.0) 9(8.0-11.4) 9(7.0-10.7)
1000 grainwt. (g) 14.6(12.9-15.1) 135(12.9-14.2) 14.6(12.7-15.6) 15.8(14.0-17.5)
Mill (%) 69.44 6758 68.28 7386

HRR (%) 6251 57.00 61.85 64.59

KL (mm) 5.46 534 548 545

KB (mm) 160 150 1% 162

ASV 500 400 500 500
KLAC(mm) 92 85 88 92

AC (%) 2542 2553 2531 2510

Mill: Milling (%): HRR: Head Rice Recovery (%); KL: Kernel Length (mm); KB: Kernel Breadth (mm); KLAC: Kernel Length after
cooking; ASV: Alkali Spreading Value; AC: Amylose Content (%). These cooking grain quality parameters derived during 2019.

F during Kharif season of 2017, 2018 and 2019,
respectively. The experiment was framed in a
Randomized Block Designwiththreereplications. The
Genotypesweregrown in 4.95 metersapart withtwo
meters width by maintaining 20 cm %15 cm plant
spacing of individual genotype. The agronomic
characteristicsweremeasured asper Table 1. Thegrain
and biochemical properties of NWGR 15022 were
mentioned in Table 1. The data pertaining to various
characters were analyzed as per the procedure of
randomized block design given by Panseand Sukhatme
(1978) for individua environments.

RESULTS

Thegrainyield of NWGR-15022 wasrecorded
5137 kg/hawhichishigher over thecheck viz, GR 4,
GR12andMahisagar. Theyidd potentid of thisvariety
156014 kg/ha TheNWGR-15022 wasfound mid early
maturity (116 to 137 days) with medium dender kerne
type. Theyield attributing traitsof NWGR-15022 viz,
length of panicle (19.5-23.9 cm), higher number of
productivetillers/plant (8.0-12.0) werefound superior
over the checks (Table 1); these results are in
agreement with those obtained by Sedeek et d. (2009).
TheNWGR-15022 cultureismidtall in plant stature
(110-126 cm) and possesses 12.9-15.1 g test weight,

5.46 mm grain length with breadth 1.60 mm, having
Kernel length/breadth (mm) ratio of 3.40 whichis
enough categorised in fine grain group of medium
dender (Table 2). The Grain quality characteristicsof
the NWGR-15022 were mentioned in Table 3. The
amylose content of NWGR-15022 (25.53%) found
at par with check. Themilling quaitiesare better means
69.44 % with head ricerecovery 62.51 %.

CONCLUSION

Theaverageyiddof variety is5137 kg/haaong
with 6014 kg/hayield potentid . Consideringitssaient
meritsof NWGR 15022 viz., medium slender grain
type, compact panicle, good tillering ability, mid-early
meaturity, good cooking and grainqualitiesmay suit for
commercid releaseof variety.
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INDUCED MUTATION IN AROMATIC RICE-FREQUENCY AND SPECTRUM
OF VIABLE MUTATIONS OF ECONOMIC VALUES

D.B. Prajapati’, M.B. Parmar?, A.G. Pampaniya and N.R. Makwana

Main Rice Research Sation, Anand Agricultural University, Nawagam-387540, Gujarat, India
E-mail : dbprajapati207@gmail.com

K eeping aview to search viable mutations of
economic importancein seven aromaticricevarieties
are included and their dry seeds were treated by
applying two light radiation doses of gammaraysi.e.
300 and 500 KGy. with control (2000 seeds per
treatment) and grown during Kharif 2018inlargeplot.
Both frequency and spectrum of viable mutantswere
found and characterizations of economic importance
varied with thetreatment aswell asvarieties. During
2019, the 62 and 37 treatment variation\mutant plants
werefoundinsevenvarietiesinM, of 300KGy andin
M, of 500 K Gy, respectively. In Pankhali 203 the most
desirable and effectiveviablemutantsarefound under
300 KGy. treatment; Thereisarising pressurein our
country for production of high grainquality, aromatic
rice that fulfilling demand and export market.
Unfortunately, thesetraditional cultivarsareknown
certain pockets with poor yield and lodging
susceptibility andtal plant (>170cm). Hence, thereis
need toimprovetheyield potential of such cultivarsby
reducing theplant height without losngaromaand other
quality charactersof parentd variety.

Key Words: viable mutations, gamma-rays,
aromatic rice, M, generation
OBJECTIVES

Wl adopted aromaticricevarietiesadongwith
traditional aromatic ricewith object to develop early
meaturing, highyielding aromatic rice mutant and short/
medium stature mutant.
METHODOLOGY

Many traditional aromatic rice cultivarsare

famousviz KrishanaKamod, Improved Kai Kamod,
Indrayini, Pankhai-203, Rgbangdiyu, Ambemohar and

GR-101 release variety in western zone of Indiadue
to their excellent grain quality and aroma. Two
thousands pure, healthy and dry seeds (moisture 12%o)
wereirradiated by applying two light dosesof gamma
raysi.e. 300 and 500 KGy. doses of ®Co. gamma
raysat Anand Agriculturd University, Anand, Gujarat.
and grown during Kharif 2019 with 1000 of each un-
irradiated seed lots of each variety Different types of
viablemutationsand their frequency were scored and
selected in each trestment starting from germinationto
maturity. Themutant plants(affecting growth habit) are
harvested separatdly; those showing morefeaturesare
listedindetailsin Tablel.

RESULTS

FromM,, generation 109 mutantindividua plant
selectionswereidentified from seven varietiesduring
2019. The varieties viz, Pankhali 203 record more
sengtivethan GR-101 with regard to thefrequency of
viable mutants. With regards to spectrum of viable
mutations, atotd of 27 typesof macro-mutationswere
observed; 21 typesin each of GR-101 and Krishna
Kamod. The frequency of different mutants over
cultivarswerefoundviz, 27 early/mid late maturing, 8
extraearly maturing, 33 long panicle, 30 increased
tillering, 29 bushy and dwarf plant, 22 broad leaf and
non-lodging, 32 pigmented grain, 13 short slender
grain, 38 straw colour grain, 11changeingransizeand
29 highyidding plants.

CONCLUSION

| solation of few semi-dwarf mutant coupled
with earliness have assumed great significance for
improving traditiona aromaticrice, amilarly, severd
workersreported that dwarf and semi-dwarf plants

0]
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Table: 1 Frequency and spectrum of induced viablemutationsof Gamma-ray in M2 generationinricevarieties

Particulars Gammaray Tota Ganmaray  Total Gammaray  Totad  Gammaray Totad
Mutant Mutant Mutant Mutant
trait wise trait wise trait wise traitwise

Variety name\dose Krishana Improved Pankhdli GR-101

Kamod Kali Kamod -203
03 05 03 05 03 05 03 05

Total M, plants studied 1200 900 80 1000 1350 1250 B0 770

Spectrum of mutations Frequency of mutations

Early / midlate maturing 5 1 6 0 3 3 5 1 6 3 2 5

Medium\Semi-dwarf 5 2 7 2 3 5 5 0 5 3 4 7

Increasetillering 3 1 4 1 1 2 10 4 14 3 2 5

Bushy\dwarf plant 2 2 4 1 1 2 7 2 9 1 3 4

Non Lodging or broad leaf 1 5 6 1 1 2 1 1 2 1 1 2

Grainsvariation 3 8 u 2 1 3 u 3 14 1 0 1

Straw colour(black &

others) 5 5 10 2 3 5 2 1 3 2 3 5

Long panicle/awns - 3 3 2 2 4 9 4 13 1 1 2

Changein grain\

pigmentation 3 4 7 2 1 3 4 1 5 1 2 5

Highyielding 4 3 7 2 2 4 4 1 5 3 2 5

Total No. of beneficial

mutants 14 7 21 5 6 11 19 8 27 07 06 21

Frequency/100 M2 plants 117 078 194 059 060 119 14 064 205 074 078 152

Complete spikel et

sterility (%) 20 D 5 15 5 20 18 2 20 B 2 0

contd.....

Particulars Gammaray Total Mutant Gamma-ray Total Mutant Gammaray  Total Mutant

trait wise trait wise trait wise

Variety name\dose Indrayini Rajbangaliyu Ambemohar

03 05 03 05 03 05

Total M2 plants studied 953 1010 975 1078 877 60 93

Spectrum of mutations Frequency of mutations

ExtraEarly maturing 2 3 5 0 3 3 2 0 3

Medium\Semi-dwarf 3 2 5 4 1 5 1 0 1

Increasetillering 2 1 3 2 2 4 1 0 1

Bushy\dwarf plant 3 2 5 2 2 4 1 0 1

Non Lodging or broad |eaf 1 1 2 1 2 3 1 0 1

Long paniclelawns 4 1 5 3 2 5 1 0 1

Change in grain\ pigmentation 3 1 4 2 3 5 3 0 3

Total No. of beneficial mutants 7 4 1 5 8 13 ® O 5

Frequency/100 M2 plants 073 040 113 051 074 125 057 000 5700

Complete spikelet sterility (%) ) 3 365 ) 2 0 5 D 215
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foundinriceafter mutagenic treatments. The29 high
yielding, mutantswerefound; thisisin accordanceto
findingsof Shadakshari et al., 2001 that highyielding
mutantsshowing 15-20% moregrainyied thannorma
areobserved in both genotypes; Several workersalso
reported such mutantsin riceafter mutagenic treetments
(Domingoet al., 2007).

A total of 33 plantsout of 13468 M, plantsfor
increased tillering (more than 14 compared to 5-10
tillers/plantin normal) wereobserved in saven varieties.
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STUDY OF BIOCHEMICAL ATTRIBUTES DURING LONG TERM STORAGE
OF RICE

Gaurav Kumar, Nabaneeta Basak and Priyadar sini Sanghamitra

ICAR- National Rice research Institute, Cuttack-753006, Odisha, India
Corresponding author’s e-mail: gauraviari @yahoo.co.in

Riceisastaplefood for about 65% of global
populationmgorly in underdeve oped countrieswhere
food security isanationa concern. Inmost of theplaces
it has been consumed in the form of cooked rice.
Surprisingly, oldriceor stored riceare more preferred
over newly harvested rice because of better cooking
and eating quality. Thechangesingrain quality dueto
theeffect of aging areirreverableand mostly beneficid.
Aged rice has better commercial value, owing
particularly toimproved millingyield, higher consumer
preferencesintermsof cooked ricetexture, flavor and
associated parameters. Natural ageing through
conventional processes requires undesirably long
storage duration, in addition to associated higher
operational and maintenance costs. Alternatively,
artificial ageing of rice has been investigated by
researchersto achievesmilar resultsinlesser timeand
lower cost.

Therefore, post harvest storage of rice
becomes an important step to enhancetheflavor and
simultaneoudly it providesasimple solution of food
security for any nation. Although themechanismof rice
aging is not fully understood, understanding the
biochemicd changesduring storageisimportantinthe
evaluation of cooking and eating quality. Hencethe
study was performed with an aim to know the
mechanism of rice aging through biochemical aspect
duringlong term storage of rice.

METHODOLOGY

Fifteenricevarietiesincluding coloredrice,
non-colored rice (whiterice) and non-col ored scented
rice hasbeen used in the experiment. The biochemical

parameters were estimated at the interval of three
monthstill 24 monthsof storage.

Lipid peroxidation estimation through
Malondiadehyde (MDA): Properly powdered brown
rice sampleswere useto estimate MDA content by
using the col orimetric method as described by Hunter
etal. 1963.

Free Fatty Acids (FFA) estimation was done
by using the protocol mentioned by Cox et a. 1962
with dight modification. 10gm of finely ground grain
samplewas used to estimatethe acid number followed
by estimation of FFA which was expressed in
percentage (With respect to Oleic acid).
RESULTS

Theestimation of Maondiadebyde (MDA)
and Free Fatty Acid (FFA) content was donein aged
riceat theinterva of 3monthstill 24 monthsoldrice
granin12samplesof different ricevarietiesvaryingin
seed color. Thelevel of FFA and MDA content most
becomestatic, after 15 monthsof aging. Observation
shows that in all the 12 varieties FFA production
increasestill 9 monthsof aging then dightly decrease
and after 15 monthsit remains constant. FFA value
rangesfrom 0.247%1t0 0.412% in pigmented varieties
and 0.416%t0 0.639% in non-pigmented varietiesafter
24 months of ageing. Level of FFA productionwas
found to beless (15-20%) in pigmented varietiesas
compared to non-pigmented varieties. Similarly the
MDA content al'soincreasestill 12 monthsof aging
and then become constant inall the selected varieties.
Thevaueof MDA variesfrom 0.889t0 1.97 uM/10g
inpigmented varieties, 1.356t02.971 uM/10ginnon
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A MDA 10y

Figure. Variationin Malondialdehyde (M DA) and FFA concentration in pigmented and non pigmented ricevarietiesduring 24
monthsof storage. M DA content isexpressen in uM per 10 gram of sampleand FFA isexpressed in percentage.

pigmented varietiesand 1.282 to 2.518 pM/10g in
scented varieties. Like FFA, the decreased (20-25 %)
generation of MDA was a so observed in pigmented
rice as compared to non pigmented and scented rice.
Thecooking and eating quaity aso becomestableafter
15monthsof storage. Theantioxidant activity wasaso
estimated but no sgnificant difference hasbeen noticed
in the studied rice varieties though the level of
antioxidant wasrecorded morein pigmented varieties
as compare to non pigmented and scented rice
vaieties.

CONCLUSION:

During storage many biochemical changes
takesplaceinthericegrainwhichisreflected through
thechangein cooking and egting qudity. Texture, pasting
and thermal propertiesof rice areimportant attributes
that arethe signature of aged rice. Textural properties
includeattributes of cohesiveness, hardness, tooth pulll,
roughness, particle size, tooth pack and looseness of
ricegrains. Thesepropertiesareinfluenced mgorly by
storage duration. Generally agingisdonefor 6to 8
monthswhereasfor somericeit requiresat least 2 years

to attain the appropriate aged attributes. Ageing
improves pasting property of ricethat isanindicator
for suitability of riceflour for baking purpose. Moreover,
ageing improves milling properties. Ageing also
enhancesvolume expansion and water absorption of
rice upon cooking, resulting inaproduct with firmer
textureand |l ess stickiness, compared with the cooked
counterpartsfrom freshly harvest paddy. Thoughthe
dynamic procedureof lipid peroxidation occursduring
early storage but become constant after 8-12 months
of storage could bethereason of stabilizing the others
factorstoowhich directly affect thegrain qudity. Hence
minimum 12 to 15 monthsof aging could bepreferred
to attain the best quality of agedrice.
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IRC/TM-1/PP-54

PROTEOMICS APPROACHES OF DIFFERENTIAL GRAIN FILLING IN
DIFFERENT SPATIAL LOCATIONS OF PANICLE IN RICE CULTIVARS
EXHIBITING VARIATIONS IN THEIR PANICLE COMPACTNESS

Ekamber Kariali*, Kausik Das and Pravat Kumar Mohapatra

School of Life Sciences, Sambalpur University, Jyotivihar, Sambal pur-768019, Odisha, India
*Email: ekamberk@rediffmail.com

Rice production needs to be increased to at
least 800 million tonsto feed the World’s expected
population of approximately 9.6 billion by 2050 (Das
et.al,2016). In order to achieve such ahigher grain
yield, rice breedershaveincreased the grain numbers
withinthepanidewithnomuchincreasein paniclelength
which caused more panicle compactness. However,
increase in grain number due to more panicle
compactness did not improve grain yield
proportionately because of poor filling of spikelets
which are specifically located in the basal part of the
panicleGrainfillinginriceisbascaly afunction of the
trand ocation of photosynthetic assmilateslike sucrose
from the sourceleavesto devel oping endospermwhere
itisconverted to starch by many starch synthesizing
enzymes. Our previouswork anaysed theactivitiesof
different starch synthesizing enzymes (Panda
et.al,2015) and expression of ethylene receptor and
their signal transducer genes (Sekharet.al., 2015)
associated with grainfilling of rice. Decreased activity
of enzymesinvolved in starch biosynthesishave been
found associated withpoor grainfilling especidly inthe
grainslocated inthe basal part of thepanicleandin
compact panicle cultivars. Many researchers also
sudiedtheinvolvement of plant hormoneslikeethylene
with inhibitory effect and ABA and Auxin with
simulatory effect on grainfilling (Kuanar et.a, 2010)
during post anthesis stages of grain development.
Similarly, transcriptome anadysisrevealed differential
expression of 623 genesinricecaryopsesafter 15days
post-flowering in near isogenic lines (NILS) of rice
genotypesexhibiting variationingrainchakiness(Liu
et.a., 2010). In this context, a proteomic approach

based on 2-D € ectrophoresisand mass spectrometric
andyssmay bean effectivetool inanaysng differentid
grainfillinginriceand the present work intend to exploit
the usefulness of proteomicsto unravel the possible
reasonsfor gpatid differencesingrainfilling of lax- and
compact-paniclerice cultivars.In the present work,
attempt has been made to understand the reasonsfor
differentid grainfillingindifferent spatia locationsof
the panicleby andysing thecomparative proteomicsin
compact-paniclecultivar Mahaaxmi and lax-panicle
cultivar Upahar having poor and good grain filling
propertiesrespectively.
MATERIALSAND METHODS
Tworicecultivarsnamedy Mahd axmi (compact-
panicled) and Upahar (lax-panicled) wereusedinthe
present experiment. All recommended agronomic
practiceswerefollowed during the cultivation of the
plantsinthefield. Dry weight, soluble carbohydrate
concentrations and ethylene production of apical and
basd grainsof both the cultivarswere measured during
post-anthesis period. Proteins from the devel oping
spikelets were also extracted and their differential
expression patternswerestudied usngtwo-dimensiond
electrophoresis followed by mass spectrometry.
Further, primerswere designed to study the spatio-
temporal expression of the genes encoding some
important proteinsthat exhibited either higher or lower
expressioninthe basal spikeletscomparedtotheapica
onesin Mahlaxmi over Upahar by RT-PCR analysis.
RESULTS

Theresultsreveded asignificant differencein
the paniclemorphol ogy between the compact panicled
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ricecultivar Maha axmi andlax cultivar Upahar. Though
thelength of paniclewasgreater (27.7cm) in Upahar
comparedto Mahdaxmi (25.0cm), panicleweight, totdl
grain number and percentageof unfilled grainswasquite
higher in Maha axmi. Production of ethylenewasaso
higher inthe basal grainsthan theapical onesand aso
inthe corresponding spikel etsof Maha axmi compared
to Upahar.Comparative proteomic analysis showed
expression of 391 protein spotsin the gel images of
theprotein extractsfrom theapical and basa spikelets
of Mahdaxmi. Out of thesetotd protein spots, 45 were
differentidly expressedinthe gpicd andbasd pikdets,
34 proteinswere morestrongly expressedinthegpicd
spikelets compared to basal whereas 11 were more
prominently expressed inthebasa comparedto apica
spikelets. On the other hand, 21 proteins were
differentially expressedinthegpica and basa spikelets
of Upahar. Although many proteinsweredifferentialy
expressed in the 2-DE gel images from the protein
extractsof apical and basal spikeletsin the compact-
and lax-panicledrice cultivars, the most prominent
proteinswere S-adenosylmethionine synthase, enolase
and cdll divison control protein 48 (CDC48). RT-PCR
studiesalso confirmed greater expression of thegene
transcript level of S-adenosylmethioninein the basal
spikeletsof Mahalaxmi compared to apical spikelets
whereasno such differencewasobservedinlax-panicle
cultivar Upahar.

DISCUSSIONAND CONCLUSION

Although severd proteinswere up- and down-
regulated inthe basal spikeletscomparedtotheapica
onesof Mahaaxmi, greater expression of theproteins
like S-adenosylmethionine synthase and lower
expression of CDC48inthebasd spikeletsseemsmore
crucial for grain development in rice. S-
adenosylmethionine synthase couldinhibit grainfilling
by stimulating more ethylene synthesisin the basal
spikeletswhichinturnisresponsiblefor inhibition of
endosperm cell division (Pandaet.a ., 2009) mediated
through lower expression of CDC48 |eading to poor

grainfillinginthebasa spikeletsof Mahaaxmi. Higher
expression of ethylene synthesis precursor genelike
S-adenosylmethionine in the basal spikelets of
Mahalaxmi also supportsgreater ethylene production
and hencemoreinhibitioningrainfilling.However, only
two of these proteinswere differentially expressed
between the apical and basal spikelets in Upahar
indicating moredifferential metabolic activitiesinthe
apical and basal spikelets of Mahalaxmi than that of
Upahar. Hence, differential expression of proteins
accompanied by variaionin ethyleneproductioninthe
apical and basal grains is the principal factors
responsiblefor variationingrainfilling of ricecultivars
that contrast for panicle compactness.
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DYNAMICS OF NON-STRUCTURAL CARBOHYDRATES UNDER HEAT
STRESS

Nabaneeta Basak”, Gaurav Kumar, PKS Hanjagi and Padmini Swain
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Carbon acquired during the process of
photosynthesis is majorly used as a substrate for
metabolism, afraction of it though isretainedinthe
form of non structural carbohydrates (NSC). The
concentration of NSC, including starch and soluble
sugars, isoften used asameasure of storage. While
numerousfunctionsof NSC have been recognized, the
source- Sink dynamicsmodel relieson the concept that
the stored NSC pool while functioning asacarbon
reservoir altersits concentrationsto meet the plants
demand for respiration and growth.

Despitethecritica role played by NSCinthe
plant carbon balance, the understanding of the
dynamics, role and regulation of NSC under
environmental stressesremainslimited. Nonstructural
carbohydrate (NSC) content iscrucial for plantsfor
surviving under different abiotic stressconditions. High
and stable grain yield of rice under changing
environmentsissignificant for meeting theincreasing
globa food demand. Theprocessof grainfillinginrice
requires carbon both from photosynthesisaswell as
fromthetrand ocation of prestored NSC from mature
leavesand leaf sheathsplusculmsto panicles. Attempts
have been madeto explorethe potentia of remobilized
semresarvesinsupporting grainfilling under heat-gtress
conditions, a major abiotic stress associated with
climatechange.

The present experiment was designed to
understand the ability of different rice genotypesto
remobilize stored non-structural carbohydrates (NSC)
under heat-stress conditionsto support grainfilling,

METHODOLOGY:

Sevenricegenotypesincluding heat-tolerant,
Nagina22 (N22) and heat-sensitive, IR72, Naveen

based on our previoustrials, were evaluated in this
study. Theplantswere grown under staggered sowing
to exposethem to different temperature regimes, the
maximumand minimumtemperaturesduringgrainfilling
stage at first planting were 30-36.5°C and 22.5-
27.3°C respectively (control temperature) whilefor the
second planting were 34.8-39.5°C and 24.8-27.5°C
respectively (hightemperature).

Sampling from both thetemperatureregimes
wasdoneto quantify theNon Structural Carbohydrate
(NSC) content (expressed asaggregate of total soluble
sugar and starchin glucose). Three plantsfrom each
variety were sampled for biochemical analyses; the
plantswere separated into |eaves, stem and panicle
and immediately dried and stored. Thereafter, the
samplesweregrounded; the extraction wascarried out
in80%ethanal. Tota solublesugar (TSS) determination
was carried out using the supernatant by anthrone
method whilethe starch was quantified intheresidue
remaining after soluble sugarsviathe perchloric acid
method.

RESULT:

Non- structural carbohydrate (total sugar and
starch) content was estimated from flowering till
maturity stagein both source and sink tissuesinthe
Sseven genotypesgrown under two different temperature
conditions. Theability to accumulatetotal sugar and
starch was found to be different among the seven
genotypesstudied. Naveen, IR72, Lalat accumul ated
significantly lower amount of NSCinthestemwhile
N22 accumul ated significantly higher amount of NSC
than al other genotypes, followed by Annapurna. The
remobilization efficiency wasfound to be genotype-
dependent. Differences were found between the
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genotypeswith regard to remobilization of NSC from
under diverse temperature conditions. Under heat-
stress conditions, the mean NSC remobilized from
sourceto sink was463.7mg/g dry weight whileit was
367.3mg/g under normal condition.

Whileandyzing thetendency of thegenotypes
under diversetemperature conditionsit wasobserved
that under el evated temperature conditions, the TSS
content decreased for the heat sengitive genotypeslike
Naveen, IR72, Laat whileitincreased for heat tolerant
genotypeslike N22 and Annapurna. Similar pattern
wasobserved in case of starch aso. Vauesshown by
heat tolerant genotypes remained unaltered across
treatments. Thestudieswereinlinewith that reported
by Mouraet al, 2017. Theresultsindicatethat higher
remobilization of preanthesis-stored NSC from the
stem occursunder heat-stressconditions, astheremight
beareductionin NSC accumulation inthe sourcedue
toimpaired enzymeactivities(Tahir and Nakata, 2005).

Our study showed that N-22 (32.65% in
source to 22.94% in sink tissues) and Annapurna
(26.97% in sourceto 15.29% in sink tissues) showed
higher translocation ability of NSC and can be
concluded to have better partitioning efficiency than
theother genotypes(Fig).

CONCLUSION:

Theresult of thisstudy indicated genotypic
variationinreactionto heat stressintermsof the ability
toaccumulate NSC and | ater to remobilizethem during
granfilling under hest-stressconditions.

These results also suggest that higher
trand ocation capacity shown by N22 and Annapurna
can contributeto their lower spikelet sterility rateand
higher 1000-grain weight stability thereforeindicating
that selection of genotypeswith higher capacity of sem
NSC trand ocation at € evated temperaturescould lead
tomoregrainyield sability.

REFERENCE:
Moura, D. S., Brito, G. G, Campos, A. D., Moraes,

I.L., Porto, F. G, Teixeira, S. B., & Deuner,

S. (2017). Non-structural carbohydrates

accumulation in contrasting rice genotypes

subjected to high night temperatures. Journal
of Agricultural Science, 9(12), 302-315.

Tahir, 1. S.A., & Nakata, N. (2005). Remobilization
of nitrogen and carbohydrate from stems of
bread wheat in responseto heat stressduring
grainfilling. Journal of Agronomy and Crop
Science, 191(2), 106-115.
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IRC/TM-1/PP-56

ADAPTABILITY AND YIELD STABILITY OF MID-EARLY RICE GENOTYPES

S. Dast, SR. Das!, C.R. Sahoo? and R. Bhol?

Department of Plant Breeding and Genetics, OUAT, Bhubaneswar-751003, India
2Department of Plant Physiology, OUAT, Bhubaneswar-751003, India
Corresponding author email: swarnalatal967@rediffmail.com

Mullti-locationyiddtridsof 11 mid-early (110
125 days) rice genotypes were conducted at
Bhubaneswar, Chiplima, Jeypore and Ranital over 3
years. Thegenotypesincluded 8 pre-releasevarieties
and threerel eased varieties (Konark, Laat and Bhoi).
All tridswerelaid outinrandomized block designwith
3replications. Ineachtrid, theplotszewas2mx 3m
and 25-30 days old seedlingsweretransplanted with
20 cm x 15 cm spacing and 2 seedlings per hill.
Fertilizerswere applied @ 80 kg N, 40 kg P205 and
40 kg K20 per hectare. Normd cultural practicesand
plant protection measureswerefollowedineachtrid.
Inall trias, datawererecorded onnet plot grainyield.
Grainyield dataof the 12 environmentswasanayzed
to assess GXE interaction and adaptability. Stability
parametersof genotypeswereestimated usngtheLinear
Regression model of Eberhart and Russell (1966).
Stability of yield performance of genotypeswasalso
estimated using other parameterslike coefficient of
variation CV (Francisand Kannenberg, 1978), stability
factor SF (Lewis, 1954), R1 and R2 (Langer et al.,
1979), Wricke'secovalence W (Wricke, 1962) and
AMMI gtability vaueASV (Purchase, 1997). Theyear
component of theenvironment variablewasdiminated
by averaging over years and GXL interaction was
analyzed by AMMI model (Zobel et al., 1988) to
identify genotypes adapted to specific locations.
ANOVA of yidd dataof the 12 environmentsreveded

highly significant differencesamong genotypesand
environmentsand significant GXE interaction indicated
differential performance of genotypes over
environments. Considering mean, and the Linear
Regression parametersb and S’d valuesjointly, 3 of
the 6 genotypes giving above averageyield showed
stability of performance of which Lalat showed
adaptability todl environments, while OR 2200-5 and
Konark showed specific adaptationtorich environmerntt.
Stability assessment on the basis of parameterslike
CV, SF, R1, R2, W and ASV revealed that the
genotypes OR 1929-4, Laat, OR 1739-47 and Bhoi
showed stability of yield performance according to 6
or 5 parameters. AMMI (Additive Main and
Multiplicative Interaction) andysisshowed differentid
performance of the genotypesinthe4locationsand of
the6 higher yielding genotypes, Laat, OR 2200-5and
OR 1976-11 hadlow GXL interaction, while OR 2006-
12, OR 2172-7 and Konark had high GxL interaction.
AMMI-predicted yield showed that Lalat and OR
2006-12 were high yielder and possessed broad
adaptationto most locations. Genotypes showing good
adaptation to specific locationswere OR 2200-5 for
Ranital, OR 2172-7 and OR 1916-19 for
Bhubaneswar, OR 1976-11 for Chiplimaand Konark
for Ranitd.

Keywords: Rice, GXE interaction, LRmoddl,
AMMI model, Adaptability, Sability
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IRC/TM-1/PP-57

GERMPLASM INNOVATION OF HIGH TEMPERATURE TOLERANCE
FROM TRADITIONAL RICE LAND RACES USING GENETIC VARIABILITY,
GENETIC ADVANCE AND PRINCIPAL COMPONENET ANALYSIS

Beena R.Y, Veena V.2, Jadam M.P.K.? and Nithya N
ICollege of Agriculture, Vellayani, Thiruvananthapura, Kerala Agricultural University, Kerala-695522,

India

2 Rice Research Sation, Wttila, Ernakulam, Kerala Agricultural University
3Chaudhary Charan Singh (CCS) Haryana Agricultural University, Hissar, India
*Corresponding author e-mail: beenaajithkumar @gmail.com

Riceisamajor staple crop in theworld and
demandfor riceisincreasing every year (Ray et dl.,
2013). Landracesaregeneticaly dynamic and display
equilibrium with both the environment and abiotic
stresses. During the green revolution era, many
potential landraces of rice are being replaced by high
yielding varietiesto meet thefood requirements. Despite
being less productivethey are knownto haveahigh
genetic variancefor severa biotic and abiotic stresses
(Hanamaratti et al., 2008), so they can be explored
for riceimprovement programmes. Keraais, known
to havehighly diversericegermplasmand thelandraces
belonging to this region are expected to have high
genetic variability for many biotic and abiotic stresses.
Many rice landraces of Kerala were not yet
characterized and utilized effectively. Genetic diversity
among the popul ationsand their genetic relationships
aids in conservation and parental selection in the
improvement programme. With thisbackground an
experiment was performed to detect the genetic
diversty and hest tolerancebehavior of ninety traditiond
riceland racesof Kerala

METHODOLOGY:

The experiment was conducted at Regional
Agricultural Research Station, Pattambi, Kerala
Agricultural University, India (10°48'41.1"N
76°11' 24.9"E), oldest riceresearch stationin Kerala.
The experimental material was collected from
germplasm collection from Regional Agricultural
Research Station, Pattambi, Kerala Agricultural

Universty (Tablel). Thisexperimentd steisricetarget
environment and severely proneto heat and drought
stresses. The selected diverse panel of landraceswere
grownin potsduring wet season; Mundakan (August
—December) of 2012-2013 and dry season; Puncha
(January —May), 2013-2014. In both seasons, 30g
seedsof each landracewere planted in potsfilled with
soil, sand and cowdung with equal v/v ratio. Twenty-
onedaysold seedlingsweretransplanted to potsfilled
with soil, sand and cowdung with equal v/v ratio @ 2
seedlingd pot. After 8 daysof transplanting, gapfilling
was doneand one healthy seedling wasmaintained per
pot. The experiment was laid out in completely
randomized designwithtwotrestment levesi.e. control
and high temperature stress (38+/-2°C) with three
replicationseach. At thetimeof panicleinitiation, aset
of 90 landraceswiththreereplicatesweretransferred
totemperature controlled green housefor heat stress
induction. The high temperature stresswasinduced
from panicleinitiationto maturity stageby keepingthe
potsin atemperature controlled green house. Average
maximum temperature during this period was 39.5°C
and average minimum temperature was 25.4°C and
maximum and minimum RH of 90.6% and 59.2%
respectively. Thedaly temperaturesinduding maximum
and minimum temperatures were recorded under
control aswell asheat stress conditionsusing digital
thermo-hygrometer throughout the experiment.
Management practiceswerefollowed asper package
of practicesrecommendation of KeralaAgricultural

5]
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University. Fertilizer dose of N:P.K in the ratio of
90:45:45 Kg/hain three split doses @ 1/3 dose of
eachfertilizer at basd, tillering and at panicleinitiation
stages. Six replicationswere maintained for asingle
landrace until the panicleinitiation stage. Five plants
per each replication were maintained. Data were
recorded on plant height, daysto 50% flowering, tiller
number, productivetiller number, canopy temperature,
Spikelet tissuetemperature, grainyield per plant, straw
yidd per plant and soikel et fertility percentagefor control
and stressinduced plants.

RESULT:

Theresultsrelated to genetic parametersviz.,
phenotypic coefficient of variation, genotypic coefficient
of variation, heritability and genetic advance as percent
of meanfor dl the 10 characters. Phenotypic coefficient
of variancewasfound higher than genotypic coefficient
of variancefor all thetraits except the daysto 50%
flowering disclose the environmental impact onthe
expression of such characterigtics. Inthisstudy, al the
tentraitsrecorded high heritability, whichindicatesthey
wereleast influenced by environmenta impacts. Even
then, choosing of these charactersmay not have been
hel pful because broad sense heritability isbased on
overal genetic variance, including additive, dominant
and epigatic variaions. So, the heritability vauesaong
with genetic advance will be useful for the selection
criteria. Among thetraits, the highest heritability was
observed for daysto 50% flowering (1%o) followed by
number of filled grains per panicle (0.978%) and
number of unfilled grains/panicle (0.922%). The
principal component analysisunder hightemperature
conditionindicated that among 10 PCsinitial 4 PCs
contributed upto 60% variation with elgen vauemore
than one (Figure 1). The PC1 contributed 19.34%
variation and the variation was due to the traits
productive tiller number (0.674) and tiller number
(0.626) with higher positivefactor |loading values. The
trait grain weight (-0.096) with lower negativefactor

loading va ued so contributed to the variability of PCL.
Thesecond principa component washoldsfor 15.86%
variationandthetrait filled grains/panicle (0.708) with
positivefactor |oading value and canopy temperature
(-0.016) with lower negative factor loading value
contributed to the variability of thiscomponent. The
third and fourth components were responsible for
14.27% and 10.35% variation respectively. Under
third principa component thetraitscanopy temperature
(0.670) and plant height (0.514) with higher positive
factor loading valuesand thetrait filled graing/panicle
(0.049) with lower negativefactor loading valuesare
contributed to the variability of thiscomponent. The
parameter grain weight (0.707) with higher positive
loading valueand daysto 50% flowering (-0.045) with
lower negativefactor loading val uewere contributed
tothevariability of fourth principal component. Biplot
diagram depi cted the distribution of genotypes based
onthetraits. Quadrant oneincluded genotypeswith
higher filled grains/panicleand grain weight, second
quadrant included genotypesmoretillers, productive
tillersand plant height. Genotypeswith higher canopy
temperature, spikel et tissuetemperature, straw weight
and unfilled graing/paniclesaredistributed over third
quadrant and fourth quadrant possess genotypeswith
more daysto 50% flowering.
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Figure 1: Biplot between PC1 and PC2 under high
temper atur econdition
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CONCLUSION:

Under high temperature conditions, spikelet
derility isthemgjor limitation for reproductive success
and better yidd. Geneticandys sreved ed that landraces
were contai ning marked phenotypic variability. High
vauesof GCV, PCV, heritability and genetic advance
were found for the traits number of unfilled graing/
panicleand number of filled graing/panicle, indicating
the pre-ponderance of additive gene action and
therefore scopefor improvement of thetrait through
selection. Four principle componentswere depicted
having Eigen value >1 and cumul ative variation of
59.84% inwhichthecontribution of individua PCswes,

PC1 (19.34 %), PC2 (15.86 %), PC3 (14.27 %) and
PC4 (10.35%). Based on the performancesof various
physi o-morphogicd traitsunder control and heat stress
conditions, wewere ableto identify Karuthacheera,
LN-9956-Ve|akarava a(Pavumba) and Pokkai white
wererecorded the highest number of fertilegrainsunder
hightemperature,

REFERENCES:
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IRC/TM-1/PP-58

TEST CROSS NURSERY FOR IDENTIFICATION AND DEVELOPMENT OF
PARENTAL GENOTYPES AND HYBRIDS IN RICE

Satyendra*, Mankesh Kumar, S.P. Singh, Sweta Sinha, Anand Kumar, Rahul Singh, Surabhi Sinha and
Prachi Priya

Department of Plant Breeding and Genetics, Bihar Agricultural University, Sabour, Bhagalpur-813210,
Bihar, India
*Corresponding author: satyendra331@gmail.com

A Test Cross Nursery (TCN) was conducted
during Kharif 2015-16 in order to indentify suitable
parental materid and hybridsinrice, especidly of early
and medium maturity duration. Thematerial used for
crossing wereinvolving exotic aswell asindigenous
ricelines.

METHODOLOGY

Total 181 F, crosseswere made during Kharif
2014-15involving selected exotic andindigenousrice
lines used as male and an established CMS
(Cytoplasmic Male Sterile) line Pusa 6A used as
female. All of thesecrosseswereevauatedinatrid in
augmented design a ong with thefour checksduring
Kharif 2015-16. F swereplanted dongwiththeir male
parents.

RESULTS

Out of total 181 genotypes, 32 werefound to
beworking asrestorersfor Wild Abortive (WA)-CM S
cytoplasm whereas 18 genotypes were found to be
working asmaintainer for thecytoplasm. Out of 32 F,
hybrids which were having more than 75% of the
spikelet fertile, 7 hybrids were found to be having
significantly superior yield over thehybrid aswell as
varietal checksof medium maturity group whereas5
hybridsof early maturity group wasfoundto behaving
sgnificantly superior yield over therespective hybrid

and varieta checksof their groups. The 18 F swhich
had shown desirable pollen and spikel et sterility were
back-crossed with their respective male parents.

CONCLUSION

Through the TCN conducted in the present
study, good parental genotypes were identified for
further useinthehybridricebreeding programme. Usng
genotypesidentified asmaintainers, thediversification
of theavailable CM Slinescan be undertaken.
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IRC/TM-1/PP-59

PARENTALPOLYMORPHISM AND PHENOTYPIC CHARECTERIZATION
FOR GRAIN NUMBER TRAITS IN RICE

Niharika Mohanty, Soumya M ohanty, Jitendra Kumar, Sukanta Ku. Nayak and Lambodar Behera’

ICAR- National Rice Research Institute, Cuttack, Odisha
Email: lambodarjamujhadi @gmail.com

Riceisthemajor food crop for morethan half
of thegloba population. Demand of riceproductivityis
assessed to be around 600 million tons up to 2030
against the current production of around 503 million
tonswhich leavesagap of around 97 milliontonsrice.
Enhancement of grainyieldistheonly way toavoid
today’ supsurgein food demand. Evaluation of grain
yielddependson thegrain number per paniclesandits
component traitslike number of tillers, and the numberof
spikes present per panicle.lmportant phenotypictraits
could be helpful in choosing rice genotypes for
breeding(SoumyaMohanty et al., 2018). Molecular
marker innovation can fundamentally improve the
productivity and exactness of reproducing
measure.PCR based markers mostly microsatellites
havereveded agreat potentia intheandyssof genetic
diversity, genetagging and genome mapping studies
becausethey arevery informative, technically smple,
requirelesstime, and need small amountsof DNA(S
Mohanty et al., 2017). DNA profiling isthe key to
identify the target gene which was done by parental
polymorphism to know genetic diversity along with
phenotypicvariation.

OBJECTIVE:

I. ldentification of molecular markers
differentiating low grain number (Heera) and high
grannumber (PDK Sriram) parentd genotypesthrough
parental polymorphismsurvey.

I1.Phenotyping of recombinant inbred line
(RIL) mapping population
METHODOLOGY:

Theexperimental materid of the present study
consists of two rice cultivars, namely PDKV

Shriram(high grain number), Heera(low grain number)
and 188 F9 recombinant inbred lines developed from
the crossbetween them. The F2 plantswere advanced
to F9 recombinantinbred lines(RILs) followingsingle
seed descent methodduring 2018-2019 (FIG2). Using
miniprep (Dellgporta) method DNA wasisolated from
both the parentsalong with 188 RILs. A set of 1152
microsatellitemarkersuniformly distributed over 12
rice chromosomeswere used to assess polymorphism
betweentworicecultivars. The PCR amplification was
carried outina20il reaction mixturevolumecontaining
40ng of genomic DNA and reaction mixture.

Theamplified productswere separated on 3%
agarose gelsusing 1X TBE buffer and stained with
ethidiumbromide (0.5ig/ml). Thegelswerevisualized
under UV radiation and photographed using a gel
documentation system to detect polymorphisim. The
sizeof theamplified bandswas determined based on
themigration reativeto molecular weight Szemarkers
(50 bp DNA ladder).

The percentage of polymorphism was
cdculated usngtheformula:

%of polymorphism= (No. of polymorphicloci/
Total No. loci used)X 100

TheRILmapping popul ationaongwith parents,
were evaluated for grain number and its component
traitsat experimenta field conditionsofNationa Rice
Research Ingtitute (NRRI), Cuttack during Kharif,
2018 following AlphalL attice design. For phenotypic
datathe standard agronomic practices were adopted
for normal crop growth. Five plants were selected
frommiddleof therow for datacollection. Thedataon
10traitsrecorded were daysto 50%flowering (DFF),
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plantheight (PH), number of tillers/ plant (TN), number
ofpanicled/ plant (PN), paniclelength (PL), number
offertile grains per panicle (GN), number of chaff
perpanicle (CN), number of spikelets per panicle
(SN),spikelet fertility percentage (SFP) and 1000-grain
weight (GW).

Congderingimportant tratsmeanvauesof five
randomly selected plants from each of the three
replicationsof RILsand parentswere carried out and
andyzed ddidicdly for their variancefollowingsmple
lattice design. Analysis of variance, phenotypic
correlation and Principal component analysiswere
estimated by using PAST 3.0 atistical package.
RESULT:

Parenta polymorphism survey wasdoneusing
1152 random microsatellite markersfrom all the 12
chromosomesthroughout the genome. Out of which
only 118 markers revealed polymorphism among
parents (9.64%) (Fig 1, Table 1). Among 12
chromosomesanayzed chromosome 3 shows highest
polymorphism (20.45%) followed by chromosome
5(14.15%) and 4 (12.93%). Similarly chromosome 10
showed lowest percentage of polymorphism (1.53%).

All theten phenotypical traitswereeva uatedfor
RILsaongwiththeir parents(Fig. 2). Meanand range
vaueswerecaculated for RILsand individua parent
(Table2).

The analysis of variance reveaed highly
sgnificant differenceamongtheRILsfor dl the10yied
traitsindicating alargeamount of genetic variability is
present in RIL population for effective selection and
QTL mapping(table 3). Phenotypic correlation
coefficientrevealed grain number (GN) ishighly and
positively sgnificant with spikel et number (SN) (0.00),
pikd et fertility percentage (SHP) (0.00), thousand grain
weight (TGW) (0.00001);smilarly plant height(PH) is
highly significant with panicle length(PL), grain
number(GN) and spikelet number(SN); tiller number
(TN) ishighly significant with panicle number(PN);

panicle length(PL) is highly significant with grain
number(GN) and spikel et number(SN); chaff number
ishighly significant with spikelet number(SN) and
Spikel et fertility percentage (SFP): soikelet number(SN)
highly significant with spikelet fertility percentage (SFP)
and thousand grain weight (TGW) whereasdaysto
50% flowering (DFF) ismoderatdy significant withal
the traits except tiller number(TN) and spikelet
fertility(SFP) (Table4).Principal component analysis
reveal ed the patterns and inter-rel ationship between
RILswith grainnumber component traits. Thefirst four
principal components explained atotal of 74.58%
variability intheall qualitativetraits(Table5). The
analysis of eigenvectors gave the information of
quditativetraitsfor percentage of variationtothefirst
four principal components, which were 29.04%,
19.83%, 15.90% and 9.81% respectively and inter
related components PC1 and PC2 (Fig.3).

CONCLUSION:

PDKV Shriram and Heeraarehigh grainand
low grainindicaricevarieties, repectively and showed
comparatively lower percentage (9.64%) of
polymorphism because of the same genetic
background. ANOVA reveaded highly significant
variation among al thetraitswhich confirmsthe RIL
mapping populationissuitablefor further QTL mapping.
The correlation study showed the strong and positive
significant association of grain number and spikel et
number with the other associated traits. Theassociation
studied indicating grain number of ricecan beimproved
by sl ecting lineshaving higher performancesfor these
traits. Further PCA biplot confirmed the positive
association of grain number related traitswith RILs.
Findly corrdation sudy and PCA werecomplementing
each other, Therefore,sdlectionsof segregating lineswith
desirabletraitsareto be effective in accumulation of
favourablegenesfor bringing together into thecommon
genetic background of cultivated indicarice (Oryza
satival..)
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IRC/TM-1/PP-60

IDENTIFICATION OF NEW QUANTITATIVE TRAIT LOCI FOR
RESISTANCE TO BROWN PLANTHOPPER IN RICE LANDRACE
SINNASIVAPPU

G. Padmavathi*, V. Jhansi Lakshmi? L. V. Subba Rao* and M. Sheshu Madhav 2
Department of Plant breeding, ICAR-Indian Institute of Rice Research, Hyderabad- 500030, India
?Department of Entomology, ICAR-Indian Institute of Rice Research, Hyderabad- 500030, India
3Department of Biotechnology, ICAR-Indian Institute of Rice Research, Hyderabad- 500030, India
* Corresponding author’s email: padmaguntupalli6@gmail.com

Hopper-burn caused by brown planthopper
(Nilaparvatalugens sta) isthemost devastating insect
damage in rice causing severe yield reduction
worldwide. It directly damagesrice crop by sucking
sap from leaves and | eaf sheaths causing drying and
death of crop under severeinfestation. It causesindirect
damage by transmitting rice ragged stunt and grassy
gunt virus. Breedingfor hogt plant res sanceisthemost
promising and economic meansfor managing brown
planthopper (BPH) infestation.

Severa genomic sourcesof cultivated andwild
relativesof ricewereidentified and characterized for
resistance against BPH. Inheritance of resistancewas
reported to be both qualitative and quantitative. To date
40 genes (Bph 1 to bph 40) were identified using
classical geneticsand molecular approaches(Duetd.,
2020). Fourteen BPH resistance genes (Bph 1, bph
2, Bph 3, Bph 6, bph 7, bph 9, Bph 10, Bph 14, Bph
15, Bph 18, Bph 21, Bph 26, Bph 29 and Bph 32)
havebeen d oned and mechanismsunderlying res stance
werereported. However successhasbeen very limited
inbreeding for BPH res stance. Differentid reaction of
resistance genes/QTL sacrossthe countrieswherein
different biotypes are prevalent is found to be the
primary congtraint.

We found a Sri Lankan local land race,
Sinansivappu (AC No.15444) asapotential genetic
source for BPH resistance across the locations and
yearsagainst biotype4inIndia. It wasalso reported
earlier to exhibit wide spectrum of resistancetoal 4
biotypes acrossthe countriesintheworld (Heinrichs
et al., 1985). But the potential of BPH resistance

genes/QTLSs present in Sinnasivappu remained
unexplored until now. Hencetheaim of thecurrent Sudy
is to identify novel resistance gene/QTLs in the
landrace Sinnasivappu using Genotyping by sequencing
(GBS) (Elshireet al. 2011) and devel op closely linked
SNPs for MASinrice breeding programs.
METHODOLOGY

The mapping population comprising of
Recombinant Inbred Lines(F, , ,,) wasdeveloped from
a cross made between Swarna, a popularly grown
mega rice variety but highly susceptible and
Sinnasivappu, aresistant check used in BPH screening
experiments. A total of 140 RIL s were phenotyped
along with parents; and checksin glasshouse during
seedling stage against Biotype 4 following standard
seed box screening test. GBSwas performed in RIL
population for SNPdiscovery. Construction of linkage
mapand QTL andysswasdoneusng QTL IcMapping
version 4.1 (Meng et al., 2015) utilizing the high
resol ution SNP marker data obtained in GBS method
and phenotypic dataon damage scores

RESULTS

Thedamage scorerecorded for resistant parent
Sinnasivappu (2.8 ) was found to be significantly
different fromthat of susceptible parent Swvarna(8.6)
usingttest (P <0.01). Thefregquency distribution of
data on damage scoresin RIL population showed a
continuousdistributionranging from 0.29to 9reveding
quantitative inheritance pattern controlled by poly
genes. The Shapiro-Wilk (W) normality test indicated
the near normal distribution (W> 0.90) of the dataof
theRIL population suggesting involvement of multiple
genes.
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Tablel: QTLsfor resstanceto BPH identifed in Swarna/Sinnasivappu RIL population

Trait QTL  Chr# LeftMarker Right Marker LOD QITL Phenotypic ~ Additive Source of
name flankingQTL  flanking QTL Position (Mb) variance effect resistance
explained (%) dleles
Damagescore DS, 3 C3 7457660 C36332631 79 6.33t07.45 131 127 Sinasivappu
abs 5 C5 13157270  C5 13157287 417  13157270to 60 084 Sinasivappu

13157287

SNP genotyping using GBSrevea ed 15580
polymorphic homozygous SNPs from which 3620
werephysically aligned to the Nipponbare reference
genomeafter filtering SNP markerswith missing data
and segregationdigortion. A highdendity geneticlinkage
map was constructed using 3620 SNPsdistributed on
12 linkage groups covering 21237.51 cM with an
average marker interval of 5.86 cM. Thelengths of
linkage groups ranged from 1124.31 (Chr #01) to
3443.50 cM (Chr #1) whilethe marker loci in each
linkage group ranged from 153 (chr 9) to 739 (chr 1)..

QTL anaysisdetected two QTLsdesignated
asgDS3 and gDS5 for seedling resistance (Table 1).
Thegenomicregion of gDS3wasmappedin1.12Mb
region flanked by SNP markers C3_ 7457660 and
C3_ 6332631 between 6.33 Mbto7.45Mbregionon
the Nipponbarereferencegenome. It explained 13.1%
of phenotypic variation for damage scorewithaL OD
score of 7.95. Theresistant alleleswere contributed
by the donor. A minor QTL gD S5 was a so detected
on chromosome5inthe marker interval between two
SNPmarkersi.eC5_ 13157270 and C5_ 13157287
at 13.15Mb position in reference genome. Both SNPs
were separated by only 17 bp. It accounted for 5.9%
of total phenotypic variancefor resstancewitha LOD
scoreof 4.17. Thedonor alelesgovernresistance at
this QTL region.

Thegenomicregionof mgor QTL gDS3 was
found to be different from the previously reported
resistance loci namely bph 11, Bph 13, Bph14, Bph
19 and Bph31 on chr #3 (Hirabayashi et al., 1998;
Renganayaki et al.,2002; Du et al.,2009; Chen et
al.,2006 and Prahlada et al., 2017).
But gDS3 showed overlapping genomic region (6.33

Mb to 7.45 Mb) with that of earlier reported Bph
19 gene(7.18t0 7.24 Mb. And gDS5isnovel inthe
sensethat none of thereported resistant genes/ QTLS
were present on chr #5. Further based onthe profiles
of thecloned resistant genes, 2 LRR geneswerefound
which might bethelikely candidate genesunderlying
themgor QTL gDS3region.

CONCLUSION

This study provided an insight into the
quantitative resistance to BPH in Sinnasivappu, a
potential local land race of rice exhibiting broad
spectrum and stableresistance. By construction of a
SNP-based genetic map a new major QTL, gDS3
was mapped to 1.12 Mb region using RILsderived
from the cross Swarna/Sinnasivappu. The genomic
region of QTL gDS3is found to be different as
compared to the previoudly identified resistanceloci
onchr #3. It showed overlapping genomicregion (6.33
Mbp to 7.45 Mb) with earlier reported Bph 19 gene
(7.18to 7.24 Mbp) but not coinciding with thereported
region. Fine mapping and validation of gDS3isin
progressfor identifying candidate resistance gene(s)
which could beof benefit for breedersfor incorporation
into other eliterice germplasm.
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MARKER ASSISTED INTROGRESSION OF SEEDLING AND
REPRODUCTIVE STAGE SALINTIY TOLERANCE INTO MEGA RICE
VARIETY MTU1010
Venkata Ramana Rao Puram, Venkata Satyanarayana P,Kasturi T, Girija Rani M, Ravi Kumar BNV S
R, Chamundeswari N, Satish Y, Durga Prasad AV S, Ramesh Babu P and Jogi Naidu G

Regional Agricultural Research Sation, Maruteru-534 122, West Godavari, AP, India
*Corresponding author email: pvrgene@gmail.com

Riceisthestaplefood for morethan haf of the
world's population andisconddered aslifefor Asans.
Salinity isthe second most important abiotic stressin
ricegrowing countriesnext to drought and isaserious
constraint hampering therice production worldwide.
Breadingricevarigtieswithtoleranceto dinity (seedling
and reproductive) offersan economically viableand
sugtainableoptiontoimprovericeproductivity insdine
aress. ' Saltol’, amgor QTL for seedling tage sdinity
tolerance and SIS SFH8.1 aQTL for reproducitve
stage sdinity tolerancewith linked molecular markers
created opportunity for the breedersto transfer the
QTLsintowiddy grownricevarietiesthrough marker-
assisted backcrossbreeding (MABB).

OBJECTIVE

To introgress Saltol and qSSISFH8.1 into
megaricevariety MTU1010 through marker assisted
back crossbreeding.

METHODOLOGY

For introgression of ‘ Saltol’ into megavariety
MTU 1010, crossing wastaken with FL 478, adonor
developed a |RRI for seedling stage sdlinity tolerance
at Regiona Agricultural Research Station, Maruteru.
Three cyclesof back crossesof MTU1010/ FL 478
wasgenerated for introgression of salinity toleranceusing
foreground (RM 10694) and recombinant markers
(RM 10793, AP3206) on chromosome 1 and BC,F,
was selfed to generate BCF,. Phenotyping and
genotyping wasdonein BC,F, and plantsthat survived
were further advanced to generate fourteen
introgression lines (ILs). Based on the background
genomerecovery twolLs MST36 and MST40were
further crossed to CSR27 a donor having QTL

9SS S-H8.1 for reproducitve stage salinity tolerance
and two cyclesof back crossof M ST36/CSR27 and
M ST40/CSR27 were generated using HYSSR08-25
and RM 3395 as foreground markers and RM 3215
and RM 1384 as recombinant markers. All the
genotyping work isperformed asper GirijaRani et al
2019 and el ectrophoresiswas carried out using 3%
high resol ution metaphor Agarose.

RESULTS& DISCUSSION

For Sdtol introgression, atotal of 5,400 plants
of 30familiesof BC F, wereevauated. A total of 1800
plantswere selected based on phenotypic similarity
withMTU1010 and were genotyped. In foreground
selection using RM 10694, out of 1800 plants 363
plantswere having Saltol, amajor QTL for seedling
stage salinity tolerance. In recombinant selection, AP
3206 at proximal end and RM 10793 at distal end
were used and 142 plants out of 363 were double
recombinantswhich werefurther studied for salinity
tolerancein hydroponics. When these 142 plantswere
screened under hydroponics, atotal of 83 lineswere
survived. Thirty linesweretolerant with amean score
of 3asper SESof visual saltinjury at seedling stage
while53 lineswere moderately tolerant with amean
score of 5. These 83 lineswerefurther evaluated and
based on phenotyping and genotyping (foreground and
recombinant selection) 37 introgressed lines with
seedling stage salinity tolerancewereidentified which
werefurther promoted toyied evauationtridsat Sation
followed by multilocation testing under saline
environment and fourteen best ILs with increased
seedling surviva better than M TU1010 were sdlected.
Among thesefourteen lines, eight introgressionlines
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9 had 91 to 98% genomerecovery of MTU1010 when
5 genotypic backgorund sl ection was done on advanced
o8& IR IEBIIIS to receipient parentsusing 50K SNP chip at National
Ingtitutefor Plant Biotechnology, New Delhi.
T Based on the background genome recovery
§ and phenatpyicamilarity withMTU1010twolineswere
L B ERSRISIBEDARRY ' '
g 5 S '85 '§; $Sa § Seaa further crossed t.o CSRZ? for introgression of
gSSISFH8.1 during kharif 2018 and F s were
3 evaluated during Rabi 2018-19 and based on
= foreground and recombinant selection BC, were
b o IREIJIVATURI AR generated and BC F swere evaluated during K harif
o8 388EEEEEEEES 2019 and BC, weregenerated and were positive plants
© were further backcrossed to generate BC, in Rabi
§ 2019-2020 and during kharif 2020 BC F, plantswere
é 9 PHBNRYSCINR Y phenqtypedforseedlingstagesalinitytolgrgnceand
08 BREREEFRIZIZIF weresimultaneoudy genotyped to select positiveplants
0 whichwill befurther advanced to next generation.
2 CONCLUSION
o T <] o - M (]
%‘ & g g % S g S g 5 o g; = § g Thepresent study wasundertzken toinfrogress
et Saltol and gSS SFH8.1intomegavariety MTU 1010
Z o for seedling and reproductive stage sdlinity tolerance.
g |3 A total of 14 ILs of MTU1010 with Saltol were
E g g § % § g § § g % gg. § gg. g devloped and introgression of gSSI SFHS8.1 isunder
progress.
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IRC/TM-1/PP-62

EFFECT OF ZINC AND SULPHUR FORTIFIED BRIQUETTES ON YIELD
AND QUALITY OF RICE IN MEDIUM BLACK SOIL OF KONKAN REGION

T. J. Bedse, M. R. Wahane, A.V. Dahiphale, P. B. Vanve and N. V. Mhaskar

Regional Agricultural Research Sation, Karjat, Raigad-410201
Email: tusharjbedse@gmail.com

Rice (Oryza sativa L.) is one of the three
major food cropsworldwide. A pproximately 50% of
theworld'spopulation usesriceasastaplefood. Rice
productionin Indiaaccountsfor 17.95% of theworld's
tota production. Fertilizer isthekey inputinincreasing
agricultura productionand productivity of theland. The
efficient management of fertilizer through briquettes
contai ning nitrogen and phosphorusfurther enhanced
theefficiency of fertilizersinlowland transplantedrice
(Bulbuleet al., 2008). Reductioninyidld of riceisoften
blamed to zinc and sul phur deficiency. Rehman et al.
(2008) reported that Zn deficiency isconsidered to be
the most important nutritional stresseslimitingrice
productioninAsia. Zinc (Zn) playsamajor roleinthe
growth and development of rice (Chaudhary et al.,
2007). Theseventeen essentid nutrient ements, Znis
thefourth most deficient nutrient dement in Indian soils
(Shuklaand Behera, 2011). Zinc isone of the vital
nutrientswhichisrequired for variousbiochemica and
metabolic process in rice such as synthesis of
cytochromes and nucleotides, auxin metabolism,
production of chlorophyll, activation of severa enzymes.
The sulphur plays key roles in protein production,
chlorophyll formation and oil synthesis. Sulphur
improvesgrowth, crop yield, seed formation and ail
percentagein oil seed plant, protein, cereal qudlity for
milling and baking (A.O.A.C. 1970). Theaim of the
study was to assess the effects of different types of
zincand sulphur fortified briquettes onriceyieldand
granquality characterigtics.

Ricequality comprises milling, appearance,
cooking and esting and nutritional quality, etc. Withthe
continuousimprovement of economiclife, people’'s

requirementsfor ricequdity, especidly flavor, tasteand
nutritional quality, are becoming stricter (Cai et al.,
2011). Theapplication of fertilizer playsacrucia role
inimprovingriceyield andisaso akey factor affecting
ricequdity (Liuetal., 2019). Studieshave shownthat
different fertilizer types, aswell asfertilization modes
andratesdirectly affect riceyield and quality (Tang et
al., 2019).

METHODOLOGY

Thefield experiment isconducted by using 11
treatmentsand 3 replication with Randomi zed Block
Designinkharif 2016-2019. TheKarjat-3ricevariety
isused for experiment. Among trestmentsonetrestment
of RDF and absolute control, three different types of
briquettes (UB-Suphda, UB-DAPand UB-KAB) with
5kg, 10kg and 15 kg zinc fortified (in the form of
ZnS0,) briquetteswere applied.

According to the treatment 250 g of paddy
sampleswere collected from thefield. The samples
wereaged for three monthsfor getting the better grain
quality results. Milling quality wasbased on standard
to determinethe brown, milled, and head ricerates.
Thechalky kernel rate and chalkinesswere measured
by appearance of milled rice. The cooking timewas
determined by pressing the cooked ricegrainsinahand
and determining when therewasno hard heart inthe
middle, and thetimewasrecorded. Thegd consstency
and alkali spreading valueisdetermined by usingthe
protocol developed by Cagampang (1973) and
Bhattacharyaand Sowbhagya (1972). Biochemical
quality: amylose level was conducted according to
Standard Evaluation Systemsfor Rice (IRRI, 1996).
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RESULT

Thetreatment T, gavehighest grain (52.16 gha
1y and straw (61.90 gha?) yield of paddy. Thegrain
yield was increased 26.10% as compared to RDF
(100:50:50 NPK kg ha?). The Zinc and Sulphur
contentinricegrainisincreasedintreatment T i.e.
12.0mgkg*and 0.56 mg kg respectively. Themilling
percentage of rice was found increased by 3.52 %
percent inthetreatment T, ascompared with treatment
T,i.e.RDF (100:50:50 NPK kg ha). Theapplication
of UB-KAB+10 kg ZnSO, briquettes (T,) gave
acceptable range of cooking and biochemical
characteristicsi.e. amylose content, gel consistency,
alkali spreading valueand gelatinization temperature
wasfound 23.97%, 77, 4.0 and intermediate (70-74
©C). Thesameresult wasnoticed by Dou et al., 2017

zinc and sulphur fortified fertilizer application is
responsiblefor improvement of ricegrain quaity.
CONCLUSION

Thegrainyield, zinc-sulphur contentinthegrain,
milling and cooking quality of thegrainwasimproved
inthetreatment UB-KAB+10kg ZnS0O, briquettesas
compared with recommended dose of fertilizer.
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IRC/TM-1/PP-63

HIGH DEFINITION GENOME LANDSCAPE OF MEGA RICE VARIETY
RANJIT FOR RICE IMPROVEMENT PROGRAM

Kuntal Kumar Dey, Priyabrata Sen and Mahendra Kumar M odi*

Department of Agricultural Biotechnology, Assam Agricultural University, Jorhat-785013, Assam, India
*Correspondence: email: mkmodi @aau.ac.in

Assamisoneof themajor ricegrowing states
inthe country where, riceisthe most important crop
and covers 2.54 million (M) haof thetotal 3.3M ha
cropped area. Traditionally, rice is grown in three
overlapping seasonsAhu, Sali and Borointhestate as
a conseguence of agro-climatic conditions and is
dependent onrainfall. Ranjit and Bahadur (semi-tall
stature) arethe most popular varieties of Assam and
they cover about 65 per cent of ricegrowing areasin
the state. Around 0.38M hectaresand 0.5M hectares
ricegrowing areasare chronicaly affected by drought
and flood respectively. Themegaricevariety Ranjit,
predominantly growninAssam during kharif seasonis
susceptibleto both flood and drought stressaswell as
other biotic and abiotic stress. A traditional drought
tolerant cultivar ‘ Banglami’ hasbeenusedfor crossing
with Ranjit to prepare drought tolerant Ranjit variety.
Whereas Ranjit-Subl variety has been released to
overcometheflood challenge. It has been reported
that the Ranjit-Subl helpedinincreasein the overall
riceyield by up to 66% inflood affected condition.
Thepresent sudy of preparation of high quaity genomic
landscape of megaricevariety Ranjitwill helpinrice
breeding program towardsdeve opment of Ranjit based
biotic and abiotic stresstolerant variety.
METHODOLOGY

Seedsof ricevariety Ranjit (1C-575203) were
germinated in petri dishesand transplanted into pots
after 7 days in the ratio of one seedling per pot.
Genomic DNA was extracted from 80-100mg of
young riceleaves(powdered) using Qiagen DNAeasy
Plant Mini kit. The quantification and quality of the
genomic DNA were assessed using Nanodrop2000,

Qubit and agarose gel electrophoresis, respectively.
500ng of Qubit quantified DNA was sheared using
Covaris S220 sonicator to generate specific fragments
with sizerange of 200-350 bp. Resultant fragments
wereamplified for 2 cyclesof PCR using Illumina-
compatible primersprovided inthe NEXTflex Rapid
DNA sequencing Bundle. Thelibrarieswere sequenced
onllluminaHiSeq X Ten (Illumina, San Diego, USA)
for 150 bp paired-end chemistry following
manufacturer’ s procedure.

For Oxford Nanopore sequencing, atota of 2
ig of genomic DNA wastaken and cleaned up using
Zymoclean Large Fragment DNA Recovery kit (Zymo
Research, USA). The purified DNA wasthen taken
asaninput for library preparation. Sequencing was
performed on GridiION X5 (Oxford Nanopore
Technol ogies, Oxford, UK) using SpotON flow cell
R9.4 (FLO-MIN106) in 48 hrs sequencing protocol
on MinKNOW 2.1v18.08.3.

Thellluminaraw readsweretrimmed based
on quality score 30 using Trim Galore v0.4.0 and
nanoporeraw readsweretrimmed for adapter remova
using Porechop v0.2.4. The genome size estimation
wasperformedwithjelyfishv2with [lluminaPE data.
Hybrid assembly was carried out by Flye assembler
using trimmed Nanopore reads. Assembled genomes
wereaigned with IlluminaPE datawith BWA-MEM
v0.7.1 followed by two round of polishingwith Pilon
v1.23.

The assembly were subjected to reference
guided pseudo molecul e preparation with RAGOO
v1.11. The gap between scaffold was maintained at
100 N s. Thegold standard reference Indicagenome

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India

|



. N
I

1% Indian Rice Congress - 2020 ) Foian vice
)

Rice Research and Development for Achieving Sustainable Development Goals \_.°

Congress

Theme - I: Enhancing rice productivity and quality

hasbeen used for pseudo molecule preparation. This
final pseudo molecule has been subjected to
completeness analysis based on BUSCO and further
used for downstream anaysis.

The library of repetitive and different
transposable elements of both the genome were
identified with RepeatScout v1.0.5 and Tandem Repesat
Finder v4.09 separately. Both of thisrepest library and
ricerepest reference of RepBasev25.06 hasbeen used
to hard mask the respective genome with
RepeatM asker v4.1.0.

Genemodel was predicted through abinitio
and evidence based prediction method. In case of
evidence based method gene annotation information
was generated using transcriptome data. Previously
sequenced transcriptome of Ranjit and Banglami from
drought rel ated experiment hasbeen used inthisstudy.
The transcriptome has been mapped to respective
genomeusing HISAT2 followed by geneidentification
was performed with Cufflink v2.2.1. For ab initio
based gene prediction, hard masked genome, aswell
as transcriptome mapped genome were used in
AUGUSTUStaking riceasmodel reference.

Thetotd predicted geneswereannotated using
BLASTX taking NCBI - non redundant (NR) database
as reference and I nterProScan was al so performed
using EBI database asreference. Thepathway analyss
has a so been performed with Kyoto Encyclopediaof
Genes and Genomes (KEGG) database. The
annotation has been performed with the help of
Omicsbox v1.3.11.

RESULTS

A total of 56.7Gb dataof Illuminaand 35.8Gb
& 17.8Gb Nanopore data has been generated
comprising of 49,162 and 26,346 million bases
respectively. The estimated genome size of Ranjitis
422Mb andthe overall depth of sequencingid~178X.
The hybrid assembly of the genome has been
performed with hredfi. assembler followed by two

round of polishing with Pilon. This results in the
assembled genome comprising of 972 scaffoldswitha
total coverage of 402 Mb (95.26%) genome having
N50 value of 2.003 Mb. A total number of 968
scaffolds were anchored on Indica Rice reference
genome. The BUSCO analysis shows that the
completeness of theassembly isof 87.2%.

Thegenomecontain 51.81 % repetitiveregion
with atotal of 208Mb. Among which 76.12% were
identified assimplerepeat. A total number of 2,576
retro transposons and 57,648 SSR’s were were
identified.

Geneprediction hasbeen performed withhelp
of transcriptome data, where 80 million high quality
reads were mapped on the genome with HISAT2,
followed by Cufflink based geneanaysisthat helped
inidentification of 96 thousandstranscripts. These
transcripts were subjected to Augustus based gene
prediction that identified 28,348 genes. Out of which
25,565 geneswerefinally annotated with NCBI non-
redundant and | nterPro database.

CONCLUSION

Thenear chromosomelevel gold standard de
novo annotated assembly of themegaricevariety Ranjit
genome containing positional information about
transcripts and Simple Sequence Repeats will be a
useful resource for development of different stress
tolerant ricevariety.
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IRC/TM-1/PP-64

INTROGRESSION OF Pi54 AND Pil BLAST RESISTANCE GENES AND

gDTY

12.1

FOR YIELD ENHANCEMENT UNDER DROUGHT STRESS

Balija Vishalakshi*, Bangale Umakanth?, P. Senguttuvel?, Kalyani M. Barbadikar* Madamshetty
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Drought stressisthemajor constraint torice
production and yield stability in rainfed ecosystems.
Though many QTLswereidentified for drought stress
tolerance, a large effect QTL, qDTY,,, offers
significantly to the yield under reproductive stage
drought stressand itseffect onyield wasa so evident
intheirrigated conditions. In addition to the drought,
incidence of blast disease caused by Magnaporthe
grisea is another production constraint commonly
observed in therainfed ecosystem. The continuous
occurrence of thesetwo stressesincreasestheyield
lossto thetune of 65%. Till date, morethan 100rice
blast resistance genesand 350 QTL swereidentified
for conferring resistanceto the blast diseases. Among
them, two magjor blast resistancegenesviz., Pi54 and
Pi1 wereknown to confer broad-spectrum resistance
againg predominant racesof the pathogeninindia. The
marker-assisted selection offersachoice of options
for targeted pyramiding of abiotic Sressresstancegene/
QTL aongwith mgor genesof blast resistanceinthe
genetic background of ricevarieties. Severa studies
wereamed these stressesindependently but the present
study amsat integrated strategy of improvingthegrain
yield under drought stressthrough qDTY,,, coupled
withincorporating two mgor blast res stancegenes(Pil
and Pi%4) inthe genetic background of dlitericevariety
i.e., Vardu, through marker-assisted gene pyramding
canbesgnificantly heptotackletheproblemof rainfed
rice ecosystem.

METHODOLOGY:
Donor genotypes:

Drought tolerance: NILs of Vandana
possessinggDTY,, ,, ahighyielding, early maturing and
popular indicaricelinessuitablefor theupland area.

Blast resistance: An elite breeding line
possessing Pil and Pi54 genes in the genetic
background of SambaMahsuri called BPT-LT.

Recipient genotype: Varalu (WGL 14377)
isan elite early maturing (90-95 days) upland rice
variety, whichisdeve oped fromthecrossWGL-20471
X CR-544-1-2 released in 2002, was used as a
recurrent parent.

Crossing scheme:

Simultaneous step wise back cross transfer
approach coupled with phenotypic selection was
adopted for the targeted transfer of Pil, Pi54 and
gDTY,, , intothe genetic background of itecultivar
Varalu. Two independent crosses were made i.e.,
Varalu X VandanaNIL (for introgressionof gDTY,,
(cross-l)) and Varalu X BPT-LT (for introgression of
Pi54 and Pil (cross-11)) followed by intercrossing at
BC,F, for pyramiding two traits. The F, progeny
obtai ned from the independent crosseswere screened
withmarkerslinkedtothetarget traits. Thetruehybrids
wereindependently backcrossed with the recurrent
parent (RP) to produce BC F, hybrids. Theplantswith
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thetarget genesand maximum recurrent parent genome
(RPG) recovery were again backcrossed to get BC F,
generation. The best plants showing desired
heterozygousdleleswereselfed to producethe BCF,
popul ation among which the homozygous plantsfor
respectivetarget geneswereintercrossed to develop
ICF, progeny and further selfed to generate ICF,
population. The selected lines possessing
gDTY,,,+Pi54+Pil were advanced through the
pedigree method from | CF, to F for field evaluation
of agronomical traitsagainst blast and reproductive
stage drought stress.

Foreground and Background selection:

Foreground selection was done using peak
marker aswell aslinked markersRM511, RM 28099
(for gDTY,,, A), RM28130 and RM28163 (for
gDTY,,, B) whileRM206 for Pi54, RM224 for Pil.
For background selection aset of approximately 635
SSR markers representing ~53 markers per
chromosome covering every 2-5Mb interval were
sdected fromthehigh-density microsatdlitemap of rice.

Phenotyping:

Theblast screening was carried out by using
the procedure of Umakanth et al. (2017). The
phenotyping of reproductive drought stresswasdone
by using the procedure of Venuprasad et al. (2007).

RESULTS:

) Crosseswere made between Vandana
NIL/Varalu and BPT-LT/ Varau and true F swere
screenedfor gDTY,,,, Piland PiS4 usingtightly linked
markers. Trueindependent F swerebackcrossed twice
withrecurrent parent to obtain BC, popul ationsfor both
traits.

) The422 BCF, plants (derived from
two positive BC,F, plants) were assessed for grain
yield under reproductive drought stress and the
presenceof qDTY, , (A and B) with linked markers

2.1

andidentified 26 plantshaving homozygousqDTY, |
genomic region. Among them, oneplant (VVN-117-
34-26) with maximum RPG of ~85% was used for
inter crossing.

Figure 1. Performanceof pyramided linesof Varalu havingqDTY ,, +Pi54+Pil

5]
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7] Upon screening of 500 BC,F, plants
(derived from two positive BC,F, plants), identified
34 plantshaving Pi 1 and Pi54in homozygouscondition.
Two BCJF, plants (VLT-175-13-10 and VLT-183-
98-31) having both the genesin homozygous condition
with maximum RPG of ~90% were forwarded for
intercrossing.

/] Twenty | CF, plantshomozygousfor
al thethreegeneswereidentified and assessed for blast
resstance, grainyield under reproductive stagedrought
stress. Identified six best lines (M SM-36, M SM-49,
MSM-53, MSM-57, M SM-60 and M SM-63) having
two blast resstancegenesand qDTY,,, inhomozygous
conditionwith recurrent parent genome of 95-96.5%
havingminimal linkagedrag of ~0.1t0 0.7Mb. These
lines showed yield advantage under drought stressas
well asunder irrigated conditions(Figure 1).

/] M SM-36 showed better performance
in the national coordinated trials conducted across
India, whichindicatesthat improved linesof Varadu.
CONCLUSION:

Inthe present study amagjor QTL (qDTY,,,)
and two major blast resistance genes (Pi54 and Pil)
were introgressed into the genetic background of

upland rice variety, Varalu. Developed two best
improved linesof Vardui.e., MSM-36 and MSM-60
possessing high yield under drought stressand blast
resistance a ong with >96% recurrent parent genome
recovery. Improved lines do not showed any yield
penalty under irrigated condition. Theselinescan be
effectively disseminated for cultivation by ricefarmers
in drought-prone environmentsof India. The MAS
derived improved versions of Varalu expected to
replace Varalu, to combat the yield loss due to
reproductive stage drought and blast, so asto sustain
therice production
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IRC/TM-1/PP-65

INDUCED MUTAGENESIS, A SOURCE FOR VARIATIONS TO CREATE A
NOVEL GENETIC RESOURCES FOR RICE IMPROVEMENT

Potupureddi Gopi?, Ballichatla Suneel* Balija Vishalakshi', Gokulan CG?3, Komal Awalellu®, Lekkala
Swathi?, Jallipalli Karteek?, Mohammad Ershad’, M. Milton, Arutla Srikanth®, Burka Rajender?, Gouri
Shankar Laha?, Ayyangari Phani Padmakumari?, Lella Venkata SubbaRao!, Raman M eenakshi
Sundaram?, B.C. Viraktamath?, Vemuri Ravindra Babu?, Kranthi Brahma®, Raju Madnala®, Hitendra
Kumar Patel®, Ramesh Venkata Sonti®" and Maganti Sheshu Madhav'
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2Crop Protection, ICAR- Indian Institute of Rice Research, Hyderabad, India
3CSR-Centre for Cellular and Molecular Biology, Hyderabad, India
*Corresponding author email: sheshu24@gmail.com

Rice (Oryza sativa) is one of the most
important cropsin theworld. Mutations can be used
as atool to create genetic variability and for gene
functional studies. Induced mutationsare one of the
best avail able optionsto create variation among the
well adapted megavarieties. SambaMahsuri (BPT
5204) isapopular, highyidding, ricevariety possessng
medium dender grainwith acceptable cooking quality.
Unfortunately itishighly susceptibletovarioushbiotic
and abiotic stresses. To overcome the constraints of
thisvariety thegenetic variability enhancement of Samba
Mashuri would be useful. Furthermorethe excellent
combining ability of thisvariety will helpintransferring
suchtraitsinto other varietal backgrounds. Congdering
the merits, Samba Mashuri was used to develop a
comprehendve mutant population. Inthe present study
fromthehuge EM Smutangenized populationidentifed
the novel genetic sources for major biotic stresses
(Yellow stem borer, Sheath blight and Bacterial |eaf
blight) and for key agro-morphological traits,
physologicd traits, completepanideexsartionandyidd.
Some of these mutants were characterized and
identified themutated loci. The objectiveof the present
work istoincreasethe extent of variationinthegene
pool of riceand toidentify the novel variantswhich
can beused asdonorsin riceimprovement programme.

METHODOLOGY:

A total of 10,500 SambaMahsuri grainswere
mutagenized with chemical mutagen, EMS (Ethyl
Methane Sulfonate) using 0.8% and 1.2%
concentration. The mutagenized seedsweregrownto
raisetheM, generation. TheM plantswere protected
from out crossing and individual M, plants were
harvested to obtainthe M, seeds.

Screening of 10,500 linesof M, wasdonefor
Sheathblight, Bacterid |eaf blight and yellow stem borer
inbatch wiseand for key agro-morphological traits,
physiologica traitsandyield atributing traits.

Sheath blight artificid inoculation of theisolate
wasdonein colonized typhastem bitsand observations
wererecorded after 20 daysof inoculation and scored
asper IRRI-SES scale (Standard Evaluation System)
(IRRI, 1996) (Bhaktavatsalam et al. 1978).

Themutagenized popul ation waseva uated for
becterid blight (BB) under artificid conditionsfollowing
the clip-inoculation method; the lesion length was
recorded after 15 days of infection and scored
accordingto SESscae, IRRI (2014).

Screening for Yellow Stem Borer (Y SB)
tolerance was done in a phased manner at both
vegetative and reproductive phasesby augmenting the

5]
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natural pest infestation through artificial releases
(Devasenaet a. 2018).

Further M, lineswere phenotyped for various
morphological (Plant height, Pink apicules, Albino,
Xanthaand Coloration), agronomical (panicletypes,
compl ete panicle emergence, early flowering, grain
types and high yield with high grain number),
physiologica (strong culm, different typesof flag | eaf,
sterile plant, stay green and shattering) and better
panicleexserionsudies.

Genomicamilarity of mutantincomparisonwith
wildtype (BPT 5204) was carried out among the

promising mutantswith SambaMahsuri usingwhole
genomere-sequencing.

Mutated loci wereidentified by following the
Mutmap technique (NGS based approach) using the
F, population derived from the mutant X wildtype.
QTLsweredsoidentified by using population derived
fromthemutant X diverse parent.

RESULTS:

Upon screening for Y SB tolerance atotal of
170 M, mutants showed tolerance. Re-testing of these
lines showed nine (M) stabletolerant mutants. The
primary screening of sheath blight tolerancerevealed
482 tolerant plants. Rescreening of these mutantswas
continued upto M, andidentified thirteen sheath blight
tolerancemutants. The screening of bacterid leaf blight
showed 801 resistance plantsin M, generation. Upon
repetitive screeningtill M., showed thirteen resistant
mutantsfor bacteria leaf blight (Figure1).

Variationsinvariousmorphologicad traitswere
observedintotal population. Among them, 43 mutants
having tallnessand 36 dwarf mutantswere observed.
Of thetotal population, 191 mutantsshowed variations
inthe physiologica traits. Among them, 26 mutants
strong culm wereidentified, 73 early maturing (108-
136 days) mutantswere observed. Interestingly, four
stay green mutantsinthe M, generation wereidentified.

We also observed sterile plants in M, generation.
Compl ete panicle emergence (CPE) and Elongated
Upper Internode (EUI) aretwo mgor traitsthat were
studied under the category of panicle emergence. In
thiscategory weidentified 155 (M) CPE mutantsand
27 EUl mutants. Inthe M., generation, atotal of 532
mutants having yield attributing traits were also
identified. Among thesetraits, 484 mutantsare having
morenumber of productivetillersand better grainfilling
(Figurel).

Genomic similarity of 49 mutantswas done
using whole genomere-sequencing whichrevealed a
similarity range of 99.91t0 99.99% in comparisonto
thewildtype.

Mutmap analysis of complete panicle
emergence mutant (CPE109) indicated the mutated
region on chromosome 11 at 20.14 Mb - 20.19 Mb
regionswhichwasaso matched withthe QTL analyss.

To determine the mutated genomic region(s)
for sheath blight tolerancein ShB-1, Mutmap anaysis
wasperformed and found mutated loci on chromosome
1(40.1Mbto41.0Mb). 33 SNPswereidentified, of
whichonly threewereinexonicregion.

Toidentify mutated loci for conferringtheculm
strength, MutMap analysiswas performed in strong

Figure L. Distribution of mutantsfor varioustraitsin M,
generation
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culm mutant (SC-11) and identified two peak regions
on chromosome5 (27.7Mb-29.2Mb) & chromosome
6 (6.2Mb-10.8Mb), the peak at chromosome 6
matched withthe QTLs(gSC-2 & qSC3) identified
using F, mapping population derived from SC-11 X
TN1 (diverse parent).

CONCLUSION:

Thelines showing enhanced toleranceto the
challenging biotic stresses(Y SB, ShB and BLB) as
well asseverd economically important traitsareunique
genetic resources which can be utilized for the
identification of novel genes/dleesfor different traits.
Themutant lineswhich have better agronomic fegtures
can beused aspre-breeding lines. The SNPsthat are

linked to the phenotype can be readily used in
introgression programmes. Such studieswill generate
new knowledge and also have the potential for
applicationinthe cropimprovement.
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IRC/TM-1/PP-66

PLANT GROWTH PROMOTION POTENTIAL OF ENDOPHYTIC ISOLATES
ASSOCIATED WITH ETHNOMEDICINAL PLANTS OF MANIPUR FOR RICE
GROWTH UNDER NETWORK CONDITIONS

Khullakpam Shaheen , Amanda Nongthombam and Debananda S Ningthoujam”

Microbial Biotechnology Research Laboratory (MBRL), Department of Biochemistry,
Manipur University, Canchipur, Imphal, Manipur Pin - 795003
"Author for correspondence: debananda.ningthoujam@gmail.com

Agricultureinthe 21% century warrants eco-
friendly, sound and sustainable production of agricultura
crops especialy rice. Massive use of fertilizers,
fungicides and other synthetic agrochemicals have
resultedinincreased fungicideres sance, environmentd
pollution, detrimental effectson benelicia non-target
organismsand human beings. So, the use of bacterial
inoculantsasagriculturd biofertilizers& biostimulants
and biocontrol agentsfor major agricultura cropsare
increasingly preferred as better alternatives to
anthropogenic agrochemicas. AsManipur falsinthe
Indo-Bur maBiodiver sity Hotspot, thereisagreat
potential for exploring microbial biodiversity in her
unique and underexpl ored biotopes.

MATERIALSAND METHODS

Sampling and | sol ation of endophytic bacteria

Healthy rhizomes, stems, roots and leaves
of the plants were collected and subjected to afive
step surface sterilization procedure (Qin et al. 2009).

Biocontrol (antagonistic) assaysof endophytic
bacteria

The endophyticisolateswere subjected to the
Biocontrol Assays against indicator rice fungal
pathogens namely Curvularia oryzae, Rhizoctonia
solani , Aspergillusniger, Bipolarisoryzae, Fusarium
oxysporium and Pyricularia oryzae (Dual culture
method) (Hamdali et al. 2008).

invitrotestsfor Plant Growth Promoting (PGP)
traits

Thebioactiveendophyticisolateswerefurther

screened for plant growth promoting activitiessuch as
IAA production (Bano and Musarrat, 2003),
Siderophore production (You et d., 2005, with some
modifications), Ammoniaproduction (Cappuccinoand
Sherman, 1992) and Phosphate solubilisation (Mehta
and Nautiyal, 2001).

Invitro seed ger mination test

The bioactive strainswhich showed positive
resultsinall the PGPtraitstested wereshortlisted for
invitro seed germination test (Vigor Index) onrice
(Variety: Jatra) seeds. The number of germinated
seeds, root lengths and shoot lengthswere noted and
compared with the controls. 4 (four) replicationswere
done per trestment and the experimentswere repested
twice. Vigor index was cal culated using the Baki and
Anderson (1973) formula

Growth promotion under net conditions

For the bioinocul ant treated pots, 15 ml of the
culture broth was spread by removing the upper layer
of thesoils(approx. 3 cm) surrounding the seeds. The
pots were then covered with the same soils. 4 pots
werekept for each treatment inarandomized block
design. Parameters such asroot and shoot lengths,
fresh root and shoot weights, and dry root and shoot
weightswere measured (Tamrethao et al., 2016).

RESULTSAND DISCUSSION

16 (sixteen) ethnomedicinaly important plants
of Manipur namely Scutellaria discolor, Curcuma
caesia, Paris polyphylla, Centella asiatica, Alium
odorum, Catharanthes roseus, Achryranthes
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aspera, Kaempferia rotunda, Celtis timorensis,
Plectranthes ternifolius , Phlogocanthes jenkensii
, Goniothalamus sesgeupedalis, Plantago asiatica
, Oroxylum indicum , Eclipta alba and Tinospora
cordifoliawere sampled from variouspartsof thestate
based on their folk medicinal use and subjected to
isolation proceduresfor endophytic bacteria.

198 (one hundred and nighty eight) endophytic
bacteria were isolated and screened for biocontrol
(antagonistic) againgt indicator ricefunga pathogens
and plant growth promoting (PGP) traitssuch asl|AA,
Siderophore, and Ammoniaproduction and Phosphate
solubilisation. 21(Twenty one) isolateswerefound to
have antifunga activity against oneor moreof thetest
organismsnamely Curvularia oryzae, Rhizoctonia
solani , Aspergillusniger, Bipolarisoryzae, Fusarium
oxysporiumand Pyricularia oryzae. 10 (ten) isolates
namely CcRz1, CcRz21, CcRz6, CcRz9, Vr+4, CtR2,
PtS3, GsL. 7, AoS1 and Ca4 showed positiveresults
for al PGPtraits.

These 10 (ten) bioactive endophytic bacteria
were shortlisted for in vitro seed germination test
(Vigor Index) onrice (Variety: Jatra) seeds. Riceseeds
treated individually with thebioactiveisolates, Vr4,
CcRz1 and CtR2 showed higher vigor indices 251.75,
199.8 and 199.8 respectively and germination
percentages 95, 90 and 90 respectively and exhibited
enhanced growth of seedlings under gnotobiotic
conditions compared to the control. The rice seeds
treated with theisolates VrS4 and CtR2 showed the
highest average fresh weight (0.564 g and 0.562 g
respectively) and average dry weight (0.223 g each)
of thericeseedlings.

The7 (seven) best isolates showing the good

vigor indiceswerefurther assayed for rice plant growth
promotion under net house conditions. Thericeplants

treated with theendophyticisol ates showed higher root
and shoot lengthsover the control, the highest readings
of CcRz1 (15.5 cmand 64 cm), CtR2 (11.5 cm and
72 cm) and Vr$4 (10.1 and 66 cm).

CONCLUSIONS

10 (ten) isolates (CcRzl, CcRz21, CcRz6,
CcR2z9, Vr$4, CtR2, PtS3, GsL 7, AoS1 and Ca4)
showed positiveresultsinal the PGPtraits. Theisolates
Vr$4, CcRz1 and CtR2 showed highest vigor indices.
Vr$4 treated seeds showed higher germination
percentages, vigor indicesand significant increasesin
root and shoot lengths over the control. Furthermore,
the isolate CtR2 and Vr$4 showed the maximum
average fresh weight of rice seedlingsand enhanced
growth of rice seedlingsunder gnotobiotic conditions.
Thericeplantstreated with these bioactive endophytic
isolates showed higher root and shoot lengthsover the
control under net house conditions. Vr$4 and CtR2
showed more potentia asaplant growth promoter for
rice seedlings. These two bioactive isolateswill be
assayed for rice growth under limited field trial
conditions.
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IRC/TM-1/PP-67

GENOTYPE X ENVIRONMENT INTERACTION IN RICE UNDER COASTAL
SALINE SOILS

P.B. Vanave'*, T.J. Bedse?, A.V. Dahiphale’, D,G, Jondhale?, S.S. More®, A.V. Mane® and B.D. Jadhav’
12345and 6 Regional Agricultural Research Sation (Dr. BSKKYV), Karjat,Raigad — 410 201, Maharashtra,

India.

"Navsari Agricultural University, Navsari, Gujarat, India.
*Email for correspondence: pbvanave@gmail.com

Riceisanimportant cereal cropinindia. The
productivity of riceisbeing affected by bicticand abiotic
factors. Among the various abiotic factors, coastal
sainity rice crop during different growth stages. The
salinity at reproductive stage has adverse effect on
sikelet fertility and thuslimitsgranyield (Matsushima
et al., 1982). Hence, it is necessary to evolve high
yidding sdt tolerant rice varieties stabl e across coastal
saline ecosystem. Stable genotypes help to achieve
predictable performancethrough thewider adaptability
of genotypes (Allard and Bradshaw, 1964). In the
present study, an attempt was madeto assessthe GXE
interaction of 16 rice genotypesand their 48 hybrids
with one check under salt affected soils.

MATERIALSAND METHODS

Theexperiment was conducted at Coastal Soil
salinity Research Station, Danti, Umarat and Samany
N.A.U., Navsari, Gujarat during kharif 2014with ECe
as4.1,4.3and 4.0dS/m, respectively during flowering
stage. Three complete sets of 65 entriescomprised of
48F,'s, 4females, 12 maleswereevaluated for their
yield performance under saline soils. The experiment
waslaid out in arandomized block design replicated
threetimes. The parentsand ' swererepresented by
asinglerow plot of 10 plantsplacedat 20cmx 15¢cm
gpacing. During theinvestigation grainyield plant™ (g)
alongwith yield contributing traits were studied.
Statistica technique suggested by Eberhart and Russl|
(1966) has been employed to assessthe stability. The
stability parameters viz., mean performance (L),
regression coefficient (bi) and individual squared
deviation from linear regression (Sdi) for parentsas

well ascrosseswere estimated to assessthe stability
over theenvironments. The Sdi val uesif significantly
deviatesfrom zero then the genotypeisconsdered to
behighly unstable.

RESULTSAND DISCUSSION:

Theandysdsof variancefor phenotypic sability
revealed mean squares due to genotypes aswell as
environmentswerehighly significantwhentested againgt
pooled error aswell aspooled deviation. The mean
squares due to environments (linear) were highly
significant against pooled error and G x E wasfound
to be significant when tested against pooled error and
pooled deviation.

G x E (linear) was found to be significant
indicating differentiad performance of genotypesunder
diverse environments but with considerably varying
norms, i.e., thelinear sengtivity of different genotypes
isvariable. The mean squaresdueto pooled deviations
weresgnificantindicating that performanceof different
genotypesfluctuated sgnificantly fromther respective
linear path of responseto environments. On comparison
relative magnitude of G x E (linear) found to be high
than linearity (non-linear) indicating that linear
component contributed more towards the G x E
interactions.

The population mean grain yield of 48
experimenta crosseswas22.84 gramsper plant; while
thesamefor 16 parentsincluding checksfor thistrait
was 19.78 g plant™. Twenty nine crosses and seven
parentsdisplayed higher mean grainyield plant? than
mean yield of respective groups(22.84 and 19.78 g)
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Tablel.: Averagestablecrossesand parentsfor grain yield
plant?(g) under salt affected soils

Genotypes Grainyieldplant® (g)
Mean b, Sdi
GNR3xNVSR6108 2369 015 -060
NAUR1xCSR27 2870 018 -064
GAR13xKadaRata 2366 150 -098
GAR13xIR76346-B-B-10-1-1-1 2393 108 -067
Panvel 1x NVSR 6108 2602 074 -102
Panvel 1x NVSR 6100 2307 120 237
Panvel 1x KalaRata 2513 130 -084
Panve 1xIR76346-B-B-10-1-1-1 2399 235 -0.82
Cross mean 284
Panvel 1 236 0¥ -100
GNR3 2182 165 -068
CSR27 2141 -009 -097
IR76346-B-B-10-1-1-1 209 00 028
Parental mean 19.78

inrespect of grainyield plant* hence considered as
desirablefor interpretation of stability parameters.

Group-I (Highmean, bi =1 (NS), Sdi =NS)
: Average stability was observed for eight crossesand
top three stable crosseswith highest meangrainyield
plant were NAUR 1 x CSR 27, Panvel 1 x NVSR
6108 and Panvel 1 x KalaRata. The parent Panvel 1,
GNR 3, CSR 27 and IR 76346-B-B-10-1-1-1
exhibited average stability acrosstheenvironments. .

Group-Il (Highmean, bi > 1, Sdi = NYS) :
Four crossesviz,, Panvel 1 x Dandi, Panvel 1 x IR
71907-3R-2-1-2, NAUR 1 x Kalarataand GNR 3 x
Kdarataand parent GAR 13 registered higher means
coupled with bi greater than unity and non-significant
deviation of S°di from zero. Hence, possess below
averagedtability indicating their suitability for cultivation
under favorableenvironmenta conditionsonly.

Group-I11 (Highmean, bi <1, Sdi =NS) :
Fivecrossesviz, NAUR 1x NVSR 6108, GAR 13 x

NV SR 6108, Panvel 1 x CSR 27, NAUR 1 x IR
71895-3R-9-3-1 and GNR 3 x CSR 27 with one
parent viz., NAUR 1 wereobserved to haveregression
coefficient (bi) below unity andlinear regression (Sdi)
nearly equal to zero and thusexhibitsabove average
stability for cultivationin poor environments.

Group-1V (Highor low mean, bi =1or >1 or
<1, Sdi = Significant) : Six genotypes recorded
sgnificant deviation from zero and were consdered as
unpredictable.

In general, the female and male parents
behaved differently in different environments as
observed by Bose et al. (2012). However, it was
noticed that one of the best general combiner inthis
experiment, CSR 27 (male parent) found to be stable
for grainyield plant®. Thishasincreaseditspotential
usetowardshigh yielding in combinationwith quality
grain and stable performance under salt stress
conditions. Among four females, only twoviz, Panvel
1and GNR 3werefoundto be stablefor grainyield
plant?.

CONCLUSION:

The parents Panvel 1, GNR 3, CSR 27 and
IR 76346-B-B-10-1-1-1 could be better exploited to
obtain stablerecombinantsfor coastal sdlinesoils. The
recombinantsof thetop three stable crosscombinations
viz, NAUR 1x CSR 27, Panvel 1x NV SR 6108 and
Panvel 1 x KalaRatacould befurther investigated to
obtainhighyiddingsablecultivarsfor sdt affected soils.

LITERATURECITED:

Bose, L., Nagargu, M. and Singh, O. (2012). Genotpe
X Environment interactionand sability andyss
of lowland rice genotypes. Journal
Agriculture Science, 57 (1): 1-8.

Eberhart, S. A. and Russell, W. A. (1966). Stability
parameters for comparing varieties. Crop
Science, 6: 36-40.
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IRC/TM-1/PP-68

ENHANCEMENT OF SECONDARY BRANCHING: A MAJOR BOTTLENECK
FOR GRAIN FILLING IN RECOMBINANT INBREED LINES (RIL) OF RICE

Sonam Panigrahi'’, Pravat Kumar Mohapatra!, Sushanta Kumar Dash? and Ekamber Karialit

1School of Life Sciences, Sambalpur University, Jyotivihar, Sambalpur-768019, Odisha, India
2l CAR-NRRI, Cuttack-753006, Odisha, India
Email: sonampanigrahi2l@gmail.com

Rice is the staple food for mgjority of the
World' spopulation andit istheonly source of human
calories intake in most of the developing and
underdeveloped countries across the Globe. The
introduction of dwarfing gene, release of |R-8 during
1960s and subsequent improvementsof |R-8 parented
semi-dwarf rice cultivars have been accounted for a
guantum jump in rice production and ensured food
security. However, rice production from these high
yielding semi-dwarf cultivars has attained almost a
plateau since last 2-3 decades and creating amajor
bottleneck tofeed al themouthsin the present scenario
of expanding population growth. Inthiscontext, rice
breedershavetargeted toincreasegrain number within
thepanicletoimprovetheyield potentia of the crop.
Increasein grain number within the panicleof modern
super rice cultivars has caused the enhancement of
secondary branching of the panicleto accommodate
more numbersof grainsleading to change of panicle
architecturefrom|looseto compact. Further, increase
ingrain number inthe compact paniclecultivar did not
improvetheoverdl grainyied of the plant because of
poor partitioning of biomassto all thegrainsdueto
strong competitionsfor resourcesand space, ultimately
leading to the production of many barren or poorly
filled grainson basal panicle branches, unsuitablefor
human consumption. Under the circumstances,
Recombinant inbred lines(RIL) can provideameans
of genetic variationsfor thestudy of variabilityingrain
fillinginrice. Inthe present work, two RIL ricelines
contrast for their Serility percentageand variationsin
secondary branchinglike SR-159 (high sterile) and SR-
157 (Ilow sterile) have been used to andysethe mystery

of differentia grainfilling and itsconsequent reduction
ingranyidd.
MATERIALSAND METHODS

Two Recombinant Inbreed Lines(RIL) rice
genotypessuch as SR-159 (high sterile) and SR-157
(low sterile) have been usedin the present work during
thewet season of 2017 under open field conditionsat
NRRI, Cuttack, Odisha, India to understand the
morpho-physiologica basisof differential grainfilling
inrice. All recommended agronomic practiceswere
followed from seed germinationto transplantinginthe
fieddand uptogran maturity. Mother tillersin different
hill reaching anthesisa the sametimeinthefilled were
tagged and sampling wasdoneat 5 daysinterva from
anthesisto grain maturity stage. Apart frommeasuring
thedry massaccumulaionand andyssof solublesugars
and starch concentrationsof thegpical and basal grains
a 5daysinterva, other morphological parameterssuch
as paniclelength, filled and unfilled grain number,
individua granweight, graindengty withintheprimary
and secondary branches, primary and secondary branch
dengity of the panicleand other biochemica parameters
like soluble carbohydrates and starch concentrations
at different spikel et positionswithin the paniclewere
a so measured at grain maturity. Ethylene production
fromthegrainsof paniclesat anthesisand 3 days post-
anthesiswas al so measured in a Gas chromatograh
equipped withaFID detector (Kariai and M ohapatra,
2007).

RESULTS

Results showed significant differences in
secondary branch density, total length of secondary

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India

Tior



. N
I

1% Indian Rice Congress - 2020 O\ Rindian ice
)

Rice Research and Development for Achieving Sustainable Development Goals \_.°

Congress

Theme - I: Enhancing rice productivity and quality

branches, filled and unfilled grain number, individua
grainweight and % Sterility, though the paniclelength
and number of primary branches are more or less
similar. Largenumbersof grainswere accommodated
inmorenumbersof secondary branchesin high sterile
genotype SR-159 compared to lesser secondary
branching in low sterile SR-157. Apart from more
secondary branching and total grain numbers, thehigh
sterile genotype SR-159 al so exhibited more number
of unfilled grains and higher sterility percentage
compared to SR-157. Thedifferencein theapical and
basal grain dry wt. was relatively lower in SR-157
compared to SR-159. High sterile SR-159 produced
more ethylenethan that of low sterile SR-157. The
production of ethylene was quite higher in basa
spike etscompared to apica onesinboththegenotypes.
Apica spikeletsaccumul ated rel atively lower amount
of sugarsthan basa spike etsinboththericegenotypes.
Thedifferencein sugar accumul ation betweenthegpicd
and basal spikeletswasquitehigher inhigh serile SR-
159 compared to low sterile SR-157. Basal spikelets
accumulated lessamount of starch than apica spikelets
in both the genotypes and starch accumulation was
higher inthelow sterile genotype SR-157 compared
tohigh sterile SR-159.

DISCUSSIONAND CONCLUSION

It has been shown that down regulation of
genes encoding ethylene receptors and signal
transducers (Sekhar et. d., 2015) and poor expression
of ethylene precursor like S-adenosyl methionineand
proteinsrelated to endosperm cedll divison (Das, et.d.,
2016) arecruciad for limitinggrainyieldinrice. High
ethylene production a'so dackensgraingrowthinrice
(Pandaet. al., 2009). The sterile genotype SR-159
produced more ethylene compared to thefertile SR-
157. Accumulation of sugarswasmorein the basal
spikelets compared to apical onesand morein SR-

159 compared to SR-157 which might beindicative
of unused assimilatesin serilegenotypeandinthebasa
grainswhich in turn might be mediated by ethylene
inhibition of starch biosynthesisin developing grains.
Thoughthereisagood correlation between secondary
branching and grain stexility inricepanicle, literature
citing enhancement of secondary branchingisthecause
of grain sterility are scant and moreinvestigationis
required inthisregard. However, it may be concluded
fromthepresent work that RIL ricelinesexhibiting poor
grainfilling propertiesin high sterilelinesand also at
basal positions might be due to more secondary
branching attributableto poor conversion of soluble
sugarsinto starch, mediated by the action of ethylene.
Further, rice genotypeswith more secondary branching,
having proper grainfilling especidly inthebasd part of
secondary branchesof the paniclemay beadesirable
trait to obtain futureditecultivarsforimproved grain
yidd.
REFERENCES
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HETEROSIS STUDIES FOR YIELD AND QUALITY COMPONENT TRAITS
IN AROMATIC RICE HYBRIDS
L. Madhavilatha, R.P. Singh, B.D. Singh, H.K. Jaiswal, S.P. Singh, B. Bose and S.P. Singh and B.
Rupesh Kumar Reddy

Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Banaras Hindu University,
Varanasi-221005
E mail: Imireddy36@gmail.com

Aromaticricesarevery popular in SouthAsia
and recently have gained wider acceptancein USA,
Europe and China. Aromatic rice occupiesaprime
positionin Indian culturenot only becauseof their high
quality but also of itsauspiciousnature. Thetraditional
aromatic cultivarsaretall in stature (about 160 cm or
more), poor grainyiedersand lodge under high doses
of nitrogenousfertilizersbut werefamousfor aroma
and cooking qudities(Siddiget. al., 1997). Thesuccess
of hybrid rice programme dependsupon themagnitude
of heterosis, which also helpsin theidentification of
potential cross combinations to be used in the
conventiona breeding programmeto createwidearray
of variability inthe segregating generations (Krishna
Veni and ShobhaRani, 2003). Inthe present study the
main objectivewasto assessthemagnitudeof heteros's
inthearomaticricehybridsfor fourteenyiddand qudity
component traits.

METHODOLOGY

Four aromatic rice cultivarswere selected as
femaesand single crosseswere made randomly with
twelvenon-aromatic, dwarf highyidding ricecultivars
(male lines) to derive 19 hybrids at Agricultura
Research Farm, BanarusHindu University, Varanas
during Kharif, 2005. Among 4 fema e parents, 2long
grained aromatic rice (Pusa Basmati-1 and Taraori
Basmati) cultivarswere crossed with commercia high
yiedingricevarieties, theother two aromatic varieties
(GR-32 and Kalanamak), which are short grained and
susceptibletolodging were crossed with dwarf disease
resgant highyiddinglinessdected from IRRI materid.
Experimental material for the study comprised of 37

rice genotypes (4 femalelines, 12 malelinesand 19
hybridsalong withtwo checksHUBR 2-1 and Taraori
Basmati). Seeds of hybrids and their parents were
germinatedin petri plates, when satiSfactory germination
was observed on the 4" and 5" day of soaking, the
seedlingsweretransferred to small raised beds, covered
with alayer of sand and sufficient carewastakento
avoid water logging and complete drying up of the
nursery beds. All the recommended practices were
followed toraiseand maintain the hedlthy cropinthe
nursery. Healthy and vigorous 25 daysold seedlings
weretransplantedintothemainfieldwith20x 15cm
spacing for heterosis studies. These genotypeswere
evaluated in arandomized block design with three
replications. Each entry consisted of tworowsof 5m
length. Observationswererecorded for daysto 50 %
flowering, plant height (cm), ear bearingtillersper plant,
panicle length (cm), number of grains per panicle,
spikelet fertility (%) , 1000 - grain weight (g), grain
yield per plant (g), milling recovery (%), head rice
recovery (%), kernd length (mm), kernd breadth (mm),
kernel L/B ratioand kerndl length after cooking (mm)
by following standard procedures. The magnitude of
heterosisin hybridswas estimated inrel ation to better
parent and the checks (Taraori Basmati and HUBR 2-
1) aspercent increase or decrease of hybrid over better
parent (Heterobeltiosis) and the checks (standard
heteross)

RESULTS

Theanalysisof variancefor 37 ricegenotypes
(4femdes, 12 maes, 19 hybridsand 2 check varieties)
with regards to yield and quality component traits
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reveal ed that the existence of significant differences
among thegenotypesstudiedfor dl thetraitsindicating
that good amount of variation for effective selection.
Heterobeltios's, standard heterosisand best heterotic
crossesfor yield and quality component traitsinrice
genotypeswasgivenin Table 1. Three hybrids Pusa
Basmati x Jaya, Taraori Basmati x Malviya36 and GR
32X IR 73004 exhibited significant negeative (desirable)
heterobeltiosisand standard heterosisfor daysto 50
%flowering, indicating early floweringinthesehybrids
than the parents and checks. Almost al the hybrids
exhibited talInessas compared to their parents, sothe
negativeheterogs, whichisdesredfor plant height was
not observed in any of the hybrids with regards to
heterobdltiosis. Thehybridsin general recorded high
grainyieldswithincreased performanceintheyield
contributing traitsviz.,, more ear bearing tillers, grester
paniclelength, increased number of grainsper panicle
and high spikelet fertility per cent as compared to
parents. M aximum number of superior hybridswas
observedinthe crossesinvolving PusaBasmati-1 as
femaeparent followed by Taraori Basmati. Amongthe
femaesPusaBasmaiti-1 recorded maximumgrainyield
per plant with this best parent, the best hybrid (Pusa
Basmati-1 x BPT 5204) was observed. Among the
yield contributing traits the maximum expression of
significant and desirable heterobeltiosi sand standard
heterosis was observed for grain yield per plant
followed by ear bearing tillers, number of grains per
panicleand spikelet fertility. Most of thehybridsinthe
present study exhibited Sgnificant and postivestandard
heterosisand heterobeltiosisfor milling per cent and
head ricerecovery. Among grain quaity characteristics
of hybrids, themilling per cent and head ricerecovery
were observed to be morein hybridsascompared to
parentswhereasfor other quality traitsthe performance
wasin negativedirection. A perusal of theresultsof the
present investigation reved ed the production of superior
hybridsfrom the crossesinvolving tall late duration
aromatic femaleswith semi dwarf high yielding non-

1x Maviya36

1xBPT 5204
1xBPT 5204
1xBPT 5204
1xBPT 5204
1x Maviya36

Kdanamekx TOX 85C
aanat
aanat
a1t
2andl
andl
2andl

1XBPT524  PusaB

BasedonSC (Il) hetercsis
PusaBaamati-1x Jaya

1XBPT5204  PusaB
1xBPT5204  PusaB
1xMaviya36 PusaB:
1xBPT5204  PusaB

PusaBaamati-1xWGL 23064  PusaBaamai-1xWGL 23064

PusaBasmdti-1x Maviya36 PusaBaamati-1x Maviya36

PusaBamdi-1xMaviya36  PusaBaamati-1x Maviya3e
1xMaviya36 PusaB:

PusaBaamdi-1xMadviya36  PusaBaamati-1x Maviya36

BasedonSC (I) heterodis

PusaBaamdti-1x Jya j-
TaaiBaamatixBPT5204  PusaBasmdi-1xMaviya3o — Taraori BasmetixBPT5204  Taraori Basmati xBPT5204

Bethybrics

aamati
Baamdi
staBaa“naﬁ

Taraor Baamati XWGL 23064  Taraori Baamdi xBPT5204  Taraon Basmati x BPT 5204
1xBPT524  PusaBaamati-1xWGL 23064 Pusal

Taaoi BaamdixMaviya3s — Kdanamekx TOX8C

PusaBasmdi-1xJya

BassdonBPheterod's

IXBPTS24  PusaBaandi-1xBPT524  PusaB:

1xMdviya36 ~ KdanamekxU20

1xBPT5204

aanati

Taraori Baamati xBPT 5204
aandl

Besdonmeanpafomance
-1021t0145%5  PusaBasmdi-1xMadviya36  Tareori Baamdix Jya

PusaBaamdti-1x Jya
KdanamekxTOX85C

PusaBaamdti

PusaB
PusaBaamdi

6383t0-325  PusaBaandi-1xMaviya36 ~GR32xYN1850

-13969t0-1425 PusaB

-12.10t0587
-3291t024.00
-1746t045.18
-8181t0523
-24421056.30
215t014.37
559t024.77

HE

4685103745 24907106  PusaBamdi-1xWGL23064  PusaBaardi-1x Jya
3734101860  -3414102050  PusaBaamdi-1xMdviya3s  PusaBasmdi-1xJaya

-19.32t03L76
-3380t037.55
-1662t0958
-7487t0885
012t01521
-819%5t0153
-1366t01902
97 RBto565
-6543t0308

Heeross(%)
$HO)

191101764
-598t07.25

34.771019.16

56.82t021.68

8256105206  -2631t05564
225t011.36

185101256

-4A53t0-1A

-4 7710600
179t04521
-11.11t05061
-871t011.17
-4043t03831
-6846t0-763
-4755t06.68

Table1Heterosisand best heterotic crossesfor yield and quality component traitsin aromaticrice genotypes

1000-Granweight(g)
Kemd breedth(mm)  100-to 3251
Kemd L/Bratio

Grainyiddplant’ (g)

Rantheght (cm)
Earbeaingtillers
Millingrecovery (%)
Heedricerecovay (%)
Kemd length(mm)

perplat
Panidelength(am)

Numberof grains
perpenide

floweing
Foikeetfertility (%)
Kemd lenghdter
cooking(mm)

Daysto 50%

:
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aromatic males. The hybrids PusaBasmati-1 x BPT
5204 (34.63 g), PusaBasmati-1 x Malviya36 (31.21
0), Taraori Basmati x Jaya(30.76 g) and PusaBasmeti-
1 x Swarna(30.16 g) recorded higher per plant yields
withincreased performanceinyield atributing traits.
CONCLUSIONS

Out of the nineteen aromatic rice hybrids
studied, four hybrids PusaBasmati-1 x Malviya 36,
PusaBasmati-1 x BPT 5204, Taraori Basmati x Jaya
and PusaBasmati-1 x Svarnawereidentified promisng
for their high mean performanceand high magnitude of

heterosisfor yield and quality component traits. These

hybridscould beeffectively utilizedinthe conventiona

breeding programme, which would be helpful to

develop highyidding varietieswith better grain qudity.
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IRC/TM-1/PP-70

GENETIC STUDIES IN RICE (ORYZA SATIVA L.) MAPPING POPULATION
FOR HIGH GRAIN ZINC CONTENT

Sonali Habde*, S. K. Singh

Department of Genetics and Plant Breeding, Institute of Agricultural Sciences, Banaras Hindu University,
Varanasi-221005, Uttarpradesh, India
*Correspondence email: sonali.habde@gmail.com

Riceisthe source of energy for majority of
global population. Ricegrain being the poor the source
of zincandiron content initspolished form, resultedin
malnutrition at aggravated level (Pradhanet al., 2020).
Zinc deficiency causes diarrhea and respiratory
diseases and isassociated with poor growth, loss of
appetite, skinlesions, impaired taste acuity, delayed
wound healing, impairedimmuneresponseetc (Rao et
al, 2020). Increasinggrainiron and zinc contentinrice
through breeding effortsis cheaper and easiest option
tolessen malnutritionin devel oping country (Pradhan
et al., 2020). QTL mapping for identification of
genomicregionsresponsblefor highgrain zinc content
isoneof theprimebreeding effortinthisdirection. F,
mapping population is important for preliminary
screening genomic loci for studying any new trait.
Improvement ingrain zinc content canimpact postively
on large section of population dependent onrice.

So present study wasundertaken to study with
following objective

1 Tosudy varigbility parametersingiven
mapping popul ation.

2. To study different genetic parameters
ingiven mapping population
METHODOLOGY :

F, Mapping population (size312) for highgrain
zinc content was developed by advancing seeds
obtained fromindividud trueF, hybrid of crossbetween
Rajendrakasturi and URG-30 (high zinc donar). F,
population wasraised in Kharif 2018 at Agricultural
Research Farm, Institute of Agricultural Sciences,
BanarasHindu University, Varanas with spacing of

40x30 cmrow to row and plant to plant (doublethan
normal recommended spacing). Crop wasraised by
following recommended package of practicesof given
areaand dl morphologica observationswererecorded
trait wise for yield relate and grain quality traits..
Individual F, plant washarvested separately and grains
wereanayzed for grain zinc content by XRF machine
facility available at Harvest Plus lab, ICRISAT,
Hyderabad. Datawas subjected to analysis, variability
and different genetic parameterswere ca culated using
Windostat 9.3.
RESULTS

Wide spectrum of genetic variability isessentid
for the success of every breeding program. F,
population offers good opportunity for studying
parameters of variability, such studies are equally
promising as F, population contain wide range of
variability resulting out of segregation and
recombination. In present evaluation of mapping
population derived fromsingletrueF, plant represented
higher phenotypicvariability for variousyieddand grain
qudity traits. By cluster andyssusing Tocher’ smethod,
312F,individualsweredividedinto 8 clusters. Intra
cluster valuerangesfrom0.0to 3546.12. Higher intra
cluster valuewasfound for cluster 4indicted diversity
among theindividualsunder cluster 4. Inter cluster
distancerangesfrom 3426.97 (between cluster 1 and
7) to 78025.52 (between cluster 6 and 4). Cluster mean
ranges from 22 for cluster 7 to 49 for cluster 5 for
grain yield per plant, from 22 (cluster 7) to 27.04
(clusterd) for grain zinc content. Out of 15 characters
studied, relative contribution of total grainsper panicle
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washigher tototd genetic divergence (51.6%) followed
by fertilegrains per panicle (26.83%) and plant height
(14.73%). Least contributing traits for genetic
divergence were paniclelength and grainiron content
(0.01% each).

Estimates of coefficients of variability,
heritability and genetic advance were computed for
given F, mapping populationrevealed higher value of
phenotypic coefficient of variation than genotypic
coefficient of variationfor al thetraitsstudied. Higher
GVCand PCV wererecorded for number of totd tillers
per plant, effectivetillersper plant, grainsper panicle,
fertilegrainsper panicleand grainyield per plant while
low GCV value coupled with low PCV value were
recorded for daysto flowering, moderate GCV and
PCV valuesobserved for grain zinc and iron content.
Heritability and genetic advance estimates as percent
of meanwerehigher for grainyield per plant, fertile
grainsper panicle, grains per panicle, effectivetillers
per plant, tillers per plant, 1000 grain weight, plant
height, grainiron and zinc content and kernel length to
breadth ratio, lowest estimate of genetic advanceas
percent of mean wasreported for kernel breadth.

CONCLUSION

Findings from present study provides way
forward for more conclusive studies in mapping
population for cluster anays sbased on genotypic data
obtained from molecular marker analysis. Outcomes
of QTL mapping studies supported by thefindings of
genetic parameters and variability studiesincreases
authenticity and applicability of theresultsin breeding
programme,
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IRC/TM-1/PP-71

SCREENING OF RICE GERMPLASM FOR RESPONSE TO LOW

LIGHT INTENSITY DURING KHARIF SEASON IN KONKAN

M. H. Keluskar*, R.L. Kunkerkar, M. P. Gawai, M. M. Burondkar,
T.J. Bedase and P. M. Haldankar

Regional Agriculture Research station, Karjat Dist Raigad — 410201
Dr. B. S. Konkan Krishi Vidyapeeth, Dapoli. (MS) India
Email : keluskar_minakshi @rediffmail.com,minakshihkeluskar 1975@gmail.com

Rice(Oryzasatival.) ismost important staple
food Indiahasthelargest ricegrowing area. Indiaranks
secondinriceproduction followed by China. InIndia,
itiscultivated onan areaof 44.1 million hectareswhich
ismaximum among all ricegrowing countries, annua
production of about 107.40 milliontonnes of riceduring
2015 (Anonymous-2015). Thetota areaunder rice
in the state is 15.57 lakh ha with an annual rice
production of 36.54 (52.95 roughrice) lakhtonesand
theaverageproductivity is2.35 (3.40 roughrice) t/ha.
(Maharashtra State Statistics Dept. Pune (2015-16)
Konkan region is major rice producing area of
Maharashtra. Nearly 3.69 |akh hectareareaof Konkan
isunder rice crop with production of 10.83 lakhtones
.Theaverage productivity of Konkan regionis2.93
tons per hectare (M aharashtra State Stati stics Dept.
Pune (2015-16). Among these stresses, low light stress
during Kharif seasonin Konkanregionisemerging as
oneof theimportant biotic stressesfor ricecropmainly
growninkharif. Thisproblemof low light stresscould
aggravatein near futureastotad rainfal andrainy days
are increasing frequently in recent years. Hence,
exploring theavailableinherited potential in different
popular varieties and to identify the suitable rice
varietiesfor low light stresswasamajor aim of this
study.

OBJECTIVES

1) Toscreenthericevarietiesfor theinherited
potential to sustainyield under low light stress.

2) Toidentify thelow light stressresilient rice
varietiessuitablefor growing under Kharif seasonsof
konkan.

METHODOLOGY

The experiment was conducted during Kharif
2012, 2013 and 2015 with 50 rice Varietiesrel eased
by four Agril. Universities of Maharashtra. The
experiment waslaid randomized block design 1.5m x
0.60m plot szewith 20cmx 15cmintworeplications
under shade net and without shade net condition.The
plotswereartificialy shaded by usng 50 percent shade
net, such 50-60 percent of natural light was only
received by the crop canapy. Fourty five plantswere
transplanted of each varietiesin shade net and without
shade net condition. The chlorophyll content of leaves
was calculated by using formula given by Arnon
(1949).Thestatic statistica analysisof triad wascarried
out according to Panse and Sukhatme (1967).

RESULTS

Therewaslessreductioninyiedinricevariety
Karjat-7(2.68%),followed by Karjat-3(6.32%),
Palghar -2 (7.95%), Karjat -2 (9.31%), Karjat -8
(10.09%), Palghar — 1 (10.29 %), Karjat — 6 (10.5
%) under shade net than control (without shade net).
Therewashigher reductioninyield of ricevariety Phule
Radha (37.38 % ), SYE — 1 (35.01 %), Ambika

Tableno: 1Averagelight intensity during crop duration.

Time Under Shade Net Without Shade Net
(50%) (LUX) (Contral)

900an 8766 19952

1200pm 14127 30553

300pm 9201 20705

|
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Table?2. pooled data of (gm/plant) grain yield resilient varieties.

Grainyield (gm/plant) 1styear(kharif-2012) 2nd year(kharif -2013) 3rd year(kharif -2015) Pooled

WS us WS uUs WS us WS us
Karjat-7 2013 1937 192 19.02 17.38 168 1890 1840
Karjat-3 1735 148 1825 1795 1535 1495 1698 1590
Palghar-2 1507 1364 1560 1357 14.07 1388 1491 1370
Karjat-2 1751 1354 1365 16.36 1575 16.72 1509 931
Karjat-8 1339 11.28 1507 1388 1539 14.37 1462 1318
Palghar-1 1319 1031 139 1388 14.19 1302 1379 1240
Karjat-6 1231 964 1461 1237 1331 15 1341 117

Tableno.3Resllient and non resilient varietiestograin yield
under low light intensity.

Low light stressresilient
varietiestoGrain Yield

Low light stress non resilient
varietiestoGrain Yield

Karjat-7 (2.68%) Phule Radha (37.38%)
Karjat-3(6.32%) SYE-1(35.01%)
Palghar-2 (7.95%) Ambika(33.79%)
Karjat-2(9.31%) Phule Samrudhi (32.79%)
Karjat-8 (10.09%) SYE-75(31.77%)
Palghar-1 (10.29%) Parag (31.76%)

Karjat-6 (10.5%) Pawana(31.19%)

(33.79 %) under shade net than control (without shade
net). The 50 % flowering and maturity wasdelayed by
2-5 daysunder shadethan control in abovevarieties.
Thetota Chlorophyll and Spikelet fertility wasincreased
under shade net than control (without shade net).

CONCLUSION:

Amongst 50 varieties Karjat-7, Karjat-3,
Palghar-2, Karjat-2, Karjat-8, Palghar-1 and Karjat-
6 developed by Dr.Balasaheb Sawant K onkan Krishi
Vidyapeeth, Dapoli foundto bereslient ricevarieties
for giving stableyield under low light stressconditions
of Kharif seasonin Konkan. while Phule Radha, SY E-
1, Ambika, Phule Samrudhi, SYE-75, Parag and
Pawanafound to behighly sensitivericevarietiesas
their growth and yield was highly reduced under low
light stressconditions.

REFERENCES:

M aharashtra State Statistics Dept. Pune (2015-16).
Second Advance Estimates
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IRC/TM-1/PP-72

EVALUATION OF SENSORY AND PHYSICO-CHEMICAL PROPERTIES OF
SOME QUALITY RICE VARIETIES

Torit Baran Bagchi* and Sutapa Sarkar

ICAR-NRRI, Cuttack-753006, Odisha, India
Email: torit.crijaf09@gmail.com

Rice(OryzasativaL.) apremium staplefood
for themgjority of peoplearoundtheworld. Thegrain
isusually processed asbrown rice (dehusked), polished
rice (milled) and parboiled polishedrice. Inrecent days,
pigmented rice varieties (black & red) are being
appreciated dueto their better nutritional quality as
compared to white rice. Pigmented rice are such
varieties which have large amount of anthocyanin
pigment that are deposited into thericebranto form
it'sblack, brown and red colours. Ninericecultivars
(black, red and white) namely (i) Manipuri Black,
Chakhao, Mamihunger (black), (ii) Baam, Annapurna
(red) (iii) Naveen, CR Dhan310, Govindbhog &
Swarna(white) weretaken for thisstudy. Theobjective
of thisstudy wasto analyzetheraw and parboiledrice
grainwith respect to different parameterslike physico-
chemical properties, colour, texture, viscosity and
antioxidant properties, which aredirectly related to

human preferenceaswell ashealth.
METHODOLOGY

Physico-chemical properties of raw grains
include hulling, milling and head rice recovery
percentage. It dsoincludesgrain amylose content and
different cooking parameterslikedongationretio, dkali
spreading value, kernel length after cooking, gel
consistency, volume expansion ratio etc (Pal et
al,2019). The colour parameters of the grain were
determined by CIE colour scalesL*, & and b* using
Hunter Labdigital colorimeter (Modd: ColourHex EZ
, Hunter AssociatesL aboratory, Reston, VA). TheL*
indicates the degree of lightness or darkness of the
sample extended from 0O (black) to 100 (white), a*
indicates degree of redness (+ a) to greenness (- a)
whereas b* indicatesthe degree of yellowness (+ b)
to blueness (- b), respectively (Pal et al.,2019).
Hardness of grainswas done using texture analyzer

Tablel. Sensory and antioxidant parameter sof raw and par boiled pigmented and non-pigmented rice.

9. Parameters Pigmentedrice Non-pigmented rice

Colour parametersof grain Raw Parboiled % changedue Raw Parboiled % change due
to parboiling to parboiling

1 L*(Lightness) 2357t036.3 22.2t031.8 -(0.05t00.12) 57.01to71.5 53.11t055.87 -(0.06t021.8)

2 a* (Red to green) 48t01445 313t09.49 -3A 248t05.83 6.38t07.38 +(26t0157)

3 b* (Yellow to blue) 5.15t023.34 3.95t012.82 -(23t045) 7.59t022.31 24.13t026.97 +(20t0217)

Viscosity of riceflour

4 Peak viscosity(cP) 808t02132 230-21%4 0.01to-71 1876t02951 358t01047  -(64t080)

5 Final viscosity(cP) 734103443  412t02839 -(17.5t044.0) 2375t04680 815t01776 -(62t066)

Textureof ricegrain

6 Hardness (g force) 62741015933 371811046760 +(167t0604) 729t014133 417661048259  +H217t0509)

7 Phenolics(mgCE/gDW)  1.97t04.26 1.27t01.93 -(35t054) 1.22t01.44  1.28t0l35 NS

8 Flavonoids(mg CE/gDW)  059-1.42 054t01.38 -(10to15) 0.47-0.63 0.45t0056 NS

* (+) Increase (-) Decrease of values; (NS) Non-significant
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Figl. Unmilled riceof differ ent pigmented and non-pigmented
rice cultivars. AN-Annapurna, GB-Gobindabhog, MH-
Mamihunger, BA- Balam, CRD310- CR Dhan310, CH-
Chakhao, SW-Swar na, MB- Manipuri Black, NA- Naveen.

modd TA.XT plus(StableMicro SystemsL td, Surrey,
UK) as per method of Pal et al.,2019. This
measurement was performed in threereplicationsby
using cylindrical probe (p75) with diameter of 10cm
and the single samplewas placed on ametal platefor
eachtest. Viscosity of rice samplewasaccomplished
by Rapid ViscoAnalyzer (Model- RVA4800; Perten
Instruments) taking 4.5to 5 griceflour depending upon
their moisture content. Analysis of antioxidant
compoundsliketotal phenolicsand flavonoidscontent
was done according to Eberhardt et al. (2000).
RESULT

Sgnificant differenceinthephyso-chemica &
cooking quality of theserice cultivars (p- <0.0001)
were observed. According to the Hunter col orimeter
analysis, the L* value (whitenessto darkness) was
highest in Naveen (parboiled) and CR Dhan 310
(Raw). Highest a* value (rednessto greenness) was
obtained from Balam (parboiled) and Mamihunger
(Raw).The b* value (yellowness to blueness) was
recorded highest in Swarna (parboiled) and Manipuri
Black (raw). Thecolor changesindicate that some
componentsmoveduring soaking fromtheinner layers
tothe surface, whileothers, specialy bran compounds,

moveinthedirectiontheendosperm. Amongst different
pasting properties accomplished by Rapid Visco
Andyzer, thehighest find viscosty of parboiled brown
riceflour wasobserved in Balamfollowed by Manipuri
black and Chakhao but lowest was obtained from
Annapurnawhereasthe peak viscosity washighestin
Chakhao and Balam. In case of grain hardness
parameter, measured by Texture Analyzer, the raw
brown rice haslower valuesthan the parboiled rice
dueto solidification of starch. In caseof raw rice, the
highest hardnesswasfoundintheredricevariety Bdam
followed by Swarna whereas Manipuri Black rice
possessed lowest. But in case of parboiled rice CR
Dhan 310 ranked first and lowest was obtained in
Chakhao. Thereduction of antioxidant capacity aong
withtota phenolicand flavonoid content wasobserved
in parboiled brown rice ascompared to raw rice.

CONCLUSION

Phenolicsand flavonoids content reduced due
to parboiling whereasgrain hardnessincreased dueto
parboiling. Lightness (L*value) reduced due to
parboiling. Peak and final viscosity aregenerdly lower
inparboiled rice ascompared to raw rice. Raw rice of
CR Dhan 310 showed maximum viscosity value.
Amylose content of pigmented riceisgenerally low as
compared towhiterice.

REFERENCES

Eberhardt, M.V., Lee, C.Y., Liu, R.H. (2000).
Antioxidant activity of fresh apples. Nature,
405, 903-904.

Pd, S., Bagchi, T.B., Dhdli, K., Kar, A., Sanghamitra,
P, Sarkar, S., Samaddar, M. and Mg umder,
J. (2019). Evaluation of sensory,
physicochemical properties and consumer
preference of black rice and their products.
J. Food Sci. Technol., 56:1484-1494.
doi:https://doi.org/10.1007/s13197-019-
03634-8

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India

| EEE



. N
I

1% Indian Rice Congress - 2020 ) Foian vice
)

Rice Research and Development for Achieving Sustainable Development Goals \_.°

Congress

Theme - I: Enhancing rice productivity and quality

IRC/TM-1/PP-73

ROLE OF SEDOHEPTULOSE-1, 7 BISPHOSPHATASE IN CONTRIBUTING
LOW LIGHT TOLERANCE OF RICE (Oryza sativa L)
Darshan Panda, Soumya Mohanty, Monalisha Biswal, Awadhesh Kumar, Rameshwar Sah, MJ Baig and
Lambodar Behera’

ICAR- National Rice Research Institute, Cuttack-753006, Odisha, India
E-mail: lambodarjamujhadi @gmail.com

Ricegrainyiddissgnificantly reduced during
wet season (July-October), averaging around 2.1t ha
tinIndiadueto the overcast skiesthat causesalow
light (LL) stress(Pandaet a. 2019). Cloudy weather
duringthegrain-filling stageimpairsgrainyield and
quality inrice. It affectsthe formation of grain by
affecting photosynthesis, activities of antioxidant
enzymes and other key enzymesinvolved in starch
biosynthesisinricegrains, dongwiththetrand ocations
of photo-assimilates and nitrogen. This could be
primarily attributed by thereductionin CO, assmilating
potency of plantsthat acts asafundamental process
behind regulating theyiel d cgpacity and chiefly depends
onlight. Theentire photosynthetic apparatusreorients
and adapts to LL stress by undergoing several
dterationsin Cavin-Benson cydeenzymesand proteins
and pigments. Therefore, identification of ricegenotypes
having better LL use efficiency as reflected in the
minimum reduction in photosynthessand grainyield
during the WS hasbeen agreat challengefor therice.
Consequently, it is essential to maintain a balance
between their participation in the process of
carbohydrate biosynthesisand RuBPgeneration. To
achievethis, the catalytic activity of certain enzymes
like seudoheptul ose-1,7-bisphosphatase need to be
drictly regulated. Thisisachieved by theredox potentia
generated through theferredoxin/thioredoxin system,
which modul atestheactivity of SBPasein responseto
light or dark conditions. So far, the activity and
expression of SBPase to track low light tolerance
propensity of rice are not employed. We, therefore,
studied SBPase activity and expressionin low light
tolerant and susceptiblericegenotypes, withemphasis
onitseffect onthe net photosyntheticrate, grainyield

and other yiddreated traitsunder low light and norma
light condiitions.
OBJECTIVE:

Roleof sedoheptulose-1, 7 bisphosphatasein
low light tolerance of rice (Oryza sativa L)

METHODOLOGY:

Field experiments were conducted in the
experimental plotsof ICAR-National Rice Research
Ingtitute (NRRI) Cuttack, Odisha, Indiaduring thewet
seasons (WS) of 2017 and 2018. Two tolerant
cultivars, Purnendu and Swarnaprbha, onemoderately
susceptible cultivar, Sasarang and one susceptible
cultivar, IR8 were used for study of expression and
activity of SBPase and itsoverall impact on the net
photosynthetic rate, grainyield and related traits. The
net photosyntheticrate(P), stomatal conductance(g,)
rateof transpiration (T ) and internal carbon dioxide
to assimilated carbon dioxideratio (C/C) of theflag
leaf during 50% flowering weredeterminedusingal_l-
6400X T portable photosynthesissystem (L1-COR,
Inc., USA). Activity of SBPasewasdetermined using
the coupled assay method. Total RNA was extracted
fromtheflagleaf at 50% flowering sageusng RNEasy
Plant Mini Kit(Qiagen, USA) following the
manufacturer’sprotocol. Four genotypesunder study
wereevauated for grainyield and related traitsunder
normal light and low light conditionsof WS2017 and
WS 2018 following randomized completeblock design
(RCBD) withthreereplicationsof each. Fivehillswere
randomly selected from the middle of each plot and
datafor 6 traits, tiller/plant, panicle/plant, fertility%o,
1000-grainweight, biomass/plant and grainyield/plant
traitswererecorded.

- 172]

December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India



B A
L

1% Indian Rice Congress - 2020 )\
Rice Research and Development for Achieving Sustainable Development Goals \’/

Congress
209

Theme -I: Enhancing rice productivity and quality

RESULTS:

Net assimilation rate (NAR), stomatal
conductance (SC) and transpirationrate (TR) (P<0.05)
were significantly decreased, whereas the ratio of
internal CO, toambient CO, (Ci/Ca) wassignificantly
increased (P<0.05) for al cultivarsunder LL stressin
comparison to NL condition. Tolerant cultivars,
Purnendu and Swarnaprbha showed lesser decrease
inthenet assmilationrate(NAR), somata conductance
(SC) andtrangpirationrate (TR) whilealesser increase
in Ci/Ca ratio was observed as compared to
moderately susceptible cultivar, Sasarang and
susceptiblecultivar, IR8 under low light stress. SBPase
isthe principa enzymefor RuBP regeneration during
the Calvin cycle. Wemeasured itsactivity inflag leaf
Purnendu, Swarnaprahbha, Sasarang and IR8 under
both NL and L L conditions. The SBPase activity was
reduced significantly inall thefour genotypesunder LL
stress as compared to NL during the WSs of 2017
and 2018 . In Purnendu and Swarnaprbha, SBPase
activity (U/mg Protein) was constantly increased up to
the 6™ hour and then decreased after the 6 hour of
incubation bothunder LL and NL. In contrast tothis,
the SBPaseactivity in Sasarang and IR8 wasincreased
upto 4 hrsof incubation and then drastically reduced
(P<0.05). However, SBPase activity was maintai ned
significantly at higher level under NL ascompared to
LL conditioninal thegenotypes. Lower reductionin
the SBPaseactivity under LL incomparisontoNL in
Purnendu and Swarnaparabha was observed.
Significantly higher reduction wasfound in Sasarang
and IR8 under low light ascompared to normal light.
Therewasanincreasein enzymatic activity both under
NL and LL conditionsafter 4™ hour of incubationin
tolerant cultivars Purnendu and Swarnaprbha. In
contrast to this, the enzyme activity wasdrastically
reduced after the4™ hour, both under LL conditionsin
Sasarang and | R8 as compared to LN condition. To
further check if SBPaseactivity isinfluenced by LL

stress, we investigated the expression pattern of
PBPasetranscript inrice plantsusing quantitetivered-
time PCR andyss. Thedatasuggested that the primary
process of biosynthesis of SBPase protein was
optimum during 50% flowering, when the net
photosynthetic rateisexpected to behigh. LL stress
reduced the expression of the SBPasein dl genotypes
ascomparedto NL.

CONCLUSION:

Thestudy clearly indicated that by tracking the
expression and activity of SBPase, we can screenfor
thelow light tolerant rice genotypes. It is, therefore,
could be used asamarker enzymefor the screening
process. However, it is not clear how exactly the
expression and activity of SBPaseismaintained under
low light in tolerant genotypes and what isthe exact
physiological basisfor theregulation of SBPase. Since
photosynthesisishighly senstivetotheavailablelight
intensity, we proposed that SBPase could enhance
tolerancetolow light inricethe plants by precisely
mai ntaining adelicate balance betweenitsexpression
and activity by efficiently utilizing theavailablephotons.
The enhanced toleranceto low light stress could be
dueto over expression of SBPasein vivo. A further
study of other light regulated Calvin cycle genesand
their interactionwith SBPase could provideinformation
about the role of other enzymes for a better
understanding of thiscomplex process.
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IRC/TM-1/PP-74

GENOMICS ASSISTED BREEDING FOR ENHANCING DURABILITY OF
RESISTANCE AGAINST RICE SHEATH BLIGHT UTILIZING WILD ORYZA
SPECIES
Kumari Neelam*, Saundarya Kumari?, Sumit Aggarwal?, J. S. Lore!, Mandeep Hunjan?, Rupinder
Kaur!, Renu Khanna!, Yogesh Vikal!, G.S. Mangat'and Kuldeep Singh2

Punjab Agricultural University, Ludhiana-141004, Punjab, India
°|CAR-National Bureau of Plant Genetic Resources, New Delhi, India
Corresponding author’s e-mail: kneelam@pau.edu

Sheath blight (SB) isone of the most serious
diseases of rice (Oryza sativa L.) worldwide caused
by a soil-borne fungus Rhizoctonia solani Kiihn (R.
solani), which posesagrest threet tothericegrainyield
and quality. R. solani isasoil-borne hemibiotrophic
pathogen (Kouzai et a. 2018) that survivesassclerotia
or mycelia in the debris of host plants during its
necrotrophic phase. It causes severelossesingrain
quaity andyieldin many rice-growing countriesin both
temperate and tropical climates. Breeding for sheath
blight resi stanceisan economical and effectivestrategy
for controlling diseases as compared to chemical
control. Wild speciesgermplasm of riceisanimportant
resourcefor the enhancement of modernricecultivars
in terms of providing tolerance/resistance against
variousabiotic and biotic stresses(Khush et ., 1990).
In the present study, nearly 500 accessionsincluding
wild Oryza species Oryza nivara and Oryza
rufipogon was screened against sheath blight disease
under artificia inoculation with Rhizoctonia solani and
mapping studieswere carried out.

METHOLODGY

Plant materials and inoculation with R.
solani : Theplant materidscons sted of 500 accessions
of Oryzanivaraand Oryzarufipogonwereoriginaly
procured from International Rice Research Institute
(IRRI), Manila, Philippinesand Nationa Rice Research
Institute (NRRI), Cuttack, India. Standard protocol
was used for isol ation of Rhizoctonia solani fromthe
susceptible cultivar PR121 showing the sheath blight

symptoms. Themaizemed sand (1:3) medium method
wasusad for inocul ation. Disease assessment wasmade
14 daysafter inoculation under field conditions. Ten
plantsfrom each accession intwo replicationswere
screened every year. Relativelesion height (RLH) was
calculated using theformulagiven by Sharmaet al.,
1990. We also genotyped 400 accessions of Oryza
rufipogon using genotyping by sequencing and
associ ation mapping was performed.

RESULTS

Approximately, 100 accessionsof O. nivara
were screened for nearly five years 2016 to 2020.
Twelve accessions showed constant moderate
reactionsto the sheath blight disease (Aggrawal et al.,
2019). The O. nivara accession IRGC81941A
showed the maximum potentia against sheath blight
dueto aleast relativelesion height of 22.80% and was
crossed with rice cultivar PR121 to generate the
majpping population. TheF, , mapping popul ationwas
inocul ated and scored againgt sheath blight disease. The
normal distribution was obtained for theRLH. The
whole population wasgenotyped usng GBSand QTL
mapping was conducted. Themagjor QTLsfor relative
lesion height were obtained on chromosome 1, 4 and
11. Further, work on development of linked markers
isunder way.

About 400 accessions of Oryza rufipogoan
were screened during kharif 2015 and 2016 and
moderately resistant (MR) accessionswere further
evaluated during theyear 2017 and 2020. Findly, 19
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access onswereidentified aspromising which showed
continuously moderately resistant reaction for three
years. Therange of plant height varied from 84cmto
140cm, lesion length varies from 27cm to 36cm
whereasthereativelesionlength variesfrom 21 to31
percent among the studied moderateresistant accesson
of O. rufipogon. Based on the genotypic and
phenotypic data of 400 accessions, we conducted
associ ation mapping for sheath blight resistance. We
got strong association for plant height on chromosome
3and chromosome 10whereasfor rdaivelesionheight
we got association on chromosome 2, 7 and 9.

CONCLUSION

Comprehensive phenotyping of large number
accessions of wild species of rice leads to the
identification of promising sourcesfor transferring
sheath blight resistanceto theditecultivars. Wehave
initiated thetransfer of sheath blight resistancetothe
itecultivarsusng M A Sfromtheidentified sourcesof

resistancein O. nivara and O. rufipogon.
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IRC/TM-1/PP-75

GENETIC VARIABILITY OF ANTIOXIDANT COMPOUNDS IN PIGMENTED
RICE LANDRACES FOR CROP IMPROVEMENT

Priyadarsini Sanghamitra*, Nabaneeta Basak, Gaurav Kumar, Torit Baran Bagchi, Sutapa Sarkar,
Supriya Priyadarsani and Lalan Kumar Singh
ICAR- National Rice Research Institute, Cuttack-753006, Odisha, India
E-mail: p.sanghamitral@gmail.com

Nutritiona superiority of pigmented riceover
whitericeowingtoitsrichnessin bioactivecompounds
such asanthocyanin, phenolic acids, flavonoids, pro-
anthocyanidins, tocopherols, tocotrienols, oryzanol
(Samyor et al. 2017; Sanghamitra et al.,
2017,2018,Mbanjo et a.,2020) hasmadeit essential
for itsinclusion in the rice breeding programme to
achieve food and nutritional security of the world
populace heavily dependant onriceasastaplefood.
Evaluating variability in phytochemical traitsin the
pigmented riceand identifying promising genotypesis
neededtoinitiateand its successful utilisationin plant
breeding programme.

METHODOLOGY

Fifteen pigmented ricegenotypesusedinthis
study were dehusked, grain sampleswere grounded
by a grinding machine (Glen mini grinder), sieved
through 100 mesh sizeand evauatedfor phytochemica
propertiessuch astota anthocyanin contents(TAC) in
the sampleswere determined using method described
by Fuleki and Francis (1968) and expressed as mg
100 g*.Gamma-oryzanol (GO) was estimated
according to Bucci et al., (2003) with minor
modifications and expressed as mg 100 g*. Total
phenolics compounds (TPC) was determined by
modified protocol of Zilicetd., (2011) and expressed
asmg Catechol equivaent(CE) 100g™. Totd flavonoid
content (TFC) wasdetermined according to Eberhardt
et al., (2000) and expressed as mg Catechine
equivalent(CEt) 100 g. Thetest of significancewas
performed using Fisher’s(F) test. Correlation,principa

component analysisand clustering wasdone based on
the mean values of the 15 genotypes using
paeontologica atigtics(PAST) softwareverson4.02.

RESULT

Genotypeswerefound significant for al the
phytochemical compounds studied. Karnidhan was
observed with highest anthocyanin content (5.11 mg
100gt),Gammaoryzanol (65.85 mg 100g* ) and total
phenolics( 638.36 mg CE 100g?) . Total flavonoid
content was highest in the genotype Assambiroin
(245.60 mg CEt 100g?). Correlation analysis
observed sgnificant positive corre ation of anthocyanin
content with gammaoryzanols and Total
phenolics.PCA(Fig.1A) showed that PC1 and PC2
with Eigen value morethan one exhibited maximum
73.77 % of total variation. Anthocyanin,
gammaoryzanol in PC1 and Total phenolicsin PC2
respons blefor significant variationinthephytochemicd
properties.The PCA exhibited three groups of the
genotypes. Three genotypes (Assambiroin,
Gandhibiroin and Chhotadahiya) inthefirst quarter
separated from other group based on gammaoryzanol.
The second quarter consisting of three
genotypes(Mugai,Rajesh and Karnidhaan) separated
from other group based on phenolicsand anthocyanin
content. Whereasthethird group wasthelargest group
congsting of ninegenotypesseparated from other group
based on flavonoids. The cluster analysisbased on
UPGMA (Fig 1B) dso divided thegenotypesintothree
groupsat an Euclidean distance of 400 based onthe
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Figl: PCA (A)and clustering(B) of pigmented rice genotypes

phytochemica properties. Thegroup | consisting of Six
genotypeswith Chhotadahiyaand Saathi being the
diverse one. Seven group constituting the group |1
found Ka akatki and Palbari the diversegenotypes.The
third group consist of rest two genotypes Jool and
Muga.
CONCLUSION

The PCA and cluster analysis provide
information about closenessof genotypesrequired for
sdection. Further thetrait associationidentifiedwill help
inscreening large number of germplasm for breeding
superior varietieswith enhanced grain and nutritional
qudlity. The genotype Karnidhan wasfound promising
having highest anthocyanin, gammaoryzanol andtotal
phenolics content.Whereas Assambiroin was also
found suitablewith highest flavonoid content to beused

inthe plant breeding programmefor devel opment of
improved linesand aso could beutilized invaueadded
products by thefood industry.
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IRC/TM-1/PP-76

BLACK RICE: FOR BRIGHT FUTURE

Gurrala Suresh and A.V. Nagavani

Department of Agronomy, S. V. Agricultural College, Tirupati,
Acharya N. G Ranga Agricultural University, Andhra Pradesh, India, PIN. 517 502.
Email: sureshagri333@gmail.com

Black riceisavariety of ricewhich hassevera
promising hedlth benefits. The high antioxidant activity
of black ricemakesit ahighly super nutritiousfood.
Black rice Zizania agatica (Kumar et al., 2020) is
thenative of the common rice species (Oryza sativa).
Other common names of black rice are purplerice,
forbiddenrice, heavenrice, imperial rice, king'srice
and prized rice. It is known as Chak-hao Ambi in
Manipur (Chak-hao means* delicious and ambi means
‘black’). In Odishaitisknown asKdabati (kdameans
‘black’ and bati means‘rice’ in Oriya). Black ricewas
initially grownin Chinabeforethe Chinesedynastic
period and wascalled asthe‘luck rice’ becauseit was
believed that people consuming black ricewouldlive
longer. Black riceisformed by themutation of Kala4
genethat simul atesthe production of theblack pigment-
anthocyanin (Oikawaet al., 2015).

Thepericarp (outer covering) of black riceis
black in colour dueto the presence of the black colour
pigment caled anthocyaninwhichisrichinantioxidants
and posesavariety of hedth benefitssuch asanti-aging,
anticancer, anti-diabetes, |owering therisk of obesity
etc. Black ricehashighlevelsof protein, fiber, vitamins
(VitaminB,, Vitamin B2, folic acid) and mineras(iron,
zinc, calcium, phosphorusand selenium) compared to
that of whiterice. The mgor essential amino acids
present in black ricearelysine and tryptophan.

Intheworlditismainly cultivated in Southeast
Asian countrieslike China, Thailand, India, Sri Lanka,
India, Indonesiaand Philippines. Chinaaccountsfor
62% of black rice productionintheworld. Thereare
morethan 200 typesof black ricevarietiesintheworld.
In Indiablack riceisgrown in North-eastern states

like Manipur, Mizoram, Megha aya, Assam and some
partsof Odisha(Oikawaet a., 2015). Earlier people
refused to consumeblack riceduetoitsblack color as
they considered it to be*dirty’ because of the black
color (Takashi et al., 2001). Black rice has alow
GlycemicIndex (Gl) of 42.3 compared to whiterice,
which has an average GI of 89, and brown rice that
hasan average Gl of 50.

Thetypesof black riceare Black JaponicaRice
isamix of short and medium sizedricegrainshasan
earthy flavour with a mild sweet spiciness. Black
GlutinousRice(Black Sticky Rice) hasashort unevenly
coloured grain size and has a sticky texture, used to
make sweet dishesinAsa Italian black ricehaslong
rice grainsand hasthe characteristics of both chinese
black rice and italian rice with arich buttery aroma
(Kumar et al., 2020). Thai black jasminericehasa
medium grain size and originated from Thailand that
combines Chineseblack ricewithjasminerice. Jasmine
riceisnativeof Thailand and hasasubtlefloral aroma
(Kumar et al., 2020).

Black rice helps in reducing the weight,
because of high fiber content on the bran. On
consuming it givesthefeeling of fullness, so doesnot
fed hungry and aso decreasesthefatty acid synthesis.
It act asaNaturd detoxifier. The phytonutrientspresent
inblack rice help cleansethe body of disease causing
toxins(caused by freeradicals). It wasfound out that
anthocyanin present in black ricelowersthe LDL (bad
cholesterol) and increasestheHDL (Good cholesteral)
levels which decrease the chances for developing
atherosclerosis and heart attack. The naturally low
content of sugar and high fiber content in black rice
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preventsthe occurrence of diabetesand it easesthe
bowl movement and cure chronic condtipation (Thanuja
and Parimdavdlli, 2018).

CONCLUSION:

Thereisadirect need toincludeblack riceas
anovel ingredient in food processing to exploreits
complete benefits. Several researches suggested that
black rice may have the capacity to reduce the
likelihood of developing a number of diseases and
illnesses, suggesting that black rice consumption may
promote heart and liver health, weight loss, control on
blood glucoselevel and lipid profile, prevention and
control of inflammation and cancer.
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IRC/TM-1PP-77

BREEDING FOR NITROGEN USE EFFICIENCY TO ENHANCE RICE
PRODUCTIVITY

K. Amarnath* and M. Reddi Sekhar

Department of Genetics and Plant Breeding, S\V. Agricultural College, Tirupati
Acharya N.G. Ranga Agricultural University, Andhra Pradesh-517 502, India.
E-mail: kolimigundlaamarnath.agri@gmail.com

Riceistheprincipa staplecered crop securing
half of theglobal populationfromfood crisis. Inorder
to satisfy therequirementsof drasticaly growing globa
population, thereis aneed of significant riceyield
potential under the circumstances of decreased arable
lands, global climate change, natural disasters and
frequent occurrence of pestsand diseases. Nitrogenis
an important soil macronutrient required for plant
growth and development. But itsavailability limitsthe
yiddsinmogt of thecropping aress. Thereforepractice
of excessive application of synthetic nitrogen (N)
fertilizersmay not only limitstheyield but dsoleadsto
considerabl e negativeimpacts on human health and
environment in theform of blue baby syndrome and
soil acidification, air pollution, fertilizer burn, water
eutrophication and green house effect. New solutions
arethereforeurgently needed to s multaneoudy increase
yieldsby maintaining or preferably decreased applied
N to maximizethe Nitrogen useefficiency (NUE) in
Rice.

NUE inriceisdefined as“amount of biomass
or grain production per unit of N applied”. Plant NUE
isintegration of NUpE (Nitrogen Uptake efficiency)
and NULE (Nitrogen Utilization efficiency). Enhanced
NUE isachieved through genetically modifying plants
and integrated agricultural management practices. In
rice, two transporter families NPF (nitrate transporter
1/peptide transporter family) NPF 2 for uptake and
trand ocation of nitrate were associ ated with enhancing
nitrate uptake and root-to-shoot transport affinity.
OsNPF genesof thisfamily hasasgnificantimpact on
NUE aswell asonyield becausethey mainly expressed

inroot epidermisand hairs, rice panicle elongation,
ammonium uptake, promotion of lateral root formation
andfinaly increased grainyidd.

Breeding for NUE in rice was extensively
sudiedthrough severd enzymes, N Transporters, genes
and promoters. Bi et al., 2009 noticed that over
expression of riceearly nodulin gene- OSENOD93-1
had increased shoot dry biomassand seed yield up to
10% to 20%. Satisha et al., (2016) revealed that,
Nitrogen Harvest Index (NHI) was high in T,
(80.33%), comparedtoaT, (78.93%) indicating that
thevariation in nitrogen harvest index among 84 rice
genotypesismainly dueto efficient uptake of N and
re-assimilation of N to economic part.

By thereplacement of Cytosine/Thyaminein
NRT1.1B (nitrogentransporter) geneinrice, increased
NUE which was confirmed by genome editing using
CRISPR/Cas9 (Mishraet al., 2018). Over expression
of OsATG 8a gene (responsible for increased
expressionlevelsof ‘N’ under starvation conditions)
increased leve of autophagy and resulted in number of
effectivetillersintransgenicriceline (Jgponicavariety)
Shennong 9816 and it’s biomass was increased by
22.9% or 10.62%, under N,,. and N_, treatments
respectively (Yuetal., 2019).

Rice NUE is the integration of NUpE and
NULE and governed by multipleinteracting geneticand
environmental factors. Improvement of genes,
transportersand enzymesrelated to NUE areplaying
animmenserolein enhancing Nitrogen useefficiency.
Useful gene-based markersare provided to breeders
for the production of Nitrogen efficient GM plants.

50
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Findly, theroad ahead for NUE crops appearsbumpy,
thenecessity in creating cropsthat require decreased
N fertilizer level sisthe need and has been recognized
inthecal for a“ Second greenrevolution”.
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IRC/TM-1/PP-78

MARKER ASSISTED FORWARD BREEDING FOR MULTIPLE TRAIT
RESISTANCE IN RICE
Jyothi Badri**, Lakshmidevi G, Jaividhya LRK?, Uma Maheswar Singh?®, GS Laha', MS Prasad',
Padma Kumari AP?, Jhans Lakshmi V!, Subba Rao LV?, Vikas Kumar Singh?, Arvind Kumar?2 and
Ram T*

I CAR-Indian Institute of Rice Research, Rajendranagar, Hyderabad, India-500030
?International Rice Research Institute, South Asia Regional Centre (ISARC), Varanasi, India
jInternational Rice Research Institute (IRRI), South-Asia Regional Hub, ICRISAT, Hyderabad, India
*Corresponding author: jyothirishik@gmail.com

Rice is the most important cereal crop
occupying aprominent placein Indian agricultureand
continues asastaplefood crop for morethan half of
the global popul ation despitethe changing climatic,
social and economic scenario. Productivity of rice
fluctuatessignificantly from regiontoregion; seasonto
season dueto various biotic and abiotic stresses. The
yield lossdueto biotic stresses variesdepending on
the severity of the stress prevailing in the specified
region. Themaor biotic stresseslike blast, bacteria
leaf blight, brown plant hoppers, etc result in severe
yield pendty inrice. In addition, abiotic stressessuch
asdrought, salinity, heet, cold, submergenceetc hinder
growth and development of riceplant resultingin severe
yiedreductioninrice. Recent advancesin breedingto
transfer genes/QTL swith high precison haveprovided
new opportunitiesto combat challengesarising from
different biotic and abiotic stresses (Kumar et a.2018).
Ricevarietiesimproved with resistanceto multiple
biotic/abiotic stressesnot only providefor preventing
yieldlossesandincreasing theincome of ricefarmers
but also are a viable option for environmental
sudainability.

Considering the yield losses caused due to
variousstresses, the present Sudy amsat development
of highyielding climate-resilient rice, using 11 genes
conferringresstanceagaingt blast (BL) (Pi2 and Pi%4),
bacterid leaf blight (BB) (xa5, xal3 and Xa21), brown
planthopper (BPH) (Bph3, Bphl7, Bph20 and
Bph21), gdl midge(GM) (Gm4and Gm8) and4 QTLs

for drought tolerance (gDTY1.1,qDTY2.1,gDTY3.1
and gDTY12.1) through marker-assisted forward
breeding (MAFB) approach.

METHODOLOGY

Breeding for multiple trait introgression
employing marker assisted selectionwasinitiated at
ICAR-Indian Ingtitute of Rice Research (ICAR-IIRR)
during Kharif 2013 with two recurrent parentsand 14
donors. A total of 9 donorsviz., RPBio Patho-1 with
Pi2 and RPBio Patho-2 with Pi-54 for BL, Improved
SambaMahsuri (1ISM) with xa5, xal3 and Xa21 for
BB, Rathu Heenati with Bph 3 and Bphl17 for BPH,
RP5924-23 for Gm4 and RP 5925-24 with Gm8 for
GM resistance and IR 96321-1447-561-B-1 with
gDTY1.1andgDTY 3.1, IR 81896-96-B-B-195 with
gDTY 2.1 and IR74371-46-1-1-13 withgDTY 12.1
for yield under drought stresswere used for multiple
genes/QTL pyramidinginto‘WGL 14’ . Similarly, 7
donorsviz., IRBB60 with xa5, xal3 and Xa21 for
BB, RPBio Patho-3 with Pi2 and Tetep with Pi 54
for BL, IR 71033-121-15-B with Bph 20 and Bph 21
for BPH and 3 donors for gDTY QTL same as for
WGL 14 were used in crossing with KrishnaHamsa,

F, crosseswere made between recipient parent
and each of thedonor during Kharif 2013 (wet season)
followed by dl possbleinter-crossesamong F;'sduring
Rabi 2014 (dry season). Tightly linked polymorphic
SSRswereused in knowing different combinations of
genes/QTL introgressionsin|C F;’s. Genotyping and
inter-crossing of inter-crossed F,'swas continued up
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to Kharif 2015 to get all thetargeted genes/QTL into
common background. IC,F 'swereselfed and single
plant salectionswere advanced from Rabi 2016 to Rabi
2018. Phenotypicevauation (Yield under control-Y C,
yieldunder drought stress-Y S, BL, BB, BPH and GM)
of IC,F, progenies(forward breeding lines-FBL s) was
donein Kharif 2018 (YC, YS, BL, BB, BPH and
GM), Rabi 2019 (Y C), Kharif 2019 (YC, YS, BL,
BB), Rabi 2020 (YCand Y S) and Kharif 2020 (Y C,
BL and BB). Genotyping with foreground markersin
FBL swasrepeated in 2018 and 2019 to confirm gene/
QTL introgressions.

RESULTS

In the background of Krishna Hamsa and
WGL 14, 256 and 253 FBLSs respectively were
subjected to repeated screening and phenotypically
promising linesin various trait combinations were
identified. With KrishnaHamsaasrecurrent parent,
10 FBLs(KFBL19001, KFBL 19030, KFBL 19177,
KFBL19210, KFBL19241, KFBL19246,
KFBL19249, KFBL19378, KFBL19379,
KFBL19471) werewith highyield (6-8 t/ha) under
control, resistant to both BL and BB (scored” 3) and
13.2-22.34% yield improvement of over Krishna
Hamsa under drought stress. 5 of them recorded
intermediate amyl ose content (20-25%), high HRR
(55-64.7%) and MS-L Sgrain typeindicating on par/
superior grain quality characteristicswhen compared
totherecurrent parent KrishnaHamsa. A combination
of five gene/QTL
xab+Xa21+gDTY1.1+gDTY2.1+gDTY12.1 was
recovered in KFBL19177 and 3 gene/QTL
combination of Xa21+Pi9+qDTY2.1in KFBL 19249.
Further, 37 and 9 FBLswere found with very high
level of BL and BB resistance (scored” 3) respectively.

WithWGL 14 asrecurrent parent, of the 253
phenotypically evaluated FBLs, 9 FBLS
(WFBL19087, WFBL19088, WFBL 19090,
WFBL 19093, WFBL 19100, WFBL 19103, WFBL

19344, WFBL 19347 and WFBL 19451) havedl the
targeted trait introgressions in 5-10 gene/QTL
combinations and showed high level of resistanceto
BL and BB (both score d” 3), high yield (5-8 t/ha),
yield advantage of 11.24 to 28.42% over WGL 14
under drought stress, intermedi ate amyl ose content (20-
25%) and high HRR (55-65.2%). In all the 9 FBLSs,
MSgraintypeakintoWGL 14 wasrecovered. Further,
6 FBLs(WFBL 19101, WFBL 19104, WFBL 19283,
WFBL 19285, WFBL 19292 and WFBL 19321) with
BB+BL+GM and 11 FBLs (WFBL19067,
WFBL19068, WFBL19072, WFBL19074,
WFBL19091, WFBL19147, WFBL19154,
WFBL19162, WFBL19349, WFBL 19446 and
WFBL 19449) with BB+BL and yield under drought
stresswereidentified. one FBL in the background of
WGL 14-WFBL 19347, maximumintrogression of 10
genes/QTL with a combination of
YebhHelBHEH2HA - 8HPTYLHDTY2ZHPTY3HPTYI2ZL
was observed followed by
xebtxal3+ P2+ G GB+oDTYL1+aDTY21+DTY31+
gDTY12.1 (9genedQTL) inWFBL19344. Also, 16
and 40 FBL sshowed very highlevel of resistanceto
BL and BB (score< 3) respectively.

T R g DRIL ppa RD
-
- -

Fig1. WFBL 19347 in thebackground of WGL 14 positive
genotypically and phenotypically for all thetar geted traits
(BB score-1; BL score-3; YC-5740kg/ha; Y S-4066kg/ha).
D-donor, R-WGL 14, I L-WFBL 19347
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Bph 20, Bph21 for Krishna Hamsa, Bph3,
Bph17 and Gmd for WGL 14 werefound not effective
asthelinespossessing these genes showed susceptible
reaction to BPH and gall midgerespectively. Similar
observaionson BPH reactioninintrogressonlineswith
Bph3 and Bph17 was recently reported (Dixit et al
2020)

CONCLUSION

The present study demonstratesthe success
of marker assisted forward breeding inintrogressing
multipletrait res stanceftoleranceand maintaining high
yieldlevelsand preferred grain quality. We devel oped
FBLs with 3 to ten genes/QTL which showed
improvement over their respectiverecipient parentsin
termsof multiplebiotic and abiotic stressresistance/
tolerance together with yield advantagesof 11.24 to
28.42% under drought stress conditions. The
developed FBL swith resistance to multiple stresses
would certainly benefit futurerice breeding programs.
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IRC/TM-1/PP-79

GENETIC VARIATION AND MARKER AIDED SELECTION STRATEGY FOR
FRAGRANCE IN A F, POPULATION OF RICE

Swapan K. Tripathy*, Bhoye Yogita Laxman and Chetan Panda

College of Agriculture, OUAT, Bhubaneswar-751 003, Odisha, India
*E.mail: swapankumartripathy@gmail.com

TheBasmati riceisthegift of natureto India
Indiaisan exporter of world classaromaticrice. Local
aromatictall indicaricevarietiesarelow yielding due
to insufficient partitioning of biomass and mostly
susceptibleto insectsand avariety of abiotic stresses
including drought, flood, and hest stress. Most of the
aromaticvarigtiesof riceincuding Jasmineand Basmati
typesreved the8-bp deletion onexon 7 of the BADH2
gene. Identification of this gene for fragrance
(Amarawathi et al., 2008) has created an opportunity
to sort out aromatic plantsfrom alarge popul ation of
F,. Therefore, amarker assisted breeding strategy was
designed for successin aromatic rice breeding.

METHODOLOGY

Theexperimental materia usedinthe present
investigation comprised a cross HH-25-DT-20 x
ORCZ 66. Among the parents, HH-25-DT-20 was
non aromatic semi-dwarf plant typewith highyield
potential, while ORCZ 66 wasapre-releasearomatic
advanced breeding line characterized by tall, basmati
typegrain quality with moderate high yield potentidl.
Evaluation of the F, population was carried outinthe
fieldforyield and yield attributes. Variation for agro-
morphological and quality traitsincluding status of
aromaamong individual F, plants has been worked
out. Genotyping of parents, F, and F, plantsweredone
following PCR using badh2 gene specific primer
‘FMbadh2-E7(Shi et al., 2008)’. The inheritance
pattern of aromawas studied by Chi-squaretest.

RESULTS

TheF, plantsvariedwidely indaystoflowering,
meaturity duration, number of ear bearingtillers, number
of fertilegraingpanicle, grain Sze, satusof aromaand

granyield per plant. Number of ear bearingtillers/plant
and grain number/plant had shown significant positive
corrdationwithgrainyield. Sensory test (1.7% KOH)
of young leaveswasinitidly carried out at seedling tage
to reduce popul ation sizefor effective confirmation of
F, plantsfor aromatic status. Ten plantsout of 120F,
plantsin the cross qualified for presence of aroma
ranging from average panel scoreof 0.7t04.0in0-4
scde(Table 1) resulting unimodal skewed distribution
towards non-aromatic status parent, HH-25-DT-20.
Thoseten putative aromatic F,plantsalong with ten
randomly selected non-aromatic plantsof F, dongside
both the parentsand F, were genotyped (Fig 1). The
parent HH-25-DT-20, F, showed the non-aromatic
alele (268bp) amplified by the badh2 gene specific
primer ‘FMbadh2-E7" while, the aromatic parent
ORCZ 66 and eight out of ten above putative aromatic
plants selected based on sensory test revealed
homozygousrecessivefor the 260 bp allelelinked to
aroma. In contragt, two putativearomatic F, plantswith
average pand scoreaslow as0.7-0.8 and dl randomly
selected non-aromatic plants of F, showed either
homozyosity for non- aromatic alele (268bp) or
heterozygosity dueto codominant status of 260bp and
268bp aleles. Further, matured seedsof theaboveeight
aromatic F,wereretested by chewing at maturity stage
inthefield and after harvest at 14% moisture using
1.7%KOH. All such plantscontinued to retain aroma
status. In the present study, the F, population
segregated into 15(Non-aromatic): 1 (Aromatic) ratio
for aromainricegrains. The probability of exceeding
the calculated chi-square valuelies at fairly higher
probability interval beyond 0.05 indicating non-
significant +2-value. This clearly indicates that
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segregation pattern of plants in the generation
satisfactorily agreed with the expected classical ratio
of 15: 1 for inheritance of aroma. Grainyield ranged
from 4.86-45.99 per plant among the F, plants as
compared to mean grainyield of 50.2 g/plantin HH-
25-DT-20 and 30.5g/plant in ORCZ 66 and 48.4g/
plantinF,

CONCLUSION

Marker assisted selection of F, plants for
aromatic status at seedling stage and further selection
of few highyielding F, plants coupled with acceptable
quality features based on phenotyping seemsto have

greater advantagefor geneticimprovementinaromatic
rice.
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IRC/TM-1/PP-80

ISOLATION OF IMPROVED LINE IN ‘BADSHABHOG’ THROUGH INDUCED
MUTATION

Nihar Ranjan Chakraborty* and Achal Kant

Palli Sksha Bhavana (Institute of Agriculture), Visva-Bharati University, Sriniketan, West Bengal, India
* E-mail: nrchakraborty@gmail.com

Non-basmati aromatic riceisvery popular for
itsexcdlent grain quality withinbuilt aroma. But these
cultivarshavebeenignoredinthemaingtreamindudtrid
agricultureduetolow yielder. It isserious matter that
most of these cultivarsarefast disappearing fromthe
sceneof thelocdity. Among them Badshabhog isvery
popular cultivar of ricewhichiscultivated by thefarmers
from primitive period for their own consumption and
ritual purposes in eastern India. This cultivar is
handicapped by itstalness(167-177cm.), latematurity
(150-155 days) and poor yielder (2.0 — 2.5t/ha).
Therefore, thereisan urgent need toimprovetheyield
potentia of thiscultivar without disruptingitsoriginal
grain quality and cooking quality features. Genetic
improvement in specifictraitslike height of the plant,
duration of maturity, yield and itscomponent characters
through hybridization and recombination often becomes
difficult due to break-down of aroma and cooking
quality characters. Mutation breeding is one of the
optionsto improve/rectify of specifictraits of these
cultivarswithin very short period without bresk-down
of in-built quality traits. The present investigation was
carried out to isolation of semi dwarf, early maturity
and highyid ding linein Badshabhog through induced
mutation.

METHODOLOGY:

Genetically uniform, diseasefree, healthy seeds
of Badshabhog with 12 percent moisturewe ghing 100g
weretakeninsix packetsfor theexperiment. Fivesuch
packetswere used for gammairradiations. The seeds
were placed inside the gammaradiation chamber to
get the seedsirradiated with five different doses of
gammaraysviz. 200Gy, 250Gy, 300Gy, 350Gy and
400Gy [Gy: Gray (1Gray = 1joule per kg of matter

undergoing radiations = 0.1kR)] from the Cobalt 60
gammarayssourcefor appropriatetimefor each dose
based on the half-life of the source at Department of
Atomic Energy, Board of Researchin Nuclear Science,
BARC, Trombay, Mumbai inIndia. Thedoseratewas
of the order of 17Gy/mininradiation chamber. Sixth
unexposed seed packet wasused ascontrol. Theplants
were growninthe M., M,, M and M, generations
along with control. Throughout the programmes
desirablemutant typeshavebeenidentified, whichwas
according totheir performance againgt the controls.

RESULTS

Optimal dose of gammairradiation under in
vitro and in vivo conditions were determined at
358.37Gy & 346.10Gy whichwere based on weighted
mean of LD_ and GR, /GR,, resulting from percent
germination, percent seedling survival and seedling
growth parameters. 200Gy and 250Gy dosewasfound
moreefficient. Higher efficiency at thelower dose of
gamma ray may be occurred through increasing
biologica damege (lethality and Sterility) withindoseat
a faster than the mutations (Konzak et al., 1965).
Desirable changes appeared through efficient
mutagenes swith minimum undesirableeffects. Albina,
Chlorophyll mutant was highest. Different types of
morphologica mutationswereasoidentified. InM,,
generation, desirable mutants with short stature,
earlinessin maturity and other yield attributing traits
were selected. The selected individual s tested for
aromawith KOH solution under segregating progeny
were collected separately and main panicle of therest
plantsof thisprogeny were harvested asbulk and were
grownin M, generation. Threetypeof early maturity
mutants such as 10 daysearly, 20 daysearly and 30
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daysearly and semi-dwarf mutants having desirable
plant typewith upto 50 cm. reductionin plant height as
comparetotheir parent weresdectedin M3 generation.
Seedsof al confirmed mutants under each character
aswell aseach treatment were collected separately
andweregrowninM, generation withreplicatedtrail
to produce the near homozygouslinesfor thetraits
under cong deration. Subgtantia genetic variability was
observed for all economic charactersstudiedinM,,.
Therewasno consistency inthe behaviour of selected
mutantsfrom various doses of mutagen. Mg ority of
the mutants had combination of both positive and
negative forms of important yield contributing
characters. There was no apparent variation for
different characterswithin the progeniesof mgjority of
the mutant families due to further increase in
homozygosity. However, segregation for height
continuedinfew mutant families All themutantsretained
apparently the same characteristic aroma of their
respective mother genotypes. Thiswasquite expected
sincearomainthesegroupsof riceiscontrolled by a
single recessive gene (Kole 2005) and chances of
mutation from recessive form of aroma gene to a
dominant onearerare. Considering the performance
of the mutants of agronomical important characters,
threemutants{ onefor 20 daysearly and other twofor
short height (reduction up to 50 cm)} were promising.

Thesemutantsneed further testinginmultilocationtrids
for evaluation of their potential for direct release as
varietiesof aromatic rice. The other mutants may be
used in cross breeding programmes of aromatic rice
for utilization of agronomicaly ussful mutant cheracters.

CONCLUSIONS:

Thedesrablemutantsisolatedintheexperiment
are characterized as semi-dwarf plant type, early
maturation, having higher yield with desired level of
aroma. Theresultsdemonstrated that there are great
scopesfor improving quditativeand quantitetivetraits
by using appropriate mutation breeding approaches.
The present study on mutagenesishasgenerated agood
amount of genetic variability for economically and
agronomicaly important characters. M utation breeding
iIsoneof themost effective non-conventional methods
of plant breeding toinducedesirablecharacter inlocaly
adapted varieties. If these mutants are released for
generd cultivation, they may replacethelow yieding
local cultivars Badshabhog and there by promoting
better socio-economic conditionsof farmers.

REFERANCE:

Konzak C. F, NilanR. A., Wagner J. and Foster R. J.
1965. Efficient chemical mutagenesis.
Radiation Bot. (Suppl.), 5: 49-70.

Kole PC 2005. Inheritance of aromain rice. Acta
Agron. Hungarica, 53 (4): 439.
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STABILITY ANALYSISOF YIELD AND YIELD ATTRIBUTING TRAITSIN
ADVANCED BREEING LINES OF RICE (Oryza sativa L.)

D. Adilakshmi*, P.V. Padmavathi, K.V. Ramanamurthy, K. Madhukumar and M. Charumathi
Regional Agricultural Research station, Anakapalle 530011
Acharya N. G Ranga Agricultural University, Lam, Guntur, A.P. India.
Email: adilakshmi87@gmail.com

InIndiariceisgrown under adiverse set of
agro-environmentsvarying in seasons, temperature,
rainfall, soil types, hydrology varieties an input
management. Thisstaplefood contributes43% of the
total food. To meet the growing demand for food will
require significant improvementsinrice production.
However the enhancement of rice productivity isnot
an easy job owing to the declining land area, water
resourcesand occurrence of severa biotic and biotic
stresses. It isvery much necessary to develop varieties
having stable yield performance over diverse
environments. Hence, knowledge on the nature and
magnitude of genotype x environment interactionsis
important in understanding the stability of aparticular
variety beforeit isbeing recommended for agiven
situation. Testing of genotype under different
environmentsdifferingin unpredictablevariaionisan
accepted approach for selecting stable genotypes.

MATERIAL AND METHODS

The present experiment materia comprised of
seventeen long duration advanced breeding lines
including one check (common check) devel oped at
different riceresearch stationsacrossAndhraPradesh.
Thetrid swereconductedinarandomized Block design
withtworeplicationsat twolocationsviz., Agricultura
Research Station, Ragolu and Regional Agricultural
Research Station, Anakapalleduring kharif 2018 with
plot sizeof 12 m? Observationswererecorded onten
randomly selected plantsin respect of six quantative
charactersviz., daystofifty percent flowering, plant
height (cm), paniclelength, productivetillersper square
meter, test weight (g) and grainyield per hectare (kg/

ha). Advanced linesdataover locationswere subjected
to pooled stability analysisas per Eberhart and Russell
(1966). The genotypewith high mean, unit regression
coefficient and non-ggnificant deviationfromregresson
was considered to be stable over environments.
RESULTSAND DISCUSSION

Theanalysisof variance of stability using
Eberhart and Russell model (1966) revealed that the
genotypesand environmentswere significant for all
charactersexcept for paniclelength and test weight
indicating the diversity among the genotypes and
environments studied. The GE interaction was not
significant for al thetraitsindicating the absence of
genetic differencesamong varietiesfor regression on
environmental indices(Rashmi et al. 2017). Thedata
pertaining to stability parameters for yield and its
attributing characterspresented intable 1. Theentry
L-609 recorded lessmean value (110.50) for daysto
50% flowering with regression coefficient vauearound
unity (b=0.98) and lessdeviation fromregressonwas
identified as stable genotype over locations. Out of 17
linestested for plant height (cm) theentry  L-609
registered above general mean with b, value around
unity (b=0.97) and non-significant deviation from
regression found to be stable under environments.
No.of productivetillersn? istheimportant trait for yield
contributing character. None of the entry exhibited
stable performanceover twolocations.  Theentry
L-615 recorded highest (333) no.of productivetillers/
m?with b, more than unity, it was suggested to have
less than average stability (good performance in
favorable environments). Thelines L-615andL-
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Mean

Test Weight (g)
Mean bi

No. of productivetillerssm? Paniclelength (cm)

Mean

Plant Height (Cm)

Mean bi
11450

Table 1. Mean performanceand stability parameter sfor yield and contributing char acters

Entries Daysto 50 % Flowering

2di

2di

bi

i Mean

bi

di

di

bi

Mean

: Enhancing rice productivity and quality

00
00
0.00
0.00

0.
0.

14 107
74 172

1811 -15
1942 096

19
19

w27
25 421
00 15
-197 0
00 209
047 O
264 0
50 359
00 209
w202
0.3
177
077 O
152
117

75
25 -0
50 01
75
75

294,
00 289
00 286
00 28975
00 267
27475
29650
00 292
00 333
00 309
26550

0.00
0.00

o}
o}
o;
0
o}

0.
0

0
s
48
97
83
86
158
A
042
81
42
45
18

0.
0.
0.
0.

10325
9550
10L.75 O
96.00
89.25
11550
9325
10425 1
9175
10325
9350
10325 1
10425 1
10000 1
98.00

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0.
0.
o}
0.
o}
0.
0.
0
0.
o}
0.
o
0
o}
0.
o}

00
50
00
25
00
s
00

124
130.75
129

L-615 119
L620(C) 122
L-621
L-623
L-624

L-616

L-605
L-606
L-607
L-609
L-610
L-611
L-613

L-614
L-617
L-619

616 werefound to be stablefor paniclelength (cm)
with above general mean, bi value around unity (b=
0.97 and b=0.98) and non-significant deviation from
regression. For the character test weight thelineL-
609 exhibited more mean value than general mean,
regression coefficient valueisaround unity (b= 0.96)
and lessdeviation from regression. Theentry L-605
indicated lessthan average stability (b= 1.07) with
good performance in favorable environments. The
breedinglinesL-615and L-616werefoundtobe
gablefor Grainyield (kg/ha) with mean abovegenerd
mean, bi value around unity (b= 0.86 and b=1.06)
and non-significant deviation from regression. The
entries L-605, L-620 and L-624 recorded highest
mean morethan general meanwith b morethan unity
indicating good performanceinfavorableenvironments.
Advanced linesL-609 recorded regression lessthan
unity (b=0.61) with mean more than general mean
representing good performancein poor environments.

CONCLUSION

ThelinesL-615and L-616 with yield more
than genera mean were stablefor paniclelength over
locations. Thehighyielding line L-609 was stablefor
daystofifty percent flowering, plant height (cm) and
test weight intwo locations. These stablelinesmay be
exploited for commercial cultivationinricegrowing
areasin North coastal zone of AndhraPradesh.

REFERENCES

Eberhart SA and Russdll WA 1966. Stability parameters
for comparing varieties. Crop Sci.,6: 36-40.
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STABILITY ANALYSIS OF YIELD AND YIELD CONTRIBUTING TRAITSIN
RICE (ORYZA SATIVA L))

Siddharth R. Kadam* and Shamrao B. Gangawane

tAgriculture Research Sation, Palghar-401404,
Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli. 415 712. Maharashtra
*Email: srkadaml1718@gmail.com

Rice (Oryza sativa L.) isthe staple food of
about morethan onethird population of theworld. Its
demand isincreasing day by day asper theincreasein
the population, hence varietal adaptability to
environmental fluctuations is important for the
stabilization of crop production over both theregions
and years. Thepresent investigation wascarried out at
Agriculture Research Station, Palghar with sevenrice
varietiesreleased by DBSKKYV, Dapoli.

OBJECTIVE
Theaim of thisresearch work to identify the

most stablerice variety for north konkan region of
Maharashtrastate.
MATERIALSAND METHODS
Theexperimental material comprised of seven
releasedricevarietiesviz, Karjat-3, Karjat-7, Palghar
1, Palghar 2, Ratnagiri 5, Ratnagiri 24 and Karjat 184.
Theveritieswere evaluated during four consecutive
kharif seasons from kharif 2015 to kharif 2018 at

Agriculture Research Station, Palghar. The experiment
waslaid out in RBD with threereplications. All the
cultivation packages of practices were followed.
Observationson five characterswererecorded.

Theanaysisof variancefor each season was
conducted the mean genotypic val uesfor each season
wastaken for anaysing the dataover the seasons. The
characterswhich recorded sgnificant G x E wereused
for stability analysisof Eberhart and Russell model
(1966).

RESULTSAND DISCUSSION

Theanaysisof variancefor stability showed
that thegenotype (G) and environment (E) differences
werehighly sgnificant to daystoflowering; plant height,
paniclelength, spikeletsper panicleexcept grainyield
per ha (Table 1) which indicated a wide range of
variability among the genotypes performance. The
variation in both linear trend and non-linear trend
relativeto al thetraitsweresignificant, whereit was
corroborated by Kulkarni et al., (2000).

Tablel: Analysisof variancefor stability performancefor fivecomponentsinrice

Source DF Daysto Plant height Paniclelength Spikelets Grainyield
50 % flowering (cm) (om) per panicle (t/ha)
Variety 6 6.82** 20.35** 4.01** 161.17** 005
Environment 3 184.18** 14.55%* 18.17** 1513.40** 099
Var. X Env. 18 18.07** 32.34** 4.65%* 153.54** 004
Env.+Var. X Env. 2 41.80** 29.79%* 6.58+* 347.81** 0.18
Env. (Linear) 1 552.52*%* 43.64** 54.52** 4540.20** 297
Env.X Var. (Linear) 6 23.64** 21.66** 8.44** 359.80** 003
Pooled Deviation 14 13.10** 32.29** 2.36 43.21** 004
Pooled Error 48 481 9.13 220 6350 003

* & ** Significant at P=0.05 and P=0.01 respectively when tested against pooled error.
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Table2: Sability parametersof yield and yield contributingtraitsinrice

Genotype Daysto50%flowering  Plant height (cm) Paniclelength (cm) Spikeletsper panicle Grainyield (t/ha)

Xi Bi Sdi Xi B Sdi Xi Bi Sdi X Bi Sdi Xi B &
Karjat-3 9125 -009 49.25** 9804 221 3598** 2483 176 118 19067 152 51.84** 389 127 007
Karjat-7 A0 116 915* P99 200 20.86** 2449 202 061 19483 141 -1256** 375 094 000
Palghar-1 9050 113 1055** 9758 226 4687** 2354 187 083 1800 183 209 380 107 000
Palghar-2 9183 153 6.30** 9441 147 30.70** 2321 167 108 19100 157 4238** 362 141 -002
Ratnagiri-5 9133 150 366 %70 235 27.85** 245 001 214 18025 034 7588** 369 08l 002
Ratnagiri-24 8933 078 -042 9378 -102 551** 2489 -012 336 18033 033 13.89** 359 0.72 008
Kajat184 9025 099 197 ®72 -227 B9 228 020 05 17933 001 -1919** 361 078 005

* and ** significant at p- 0.05 and p-0.01 respectively, Xi- mean, bi-regression coefficient and Sdi-deviation from the regression

Thedivergencefrom regression for daysto 50
per cent floweringwashighly Sgnificantinal thevarieties
except Ratnagiri 24 and Karjat 184. It revealed that,
Ratnagiri 24 isstablevariety for earliness. For plant
height, the divergence from regression was highly
sgnificantindl thevarietiesunder sudy. Similar results
reported by Sarawgi et al. (2000).

Thedivergencefrom regression for panicle
length wasnon-significant inall the varieties except
Ratnagiri 24. The datashowed that (Table 2), highest
paniclelengthwith regression coefficient near unity and
low Sdi valuefor Palghar 1 (Xi-23.54, bi- 1.87 and
Sdi-0.83) followed by Palghar 2 (Xi-23.21, bi- 1.67

. “ JJM. :

and Sdi-1.08) and Karjat 3 (Xi-24.83, bi- 1.66 and
Sdi-1.18). It revealed that, these three varieties
considered to be stable for panicle length over the
seasons. Similar resultsreported by Singh et al. (1995).

For spikeletsper panicle, thedivergencefrom
regression (S°di value) washighly significantindl the
varieties except Palghar 1. From Table 3, Karjat 7
exhibited highest number of spikelets per panicle
(194.83) with regression coefficient near unity (1.41)
and low deviation from regression (-12.56). Hence,
Karjat 7 ispresumed to be stable over the season for
thesametrait. Similar resultsreported by Kumar et al.
(2010).

e, - S e

mF i Fi

Figurel: Sability parametersof yield and yield contributingtraitsinrice
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All the varieties showed non-significant
deviationfromregressonfor grainyield. The dataof
grainyidd (t/ha) showedthat (Table 2), theregression
coefficient near unity and zero (approximately) S2di
valuewith highest grainyield (t/ha) for Karjat 3 (Xi-
3.89, bi- 1.27 and S*di-0.07) followed by Palghar 1
(Xi-3.80, bi- 1.07 and $°di-0.00), Karjat 7 (Xi-3.75,
bi- 0.94 and $di-0.00), Ratnagiri 5 (Xi-3.69, bi- 0.81
and $4di-0.02), Palghar 2 (Xi-3.62, bi- 1.41 and S°di-
-0.02), Karjat 184 (Xi-3.61, bi- 0.78 and S°di-0.05)
and Ratnagiri 24 (Xi-3,59, bi- 0.72 and $di-0.08). It
revealed that, theseall thevarietiesopined to be stable
for grainyied over theseasons. Smilar resultsreported
by Kumar et al. (2010), Reddy and Choudhary (1991),
Singh et al. (1995) and VijayalL akshmi (2014).

ILLUSTRATION

Karjat 7, Karjat 184 and Palghar 1 areideally
adaptable, stable and may be recommended for
cultivationfor kharif season in north konkan region of
Maharashtrastate.
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FREQUENCY DISTRIBUTION STUDY OF GRAIN YIELD AND QUALITY
TRAITSIN RICE

A. R. PRIYANKAY, R.P.GNANAMALAR?, S. BANUMATHY?, N.SENTHIL? AND G. HEMALATHA?

Department of Plant Breeding and Genetics, Agricultural College and Research Institute, Madurai-
625104, Tamil Nadu
?Department of Plant Molecular Biology and Bioinformatics, CPMB& B, TNAU, Coimbatore-641 003
3Department of food science and Nutrition, Community Science College and Research Institute,- 625 104
*Email: priyankarajendran28@gmail.com

Riceisfood grain crop of global importance
with specia preferencein Asian countries. Indiawas
the largest exporter of ricein 2017-18 followed by
Thailand and Vietnam and Pakistan. As consumer
preferencesinAsiaand al over theworld arediverse
duetovaried demographicsand culture, defining uniform
attributesto captureregiona grainquality preferences
becomes more challenging (Butardo et al., 2019).
Skewness refers to asymmetry of the frequency
distribution curve. Inanormal distribution, skewness
Iszero. Skewed distributiontowardspostiveindicating
more proportion of segregants present inlow end of
distribution and negativeindicating more segregants
present in higher end of distribution. Kurtosisis a
measure of how flat thetop of asymmetric distribution
when compared to normd distribution of samevariance.
A normd digtribution haskurtosisexactly zeroiscalled
mesokurtic. A digtribution of kurtosiswithlessthan zero
iscalled platykurtic. A digtribution of kurtosiswithmore
than zeroiscalled leptokurtic.

MATERIALSAND METHODS

This experiment was carried out at the
Department of Plant Breeding and Genetics of
Agricultural Collegeand Research Ingtitute, TNAU,
Madural. TheF, generation of ASD 16/Improved Pusa
Basmati 1 (cross 1), ASD 16/Improved Samba
Mahsuri (cross2),ADT 37/RNR 15048 (cross 3) and
ADT 37/Improved Samba Mahsuri (cross 4) were
raised. Sevenyidding contributing traitsviz.,Daysto
firgt flowering, plant height, number of productivetillers

per plant, paniclelength, flag leaf length, hundred grain
weight, sngleplantyiddand  Fifteen grain quality
traitsviz, hulling percentage, milling percentage, head
ricerecovery, kerndl length, kernel breadth, kernel L/
B ratio, milled ricelength, milled rice breadth, kernel
length after cooking, kernel breadth after cooking, linear
elongation ratio, breadthwise expansionratio, alkali
Spreading value, gel cons stency and amylose content
wereobserved.

RESULTSAND DISCUSSION

The genetics of the trait in segregating
generation can be easily understood by skewnessand
kurtosis. Toget maximumgeneticgain, intensesdection
isrequired fromtheexisting variability. Kurtosisisa
measure of the pesknessof the probability distribution.

Ingrainyield andyield contributing traits, a
positiveand sgnificant skewnesswasobserved for days
tofirst floweringindl thefour crosseswhichindicated
that early flowering segregants were obtained and
selection can be donefor earliness.

For paniclelength, negativesgnificant skewness
was recorded in cross 1 which implied that more
segregants having high paniclelength wasdistributed
inthe population and Sgnificant negative skewnesswas
obtained for flag leaf length in cross 4 and hundred
grain weight in cross 1 which indicated that more
segregantshaving highflag lesf lengthand hundred grain
weight wasdistributed in the popul ation.

o]
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Regarding kurtosisof grainyield contributing
traits, widerange of variability wasobserved for days
tofirst floweringinal thefour crosses. Significant and
leptokurtic natureof distributionwasrecorded for plant
height in cross 2 which indicated that distribution of
segregantsfor plant height waswidely distributed.

Number of productivetillersper plantincross
2, cross 3 and cross 4 showed platykurtic nature of
distribution. Paniclelengthin cross 3 and cross 4,
number of filled grainsper paniclein cross3, hundred
granweightincrosslandsingleplantyiedinall the
four crosses showed significant platykurtic. Parents
involved inthese crosseswere highly contrasting type
for yield and yield contributing traits. Hence, wide
ranges of segregants were obtained in all the four
crossesfor yiedd andyield contributing traits.

For grain quality traits, negative significant
skewnesswasobtained for kernel L/B ratio and milled
ricelengthin cross 1 whichindicated that segregants
with highkernel L/B ratio and highmilledricelength
wereobtained fromthispopul ation. Positivesignificant
skewnesswasobserved for milledricebreadthin cross
3indicating moresegregant having lesskernel breadth
was distributed. In cross 1, negative significant
skewnesswasobtained for kernd length after cooking
whichindicated that more segregantswith highkernel

length after cooking wereobtainedinthiscross. It may
be due to the male parent of that cross which was
Improved Pusa Basmati 1 having high length wise
expans on during cooking.

Inkurtosis, Platykurtic nature of distribution
was obtained for breadth wiseexpansonratioin cross
1, kernel L/Bratioin cross 2, milledricelength and
kernd breadth after cookingin cross3and kernd length
after cooking incross4 whichindicated that widerange
of distribution wasrecorded for thesetraits. Hence,
intensesdectiononthesetraitswill givehighgrainqueity
Segregants.

CONCLUSION

Infrequency distribution studies, daystofirst
flowering showed positive significant skewnessand
platykurtic natureof distributioninal thefour crosses.
Hence, early flowering segregantswereobtained inall
the four crosses. In grain quality traits, less kernel
breadth segregantswasdistributed and intense selection
for thistrait will givedender graintype segregants.

REFERENCES
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GENETIC VARIABILITY ANALYSISFOR YIELD AND GRAIN QUALITY
CHARACTERS IN SLENDER GRAIN RICE (ORYZA SATIVA L))

Kalpataru Nanda* and Debendra Nath Bastia

Odisha University of Agriculture and Technology, Bhubaneswar-751003, Odisha, India
" Email: babul.nanda.1995@gmail.com

Riceisoneof themgor food grain cropsinthe
world, particularly inAsan countries. Thecurrent rate
of population growth of India(annually 1.09%) would
set anannua requirement of rice of about 120 million
tonsby 2030 and 140 milliontonsby 2050. Thereis
possibly littlehopetodlocateadditiond land for growing
riceasthetotal cultivableareaisdiminishing day by
day due to increased requirements for basic
infrastructure like housing, roads; industry etc.
Therefore, thetask of increasing rice productionto meet
theanticipated demand isquitechalenging.

In recent decades asthe purchasing power of
people haveincreased, demand for high-quaity riceis
continuously onrise. Quality riceisnot only in big
demand for domestic consumption, but also havegreat
export potentia and can earnalot of foreign exchange
for the country. The milling percentage, hulling
percentage, grain dimensions and various cooking
gualities such as gelatinization temperature, gel
cond stency and amyl ose-content congtitutesthequality
traitsinrice. Likegrainyield, quality isadsonot easily
amenable to selection due to its complex nature.
Therefore, effortsto enhancerice productivity with
keeping grain quaity must receivetop priority. Kegping
in view of the above perspectives the present
experiment was carried out to estimate the genetic
variability parametersfor variousyiddattributing traits
andquality traitsinrice.

MATERIALSAND METHODS:

The present experiment was carried out using
32 genotypes (including 3 check varieties) from the
experimental materials of SYT (Slender Grain) at

O.U.A.T., Bhubaneswar. Theexperimental materias
were put in a RBD Design with two replications.
Observationswererecorded for ninedifferent yield-
attributing metrictraitsaswell asnineimportant grain
qudity traits.

RESULTSAND DISCUSSION:

Fromtheanayssof variance, it wasobserved
that thereexist high significant differencesamong the
test genotypesfor all the morphological characters
under study. Themean sum of squaresdueto genotypes
wassignificant for al thecharacters, indicatingample
scopefor selection of different quantitative characters
for rice improvement. In general, the phenotypic
coefficient of variation (PCV) was higher than the
genotypic coefficient of variation (GCV) suggesting the
influence of environment on the expression of the
characters. Among all the characters studied, GCV
ranged from 6.06 for daysto 50% flowering to 23.32
for no. of filled graing/panicle and PCV ranged from
6.12 for daysto 50% flowering to 23.99 for no. of
filled graing/panicle. High PCV & GCV wasobserved
for number of filled graing/panicle (23.99, 23.32) and
moderatefor flag leaf area(19.40, 18.21), grainyield
(18.75, 17.82), 100-grainweight (13.47, 13.40), plant
height (11.68, 11.21) and number of effectivetillers/
plant (13.98, 9.73).

All the characters showed high heritability
except no. of effective tillers/plant which showed
moderate heritability. A high degree of heritability
estimates was associ ated with high degree of genetic
advancefor filled grainsper panicle, flag | esf area, grain
yield, 100-grain weight indicating the presence of
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Tablel. Mean & Rangeof ninegrain quality character sfor the 32 genotypesunder study

Genotypes Kened Kened L/B Gran HeadRice Milling Hulling Amylose  Alkdi Gd
Length Breadth Ratio Type Recovery% % % Content % Spreading  Consistency
(mm) (mm) Vaue (mm)

OR2659-5 526 163 32 SS 50 67 76 231 3 29
OR2659-7 53 169 313 SS 2 67 8 265 4 50
OR2674-13 541 165 327 SS 63 8 8 2122 3 %
OR2674-14-1 6.28 152 413 LS V] 68 8 25 3 51
OR2675-1-1 6.4 173 369 LS 5 67 15 2302 4 a7
OR2675-1-2 649 169 38 LS 5 67 8 1957 4 5
OR2675-2-1 657 16 41 LS 16 64 A 2167 7 5
OR2675-2-2 648 16 405 LS a7 a2 4 2182 7 57}
OR2675-2-3 627 15 418 LS 5 6 15 212 4 50
OR2675-2-4 648 161 402 LS 5 b 15 2167 7 2
OR2675-25 653 15 435 LS 50 6b 15 22 7 55)
OR2675-2-6 657 16 41 LS 48 66 15 2167 4 57
OR2675-31 629 161 39 LS va| 66 6 195 3 60
OR2675-32 652 185 352 LS V] 69 M 203 3 61
OR26754-1 6.38 16 398 LS R 61 3 1995 4 61
OR267551 588 166 34 S5 % (7] 8 2137 3 57
OR267552 647 16 404 LS 50 63 76 2152 3 53]
OR267564 582 155 375 SS 46 61 6 213 4 5
OR26756-7 623 175 35 LS 40 b 15 2325 4 29
OR2676-1-1 623 15 415 LS va| 63 15 219 3 5S]
OR2676-1-2 6.08 16 38 LS 50 6 15 272 3 51
OR2676-1-4 6.17 153 403 LS R 63 15 2122 4 5%
OR2676-2-3 634 158 401 LS 46 60 8 219 3 57
OR2676-2-4 6.9 181 341 LS 5 (7] 76 .77 3 5
OR2676-25 6.12 146 419 LS 7] 62 7 204 3 60
OR2676-2-6 6.2 145 427 LS va| 63 4 2.7 3 5
OR2676-31 611 144 424 LS 46 6b 6 195 4 60
OR2676-3-2 6.33 151 419 LS 50 61 76 1965 5 5
OR26764-2 6.1 155 373 LS 29 b 76 1927 4 61
Ranidhan 51 19 26 MS 48 6 76 1972 3 61
Sambamehari 4% 177 28 MS ) &3 I3 21 4 &3
Jajati 539 185 291 MS b 67 T 1972 6 5
RangeMax. 657 196 435 63 (6°] 7 241 7 63
RangeMin. 496 144 26 9] 60 73 19.27 3 a7
Mean 6.09 162 377 4790 64.62 7593 2131 403 56.25

** SS- short slender, LS- long slender, MS- medium slender

additive gene effect and hence selection based on
phenotypic performancewould be effective.

Grainyield showed moderate PCV & GCV,
high heritability and geneticadvanceindicatingthet itis
asmply inherited trait possessing additive geneeffects
and selection based on phenotypewill beeffective. The
plotyield varied from 21.24 g/hain OR 2674-14-1to

51.22 g/hain OR2676-2-3 with overal mean of 37.37
g/ha. Filled grains/panicle showed high PCV, GCV,
heritability and genetic advanceindicatingthatitisa
simply inherited trait possessing additive gene effects
and sdlection based on phenotypewill beeffective. The
observed range for no. of filled grains/panicle was
96.15-303.00 and the overal| mean was 187.85.
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Therangeof variability for thegrain physical
charactersof 32 test genotypeswas, kernd length 4.96
mm to 6.57 mm, kernel width 1.44 mmto 1.96 mm,
kernel L/B ratio 2.6 t0 4.35. Most of the genotypes
werelong-dender graintypewithkerne length€’6 mm
andL/B Ratioe’3.0. Therangeof variability for HRR,
milling %, hulling % was from 36% to 63%, 60% to
69%, and 73 % to 79 % respectively. Most of the
genotypes had i ntermediate amyl ose content ranging
from 19.27% to 24.1% and an average of 21.3%. It
indicated that most of the genotypeswould cook dry
and fluffy and will have moderate to high volume
expansion upon cooking. Most of the genotypeshad
intermediate alkali spreading value of 3 or 4, which
correspondstointermedi ate gel atini zation temperature
of (70-74°C). It indicated that ricewould cook at a
moderate pace and would take lessto moderatetime
tocook. Theoverall mean gel lengthwas56.25 mm
with the range varying from 47 mm to 63 mm

corresponding medium to soft gel consistency. It
indicated that ricewould cook soft initially and would
takemoretimeto get hardened.

Onthebasisof yield the genotypes OR2676-
2-3, OR2675-6-7, Ranidhan, OR2659-7, OR2676-
2-6 were found promising and they also showed
appreciable, if not best, grain quality characters.
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Rice (Oryza sativa L.) is one of the staple
cereal food cropsof India. About 90% of theworld's
riceisgrownand consumedinAsia. According tothe
projectionsmade by the Popul ation Foundation of India,
the country’s population will be 1546 million by the
end of 2030 and 1824 million by theend of 2050. Itis
estimated that the demand for ricewill be 121.2 million
tonnesby theyear 2030 and 137.3 million tonnes by
theyear 2050. (CRRI -VISION 2050). Dueto various
S0ci0-economic congtraints, achanceof bringing more
areaunder rice cultivationisvery remote. Hence, to
achieve the target of increased rice production, it
requiresraising the production per unit area. Emphasis
isbeing diverted towards the maximum utilization of
land by producing morericeyidld per unit areaper unit
timefor whichthereisaneed toimprovedifferent traits
related to grain yield. Henceto achieve thetarget of
increased rice production, it requires raising the
production per unit area. Emphasisisbeing diverted
towardsthe maximum utilization of land by producing
morericeyield per unit areaper unit timefor which
thereisaneed to improve different traitsrelated to
granyidd. Hence, ratooning, theability of thericeplant
to regenerate new panicle-bearingtillersafter harvest,
could be a practical approach to increase rice
production per unit areaand per unit time. Agronomic
practicessuch asharvesting main crop at correct stage
and at optimum cutting height werefound to influence
ratoon crop performance (Chauhan et al. 1985).
Ratooning ability is a potentially important but

complicated varieta character. Considerable progress
hasbeen madeinthefield of geneticsof quantitative
and quditativetraitsinthiscrop, but not much had been
accomplished with regard toinheritance of ratooning
ability. Itisimperative, that enhanced ratoon rice crop
yieldistotally dependent upon the ratooning ability.
The adaption of hybrids /varieties towards the
improvement of theratooning trait can contributeto
increase production and productivity (Mishra, 2001),
by developing highyidding varieties, whichrequiresa
thorough knowledge of genetic variation in yield
contributing characters. Observed variability is a
combined estimate of genetic and environmenta causes
whereasgenetic variability doneisheritable. Moreover,
estimates of genetic variability across different
environments helps to exploit complete genetic
variahility toexercisesdectionfor development of yidd
contributing traits.

OBJECTIVE

The success of any breeding programme
dependsupon the quantum of genetic variability present
inthe population. In addition to the genetic variability,
knowledge on heritability and genetic advance helps
the breeder to employ the suitable breeding strategy.
Therefore, itisnecessary to have knowledge of genetic
variability, heritability and genetic advance presentin
theavailablegenetic materid.

METHODOLOGY

Twenty popular varieties (varietiesgrown by

farmers + pre released cultivars), were used for
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Table 1. Mean performanceof ratoon crop of 20varietiesinrice(OryzasativaL .) for yield, yield componentstraits

Variciess DFF DM PH TNTP NRTP NVBA TEB NRPT AL NGPP TW LAl
(cm) MCT HMC TP PMCPT (am) ©)

MTU1121 5167 8167 10464 900 7702 1100 700 7519 2482 16220 1834 169 1951
MTU1001 4533 7167 11087 1167 10000 1300 633 7917 2164 12553 2120 170 1898
MTU1075 5500 8667 11060 1000 7133 1133 567 6852 2333 16650 1892 178 222
MTU3626 4367 6800 9055 433 4300 767 233 312 1837 10950 2262 197 568
MTU7029 5100 8133 9865 900 7727 1000 600 7222 291 1306 1804 234 1825
MTU1061 5500 8800 11174 967 7671 1200 867 772 2332 15367 1861 241 2189
MTU1064 5233 8633 11056 1033 8625 1267 820 8793 2366 14350 1838 229 2607
MTU 2077 4767 7567 10806 500 5787 667 267 4667 250 12310 1696 183 587
MTU2716 4500 7300 10738 733 6621 933 333 3B 2123 12023 1941 240 936
MTU1140 5333 8100 11142 867 7778 1033 733 8472 202 158363 2110 215 2401
MTU1112 5600 9100 11606 900 6929 1100 433 6508 224 18110 1548 248 968
MTU4870 4867 7833 11279 967 7503 1133 367 5/.H4 236 14480 1952 308 1224
BPT3201 4533 7300 9387 933 9333 1133 567 8L3%H 2117 15849 1976 172 1763
BPT5204 4900 7933 9036 900 7286 1000 400 5238 2025 18150 1539 211 671
PLA1100 5033 8133 %59 700 6788 833 467 6131 2152 15210 1746 223 1498
MTU1166 4900 7900 11117 967 7466 1167 433 5972 27 16712 1521 191 830
MTU1078 4867 7767 9432 833 7274 1100 333 4524 2092 13647 149% 231 928
MTU2067 4667 7500 10800 900 7131 1100 400 6111 2468 9918 195 183 705
MCM100 5100 8200 10471 933 7543 1067 700 7259 20 16700 189% 200 1849
MTU1071 5000 8033 11504 900 6740 967 533 6964 2431 18660 1651 245 1646

GYPP(9)

Ovedl

Mean 4973 7952 10537 872 7367 1050 519 6438 243 14881 1832 213 1463
CV. 207 345 303 1378 1475 1348 1440 1611 303 6.07 265 1233 814
SEm 059 158 184 069 627 082 043 59 039 521 028 015 069

CDS5% 170 453 528 198 179 234 124 1714 2 112 1493 080 043 197
DFF: Daysto 50% Flowering; DM : Daysto Maturity; PH: Plant Height; TNTP: Total Number of Tillersper Plant; TEBTP: Total
number of Ear Bearing Tillersper Plant; NRTPM CT: Number of ratoon tillers as percentage of main crop tillers; NRPTPM CPT:
Number of ratoon ear bearing tillers as percentage of main crop ear bearing tillersNVBAHM C: Number of vegetative buds after
theharvest of main crop; PL : Panicle Length per plant; NGPP: Number of GrainsPer Panicle;  TW: TestWeight; LAI: Leaf Area
Index at maximumtillering stage; GY PP: Grain Yield per plant

ratoonability screening (ratooning rate-Samson, 1980
and ratooning ability-Chauhan et al., 1989) at APPRI
& RARS, Maruteru, W.G digtrict, A.P, wereraised in
randomized completeblock design (RCBD), withthree
replications, each entry wasplantedinfiverowsof three
meterslength at 20 cm x 15 cm spacing during kharif
and rabi asmain crop and itsratoon crop, respectively.
The main crop was harvested at the time of
physiological maturity, leaving astubble height of 30
cm abovethe ground level. Stubblesleft over were
then allowed to regenerate. Fertilizer application was
onefourth of the main crop recommendationswere

appliedto theratoon crop two daysafter the harvest
of themain crop. Observationswererecorded onten
randomly chosen plantsin theratoon crop for twenty
four quantitative charactersof which 10yield attributing
charactersviz., daysto 50% flowering, daysto maturity,
plant height (cm), total number of tillers per plant,
number of ear bearing tillersper plant, paniclelength
per plant (cm), number of grainsper panicle, test weight
(gm), leaf areaiindex at maximumtillering stage, grain
yield per plant; 6 physica quality traitssuchashulling
per cent, milling per cent, head ricerecovery per cent,
kernel length (mm), kernel breadth (mm), L/B ratio;

00
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Table 1. M ean performanceof ratoon crop of 20 varietiesinrice (Oryzasatival .) for quality traits

Vaigies ~ HP  MP HRR KL KB LB KLAC KBAC KLER VR WU & AV AC

% () (mm) ratio (mm) () (m) () (mm) (%)
MTU1121 7785 7310 7048 542 195 279 936 250 173 520 17083 5591 306 2137
MTU1001 778 6848 6672 58 232 252 1013 280 174 484 26417 5476 589 2526
MTU1075 7518 6929 6502 554 188 296 1004 255 18 474 2250 6000 289 2407
MTU3626 7004 6280 548 555 227 244 880 262 158 454 23183 309N 589 223
MTU7020 7898 6829 6524 52 216 242 920 334 178 473 17083 4558 300 2276
MTU1061 7989 7159 7082 545 198 28 942 280 173 48 21517 6278 694 2105
MTU1064 7939 7397 6950 533 214 249 915 248 172 489 18417 6215 683 24X
MTU2077 7746 7051 6336 491 207 237 705 288 144 48 20750 5553 350 2504
MTU2716 7993 7318 7036 554 198 281 920 262 166 473 16017 57.14 300 2165
MTU1140 8048 7250 6983 539 213 254 957 270 177 534 20083 4520 467 2462
MTU1112 7869 7220 6700 495 182 272 953 246 193 489 19917 4890 439 2491
MTU4870 7976 7179 6557 544 215 253 871 270 160 4% 2300 4213 678 2301
BPT3201 7862 7291 6953 532 208 262 921 251 173 456 20250 5269 400 2420
BPT5204 7044 6990 6513 484 178 272 866 225 179 474 17083 4807 373 2358
PLA1100 7879 7395 6371 489 205 239 83 273 171 479 17000 4910 311 2049
MTU1166 7863 7274 6571 48 173 279 932 217 193 502 19683 5514 42 2455
MTU1078 7665 7442 6829 490 206 237 807 238 165 476 15967 4798 289 2427
MTU2067 8000 6646 6489 523 214 244 837 282 160 526 14050 6383 289 2500
MCM100 7669 7480 6908 528 216 245 928 2% 176 422 15750 5600 347 2106
MTU1071 7703 7176 6670 495 198 256 868 236 176 514 22017 6088 311 2448
Overdl Mean 7852 7123 6659 524 203 259 901 263 172 48 19391 5319 421 2342
CV. 166 154 194 338 290 502 139 224 345 648 341 273 349 437
SEm 075 063 074 010 003 008 007 008 003 018 381 08 008 059
C.D.5% 215 18 213 029 010 021 021 010 010 05 1092 240 024 169

HP: Hulling percentage; M P: Milling percentage; HRR: Head Rice Recovery percentage; KL: Kernel Length; KB: Kernel
Breadth; L/B: Kernel L/B ratio; KLAC: Kernel Length After Cooking (mm); KBAC: Kernel Breadth After Cooking (mm); KLER:
Kernel Linear Elongation Ratio; VER: Volume Expansion Ratio; WU: Water Uptake (ml); GC: Gel Consistency (mm); ASV: Alkali
Spreading Value; AC (%): Amylose Content (%).

and 8 cooking quality traitssuch askernel length after
cooking (mm), kernel breadth after cooking (mm),
kernel elongation ratio, volume expansionratio, water
uptakevaue(ml), gel consstency, dkdi digestionvaue
and amylose contents. The data were subjected to
datigtical analyssand variousgenetic parameterssuch
as PCV, GCV, heritability and genetic advance in
ratoon croptofindthevariability (Johnsonet al., 1955).

RESULTSAND DISCUSSION

Theanaysisof variancerevealed significant
differencesamong dl the20ratoon ricevarietiesfor dl
the characters studied, indicating a high degree of
variability inthemateria (Table1 & 2). Inthepresent
study, the variation among genotypes was estimated
as coefficient of variation (Table 3). The phenotypic
coefficient of variance (PCV) wasdlightly higher in
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Table 2. Analysisof variancefor grainyield, yield component char acter sand quality traitsof ratoon crop of 20 varietiesinrice

(Oryzasatival.)

Sourceof  df DFF DM PHcm) TNTP NRTP  NVBA TPTP NRPTP  PL(om) NGPP TW(@ LAl GYPP(9)
variations MCT HMC MCPT

Meansumof squares

Replictions 2~ 0517 0067 0584 0267 12802 0950 0163 4745 0031 1688 0123 0029 0518

Tresgments 19 37.380** 101.245"* 205.102** 8676** 417.627* 7.526**
Error B 1061 7505  101% 1442

0955k 728184 8350** 1709850** 13466** 0.354** 128.831**
118070 2003 0559 10754 0461  8LS65 0236 0069 142

Total 50 389%7 108817 215882 1038 548499 10479 10677 840473 8851 1808303 1385 0453  130.769
S df. B MW HR KLgm) KBm)  LBrdio KAC KBAC KR VR W) &Cm A K
vaieiors m m  ©
Mesnamaf Speres

Rylicios 2 0650 0104 014 oon 0002 0012 002 0000 000L 0083  66M 014 002 004

Temels 19 568% X I 05 0B 00B* LA 023 00OM  025% R LBTM GR2  TSM
e B 169 17 164 000 00 007 006 008 04 009 468 26 0 104
™ P 808 AW 458 0% 0B 04 157 026 004 0% DB53 1083 635 85%
** Sonificartat Weleve

DFF: Daysto 50% Flowering; DM : Daysto Maturity; PH: Plant Height; TNTP: Total Number of Tillersper Plant; TEBTP: Total
number of Ear Bearing Tillersper Plant; NRTPM CT: Number of ratoon tillers as percentage of main crop tillers; NRPTPM CPT:
Number of ratoon ear bearing tillers as percentage of main crop ear bearing tillersNVBAHM C: Number of vegetative buds after
the harvest of main crop; PL : Panicle Length per plant; NGPP: Number of Grains Per Panicle; TW: Test Weight; LAI: Leaf Area
Index at maximumtillering stage; GY PP: GrainYield per plant. HP: Hulling percentage; M P: Milling percentage; HRR: Head Rice
Recovery percentage; KL : Kernel Length; KB: Kernel Breadth; L/B: Kernel L/B ratio; KLAC: Kernel Length After Cooking (mm);
KBAC: Kernel Breadth After Cooking (mm); KLER: Kernel Linear Elongation Ratio; VER: Volume Expansion Ratio; WU: Water
Uptake (ml); GC: Gel Consistency (mm); ASV: Alkali Spreading Value; AC (%): Amylose Content (%).

magnitudethan genotypic coefficient of variance (GCV)
for al thecharactersstudied indicating theinfluence of
environment on expression of thesetrats. Highest PCV
and GCV (42.27 and 44.53) were exhibited by grain
yield per plant, followed by total ear bearingtillers,
alkaline spreading value and number of ratoon ear
bearing tillersas percentage of main crop ear bearing
tillers. Whereas moderate PCV and GCV was
recorded for number of vegetativebudsafter theharvest
of main crop, number of grains per plant, test weight,
leaf areaindex, kernel breadth after cooking, water
uptake and gel consi stency. Total number of tillersper
plant, Number of ratoon tillers as percentage of main
croptiller and total number of ear bearingtillers per
plant, exhibited high PCV and moderate GCV. The

rest of characters show low PCV andlow GCV. The
resultsarein accordance with theresultsreported by
Allametal. (2015).

Heritability estimates along with genetic
advance aremore helpful in predicting the gain under
sdectionthan heritability estimatesa one. Theestimates
of heritability and genetic advanceasper cent of mean
were high for total number of tillers per plant, total
number of ear bearingtillersper plant, number of ratoon
ear bearingtillersaspercentage of main crop ear bearing
tillers, number of grains per plant, test weight, grain
yield per plant, kernel breadth after cooking, water
uptake, gel consistency, and akaline spreading value
indicating that these characterswerelessinfluenced by
environment and governed by additive gene action
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Table3. Estimatesof variability, heritability and genetic advanceasper cent of mean for grain yield, yield componentsand
quality traitsof ratoon of 20 varietiesinrice (Oryza satival..)

Character Mean Range Coefficient of variation (%)  Heritabilityin  Genetic Genetic advance
broad sense advance as per cent
Min Max Phenotypic  Genotypic () (GA) (%) of mean (GAM)
(FCV) (FCV)
DFF 4973 4367 5600 730 700 91.90 6.87 1382
DM 7952 6800 9100 783 703 80.60 1034 13.00
PH (cm) 10537 9036 11606 823 765 86.40 1544 14.65
TNTP 872 433 1167 2252 17.82 62.60 253 29.03
NRTPMCT 7367 4300 10000 2004 1356 4580 1393 1891
NVBAHMC 1050 667 1300 1867 1292 4790 194 1843
TEBTP 5.19 233 867 36.9 34.08 84.90 336 64.66
NREBTPMCEBT 6438 312 7917 2754 234 65.80 24.03 3733
PL (cm) 243 1837 2164 184 723 85.10 308 1375
NGPP 14881 9918 18660 16.79 15.66 86.90 2475 30.07
TW (0) 1832 149% 2262 1177 1146 94.90 421 2301
LAI 213 169 303 1901 14.48 58.00 048 270
GYPP(qg) 1463 568 2607 4527 4453 9%.80 1321 9024
HP 7852 7518 8048 221 147 4380 157 200
MP 7123 6280 7480 438 410 87.60 563 790
HRR% 6659 5484 7082 569 535 8340 6.90 1037
KL (mm) 524 482 583 6.21 525 7130 048 912
KB (mm) 203 173 232 813 760 87.30 030 1463
L/Bratio 259 237 296 800 6.23 60.60 0.26 9.99
KLAC (mm) 901 7.05 1013 793 781 9.90 143 1583
KBAC (mm) 263 217 334 1029 1004 95.30 053 20.19
KLER 172 144 193 725 6.37 7730 020 11.54
VER 485 422 534 75 387 26.30 020 409
WU (ml) 19391 14050 26417 1653 16.17 95.70 63.21 3260
GC(mm) 5319 3992 6383 1342 1314 95.80 14.09 26.49
ASV (mm) 421 289 694 3458 34.40 99.00 297 7050
AC (%) 2842 2049 2526 764 6.27 67.30 248 10.60

DFF: Daysto 50% flowering; DM : Daysto maturity; PH: Plant height; TNTP: Total number of tillersper Plant; TEBTP: Total
number of Ear Bearing Tillersper Plant; NRTPM CT: Number of ratoon tillersas percentage of main croptillers; NREBTPM CEBT:
Number of ratoon ear bearing tillers as percentage of main crop ear bearing tillers; NVBAHM C: Number of vegetative buds after
the harvest of main crop; PL : Panicle Length per plant; NGPP: Number of Grains Per Panicle; TW: Test Weight; LAI: Leaf Area
Index at maximumtillering stage; GY PP: Grain Yield per plant. HP: Hulling percentage; M P: Milling percentage; HRR: Head Rice
Recovery percentage; KL : Kernel Length; KB: Kernel Breadth; L/B: Kernel L/B ratio; KLAC: Kernel Length After Cooking (mm);
KBAC: Kernel Breadth After Cooking (mm); KL ER: Kernel Linear Elongation Ratio; VER: Volume Expansion Ratio; WU: Water
Uptake (ml); GC: Gel Consistency (mm); ASV: Alkali Spreading Value; AC (%): Amylose Content (%).

which may be exploited through breeding methods
involving smplesdection like pedigree method, mass
selection, ear-to-row method, etc. Thesefindingswere
in agreement with thefindings of Keyaet al. (2015)
and Sameeraet al. (2015).

High heritability coupled with moderategenetic
advance as per cent of mean was observed for Days
to 50% flowering, daysto maturity, plant height, panicle
length, head ricerecovery, kernd breadth, kerndl length
after cooking, kernel elongation ration and alkaline
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content. Whereasmilling percentage and length-breadth
ratio expressed high heritability accompanied with low
genetic advanceindicating theroleof both additiveand
non-additive gene actionsin theinheritance of these
traits. Moderate heritability coupled with moderate
genetic advance as per cent of mean wasobserved for
number of ratoon tillers as percentage of main crop
tillers, number of ratoon ear bearingtillersaspercentage
of main crop ear bearing tillersand leaf areaindex.
Moderate heritability coupled withlow genetic advance
as per cent of mean was observed for hulling
percentage. Thesefindingsare corroborated by Keya
et al. (2015) and Sameeraet al. (2015).

CONCLUSIONS

Grainyield per plant exhibited high PCV and
GCV indicating therole of additive gene action and
can beimproved by popul ation improvement methods
Involving selection, intermating among selected ones
andresdlectionmay helptoimprovethesetraitsbesides
exploitingthemethodsof heterosishreeding. Heritability
estimatesa ong with genetic advancearemore hel pful
in predicting the gain under selection than heritability
edimatesaone. Theestimatesof heritability and genetic
advanceasper cent of meanwerehighfor tota number
of tillersper plant, total number of ear bearingtillers
per plant, number of ratoon ear bearing tillers as
percentage of main crop ear bearing tillers, number of
grainsper plant, test weight, grainyield per plant, kernel
breadth after cooking, water uptake, gel consistency,
and alkaline spreading value indicating that these
characterswerelessinfluenced by environment and
governed by additive gene action which may be
exploited through breeding methodsinvolving simple
selection like pedigree method, mass selection, ear-
to-row method, etc.
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