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IDENTIFICATION OF GENOMIC REGIONS LINKED TO DORMANCY
RELATED TRAITS USING BULK SEGREGANT ANALYSIS IN RICE (ORYZA
SATIVA L)
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Atotal of 119 F__recombinant inbred lines of
acrossbetween BPT 2231 (non-dormant parent) and
MTU 1001 (dormant parent) wasanalyzed toidentify
the markers associated with dormancy. Parental
polymorphism survey with 188 SSR markersreveaed
10 polymorphic markersbetween the parents. Thebulk
segregant analysisresultsrevealed that four markers
showed polymorphism between these bulks. The
association of putative markers viz., RM 346,
RM 22565, RM 7051 and RM 10793 identified based
on DNA pooling from sd ected segregant wasandyzed
by SngleMarker Analyss(SMA).Theresultsof SMA
revealed that RM 22565 on chromosome 8 showed
significant association with germination (%) at 5 days
after harvesting indicating that the chromosomd region
linking to marker RM 22565 on chromosome 8 may

be associated with dormancy. Out of the4 polymorphic
markersused in the present study, RM346isnotified
asadormancy linked marker from previous studies.
The other 3 markersviz., RM 22565, RM 7051 and
RM 10793 identified asdormancy linked markersin
thepresent study needsfurther vaidation on dternative
set of population or aset of germplasm linesfor their
further utilization in the marker assisted breeding
programme. Based on germination percentage,
physiologica parametersand genotyping studies, the
linesSD 3, SD 12, SD 15 and SD 68 may beusedin
future breeding programme as donor parentsfor seed
dormancy.

Keywords: SSR markers, Bulk segregant
analysis, Sngle marker analysis
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Rice is one of the important cereal crops
consuming morethan half of theworld’s population
and 95% of itisbeing produced and consumed inAsia
Zinc (Zn) deficiency isoneof themgjor abiotic Stresses
limiting rice growth and its production. Among the
cereals, riceisconsidered as highly sensitiveto Zn
deficiency and it isthe most important micronutrient,
restricted thericegrowthanditsyield. Zndeficiency in
rice plantscausesvarioussymptomsthat usualy appear
2 to 3weeksafter transplanting (WAT) rice seedlings.
Zn deficiency leadsto devel op brown blotches and
stresksinleavesthat may ultimately fuseto cover older
leavesentirdy, plantsremain Sunted andin severecases
may die. Plants with severe Zn deficiency undergo
symptomslikeleaf bronzing with stunting growth and
ultimately leadstolow grainyield. Zndeficiency is
associated with adiverserange of soil conditionswith
high pH (>7.0) alkaline soil, low availability of Zn
content, prolonged submergencein water (Neue and
Lantin, 1994). Useof RIL populationsfor mapping of
QTLsisconsdered to behighly advantageousdueto
the facts that multiple selfing events increase the
recombination eventswhich permit afiner mapping of
QTLs. OncetheRILsare established having fixed
genotypes as homozygote, these lines are often
repeatedly used for investigating QTLs of diverse
phenotypesunder different environmentsprovided the
parents involved were contrasting for the trait of
interest. Therefore, the aim of this study was to

determinetheresponseof RIL population withregard
to Zn deficiency tolerance under Zn deficient soil
conditionstoidentify and map QTL sassociated withiit
using SSR markers.

OBJECTIVES

1. Estimation of zinc concentration in RIL
mapping population.

2. Construction of genetic linkage map and

identification of genomicregionshaving QTL for zinc
deficiency tolerance.

METHODOLOGY

The experimental materials consisted of 236
RILs(F,) mapping population developed from across
between Kinandang Patong and A69-1. The field
screening under Zn deficiency wascarried out at two
locations viz., BHU, Varanasi, India and Acharya
NarendraDevaUniversity of Agriculture& Technology
(NDUAT), Ayodhya. Theexperiment waslaid out in
andphalatticedesignwith two replicationsat both the
locations. The RILs mapping population and their
parentswere evaluated for traitsassociated with zinc
deficiency viz., legf bronzing score, plant mortdity, root/
shoot zinc concentration for each replicationsat both
thelocationsand their meanswereusedfor thegtatistica
analysisin aZn deficient field condition. The leaf
bronzing (L B) wasscored visually fivetimesat 3WAT
and at | ate vegetative stage through 1-9 scales, along
with parents and two sensitive checks. The total
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genomic DNA wasisolated from theleaf of twenty-
one daysold seedling using the method described by
Doyleand Doyle, (1990) with some modifications.
DNA of thetwo parents, Kinandang Patong (sensitive
toZn deficiency) and A69-1(tolerant to Zn deficiency)
was extracted for polymorphism detection using 697
number of SSR markers. 81 SSR markers were
polymorphic with the parentsand used for genotyping
the 236 RIL smapping population. Linkage mapswere
constructed using MAPMAKER/EXPversion 3.0b
(Lander et a., 2009) following Kosambi Function
(Kosambi, 1944). Linkage between the markersand
the QTL wasdetected by astatistical test called the
Logarithm of Odds (LOD) scoremethod. QTLswere
detected by Composite Interval Mapping (CIM)
procedure of Windows QTL Cartographer v.2.5
software (Wang et ., 2006).

RESULTS

The results of the analysis of variance
(ANOVA) for, Varanasi and, Ayodhya revealed
significant variation among the RILs for all the
associated traitswith Zn deficiency (P<0.01). Out of
697 SSR markers, 81 markers showed parental
polymorphism however, only 74 markers were
included in constructing alinkage map and 7showed
unlinked of the remaining markersto thelinkage map.
About 11.62% of primers were exhibited parental
polymorphism. Thelinkage map covered 1353.3cM
distanceemploying K osambi mapping function, resulting
in an average marker interval of 18.28 cM. QTL
anaysis was performed using WinQtlCart 2.5 for
identification of QTLs related to Zn deficiency
tolerance. Theassociation of molecular markersand
phenotypic data was performed using Composite
interva mapping analysiswith 3asLOD threshold for
detectingaQTL. A total of five[major (>10 R?) and
oneminor (<10R?)] QTLsat Varanas and four mgjor

and oneminor QTLsat Ayodhyafor Zn deficiency
tolerancewith Logarithm of odd (LOD) threshold value
higher than 3wereidentified. A total of six QTLsat
Varanas andfive QTLsat Ayodhyaby CIM methods
governing leaf bronzing, plant mortality, root Zn
concentration and shoot Zn concentration were
detected across two locations. These QTLs were
located mostly in chromosome 2, 4 and 6.

L eaf bronzing scored (1-9) wasconducted five
timesat seedling to late vegetative stagein 236 RILs
along with parents and two sensitive checks, IR-74
and Dular. Among the236 RILs, 33 lineswerehighly
tolerant at, Varanas and 35 linesat, Ayodhyashowing
no symptomsof Zn deficiency and healthy growthwith
leaf bronzing score of 1 (Growth and tillering nearly
normal; healthy). While 17linesand 21 lineswhich
scored (9) were almost dead or dying at , Varanasi
and, Ayodhyarespectively.

CONCLUSION

The present study could identify major QTLsS
on chromosome4 for al the zinc deficiency tolerant
traitsunder studied in both thelocationsand onemajor
QTL onchromosome6 a BHU location. Theidentified
QTLswerefoundtobenovel andintrogresson of these
new QTLsinto eliterice breeding lineswill bevery
promising.
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INTEGRATION OF C,PHOTOSYNTHETIC GENES FROM SETARIA
I TALICA ENHANCES PHOTOSYNTHETIC EFFICIENCY OF C, RICE
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Kutubuddin A. Molla and M. J. Baig
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C,plantsare superior to C, plantsinterms of
photosynthesis, productivity and limiting
photorespiration. Thus, higher nitrogen and water use
efficiency, increased photosynthetic efficiency could be
obtained by incorporating the C, photosynthetic genes
in C, riceplants. Riceisone of themajor food crops
and thusyield potential of rice must beincreased to
fulfil thenutritional demand of world'srapidly growing
population. Pyruvate orthophosphate dikinase[ PPDK]
and NADP-dependent Malic Enzyme[NADP-ME]
are the two magjor chloroplastic genesin C, plants.
These genes are tightly light-inducible, showed
expressoningreentissues, and their proteinsproducts
areinvolved in photosynthesiswhich convertslight
energy into sugar. Inthisstudy, PPDK and ME genes
isolated from Setaria italica, a C, plant, were
introduced to the C,Oryza sativa L.sp. Indica var.
Naveen under the control of greentissuespecificmaize
PPDK promoter through Agrobacterium mediated
transformation. The devel oped ricetransgenic plants
wouldhelp usto understand thefunctiondity of C, genes
inriceand to further improvericeto develop climate-
ready rice.

METHODOLOGY:

cDNA was prepared from the RNA samples
of Setariaitalicaplant and PPDK and ME geneswere
amplified by reversetranscriptase PCR. Greentissue
specific promoter ZmPPDK P and Nosterminator was
clonedinbinary vector dongwith PPDK and ME genes
for the preparation of two distinct constructs
(Figure1A). Twoindividua condructsweretransferred

toricecali for transgenic development. Screeningsof
transformed plants were done through PCR
amplification. Expressionsof transgenic plantswere
checked through real time PCR and stable gene
integration was confirmed through Southern
hybridisation. Physiol ogical response of transgenic
plantswas analysed using InfraRed GasAnayser as
described by Kandoi et a., 2016.

RESULTS

Thesemi quantitativerea timePCR analysis
showed that the desired PPDK and ME geneswere
successfully transcribed in their corresponding rice
transgenic plant linesand had higher level of relative
geneexpression thaninthe control and vector control
plants. Theaverage PPDK enzymeactivity were~3
fold higher than untransformed plants. Smilarly, theME
activity was ~2.6 fold higher in SME carrying
transgenic plants. Thetransgenic plant lines showed
increased photosynthetic pigments(Fig1B), higher net
photosynthetic rate (FiglC), increased stomatal
conductance and decreased interna CO, concentration.
The CO, compensation point measured waslower than
thecontrol plants. Theintringc water useefficiency of
thetransgenic plant lineswas higher than the control
and vector control plants. Thechlorophyll fluorescence
andysisindicated adeclined Fv/Fmratio andincreased
photochemica quenchingintransgenicleaves. There
was aconsiderable morphologica and phenotypical
variation seen among the transgenic plant lines as
compared to nontransgenic.

CONCLUSION:
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Fig1: A. Schematicrepresentation of Vector construct carrying PPDK and M E gene. B. Total chlor ophyll accumulation of
transgenic plant linesalongwith control and vector control plants. C. Net photosyntheticratemeasured in theflowering stage
of transgenic plants. Asterisks indicate the significant variance determined by statical analysis. (* P<0.05, **P<0.001

and***P<0.0001)

The transgenic plants with PPDK and ME REFERENCES:
genes were physiologically superior in terms of Kandoi, D., Mohanty, S., & Tripathy, B. C. (2016).
photosynthetic pigment accumul ation, photosynthetic Towards efficient photosynthesis:

rate and related parameters compared to non overexpression of Zea mays phosphoenol
pyruvate carboxylase in Arabidopsis

transgenic.
thaliana. Photosynthesisresearch, 130(1-3),
47-72.
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GENERATING RICE MUTANTS FOR PEPC AND PPDK BY CRISPR/CAS9
MULTIPLEX GENOME EDITING

Manaswini Dash*, Subhashis Karmakar, Alaka Swain, Deeptirekha Behera, M. J. Baig and
Kutubuddin A. Molla

ICAR-National Rice Research institute, Cuttack, Odisha, 753006
Email- manaswini.crri@gmail.com

INTRODUCTIONAND OBJECTIVES

The CRISPR/CasO mediated genome editing
has been demonstratedin severa cropsincludingrice.
Rice provides food for more than half a billion
popul ation worldwide and servesas excellent model
for functional genomics study. C4 plants are more
efficientintermsof photosynthesisascomparedto C3
rice by reducing photorespiration. PEPC
(Phosphoenol pyruvate carboxylase) and PPDK
(Pyruvate ortho-phosphatedikinase) arethetwo major
photosynthetic genes involved in the C4 pathway.
Although these genes are present in C3 rice, their
functions and regulations are not understood and
evaluated properly. Thus, we set out to perform
targeted multiplex genomeediting of PPDK and PEPC
genesusing CRISPR/Cas9 system to generate mutant
rice plants. Analysis of mutants would help us to
understand the exact role of PEPC and PPDK genes
inriceplant and subsequently may assistin planningto
improve photosynthetic efficiency.
METHODOLOGY

) PCR amplification of different
fragmentscongsting of tRNA andgRNA using different
setsof primers.

7] Golden Gate Assembly of three
differentamplicons.

(] Cloning of assembled product in
pGEM-T vector.

7] Clone confirmation by restriction
enzymesand Sanger sequencing.

) Subcloning of assembled product into
thebinary vector.

) Agrobacterium mediated rice
transformation.

RESULT AND DISCUSSI ON

In the present study, we havetargeted two C4
pathways genes, namely PEPC and PPDK inrice
through CRISPR/Cas9 multiplex genomeediting tools.
Wehaveused PTG system (polycistronictRNA-gRNA
system) (Xie et al. 2015) for editing of PEPC and
PPDK genesin rice. We have designed two guide
RNAsfor disrupting the PEPC and PPDK genes. For
enhancing editing efficiency, wefused atRNA upstream
of each guide RNA. We assembled thetRNA-guide
RNAsfor thetwo targetsthrough golden gateassembly.
Successful assembly was validated through Sanger
sequencing. Assembled product wasclonedinto binary
vector harbouring Cas9 expression cassette (Figure

kil Casg MisT Liba3 IRHA sEMAIL 1IBNA gBNAZ

Figurela: Schematicrepresentation of plant construct for
Agrobacterium mediated plant transfor mation. Figure 1b:
Selected calli on regeneration media. Figure 1c: Putative
mutant riceseedling
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14). Clonewasconfirmed through restriction digestion
and Sanger sequencing. The binary vector was
transformed into rice cultivar through Agrobacterium
medi ated transformation. Agrobacterium mediated
plant transformation was performed using embryogenic
cdlusasexplants. Regenerated calli were subsequently
transferred under light (16+8 hrs) (Figlb), and putative
germinated seedlings transferred into soilrite for
hardening. (Figlc) Screening of the plantsare going
on. Selected double and singlemutant plantswould be

analyzed for physiological, biochemical and
morphologica parametersto ascertain thefunction of
C3 PEPC and PPDK.

REFERENCES
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PHYSIOLOGICAL CHARACTERIZATION OF TRANSGENIC RICE PLANTS
DEVELOPED BY INTRODUCING CYTOSOLIC C, ENZYMES: CARBONIC
ANHYDRASE AND PHOSPHOENOLPYRUVATE CARBOXYLASE

Deeptirekha Behera, Alaka Swain, Subhasis Karmakar, Manaswini Dash,
Kutubuddin A. Molla and M.J. Baig

ICAR-National Rice Research Institute, Cuttack-753006, Odisha
E.mail: deeptirekha.behera@gmail.com

INTRODUCTIONAND OBJECTIVE:

Riceisthemost widely consumed staplefood
for alarge part of human popul ation. Enhancement of
photosynthes sin changing climateiscrucid toincrease
yield potentia of rice. Engineering C, photosynthetic
traits into rice is one of the strategies to reduce
photorespiratory |ossand increasetheradiation use
efficiency to enhance photosynthesisthat may lead to
higher yield. Carbonic anhydrase (CA) plays a
fundamental roleinthe photosynthesisof C, plants,
acting asthefirg enzymeinapathway for theconverson
of atmospheric CO, to HCO, whichisthen fixed by
phosphoenol pyruvate carboxylase (PEPC) to produce
C,acids. Thetransfer of thesetwo key enzymes, CA
and PEPC from C, plantsto C, rice plantsisthought
to be primary step for improving the photosynthetic
rate (Hauder et al., 2002).

METHODOLOGY:

CA genewasisolated from Sorghumbicolour
and cloned in pBS-SK*vector. S0CA was subcloned
at downstream of the CaMV35Spromoter of pBl 121
vector to generate pBl121-CaMV35S ShCA-NOS.
Similarly, PEPC gene was isolated from Setaria
italica, clonedin pTZ57R/T vector and further cloned
at the downstream of the P, .. promoter of
pCAMBIA1301 to generate pPCAMBIA1301-
PZmPPDK-S PEPC-nos construct. pPCAMBIA1301
carrying both the gene constructs (Fig.1aand b) were
transferred to L BA 4404 separately which were used
toinfect thericecalli for development of transgenic
plants. I ntegration and expression of transgenewas

confirmed by Southern hybridization and gRT PCR.
Gasexchange parameterswere measured in thefully
expanded first leaf from the top of the plant at 50%
flowering Sageusing aportable Infrared GasAnalyzer
(IRGA) (LI-COR 6400X T portable photosynthetic
system; Lincoln, NE).

RESULT AND DISCUSSION

Inthe present study, real time PCR analysis
revealed the higher expression level of Sb.CA and
SPEPC in transgenic lines than in control plants.
Photosynthetic pigment content, photosynthetic rate,
light and CO, response curvewere studied in CA and
PEPC transgenic ricelinesat flowering stage. Total
chlorophyll accumulaionwass gnificantly moreinsome
transgenic linesat flowering stage than control. IRGA
data showed that the photosynthetic rate was
significantly higher (11-17%) (Fig.1c) intransgenic
plants than control. The net photosynthetic rate
increased inthetransgeniclinesunder high PAR > 1200
imol m?s1(Fig.1d) (Huet al. 2012). Thewater use
efficiency of transgenic plants was found to be
significantly increased than control. More number of
filled grains per panicleswasobtained in Sb.CA and
SPEPC transgenic lines (26.19% and 23.86%,
respectively). Total dry biomassincreased upto 23%
intransgenic CA and 27% in PEPC transgenic asa
result of theincreased tiller and panicle number per
plant. Over dl, the performance of thetransgeniclines
with CA and PEPC genes showed better performance
interms of photosynthesis and other physiological
parameters. Both S0CA and SPEPC transgenicrice
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DECIPHERING SPECIFIC ROOT LENGTH (SRL) AND ROOT AVERAGE
DIAMETER (RAD) INVOLVED TO COPE WITH WATER STRESS IN RICE
(ORYZA SATIVA L.

SParida, G K Dash, M Barik, SK Sahoo, M J Baig and P Swain

Crop Physiology & Biochemistry Division, ICAR-NRRI, Cuttack-753006, Odisha, India
E-mail: parida.selukash@gmail.com

Rice(Oryza sativalL.) isthe most important
primary crop associated with humid climate and
cultivated nearly 44 Mhaland (2018-19) (DES, 2019)
inIndia. Different climatemode spredict that many rice
grown areaswill becomedrier inthe coming decades
(Rippke et al. 2016), exacerbating rice production
weaknesses dueto severe drought stress. To address
these new challenges various strategies need to be
developed. Thedesign and distribution of root system
can be seen askey factorsfor efficiently water uptake
from deeper part of soil and thus managing the
performance of rice production under drought stress.

Rootsplay akey rolein anchoring the plant
and absorb water and nutrientsfrom the soil to control
productivity (Ugaet al., 2013). Plants can customize
their root structure to accommodate different
environments, including drought stressand survive
accordingly (Jovanovic et al., 2010). Important root
traitssuchasRDW/SDW, tota root length (TRL), root
surfacearea, root average diameter (RAD) and specific
root length (SRL) arethe key parameters associated
withincreased crop yield under drought stress (Fitter
etal., 2002; Kadamet al., 2015). Thinner rootsalso
enablefor soil penetration ability than thicker rootsand
accessthe deeper soil water by resulting maximizes
total root length (Wasaya et al., 2018). The results
showed acompleteinformation of root related traitsat
reproductive stage under both well watered and
drought stressconditioninrice. Themain objective of
this experiment is to characterize and evaluate the
gppropriateroot parametersand to assessthevariation
of SRL and itsrelated components which could be

serving asthemarker that could help inidentification
of tolerant genotypesunder water stress.

METHODOLOGY

The experiment was performed during thedry
season -2019 at National Rice Research Institute,
Cuttack (Odisha), India. Four ricegenotypes, including
two international popular checks (Sahabhagidhan as
tolerant check and IR 64 as susceptible check) were
taken for the establishment of experiment. The present
experiment was performed in the pot containing 4 Kg
of mixtureincluding dried dust farm soil withfarmyard
manure (3:1 ratio) of 200 cm? soil volume in a
completely randomized designtaking threereplications.
Drought stress was imposed to 15 of flowering by
withdrawing thewater and thissituation continue until
meaturity stagewith assured irrigation. Another set was
maintained separately with wdl | watered condition under
thesame climate. Sampling wasdoneduring flowering
stage stress.

Rootswithout disturbing weretaken from both
thetreatmentsin replication wise manner and washed
by tap water repeatedly over asieve. After washing
the live roots were placed in iced water bath and
immediately scanned using root scanner (Regent
instrument Inc, LA 2400 scanner, EPSON). The
analyzed rootswere dried under oven at 60°C for 72
hours(Sandhu et d., 2017) and mean root dry weight
was determined. The following are the important
derived parameters based on computed data.

RESULTS

Under water stress different rice genotypes
behaved different sengitivity limit through their root
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Figurel. Root traitsof 4ricegenotypesunder well watered (WW) and water stress(WS) condition. Valuesshown aremeansof

threebiological replications+ SE at the 5% level

performance. Our experimental findings showed that
(Fig 1) under WSthetolerant check Sahabhagidhan
ableto maintain higher value of leaf water potential (-
2.58MPa) followed by 1C 516008 (-3.04MPa), where
as susceptible check |R64 possessed |ower value of
WP (-4.17MPa) followed by Prasad (-4.49MPa). At
the sametimetolerant check Sahabhagidhan ableto
maintain higher valueof RDW/SDW (0.269) followed
by IC 516008 (0.239) while, IR 64 (0.069) and
Prasad (0.121) had significantly (p< 0.05) least amount
of RDW/SDW under WS condition.

The genotype | C 516008 showed higher vaue
of TRL (36843.25cm) and SRL (4493.61.cmg™) with
low RAD (0.46 mm) while, genotype Prasad waslow
in TRL (15227.15) and SRL (2978.87 cm g*) with
higher RAD (0.60 mm). The check genotypes
performed according to their sengitivity level (Fig 1).
The genotypeshaving lower value of RAD possesses
significantly (p<0.05) higher value of SRL and vice

versaunder WS condition. With higher value of SRL
and TRL thetolerant genotypesal so possessed higher
value of surface areaand root volume compared to
susceptible genotypes under WS condition to absorb
water from deeper part of soil.

CONCLUSION

Morphological root traits such as total root
length, root surface area, root volume, average root
diameter and SRL showed strong differences between
tolerant and susceptible genotypes. In the contrast to
our findings, with the higher value of SRL, total root
length, root surfacearea, root volumewith lower root
average diameter the genotypes|C 516008 would be
superior genotype as compared with Prasad. Among
thesetraits, SRL and averageroot diameter asaproxy
to assign each root to aspecific root order. SRL and
averageroot diameter providesanew approachinrice
plantsunder WS conditionfor promoting theroot traits
and establishing theindividual genotypes. Againthese
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two traits can improve our understandings towards REFERENCES
different root function and maintain the accuracy by WasayaA.; Zhang X.; Fang Q.; Yan Z. 2018. Root

minimizing the errors with which our related root phenotyping for drought tolerance: areview.
parameters can be predicted. Hence, SRL and average Agronomy 8: 241-259.

root diameter isthe source of adaption to evaluatethe UgaY., SugimotoK., OgawasS., Rane J., Ishitani M.,
genotypes under WS condition. HaraN.,...Yano M. 2013. Control of root

system rchitecture by DEEPER ROOTING
lincreasesriceyiedunder drought conditions.
Nature genetics, 45, 1097-1102.
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IRC/TM-1/PP-92

GENOTYPE X PHOSPHORUS CONCENTRATION AND EXPRESSION
PATTERN OF PHOSPHATE TRANSPORTERS IN RICE

A. Anandan*, C. Parameswaran and P. Panneer selvam

|CAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Email. anandanau@yahoo.com

Phosphorus (P), an essential macronutrient,
maintainsproper symmetry of growth and devel opment
of plant. It is not only associated with several
biochemical process, reproductionin plantsbut also
formsthebuilding block of most of thelifebiomolecules
pointing its unigueness. The non-renewability of
phosphate reserve grimsthescenarioin thisincreasing
popul ation demand and intensive agriculture. To better
understand the early response of genotypesto limited-
phosphorus condition and the role of the phosphate
trangporter genefamily inthe presenceof PUP1 QTL,
Sx genotypeswere eval uated under low P condition.

METHOD

Three improved rice varieties such as
Shabagidhan, PUPL introgressed line | R64-Pupl and
|R64 and threeland racesArupatham Kuruvai, Dular,
and 1C459373 were evaluated in different
concentrationsof P (0.5, 1, 2, 4, 6, 8and 10 ppm) in
hydroponics. Expression pattern of phosphate
transporterswere studied at 0.5, 4 and 10 ppm.

RESULTS

Traitandinteractionsof thesetraitswereclearly
distinguished among thevariousPrates. Theshoot trait
expressonregistered increased growth from6.0t0 10.0
ppm of P. Themajor root-attributed traitsin 0.5 ppm
of Paresignificantly increased. Inlow P, maximumroot
length with shoot and root dry weight wasobservedin
|C459373 than in Dular and IR64-Pupl at 0.5 ppm

of P Among the 13 Ptransporter genes, PT1, PT2,
PT6, and PT13 showed significant upregulationin
C459373, Dular, and IR64-Pupl.

CONCLUSION

The study indicated that theexpressionlevels
of the PUP1 and Ptransporter genefamily at theearly
growth stageswould be hel pful inidentifying superior
donorsto improve low-Ptolerancein rice breeding
program.
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SCREENING FOR DROUGHT RESISTANCE IN RICE (ORYZA SATIVA L))
Ranjith. P*, S. Sahu? and S. K. Dash?®
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Horticulture, OUAT, Bhubaneswar-751003,

Odisha, India
2Department of Plant Breeding and Genetics, College of Agriculture, OUAT, Bhubaneswar-751003,
Odisha, India.
3|CAR- National Rice Research Institute, Cuttack-753006, Odisha, India
Email I1D: ranjithpbgouat@gmail.com

Rice (Oryza sativa L.) consumed by ~50 %
of theworld's population, isone of themost globally
important staplefood crops (Shah et al. 2014) and it
covers 9% of theearth’sarableland. Drought stressis
amgor congraint to rice production and yield stability
in the rainfed region (Evenson et al. 1996). Dueto
drought, thereisan overall reduction of riceyield by
18 milliontonnesat theglobal level (O’ Toole, 2004).
InAsiaalone, it isestimated that atotal of 20 million
hectares of rice field both in upland and lowland
conditionsaredrought-prone. In Indiadrought ismost
prevaentintheeastern satesviz... harkhand, Odisha,
and Chhattisgarh. Inthese areas, drought risk reduces
productivity and leadsto food insecurity (Pandey et
al. 2008). Riceisparticularly sengtiveto drought Stress
during reproductivegrowthwhen dight stresscan result
inadrasticreductioningrainyield. However, drought
adversely affectsthegrowth of riceat al the stages,
and the occurrence of drought during the early
reproductive stage (anthesis) causesasignificant loss
of grainyield (Boojung and Fukai, 1996).
OBJECTIVES

1 To screen the rice genotypes for
drought toleranceinthefield condition

2. To validate the presence of drought-
resstant QTL sinthericegenotypesthrough molecular
dudies
METHODOLOGY

A field experiment was conducted with 34 rice
genotypesin two replicationsfollowing randomized

block design (RBD) including threetolerant and one
susceptible checks. The checks include IR 20
(Susceptible), and Mahulata, Selumpikit, CR-143-2-
2 (Tolerant). Thegenotypesweretested under irrigated
aswdll asreproductive stage drought stress condition
in rainout shelter at ICAR- NRRI, Cuttack during
Kharif 2016. Therice genotypes used in the present
study were obtained from the Department of Plant
Breeding and Genetics, OUAT, Bhubaneswar and
ICAR- Nationa Rice Research Institute (NRRI),
Cuttack. Study of marker validation for the presence
of drought res stant genesin those genotypeswasa so
carried outinthemolecular laboratory at ICAR- NRRI,
Cuttack. Thedrought symptom likeleaf rolling was
recorded as per Standard Evaluation System (SES) of
1to9scales(IRRI, 1995). Observationsof yield and
yield contributing traitswererecorded on ten randomly
selected plantsper genotypeper replication. Thereative
yield reduction (yield potential) under drought stress
was cal culated astheyidd of specific genotypesunder
drought divided by that of thehighest yielding genotype
inthesample. Thegrainyield per plot wasconverted
tog/ha

RESULTSAND CONCLUSION

Yiddattributing characterslike Effectivetillers
per hill, Paniclelength, Spikelet fertility percentage,
Biomassper plant (gm) and Grainyield (¢/ha) showed
significance at 1% level of significance for the
environment, variety, and Environment X Variety (Ex
V). Environment and Variety interaction wasfound
sgnificant for dl the characters.
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Significant differenceswereobservedingran
yiedof ricevarietiesunder moisture stressand control
conditions. Yidddeclineingrainyieldwasobservedin
amog dl thericevarietiesgrown under drought stress
conditions. Variety meanyield ranged from 57.30 q
ha'to 26.60 g ha' under non-stressirrigated condition
and from 16.26 q ha' to 3.53 q ha'under stress
condition. Under control condition, highyielderswere
Jyotirmayee (57.30 g/ha), and Annada (56.80 ¢/ha),
whereas IR 20 (3.59 g/ha) and Naveen (3.53 g/ha)
were low yielders. Under stress situation, varieties
namely Sahabhagidhan and Annada produced
satisfactory grain yield as compared to the check
varieties. Themaximum soil moisturetension reached
at the end of the 30" day stress period which was
recorded to be-50kPaat 30cm depth. Thus, thelevel
of stress could be classified as moderate to severe.
Considering the stresstolerance indiceslike Stress
tolerancelevel (STL), Stress Tolerance Index (ST1)
and Relative yield reduction (RYR%), varieties
Khandagiri, Vandana, Heera, Mahulata, Sdumpkit and
CR 143-2-2 werefound to be drought resistant.

Rice grown in drought stress conditions
produced sgnificantly lesstotal biomassthanirrigated
rice. Similar trendswere also observed for effective
tillersper hill and spikel et fertility. Under drought stress
conditions, varietieshad lower biomass per plant than
irrigatedrice. Varieties Parijat, Jyotirmayee, Sarathi,
Hiranmayee and Gouri showed high percent spikel et
fertility than susceptiblelinesand checks. Thisresult
suggeststhat spikelet fertility isareliable parameter for
thescreening of varietiesfor yield response subjected
towater deficit stressat the reproductive stage. The
depletion of soil moistureduring thereproductivestage
increased the percent spikel et Serility, which may result
in decreased grain yield under stress conditions.
Significant variationswere observed among varieties
for drought tolerance parametersnamely leaf rolling.

Drought tolerant varietiesviz., Sarathi, Annadaand
Sebati had lesser |eaf rolling aswell asdelayed | eaf
ralling.

CONCLUSION

Variety Annadarecorded satisfactory grain
yield and nolegf rolling under moisture stresssituation.
Hence this may be considered as drought resistant
variety. Based on other parameters such as stress
toleranceindicesand spikelet fertility varietiesnamely
Sahabhagidhan, Vandana, Khandagiri, Heera,
Jyotirmayee, Sarathi and Sebati were aso foundto
be drought tolerant which may be recommended to
thefarmersfor general cultivation in drought prone
aress.
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RADIATION INDUCED MUTATION BREEDING FOR IMPROVEMENT OF
TRADITIONAL RICE VARIETIES IN INDIA

B.K. Das', V. Kumar?, A. Chauhanl, Deepak Sharma?, P.K. Sahu?, Debojit Sarma®, D. Bordoloi®, R. L.
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*Corresponding author email: bkdas.barc@gmail.com; bkdas@barc.gov.in

Rice, as a staple food for a majority of
populationintheworld, holdsasignificant roleto play
indleviating thegloba hunger problem. InIndia, itis
thestaplefood for nearly half of the population. With
theburgeoning size of population at an unprecedented
rate, limited fertileland resources, climateresilience,
emerging new racesof pestsand diseasesand consumer
preferencesfor quality attributes, itisimperativeto
increase crop diversity with better selection efficiency
addressing the challenges of futurerice production.
Indiahasarich and diverse genetic wedth of riceand
it has been estimated fromvarioussurveysthat the
country is endowed with large rice landraces/
germplasmlines, a rich biodiversity that no other
country has. With advent of modern agriculture, and
switch over to highyielding and hybrid varieties, has
posed a great threat to the security of the age old
practice of growing traditiond varietiesand landraces
which had immense potentia for different important
traits. Thesediversity hotspotshave been found mostly
in Central, North-Eastern region, Easternregion and
Southern Indiaaccompanying uniquearoma, bioticand
abiotic stresstolerance and quality attributes. Dueto
long duration, tall height (susceptibleto lodging) and
low yield potential these landraces are not able to
competewith recent highyielding varieties, therefore

are being marginalised and slowly going out of
cultivation. Thereisneed to revivetheselandracesby
rectifying the undesirable agronomic traitswithout
dteringther origina uniquequdity attributes.

Mutation breeding asproven tool inrice
improvement: Mutation breedingisavery successful
tool helpinginincreasing crop diversity and allowing
plant breedersto exercise their skill in developing
desirablecrop varieties. Theinduction of mutationshas
been used to enhancetheyidd, better nutritiona quaity
and wider adgptability of world’smost important crops.
Pant architectureincluding plant height, branching habit
(tiller number), leaf shape and patterns, floral
characters, graintraits and quality traitsincluding
aroma, cooking quality, etc are of tremendous
importancefor riceimprovement programme. Bhabha
Atomic Research Centre(BARC) in collaborationwith
StateAgricultura Universities (SAUs) have started
R& D work for revival of thesetraditiond ricevarieties
adaptableto different agro-climaticregions of India
through radiation induced mutation breeding. In
collaboration with IGKYV, Raipur, more than 50
traditiond ricevarietiesarebeingimproved. Mutant
varieties viz. ‘TCDM-1', ‘Vikram TCR’ and ‘CG
Jawaphool Trombay’ have beenreleased recently. In
collaborationwith DBSKKV-RARS, Karjat, ‘' TKR
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Kolam’ has been released for Konkan region of
Maharashtra. BARC and AAU, Jorhat have jointly
devel oped early maturing, lodging resistant and photo-
periodinsengtivemutantsin‘ Kon Joha riceandthese
areunder evaluation. In collaboration with UBKYV,
Coochbehar WB), Improvement of ‘ Tulaipanji’ and
in collaboration with Vishwa Bharati University,
Shantiniketan (WB), ' Badsahabhog', havebeentaken
up and mutant linesare being eval uated for yield and
other traits. Recently in collaboration withANDUAT-
CRS, Masodha(UP), improvement of Kalanamak rice
(apremium aromatic rice of Tarai region of Eastern
UP) through radiation induced mutation breeding has
beeninitiated. Improvement of other traditional rice
varietiesareunderway whichwill bring thesevarieties
back into cultivation and helpinimproving thetribal
and margind farmer’ seconomy.

Utilization of novel mutagens (proton
beam) for riceimprovement: Crop mutagenesishas
gained significant momentum in recent years, driven by
theup surging need for continuousimprovement incrop
productionand availability of moreefficient techniques.
Sofar, aplethoraof chemical and physical mutagens
(viz. gamma rays, X-rays etc.) have been used to
generaedesrablegenetic diversity, requiredtoachieve
targeted improvementswhich are not existing or rare
in the natural population. In recent past, ion beam
technology isbeing focussed upon to exploit thehigh
mutageni c efficiency bestowed upon by higher LET
values, ascompared to X-raysand gammaraysbeing
usedsince1930's. Particulate nature, massand charge
possessed by ionsresultsin their interaction being
different and consequentidly denseandloca deposition
of energy, that may lead to production of spectraof
variaionsthat aredistinct fromthose produced through
exposureto other mutagens. Larger local damageto
DNA bearsthe possibility of breaking linkagedrag
between undesirableand desirabletraits. The effects
are subject to penetration to desired depth of plant
propagule, without much energy lossin the medium.
Proton (H*) beam accelerated to 14MeV energy using

BARC-TIFR Pelletron Facility, achieved penetration
totheembryo of riceseeds. Proton beamirradiation
technology wasoptimizedinrice|IBD-1for increasing
theefficiency of mutation and increasing the spectrum
of mutants. Thiswork isunder progress.

CONCLUSION:

Inrecent past, thegenetic variability presentin
rice is narrowed using conventional breeding
approaches and use of more popular and hybridrice
vaietiesinIndiafor along period. Induced mutagenes's
isoneof themost important gpproachesfor broadening
thegeneticdivergty inriceto circumvent the bottleneck
conditions. Thisbecomemoreevident asthefuturerice
production will have immense pressure from
consumers preferences, changing climatic conditions,
resurgence of new racesof pestsand diseases, demand
for bio-fortified rice etc. Induced mutagenesis has
demonstrated the potential in broadening the plant
genetic base and thereby avall plant breederstheraw
materia srequired to addressdifferent problemsrelated
to rice production and consumer preferences. Rice
varietiesdevel oped through mutation breeding will
significantly contributeto national food and nutritiona
security and improvement of socio-economic
conditionsof thepoor & margind land holdingfarmers.
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VARIETAL SCREENING FOR ANAEROBIC GERMINATION, A TRAIT
SUITABLE FOR WET DIRECT SEEDING IN RICE (ORYZA SATIVA L))

B Ravikanth, PV Satyanarayana, N Chamundeswari, Y Ashoka Rani,
V Srinivasa Rao and D Ratna Babu

Department of Genetics and Plant Breeding, Agricultural College, Bapatla, ANGRAU, A.P- 522 101
*Email: bendi.ravikanth@gmail.com

‘Riceislife’ for morethan half of theworld
populationandisaprimary staplefood for about 75%
of theIndian population. Direct seededrice (DSR) is
becoming popular in recent yearsbecause of itslow-
Input demanding nature. Among the different DSR
methods, Wet-DSR ismost efficient asit can alows
theearly use of water and can reduceweed invasion.
Anaerobic germination (AG) isanimportant trait for
DSRtobesuccessful. Riceusudly haslow germination
under anaerobic conditions, which leadsto apoor crop
gandinW&t-DSR. Theahility of riceto germinateunder
water reducestherisk of poor crop stand. Thus, AGis
animportant trait for avariety to be used inWet-DSR..
Thepresent gudy isamed a identifyingthericevarieties
withAGtolerance, whichisfurther useful indeveloping
DSR varieties through appropriate breeding
programme.

METHODOLOGY

The present investigation was carried out at
Regional Agricultural Research Station, Maruteru,
AndhraPradesh. Theexperimenta materia comprises
48ricegenotypes, including popular varietiesand few
germplasm lines. The experimental design used was
Randomised Complete Block Design.

Ten pre-germinate seeds of each genotype
were sub surface seeded in plastic cupsfilled with
puddled soil, flooded for 14 days. Seedlingsemerged
above water level counted at 14 DAS and percent

anaerobic germination was determined (as per,
Manigbas et al. 2008). Analysis of variance of the
character wasdoneasper standard Satistical procedure
for randomized compl ete block design.

RESULTS

Significant variation for the character was
recorded whichwasranged from 30% (BPT 2270) to
100% (AC 39416A) with a mean of 67.40. The
estimates of PCV (21.73) and GCV (16.79) for this
Anaerobic germination were high and moderate
respectively (Table. 1).

Moderate heritability (59.68%) coupled with
high genetic advance asper cent of mean (26.72) was
observed for thetrait indicating the preval ence of non
additive gene action and further improvement of this
character would be possiblethrough heterosisbreeding
rather than smplesdection.

CONCLUSION

Designing crossing programme with other
distant varietiesin the present study withAC 39416A,
after determining itscombining ability would resultin
varietieswith highAGtolerancewhich canbeusedin
DSR upon confirming other yield traits.
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Table.1. M ean performanceand genetic variability par ameter sof 48 genotypesof ricefor Anaerobic germination

S.No. Genotype Anaerobic Coefficient of variation Variance Heritability Genetic Genetic advance
germination broad sense advanceas % of mean
(%) PCV (%) GCV (%) Phenotypic Genotypic (%)

MTU1010 6500 2173 16.79 21452 12801 50.68 1801 2672
MTU3626 7000
MTU 1075 7500
MTU 1121 8000
MTU 1156 7000
MTU1166 65.00
MTU 1081 60.00
MTU1112 70.00
MTU1061 85.00

IR36 60.00
IRS0 60.00
IR64 75.00
IR72 70.00

MTU-sdal-1 7000
PS140-1 95.00
MTU-sd-2 6500
AC39416A 100.00
AC39397 7500
AC34280 4000
AC34245 9000
AC30813 7500
AC34345 7000
AZUCENA 65.00
N22 70.00
SABITA 85.00
RNR15048 65.00
JGL 17004  60.00
NAVEEN 4500
VANDANA 5500
ANNADA 6500
ANJALI 35.00

WAY RAREM 7000
IRS3 70.00
E412 60.00
SHABAGIDHAN 60.00
KALINGA-III 75.00

RATNA 70.00
RGL2332 7000
JGL 334 65.00
RGL2537  65.00

BREGRIVASBBUBRRBBREBBNBRRNBNRBoENEEREREEO® Y RN E

Range L owest 3000

Range Highest 100.00
Mean 67.40

CV.(%) 1380

Fratio 39

SE. 658

C.D.5% 1871

C.D.1% 24.97

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

IRC/TM-1/PP-96

PHOTOSYNTHETIC GAS EXCHANGE AND STOMATAL TRAITS
VARIATION IN CHROMOSOME SEGMENT SUBSTITUTION LINES OF
RICE UNDER DROUGHT STRESS

Madhusmita Barik, Goutam Kumar Dash, Sushant K Dash, Mirza Jaynul Baigand Padmini Swain*

ICAR-National Rice Research Institute, Cuttack, Odisha, India
E-mail: meetali.barik@gmail.com

Drought is one of the most damaging
environmental disasters and has significant
environmental, economicand socid impactsaroundthe
world. Many factorsthreaten the global food security
and drought stressisoneof themgjor factor that affects
rice physiology in many ways by affecting net
photosynthetic rate, transpiration rate, stomatal
conductance, water useefficiency, and al theseabove
parametersarereduced (Ding et a, 2014) under stress.
In the process of photosynthesis, microscopic pores
called stomata playsimportant roleto regulate CO,
uptake with the concomitant rel ease of water vapour
through transpiration. Severd sudiesindifferent plants
including rice showed the importance of stomatal
density, size and their association with higher
photosynthetic rate. Wild speciesareknownto havea
high degree of drought tolerance because they have
never been cultivated under ideal situationsand they
may serve asasource of superior drought-tolerance
aldesforimproving cultivated rice. A wild speciesof
rice O. meridionalis Ng, with AA genome, was
reported to have drought avoi dance along with better
adaptationto arid climatic conditionsthan O. sativaL
(Somanthri, 2001).

Theobjectiveof thepresent work istoidentify
thevariationsintheleaf photosynthetic characteristics
and somatd traitsin chromosome segment subgtitution
lines (CSSLs) of riceunder drought stresswhich may
helpincropimprovement programmefor developing
climateresliencencericevarieties.

METHODOLOGY

Thirty two CSSL s of ricederived from cross
between Curingaand wild derivative O. meridionalis
(OR 44)(MER) developedin Cornell University, USA

by Prof. Susan Mc Couch and received through
SCPRID Programme along with and three checks
[IR64- drought sensitive, CR 143-2-2 - drought
tolerant and Curinga-recurrent parent] weregrownin
thefield for theexperimenta purpose. Stresstrid (DS)
was conducted under rain out shelter and well watered
(WW) trid inthe nearby field. All the measurements
wereperformedinmaximumtillering sagebeforestress
and stresswasimposed on 45 daysold seedlingsfor
14 days.

Leaf atmosphere CO, and H,O exchange
measurements were recorded using L1-6400 XT a
portable photosynthetic gasandyzer. Thestomatd traits
weremeasuredinfully expandedtopleef of threeplants.
A nondestructiveleaf impress onwasmadefrom both
abaxid and adaxia surfaceby applyingnall varnishin
the mid area of the leaf and the number of stomata
were counted under light microscope system.

i)Stomatal size (S) was calculated based on
theassumption that somataared|liptica inshapewith
their mgjor axisequal toguard cell length (L), and their
minor axisequal toguard cell width (W) (Xionget d.,
2018): S=L/2 xW/2 xnt

ii)Leaf stomatal density (D) expressed asthe
no. of ssomata/unit leaf area

RESULTS

Widevariationwasobserved withinthestudied
CSSLsfor leaf gas exchange parameters (Table 1).
Under drought stress among the lines, the range of
photosynthetic rate (PN) in MER-25, MER-14 and
MER-20 (15.58-16.37 pmol CO, m? s*) and
stomatal conductance (gs) inMER-32, MER-30 and
MER-14 (0.24-0.28 mol H,O m* s*) was found
sgnificantly higher than other lines Water useefficiency
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Table: 11ntraspecificvariation in stomatal traitsand photosynthetic parametersin CSSLs

Traits Unit Condition  Average SE+ Min Max Range

Leaf structural traits

Stomatal size

Adaxid laminasurface(S,,) P wWw 21802 1158 15915 25493 9578
DS 15167 710 10731 22542 11811

Abaxia laminasurface(S, ) P wWw 163.33 832 11227 23455 12228
DS 127.86 7.74 62.75 20465 14190

Stomatal density

Adaxial laminasurface(D,,) nn? wWw 250.33 9.17 18730 38010 19280
DS 233.03 7.65 20033 25891 4958

Abaxia laminasurface(D,, ) mn? Ww 300.64 9.68 21851 49579 27128
DS 286.03 6.37 19281 45906 26625

Leaf functional traits

Photosynthetic rate (P,) umol CO, m?s* wWw 21.27 047 1455 2554 1099
DS 1276 041 861 16.37 7.76

Stomatal conductance(g,) mol H,Om?s?* wWw 043 003 0.26 0.66 040
DS 0.17 001 0.09 0.28 009

Transpiration rate (E) mmol H,Om?s* wWw 1205 101 7.66 1570 84
DS 533 0.74 3R 780 448

Internal CO, concentration(C) pmol(CO,) mol™ wWw 266.09 59 19497 29552 10056
DS 24556 11.05 16890 28851 11962

Water use efficiency (WUE) pmol(CO,) mmol*(H,0) WW 180 0.17 131 244 112
DS 250 027 160 356 19%

(WUE) wasobserved to be higher under drought stress CONCLUSION

than under well watered condition. MER-13, MER-
14, MER-25and CR 143-2-2 (3.47-3.56umol (CO,)
mmol~(H,0)) had highest WUE.

Stomatal featuresvaried greatly among the
CSSlines. Generally, stomatal sizewas smaller for
abaxial side (lower surface-S, ) than adaxial side
(upper surface-S_,), inversely, somatal density was
higher for abaxial side(D,,) thanadaxia (D,,) side
(Table1). Under drought stress, thestomatasize S,
and S_,_ ranged from 63 to 205 um? and from 107 to
225 un?, whilethedensity ranged from 193-459 mimy?
and 209-259 mnm*for D, _and D, respectively. On
average, for both sides of the leaf stomatal sizewas
27% and stomatal density was 79% larger in well
watered compared to drought stress condition.
Stomatal sizeand density were negatively correlated
for each side of theleaf. Under drought stressMER-
20, MER-32, MER-14 and CR 143-2-2 were
identified with smaller size (S) aswell as minimal
stomatal density (D) inboth sidesof theleaves.

The present study provides insight in the
variation of leaf somatd (sructurd) and photosynthetic
gas exchange (functional) traitsin CSSLs of rice.
MER-14, MER-20, MER-25, MER-32 and CR 143-
2-2wereidentified aspotentia donorshaving maximum
leaf photosyntheticrate, gasexchangeand WUE with
minimum size and density of stomataunder drought
stresscondition suggesting their utilizationin breeding
programmefor development of climateresilient variety.
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O. coarctata isthe most difficult speciesfor
usinginricebreeding and it belongsto tertiary gene
pool. But utilization of thisspecieswill beworthy to
address the issues of increasing salinity stress and
recently it was possible to produce partialy fertile
progenies. Beside O. sativa, other speciesmay serve
as bridge species. Polymorphic and codominant
markers distributed throughout the genome can
expeditetheutilization of the species.

METHODOLOGY

O. sativa (includesboth indica and japonica
ecotypes), other seven species of O. sativa complex
and O. coarctatawere used inthestudy. O. coarctata
genome sequencewasdownl oaded from local genome
database of ICAR-National Institute for Plant
Biotechnology, New Delhi, India(Mondd et d. 2018).
Genome sequences of O. sativa, O. nivara, O.
rufipogon, O. glaberrima, O. barthii, O.
glumaepatulaand O. meridionaliswere downloaded
in FASTA format (chromosome-wise) through
Gramene database and O. longistaminata from the
NCBI database. 23,499 rice STMS markers were
chosen from Gramenedatabase (M cCouch et d. 2002)
and literature search (Paridaet a. 2009). Inglico cross-
transferability study of STM S makerswas performed
following abioinformaticspipeinedesigned by us. This
isanimproved and modified versonof abioinformatics
pipelineearlier used by uswith relatively lesser number

of markers(Ray et al. 2016). The modified pipeline
can screenthousandsof markersfrommultiplegenomes
sequencess multaneoudy with predefined commands.

RESULTS

Thismarker identification strategy ishighly
reproducible and band sizes or polymorphism
prediction among different speciesispossiblebefore
in-vitro validation. Out of 23,499 markers, only 359
STMSwere cross-transferable to O. coarctata and
77 werecommon with all the speciesof Oryzasativa
complex. These core markerswere distributed over
11 chromosomes of O. sativa complex. Nearly 76%
of core markerswerelocated within various genes of
rice. Themarkersal so showed unique genome specific
polymorphism pattern with high level s of inter- and
intraspecific variationsin‘ AA’ genome and complete
absence of Intra- or inter-population variationsin O.
coarctata (KKLL). The number of microsatellite
motifs, number of repeats in different motifs and
contribution of SSR sequencestowardsthe amplicon
lengthweresubstantialy lesser in O. coarctataleading
totheexceptiondly highlevel of polymorphismwith
AA genome. Two markersare also useful for species
identification. Thehyper-variablemarkersareauseful
resourcefor pre-breeding of O. sativa, O. glaberrima
and new ricefor Africawith O. coarctata or with any
speciesof O. sativacomplex.
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CONCLUSION

Themarkersare useful resourcefor the pre-
breeding of O. sativa, O. glaberrimaor new ricefor
Africa(NERICA) involving dl speciesof AA genome
and O. coarctata. Excellent polymorphismlevel and
wide applicability makesthese 77 STMSmarkersas
auseful resourcefor breedersinutilizingwildricein
their research. Thisnove and smple methodology for
identification of coremarker set may also beutilizedin
different other cropsand their cropwild relatives.
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CROP ENGINEERING BY SYNTHETIC GLYCOLATE METABOLISM
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*Email. lopamudranayak24@yahoo.com

Rice(Oryzasatival.) iscentra tothelivesof
billions of peoplearound theworld and gpproximately
90% of thericeisproduced and consumedintropical
Asa. InC3plantslikerice, photosynthetic productivity
islimited by lower assimilation of CO, into organic
carbon compounds because Ribulose-1,5-
bisphosphate carboxylase-oxygenase (RuBisCO)
poorly discriminates between CO, and O,, leadsto
photorespiration and the loss of fixed carbon and
nitrogen. Despitethese disadvantages, photorespiration
hasimportant rolein plant becauseit recovers 75% of
the carbon from phosphoglycolateaswell asefficiently
removes potent inhibitorsof photosynthesis. Moreover,
photorespiration dissipates excess photo-chemical
energy under highlight intengities, thus protecting the
chloroplast from over-reduction. By using advantage
of knowledgeof synthetic biology, itisnow feasibleto
design and introduce biochemical pathwaysinvivoin
ricefor bypassing photorespiration. The present work
Isan attempt to introduce chloropl ast-targeted bacterid
genesin plant for establishment of the photorespiratory
bypass pathway.

METHODOLOGY

Five chloroplast-targeted bacterial genes
encoding glycolate dehydrogenase (GDH),
glyoxylate carboligase (GCL) and tartronic
semialdehyde reductase (TSR), have been amplified
by PCR from E. coli gDNA using suitable
oligonucleotides and cloned in pGEMT vector. All
sequencesareavailablefromthe E.coli K12 genome
sequence(gi49175990). Rice RuBisCO amdler subunit
(rbcs) transit peptide (~300 bp) nucl eotide sequence
havebeendso amplified and clonedin pGEMT vector.

Thetransit peptide sequenceisused for tagging into
theGDH, GCL and TSRinorder tofacilitatetransferring
integrated genes product from nuclear genome to
chloroplast genome. Gene constructswere designed
under congtitutive promoter, tagged withtrangt peptide
and transfer into binary vector (pCAMBIA-1302).
These gene constructs were transferred into
agrobacterium using tri-parental transformation
method with the support of helper plasmid. Using step-
wise (agrobacteriummediated) nuclear transformation
with these chloropl ast-targeted E.coli genes, weare
going to generaterice plantsin which chloroplastic
glycolateisconverted directly to glycerate.

RESULT

Gene constructs of synthetic glycolate
metabolism pathway weredesigned andintroducedinto
agrobacterium. These chloroplast-targeted bacteria
genesneed tointroducein plant for establishment of
the photorespiratory bypasspathway. Thiswill generate
plants in which chloroplastic glycolate would be
converted directly toglycerate. Thiswill reduce, though
may not diminate, flux of photorespiratory metabolites
through peroxisomesand mitochondriawhileincreasing
therate of carbonfixation.

CONCLUSION

Introduction of photorespiratory bypass
pathway into rice will generate plants in which
chloroplastic glycolate would be converted directly to
glycerate. Thiswould reduce, though may not diminate,
flux of photorespiratory metabolites through
peroxisomesand mitochondriawhileincreasingtherate
of carbon fixation. Diversification of chloroplastic
glycolate from photorespiration will improve the
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productivity of crops with C3 photosynthesis. By
increas ng photosynthetic productivity, the strategy of
photorespiratory bypass could have a significant
economic impact for rice production. The aspect of

increasing nitrogen use efficiency isanother aspect
which can lead to significant reduction in fertilizer
application and lower the environmental cost of
agriculture.
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IRC/TM-1/PP-99

HETEROSIS FOR MILLING QUALITY CHARACTERS IN RICE (ORYZA
SATIVA L)
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*Email: santhatnau@gmail.com

Heterosis has been reported in rice for
agronomic characters, physiological traits andlow
temperature toleranceand productivity, but reports
of heterosis for the physicochemical grain quality
characters in rice are limited. On the other hand
knowledge on these genetic aspectsisvery important
for maximum exploitation of heterotic effectsinrice
and for building up of gene poolsto be employedin
breeding programmes. Hence, present investigation
wasundertaken on heterotic manifestationsingx milling
quality traits involving high yielding genotypes
susceptibleto bacterid leaf blight diseaseas’lines and
fivedonorsfor thesaid disease as‘testers' .

OBJECTIVE
Toestimatetheheterossinmillingtraits
MATERIALSAND METHODS

The experiment was conducted at Plant
Breeding and Genetics Unit of Tamil Nadu Rice
Research Indtitute Aduthural during 2010. Fivetesters
and 12 lineswere grown and at flowering stage, they
were crossed with each other inaline x tester manner
as described by Kempthorne (1957) to produce 60
hybrids. Theresultant 60 F1stogether with 17 parentd
lineswere growninthe second year inaRandomized
Complete Block Designwiththreereplications. Milling
quality traitswererecorded for all the hybrids and
parents. Genotype meanswere used for theanalysis
of variance. Mid-parent based heterosis (MP) and
better-parent based heteros S(BP) and standard parent
based heterosi swereestimated for the six grain qudity
traits.

RESULTSAND DISCUSSION

Theheterosisper cent estimated for six grain
qudlity traitsover mid parent, better parent and Sandard
check (ADT 43) and three best crosses are given
hereunder . For hulling percentage,the mid parental
heterosis, better parental heterosis and standard
heterosis ranged from-11.72 (TNAU RiceADT 49/
IRBB 21) to 22.60 (CO 47/Imp. SambaMahsuri), -
16.99 (ADT 39/Pusa 1460) to 12.15 (ADT (R) 47/
IRBB 21) and -14.78 (ADT 39/Pusa 1460) to 16.87
(CO47/Imp. SambaMahsuri) respectively. For hulling
percentage, CO 47/Imp. Samba Mahsuri, ASD 16/
Ajaya, ADT (R) 47/ IRBB 21 and ASD 16/IRBB 21
showed high heterotic valuesfor all thethreetypesof
heterosis. Similar resultsfor thistrait wasreported by
Sahai et al. (1986).

For milling percentage, the mid parental
heterosisranged from-12.08 (ADT 42/ Imp. Samba
Mahsuri) to 27.80 (CO 47/Imp. SambaM ahsuri) per
cent. Therange of better parent heterosisvaried from
-15.64 (ADT (R) 46/ Ajaya) to 20.08 (CO 47/Imp.
Samba Mahsuri) per cent. The standard heterosis
ranged from -15.29 (TKM12/Pusa 1460) to 33.79
(CO47/Imp. Samba M ahsuri) per cent. For milling
percentage, CO 47/Imp. Samba Mahsuri, ASD16/
IRBB 21, ASD 16/Ajaya and ASD 16/IRBB 60
exhibited good amount of heterotic vigour for al the
three categoriesof heterosis. Thehybrid TNAU Rice
ADT 49/IRBB 21 showed relative heterosis and
heterobeltiogs. Thisisin confirmity with theresultsof
Hassanet al. (2011).

For head rice recovery percentage, the per
cent relative heterosisranged from-31.15 (ADT 42/

250
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Pusa 1460) to 16.57 (ASD 16/Ajaya) for thistrait.
Theheterobeltiosisranged from-39.03 (ADT 42/Pusa
1460) to 15.30 (ASD 16/Ajaya) per cent. Thestandard
heterosisranged from-28.64 (ADT 42/Pusa 1460) to
18.90 (ASD 16/ Ajaya) per cent. For head rice
recovery percentage, ASD 16/Ajayaand ASD 16/
IRBB 21werefoundto bewith good amount of heteratic
vigour for dl thethreecategoriesof heterogs. Smilarly,
thehybridsADT (R) 47/1mp. SambaMahsuri and CO
47/lmp. SambaM ahsuri dso had good heteraotic vigour
over mid parent and standard parent. Thisisinclose
agreement with the findings of Mahalingam and
Nadaragjan (2010).

Theheteroticvigour for kernd lengthwasfrom
-11.48 (ASD 42/Pusa 1460) to 17.96 (CO 47/Imp.
SambaMahsuri) for relativeheteross, -22.12 (CO 47/
Pusa1460) to 15.38 (TKM 11/Imp. SambaMahsuri)
for heterobeltiosisand-7.91 (ASD 16/Ajaya) t0 28.25
(TRY 2/Pusa 1460) per cent for standard heterosis.
Higher magnitude of relative heterosis was also
observed in TKM 11/Imp. SambaMahsuri, TRY 2/
IRBB 60 and TRY 2/IRBB 21; heterobeltiosisin CO
47/Ajaya, TRY 2/IRBB 60and TRY 2/IRBB 21 and
standard heterosisin TRY 2/IRBB 60, TKM 11/Pusa
1460 and TRY 2/IRBB 21 for thistrait. The hybrids
TRY 2/IRBB 60 and TRY 2/IRBB 21 produced
sgnificantly postiveheterogs, under reativeheteross,
heterobeltios sand standard heterosisfor kernd length
while TKM 11/Imp. SambaMahsuri also had good
heterotic vigour over mid parent and better parent.
Venkanna et al.(2014) reported similar positive
heterossfor thistrait.

For the trait Kernel breadth, heterosis in
negative direction isdesirable for quality rice. The
relative heterossfor kernel breadth ranged from-11.56
(ASD 16/IRBB60) to 14.48 (ASD 16/IRBB 21) per
cent; heterobeltiosisfrom-20.00 (ASD 16/Pusa1460)
t012.31 (TKM 12/IRBB 21) per cent and standard
heterosis from -2.59 (TNAU Rice ADT 49/Imp.
Samba Mahsuri) to 43.10 per cent (ASD 16/IRBB
21). Theheterotic vigour wasfound to besignificantly
negative for kernel breadth in the hybridsASD 16/

IRBB 60, TKM 12/Ajayaand ADT (R) 45/Ajayafor
relative heterosisand heterobeltiosis. Thisisin close
agreement withthefindingsof Venkannaet al.(2014).
None of the hybrids showed |esser kernd breadth than
standard check ADT 43.

Theheterotic vigour for Kernd length/breadth
ratio was from -19.49 (ASD 16/IRBB 21) to
22.69(TKM 12/IRBB 60) for relative heterosis; -
31.63(ASD 16/IRBB 21)t0 17.42 (TKM 12/IRBB
60) for heterobeltiosisand-34.24 (ASD 16/IRBB 21)
to 19.96(TRY 2/Pusa 1460) per cent for standard
heterod's. High heteratic vigour wasfoundto beexiging
inall thethreetypesof estimation for kernel length/
breadth ratio inthe hybrid TKM 12/IRBB 60 while
TKM 1V/Ajayaand TRY 2/IRBB 60 expressed highest
relative heterosisand heterobeltiosisfor kernel length/
breadth ratio. Thisisin confirmity with thefindingsof
Venkannaet al.(2014).

CONCLUSION

A study was conducted on heterosis,
yield and yield componentsinrice. Twelvelineswere
crossed with five testersin line x tester manner to
produce 60 F1.hybrids. Kadambavanasundaram
(1980) suggested that computing standard heterosis
based on best cultivar for commercial exploitation of
hybridvigour isaprimary need.For milling qudity traits,
among thetop ranking hybrids, the hybrids CO 47/
Imp. SambaMahsuri for hulling percentage (16.87 per
cent) and milling percentage (33.79 per cent), ASD
16/Ajaya (18.90 per cent) for head rice recovery
percentage, TRY 2/Pusa1460for kernel length (28.25
per cent), revealed highest standard heterotic values.
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PHENOLOGICAL TRAITS GOVERNING DROUGHT TOLERANCE AT
DIFFERENT GROWTH STAGES IN RICE
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2ICAR-National Rice Research Institute, Cuttack, Odisha — 753006
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Riceplaysasignificant role asastaplefood.
Drought stresscritically hampersriceproductionand
it can appear at any period of the crop growth stage.
Although drought at the reproductive stageismore
detrimentd, till drought at the vegetativestageisa so
adetermining factor for reproductivegrowthinrice.
During the vegetative stage, drought stressdecreases
theleaf andtiller formationthat ultimately reducesyidd
by affecting panicledevelopment (Swainet al, 2017).
However, when drought stress occurs during the
reproductive growth phase, it remarkably reducesrice
grainyield dueto abortion of ovuleand formation of
partially filled grains (Pantuwan et al, 2002). Plant
metabolismisprimarily dependent on water atusand
itismeasurethrough rel ativewater content (RWC) and
|eaf water potentia (LWP). RWC and LWParehighly
correlated with plant height, daysto flowering, panicle
length, and harvest index besidesgrainyield (Gutierrez
et al, 2010). Drought scoreand drought recovery score
are also used to measure the degree of tolerance to
oxidative damage and show lack of hydration of the
plant tissuerelated to itsRWC (Cabuday et al, 2002).
Drought decreasesrice biomassaccumulation at the
vegetative stage (Zhang et d., 2018), whichisdirectly
related tothegrainyield reduction at thereproductive
stage (Fukai et al, 1999).

Inthispresent study, twenty-one selectedrice
genotypeswere eval uated both under vegetative and
reproductive stage drought to identify suitabledonors
for abreeding programmeto devel op drought resilience
genotypes best suited for upland and drought-prone
aress.

METHODOLOGY:

Thisexperiment was conducted at National
RiceResearch Indtitute(NRRI), Cuttack, Odishaduring
thedry season of 2017 and 2018 with twenty-onerice
genotypes (including tolerant and susceptible check).
Thegenotypesweregrown inthefield condition under
well-watered (WW) and drought stress (DS)
conditionsin arandomized block design with three
replications. Thewd |-watered plot wasmantained with
nearly 5cm standing water from 30 daysof germination
tomaturity.

Vegetative stage drought stresswasimposed
by withholding irrigation for 30 dayswhen seedlings
were 30 daysold and stresswasreleased by irrigating
theexperimenta field. For reproductive stage drought,
irrigation waswithdrawn 10 daysbeforeflowering, and
surfaceirrigation was provided when soil moisture
content dropped bel ow 17% and soil moisturetension
dropped below -65kPa. The obtained data were
calculated and evaluated using Microsoft excel,
CROPSTAT ver 7.2, and XL STAT evolution 2020.1.1.

RESULTS:

The outcome of two years SES score showed
that 7 genotypeswith drought score*1’, 11 genotypes
with drought score‘3', 2 genotypeswith score‘5’ and
IR 20 had ‘7’ scorein both the seasons. After 24 hrs
of stressrelease, except IR 20 (not recovered), other
genotypesrecovered (4 genotypeswith score*1’, 11
genotypeswith score*3’, and 4 genotypeswith score
‘5’ in both the seasons. In responseto drought at the
vegetative stage, Mahamaya, Samaeswari, Poornima,
IBD-1, Safri 17, Sahabhagidhan, and N22 had higher
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LWP (> -3.50 MPa) with > 70% leaf RWC whereas
MTU1010, IR 64, and IR 20 had the lowest LWP (<
- 4.5 MPa) with lessthan 60% RWC under drought
condition. Mahamaya, N22, Samleswari,
Sahabhagidhan, and IBD1 had TDM> 0.68 t/ha
whereasthelowest value (0.48t/ha) wasfoundin |R20.

In DS condition, minimum DFFwasrecorded
inN22 (59 days) whereas maximum DFF wasfound
insusceptible check IR-20 (112 days). All genotypes
except N22 and Anjali (flowered early by 7 daysand
5 daysrespectively) delayed intheir DFFin DS as
compared to WW condition and therange of delayed
was 1 day (Danteshwari and Vandana) to 9 days (IR64
and IR-20).

The pooled data of two dry seasons showed
that grainyield suffered ameanyield lossof 62.19%
and associated reductionsin PH by 11.87%, TN by
25.72%, TDM by 54.80%, HI by 19.15%, GF% by
43.33%, and GW by 3.39% under DS as compared
to WW condition. Under DS condition, higher grain
yield wasrecorded in Mahamaya(2.42 t.hat), while
thelowest recorded in susceptible check IR20 (0.66
t.ha?). Minimum RY R was exhibited by Danteswari
(39.11%), whilemaximum RY Rwasobserved in IR20
(86.28%) under DS condition over WW condition.

HERERERE

m

Fig: 1 Dendrogram showingtherelationship amongthe 20
ricegenotypesasrevealed by Pear son cor relation coefficient
and Unweight pair group analysisbased different yield traits

:;;ﬁaﬁ

Agglomerative Cluster analysis based on
Pearson correl ation coefficient and unweighted pair
group analysisby considering grainyield and yield-
related traits classified 20 genotypes (except Safri 17),
which explained the existence of asignificant amount
of diversity among the genotypes. The4 genotypesof
Cluster IA comprises drought-sensitive genotypes
which havelonger DFF, and lowest tillersnumber, total
dry matters, grainyield, harvestindex, and grainfilling
percentage and Cluster I B consisted of 4 genotypes
which have moderateto lower tiller number, total dry
matters, and grainfilling percentage. 7 genotypes of
Clustered 1A arewith high tiller number, total dry
matter, grainyield, and grainfilling percentageindicating
drought tolerance, and 5 genotypesof cluster I1B are
characterized with moderateto lower value of DFF
and higher tomoderatevaueof plant height and harvest
index (Fig 1.).

CONCLUSION:

The present study identified that
Sahabhagidhan, Poornima, Vandana, and N22
genotypesshowed toleranceto both vegetative aswdll
as reproductive stage drought stress, and these
genotypes can be used further for the devel opment of
drought tolerant varieties suited for different growth
stagesand help to maintain stablegrainyieldinthe
drought-proneareaunder the prevailing unpredictable
climaticStudtions.

REFERENCES:

GuanY S, Serrg R, LiuSH, XuJL,Ali J; WangW S,
et a. 2010. Simultaneously improving yield
under drought stressand non-stressconditions:
A case study of rice (Oryza sativa L.).
Journal of Experimental Botany, 61(15):
4145-4156.
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Breeding drought tolerant rice for shallow
rainfed ecosystem of eastern India. Field
Crops Research, 209 (March): 168-178.
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ASSOCIATION STUDIES AMONG GRAIN QUALITY AND MICRONUTRIENT
CONTENT OF POPULAR RICE VARIETIES OF ANDHRA PRADESH

Divya Prasanna Kumari. S, Nirmala Devi. G", Lakshmi. K and Chamundeswari. N

Advanced Post Graduate Centre, ANGRAU, Lam-522034, Guntur, Andhra Pradesh, India
*Corresponding author email: nirmalalaxman2002@gmail.com

Inherent quality characteristicsrulericegran
quality. These quality traits are controlled by rice
genotype, environmental components, and traditional
practices (Kale et al., 2017). The introduction of
biofortified staple cropssuch asrice cultivarsbred for
improved mineral concentration should accomplish
prevailing nutritiona approaches. Food and nutritiona
security envisagetheidentification of ricevarietieswith
high nutritional value. Ricelineswith higher nutrient
profilesneed to beidentified so that people consuming
ricedietsare supplied with adequate minerals(Ashr af
etal., 2017). Theobjectivesof thestudy areto screen
ricevarietiesfor physicochemical characteristicsand
micronutrients (Fe, zinc), the effect of degree of
polishing on iron and zinc in polished rice, and
association of physicochemical characteristicsand
mineral (Feand Zn) contentinricevarieties

METHODOLOGY

Theexperiment materid congtituted 20 popular
rice varieties (16 released and four pre-released
vaieties) collected fromRegiond Agricultural Research
Station, Maruteru, and West Godavari District.
Observationswererecorded on seven physical quality
traitsviz., hulling %, milling %, head ricerecovery,
kernd length (mm), kerndl Breadtth, length/breadthratio
and 1000 kernd weight (g), threechemicd qudity traits
viz., amylosecontent (%), gel consistency) (mm) and
akali spreading value) five cooking quality traitsviz,
kernel length after cooking (mm), water uptake (ml),
volumeexpansonratio (VER), elongationratio (ER),
and two nutritiond traitslikeiron (Fe) (ppm), zinc (Zn)

(Ppm).

RESULTS

Chandra, Bhavapuri Sannau, Indra, Swarna,
and Samba Mahsuri among released varieties and
MTU 1210, MTU 1224 pre-released varieties
recorded high percent hulling, milling, and HRR with
intermediate amylose, ASV, soft gel and higher VER
andminimumER.

All the varieties have shown a significant
varianceof iron and zinc content at polishing levels.
Iron and zinc content were higher in brown ricethan
polished rice (5% and 10%). Inthisstudy, thevarieties
presented awide range for iron (1.9 to 22.95 ppm)
andzinc (8.22t0.34.07 ppm) among dl thevarietiesat
different polishinglevels,

Among 20 varietieseva uated, threevarieties
containinglow ironand zinc category, 11 varietiesunder
mediumiron, 12 varietiesunder medium zinc categories,
and six varieties such as MTU 1210, MTU 1224,
MTU 1262, Swarna, Sri Dhruthi, and Indraunder high
iron, fivevarietiesChandra, Swarna, SambaMahsuri,
MTU 1224, MTU 1262 were under high zinc
categories. ThreevarietiesSwarna, MTU 1224, MTU
1262, were categorized ashighiron and zinc category.

The percent |losswasmorein medium dender
grains(61.90-74.02 %) followed by long bold (64.66-
73.88%) and long dender (62.77-72.52 %) at 5% and
10% respectively for iron content, whereasfor zinc
content at 5% and 10% level the percent loss was
between 29.29-42.37% (MS), 27.69-39.58% (L S),
28.81-41.09% (L B). Percent lossfor zinc showed very
low among all grain typesthan iron. Asthe percent
polishing increased, the iron content showed a
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decreasing trend. At 10% polishing, morethan 70%

g & Srnol % IS Io = @, § 3 28 8 iron content was | ost during processing because the
NSSPo?P??c?PSPc59 %o« | ironispresentonly at therice' souter layer, whereas
— x ¥ & . . . . . .
E g § 2 &9 f,:\: g § ¢ §§| 8 8 § . zmcpollshlngcouldnotWIumce%Iosstgﬂeswch
P eSS FPFFSFTPISSPS asMTU 1224, Swarna, MTU 1262, and Sri Dhruthi
S>=8 ey I & 3 8 573, 838 had shownlesslossiniron, and Chandra, MTU 1224,
2ESS3885933539F o Vijetha, Swarnahad shown lessreductionin zinc after
o .
CEEEEEEFIIEL: poliing
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e R RNEERRERE: positivecorrelaionwith milling% (r = 0.490") and HRR
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< ’E‘ § E g § § % § g g §' observed between the characters 1000 grain weight
X=S|ToTocoFTooood and KL (r = 0.843"), KB (0.724™). KL was
% I
R % § 885 § 8 significantly and positively correlatedwith KLAC (r =
< |FeF¥TocoTro- 0.068") and ASV (r=0.028"). Negative significant
—_ N N . . . . —_
. E E o g §| @ § ge' % assoctatlon of KBwasobservedwTh L/Bratio, (r=
s|ececocoTo N 0.279"), Water Uptake (r =-0.262") and ASV (r = -
S - 0.136"). KLAC had positive significant association
> 18888884 - : tivesignifi
< |[cc?PP3 SO withER (r=0.059). ASV showed positivesignificant
% elation with water uptake (r =0.137) and KL (r
5o B & corr !
. 3 833888 - 0.028)
S . £ %3 Postiveand significant correationwerefound
° o El3 % g SE between 1000 grain weight, KL (r = 0.843"), KB (r
.g . =0.724"), KLAC (r =0.301"") and Fe (r = 0.262").
§ y g F:"’ S g % Milling¥owasdgnificantly and positively correlated with
5 |[RE[FSF S HRR (r=0.256"), KB (r =0.063™), ER (r =0.159")
5 S and Fe (r=0.096"). A significant negative correlation
g g s % % § _ was observed between the KB and Zn content of the
2 . grain (r=-0.648"). Significant positive association
5 |z g & werefound between KLAC with ER (r = 0.059°) and
z |t S| S« Zn (r = 0.008"). ASV was significantly negatively
2 |p 5 correlated with Fe (r =-0.166"") and Zn (r =-0.185™).
:}_g Sk CONCLUSION
g |2 Rice varieties such as Chandra, Indra, Sri
S ? S Dhruthi, Swarna, SambaMahsuri, MTU 1210, MTU
% . 1224, and MTU 1262 recorded intermediate amylose,
8 gg g,\,—\ _ ’g P dkai soreadingvaue, highiron, zincwhicharedesrable
j*‘.) a |2 ?EE = E g S g o £ % é for rice consumerswhile counting for abetter price
g g |38 Jog Q 8’? ; & B>5 2% 5 | withthe best quality. The correlation coefficients
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obtained inthestudy show that improving anyonetrait Phar macognosy and Phytochemistry; 6(6):
can either enhance or reduce other associated 910-916.

characters. Kale, S. J.,, Jha, S. K., PrernaNath. 2017. Effects of
REFERENCE variable steaming on chemical composition,

starch characteristics, and glycemicindex of
basmati (PusaBasmati 1121) rice, Journal of
Food Processing and Engineering. https.//
doi.org/10.1111/jfpe.12567.

Ashraf, H., Murtaza, 1., Nazir, N., Wani,A. B., Nagash
SandHusaini,A. M. 2017. Nutritiond profiling
of pigmented and scented rice genotypes of
Kashmir Himalayas, Journal of

| 236]] December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India



B A
L

1%t Indian Rice Congress - 2020 % Eldi@mm
Rice Research and Development for Achieving Sustainable Development Goals \’/ m

Theme -I: Enhancing rice productivity and quality
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ASSESSMENT OF GRAIN QUALITY, WAXY GENE POLYMORPHISMS AND
MICROSATELLITE DIVERSITY IN STICKY RICE (ORYZA SATIVA L))
CULTIVARS OF ASSAM

Somnath Roy'*, Amrita Banerjee', Nabaneeta Basak? Torit Baran Bagchi2, Nimai Prasad Mandal?,
Bhaskar Chandra Patra?, Anup Kumar Misra®®, Sanjeev Kumar Singh®¢, Ranbir Singh Rathi®®,

Arunava Pattanayak*’

1Central Rainfed Upland Rice Research Sation, ICAR-NRRI, Hazaribag-825301, Jharkhand, India
2|CAR-National Rice Research Institute, Cuttack-753006, Odisha, India
3|CAR-National Bureau of Plant Genetic Resources, Regional Sation, Umiam-793103, Meghalaya, India
4 CAR-Research Complex for NEH Region, Umiam-793103, Meghalaya, India
*Corresponding author email: somnath.roy@icar.gov.in; sroypbr@gmail.com

Sticky or glutinousriceissuchaspecia group
of rice cultivarsgrown for its culinary and cultural
importance throughout South-east Asia. It is
distinguished from non-glutinousrice by havingnoto
low (<5%) amylose and a higher quantity of
amylopectininitsstarch. A “ GlutinousRiceZone” is
distributed throughout the mountai nousregionsof the
I ndo-ChinaPeninsulacovering China, North-eastern
region of India, Bangladesh, Myanmar, Laos and
Philippines, where peopleshowed aculturd preference
for waxy starch. Inthe state of Assam, the sticky rice
is classified in two groups. bora (glutinous) and
chokuwa (semi-glutinous). The bora and chokuwa
riceshave beentraditionally classified based ontheir
stickiness after cooking (Dutta and Barua, 1978).
Thesericecultivarsare considered asaspecidlity rice
and havesocid and rligioussignificance. Riceeating
and cooking quality ismainly affected by apparent
amylose content of thegrains(Amy), gel consistency
(GC), and gdlatinization temperature (GT). Thelevels
of Amy are controlled by Wx (Waxy) gene which
encodes a GBSS1 enzyme crucial for amylose
biosynthesis. Twowildtypedldes, theindica-specific
Wx2, and the japonica specific Wx®, have been
reported to predominate at the Wi | ocus conditioning
high (22-29%) and low (12-19%) Amy, respectively.
Thelower leve of expression of theWxPalleehasbeen
showntoresult frominefficient splicing of Wiintron 1

duetoasinglenuclectidevariation at theintron 1 splice
donor site (AG(G/T)TATA). Wx allelic diversity
suggeststhat diversification occurred after divergence
of thetwo subspecies. Theobjectivesof thisstudy were
toassessthevariability ingrain quality traitsin aset of
sticky rices of Assam and study the nucleotide
polymorphisms in Wx gene to understand causal
associ ation between Wik SNPsand Amy. Phylogenetic
classification of boraand chokuwa cultivarswasaso
done based on Wi sequence and genomewide SSR
markers.
MATERIALSAND METHODS

Forty-six sticky riceaccess onscomprising of
37 boraand 9 chokuwa cultivarsof Assam, Indiawere
taken from National Genebank, India. These were
grownfor two yearsat Shillong, Meghalaya. Sixteen
granmorphologicad and qudity tratswerestudied. The
Amy of milledricekernelswere determined, and the
access onswerecl assfied asglutinousor waxy (0-5%),
very low (5-12%), low (12-20%), intermediate (20-
25%) and high (>25%) (Juliano 1992). Sequencing of
the Wx gene was performed 24 (17 bora and 7
chokuwa) ons. Overlagpping Wi fragmentswere
assembled and submitted to NCBI GenBank under
MH880989-MH881012. Further, a set of 67
accessions comprising of 28 bora, 7 chokuwa, 15
accessionsfrom North-east India, 9indica, 5 aus, and
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3 japonica genotypes were genotyped 40 SSR
markersfrom the set of 50 primerssuggested by GCP,
The gene/ microsatellite diversity indices were
caculated usng DnaSPv5.0 and PowerMarker V3.25,
respectively. Phylogenetic andysiswasdonein PAUP
v4.0a

RESULTS

Theamylose content varied considerably (CV,
64%) among thecultivars, andit ranged between 2.2%
-22.87%. Based ontheir Amy, 37 bora cultivarswere
categorized into four amylose classes. waxy, very low,
low andintermediate. TheAmy of Chokuwa cultivars
varied between 5.12-20.4%, and threeamyl ose classes
wereidentified: very low to intermediate. Theakali
digestion (AlkD) valuesvaried from 3to 7, and three
classeswere observed within both cultivar types. Most
of the sticky cultivars (65%) showed brown furrows
to brown coloured hullswith brown gpiculus (60%). A
few (17.4%) accessions showed small tolong awns.
The seed coat colour was predominantly white. Most
of therice access onshad mediumto short grainlength
and medium grain shgpe. Awning, Awn Colour, Lemma
pal eacolour and A piculuscolour showed high positive
contributionsin distribution of cultivarsin principa
component andyss. Lathing bora, Gomiri bora, Pakhari
bora, Hukani bora, Nepali chokuwa, Kankoaboraand
Kakoaborawerethe most distinct cultivarsbased on
granmorphology.

The Wx gene sequencing from 24 bora and
chokuwa cultivars revealed several nucleotide
variationsthat can explainthevariationintheamylose
phenotypes. Sixty-two segregating Steswere detected
inboraand 15 sitesin chokuwa. Fifteen substitution
and 7 indd polymorphismswerefoundintheintron 1.
Threedifferent CT_microsatellitealeles: CT , CT
and CT_,, wereidentified inthe Wx exon 1 encoding
the5 untrandated region (UTR). Theintron 1 G/T
splicedonor sitemutation (G/T-int1) wasobservedin

7 glutinousboraaccessons. Gorus kabora, Boradhan,

Jeng bora, Siloniabora, Hukani bora, Kalaboraand
Dhol bao bora. Thesecultivarscarried CT ,alelein
exon 1. Threeout of 10 glutinousboracultivarsand al
non-glutinousbora and chokuwa cultivarshad G-SNP
at the splice donor site of intron 1 and CT  or CT
dlde

The gene-tree constructed using 6 kb Wi gene
sequences of 24 sticky cultivars and 30 reference
accessonsrevea ed that the bora cultivarswith G/T-
Intl SNPwereincluded in the Japonica clade. Rest
of the bora and chokuwa cultivars showed a closer
afinity totheindicavarieties(FiglA).

Altogether, 178 alleles were detected at 40
SSRoci in 67 rice cultivarswith an average of 4.5
dleles. Average genediversity and PIC was 0.55 and
0.50, respectively. Pairwise F_ vauesshowed highly
sgnificant differentiation among thegroupsranging from
0.053 (bora vs chokuwa) to 0.354 (chokuwa vs
japonica). The bora cultivars showed lower
differentiation with indica (0.070), than with aus
(0.160). The chokuwa genotypes exhibited ahigher
degree of differentiation with bothindica, aus (F, =
0.142 and 0.188, respectively). Both bora and
chokuwa were genetically distant from thejaponicas.
Both neighbour-joining treeand PCoA revedled aclear
separation of bora and chokuwa cultivarsfrom the
japonica and distributed within theindica and aus
groups(FiglB).

CONCLUSIONS

Wide range of variation for grain amylose
content, alkali digestion and other grain parameters
exists in sticky cultivars of Assam. The glutinous
phenotypeiscommoninboracultivars, while chokuwa
cultivarsaregeneraly non-glutinouswith very low to
low amylose.

Thesticky cultivarscarried ageneral pattern
of nucleotide polymorphismsin Wx gene asreported
inAsanrice, especidly in Bangladeshi Beruincultivars.
Seven out of 10 glutinousborarice cultivarscarried

5]
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Fig. 1. Geneticdiversity of sticky ricecultivar sof Assam. A, Gene-treebased on Wx gene sequenceplaced theboraricecultivars
(bold faced) carrying G/T-Int1 SNPwithin japonicaclade; B, Neighbour-joiningtreeusing microsatellitediver sity included the
boraand chokuwa cultivar swithin indicaor indica-ausvarietal group

the G/T intron 1 splice donor Sitemutation. Rest of the
glutinousandlow amylose boraand chokuwa cultivars
carried polymorphismsintheexon4 and/ or exon 9, in
additionto SNPsandindelsinintrons5and 10 which
may affect theexpression of thegene.

The Wx gene tree placed glutinous bora
cultivarscarrying G/T-Int1 SNPinto japonica clade,
whilerest of thecultivarswereincluded inindica clade.
However, based on the genome-wide microsatellite
diversity, all the bora and chokuwa cultivars were
belonged to theindica or indica-aus varietal group.

Among the Wx polymorphisms, the CT,
microsatdliteinexon 1and G/T SNPinintron 1 (G/T-
Intl) should be considered for marker assisted
breeding involving glutinousbora cultivarsof Assam.
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KEEPING AERATION INTACT: A CRUCIAL ADAPTATION STRATEGY TO
WITHSTAND COMBINED STRESSES OF HYPOXIA AND SALINITY
IMPOSED BY SALINE WATER FLOODING IN RICE
Koushik Chakraborty™, Soham Ray'?, Kutubuddin A. Molla', Priyanka Jena', Subhankar Mondal*,
Padmini Swain?, Krishnendu Chattopadhyay* and Ramani K. Sarkar?

ICAR-National Rice Research Institute, Cuttack-753006, Odisha, INDIA
2|CAR-Indian Agricultural Research Institute, New Delhi-110012, INDIA
*Corresponding author email: koushikiari@gmail.com; koushik.chakraborty@icar.gov.in

Global climatechangeisagrimredlity which
hasaready started impacting agricultureworldwide.
Oneof itsmajor influencesis supposed to be onthe
amount and distribution of precipitation, whichinturn
have pronouncedimpact on crop production; especidly
on the rain-fed agriculture constituting 60—95% of
cultivated land in the devel oping world (Wani et al .,
2006). Coastal rice cultivation possessesan inherent
risk of sdinewater floodingwhichisintensfying further
dueto global climate change. The plant’sresponseto
fresh- and saline-water flooding seemsto be different
dueadded complexitiesof dementd toxicity of sdinity.
Flooding by seawater imposes salinity and hypoxia
smultaneoudy. Salinity tolerancegreetly dependsupon
initial acclimatization of plant cell with osmotic stress,
followed by overcoming theionic stressthroughion
exclusion and/or tissuetolerance strategy. Removal of
Na" from massflow or its compartmentalization to
vacuole helpsavoiding direct interaction of Na“ with
activecdlular partsand thusavoiding Na' cytotoxicity
(Munns and Tester, 2008). Fortunately, afew rice
genotypes, can withstand saline-water flooding which
exertscombined stressof hypoxiaand salinity. These
can contributeto agreat extent in understanding the
physiological and genetic mechanismsrequired for
conditioning toleranceto salinewater flooding. So, in
the present study wetried to find out (i) what makesa
waterlogging tolerant genotype which is capabl e of
handling hypoxiastress, susceptibleto salinewater
flooding? (ii) What are the key physiological
determinantsfor differentia toleranceresponse under

fresh- and saline-water flooding for rice?(iii) Among
hypoxiaand elemental toxicity, which oneismore
crucid for salinewater flooding toleranceinrice?

METHODOLOGY:

In order to understand the mechanistic
differencesandtheir underlying molecular regulaions,
weandysed |esf sheath transcriptomesat latevegetative
stage in two waterlogging tolerant rice genotypes,
Varshadhan (salinity susceptible) and Rashpanjor
(sdinity tolerant) which differ intermsof their tolerance
todinity. We performed compreheng vetranscriptome
analysesunder control condition (no flooding), fresh
water flooding and salinewater flooding and based on
the obtained results devel oped ahypothesisregarding
themechanism of sdinewater flooding tolerance; which
wefurther supported by providing several follow-up
anatomical, physiological and molecular evidences.
Hooding stress(bothfresh and saline) i.e. waterlogging
(freshwater flooding) and sdinity +waterlogging (sdine
water flooding with 12.0 + 0.2 dSm* NaCl) stresses
wereimposed in 45-day old plantsin cemented tanks
by maintaining thewater levd inthetanksat 45+ 5cm
for 20 days. Another set of plantswere maintained as
control.

RESULTS:

Comparativetranscriptome profiling showed
that 1489 and 1028 genesweredifferentially expressed
(DEGS) in Varshadhan and Rashpanjor, respectively
under waterlogging stress, while fewer numbers of
DEGs (748 and 840 in Varshadhan and Rashpanjor)
were recorded under combined stress. Chlorophyl|
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Fig. 1. Adaptation towater logging induced hypoxia and toler ancetofloodingwith fresh and salinewater.

fluorescence andys srevealed more pronounced effect
of combined stress on Varshadhan than Rashpanjor,
but only waterlogging didn’ t show any negativeimpact
on photosystem-11 inboth thecultivars. Early synthesis
and accumulation of ethylene eveninthe absence of
stress, up-regul ated respiratory burst oxidase homolog
(RBOH) mediated reactive oxygen speciesproduction
and consequent aerenchymaformation in Rashpanjor,
making it prepared to withstand fresh-, aswell as,
saline- water flooding. On the contrary, Varshadhan
up-regulated Sgndling for aerenchymaformation only
after encountering hypoxiaby freshwater flooding, but
under saline-water flooding, the action of
metallothionein repressed the signalling. Hence,
Varshadhan survived fresh water flooding but
succumbed to salinewater flooding.

CONCLUSION:

Thissuggestslysigenousaerenchymaformation
process might be aninnate or hypoxiastressinduced

processinrice, which could be hindered dueto dinity
depending on the genotype (Fig. 1). Moreover, we
found early preparedness to hypoxia stress, rather
elemental toxicity tolerance, providesapreferentia
advantagetowithstand sdine-water floodinginrice.
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IMPROVING BPH RESISTANCE IN RICE HYBRID RAJALAXMI THROUGH
MARKER ASSISTED BACK-CROSS BREEDING (MABB) STRATEGIES

Biswajit Sahoo', SK. Nair?,R.L. Verma? and A. K. Sarawgi?
Indira Gandhi Krishi Viswavidyalaya, Raipur-492012 (C.G.), India
2Crop Improvement Division, ICAR-NRRI, Cuttack-753006, Odisha, India
**Corresponding author email: biswajitsahoo020@gmail.com

Riceisone of the most important and staple
food crop that feed more than half of the world's
population. However, itsproductionisseverdy affected
by several biotic and abiotic stresses. About 52% of
thetota globd riceproductionislost annualy because
of thedamage caused by biotic factors, of which nearly
21% isattributed to the attack of insect pests. Brown
plant hopper (BPH) Nilaparvata lugens (Stal) isone
of the most destructive monophagousinsect caused
substantial yield lossin rice throughout Asian rice
growing countries (Normile, 2008). Thisinsect make
damage by sucking plant sap thusresultingin*“ hopper
burn” symptoms, besides, dso hdpsintranamittingvird
diseases like rice grassy stunt and ragged stunt
(Cabauatan et. al. 2009). Application of pesticidesis
the most common practice to manage BPH whichis
|esseffectiveand hazardousfor ecosystem. Moreover,
application of pesticide often leadsto aresurgence of
the pest population and affectsnatural BPH predators.
Henceinbuilt host-plant resistancewhichisfound to
beworkableisadopted for effective management of
destructivepest, BPH.

OBJECTIVES

1. Molecular characterization and
bioassay analysisof parental line and assessment of
geneaction.

2. Molecular marker aided BPH resstant
geneintrogressionin parentage of hybrid Rgaaxmi.

3. Genome recovery analysis and
assessment of suitability of improvedlines.

METHODOLOGY

The parentsof medium duration popular rice
hybrid Rgjalaxmi (CRM S 32A/B and IR 42266-23-
3R) isstacked with BPH resistant gene* BPH31' from
thedonor CR 2711-76 utilizing MABB strategy. The
populationisadvanced to BC,F, generation. Linked
SSR marker ‘RM 251" was utilized for hybridity and
foreground selection (FS) whereas 72 hypervariable
informative SSR markers distributed uniformly
throughout indicaricegenomewereutilized RPgenome
recovery in BC and segregating generation. TheBC2F2
and advance segregating generation will befixed under
speed breeding strategies (Field RGA) which
accommodatesthreegenerationsin ayear.
RESULT

TheF1sof donor (CR 2711-76) and recurrent
parent (CRM S 32B and IR42266-23-3R) were sown
in staggered and true hybridswere advanced in BC1
generation. Total 160 and 208 BC1F1 seeds of both
maintainer and restorer popul ation, respectively were
generated and evaluated. InBC1F1, 11 and 27 plants
of maintainer and retorer, repectively werefound with
hetero-alleliec of target QTL (BPH31) where3and 7
progenies (both popul ation) recovered with substantial
RP genome (73.24% and 71.81%) wereadvanced in
BC2F1. InBC2F1, total 131 and 167 plant progenies
of maintainer and restorer were evaluated, where 17
and 08 plant of maintainersand restorer, respectively
found positivefor target trait, of those 04 and 02 plant
wererecovered with >85% RP genomewere subjected
to selfing for devel opment of BC,F, population.

CONCLUSION

0]
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Fig. Severedamageby thebr own plant hopper (BPH) Sour ce:
https.//www.bighaat.com/blogskb/management-of-brown-
plant-hopper -in-paddy-crop

Inbuilt host-plant resistant is found to be
workablein enhancement of rice sustainability against
biotic and abiotic Stresses; savera desirabletraitshave
been stacked successfully in popular rice varieties/
hybrids. Genomics approach coupled with speed

breeding strategies providesmore accuracy and gain
tothisstrategy. Application of molecular markersand
smultaneous RPgenomerecovery andysisineachBC
generation hasresulted substantial RPgenomerecovery
inearly BC with enhanced accuracy. Derivativelines
would beof great usein development of BPH resistant
rice hybridsand management of most destructiverice
insect‘BPH’.
REFERENCES
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hopper Nilaparvata lugens (Stal). Plant
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IRC/TM-1/PP-105

BIOFORTIFICATION IN RICE: ACHIEVEMENTS AND WAY FORWARD TO
CONTRIBUTE IN THE NUTRITIONAL SECURITY IN INDIA

Krishnendu Chattopadhyay*, Torit Baran Bagchi, Nutan Moharana, Shuvendu Shekhar M ohapatra

|CAR-National Rice Research Institute, Cuttack, Odisha- 753006
*Corresponding author email: krishnenducrri@gmail.com

Biofortification isthebiological processby
which the nutritional quality of the food cropsis
improved. Thisrefersto the genetic enhancement of
major food crops with for grain nutrients such as
micronutrients(Fe, Zn, etc.), protein, essential amino
acids, vitamins, etc. Rice is the major caloric
supplement for two thirds of Indian populationwitha
consumption of around 220gm per day. But it is
deficientin protein (7-8%) and micronutrientssuch as
Zn (10-15 ppm) and Fe (2-3 ppm) in polished rice.
The genetic diversity in cultivated rice crops were
observed for grain protein and micronutrientsindicating
thescopeof their improvement. ICAR-NRRI initiated
programmeto improve mgor cropsincluding ricefor
nutritiond traitssuch asprotein and zinc. Theobjectives
areto genetically enhance protein and zinc content in
highyidding popular varietiesand subsequently improve
biofortified genotypesfor toleranceto bioticand abiotic
stressesfor better adaptation to climate change.

METHODOLOGY

Low-yielding landraces such asARC 10075,
ARC 10063, Chittimitiyau, Bindli, etc wereidentified
for higher grain protein and zinc contentinmilledrice.
These genotypes have been used asdonorsto improve
highyidding varietiessuch asNaveen, Swarna, MTU
1010, etc. for nutritiona traitsthrough backcrossand
bulk-pedigree breeding approaches. Calibrated NIR
spectroscopy (at NRRI) and XRF (at || RR) were used
to estimategrain protein and zinc content, respectively.
M apping population derived fromARC10075/Naveen
wasemployed to detect QTL sfor grain protein content
(Chattopadhyay et d. 2019a) Elitelineswithhighgrain
protein and zinc content have beenidentified for release

through multilocational testing (Chattopadhyay et al.
2019b). Thenutrient rich eitelinesareused infurther
improvement for bacterial blight resistanceand abiotic
stressesthrough molecular marker assisted selection.

RESULTS

ICAR-National Rice Research Institute,
Cuttack has released two high protein (10%) rice
varieties, CR Dhan 310 and CR Dhan 311 (Mukul).
First high protein (10.2%) rice variety, CR Dhan 310
wasreleased in 2016 for cultivationin Odisha, Uttar
Pradesh and MadhyaPradesh (Fig. 1a). Subsequently
Mukul (CR Dhan 311) with high protein (10.1%) and
moderately high level of zinc content (20 ppm) also
wasreleased in Odishaand notifiedin 2019 asnutrient-
rich rice variety. Both of them are in the genetic
background of cv. Naveen, awell adopted popular
ricevariety of Odishaand eastern Indiaasawholefor
irrigated ecosystem. The high protein varietieshave
been well accepted by the farmers due to their
resemblancefor grainand plant typeto recurrent parent,
Naveen. They arethevalid replacement of morethan
10yearsoldvariety, Naveenfor irrigated ecosystem.
Therapid detection technique has been standardized
for differentiating Naveen with its high-protein
counterpart.Higher content of glutelin and someof the
essential amino acidssuch asLysinewasfoundinhigh
proteinlineswith quantitativetrait|oci (QTL) for grain
protein content, gGPC1.1 (Chattopadhyay et al.
2019a). High protein lines (CR 2830-PLS-17, CR
2830-PL S-156) inthebackground of the high yielding
variety, Svarna(MTU 7029) werefound promisingin
nationd and Sateleve multilocationd testing. CR Dhan
315 (IET 27179: CR 2826-1-1-2-4B-2-1) was

|
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Fig. 1. Biofortified ricevarietiesa. CR Dhan 310 (IET 24780) with high protein (10.2%) and b. CR Dhan 315 (IET 27179) with

high zinc (25 ppm) developed at | CAR-NRRI, Cuttack

identified for release by VICin 2020 for the states of
Gujarat and Maharastraasbiofortifiedhigh zincrice
variety (Fig. 1b). It containsaverage24.9 ppmzincin
milledriceinzone V1. It hasmedium duration (125-
135 days), semi-dwarf plant type (110 cm) with
medium slender grain and good grain quality. It is
suitablefor irrigated and favorable shallow rainfed
ecology. National averageof grainyield of thisvariety
is5054 kg/ha.

For further improvement of high protein Swarna
lines(CR 2830-PLS-17, CR 2830-PL S-156) crosses
have been generated using donor for bacterial blight
resistance genes(CR Dhan 800) and submergenceand
drought tolerant donors (CR Dhan 802). The
population are genotyped using gene based mol ecular
markers and phenotyped for grain protein content.
Phenotyping for al other traitswill bedone.

CONCLUSION

Ricebased food and feed industry isgrowing
very fast. High proteinand high zincricevarietiescan
sgnificantly contributein thisindustry. Higher support
pricefor growersand subsidy for mid-day meal rice
arerequiredto give benefitsboth the poor rice-farmers
and our underprivileged childreninvillagesof India.
Highyiddingricevarietieswith high nutritional values

devel oped through biof orti cation breeding intervention
havesignificant potentiality to contributetowardsthe
better nourishment of millions of poor who depend
mainly onricefor their nutritionand asoinimproving
theeconomicleve of thefarming community. Improved
biofortifed elite lines for biotic and abiotic stress
tolerance devel oped through combination of classical
and molecular breeding approacheshave potentiality
to contributein stabilizing the sustainable growth and
development inrice based rural economy.
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IRC/TM-1/PP-106

GENE ACTION STUDIES FOR ANAEROBIC GERMINATION TRAITS IN
RICE (ORYZA SATIVA L))

K. Sudeepthi*?, T. Srinivas?, B.N.V.S.R Ravi Kumar?, J. Dayal Prasad Babu® and Sk. Nafeez Umar*

Regional Agricultural Research Sation, Maruteru, West Godavari-534 122, AP, India
*Corresponding author email: sudeethisep3@gmail.com

Flooding during germination or submergence
of riceseed during germinationiscommonly observed
inregionswheredirect seedingispracticed leading to
tremendous loss, as rice is extremely sensitive to
anaerobic (anoxia / hypoxia) conditions during
germination and early growth of embryo. Anaerobic
germinationtoleranceisaquantitativetrait whichis
controlled by multiple genes. Prior knowledge about
therelativemagnitude of different kindsof genesand
an understanding of the mode of inheritance of this
complex quantitative character enablesthe breeder to
designthebreeding Srategiesfor devel oping anaerobic
germinationtolerant varieties.

OBJECTIVES

To understand the additive, dominance and
epistatic gene actionsinvolved in the expression of
anaerobic germination tolerancetraits.

METHODOLOGY

Four anaerobic germination susceptible and
highyidding genotypesweresd ected asfemdeparents
(MTU 1010, MTU 1156, SM 10 and SM 14) and
oneanaerobic germination tolerant line, MTU 1140
was selected as male parent and hybridization was
performed to generatefour crossesduring kharif 2017
at Regional Agricultural Research Station, Maruteru.
Six populations(P,, P, F,, F,, BC, and BC,) of these
four crosseswere eva uated for anaerobic germination
tolerance asdetailed by Reddy et al. (2015) using pro-
tray method during 2019. Threedayspre-germinated
seedsat pigeon breast stage of thesix generations (P,
P, F,, F,, BC and BC) of the four crosses, were
sownin pro-trays (35.5x 10 x 4.5cm) at about 1cm
soil depth and submerged in concrete water tanks by
filling water upto 10cm abovethetrays. Water leve in
the tanks was maintained at that depth for 14 days

(Figure1 and 2). Thetrays were removed from the
concretetanksafter 14 daysof submergenceand data
on anaerobic germination tolerancetraitswas collected
for al thegenerationsof each crossin each replication.
The experiment was conducted in completely
randomized design (CRD) with two replications. For
eachreplication, 5 seedsweresownfor P, P,and F,
of each cross, while 10 seedswere sownfor BC, and
BC, generations of each cross per replication.
However, 40 seeds were sown for F, generation of
each crossper replication. Observationswererecorded
for five anaerobic germination tolerancetraitsnamely
germination (%), shoot length (cm), root length (%),
seedling dry weight (mg) and seedling vigour index.
Themeansand variance of meansfor fivequantitative
traitswere computed for each generation of thefour
crosses. To confirm the adequacy of smpleadditive-
dominance model and al so to detect the presence of
epistasisMather’ sscaling test (1949) was applied.

RESULTSAND CONCLUSIONS

A perusal of the results indicated that
dominanceeffects(h), had exceeded the corresponding
additive effectsin almost all the crosses, for all the
anaerobic germinationtolerancetraitsstudied. Presence
of duplicate type of epistasis, asinferred from the
opposite signs noticed for dominance (h) and
dominance x dominance (1) effects in most of the
crossesfor mogt of thetraitsconfirmed the prevalence
of dominance (h) effects. Thisindicated apredominant
roleof non-additive gene effectsin theinheritance of
various anaerobic germination tolerance traits and
hence, theneed for their exploitation through heterosis
breeding. Pre-ponderant dominance (h) effectsfor root
length and seedling dry weight werereported. Further,
pre-ponderance of non-additive gene action for

o]
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Table1Typeof epistasisexhibited by four crossesfor various
anaer obic germination traits

Cross combination Epistasis
Germination per cent
C,=MTU 1010/ MTU 1140 Duplicate
C,=MTU 1156/ MTU 1140 Duplicate
C,=SM 10/MTU 1140 Duplicate
C4=SM 14/ MTU 1140 Duplicate
Shoot length
C1=MTU 1010/ MTU 1140 Duplicate
C2=MTU 1156/ MTU 1140 Duplicate
C3=SM 10/MTU 1140 Duplicate
C4=SM 14/ MTU 1140 Duplicate
Root length
C,=MTU 1010/ MTU 1140 Duplicate
C,=MTU 1156/ MTU 1140 Duplicate
C,=SM 10/MTU 1140 Duplicate
C4=SM 14/ MTU 1140 Duplicate
Seedling dry weight
C,=MTU 1010/ MTU 1140 Duplicate
C,=MTU 1156/ MTU 1140 Duplicate
C,=SM 10/MTU 1140 Duplicate
C4=SM 14/MTU 1140 Complementary
Seedling vigour index
C,=MTU 1010/ MTU 1140 Duplicate
C,=MTU 1156/ MTU 1140 Duplicate
C,=SM 10/MTU 1140 Duplicate
C4=SM 14/ MTU 1140 Duplicate
Anaerobic response index
C,=MTU 1010/ MTU 1140 —
C,=MTU 1156/ MTU 1140 Duplicate
C,=SM 10/MTU 1140 Complementary
C4=SM 14/MTU 1140 Complementary

Fig:1Pro-traysused in thestudy.

Fig: 2 Submerged pro traysin concrete tanksfilled with
water.

germination percentage, shoot length and seedlingvigour
index wasa so reported. Theseresultsarein conformity
with Srilakshmi (2017). The oppositesign of (h) and
(1) noticed for most of the anaerobic germination
tolerancetraitsin mgority of thecrossesindicated the
roleof duplicatetypeof epistasis(Table 1), whichcan
be effectively utilized in pedigree method by delaying
thesdlectionstolater generations, when thedominance
effect isdiss pated and a so by emphasison multiple
crossesrather than smple crossesto make better use
of theduplicate epistasis. Theinformation on genetics
of anaerobic germination tolerance contributing traits
will further aid plant breedersin the selection of breeding
programmefor improvement of AG tolerancetraitsin
rice.
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IRC/TM-1PP-107

TEMPERATURE INDUCTION RESPONSE: A HIGH THROUGHPUT
SCREENING TECHNIQUE TO DISSECT THE GENETIC VARIABILITY IN
ACQUIRED THERMOTOLERANCE OF RICE GENOTYPES

Prashantkumar. S. Hanjagi*, Sushma. M. Awaji, M. J. Baigand Padmini Swain

|CAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author e-mail: psh7160@gmail.com

World agricultureisfacing mgor challengesto
ensureglobal food security, posed by severa abiotic
stressesunder the changing climate scenario. Extreme
climatic changes like drought, high temperature,
flooding, or rising sealevelsconstrain rice production,
affecting about onethird of the 700 millionpoorinAsa
adonewholiveinrainfedrice-growing aress. Intheface
of these challenges, rice production needs to be
maintained and improved using fewer input resources.
Ricecultivation hastobeintensifiedinrainfed-lowland,
dry land (upland) cropping systemsand margind lands,
many of which are prone to drought and high
temperature stresses. Climate change may aggravate
thisprobleminthefuturedueto ahigher probability of
higher growing-season temperatures (Battisti and
Naylor 2009). Under future climatic scenarios, ricewill
be exposed more frequently to episodes of drought
and high temperature, as well as increasing mean
temperatures. Todleviatethisthreat, itisnecessary to
improvetheadaptability of ricegeneticaly to copewith
thewarming climates. Associ ation between adaptability
of crop plants to high temperature stress and heat
acclimation has been reported (Chen et al. 1982).
However, the genetic basis for heat tolerance or
adaptability to heat stressinriceispoorly understood
(Linetal. 2014). Heat acclimationisaphysiologica
response manifested in the acquired thermo-tolerance
of organisms or cells to lethal high temperatures
following exposureto amoderate heat stresscondition.
One of the approachesto improve thermo-tolerance
istotransfer superior dldesfromintrinscaly thermo-
tolerant wild relatives. A large number of genetic
vaidionsexig forintrindctoleranceamongthevarieties

and landracesof rice. Itisimportant to develop arapid
and reliable lab protocol that allows simultaneous
screening of large number of genotypes. Temperature
induction response (TIR) hasbeen used asascreening
techniquetoidentify hightemperaturetolerant cotton
lines(Khier et a. 2012). The present study, therefore,
was planned to assess the genetic variability of the
widely grown rice genotypes and land races using
temperatureinduction response (TIR) toidentify more
sourcesfor toleranceat cellular level (TCL).

METHODOLOGY:

The present research work was conducted in
the Crop Physiology and Biochemigtry Division, ICAR-
Nationd Rice Research Ingtitute, Cuttack, during 2019-
20. 96 NRRI released varietieswere used in the study.
A novel technique of TIR that was to screen rice
genotypesfor toleranceat cellular level (Fig1). The
young seedlings were initially exposed to a mild
temperature (sub lethal stress) following which, the
seedlingswereexposedtorel aively ahightemperature
for aspecific period of time. The per cent survival of
seedlings and recovery growth of seedlings when
transferred back to norma temperaturewasdetermined
as a measure of tolerance. Based on the absolute
growth of control aswell astreated seedlings, the per
cent reduction in recovery growth (% RRG) was
determined.

RRG (%) ={AGC-RGI}/AGC

Where,

AGC=Absolutegrowth of control seedlings
RGI= Recovery Growth of Induced seedlings

205
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Fig 1. Screciulng of twao day ald doe germplase lines for ioleranee @l eellular level (TOL) uslag TIR 1echalygsc

RESULTS:

The genotypes showed significant genetic
variability inparameterslinked withintrindctolerance.
The per cent reductionin recovery growth varied from
45 per cent in N22 to 100 per cent in Moroberekan
and other nineteen genotypes, with amean of 78.9 per
cent (Table 1). Genotypes such as Padmini,
Sahbhagidhan, N22, LunaBarid, CRDHAN 201And
LunaSankhi recorded thehighestintringictolerancein
termsof lowest reductioninrecovery growth. Onthe
other hand, Rajalaxmi and other fifteen genotypes
recorded thelowest intrinsic tolerance. Similarly, the
per cent mortdity whichisanindication of survivability
of seedlingsunder lethal temperature exhibited large
variability ranging from0.0to 100 per cent. Theresults
therefore clearly indicated the existence of wideand
sgnificant genetic variability for cdlular leve tolerance
inricegenotypes. When the seedlingswerenot induced
(non-acclimatized), the seedling mortality wasa most
100 per cent. However, wheninductionwasgiven, the

Table 1: Variability in intrinsic tolerance among rice
genotypes

Parameters Mean Minimum Maximum
AGC 723 356 1331

RG 127 057 216
%RRG 789 4 100

% Survival of theseedlings 5048 0 100

AGC- absolute growth of control, RGI- Recovery growth of
induced and % RRG Percent reduction in recovery growth

majority of the genotypesexhibited morethan 75 per
cent survival. Thisagain reiteratestheimportance of
inductionfor surviva of seedlingsbeforetheir exposure
to lethal stress. The results clearly indicated the
existence of wide genetic variability in various
parametersassociated with TCL. Based onthe %RRG
Padmini, Sattari, CR DHAN 501, N22, Lunabarial,
Pooja, CR DHAN 201, and Luna Sankhi were
identified asthetolerant genotypesfor hightemperature
stress. It isexpected that the genotypeswhich have
higher intrinsictoleranceregister better growth during
recovery. Theactua recovery growth of the seedlings
after exposureto lethal temperature was al so assessed.
Theactud growth of seedling wasarrived by computing
thedifference betweenfinal andinitial growth of the
seedling in both induced and absolute control
treatments. The genotypes with superior intrinsic
tolerance can be expected to actively respond to the
induction treatment and grow during recovery period.
Therefore, thedifferenceinactud growthintheseedling
between induced and absolute control treatmentisa
good measure of thermotol erance.

CONCLUSION:

From the study it can be concluded that TIR
techniqueisan easy and rapid screening protocol to
identify geneticvariability under hightemperaturestress
in rice within a short time period. Thisis a high-
throughput screening technique that is suitable for
screening large number of genotypeswithin short period
of time.
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PHENOTYPIC AND MOLECULAR ANALYSIS OF BACTERIAL BLIGHT
RESISTANCE IN RICE CULTIVARS FROM EASTERN AND
NORTHEASTERN INDIA
Amrita Banerjee”, Somnath Roy?, Manas Kumar Bag?, Someswar Bhagat?, Meera K. Kar?, N.P.
Mandal?, Arup K. Mukherjee? and Dipankar Maiti*

!Central Rainfed Upland Rice Research Sation, ICAR-NRRI, Hazaribag-825301, Jharkhand, India
2| CAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author e-mail: amrita.banerjee@icar.gov.in, amrita.ars@gmail.com

Bacterial blight (BB) of rice, caused by
Xanthomonas oryzae pv. oryzae (X00), is found
worldwideandisparticularly destructiveinAsiaduring
monsoon season. Development of resistant cultivars
by incorporating mgor resistance (R) genes(s) hasbeen
proved to bethe most effective strategy to control BB.
The knowledge of the Xoo pathotype diversity is
essential for the selection of R genesthat could be
deployed infuturebreeding programmes. Withtheever-
evolving pathogensand changing climate patterns, itis
now essential to know the status of the resistance
gene(s), to expand genetic resourceswith novel BB
resistance genes, to deploy and pyramid them in
breeding programs for durable resistance to Xoo.
Therefore, the present study wascarried out to identify
BB resistance genes deployed/selected through
systematic rice breeding programmes and by natural
selectioninricegermplasm of eastern and northeastern
(NE) India
METHODOLOGY

Two hundred and thirty-fiverice germplasm
including 95 NRRI released varieties, 115 landraces
fromeasternand NE India, 24 Xa/xadifferential lines
(IRBBSs) and the susceptible check (IR24) weregrown
in the NRRI field during the wet season (July—
November 2016). For eval uation against BB-Cuttack
(Odisha) isolate, the plants were inoculated with
pathogeninoculumthrough leaf clipping method. Five
fully expanded uppermost leavesfrom five plants of
each entry wereclip inoculated at around six weeks

after trangplanting (i.e. at themaximumtillering sage).
Thelesionlengthswererecorded after threeweekson
asingleleaf from each of thefiveinoculated plants.
Based on the lesions on the inoculated |eaves, the
germplasmswere scored onascaleof 0-9 (SES, 2013)
and were categorized asresistant (0-3), moderately
resistant (3.01-6) and susceptible (6.01-9). A subset
of 70riceaccessions(released variety: 40; landrace:
30) comprisingresistant (35), moderately resistant (21)
and susceptible (14) genotypesweresurveyed for ten
major R genes (Xal, Xa3, Xa4, xab, Xa7, xa8, Xal0,
Xall, xal3 and Xa21) using atotal of 14 reported
molecular markers. Microsoft Excel wasused to work
out the averages and standard deviations of disease
scoresand to prepare the graphs.

RESULTS

Pathotyping:

The pathotyping of BB-Cuttack was done
based on the disease reaction pattern on twelve
monogenic differentids. Thenear-isogeniclines(NILS)
possessing Xa7, xa8, Xall, and Xa21 showed
resistance against BB-Cuttack, while Xa3 and the
susceptible check |R24 showed susceptible reaction.
However, the present isolate exhibited amoderatelevel
of incompatibility with Xad, xab, Xal0, xal3, Xal4,
and Xa23. The pyramided lines harbouring Xa21 and
Xa7 showed resstant reactions. Interestingly, IRBB52
(Xad+Xa21) exhibited moderate resistance response,
whiletheNIL (IRBB21) carrying Xa21 wasresistant.
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Fig. 1. Screening of riceger mplasm for resistanceto bacterial blight. a, Percentageof bacterlaJ bllght resistant, moder ately
resistant and susceptible genotypesunder 95 varietiesand 115 landraces; b, Frequency of released varietiesand landraces

under each category of R genes

IRBB53 carrying xab and xal3 was resistant even
though the NILs carrying xa5 and xal3 were
moderately resistant to the pathogen. The present
isolate somewhat matcheswith therace 1 of previoudy
reported Cuttack isolate (Mondd et d., 2014) showing
similar diseasereaction for xab, xa8, Xal0, Xall, and
Xa2l. However, itsreaction to Xal, Xa3, Xa4, Xa7,
xal3, and Xal4 wasdifferent. In another study, ten
different pathotypeshave been reported within 152 BB
isolates collected from Odisha(Mishraet a., 2013).
Thepresent BB isolatelargely matchesthe pathotype
X inincompatiblereaction with Xa7, xa8, Xall and
Xa21 and partidly incompatiblereactionwith Xal, xab,
and xal3. But it differsfrom the pathotype X inthe
reaction with Xa3 and Xa4 which were categorized as
incompatible(Mishraet d., 2013). xab and xal3aone
were moderately resistant to the present isolate.
However, when combined, these genes showed
quantitative complementation and wereresistant tothe
pathogen.

Phenotyping:

Thereleased varieties were phenotypically
categorizedintoresstant (29), moderately resstant (42)
and susceptible (24) (Fig.1a). Varietiessuch as|R64-
Subl, CR Dhan 601, Satyakrishna, Swarna-Subl, CR
DHan 505, Kalyani Il, Moti, Nua Chinikamini,
Improved Tapaswini, Varshadhan, CR Dhan 300,

Jalamani, Khitish, Pyari, CR Dhan 701, Gayaitri,
Kalinga-Ill, Nua Dhusara, Nua Kalgjeera, Prrona
bhog, Naveen, Nedla, etc. werefound to be resistant
to BB-Cuttack (Score: 1-3). Out of 155ricelandraces,
only 8 (7%) cultivarswereres stant, while 60% of the
landraces were susceptibleto BB-Cuttack (Fig. 1a).
Resistant landraces were ‘Kalgjeera, ‘Kasaath’
(ARC6000), ‘Rudra ahu’” (ARC5801), ARC5774,
ARC5791, ‘ Pani Kekoa and‘Murgi Badam’.

Genotyping:

Based on marker assay, Xal wasdetectedin
27 out of 70 rice accessions, followed by Xa7 (19
acc.), Xa4 (14 acc.), Xal0 (13 acc.), Xa3 (11 acc.)
and Xall (10 acc) (Fig. 1b). xa5, xal3 and Xa21
werenot recorded in any of therice access onsexcept,
IR64-Subl and Improved Tapaswini. Although CR
Dhan505found negativefor dl thesurveyed resstance
genes, it showed resstanceto BB. Theresistancegene
xaB has been reported to be effective against east
Indian BB pathotypes(Mishraet al., 2013; Monddl et
a., 2014). We dso found that xa8 is completely
resistant to the present BB isolate. However, none of
the used markers were polymorphic between xa8-
positiveand negative controls.

CONCLUSION

The current findings and the available
information on thedistribution of BB racesin eastern
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and NE Indiaindicated that Xal, Xa7, and Xall have
frequently been selected in breeding programmes, and
thefrequency of xab, xa8, xal3 and Xa21 should be
increased in the released varieties in different
combinationsto achievedurableresstance.
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COMBINING ABILITY AND HETEROSIS STUDIES FOR GRAIN YIELD AND
ITS COMPONENTS IN RICE (ORYZA SATIVA L))
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IRice Research Centre, ARI, PJTSAU, Hyderabad-500030, Telangana, India
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Riceisoneof themost important food crops
intheworld, epecidly inAgan countries. Itisestimated
that by 2035, global demand for ricewill increaseto
852 million tons; however, records show that annual
yield growth was near to 1% in the past decade. Given
thelimited resourcescurrently identified, along with
various environmental constraints, such as pest,
diseasesand unfavorable farming conditions, demand
for sustainablewaystoincreasericeproductionremans
an enormous challenge (Gramaje 2020). Hybridrice
technology offersthemost effective solutionto enhance
yield for sustainablerice cultivation. Thetechnology
revol utionized thericefarming through boostingtheyied
from 35to 40 g/hafrom straight varietiesof riceto the
tune of 65to 70 g/hainrice hybrids. For generating
promising hybrids, selection of desirable parentsand
sudyingthecombining ability of themtoderiveheteratic
crossesisvery much desired. Keeping theimportance
of the aspect, present study was carried out to know
thecombining ability of parentd linesand magnitude of
heterosisobtained for grainyield and important yield
attributes.

METHODOLOGY

The experiment was conducted at Rice
Research Center of Agricultural Research Institute,
Hyderabad, Telangana, India. During rabi, 2018-19,
10restorer linesand 3 stable CM Slineswere sown
and planted in three different staggered sowingsand
affected crossesinlinex tester mating designto obtain
30hybrids. These 30 hybridsaongwiththeir 13 parents
and two checks (27P63 and MTU 1001) weregrown
inasinglerow of 4mlengthwith 2 replicationsinRBD

by adopting a spacing of 20 x 15 cm during kharif,
2019. Observationswererecorded on fiverandomly
selected plantsfor estimation of different traitsviz, plant
height (cm), effectivebearingtillers, panicdelength (cm),
spikelet fertility (%) and number of grainsper panicle.
However, daysto 50% flowering and grainyield (kg/
plot) was recorded on awhole plot basis (plot size
5.67 sg. m), whereas, test weight (g) wererecorded
on arandom sampletakenin each plot. The character
means of each replication was subjected for analysis
of variance, combining ability and estimated the
heterosisusing standard stati stical methods.

RESULTS

Analysis of variance revealed significant
differenceamonglines, testersand hybridsfor mgority
of thetraitsindicating sufficient varigbility inthemateria
sudied. Theper seperformanceof thehybridsfor most
of thetraitswashigher thanthat of parents. Thehybrids
CMS59A x HHZ 5-Y3-Y1-Y2, CMS59A x WGL
14, MS13A X HHZ 5-Y3-Y1-Y2,CMS59A x IR
10N 230, IMS 13A x RP5980-109-12-9-27, CMS
59A x RP 5980-109-12-9-27, IMS 13A x RNR
19361, CMS46A x WGL 347 and CMS59A x WGL
347 had recorded better per se performancefor most
of theyieldatributingtraits. Inthe present investigation,
the degree of dominancewas morethan unity for the
traitsviz, effectivebearing tillersand spikel et fertility
indicating the predominance of non-additive gene
action, whiledaysto 50 per cent flowering, plant height,
paniclelength, test weight number of grainsper panicle
and grainyield per plant werefound to be governed
by additive gene action. Two lines, HHZ 5-Y 3-Y 1-
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Y2 and RP 5980-109-12-9-27 and a tester CMS
59Arecorded significant positivegca effect for grain
yield per plant. The gcaeffectsrevealed that among
thelines HHZ 5-Y 3-Y 1-Y 2 had 9 gnificant gca effects
inthedesired direction for important traitsviz., grain
yield per plant, paniclelength and test weight, whereas
thelineRP5980-109-12-9-27wasfound good for grain
yield per plant and spikelet fertility. Among thetesters,
CMS59A wasidentified asgood general combiners
forthetraitsviz, grainyield per plant and earliness. In
the present study, the effectivenessof choiceof parents
based on mean performancea onewasnot appropriate
for predicting thecombining ability of theparents, hence
itwasclearly observedin somecasesthat thelinesand
testerswith good mean performance have not been
good general combiners and vice versa, thus the
association between mean performance and GCA
effects was evident. Similar findings were earlier
reported by Manjunath et al. (2020).
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The sca effects revealed that among thirty
hybrids, IMS13A x RNR 19361 wasrecorded highest
sgnificant positive sca effect for grainyield per plant
followed by CMS 59A x SYE 503-78-34-2, CMS
46A x WGL 347 and IMS 13A x RP5980-109-12-
9-27and found to be desirable. Two hybridsexhibited
sgnificant and negative sca effectsfor daystoflowering
CMS 59A x WGL 32100and JMS 13A x MTU
1001and were considered to be highly desirablefor
earliness.JMS 13A x RNR 19361 was found to be
good specific combiner for grainyield per plant and
spikelet fertility.Further three hybridsviz,CM S59A x
SYE503-78-34-2, CMS46A x WGL 347 and IMS
13A x RP5980-109-12-9-27were found to be good
specific combiner for grainyield and mgjority of yield
atributingtraits.

Heterosis studies showed that the

heterobeltiosisover better parent ranged from 1.87 to
69.63 % for grainyield. Twenty two hybrids showed
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Performance of top seven hybrids for grain yield per plot (kg) in rice
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significant positive heterosis for thistrait. Highest
significant positive heterobeltiosiswas recorded by
CMS59A x IR 10 N 230, CMS 59A x RP 5980-
109-12-9-27, CMS 59A x WGL 14, CMS 59A x
WGL 823, CMS59A x HHZ 5-Y3-Y1-Y2, CMS
59A x SY E 503-78-34-2, CMS46A x WGL 32100,
CMS 46A x RP 5980-109-12-9-27, CMS 59A X
MTU 1001 and CMS 59A x WGL 32100. For
standard heterosis, over variety (MTU 1001) ten
hybridswererecorded positive significant heterosis.
Highest significant positive standard heterosiswas
recorded for CMS59A x HHZ 5-Y 3-Y 1-Y 2followed
by CMS 59A x WGL 14,JMS 13A x HHZ 5-Y 3-
Y1-Y2,CMS59A x IR 10 N 230,JMS 13A x RP
5980-109-12-9-27,CMS 59A x RP 5980-109-12-
9-27, IMS 13A x RNR 19361, CMS 46A x WGL
347, CMS59A x WGL 347 and CM S 46A x WGL
32100.

CONCLUSIONS

Thisstudy concluded that two lines, HHZ 5-
Y 3-Y1-Y2 and RP 5980-109-12-9-27 and a tester
CM S59Arecorded significant positive gca effect for

grainyield per plant. Threehybridsviz., CMS59A x
SYE 503-78-34-2, CMS46A x WGL 347 and IMS
13A x RP5980-109-12-9-27were found to be good
specific combiner for grainyield and mgjority of yield
attributing traits. Two hybrids, CMS 59A x HHZ 5-
Y3-Y1-Y2and CMS59A x WGL 14 wererecorded
positive significant heterosisover the standard hybrid
check (27 P63). Among thetest hybrids, CMS59A x
HHZ 5-Y3-Y1-Y2and CMS 59A x WGL 14were
identified as potential hybridsfor most of thetraits
studied based ontheir per seperformanceand heterosis
esimates.
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BIOCHEMICAL RESPONSE OF RICE (ORYZA SATIVA L.) TOWARDS SALT
STRESS
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Amongst al abiotic stresses, soil sdinityisone
of the main factors limiting the crop production
throughout therice growing countries. Inthisstudy we
evaluated theeffectsof different levelsof st Stressat
various growth stagesin contrasting rice varietieson
enzymatic antioxidant defence system. Ricevarieties,
CSR 43 (st tolerant) and Pusa44 (st sengitive) were
evaluated at three stages (seedling, 50% flowering and
milky) of plant devel opment under four levelsof salt
stress(0, 4, 812 dSYm). Thebasal level of antioxidant
enzymes SOD, POX and GR wasfound to be higher
intolerant variety ascompared to sensitive variety.
Increaseinsalinity from0to 12dSmledto 2.25- and
1.86-fold increasein SOD activity during theseedling
stage of CSR 43 and Pusa44, respectively. Maximum
activity of POX was observed at seedling stage,

followed by 50%floweringand milky stage. Theactivity
of catalase (CAT) and ascorbate peroxidase (APX)
wasfound to besignificantly affected by the stage of
devel opment of the plant. GR activity increased 1.85-
, 2.09- and 2.37-fold at seedling, 50% flowering and
milky stagewithincreasein sdinity level from0to 12
dS/min CSR 43. While a decrease of 1.60-, 1.76-
and 3.23-fold was observed in Pusa 44. The
upregulation of APX during seedling stage, CAT a 50%
flowering stage and SOD at milky stage of plant
development were observed. Thus, the activity of
antioxidant enzymesvaried with variety, devel opmentd
stage and level of salt stress. The higher activity of
antioxidant enzymesin tolerant variety asopposed to
sensitivevariety enabled it to overcomethe damage
caused by sdlinity at all developmenta stages.
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RESTRICTING SODIUM OR ENHANCING POTASSIUM UPTAKE IS VITAL
FOR SURVIVAL UNDER SALT-STRESS AND IMPACT OF OTHER
TOLERANCE MECHANISMS IN RICE CULTIVARS WHICH DIFFER IN
SALT-SENSITIVITY

Anuprita Ray, Arup Kumar Mukherjee and Ramani Kumar Sarkar*

ICAR-National Rice Research Institute-753006, Odisha, India
*Corresponding author e-mail: anuprita.mamoon@gmail.com

Riceimpliessevera techniquesto encounter
sdt gtress. Cultivarspossessng variousskillsi.e. better
Na' exclusonwith greater Na" sequestrationion ability
inolder tissuesand moderately tissuetol erance capacity
could be useful in developing superior salt tolerant
varieties. Diverse cultivars possessing more than one
tolerance mechanisms are highly valuable in crop
Improvement.

The objectives of the present study wereto
check the existence of different salt tolerance
mechanisms in twenty four rice cultivars and
characterization of physologicd parametersinimparting
sat-stressinrice.

METHODOLOGY

The study was conducted in two consecutive
years of 2014 and 2015 at different rice growing
seasonsat National Rice Research Ingtitute, Cuttack,
India. Twenty four rice cultivars comprising Pokkali
(Accession No. AC39416A) and FL478-highly
tolerant to salinity (Singh & Sarkar 2014), IR29-
susceptibleto salinity and twenty one other cultivars
collected from coastdl sdinebdt of eastern Indiawere
included inthe present study.

Rapid screening techniquefor eval uation of
responsesof thecultivarsto salinity stressat seedling
stagewasfollowed (Gregorioet al. 1997; Sarkar et
al. 2013).

L eaf toleaf compartmentation: The plant
wasgrown up to 22 daysin norma Yoshida sculture
solution, theresfter sdinity trestment wasimpaosed with

NaCl (EC 12 dSm'?). Leaf sampleswere collected
after 1, 2, 3and 4 daysafter salinetreatment. At each
harvest, the 2™, 3 and 4" |leaf of eachindividual plant
was excised, oven dried @ 70°C for 3 days and
estimated for Na" and K* content. The parameter
evaluated wastheincreasein Na" quantity inleaf 4
between two harvestsdivided by theincreasein Na
quantity inleaf 3 during the same period as per the
followingformulae,

Sodium compartmentation (C, ) ={(Sodium
contentinleaf 4atday 4 Sodiumcontentinleaf 4
day 3) / (Sodium content inleaf 3 at day 4 Sodium
contentinleaf 3day 3)}

Tissuetolerance: After 14 daysof growthin
normal Yoshida'sculture solution, the seedlingswere
treated under different concentrations of salt. All
together four different levelsof sdinity treetmentswere
applied (i.e. ECO0, 6, 12 and 18 dSm?). Samplings
were donewhen aparticular variety at EC 18dSm?
exhibited the score of 7 (i.e. complete cessation of
growth; most leavesdry; someplantsdying). Youngest
fully grownleaf fromtop (2™ fromtop) wereharvested,
and used for Tissuetoleranceanayss.

To estimatethe Na" concentration associated
with differing degreesof chlorophyll loss, thefollowing
procedure was adapted.

l. For each variety, the leaf datawere
segregated into class interval according to their
chlorophyll content.
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Il. Then the Na* concentrations of all
leaves falling in that chlorophyll class were then
averaged.

. TheLC_ for Na', aparaphrase of the
LD,, of toxicology, is defined as the mean Na
concentrationinindividud leavesfdlinginto the40-60
% class. The correlation coefficientsand regression
equationsweredrawn for each variety, which hel ped
incaculatingtheLC, values.

The chlorophyll was measured
spectrophotometrically (Model SL 159, Elico,
Hyderabad) by taking O.D at 663.6 and 646.6 nm
following Sarkar et al. (2013).

For Naand K estimation, 50 mg of dried plant
materialswere placed in 25mL test tubesand tissue
extraction wasdonewith 1.0N HCI. Plant tissueswith
5mL 1IN HCl washeated in awater bath at 90 °C for
two hours. The extract was kept at 30 °C for 48 h.
Theextracted tissuewasthen diluted with distilled water
and |eft overnight. The extract wasfiltered by using
Whatman #40 filter paper (Wipro GE Healthcare,
Mumbai, India). Sodium and potass um contentsinthe
tissue extracts were determined by using Flame
Photometer (Model 130, Systronics India Ltd,
Ahmedabad, India).

RESULTS

. Na-compartmentation (cna) wasless
than 1 in afew tolerant rice cultivars such asAC
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Fig 1: Leaf and leaf compartmentalization of twenty four
cultivar swith varying degr ee of salinity tolerance.

39416A (0.48), Kalaputia (0.58), FL 478 (0.65),
Nanga mutha(0.78) Ravana(0.86) And Paloi (0.95).
Some medium tolerant and susceptible cvs also had
leaf toleaf partitioning valueslessthan 1 suchasIR
84649-260-28-1 B (0.76), IR 84645-312-11-1 B
(0.78), Marisal (0.86), AC 847A (0.69), AC 813
(0.86). Few tolerant cultivars like Kamini (1.09),
Rupsal (1.14), Tdmugra(1.19) Rashpanjor (1.27) and
AC1472(1.25) had leaf toleaf partitioning valuesless
than 1.5.

The concentrations of Na' in respect of 50%
reduction of chlorophyll levelsi.e. LC_, were
significantly greater in susceptiblecultivar IR29 (26.5
mgg* dry weight of leaf), followed AC1996 (24.5mg
g!dry weight), AC847A (24.2 mg g* dry weight),
ACB813(22.8mgg*dry weight) and Marisa (20.9mg
g*dry weight). LC_, varied between 12.5and 17.5
mg g dry weight among therest of themediumtolerant
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stress
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cultivars. On an average, 50% chlorophyll reduction
occurred at 14.1, 17.4 and 21.5 mg Na' level in
tolerant, medium tolerant and susceptiblecultivars.

Salt tolerance scorevaried from 1 to 9 among
thetested cultivars. Injury symptom wasa most absent
incertain cultivarssuch FL478, AC39416A,AC1151,
Kdaputia, Ravanaand weretermed ashighly tolerant
whereasscore9wasgivento IR29. Theinjury symptom
of a few other cultivars such as Paloi, Rupshal,
Kalaputia, AC1472 and Kamini were also lesser
compared to therest of the cultivarsand aretermed as
tolerant (score 3). Theother cultivarseither received
score5or 7 or 9 depending on their sensitivity to salt
stress.

CONCLUSION
Thetolerant cultivarseven differedintermsof
Na' transportation and sequestration of Na" in older

tissues. Restricting Na' transportation fromold tissues
toyoung tissuesimparted toleranceto sdt stressinrice.

Cultivarswith multipletolerance mechanisms
such asbetter Na+ exclusion capacity and greater Na*

sequedtration ability inolder tissueswithmediumtissue

tolerance could helpin devel oping superior sdt tolerant

vaidies.
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PHENOTYPIC, MOLECULAR CHARACTERIZATION AND ASSESSMENT OF
GENETIC DIVERSITY OF RICE (ORYZA SATIVA L.) CULTIVARS FOR BLB
RESISTANCE AND SUBMERGENCE TOLERANCE USING TRAIT SPECIFIC
STS MARKERS.
Sk. Yasin.Baksh, Ravindra Donde, Jitendra Kumar, Mitadru Mukherjee, Hatanath Subudhi, Jitendriya
Meher, Lambodar Behera! and Sushanta Kumar Dash’

|CAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author mail: skdash139@gmail.com

Rice productivity isconstrained by climatic
adversities, pests, diseases (bacterid, vira and fungal
origin) and many other threats. Developing cultivars
that arehighyielding aswell asstressresilient scemsa
better solution to tackle global food security issues.
Thisstudy investigates potentiality of 24 ricecultivars
against Xanthomonas oryzae pv. Oryzae (X00)
infection causing Bacterial leaf blight disease and
submergence stressat both genotypic and phenotypic
level, dong with assessment of their genetic diversity.

METHODOLOGY

Twenty four rice genotypes, including checks
for BLB (tworesstant: IRBB60 and Improved PR114
; onesusceptible: IR24) and Submergence (twotolerant
: FR13A and Swarna-Subl; one susceptible: Swarna)
weregenotyped. DNA wasextracted fromyoung leaves
of 3weeksold seedlingsusingasimplified mini scae
DNA isolation protocol (Dellaportaet a. 2002) with
requisitemodifications. DNA amplificationwascarried
out using previoudly reported STSand SSR markers
toanalyzetheallelic status of BL B resistance (Xa4,
xab, xal3, Xa21, Xa38) and Submergencetolerance
(Subl) genes.

Xanthomonas oryzae pv. Oryzae (Xo00)
inoculumswere prepared for bioassay eva uation. Clip
inocul ation method was adopted toinocul ate bacterial
suspension into theleaves of 45 daysold rice plant.
Then 14 daysand 28 days post inocul ation, the extent
of disease progression ontheleaf surface, inform of
bacterial lesonswererecorded to eval uate the disease

severity asper IRRI scoring standards. Submergence
screening on the other hand was performed with
twenty-onedaysold seedlingsinaset of 3replications
in submergence tanks at National Rice Research
Institute, Cuttack, Odisha, India. After 14 days of
compl ete submergence, thetreatment wasterminated
by draining out water from thetank. Thetrayswere
kept outsidefor 7 days, post de-submergence and on
8" day, scoring for survival rate percentage (%) was
recorded.

The possible popul ation structure of genotypes
was assessed using Bayesian model based cluster
analysisavailablein software STRUCTURE v 2.3.4.
A neighbor joining phylogenetic tree was also
constructed based on Nei’sunbiased pair wise genetic
distance using software MEGA 6 to determine the
genetic relatedness of the sub populations (Tamuraet
a. 2007). Moreover, PCoA and AMOVA analyses
werea so carried out using GenAlExv6.5.

RESULTS

Molecular characterization using genespecific
markers for BLB resistance and Submergence
tolerancedisplayed the presence of Xad4 resstant dlele
(78.95%), xa5 (15.79%) but xal3 and Sub1 tolerant
alelewerenot foundin any test genotypes. However,
new alelesfor Xa21 (84.21%) and Xa38 (10.52%)
geneswere spotted in several genotypes. Phenotypic
evaluation for respective stress situations was
performed to record the cultivarsresponse. None of
the genotypes showed res stance against Xoo isolates
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based on disease severity, except for positive control
(IRBB 60), although varieties viz., Tapaswini and
Konark carrying Xa4 and xa5 gene combination
showed moderate susceptibility. Likewise, survival
percentage of genotypes under submergence stress
varied from O to 100%. Tolerant checks FR13A
(100%) and Swarna- Subl (97.78%) exhibited highest
survivd rate, whereas, Gayatri (57.78%) recorded high
survival along with afew other cultivars that also
displayed substantial level of toleranceto flooding
sress, eventhough al thesetest genotypeslacked Subl
tolerant dleeinther genetic background.

A successful breeding programme requires
assessment of genetic diversity to select promising
parental linesfor potential crosses. A total of seven
trait specific STSand two SSR markersgenerated an
average of 2.38 alele per locus. Polymorphism
Information Content valueranged from 0.08 to 0.42
withanaverageof 0.20. Modd based structureanayss
categorized 24 genotypes into two sub-population
(Fig.1), whichwasin close correspondencewith Nei's
genetic distance-based Neighbor Joining tree and
PCoA analysis. Theanalysisof molecular variance
(AMOVA) revealed more genetic variation within
popul ation and comparatively lessamong popul ation.

CONCLUSION

Deveopment of durablericereslient tovarious
biotic and abiotic stressesisthe need of thehour vis-
=
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Fig.1 M odel based population structureviz., SP1 (Red) &
SP2 (Green) of 24rice Genotypes

avis a challenge. The current study suggests the
existence of varying degree of BLB resistance and
submergence tolerance amongst the popular high
yielding rice genotypesinvestigated at both genotypic
and phenotypicleve withrrespect toavail ability of either
single or a cocktail of two or more different stress
resistant genes. Our work revealed thealelic status of
five BLB resistant genes X a4, xa5, xal3, Xa21 and
Xa38 present in different gene combinationsin mgority
of ricecultivarsinvestigated, displaying varying degree
of host response from moderate susceptibility
(Tapaswini and Konark carrying genecombination Xad
and xab) to highly susceptible (Jaya) on diseasescoring
index against the Xooisolate. Likewise, tolerant Subl
allelic fragments were not reported in any of the
genotypes but absence of subl tolerant aleledid not
confirm their susceptibility statusduring phenotypic
screening under submergence stress, indicating the
presence of some other submergencetol erant genes
and/or minor QTLsor adifferent escape mechanism.
The information generated from this study would
increase efficiency in selecting suitable parenta pairs
that are high yielding, diverse and with certain
characterized /untapped inherent abilitiesto withstand
different biotic and abiotic stress adversities, for
development of stressresilient durablericevarietiesin
future breeding programmesfor achieving sustainable
production of rice.
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TRANSMISSION ELECTRON MICROSCOPY FOR UNDERSTANDING
PHYSIOLOGICAL STRESS RESPONSE IN RICE

Sagar Banerjee* and M. J. Baig

Crop Physiology and Biochemistry Division, ICAR-NRRI, Cuttack-753006, Odisha, India
*Corresponding author e-mail: sagar.iari@yahoo.com

I ntherecent decades, aplethoraof techniques
and instrumentation have been employed for
understanding physiological stressresponsein magjor
cropslikerice Theadvent and advancesintransmisson
electron microscopy (TEM) havegiventheadvantage
of elucidating the changes at the level of cellular
ultrastructure. The preparation and processing of the
samplefor transmission el ectron microscopy ismost
crucid for accurateandyssof theultrastructureof cels.
We have standardized aunique method for preparation
of riceleaf samplesandtheir ultramicrotomy for further
andysd sthroughtransmissoneectronmicroscope. The
variousstepsinthericeleaf samplepreparationinclude
samplecollection, primary fixation, secondary fixation,
dehydration, clearing of dehydrating agent, infiltration
and embedding with intermittent steps of washing at
regular intervals. Epoxy based spurr resinisused for
embedding of thericeleaf sampleswhichfurther enables
proper ultramicrotomy of the embedded samples.
Ultrathin section (70-90 nm) of riceleavesembedded
in the spurr resin have been obtained by using an
ultramicrotome (L eica) and glassknives. Theultrathin
section are placed in small copper gridsand double
stained with uranyl acetate and lead citrate. Thetime
of exposure to these heavy metal stains have been
sandardized for different typesof samples. Riceleaves
under various physiologicd sresslikedraught and low
light have been processed through this method and
anayzedusing TEM (Jeol).

METHODOLOGY

1. Samplecollectionand primary fixation:
Riceleaf sampleswere collected from plants under
drought and low light stressaswel | astheir respective

controls. The sampleswerethen fixed with primary
fixativeglutaral dehyde (2.5%) overnight.

2. Secondary fixation: Thesampleswere
washed thricewith phosphate buffer (pH 7.4) and fixed
with secondary fixative osmium tetraoxide under the
fumehood. The sampleswereincubated for six hour
for secondary fixation.

3. Dehydration: The samples were
washed thricewith phosphate buffer and then treated
withvariousconcentration of ethyl dcohol (30%, 50%,
70%, 90% and 100%) for 30 minutes each.

4, Clearing: Thedehydrating agent was
cleared by treating the samplewith propylene oxide
for two hours.

5. Infiltration: Threedifferent mixturesof
spurr resnand propyleneoxidewasused for infiltration.
These are: (a) Propylene oxide (3): Resin (1), (b)
Propyleneoxide(2): Resin (2) and (c) Propyleneoxide
(1): Resin (3). The samples were treated with each
mixture for 4-5 hours under vacuum. Finally the
samples were treated with pure resin for 4-5 hours
under vacuum.

6. Embedding: The samples were
embedded in spurr resin using moulds. The samples
were incubated at 60°c for 48-72 hours for
polymerization of theresin.

7. Ultramicrotomy: Hard blocks of
samplesembedded inresin werefurther subjected to
ultramicrotomy using glassknives. 70-90 nm thick
sectionsweretransferred to copper grids (mesh 300).
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8. Staining: samples placed in copper RESULTS

gridswere stained with uranyl acetatefor 5-10 minutes Ultrastructure of the rice leave cells were
alead citratefor 2-5 minutes. observed under thetransmission e ectron microscope.
9. TEM analysis: Properly stained The structure of the cells and cellular organs like
sampled wereobserved under thetransmission electron chloroplast, nucleus, endoplasmic reticulum and
microscopein different magnifications. mitochondriawereidentified and compared (Fig 1).

| 264]] December 8-9, 2020 | ICAR-NRRI, Cuttack 753006, Odisha, India



L

1¢ Indian Rice Congress - 2020 3 fndi Ric
Rice Research and Development for Achieving Sustainable Development Goals \’/ L -

Congress
o

Theme -I: Enhancing rice productivity and quality

IRC/TM-1/PP-114

DEVELOPMENT OF BACTERIAL LEAF BLIGHT RESISTANCE IN HYBRID
RICE (ORYZA SATIVA. L)

T. Virender Jeet Singh'', Y. Chandra Mohan?, L. Krishna?, T. Kiran Babu?, N. R.G Varma? and M.
Venkata Ramana?
Department of Genetics and Plant Breeding, College of Agriculture, PJITSAU, Hyderabad-500 030,
Telangana, India
2Rice Research Centre, ARI, PJTSAU, Hyderabad-500 030, Telangana, India
*Corresponding author e-mail: thakurvirender.ts@gmail.com

ABSTRACT

Riceisknownas“grainof life” becauseitis
the most important basic food in theworld and nearly
2 billion people depend on it for more than 80% of
their calories. Only Asiais aregion that produces
around 90% of theworld'srice: itsconsumptionisvery
high, which hasexceeded 100 kg/capitaannually, and
it provides more than 50% of the cal orierequirement
withinthisarea. Despitethesgnificantincreaseinrice
production and productivity witnessed inthelast five
decades, asignificant proportion of riceproductionis
lost every year. Hybrid ricetechnology ispractically
feasibletechnology toincreasefuturerice production.
Thetechnology revolutionized thericefarming through
boosting theyield from 35 to 40 g/hafrom straight
varieties of riceto the tune of 65 to 70 g/hainrice
hybrids. Due to slow improvement in HYV and
reductionin natural resources along with biotic and
abiotic stresses, increasing rice production for the
fulfilment of futurefood demandsisquitechalenging.
Bacterid leef blight (BLB) isoneof themain congraints
totheworldwiderice production system. Management
of BLB of rice hasbeen dwaysaherculeantask. Due
toitsseed-bornenature, anditssurvivability inwild
rice or other grassy weeds, make this disease very
complex and continuoussupply of inoculum, especidly
inlow-land ricegrowing areasisavery challenging

issue. Exploitation of host res stance hasbeen always
the safest approach. But identification of resistance
sourceand the devel opment of resistant cultivar isthe
main problem. Conventional breeding strategiesare
generdly usedfor thedeve opment of cultivar. But these
arevery dow and time consuming aswell aslabour-
intensive process. It a so requiresextensive phenotypic
evauation of breeding materid, thustakesseverd years
to release a variety. The recent technological
advancement in molecul ar breeding and functional
genomics helpsto improvise our resistance breeding
system and to shapethe plant defence system in new
ways through molecular approaches. Nowadays, a
combine approach including conventional breeding
along with marker-assi sted sel ection becomesvery
popular inthe bacterial blight resistance hybridrice
breeding program. Already somericecultivarswere
developed and someélite cultivarswere genetically
improved by using conventional breeding in
combination with marker-ass sted backcrossbreeding
(MABB) approach. Various molecular approaches
have been adopted to depl oy them for getting along-
term durableresistance. Gene pyramiding of several
resistance genesthrough marker assisted selectionis
found to bethe most effective strategy.

Keywords: Hybrid Rice, BLB, MAS and
MABB
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IMPROVING RICE BLAST RESISTANCE OF BPT 5204 THROUGH
MOLECULAR MARKER-ASSISTED BACKCROSSING

Nimai Prasad Mandal*, Alpana Anupam, Somnath Roy, Amrita Banerjee, Someshwar Bhagat and
Dipankar Maiti

Central Rainfed Upland Rice Research Sation (ICAR-NRRI), Hazaibag-825301, Jharkahnd, India
*Corresponding author e-mail: nimai.mandal @gmail.com

Riceblast, caused by thefungusMagnaporthe
oryzae, isthemost devastating biotic constraintsthat
chalengethericeproductioninall the ecosystemsand
causes cons derabl e economic lossworldwide (Imam
etd.,2016). Improvement of diseaseres sancethrough
conventional breedingisrelatively dow, whileMAB
using major resistance genesisconsidered to bean
efficient and technicaly feasiblegpproach for riceblast
resistance improvement to stabilize the production.
Blast resistance gene Pi-9 exhibits broad spectrum
resistance against different races of rice blast fungus
andishence considered more stable acrossgeographic
locations (Variar et. al 2009). Availability of closely
linked markers has made rapid and precise selection
of thetargeted gene possible (Tanksley et a ., 1989)
through marker-ass sted backcross breeding approach.
Inthecurrent study, BPT 5204, ahigh yielding mega
rice variety with exceptional good grain quality but
otherwise susceptibleto blast discase was sel ected as
arecurrent parent for incorporation of major blast
resistance genes Pi9 and Pib through marker assisted
backcrossing (MAB) toimproveitsblast resstance.

METHODOLOGY

Two near isogeniclines, IRBL9-w and IRBLB-
b carrying blast resistance genes Pi-9 and Pib,
respectively in the background of LTH wereused as
donorsfor incorporation of blast resistance geneinto
susceptible mega variety BPT 5204 using marker
sted backcrossing. For targetedintrogression of Pi9
and Pibinto BPT 5204, asimultaneousand stepwise
marker assisted backcross breeding strategy was
adopted. Two separate backcrosseswere carried out

whereintheblast res stancegenes Pi9 from IRBL9-w
aswell asPibfrom IRBLB-b, wereintrogressed into
BPT5204, respectively. The F, plantsderived were
confirmedfor their hybridity by using linked codominant
markers, AP5930 (specific for Pi9) and RM208
(specificfor Pib). Inaddition to thisgenebased STS
marker 195-1R wereused toidentify theplantscarrying
Pi9 gene.DNA isolation, PCR amplification with the
markers AP 5930 and RM 208, selection of the
heterozygous plants followed by hybridization of
recurrent parent with the confirmed plantsfor thelinked
markerswere done upto BC3F1. TheBC3Flswere
confirmed for the presence of Pi9 with AP5930 as
well as195-1R and Pib with RM 208, the confirmed
plants were selfed. In BC3F2 single plants were
confirmed for blast res stancewithlinked markersand
also with phenotypic selection in an outdoor blast
nursery and carried forward for agronomic selection.

RESULTS

We report here the introgression of blast
resistance genes Pi9 and Pib into the genetic
background of good grain quality popular ricevariety,
BPT5204, for enhancing itsblast resistance through
marker-assisted backcross breeding strategy.
Combining marker-ass sted and phenotypic selection,
4 near isogeniclines(NILs) with homozygousPi9 and
6 NILs with homozygous Pib were selected. The
eva uation of resultsunder natura uniformblast nursery
conditions showed that the selected BPT5204+Pi9
NILswerehighly resistant against leaf blast with SES
score‘0’, whiletherecurrent parent BPT5204 had a
scoreof ‘7. However, the NIL swith Pib gene showed
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Table: M ean agro-mor phological char acter sand blast score (SES) of theNILsat CRURRS, Hazaribag during 2016-17WS

BPT5204NILs Genepresent Daysto50%flw. Plantheight (cm) #panicle¥m2 GrainYield (kg/ha) Blast score (SES)
CRR741-13-1-22 Pi9 A a 278 3AA 0
CRR741-13-1-57 Pi9 B 87 266 2820 0
CRR741-22-2-16 Pi9 115 B 4 4940 0
CRR741-38-26 Pi9 115 % 228 5504 0
CRR742-2-2-3  Pib b % 24 4329 4
CRR742-2-2-6  Pib 112 B 22 4636 4
CRR742-2-2-82 Pib 113 100 233 4804 4
CRR742-2-2-16  Pib 103 107 4 4902 4
CRR742-2-2-32 Pib 112 110 239 4092 4
CRR742-2-2-33 Pib 14 100 218 3558 4
BPT 5204 (RP) 114 % 22 3892 7
LSD 5% 15 7.7 66.2 6355

CV (%) 09 48 158 89

susceptiblereaction at Hazaribag, meaning thegeneis
not effective at thislocation. Among the4 NILswith
Pi9, 2NILs(CRR741-22-2-16 & CRR741-38-2-6)
werefound very similar to therecurrent parentina
number of agronomictraitsand grainyield. Thelines
weresdected for further evauationinmultilocationtrias
under All IndiaCoordinated Rice Improvement Project
(AICRIP) for their possiblerelease asvariety for the
benefit of thefarming community.

CONCLUSIONS

Marker assisted foreground selection was
successfully combined with phenotypic selection to
develop broad-spectrum blast resistant version of
popular ricevariety BPT5204 for stabilizing production
intheblast endemic areas. Thisstudy a so confirmed
that STS marker 195-1R could bereliably used for
MAB evenwithout phenotypic selection for detection
of Pi9 gene. Thedeveloped NILswith Pi9 genehave

performed better under natural uniform blast nursery
and showed resistance. These NILscanbeused asa
blast resistant version to replacethe popular variety or
used in future breeding programmefor incorporation
of blast resistance.
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ANDROGENESIS IN DEVELOPMENT OF DOUBLED HAPLOIDS FROM
RICE HYBRID, CRHR32: YIELD AND QUALITY ASSESSMENT IN
IDENTIFICATION OF PROMISING DH LINES
Prachitara Rout", Jawaharlal Katara, Ram Lakhan Verma, Parmeswaran C, Awadhesh Kumar and
Sanghamitra Samantar ay

ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author e-mail: prachitararout@gmail.com

Riceisoneof theworld' smost important saple
cereal food crop. Sinceworld populationisincreasing
rapidly, rice production needsto beincreased to meet
itsdemandin coming yearsto kegp pacewithincreasing
popul ation. Dueto green revol ution technologies, rice
production hasimproved to agreat extent in past five
decades. Thedramatic increase (18%) inworld food
production was due to development of diversely
adaptable, highyielding, insect and diseaseresistant
rice cultivars. Though the production of rice has
increased almost threefold over thelast decades, the
continuedincreasein sustaining yield for devel opment
of highyidding varietiesisneeded to meet theincreasng
demand of global population. Rice hybridshaveshown
significant yie d advantages of morethan 30% over in-
bred varietiesHowever, frequent occurrence of hybrid
sterility, continuous segregation, high seed cost inthe
progeny lineshasdiscouraged the popularity of hybrid
rice. These constraintsin hybrid rice attract attention
to adopt DH technology asthere isa possibility to
produceF1 performing highyidding DH linesfromthe
heterotic F1s of rice by fixing hybrid performance
exerting the partial to complete dominance in
homozygous lines. Anther culture shows its
effectiveness and applicability in the production of
homogenous pure lines in rice. Conversely, the
development of pure lines or inbred lines by
conventional methods takes 6-8 years. Doubled
haploid approach can effectively addresses the
problems associated with hybrid rice through
production of high yielding doubled haploids with
uniformgrainquality ricevarieties(Tariqet d., 2008).

Grainquality, along with crop yield isan important
criteriain most rice breeding programsespecially in
rice variety selection and development (Dela and
Khush, 2000). Therefore, this approach was adopted
to generate DHsfrom an éliterice hybrid, CRHR32
for development of highyielding ricelinesaongwith
acceptablegrainquality.
METHODOLOGY

The present study was conducted at the
Nationd RiceResearch Ingtitute, Cuttack during 2012-
2014 to develop a procedure for high frequency
androgenesisinan eliteindicarice hybrid CRHR32
for agronomic characters, yieddd and grainquality of the
fertile doubled haploidsrespectively. Thegreen plants
were generated from CRHR32 by manipulating
physical and chemical factorsthrough anther culture
whichwere assessed for their ploidy statusonthebasis
of morphological characters.150 DH linesgenerated
through androgenesiswere eval uated under irrigated
conditionsusing an augmented design. Based onthese
agronomic charactersinthefieldtrial, 20 DHswere
selected and evaluated for promising yieldand grain
qudity characterigtics.

RESULTS

A total of 150 DHsfrom an eliteindicarice
hybrid CRHR32 were produced following androgenic
protocol (Rout et al., 2016). Subsequently, these 150
DHswere assessed based on agronomic charactersin
thefield for two consecutive seasons. Uniformity was
maintained between and among thel50 DH
populations. Subsequently, 20 DHs showing the best
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Figure-1: Androgenesis to Field evaluation and Quality
analysis

agronomic performances were selected for further
evauation. Out of 20 DHSs, 6 selected DHswerefound
to be promising based on higher grainyield (2-5.16%)
ascompared to the parent. Besides, the rice cooking
qualities characterized for 20 DHs included water
uptake, grain length during cooking and volume
expansion ratio. A number of DHs demonstrated
superior grainquality characteristicssuch asheadrice
recovery, dkali spreading vaues, grainlength, volume
expansion ratio and amylose content. In addition,
protein, iron, zinc and phytic acid werefound inthe
rangeof (9.23-11.59), (1.7-3.1), (14.3-23.5), (0.71-
1.48), respectively. Out of 6 DHs, asingle DH showed
consderableamount of zinc, iron, protein and phytate

withyiedof 6t/ha Theamount of micronutrientsalong
withquaity andyieldin DHscould provethe power of
DH technology in development of promising lines
(figure-1).

CONCLUSION

DH technology could betaken asan efficient
method among all the developed speed breeding
techniquesfor development of promising ricelinesto
feed theincreasing popul ation. Besides, thismethod
could beutilized for production of biofortifiedriceina
short period of time.
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DOUBLED HAPLOID TECHNOLOGY IN DEVELOPMENT OF ENHANCED
PROTEIN CONTENT IN INDICA RICE (ORYZA SATIVA L))

Lopamudra Rout’, Krishnendu Chattopadhyay, Parameswaran C., Awadesh Kumar and
Sanghamitra Samantar ay
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Riceisoneof themost consumed staplefoods
worldwide. In devel oping countries, peopleoftenrely
onriceastheir solesourceof nutrition. Since, most of
the global population dependson rice based diet and
sole source of carbohydrates, bio fortification of rice
through genetic strategiesis essential to addressthe
nutritional requirements of people world-wide. In
general, polished grain or white rice contains
nutritiondly insufficient concentration of micronutrients
and need to beimproved for nutritiona security. Further,
undernutrition and micronutrient deficienciescontribute
ubstantiadly tothegloba burden of disease (Ezzati and
others 2002). Thus, novel breeding approachessuch
asdoubled haploidscould rapidly assst indevelopment
of biofortified ricefrom variousdonors. Inthiswork,
doubled haploid popul ation was devel oped through a
crossbetween the Geetanjai (aromatic property) and
Bindli highZnand highprotein.

MATERIALSAND METHODS

A DH ricepopulation comprising 77 lineswas
developed from acrossbetween Geetanjai, anindica
cultivar witharoma, and Bindli, anindicacultivar with
high grain zinc and protein content. All the 77 DHs
wereeva uated for their morpho-agronomic characters
in Rabi, 2019-20. Further, all the DHs were also
assessed for grain protein content. Out of 77 DHs, 25
promising DHs were selected based on grain size,
spikelet fertility and high protein content.

The harvested paddy was stored for three
monthsat room temperature and cleaned thoroughly
fromdirt or inert matter. Paddy wasde-hulled (Mini
lab rice huller), grainswere ground to afine powder

using mortar and pestle and protein content in each
ground samplewasdetermined by the Kjel dahl method.
The Kjeldahl method was chosen as an example of
thisandytica principleinthisstudy asitisstill recognized
astheofficial method for food protein determination
by theAOAC International.

RESULT

Theprotein content of 25 DHsquantifiedusing
the Kjeldahl method ranged from 5 g/100gto 13 g/
100 g. (Table 1). Bindli and Geetanjali showed the
protein content 9.23% and 6.46%, respectively.
Further, among 25 DHSs, seven DHs showed high
protein content in grains(Mean GPC:9.06%) whilethe
grain protein content inthe anaysisranged from 6.46
—10.35%. Specificaly, one DH namdy GB-52 showed
10.35% protein content higher than the donor cultivar
Bindli. (Table 1, Figure1). Additionaly, the spikel et
fertility of the developed DH linesranged from 64.06
—92.38%. Further, one of the DH line namely GB-23
showed spikelet fertility of 92.38% as compared to
other DHsand parents.

Table1.GPC and Spikelet Fertility%

DH lines Protein content  Fertile Spikel et(%0)
GB-23 864 92.38
GB-3#4 853 89.02
GB-52 10.35 5104
GB58 869 87.90
GB-61 885 7761
GB-65 9.39 5387
GB-66 898 64.06
Avg. 9.06 7455
Gegtanjdi 6.46 78.36
Bindli 9.23 7953
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Fig.1: Protein content and spikelet fertility of developed
doubled haploidlines

CONCLUSION

Biofortificationisapromising strategy for
sustainable long-term approach in combating
micronutrient deficiency. Molecular breeding techniques
integrated with doubled hapl oid technol ogy can be

considered as a powerful tool in production of bio
fortified crops within shortest span of time. A wide
vaiaioningran protein content within DHspopulation
indicates several QTLswill be governing thegrain
protein content. Besides, the developed high protein
DHs could be used for bio fortified varietal
Improvement.
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BIOFORTIFICATION OF RICE

G. Prasanna and L. Krishna
Department of Genetics and Plant Breeding, PJTSAU, Rajendranagar, Hyderabad, TS, India
Rice research centre, ARl , Rajendranagar, Hyderabad, TS, India
*Corresponding author email: prasannagricos@gmail.com

ABSTRACT

Biofortificationisconsdered to bean effective
processtoincreasethe micronutirentsinrice. Itisaso
a sustainable and feasible strategy to alleviate
micronutrient deficiencies for people who mainly
consumerice. Imbaanced supply of micronutrientsand
vitamins leads to deficiency and affecting human
metabolism. Rice endosperm is deficient in many
nutrientsincluding vitamins, proteinsand micronutrients.
Thealeuronelayer of dehuskedricegrainisnutrient
rich but is lost during milling and polishing, so
biofortificationinriceisnecessary. Earlier methodsused
for biofortificationinricevizArgobacterium mediated
genetransfer and particle gene gun method but they
integratetransgenesat random locationsin the plant
genome. Thiscan disrupt genefunction, resultingin
reduced yield. Different micronutrients(Iron, Zinc) and

vitamins(VitaminA, Vitamin B9) arebiofortifiedinto
rice. CRISPR-Cas9 genome editing is the new
gpproachwhich offersapromising srategy for making
geneticimprovementsin rice astaplefood for more
than half theworld’s popul ation. CRISPR-Cas9 can
be successfully used to biofortify ricewith carotenoid,
aprecursor totheessentid nutrient vitaminA. Thisstudy
a0 suggeststhat targeted geneinsertion could facilitate
stacking multiplegeneswith desired traitsinaspecific
locationinthegenome. Ricebiofortification hasseverd
advantageswhichhelpsinincreaseinnutritiond vaue,
increaseinyied (Ricebiofortified with Glycinebetaine
for enhanced abi otic stresstolerance) reduced dietary
deficiency diseases (Blindnessin children, anemia,
diarrohea) and reduced adult and child micronutrient
caused mortality and healthier population with strong
and quick immuneresponsestoinfections
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MORPHOLOGICAL CHARACTERS: A DEPENDABLE INDICATOR FOR
DISCRIMINATION OF HAPLOIDS FROM DIPLOIDS IN INDICA RICE
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Doubled haploid (DHS) is an important
resourcefor breeding and genetic research, helpsin
shortening the breeding cycle and production of
homozygouslinesfrom the segregating popul ation. For
genetic studies, DH lines are excellent materias
particularly on quantitative traits because of their
homozygosity and uniformity. They areadditionally
viewed asapermanent mapping popul ation sincethey
can be multiplied and reproduced without genetic
change happening over thelong haul (Semagnetal.,
2006). Thesefeaturesenabletheaccurate measurement
of quantitativetraitsby repestedtrid sand thereduction
intheenvironmental component of thetotal phenotypic
variance. Anther culture (AC) provedto bean efficient
approach to produce desiarableamount of DHs. This
study was the first of its kind to report about the
morphologica charatcerigticsthat helpstodiscriminate
thehaploidsfromthediploidsinindicarice.

Inrice, thecharacterization of AC-derived DH
lines are limited and based mostly on cytological,
molecular and morphological observations.
Besdescharacterssuch asplant height, lesf length, and
spikeletfertility are mostly considered as basic
parametersto discriminate the haploidsfrom doubled
haploids(Naik et al. 2017). However, physiological
characterslikethepostion of theanther inthespikel ets,
shapeand size of anther and floretsareclosely linked
to the ploidy level of the plant. Additionally,
discriminating diploidsfrom DHsusing morphologica
character isnot possibledueto similar ploidy levels.

With the progress made in the development of
polymerase chain reaction (PCR)-based markers,
evaluation of genetic variation at the DNA level is
possible. M olecular markers such assmple sequence
repeats (SSR) have proven to be a powerful tool in
theassessment of gametoclond variationinAC-derived
DH linesand their homozygosity (Afzaet a., 2001).

MATERIALSAND METHODS

The study wascarried out at ICAR-National
RiceResearch Indtitute(NRRI), Cuttack using 198 DHs
derived from F sIR-20 and Mahulata. Thecharacters
namely no. of leaves, no. of tillers, plant height, | eaf
length, leaf widthwasrecorded. Also, panicleexertion
fromflag leaf seath, floret Size, anther positioninside
the spikelets and anther length were recorded and
visualized under the microscope at the reproductive
stage.Genomic DNA was extracted from the leaf
sampleusing CTAB method with some modification.
A total of 1010 sequence-tagged microsatellite site
(STMS) markers distributed throughout the rice
genome were assessed for parental polymorphism
urvey.

RESULTS

Based on the morphol ogical assessment, out
of 159 regenerants tested 41(20.70%) plants were
haploids and 118 were diploids. Microscopic
examination showed that the haploid florets were
smaller, and anther positioned towardsthetip of the
floret while the anther length was also very small as
compareto thediploids/DHs.
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Figurel: Frequency distribution of polymor phic SSR markersbased on their repeat motif. The SSR motif, di, tri and tetra
nucleotide repeats containing various SSR mar ker swer e depicted on X axisand numbers of polymor phic markerswere

representedinY axis.

Themolecular sudiesusing 1010 SSR marker
resulted in theidentification of 109 polymorphic SSR
(10.8%) markers. It was also found that the
dinucleotide and trinucl eotide repeat microsatellite
markers were found to be more polymorphic than
tetranucl eotide repeats. For instance, (GA) repeats
containing markerswerethe highest (21 nos.) followed
by STMS markers having CTT repeats (14 nos.)
among al thestudied polymorphic markers(Figure 1).
Similarly, 12 polymorphic STMS markershad AG
repeats, 7 polymorphic markershad TCT repeatsand
6 polymorphic markers had AT repeats, whereas 4
polymorphic markers of each contained CGG and
GAA repeat motifs. All these markerswere further
utilized for selective genotyping to identify putative
markerslinked to drought tolerance at the vegetative
sageinrice.

CONCLUSION

Androgenesisresultsin development of plants
withdifferent ploidy levels. Hence, discriminatingthe
androgenesi sderived plantsisoneof themgjor factors
in its utilization. The traditional morphological
charactersmay not alwaysberelibleto theploidy as
most of them areinfluenced by environmentswhereas
theanther positionand sizeaongwiththefloret szeis
completely ploidy dependent and independent of

environmental influences. The study highlighted the
uniquenessof theanther charactersfor theidentification
of haploids. Further, screening of 1010 SSR markers
revealed 109 polymorphic markers which will be
eva uated inthe devel oped doubled haploidsfor QTL
mapping and gene characterization.
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PARENTAL LINE IMPROVEMENT IN HYBRID RICE (ORYZA SATIVA L))
THROUGH MULTIPLE TRAIT INTROGRESSION USING CONVERGENT
DOUBLED HAPLOID BREEDING APPROACH
Sudhansu Sekhar Bhuyan®, Byomkesh Dash, Ram Lakhan Verma, ParmeswaranC, Jawaharlal K,
Devanna BN, Awadhesh Kumar and Sanghamitra Samantaray

ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author email: sb.biotechnology@gmail.com

Climate changes have significant impact on
food security and livelihoodsof millionsof ricefarmers
especialy inthecoming decades. Rice production and
productivity need to be sustained and secured under
harsh climatic conditionsacrossal ecosystems. There
isan urgent need to devel op multiple stresstol erant
vaigiesaongwithricehybridsby exploitingtheexiging
genomicresourcesespecialy fromthe primary genetic
pools. Hybridriceisoneof themost viabletechnologies
that ensure >20% increased productivity over the
conventiond inbred varietiesboth under favorableand
unfavorableconditions(Yao et a., 1997). Despiteits
yield advantage over inbreds, the hybrid ricetechnol ogy
has not found favorswith thefarmersof India. The
advent of various biotechnological techniqueslike
anther culture in the recent years has offered vital
breskthroughtoimprovecrop varietiesintermsof yield
and quality in a sustainable manner. Further, the
problems associated with hybrid rice technology can
also be circumvented through doubled haploid
approaches.

Doubled haploid (DH) breeding through anther
culture hasemerged asan exciting and powerful tool,
and aconvenient aternativeto conventiona techniques
for crop improvement (Purwoko et al, 2010), like
shortening the breeding cycle by immediatefixation of
homozygosity, offershigh selection efficiency, widen
genetic variability through the production of
gametoclonal variants, and earlier expression of
desrablerecessvegenessuitablefor breeding (Devaux
and Pickering, 2005).Therefore, combining the
genomicsand DH breeding technologiesinnovatively

will help usto breed severa climate-smart inbredrice
varietiesand acons derable number of parenta lines
for their exploitation of heteros's.

METHODOLOGY

The most important aspect of theresearchis
marker-guided foreground and background selection
for sdlecting and advancing those genotypeswhich have
thefunctiona trait (genes) major fertility restoration
genes Rf3 and Rf4 along with maximum recurrent
parental genome.Donorswerescreened for the presence
of desired gene and major fertility restoration genes
Rf3 and Rf4using SSR and the gene specific markers.
F1sweredevel oped using sel ected donorsand trueness
of the crosseswere assessed through hybridity testin
F1 by using linked/specific markers. The, true hybrids
wereadvanced for intercross F1 generation (IC1FL1).

Thevalidated IC1F1s seedswere grownin
net house/field. The spikel etswere collected at booting
stage and necessary pre-incubation temperature and
duration was established. After proper incubation of
the spikesand examination of the appropriate stage of
themicrospores, theantherswereinoculatedin suitable
mediafor calusingfollowed by shoot regenerationusing
suitable culture medium.Further, the regenerantswill
be transferred to the rooting media for root
induction.After the development of the green
regenerants the plantlets will be acclimatized and
trandferred to net-house. Theploidy level of thein-vitro
regenerated plantswill be assessed morphologically.

All the DHsdevel oped adong with the parents
will beraisedinthefiddinaugmented designfollowing
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Fig.1. Strategy for DH production for multiplegeneintrogressioninrice

standard agriculture practicesto screenthe promising
characters. Subsequentlypromising DHs will be
evauatedfor their promising DHswill beevaluated for
sresstoleranceinthefield conditionsandyield related
traitssuch asnumber of paniclesper plant, number of
grainsper panicle, grainweight, heading dates, number
of tillersand plant height with their respective parents
alongwiththecombining ability withA-lines Thebest
promising DHswill aso beidentified on the basis of
morpho-agronomic characters.

RESULTS

In order to combine the multiple traits
Bacterial Blight (Xa21, xal3),PsTol, Sub-1, Tacl,
Hd3a and HTSF) through convergent breeding
approach, six lines (3 B-lines and 3 R-lines) were
selected and F,§/IC F swere devel oped accordingly
(Fig. 1). Healthy bootsof the | C F swere harvested
andfollowed by proper pre-treatment, the bootswere
subjected to two-step androgenesis. Trueness of DHs
and introgression of geneswill be confirmed using
molecular markers. The validated carriers will be
carried forward for next assessment. Physical
evaluation of theconfirmed DHsof B and R linesfor

their stresstoleranceinthefield conditionstaking yield,
physical architecture, and other important parameters
into cond deration d ong with thecombining ability with
other A-linesand B-linesviacrossng will betested
CONCLUSION

The present study showed the significance of
DH technology in accumulating multiple gene for
improvement of B and R lineswithinashort period of
time as compared to 7-8 years of conventional
breeding. Utilization of B and Rlinein devel opment of
hybrid rice could circumvent theyield lossdueto the
biotic and abiotic Stresses, which could sustaintheever-
growing human populaioninfuture.
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The emergence of new diseases, pestsand a
rapdily changing climate are the major issues that
threaten rice production and productivity inthefuture
(Hasanetd., 2015). Biotic stresseslikebacterid blight
(BB), Blagt, gdl midgeand BPH areseriousproduction
congtraintsleading to rigorousyieldlossaffectingthe
rice cultivation throughout the world. For the
development of suitablecultivarspossessng multiple
biotic stress resistance, development of cultivars
possessing two or more genes/QTLSs conferring
resistance/tolerance to various stresses is the most
effective and economical approach. In recent years,
molecular-markers have accel erated the process of
resistance breeding in rice and use of markers has
becomeimperativein gene-pyramiding programmes.
The objective of the present study isto stack genes
conferring resistanceto blast (Pi2, Pi54), gall midge
(Gm4, GmB), BPH (Bph33t) inandlite, highyidding,
fine-grain type, bacterial blight resistant and low
glycaemicindex ricevariety, Improved SambaMahauri
(possessing the BB resistance genes, Xa21, xab, xal3;
Sundaram et a. 2008).

METHODOLOGY

Improved SambaMahsuri (ISM), finegrain,
BB resistant, highly popular ricevariety with low Gl
content (50.99) was used as recurrent parent. The
donor parents, RP Biopatho-1, RP Biopatho-2,
RP2068-18-3-5, which pre breeding lines of Samba
Mahsuri possessing thetarget resistance genes (Pi2,

Pi54, Bph33t, Gm4 and Gm8) were utilized. In order
tointrogressthese genesinto the genetic background
of ISM, initidly, independent crosseswere performed
between the respective donor parentsand therecurrent
parent, ISM. True F _were identified using gene
specific markers, pTA248 (for Xa21), xal3prom (for
xal3), xabFM (for xab), Pi2pro9 (for Pi2), AS4MAS
(for Pi54), Gm4 LRR (for Gm4), Gm8PRP (for GmB)
and HSP (for Bph33t), respectively and backcrossed
with the recurrent parent, ISM till BC, generation.
Simultaneoudly, parental polymorphism survey was
carried out between recurrent parent and donor parents
whichwerefurther used inthe background analysisof
introgressonlines.

ThehomozygousBC F, linespossessing the
respectivetarget red tance genesd ong with maximum
recurrent parent genome recovery from each cross
wereidentified and intercrossed to develop improved
lines possessing two or more resi stance genes with
different combinations. Theseintercrossed lineswere
screened for the presence of target resistant genes
(foreground selection) and advanced further through
sdlfing by pedigree method. Phenotypic screeningwas
done at BC,F, and I CF, generation against various
biotic stressesviz., bacteria blight, blast, Gall midge
and BPH. Theagromorphological datawas collected
among advance backcross and intercross generation
linesfor key traits. Theresstant linesidentified were
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also nominated for AICRIPtrails (DSN, PHSS and
GMSS) for multi-location screening against the target
Stresses.

RESULTSAND DISCUSSION
At BC F,, generationforeground selectionwas

doneto identiny %he plantspossessing resistant aleles
of the targeted genes; these selected positive plants
were backcrossed to generate BC F, generation. At
BC,F, generation, intercrosses were initiated with
different gene combinations, so asto stack two or more
targeted genesinto the genetic background of ISM.
The intercross combinations developed from the
current study include BB + Blast (nine plants); BB+
Blast+ BPH (seven plants); BB+ Blast+ Gall midge
(six plants); BB + BPH + Gall midge (Four plants).
Background selection reveal ed 92-95% recovery of
the recurrent parent genome for each individual
backcrossderivedlines.

Phenotypic screening for thetarget stresses
indicated that dl theintrogressonlinesshow resistance
reaction for BB (with lesion length 3.0cm) and blast
(Score 3), whiletheresistant parents showed lesion
length of 1 (for BB reaction) and score O (for Blast
reaction). Thepyramid lineswhen screened againgt gdl
midge and BPH; the donor parents showed 100%
resistance while the recurrent parents showed high
susceptibility and the pyramided linesshowed res sance
to gal midgeand BPH, ranging from 60-80%. All the
homozygous selected lineswere advanced further for
agromorphological characterization and the selected
lineswere on par with the recurrent parent in termsof

graintypeand someof themwere superior intermsof
yield paramatersand most of them showed complete
panicle exsertion (whichisnot the casein Improved
SambaMahsuri).

Based on the above observations, it can be
inferred that the combination of genesismost effective
than single gene and significant genetic enhancement
was observed with respect to the therecurrent parent,
for all the target traits. The present study has
demonstrated that gene stacking in Improved Samba
Mahsuri (1SM) with multipleresistant genesthrough
limited number of backcrossesispossiblethrough a
stringent marker-assisted backcrossbreeding strategy
coupled with phenotypic selectioninlater stages.
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DEVELOPMENT OF HAPLOID INDUCER LINESIN INDICA RICE USING
CRISPR-CAS9 APPROACH
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Doubled haploid, anovel approach, provides
aleading edgeover traditiona plant breeding techniques
which hastensthe devel opment of homozygosity and
maintai nsthe devel oped genotypesaspurelines. Since,
thereare number of established doubled haploid (DH)
production technologiesavailable, androgenesisshows
itspotentidity in production of doubled haploidswithin
ashort period of time. Utilization of androgenesis
resulted in development of number of ricevarietiesin
japonicarice. However, indicariceisrecalcitrant to
anther culturewith frequent gppearance of abino shoots
alongwith requirement of expertise, which hindersthe
wide-spread use of DH technology through anther
culture. Therefore, there is a need to identify an
dternative DH production techniquethat can be user
friendly especialy for thebreeders. A 4-bpinsartionin
MATRILINEAL (MATL) gene, which codesfor pollen
specific phospholipase caused haploid inductionin
maize(Kdliher etd. 2017). Snce, riceand maizeshare
asynteny of genes, editing of MATL inricea so caused
haploid induction but the rate was|essthan 6% (Yao
et al. 2018). This could be enhanced by combining
other related genesassociated with pollen maturity for
whichthecutting-edgetechnol ogy like CRISPR-Cas9
approach was empl oyed to generate haploid inducer
(HD lineinrice.

METHODOLOGY

Seed-based haploid induction based on edited
HI geneswould dlow routine, germplasm-independent
DHs production. Demonstration of knockouts of
OsMATL inricefor 2-6% HI (Yao et a. 2018) has
generated immense hopeindicating that modifiersin
genetic background are playing an important role.

Similarly, rice(OryzasativaL.) isexceptiondly richin
intraspecific diversity with presence of many ecotypes.
The OsSMATL and OsDMP (orthologue of ZMDMP)
might behavedifferently in diverse ecotypesthat could
be exploited for gaining higher haploid induction
frequency.

Keepinginview, OSMATL gene-based marker
was devel oped which was utilized to screen anumber
of indica rice genotypes namely Swarna, N22, and
DHs of 27P63 (M129-1), BS6444G (PA27-1,
PA139) and CRHR32 (Y2-1, Y2-5, Y9-1), and
amplicons were subjected to Sanger’s di-
deoxysequencing.

RESULTS

The developed marker related to OSMATL
showed a~400bp amplicon sizein all the samples.
Further, sequencing showed highly conserved sequences
whichwasused astarget for CRISPR-Casguide (Fig.
1). Further, the guide sequencefor DUF679 and DMP
would be identified in-combiation with MATL.
Meanwhiletheembryogeni ctissuecultureprotocol was
standardized for establishing the callusinduction and
green shoot regeneration using the developed callus
for indicarice, which served asthe ground work for
Agrobacteriummediated genome editing protocol for
generation of editedlines.

CONCLUSIONS

Developingan HI lineby exploiting CRISPR/
Cas9 genome editing technology for the genes
OsMATL, DMP and DUF679 in different genetic
background will enableusto comparetheHlI frequency
in different genetic backgrounds and find asuitable
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systemfor DH productioninrice. Besdes, combination
of both the genes (MATL and DMP) could increase
theHI frequency. Thisstudy will dsohelpustodevelop
ahigh-throughput pipdinefor doubled haploidinduction
inricewhichwould beimmensdly beneficid to breeders
and molecular biologist for mapping of genes, speed
breeding, varietal development and gene
characterization. Moreover, likemaize, pigmentedrice
genotype can beasuitable candidate systemfor early
detection of hgploidsinthematured panicles. Utilization
of tissue culturemethod could circumvent the uses of
antimitotic agents, producing DHsfrom haploid seeds
since the methods developed for androgenesis
produces ~99% spontaneous doubling. Further, using
the sequencing data, Cas9 guidewould be generated
for developing DUF679, DMP knock-out linesusing
CRISPR-Cas9 approach.
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Rice is stable food for one-third of world
population. Riceiscultivated under varying ecosystems
and it can withstand waterlogged and poorly drained
towell drained soilsunder varying climates (Singh,
2009). Green revolution has increased the rice
production by 2.5timessince 1961, but mainly focused
onirrigated ecosystems. In the Indian state of Tamil
Naduriceisgrowninan areaof 18 |akh hectaresand
most rice growing areasare proneto drought stressat
oneor more growth stages. Drought ismajor limiting
factor in rice production ecosystem and impactsworld
food security. Accordingto climate change prediction
models, impact of drought on rice productionwill be
more in coming years and depends on severity of
drought prevailsduring that year (Guo et al. 2021).
Therefore, breeding for drought tolerance in rice
becomesan important task to sustain thefood security.
Inthe present study, QTL sgoverning root morphology
andyield under drought stress have been introgressed
intoADT 43ahighyiddingfinegrain popular ricevariety
of Tamil Nadu through marker assisted back-cross
breeding.

METHODOLOGY

Initially the recurrent parent ADT 43 was
hybridized withthedonor parent to synthesisF, plants.
The F,swerethen genotyped using the markers RM
252 and RM 348, based on the genotyping the F,s
carrying boththemarker aleleswereidentified. The
F,swith both marker alleleswerethen back crossed
withtherecurrent parent ADT 43 to synthesize BC F,

population. BC,F, population was again genotyped
with theforeground markers and thereby plantswith
marker dleleswereidentified. Insmilar fashionBC,F,
to BC,F, plants were synthesized and in each back
crossgeneration foreground selection wasdone using
thetrait specific markers. Thepositive plantsidentified
inBC,F, were advanced to four generation based on
phenotypeand yield potential of plants. InBC,F, the
selected plantswere again genotyped to shortlist the
phenotypically superior plantswith targeted marker
aleles. Finally, the selected plants were phenotyped
for root traitsand yield under artificia drought stress
(Fig 1). For which, oneand half feet tall and onefeet
width potswerefilled with the mixture of sand, soil
and compost and dl thefour progeniesandther parents
were sowninthe potswith threereplications. All the
potswerewatered regularly up to 70 daysto ensure
the good growth and  establishment of the plants.
Drought wasimposed for aperiod of 15 daysfrom 70
to 85 days after sowing. The plantswere rewatered
on 86" day and thereafter normally irrigated up to
harvest. At the time of harvesting the biometric
observationsviz, daysto flowering, plant height (cm),
number of productive tillers, panicle length (cm),
Spikelet fertility percentage and singleplant yield (g)
were recorded. After harvesting the pots with root
portionswereimmersed into thetubswith water for
three daysto loosen the soil, then the root portions
weredowly separated to record the observationsviz.,

252
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Best plants phenotyped for root traits & vield under stress

Figurel. MABB for introgression of QTLsSinADT 43from
CT 9993

root length (cm) and root volume (ml).
RESULTS

A total of 27 F, hybridswere synthesized by
hybridizing the drought-susceptiblerecipient variety
ADT 43 with donor parent CT 9993 and 11 trueF s
werefixed with polymorphic SSR markers. Thesetrue
F,swere backcrossed with recurrent parent and 79
BC,F, plants were produced. These backcrossed
plantswere genotyped with specific markersviz, RM
252 and RM 348 for basal root thicknessand yield
under drought stress respectively. Based on the
genotyping, 17 plantscarrying both QTLswereagain
hybridized with ADT43 and 66 BCF, plants were
synthesized. Based on foreground selection with the
specificmarkers, 13 BC,F, plantswereidentified for
further round of back crossing. Thecyclewasrepeated
for two moregenerationsto produce BC,F.. InBC,F,
eight plantswereidentified with both marker alleles

and were advanced to three more generations based
on phenotypic, visual sdlection, InBC,F, four single
plant progenies viz., 13-3, 26-5, 48-1 and 111-2
harboring both QTLsviz, basal root thickness and
yield under drought stresswereidentified using trait
specific SSR markers. Selected four entriesalongwith
parent were raised in pots to study the yield under
drought stress and phenotyped for root length and
volume. Among the four progenies 13-3 possessed
long rootswhen compared to both recurrent and donor
parentswith alength of 49.4 cm. However, al thefour
plants were phenotypically similar to ADT 43 and
possessed with root traitssimilar to donor parent CT
9993. Successful introgression of drought yield QTLSs
into rice variety MR 219 was demonstrated by
Shamsudinet al., 2016.

CONCLUSION

This study was aimed to develop drought
tolerant ADT 43 through MABB. Four BC,F, plants
harboring QTLsfor root traitsand yield under drought
stress were identified in ADT 43 background.
Performance of all thefour genotypeswerefoundto
be superior under artificial drought stressand among
thefour 13-3 wastop ranked. All thefour entriesand
their parentsare being assesstheir performance under
direct sown natural drought proneenvironment.
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Aerobic system of cultivation has gained
momentuminirrigated lowlandswhererainfall isnot
aufficient and pumping water from degpwel isexpensve
and upland systemwith supplementa irrigation. The
lack of stableyielding and dry direct seeded adapted
varietiesfor aerobic systemisamajor limitationin
achievingthemaximumyied potentid under water and
resourcelimited conditions (Sandhu et al., 2019). To
combat thissituation, itisessentia tofocustheresearch
priority towardsdevel opment of water efficient * agrobic
rice’. Sinceyiddisacomplex trait associated withthe
other yield attributing charactersand ismuchinfluenced
by the environment, the sel ection based onyield done
will oftenresultin retrograde or lessoptimum progress
in isolating superior genotypes (Manjunatha et al.
2017). Correlation studies helps the breeders to
ascertain the nature of rel ationship between important
traits. Thepresent investigation wasundertakentofind
out thenature of therelationship of grainyieldwithits
yield components, direct and indirect contribution of
these componentstowardsgrainyield and to identify
better combinations of such yield components as
selection criteriafor developing high yielding aerobic
rice genotypes.

MATERIALSAND METHODS:

The present experiment was conducted with
65 rice genotypesincluding popular rice varieties,
drought tolerant ricevarieties, agrobic rice genotypes
andlandracesa RiceRessarch Station, Tirur, Tiruvalur
during Kharif, 2015 whichislocated at about 13°N
latitude and 79°E longitude at an atitude of 40 meters
aboveMSL. Thegenotypeswererai sedin Randomized

Block Design with three replications under aerobic
conditionandirrigated at weekly intervals. Theplot
size was 3 x 3 m? with the spacing of 20 x 10 cm.
Observationswererecorded onfiverandomly selected
plants per replication for the characters viz., Plant
height, No. of productivetillers/plant, Paniclelength,
No. of grains/ panicle, Hundred seed weight and
Panicle Harvest Index whereas, the characterslikeplot
yield and daysto 50 % flowering were recorded on
plot basis. Then the datawere subjected to Statistical
andysisby following Singh and Chaudhary (1995) for
correlation coefficient and Dewey and Lu (1959) for
pathandysis.

RESULTSAND DISCUSSION

Genotypic Correlation coefficientisgeneraly
of higher magnitudethan the corresponding Phenotypic
Correlation coefficient level indicating that the
environmental causesof correlation had affected the
gendtic cause, thereby reducing therdiability of utilizing
the phenotypic correlation for the crop improvement
programme. AsGenotypic Correlation coefficient would
givetheredidtic pictureof relationshipsexistingamong
thecharactersintheabsence of environmentd influence,
thegenotypic correlation coefficient weretilized inthe
present study. Significant and positiveassociationswith
plot yield wereexhibited by theyield contributing traits
viz., no. of productivetillerg/plant (0.455), panicle
length (0.243) and hundred seed weight (0.219) (Table
1). Significant and positive association of thesetraits
indicates that sel ection based on these traits would
ultimately improvegrainyield under aerobic conditions.
Thecharactersplant height, no. of grainsper panicle
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Tablel. Genotypic correlation coefficientsof yield and yield attributingtraits

DFF PH NPT A NGP HSW PHI PY
DH 1.000 0.110 -0.056 0272 0.272* -0.125 0.063 -0.063
PH 1.000 0081 0.219* 0.132 0.186 -0.278 0.033
NPT 1.000 0.020 0114 0.183 0.401* 0.455*
A 1.000 0.454* 0.065 -0251 0.243*
NGP 1.000 -0015 -0.201 0.069
HSW 1.000 0.279* 0.219*
PHI 1.000 0.088
PY 1-000

* Significance at 0.05 % probability

and panicle harvest index showed positive but non
sgnificant association with plot yield whereasthetrait
daystofifty per cent flowering registered negativeand
nonsgnificant correaionwith plot yield.

The intercorrelation among the important
component traitsisalso important in order to decide
uponwhichtraitstobegiven dueweaghtageinexercisng
selection. The inter correlation between the yield
contributing traitsviz, daystofifty per cent flowering
with paniclelength (0.272) and no. of grainsper panicle
(0.272): plant height with paniclelength (0.219); no.
of productivetillers/plant with panicle harvest index
(0.401); paniclelength with no. of grains per panicle

Table2. Direct and Indirect of yield and yield attributingtraits

(0.454) and hundred seed weight with panicle harvest
index (0.279) werepositiveand significant indicating
thepossibility of s multaneousimprovement of these
traitsby concentrating on any oneor two of thesetraits
(Tablel).

Path analysis

Information obtained from correl ation study
could not indicate whether the association of theyield-
related traitswith yield isdueto their direct effect on
yield or isaconsequence of their indirect effect via
someother traits. Asthe correlation coefficient isnot
sufficient to explaintruerelationship for an effective
mani pul ation of the character, path coefficient was

DFF PH NPT A NGP HSW PHI PY
DFF -0.036 -0013 -0.028 0074 -0.030 -0021 -0.009 -0.063
PH -0.004 0118 0.040 0.060 -0015 -0031 0.040 0.033
NPT 0002 -0.010 049% 0.006 -0.013 0030 -0.057 0.455*
A -0.010 -0.026 0010 0.274 -0051 -0011 0036 0.243*
NGP -0010 -0016 0.056 0.124 0112 -0.002 0.029 0.069
HSW 0004 -0022 0091 0018 0002 0.166 -0.040 0.219*
PHI -0.002 0033 0.198 -0.069 0023 0.046 -0.142 0.088

* Significance at 0.05 % probability*

Characters- DFF (Daysto 50 % flowering), PH (Plant height), NPT (No. of branchesper plant), PL (Paniclelength), NGP (No.
of grainsper panicle), HSW (100 Seed Weight), PHI (Panicle Harvest Index), PY (Plot yield)

Residual effect - 0.815
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worked out. Path coefficient analysisis useful to
understand the direct and indirect effects of each
character ongrainyield and the gpplication of selection
pressure in a better way for yield improvement,
partitioning of correlation coefficient into direct and
indirect effects. In the present study, Path analysis
showed that the maximum positive direct effect
contributing to plot yield was exhibited by no. of
productivetillers/ plant (0.455) followed by panicle
length (0.243) and Hundred Seed weight (0.219) which
impliesthat selection for thesetraitswould improve
seedyield per plant (Table2.). PanicleHarvest Index
exhibited highest indirect effect on yield viano. of
productivetillersper plant (0.198) followed by no. of
grainsper panicleviapaniclelength (0.124). Thisshows
that selectionfor thetraitsno. of productivetillersper
plant and panicle length would indirectly help in
increasingthegrainyield. Low residual effect of 0.815
depictsthat number of observed traitsin the present
study issufficient for the study.

Thetraitsno. of productivetillers/ plant, panicle

length and Hundred Seed weight had positive
associationwith higher direct effect on plot yieldwhich
could beused assdlection criteriafor devel oping new
rice varieties with high productivity under aerobic
condiition.
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Long-term fertilizer experiments were
conducted acrossthe country at fixed siteindifferent
agro-ecological zones (AEZ) and on important
cropping system to monitor the changes in yield
responsesin soil environmentswhich areinfluenced by
continuous use of organic and inorganic sources of
nutrients. Thisisaclassica experiment whichintends
toformulatetherationd useof fertilizers(Janzen, 1995).
Further, this type of experiments also studies the
dynamics of soil and crop productivity in different
cropping system and relates to management for
identifying the constraintsthat affect the sustainability
of agiven production system.

Thispaper intendstofocusonthecropyiddin
different yearsof cultivation asinfluenced by continuous
useof manuresandfertilizersanditssustainability issue
reflected by changein soil fertility parameters.

METHOLOGY

Thislong-term experiment wasinitiated during
theyear 1989 at RARS, AAU, Titabor (26°352 E and
96°102 N) and isbeing continuedtill date. Thereare
14 treatments in total which are as follows: T1
(Control), T2 (100%PK), T3 (100%NK), T4
(100%NP), T5 (100%NPK+Zn), T6
(100%NPK+Zn+FYM @ 5t/ha), T7 (100%NPK -
Zn), T8 (100%NPK-S), T9 (100%N+50%PK), T10
(50%NPK), T11 (50%NPK+50% GM-N), T12
(50%NPK+50% FYM-N), T13
(50%NPK+25%GM-N+25%FYM-N), T14
(FYM@10t/ha). Here, 100%NPK impliesthefertilizer
dose of 40kg N: 20kg P,O, and 20kg K, O /ha. The
plot szeof individud treatment was 10mx10mwith4

replication using RBD. All the standard package of
practiceswasfollowed during experimentation. Some
of the selective treatmentswere considered for their
study namely: T1 (Control), T5 (100%NPK+2Zn), T6
(100%NPK+Zn+FYM @ 5t/ha), T13
(50%NPK+25%GM-N+25%FYM-N), T14
(FYM@10t/ha).

Further, the availableyield datain terms of
sustainableyieldindex (SY1) anditsrelationship with
some of the important soil fertility parameterslike
organic-C, available P,O, and available K O status of
the soil weredone. Thedatain termsof sustainable
yieldindex (SY1) wasworked out by usngthefollowing
formula(Singh et.al, 1990)

SYI=(A-Y) x 100/ Y max

Where,

A=Meanyiedof aparticular treatment

Y = Standard deviation of thetreatment and

Y max= The maximum yield recorded in
different yearsand trestments.

RESULTS

Crop productivity in different years of
cultivation asdepicted inthe Fig 1 showed variation
over the yearsboth in Rabi and Kharif season. The
range of yield between theyearsvariessignificantly.
Regardinggrainyield during 2019, it ranged from 2.02
(control) to 4.94 t/ha(RDF+FY M) with an average
increase of 14%. Linear trends of productivity over
theyearswith current RDF indicated positivegrowth
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Fig1: Crop productivity in different year sof cultivation

rateinthisacid alluvial soils(35 kg/halyr). Additional
doseof FYM @ 5t/haa ong with RDFimproved the
growthratesubstantialy with 79 kg /halyr. During rabi
aso, RDF5t/haFY M recorded maximum meangrain
yield (4.34 t/ha) and thistreatment recorded growth
rate of 54kg/halyr. Higher growth rate was observed
in Kharif season compared to rabi season. Thetrends
inmeangrainyield over 31years(1989-2019) inkharif
andrabi wereassessed by filling tolinear functionusing
actua yidd.

Changesin soil fertility compared toinitial
values:

Theorganic carbon contentincreasedindl the

aforesaid treatments compared toinitial values. The
organic carbon content at Titabor decreased in control

3

but increased in RDF, RDF+FYM and in other
integrated treatments. Maximumincreasewasin sole
application of FY M. In case of theavailable P, there
wasabuildup of Pcontentinall treatmentsexcept on
initial control plots. In caseof availableK, therewas
decreasein control plot andincreasein other treatments.

Sustainability of soil and crop productivity

Sustainability refers to the maintenance or
enhancement of productivity on along term basis
through integrated land management. In order to
monitor the changesin soil fertility andyield response
dueto continuous application of plant nutrientsfrom
fertilizersand organic manures, an attempt has been
madeto eval uatetheyield dataintermsof sustainable
yiddindex (SY1) anditsrelationship with someof the

Table1: Influenceof continuoususe of manuresand fertilizer on sustainableyield index (SYI) and per cent of nutrient changein

selectivetreatment of rice-ricecropping sequence

Treatments SYI(%) Meanyield SYI (%) Meanyield % changes Avg.P  Avg. K
2012 (kg/ha) 2019 (kg/ha) SOC

Control 20 2156 1860 2020 411 -14.2 -406
100% NPK+Zn 504 4161 4235 4320 284 16.7. 104
100% NPK+Zn+FY M 60.7 4600 6465 4900 60 198 125
50%NPK+25%GM-N +25% FYM-N 513 3700 56.04 3950 579 187 1510
FYM 10t/ha 535 3750 57.10 4010 654 1A 168
Correlation (r) 090 094 0.78 082 0.78
Regression coefficient (R?) 082 0.83 0.60 0.69 0.62
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important soil fertility parameterslike organic carbon,
available PO, and available K, O (Table 1). Inthis
rice-rice cropping systemthe SY | for ricerangefrom
20.60- 64.65% during the current year (2019) and
during theyear of 2012 SY | valuesvaried from22to
60.7%. The treatment receiving 100%
NPK+Zn+FY M maintained the highest SY| values.
Besidestherewasincrease of organic carbon content
intreatmentsreceiving organic manuresaswell asin
INM treatments. In caseof K, thebuildup of available
K wasmargind.

Correlation of SY| valueswith available soil
dataon changesin nutrient statusindicated amoderate
to highlevel of relationship between SY | and the soil
parameters. Most of the variationsin SY | could be
related to changesin soil carbon Pand K availability in
thisacid alluvial soil. The percent of changein soil
organic carbon varied from 28.4 to 68.4%, for P it
ranged between 167 to 194%. Whilefor K thechange

wasmarginal ie., 10.4to 16.8%.
CONCLUSION

From the results of 31% year of study on
longterm soil fertility managementinrice-rice sequence
indicated superior performanceof RDF+FY M over
the other treatmentsin both wet and dry season. In
general, INM and other organic treatments alone
resultedinimprovement of soil fertility parameterswhich
reflected positively inrice productivity and SY | asan
when compared between the year 2012 and 2019.
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IRC/TM-1/PP-126

EVALUATION OF THE TOTAL TOCOPHEROL CONTENT IN A SET OF
WILD RICE ACCESSIONS

Rajvir Kaur®, Rupinder Kaur?!, Neelam Kumari?, Renu Khanna! and Neerja Sharma'
Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana-141004, Punjab,

India

2School of Agricultural Biotechnology, Punjab Agricultural University, Ludhiana-141004, Punjab, India
*Corresponding author e-mail: rajvirdeol215@gmail.com

Rice (Oryza sativa L.) isthe most important
food crop and a staple food which contributes up to
70% of daily caoriesfor morethan haf of theworld's
population. The 27 Oryza species span ~15 million
yearsof evolution, with 11 genometypes, 6 of which
arediploid (n=12: AA, BB, CC, EE, FF and GG)
and 5 of which arepolyploid (h=24: BBCC, CCDD,
HHJJ, HHKK and KKLL). Wildrelativesof riceare
known to harbor untapped reservoir for many useful
traitsof nutritional importance. Wildrice, like most
cereals, isnot acompletefood. It has been reported
to beahealth promoting cered, particularly duetoits
cholesterol-lowering and antioxidant propertiesandits
ability to participatein the prevention of diabetestype
I1. Whole rice contains a wide range of bioactive
compounds such as vitamin E (tocopherols and
tocotrienals), Y-oryzanols, phenolic acids, flavonoids
and phytic acid. Oneof thefeaturesin determining the
quality of rice is the tocopherol content, which is
gendticaly controlledand highly influenced by prevailing
environmental conditions. Tocopherol isone of the
antioxidantswith diverse functions and benefitsfor
humansand animals. Inthe present study, a set of 35
wildriceaccess onswere screened for total tocopherol
content. Thesewild rice accessionswere selected on
basis of their high protein content in brownrice (¢
12%) as brown rice is nutritionally rich due to the
presenceof thebranlayer, whichisremoved in case of
polished rice. Wild accessionswhich have high total
tocopherol content along with higher protein contentin
brown rice, could beused asdonorsinthehybridization
programmefor nutritional enhancement of eliterice
cultivars.

METHODOLOGY:

Theexperimentd materid congsted of 35wild
rice accessions, comprising 34 accessions of AA
genome species (O glaberrima, O. barthii, O.
rufipogon, O. meridonalis) and one accession of CC
genome species (O. officinalis) along with 7 non-
basmati cultivars, PR 114, PR 121, PR 123, PAU 201,
Pusa44, PR 128 and PR 129 (widely grownin Punjab
state). The crop was raised following the standard
agronomic practicesand harvested at maturity. Seed
of accessions was dehusked with hand dehusker to
get brown rice and sampleswere ground to powder.
Total tocopherol was extracted and estimated using
the method proposed by Kayden et al 1973. For
tocopherol extraction, 500 mg of sample was
homogenized with absol ute ethanol. Then estimation
of total tocopherol content was done using purified
xylene, bathophenanthrolinereagent (0.4%in absolute
ethanol), FeCl,, reagent (60 mg FeCl,..6H,0in 100 ml
absolute ethanol), 0 —phosphoric acid (0.5 ml of 85%
phosphoric acid in 100 ml of absolute ethanol).
Absorbance of the test was read at 536 nm against
xyleneasreferencewithin 30 seconds. The contact of
sample with sunlight was avoided. Amount of
tocopherolswere calculated from the standard curve
prepared with tocopherol (2-10 pg) as standard.

RESULTS:

The total tocopherol contents of different
accessionsof wildriceranged between 8.91g/gm (O.
rufipogon) to 37.31g/gm (O. rufipogon). For thenon-
basmati, it varied from 16.7 ig/gm (PAU 201) to 22.4
ig/gm (PR 128). Thetotal tocopherol content of 19
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wild rice accessionswerefound to be morethan that
of non-basméti cultivars. Resultsfrom different studies
ontotal tocopherol content were reported by Goufo
and Trindade (2014), with overall range from 3.00—
105.5ig/gmin non-basmati brown rice cultivarsand
wildrice.

CONCLUSION:

This study provides information on total
tocopherol content of different ricewild accessions.
Results showed that some of thewild accessionshave
hightotal tocopherol content along with higher protein
content in brown rice. These could be used asdonors

in the hybridization programme for nutritional
enhancement of eitericecultivars.
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SCREENING OF GERMPLASM ACCESSIONS FOR MULTIPLE DISEASE
RESISTANCE IN RICE (ORYZA SATIVA L.)

Gurjeet Singh’, Renu Khanna, J S Lore, Rupinder kaur and G S Mangat

Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana 141004
*Corresponding author e-mail: gurjeet-pbg@pau.edu

Indig, isthelargest ricegrowing country with
nearly 44 million hectaresareaand the second largest
producer after China. Bacteria blight (BB) caused by
Xanthomonas oryzae pv. oryzae (Xoo0) isone of the
most destructive disease of rice, whichisprevalentin
the mgjor rice growing countries of Asia. False smut
(FS) is an important emerging disease caused by
Ustilaginoidea virensespecidly in NorthWest region
of Indiaduetowidespread cultivation of highly fertilizer
responsive cultivars and increased application of
nitrogenfertilizer. It not only greatly reducesgrainyield
but aso deterioratesgrain qudity. Till date, 45 resstance
genesconferring res sanceto BB pathogenshave been
reported from rice, including few genes from wild
accessions (Pradhan et a 2020). Resistance genes
against U. virens have not been identified yet, but
numerous efforts have been undertaken to study the
inheritance of theresistance. Exploitation of host plant
resistance is the most effective, economic and
environmentally safe measure for controlling both
diseases. Keeping in view the importance and
devadtating potentia of these diseasesthe present study
was undertaken to identify potential donors for
resistance to BB and FS from a set rice germplasm
accessions.

METHODOLOGY:

A set 180 germplasm accessions of rice
including released varieties, landraces and elite
genotypeswere cultivated at during Kharif 2020, at
PunjabAgricultural University, Ludhiana, India. The
lineswereartificially inocul ated against BB pathotype
PbX0-7 by Clip Inocul ation Technique at maximum
tillering stage. In addition, incidence of FSdiseasewas

recorded under natural conditions along when the
susceptible check PR 116 should high disease
incidence. Datawasrecorded for both diseasesusing
standard scaleasgivenby IRRI, Philippinesscale1to
9.

RESULTS:

The pathotype PbXo-7 is virulent on BB
resistance geneviz. Xal, Xa3, Xa4, Xab, Xa7, Xa8,
Xal0 and Xall (Lore et al 2011). Results showed
that out of 180 lines, 65 (36.11%) lines showed
resistant reaction, 46 (25.56%) lines showed
moderately resistant reaction and rest of 69 (38.33%)
lines were susceptibleto BB (Fig. 1). On the other
hand, 53linesshowed lessthan 1%incidence, 71lines
showed 1to 5%incidence, 41 linesshowed moderately
susceptible reaction and 15 lines showed higher
susceptiblereaction against FS (Fig. 1). Relatively
higher number of lineswithlower incidence of FSwas
observed due to non-coinciding of lines with the
favorable environment for FSdisease devel opment.

g
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Fig. 1. Reaction of germplasm linesagainst BB and FS
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CONCLUSION:

Thirty five(19.44%) lines showed resi stance/
moderate resistance reaction against both BB and FS
diseases. Thesepromising resstant linescan befurther
evaluated for presence of known BB genes using
molecular markersand theres stant FSlinescan further
be evaluated under natural hot spot conditions. The
potential donorstheseidentified canbeusedinbreeding
programmeto devel op high yielding cultivarswith
resistance against both the diseases.
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IRC/TM-1/PP-128

VARIABILITY STUDIESON YIELD AND GRAIN QUALITY TRAITSIN
ADVANCE GENERATION OF RICE (ORYZA SATIVA L))

Yogameenakshi P.*, P. Vivekanandan and N. Nadarajan

Krishi Vigyan Kendra (TNAU), Tirur, Tiruvallur, Tamil Nadu, India
*Corresponding author e-mail: yoga_meenah@yahoo.co.in

Riceisthe staple food crop in Indiaand is
grownindiverseecological conditionsranging from
rainfed upland to degp water conditionsof which 56%
comesunder rainfed ecosystem. Development of high
yidding varietiescombined with drought tolerance had
been the major objective of researchersworking on
drought tolerance. However, the consumer acceptance
and popularity of any new variety isdecided by its
physical appearance, milling and cooking quality
characters apart from its high yield and drought
tolerance. Thequdlity traitsassume primeimportance
inorder toidentify genotypeswith superior grainquality
inany variety rel ease programme. Hence the present
investigation was undertaken to study the extent of
genetic variability and heritability among some
important yield contributing and quality charactersin
an advanced generation of acrossIR 20/ Nootripathu
mainly devel oped for rainfed uplands.

METHODOLOGY

Thepresentinvestigationwascarried outinthe
Research Farm of the Department of Plant Breeding
and Genetics, Agricultural College and Research
Ingtitute, Madurai using 140 Recombinant inbred lines
of F, generation of a cross IR 20 / Nootripathu
advanced to evolve high yielding drought tolerant
genotype. Thegenotypeswerera sed in arandomized
block designwithtwo replicationsinrowsof 3mlength
with gpacing of 20cm between rowsand 15cm between
plants. Obsarvationonyiddand granqudity characters
viz., days to 50% flowering, plant height, No. of
productivetillers/plant, Paniclelength, No. of graing/
panicle, Spikelet fertility, 100 granweight, granweight,

grainlength, L/B ratio, Milling percentage, headrice
recovery, linear elongation ratio, Breadthwise
elongation ratio and Single plant yield wererecorded
onten plants selected at random per replication.

Hulling and milling were done using 20 g
representative sampleusing Satake Grain Testing Mill
and Polisher (Type TM05) for 90 secondsto obtain
uniform 5% polishing. Milling percentage and Head
RiceRecovery, Linear dongationratio and breadthwise
€longation ratio were cal cul ated.

Phenotypic and genotypic coefficients of
variation were estimated asgiven by Burton (1952).
Heritability in broad sense and genetic advance were
estimated as per Singh and Chaudhary (1977) and
Allard (1960) respectively and were categorizedinto
variousclassesas suggested by Johnson et al. (1955).

RESULTS

Theanaysisof variancerevea ed significant
differences among the genotypes for all the 14
charactersstudied. Themaximum rangeof variationin
mean was observed for number of graing/panicle
followed by plant height, spikelet fertility, milling
percentage, head ricerecovery and singleplant yield
whiletherangeof variation wasminimumfor thetraits
likegrainlength, linear € ongationratio and breadthwise
expansonratio (Illustration 1).

Knowledge on genetic variability isimportant
for selection of superior genotypes. Inthe present sudly,
the GCV was high for single plant yield (33.3%)
followed by no. of grains/panicle, no. of productive
tillers/plant, plant height and head ricerecovery. High
level of variability observed for thesetraitsindicated

]
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[lustration 1. Estimatesof Variability, heritability on yield and grain quality parametersin Rice

Characters Mean Range PCV (%) GCV (%) h? (%) GA (as% of mean)
DR 8640 78.50-106.50 598 5% 98.6 1215
PH 11396 7350-167.35 2058 2044 986 4183
NPT 1230 6.70-18.75 2378 2283 9R2 45.20
A 214 14.65-28.10 1063 999 834 1933
NGP 9207 37.35-168.20 25.86 2553 975 5192
S .32 26.20-96.65 1041 1013 A8 2033
100GW 248 203307 889 883 988 1815
e 059 0.52-0.65 445 436 %.1 848
L/B 227 1.81-3.00 860 846 %638 1718
MP 6847 35.2-86.35 1376 1344 %5 2706
HRR 54.60 26.10-74.05 2113 2101 989 4306
LER 128 104-159 1013 983 %1 1953
BER 138 1.21-1.64 747 723 P35 14.49
FY 1528 6.06-30.29 A4 3333 A2 66.62
the broad genetic base of the genotypes under studly. CONCLUSION

Thedifference between theestimatesof PCV and GCV
werevery lessfor al the charactersindicating theleast
environmenta influence,

Thelessinfluenceof environmental factorson
the observed characters was also supported by the
high heritability observed for all thetraits. High h?
estimatesfor no. of fertilegraingpanicle, grainlength,
L/B ratio and Single plant yield wasreported earlier
by Singh et al. (2000). The characters Single plant
yield, no. of graing/panicle, no. of productivetillers/
plant, head rice recovery, plant height, milling
percentage and spikelet fertility registered high GA as
per cent of mean coupled with high h2. Thiswasin
accordance with thefindingsof Umadevi et al. (2010)
for milling percentage and Linear elongation ratio.
Higher estimatesof GA indicated the preponderance
of additive gene action. Henceimprovement of these
traits could be brought about by simple selection
procedures. Lower estimatesof GA observed for the
traitslikegrainlength, daysto 50%floweringand linear
elongation ratio indicated the predominance of non
additive gene action which requires advancement of
generationsfor exercising selection.

Grainqudlity charactersin Ricehighly influence
the consumer preference and acceptability of avariety
inlong run and need to be given dueimportancewhile
framing any breeding programme. The present study
showshighleve of variability for grain quality traits
whichindicatesthebroad genetic base of the genotypes.
High heritability and Genetic Advance as per cent of
mean observed for the characterslike plant height, no.
of productivetillerg/plant, no. of graing/panicle, milling
percentage, head ricerecovery and Singleplant yield
indicated the preponderance of additive geneaction
and genetic improvement through simple selection
procedures. Asthe study was conducted in advanced
generation, itiseasy to exercise salection of genotypes
based on their performance.
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IRC/TM-1/PP-129

IMPROVEMENT OF THE INDIAN MEGA-RICE VARIETY, MTU1010 FOR

RESISTANCE AGAINST BACTERIAL BLIGHT, BLAST AND TOLERANCE

TO LOW SOIL PHOSPHORUS THROUGH MARKER ASSISTED PEDIGREE
BREEDING

B. Laxmi Prasannat, Kuldeep singh Dangi?, Ch. Damodar Raju?, R. Jagadeeshwar?, R. M. Sundaram?*
IRegional Agricultural Research Sation (PJTSAU), Polasa, Jagtial-505327, TS, India
2Professor Jayashankar Telangana Sate Agricultural University, Hyderabad-500030, TS, India
3ICAR-Indian Institute of Rice Research, Hyderabad- 500 030, TS, India
*Corresponding author e-mail: rms_28@rediffmail.com

To cope up with the steadily increasing
population, it's important to enhance the rice
production, which is adversely affected by several
biotic and abiotic stresses. Thereisanimminent need
to devel opimproved varietiestolerant to stressesvia
geneticimprovement. The present study focused on
improvement of the mega-rice variety, adaptableto
multiplerice growing ecosystems, MTU1010 (IET
15644, also known as Cottondora Sannalu). Despite
of its desirable features like medium-duration and
medium-slender grain type, MTU1010 is highly
susceptibleto bacteria blight (BB) disease, hasonly
moderateleve of toleranceto blast diseaseand highly
sengtivetolow soil Plevelswhich can causesignificant
yield lossesinthevariety. The main objective of the
study wasto combine combine resistance against BB
(conferred by Xa21) and Blast (Pi54) and low soil
phosphorous (Pupl) into the genetic background of
MTU1010 using marker-assisted pedigree breeding
strategy coupled with stringent phenotypic screening
for the target stresses and also for the key
agromorphological traitsspecificfor MTU1010.

METHODOLOGY

Initial crosseswere carried out between RP
5973-20-9-8-24-12-7, (a NIL of MTU1010)
possessing Pupl QTL and RP6132 (a NIL of
Akshayadhan) (developed by I CAR-Indian Institute
of Rice Research (ICAR-IIRR). The F;s generated

were confirmed for their heterozygosity using target
resistant gene specific markers viz., K-20-2,_,
(specificfor Pupl; Chinetd. 2011), FI5S4AMAS(specific
for Pi54; Ramkumar et d. 2011) and pTA 248 (specific
for Xa21; Ronald et al. 1992) and thetrue F, plants
(i.e. heterozygous F, plants) were selfed to develop
F,s. Homozygous positiveF, plantsidentified through
foreground selection using the target QTLS/gene
specific markersand advanced further by sdfing through
Pedigree breeding till F, generation. Phenotypic
screening was done at F_generation against biotic
stressesviz., Bacteria blight, blast and abiotic stress
i.e, low Ptolerance along with the parents and check
linesinthenormal field andlow soil Pplot respectively,
at ICAR-1IRR, Hyderabad during Wet season (i.e.
K harif season), 2018. Fifteen promising homozygous
positiveF_ lines, which closely resembled MTU1010
intermsof plant typeand graintypewere salected and
further evaluated for their res stance/toleranceto target
stresses (viz., BB and blast diseases and low soil
phosphorous tolerance) and also for key
agromorphologicd traits. Datawasrecorded for al the
parametersin both normal soil Pandlow soil Pplots
and datigticaly andyzed.

RESULTSAND DISCUSSION

At F, generationforeground selectionwasdone
using theco-dominant markers, specificfor Xa21, Pi54
and Pupl. A total number of 76 plants were
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heterozygouswith the marker(s) specificfor thetarget
gene and were forwarded to F, generation through
selfing. At eachgeneration foreground selection was
doneto identify the plantspossessing resistant alleles
of thetargeted genes using the co-dominant markers
specific for thethreetarget genes. At F_generation,
phenotypic screening for thetarget stressesidentified
that al thefifteenimproved breeding lineshave shown
resstant reactionfor BB withmeanlesonlengthranging
from 1+ 0.3to 3+ 0.3; whilefour linesshowed res stant
reactionto blast with score 3 and elevenlinesexhibited
moderate reaction to blast. When screened for low P
tolerance, four linesidentified to below Ptolerant.
Thesebest four promising lineswereassessed for grain
yield and other key agromorphological traitswhichare
observed to be equivalent to or better than the
MTUZ1010 NIL. Among which, two breeding lines
exhibited good performance with high level of
resistance/toleranceto al thethree stressesviz., BB,
blast and low soil P and performed well under both
normal soil Pandlow soil P possessing desirablelong
dender graintypelikeMTU1010 and also were non-
shattering (drawback inMTU1010).Gene pyramiding
of biotic and abiotic stresseswas accomplished using
systematic marker assisted breeding program with
sel ected plants possessing targeted genes/QTLsaong
with morphology similar to that of theMTU1010. In
the present study, using the same female parent
(MTU1010) in multiple crosses with intensive
genotypic-phenotypic selection and agro trait-based
selection hashel pedin sdlecting plantswithMTU1010
plant type and graintypeto agreat extent, despite of
not following backcrossbreeding strategy.

ILLUSTRATION/INTERPRETATION

Devel opment of broad-spectrum resistance
against diseaseslikeblast, BB and climateresilient

varieties in the Indian subcontinent is a foremost
challenge dueto themultiplicity of theagro-climatic
zoneswherericeiscultivated. In addition, under the
climate change scenario, toleranceto low Ptolerance
assumesgreat significancetorice. The current study
has demonstrated that the deployment of appropriate
gene or gene combinations against each biotic and
abiotic sresscan help develop new introgression lines
with durableand broad-spectrum resi stance/tol erance.
Thedeveloped ILswill beof great useinthefuture
rice breeding programs/improverice cultivationin
marginal soils(i.e. problematic soilswithlow P) and
breederscan usethem suiting totheir needsasvarieties
or asdonorsfor introgressing multiplegenesQTLS.
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MARKER ASSISTED IDENTIFICATION OF RESTORATION AND
BACTERIAL BLIGHT RESISTANCE GENES IN A SET OF TEST CROSS
NURSERY

Ravneet Kaur Chahal*, Narinder Singh, Rupinder Kaur, Renu Khanna, Navjot Sidhu and G S Mangat
Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana-141004, Punjab,

India

*Corresponding author e-mail: ravneet-pbg@pau.edu

Riceisan important Kharif crop of Punjab
occupying an area of about 2.8 lakh ha with a
productivity of 6384 Kg/ha during Kharif 2019.
However, thereisaneed toincreaseits productivity to
feed the ever increasing population. Hybrid rice
technology isoneof themost important and practicaly
feas bletechnol ogy to enhancetherice productivity.

In rice, primarily, three-line system is
deployed for commercia hybrid seed production.
Inindicarice, wild abortive (WA) cytoplasm, derived
from Oryza sativaf. sp. spontanea (Li and Yuan
1986) isoneof themost widdy used cytoplasmicmae
serility (CMS) sourcefor hybrid rice production, due
to its complete and stable fertility restoration. For
developing heterotic hybrid, thereisaneed to identify/
developlocally adapted restorerswith high restoration
efficiency in the hybrids. Evaluation for fertility
restoration ismainly donethrough test crossing with
CMSlinesand evauating thefertility (both pollenand
spikelet) of theF, hybrids, whichislaboriousandtime
consuming. Theuseof molecular markerslinkedto Rf
genes can enhance the sel ection efficiency, savetime
and avoid the complicationsassociated with phenotype
based screening. The objective of this study wasto
evaluate and identify BB resistance, heterotic
combinationsand new maintainerswith desirablegrain
quality and a set of promising lines were also
characterized for the presence of Rf3 and Rf4 genes
aong with known BB resistance genes X a4, xal3 and
XaZ2l.

METHODOLOGY

A set of 181 test crosses along with checks
PR 121 and PR 126 with 17 different CM Slineswere
evaluated during kharif 2019 to identify new restorers
and maintainers. The testcrosses and parents were
sowninparedrowsof 1.5meach. Datawasrecorded
for daysto 50% flowering (DF), bacterid blight (BB)
resistance (Pathotype V11) and fertility percentage.
These 181 parental lineswere a so characterized for
the presence of Rf3 and Rf4 genes using the marker
DRRM-Rf3-10 amplified >200 bpfor Rf3dlele &

<200 bpfor rf3dldeand marker DRCG-Rf4-
14 amplified 845 bp for Rf4 allele & 875 bp for rf4
dlele. Balgji Suresh Pet al (2012) identified QTLS
andther interactionsfor fertility restorationin Rf3and
Rf4 loci. For BB resistance, gene based markersviz.
Xad, xal3 and Xa21 were applied totheselines.

RESULTS

Days to 50% flowering of the test crosses
ranged from 70-114 days. The early maturing test
crosses haveagreat potential especialy inthe south
west digtrictswith sdlinity and water logging. Forty nine
test crossesfloweredinlessthan 90 days. IR 106156~
BK-BK, IR 31802-56-4, IR 112777 and PR 126
were found to be maintainer for the corresponding
CMSlinebecausetest crossesweretotally sterile. Out
of these, test crossesinvolving CM Slines: IR 64608A,
PCMS 24A, PCMS 11A, IR 80156A, PCMS 12A
and IR 58025A and restorers: PRR 815, IR 112750,
PAU 5187-RIL-1649-F8, IR 86515-19-1-2-1-1-
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Themarker DRRM-Rf3-10amplified >200 bp for Rf3alledleand <200 bp for rf3allele. Themarker DRCG-Rf4-14 amplified 845

bp for Rf4alleleand 875bp for rf4 allele.

1-1, PR 121 and PR 126 had higher yield and
other desirable agronomic characterslike height and
tillering ability. The Spikelet fertility % ranged from
1.13% to0 89.42%. Test crosseswith CMSlines: IR
58025A, PCMS 19A & PCMS 24A and restorers:
PR 126, HHZ 3-SAL 13Y2-DT1and IR 112750

showed higher standard heterosis of 10% to
15%. Among all the TCN, 16 showed resistant to
moderately resistant reactionto bacteria blight while
most of the test crosses were susceptible, high
incidenceof falsesmut wasa so observed in many test
Crosses.

Molecular analysis of these lineswith SSR
markers Rf3 and Rf4 and X&4, xal3 and Xa21 were
characterized for the presence of Rf3 and Rf4 genes
and BB resistance respectively. Results showed that
most of thelines (around 104) had Rf4 genewhile 17
lines had Rf3 gene. Twenty genotypes had both the
genes. Overdl frequency and restoration action of Rf4
was higher than Rf3in our lineswhich were studied
thus suggesting that Rf4 genelocated on chromosome
10isthe major restoration gene. It revealed that all

three BB genesviz Xa4, xal3 and Xa21 were present
in9lines, Xad andxal3in7linesand Xa4 Xa21in5
genotypes.
CONCLUSION

Theearly maturing hybridwith higher yiddand
desirable quality charactersalong with resistanceto
bacterial leaf blight will be multiplied and further
evduaedinreplicatedyiddtrids Thepromising partia
restorerswill dso beinvolvedinrestorer improvement
programme,
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MOLECULAR MODELLING AND DOCKING OF NAC TRANSCRIPTION
FACTORS IN ORYZA SATIVA

Rachana Ramayanam® #, Divya P Syamaladevi?, Prabhat Nath Jha' and LV Subbarao?

Department of Departmental Biotechnology, BITS, Pilani-333031, Rajasthan, India
2Department of Biotechnology, ICAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana
*Corresponding author e-mail: rachanaramayanam@gmail.com, dpsdevi @gmail.com

TheNAC family of Transcriptionfactorsplays
acentral rolein abiotic stressresponsessuch asdrought
response, flowering time, pathogen res stanceand cold
response amongst many more. Crucial in their
functioning are 3 conserved domainsnamely, NAM
(No Apical Meristem), ATAF2 and CUC2 (Cup
shaped Cotyledon). SPL isinvolvedinearly flowering
and by binding to NAC Promoters, alink could be
established between flowering and Abiotic stressby
regulating theseinteractions.

OBJECTIVES

1. Selection of 2 NAC Transcription factors
viaPromoter analysis.

2. To understand interactions between
NAC41, NAC79 and SPL12 with their respective
target DNAS.

METHODOLOGY
ONACsand SPL ASSOCIATION

Tolink NACsand early flowering owing to
SPL12 and SPL14, we randomly selected 11
unanalysed NACsand checked for SPL12 and SPL14
binding stesontheir promoters. PLANT PAN 3.0was
used to check for these binding sites. The crystal
structures of the nearest PDB hit for OsNACA41,
OsNAC79wasidentified usng BLAST against PDB
database.

DNAAND PROTEIN MODELING

TheProtein and DNA sequences of NAC41
and NAC79 were obtained from GBROWSE of RAP
DB. The protein sequences of NAC41 and NAC79
weresubmitted for homology modellinginRAPTOR
X to obtain the 3D models. The DNA modelsof the
Promoter regionsof both NACswere obtained from

DNA Sequenceto Structure Prediction of SCFBio.
Theobtained model sand Dockswerevisuaized using
Chimeral.14.

MOLECULAR DOCKING USING
HADDOCK 2.4

Haddock 2.4 was used to dock the NAC
transcription factors (NACA1,

NAC79) to specific DNA binding regionsand
SPL12 Proteinto both NAC Promoters.

RESULTS
ONACsSAND SPL ASSOCIATION

Binding sites of SPL12 and SPL14 were
plotted on the 1 Kb promoter region of 11 selected
NAC promotersgenerated. Fromthesegenes, 2NACs
with binding sites distributed majorly in the core
promoter were selected for further studies.

A. 0s01g0925400 — NAC41
B. Os04g0437000 — NAC79

STRUCTURAL ANALY SIS OF NAC41
AND NAC79

BLAST against PDB database using
OsNACA41, OsNAC79 asquery identified AtNAC19
from Arabidopsis thaliana as the nearest crystal
structure. AINAC19 wasthus considered aStandard.
AtNAC19 has 6 DNA binding motifs (Welner et.al,
2012). Their corresponding motifs in NAC41 and
NAC79wereidentified viamultiple sequencedignment.
Theevolutionarily conserved residueswithin these
consensus sequences can be considered as most
important in DNA-binding. Of theseresidues, those
substituted (not conserved) in OSNACs showed
similarity with theorigind AtINAC19 resduesinterms
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of amino acid biochemica properties, increasingtheir
similarity to AINAC19 motifs. It was observed that
the Group 2 motif, which is specific for DNA
recognition, undergoesafoldin NAC41 and NAC79
similar to that of AINAC19in binding to DNA'smgjor
groove, suggesting evolutionary relatedness.

MOLECULAR DOCKING OF NAC79
AND NAC41 TOTARGET DNA

The obtained PDB model of NAC79 was
docked with the DNA of the AtNAC19 crystal
structureusing HADDOCK 2.4. The Group 2 motif
(WKP!) inNAC79, isthe DNA recognizing motif and
wassubmitted astheactiveresiduesalongwith CACG
repeat in the DNA which isthe core DNA binding
region for most NAC Transcription factors. All the
docks were screened for orientation and atomic
distanceswith AINAC19 (WKAT) asareference. The
best dock for NAC79 obtainedisonthebasisof atomic
distances, highest binding energy and Haddock Docking
score. Comingtodeviaions, in NAC79 Prolinereplaces
Alanineand I soleucine replaces Threonine showing
dlight difference in atomic distances which is thus
explained. Similarly, in NACA41, for docking between
WRAS and CACG, the best dock was obtained. In
NACA41, ArgininereplacesLysneand Serinereplaces
Threoninegiving variationsin atomic distances.

MOLECULAR DOCKING OF SPL12 TF
TO PROMOTER REGIONS OF NAC41 AND
NAC79

Firstly, we performed BLAST of SPL12 and
SPL14 Proteinsagainst PDB to find the nearest hit.
FL12 had ahigher identity and wassdected for further

FHG TA. B BRLLD TR0 AN

FEPFLITNAC ™ PREITEE INTERACTHIME 13

studies. This SPL12 Protein sequence was model led
using Phyre2, which generated a model that had
homol ogy with the PDB hit. The Promoter sequences
of NAC41 and NAC79, and SPL12 binding siteson
themwere obtained and the TF binding Sitenearest to
the Transcription Start Sitewas selected. They were
found to be TTCGTAAGA at -149 in NAC41 and
TGCATACAC at -52in NAC79. Also, these binding
sites coincided with the consensus sequence of SPB-
DNA binding domainsin promoter region of target
genes: TNCGTACAA. HADDOCK 2.4 was then
used to perform docking of the SPL12 TFto NAC41
and NAC79. All Docks were screened for their
Haddock score and best fitswith the selected. In

both the models, SPL12 binds to the minor
groove of the DNA.. In both cases, out of the long
stretch of DBD, RRR and RRRK residueswerefound
to bemost involved in closely binding tothe DNA,
showingthat they arecrucial inthisSPL12 and NAC
interaction.

CONCLUSION

In our attempt at this thought, we were
successful at modelling the TFsand their promoters,
dockingitwiththeir target DNAsandisolating NAC41
and NAC79inthefirst attempt at characterizing these
NACs. Cloning, Transformation and expresson sudies
would validate our finding and lead to avariety with
abiotic stresstolerance and early flowering, which
definitely seemsfar-fetched, but astep closer.
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IRC/TM-1/PP-132

WILD RICE ORYZA RUFIPOGON- A NEW ACCESSION FROM KARNATAKA

Vimala Devi S, Jayateertha R. Diwan?, Ramappa Lokesha?, Girish C3, Ananthu MS®* and Muralidhar B?

1ICAR-NBPGR, New Delhi; 2University of Agricultural Sciences, Raichur;
3ICAR-IIRR, Hyderabad

ABSTRACT

Rice is one of the magjor cereal of global
importance, cultivated in diverse agro-ecological
regions. ThericegenusOryzaisclassfiedinto 11 groups
bassed on the genome. The AA genome has two
cultivated speciesand six wild species. Indiaisthe
center of origin and diversity for the Asian Rice,
especidly thefoothillsof theHimalayas, Chhattisgarh,
Jeypore tract of Odisha, north eastern India. The
cultivated Oryza sativa has two close relatives,
believed to be progenitors, i.e., O.nivara and
O.rufipogon, which seemsto have evolved 10000-
14000 yearsago.

Oryzarufipogon, growswildin India, China,
Southeast Asiaand SouthAsia. Itismentioned inthe
Red IUCN threatened list, this species is least
threatened and found widely distributed acrosstropica
Asiato Australiawhere subpopulations can be very
large. For the improvement of cultivated rice and
broadening itsgenetic base, genesfrom many landraces
and wild species have been identified. One bacterial

Fig.1: Oryzarufipogon ger mplasm collection of thecountry
inNGB

blight resistant gene from O.rufipogon has been
identified and has been transferred to O.sativa.
Research is being carried out to use O. rufipogon
accessions as the potential donor for improving
phosphorus uptake efficiency and to increaseyield
component.

O.rufipogon isaperennia speciesfoundin
grasdand, wetlandg(inland), artificia/terrestrid, artificia/
aguatic and marine habitats. Dueto rapid changein
thenatural habitatsof thecropwildrdatives, collection
and conservation of thediverse O.rufipogon hasgained
priority for aspotential genetic resource.

The germplasm collections of the National
Genebank at ICAR-NBPGR has 364 accessions of
indigenous collections of O.rufipogon from 10 states
of thecountry (Fig.1). Thesegermplasm collections
areprimarily fromthe statesof Odisha, West Bengd,
Uttar Pradesh and some parts of Chhattisgarh, which
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Fig.2: Potential areasof futureexploration for O.rufipogon
in SouthernIndia
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arenearby regionsof the primary and secondary centres
of diversity. The5 % of themargind onsbelong
to the other states such asA ssam, Bihar, Jnarkhand,
Maharashtra, Gujarat and Kerala

In the present study, an accession of
O.rufipogon was collected from the north Karnataka
region, which was hitherto not collected. Asseenfrom

the map (Fig.2), the collections reported along the
western peninsular region mainly during 1999 are not
presentinthe Nationa GeneBank. Theaccessonfrom
Jalibenchi, Raichur almost 20 years|ater showsthe
southern region asthe potentia areasfor exploration
of wild rice accessionsand augment the germplasm
collection of O.rufipogon.
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IMPROVEMENT OF PR 121 VARIETY OF RICE BY TRANSFERRING
DROUGHT YIELD QTLs

Kirandeep Kaur*, Renu Khanna, Rupinder Kaur, Navjot Sidhu and G S Mangat

Department of Plant Breeding & Genetics, Punjab Agricultural University, Ludhiana-141004, Punjab
*Corresponding author e-mail: kiranchandi @pau.edu

Due to changing climate, the ever-rising
incidents of abiotic stresses have becomeachallenge
invarietd development programme. PR121isthemost
popular highyielding (7.6 t/ha) and bacterial lesf blight
(BB) resstant variety predominantly grownin Punjab.
Itiswidely accepted by farmersaswell asmillersof
Punjab state occupying about 22% (6.2 |akh hectares)
area of the state during kharif 2020. This variety
possesses three BB resistant genes, Xa4, xal3 and
Xa2l(Bharg et al 2014). Keeping in view the
deteriorating ground water table of the state, efforts
were made to improve its water use efficiency by
transferring drought yield QTLsi.e., gDTY,, and
gDTY,, fromdonor IR96321.

METHODOLOGY

PR121 was used as a recurrent parent and
IR96321 possessing qDTY, , andqDTY, wasused as
donor parent. Marker assisted breeding was doneand
lines possessing either or both QTL s, resemblanceto
PR121 and BB genes (Xa4, xal3 and Xa21) were
selected. Thirty eitelinesderived from backcrossalong
with recurrent parent were evaluated in replicated
randomized block designin multilocationtrial. Data
wererecorded for different agronomictraitslike, days
to 50% flowering (DF), plant height (cm) (HT), ear
bearing tillersper m? (EBT/m?), yield per plot (kg/ha)
(YLD) and 1000 grain weight (gm). Averagesof five
plantsfor each genotype were assessed for ANOVA.
For confirmation of BB resistance Xa4, xal3 and
Xa2l gene based markers (Brar et a 2017) were
applied. For tracking thetransfer of drought QTLsfrom
donor parent (IR96321) markerslinked to gDTY
andgDTY, , wereapplied on all genotypes.

RESULTS

Therangeof DF varied from 102 daysto 121
dayswith ninegenotypesflowering earlier than PR121

(107 days).Theplant height ranged from 94 cmto 106
cm, whiletherecurrent parent was 101 cmtall. About
50% of the elite lines out yielded PR121 and also
possessed significantly higher EBT/n?. RY T 3851 and
RY T 3874were thehighest yieldinggenotypesamong
al. The 1000 grain weight ranged from 20.68gm to
27.40 gm. With maximum valueof 27.40gm, RYT
3851 had7% higher1000 grain weightthan recurrent
parent PR121. Molecular marker analysisrevealed
thatall three BB genesviz Xa4, xal3 and Xa21 were
present in 20 genotypes,while only 2 lineshad Xa4
and xal3, and 8 lines carried Xa4 and Xa21.Among
30 elite genotypes, 2 lines showed presence of both
drought tolerance QTL sin homozygousform, whereas
4 genotypes had only qDTY, and 6 lines carried
onlygDTY,,.

CONCLUSION

Inthe present study, both drought yield QTLs
vizgDTY,, andgDTY, ,weresuccessfully transferred
inthe background of PR 121. Two genotypeshad both
the QTLsinhomozygousformwhileatotd of 10lines
carried either of thetwo QTLs. The better performing
lines in the field trial will be subjected to quality
evaluation and will a sobeforwarded to multilocation
trialsfor further evauation.
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MOLECULAR CHARACTERIZATION OF RICE GENOTYPES FOR
TOLERANCE TO PHOSPHORUS STARVATION

V. Nirubana®, C. Vanniarajan! and J. Ramalingam?
Department of Plant Breeding and Genetics, Agricultural College and Research Institute (TNAU),
Madurai-625104, Tamil Nadu, India
2Department of Plant Biotechnology, Centre for Plant Molecular Biology and Biotechnology (TNAU),
Coimbatore-641003, Tamil Nadu, India
*Corresponding author e-mail: nirujayammal @gmail.com

Rice, themost vital crop and holdsaunique
position among cerealsand serves asthe staplefood
for theworld population. It providesatotal caloric
intake of theAdan populationwhereitisaprimesource
of energy. Phosphorus (P) isreferred to as* king-pin”
in Indian agriculture and it is one of the important
macronutrients required for normal growth and
development of all crop plants. The potentia yield of
rice cultivars is decreasing due to the phosphorus
deficiency in problematic soils, thereby increasing the
application of Pfertilizer throughout theworld. About
50% of thericefieldsare experiencing adeficiency of
PinAsiaand about 60% of rainfed riceisgrown on
soils affected by multiple stresses including the P
deficiency. Therefore, andternativestrategy isrequired
to overcome the problem and to address this
devel opment of phosphorus starvation tolerant rice
varietiesholdssgnificant for beneficid ricefarming.

A major quantitative trait locus (QTL)
phosphorusuptake 1 (Pupl) detected on chromosome
12 associated with tolerance to phosphorus deficiency.
Fine mapping and candidate gene analysis of Pupl
locus identified PSTOL1 (Phosphorus Starvation
Tolerance 1), whichwasvery closely associated with
tolerance to phosphorus deficiency. Based on the
sequenceinformation, the allele-specific insertion-
deletion (InDdl) and DNA markersfor Pupllocushave
been developed for use in gene identification and
marker-assisted selection (Chinet al. 2011). With this
information, our study was aimed to screentherice
genotypesfor phosphorus deficiency toleranceusing

Pupl locus associated markers to identify the P-
starvationtolerant genotypesthat can be exploited for
futurericebreeding programme.

MATERIALSAND METHODS

The experiment was carried out at the
Department of Plant Breeding and Genetics,
Agricultura Collegeand Research Inditute, Tamil Nadu
Agriculturd Univeraty, Madurai. Thirty ricegenotypes
including twotolerant checks (IR 64 Pupl and Samba
Mahsuri Pupl) wereused inthe present sudy. Genomic
DNA was isolated from the young leaves of each
genotype using Cetyl Trimethyl Ammonium Bromide
(CTAB) method. Five SSR markerscomprised of three
dominant (K46-1, K52 and K59) markersin INDEL
region and two co-dominant markers (K29-2 and
K29-3) in Pupl genomic region (Chin et al. 2010,
2011) were used for genotyping to screen for the
presence or absence of Pupl locusinthe genotypes.

RESULTSAND DISCUSSION

FivePupl QTL linked markersviz., K29-2,
K29-3, K46-1, K52 and K59 were genotyped for all
the 30 rice genotypes. Amplified bands were scored
from O (absence of alelein al the markers) to 5
(presenceof thedleeinall themarkers). Among the
30 genotypes, 80 per cent of the genotypes possessed
the probable presence of Pupl QTL. The marker
K46-1 was observed to bethe highest (70%) among
thegenotypesfollowed by K52 (66.66%), K59 (60%),
K29-2 (36.66%) and K29-3 (30%).

Five genotypes i.e., ADT (R) 48, APO,

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

|



et

1% Indian Rice Congress - 2020 % ;ndi@m
Rice Research and Development for Achieving Sustainable Development Goals \/ M

Theme - I: Enhancing rice productivity and quality

Improved PusaBasmati 1, PMK (R) 3and UPLRI 5
have shown the Pupl alelefor all thefive markers.
Six genotypesviz., ADT 39, ADT 47, Anna(R) 4,
CO 52, CR 1009 Sub 1 and TKM 13 did not show
any Pupl dldeamplification. Threegenotypeshad four
amplified bandseach, e ght genotypeswith threebands
each, two genotypeswith two bandsand four genotypes
with single amplified band were a so observed with
respect to al thefive Pupl specific markers.

Based on the molecular screening, five
genotypesviz.,, ADT (R) 48, APO, Improved Pusa
Basmati 1, PMK (R) 3and UPLRI 5wereclassified
astolerant for its response to P deficiency as they
possessed thePupl adlelefor dl thefivemarkers. The
selected genotypes may be useful for the exploration
of novel genes conferring phosphorus deficiency
tolerance and used as donor parentsin the breeding
programs. Absence of thisaleeinthericegenotypes
may beused asrecipient parentsin futurericebreeding

program

CONCLUSION

Inthisstudy, fivegenotypesviz., ADT (R) 48,
APO, Improved Pusa Basmati 1, PMK (R) 3 and
UPLRI 5 were identified as phosphorus-deficient
tolerant genotypeswhich could provide and display
the tolerance sources for effective breeding of rice
cultivarstolerant to phosphorusdeficiency.
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IRC/TM-1/PP-135

PYRAMIDING OF QTLs FOR DROUGHT TOLERANCE (gDTY1.1, gDTY 2.1,
gDTY2.2 and gqDTY 3.1) IN RICE

K. Saritha, Gopala Krishnamurthy, Jyothi Badri, L.V. Subba Rao and
G. Padmavathi”

ICAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana, India
* Corresponding author’s email: padmaguntupalli6@gmail.com

Drought isone of the major abiotic stresses
drastically affecting ricegrown under rainfed low lands
and uplandsleadingtoyieldlossof 13-35% (Shamsudin
etal., 2016). Inview of changing climate, thewater
deficit appearsto bethe mgjor congtraint affecting rice
production in near future (Wassman et al., 2009).
Hencebreeding for improved drought toleranceleading
toincreased grainyield under drought stressisthemost
promising approach for managing thedrought stress.

Deployment of twoyield QTL sunder drought
(gDTY2.1& gDTY 3.1) into thebackground of Samba
mahsuri subl led to the development of DRR Dhan
50, thefirst drought cum submergencetolerant variety
at ICAR-1IRR, Hyderabad through marker assisted
back crosshbreeding approach. Inthe current study,
we attempted to pyramid two additional QTLsfor
drought tolerance(gDTY 1.1andgDTY 2.2) into DRR
Dhan50(gDTY2.1,gDTY 3.1and sub 1) to develop
drought tolerant pyramided linespossessing enhanced
drought tolerance.

METHODOLOGY

In order to generate drought tolerant
pyramided lineswith 4 QTLs, DRR Dhan 50 was
used asthe recurrent parent possessinggDTY 2.1 and
gDTY3.1and SAB 4-7-5asdonor possessinggDTY
1.1 and qDTY 2.2 . The validation of 31 reported
foreground SSR markers linked to the respective
QTLs wasdonein the parental genotypes. Samba
Mahsuri wasused asnegative control for thisanalysis
. A cross was made between recurrent and donor
parentsto obtain F, seeds. Fivetrue F, plants were

backcrossed to DRR Dhan 50 to obtain BC F,
progenies. The parentswere screened with genome-
wide SSR markers unlinked to drought QTLs and
identified 84 backgroundsmarkers. In each back cross
generation, six foreground SSR markerswere used to
select positive plants. Background selectionwasdone
inthose plants found positivefor thetargeted QTL
combination. Recurrent parent genomerecovery was
estimated by Graphical Genotyping (GGT 2.0)
software. Subsequently heterozygous BC F, plants
having the QTL sunder study and similar agronomic
traitsof recurrent parent were backcrossed with DRR
Dhan 50to obtain BC, F, progenies.

RESULTS

The parental genotypes (DRR Dhan 50 and
SAB 4-7-5) were screened for reported SSRs linked
to drought tolerance QTLs. DRR Dhan 50 was
screened with a set of seven reported SSR markers
linked to gDTY 2.1 namely RM5791, RM521,
RM3549, RM324, RM6374, RM525 and RM221
and; ten SSR markers linked to gDTY 3.1 namely
RM416, RM 16030, RM520, RM55, RM 168,
RM186, RM293, RM468, RM 15935 and RM 16 to
confirmthepresenceof gDTY2.1and qDTY3.1. Three
linked SSR markers namely RM521, RM 324, and
RM6374 (qDTY 2.1) and two linked SSR markers
ie.,, RM168 and RM 186 (gDTY 3.1) showed
polymorphism between DRR Dhan 50, positive check
and Samba mahsrui, the negative check indicating
presence of corresponding QTLsin recurrent parent
which weresdected for further screening of thecrosses
and segregating populations.
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Similarly thedonor parent, SAB 4-7-5aong
with Sambamahsuri, the negative check was screened
for eight SSR markerslinked togDTY 1.1 namely
RM 11943, RM 12023, RM 12233, RM 12091, RM
431, RM 12146, RM 212 and RM 486; and six SSR
markerslinked to gDTY 2.2 namely RM 236, RM
279, RM555, RM12460, RM154 and RM109.
PolymorphismwasobservedwithRM 12091 for gDTY
1.1and RM 279 for gDTY 2.2 between donor and
negative check.

DRRDhan50(gDTY 1.1and qDTY2.2), the
recurrent parent was crossed with adonor SAB 4-7-
5(gDTY2.1andgDTY3.1) and generated 60 F s. They
are tested for hybridity and confirmed 56 true F,
heterozygote plants expressing both the alleles of
recipient parent and donor with respect to foreground
markerslinked to four drought QTLsnamely gDTY
1.1 (RM 12091), gDTY 2.2 (RM 279), gDTY 2.1
(RM 521 and RM 6374) andgDTY 3.1 (RM 168 and
RM 186) .

Therecurrent parent was backcrossed with the
fiveout of 56 confirmed heterozygous F, plantsto
generate 200 BC F, seed. The marker assisted
foreground selection of 200 BC F, plants was
performed for confirmation of targeted dlelesutilizing
thelinked SSR markersie., RM 521 and RM 5791
(gDTY2.1), RM 16030 (gDTY 3.1), RM 12091 and
RM 431 (gDTY 1.1) and RM 279 (gDTY 2.2) (Fig

Fig 1. Foreground selection of BC, F, plantsusngRM 521
marker linkedtogDTY2.1

1). Identified seven heterozygous BC F, plants
designated as BC F -9 (A), BC F,-12 (B), BCF -
25(C), BC,F-50 (D), BC|F,-52 (E), BC F,-72 (F)
and BC,F,1-76 (G) harbouring all four QTLs
viz, qDTY1.1,gDTY2.1,gDTY22andgDTY 3.1.

For background selection, a set of 909 SSR
markers unlinked to drought QTLs evenly spaced
acrossthetwelverice chromosomeswere selected to
find out polymorphic background markersbetweenthe
parents (RP and donor). Out of 909 SSR markers, 84
were polymorphic between recurrent and donor
parents. The number of polymorphic markers per
chromosomeranged from 4 (Chromosome#5) to 13
(chromosomel).

Background selection of seven BC F, plants
with 84 genomewide SSRsreveal ed the percentage
of recovery of recurrent parent genomefrom 59.5to
75% using Graphical Genotyping (GGT 2.0). Two
BC,F, plants with 73% (BC/F, -52) and 75%
(BC,F, -25) genome recovery and phenotypically
similar with recurrent parent were again back crossed
with recurrent parent (DRR Dhan 50) for producing
BC,F, progenies
CONCLUSIONS

Inthe present study the pyramiding of 4yield
QTLsunder drought (gDTY 1.1, gDTY 2.1, gDTY
2.2 andgDTY 3.1) inthe genetic background of DRR
Dhan 50 using marker assisted back cross breeding
(MABB) isbeing donefor attai ning enhanced drought
tolerance. In each back crossgeneration theforeground
selection of thetargeted QTLsusing tightly linked
reported SSR markers as well as the background
selection of themaximum genomerecovery of recurrent
parentin BC F, progeniesrevealed the potential of
MABB in breeding program. Screening of the
subsequent BC, F, progenies with foreground and
background markersisin progress.
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IRC/TM-1/PP-136

APPLICATION OF A NOVEL PHENOTYPING PROTOCOL FOR LEAF
FOLDER RESISTANCE IN WILD INTROGRESSION LINES DERIVED
FROM ORYZA NIVARA AND QTL MAPPING

Padmavathi Chintalapati*, Divya Balakrishnan, Sridhar Yerram,
SarlaNeelamraju and Gururaj Katti

ICAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana, India
*Corresponding author’s email: chintalapatipadmavathi 68@gmail.com

Leaf folder, Cnaphalocrocis medinalis
Guenee is one of the mgjor leaf feeding insects
damagingricecropinadl thericeecosystems. Thegreen
larva causes damage by folding the leaf margins
longitudinally and feeding ontheleavesat dl thecrop
growth stages. This folding and feeding results in
reduced photosynthes saffecting the plant growth and
grainyield. Heavily infested fields have a whitish
scorched appearancethat isvisiblefrom adistance.
Padmavathi et al (2013) quantified theyield losses
caused by riceleaf folder and found that more than
threelarvaeper plant at maximumitillering sageresulted
in 20% undlled grainswhileflag leaf damage of above
25% caused morethan 50% undlled grainsresultingin
direct effect on yield reduction in rice. The highly
noticeable damage symptomsinthefieldtriggersthe
famersto frequently and sometimesindiscriminately
apply toxicinsecticidesleading to adverse effectson
natural enemies, human health and environment.
Therefore, development and cultivation of aresistant
variety asacomponent of rice pest management can
haveamgor beneficid impact onthefarmersespecidly
inlow input farming Stuationsof Indiaand SouthAsia
Sofar, few cultivarswithlow leaf folder damagehave
been identified as resistant/ moderately resistant,
however, wild speciesof Oryza which areimportant
sources of genetic variability can potentially offer
optionsfor incorporating res stancein popular varieties.
Earlier, resistance screening was done as per the
Standard Evaluation System (SES) for rice (IRRI,
2014) taking damaged leavesinto consideration. L ater,
arapid novel field screening method was devel oped

for the evaluation of resistance to leaf folder
(Padmavathi et al., 2017). The present study was
carried out with the objective of phenotyping of a
population of wild introgression linesderived from
Swarna/ O.nivara using this novel phenotyping
protocol and identifying QTLsgoverning res stanceto
ricelesf folder.

METHODOLOGY

Field experimentswere conducted at research
farm, ICAR- Indian Institute of Rice Research
(17°19'N and 78°29'E), Hyderabad, Telangana State,
India. A set of 92 backcross inbred lines (BILS -
BC,F,), derived fromacrossbetween an dlitecultivar
Swarna (O. sativa) asarecurrent parent and awild
accession O. nivara (Acc. NO. 81832) as a donor
parent were subjected to leaf folder screening.
Phenotyping of BIL saong with parentswas done by
therapidfield screening method for two seasonsduring
Kharif 2018 and 2019. The BILsweregrowninthe
field at 30 x 20 cm spacing in three blocks, each
representing areplication. In each block, three plants
wererandomly selected and leaves of each plant were
covered with anylon mesh bag and tied at the bottom.
A single 3“instar larvawasrel eased and allowed to
feed for 48 hrs. After 48 hrsof larval the number of
damaged |eaveswere counted, collected and preserved
for the measurement of damaged leaf area. The
damaged |leaves were scanned using Cannon MF
4320-4350 scanner at colour modewith 300dpi image
quality. Leaf areadamaged wasmeasured using Imagel
software (http://imagej.nih.gov/ij/). Thedamaged area
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(DA) recorded was converted to adjusted damaged
arearating (ADAR) by dividing thedamaged areain
test entry by the damaged areain susceptible check
and multiplying with 100. These percentages were
convertedto 0to 9 scalerepresenting the damage score
(DS). BlLs with mean scale score of 0 to 3 were
considered as resistant, 3.1 to 5.0 as moderately
resistant and 5.1 to 9 as susceptible. Data on leaf
morphologicd traitslikeleaf lengthand leaf widthwere
asorecorded fromfiveleavesrandomly selected from
fivehillsineach BIL. BILswere genotyped using 140
random polymorphic SSR markerswith genomewide
distribution. Inclusive Composite Interval Mapping
software (IciMapping v4.0.1) was used for linkage
mapping and QTL detection.

RESULTS

Phenotypic variation in BIL population-
Themean phenotypic variation for damaged areaand
damage score showed acontinuousnorma distribution
inboth seasons. The damaged areaduring kharif 2018
varied from 157.90 to 2580.84 mm? and 140.35 to

1508.64 mm?during kharif 2019. Twenty BILswere
identified asresi stant with adamage score of 3.0 and
31 BILsasmoderately res stant with damage score of
3.1-5.0. Leaf morphological parameterslike leaf
length and leaf width showed variationamongtheBILs.
L eaf length ranged between 24.3 and 53.8 cm, while
leaf width varied from 0.53to 1.40 cm. A significant
positive correlation wasfound between damage area
and leaf width (r = 0. 53) whileit was negative with
leaf length (r =-0.47).

QTL mapping— Seven QTLswereidentified
for damage areaduring 2018 and six QTLsfor 2019
damage area. For mean damage area of two years
data, three QTLswereidentified on chromosome 2
and 3. Of theseQTLs, QTL identified on chromosome
3, between RM 231 —-RM517 wasfound stable across
theyearswithan LOD vaueof 4.08. Thisisacandidate
regionfor further investigationinto leef folder resstance.
Another mgjor QTL wasidentified for damage score
on chromosome 5 with a LOD value of 3.09 and
phenotypic variance of 14.86 between markers

Table. 1 QTLssidentified for leaf folder resistance based on phenotypingin two seasons

TraitlID TratName Chromosome Position LeftMarker  Right Marker LOD PVE(%) Add LeftCl  RightCl
1 DA 2018 1 6 RM?283 RM1220 37047 2.8666 -102317 55 65
1 DA 2018 2 15 RM290 RM341 55917 32558 -101214 125 165
1 DA 2018 2 0 RM53 RM250 41509 2423 -103988 295 305
1 DA 2018 3 44 RM231 RM517 27285 18229 -752.367 39 6.9
1 DA 2018 3 304 RM55 RM1352 26598 1.58% 599173 279 319
1 DA 2018 10 17.7 RM271 RM6100 26808 15553 -109208 172 182
1 DA 2018 1 228 RM206 RM224 25034 29834 -982897 223 243
2 DS 2018 5 14071 RM5140 RM146 30947 148566 1.2242 1357 1557
3 DA 2019 2 9 RM8080 RM290 25738 17512 518925 55 105
3 DA 2019 3 54 RM231 RM517 31869 28416 284236 49 6.9
3 DA 2019 4 26.16 RM273 RM241 28897 22266 423695 2566 2666
3 DA 2019 7 867 RM125 RM5436 35939 1.79%4 -327401 717 917
3 DA 2019 9 702 RM316 RM434 3341 2359 -401.001 102 1152
3 DA 2019 12 19 RM277 RM519 42639 17418 520041 185 195
4 DA_M 2 15 RM290 RM341 37427 43433 495092 125 165
4 DA_M 2 0} RM53 RM250 28698 2.8648 514276 295 305
4 DA_M 3 54 RM231 RM517 40836 3.2438 -431463 39 69
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RM5140 and RM 146 (Table 1).

Introgression of major and stable QTLsS
identified in thisstudy, into popular susceptible high
yielding ricevarietiesmay helpin building resstanceto
thedamageby riceleaf folder. Thegenomicregionin
these QTLsmay befurther explored to identify the
causative candidate genesfor |legf folder resistance. The
identified introgression lines with both leaf folder
resistance and highyield can betested through multi-
locationtriasfor development of improved varieties.
CONCLUSIONS

A recently developed novel phenotyping
protocol was validated in the present study. This
protocol isfield based and considersdamage areafor
scoring.

Phenotyping of 91 BIL sidentified 20 BILs
with a damage score of 3.0 asresistant to rice leaf
folder

gDS5.1 identified on chromosome 5 for
damage score and gDA_M 3.1. on chromosome 3
for mean damageareawereconsderedasmgor QTLS
in the present study based on LOD and PV values.
These QTLsneed to be validated and fine mapped.
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IRC/TM-1/PP-137

CALLUS INDUCTION EFFICIENCY OF TRADITIONAL RICE VARIETIES

ChandirakalaR.*, S. Shalini, S. Shalini and C. Vanniarajan

Dept. of Plant Breeding & Genetics, Agricultural College and Research Institute, Madurai-625104
Tamil Nadu Agricultural University, Tamil Nadu, India
*Corresponding author’s email: chandirakala2009@gmail.com

Rice (Oryza sativa) isamonocotyledonous
cereal cropwhichistheworld’ smost important food
crop after wheat and maize and isthe primary food
source for more than one third of the world’s
population. Today rice production hasbeenincreasing
worldwide by large scale adoption of modern high
yielding ricevarietiesand through variousimproved
cultura practices. Riceconsumersareincreasing a the
rate of 1.8% every year. Plant tissue culture is
commonly used to describethein vitro and aseptic
cultivation of any plant part whether asinglecell, a
tissue, or an organ, on a nutrient medium. Plant
regenerationisbetter ontraditiona ricevarietieswhen
comparedtoricecultivars. Traditiond ricevarigtieshave
better grainqudity profilewith sweet aroma. Traditiond
varieties provide several health benefits to human
beings. These serveasbetter choicefor consumers
suffering from diabetesand obesity. Thesearerichin
fibre, vitamins, antioxidantsand micro nutrients. These
varieties show high level of resistance to pest and
diseasesand tolerant to environmental stresses. Grains
of traditiond ricevarietieshavetheir uniquefeatures
such asnuitritive, cooking and eating qualities.
OBJECTIVES:

Tofind out the callusinduction efficiency of
traditiond ricevarieties
MATERIALSAND METHODS:

Thematerials subjected in thisstudy include
healthy seeds of ten traditional rice varieties viz,,
Chandikar, Mattaikar, Kallurundaikar, Kattanur,
Kuliyadichan, Poongar, Kuruvaika angiyam, Norungan,
Nootripathuand Chittiraikar received fromAgriculturd
Research Station, Paramakudi, Tamil Nadu.

Murashige and Skoog medium (M S) was selected as
a basal medium for callus induction and plant
regeneration. Sterilized dried seedswereinocul ated
onto M S mediasupplemented with 2,4-D for callus
induction. The M S medium (Murashige and Skoog,
1962) was prepared with 0.8% (8g/l) agar (thegelling
agent) anditisfortified with 20 g sucrose. The pH of
the medium was adjusted to 5.8. The sterilization of
themediumwascarried out at 121p C for 20 minutes
at 15 psi in an autoclave. Mature rice seeds were
dehusked manually and washed with distilled water for
2 times. Dehusked seeds were taken as a source of
explants. Thereafter, seedswere surface Serilized with
Mercuric chloride (0.1% wi/v) for 3minutesand finaly
rinsed 3timeswith steriledistilled water inthelaminar
air flow cabinet toremoveall thetracesof Mercuric
chloride.

Embryo portion of 2-3 undamaged seeds of
each variety were aseptically transferred into the test
tube containing M S basal medium with different
concentrations viz., Img/l, 2mg/l, 3mg/l, 4mg/l of plant
growth regulator 2,4-D (2,4-Dichlorophenoxyacetic
acid) for studying the callusresponse of seed embryo
explants. Cultured test tubeswerekept for incubation
insidethe cultureroomin dark condition which was
maintained at 25+1p C and 85% humidity. Each
treatment was conducted in 40 test tubes. Frequency
(%) of calusinductionwas counted in each tube after
six weeksof inoculation.

After theincubation period of threeweeks (21-
24 days), embryogenic calli were obtained. After the
induction of calus, it wasidentified and sub culturedin
different test tubes containing same mediawith growth
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regulator of same concentration. Then, the cultures
werekept in growth chamber under 16 hrslight and 8
hrs dark photoperiod at 25p C for about 3 weeks.
Theresponseof ten varietiesof traditiond ricevarieties
wasdetermined intermsof callusinductionand callus
growth. Callusinduction was noticed withinten days

(a) Callusinduction in Poongar at 3mg/I+2,4-D (b) Callus
induction in Poongar at 4mg/l +2,4- D (c) Callusinductionin
Chandikar at 4mg/1+2,4-D (d) Callusinduction in Chandikar
at 2mg/l+2,4-D (e) Callusinduction in Chithiraikar at 3mg/
| +2,4-D (f) Callusinduction in Kallurundaikar at 3mg/l +
2,4-D (g) Callusinduction in Kuruvaikalangiyam at 4mg/|
+2,4-D (h) Callusinduction in Kattanur at 3mg/l + 2,4-D (i)
Callusinduction in kuliyadichan at 3mg/l of 2,4-D.

of inoculation. Thefrequency of calusinductionwas
measured using thefollowing formula:

Frequency of callusinduction =

No.of explantsinducing callus
No.of cultured explants

RESULTS:

Callus induction of dehusked rice seeds of
traditiond ricevarietieswascarried outon MSmedium
with four different concentrationsof growth regulator
2,4-Dviz, Img/2mg/3mg/amg/l. Calli weredevel oped
withinten daysafter inoculation. MSmediumwasfound
to be superior in its calus induction ability in all
genotypesof traditiona ricevarieties.

DISCUSSION:

Theresult fromthestudy revealed that all the
tentraditional ricevarietiesgavebetter callusinduction
response on MS media. These results were in
agreement with thefindings of GourangaUpadhyaya
etal., 2015. MSmedium supplemented with4mg/I
2,4- D gavemorefregquency of callusinduction (60%)
and had the most desired calli features. Resultsof the
present study werein agreement withthose of Libin et
al., 2012 which showed that 4.0 mg/l 2,4-D wasthe
most optimum concentration for callusinductionfrom
maturerice seeds. Moreover, Based on theresponse
of thetentraditiond ricevariety used, calusinduction

Variety Conc.of.2,4-dat % of callus
whichmaximum induction
callusinduction (mg/i)

Chandikar 3 70

Mattaikar 3 50

Poongar 3’4 50

Kuruvaikaangiyam 3 0

Norungan 3 50

Nootripathu 4 &0

Kattanur 1 40

Kuliyadichan 4 &

Chittiraikar 4 0

Kallurundaikar 3 50

5
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efficiency wasachieved in M Smedium supplemented
with 3.0 mf/l and 4.0 mg/l 2,4-D

CONCLUSION:

Thefindings of the study provided in vitro
protocol for generating highfrequency cdlusformation
and itssubsequent growth potentidity intraditiona rice
varieties. . Chandikar (70%), Poongar (50%),
Mattaikar (50%), Kuruvaikalangiyam (70%),
Kalurundaikar (50%) and Norungan (50%) showed
maximum callusinduction frequency on MS medium

supplemented with 3mg/l 2,4-D. Kattanur (40%)
recorded maximum calusinduction efficiency onM S
medium supplemented with 1mg/L 2,4-D.
Kuliyadichan (60%) and Nootri pathu (60%) showed
maximum callusinduction frequency on M Smedium
supplemented with4mg/l 2,4-D. Thesefindingscould
also be utilized for further tissue culture based
biotechnological experiments viz., transformation
experiment for disease and pest resistant, enhanced
nutritive value, stressand salt tolerancethrough gene
transfer techniques.
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IRC/TM-1/PP-138

ENHANCEMENT OF NUTRITIONAL QUALITY ATTRIBUTES OF
SELECTED RICE LANDRACES OF SOUTHERN ODISHA THROUGH OMICS
BASED APPROACHES

Koustava Kumar Panda'*, Katyayanee Panigrahy?, Amrita Kumari Panda® and Satpal Singh Bisht*

Department of Plant Biotechnology, M. S. Swaminathan School of Agriculture, CUTM, Paralakhemundi,
Odisha, India
2Department of Zoology, Sashi Bhusan Rath Government Women’s College, Berhampur-760002, Odisha,
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3Department of Biotechnology, Sarguja University, Ambikapur-497001, Chhattisgarh, India
“Department of Zoology, Kumaun University, Nainital-263001, Uttarakhand, India
*Corresponding author’s email: koustava.panda@cutm.ac.in

Ricelandracesare ecotypeswhich aregrown
in pristine habitats by tribal farmersof aregionwho
serveascustodiansfor theseracesand adopt traditiona
methodsfor cultivating them. Thelandracesof rice
harbor dominant genes for biotic, abiotic stresses,
aromaand palatability being nutritionally rich and
therefore hold consderable promisefor their utilization
in plant breeding and biotechnol ogy programs. Therice
landracesrepresent awiderange of genetic variability
particularly for moreuseful characteristicsin termsof
their growthinvariousland types(upland, mediumland,
lowlandsetc.), possession of strong aroma, drought
tolerance nature, stable yield (without the use of
chemica fertilizers), weed competitiveness, moderate
toleranceto pests/diseases, good cooking qudity/taste,
higher grain number, suitability for variousfast-food
preparationsetc. Thelandracesof ricehave particularly
found a place in various occasions like festivals,
ancestra ceremonies, family functionsand ritualsand
hence given top priority for conservation by thetribal
farmers. But the adoption of modern agricultural
practices, increased usage of chemical fertilizers, risng
global temperature coupled with changing weather
patterns, increased pressure on land for higher
production and the advent of biotic intruders have
substantially reduced the overall productivity and
nutritiona milieu of ricelandraces. Thesefactorshave
necessitated to seek for alternative approaches to

maintain the nutritional quality traitsof theseracesto
fulfil thedietary needsof thegrowing population.

The present work isan attempt to explorethe
toolsof omicsfor enhancing thenutritiond qudity traits
of rice landraces highlighting the essentiality of
genomics, transcriptomicsand proteomicsto ducidate
the cdllular intricaciesand regulatory mechanismsin
understanding thisimportant food crop.

Genomics, proteomics, transcriptomicsand
metabolomicsinriceresearch providenew dimensions
for theimprovement of quditativeand quantitetivetraits
inrice. Theintegration of datasciencewith thecurrent
rice-omicsscenario isincreasing its potential across
thescientific community to study therolesof potentia
genesinenhancingitsnutritiona qudity attributes. Due
totheavailability of itscomplete genome sequence,
rice has evolved as a model crop among
monocotyledons and tremendous progress has been
observed inthetechniquesrelevanttodl tissues, organs
and organdlesof rice. Thisprovidesameansfor severd
omics studies like genome-wide transcriptome,
proteome and metabolome analyses (Agrawal &
Rakwal 2011; Kyndt et a. 2012; Chen et al. 2014).
Theadvent of Next generation sequencing hasgrestly
accelerated the rice genomics study and genomic
approaches has opened new vistasin rice research
including genemapping, mutant anaysisfor agronomic
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traits, study of evolutionary relationshipsand gene
pyramiding. NGShasa so provided fresh perspectives
ontheimpact of transposable elementsinthe genome
dynamics of the speciesand molecular spectrum of
somaclonal variation in regenerated rice and
identification of rare and spontaneous mutationswith
high confidence within the genomes. Thus, NGS
provides an opportunity to expedite the genotyping
operation for effective genetic mapping and genome
analysisover tedioustraditional breeding approach.
Genomewideassociation studieshasrecently gppeared
asamethod for dissecting agronomictraitsin different
ricelandraces. Genotyping by sequencingisoneof the
recent applications of next generation sequencing for
generating high density SNPmarkersussful for mapping
inbreeding populations. Smilarly, ricetranscriptomics
involves the study of the different functions of the
genomeduring different stagesof thelifecycleunder
different physiologica conditionsinresponsetovarious

Databasesin thefield of riceomics

Rice genome databases

Easlarmall Kanddakakalls Dhusdtusrnan

Fig.1Ricelandracesselected for thestudy

environmental stresses. Transcriptomicsservesasa
reliable tool to study gene expression profiles of
developing embryos of rice using RNA-sequence,
study of different devel opmental stagesof riceanther,
effectsof abioticand biotic stressinrice, identification
and characterization of novel genesrelated to metal
homeostasisusing microarray sudiesand sudy of RNA
sequence of drought resistant rice to tolerate other
unrelated stresses. The study of therice proteome has
unveiled many critical biological processesusingtools
likeonedimensiona andtwodimensionsa SDSPAGE
el ectrophoresis, mass spectrometry, multidimensiond

SN. Name of database Roleplayed

URL

1  OryzasativagenomeDB Provides a convinience sequence centred
genomeview for Oryzasativa

A database on genome identifiers, functional

and proteomic annotations, subcellular localization,

2 RiceDB:AnOryza
information portal

http:// www.plant gdb.org

http://ricedb.plantenergy.ewa.edu.au/index

phenotypes and upstream transcription motifs

Rice transcriptome databases

1 Ricegenomeannotation Provides high quality annotation for genes

foundinrice
2 Riceexpression profile
database (RiceX Pro)

Itisarepository of gene expression profiles
derived from microarray analysis of tissues/organs

http://rice.plantbiol ogy.msu.edu/
expression.shtml
http:// ricexpro.dna.affrc.go.jp/

encompassing the entire growth of the rice plant

under different conditions
Rice proteome databases
1  OryzaPG-DB

proteogenomic

Rice proteome database based on shotgun

http://Oryzapg.iab.keio.ac.jp/

2 Riceproteomedatabase First detailed database to describe the proteome  Geneb4.dna.affrc.go.jp/RPD/

of rice
Rice metabolome databases
1  MassBank
2 METLIN

Metabolite annotation, MS/M S databases
Repository of metaboliteinformation and tandem  http://metlin.scripps.edu

http://www.massbank.j p/index.html

mass spectrometry data designed to facilitate
metabolite identification in metabolomics
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Fig.2 Schematicrepresentation showing multiomicsbased
srategy for theenhancement of nutritional quality attributes
inrice

protein identification technology or acombination of
both. Recent devel opmentsin high-thoroughput protein
identification approacheslike | CAT and SILAC have
facilitated theidentification of rice proteinshaving
enhanced nutritional value. A number of metabolic
compoundsinfluence the devel opmental activity and
quality traitsinrice. These compoundsare mostly the
secondary metabolites associated with diversetraits
likeyield, nutritional value, taste, colour, fragrances,
defense againgt biotic and abiotic stresses. Molecular
detection techniqueslike gas chromatography— mass
spectrometry (GC-MS), liquid chromatography—mass
spectrometry (LC-MS), capillary electrophoresis—
mass spectrometry (CE-MS) and nuclear magnetic
resonance (NMR) are the commonly used methodsin
metabolicprofiling.

METHODOLOGY:

The methodol ogy involved the collection of
seed grainsfromthetribal pockets of South Odisha
followed by their morphometric characterization. The
biochemical and nutritional quality evaluation was
carried out further following standard proceduresto
screen the potential racesintermsof their nutritional
quality traits. The dataanalysisand visuaization was
doneusing iResearch and adatabase was made using

thetoolsof bioinformatics. Further, approacheswere
carried out to include these rice landraces in food
fortification and biotechnology programswith an effort
to conservethe gene pool of thesefading races.

RESULTS:

Screening and establishment of somepotentia
racesonthebasisof their nutritiona quality attributes.
Recommend the best racesfor cultivation suiting to
varied agro-climatic conditions. Conservation of gene
pool of thefading races

CONCLUSION:

Conventiond researchonricehasitslimitation
but omics study has opened new vistasto explorethe
lesser known biological processesat molecular level.
Thisislikely to pavewaysfor the enhancement of both
qualitative and quantitative characteristicsin rice.
Further, theomicsdrivenriceresearchwould serveto
ensurefood security offering great promisesfor the
future.
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AROMATIC SHORTGRAINED RICE LANDRACE GOBINDABHOG
PURIFIED INTO FOUR SORTS

S Sarkar”, SSC Pattnaik, B C Patra, T B Bagchi, N Basak, K A Molla, R K Sahu and
M Chakraborti

|ICAR- National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author’s email: sutapasarkar1310@gmail.com

Gobindabhogisapopular non-basmati, short
grained aromaticlandraceof West Bengd. Thelandrace
wasprocuredfrom the NRRI Genebank with IC No
257238. It was subjected to several cycles of
purification since Kharif-2015. The landrace was
purifiedintofour different sorts. The purified sortswere
characterized for the physical propertiesof grainsand
weregenotyped. Thesortsvaried for their graintypes,
aromaand maturity duration.

INTRODUCTION

Gobindabhog is one of the most popular
aromatic landraces of West Bengal.lthas been
traditionaly grownineight digtrictsof thestateincluding
Bardhaman,Bankura, Hooghly, Nadia, Birbhum,
Murshidabad, North 24 Parganasand Howrah (1). It
iscultivated over an areaof morethan 40, 000 hain
thestate. Duetoitspremium quality and better market
returns, itscultivation soread to other adjoining didtricts
like Bankuraand Puruliainthe state and Kaimur and
Naugachiain Bihar. Tosavetheinterest of thefarmers
inthetraditional growing areas of West Bengal who
have been cultivating and preserving this premium
quality,traditional variety over 400 years,
Gobindabhog has been Gl tagged by 1PO for being

Fig. 1: Paddy of thefour sortsderived from Gobindabhog
(1C No257238)

grown intheeight demarcated traditionally growing
districtsof West Bengd (1).

Gobindabhog rice owesitspremium quality
due to its unique buttery aroma, small grains,
intermediate stickiness, and excellent taste. Itisarice
of choicefor preparation of Khichdi, Pulao, Payasand
poorman’sBiryani.

Since Gobindabhog is a landrace, and
landraces are mixtures of several genotypes and
therefore are considered as the reservoir of allelic
diversity, it needsto be purified beforeundertaking any
improvement program. Otherwisetheorigina genotype
may get lost in due course of genetic improvement
program of the landrace. Therefore, a purification
program for the popular landrace was undertaken at
the Ingtituteto initiate further improvement program
utilizing thesuperior purified genotypes.
MATERIALSAND METHODS

Gobindabhog accession collected from
Burdwanwith |C No 257238 wascollected (50g) from
the Genebank at ICAR- National Rice Research
Institute, Cuttack and grownintheresearch field of
theingtitute during K harif-2015. Selection bypanicle
progeny method wasfollowed for purification of the

Fig.2. Milled rice of the four sorts derived from
Gobindabhog(l C No 257238)
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Tablel: Characterization of the four sortsderived from
Gobindabhog IC 257238based on the physical
characteristicsof their grain types

1. G681 130 M2  Darker 626,126 43626
2 G2 1 M0 Lighter 5E8312 431,167
3. GB3 1 M0 Ughtr 62,326 445,267
i GB4 1% 130 Darkest 630,285 438,236

landrace displaying sufficient diversity for graintype,
panicle architecture and maturity duration. The
purification processwas undertaken for the next four
years. Thepurified sorts were characterized for the
physical propertiesof grainsand were genotyped using
thirty microsatellite markers. Theresultsof thesame
arepresented here.

RESULTS

Based onthemorphol ogicd features, plantsin
the popul ation were sorted out into two types. The
panicleswere harvested from the two typesand were
separately bulked for planting in next season, K harif-
2016. Again, variation was observed in thefirst sort
andit wasdifferentiated into three sortsbased on their
grain type and maturity duration. Panicles were
harvested from thefour different sortsand bulked for
planting separately during the Kharif 2017. Panicle
progeny row method was practiced duringK harif 2018

Pr-267 Pr-202

. — — | —

and Kharif 2019 for purification of thesorts. The sorts
havebeen maintained asbulksaswell. Variationisgtill
observed inthe bulked harvest of two sortssuggesting
the scope of identification of other types in the
population. Thefour sortsidentified fromtheorigina
popul ation were characterized for their plant height,
durationand graintype asdescribed in Tablel. Figure
1 and 2 represent the morphol ogical features of the
paddy and milled rice of thefour sorts. The sortswere
foundtovary for their plant height which varied from
125cminType4to 135cmin Type2 and Type3. Type3
recorded aplant height of 130cm. Type2 and Type3
recorded crop duration of 140 days while Type 4
recorded the shortest duration of 130 days. Type4 was
characterized with the darkest husk color among the
four while Type2 and Type3 havelighter husk color.
Based ontheir lengthand|/bratio of themilled kernd,
thegrainsof all sortswere characterized under short
and bold category. Variation in grain type was also
recorded among the four sortswhich isdepictedin
Tablel. Thevariationingraintypeidentified inthe
sorts is in accordance with the range of variation
reported for Gobindabhog in the description of the
landraceinthe Gl application document (1). Littlelonger
kernel types were also identified. The sorts were
genotyped using thirtySimple Sequence Repest (SSR)
markers. Out of these, tenwere found to be
polymorphic. At least one primer to distinguish each
sort fromtheother threewasidentified. Thisledtothe
conclusonthat eech of thepurified sortswasgeneticaly

Pr-271 | Pr-20

Representative gel photograph for the amplicons of SSR markers polymor phic between the four sortsderived from

Gobindabhog(l C No 257238)

Note: Pr-267:RM22143; Pr-202:AUT17337,Pr-271: RM 22674, Pr-30:RM 17363;
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distinct from each other and the original population
bornesufficient genetic variation.
CONCLUSIONS

Sufficient geneticdiversty exisedintheorigina
sample of Gobindabhog collected and stored inthe
Rice Genebankof ICAR- Nationa Rice Research
Ingtitute, Cuttack as|C No 257238. Sincelandraces
are populations of individualswhich are similar in
phenotype due to selection by farmersfor superior
typesover ages, but they are genetically not uniform.
Therefore,landraces are correctly categorized as
homozygous but heterogeneousgroup of individuals
making the populations. The purification of this
accession of Gobindabhog landraceinto four different
sorts, their characterization on basisof morphological
features and mi crosatellite markersbased genotyping

could clearly reinforcethefact that landraceshold a
huge genetic diversitywhich can beuutilized in different
geneticimprovement programs|[2]. Landracesmust
be purified for identification of superior genotypesin
thebreeding programsfor further improvement [2]. This
iscritical in breeding wherelandracesareinvolved.

REFERENCES

[1]531-Gl-Amended-GI-Application-11-09-2017.
http://ipindiaservices.gov.in/GIRPublic/
Application/Detallg/531
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IRC/TM-1/PP-140

CORRELATION AND PATH COEFFICIENT ANALYSIS FOR YIELD AND ITS
TRAITSIN MID EARLY HYBRIDS OF RICE

B. Satish Chandra*, K. Rukmini Devi, V.Venkanna?!, Y. Hari, K. Rajendra Prasad, R. Shravan Kumar, S.
Malathi and P Jagan Mohan Rao
AICRP on Rice, Regional Agricultural Research Sation (PJTSAU), Warangal-506007, Telangana
Department of Genetics and Plant Breeding, Agricultural College, Aswaraopet, Telangana
*Corresponding author e-mail: chandragene@gmail.com

Rice (Oryza sativa L.) is one of the staple
cereal cropswhich feed morethan half of theworld
population. Correlation studiesamong yield and its
component traits give a better view towards the
relationship betweenyield and itscomponents. Path
andyssasohdpsindetermining thedirect andindirect
causes of association and formulation of effective
breeding srategiesfor devel opment of better genotypes.
Hence, the present study was undertaken to know the
inter-relation among different yield contributing
charactersand their associationwith grainyield.
METHODOLOGY

Theexperimenta materiasconsgting of 30mid
early ricehybridsaongwith4 different checkssupplied
by Hybrid Rice section, Indian Institute of Rice
Research, Hyderabad under All India Coordinated
Ricelmprovement Project (AICRIP). Thetest hybrids
wereeva uated under irrigated Stuationsin AICRPon
Rice Scheme, Regiona Agricultural Research Sation,
PIJTSAU, Warangal, Telanganaduring Kharif, 2018.
These experimental materials were evaluated in a
randomized complete block designs with three
replications. Thericehybridsalong with checkswere
transplanted ineevenrow plotsof 4.05mlengthwith
arow to row spacing of 20 cm and 15cm between
plants. The recommended agronomic practiceswere
followed to raise healthy crop. Observations were
recorded on nine charactersviz., daysto 50 percent
flowering, plant height, paniclelength, panicle number
per metre square, number of filled grains per panicle,

number of unfilled seedsper panicle, Spikelet fertility
%, 1000-grainweight and grainyield per plot, which
convertedintokg/ha Statistical analysisfor theabove
characterswere donefollowing Singh and Chaudhary
(2979) for correlation coefficientsand Dewey and Lu
(1959) for path analysis.

RESULTSAND DISCUSSION

The results revealed that the estimates of
genotypic coefficientswere higher than phenotypic
correlation coefficientsfor most of the charactersunder
study which indicated strong inherent association
between the characterswhich might be dueto masking
or modifying effects of environment. Grainyield was
positively correlated with 1000 grain weight and
spikelet fertility. 1t was observed that daysto 50 per
cent flowering wasrecorded non-significant positive
associationwith singleplant yield meansearly maturing
variety produced lower yield. Similar results were
reported by Swapnil et al. (2018). Days to 50 per
cent flowering had Sgnificant positive associationwith
plant height (0.7116), panicles per metre square
(0.3762) and paniclelength (0.3057). Plant height (-
0.2129) wasrecorded significant negative association
withgrainyied per hectarea genotypiclevd. Therefore,
selection of semi dwarf genotypes/lines will be
preferredtoincreasethegrainyieldinrice. Plant height
had significant positive correl ationswith number of
panicles per square meter (0.3762), Panicle length
(0.3057) and number of unfilled seeds per panicle
(0.2927). Number of paniclesper sq.m had apositive
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association with 1000 grain weight (0.1480), panicle
length (0.1908), spikelet fertility (0.0949) and number
of unfilled grains per panicle (0.0995), whereas it
exhibited asignificant negativeassociation with number
of filled grainsper panicle (-0.0882). Paniclelength
had negativeand Sgnificant associationwithgrainyied
per plant (-0.2563) while positive and significant
association with number of filled grains per panicle
(0.2377). Number of filled grains per panicle had
negative correation with number of unfilled grainsper
panicle(-0.137) and negativesgnificant correaionwith
spikelet fertility (-0.2388). Number of unfilled grains
per panicle(-0.1452) had negative and non-significant
correlationwith grainyield kg per haand negativeand
sgnificant corrdaionwith 1000 grainweight (-0.2762)
and positive association with spikel et fertility (0.536).
Character association spikelet fertility (0.3135)
revedled Sgnificantly podtiveassociaionwithgrainyied
kg per haand positive association with 1000 grain
weight (0.1347). 1000 grain weight (0.3481) had
positiveand significant correlationwith grainyield kg

0a
06

0.4

0.2 I
] | | .I

per ha. Hence, selection for thesetraits can improve
yidd.

Peth coefficient analysisreved ed that spikel et
fertility and thousand grainweight possessed the highest
positivedirect effect ongrainyield followed by daysto
50 per cent flowering and number of filled grainsper
panicle. Thisindicatesthat morefilled graininpanicle
isthehighly reliable component of grainyield. Another
important character with high direct effect on seedyield
is1000 grainweight which showed positivedirect effect
on seedyield. Hence, spikelet fertility and 1000 grain
weight should be given prior attention in rice
improvement program because of their mgjor influence
on yield. These findings were in accordance with
Swapnil et al. (2018) and Dhaval eshwer et al. (2019).
Daysto 50% flowering had negative association with
yield. Negativedirect effect was observed for plant
height, number of panicles per meter square, panicle
length and number of unfilled grains.

Indirect effectsof daystofifty percent flowering
wasfoundto bepostivethrough plant height (0.1537),

M Direct effects on grain yield

Indirect effects via Days to flowering

0 1 Indirect effects via filled seeds per
I | I panicle
o ) g o ) {}ﬁ & clo @
iy o o qi-"-‘\ o E-\i%"* o Indirect effects via Spikelet fertility
0 gx\dﬁ T B e
c.'jj' & -;}‘i‘ o o & '?Q . . . .
o 2 - qé' & M ndirect effects via 1000 grain weight
#\ i) 4 o B Ebf-.‘ o ‘59
o 04 i AF B
g o o
& &

0.6
08

Fig 1: Graphical representation of Direct and indir ect effectsof different characterson grainyield per plant at genotypiclevel

inrice(Oryza satival.)
|IEC
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no.of unfilled seedsper panicle, no.of paniclesper metre
square, paniclelength, spikelet fertility and 2000 grain
weight and panicle per metre square (-0.045). Indirect
effectsof spikelet fertility werefound to be positive
through number of unfilled seedsper panicle(0.3032),
plant height (0.1136), 1000 grainweight (0.0762), days
tofifty per cent flowering (0.066), panicle per metre
sguare (0.0537) and negativethrough paniclelength (-
0.1099) and number of filled grains per panicle (-
0.568). Indirect effectsof test weight werefoundto
be positivethrough plant height (0.0544), panicles per
metresquare (0.0402), spikelet fertility (0.0365), days
to fifty per cent flowering (0.026), panicle length
(0.018) and negativethrough number filled seeds per
panicle (-0.0648). Indirect effects of number filled
seeds per paniclewerefound to be positive through
paniclelength (0.0156), daysto 50 percent flowering
(0.0023) and negativethroughtest weight (-0.157) and
plant height (-0.0075). Theseresultsarein agreement
with previous reports of Swapnil et al. (2018). The
residud effect of the present sudy was0.653, indicating
that 34.7 % of the variability in grain yield was
contributed by nine characters studied in the path
andyds. Thisresult givesanimpressonthat someother

major charactersthan thoseinvolved in the present
study might also contributetoyield.

CONCLUSION

Partitioning of correlation values showed that
some of the characters could not produce significant
correlation with grainyield kg per hawhich might be
either dueto very high negativedirect effects. Critical
analysisof resultsobtained from character association
and path analysi sindicated that the spikel et fertility and
thousand grain weight possessed both positive
significant association and high positivedirect effects.
Hence, selection for these traits could bring
improvement inyield andyield components.
REFERENCES
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IRC/TM-1/PP-141

IMPROVING RICE BLAST RESISTANCE OF BPT 5204 THROUGH
MOLECULAR MARKER-ASSISTED BACKCROSSING
Nimai Prasad Mandal, Alpana Anupam, Somnath Roy, Amrita Banerjee, Someshwar Bhagat and
Dipankar Maiti

Central Rainfed Upland Rice Research Sation (ICAR-National Rice Research Institute), Hazaibag-825301,
Jharkahnd, India

Riceblagt, caused by thefungusMagnaporthe
oryzae, isthemost devastating biotic constraintsthat
challengethericeproductioninal theecosystemsand
causes cons derable economic lossworldwide (Imam
etd.,2016). Improvement of diseaseres sancethrough
conventional breedingisrelatively dow, whileMAB
using major resistance genesis considered to be an
efficient and technically feasibleapproach for riceblast
resistance improvement to stabilize the production.
Blast resistance gene Pi-9 exhibits broad spectrum
resistance against different races of rice blast fungus
and ishence cons dered more stableacrossgeographic
locations (Variar et. al 2009). Availability of closely
linked markershas made rapid and precise selection
of thetargeted genepossible (Tanksley et a., 1989)
through marker-ass sted backcross breeding approach.
Inthe current study, BPT 5204, ahighyielding mega
ricevariety with exceptional good grain quality but
otherwise susceptibleto blast disease was selected as
arecurrent parent for incorporation of major blast
resistance genesPi9 and Pib through marker assisted
backcrossing (MAB) toimproveitsblast resistance.

METHODOLOGY

Two near isogeniclines, IRBL9-w and IRBLB-
b carrying blast resistance genes Pi-9 and Pib,
respectively inthe background of LTH were used as
donorsfor incorporation of blast resistance geneinto
susceptible mega variety BPT 5204 using marker
ass sted backcrossing. For targeted introgression of Pi9
and Pibinto BPT 5204, asimultaneousand stepwise
marker assisted backcross breeding strategy was
adopted. Two separate backcrosseswere carried out

whereintheblast resi stance genesPi9 from IRBL9-w
aswell asPibfrom IRBLB-b, wereintrogressed into
BPT5204, respectively. The F, plantsderived were
confirmedfor their hybridity by using linked codominant
markers, AP5930 (specific for Pi9) and RM208
(specificfor Pib). In additionto thisgenebased STS
marker 195-1R wereused toidentify theplantscarrying
Pi9 gene.DNA isolation, PCR amplification with the
markers AP 5930 and RM 208, selection of the
heterozygous plants followed by hybridization of
recurrent parent with the confirmed plantsfor thelinked
markerswere done upto BC3F1. The BC3F1swere
confirmed for the presence of Pi9 with AP 5930 as
well as 195-1R and Pib with RM 208, the confirmed
plants were selfed. In BC3F2 single plants were
confirmed for blast res stlancewith linked markersand
also with phenotypic selection in an outdoor blast
nursery and carried forward for agronomic selection.

RESULTS

We report here the introgression of blast
resistance genes Pi9 and Pib into the genetic
background of good grain quality popular ricevariety,
BPT5204, for enhancing itsblast resistance through
marker-assisted backcross breeding strategy.
Combining marker-ass sted and phenotypic selection,
4 near isogeniclines(NILs) with homozygous Pi9 and
6 NILs with homozygous Pib were selected. The
evauation of resultsunder natura uniformblast nursery
conditions showed that the sel ected BPT5204+Pi9
NILswerehighly resistant against leef blast with SES
score‘0’, whiletherecurrent parent BPT5204 had a
scoreof ‘7. However, the NI Lswith Pib gene showed
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Table: M ean agro-mor phological char acter sand blast score (SES) of theNILsat CRURRS, Hazaribag during 2016-17WS

BPT5204NILs

Genepresent Daysto50%flw. Plantheight (cm) #paniclesm2 GrainYield (kg/ha) Blast score (SES)

CRR741-131-22 Pi9 n a
CRR741-131-57 Pi9 B g7
CRR741-22-2-16 Pi9 15 %
CRR741-382:6  Pi9 15 %
CRR742-22-3  Pib % %
CRR742-226  Pib 112 %
CRR742-2-282 Pib 113 100
CRR742-22-16  Pib 108 107
CRR742-22-32  Pib 112 110
CRR742-22-38  Pib 104 100
BPT 5204(RP) 114 %
LSD 5% 15 77
CV (%) 09 48

278 HAA 0
26 2820 0
A 4940 0
228 5504 0
24 4329 4
22 4636 4
23 4804 4
X4 4002 4
29 4092 4
218 3558 4
22 3892 7
66.2 6355

158 89

susceptiblereaction at Hazaribag, meaningthegeneis
not effectiveat thislocation. Amongthe4 NILswith
Pi9, 2NILs(CRR741-22-2-16 & CRR741-38-2-6)
werefound very similar to therecurrent parentina
number of agronomictraitsandgrainyield. Thelines
weresdected for further evaluationinmultilocationtrias
under All IndiaCoordinated Ricelmprovement Project
(AICRIP) for their possiblerelease asvariety for the
benefit of thefarming community.

CONCLUSIONS

Marker assisted foreground selection was
successfully combined with phenotypic selection to
develop broad-spectrum blast resistant version of
popular ricevariety BPT5204 for stabilizing production
intheblast endemic areas. Thisstudy aso confirmed
that STS marker 195-1R could bereliably used for
MAB even without phenotypic selection for detection
of Pi9 gene. Thedeveloped NILswith Pi9 genehave

performed better under natural uniform blast nursery
and showed resistance. TheseNILscanbeused asa
blast resistant version to replacethe popular variety or
used in future breeding programmefor incorporation
of blast resistance.
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Rice(Oryzasatival.) isthemain staplefood
for theworld spopulation. Mg or congtraint that limits
theproduction of ricecultivationissdinity intheeastern
part of India. Salt stressconditionslimit therice plant
growth and development at seedling stage. Such
conditions reinforce the selection of high-yielding
varieties, adoption and cultivation that further
strengthensthe seedling vigor. The high-yieldingrice
varieties like MTU-1001, Sarala, Govinda Bhog,
Kudrat-4 and RNR were sdlected for the present study.
For instance, MTU-1001 wasdevel oped and rel eased
inIndiabased onitsbest performancetoyield ranging
from 40-45 quintal’haand resistant for variousbiotic
stresses (DRR technical Bulletin, 2011 and Munns,
2005). However, salinity-stress responsiveness
associ ated with physiologica and molecular responses
isfar from elucidation at tribal dominated part of the
country.

Thericevarietiesused inthe present study are
cultivated amonggt tribd farmersineastern part of India
Despite high-yielding and multigenic properties, these
rice varieties possess high potential for crop
improvement and they areto befurther explored for
variousother physologica and molecular traits. Thus,
to explore high-yielding and salt-stresstolerant rice
varietiesand makethisstaple crop reach tribal society
would beadgnificant milestonein scientific community.
The present study with an objective of scientific
explorations to reach the tribal community in the
country would be an attempt to reach the demand of
coastal tribal peoplethrough thisstudy that includes

physiological, biochemical and molecular traits
responsivenessfor st tolerance.

METHOD:
Plant M aterial

Riceseedsof fivedifferent varietiesof Eastern
part of India (MTU-1001, Sarala, Govinda Bhog,
Kudrat-4 and RNR) were used in the study.

Physiological trait analysis

1. Fresh/Dry weight and Relative Water
Content

After recording the germination rate, the
seedlingsof dl genotypeswere continued to grow til|
14" day under 0OmM, 150 mM salt stress conditions.
Further, thevaluesof freshweight (FW), turgor weight
(TW) and dry weight (DW) were used to calculate
relativewater content (RWC) asfollows,

RWC = (FreshWeight - Dry Weight)/(Turgid
Weight - Dry Weight)* 100

Biochemical parametersand analysis

2. Chlorophyll and Carotenoids
egimation

The 14" day harvested seedlings (0.5 g) of all
genotypes (control and salt-stressed) were
homogenized in mortar and pestle separately by using
80 % acetone. The homogenized solution was
centrifuged at 1500 - 2000 rpmfor 8- 10 minand the
supernatant was collected. Thetotal chlorophyll was
measured at 663 nm and 645 nm and carotenoids at
520 nm. It was further calculated for content of
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chlorophyll a, chlorophyll b and total chlorophyll as
falows Chl a=12.7* (thevalue of 663 nm) - 2.69* (the
valueof 645 nm)

Chl b=22.9*(thevaueof 645nm) - 4.68* (the
valueof 663 nm)

Total Chl = 20.2* (the value of 645 nm) +
8.02* (the value of 663 nm)

The chlorophyll stability index (CSI) was
analyzed and isexpressed asapercentage.

3. Ledf prolineestimation

The control and NaCl treated 14" day old
seedling samples of each variety were used to study
theprolinecontent. Thesampleswerewe ghed uniformly
to 0.5 g and homogenized in 1 ml of 3 % agueous
asulfo-sdicylicacid. It wascentrifuged at 8000 rpm for
12 min to remove the debris. A ratio of 1;1 (acid
Ninhydrin and glacia acetic acid) wasmixed withthe
supernatent and the mixture was heated to 100°C in
water bathfor 1 hr and then thetubeswereimmediatdly
trandferred toicebath. An equa diquot of toluenewas
added to the mixture and vortexed for 15 to 20 sec.
Further, the chromophore phase was used to measure
theabsorbanceat 520 nm. Thereadingsobtained were
analyzed with abasic standard curve of L-Proline

Molecular analysis
The varietiesMTU1001 (salt-tolerant) and
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Validation of MTU1001 and Sarala for OsHKT1:5 and
OsNH X1 for salt tolerance

Sarala (salt-sensitive) were selected for the gene
vaidation. Theseedlingsgrownfor 14 dayswereused
to extract RNA by PromegaRNA extraction kit and
quantified using nano-drop. The salt-specific gene
primers OsHKT1;5 and OsNHX1 were used to run
andvadidatevarietiesfor theabove mentioned genesin
real-time polymerase chain reaction (tPCR).
RESULTS:
Physiological responseof ricevarieties

A. Rate of Germination under salt
stressconditions: Thegermination percentagewas
measured in all the genotypes (MTU-1001, Sarala,
GovindaBhog, Kudrat-4 and RNR), under different
concentrations of salt (0, 50 mM, 100 mM and 150
mM), to select oneoptimum level of stressconditions.
The pattern of germination rate was consistent under
50 mM salt stressamong MTU1001 (96 %) and 150
mM NaCl conditionsexhibited 5to 10 % difference
reduction over 100 mM salt stress.

B. Shoot fresh weight (FW) and dry
weight (DW) torelatewith relativewater content
(RWC) : The shoot fresh weight among these
genotypes against different salinity levels was
sgnificantly different. MTU1001 and RNR showed the
highest SFW under control conditionsand reduction
over control (ROC) among these genotypesremained
smilar under high sat concentrations.

Biochemical estimations

A. Chlorophyll content variationsunder
salt stressconditions

A minimum reduction over control (ROC) was
significantinMTU1001 with 1.3foldsunder 150 mM
NaCl stressconditions. Thetracesof chlorophyll were
dightly significant among Saralaand RNR with ROC
of 6.6 and 8.3 foldsrespectively under 150 mM stress
conditions,

B. Prolineaccumulaionsanditsvariations

]
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Theproline content increased withincreasing
sdt concentrationsinall thegenotypesexcept for Sarda
and MTU1001. Thesevarietiesexhibited atrend of
increased prolineat 150 mM NaCl over control and
decreased trend at 250 mM sdlt stressconditions. The
varieties including Govinda Bhog and Kudrat-4
showed anoticeableincreasein proline content with
increasing salt concentrations.

Validation by rtPCR:

The rtPCR-based validation showed up- and
down- regulation between the two-contrasting rice
genotypesMTU1001 (sat-tolerant) and Sarala (salt-
sengitive) using the salt-specific homologousprimers
OsNHX1 and OsHKTZL;5 withtwo distinct variations.
CONCLUSION:

The present study aimstowardsunderstanding
physiological, biochemical and molecular traitsinthe
high-yielding varietiescultivated by tribal community
at germination and seedling stagefor low-to-moderate
salinity stress tolerance. Although, MTU1001
performed very well with 96 % germination rateat 150
mM salt stress conditions, higher levels of salinity
exhibited detrimentd effectson other varieties. Hence,
thesalt concentration 150 mM wasoptimally selected
to screenthevarietiesfor biochemica and physologica
traits. Thehigh-yidding varietiesM TU1001, RNR and

Saralaexhibited reduction over control (ROC) with
relative water content (RWC) for 150 mM salt
concentrations. Thelevel of proline, increased with
increasing concentrationsof NaCl among most of the
varietiesand significantly high content wasfoundin
MTUZ1001. The chlorophyll content was remained
consistently same in Sarala under 150 mM salt
concentrations. Interestingly, MTU1001 emerged as
the most salt-tolerant landrace for physiological and
biochemicd traits. Further, expression anadysisof sdt-
specific genes OsHKTL; 5 resulted in up-regul ation of
salt-stressrespongvenessin M TU1001 and OsNHX1
showed significant down-regulationin Sarala. Further,
thestudy reveded amgor differenceat geneexpression
level among high-yid ding varietiesand madeapathway
for exploration of transcriptiond generegulaionfor sdt-
stresstolerance.
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TRAIT ASSOCIATIONS FOR REPRODUCTIVE STAGE HEAT STRESS
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Rice is an important staple crop in India
occupying an areaof 43.79 m hawith 116.42 mtons
during 2018-19. Itis highly sensitive to heat stress
particularly at anthesis stage followed by booting.
Deveoping heat stresstolerant ricevarietiescan help
managethe predicted temperature spikesin near future,
Riceisendowed with enormousgeneticvariahility, large
scaescreening of whichwill helpinidentifying useful
donors as well as mapping the genomic regions
governing high temperature stress tolerance is an
important prerequisite. Genome-wide associ ation study
(GWAYS) isoneof the popular mapping methodswhich
exploits historic recombination and linkage
disequilibriumanaysis betweenthemarker and target
trait to identify statistically robust marker trait
asociations(MTAS). Inthe present study, aset of 192
rice genotypeswere phenotyped for reproductive stage
heet stresstolerance (RSHT) based on spikel et fertility
andgrainyidd per plant, and genotyped with 50K SNP
array. For GWAS, threemodd s, onesinglelocusmode
- mixed linear model (MLM) and two multi-locus
models, FarmCPU and BLINK were used.

METHODOLOGY

The present study consisted of a set of 192
diverserice germplasm assembled from acollection
maintained at the Division of Genetics, ICAR-Indian
Agricultural Research Institute (ICAR-IARI), New
Delhi. Phenotyping was conducted at Rice Genetics
and Breeding Research Centre (RGBRC)-IARI,

Aduthurai, Tamil Nadu (11U 00'N; 79U 28'E, 19.5
m) during off-season, 2018-19. Two staggered sowing
with agap of 30 dayswere done so asto adjust the
floweringtimeof thegermplasmtothetargeted seasond
temperatures. First sowing doneinthe second fortnight
of December wastreated as control where the peak
anthesis of the genotypes coincided with optimum
(maximum) temperatures, 33-35°C. Second staggering
wastaken up in second fortnight of January, whichwas
congdered ashest Sresstreatment where peak anthesis
of genotypes overlapped with higher ambient
temperatures, i.e., 39-41°C. Observations were
recorded ongrainyield plant™ (g) and spikel et fertility
(%) under hesat stressand stresstoleranceindex (ST1)
derived fromthem (STIGY and STISF, respectively)
was utilized for association analysis. Genotyping was
doneusing 50k Affymetrix SNP GeneChip (Singh et
al. 2015). Briefly, the chip houses 50,051 SNPs
selected from 18,980 genes covering 12 rice
chromosomeswith aninterval of 1 kb between two
adjacent SNPs After filteringfor SNPwithminor dleles
(>5%) and for missing values (>20% missing reads),
final number of markersutilized for GWASanaysis
reducedto 32,712 SNPs. Principa component analyss
(PCA), inbuiltin R platform for association anaysis,
GenomeA ssociation and Prediction Integrated Tool
(GAPIT), was conducted to check the sub-popul ation
structure (Lipkaet a. 2012). Linkagedisequilibrium
was estimated based on squared allele frequency
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correlations(r?) with significant p values (<0.05) for
each pair of loci. Theassociation analysiswasdonein
GAPIT by executing different models — MLM,
FarmCPU and BLINK modds. Thegenomiclocations
of significant M TAswere compared with previously
reported QTLsfor RSHT.

RESULTS

Thetwo staggered sowing windowsshowed a
clear differenceinthediurna meantemperaturesduring
peak anthesis stage of thericegermplasm. Significant
reduction was observed in grain yield and spikelet
fertility observed for late sown set of ricegermplasm
which experienced heat stressat reproductive stage.
Themean reductionwashigher for grainyield (26%)
relativeto spikelet fertility (19%) inthelate sownrice
germplasm set exposed to heat stress. Widevariation
wasobserved for grainyield and spikel et fertility under
both control and heat stressin the germplasm. Both
grainyield and spikel et fertility showed quantitative
inheritance. PCA analysisbased on SNP datashowed
three sub-populationsin the panel of which one sub-
popul ation captured mgority of cultivated varietiesand
advanced breeding lines, whilethe remaining shared
land races. Later, GWA Swas carried out using three
mode sasmentioned above. For grainyield plant?, 10
Marker Trait Associations (M TAS) wereidentified for
grainyiddplant?, seven through FarmCPU and three
through BLINK. Considering Bonferroni cuff-off (6
log10 P>7, for &=0.05), onehighly significant MTAS
(QHTGY10.1) was found on chromosome 10 by
FarmCPU, whileasignificant MTA, gHTGY8.1 was
identified on chromosome8 using BLINK. A total of
22 MTAswasidentified for spikelet fertility through
three GWAS models, 7 through MLM, 7 through
FarmCPU and 8 by BLINK. Amongthese, twoMTAS,
gHTSF5.1 at 20.54 Mb on chromosome 5 and
gHTST6.1 at 28.02 Mb on chromosome 6, were
shared by al thethreemodels. Considering Bonferroni
cuff-off, four MTAseach for FarmCPU and BLINK
were high significant werefound highly significant. In

general, thenumber of MTAsidentified using stress
toleranceindex waslesser compared to therespective
trait valuesunder heat stress. Moreover, most of the
MTAsidentified through STI were sameasthosefound
for theorigind traits. Only oneMTA, gSTIGY8.1 was
identified by both FarmCPU and BLINK modelsfor
STIGY. For STISF, two under FarmCPU, qSTISF1.1
and gSTISF2.1 weredifferent from thoseidentified for
spikelet fertility, whileone MTA, qSTISF2.1, under
BLINK wasfound different. TwoMTAsfor grainyield
per plant, five M TAsfor spikd et fertility andtwoMTAS
for STISF werefoundto co-localize with previousdy
reported QTLs. Thus, mgority of theM TAsidentified
inthe present study werenovel.

CONCLUSION

GWA Swassuccessfully employed toidentify
novel genomic regionsassociated withRSHT inrice.
FarmCPU and BLINK werefound equally efficient
and better than theroutinely used MLM inresolving
MTASs. Mgjority of thegenomicregionsidentifiedin
the present study arenovel and promising genotypes
identified in the present study can bevaluabledonors
for incorporating RSHT ricethrough molecular marker
assisted breeding.
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Riceisamagjor food crop grown and consumed
al over theworld. Nearly 87% of rice production comes
fromAsaand Indiahasmgjor shareinthetota output
of production and revenue. Rice occupiesan areaof
44 mhainIndiawhilehybrid rice occupiesmerely 3.1
mha Themagnitudeof heterogsexploited fromdifferent
crosses can be summarized as. indica x japonica >
indica x javanica> japonica x javanica> indica x
indica> japonicax japonica. Thehybrid productivity
isless than maximum exploitable as Indiaexploits
mainly indica x indica heterosis. Hence the
productivity of ricecould beincreased by utilizingthe
high heterosisfrom indica x japonica crosses. The
major problem in inter-subspecific cross between
indicaandjaponicaishybrid semi serility. Thegerility
isgoverned by nearly 50 genesamong them S5 locus
ismgor locusand well characterized governingembryo
sac sexility ininter subspecific crosses. Therearesome
varietieswhich givefertile hybridswhen crossed with
either indica or japonica called aswide compatible
varieties(WCVs). Indica possess S5-i, japonica has
$H-j and WCV has neutral allele S5-n at b locus.
Only two varietiesNagina22 and Dular arebeing used
aspromising WCVsover theworld. Therefore, itis
necessary to characterize therice germplasmthrough
molecular screening using PCR based functional
markersof Sblocustoidentify widecompatiblevarieties
carrying neutra alele -n.

METHODOLOGY

The present study conducted at Division of
Genetics, ICAR-IndianAgricultura Research Indtitute

(ICAR-1ARI), New Déelhi. It includes atotal of 967
rice genotypes which includes 297 IRG lines, 180
tropical japonicalinesand 490 germplasm linesfor
molecular screening using functiond markers. Theplants
weregrown in propots. After 7 dayseach entry was
cut and DNA wasextracted using CTAB method. The
DNA extracted was subjected to PCR amplification
by using functiona markersfor indica (S5-i), japonica
(S5-j) and neutral (S5-n) alleles. Themarkersbeing
used arenamely: S5-InDd for neutrd dlde, S5-ELSP
(F), S5-1ASP(R) for indicaaleleand S5-JASP (F),
S5-ELSP (R) for japonica allele. Annealing
temperature for indica specific primerswas kept at
59.1 °C, japonica specific primers at 57.4 °C and
neutral specific primerswaskept at 61.2 °C. Indica
specific markersamplified aband size of 527 bpin
indicalinesand no amplificationinjaponicawhereas
japonica specific markersamplified aband sizeof 325
bp in japonica and no amplification in indica and
genotypeswhich carried neutra alelesamplified band
sizeof 417 bp using neutra specificallee.

RESULTS

After molecular screeningit wasfoundthat 166
lineshaving neutral allele (S5-n), whereas 220 lines
carried japonica alele (Sb-j) and 581 lines carried
indica allele (S5-i). It is necessary to evaluate the
phenotypic performance of WCVsand F,_derived
from crossesof WCV withindica/japonicain order
toidentify best performing WCVs.

CONCLUSION
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The PCR based marker system could be
successfully utilised for characterization of therice
germplasm for identification of indica, japonica and
wide compatiblevarieties. These WCVsidentified
could bewell utilizedto obtainfertilehybridsin crosses
between indica/japonica and combine and transfer
beneficial genesbetween thetwo ecotypesof rice.
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Riceiswiddy grown and consumed food crop
intheworldand dsoinIndia. Rice occupiesan areaof
44 mhain India. But the per hectare productivity is
less to meet the food requirement of the Indian
population. Therefore, itisnecessary to increasethe
productivity of therice. Thegrainyiddof riceismainly
contributed by grain number per panicle, total number
of panicles per plant and 1000 grain weight. Grain
number per panicle is maor contributor towards
increaseinriceproductivity anditisaquantitativetrait
shows continuous variation. Mapping of gene/QTL
governing the high grain number anditsutilizationin
breeding programisanimportant step to enhancethe
yield potentia of rice.

METHODOLOGY

The present study was carried out with an
objectiveof mapping gene/QTL for grain number using
bulked segregant analyss(BSA). New Plant Typelines
were devel oped by making crosses between indica
and japonica lines. The tropical japonica line was
crossed with Pusa44 and advanced to F, and based
on phenotypic performance for grain number, Pusa
NPT 34 was sel ected to attempt crosswith the PR126,
alow grain parent. The NPT 34 parent washighgrain
number parent withan averageof 393 grainsper panicle
whereas PR126 islow grain parent with an average
grain number of 159 per panicle. The cross was
attemptedin ICAR-IARI, New Delhi during kharif-
2017 and devel oped sufficient F, seeds. The F, seeds
weresownin RBGRC, Aduthurai, Tanil Nadu during
rabi-2017-18. The F, population was grown

subsequently at ICAR-IARI during kharif 2018 along
with parentsfor further phenotyping and QTL mapping
using BSA. Parentd polymorphism survey wascarried
out using atotal of 663 SSR markerswhich includes
RM, HVSSR, nksssr. The identified polymorphic
markers were used for bulked segregant analysis
(BSA) toidentify putatively liked marker(s). Thebulking
was carried out by pooling DNA of 10low grainF,
plants and 10 high grain F, plants. The identified
putatively linked marker wasused to genotypeall the
plants of F, population to know the marker trait
association.

RESULTS

The phenotyping wascarried out by collecting
3paniclesper plant fromF, popul ation. 10 plantshaving
low grain number and 10 plants having high grain
number were sel ected to makethe bulk. Thesamples
DNA was quantified using nanodrop before bulking
and equal amount of DNA was taken from all the
samples to make the bulk. Based on parental
polymorphism survey, 58 markerswereidentified as
polymorphic between PusaNPT 34 and PR126 and
these polymorphic markerswerefurther usedfor BSA
toidentify putatively linked marker to thetarget trait.
The genotyping of bulks along with parents using
polymorphic markers showed that RM424 is
polymorphic between parentsaswell asbulks. RM424
marker wasfurther used to genotypeall plantsof F,
population. RM424 marker showed significant
association withthetrait (p= 0.008) and aQTL for
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high grain number was mapped on chromosome-2 at
amapping distanceof 27.3cM. Thephenotypic effect
associated with the QTL was observed to be 22.58.

CONCLUSION

Inthe present study RM424 wasidentified as
linked marker tothehigh grainnumber usngBSA. As
the marker present at a genetic distance of 27.3 cM
away fromthe QTL, it isnecessary toidentify marker
present closeto the QTL. Therefore, these F, plants
can beadvanced to RIL stoidentify thetightly linked
marker to the trait and its further use in breeding

program.
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CHLOROPHYLL FLUORESCENCE ASA TOOL FOR IDENTIFICATION OF
NITROGEN USE EFFICIENCY IN RICE

Goutam Kumar Dash*, Selukash Parida, M. J. Baig and Padmini Swain

ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author e-mail: gkdash.bot@gmail.com

Nitrogen (N) isan essential macronutrient for
rice production; however, excessvenitrogenfertilizer
application increase crop production cost,
environmental pollution and have negativeimpact on
thegrainqudlity (Cui etd. 2020). According to previous
studiestherecovery rateof nitrogenfertiliserislow
(Garnett et al. 2009) and the remaining nitrogen may
mix with groundwater as nitrate or volatilise to the
aimospherethrough microbia denitrification (Jueta.
2009). Therefore, thereisneed toidentify varietiesthat
have higher nitrogen use efficiency and the can
produced better grainyieldwithlow nitrogenfertilizer
input.

METHODOLOGY

One hundred eighty six lines derived from
BVD109 x IR 20 crosswere evaluated for nitrogen
useefficiency. Theexperimentd linesweregrown under
threedifferent nitrogen level: 0 kg N/ha(low nitrogen),
60 kg N/ha(optimal nitrogen) and 120 kg N/ ha (high
nitrogen) with two replications of each treatmentsin
randomized block design. Based on the biomassand
grain yield under three treatment, two lines with
contrasting nitrogen use efficiency capacity was
identified. Further, thechlorophyll fluorescencekinetics
of thetwo contrasting lineswas analysed using Handy
PEA. For estimation of nitrogen useefficiency of the
lines, total nitrogen content of different plant partswas
estimated using Total Carbon Total Nitrogen auto
Analyzer, SKALAR.

RESULTS

Feldevduationof theNILsfromtheBVD109
X IR 20 cross under three different nitrogen levels
showed significant variability ingrainyield and biomass
production. Among all thelinestested, C822-102 had
highest grainyield of 2.65 t/haunder ‘0" kg N/hawith

6.28 t/ha of total dry matter. Under 120 Kg N/ha,
C822-102 had agrainyield of 5.39 t/haand produced
14 t/ha of total dry matter. However, C822-143
produced 0.26 t/haof grainyield under ‘0’ kg N/ha
and 1.49 t/ha of grain yield under 120 Kg N/ha.
Agronomic nitrogen use efficiency of C822-102 was
19.27 whereasthat of C822-143was8.97. Anaysis
of fluorescencetransient curve of thetwo linesunder
different nitrogentrestment showed differentid sengtivity
towardsnitrogen deficiency. C822-143 showed higher
sengtivity to nitrogen deficiency than C822-102. Under
120K g N/hano changein fluorescencetransient curve
was detected between C822-102 and C822-143.
However, O-JI-Ppolyphasictransent curve of C822-
143 under 0 kg N/hawas more flattened compared
C822-102 under 0 Kg N/ha and pooled data of 60
KgN/ha. Theresponse of thetwo tested lines under
threedifferent nitrogen doseswasclearly distinguished
onthebasisof O-JI-P polyphasictransient curve.
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ASSOCIATION AND PATH ANALYSIS STUDIES IN RIL POPULATION OF
RICE FOR YIELD ATTRIBUTING AND NUTRITIONAL TRAITS
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Riceistheprimary sourceof food for billions
of people throughout the world, yet it contains
insufficient levelsof thekey micronutrientsiron, zinc
andvitaminAtomeet thedally dietary requirements The
experiment was conducted to study the character
association and path andlysisfor yied, yield attributing
and zinc concentrationin 190 F, RIL sderived from
MTU1010 and BR2655 during Kharif 2016. The
study reveded that grainyield per plant had significant
positive association with panicle length (0.206%),
number of productivetillersper plant (0.308*), number
of filled grains per panicle (0.215*) and 1000-grain
weight (0.307**). Path analysis demonstrated that
1000-grain weight (0.367), plant height (0.129),
number of filled grainsper panicle (0.050), daysto 50
per cent flowering (0.014) and number of productive
tillersper plant (0.016) exerted positive direct effect
on grain yield indicating that selection for these
characters was likely to bring about an overall
improvement ingrainyield per plant directly and the
sdlected plantscan befurther usedinfuturehybridization
programme.

OBJECTIVE:

Toidentify the quantitativetrait loci (QTLS)
associated with grain zincin 190 RIL sderived from
MTU 1010 & BR 2655.

MATERIALSAND METHODS:

The mapping popul ation wasderived froma
cross of MTU1010 and BR2655 at ICAR-Indian
Institute of Rice Research Farm, Rajendranagar,
Hyderabad. MTU1010 beinglowingrainzinc(Zn=
14.4ppm) wascrossed with BR2655 having highgrain
zinc (Zn=23.7ppm). Twenty seven daysold seedlings
of each onweretransplanted inaRandomized
Block Design with threereplicationsduring Kharif
2016 Rabi 2016-17. Dataon seven metric parameters
viz., daysto 50% flowering, plant height, paniclelength,
number of productivetillersper plant, number of filled
grainsper panicle, 1000-grainweight and grainyield
per plant were recorded on five randomly selected
plants in each plot, while the data on days to 50%
flowering werenoted on plot basis. Linkagemapswere
constructed using | Cl mapping version 4.1 (Wang et
al., 2016) following Kosambi Function (Kosambi,
1944) and each of the scored traits along with
phenotypic meanswas subjected to QTL mapping.
RESULTS:

Themean, range, variability, heritability and
genetic advancefor grain zinc concentrationsinRILs
and parents during both seasons. Grain zinc ranged
from 12.60 ppm (J51) to 38.00 ppm (J146) with
average of 24.16 ppm during Kharif 2016. Whilein
Rabi 2016-17 mean value of 23.91 ppm, the values
ranged from 13.06 ppm (J49) to 37.13 ppm (J146). A
high GCV (20.10 & 20.19%) and PCV (20.43 &
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Fig 1. Selectivegenotyping of M TU1010, BR2655 and RI L swith par ental polymor phic SSR markers
P1-MTU1010, P2-BR2655, 1-J1, 2-12, 3-13, 4-J4,5-36, 6-56, 7-J7, 8-38, 9-39, 10-J10 (1-10 areRIL s)

20.26%) were observed for thistrait during Kharif
2016 and Rabi 2016-17 respectively, suggesting high
rangeof geneticvariability. Heritability estimatefor this
trait wasvery high (99.8 & 99.30%) with high genetic
advance (37.90 & 39.39 %), indicating thet thistraitis
controlled largely by additivetype of geneaction.

Parental polymorphism survey between
MTU1010 and BR2655 was studied using 948 Rice
Microsatellite (RM) markers chosen based on their
distribution throughout genome. Among 948 RM
markers, 119 markers (12.55 %) were polymorphic
between the parents distributed across the 12
chromosomes. A total of 60 out of 119 markersfound
polymorphic between parentsand RIL population as
showninfig 1. These 60 markersdistributed across
12 chromosomes of rice, five on each chromosome
wereutilized for genotyping of 190 RIL populations.

Thelinkage map covered 1874.09 cM distance
employing Kosambi mapping function, resultinginan
averagemarker interval of 331.23 cM. Among the 60
markers used, 41 markers showed segregation
distortionto varied degreeson all the chromosomes.
The segregation distortion of themarkerswasmostly

skewed towardsthe parent BR2655.

A total of three QTLsduring Kharif 2016 on
chromosome5 and 2, six QTL sduring Rabi 2016-17
on chromosome1, 2, 4, 9, 10 and 12 were detected.
. In both seasons seven QTLsviz,, gPH-5.1, gNPT-
5.1, gDFF-1.1, gDFF-9.1, qGYP-4.1, qGYP-10.1
and qGYP-12.1 wereidentified for yield and rel ated
traits which accounts for 1.34-7.54 % phenotypic
variance. One consistent QTL for grain zinc
concentration (gZn-2.1) wasmapped on chromosome
2, which accountsfor phenotypic variance of 7.74%
and 9.59% during Kharif 2016 and Rabi 2016-17
respectively. QTL for gZn-2.1wasflanked by
RM13347-RM262 SSR |oci at adistance of 26¢M in
both seasons, indicating that thisgenomic regionis
involvedin controlling thegrain zinc concentration.
CONCLUSION:

The identified QTL gZn-2.1 for grain zinc
concentration was detected consistently on
chromosome 2 was flanked by RM 13347-RM 262
SSR loci in both seasonsindicating that thisgenomic
region involved in controlling the grain zinc
concentration. Theidentified QTLsshould bevaidated

]
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inaternate populationfor futureusein Marker Ass sted
Sdection, finemapping of identified QTL canbecarried
out, RILswith high zinc concentration and grainyield
can be used as donorsin crossing programmes and
canbetested inmultilocationtrias.

REFERENCES:

Kosambi, D.D. 1994. The estimation of map distances
from recombination values. Annals of

Eugenics. 12: 172-175.

Wang, Y., Xu, JD., Deng, H.,Ding, Y., Bian, Z., Yin,
Y., Wu, B., Zhou, Y and Zhao, A. 2016.
Comprehensive meta-analysis of plant
morphology, yied, say-greenand virusdisease
resistance QTL in maize (Zea mays L.).
Planta. 243: 459-471.

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




1% Indian Rice Congress - 2020
Rice Research and Development for Achieving Sustainable Development Goals\

l'ndmn Rice
ongl ess

Theme - I: Enhancing rice productivity and quality

IRC/TM-1/PP-148

EVALUATION OF LUTEIN CONTENT AND ASSESSMENT OF
ANTIOXIDANT POTENTIAL OF A CAROTENOID IN MEDICINAL
LANDRACE OF RICE ‘KAVUNI’
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Antioxidants are the bioactive compounds
which arevita for defending the cells/ body from the
freeradicalsdamage. Theunpaired electronsinfree
radicalsare formed dueto oxidation as a process of
normal metabolic activitiesin every day exposureto
the environment. Reactive oxygen species (ROS) or
free radicals when produced in excess amount
overwhelming the scavenging ability of endogenous
antioxidants like enzymes superoxide dismutase
(SOD), glutathione peroxidase (GPX), and catalase
[1], the ex-cess free radicals seek stability through
€lectron pairing with biological macromoleculessuch
asproteins, lipidsand DNA in healthy human cells
resulting the induction of lipid per-oxidation and
mutationin DNA which leadsto many human sufferings
likecardiovascular and pulmonary diseases, sometypes
of cancer, cataracts, immune/autoimmune diseases,
inflammation, arthritis, atherosclerosis and brain
dysfunction (Parkinson’s, Alzhelmer’s, Huntington's
diseases) [2]. Due to the adverse side effects of

synthetic antioxidants|eading to car-cinogenicity their
use in many countries has been tightly supervised.
Thereforesearchfor effectiveand natural antioxidants
has become crucial and investigation of chemically
active compoundsof plantsisof urgent need. Lutein, a
dihydroxy xanthophyll, is the predominant plant
carotenoid distinguished from other carotenoid
compounds based on the chemical composition of
hydroxyl group attachmentsto their structures and
presenceof &iononering and agiononering (Fig. 1).
It cannot be synthesi zed denovo and must be acquired
from dietary food rich in lutein like green leafy
vegetables, fruits and eggs and it is the major
component of the macular pigment of theretina. The
meaculaluteaor “ydlow spot” intheretinaisresponsble
for thecentra vison and visua acuity.

Lutein is one of the major therapeutic
compoundsamong 600 naturaly occurring carotenoids
andistheonly carotenoidsfound in both the macula
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Fig. 1. Chemical structureof lutein and itsisomericforms|[3]
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and lensof the human eye, and actsasblocker of blue
light damage, quencher of oxygen freeradicalsand
prevent agerel ated macular degeneration and cataracts
and hencethese macular pigmentsare considered as
own set of ‘ Polarized Interna Sunglasses . Inaddition
to playing pivotal rolesin ocular health, lutein and
zeaxanthin (isomer of lutein) areimportant nutrientsfor
the prevention of cardiovascular disease, stroke, and
lung cancer. They may also be protective in skin
conditionsattributed to excessve ultraviolet (UV) light
exposure. Coloured fruitsand vegetableshave higher
antioxidantslikelutein, thanthecered grains, Optimum
quan-tity of coloured fruitsand vegetablescan’'t bein
thediet of common man. So, an aternate staplefood
should quench the needs.

Riceisastaplefood for morethanthreebillion
peopleintheworld. Indiahasbeen endowed with more
thantwo lakhsricevarietiesarich biodiversity that no
other country on earth. Theayurvedic treatiserecords
show the existence of several medicina ricevarieties
inIndia[2]. Kavuni, atraditiona ricevariety of Tamil
Nadu is known for its nutritive propertiesand it is
consdered to bethebest Antioxidant, Anti-arthriticand
Anti-diabeticamong other ricevarieties(Fig. 2). Kavuni
grainsarebrown-black in colour which werereported
earlier to havereduced levelsof total soluble sugar,
low fat content, increased protein content, high levels
of phenolicacid, flavonoids, carotenoidsand mineras
likeiron, manganese, zinc, copper, sodium, potassum,
magnesium. Kavuni isknown asalong duration, poor

Fig. 2Husked and Dehusked grainsof Kavuni

tillering and photosengtivetraditiona ricevariety and
owingtothesetraitsitisnot being cultivated widely.

In our study, crosses were made with major
highyiddyiedingwhitericeASD 16 and SwarnaSub
1 to bring out threpeitic rice with good agronomical
features. The present investigation reportsthelutein
content and the antioxidant potential of Kavuni in
comparison withASD 16 and SwarnaSub 1 and its
derivatives. Theobjective of the present investigation
wasto characterizethelutein content and antioxidant
potential of Kavuni and released megavarietiesof rice
(ASD 16, Swarna Subl) and itsderivativesobtained
from crossesASD 16 and Kavuni; SwarnaSubl and
Kavuni.

METHODOLOGY:

L utein content was estimated using standard
protocol of HPLC (High performance liquid
chromatography) and antioxidant potential was
measured using in vitro DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay
RESULTS:

It wasfound that lutein was much higher in
Kavuni (225 png/100g) compared with white rice
varieties(ASD 16-15 pug/100g and SwarnaSubl- 21
png/100g) and the DPPH (2,2-diphenyl-1-
picrylhydrazyl) scavenging ability wereintheorder
(Kavuni >>ASD 16, SwarnaSubl. Pigmented grain
genotypes having higher lutein content had higher
percentage of freeradica scavenging activity of DPPH
and lower |C_; values compared to non pigmented
genotypes. Genotypes having higher lutein content had
higher percentage of freeradica scavenging activity of
DPPH and lower IC,,values and exhibiting higher
antioxidant potential. The | C_ valueswhichindicates
neutralizing 50% of freeradica sof DPPH by thesample
concentration and attaining 1C_ values at lower
concentration indicates higher antioxidant activity.
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CONCLUSION:

The phytochemical and in vitro antioxidant
analysis confirmsthe methanolic extracts of Kavuni
kernels as a potent antioxidant. Kavuni had broad
spectrumin treating the health alignmentsduetorich
sourceof bioactivemoleculeslikeluteinanditisahighly
va uablesourceof natural antioxidantsand freeradica
scavengers. Kavuni isagood choice for the plant
breedersto develop new ricecultivarswith highnutritive
value along with agood yield which can lead to low
cost production of natural antioxidantsand can reach
the bowl of common man. It isconceivablethat the
medicinal landraces of rice could be exploited asone

of the potentia sourcesfor plant - based pharmaceuticd
products.
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HABITAT SHIFT RELATED ALLELIC DIVERSITY IN ANNUAL WILD RICE,
ORYZA NIVARA FOR LOCI LINKED TO TOLERANCE FOR DIFFERENT
ABIOTIC STRESSES

Pritesh S Roy, Talat Afreen, Rashmita Samal, MK Kar, GIJN Rao, JN Reddy and BC Patra’

ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author e-mail: bcpatracrri@yahoo.com

Abiotic stresses are one of the mgjor factors
that limit crop growth andyieldinlarge areas of the
world. Themagjor abiotic stressesworldwide causing
risksto food security are drought, submergence and
sinity. Tominimizeyiedlossesdueto abiotic stresses,
one of the cost effective and reliable methods of
management is enhancement of host tolerance.
Incorporation of trait enhancing allelesin the crop
improvement programsis dependent on continuous
infusion of land races, wild relatives and the use of
modern breeding techniques (Tao and Ge, 2013). In
this context, knowing theallelic diversity in Oryza
nivara, the progenitor, photoperiod insengtive, annual
wild specieswhichisbelieved to have evolved from
perennia O. rufipogon because of habitat shift (Sang
and Ge, 2007) will be of great use. Ninety two O.
nivaraaccessons, collected over alarge geographical
areaof India, were characterized for thegenesQTLs
that are known to be associated with tolerance to
drought, submergenceand sdinity Stressesinriceusing
associ ated/tagged molecular markers.
OBJECTIVES

To characterizeaset of O. nivara accessions
for the genes/QTL sthat are known to be associated
withtoleranceto different abiotic stressesinriceusing
associ ated/tagged molecular markers.

MATERIALSAND METHODS

Seeds of 92 wild rice O. nivara accessions
along with their passport datawere obtained fromrice
genebank of ICAR-National Rice Research Ingtitute
(NRRI), Cuttack. The seeds of the accessionsa ong

with known controls[N 22 (+ve) and IR 20 (-ve) for
drought; FR 13A (with Sub1A region) (+ve) and IR42
(-ve) for submergence; FL 478 (with Saltol region
incorporated from Pokkali, thewell-known donor for
sdinetolerance) (+ve) and IR 29 (-ve) for sdinity] were
growninpotstill maturity and DNA wasextracted from
young leavesusingastandard protocol. For dldemining
of drought, submergence and salinity, SSR markers
specifictothelr respective QTLs(5for eachtrait) were
used. PCR wasperformed in 10 pl reaction volumes
and the master mix was prepared as per standard
laboratory procedures. The PCR amplification
productswerevisudizedin 3% agarosege sanedwith
ethidium bromide using a Typhoon FLA 7000
fluorescent imageandyzer. Thesizesof theamplified
fragmentswereestimated visually using 100 bp DNA
ladder asthe size standard. Markerswere scored for
the presence or absence of the corresponding amplicon
among thegenotypes. Genetic diversity parametersfor
each of thetested marker and the unbiased pair wise
genetic distanceamong the access onswere cd cul ated
using POPGENE v 1.32. The neighbour-joining
dendrograms based on unbiased pair wise genetic
distances using drought, submergence and salinity
markerswere constructed separately using MEGA 6.
The haplotypediversity pattern of the genotypeswas
constructed from the data generated from the QTL
(drought, submergenceand sdlinity) specific markers
taking the positive controlsasthereference.

RESULTS

Theloci amplified with RM 489 (root volume
and growth under drought condiition) recorded 5aleles
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followed by RM 324 (grain weight and number of
spikelet) with 4 alelesand RM 160 (root depth under
drought) with 3aleles. However, with markersRM 240
and RM 166, both rdated toyield and yield components
under drought stress, 2 dleleswereonly amplified each
case. Thegenetic diversity valueranged from 0.147
(RM166) to 0.712 (RM489) with an average of 0.463.
The PIC valuesfor the markersranged from 0.979
(RM489) to 0.568 (RM 166) with an average of 0.818.
The neighbour-joining dendrogram constructed based
on pairwise Nei’s genetic distance grouped the
accessionsinto 2 mgjor clustersi.e. | and Il. Two of
theaccessions, AC100431-1 and AC100316, though
having alelicvariation, showed closerdationshipwith
N 22 (+vecontral). Thehaplotype structure constructed
onthebasisof dldicamilarity of any givenloci withN
22 detected 17 (H1to H17) different hapl otypes, where
none of the accessionswerefound to be having same
alele of N 22 for all the loci. From H2 to H16,

e

UH g b A s e R

accessions were grouped according to their allelic
amilarity of N 22 for oneor moretestedloci indifferent
combinations.

Themarker GNS2 present in SUb1A1 region,
detected maximum genetic diversity (He) of 0.705
followed by IYT3 (He=0.432). Smilarly thehighest
PIC value of 0.994 was detected for the marker
SUB1BC2 followed by 0.993 for GNS2. The
neighbour-joining dendrogram constructed based on
pairwiseNei’ sgenetic distance grouped the accessions
into 2 major clusters. One of the accessioni.e. AC
100010 showed closerelationship with FR13A (+ve
control). Thehaplotype congtructed based onthedl€elic
similarity of thetested loci with that of FR13A (+ve
contral), discriminated all theaccess onsinto 8 different
(H1toH8) haplotypegroups. A highest of 48 accessons
wasin H6 sharing sameadleleof SUB1A203and 1YT3
withFR 13A.

Figurel. Geneticrelationship and haplotypesof O. nivaraaccessionsbased on (a) drought linked SSRs, (b) SUB1 linked SSRs

and (¢) SALTOL linked SSRs.

|
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A total of 5 Saltol QTL linked SSR markers
(2for SALT and 3for SKC region) were used to study
thedldicvariation present inthe O. nivara accessons
for Saltol. Thegenetic diversity valuedetected for the
tested loci was highest for RM 3412 (He = 0.769)
followed by RM10745 (He =0.613). The marker
RM 10745 was detected with a highest PIC value
(0.864), whereasRM 10864 wasthe lowest (0.684).
The neighbour-joining dendrogram constructed based
on pairwise Nei's genetic distance grouped the
accessionsinto 2 magjor clusters, where 33 genotypes
were grouped in one cluster and 61 werein another.
Wide variation wasdetected among theaccessonsand
only two of the accessions (AC 100293 and AC
100453) showed closerelationshipwith FL 478 (+ve
contral). Atota of 21 different hapl otype groupsand
noneof theaccessonsshared al thesimilar alele(for
the tested loci) of FL 478. But, 3 accessions (AC
100154, AC 100328 and AC 100304) amplified
amilar dlelesof FL 478for 4 of the5tested loci (except
AP 3206) and weregrouped in H2.

Further, unique accessions which showed
aternate amplicon/allelesizethan that of the positive/
negative control for drought, submergenceand sdinity
wereidentified for any of thegivenloci. For drought,
20 such accessions were identified for each of the
markers RM160 and RM 324, followed by 13

accessonsfor RM489. Smilarly, for submergencetrait
related marker, 9 accessions were identified which
amplified different alelesother than the positive control

FR 13A or the negative control IR 42 with GNS 2.
However, only oneaccession,AC 100313 amplifieda
different allelefor theloci SUB1BC2. Highest allelic
variation wasdetected for sdinity trait related markers,
where49 access onswere detected to behaving aldlic
variaionwith RM 3412 followed by 31 accessonsfor
RM 10745 and 9 accessions for RM10864. Only 3
accessions, AC 100450, AC 100475, AC 100016,
were observed asalelic variantsfor theloci AP3206.

CONCLUSION

Data comparisons with the haplotypes
observedinthe accessionsof wild ricesfromthesame
region, suggest an untapped reservoir of new dleesin
thewild form which can beexploited profitably for the
development of agronomically superior cultivarsto
mitigatethe problem of different stressesinrice.
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INSILICO ANALYSISAND HOMOLOGY MODELLING OF
OsMYB6 GENE IN RICE (ORYZA SATIVA L))

Satya Sandeep Tata*! and Sudhakar Godi?
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2Department of Human Genetics, Andhra University, Visakhapatnam, AP, India
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Many plantsare subjected to various stresses,
broadly classified ashiotic and abiotic stresses. Out of
many abiotic stresses, Drought can be consdered asa
major one. Rice(Oryza satival.), thecropwhichis
cultivated widely all over theworld isastaplefood
crop for mankind. It undergoesdrought stressand a
major lossin the productivity has been noted every
year. Physiologically, MY B transcription factorswere
reported to have akey rolein plant growth aswell as
abiotic stressresponses. By cons dering the number of
repeats in their MYB domain, the MYB family
membersaredivided into four magjor groups, R2R3-
MYB, MYB1-R, 4R-MYB, and RIR2R3-MYB in
Arabidopsis. Accordingtothepreviousliterature, it was
reported that OsM'Y B6gene,named by (Tang et al.,
2019) , isstrongly induced by drought stress(Zhou et
al., 2016) and the over expression of the samewould
leads to the enhanced drought tolerance when
compared with the wild varieties. However, the
knowledge of thesegeneinteractionswastill unclear
Insome aspects. Inthe present study we performed an
ingilico analysisof OsMY B6 gene, which could bea
potent candidate genefor rice drought tolerance.

METHODOLOGY:

In this study we have conducted different
analysesusing various bioinformaticstools. Thegene
sequence have been drawn from NCBI and also as
well as RAPDB online databases to retrieve DNA
sequencesof OsMY B6 geneand itstranscript variants
were a so been studied. EXPASY was used to study
different protein parameters and characteristics. A

network map have been constructed to evaluate the
interaction of other smilar geneswithOsMY B6, using
STRING database. Aswedraw thetrusted sequences
of RNA and protein, we have executed homology
modelling to build a protein model, by taking the
“Crystal structure of the MY B domain of the RAD
transcription factor from Antirrhinum majus
(Snapdragon)” as a template, as it shows 49.21%
amilarity.

RESULTS:

The DNA sequenceswereretrieved and then
they were virtually trandlated to get an amino acid
sequence. Thissequence, when used for theevauation
of proteinit hasgiventhemol ecular weight as46300.22
Daand aso atheoretical pl as8.60. Asthefurther
analysis was done using STRING it reveals the
interaction of OsMY B6 withitspredicted functiona
partners namely NACQO77, PO485A7.2, HOX28,
0S06T0105800-02 ,OS07T0496300-
01,0s] 20154, OS04T0543500-00, OsJ 12119,
BZIP02. Using SWISS-MODEL apredicted protein
3D structurewas created, which showed aloca quaity
estimate upto 0.8 and also no similar ligand found.
Ramachandran plot andysswasdoneandit hasshown
95.08% favoured regionswith aclash scoreand mol
probity scoresof 1.04 and 1.60 respectively.
CONCLUSION:

After various studiesusing onlineand offline
bioinformaticstools, we conclude that the predicted
protein structure of OsMY B6 genecould beused asa
basisof thecrystalographicandysisandit would extend
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ascopefor further analys. TheOsMYY B6 gene could

act asapotential candidate gene for drought stress

responses.
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STUDIES ON GRAIN YIELD, PHYSICO-CHEMICAL AND COOKING
CHARACTERS OF MID EARLY RICE GENOTYPES
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Main Rice Research Sation, Anand Agricultural University, Nawagam-387540, Gujarat, India
*Corresponding author e-mail: dbprajapati207@gmail.com

Riceisthemost important cereal crop that it
hasbeenreferred as“ Globa Grain” becauseof itsuse
asprimestaplefood in about 100 countriesof theworld.
Yield and quality are the most important aspects of
ricebreeding. Preferencefor ricequality variesamong
culturesand regionsquality according tothe preferences
of local consumers. Effortshave been madetofind out
highyield, mid early ricegenctypeshaving better qudity
charactersduring Kharif 2010to 2019 at Main Rice
Research Station, Nawagam and paddy Research
station, Dabhoi of Anand Agricultura University and
three paddy stationsviz. Navsari, Baradoli and Vyara
of Navasari Agricultural Universty.

METHODOLOGY

The NWGR 8001 was developed through
crossof GR-3x NWGR-97011 by pedigreeselection
method, than it wasevauated for yield with promising
entriesincluding check varieties, GR-7 and GAR-3in
differenttridsviz, PET-ME, SSVT-L, LSVT-E-Cand
LSV T-E-F during Kharif season of 2010 to 2019
(Anonymous, 2010-20). The experiment framedina
Randomized Block Designwiththreereplications. The
all genotypes grown in 4.95 meters apart with two
meters width by maintaining 20 cm x15 cm plant
spacing of individual genotype. The agronomic
characterslisted in Table 2. The data pertaining to
various characters anayzed as per the procedure of
randomized block design given by Panseand Sukhatme
(1978).

RESULTS

The grain yield differences among all the
genotypesfound significant. NWGR-8001 wasfound

13timesand 08 timessignificantly superior over GR-7
and GAR-3, whereasthree timefound significantly
superior over both checks and overall mean
performance the genotypesviz. NWGR-8001 (5196
kgha?) was found promising with 13.8 and 12.2
percent higher yield over best check variety GR-7 and
GAR-3, respectively (Table 1). It was moderate
resstancetodl ricediseasesand moderately tolerance
to insects and pests (Table 2). Morphologically,
NWGR-8001 found 127 days for maturity means
recorded mid-early in maturity. The plant height found
highest in NWGR-8001 (135.5 cm), number of
effectivebearingtillers(9.0) found at par with checks.
The NWGR-8001 has highest test weight 24.7g than
GR7(21.7g) and GAR-3(20.0g) and have 25.5 cm,
higher length of paniclesthan both checks. Thehighest
kernel length found in NWGR-8001(6.98 mm.) than
GR7(6.22mm.) and GAR-3(6.60 mm.),Kernd length
after cookingisvery important character found 9.6 mm
of NWGR-8001 than GR 7 (9.0 mm.) and GAR-3
(9.2mm.), respectively. Thebest Alkdi spreading vaue
of NWGR-8001 (5) wasat par with GAR-3 (6.0mm.)
than GR 7(3.0 mm). Kernel elongation ratio ranged
between 1.38 and 1.45. While, amylose content
reported intermediate 24.78%. Mild scent reported in
NWGR-8001 (Table 3).
CONCLUSION

Thehighest length breadth ratio exhibited by
NWGR 8001 (4.47) along with highest Kernel
elongationratio (1.38). The grainsof NWGR 8001
found long dlender may be best suited to farmersand
consumersand proposeto release.
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Tablel.Yield performance of NWGR-8001 in comparison with check varietiesin Gujarat

Trid Year Locations Grainyield (kg/ha) CD.a5% CV%
NWGR 8001 GR-7 GAR-2
PET-ME 2010 NWG 5656 3788 4%6.3 46
DAB 5032 5628 10159 10.7
SSVT-L 2011 NWG 3153 3378 12086 16.3
DAB 4978 5032 9999 112
DAH 4167 2760 8770 120
VYA 3756 4931 754.0 120
LSVT-E-C 2012 NWG 518% 421 354.6 55
DAB 70942 5299 562.6 54
DAH 5553 4108 7845 103
BAR 4296 3997 6112 92
LSVT-EF 2013 NWG 14 5216 806.9 100
DAB 4416 4274 3928 59
DAH 43% 3972 800.0 136
BAR 2265 2239 389.2 96
LSVT-EF 2014 NWG 7026° 5882 8138 75
DAB 6638° 5028 7223 81
DAH 5823 4724 7706 9.7
BAR 3775 3742 765.1 103
LSVT-E-C 2015 NWG 6405* 5294 4712 49
DAB 69522 5157 9%.4 100
DAH 6761 6741 14964 119
BAR 4843 4986 960.9 112
LSVT-EC 2016 NWG 434 5011 7974 101
DAB 57912 4850 6159 64
DAH 7578 11588 86
BAR 4330 4017 10933 142
LSVT-E-M 2017 NWG 5735 4659 5137 1242.0 143
DAH 47122 3416 5037 739.0 93
NAV 5044 4961 4996 649.0 80
VYA 3309 353 2849 758.0 145
LSVT-E-M 2018 NWG 57412 37%A 5061 1242.0 143
DAB 6715% 4946 6318 739.0 93
NAV 5892® 4327 4926 649.0 80
VYA 4148 4453 4917 758.0 145
LSVT-EM 2019 NWG 5905® 4397 4103 12530 169
DAB 5607® 4274 4231 1206.0 134
NAV 59172 4129 5423 1186.0 130
VYA #422 3351 3162 9139 149
Overdl %linc. 519 4568 4632
% increase over check 138 122

Note: 1. a=GR-7b= GAR-3indicates Sgnificant at 5% level than respective check.
2. NWG= Nawagam, DAB= Dabhoi, BAR=Bardoli, NV S= Navsari, VYA= Waralocations.
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Table2. Ancillary observationsof NWGR 8001 alongwith disease & pest reactions®

Treatment DFF  Maturity PH(cm) PL(cm) Testwt.g EBT Disease & Pest Reactions**

BLBB ShR G LB NB B LF WBPH
NWGR-8001 970 127 1355 247 24.7 90 3 2 3 2 2 2 21
GR-7(C) 825 123 1065 217 217 95 4 4 4 3 2 4 2 1
GAR-3(C) 915 12 1175 200 200 95 5 4 5 5 4 2 2 1

*mean of four locations and last two years

**Unprotected field conditionsDFF, PH, PL and EBT indicating days to 50%

flowering, plant height, panicle length and effective bearing tillers, respectively.

Table3. Grain quality of NWGR-8001 along with checksat M RRS, Nawagam (Kharif-2019)

Treatment Kernel Kernd

L/B KLAC KER VR Water Alkdi Scent* Amylose%

length mm. breadth mm. mm uptakeml.  Spreading
value

NWGR-8001 6.98 156 447 96 138 47 340 5 1 24.78

GR-7(C) 6.22 19% 319 90 145 454 35 3 0 2485

GAR-3(C) 6.60 162 407 92 139 430 315 6 1 2491
KLAC - Kernel length after cooking 1=Mildaroma

KER- Kernel elongationratio 2= Strong aroma
VER- Volumeexpansionratio 0= Absent

L /B -Length breast ratio

REFERENCES

*indicting organoleptic test

Anonymous, 2010-20. Agricultural Research

Panse, V.G. and Sukhatme, P.V. 1978. Council of SAUs, 2010t0 20, Gujarat.
Statistical methodsfor agricultural workers (111 Edn.).

|.C.A.R. Publication, New Ddhi.
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PHYSICO-CHEMICAL PROPERTIES OF SOME INDIAN GLUTINOUS RICE

Torit Baran Bagchi'*, Sutapa Sarkar! and Somnath Ray?

ICAR-NRRI, Cuttack-753006, Odisha, India
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*Corresponding author e-mail: torit.crijaf09@gmail.com

Glutinous rice (GR) contains low (0-5%)
amylose, making it very soft and sticky. Itisasocaled
as waxy rice. Glutinousrice (GR) isvery popular in
Greater Mekong Sub-region (GMS) and ASEAN. It
isapreferred staplefor consumptionin China(mainly
Yunnan Provinceand the Guangxi Zhuang Autonomous
Region), Japan, Cambodia, Thidand, Korea, Vietnam,
Laos, Taiwan, Philippines, Mayanmar, Bhutan, Nepa
and the North Eastern states of our country. Glutinous
rice makes up 5% (23.8 mt) of the global whiterice
production (476 mt). Thailand and LaosPDR arethe
two mgjor sticky rice producing countriesin Southeast
Asia. Thialand and Vietnam are the major global
exporters of thisrice while Koreaand Japan areits
major importers(Somporn et a, 2015). Withtherapid
growth of food and beverage industries and the
changing ricecultivation scenarioin countrieslike Ching,
thedemandfor glutinousriceinthegloba market seems
toincreasein near future.

InIndia, glutinousriceisapreferred staplein
the North Eastern states and therefore the traditional
varietiesin the areaare found to be glutinous after
cooking. Hugevariationfor glutinousriceexistinthe
local varieties of these states (Roy et al, 2020) and
therefore an effort was undertaken to characterize 17
glutinousricevarietiesfor their phys co-chemica and
cooking quality parameterswhichispresented hereby.

Two Highryielding glutinousricevarietiesKmj
3-292 (Bhogdli) and Kmj 3-296-3 (Rongili) havea so
been devel oped (Ahmed et d 1996) from Ghew Bora,
atraditiond tal, glutinousrice. Thedeveloped varieties
have not been included for the study dueto lack of

their seedinthe|CAR- NRRI genebank .However,
thedonor parent for glutinoustraitinthesevarietiesi.e.
Ghew Borahasbeeninvolved for the study..

Glutinous rice is used in preparing many
traditional Asian processed foods. Itisalsousedin
making rice wine, pasta, rice balls, and rice cakes
(Wittenberg, 2007). Besides, waxy riceflour isutilized
invariousfood process ngingredientssuch asthickener
for saucesand gravies.

METHODOLOGY

Seventeenricecultivars, namely Aghoni bora,
Bhogdi bora, Gandhi birion, Ghew bora, Gundhi birion,
Johabora, Kolabora, Ld birion, Lusai biroin, Na bora,
Pamoi bora, Pani birion, Sonabirion -2, Tilbakol bora,
Putti birion, Rangaboral and Ka obhat were collected
from North-Eastern states of Indiaand were collected
from the genebank module at ICAR- NRRI, Cuttack
during Karif-2019. The physico-chemical properties
and cooking quality were analysed through standard
laboratory method (Pal et a.,2019) at 12% moisture
content. Datawas analyzed using the online standard
software packageof ICAR-IASRI, New Delhi.
RESULTSAND DISCUSSION

Thephyd co-chemicd propertiesof somewaxy
ricearepresented intablel. Theamylose content (AC)
of these cultivars varied between 4.3 to 6.6%. The
lowest AC wasfound from Sonabirion-2 followed by
Pani birion, whereas highest wasfound in Nalbora
(6.6%). The head rice recovery percentage (HRR)
varied between 35.5t066.5 %. Thehighest HRR was
found in Putti Birion and lowest in Johabora. The
genotyoesunder study varied for thir graintypeviz.
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Tablel.Physico-chemical and cooking proper tiesof somelndian Glutinousrice.

S.No Varieties Hull% Mill% HRR% KL KB LB Gran AV VER KLAC ER AC%
() (mm) Type (mm)

1 Aghoni bora 7600 6400° 60000 540 153 353 SS 2000 375° 964 198 4859

2 Bhogali bora 7650¢ 6500° 6300° 578 161V 35%¥ SS 200P 530F 945" 163 5508
3 Gandhibirion 7800F 6300" 5900 638 168 38F LS 200° 530°P 857 134M 483
4 Ghewbora 80000 6650°F 6400F 6065 168 361° LS 3000 5660 830 136 475
5 Gundhibirion 7700 6250  59.007 614 160° 384 LS 2000 4000 821 133 536°
6 Joha bora 7450° 6000° 3HB5R 515 184 280° MS 3507 500 8000 1507 502¢
7 Kolabora 7650° 6100 49500 5248 17 306" SS 200" 560¢ 7.00° 133¥ 45N
8 Lal birion 77007 60008 4050° 5400 1922 281° MS < 300¢ 530" 8307 153¢ 525
9 Lusai biroin 75000 6200¢ 6050F 544 176° 30 SS 600F 5000 910¢F 167 487
10 Na bora 76000 62000 5800° 606° 183 331" LS 300 530° 960° 158 663
11  Pamoibora 7850° 6800° 43007 518 174" 298" MS 300 500 6.71° 129 468"
12 Panibirion  7700° 6800* 6150° 565" 160° 353 SS 5006 466~ 771 136¢ 435
13 Sonahirion2 7800° 6750 6000° 558 178 313 SS 500° 400" 9640 164 427°
14  Tilbakolbora 7850F 58507 4850 6.16° 166" 371° LS 500° 5666 885 143 44
15  Puttibirion 77000 6700° 6650 540¢ 1760 307 SS 6000 3757 661° 12X 483

16 Rangaboral 75.00° 5550° 4150° b565° 172 328 SS 4506 5300 780" 138 53*
17  Kaobhat 75000 61674 5200¢ 523 255 205° B 5000 375° 810¢ 155 544°

Mean 76.79 6307 5424 564 176 325 366 434 833 148 5
p-Vaue <0001 <0001 <0001 <0001 <0001 <.0001 <0001 <0001 <0001 <0001 <.0001

*Hull: Hulling%, Mill: Milling%, HRR: Head ricerecovery%, KL: kernel length(mm), KB: Kernel breadth, L/B: Length breadthratio,
ASV: Alkali spreading value, VER: Volume expansionratio,KLAC: Kernel length after cooking, ER: Elongation ratio, AC: Amylose

content

short dender (SS) to medium slender (MS) and long
dender(LS). The kernel length of these genotypes
varied between 5.2 to 6.4 mm and kernel breadth was
found between 1.5to 2.6mm. TheAlkali spreading
vaue, ameasureof cooking timewasobserved highest
in Putti birion and Lusai birion-2 while lowest was
observed in Aghonibora and Kalobhat. The kernel
length after cooking (KLAC) was highest in
Aghoniboraand Sonabirion-2 whereas|owest was
observedin Kolabora(7.00mm). Theelongation ration
(ER) after cooking was observed highest in
Aghonibora. Thevolumeexpansonration (VER) after
cooking was highest in Ghewboraand Tilbakolbora.
Kang et al.(2010) reported the minerals content,
protein, carbohydratesand fatty acidscompostionand
pasting propertiesof someglutinouscultivarsof Korea.
Setyaningsih et a, (2015) reported that glutinousrice

contains lower antioxidant compounds that non-
glutinousricevarieties.
CONCLUSION

Assessment of physicochemical propertiesis
necessary to determinethe quality preferencesand
possiblefood industry applicationsof rice. Inaddition,
thequality of different rice products madefromthese
cultivarswill greetly depend on their physicochemica
properties and nutritional quality. Therefore the
cahercterization of glutinousriceegermplasmiscritica
to determinetheir end-use quality. Theresultsof this
study will helpthefood processorsin salecting glutinous
ricegenotypeswith desirablecharacterigticsfor different
specialty food. Furthermore, this can help plant
breedersfor refinement and improvement of glutinous
riceto suit the specific consumers preferences.

52
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MAPPING QTL HOTSPOTS LINKED TO RICE ROOT SYSTEM
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Riceisone of themagjor staplefood cropsfor
about 3.5 billion peopleacrosstheglobeandisgrown
under diverse ecosystems. Riceisthe most important
crop of Indiain terms of area, production and the
percentage of population involved in cultivation.
Recently abiotic stressesgai ned severity in magnitude
thus affecting the sustainability of rice production.
Moisture deficit stress accountsfor morethan 50% of
averageagricultura yield lossesworldwide. Drought
isthesnglelargest yiddreducing factor inrainfed areas
of South and Southeast Asia, affecting morethan 23
million ha area. Root traits are important for plant
productivity especidly intheenvironmentscharacterized
by various stresses including drought and nutrient
deficiency. Root system architecture (RSA) refersto
gpatial and temporal distribution of rootsalong with
their componentsintermsof root length, root number,
root diameter, surface area, volume, lateral rootsand
root hairsin adefined patternin rhizosphere. RSA is
governed by genetic factors and environmental
conditions majorly abiotic factors as well as their
interactionsfor adaptive plagticity of root devel opment.
Understanding the genetic basis of root traitswould
facilitatetransfer of desirableallelesinto preferred
genetic backgrounds. Thereforethe present study was
undertakento identify QTLs/genesassociated with
riceRSA.

METHODOLOGY

M pm-analyqi sof root traitsrelated QTLswas

Publicationsrelated to root traitswere surveyed and
the data was extracted according to the format
prescribed by software BioMercator. Theanalysiswas
performed as per thea gorithmsbuilt in the software.
The meta-analysiswas performed in three steps (1)
Construction of consensus map (2) QTL projection
and (3) meta-analysis. Meta-anaysiswas performed
chromosome by chromosome basis. Some of the
studies may not contain data for a particular
chromosome. For meta-andys stwo typesof input data
filesarerequired (1) Mapinformationfileand (2) QTL
information file. Headersfor input filesare provided
by BioMeractor v4.2 software. Datafor population
Size, crosstype, mapping function, mapping crosstype,
map data over which QTLs were mapped, QTL
positions, flanking markers, peak markers, LOD value
and r? value etc were mined from published studies.
Thestudiesfor which any of thisinformation wasnot
avallablewerediscarded. Thedatawasfirst compiled
on Microsoft excel worksheet and the Map datatext
fileand QTL datatext file were created and saved
separately before loading on to the software. QTL
meta-analysis was performed chromosome by
chromosomebasis. Datafrom only those studieswhich
haveall therequiredinformation wasloaded ontothe
software. A consensus map can bedeveloped only if
thereareat |east 2 or morecommon markersbetween
themaps. Infirst step the connectivity of all the maps
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was checked with infomap connectivity and MMap
view functions of the software. Consensus map was
deve oped for only thosemapsfor whichtheconnectivity
was shown true. In consensus map devel opment, map
data from 47 studies were integrated in a single
consensus map through aone-step procedure using
weighted least squares (Veyrieraset a. 2007). QTL
projectionwas performed by superimposingthe QTLs
ontheconsensusmap usingtheQTL projectionfunction
of BioMercator. Meta-analysisisatwo step process.
Infirg sep, meta-andyssv2(Veyrieras), inwhichthree
text files are generated. One of them
meta_vX_model.txt showsthe number of models of
AIC criterion. Thismodel number needed to befeed
in second step of meta-analysis. In second stepi.e.
meta-analysis-2/2 (Veyrieras), atext fileisgenerated
which showstheposition of themetaQTL modelsona
particular chromosome and the weight of that
metaQTL samong othersand the Cl and UCI values
for therespective metaQTLs. Here meta-analysisis
finished. All therelevant figures, mapsand text files
were then extracted from software and saved
accordingly.

RESULTS

Meta-QTL analysisfor root traitsinrice has
been carried out to identify the consensus QTLsfrom
the QTLs reported independent genetic mapping
studiesfrom 1995to0 2018. 47 QTL mapping studies
weresdected for meta-QTL analysisof root traits. The
individual mapping population sizevaried from 26to
250. In majority of studies RILs, BILs and DH
popul ations were used except few where F2 or F3
were used. Genetic linkage maps were constructed
usng RFLP,ALFR,isozymes, RAPD, SSRsand Indels.
Atotd of 1108 QTL sassociated 93 root traitsincluding
thelr associated traitswere reported from 47 genetic
studiesout of which576 QTLswereutilizedin meta-
andyss. Thephenotypic varianceexplained among the
QTLsutilized in meta-analysisranged from 0.01 to
0.42 of thetotd variance. Chromosomewiseconsensus
genetic mapswere devel oped for all chromosomes
except chromosome 7, 10 and 12. Thedistribution of
projected QTLs in meta-analysis showed that
chromosome 1 hashighest number of QTL sfollowed
by chromosome 3, 4, and 9 (Fig.1). Integrating all the
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Fig 1. Consensusmap showingthemeta-QT L sdetected on chromosome1for MRL
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maps, therewere 4386 markers on the consensus map
withatota map length of 2147cM withamean distance
of 0.48cM between markers. Theconfidenceinterval
(ClI) of markersfor individual QTLsvaried from 0.31
t0 66.76 cM. A total of 77 meta-QTLs with CI of
95% wereidentified from 576 QTL sdetected from
different studies projected for root traits. Ten meta-
QTLswere identified each on chr.1 (mQTL1.1 to
mQTL1.10), chr.2(mQTL2.1tomQTL2.10) and chr.6
(mQTL6.1to mQTL6.10); ninemeta-QTLsonchr.3
(mQTL3.1tomQTL3.9); eight meta-QTLseachon
chr.4 (mQTL4.1to mQTL4.8), chr.8 (mQTL8.1to
mQTL8.8), chr.9(mQTL9.1tomQTL9.8) and chr.11
(mQTL11.1tomQTL11.8), whileseven meta-QTLSs
were detected on chr.5(mQTL5.1to mQTL5.7).

CONCLUSION

Meta-analysishasredefined the Cl of QTLs
to asmaller physical and genetic interval. Several

candidate genes were mapped in the metaQTLs
detected in present study whichisavauableresource
tointegrate and utilize them for improvement of rice
RSA.. Fine mapping of therobust meta-QTLsusing
the markersdevel oped from candidate geneswithin
meta-QTL regions can be used for marker assisted
breeding and pyramiding of QTLsgoverning different
tolerance mechanismsfor geneticimprovement of rice
RSA.
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ASSESSMENT OF GENETIC DIVERSITY IN RICE (ORYZA SATIVA L.)
GERMPLASM BASED ON AGRO-MORPHOLOGICAL TRAITS

Sadia Perween, Rahul Singh, Surabhi Sinha, Kanishk Sar af, Prity Sundaram, Anand Kumar,
Satyendra, Mankesh Kumar and S. P. Singh*
Department of Plant Breeding and Genetics, Bihar Agricultural University,
Sabour, Bhagal pur-813210, Bihar, India
" Corresponding author’s e-mail: sps2011@gmail.com

Rice (Oryza sativaL.) isthe most important
food crop and aprimary food source for more than
onethird of theworld'spopulation. Different breeding
strategies such asintroduction, selection, recombina-
tion breeding, heterosisbreeding etc. were practiced
during and after greenrevolutiontoincreasetheyield
levelsof rice. Although, yidldwasimproved usngthese
breeding dtrategies, theyieldlevelshave stagnated sub-
sequently. Breaking theyield ceiling through genetic
improvement becomesthe priority incurrent ricere-
search programme. Aggressiveintroduction of mod-
ern highyielding varietieshasresultedinthelossof a
large number of landraces especially fromirrigated
lands, whichleadsto narrowing down thegene pool of
thericediversity (Roy and Sharma, 2014). Thediver-
Sty of ricegenetic resourcesisdepleting. Thediversity
of rice hasbeen well used in effortsto solvetoday's
food problems (Khush and Virk, 2000).

The D? technique devel oped by Mahaanobis
(1936) had been found to beapotent tool in quantify-
ingthedegreeof divergenceingermplasm. Thisandy-
s sprovidesameasurement of relative contribution of
different componentson diversity both at inter-cluster
andintra-cluster level and genotypesdravnfromwiddy
divergent clustersarelikely to produce heterotic com-
binationsand widevariability in segregating generation
(Rao, 1952).Thus, the purpose of the present study
wastoidentify rice genotypeshaving high yield poten-
tial and stability under drought stress condition, par-
ticularly at reproductive stage and to study genetic di-
vergence among 48 genotypesto help the breedersin

selecting promising and geneticaly diverse parentsfor
desiredimprovement inriceunder rainfed condition of
easternIndia

MATERIALSAND METHODS

A set of fourty-eight tice genotypesincluding
two checksviz., Sahbhagi Dhan and Sabour Degpwere
evaluated at reproductive stage under drought stress
conditions during kharif, 2018-19 at rice research
Farmof Bihar Agricultura University, Sabour, Biharin
randomized block designwith threereplications. All
the recommended package of practiceswasfollowed
to raise ahealthy crop. Datawere recorded on five
randomly and competitive plantsof each genotypefrom
each replicationsfor nineteen quantitative characters
viz,, number of effectivetillersper hill, plant height (cm),
paniclelength (cm), number of fertilegrainsper panicle,
spikelet Serility (%), panicledendty index, total num-
ber of spikelet per panicle, 1000 grainweight (g), grain
yield per plant (g), biological yield (g), harvest index
(%), prolinecontent, chlorophyll content index, canopy
temperature, leaf area, relativewater content and root
biomass. Dataon daysto 50 % flowering and daysto
maturity were recorded on plot basis. Genetic diver-
gence was determined by using D? statistics of
M ahalanobis (1936) and clustering of genotypeswas
done according to Tocher's method. The percentage
contribution of studied characterstowardsgenetic di-
vergence was computed according to Singh and
Chaudhary (1985).

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

Toor



. 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

RESULTSAND DISCUSSION

Theanalysisof variancerevea ed significant
differencesfor al thenineteen charactersstudied indi-
cating that therewassignificant amount of genetic vari-
ability present inthe breeding materia. Onthe basisof
D2 gatidtics, al the genotypesweregroupedinto nine-
teen clustersin control conditionwith cluster | contain-
ing themaximum of 24 genotypesfollowed by 7 geno-
typesincluster I11. Thehighest inter-cluster distance
was observed between cluster XV1I1 and X1X, fol-
lowed by cluster X and X V111, cluster X111 and XV 111
and cluster VIl and X V111 in control conditionwhilein
stress condition the highest inter-cluster distancewas
observed between cluster 1 X and X, followed by clus-
ter VIl and IX, cluster V and IX and cluster VIl and
V111 indicating wider genetic diversity among thegeno-
typesbetween the genotypesof theseclusters. Thehy-
bridization programmeinvolving genotype of cluster
XVIII (IR 107891-B-B-447-3-1) and cluster X1X (
IR 13L 378) under control condition and the geno-
typesof cluster IX (IR14L157) and X (IR 95817-5-
1-1-2) under stress condition could be undertakento
isolate highyielding segregants, sincethese genotypes
havehighyidding potentid, effectivetiller per hill, rla-
tivewater content, leaf area, root biomass, panicle
length, biologica yidd, harvestindex, plant height, num-

ber of fertilegrains per panicle, total number of grains
per panicle, leaf areaand proline content with more
genetic distances. The parentsfor hybridization could
be selected onthebasisof their largeinter-cluster dis-
tancefor isolating useful recombinantsinthe segregat-
ing generations. Therefore, progeniesderived fromsuch
diverse crossesare expected to show wide spectrum
of genetic variability and agreater scopefor isolating
transgressive segregantsin the advanced generations.
Hence, these genotypes might be used inamultiple
Crossing programme to recover transgressive seg-
regants.
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KNM 1638, GALL MIDGE RESISTANT EARLY DURATION RICE (ORYZA
SATIVA L.) GENOTYPE SUITABLE FOR TELANGANA STATE IN INDIA

Sreedhar Siddi**, Ch. Damodar Raju?, Y. Chandramohan?, S. Omprakash*, R. Umareddy®, R.
Jagadeeshwar®, D. Anil”, A. P. Padmakumari®.and M. M. Azam?®
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4°Regional Agricultural Research Sation (PJTSAU), Polasa, Jagtial, Telangana, India
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"Agricultural Research Sation (PJTSAU), Kunaram, Peddapalli, Telangana, India
89 CAR-Indian Institute of Rice Research, Hyderabad -500030, Telangana, India
“Corresponding author’se-mail: siddu.35@gmail.com

Morethan half of theworld's popul ation use
rice asan essential staplefood and Asian countries
produce and consume 80% of theworld'srice. It is
aso most important staplefood crop of Tdanganagtate
of Indiaand cultivatedin varying climate and soil con-
ditionsinamost al thedistricts. Though enormous
progress has been made in recent past inimproving
yiedlevelswiththeuseof highyidding varieties, ill
thereisapressing need for improving productivity,
quality requirements of consumersand resistanceto
magjor pestsand diseasesto reducethe cost of cultiva
tion and to get the premium pricein themarket. Milled
riceof ricevariety, BPT 5204 fetches premium market
pricein Telanganaand AndhraPradesh of Southern
India. However, BPT 5204 which ispopularly culti-
vated inthe Telanganastate during rainy seasonissus-
ceptibletothegall midge biotype 3, and aso requires
morewater to completeitscrop growth period asitis
along duration variety resultsinincreasing the cost of
cultivation. TheAsanricegal midge, Orseoliaoryzae
(Wood-Mason) isone of theimportant insect pestsin
Northern Telangana. InIndia, it israted asthird most
important pest of ricein termsof spread, severity of
damageandyieldloss (Bentur, 2015). Morerecently,
gdl midgeincidence hasbeenincreased inamost all
thericegrowing statesof Indiawhichresultsinconsid-
erableyield lossesasaffected tillersbear no panicles
or grains. In contrast, the maggotsfail toinducegall
formation ontheresistancevarietiesand perishin 2-4

daysafter hatching. Hence, breeding for gall midge
res stant varietieshasbeenimportant strategy withmore
yield and acoceptablegrain quaity (Henrichsand Pathak,
1981).

OBJECTIVES

Keeping inview of the above gap, breeding
programme was taken up with an objective of devel-
oping short duration (120-125 days) highyielding gall
midgeres stant non lodging medium dender ricegeno-
typewithout compromising quality.

METHODOLOGY

Thebreeding at Agricultura Research Station,
Kunaram focused on combining varioustraitsdesired
by farmers, including highyield, gal midgeresstance,
earliness, andimproved qudity. Inthisconnection, pedi-
gree method of breeding wasfollowed to develop a
variety with the required objective by selecting two
parentsi.e. JGL 11727 and JGL 17004. Thefemale
parent, JGL 11727 isnoted for itsgood cooking qual -
ity withmedium dender grains, highyielding potentia,
medium duration, aswell ashaving gall midge (bio-
type-3) res stance devel oped at Rice Research Scheme,
Regiond Agriculturd Research Station (RARS), Jagtidl.
JGL 17004 isashort statured medium dender nonlodg-
ing variety with good quality and isselected for itsex-
traearlinessand multiple gall midgeres stancedevel-
oped at Rice Research Scheme, RARS, Jagtial used
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asmaleparent. Field screening by planting thetest
materialsto coincide with high pest populationshas
been asuccessful technique. Thegal midgeresistance
can be easily transferred to the desirabl e genotypes
duetoitssmpleinheritance. Thesetwo parentswere
crossed and raised the F, and crossed plants were
confirmed, based onthe charactersat RARS, Jagtial.
The seeds of F, were collected by Agricultural Re-
search Station (ARS), Kunaram and F, waseval uated
with, approximately 10,000 population in the year,
2012. Pedigreemethod of breeding wasfollowedin
theF,, F, and F, populationsby selecting single plants
for thecharacters, such asmedium dender grain, semi
dwarf, long panicle, with more number of grains. S--
multaneoudy, segregating materia wasleft unprotected
and allowed for gall midgeincidence and the suscep-
tibleplantswereremoved leaving theresistant plantin
thefield and the sel ection was practiced only among
thegal midgeresistant plants. Thisprocesswas con-
tinued up to F_ till theselines attained uniformity in
height, paniclelength, graintypedongwithgal midge
resistance. The breeding linewith Index No. KNM
1638 resulted fromthe bulk harvest of aF6 family in
2014 and it was subsequently evaluated intheyield
trialsfromtheyear 2014 to 2016 at ARS, Kunaram.

REUSLTS

KNM 1638isasemi dwarf ricevariety with
moderatetillering, erect flag leaf, al plant partsgreen,
semi compact well exerted semi erect attitude of
branching panicle, and straw colored awn lessgrains
cultureand itsgrain classified astrand ucent medium
dender grain. Itisarelatively short duration variety,
withtotal growth duration of about 120-125days. This
culture hashighyield potential (7386 kg/ha) withre-
sistance to gall midge biotype 1, 3and 4. Itisalso
resstant toleaf blast, moderately res stant to neck blast.

It out yielded the best checkswith 9.7% yield superi-
ority over thegtationtrialsand it stood second position
among al theentriestested in MLT (Early) acrossall
thesix locations (pooled | ocations) during kharif, 2016
inTelanganaState. It dso recorded nil damageagainst
variousbiotypes (1 and 3) acrossthelocationsin Na-
tional Gall midge Screening Trids(11RR, 2016). Itisa
non shattering culture, and showing insengtivity to pho-
toperiod. Quality wise, it recorded 58.3% head rice
recovery and 21.47% amylose content with good
cooking and eating quality (I1RR, 2016). Thekernels
arewith a1000 grain weight of 15 to 16gm without
any abdomind whiteresemble BPT 5204. Itishaving
around 336 to 380 ear bearingttillers/ m? and the height
isintherangefrom 100 to 105cm with strong culm
having theinternoda thicknessof 6-7mm. Thepanicle
length ranged from 23.7 to 27.6 cmwith 248 to 312
no. of grains per panicle. The paniclewith compact
nature showing full exertion without any awnsand ste-
rility. Itissuitablefor both Kharif and rabi seasons.

CONCLUSION

KNM 1638 hasbeen widdly accepted by thefarmers,
millersand consumersduetoitshighyield potential,
earliness (120-125 days), gall midgeand blast resis-
tance, and non shattering with good head ricerecov-
ery and excellent cooking and eating quality.
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PATH MODELLING APPROACH FOR ELUCIDATING RELATIONSHIP
BETWEEN NITROUS OXIDE EMISSION AND FUNCTIONAL SOIL
MICROBES FROM RICE SOIL EXPOSED TO ELEVATED CARBON

DIOXIDE

Anjani Kumar*, Soumya Ranjan Padhy, Rasmita Rani Das, Mohammad Shahid, Upendra Kumar,

Pradeep Kumar Dash, Ansuman Senapati, P Panneerselvam, Dibyendu Chatterjee, Totan Adak, Rahul
Tripathi and A K Nayak

|CAR-National Rice Research Institute, Cuttack, Odisha, India
*Email: anjaniias@gmail.com

Due to extensive anthropogenic activities
present atmospheric concentration of CO, has
surpassed 400 pmol mol ™ which is predicted to go
beyond 550 umol mol ' by 2050; and 700 wumol mol™
by 2100 (IPCC 2013; Kumar et al. 2019).
Understanding the effect of elevated atmospheric CO,
(eCO,) on nitrous oxide emission (N,O) and plant-
microbe interactions in rice soils is of great significance
for predicting the long-term response of rice ecosystems
to eCO, concentration. Elevated atmospheric CO,
concentration has the potential to augment rice
production (Kumar et al., 2017) and alter the soil
nitrogen (N) dynamics. Because N,O emission is
controlled by microbial activity, we hypothesised that
changes in soil N chemistry and activity of soil microbes
may affect N,O flux fromrice soil.

METHODOLOGY

We designed a field experiment to examine the
influence of €CO,on N, O emission from rice soil under
different water regimes and N doses. In this study, path
analyses using partial least square path modelling (PLS
PM) approach was used to distinguish the direct and
indirect factors influencing N, O emission under ambient
and elevated CO, conditions.

RESULTS
Labile N fractions such as microbial biomass-

N increased by 32% (p d” 0.03) whereas there was a
decrease in NH,"-N(40%; p d” 0.0005) and NO,-N

(32%; p d” 0.001) concentration under eCO, over
ambient CO, (aCO,). Rhizosphericdenitrifier
population was increased (39%; p d” 0.001) whereas,
nitrifier population decreased (41%; p d” 0.001) under
€CO, as compared to aCO,. Exposure of eCO,
decreased (20%; p d” 0.001) N mineralization whereas
itincreased N,O emission (43%; p d” 0.001). Elevated
CO, level increased activities of - glucosidase, urease,
dehydrogenase and Fluorescein diacetate showing
significant effects on soil N dynamics. The PCA biplot
constructed using the scaled dataset explained 66.55%
(PC1) and 12.16% (PC2) for ambient, 61.81% (PC1)
and 14.82% (PC2) for 550 pmol mol™ (Fig. 1) and
72.83% (PC1) and 8.09% (PC2) for 700 pumol mol™
CO, regime. Under ambient CO, concentration, N,O
emission was higher under panicle initiation stage and
positively correlated withN__(R*=0.972; p<0.001),
nitrifier (R?=0.968; p<0.001) and denitrifier (R*=
0.902; p<0.001) population. At 550 umol mol™ CO,
concentration, the parameters demonstrating higher
positive correlations were amoA (R*=0.988; p<0.001),
nitrifier (R>=0.979; p<0.001) and denitrifier (R*=
0.969; p<0.001) population under panicle initiation
stage. With further increase in CO, concentrations (700
umol mol™), the highly positive correlated parameters
under panicle initiation stage were nitrifier (R?=0.980;
p<0.001) and denitrifier (R*= 0.909; p<0.001)
population. At panicle initiation stage, the N, and N __
decreased with increase in CO, concentration, which
was accompanied by decrease in MBN and soil
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Fig.1. Principal component analysis (PCA) of soil enzymes
and functional soil microbes across two dimensions under
elevated atmospheric CO, concentration (550 + 20 pmol mol™).
The factors represents soil enzymes and functional soil
microbes associated with soil nitrous oxide emission at MT =
maximum tillering stage and PI=panicle initiation stage. FDA
= Fluorescein diacetate (ug fluorescein g h''), 4 GLU = &-
glucosidase (ug PNP g h''), Urease (ug urea hydrolysed g!
h'), MBN = Microbial biomass nitrogen (ug N g soil), NH,"-
N = Ammonical nitrogen (ug g"), NO,-N = Nitrate nitrogen
(ug g"), N . = Nitrogen mineralization (ug N g' soil), N =
Nitrification potential (ug N g dry weight day™"), NIT = Nitrifier
population (log,, population g soil), DENT = Denitrifier
population (log,, population g' soil), URS = Urease (ug urea
hydrolysed g!' h'), NOE = Nitrous oxide emission (kg ha),
amoA = amonia mono oxygenase (log copy number g! soil),
nirK = nitrite reductase (log copy number g soil), nosZ =
nitrous oxide reductase (log copy number g soil).

nitrogen fractions (NO,-N and NH,"-N) under
elevated CO, conditions. Furthermore, the soil
enzymatic activities like a-glucosidase, FDA and Urease
were positively influenced with increase in CO,
concentration and found to be strongly associated with
N ..
CONCLUSION

Path modelling indicated that under aCO,
condition nitrogen mineralization, NH,"-Nand NO -
N concentration were significantly (p <0.001) and
positively correlated with N O emission, whereas under
¢CO, condition nitrogen mineralization, nitrification
potential and microbial population were significantly (p
<0.001) and positively correlated. Regression analysis
revealed complex interactions among the important
variables influencing N,O emission under ambient and
elevated CO, conditions.
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IRC/TM-2/0OP-3

INTEGRATED NUTRIENT MANAGEMENT FOR SUSTAINABLE RICE
PRODUCTION IN THE CLIMATE CHANGE SCENARIO- LESSONS FROM
LONG TERM FERTILIZER EXPERIMENTS

Thulasi V*, Moossa PP, Summayya S, Sandeep S and Muneswar Singh

Regional Agricultural Research Sation, Pattambi, Kerala Agricultural University, Mele Pattambi, 679306
-‘Former Project co-ordinator, AICRP on LTFE, Indian Institute of Soil Science, Bhopal,
Kerala Forest Research Institute, Peechi, 680653
*Email: thulasi.v@kau.in

The Long term Fertilizer Experiments (LTFE)
serve as important tools to understand the changes in
soil properties due to intensive cropping and continuous
fertilizer/manure application. The All India Co-ordinated
Project on Long term fertilizer experiment and
Permanent manorial trial have been laid out at Regional
Agricultural Research Station, Pattambi with the main
objective of studying the effect of continuous application
of plant nutrients (NPK) in organic and inorganic forms
and in combinations on sustainable production in the
rice-rice cropping sequence. The present paper
discusses the sustainability of integrated nutrient
management in rice-rice cropping system based on the
lessons from long term fertilizer experiments.

METHODOLOGY

The co-operating centre of All India Co-
ordinated Project on Long term fertilizer experiment
have been laid out at Regional Agricultural Research
Station, Pattambi with the main objective of studying
the effect of continuous application of plant nutrients
(NPK) in organic and inorganic forms and in
combinations on sustainable production in the rice-rice
cropping sequence. Permanent manorial trial in dwarf
rice variety Jaya is also operation at Pattambi since
1973. PMT consists of 8 treatments while the LTFE
consists of 12 treatments. The treatments included sole
application of fertilizers, organic manures and integrated
nutrient management practices. To analyse the effect
of fertilizers/ manures, the effects on biomass yield, soil
biological properties, carbon accumulation pattern and

carbon pools were studied in the soils collected from
both the experiments. An incubation study was also
conducted at four different temperature regimes (15,
25,35 and 45°C) using the soil collected from the plots
of LTFE as well as PMT to analyse the thermal stability
of carbon under LTFE and PMT.

RESULTSAND DISCUSSION

In PMT, the organic nutrient management (T )
wherein whole of the mineral N was applied as cattle
manure and Integrated Nutrient Management (INM)
practice(T,) where 50 per cent N was substituted by
cattle manure were equally superior in growth and
productivity to other treatments. Treatment T (45 kg
N ha as cattle manure + N:P O_:K 0 45:45:45 kg ha
1) was found to be significantly superior with respect
to the soil biological properties including dehydrogenase
activity and microbial biomass carbon. The LTFE
experiment with 20 years cropping history revealed the
superiority of integrated nutrient management with 100
Per cent NPK along with FYM over the sole use of
fertilizers. Howeverin situ growing of dhaincha
(Sesbania aculeata) also offer a good solution for
integration of manures and fertilizers. Integrated nutrient
management and in Situ green manuring with daincha
recorded higher grain and straw yield and the growth
parameters corroborated the trends in
yield.Hemalathaet al., (2000) also observed that in
Stuincorporation of Seshaniaregistered highest plant
height, number of tillers and dry matter production.
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In LTFE with 20 years history, it was seen that
all the carbon pools (active, slow and passive)
contributed towards yield whereas in PMT, with 44
years history, it was the slow pool of carbon that
showed higher correlation with crop yield. Data on
analysis of different carbon pools revealed that slow
pool is the most predominant yield determining pool in
the long run. The percent share of slow pool to the
total carbon was higher under INM than the sole
application of organic manures/ fertilizers, indicating the
sustainability of INM.

An incubation study was conducted at four
different temperature (15, 25, 35 and 45°C) using the
soil collected from the plots of LTFE as well as PMT.
The activation energy and the rate constants, calculated,
provide a good insight into decomposability of organic
matter and the pace of mineralization in soil. In general,
all the treatments in PMT, except T, (athigh temperature
-35°C and 45°C), had comparable amounts of carbon
decomposition rates at the studied temperatures. The
reaction rates in all the organic treatments were found
to decrease at 45°C indicating the exhaustion of carbon
pools accessible for microbial decomposition. The
values on activation energy and the rate
constantsprovided a good insight on decomposability
of organic matter and the pace of mineralization in soil.
Treatments with inorganics recorded lowest activation
energies indicating the instability of even recalcitrant or
passive pools while carbon developed under INM had
highest activation energy. The results are in confirmation
to the results of Sandeep et al. (2016) wherein it was

observed that application organic manures were more
effective in enhancing the activation energy of SOC
than mineral fertilizers.

CONCLUSIONS

Integrated nutrient management and in situ
green manuring with daincha recorded higher grain and
straw yields and In situ green manuring is a cost effective
and farmer friendly technology, which can save cost of
5 tonnes of farmyard manure. 50% reduction in
inorganic fertilizer dose is possible with the
incorporation of in situ green manuring with daincha or
FYM @ 5t/ha into the fertilizer schedule of paddy.
Though the organic carbon buildup is higher under
organic nutrient management, the share of the slow pool
to the total carbon is higher under INM, which is the
predominant yield determining pool. Moreover, the
INM practice increases the thermal stability of the
carbon. Hence integrated nutrient management will be
the stable practice in rising temperature scenario for
sustaining the soil carbon and crop productivity in the
long run.
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IRC/TM-2/OP-4

SRI (SYSTEM OF RICE INTENSIFICATION) AND ITS MODIFICATIONS ON
WATER INPUT SAVING FOR SUSTAINABLE PRODUCTIVITY

Mahender Kumar R*, T.M. Sudhakara!, Soumya Saha, Aarti Singh, D. Srinivas, T Vidhan Singh,
K. Surekha, Shantu Duttarganvi, M.B.B.Prasad Babu, M.N. Arun, B. Sreedevi, B. Nirmala, Amtul Waris
and Mangal Deep Tuti
ICAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana Sate,India
lAssistant Plant Protection Officer, Ministry of Agriculture and farmers Welfare, Govt. of India, Bangalore
*Email: kumarrm21364@gmail.com

Traditional transplanting of rice seedlings 5-8
weeks old is the most common method of crop
establishment under irrigated lowland ecosystems with
continuous flooding not only consumes more water, but
italso causes wastage of water as it does not enhance
yield. There is considerable scope to increase the
productivity of rice by manipulating the plants’
environmental conditions to modify their microclimates
and soil conditions. System of Rice Intensification( SRI)
method of cultivation works by reducing plant
population (plant density) for enhanced root and canopy
growth, by careful transplanting of single young
seedlings to conserve their growth potential, by wider
and square planting for more access to soil nutrients
and light interception, by mechanical weeding that
actively aerates the soil, by need-based fertilizer
application with an emphasis on increasing the soil’s
organic matter content, and by optimum use of water
to get better plant growth through more aerobic soil
conditions and more beneficial soil biota.

Manual transplanting of rice is laborious and
time-consuming. The non-availability of labourers for
transplanting at an appropriate time leads to late
planting, which results in poor yield. Transplanting rice
manually requires about 30-35 man-days/ha, which is
nearly 25% of the total labour requirement for irrigated
rice production (Swain et al. 2013). To counteract the
labour problems, mechanization of transplanting and
weeding is a desirable innovation. Mechanical
transplanting that is plant-friendly would not only

facilitate timely completion of operations but would also
enhance production potential, labour-saving, energy
efficiency, and the profitability of rice production if SRI’s
principles can be combined with its methods. In this
context, a field experiment was conducted in both wet
and dry seasons to evaluate and assess the water
productivity, grain yield with the mechanization of SRI
methods with the original practices of SRI method.

METHODOLOGY

Field experiments were conducted at the
Indian Institute of Rice Research (IIRR) (17°33N
latitude, 78°38’E longitude), formerly the Indian Council
of Agriculture Research (ICAR ) — Indian Institute of
Rice Research (IIRR), Rajendranagar, Hyderabad,
Telangana state. The soil is clay loam soil having medium
fertility, slightly acidic (pH 5.6) with low nitrogen
(245.96 kg ha'), medium phosphorous (33.90 kg ha
"y and medium potassium (184.50 kg ha''). The trials
were carried out during the wet and dry seasons of
2013-14 and 2014-15 to assess the comparative
efficiency of MSRI (wherein SRI practices such as
transplanting has been mechanized) and manual SRI.

RESULTS

The System of Rice Intensification (SRI)
method was found to result in significantly higher yields
of grain (5.91 tha') compared with mechanized SRI
(5.74). SRI methods with wider spacing of plants and
less competition between them plus careful transplanting
enable the plants to grow more vigorously. The larger
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roots help to capture the essential nutrients important
for plant growth, and this in turn leads to higher tillering
and dry matter production. Variations in water use,
water-saving and water productivity of rice under
different irrigation methods indicated the Water
productivity (kg hamm) was significantly higher with
SRI (5.02) over MSRI (4.91). It was reported that
with a longer irrigation interval of 5 days, the yields are
reduced in SRI method, but only by <6%; with the
significant saving of water, a much larger total area could
be irrigated, more than compensating for the reduced
yield per hectare (Hameed etal. 2013).

Table 1. Effect of crop establishment and Irrigation
management on grainyield, Ener gy efficiency, B:Cratioand
Water Productivity (mean of 4 seasons)

Crop GY Energy B:C  Water

Establishment (t’/ha) Productivity Ratio  Productivity

Methods/ (kg/MJ) (kg/mm

Irrigation

MITI1 6.15 0.78 1.163  5.189

MI112 5.85 0.76 L1111 4.968

MI13 523 0.71 0934 4573
5.74 0.75 1.069 4910

M211 6.25 0.88 1.136  5.237

M212 6.05 0.86 1.116  5.098

M213 543 0.78 0949 4727
591 0.84 1.067  5.021

I 6.19 0.82 1.15 521

R 594 0.80 1.12 5.03

3 532 0.74 094 464

Methods (M) 0.07 0.01 NS 0.06

Irrigations (I)  0.19 0.03 0.06 0.16

Methods: M1 = Mechanized system of rice intensification
(MSRI); M2 = System of rice intensification (SRI)

Irrigation methods: 11 = Saturation; 12 = Irrigation @ 3
DADPW; I3 =Irrigation @ 5 DADPW

The lowest energy productivity (0.75 kg MJ )
was observed in MSRI as compared to SRI. This was
mainly due to higher cost of cultivation with lower output
energy for MSRI. The system of rice intensification
registered significantly higher energy productivity (0.84
kg MJ) compared to the other production method
evaluated. The SRI method is not necessarily more
labour-intensive once farmers have gained proficiency

with and confidence in this methodology, but initial
labour requirements can be a barrier to adoption, and
farmers with large land areas cannot find the labour
needed to use these more productive methods (Sharif,
2011).

Mechanised transplanting together with other
SRI practices thus appears to be justified for promoting
SRI on a large-scale in areas of where labour is scarce.
A further need is to develop appropriate motorized
implements for mechanical weeding

The planting methods did not differ significantly
between MSRI and SRI for B:C ratio during both years
of study. Irrigation at saturation recorded a significantly
higher B:C ratio (1.15) followed closely by 3 days of
disappearance of ponded water (DADPW) (1.11)
while irrigation at 5 DADPW recorded the lowest B:C
ratio (0.94).

CONCLUSION

Alternate wetting and moderate-dryingsoil-
water regimes as followed for both SRI and MSRI
enhanced root development and also facilitate a number
of other physiological processes such as tiller number
and dry matter production and enhanced the grain yield.
Although the saturation irrigation method is successful
compared to usual flooding practices, promoting
alternate wetting and drying will further reduce the water
consumed in rice production (by 4-12%) and will
enhance water productivity, and maintain sustainability
of'the rice productivity. There is need for learning and
refining the SRI method especially mechanization in
transplanting (to reduce labour requirement)need to be
promoted at large scale without compromising yield.
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IRC/TM-2/0OP-5

AN UNFOLDING SUCCESS STORY OF ENDOPHYTIC DIAZOTROPH
Azotobacter chroococcumAvi2; A SUBSTANTIAL SUBSTITUTE OF N-
FERTILIZER IN RICE

Upendra Kumar *, MeghaKaviraj, PPanneerselvam, A Banik, TK Dangar and AK Nayak

ICAR- National Rice Research Institute, Cuttack-753006, Odisha, , India
*Corresponding author: ukumarmb@gmail.com

Nitrogen (N) is deprived in most of the world’s
soil which would directly hamper the sustainability of
crop production. More than 50% of exogenous applied
N-fertilizer is lost in rice field, causes negative impacts
on soil environment thereby affecting its yield and
nitrogen use efficiency. Nitrogen fixing microbes are
one of the possible alternatives of chemical N; however,
potentiality of these microbes is really a question at
field level mainly due to environmental constraints.
Inoculation of the native, polyvalent diazotrophs can
aid and uphold production of non-leguminous crops
like rice. Azotobacter is known N-fixing bacteria in
cereal crops including rice, however, its dizotrophic
potential in rice as endophytes was not known.
Hence,AzotobacterchroococcumAvi2, a native
endophytic has been explored as a potential diazotrophs
exclusively for rice crop. The present document
represents how A.chroococcumAvi2 could substitute
substantial amount of chemical N inrice.

METHODOLOGY

All the experiments, from isolation to
formulation followed by characterization, localization,
quantification and tremendous evaluation in both invitro
and field conditions were performed at ICAR-National
Rice Research Institute (NRRI), Cuttack, Odisha, India.
Out of 325 endophytes and epiphytes from Indian
cultivated and wild rice genotypes, 20 promising
nitrogen fixing bacteria were identifiedbased on
acetylene reduction assay on nitrogenase activity,
biochemical tests, BIOLOG and 16S rRNA gene
sequencing.These promising diazotrophs were
systematically studied under in vitro and in vivo
condition for their diazotrophic efficacy in rice and

identified the best straini.e.A. chroococcum Avi2,
whichwas used for liquid formulation andmonitored for
shelf-life. The efficacy of the formulationwastested
further at farmer’s field.A.chroococcumAvi2 was also
evaluated under oxidative (H,0,) as well as water
deficit stress(-60kPa) condition and made an effective
combo formulation along with ascorbic acid based on
extensive experiments ViZ. its nitrogen fixation (nifH
gene quantification) efficiency, antioxidants (SOD,
CAT, H,0,), stress indicator proline, photosynthetic
efficacy (chlorophyll content and chlorophyll florescence
imaging), and plant-growth promotion traits.Absolute
quantification of NifH gene was calculated by using five
points standard curve, following the protocol of Kumar
etal. 2017. Measurement of antioxidants Viz.catalase,
superoxide dismutase, hydrogen peroxide activities and
proline were measured by Aebi (1984), Dhindsa et al.
(1981), Sergiev et al. (1997) and Bates (1973),
respectively.

RESULT

Avi2 was isolated from Swarna root and its
endophytic nature has been proved through FRET-
based technique. Further, invitroand invivo analyses
of Avi2 were done in rice to prove its diazotrophic
efficacy. Root colonizing ability of Avi2 was confirmed
by scanning electron microscopewherebacterial biofilm
was observed at the junction of primary and lateral
root confirming. The findings of the study were
encouraging as Avi2exhibited better vegetative and
reproductive growth of rice in both pot and field
experiment compared to the available commercial
product of rhizospheric Azotobacter sp.
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Finally, a liquid formulation of Avi2, having shelf
life of more than one year was developed. Continuous
evaluation of Avi2 at thirty different locations of rice
field in Odisha, revealed that it can save 4 25% of
chemical-N without compromising its yield. Chlorophyll
imaging study revealed the efficacy of Avi2 in terms of
quantum yield of PSIL. Inoculations with Avi2 exhibited
higher yield as well as maximal chlorophyll
fluorescence of flag leaves in flowering and grain filling
stages indicating higher photosynthetic rates. Molecular
data also suggested that the higher abundance of nifH
gene was found in Avi2-treatment compared to the
recommended N (RDN). The data from Flagship
Experiment on “Nitrogen Use Efficiency in rice”
conducted at NRRI, Cuttack for last two seasons also
showed at paryield in Swarna and CRDhan310 in
Avi2-treatment compared to RDN. Diazotrophic
efficacy of endophytic A.chroococcunstrain Avi2was
evaluated in rice cultivars (Var. Naveen and Sabita)
and compared with commercialized bioinoculants
(IFFCO product) and recommended dose of nitrogen
for rice crop.

CONCLUSION

The present study concludes that the
potentiality of Avi2 to save around 25% of chemical-
N fertilizers without compromising the rice yield. Besides
subsidy given by Indian Government, input cost of
nitrogenous fertilizers for rice production is too high
which can bring down drastically through intervention
of Avi2 and will help to enhance the farmers’
income.Overall, the field experiment suggested that Avi2
strain may have ability to save approximately 12-25%
of N without compromising the rice yield.Besides, a
simple formulation of A. chroococcumwas made to
alleviate moisture stress vVisavisenhancing the PGP
efficacy in rice. The combined application of A.
chroococcumAvi2 and ascorbic acid could improve
plant growth by alleviating the water deficit stress
through increasing relative water content, chlorophyll
pigments, antioxidant enzyme activities, nifH gene copy
number and ChlF-based photosynthetic coefficients and
reducing electrolytic leakage content and proline activity
in drought-tolerant (Satyabhama and Ankit) and
susceptible (IR64 and Naveen) cultivars.

T1 - Absolute control
T2 - Azorobacter
T3 - Azella

Td - Azotobacier * Avedla LLE 5 1‘m4\-.r er + Azolla .‘. %
Design -RBD Date of planting - ENNENEINY |

EAP : 200
P1: Dr. Upendra Kumar
Rice for National Food Secu

ri
1CAR National Rice Research Insti ty and Prosperity

tute, Cuttack, Odisha
v ——

|

Fig.1 Schematicdiagram of rice-specificendophytic diazotr oph A. chroococcumAvi2for mulation from isolation tofield evaluation.
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growth promotion in rice (Oryza sativaL.).
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IRC/TM-2/0OP-6

ENHANCING PRODUCTIVITY AND RESOURCE USE EFFICIENCY OF
RICE-MAIZE SYSTEM THROUGH CONSERVATION AGRICULTURE

Mangal Deep Tuti, R. Mahender Kumar, B. Sreedevi, Aarti Singh, Soumya Saha, Bandeppa and
V. Sunitha

ICAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana, India
E-mail: mangal.iari@gmail.com

Sustainable nutrient management in maize of
rice maize system is a tough challenge in southern India
(Timsinaet al., 2010). Conservation agriculture (CA)-
based tillage and crop establishment options such as
reduced tillage, and maintaining stubble mulch may hold
potential to increase yield, reduce crop establishment
costs, and increase income of the farmers. Keeping
this in view the present experiment is initiated in kharif
2016 to study the effect of different rice establishment
methods, mulching stubbles and tillage on system
productivity of rice-maize system.

METHODOLOGY

In kharif the trial consists of two main
treatments i.e. normal manual transplanting and direct
wet seeding and 3 sub plots as date of sowing i.e.1*
July, 15% July and 30 July replicated four times. The
seeds were sown on the same date of sowing for both
establishment methods (date of nursery raising and
direct sowing in wet seeding is same). Similarly, in rabi
two tillage treatments (convenventional and minimum
tillage) were imposed over the kharif treatments. High
yielding rice variety RNR 15048 was taken in kharif.
In rabi single cross maize hybrid variety DHM 117was
taken. All the agronomic package and practices were
followed as per recommendation.Four years (2016-
2020) data were analysed and presented here. The
plots were kept fixed for all the four years.

RESULTS

The highest rice grain yield (5.14 t/ha) was
recorded in transplanted plots sown at 1*July.Inrabi,
conventional tilled plots resulted in the highest maize
yield (9.1 t/ha). Manual transplanting method
transplanted on 1% July followed by conventional tillage

in rabi maize resulted significantly higher system
productivity of 13.2 t/ha than those of other treatment
combinations (Fig.1). Minimum tillage in maize resulted
low system productivity compared to conventional
tillage irrespective of treatments. Similarly, higher
bacteria (193 x 10°) and actinomycetes (105 x 10%)
population were observed under transplanted plots
compared to those under direct wet seeded plots.

CONCLUSION

14 1 U Transplanting ® Direct wet seeding
S
2 12 I
B
i
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Fig.1. Effect of different dateof sowing, establishment method
and tillageintensity on system productivity of rice-maize
cropping system.

In initial year of conservation agricultural
practices in rice-maize system revealed that kharif rice
transplanted at 1* July followed by rabiconventional
tilled maize resulted in the highest system productivity
(13.2 t/ha).
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IRC/TM-2/0OP-7

IMPROVING RESILIENCE AND PRODUCTIVITY OF RICE-BASED
SYSTEMS IN DROUGHT-PRONE RAINFED ENVIRONMENT

Sudhanshu Singh™, Ashish K. Srivastaval, Malay K. Bhowmick?and Sampad R. Patra?

International Rice Research Institute-South Asia Regional Centre, Varanasi-221006, Uttar Pradesh, India
?Directorate of Agriculture (Gowvt. of W.B.), Jessop Building, Kolkata-700001, West Bengal, India,
"E-mail: sud.singh@irri.org,a.srivastava@irri.org

Rainfed rice-based systems are mostly
characterized by fragile environments and poverty
extremes. In India, rainfed rice covers an area 0f 20.4
million hectares (m ha). Eastern India alone accounts
for nearly 60% of country’s total rice area, of which

about 80% is confined to rainfed ecologies. However,
the productivity of rainfed environment continues to
remain low in comparison to input-intensive irrigated
ecosystem because of multiple (biotic and abiotic) stresses
related to different bio-physical and socio-economic issues
including weak extension systems, poor diffusion of

improved technologies, etc. (Ismail et al., 2013). Among
different stresses, drought is a recurrent phenomenon
that becomes a significant constraint to agricultural
production and productivity under rainfed environment.
In eastern India, rainfed rice is grown on approximately
16.2 m ha, of which about 6.3 m ha of upland and 7.3
m ha of lowland areas are drought-prone.

Rice production and productivity gets adversely
affected due to frequent drought, especially in the red
and lateritic zone (RLZ) which belongs to the western
tract of West Bengal (comprising the districts of
Bankura, Birbhum, Jhargram, Paschim Bardhaman,
Paschim Medinipur and Purulia). The RLZ is mainly
characterized by undulating topography with red or
laterite, coarse loamy to fine loamy soils, less rainfall
as well as occurrence of drought, leading to low soil
water holding capacity, low cropping intensity (mostly
mono-cropping) and low rice productivity. Even vast
areas remain fallow after the harvest of kharif rice due
to lack of irrigation, late harvesting of long-duration
high-yielding rice varieties, faster depletion of soil
moisture after rice harvest causing moistures stress at

the sowing time of rabi crops because of early monsoon
withdrawal, etc. All these ultimately lead to the risk-
averse sub-optimal inputmanagement.

METHODOLOGY

Development and identification of stress-
tolerant rice varieties, which fit well into changed climatic
conditions, is a common denominator for sustainable
crop production in rainfed agro-ecosystems. Many of
these rice varieties have been developed by the
International Rice Research Institute (IRRI) and
disseminated through mega-projects like
STRASA(Stress Tolerant Rice for Africa and South
Asia) and EC-IFAD (European Commission-
International Fund for Agricultural Development) with
the help of NARES (national agricultural research and
extension systems) partners and State Departments of
Agriculture. A number of short duration drought-
tolerant rice varieties (DTRVs) like Sahbhagi Dhan,
Shusk Sanrat, Abhishek, CR Dhan 40, DRR Dhan
42 (IR 64-Drtl) and DRRDhan 44 are now available
in India, and they can withstand up to 15-20 days of
exposure to dry spells with a yield gain of 1.5-2.0 t ha®
! over the traditional of farmers’ preferred rice varieties
(Dar et al., 2020). Besides, conforming best-bet
agronomic management practices like appropriate
tillage options, seed priming, integrated weed
management, foliar nutrition through organic and
norganic sources, use of soil conditioner (hydrogel),
straw mulching or dust mulching, etc. during the kharif
season can further add 1.0-1.5 t ha'! yield benefit to
these DTRVs, besides widening the opportunities for
introducing a second crop in rice-fallows under rainfed
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environment. [f managed properly, these rice-fallows
offer huge potentials as suitable niches for growing rabi
pulses which not only help in augmenting total pulse
production, but also ensure better soil moisture
conservation as well as soil health improvement in
drought-aftected areas.

RESULTS

As experienced from research activities at
Zonal Drought Resistant Paddy Research Station,
Hathwara, Purulia along with on-farm validation
experiments at farmers’ fields in Purulia District of West
Bengal during last three years (2017-19), the highest
grain yield of rice was recorded under unpuddled
transplanted condition (3.72 tha!), compared with
puddled transplanted condition (3.59 t ha'') although
both the crop establishment (CE) methods did not
display significant yield differences during kharif
season. Amongst the moisture conservation practices,
higher grain yields were recorded with straw mulching
at5.0tha' (3.75 and 3.90 t ha'!) and Pusa Hydrogel
at 3.75 kg ha'! (3.71 and 3.97 t ha!) under puddled
and unpuddled condition, respectively during kharif
season. Unpuddled rice establishment (0.99 tha!) was
also found superior to the puddled one (0.90 t ha'') for
paira(utera) cropping of rabi pulses with effective
utilization of residual soil moisture in rice-fallows. Of
different moisture conservation practices, higher seed
yields of pulses were recorded with Pusa Hydrogel
(0.95 and 1.05 t ha'!) and straw mulching (0.91 and
1.03 tha') under puddled and unpuddled condition,
respectively, during rabi season. Amongst pulses,

lathyrus proved to exhibit more drought hardiness
although chickpea was more productive, followed by
lathyrus and lentil in rice-fallows.

CONCLUSION

Improved CE methods and matching agro-
technologies during kharif season under drought-prone
rainfed environment would help to accommodate a
second crop in succession through appropriate moisture
conservation. Pulse crops deserve huge opportunities
for exploitation of rice-fallows owing to less water
requirement, more hardiness, soil health improvement,
and higher prices. Short duration DTRVs, appropriate
moisture conservation practices and minimum tillage
as un-puddled condition during kharif along with
successful pairing of suitable rabi pulses in water-limited
rice-fallows would be an effective strategy for improving
system resilience, productivity and profitability of rice-
based cropping systems.
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IRC/TM-2/PP-1

GREEN ALGAE DIAGNOSISAND MANAGEMENT IN LOW LAND PADDY
FIELDS OF CAUVERY DELTA ZONE, TAMIL NADU

M. Jeya Bharathi and M. Raju?

&2Tamil Nadu Rice Research Institute, Aduthurai
Present Address of the Author?: Agricultural College & Research Institute, Madurai
Corresponding Author email id: jbharathi86@gmail.com

Wet land rice cultivation contributes maximum
grain yield than dry land rice. Cauvery delta is a
predominant area for rice cultivation in Tamil Nadu.
Green algae growth during Kuruvai (June -August)
season is a serious problem in wet land rice.
Laboratory and field experiments were conducted to
find out the remedial measures. The results of soil and
water analyses showed that use of bore well water and
dumping of phosphatic fertilizers leads to salt
accumulation which favours the algal growth. The results
of the laboratory experiment revealed that the CuSO,
londox power, propiconazole and hexaconazole
showed moderate inhibition on 5" day after treatment.
The findings from field experiment indicated that use of
conoweeder and CuSO, drenching at the rate of 2.5
kg/ha when green algae appearance has just noticed
or 5.0 kg/ha when severe growth occurred is effective
in managing the green algae. Biofertilizers application,
crop rotation, green manure trampling to be practised
to control the algae growth was not rectified by CuSO,
application.

OBJECTIVES

To find the reason behind green algae growth
in low land rice field

To identify the management practices to control
green algae growth in low land rice field
METHODOLOGY

Soil and water physical parameter analysis

Soil and water sample were collected from

algae noticed fields for analysing the reason behind the
excess algae growth. Micronutrients viz HCO,, S, Cl,

Ca, Mg, Na and K were estimated using Atomic
Adsorption Spectrophotometer (AAS) method and
expressed in ppm. The electrical conductivity (EC) and
pH were estimated using EC and pH meter respectively
(Table 1 and 2).

LABORATORY EXPERIMENT

Laboratory experiments were carried out at
Tamil Nadu Rice Research Institute, Aduthurai. Green
algae were collected from infected rice fields. Ten gram
of algae was placed in the Petri dish. Fungicides,
weedicides and algicides were added at the rate of
2ml/plate each separately, closed with lid and left for 7
days. The observations were recorded every day after
incubation.

PRELIMINARY FIELD EXPERIMENT

A field experiment was conducted at Tamil
Nadu Rice Research Institute, Aduthurai during June
to August 2015 (Kuruvai season) to determine green
algae management practices under wet land rice
ecosystem. Experiments were laid out in a randomized
block design with11 treatments and 3 replications.
Fertilizers were applied at the rate of 150: 50: 50 kg

Fig. 1. Green algaegrowthinricefield
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NPK/ha. N was applied 50% as basal and two top
dressings of 25% each at the time of active tillering and
panicle initiation stages. The size of the experimental
plotadopted with 3 x 4m and 2 seedlings / hill. Selected
weedicide, fungicides were applied in the field for green
algae control.

CONFIRMATORY FIELD EXPERIMENT

Field experiments were conducted during
Kuruvai season in Tamil Nadu Rice Research
Institution, Aduthurai during June to August 2016 and
2017. Fertilizers were applied as in the case of
preliminary field experiment. The experiments were laid
out in a randomized block design with 12 treatments
and 3 replications. The plot size was 4m x 3m with 20
x 15 cm spacing having 2 seedlings / hill. ADT 45
variety was used in this experiment

RESULT AND DISCUSSION

Physical parameter sof thesoil and water sample
in algaeinfected field

Green algae growth usually occurred during
Kuruvai season. This might be due increase in salt
concentration of the bore well water and soil pH. Use
of borewell water, P fertilizers accumulation, dumping
of complex fertilizer and herbicides application increases
the soil pH.

Effect of fungicides, weedicidesand algicideson
algaegrowth under laboratory and field conditions

The laboratory experiments revealed that the
application of propiconazole, hexaconazole, CuSO,
and londox power showed moderate inhibition on algae
growth at 5™ day of incubation. The algae became
shrunken and black in colour. Other chemicals don’t
have negative impact on the algae growth as given below
(Table 1). Field experiment results revealed that CuSO,
application inhibited algal growth 100%, whereas,
londox power exhibited 50% inhibition of algal growth
(Table 1) while, other chemicals don’t have inhibition
on algal growth. Chemicals réaction on algae under
invitro and invivo conditions were significantly
different. Eventhough CuSO, inhibit algae growth under
field conditions, itwas not observed in labortory
conditions. This might bé due to the change in the soil
pH due to CuSO, application.

Effect of CuSO, application on green algae
growth under field conditions

The results of the confirmatory field experiment
at Aduthurai revealed that by simple physical
management practices like alternate wetting and drying,
manual trampling of algae and use of conoweeder
reduces the green algae growth (Table 2). Repeated
stagnation of bore well water increases the phosphorus

Tablel. Effect of weedicides, fungicidesand algicidesapplication on algaegrowth under labor atory/field conditions

Laboratory conditions Field conditions

(dosage: 2ml/plate)

Treatments Recommendeddose /ha
T,-Bispyriphos sodium 20¢g
T,—Almix 20g

T, —Pyrosulfuran 200g

T, - Londox power 10Kg
T,-CuSO, 2.5Kg
T,—CaO 25Kg
T,-CuSO,+CaO 2.5kg+25Kg
T, —Butachlor 2.51it

T, —Propiconazole 250ml

T,, -Hexaconazole 250ml

T, - control

No inhibition No inhibition
No inhibition No inhibition
No inhibition No inhibition

Moderate inhibition
Moderate inhibition

Moderate inhibition
Inhibition

No inhibition No inhibition
Moderate inhibition Moderate inhibition
No inhibition No inhibition
Moderate inhibition No inhibition
Moderate inhibition No inhibition
No inhibition No inhibition
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Table2. Effect of CuSO, application on algaegrowth under field conditions

Treatments Dosage/ha Field condition

T, -Alternate wetting and thawing the - Inhibition

algal growth with conoweeder if algal

growth occurred

T,-CuSO, Soil application— 1 Kg Inhibition

T,-T +T, As indicatedAbove Inhibition
T,-CuSO, Soil drenching-0.5% Moderate inhibition
T,-Cu(OH), Soil application— 1 Kg Moderate inhibition
T,-T +T, As indicatedAbove Inhibition

T, Cu(OH), Soil Drencing-0.5% Moderate inhibition
T,-Londox power Soil application— 1 Kg Moderate inhibition
T,-T, + T, As indicatedAbove Inhibition
T,,=Londox power Soil drenching -0.5% Moderate inhibition
T,,-Soil extract with cell free extract 10% No inhibition

containing Rhamnolipids from
Pseudomonas chlororamphis

T, -Control -

No inhibition

content in soil leads to the stimulation of algae spore.
When stimulation of algae spores observed, water was
completely drained, CuSO, drenching at the rate of
2.5 kg/ha was done. But during tremendous algae
growth, CuSO, drenching at the rate of 5.0 kg/ha was
done. In most cases action to eradicate green algae is
taken only when filaments are present in huge numbers
and the treatments available are limited. Generally
Australian farmers use water control, bluestone
(CuSO,) and coptrol (2.5 lit/ha), both of which are
drastic answers to a problem where a lot of damage
has already been done (Hrudeyet al., 1999, Jones and
Burch, 1997; Jones and Orr, 1994 and http//
www.affa.gov.au/nra/welcome.html accessed January
2002)

PAK™?27 (BioSafe Systems, 2008 and
Hazardous Substances Data Bank, 2009) is a granular
product that attacks planktonic and filamentous algae
on contact. The active ingredient is sodium carbonate
peroxyhydrate and creates a powerful oxidation
reaction that destroys algal cell membranes and
chlorophyll providing immediate control of algae. Fast
acting within 60 seconds of application and leaves

behind no harmful residues and adds 13% bio-available

oxygen to the water.
CONCLUSION

It is concluded that soil is consider as a buffer
that can tolerate the pH change. Even though
continuous dumping of DAP and other chemical
fertilizers changes the soil pH, innate capacity and fix
more amount of the salt in the soil, which indeed difficult
by reclamation practices (CuSO,). In this situation
continuous treatments like gypsum (bring the pH in
acidic), infiltration with water (leach excess ions iz
Na, HCO,), biofertilizers treatment (to move the
accumulated P) and periodical soil and water sample
analysis are important. It is always advisable to prevent
the excess algae growth by fertilizer and water
management practices rather than control, since
chemicals are toxic to soil microorganisms. However,
when situation warrants, application of 2.5 kg of
CuSO,/ha when the growth of algae is mild and 5.0
kg/ha when severe algae growth is noticed is the best
management practices.

GRATITUTE: Sincere thanks to Tamil Nadu Rice
Research Institute, Aduthurai
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IRC/TM-2/PP-2

RICE AND WATER STRESS - A RETROSPECTIVE ANALYSES ON SOIL-
CROP-WATER INTERFACE FOR CLIMATE RESILIENCY & SUSTAINABLE
SYSTEMPRODUCTIVITY

A. Ghosh'and O. N. Singh?

I CAR- Indian Agricultural Research Institute, New Delhi, India
2Birsa Agricultural University, Jharkhand, India
*Email: aghosh.icar@gmail.com

Adversity of climate change foot-printemerges
as the paramount challenge in the usual rice-growing
micro-environment to achieve the target of 120-125
MT production target of rice by 2030 taking account
the current demographic growth rate (1.5 %). One of
the major detrimental consequences of climatic
aberration is the water stress that could appear with its
two different dimensions, Viz., deficit water stress and
excess water stress situations.Ostensibly, rice, unlike
other field crops, has remarkable merits of wide range
adaptability at variable hydrological conditions.
Although, both the stress situations occurs on account
of erratic rainfall, location specific special trait rice
variety supplemented with improved crop, nutrient and
irrigation management could help the crop migrate the
detrimental effects ofstress situations substantially.

Therefore, understanding the causes and
concerns of water stresses, advance technological
interventions have been developed so as to address
the mitigation mechanism alleviating the intensity of
stresses forenhancing sustainable rice production.

METHODOLOGY

Since last more than twenty five years, several
field studies addressing both the stress situations were
conducted at the on station situations, [CAR-NRRI,
Cuttack and ICAR-IARI, New Delhi which were
simultaneously fine-tuned following validation at On-
farm situations in district Odisha and NCR-Delhi.
Addressing the excess water situation at rainfed lowland
rice ecology, several studies were conducted on stand
establishment, stand management, nutrient management
and cropping system; while mostly water, nutrient and

cropping system research were conducted addressing
the deficit water at aerobic rice ecology.

RESULTS

As a result, advance rice production
technology was developed constituted with improved
crop management, nutrient management and water
management in a system mode perspective.

a). Improved agr o-technology under excesswater
stress situations

Results showed that dry seeding rice
(DSR)with 400-600 seeds/m? at an inter row spacing
of 20 cm in 4-5 cm deep furrow and fertilized with 30
kg N /ha was found advantageous under rainfed semi-
deep water (0-100 cm) situation (Ghosh, 2007). In
rainfed lowland rice, dry direct seeding high density
seeds provided 64% more grain yield; while,
transplanting fertilized seedling ensured 57% more grain
yield than that with unfertilized seedlings. Manipulating
seeding geometry with skipping gone row after every
four rows at 15 x 20 cm spacing arrangement was
reported a 20% saving of the major resources mainly
seeds, labor and fertilizer without affecting the yield
under semi-deep lowland (0—100 cm) situations.Clonal
propagation with 50% tillers removed from a 50-day
old DSR crop was found ensuring comparable grain
yield with DSR stands and superior to that using
conventional nursery seedlings. At post-flood situation,
planting robust seedling of medium-duration rice variety
treated with 1 kg/m? of rice hull ash (8% Si)and FYM
increased 25% seed use efficiency and resulted in 10-
25% more yield benefit. In rainfed lowland rice, hand
weeding twice at 20 and 40 DAS along with beushening
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at 40 DAS followed by gap filling was reported to
enhance grain yield by 12-15% over other methods.
Efficacy of weed suppression was more with two
summer/ off season ploughings at 2 months and 1 month
before sowing. In dry season irrigatedrice, applying pre-
emergence herbicide, butachlor at 1.5 kga.i./ha 3
days after sowing resulted in grain yield comparable
with two hand weedings. Intercropping long-duration
(> 160 days) and short duration (~ 80-100 days) rice
varieties was found to ensure 15-17% more yield in
rainfed medium deep water situation.

Similarly, studies on nutrient management
showed that combined application of FYM (10 t/ha)
with urea (20 kg N/ha) gave grain yield comparable
with 40 kg urea-N/ha under flood-prone situations.
Green manuring rice with intercropped Sesbania(GM)
(1:1 or 2:1 stand ratio) supplemented with 20 kg N/ha
achieved grain yield comparable with that of 40 kg N/
haunder flood-prone situations. In flood-prone lowland
rice, integrated N management with Seshbaniaand FYM,
and urea N at 20 kg N/ha (10:10:20ratio) along with
20 kg PO /ha gave grain yield comparable with that
of 40 kg urea — N/ha with higher N uptake (55.5 kg/
ha), NUE (29.5 kg grain/kg N), PUE (12 kg grain/kg
P) and apparent N recovery(38.32%). Applying 20
kg urea-N/ha in greengram (GM) intercropped rice
produced grain yield comparable with that of 40 kg
urea-N/ha with higher NUE (40 kg grain/kg N) under
rainfed medium deep lowland. In a jute-rice cropping
system, applying 75% N from urea and FYM at 3:1
ratio following soil test-crop response- based target
yield equation achieved higher N, P and K productivity
of32.1,16.3 and 26.8 kg grain/kg nutrient applied.
Therefore, on-farm assessment -cum-validation of
studies established that optimum productivity could be
achieved only when both modern HY'V of rice and
improved crop management goes hand to hand.

b) Improved agro-technology under deficit water
stress situations

Studies conducted under water deficient
situations showed that In aerobic rice cultivation,
scheduling irrigation at 40 kPa soil moisture content
increased water saving (40-44%), water productivity
(0.45-0.50 g grain/lit water) without affecting grain yield
compared with 0 kPa(Ghosh and Singh, 2010). In
transplanted rice, alternate wetting and drying cycle of
irrigation maintaining 0.1 bar soil moisture content
resulted in higher WUE (3.0-3.5 kg grain/lit water) and
grain yield comparable grain yield with usual irrigation.
Maintaining semi-aerobic (20 kPa SMC) soil condition
alleviated 20 -24% yield penalty caused on account of
25% increase in concentration of H,O, and proline,
and 20% decrease in total soluble protein concentration
in successively grown aerobic rice. Zero-till sown
forage sorghum after kharif rice registered 50% saving
in irrigation water without affecting green forage yield.

Regarding weed management, results showed
that maintaining lesser crop-weed competition during
initial 75, 60 and 45 days of crop growth promoted
higher N uptakes of 106.0-106.6 kg / ha, 105.5-105.8
kg/ ha and 100.0-101.2 kg/ ha that achieved
significantly higher grain yield of 5.25-5.56 t/ ha, 5.00-
5.40t/haand 4.70-5.15 t/ ha, and also higher residual
soil N (250.0 kg/ ha). Again, studies on different
schedules of weed management, results showed
significantly higher grain yield of 3.70 - 3.89 t/ha with
integrated weed management followed by 3.61 —3.62
t/ha with twice manual weeding at 2™ and 4™ week
stage of crop. However, combined practice of applying
Butachlor @ 2.5 lit /ha, a pre-emergence weedicide at
3 days stage followed by manual weeding at 4" week
stage, although produced comparatively lesser grain
yield resulted in higher net return of INR 15250.0 and
B:C ratio of 1.48 for the lowest cost of weed
management (INR 6075.0).
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CONCLUSIONS

Therefore, the above information could
advocate improved varieties as well as agro-
management for thriving over the stressful rice growing
environment. Negotiating with the water-logged
situation in rainfed lowland ecology, ICM and INM of
flood water tolerant varieties could be suggested as
paramount important factors. While, at water scarcity
situation, optimizing irrigation and weed management
of deficit moisture stress resistant varieties could be of
prime concern sustaining rice production successfully.
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EFFECT OF TYPE AND METHOD OF PHOSPHORUS SOLUBALISING
BIOFERTILIZER APPLICATION ON RICE YIELD

A. Sireeshal, Ch. Sreenivas and T. Usha rani

'Senior Scientist (Soil Science), Regional Agricultural Research Sation, Anakapalle, Andhra Pradesh.
Regional Agricultural Research Sation, Maruteru, ANGRAU, AndhraPradesh
E-mail: siridevaharshini@gmail.com

Rice (Oryza sativa) is the most important grain
satisfying more than one-fifth of the caloric requirement
of humans globally . Cultivation of rice crop needs
external application of fertilizers. At present, to increase
rice production, chemical fertilizers and pesticides are
applied in abundance in the paddy fields. This led to
several environmental problems and hence,sustainable
agriculture demands replacement of agrochemicals with
the eco-friendly soil microbiota.Phosphorus is the one
of the major macronutrients required by plants. A large
amount phosphorus existing in soil is insoluble type and
not exploitable by the plants . Additionally, phosphorus
1s applied to the soil in the form of phosphatic fertilizers
and a large portion of it is rapidly immobilized and thus
become unavailable to plants. The soil microbes,
referred to as phosphate solubilizing microbes, having
solubilizing ability dissociate these forms and make it
available to the plants. These phosphorus solubalising
biofertilizers were available both in solid and liquid
formulations, hence present study was conducted to
find out the comparative effect of liquid and carrier
based biofertilizers applied in both soil and foliar
methods on rice yields, phosphorus uptake and the soil
phosphorus content.

METHODOLOGY:

A field experiment was conducted at Regional
Agricultural Research Station, Maruteru during
Kharif,2016 with an objective to reduce the use of
chemical phosphatic fertilizers applied to soil and also
to find out the comparative effect of liquid and carrier
based biofertilizers applied in both soil and foliar
methods on rice yields, phosphorus uptake and the soil

phosphorus content. The treatments imposed were,
control with three graded doses of recommended
phosphorus application (Control,75%,100%) along
with two types of bio fertilizers (Liquid and Carrier
based) and also with two methods (soil and foliar) of
application in a randomized block design. Remaining
nitrogen and potassium fertilizers were applied as per
recommended dose.(Recommended dose of fertilizers
for kharif'season 120-80-40 kg NPK per ha). Variety
tested under this experiment was MTU-1061.

RESULTS

Among all the treatments, treatment with 100%
Recommended dose of Phosphorus along with
application of Liquid bio fertilizers as soil application
recorded highest grain and straw yield (6.24 t/ha and
9.87 t/harespectively)(Padmshree Patel et al,2015)
which was on par with 75% Recommended dose of
Phosphorus application along with application of both
liquid (6.0 t/ha and 9.79 t/ha respectively) and Solid
bio fertilizers as soil application (6.10 t/ha and 9.50 t/
harespectively). Liquid biofertilizer application as foliar
spray has got no impact on grain and straw yields of
rice. Duarahetal., (2011).

CONCLUSION:

Application of bio fertilizers along with chemical
phosphatic fertilizers, reduced the 25% usage of
chemical phosphatic fertilizers and also improved the
uptake of phosphorus in rice grain and straw. However,
while comparing the liquid and carrier based bio
fertilizers, both had the similar impact on rice grain and
straw yields. However, comparing the method of
application of liquid bio fertilizers, application of liquid
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IRC/TM-2/PP-4

PERFORMANCE OF RICE VARIETIES UNDER DIFFERENT CROP
ESTABLISHMENT METHODS IN COASTAL IRRIGATED ECOSYSTEM

Manukonda Srinivas, C.V. Reddy, M. Srinivasa Rao, P.V. Satyanarayana and P. Munirathnam

Acharya N.G. Ranga Agricultural University, Regional Agricultural Research Sation, MARUTERU, West
Godavari District, Andhra Pradesh, India. Pin Code: 534 122
E-mail: srinu.manu@gmail.com

Rice (OryzasativaL.) is the staple food crop
for more than half of the world’s population and plays
an important role in food security of many rice growing
countries. Itis grown in more than 100 countries across
the globe. In India, it is cultivated over 43.79 m.ha.
area with a production 0f112.91 m.t. of milled rice and
an average productivity of *”® kg ha! (DES, 2018). In
Andhra Pradesh, rice is grown in an area of 2.1 m ha
with an annual production of 12.0 m.t. and a
productivity of 5.70 t ha! (Anonymous, 2018).
Godavari delta is the Rice bowl of Andhra Pradesh,
which is one of major contributors of rice production
in the country. The production and productivity of rice
growing areas are fluctuating every year due to different
biotic and abiotic constraints. Besides climate change,
continuous cultivation of rice for longer periods with
low system productivity, and often with poor crop
management practices, results in loss of soil fertility
(Dwivedi etal., 2001) and decline in factor productivity
and crop yields in high productivity areas (Yadav, 1998).
In Godavari zone, the area under traditional manual
transplanted rice is decreasing and farmers looking for
alternate planting methods like mechanical transplanting,
line transplanting, drum seeder and bengal planting to
achieve more productivity due to shortage of man
power and cultivation expenses. So, there is need to
identify suitable crop establishment method to increase
the productivity of rice. Though the mechanical
transplanting of rice has been considered most
promising option, as it saves labour, ensures timely
transplanting, the area under Bengal planting also
increasing due to labour constraint in Godavari zone.
Bengal planting is similar kind of line planting by

maintaining proper row to row and plant to plant
spacing. Hence this study is proposed to identify best
and suitable method of planting to achieve maximum
yields with lead rice varieties of Andhra Pradesh.

METHODOLOGY

A field experiment was conducted during
Kharif, 2018 at Regional Agricultural Research Station,
Maruteru, West Godavari District, Andhra Pradesh
under Deltaic alluvial soils with canal irrigated conditions,
to assess the best suitable method of planting to the
rice varieties released from this station to get maximum
yields under puddled conditions. The experimental site
islocated at 16.38° N latitude, 18.44° E longitude with
an average elevation of 5 m mean sea level altitude.
The experiment was laid out in split plot design with
four methods of planting (Manual transplanting,
Machine transplanting, drum seeder planting and bengal
method of planting) and four rice varieties (MTU 1061,
MTU 1140, MTU 1075 and MTU 7029) and
replicated thrice.

RESULTSAND DISCUSSION

The result of present investigation showed that
highest average rice grain yield of 4933 kg/ha was
recorded under manual transplanting which was
followed by Bengal method of planting with 4483 kg/
ha. Drum seeder method recorded significantly poor
yields during kharif, 2018. Method of stand
establishment influences the performance of rice through
its effect on growth and development. Although,
transplanting has been reported to be the best
establishment method (Singh et al., 1997). Among rice
varieties tested under different crop establishment
methods, MTU 1075 responded well and recorded
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Table. Grainyield (kg/ha) of Ricevarietiesunder methodsof planting during Kharif, 2018

Methods/Varieties MTU 1061 MTU 1140 MTU 1075 MTU 7029 Mean Yield
Manual Transplanting 5733 4200 5267 4532 4933
Machine Planting 3605 3833 4467 3295 3800
Bengal Planting 4825 3540 5450 4117 4483
Drum seeder 3950 2865 3567 2750 3283
Mean 4528 3610 4688 3673

CD. SE (d) SE (m)
Methods 394 161.40 114.13
Varieties 369 178.53 12624
V at same level of M 766 357.06 228.26
M at same level of V 748 348.81 246.65

significantly higher rice grain yield of 4688 kg/ha which
was followed by MTU 1061 with 4528 kg/ha grain
yield. Least performance was observed with MTU
1140 rice variety with 3610 kg/ha grain yield. In case
of varieties with methods of planting, MTU 1061 was
performed better with manual transplanting (5733 kg/
ha) followed by MTU 1075 with Bengal method of
planting (5450 kg/ha). Similar results are in confirmed
with Lakshmi Bhavani et.al, 2017.

CONCLUSION

Manual transplanting methods like line planting
or bengal planting are always advantageous under canal
irrigated ecosystem and recorded highest rice grain yield
if the adequate labour is available and among rice
varieties tested MTU 1061 and MTU 1075 are proved
to be promising varieties under any kind of crop
establishments due to wider adoptability and uniform
growth habit.
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OPTIMIZATION OF IRRIGATION AND FERTILIZERS THROUGH DRIP
FERTIGATION IN DIRECT SEEDED RICE (ORYZA SATIVA L))

B. G. Masthana reddy", Sujay Huralil, Mahanthashivayogayya K., Gowdar, S. B.%, Pramesh D%,
Rajkumar Halidoddi? and B. K. Desait
I CAR-AICRP on Rice, ARS, Gangavathi, Koppal-583227, Karnataka, India
2Dept of Agril. Engineering, CAE, UAS, Raichur-584104, Karnataka, India
3 Directrate of Research, UAS, Raichur-584 104, Karnataka, India
*Corresponding author email: bgmreddy2006@gmail.com

Rice is an important staple food crop of India
grown over an area of 44 million ha. Water resources
for rice cultivation are dwindling and to feed the
increasing population there is a greater need for
producing more rice with less water resources. Water
saving technologies like alternate wetting and drying
and maintenance of saturation are working well for the
rice. To continue further micro irrigation is the new area
where water and nutrients can be more efficiently used
for producing rice. Advantages if drip irrigation includes
lower water and NPK requirements and efficient
utilization of resources for grain production. However,
work on micro irrigation and fertigation in respect of
water and NPK requirement in rice is very limited. In
this connection an experiment was conductedat
Agricultural Research Station Gangavathi, Koppaldist,
Karnataka, India during 2018-19 to study the effect
of different ET levels and fertigation levels on the
performance of direct seeded rice using conventional
NPK fertilizers.

METHODOLOGY

The drip cum fertigation experiment consisted
of three ETc levels as main plot treatments viz.,
I :Irrigation at 1.2ETc, L: Irrigation at 1.4Etc and L
Irrigation at 1.6ETc and six fertigation levels as sub
plot treatments viz., F:75%RDF(112:56:56 kg
N,P,0.&K O/ha)with N applied in five equal splits,
F,: 75%RDF(112:56:56 kg N,P O &K O/ha)with N
applied in tenequal splits,F,:100%RDF(150:75:75 kg
N,P,0,&K O/ha)with N applied in fiveequal splits, F,:

100%RDF(150:75:75 kg N,P,0.&K O/ha) with N
applied in tenequal splits, F,: 125%RDF(188:94:94 kg
N,P,O0.&K,O/ha)with N applied in fiveequal splits and
F,: 125%RDF(150:75:75 kg N,P,0.&K_O/ha) with
N applied in tenequal splits and were compared with
soil application of 100% RDF with flooding as control.
The experiment was conducted in split-plot design with
three replications.The rice crop variety GNV-10-89
was direct seeded under dry conditions using seed cum
fertilizer drill with a line spacing of 20 cm.The crop
was manually irrigated and after 20 days of sowing
treatments were imposed. 16 mm Laterals were spaced
at 80 cm covering four rows and within laterals inbuilt
drips were placed at 40 cm spacing. The drippers had
an emitting rate of 2lph. Water was regulated as per the
treatments. Conventional phosphorous and potassium
fertilizers were soil applied at sowing. Conventional
nitrogen(Urea) was given by fertigation through ventury.
Observations on yield and yield parameters and water
recorded, water quantified and water use efficiency
worked out.

RESULTS

The numbers of panicles per square meter were
significantly higher in the case of ETc 1.6(261) as
compared to ETc 1.4 (235) or ETc 1.2 (225). Among
fertigation levels applying 125%RDN in five splits
recorded significantly higher number of panicles as
compared to other levels except 100%RDN applied
in five splits. Among the treatment combinations ETc
1.6 x 100%RDN recorded more number of panicles
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followed by ETc 1.6 x 125%RDN. Panicle weight was
not significantly influenced by ETc levels. Among the
fertigation levels it was significantly higher with 75%
RDN applied in five splits followed by 100%RDN
applied in five splits. The interaction was non significant.
There was no significant difference in test weight for
different ETc levels. Among the fertigation levels
125%RDN applied in ten splits recorded higher test
weight than other levels.

The grain yield was significantly higher with ETc
1.6 (5.218t/ha) as compared to Etc 1.2(4.624 t/ha) or
Etc1.4(4.755t/ha). Among the fertigation levels
125%RDN applied in five splits recorded significantly
higher grain yield(5.397t/ha) than other levels but
remained on parwith 100%RDN applied in five
splits. The interaction effect revealed that among the
treatments a combination of 16.ETc x 125%RDN
applied in five splits recorded higher grain yield(5.807t/
ha) but remained on par withl.6 ETcx
100%RDNapplied in five splits(5.580t/ha). These
combinations were significantly superior to the control
treatment of soil application of 100%NPK with
continuous flooding(4.907g/ha). The higher grain yield
in the combination of 16.ETc x 125%RDN and 1.6
ETex 100%RDNwere mainly attributed to significantly
higher number of panicles per square meter. The results
are in line with Parthasarathietal (2013) who reported
15-20% higher grain yields with drip irrigation over
conventional flooding.

The water requirement was 747,843 and 940
mm in ETc1.2,Etc 1.4 and ETc1.6 respectively as
compared to 1260 mm in the case of traditional flooding
controlresulting in 40.71,33.10 and 25.40% saving

respectively.Parthasarathiet al (2013) and Singh et al
(2019)reported lower water requirement under drip
irrigation compared to flooded irrigation in transplanted
rice.

The water use efficiency did not vary
significantly among ETc levels. Mean WUE varied from
6.6 kg/ha.mm in ETc 1.2 to 5.5kg/ha.mm in the case
of ETc 1.6. These findings are in agreement
withParthasarathiet al (2013) and Singh et al(2019)
who reported higher water use efficiency with drip
irrigation than flooded irrigation. Among fertigation levels
application of 125%RDN in five splits recorded
significantly higher WUE (6.42 kg/ha.mm) than all other
levels which however remainedon par with fertigation
with 100%RDN applied in five splits.

CONCLUSION

The above study can be concluded that under
drip fertigation a combination of 16.ETc x
100%RDF(150:75:75 kg N,P,0.&K O/ha)with P
and K soil applied and fertigation of conventional N in
fiveequalsplits at 15 days interval recorded higher grain
yield and found optimum for direct seeded rice.
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PERFORMANCE OF RICE VARIETIES UNDER ORGANIC FARMING

U. Vineetha, Ch. Sreelakshmi, P. N. Harathi, |I. Paramasiva, P. Madusudan- R. Krishna naik and P.
Rajasekhar

Agricultural Research Sation (ANGRAU), Nellore-524003, AP
*Corresponding author email: vineethaharanath5@gmail.com, vineethaharanath@yahoo.co.in

ABSTRACT:

Performance of modern cultivars in terms of
yield under organic farming differs from that of
conventional system. As the demand for organic rice is
increasing, so to maintain high productivity, there is a
need to evaluate modern high yielding rice varieties
under organic farming systems. Field experiment was
carried out using factorial randomized complete block
design involving two methods of rice cultivation and
four high yielding rice varieties with four replications
during E.Kharif,2015. Results of the study revealed
that higher yield attributes viz. Plant height,filled grains
per panicle, 1000-grain weight, and grain yieldsdwere
recorded with inorganic cultivation. There was 11%
yield reduction in organic cultivation. Among the
varieties tested highest grain yield was obtained with
NLR 40024 (8016 kg/ha) which was onpar with NLR
34449 (7975 kg/ha) and NLR 30491(7772 kg/ha) and
the lowest grain yield was obtained with NLR 33358
(6878 kg/ha)

INTRODUCTION

Organic farming is gaining momentum during
recent times due to awareness of people towards
environment and food safety.Rice is the staple food
crop of world after wheat and the demand of organic
rice is increasing due to its export potential. There is
always a continuous search for agronomic improvement
to optimize farming system under organic farming and
needs suitable varieties to realise its potential (Kokare
etal., 2012).Despite the potential benefits of organic
farming in terms of better soil health and quality of
produce, maintenance of high yields is one of major
challenge under organic farming systems (Tilman et al.,

2002).Modern cultivars have been selected by Plant
breeders under conventional systems and they may
notperform well under organic farming systems where
they are grown in stressed environment without addition
of external inputs that is entirely different to those in
which they were selected (Ceccarelli, 1996; Murphy
etal.,2007). So, there is a need to select varieties for
organic farming which is believed as a stressed
environment as crops are not supplied with chemicals
for either supplying nutrients or to protect the crop from
pests and diseases.

MATERIALSAND METHODS:

Field experiment was carried out at Agricultural
Research Station, Nellore during E.Kharif, 2015.The
soil of the experimental site was sandy clay loam with
pH: 8.1; electrical conductivity: 0.5 dS/m; low in organic
carbon (0.45 %), low in available N (152 kg/ha), high
in available P (97 kg/ha), medium in available K (258
kg/ha) and high in available S (30.8 kg/ha). The
experiment was set up in a factorial RBDdesign with
two factors namely F : cultivation methods and F : rice
varieties. F includes cultivation methods namely C :
Organic and C,: in organic and F, includes rice varieties
namely V : NLR 34449,V : NLR 30491, V.: NLR
40024 and V : NLR 33358 which were replicated four
times. C : Organic package includes Soil incorporation
of FYM @ 10t /ha, Incorporation of green manure (
dhaincha @ 30 kg/ha seed rate), Application of
vermicompost @ 1 t/haat 10 DAT, Azospirillumé& PSB
each @ 5 kg/ha (in 2 equal splits ) at basal and 15
DAT and neem cake @ 500 kg/ha in two equal splits
atbasal and 15 DAT and crop protection was followed
by spraying of neem oil @ 5 ml/l and Psuedomonas
fluorescence (@ 4ml/l as and when required. Inorganic

0]

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



1%t Indian Rice Congress - 2020 "/ Iian Rice
Rice Research and Development for Achieving Sustainable Development Goals k/ ¢

Theme - II: Sustainable rice farming

Table: 1Yield attributesand yield of ricevarietiesunder organicand in organicfarming (Early kharif- 2015)

Treatments PLht(cm) No.of Panicle Filled Test Wt GrainYield
panicles/hill Length(cm) Grains/panicle (2) (kg/ha)

Cultivation practice
Organic 77.6 84 192 110 199 7211
Inorganic 81.9 8.7 19.7 118 20.8 8109
P value 0.005 0.617 0.047 0.061 0.038 0.004
Rice varieties
NLR34449 71.4° 9.0 18.4° 129 17.2¢ 7975
NLR30491 87.3 83 20.2 113° 21.1° 7772
NLR40024 74.3° 8.6 18.9° 115 19.5¢ 8016
NLR33358 86.1° 84 20.2¢ 101¢ 23.7¢ 6878°
P value 0.000 0.710 0.000 0.002 0.000 0.022
Interaction
Sig NS NS * NS NS *
P value 0483 0.815 0.957 0.628 0.366 0.001

method includes RDF: 120:60:40 N:P O,; K O kg/ha
and plant protection includes spraying of cartap
hydrochloride and propiconazole as and when required.
The crop was transplanted with a spacing of 15x10
cm spacing.Observations were recorded and the data
was subjected to statistical analysis.To control weeds,
two hand weedings were done at 20 days after

transplanting (DAT) and 40 DAT.
RESULTSAND DISCUSSI ON:

Highest plant height (81.9 cm), Panicle length
(19.7 cm), test weight (20.8 g) and grain yield (8109
kg/ha) was recorded under inorganic method of
cultivation when compared with organic cultivation.
There was 11% yield decrease with organic method of
rice cultivation. Among the varieties tested, highest plant
height (86.1 cm), Panicle length (20.2 cm) was
recorded with NLR 30491 and NLR 33358 and the
highest filled grains per panicle was recorded with NLR
34449 (129) and the highest grain yield was recorded
with NLR 40024 (8016 kg/ha), NLR 34449 (7975
kg/ha) and NLR 30491 (7772kg/ha).

CONCLUSION:
During Early kharif (2015), highest grain yield
of 8109 kg/ha was obtained in inorganic when

compared with organic cultivation (7211 kg/ha). There
was 11% yield reduction in organic cultivation. Among
the varieties tested highest grain yield was obtained with
NLR 40024 (8016 kg/ha) which was onpar with NLR
34449 (7975 kg/ha) and NLR 30491(7772 kg/ha) and
the lowest grain yield was obtained with NLR 33358
(6878 kg/ha).
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IRC/TM-2/PP-7

EFFECT OF AGE OF SEEDLINGS OF RICE VARIETIES UNDER MACHINE
TRANSPLANTING

U. Vineetha*, P. N. Harathi, |. Paramasiva, Ch. Sreelakshmi- P. Madusudan and R. Krishna naik

Agricultural Research Sation (ANGRAU), Nellore-524003, AP
*Corresponding author email: vineethaharanath5@gmail.com, vineethaharanath@yahoo.co.in

With the increasing scarcity of the rural labour
force, mechanical transplantation has become a
prevalent and simplified cultivation method to replace
hand transplantation. In India, mechanical transplanters
were developed and now popularized among the
farmers. Reducing manpower availability for agricultural
work and increasedlabor wages for transplanting forced
the farmers to go for alternate methods like direct
sowing and machine transplanting. Present COVID 19
pandemic situation forced the farmers to transplant rice
with machine transplanters. Predominant rice varieties
generally grown in Nellore are Nellore mahsuri(NLR
34449), Cotton dorasannalu(MTU 1010) and Samba
mahsuri (BPT 5204). Due to different duration groups,
different seedling vigor, varieties differ in their
growth.Many researchers have demonstrated that the
achievement of high grain yield for mechanically
transplanted rice requires an optimal seedling age'.
Shen et al. reported that among all agronomic practices
influencing grain yield of mechanically transplanted rice,
seedling age is the most important factor followed by
the use of fertilizer and sowing density.Generally, 15-
20 days aged seedlings are recommended for
transplanting with machines. Most of the times farmers
are not able to prepare the land well in advance due to
electricity or labour problems and farmers are
transplanting old age nursery. Hence present trial has
been taken up to know the age of seedlings for machine
transplanting of popularly grown different duration
group rice varieties.
METHODOLOGY:

Evaluation of most popularly grown rice

varieties in Nellore district during rabi under machine
transplanting was taken up at Agricultural Research

Station, Nellore during rabi, 2019-20. The experiment
was conducted in sandy clay loam soil with 0.4 % O.C,
7.93 PH & 0.620 dsm™'. The available nitrogen,
Phosphorous and Potassium were 301, 19.48, and 528
kg/ha respectively. Present trial has been taken up in
split plot design with three rice varieties as main plots
1.e V:MTU 1010, V: NLR 34449, V.: BPT 5204
and four age of seedlings as sub plotsi.e, A : 15 days,
A,:20days, A: 25 days, A, : 30 days, replicated thrice.
The data collected is analysed in SPSS.

RESULTS:

Highest plant height (77.6 cm) was recorded
with MTU 1010 when compared to NLR 34449 and
BPT 5204. Highestnumber of filled grains per panicle
(183) and highest grain yield was recorded with NLR
34449 (5428 kg/ha) followed by MTU1010 (4828
kg/ha) and BPT 5204 (4572 kg/ha) which were in
turnon par with each other under machine transplanting.
Among the age of seedlings tested, plant height was
not significantly different with age of seedlings and the
highest grain yield (5399 kg/ha) was recorded with
transplanting of 20 days aged seedlings and which was
inturnonpar with transplanting of 15 days aged seedlings
(5333 kg/ha) followed by 25 days aged seedlings
(4933 kg/ha). The lowest grain yield (4106 kg/ha) was
observed with 30 days aged seedlings in machine
transplanting. NLR 34449 when transplanted at 15 days
aged seedlings recorded highest grain yield which inturn
on par with 20- and 25-days aged seedlings under
machine transplanting. MTU 1010 can be transplanted
from 15 to 20 days and NLR 34449 and BPT 5204
can be transplanted from 20 to 25 days aged seedlings.
Under delayed situations, NLR 34449 and BPT 5204
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Table: Grainyield of ricevarietiesasinfluenced by age of seedlingsin machinetransplanted rice (rabi- 2019)

Treatments PLht No. of PanicleLength Filled Test GrainYield
(cm) panicles/ hill (cm) Grains/panicle Wt (g) (kg/ha)

Rice varieties

MTU 1010 77.6* 18 20.8° 115 20.1¢ 4828°
NLR 34449 71.5° 17 20.5° 1832 13.8° 5428
BPT 5204 72.4° 16 22.0° 169° 14.4° 45720
P value 0.000 0463 0.000 0.000 0.000 0.000
Age of seedlings

15 days 73.0 17 20.5° 152 17.1 5333¢
20 days 734 19 21.0¢ 149 17.9* 5399
25 days 739 16 21.7° 163 15.4° 49330
30 days 74.8 16 211 158 14.9° 4106°
Sig NS NS * NS *ok *x

P value 0.545 0.199 0.04 0223 0.000 0.000
Interaction

Sig NS NS NS NS NS NS
Pvalue 0.405 0.556 0.08 0.072 0.518 0.368
can also be transplanted up to 30 days with machine REFERENCES

transplanters.

CONCLUSION:

Among the three rice varieties (NLR 34449,
MTU 1010 and BPT 5204), highest grain yield was
recorded with NLR 34449 and among the age of
seedlings, the highest grain yield was recorded with

transplanting of 20 days aged seedlings which inturn
on par with transplanting of 15 days aged seedlings

under machine transplanting.

Huo, Z. Y. et al 2012. Effects of panicle nitrogen
fertilizer management on yield and population
quality in mechanical transplanted super rice
Nanjing 1 with different seedling ages. Acta.

Agron. Sin.38(8),1460-1470.

Shen, J. H. et al 2006. Effects of sowing density,
fertilizer amount in seedbed and seedling age
on seedling quality and grain yield in paddy field
for mechanical transplanting rice. Acta. Agron.
Sin. 32(3), 402—409.
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IRC/TM-2/PP-8

MANAGEMENT OF WEEDS IN DRUM SEEDED RICE THROUGH
SEQUENTIAL APPLICATION OF HERBICIDES

S. B. Yogananda®, P. Thimmegowda?, G. K. Shruthitand S. S. Prakash?®

Department of Agronomy, College of Agriculture, V. C. Farm, Mandya-571405, Karnataka, India
2Zonal Agricultural Research Sation, V. C. Farm, Mandya-571405, Karnataka, India
SDepartment of Soil Science & Agricultural Chemistry, V. C. Farm, Mandya-571405, Karnataka, India
University of Agricultural Sciences, Bangalore-560 065, Karnataka, India
*Corresponding author email: sbyogananda@gmail.com

In recent years, rice (Oryza sativa L.)
production systems are undergoing several changes and
one of such changes is shifting from transplanted rice
to direct sown rice due to increased cost of labour and
non availability of labour during peak periods of
agricultural operations. Sowing of sprouted rice seeds
in wet puddled soils offers an attractive alternative and
labour saving technique for stand establishment to the
traditional transplanting. Wet seeded rice is gaining
momentum in India and it have the advantages of quick
and easier planting, reduces labour requirement and
increased water use efficiency. Wet seeding in puddled
soil is done by using drum seeder. However, direct
seeded rice is associated with several constraints like
heavy weed infestation, water management immediately
after sowing and lack of perfect levelling etc. Among
them, heavy infestation of heterogenous weed flora
becomes the biggest biological constraint as rice and
weed seeds germinate simultaneously. The yield loss
due to unchecked weed growth was reported upto30-
48% in direct seeded rice (Naseeruddin and
subramanyam, 2013). The failure and success of the
drum seeded rice depends on weed and water
management practices. Hence, use of sequential
application of pre- fb post-emergence herbicides or
pre-emergence herbicides fb manual weeding could
be more convenient in containing the weed menace.By
keeping above information in view, the present
investigation was carried out to study the optimization
of suitable weed management practices for drum
seeded rice under Southern dry zone of Karnataka.

METHODOLOGY

A field experiment was conducted during
Kharif season of 2014 and 2015 to know the efficacy
of sequential application of herbicides in drum seeded
rice under Southern dry zone of Karnataka at Zonal
Agricultural Research Station, V. C. Farm, Mandya in
red sandy loam soils. Theexperiment was carried out
in a complete randomizedblock design comprising
ofeight treatments and 3 replications. The sowing of
rice variety ‘MTU-1001" was done through 8 row
drum seeder with a row to row spacing of 20 cm on
well puddled and levelled field in June 2014 and 2015
with a seed rate of 62.5 kg/ha. The crop was fertilized
with 100:50:50 kg N:P,O.:K O/ha and 50% nitrogen,
entire dose of phosphorous and potassium was applied
as basal in addition to zinc sulphate @ 25 kg/ha. The
remaining 50% of the nitrogen was top dressed at two
equal splits at tillering and panicle initiation stage. Pre-
emergence herbicides were mixed with sand 100 kg/
ha and applied uniformly in the field on 5 DAS. A thin
film of water was maintained at the time of pre-
emergence herbicide application. The post-emergence
herbicides were sprayed at 3-4 leaf stage of weeds by
using knapsack sprayer fitted with deflectornozzle
mixed with water 750 liter/ha. Mechanical weeding with
two row cono weeder was carried out at 40 DAS as
per the treatments. Hand weeding was carried out as
per the treatment schedule. All other agronomic and
plant protection measures were adopted as per the
recommended packages of UAS, Bangalore.
Bensulfuron-methyl 0.6% + pretilachlor 6% GR is
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combination of two herbicides and is in granular form
and found safe to rice and sold in the trade name of
LondaxPower.Standardpackage of practices were
adopted andgrowth, yield parametersand yield were
measured and estimated using standardprocedures.

RESULTS

Among the weed management treatments,
hand weeding thrice at 20, 40 and 60 DAS recorded
significantly lower weed density (13.6 and 23.75/m?
at 30 and 60 DAS, respectively) and weed dry matter
production (2.66 and 5.75 g/m? at 30 and 60 DAS,
respectively) as compared to other treatments in the
two year pooled data. However, it was at par with
pre-emergence application of bensulfuron-methyl 0.6%
+ pretilachlor 6% GR 10 kg/hafb post-emergence
application of bispyribac sodium 25 g/ha (15.7 and
23.85/m? weed density; 2.57 and 7.00 g/m?* weed dry
weight respectively at 30 and 60 DAS). While, the
lowest weed density and dry weight of weeds were
observed in weed free check and the highest was
recorded in weedy check. The crop yield is directly

proportional to weed control efficiency. As a result of
effective control of weeds hand weeding thrice (86.10
and 82.80% at 30 and 60 DAS, respectively) and
sequential application of bensulfuron-methyl 0.6% +
pretilachlor 6% GR 10 kg/hafb post-emergence
application of bispyribac sodium 25 g/haregistered
higher weed control efficiency (86.55 and 78.65% at
30 and 60 DAS, respectively) among the weed
management treatments.

The highest grain yield was observed in weed
free check. While, the lowest was recorded in weedy
check.Unweeded check registered 50.88% reduction
in grain yield as compared to weed free check owing
to sever competition offered by uncontrolled weeds
for nutrients, soil moisture, space and light. Among the
weed managementtreatments,hand weeding thrice at
20,40 and 60 DAS recorded significantly higher grain
yield(5506 kg/ha) as compared to other treatments in
the two year pooled data. However, it was at par with
pre-emergence application of bensulfuron-methyl 0.6%
+ pretilachlor 6% GR 10 kg/hafb post-emergence

Tablel: Influenceof weed management practiceson weed par ameter syieldandyield attributesand in drum seeded rice (Pooled

dataof twoyears)

Treat. Total weed density Total weed dry WCE (%) No. of Grainweight/  Grainyield
(No./m?) weight (g/m?) tillersat  panicle (g) (kg/ha)
30DAS 60 DAS 30DAS 60 DAS 30DAS 60DAS  harvest

T, 4.88(23.35) 5.85(33.8) 2.17(4.25) 3.02(8.70) 7795 7370 14.53 2.63 5037

T, 417(169) 5.05(25.05) 2.28(4.71) 298(8.38) 7545 7445 1498 2.78 5173

T, 4.63(21.2) 5.70(32.05) 1.94(3.29) 2.84(7.57) 875 7715 1521 299 5287

T, 4.00(15.7) 493(23.85) 1.75(2.57) 2.73(7.00) 8655  78.65 1550 321 5429

T, 790(61.9) 8.41(70.15) 3.33(10.65) 4.50(19.80) 4445 4085 1273 148 2979

T, 3.74(13.6) 4.89(23.75) 1.78(2.66) 2.50(5.75) 86.10  82.80 15.80 3.50 5506

T, 0.71(0.00) 0.71(0.00) 0.71(0.00) 0.71(0.00)  100.00  100.00 16.55 372 5764

T, 10.59(112.1) 11.36(70.6) 4.44(19.23) 5.85(33.90) 0.00 0.00 9.98 1.60 2831

SEm+t 0.18 020 0.11 0.17 - - 0.63 0.09 183

CD(P=0.05) 0.54 0.60 032 0.51 - - 1.90 0.28 556

T1-Pyrazosulfuron ethyl @ 25 g a.i. ha-1 (PRE) + passing of one conoweeder at 40 DAS, T2 - Bensulfuron methyl 0.6% +
Pretilachlor 6% GR@ 10 kg ha-1 (PRE) + passing of one conoweeder at 40 DAS, T3 - Pyrazosulfuron ethyl @ 25 g a.i. ha-1 (PRE)
+ Bispyribac sodium @ 25 gm a.i. ha-1, T4 - Bensulfuron methyl 0.6% + Pretilachlor 6% GR@ 10 kg ha-1 (PRE) + Bispyribac sodium
@25 gma.i. ha-1, TS - Bispyribac sodium @ 25 gm a.i. ha-1 (EARLY POST), T6 - Hand weeding thrice at 20, 40 and 60 DAS, T7-
Weed free check, T8 - Weedy check

|
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application of bispyribac sodium 25 g/ha (5429 kg/ha)
(Table 1). These results were in accordance with
Dhanapalet al. (2018). This increased in above
treatment was mainly attributed to enhanced weed
attributes iz number of tillers per plant and grain weight
per panicle due to effective control of weeds throughout
the critical crop growth period.

CONCLUSION
In drum seeded rice, application of
bensulfuron-methyl 0.6% + pretilachlor 6% GR 10 kg/

hafb post-emergence application of bispyribac sodium
25 g/hafound most effective and economical in

controlling the weeds.

REFERENCES

Dhanapal GN, Sanjay MT, Nagarjun P, Sandeep A
(2018). Integrated weed management for
control of complex weed flora in direct seeded
upland rice under Southern transition ~ zone
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50(1):33-36

Naseeruddin R, Subramanyam D (2013). Performance
oflow dose high efficacy herbicidesin drum
seeded rice. Indian Journal of Weed Science
45(4): 285-288

o]

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



1¢ Indian Rice Congress - 2020 . ?) fndia Ric
Rice Research and Development for Achieving Sustainable Development Goals k/ e

Congress
g

Theme - II: Sustainable rice farming

IRC/TM-2/PP-9

PRODUCTION AND PRODUCTIVITY OF AEROBIC RICE AS INFLUENCED
BY SOURCES AND LEVELS OF PHOSPHORUS WITH BIO-FERTILIZER

K. Ghasal and K. Pathak*

Department of Agronomy, Assam Agricultural University, Jorhat-785013, Assam, India
*Corresponding author email: dr.kalyanaau@aau.ac.in

Aerobic rice is gaining importance as one of
the alternative methods of rice production for effective
utilization of resources in recent years. Aerobic rice is
a production system in which potentially high yielding,
fertilizer responsive rice varieties are grown in fertile
aerobic soils that are non-puddled and have no standing
water. Supplementary irrigation, however, can be given
in the same way as to any other upland cereal crop.
Phosphorus (P) is considered as a major constraint for
successful crop production in India, particularly for rice
because finite reserve of this non-renewable resource
is getting exhausted rapidly and on other hand, P
deficiency is becoming wide spread with high intensity
cropping. Phosphorus deficiency has been recognized
as one of the main limiting factor in upland rice. Again,
naturally occurring immobilization of P by microbes can
help ration plant available P to crops over the course
of'a growing season. Dry and aerobic soil can reduce
the indigenous supply of phosphorus (P), hence the
application of fertilizer P can be more critical for aerobic
rice.Chemical P fertilizer is the main source of plant
available P in agricultural soils, but almost 75 to 90%
of'added P fertilizer is precipitated by iron, aluminum
and calcium complexes present in the soils (Turanet
al.,2006). The P diffusion to plant roots may be too
low to acquire the requirements of crops if soils have
less P solubility and a high P fixation capacity (Hoberget
al.,2005).

Thus, management of phosphorous is an
important issue in aerobic rice to be addressed to have
a sustainable higher productivity of rice. With this
background, an investigation was carried out to study
the production and productivity of aerobic rice using

different sources and levels of phosphorus with
biofertilizer.
METHODOLOGY

A field experiment was carried out in the
Instructional-cum-Research (ICR) Farm, Assam
Agricultural University, and Jorhat during autumn
season of 2016. The treatment consisted of three
phosphorus sources Viz., single super phosphate,
diammonium phosphate and rock phosphate, three
doses of phosphorus viz., 10kg P,O.ha", 20 kg
P,0.ha' and 30 kg P,O,ha" and two biofertilizer
treatment 1.e. without biofertilizer and Azospirillum,
PSB. One absolute control was included for
comparison. The experiment was laid out in factorial
randomized block design (RBD) with three
replications. The soil of the experimental site was sandy
loam in texture, medium in available N (285.36 kgha
"), P,0, (22.85kgha') and K O (138.04 kgha'') and
organic carbon (0.62%) with pH value of 5.2. The rice
variety “Inglongkiri” was shown on 11" March, 2016
and harvested on 08" July. 2016. The rainfall received
during the crop season was only 1330.9mm. The
weekly average maximum temperature ranged from
24.9 t0 32.9°C and minimum temperature 16.0C to
26.1°C, respectively.

RESULTS

Among the different sources of phosphorus,
rock phosphate recorded the highest values of plant
height, number of total tillers and dry matter
accumulation at all the growth stages of aerobic rice.
In most of the yield attributing characters Viz,number
of effective tillers per meter square, number of grains
per panicle, number of filled grains per panicle and per
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cent filled grains rock phosphate exhibited significantly
highest values but was at par with single super
phosphate. The highest grain (2619 kg ha)and straw
(4705 kg ha'') yield of aerobic rice was observed with
application of phosphorus through rock phosphate.

Among the doses, application of 30 kg P,O,ha
Irecorded significantly higher plant height, population
(number of tiller m?) and dry matter accumulation over
10and 20 kg P,O,ha"'. The highest number of effective
tillers per meter square was observed under 30 kg
P,0,ha'which was statistically at par with 20 kg PO,
ha'and significantly higher over the 10 kg P,O ha.
Application of 30 kg P O, ha"'registered significantly
higher number of grains panicle-1and number of filled
grains panicle-1 than both 10 and 20 kg PO ha™ The
highest grain and straw yield 0f 27.43 gha! and 49.39
gha', respectively was obtained at 30 kg P O ha™".

In case of bio-fertilizer, the plant growth
parameters like plant height, plant population in terms
of tiller number and plant dry matter accumulation
observed were higher in bio-fertilizer treatment i.e.
Azospirrilum + PSB than without bio-fertilizer
treatment. Biofertilizer treatment( Azospirillum + PSB)
recorded significantly higher number of effective tillers
m~?, number of grains panicle-'and number of filled
grains panicle-' than that of without bio-
fertilizer.Significantly higher grain (26.17 gha') and
straw (48.21 gha™') yield noted with Azosprillum +

PSBtreatment proved it to be superior towithout bio-
fertilizer treatment with an increase of 14.42 % and
20.04% in grain and straw yield, respectively.

CONCLUSION

Among the three sources of phosphorus, in rock
phosphate applied treatments, the crop performed
better in terms of growth, yield and phosphorus use
efficiency. In case of various application doses ,
application of 30 kg P,O_ ha™' resulted in higher grain
and straw yield. Similarly, in bio-fertilizer treatments,
Azospirillum + PSB recorded better growth, higher
values of yield attributes and yield as compared to
without bio-fertilizer treatment. Thus, application of
rock phosphate at the rate of 30 kg P,O, ha"
inoculated with Azospirillum + PSB appeared to be
the best treatment combination so far the yield
performance of aerobic rice is concerned.
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IRC/TM-2/PP-10

NUTRIENT PRESCRIPTIONS IN RICE (ORYZA SATIVA L))

D. Mounika* and T. Usha Rani

Acharya N. G. Ranga Agricultural University, Regional Agricultural Research station (RARS) Maruteru
534122, A.P.
*Corresponding author email: dmounika358@yahoo.in

ABSTRACT

Rice (OryzasativaL.) is the dominant cereal
crop in many developing and Asian countries and is a
staple food for more than half of the world population.
Rice is a staple food crop not only in India but also in
entire South Asia. Of the total rice (OryzasativaL..)
production in the world, more than 90 % is in Asia,
and it is increasing annually at the rate of 2.7 % (IRRI,
1986). Rice is cultivated in 111 countries of all
continents, except Antarctica. India and China are the
leading producers as well as consumers of rice. In India,
itis grown in an area of 43.9 m ha with a production of
99.24 m t and productivity of 2494 kg ha’'. For
enhancing rice productivity from the existing rice
growing areas, which have been under rice cultivation
over decades, soil fertility monitoring and management
need to be strengthened. During the last two decades,
due to crop intensification and increased availability of
chemical fertilizers at subsidized prices and decreased
availability of organic sources of nutrients resulted in
substantially declined use of organic manures such as
farm yard manure. Organic manures also enhance
fertilizer use efficiency when applied in conjunction with
inorganic fertilizers (Baskar, 2003). Integrated
approach of nutrient supply is gaining importance as it
reduces the excessive use of inorganic fertilizers and
sustains the crop productivity by improving soil
health. Application of fertilizers without information on
soil fertility status and nutrient requirement of crop
causes adverse effects both nutrient toxicity and
deficiency either by over use or inadequate use,
respectively (Ray et al., 2000).

Managing the location specific variability in
nutrient supply is key strategy to overcome the current
mismatch of fertilizer rates and crop nutrient demand
in irrigated rice environments. Soil test based
application of plant nutrient helps to realize higher
response ratio and benefit- cost ratio as the nutrients
are applied in proportion to the magnitude of the
deficiency of a particular nutrient and the correction of
the nutrients imbalance in soil helps to harness the
synergetic effects of balanced fertilization (Rao and
Srivastava, 2000). Location specific fertilizer
recommendations are possible for soils of varying
fertility, resource availability and levels of targeted yield
for similar soil classes and environment. Field specific
balanced amounts of NPK could be prescribed based
on crop estimates of the indigenous supply of NPK
and by modelling the expected yield response as a
function of nutrient interaction.

METHODOLOGY:

The experiment was conducted with variety
BPT-5204 in a Randomized Block Design with ten
treatments and three replications during kharif season,
The experimental soil was clay loam in texture, slightly
alkaline in reaction, non saline, low in available nitrogen,
low in organic carbon, high in available phosphorus and
potassium. The application of nutrients was done
following the soil test based fertilizer recommendations
as per the treatment. Target yield fertilizer
recommendations were based on using the target yield
equations developed for Krishna Godavriagro ecological
region.
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RESULTS:

Results indicated that performance of the soil
test based fertilizer recommendation with 10 tha' FYM
application was found superior in terms of total pooled
rice grain yield, Total N-P-K nutrient recovery
percentage and nutrient use efficiency (5570 kg/ha,
33.3%, 68.4%, 37.3% and 33.71% respectively).
Twenty five days old seedlings were used for
transplanting. By the time of transplanting, soil test
based fertilizer reccommendation with 10 tha'! FYM
application crop started flowering. Hence, soil test
based fertilizer recommendation with 10 tha' FYM
application practice is the best method for N-P,O.-
K,O of Rice. Among the nutrient management
practices, grain yield, straw yield and harvest indices
(5570, 6268 kg/ha and 47.30%) were significantly
higher with combined application of organic and
inorganic fertilizers (10 tha! FYM + 156-42-28 N-
P, O.-K O kg ha') compared to sole application of
either inorganic or organic fertilizers. Fertilizer use
efficiency (FUE) was significantly the highest with
application of 5.5 t ha'! target yield recommendation
with FYM compared to all other treatments. Application
of soil test based fertilizer recommendation recorded

the highest returns per rupee investment and found
significantly superior to the rest of the treatments.

CONCLUSION:

Overall soil test based fertilizer recommendation
with FYM followed by soil test based fertilizer
recommendation alone found superior in increasing growth,
yield and maximum returns inrice.
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IRC/TM-2/PP-11

PERFORMANCE OF RICE (ORYZA SATIVA L.) UNDER DIFFERENT DOSES
AND COMBINATIONS OF HYDROGEL

Rajashekara Reddy L*, Ashish M Latare, Manukonda Srinivas, Triyuginath and Venkata Reddy C

Regional Agricultural Research Sation, MARUTERU, West Godavari-534122, Andhra Pradesh, India
*Corresponding author email: raja.lakki51@gmail.com

Rice (Oryza sativa L.) is one of the three
major food crops of the world. Globally India stands
first in rice area and second in rice production after
China. Within the country, rice occupies one quarter of
the total cropped area, contributes about 40-43 percent
total food grain production and continues to play a vital
role in the national food and livelihood security
system.Rice is a high water demanding crop. Water
requirement of rice is approximately 900-2500mm.
Availability of water influences the growth and yield
characters of rice. By considering above factors water
is considered as most important input for rice growth,
so from soil and water conservation point of view the
main objective is to efficiently utilize the available water
resources. In order to maintain water in the soil for
longer period after rainfall or irrigation some additional
materials such as soil conditioners, organic matter
areadded to the soil. Soil conditioners are natural and
synthetic in nature, they contribute significantly to
provide reservoir of soil water to plant on demand in
the upper layers of the soil where root systems normally
develop.The synthetic water holding substances are
known as super absorbent polymers(SAP). The SAP’s
hold water more than its weight. These polymers
increase soil physical environment especially aggregate
stability, infiltration rate, water retention capacity and
aeration porosity of soil to create more porous and
favorable environment for better root growth. SAP had
been applied to stabilize soil structures, causing an
increase in infiltration and a decrease of water usage
and soil erosion in the furrows of fields (Khadem, S.A.,
2010).Hydrogel is one of the SAP. Hydrogel polymer
can absorb pure water up to 500-600 times their weight
forms gel. These are used to increase water holding

capacity of soil and forms gel. Hence hydrogel help to
reduce to water stress of plants resulting increased
growth and plant performance. Farm yard manure
(FYM) is the major source of organic matter in field
crops. The composition of well decomposed farm yard
manure contains 0.5 % N 0.2% P and 0.5% K and
also small amounts of micronutrients. It helps to increase
crop production and improve soil physical
properties. The vermicompost is nothing bur earthworm
castings consisting of 3%N, 1%P, 1.1%K and trace
amounts of micronutrients. It also shows considerable
diversity in physical, chemical, biological properties and
their effectiveness in crop production depends upon
the agro-biological environment where the crop is
grown. Keeping this in view, pot culture experiment
was conducted with an objective to study the effect of
different doses and combinations of Hydrogel on
growth and yield performance ofrice.

METHODOLOGY

A Pot culture lab study was conducted during
kharif, 2018 at Rajiv Gandhi South Campus, Banaras
Hindu University, Mirzapur to study the effect of
hydrogel and its combination with FYMand
Vermicompost on growth and yield of rice crop.
Experiment was laid out in Completely Randomized
Design and replicated thrice with twelve different
treatments of Hydrogel. Different doses of hydrogel
from 2.5 kg/ha to 7.5 kg/ha and also combination with
FYM @ 10 t/ha and Vermicompost @ 5 t/ha.
TheHydrogel, FYM and vermicompost were
incorporated directly before the sowing of seed. The
seed was directly sown in the pot and recommended
dose of inorganic fertilizer were applied. The nitrogen
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Table: Effect of Hydrogd, FY M and Ver micompost (VC) ongrowth and yield of rice

Treatments Plant height Root length  No. of panicles Test weight  Grainyield Straw yield

(cm) (cm) per pot (2) (g/pot) (g/pot)
T1 :Control 70.33 1492 1633 20.10 1932 4752
T2 :2.5 kg/ha Hydrogel 72.00 16.56 18.67 2033 20.68 5241
T3 :5 kg/ha Hydrogel 78.19 17.75 1933 20.53 21.98 5275
T4 :7.5 kg/ha Hydrogel 78.53 19.58 2133 20.60 25.64 6297
T5:2.5 kg/ha Hydrogel+FYM@]10 t/ha  79.40 19.69 2133 20.73 27.61 65.72
T6 :5 kg/ha Hydrogel+tFYM@ 10 t/ha  79.75 2122 2133 20.90 30.70 74.00
T7:7.5 kg/ha Hydrogel+tFYM@10 t/ha  80.92 2222 21.67 21.13 33.67 74.95
T8: 2.5 kg/ha Hydrogel+VC @ 5t/ha  83.17 22.87 22.67 2127 3834 7515
T9: 5 kg/ha Hydrogel+VC@ 5 t/ha 84.17 22.89 2333 21.40 3920 84.91
T10: 7.5 kg/ha Hydrogel+VC@ 5t/ha  86.50 2331 2433 21.77 46.89 95.39
SEmt 1.278 1.054 1.109 0.288 3.090 6.889
C.D.(P=0.05) 2.671 2203 2318 NS 6459 14.398
and potash were applied in splits (Panicle initiation and CONCLUSION

heading). Entire phosphatic fertilizer applied as basal.
In order to draw reliable conclusions, the data obtained
on plants were statistically analyzed by using the method
described by Gomez, (1984).

RESULTSAND DISCUSSION

Plant height is one of the most important
characteristics indicating nutrient absorption capacity
as well as plant health. It is evident that there was
significant increase in plant height recorded at harvest
time. No. of panicles per pot, grain yield, straw yield
per pot and root length of plant shows significant
variation. Among all the treatments, hydrogel @ 7.5
kg ha'along with vermicompost (@ 5 t/ha combination
recorded higher values of growth parameters and grain
yield (46.89 g/pot) compared to all other treatments
and also over control (19.32 g/pot). The performance
of hydrogel in combination with either FYM or
vermicompost was found superior over Hydrogel alone
doses. This hydrogel helps to increase the water
availability to the crop and also reduces the loss of
available nutrients and vermicompost comprises the
more nutrients. Application of hydrogel significantly
improved the plant height and no. of fertile tillers; Similar
results were also reported by Rehamanet al. (2011)
and Yezdaniet al.(2007).

From the present research study findings stated
that, application of Hydrogel @ 7.5 kg/ha in
combination with 5 t/ha Vermicompost was found good
and produced higher growth and yield of rice under
normal conditions, it increased the nutrient content and
uptake of nutrients in straw and grain. Hence application
of 7.5 kg ha'! hydrogel in combination with 5 t ha'!
vermicompost may be suggested to apply in direct
seeded rice for obtaining better yield.
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IRC/TM-2/PP-12

EFFECT OF NUTRIENT MANAGEMENT PRACTICES ON PADDY

T. Usha Rani*, V. S. Paladugu, P. Muniratnam, D. Mounika and G. Deepthi Kumari
Regional Agricultural Research Sation (ANGRAU), MARUTERU, West Godavari-534122, Andhra Pradesh,

*Corresponding author email: usharani.angrau@gmail.com

Results of several long term fertilizer trials
conducted in different countries have demonstrated the
favorable effects of combined application of chemical
fertilizers and organic manures on crop yields and soil
eco-systems. These results have conclusively shown
the need for meeting the nutrient requirements of plants
at least partly through organic manures. This helps
ultimately in achieving the goal of environmentally benign
sustainable agriculture. The nutrient leaching losses are
less because of more intense microbial activity leading
to mineralization, immobilization and greater turnover
of nutrients in soil by microbes.Exploitation of natural
resources in the form of farm and animal waste,
decomposed organic matter and crop specific microbial
inoculants may replenish the soil by returning its lost
share of organic matter and reverse the process of yield
stagnation. Rice being a staple crop is widely consumed
by Indian community. Its production needs to be
increased by another 40 % to provide food security to
the growing population by 2030.

METHODOLOGY

A field experiment was conducted on effect of
nutrient management practices on paddy duringKharif
and Rabi seasons from 2016-17 to 2019-2020 at
Regional Agricultural Research Station, Maruteru. The
experimental area was under sub tropicalclimateThe
experiment was laid out in randomized block design
with seven treatments replicated thrice.The
recommended dose of fertilizers for kharif season 90:
60 : 60 kg N, PK /ha and for Rabi 180:90:60 kg N :P
: K /ha The treatments consists of control, 100%
RDF, 50% RDF + organic farming, organic farming,
natural farming, 50% RDF + Natural farming and 100
% RDF + organic farming + natural farming.
Recommended dose of fertilizers included application

of'urea as N source SSP as phosphorus source and
MOP as K source. Urea applied in three splits as basal,
tillering and panicle initiation stage, SSP applied as basal
dose and potassium in two splits at maximum tillering
and panicle initiation stage. Organic farming practices
included incorporation of green manures, neem cake
and vermicompost @ 500kg/ha in two splits at
maximum tillering and panicle initiation stage, FYM @
10 t/ha and biofertilisers as basal. The natural farming
practices included with application of Ghana
Jeevamrutham as basal and dravaJeevamrutham
spraying at 15 days interval throughout the crop
period. The experimental soil was normal in reaction
and conductivity, low in available nitrogen, medium in
available phosphorus with high potassium content. The
tested variety was MTU 1075 (Pushyami) during Kharif
and MTU 1121 (Sridruthi) during Rabi season.

RESULTS

The results indicated that the highest grain yield
was recorded with the application of 100% RDF along
with Organic farming and Natural farming practices
which was on par with the application of 100% RDF
and significantly higher than control, organic farming
and natural farming practices. Application of 50% RDF
+ Organic farming and 50% RDF along with natural
farming practices are on par with each other but was
significantly differed with organic farming and natural
farming. The nutrient content (N,P,K) in grain and straw
did not show any significant difference among the
treatments. Uptake of nutrients by the grain and straw
also showed significant difference between the
application of 100% RDF along with organic and
natural farming practicesand control, organic farming
and natural farming. The available nutrients and organic
carbon status was high with the application of 100%
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Pooled data on nutrient management practiceson grain and
grawyield of paddy duringK harif

Pooled data on nutrient management practiceson grain and
grawyiedof paddy duringK harif

Treatments Grain Straw
yield yield
(kg/ha)  (kg/ha)

Treatments Grain Straw
yield yield
(kg/ha)  (kg/ha)

T1-Control 3746 4016
T2-100% RDF 5926 6806
T3-50 % RDF + Organic farming 5545 6561
T4-Organic farming 4661 5834
T5-Natural farming 4323 5279
T6-50 % RDF + Natural Farming 4985 5972
T7-100% RDF + Organic farming +

Natural Farming 6693 7550
Mean 5025 6002
CV% 4.74 5.09
Sem 137.61 210.24
CD (0.05%) 424.05 647.87

T, Control 3300 4009
T2-100% RDF 6623 7853
T3-50 % RDF + Organic farming 6016 7467
T4-Organic farming 5595 6964
T5-Natural farming 5169 6241
T6-50 % RDF + Natural Farming 5918 7225
T7-100% RDF + Organic farming +

Natural Farming 7228 8161
Mean 5478 6846
oY 8.02 9.17
Sem 63.96 82.02
(@)) 497.11 652.74

RDF along with organic and natural farming practices
and was significantly differed with control, organic and
natural farming practices. The microbial population
during kharif was more with the application of 100%
RDF along with organic and natural farming practices
which was significantly higher with control but was on
par with the organic farming practices and 50% RDF
along with natural farming practices.

CONCLUSION

Application of recommended dose of fertilizers
along with organic farming package of practices and
natural farming practices is better even though the

cultivation expenses were more when compared to
recommended dose of fertilizers.
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IRC/TM-2/PP-13

INTEGRATED WEED MANAGEMENT IN WET SEEDED RICE -DYNAMICS
AND ECONOMICS

M. Ameena’, M.S.S. Reddy and Pillai S.P.

Department of Agronomy, College of Agriculture (KAU), Vellayani, Thiruvananthapuram-695522, Kerala
*Corresponding author email: ameena.m@kau.in

Direct seeding of rice excludes nursery and
transplanting which in turn decreases labour
requirement and cost of cultivation. Due to shortage of
labour during peak periods of agricultural operations
and high labour wages, there is a shift from transplanted
to direct seeded rice which include wet seeded rice
and dry seeded rice. In the state of Kerala,the majority
of rice farmers practice wet seeding during kharif season
where weeds are the major biotic constraints.
Competition due to weeds is more severe in direct-
sownrice due to age similarity of rice and weed seedlings
whereas in transplanted rice aged seedlings are able to
compete better (Saha, 2008). Also, both the crop and
weed emerge simultaneously in wet seeded rice resulting
in maximum extent of crop weed competition. Various
grasses, sedges and broadleaved weeds compete with
crop and cause significant loss to direct seeded rice.
The various methods adopted for weed control include
hand weeding which cannot be profitably employed as
a soul source in direct seeded rice due to its high cost
and difficulty in identifying the weeds at initial stage and
it necessitate time for attaining the size to be pulled out.
Hence suppression of weeds during the initial stage itself
by integration of pre-emergence or postemergence
herbicide followed by manual weeding need to be tested
as an efficient and economical approach to weed
management in wet seeded rice.

METHODOLOGY

A field experiment was conducted in the rice
fields of Integrated Farming System Research Station
(8°47°N,76° 96’ E),Karamana, Thiruvananthapuram
during kharif season extending from June to October
2019. The mean rainfall during the crop growing season

was 99.05mm with the soil under the textural class of
sandy clay loam. The rice variety Uma (MO-16)
extensively grown in Kerala was used in this
experiment. The crop was grown and managed in line
with the cultivation practices as per the
recommendations of Package of Practices (KAU,
2016). Eight weed management practices including pre-
emergence and post-emergence herbicide along with
hand weeding were evaluated in a randomized
complete block design with three replications.
Herbicides included in the study were bensulfuron
methyl+ pretilachlor, pyrazosulfuron ethyl, bispyribac
sodium, penoxsulam + cyhalofop-p butyl, metsulfuron
methyl + chlorimuron ethyl and ethoxysulfuron. The field
was thoroughly ploughed, puddled and levelled andthe
experimental unit consisted of plots each of size Sm x
4m. The amount of spray volume utilized was 500 L
ha'!. Manually operated knapsack sprayer was used
for herbicide spraying. Pre-emergence, early post
emergence and post emergence herbicide application
were done at 5, 15 and 20 DAS respectively followed
by hand weeding at 40 DAS. In weed free check, hand
weeding was done at 20 and 40 DAS and weedy check
plot maintained devoid of weed control practices.

RESULTS

A total of 15 weed species belonging to 14
genera within 10 families were identified across the
growing season of rice in the field. Overall, 7 broadleaf
weeds (BLW), 3sedges, 4 grass species and one fern
were recorded in the field. Based on density and
frequency, the dominant weed species were
Sohenocleazeylanica, Ludwigia parviflora, Bergia
capensis andLinderniarotundifoliaalong with
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Monochoria vaginalis. Sedges associated with the
crop were Fimbristylismiliacea, Cyperusdifformis
and Cyperusiria. Amonggrass weeds Echinochloa
colona, Leptochloa chinensis, Isachnemiliacea and
| schaemumrugosum were seen in crop field.Broad
leaved weeds dominated the weed flora as they
comprised 40 % of the total weed population whereas
grasses and sedges accounted for 37% and 23%,
respectively. Broad leaved weeds were emerged as
early flush and abundant although the density was not
significant than sedges and grasses because of the
previous seed bank of the dominant weed
Sphenocleazeylanica and appropriate moisture
content of the soil as the field was non-flooded for the
first month of seeding. At 45 DAS, all categories of
weeds appeared in equal proportion with grasses
dominating the flora. The third flush of weed was
counted at 60 DAS after the hand weeding on 40 DAS,
mostly characterized by grassesvery similar to rice like
weedy rice and Leptochloa chinensis. Broadleaved
weed such as Ludwigia parviflora emerged
significantly at a later phase in a continuously flooded
situation and appeared throughout the
seasonreplacingSphenocleazeylanicawhich began
decreasing continuously.

At 15 DAS, pre-emergent spraying of
bensulfuron methyl + pretilachlor @60+600g ha™ at 5
DAS fb HW at 35-40 DAS resulted in better weed
control efficiency (WCE) of 99.28 % which is
statistically on par with pyrazosulfuron ethyl @ 25g ha
lat 5 DAS fb HW at 35-40 DAS recording WCE of
98.16 %.At 45 DAS, penoxsulam+cyhalofop butyl 6

% OD @ 150 gha' at 20 DAS fb HW at 35-40 DAS
recorded better WCE of 99.54 % which is significantly
at par with metsulfuronmethyl+chlorimuron ethyl @
4gha' at 20 DAS fb HW at 35-40 DAS with a WCE
0f98.98%. In weedy check (T,), higher yield reduction
0f'59.75 % was noticed.

From the results, it was evident that weed
management practices had a significant influence on the
benefit: cost ratio of wet seeded rice cultivation. Plots
treated with bensulfuron methyl +pretilachlor
@60+600g ha'at 5 DAS fb HW at 40 DAS recorded
higher B: C ratio of 1.83.This was followed by
penoxsulam + cyhalofopbutyl 6% OD at 150 g ha''at
20 DAS followed by hand weeding at 40 DAS with a
B:Cratio of 1.77. The extent of yield reduction due to
presence of weeds in wet seeded rice was estimated
to be 57 per cent. Hand weeding twice at 20 and 40
DAS realized a B: C ratio of 1.50 while weedy check
(T,) recorded a lower B: C ratio 0f 0.97.

CONCLUSION

Application of bensulfuron methyl + pretilachlor
@ 60+600 g ha'at SDAS followed by hand weeding
at 40 DAS turned out to be the most economic weed
management practice with a higher B:C ratio of 1.83.
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IRC/TM-2/PP-14

MODELLING SOIL WATER BALANCE IN SUB-SURFACE DRIP IRRIGATED
RICE UNDER CA USING HYDRUS-2D

Biswajit Ranat, C. M. Parihar?, K. Patral, H. S. Nayak!, M. L. Jat?, H. S. Sidhu3, N. Gupta® and
V. K. Singh?
1 CAR-Indian Agricultural Research Institute, New Delhi-110012, India
?International Maize and Wheat Improvement Centre, New Delhi-110012, India
*Borlaug Institute for South Asia (BISA), CIMMYT, Ladhowal, Punjab, 141004, India
*Corresponding author email: biswajitranaiari@gmail.com

Rice is the principal crop of dominant rice-
based systems and staple food of the country sharing
24% of gross cropped area (195Mha), 42% total food
grain production and 45% of total cereal production in
India (Agricultural statistics division, 2017). The
declining ground water table, water scarcity and rainfall
aberration has put forth a big question mark for the
cultivation of traditional water guzzling puddled
transplanted rice (PTR). In the conventional tillage
system (CT), repeated tillage and burning of crop
residue are the two major causes of concern for soil
health deterioration and environmental pollution; the key
indicators of unsustainability. Conservation agriculture
(CA) based new innovative agronomic management
practices like zero-tillage (ZT), direct seeded rice,
residue recycling, precision water and nutrient
management etc. have been used as an alternative to
CT. Therefore, to improve crop productivity and
farmers’ profitability and looking to the constraints of
water shortages in future, it is imperative to put more
efforts on re-designing/diversify rice-based systems
through developing efficient and remunerative CA-
based practices. One such practice for water saving is
bundling of conservation agriculture (CA) with sub-
surface drip irrigation termed as CA+ and has immense
benefits over CA alone and conventional tillage-based
flood irrigated (PTR/farmer’s practice) rice. Further,
direct seeded rice with CA+ have twin benefit of
improvement in crop productivity visavissoil health
and is a possible alternative to PTR in rice-wheat
cropping system belts. Irrigating the crop plant with

drip system can also tackle the water scarcity problem
and can enhance the water use efficiency. Although
many researchers have reported higher crop
productivity and less water use under sub-surface drip
irrigation (SSDI) system, but the information accounting
the complete soil water balance in high water requiring
crop like rice grown under SSDI in CA are not
available. That’s why the present experimentation was
framed for partitioning of soil water into various input
(rainfall, irrigation and initial soil moisture) and output
(RWU, evaporation and drainage) components to
reckon the soil water balance (SWB) using HY DRUS-
2D model.

METHODOLOGY

Arice variety PR 126 was sown during Kharif,
2019 atexperimental farm of Borlaug Institute for South
Asia (BISA)-CIMMYT, Ladhowal, Punjab, India. The
experiment was framed in randomized complete block
design with 9 treatment combinations and replicated
thrice. Sub-surface drip fertigation was pre-installed
(4 years before) with lateral at 15cm fitted with in line
emitter. The treatments under CA+ system were zero-
tilled direct seeded rice (ZTDSR) + sub-surface drip
irrigation: without N (SSD-NO), 50% of recommended
dose of N (RDN) (SSD-N50), 75% of RDN(SSD-
N75) and 100% of RDN(SSD-N100); likewise CA
treatments are ZTDSR + flood irrigation system:
without N (ZT-NO0), 50% of RDN(ZT-N50), 75% of
RDN (ZT-N75) and 100% of RDN (ZT-N100); PTR
system + flood irrigation system (@ 120N kg/ha. Out
of 9 treatments, 5 treatments (SSD-NO, SSD-N100,
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ZT-NO, ZT-N100 and PTR) were simulated using were
used to calibrate and validate the HY DRUS-2D model
for 80 days simulation period (35 to 114 days after
sowing). HYDRUS-2D model is a mathematical model
to simulate the two-dimensional movement of water
by using Richard’s equation for unsaturated flow in
different soil layers and to estimate each component of
the soil water balance (Simunek, et al., 2008). Nitrogen
in CA and PTR system was broadcasted and fertigated
through venturi in CA+ system. The water productivity
(WP) was calculated based on the ratio of biomass
produced by selected representative plants from each
treatment and total amount of water applied during the
simulation period.

RESULTS

In our study on rice, 131.7cm of total water
(rainfall+irrigation) was applied in PTR plots which was
1.37 time and 2 times higher than CA system and CA+
system, respectively. Out of the applied water, PTR
transpired only 18.4% through root water uptake than
to 24% in ZT-N100, 36.28% in SSD-N100, 12.5%
in SSD-NO and 8.8% in ZT-NO. SSD-N100 plots had
20.62% and 23.54% less water loss through
evaporation and 45% and 66% less deep drainage loss
than ZT-N100 and PTR, respectively. ZT-NO incurred
41.5% higher drainage loss and 5% higher evaporation
than SSD-NO. So, switching to CA+ system with
100% RDN application saved 50.1% and 31.3% of
water with proportionately increase in the crop yield
resulting in 2 and 1.45 times water productivity (WP)
than PTR and ZT-N100, respectively.

CONCLUSION

CA+ based practices with precise application
(right rate and amount) and direct root feeding (right
placement) curtailed the unproductive water loss
components like evaporation, drainage loss and
diverted maximum applied water towards consumptive
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Fig. 1 Dry matter produced, soil water balancecomponents
and water productivity (WP) of riceunder different crop
establishment, N and irrigation management treatments
duringthesimulation period.

Where, DM: dry matter produced (t/ha); CRWU: cumulative
root water uptake; CI: cumulative inflow (rainfall+ irrigation
water applied);CE: cumulative evaporation; WP: dry matter
(kg/ ha)/ total water use (mm)

use. Therefore, the results of our study on bundling of
complementing agronomic innovations including
subsurface drip irrigation (SSDI) systems for rice would
be of immense interest to farmers, policy planners and
civil society for addressing the current and future
challenges of rice cultivation. In future, the N dynamics
and N loss studies in SSDI installed CA-based systems
(CA+)using HYDRUS-2D model may provide further
insight into this aspect.
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IRC/TM-2/PP-15

EFFECT OF HERBICIDES ON WEED FLORA, GROWTH AND YIELD OF
SCENTED GOBINDABHOG RICE DURING KHARIF SEASON

Sharmila Tudu, Sibajee Banerjeg’, Mrityunjay Ghosh, Goutam Saha and B. C. Patra

Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia-741252, \West Bengal
Corresponding author’s email: sibajee.bckv@gmail.com

Gobindabhog, a popular short-grainnon-
Basmati scented rice, is traditionally cultivated in lower
gangetic plains of South Bengal for a long period.
Weed infestation in aromaticrice field not only results
in low yield, but also affects the quality to some extent.
Chemical weed control is a quick, cost-effective and
less laborious method, but continuous use of the same
herbicide(s) for a long period have caused
environmental hazards (Aktaret al., 2009) and shifts
in weed flora (Holt, 1994). So, identification of suitable
new generation herbicide(s) with proper dose and
application schedule in Gobindabhogrice is need of
hour to keep the weed population under control,better
production and sustained quality.

METHODOLOGY

A field experiment was conducted in a
randomized block design (R.B.D.) with 3 replications
during kharif season 0f 2019 at the Instructional Farm
of Bidhan Chandra KrishiViswavidyalaya, Jaguli,
Nadia, West Bengal, India. Theexperiment consisted
of 11 weed control treatments: T, (Untreated control),
T, (Pretilachlor 50% EC @750ml a.i. ha" at 3 DAT),
T, (Pyrazosulfuron ethyl 10% WP @ 25ga.i.ha'at 3
DAT), T, (Cyhalofop Butyl 10% EC @ 800 ml a.i. ha
'at 15 DAT), T, (Fenoxaprop-p-ethyl 69EC @ 750ml
ai.ha' at 15 DAT), T, (Fenoxaprop-p-ethyl 69EC
@ 1000ml a.i. ha* at 15 DAT), T. (Fenoxaprop-p-
ethyl 69EC @ 1250 ml a.i. ha'at 15 DAT), T,
(Fenoxaprop-p-ethyl 69EC @ 2500 ml a.i. ha'at 15
DAT), T, (Fenoxaprop-p-ethyl 6.7% w/w EC @ 875
mlai.ha'at 15 DAT), T, (Two hand weeding at 25
and 40 DAT) and T , (Continuous weed free).Seedlings
of Gobindabhog rice @ 3 hill! were transplanted at a

spacing of 20 cm X 15 cmin4 x 3 m? plots in puddled
field, which was fertilized with the recommended dose
of N_P. O, kgha'.

60" 30 730

Numbers of weeds were counted species-wise
from each experimental plot at 30 and 60 DAT. A
quadrate of 1 mx 1 m was used for recording the data
for each observation. The data collected on weeds were
transformed to square root transformation (“x +0.5)
for statistical analysis. Weed control efficiency (WCE)
was calculated as per the formula:

Weed Control Efficiency (%) =
WDC-WDT
WDC

weight in untreated control plot (gm?); WDT =Weed
dry weight in treated plot (gm?). The dry weight of

x100, where WDC = Weed dry

weeds wererecordedas per standard procedures.
RESULTS

Plant height, tiller production, LAI and dry
matter accumulation of Gobindabhogrice, irrespective
of weed management treatments, were increased
progressively upto 90 DAT in the study. Among eleven
weed control practices, continuous weed free (T )
plots were generally noted with greater number of tillers
and better foliage growth than rest of the treatments.
The plant height was found to vary between 115.6 (T )
and 132.5 cm (T Jat harvest,while the number of tillers
m~ between 224 (T,) and 356 (T ), and LAl between
3.01(T,)and 3.66 (T ,) at 60 DAT.

Mean number of total weeds in 1 m? area was
13.4,28.2 at 30 and 60 DAT, respectively. The weed
control efficiency varied among other nine weed control
methods (T,-T, ) over the untreated control (T, ) as:
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Table1: Effect of weed management practiceson density of total weeds, weed control efficiency, growth parameter sand yield of

Gobindabhog rice during kharif season

Treatment Total weeds Weed control ~ Plant height Tillersm? Dry mattera LAI Grainyield

(No.m?) efficiency(%)  (cm)at at60 DAT accumulation (t ha)

harvest (gm?)

30DAT 60DAT  30DAT 60DAT 30 DAT 60DAT 30DAT 60DAT
T, 6.5(42.1) 9.0(80.1) 00 0.0 115.6 224 499 220.1 1.38 3.01 1.88
T, 3.3(10.1) 4.8(222) 755 723 1279 316 66.4 2649 1.63 347 2.70
T, 3.7(13.1) 5.5(29.8)  69.0 59.8 1263 268 61.0 240.1 147 3.09 2.53
T, 4.1(16.5) 59(339) 603 55.6 1243 235 53.8 2277 143 3.04 249
T, 42(17.2) 6.035.6) 583 52.5 126.8 294 629 2474 1.54 324 2.58
T, 4.0(15.1) 5.6(30.8) 639 58.1 1274 304 64.0 258.7 1.56 334 262
T, 34(11.1) 49238) 734 69.3 1294 309 65.6 263.9 1.61 345 2.66
T, 3.088) 44(189) 789 76.1 125.1 254 58.8 2323 145 3.08 2.30
T, 3.3(10.7) 4.8229) 744 702 126.6 276 62.5 246.6 1.51 3.13 2.55
T, 1.72.3) 3.6(12.1) 946 85.5 129.6 326 68.6 2709 1.67 3.54 278
T, 0.7(0.0)  0.7(0.0) 1000 1000 1325 356 702 275.5 1.72 3.66 2.85
CDat5% 0.18 0.09 23 2.19 1.58 47 5.55 8.46 0.01 0.09 0.10

Figures indicate square root transformed values, and figures in parentheses indicate original values.

58.3-94.6% at 30DAT and 52.5-85.5% at 60 DAT.
Fenoxaprop-p-ethyl 69EC @ 2500 ml a.i. ha'at 15
DAT (T,) effectively controlled all types of weeds
throughout the cropping period, but failed to improve
the growth and yield performance of Gobindabhog
rice compared to other chemical weed management
treatments, which might be due to the phytotoxic effect
of highest dose of Fenoxaprop on Gobindabhog
paddy. Gobindabhog rice in continuous weed free
(T,,) plots produced highest grain yield (2.85 tha™),
which was 34.0% greater over weedy check (T ) units.
Based on grain yield, the eight herbicidal weed
managements could be arranged as: T, (2.70 tha'') >
T,(2.66 tha')>T, (2.62tha')>T (2.58 tha')>
T,(2.55tha’)>T,(2.53tha’)>T, (2.49tha')>
T, (2.30 tha').

CONCLUSION

Pretilachlor 50% EC @ 750 ml a.i. ha' (T,)
could be recommended as pre-emergence herbicide
for Gobindabhogrice due to >70% WCE and greater
grain yield (2.70 tha'). Fenoxaprop-p-ethyl 69EC @
750 mla.i. ha''at 15 DAT (T,) might be an alternative
post-emergence herbicide for near-similar grain yield
(2.58 t ha'), but less WCE (58.3% at 30 DAT) n
Gobindabhog rice field.
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IRC/TM-2/PP-16

STCR BASED NUTRIENT MANAGEMENT INFLUENCES THE FRACTIONS
OF POTASSIUM UNDER RICE BASED CROPPING SYSTEMS IN MIDDLE
INDO-GANGETIC PLAIN

Shailja Kumari, Ragini Kumari*, AnshumanKohli, Rakesh Kumar, Rajkishore Kumar and
Rajeev Padbhushan

Department of Soil Science and Agricultural Chemistry, Bihar Agricultural University, Sabour, Bhagalpur-
813210, Bihar, India
*Corresponding author email: drrkbaus@yahoo.in

Soil nutrient status has declined due to intensive
monocropping in the same field as well as injudicious
fertilizer application. Efficient application of fertilizers
has become a necessity to fulfil the increasing demand
of food grains. For an efficient fertilizer
recommendation, crop requirement as well as available
nutrient status of the soil needs to be considered before
applying the fertilizer. Balanced use of fertilizers based
on soil test crop response (STCR) fertilizer application
has an important role in nutrient supply from both organic
and inorganic sources, and in return maintaining the
health of the soil in addition to productivity of crops.
Sustainable soil potassium (K) management has long
been neglected in the Indian agriculture scenario which
needs to be overcome. Over exploitation of K from
soil is due to continuous imbalance between crop
demand and external supply, and this resulting in
depletion of K reserve. K in soil exists in different forms
i.e., water soluble K, exchangeable K, non-
exchangeable K, mineral K, and total K. K dynamics
in soil depends on magnitude of equilibrium among
different forms. Study of different fractions of K is very
important as 80% of the K requirement of crops is
fulfilled by the non-exchangeable form of K. The
reduction of amount in one form shifts the equilibrium
to different pools to replenish it. Knowledge and
understanding of K dynamics in soil proves to be the
best approach for recommendation of fertilizers for
different crops.Hence, the present study gives rise to
various information regarding issues with the objective
to study the effect of STCR based nutrient management
on fractions of K and rice yield.

METHODOLOGY

A field experiment was conducted during
Kharif 2017-2019 at Bihar Agricultural College
research farm, Sabour, Bhagalpurto evaluate the
influence of STCR based fertilization on different
fractions of soil K on third crop cycle of rice based
cropping systems.The experiment was consisted with
nine treatments viz., general fertilizer recommendation,
farmers’ practice, STCR with and without IPNS for
low (30 g ha'!), medium (40 q ha'') and high (50 q ha-
1 target yield in a randomized block design. IPNS
represents the integrated plant nutrient system and with
IPNS means use of organics (vermicompost was used
in this study) with inorganic fertilizers and without IPN'S
means no use of organics in the treatment. The fertilizer
adjustment equations were developed based on target
yield concept and accordingly nutrient doses were
calculated. The standard package of practices was
followed for growing rice crop variety Rajendra
Shweta and intercultural operations were done at
appropriate time. Rice crop was harvested at maturity
and soil samples were collected for further analysis using
standard procedure. The data generated from the field
and laboratory studies were statistically analysed using
the technique of Analysis of Variance for Randomized
Block Design. Least Significant Difference (LSD) was
computed at 5% probability level (Steel and Torrie,
1980). Pearson correlation matrix was also used to
evaluate the relationship among different fractions of
K.
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RESULTS

Fractions of K showed depletion in their
content under farmers’ practice and absolute control
while all the fractions showed a build-up in their contents
under STCR with IPNS approach. The content of
different fractions of K statistically varied in the order,
STCR with IPNS for high target yield> STCR without
IPNS for high target yield> STCR with IPNS for
medium target yield> STCR without IPNS for medium
target yield> STCR with IPNS for low target yield>
STCR without IPNS for low target yield> General
fertilizer recommendation> Farmers’ practice>
Absolute control. Mean value of water soluble K
ranged from 11.8 to 24.7 mg kg'!, whereas
exchangeable K found to be varying from 48.5 to 74.2
mgkg', depicting its highest correlation with available
K with about 98 per cent variation. Non- exchangeable
K was found to be contributing towards water soluble
K fraction with a range of value between 920 to 1051.2
mgkg!.

CONCLUSION

Application of inorganic fertilizers either alone
or in conjunction with IPNS approach significantly
influenced the water soluble K in soil. Its highest content
was recorded under STCR (IPNS) treatment for high
target yield which was statistically at par with STCR
without IPNS for high target yield. The exchangeable

K increased significantly with the application of
norganic fertilizers either alone or in combination with
vermicompost (IPNS) over control plots. Highest
content was recorded under STCR (IPNS) treatment
for high target yield. Non- exchangeable K status of
soil was slightly improved in treatments comprising of
STCR approach. It was observed that all treatments
were statistically at par except general recommended
dose, farmers’ practice and control treatments which
show decline in their content. Mineralandtotal K under
different treatments showed a non- significant
result.Overall it can be concluded that STCR with
IPNS for high target yield gave better results than rest
other treatments.

REFERENCES

Sharma, M., Sharma, R. P. and Sepehya, S. (2018).
Effect of a decade-long chemical fertilizers and
amendments application on potassium fractions
and yield of maize—wheat in an acid Alfisol.
Communicationsin Soil Science and Plant
Analysis, DOI: 10.1080/
00103624.2018.1479416.

Kurbah and Dixit (2019). Soil potassium fractions as
influenced by integrated fertilizer application
based on Soil Test Crop Response under
Maize-Wheat cropping systems in acid Alfisol.
International Journal of Economic Plants,
6(1):25-29.

05

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



1¢ Indian Rice Congress - 2020 . ?) fndia Ric
Rice Research and Development for Achieving Sustainable Development Goals k/ e

Congress
g

Theme - II: Sustainable rice farming

IRC/TM-2/PP-17

SPATIAL VARIABILITY OF MICRONUTRIENTS AND ITS PREDICTION
MAP THROUGH ORDINARY KRIGGINGIN FLOOD PRONE AREAS OF
PADDY GROWING SOIL

Rajkishore Kumar®, B. K. Vimal, Y. K. Singh, Ragini Kumari and Rajeev Padbhushan

Department of Soil Science and Agricultural Chemistry, ihar Agricultural University, Sabour, Bhagal pur-
813210, Bihar, India
*Corresponding author email: kishoreraj1333@gmail.com

During last few decades extensive use of mineral
fertilizers mainly macronutrient has tremendously
improved the crop productivity in India. But due to
more emphasis towards supply of the macronutrients,
the soil and plant system is now suffering from deficiency
of micronutrients. At present,crops grown in the same
field continuously are suffering from deficiencies of one
or more micronutrients; even though the soils are
sufficient of the respective elements in total natural pool.
Similarly inrice fields, the prominent deficiency of zinc
and other micronutrients has now been observed
especially under waterlogged transplanted soil. Hence,
the extent and nature of the micronutrient deficiency is
particularly related to soil type, crop genotypes,
management strategies and agroecological
situations. There is limited information available on
spatial variability of key micronutrients in flood prone
areas of young alluvial plain which are vulnerable zone
at wider scale. The main objective of this study is to
understand the spatial variability and its distribution of
micronutrients in paddy growing soils of middle
Gangetic plain of India under prevalent conditions.

METHODOLOGY

Paddy growing soils in Supaul district, which
is located in middle Gangetic plain of India,has been
always suffered due to unprecedented food, and it’s
brought severe devastation, and deteriorates the soils
properties. For the study, a total of 489 representative
soils samples were collected from different flood prone
areas across the block in Supaul district, during the
months April to June between the years 2018 -19which
were mainly confined under soil order Entisols. The

detailed sampling protocol, analytical techniques was
followed given by Ezeet al., (2016). The descriptive
statistics were evaluated to check the accuracy level
of different soil properties along with micronutrients.
Apart from that, semivarograms model was evaluated
along with generation of prediction map to check the
accuracy of geographical setting of different plant
nutrients in the study areas, and main attributes of
semivarograms model were nugget, sill and range which
were obtained after cross validation of results.

RESULTS

The spatial variability of plant available
micronutrients, likeextractableiron (Fe), manganese
(Mn), zinc (Zn), copper (Cu) were evaluated through
geostatistical methods, and its prediction map was
generated based on their critical limit by using of ordinary
kriging method, and develop the spatial relationship of
micronutrient through with several soil properties. For
each micronutrient, semivariograms were evaluated and
their main attributes like nugget effect, sill and range
wereobtained. The nugget/sill ratio values were 0.60,
0.37, 0.34 and 0.19 for extractable Zn, Fe, Cu and
Mn, respectively. Available Fe, Zn, Mn and Cu
deficiencies (including acute deficiencies) were
observed in 28%, 15%, 14% and 13% of soil samples,
respectively. The concentration of micronutrients might
be varied because differences in management practices
like tillage and fertilizer application in the different
communities studied (Wade, 2017). While, discussing
the correlation matrix of different plant nutrients, pH
value shows negative correlation with Fe (r=-0.053),
Mn (r=-0.210), and Zn (r=-0.263). However, EC
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value was shown negatively correlated with different
plant nutrients except Zn. The predication maps
generated could be used as guide site-specific
micronutrient management at precise level in the study
region.

CONCLUSION

The distribution of DTPA-extractable
micronutrients showed wide variability after imposing
the ordinary kriging method which enable to
estimatedprediction at field as well as geographical
setting. This technology is highly beneficial for better

understanding the spatial variability and its potential for
refiningthe agricultural management practices at wider
scale.
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IRC/TM-2/PP-18

PLANTING TIME AND NITROGEN MANAGEMENT IN RICE-RICE
RATOON SYSTEM FOR HIGHER PRODUCTIVITY

Teekam Singh® and K. B. Pun

Regional Rainfed Lowland Rice Research Sation (ICAR-NRRI), Gerua-780012, Assam, India
Present address:|CAR-1ARI, New Delhi-110012, India
*Corresponding author email: teekam.singh@icar.gov.in

Rice (Oryza sativa) is one of the most
important food grain crops of the country. In North-
Eastern India flood prone zone rice occupies nearly
2.25 million hectares area under rainfed shallow
lowland rice ecosystem. Uncertainty of monsoon makes
sowing time of rice become unpredictable during kharif
season due to regular flash floods at end of July
onwards. Being a major rainfed rice-growing area,
Asom occupies a special place in the rainfed rice
production system in the North-Eastern India by
covering more than 10% of the total rice area and
contributing 9% to the production (Pun et al. 2016).
Low productivity and uncertainty of kharif rice diverted
farmers to grow bororice as productivity of bororice
under shallow lowland is higher (>5.0 t/ha) in North-
Eastern States which is comparatively higher than that
of the national average productivity of 3.27 t/ha (Singh
etal. 2018). Bororice is transplanted in February and
harvested in May-June. This provide ample scope to
extend growing season up to July by allowing ratoon
crop to have second crop with minimum cost of
production. Shallow lowland rice cultivation is about
14.4 million hectares, which accounts 32.4% of the
total area of rice in the country. If rice ratoon managed
properly could produce more than 50% of grain yield
with 50-60% less labour, 32-42% low energy inputs,
short duration and high production efficiency than main
rice crop. Ratoon rice grain yield could be increased
with the application of nitrogen. Not much study had
been done on fertilizers management in ratoon rice in
India, especially on nitrogen application after harvest
of mainrice. Naveen a high yielding rice variety was

identified by Regional Rainfed Lowland Rice Research
Station, ICAR-NRRI, Gerua, Asom which can
produce more than 50% grain yield of main rice crop
of Saliseason. Therefore, to fulfil the knowledge gap,
an experiment was conducted while using Naveen to
assess the productivity and profitability of rice ratooning
under different planting dates and nitrogen levels.

METHODOLOGY

A field experiments was conducted during
2014-15 and 2015-16 at Regional Rainfed Lowland
Rice Research Station, ICAR-National Rice Research
Institute, Gerua, Asom. Experiment was laid out in split
plot design with three replications. The main bororice
crop was raised with three dates of transplanting (5%,
15" and 25" Feb.) in main plots and three nitrogen
levels (0, 20 and 40 kg/ha N) in sub plots were
imposed after harvesting of main rice to get better rice
ratoon. ‘Naveen’ a high yielding variety of rice was
taken for study. Staggered nurseries were raised and
45 days seedlings were transplanted at spacing of
20%15 cm and uniformly accommodating 34 hills (m?).
Recommended dose of fertilizers, i.e. 80: 40: 40 kg/ha
of N-P-K was applied to the main crop as urea,
diammonium phosphate and muriate of potash
respectively. Full dose of P, one-third of N and three-
fourths of Kwere applied basal at the time of
transplanting. Remaining N was applied in 2 equal
splits—at the maximum tillering and panicle-initiation
stage, one-fourth of K was applied as top-dressing at
panicle initiation. Rest agronomic practices were kept
normal and uniform for all date of transplanting of main
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Tablel: Productivity and profitability of rice-riceratoon asaffected by planting timeand nitrogen levels

Treatment Main bororice Rice ratoon
Panicles Filled Straw Grain Drymatter Recovery Panicles Filled Straw  Grain Netreturn B:C
(m?) grains/ yield yield at45days ofhills (m?) grains/ yield  yield (‘/ha) ratio
panicle (t/ha) (t/ha) (g/hill) (m?) panicle (t/ha) (t/ha)
Date of planting
5"Feb 224.7 1080 5.66 533 65.0 28.1 2159 675 2.79 211 24156 3.07
15" Feb 2521 1242 654 6.04 73.0 294 229.5 793 3.10 233 27513 3.50
25" Feb 2684 1127 638 5.85 684 30.3 2239 68.1 3.08 199 22784 290
SEm+ 10.11 1.59 0.14 0.11 2.79 048 6.89 1.81 0.05 0.07
CD (P=0.05) 20.87 327 0.29 023 7.75 133 NS 5.03 0.14 0.19
Nitrogen levels (kg/ha)
0 644 27.67 208.0 63.3 262 1.87 21020 2.80
20 704 30.01 2314 753 3.11 225 26415 336
40 71.6 30.11 2299 763 324 231 27119 334
SEm+ 2.55 0.25 427 231 0.10 0.09
CD (P=0.05) 5.55 0.55 9.30 5.04 021 0.19

crop. The main crop was harvested at 15 cm height
between the last week of May and first week of June
during both the years. Just after harvesting of the main
crop 25 and 50% of recommended doses of N (i.e.,
20 and 40 kg/ha N) were applied through urea to the
allotted treatments of subplots. Crop parameters and
grain yield were recorded at harvest. Pooled means
average data of 2 years were analysed statistically using
the F-test as per the standard procedure. LSD values
at P=0.05 were used to determine the significance of
difference between treatment means.

RESULTS

Growth and yield attributes of main crop as
well as ratoon were significantly influenced by date of
planting (Table 1). Results revealed that 15" February
planting turned in to significantly more productive for
main rice (6.04 t/ha) as well as ratoon (2.33 t/ha) than
the that of 5™ and 25" February planting. It was mainly
due to higher values obtained for growth and yield
attributes like plant height, dry matter accumulation,
tillers (m?), filled grains/panicle, panicle weight and
length for main rice as well as ratoon crop from 15%

Feb. planting. Dry matter accumulation, panicles (m?)
and filled grains/panicle’ of ratoon crop were
significantly influenced by planting dates. However,
straw yield was significantly higher with later date of
transplanting i.e. 15" and 25" Feb. as compare to 5
Feb.Nitrogen application just after harvest of main rice
mainly increased the recovery hills (m?), number of
panicles (m?), and filled grains/panicle. It had been
observed that nitrogen application increased the
regeneration of hills around 90% which remained lowest
with control around 80%. Nitrogen levels of 20 and
40 kg/ha produced significantly higher number of hills
(m?), dry matter accumulation, panicles (m?) and filled
grains/panicle which resulted in significantly higher grain
and straw yield of ratoon rice over control but remained
statistically at par with each other. The grain yield
recovery inrice ratoon increased with increasing doses
of nitrogen. However, both levels of N application
recorded almost similar yield recovery whereas control
recorded 6-7% less.Thus, 20 kg/ha N extra application
was enough to get good rice ratoon crop and additional
income of ‘ 26415/ha with 3.36 benefit cost ratio.
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CONCLUSION

With these findings 15™ February is the
optimum planting period for main bororice and extra
20 kg/ha N is enough to get higher productivity and
profitability from rice ratoon crop under shallow lowland
rice ecology.
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IRC/TM-2/PP-19

COMBINED APPLICATION OF ORGANIC AND INORGANIC FERTILIZERS
IN RICE IMPROVES ITSYIELD, PROFITABILITY AND SUSTAINABILITY
UNDER INDIAN SUB-CONTINENT: A META-ANALYSIS STUDY

Rajeev Padbhushan®, Upendra Kumar? and Sheetal Sharma®
Department of Soil Science & Agricultural Chemistry, Bihar Agricultural University, Sabour,
Bhagal pur-813210, Bihar, India
2| CAR-National Rice Research Institute, Cuttack-753006, Odisha, India
’IRRI-India Office, NASC Complex, New Delhi-110012, India
*Corresponding author email: rajpd01@gmail.com

Food security for rising population in limited
resources has created tremendous pressure on current
agriculture production system. To cope with this
challengeinorganic fertilizers and other
chemicalsareoverusedwhich are worsening the soil
health, causing environmental problems and ultimately
decline in crop productivity. In this regard, innovative
steps of soil managements are needed which can tackle
these problems and optimize crop yield under
sustainable environmental conditions. Nutrient
management is one of the essential inputs for soil
management to ensure higher yield within sustainable
environments (Kumar et al., 2018; Sharma et al.,
2019)However, the effect change of nutrient
management practices in holistic manner on rice yield
and soil carbon is poorly quantified under Indian sub-
continent due to insufficient datasets. Hence, the present
study was aimed to quantify the impact of nutrient
management on rice yield and soil parameters in the
Indian subcontinent through meta-analysis by using
MetaWin 2.1.

METHODOLOGY

Data from different literatures pertaining to
nutrient management in rice crop was collected during
the period 1989-2016 from various fieldstudies of
Indian subcontinent. After thorough review of the
papers, those studies were selected whose data was
comparatively quantified on following treatments-T :
control (No NPK); T, : use of organic fertilizer only; T.:
100% NPK inorganic fertilizerand T,: integrated
nutrient management (INM). Rice yield, net return and

soil properties related data were used in this study. Total
338 paired datasets were collected and analysis was
done using MetaWin 2.1 and it was tested for
significance at p<0.05.

RESULTS

Grain yield of ricewas found significantly (p
<0.05)higher in INM(T,) treatment compared to other
treatments irrespective of two soil types (clay and loam).
Moreover, the net return in T, was also increased by
121%compared to control (T, ). The overall soil organic
carbon improved by 23% and 35% in T, over the 100%
NPK (T,)(Figure 1)andT , respectively and among soil
types, in loamy soils, it was increased by 27% and
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Fig. 1.Effect of thetreatment integr ated nutrient management
over thetreatment 100% NPK inorganicfertilizer ongrain
yield and soil organic carbon (SOC) inricecrop. Theerror
bar sshow 95% confidenceintervals(Cl) and thedifference
issignificant if it doesnot passzero. *indicatessignificant
differenceat p valueislessthan 0.05.
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51% in T, compared to T, andT , respectively and
clayey soils increased by 12% and 23% as compared
to above mentioned treatments. The overall bulk density
enhanced by 0.5% and 1.2% compared to T,andT ,
respectively. In loamy soil, it was increased by 0.2%
over T, and in clayey soil it was increased by 1.9%
and 1.4 % over the T, andT , respectively. Thetotal
nitrogen, available phosphorus, available potassium and
microbial biomass carbon showed significant
positiveeffects indicating improvement in soil parameters
in T treatment thanother nutrient management options.

CONCLUSIONS

The rice produce, net return and soil
propertiesimprovedinintegrated nutrient management
treatment compared todifferentnutrient management
alternatives, advocate integrated nutrient management
as available nutrient management strategyforbacking
the crop production andgenerating less environmental

pressure in rice crop of the Indian subcontinent.
Reducing chemicals’ usage could minimize greenhouse
gases emissions by sequestering soil carbon and
protecting the environment from their ill effects.
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IRC/TM-2/PP-20

EVALUATION OF LIQUID BIOFERTILIZERS IN RICE AGAINST
RECOMMENDED INORGANIC FERTILIZERS

B. Asha Jyothi?, P. Srilatha? and K. Jhansi®

Krishi Vigyan Kendra (ANGRAU), Ghantasala, Krishna-521133, Andhra Pradesh, India
*Corresponding author email: ashajyothi600@gmail.com

Inrice, excessive use of inorganic fertilizers
leads to increase in cost of cultivation and deterioration
of soil health. After the introduction of chemical
fertilizers in the last century, farmers were happy of
getting increased yield in agriculture in the beginning.
But slowly chemical fertilizers started displaying their
ill-effects such as leaching out, and polluting water
basins, destroying micro-organisms and friendly insects,
making the crop more susceptible to the attack of
diseases, reducing the soil fertility. Application of liquid
bio fertilizers can mobilize the non labile form of nutrients
like P and also fix atmospheric nitrogen thus making
them available to plants. Thus liquid bio fertilisers can
substitute the inorganic fertilizers. Hence, the present
trail entitled “Evaluation of Liquid bio fertilizers in rice
against recommended inorganic fertilizers” was
conducted during kharif 2018-19 at KVK, Ghantasala
with an objective to maintain eco-friendly and
sustainable rice production.

METHODOLOGY :

The experiment was conducted in the micro
farming situation of KE canal irrigation, Vertisols. The
trial was conducted in six locations in the farmer’s fields
in Modumudi village, Avanigaddamandal, Inapuru,
Pamidimukkalamandal, Kaza, Movvamandal, Velivolu,
Challapallimandal and Pedaprolu, Mopidevimandal of
Krishna district of Andhra Pradesh. Soils were neutral
in reaction, non saline, low in nitrogen, high in
phosphorus and potassium availability and medium in
organic carbon content. Three treatments Viz T, -
Farmers practice, T,- RDF (Recommended dose of
fertilizers) + Liquid biofertilisers and T,-75% RDF +
Liquid biofertilisers were tested. Recommended dose

of fertilizers for kharif paddy used was 90-60-60 kg/
ha N-P,0.-K,O. Azospirillum, phosphobacteria
and potassium releasing bacteria were used as liquid
biofertilisers @ 500 ml/ac each.

RESULTS:

Among the treatments tested, Application of
RDF + Liquid biofertilisers (Azospirillum +
Phosphobacteria+ Potassium releasing bacteria @,
500 ml per acre each) recorded highest yield, gross
and net returns and B:C ratio compared to remaining
treatments. Application of RDF + liquid biofertilisers
(Azospirillum + Phosphobacteriat+ Potassium
releasing bacteria (@ 500 ml per acre each) recorded
17.29 % more grain yield (67.80 g/ha) than farmers
practice with net returns of Rs. 62,915 per ha, gross

Table 1 : Effect of Liquid bio fertilizers in rice against
recommended inorganicfertilizersonyield, economicsand
post harvestsoil properties

Parameter Treatments
T1 : T2: T3:
Farmer’s RDF+LBF 75% RDF
Practice +LBF

Yield(q ha') 57.81 67.80 63.28

% increase in yield - 17.29 9.46

Gross returns(Rsha™) 1,04,058.001,22,040.00 1,13,904.00
Cost of cultivation(Rsha')57,500.00 59,125.00 57,250.00
Net returns(Rs ha) 46,558.00 62,915.00 56,654.00

Benefit cost ratio 1.81:1 2.06:1 1.98:1
pH 8.00 7.70 7.90
EC(dSm™) 0.80 0.78 0.77
Organic carbon (%) 0.69 0.82 0.75
Avail. N(kg ha') 220.00 242.00 236.00
Avail. P (kg ha) 82.00 118.00 96.00
Avail. K (kg ha) 308.00 385.00 343.00

RDF : Recommended dose of fertilizers; LBF : Liquid bio
fertilizers
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returns of Rs. 1,22,040 per hectare and B:C ratio of
2.06:1 and application of 75 % of RDF + liquid
biofertilisers (Azospirillum + Phosphobacteria +
Potassium releasing bacteria (@ 500 ml per acre each)
recorded 9.46 % more grain yield (63.28 g/ha) than
farmers practice with net returns of Rs. 56,654 per
hectare, gross returns of Rs. 1,13,904 per hectare and
B:Cratio of 1.98:1 while farmers practice resulted with
grain yield of 57.81 g/ha, net returns of Rs. 46,558
per hectare, gross returns of Rs. 1,04,058 per hectare
and B:C ratio of 1.81:1. (Tablel). Banyo etal., (2012)
reported that use of biofertilisers higher yields compared
to chemical fertilisers alone. Nutrient status of available
nitrogen, phosphorus, potassium and organic carbon
in the post harvest soils was also more in T, where
liquid biofertilisers along with recommended dose of
fertilisers were applied followed by T3 where liquid
biofertilisers along with 75 % of recommended dose
of fertilisers were applied (Table 1).Increased yield
with biofertilisers might be due to increased availability
of nutrients. Biofertilisers are inoculants of live micro
organisms capable of fixing atmospheric nitrogen,

soluble phosphate, stimulating plant growth through
synthesis of growth promoting substances and adding
considerable amount of organic matter to the soil
increasing its fertility (Vessey, 2003).

CONCLUSION:

Finally, to conclude that liquid biofertilisers
along with recommended dose of fertilizers resulted in
increase in yield, gross returns, net returns and B:C
ratio besides improving soil fertility status. According
to feed back from farmers also, it was noticed that
yield of blackgram grown in rice fallows in liquid
biofertilisers applied fields was improved.
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IRC/TM-2/PP-21

YIELD OF DIRECT SEEDED UPLAND RICE AS INFLUENCED BY
PRECISION NUTRIENT AND WEED MANAGEMENT

Smruti Ranjan Padhan*, Sanjay Singh Rathore, Kapila Shekhawat

Division of Agronomy, ICAR-Indian Agricultural Research Institute, New Delhi-110012, India
*Corresponding author email: smrutiranjaniari@gmail.com

The rainfed upland ecosystem of rice is the most
ignored one but it helps in feeding a substantial numbers
of poor farmers of India from its limited resources (Singh
etal.,2011). The ecosystem spreads over an area of 7
mbha across the states in the county. The DSR is gaining
favours of the researchers as well as farmers due to its
low input demand, rapidity and easiness in planting,
shorter growing season of 7-10 days fitting well into
the different intensive cropping system, lower methane
emission and reduction of labour share on the total cost
of cultivation. The opportunity of achieving higher yields
under upland rice is often challenged by various biotic
and abiotic stresses. Among these stresses, complexity
of interactions among weeds and nutrient management
are the main challenges. Therefore, exact combination
of crop fertilization along with weed management at
critical stages of growth for maintaining a proper balance
between them is the key to achieve higher benefit.

METHODOLOGY

The field experiment was conducted in the plot
no. E-15 of the Shankarpura Farm at NRRI-Central
Rainfed Upland Rice Research Station (CRURRS) in
the Hazaribaghdisctrict of Jharkhand.The field
experiment was laid out in a split-plot design comprising
3 nutrient management practices in the main-plots and
5 weed management practices in the sub-plots, making
a treatment combination of 15 with 3 replications.
Separate randomization was executed for both main-
plot and sub-plot. Main plot consist of Recommended
dose of fertilizer (RDF), Nutrient Expert ® guided NPK
and Leaf Colour Chart (LCC) guided N + Full P & K,
while sub-plots were weed management, as Weedy
check, Pre-emergence application of pendimethalin @

1.0 kg/ha + post-emergence application of bispyribac-
Na @ 25 g/haat 25 DAS, Pre-emergence application
of pendimethalin @ 1.0 kg/ha + one hand weeding at
25 DAS, Brown manuring of Dhanicha (Sesbania
aculeata) at 25 DAS with bispyribac-Na @ 25 g/ha
sown with a seed rate of 20 kg/ha and weed free.

RESULTS

Grain yield of direct seeded upland rice was
significantly influenced by precision nutrient as well as
weed management practices (Table 1). Among the
nutrient management practices, Nutrient Expert ®
guided NPK resulted in maximum grain yield (3.63 t/
ha), followed by Leaf Colour Chart (LCC) guided N
+Full P & K (3.41 t/ha), which was significantly higher

Table1Yield and other yield parametersof direct seeded
upland rice asinfluenced by precision nutrient and weed
management

Treatments Grain Straw Biological
yield yield yield

(t/ha) (t/ha) (t/ha)

Nutrient management practices

Recommended dose of fertilizer

(RDF) 303 498 801
Nutrient Expert ® guided NPK 363 564 927
Leaf Colour Chart (LCC) guided

N+FullP &K 341 512 853
SEm+ 011 019 024
LSD (p=0.05) 029 052 066
Weed management practices

Weedy check 1.03 257 3.60

Pendimethalin fb hand weeding 409 6.05 10.15
Pendimethalin fb bispyribac-Na  3.79 581  9.60

Brown manuring 348 535 883
Weed free 439 645 1085
SEm+ 012 024 028
LSD (p=0.05) 024 049 057
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over RDF. Similar was the trend in straw and biological
yield of upland rice for precision nutrient management.
Weed management practices resulted in yield
improvement under Pendimethalin fb hand weeding,
Pendimethalin fb bispyribac-Na, Brown manuring and
weed free teatments. Among the weed management
Pendimethalin fb hand weeding, Pendimethalin fb
bispyribac-Na were observed with significantly higher
grain yield (4.09 and 3.79 t/ha) over brown manuring
(3.48 t/ha) and weedy check. Maximum straw and
biological yield were also observed under Pendimethalin
fb hand weeding, Pendimethalin fb bispyribac-Na
(6.05,5.81 t/haand 10.15, 9.6 t/ha respectively).

CONCLUSION

Grain yield of upland rice is significantly
influenced by precision nutrient as well as weed

management practices.Nutrient management practices
influenced the no. of tillers/m? and no. of panicles/m?,
no. of unfilled grain/panicle significantly but there was
no impact on remaining yield attributes like 1000 grain
weight, length of panicle and no. of filled grains per
panicle. Thus leading to the increment of grain yield of
upland DSR. Also keeping the field weed free during
the critical period by weed management practices like
Pendimethalin fb hand weeding, Pendimethalin fb
bispyribac-Na and Brown manuring also give higher
grain yield.
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IRC/TM-2/PP-22

IMPACT OF DIRECT RICE-SOWING TECHNOLOGY WITH SEED DRILL
ON RICE PRODUCERS EARNINGS

P. Srilatha*, B. Asha Jyothi, Ch. Srilatha Vani?

KrishiVigyan Kendra (ANGRAU), Ghantasala, Krishna-521 133, Andhra Pradesh, India
!Regional Agricultural Research Sation (ANGRAU), Anakapalli, Visakhapatnam-531 001, Andhra Pradesh
*Corresponding author email: srilathajeyabal @gmail.com

Rice contributes more than 40 per cent of the
country’s total food grain production. In Andhra
Pradesh, rice is grown in all thirteen districts.Out of all
these districts, Krishna district shares major part with
an area of 2, 13,452 ha. In spite of difficultiesin
agriculture viz., late release of water, late receipt of
canal water in tail end regions, increased cost of
cultivation with less profitability and increased labour
migration to city areas due to industrialization
causedseverelabour shortage and increased labour cost.
In Paddy cultivation 25-30 per cent of cost of cultivation
consumed by operations like nursery preparation,
pulling out seedlings and transplanting. According to
Das, 2003 raising of nursery and manual transplanting
are both labour intensive and costly prepositions.For
skipping these operations, direct sown paddy with seed
drill is much great helpful to the farming
community.Hence new innovations and initiatives are
required to make rice production system more
sustainable and economically profitable. Under these
circumstances, direct sown paddy with seed drill
appears to be a viable alternative for rice cultivation
that saves expensive inputs, water and labour.Keeping
view upon this, KrishiVigyan Kendra, Ghantasala has
conducted the study with an objective to analyse the
economic evaluation of the direct sown paddy over
farmers traditional method of rice cultivation in terms
of profitability in Krishna district of Andhra Pradesh

METHODOLOGY:

KrishiVigyan Kendra has conducted 100
demonstrations continuously for four years during

Kharif 2016-17, 2017-18 and 2018-19 on Direct
Sown Paddy with Seed Drill in adopted villages in
comparision with traditional method. All the farmers
were selected for this study purpose and interviewed
them with personal contact. Data was collected from
the farmers by using schedule.

RESULTS:

To find out the economic performance of the
technology, it is very important to find out the input
cost of paddy under Direct Sown Paddy and Traditional
method of paddy cultivation. Results showed that
estimated input cost of paddy under direct sown was
lower than Traditional method of paddy cultivation.

Tablel: Economicevaluation of paddy cultivation under Direct
Sown Paddy over Traditional method of cultivation at farmers
fiedld of Krishnadistrict, AndhraPradesh

Particulars Direct Sown Traditional
Paddy method of
cultivation
Land Preparation (Rs.) 2400 2400
Nursery (Rs.) 900 2900
Transplanting (Rs.) — 5000
Organic manures(Rs.) 1200 1200
Chemical manures (Rs.) 3500 3500
Weeding (Rs.) 1200 1200
Plant protection chemicals (Rs.) 1000 1500
Harvesting (Rs.) 8000 8000
Grain Yield (kg/ha) 5120 4806
Cost of cultivation (Rs/ha) 33,000 42,800
Gross returns (Rs.) 99,120 94,800
Net returns (Rs.) 61,200 57,600
Benefit cost ratio (B:C) 3.002.20 3.00 220
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Table shows the advantages of direct seeding
with seed drill over traditional transplanting in terms of
yield and net income besides reducing the duration of
the variety. There is a difference in cost of cultivation
which is nearly Rs.9000 to 10,000/ ha. The benefit
cost ratio of 3.00 was also much higher than the
Traditional method of planting (2.20). The lower net
returns of Rs.57, 600 and low benefit cost ratio of 2.20
indicated nonprofitability of paddy cultivation under the
Traditional method of planting method in Krishna
district. Hence it could be recommended that wherever
labour is scarce, costlier and for easy intercultural
operations, direct seeding through seed drill may be
advantageous for increasing the productivity and
profitability of direct seeded rice.

CONCLUSION:

The study concludes that Direct Sown Paddy
is a highly remunerative crop production method in
paddy as compared to Traditional method of
transplanting method in Krishna district. This method
projected higher yield with low cost of cultivation over

traditional method. Hence, the higher positive
relationship between the grain yield and crop growth
parameters resulted in increase in grain yield which
leads to higher preference of farmers for adoption of
direct sown paddy method of paddy cultivation over
traditional method. Some of the factors are constraining
the full adoption of the direct sown paddy are lack of
land leveling, skill in operating seed drill, weed control
and poor water control in the fields. If farmers overcome
these constraints, this technique will make remarkable
performance than the traditional method. This method
gained a momentum in upscaling the paddy productivity
which created a positive impact on farming community.
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IRC/TM-2/PP-23

EFFICIENCY OF IRON COATED SEEDS UNDER DIFFERENT TIME OF
SOWING INWET DIRECT SEEDED RICE

G. Senthil Kumar

Department of Rice, Tamil Nadu Agricultural University, Coimbatore-641 003, Tamil Nadu, India
*Corresponding author email:senthilkolathur @gmail.com

Rice is a staple food crop in Asia and has been
traditionally cultivated mainly by transplanting. Raising
seedlings in nurseries, pulling and bundling, transporting
to the field and transplanting are laborious and time-
consuming. Puddled soil is soft, which not only facilitates
the transplanting work of farmers but also favours the
growth of seedlings. Puddling controls weeds efficiently
by killing them before planting and by suppressing the
emergence of new weeds after planting. Labour
shortages brought about by high economic growth
prompted farmers to shift from transplanting method
to direct seeding method. The area that shifted to direct
seeding reached as much as 14% of all irrigated rice
fields, but further expansion has been limited by
inconsistent plant stands and the infestation of weeds
that are difficult to control (Pandey and Velasco, 2005).
The wet direct seeding technique, which aims to realize
labour saving in paddy rice cultivation, has continued
to gain popularity in recent years. Unlike the traditional
transplantation method, in which young rice plants are
first grown and then transplanted to a paddy field, wet
direct seeding is a technique in which the seed rice is
sown directly in a rice paddy, where it germinates and
establishes, and the rice is harvested from the same
paddy. Because the work of raising and transplanting
seedlings can be omitted, wet direct seeding can make
an important contribution to labour saving. When
farmers use primed seeds, they do not need to pre-
germinate the seeds before planting. The use of Fe
coated seeds prevents the occurrence of floating
seedling in the water seeding of puddled soil. Integrating
the preparation of primed and Fe- coated seeds make
water seeding in puddled soil without soaking and
incubation during the busy farm season feasible.

Because dry seeds are storable, Fe coated seeds could
be prepared during the off season. In this context, this
study is proposed to assess the impact of the iron
coated seed on crop establishment and productivity
with different time of sowing under direct seeded rice
system.

METHODOLOGY

A field experiment was conducted during
Kharif, 2018 and 2019 at the Department of Rice,
Tamil Nadu Agricultural University, Coimbatore, to
study the productivity of direct seeded rice with iron
coating under different rice ecologies. The experimental
trial was laid out in split plot design with three
replications. In main plot, 4 date of sowings with one-
week interval iz, M, - I" week of August sowing, M,
- 11" week of August sowing, M, - 111 week of August
sowing; M, - IV*week of August sowing and five
establishment methods in sub-plots Vi Z,S - Iron coated
seed broadcasting in 1-2 mm water level condition; S,
- Iron coated seed broadcasting in wet condition; S, -
Uncoated seed broadcasting in 1-2 mm water level
condition; S, - Uncoated seed broadcasting in wet
condition and S, — Normal method of transplanting.
The variety chosen for this study was Swarna.
Broadcasting of iron coated and uncoated seeds were
done in an weekly interval to study the growth and
yield performances. All the recorded data were
analysed statistically as per the method suggested by
Gomez and Gomez (1984).

RESULTS

Based on the two years of experimental study
the result revealed that first fortnight of sowing during
August resulted highest grain yield (5.27 t/ha) than those
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Table 1. Influenceof treatmentson grain yield (kg/ha) of rice

Treatments Grain yield (kg/ha)

I sowing 11" sowing 111" sowing V" sowing Mean
T, - Iron coated seed broadcasting in 1-2 mm
water level condition 5517 5653 5043 4840 5263
T, - Iron coated seed broadcasting in wet
condition 5340 5553 4890 4767 5138
T, - Un-coated seed broadcasting in 1-2 mm
water level condition 4830 4737 4530 4377 4619
T, - Un-coated seed broadcasting in wet condition 4753 4667 4367 4203 4498
T, - Normal transplanting method 5687 5763 5590 5347 5597
Mean 5225 5275 4884 4707

S.Ed CD(0.05)

M 23 o4
S %) 76
Mat S 68 144
SatM 72 148

of delayed sowing (Table 1). There was a significant
reduction in grain yield due to a delay of one week
from 2nd sowing. However, Fe coating significantly
increased grain yield over non-coating. Fe coated seeds
also exhibits higher growth and yield attributes when
compared to uncoated seeds. There is a significant
increase in grain yield due to iron coating of seeds which
facilitated a better system of establishment and growth.
Iron-coated rice seeds also exhibits high density,
improved anchorage and resistance to sparrow attack
and seed borne diseases. These iron coated seeds can
be stored at room temperature for more than 1 year
and can be sown without soaking or incubation.

CONCLUSION
In DSR method, Fe coated seeds broadcasting
in 1-2 mm water level condition during first fortnight of

August sowing resulted higher grain yield when compare
to delayed second fortnight of August sowing. The Fe

coating significantly increased grain yield over non-
coating. This method has been successfully introduced
in water seeding in puddled fields in an irrigated
ecosystem by broadcasting, row and hill seeding. These
iron coated seeds can be stored at room temperature
for more than 1 year and can be sown without soaking
or incubation.
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IRC/TM-2/PP-24

ROLE OF ZINC FERTILIZERS ON YIELD AND QUALITY ENHANCEMENT

IN RICE

Ch S Rama Lakshmi, P.Surendrababu, T. Sredlatha, A. Sireesha and M. Bharathalakshmi

Regional Agricultural Research Sation, Acharya NG Ranga Agricultural University, Anakapalle — 531001
sitaramal akshmi 20@yahoo.com

Zinc deficiency is one of the important abiotic
factors limiting rice productivity worldwide and also a
wide spread nutritional disorder affecting human health.
Studies on zinc dynamics and management in rice soils
is of great importance. Plants grown on soils low in
available zinc generally produce low yield with poor
nutritional quality (Welch and Graham 199). Field
experiment was conducted at Regional Agricultural
Research Station,Anakapalle with rice as test crop
(variety RGL 2537) to study the effect of different levels
of zinc fertilizers along with recommended dose of
chemical fertilizers (NPK) on yield and nutrient
enrichment of rice.

METHODOLOGY

The soils are neutral in reaction with normal
conductivity. Soil organic carbon and available nitrogen
status was low with medium available phosphorus and
potassium and available zinc status was above critical
limits (0.77 ppm). Experiment was conducted to study
the effect of zinc fertilizers through different methods
of application on crop productivity and zinc enrichment
in rice. The treatments include T1 : Control
(recommended dose of chemical fertilizers without
zinc), T2 : T1 + 25 kg zinc sulphate ha-1 (soil
application), T3 : T2 + zinc sulphate foliar spay at 21
days after transplanting (@ 2 g lit-1), T4 : T2 + zinc
sulphate foliar spay at 60 days after transplanting (@ 2
g/lit, TS : T2 + Foliar sprays of zinc sulphate at 21 and
60 days after transplanting, T6 : T1 + 12.5 kg zinc
sulphate/ha through soil application, T7 : T6 + zinc
sulphate foliar spray at 21 days after transplanting, T8
. 12.5 kg zinc sulphate/ ha as soil application + zinc
sulphate foliar spray at 60 days after transplanting, T9

: 12.5 kg zinc sulphate/ha through soil application +
Foliarsprays of zinc sulphate (21 & 60 days after
transplanting), T10 : Foliar Spray (@ 2 g/ lit) at 21
days after transplanting, T11 : Foliar Spray (@ 2 g/ lit)
at 60 days after transplanting and T12 : Foliar Sprays
(@ 2 g/ 1it) at 21 & 60 days after transplanting.
Recommended doses of nitrogen, phosphorus and
potassium were applied uniformly to all the treatments
in the form of urea, single super phosphate and muriate
of potash.

RESULTS

Highest grain yield of rice (5.41 tha!) was
recorded with application of 100 % chemical fertilizers
+12.5 kg zinc sulphate/ha as soil application + two
foliar sprays of zinc sulphate at 21 and 60 days after
transplanting, whereas, lowest grain yield of rice (4.71
tha!) was recorded with control plots where no zinc
application was done during entire experimentation
period. Similar results were reported by Singh et al.,
2011. However, this was on par with all the treatments
which received zinc fertilizers through soil application
and foliar sprays over foliar sprays alone. These results
suggest that for better output and for balanced nutrition
combined application which is also advocated by Depar
etal 2011. Straw yield also followed the same trend as
it was highest in the zinc applied treatments compared
to control treatment. The significant increases in grain
Zn concentration were found in the case of combined
application of soil(25 kg zinc sulphate per ha) and foliar
Zn fertilizers (0.2 % foliar spray) that caused 6 to 15
% increase in grain Zn under different combinations
and levels of zinc sulphate. Irrespective of soil Zn status,
foliar Zn applications resulted in significant increasesin
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grain Zn, especially in the case oflate-season foliar Zn
application (Naik and Das, 2007).

CONCLUSION

In view ofthe above results, providingZn to
plants(for example, by applying Zn-fertilizers to soil and/
or to foliar) appears to be important to ensure success
of breeding efforts for increasing Zn concentration in
grain. Fertilizerstrategy could be a rapid solution to the
problem and can be considered an important

complementary approach to the on-going breeding
programs.

REFERENCES

Naik SK and Das DK (2007). Effect of split application
of zinc on yield of rice in an Inceptisol. Arch
Agron. Soil Science. 53 (3): 305-313.

Welch RM and Graham RD (1999). A new paradigm
for World Agriculture: meeting human needs,

productive, sustainable, nutritious. Field Crops
Research 60: 1-10.

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




1 Indian Rice Congress - 2020 . ?) Eé,dian Rice
Rice Research and Development for Achieving Sustainable Development Goals k/ &

Theme -II: Sustainable rice farming

IRC/TM-2/PP-25

WEED DYNAMICS AND YIELD ASINFLUENCED BY LEAF COLOUR
CHART BASED NITROGEN AND WEED MANAGEMENT TREATMENTS

K. Hemalatha* and Yashwant Singh

Institute of Agricultural Sciences, Banaras Hindu University, Varanasi-221 005, UP, India
*Corresponding author email: kutikuppalahemalatha@gmail.com

Direct seeded riceis an emerging production
technology in India since requirement of water, labour
and capital input are less initially. But direct seeded
rice has problem of severe weed infestation (Chauhan,
2012). Various herbicides have been used for
controlling weeds in DSR but efficiency of chemical
methods based on single herbicide treatment may be
unsatisfactory because of their narrow spectrum of
weed control. Therefore, application of several
herbicides in combination or in sequence can be more
useful (Chauhan and Yadav,2013). Nitrogen is the key
nutrient for crops, which affects biomass production
and partitioning into various plant parts, and plays a
significant role in the competitive balance between
weeds and crops. Gadgets such as the inexpensive leaf
colour chart (LCC) and chlorophyll meter (Soil Plant
Analysis Development) have proved quick and reliable
tools to decide the time when N fertilizer should be
applied to the crop.

METHODOLOGY

A field experiment was conducted during rainy
(Kharif) season of 2016 and 2017 at Agricultural
Research Farm, Department of Agronomy, Institute of
Agricultural sciences, Banaras Hindu University,
Varanasi, Uttar Pradesh. The soil was Gangetic alluvial
having Sandy clay loam in texture with pH 7.80. It was
moderately fertile, being low in available organic carbon
(0.33%), available N (154.60 kg/ha), and medium in
available P (12.10 kg/ha) and K (210.51 kg/ha). The
experiment was laid out in split-plot design replicated
thrice with four nitrogen management treatments and 5
weed management treatments (Table 1). Full dose of
phosphorus and potash were applied as basal

application and nitrogen was applied as per treatment.
The dry seed of ‘HUR 105’ variety of rice at 30 kg ha®
'was sown manually with the help of spade at a row
spacing of 20 cm. Weed samples were collected by
placing a quadrate (50 x 50 cm) randomly at two places
in each plot at 20, 40, 60, 80 DAS and at harvest.
RESULTS

Application of nitrogen @ LCC <5 (N,)
recorded minimum weed density and weed dry matter
might be due to the fact that in all LCC treatments equal
and liberal amounts of nitrogen were applied with more
number of splits at critical growth stages and made
timely availability of nitrogen as per need of the plant.
Under different leaf colour chart based nitrogen
schedules, LCC <5 (N,) recorded highest weed control
efficiency due to lower dry matter accumulation of
weeds at all the stages of crop growth.Application of
LCC <5 (N,) was recorded maximum grain and straw
yield than other nitrogen treatments (Table 1). The
increased grain and straw yield was perhaps as a result
of better availability of nutrient as need based and
reduced weed density, dry weight and better weed
control efficiency.

Among weed management practices, maximum
weed control efficiency, minimum total weed dry weight
and weed density was recorded with pyrazosulfuron
@ 20 g a.i ha! (PE) fb bispyribac @ 25 g a.i ha'at
15-20 DAS (W,). Superior performance of herbicides
in reducing the weed dry weight due to sequential
application compared to alone application. The highest
weed control efficiency might be due to the fact that
the successive application of two herbicides at an
interval of 20 days created an adverse reduction in total
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Tablel: Effect of L eaf colour chart based nitrogen and weed management on total density of weeds, dry weight and WCE of direct
seededrice

Treatments Total weed Weed dry WCE (%) Grain yield Straw yield
density (No. m?)  weight (gm™) (kgha') (kgha')
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Nitrogen management

N,:RDN (120 kg N ha™") 1901 2024 8.84 9.64 21.06 20.18 3515.15 312291 5471.86 5350.65
(36726) (416.17)  (78.74) (94.04)

N,:LCC<3 1868  20.06 8.60 9.35 2594 2560 3688.31 3316.02 5645.02 542857
(352.58) (405.52) (73.87) (87.66)

N,:LCC<4 1766  19.10 8.14 8.64 3353 36.17 3826.84 369697 543723 5423.84
(31621) (36941) (66.30) (75.21)

N,:LCC<5 1642  18.12 791 834 3568 3944 4277.78 402597 602597 5922.08
(281.90) (33798) (64.16) (71.35)

SEm+ 0.26 0.36 0.12 0.14 — — 9791  59.70 7021  63.26

CD (P=0.05) 0.90 124 042 0.50 — — 33882 20659 24295 21890

Weed management practices

W,: Weedy check 2226 2378 1000 1086 000  0.00 253247 2186.15 4956.71 474517

(49589) (56539) (99.75) (117.82)

W,: Two hand weedings at 20

and 40 DAS 1486 1675 744 8.02 4415 4543 482775 4574.63 6093.07 6006.49
(224.51) (283.33) (55.71) (64.29)

W.: Pendimethalin @ 1 kg a.i ha™!

(PE) fhbispyribac @ 25 ga.i ha™

at 15-20 DAS 1792 19.17 8.11 8.54 3419 3793 373377 346320 5692.64 5562.77
(321.85) (368.13)  (65.65) (73.13)

W.: Flufenacet @ 120 g a.i ha'!

(PE) fhbispyribac @ 25 ga.iha™

at 15-20 DAS 1841  19.60 854 918 2724 2797 338745 308442 5422.08 5357.14
(340.27) (384.90) (72.58) (84.87)

W,: Pyrazosulfuron @ 20 g a.i ha’!
(PE) fb bispyribac @ 25 ga.iha’

at 15-20 DAS 1627 17.60 777 837 3970 4039  4653.68 439394 6060.61 5984.85
(264.92) (309.60)  (60.15) (70.23)

SEmr+ 021 012 011 008 — — 7689 7045 6819 5423

CD (P=0.05) 060 034 031 024 — @ — 2149 20294 19642 15622

Data were subjected to square root transformation x +0.5.
Figures in parenthesis are original values

weed dry matter. Application of pyrazosulfuron @ 20 better yield structure which might have eventually
ga.iha' (PE) fb bispyribac @ 25 g a.i ha'at 15-20 resulted in higher yields.

DAS resulted in significantly higher grain and straw CONCLUSION

yield. This might be due to prevalence of weed free

. ‘ : _ Thus, it may be concluded that, application of
crop growing environment might have enabled congenial

> ‘ ‘ LCC<5(N,) recorded highest weed control efficiency,
conditions for production of higher growth stature and
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lower weed density and dry matter,highest grain and
straw yield. Broad spectrum weed control with highest
weed control efficiency, lower weed density and dry
matter, higher grain and straw yield was achieved
through sequential application of pyrazosulfuron 20 g/
ha(PE) fb bispyribac 25 g/ha at 15-20 DAS in kharif
sown dry direct-seeded rice in Eastern Uttar Pradesh.
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IRC/TM-2/PP-26

MICROBIAL POPULATION DYNAMICSIN RICE FIELDSWITH THE
APPLICATION OF BIOFERTILIZERS (AZOSPIRILLUM AND
PHOSPOBACTERIA) IN VISAKHAPATNAM DISTRICT

T. Sreelatha, Ch. S. Rama Lakshmi, A. Sireesha, P. Kishore Varma and M. Bharatha L akshmi

Regional Agricultural Research Sation, Anakapalle, ANGRAU, Andhra Pradeh
*Corresponding author email: sreelatha.thamminana69@gmail.com

Bio-fertilizers are defined as biologically active
products or microbial inoculants of bacteria, algae and
fungi (separately or in combination), which possess the
inborn ability either to fix or mobilize important nutrient
elements from non-usable forms through biological
process.In nutshell, it provides “ecofriendly” organic
agro-input which has the ability to alter nutritionally
important elements from unavailable to available form
through biological processes (Vessey, 2003). So, it
can be expected to reduce the use of chemical fertilizers
and pesticides by introducing biofertilizers (Subashiniet
al., 2007). It not only saves chemical fertilizers but
also help in its effective utilization and results in
higher yield rates.

Rice production needs huge amount of
chemical fertilizer application, especially urea, which is

one of the causes of global warming and groundwater
pollution. After nitrogen the second most important
nutrient is phosphorus. It may prevail in the soil but
may not be bio available to the plant. In this case, a
group of microorganisms can help in Biological nitrogen
fixation and solubilization of insoluble organic and
inorganic phosphorus and simultaneously reduce use
of chemical fertilizers. Biofertilizers are being produced
at Regional Agricultural Research Station, Anakapalle
and supplied directly to farmers and through
Department of Agriculture and the effectiveness of the
applied biofertilizers was not yet studied. Therefore,
microbial population dynamics in rice fields with the
application of biofertilizers was studied during Kharif
2018-19 to monitor the changes in the population of
functional groups of microbes due to application of

Tablel: Microbial population countsof applied biofertilizer sfrom Rice Fieldsin Visakhapatnam district.

Village Mandal Microbial population(X 10°cfu/g soil)

05.10.18 (Tillering stage) (PI stage) (After crop harvest)

20.10.2018 26.11.18 05.01.2019

Initial Inoculated Control Inoculated Control Inoculated  Control

ASP PSB  ASP PSB ASP PSB ASP PSB ASP PSB ASP PSB ASP PSB
Gouripatnam Chodavaram - - 10 9 3 2 2 1 1 1 1 1 1 1
V.R.peta Chodavaram 1 1 5 7 2 1 3 1 1 1 2 1 1 1
Venkannapalem Chodavaram - 1 6 8 4 1 11 3 1 1 5 3 1 1
Venkannapalem Kasimkota 1 - 6 5 3 1 9 4 1 2 5 3 1 1
Narsingabilli Kasimkota 1 1 8 9 4 1 8 2 2 1 4 1 1 1
Shaiek Ali Palem Kasimkota - - 9 4 6 2 4 3 1 1 3 2 1 -
Kokkirapalli Yelamanchili - - 9 7 3 1 7 4 1 1 4 3 1 -
Somannapalem Yelamanchili - - 9 9 2 1 3 3 1 1 2 1 1 1
Marripalem Anakapalle - 1 10 4 3 1 6 2 1 1 3 2 1 -
Sankaram Anakapalle 1 - 10 5 2 1 6 3 2 2 4 2 1 1
Sivannapalem  Pendurthi 1 - 8 8 5 1 6 2 1 1 3 1 1 1
Dakamarri Bheemili - 1 11 10 1 1 5 5 1 1 3 2 - 1
Lakshmipuram  Bheemili - 1 7 12 2 1 5 3 1 1 2 1 1 1
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biofertilizers (Azospirillumand Phospobacteria ) to
rice crop in Visakhapatnam district.

METHODOLOGY:

Collected initial rhizosphere soil samples from
7-10 days transplanted rice fields from 13 different
villages in Visakhapatnam district. Azospirillumand
Phospobacteria biofertilizers were applied to the field
each at the rate of 5.0 Kg ha''. Rhizosphere soil
samples were collected from both inoculated and un
inoculated rice fields at three stages i.e. attillering stage,
panicle initiation stage and after crop harvest.
Azospirillumand Phospobacteria population counts
were recorded at microbiology laboratory.

RESULTS:

The data indicated that more number of colonies
were recorded in inoculated rice fields compared un-
inoculated rice fields. Microbial population was
recorded maximum at tillering stage in all the locations

and the highest population was recorded Azospirillum
(11X 10°cfu/g soil) and Phospobacteria (10X 10°cfu/
g soil) at Dakamarri, Bheemilimandal in inoculated rice
field. However, reduction in the microbial population
was observed after PI stage and minimum microbial
population i.e. Azospirillum(5X 10°cfu/g soil) and
Phospobacteria (3X 10°cfu/g soil) was recorded after
crop harvest. Therefore, it is suggested to apply
biofertilizers at least continuously for 3-4 seasons to
establish sufficient microbial load in rice fields of
Visakhapatnam district.

REFERENCES:

Subashini, H.D., Malarvannan, S. and Kumar, P. 2007.
Effect of biofertilizers on yield of rice cultivars
in Pondicherry, India. Asian Journal of
Agriculture Research. 1(3): 146-150.

Vessey, J.K. 2003.Plant growth promoting
rhizobacteria as biofertilizers. Plant and Soil.
255(2): 571-586.
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NUTRIENT MANAGEMENT AND CROP ESTABLISHMENT METHODS
OF RICE FOR HIGH ALTITUDE AND TRIBAL AREAS OF ANDHRA
PRADESH

Tejeswara Rao K., Upendra Rao A., Lakshminarayana N., Sekhar D. and Rama Rao G.

Agricultural Research Sation (ANGRAU), Seethampeta-532443, Andhra Pradesh, India
*Corresponding author email: tejaseniorscientist@gmail.com

Rice is the major staple food crop grown about
1 lakh hectares in high altitude and tribal areas of Andhra
Pradesh. However the productivity is less than two
tones per hectare with very less returns leaving the
farmers poor. Adoption of improper and traditional
agronomic practices, non application of fertilizers and
manures as per the crop needs are the some of the
reasons attributed. It is very high time to focus on
escalation of crop productivity without hampering to
their natural resource base. Farmers of this fragile
ecosystem are also attracted towards the recent
advancement in crop establishment methods and
nutrient management practices adopted elsewhere.
Therefore a field study was conducted involving
improved methods of crop establishment with adequate

nutrition.
METHODOLOGY

A field experiment was conducted during
Kharif 2013-14 at Agricultural Research Station,
Seethampeta, Andhra Prtadesh, India. The soil was
sandy clay loam having pH 6.8, organic carbon 0.71
%, available nitrogen 278 kg ha', available P,O, 32.9
kgha'and K O 316 kg ha''. The trial was laid outin
split plot Design with three replications with four main
plots consists of crop establishment methods viz.,
Direct sowing , Drum seeding, modified SRI(Systems
ofrice intensification) and normal transplanting) and
four nutrient management practices viz., 100% RDN
(80 kg N through Green Manure+ FYM); 200% RDN
(160 kg N through Green Manure+ FYM); 100%

Table 1. Effect of crop establishment methodsand nutrient management on yield attributesand dry matter production at harvest

inrice.

Treatment No. of No. of No.ofFilled 1000 grain Dry matter at
tillersm panicles m? grains/panicle wt(g) harvest(Kg ha™)

M, — Direct sowing 557 452 126 2243 11946

M, — Drum seeding 529 445 121 22.37 11514

M, — Modified SRI 511 437 149 2348 12960

M, - Transplanting 502 415 137 23.31 12075

SEnr+ 12.79 11.05 4.07 022 235

CDat0.05 4 38 14 0.68 807

S,—100% RDN (80 kg N through Green

Manure+ FYM) 396 340 121 2297 10845

S,—200% RDN (160 kg N through Green

Manure+ FYM) 507 433 136 2321 12410

S,— 100% RDF+GM 574 468 142 2343 12925

S,- 100% RDF 493 422 133 22.67 11757

SEm+ 1552 12.19 4.85 031 243

CDat0.05 4532 35.59 14.16 091 710

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

Tor



1¢ Indian Rice Congress - 2020 7)
Rice Research and Development for Achieving Sustainable Development Goalsk

Indian Rice
Cungress

Theme - II : Sustainable rice farming

Table?2. Effect of crop establishment methodsand nutrient management on yield and economicsof rice

Treatment Grain yield Straw yield Gross Returns Net Returns B : Cratio
(Kgha') (Kgha') (Rsha™) (Rsha')
M, — Direct sowing 5530 6418 78308 22808 141
M, — Drum seeding 5182 6295 73661 15111 1.26
M, — Modified SRI 6132 7333 87049 24524 1.39
M, - Transplanting 5718 6725 81059 17809 1.28
SEm+ 147 161 1081 241 0.022
CDat0.05 506 554 3719 829 0.08
S,—100% RDN (80 kg N through Green
Manure+ FYM) 4215 5309 60104 -396 0.99
S,—200% RDN (160 kg N through Green
Manure+ FYM) 5035 6150 71605 8355 1.13
S, - 100% RDF+GM 5325 6487 75712 15462 1.26
S,- 100% RDF 5047 6030 71641 13091 122
SEm+ 153 168 1056 267 0.023
CDat0.05 447 491 3084 780 0.07

RDF+GM; 100% RDF i.e., 80—-50-40kg NP K
per hectare ) . Direct sowing was done using ferti-cum
seed drill under irrigated dry conditions. 15 days old
seedlings planted at a spacing of 30 cmX20 cm in case
of modified SRI. Coimbatore drum seeding equipment
was used for drum seeding. In case of manual
transplanting 26 days old seedlings planted at a spacing
0f20cmX15 cm during Kharif. MTU 1001 (140 days
duration) was the test variety. Standard and
recommended cultural and plant protection measures
followed for respective establishment methods as per
the treatments. Data were collected duly following
standard procedure and analyzed using ANOVA and
the significance was tested by Fisher’s least significance
difference (p=0.05).

RESULTS

Study revealed that, among crop establishment
methods, direct sowing registered maximum number
of tillers and panicles m?, whereas modified SRI
recorded the higher number of filled grains/ panicle ,
1000 grain weight, dry matter production at harvest,
grain yield and straw yield followed by direct sown

rice. The grain yield in modified SRI was higher by
6.75% over transplanting and 15.49% higher over
drum seeding. Optimum plant population and quick
establishment of crop with modified SRI resulted in
favourable yield structure which in turn leads to higher
grain yield. Plant density plays a major role in
determining the efficiency of solar energy conversion
to plant product per unit of land area. Gross returns
and net returns also higher with modified SRI Whereas
B: Cratio was higher with direct sowing. Murthy et
al.,(2015) also reported similar findings of superior
performance of alternate systems of rice establishment
on productivity and returns of rice in north coastal
Andhra Pradesh. With respect to nutrient management,
application of 100% RDF along with green manuring
showed superior performance followed by 200% RDN
through organics. Application of 100% RDF along with
green manuring recorded the highest growth, yield
structure, dry matter, grain and straw yield, Gross
returns, net returns and B: C ratio over rest of the
nutrient management practices. Similar observations of
superior performance of 100% RDF along with green
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manuring in rice was also reported by Rao et al.,
(2016).
CONCLUSION

Modified SRI with of 100% RDF along with
green manuring is the best crop establishment and
nutrient management practice to improve yield and
returns to rice farmers of high altitude and tribal areas
of Andhra Pradesh.
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