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PREFACE

Rice is the mainstay global food and important source of livelihood for around 144 million
rice-farming households and for millions of people working on rice farms as labourers. Rice
production of India increased from 64.6 million tonnes in 1971 to 124.37 million tonnes in 2020-21
growing at an average annual rate of 2.68%. But the current research and development strategies
appear to be inadequate to ensure food security in the present context of increasing food demand
of the burgeoning population and the rising needs of international trade. New technologies are
required to ensure more and better rice production to improve nutrition security and boost incomes.
Moreover, focussed efforts are required to reduce vulnerability to biotic and abiotic risks and
shocks; and improve resilience and adaptability to erratic weather patterns.

Keeping in mind those facts, the objective of this congress is to provide a platform for all
rice stakeholders to interact and exchange ideas about recent advances in rice science as well as to
sustain rice cultivation in India. The Congress is divided into four broad thematic areas 1.
Enhancing the genetic potential of rice for stress tolerance and nutritional quality, 2. Ecological
and sustainable management of rice-based production systems, 3. Biotic stress management in
rice: recent scientific advances and 4. Socio-extension approaches in rice farming to address global
food security issues.

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

world is praiseworthy.

Chairman and Members
Programme and Publication Committee
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INVITED LECTURE

My tryst with rice plant for designer panicle architecture

Dr P K Mohapatra
Honorary Professor, School of Life Science, Sambalpur University, Jyoti Vihar, Sambalpur 768019

Among the cereals, rice is the most widely
consumed staple food of mankind. Since the
advent of dwarf statured varieties, which enabled
a major breakthrough in rice yield and production,
further raising the ceiling of genetically
determined yield potential has been the breeding
priority. The positive development in achieving a
grain surplus was made possible because of
improvement of the yield potential of irrigated
rice. Food surplus in the developing nations of
Asia was unperturbed until the end of the last
century. However, population growth continued
unabated thereafter, while the level of rice
production stagnated. By the year 2030, there will
be five billion rice consumers on earth and the
demand for rice is projected to accentuate sharply.
The level of rice production close to 700 million
tons per annum in the recent years does not assure
food security for rice consumers in the future. The
level of demand is expected to rise up to 852 million
tons in 2035. Increase of rice production up to
this high level through field management practices
is not possible because of several constraints like
scarcity of water, land holdings, fertilizers and
other commodities for the poor and marginal
farmers. Trait development through innovative
ideotype breeding efforts, however, holds promise
for improvement of yield potential beyond 10

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

tons/ha of the IR8-parented high yielding
semidwarf rice. In pursuance breeders focused
attention on salient features of panicle
morphology (spikelet number, primary and
secondary branch number) and developed large
panicle NPT rice bearing numerous spikelets per
panicle. Most of the spikelets failed grain
development because of improper structural
design and the extra spikelets located mostly on
secondary branches decimated owing to high
ethylene production. This situation aggravates in
stress-prone environments. It is plausible that the
discovery of genetic control of organ formation
in rice spikelet will provide the information to
develop designer rice panicle bearing multi-floret
spikelets. However, focusing attention on this issue
has been wanting although an assortment of
genotypes with varied panicle architecture widely
differing in grain occurrence pattern are available
naturally. Among the diverse genotypes rice
breeders should consider number florets in each
spikelet for increasing panicle grain number and
potentially improving yield. Further, priority
should be given for screening of rhizomatous rice
landraces for improving ratooning ability and
developing perennial rice. Opportunity for such
diversity abounds but effort are lacking.

HE 1
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ARRWI/SIRC/Theme 1/01

Genetic divergence analysis in Rice(Oryzasativa L.)genotypes for
yield and quality traits

Atul Kumar Pachauri' and Deepak Gauraha'

'Department of Genetics and Plant Breeding, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattsgarh
Correspondence author Email id: pachauriatul@yahoo.in

Forty two rice genotypes excluding six checks
comprising traditional landraces and released
varieties from IGKV was evaluated for 18
quantitative and quality traits by principal
component analysis and cluster analysis for
determining the pattern of variation, relationship
among individuals and their characteristics.
Principal component analysis was utilized to
examine the variation and to estimate the relative
contribution of various traits for total variability.
The uppermost numbers of genotypes were found
in cluster VII, which consisted of 9 genotypes
followed by Cluster V having 7 genotypes with
cluster VI with 7 genotypes with one check TN1,
cluster IV comprises of 4 genotypes, while cluster
IT and III contain each 3 genotype.

INTRODUCTION

Rice (Oryza sativa L.) (2n=24) is the staple food
of more than three billion population in the world,
mainly who lives in Asian countries. It is the
beginning point of food anchorage and is
systematically related with conventional
traditions and customs. Rice is also known as
‘Global grain” due to its wider adoptability and
wider cultivation throughout the world and the
production of rice is being decreasing annually
due to the damage caused by several biotic stress
factors

MATERIALS AND METHODS

Present study was carried out during 2020 at
Instruction Research Farm, Indira Gandhi Krishi
Vishwavidyalaya, Raipur, Chhattisgarh. 42 Rice
materials used in this study were obtained from
NBPGR, New Delhi. The experiment was laid out
in a RBD with three replications. Each block
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consisted of thirty one genotypes randomized and
replicated within each block. Twenty seven days
old seedlings were transplanted 20 cm apart
between rows and 15 cm within the eighteen yield
attributes of five randomly selected plants in each
replication. Observations were also recorded to
study grain quality characters.

RESULT AND DISCUSSION

Using principal component analysis, we found
that kernel length after cooking, Decorticated
grain l:b ratio, grain yield/plant, Decorticated
length of grain, Decorticated breadth of grain,
Head rice recovery percentage, hundred grain
weight have the most substantial contribution Das
et al 2013, . Six principal components exhibit in
excess of 1 Eigen value and explain as a minimum
5% of disparity beside with 74.60% cumulative
variability amongst the characters considered.
However, the seven PCs were agreed due to its
consequence for further explained. The PC1 was
show 26.93% while PC2, PC3, PC4 PC5, PC6 and
PC7 presented 16.26, 9.25, 8.74, 7.28 and 6.13%
variability among the traits. PCA revealed
principal discriminatory characteristics e.g. kernel
length after cooking, Decorticated grain I:b ratio,
grain yield/plant, Decorticated length of grain,
Decorticated breadth of grain ,Head rice recovery
percentage, hundred grain weight and Milling
percentage respectively. Forty two rice accessions
were used for UPGMA cluster analysis and these
accessions were grouped in eight clusters.

CONCLUSION

The current study indicate that genotype from
these clusters can be used to get utilized heterosis.
Thus, in current study, the representative

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023
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individuals (IC459148 X IR64) should be selected
from cluster V and VIII respectively, as parents,
for yielding superior hybrids. PCA shown
principal discriminatory characteristics such as
decorticated grain L/B ratio, decorticated grain
breadth, elongation ratio, plant height, days to
50% flowering, gel consistency, grain yield per
plant, Utilization of these characters in breeding
programme to bring about rapid improvement for
yield other associated traits which may be kept
into consideration

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

REFERENCES

Mahalanobis P C. 1936. On the generalized distance in
statistics. Proc. Nat. Inst. Sci. India. pp.12-49.

Spark D N. 1973. Euclidean cluster analysis Algorithm
AS 58APP. Stats.22:126-130

Das, B. Sengupta, S.Parida, S K. Roy, B. Ghosh, M. Prasad,
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ARRWI/SIRC/Theme 1/02

Standard heterosis and trait association of yield and therapeutic traits
in rice (Oryza sativa .L)

Ananda Lekshmi. L}, S. Geetha', K. Amudha' and D. Uma?

!Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore, 641003
’Department of Biochemistry, Centre for Plant Molecular Biology, Tamil Nadu Agricultural University, Coimbatore, 641003.
"Email of the corresponding author: geethagovind1@gmail.com

Rice a staple food of millions of people
worldwide and is branded as the grain of life
and its significance had been appreciated
throughout the history across civilizations and
cultures. Rice feeds more than half of the
population in India and provides 60 to 70% of
calories and thus the so-called dal-vat-tarkari
is an iconic menu seen across the entire Indian
subcontinent. Landraces rice varieties have been
demonstrated to possess anti inflammatory and
antioxidant properties thus presenting rice as a
potential candidate for neutraceutical and as
functional food alternatives for the reduction
of oxidative stress. The therapeutic properties
of the red and black coloured whole grain rice
varieties have been attributed to the presence
of polyphenols such as phenolic acids,
flavonoids and anthocyanins. The study was
conducted to study the heterotic level in
different cross combinations and inter-
relationship among yield and therapeutic traits.

METHODOLOGY

Hybridization programme was carried out
following a Line x Tester mating design,
involving six lines and four testers at the
Department of Rice, Centre for Plant Breeding
and Genetics, Coimbatore, during 2019. The F,
seeds of 24 hybrids along with ten parents and
standard check CO (R) 50 and CO 51 were raised
in two replications in a randomized block design.
Single plant yield was recorded at maturity.
Therapeutic traits viz., total flavonoids and
anthocyanin content were estimated in the
grains.
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RESULTS

The extend of heterosis is the indication of genetic
diversity among the parents involved in the cross
combination. The estimate of heterosis over
standard checks are more rational for practical
applicability. Positive heterosis is considered for
all traits studied including the therapeutic traits.
Among 24 hybrids evaluated three hybrids
exhibited high positive significant heterosis for
therapeutic traits along with the foremost trait
single plant yield. The best heterotic combinations
identified were ADT 43 x 1G6 (L, x T,), ADT 37 x
Mikkuruvai (L, x T,) and Improved white ponni
x Nootripathu (L, x T,)over the standard checks
CO (R) 50 and CO 51. A positive significant
heterosis was exhibited by ADT 43 x IG6 for total
flavonoid, anthocyanin, amylose content in
addition to single plant yield and thousand grain
weight. The cross combinations, ADT 37 x
Mikkuruvai and Improved white ponni x
Nootripathu recorded positive significant heterosis
for total flavonoid, amylose content, thousand
grain weight and single plant yield. In the current
study, the hybrid ADT 43 x IG6, which was a
cross between two high gca parents for the
aforementioned qualities, was determined to be
promising for total flavonoid content and single
plant yield based on per se performance and
standard heterosis. Among all the traits, a positive
correlation with single plant yield was manifested
by number of grains per panicle, number of
productive tillers per plant and thousand grain
weight. The anthocyanin and total flavonoid
contents showed a positive association, however
the single plant yield was not significantly
correlated with these therapeutic traits.

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023
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Table.1 Estimates of standard heterosis for single plant yield and therapeutic traits

CROSS Single plant yield Total flavonoid Anthocyanin Amylose content
—-——— CO50 CO51 CO50 CO 51 CO50 CO51 CO50 CO51
1x1 -28.23 ** -17.25 ** 324.77 ** 715.03 ** -16.67 ** 11.11 8.33 ** 9.36 **
1x2 -36.86 ** -27.20 ** 296.78 ** 661.32 ** 108.61 ** 178.15 ** -1.78 -0.85
1x3 44.20 ** 66.28 ** 254.84 ** 580.84 ** -24.72 ** 0.37 13.53 ** 14.60 **
1x4 -84.77 ** -82.44 ** 293.60 ** 655.23 ** 250.00 ** 366.67 ** -12.55 ** -11.72 **
2x1 -36.09 ** -26.30 ** 219.97 ** 513.94 ** -75.00 ** -66.67 ** 16.90 ** 18.01 **
2x2 56.02 ** 79.91 ** 318.14 ** 702.31 ** 16.94 ** 55.93 ** 4.08 * 5.06 *
2x3 -34.97 ** -25.02 ** 305.57 ** 678.19 ** 83.61 ** 144.81 ** 215 -1.23
2x4 -82.05 ** -79.31 ** 308.47 ** 683.75 ** 216.67 ** 322.22 ** 478 * 5.76 **
3x1 -36.36 ** -26.62 ** 234.92 ** 542.63 ** -25.00 ** 0.12 11.57 ** 12.62 **
3x2 -62.45 ** -56.70 ** 334.11 ** 732.94 ** 133.33 ** 211.11 ** 8.76 ** 9.78 **
3x3 -8.65 ** 5.34 ** 298.14 ** 663.93 ** -49.72 ** -32.96 ** 2.29 3.26
3x4 -68.13 ** -63.25 ** 27522 ** 619.95 ** 233.33 ** 344.44 ** -11.28 ** -10.44 **
4x1 -14.50 ** -141 128.93 ** 339.25 ** -66.67 ** -55.56 ** -8.80 ** -7.94 **
4x2 -15.93 ** -3.05 186.91 ** 450.51 ** 66.67 ** 122.22 ** -2.01 -1.09
4x3 -82.79 ** -80.16 ** 112.33 ** 307.40 ** -8.33 2222 ** 1.69 2.65
4x4 -80.20 ** -77.17 ** 336.49 ** 737.52 ** 233.33 ** 344.44 ** -7.91 ** -7.04 **
5x1 -14.23 ** -1.10 271.37 ** 612.57 ** 0.00 33.33 ** 7.91 ** 8.93 **
5x2 -66.51 ** -61.38 ** 259.34 ** 589.49 ** 66.39 ** 121.85 ** 5.06 * 6.05 **
5x3 -47.75 ** -39.75 ** 222.89 ** 519.55 ** -58.61 ** -44.81 ** 9.97 ** 11.01 **
5x4 -56.76 ** -50.14 ** 142.46 ** 365.22 ** 208.33 ** 311.11 ** -1.45 -0.52
6x1 21.78 ** 4043 ** 234.56 ** 541.94 ** -41.67 ** -22.22 ** 8.10 ** 9.12 **
6x2 -25.23 ** -13.78 ** 277.82 ** 624.94 ** 50.00 ** 100.00 ** 3.28 425 *
6x3 -20.18 ** -7.96 ** 249.94 ** 571.45 ** -25.00 ** 0.00 -13.34 ** -12.52 **
6x4 -54.05 ** -47.02 ** 260.46 ** 591.63 ** 183.33 ** 277.78 ** -4.68 * -3.78
CONCLUSION anthocyanin content. The study also offers a

The hybrid combinations, ADT 43 x IG6,
ADT 37 x Mikkuruvai and Improved white ponni
x Nootripathu were found to be promising for
therapeutic traits along with single plant yield in
terms of standard heterosis. These genotypes may
be evaluated for further confirmation of their
superiority for exploiting them commercially. The
correlation study serves as indexes to indirectly
select breeding lines for high flavonoid and

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

brand-new chance for rice breeders to advance
the production of rice with improved therapeutic
properties, which will eventually benefit
commercial rice growers.

REFERENCES

Zhang, H., Shao, Y., Bao, J., & Beta, T. (2015). Phenolic
compounds and antioxidant properties of
breeding lines between the white and black
rice. Food Chemistry, 172, 630-639.
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ARRW/SIRC/Theme 1/03

Study on Physicochemical and Cooking Properties of Farmers’
Varieties of Rice (Oryza sativa L.)

Gadge Sushant Sundarrao”, Bidhan Roy* and Rajkumari Sarita Devi?

1&2Department of Seed Science and Technology, Faculty of Agriculture, Uttar Banga Krishi Viswavidyalaya,
Pundibari, Cooch Behar, 736165, West Bengal, India
E-mail: sushantgadge4@gmail.com

Rice (Oryza sativa L. 2n = 24) is a member of Poaceae
(old Gramineae) family, and it is the world most
important cereal crop, which serve as a primary
source of food for almost half of the world’s
population. China and India together accounts for
more than half of the global rice consumption
(Tripathy et al., 2017). Rice provides essential
nutrients, good amount of minerals, vitamins
essential fatty acids and dietary fibres besides
energy to large segment of world’s population.
Cooking and eating quality of rice is very important
and is determinant of market price, consumer
acceptance and end users. Physicochemical
properties such as amylose content, gelatinization
temperature and alkali spreading value determines
the cooking and eating quality of rice. The demand
of quality rice in market is increased with the
improved living standard of peoples. For
improvement of cooking and eating quality of rice,
evaluation of physicochemical and cooking
properties of traditional varieties of rice is
preliminary step.Keeping these points in view the
present investigation was undertaken with
objectiveto evaluate the physicochemical traits, and
cooking properties of 121 Farmers’ Varieties of rice.

METHODOLOGY

In present investigation seeds of 121 Farmers’
Varieties of rice were used which were collected
from different states such as West Bengal, Assam,
Manipur. The amylose content of all varieties was
estimated as the method described by Sadasivam,
1996. The physicochemical properties such as
gelatinization temperature was estimated through
alkali spreading value of kernels as measured on a
7-point scale (Little et al., 1958). The cooking quality
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traits of 121 FVs’ of rice were assessed the method
given by Okoet al., 2012. The weighed sample of
rice grain (2 g) was put into test tubes with 20 ml
of boiling water and cooked in a water bath at 95°C.
The data was recorded on observations such as
weight of kernel after cooking, water uptake ratio,
cooked kernel length, grain elongation (mm), grain
elongation ratio, cooked kernel breadth, cooked
kernel length breadth ratio, optimum cooking time
and Aroma after cooking.

The data were analysed statistically by
using absolute valuesAgRes Statistical Software,
(c) 1994 Pascal Intl Software Solutions, Version 3.01
were used to the normal statistical procedures of
analysis of variance (ANOVA). The principal
component analysis was performed with the mean
data of all variables and 121 FVs’ of rice by using
Rstudio-2022.2-576.exe software R version 4.2.1
(2022-06-23 ucrt).

RESULTS

It was found that the amylose content of all 121
rice varieties were varied from 9.36 % to 35.60 %
with an average 24.96%. According to amylose
content in rice cultivars, they were grouped into
tive groupswaxy (1-2%), very low amylose (3-9%),
low (10-19%), intermediate (20-25%), and high (26-
30%) and very high (> 30%). It was noted that 47
rice cultivars were have intermediate amylose
content which is considered as desirable for
country like India. In present study the twenty-
eight rice cultivars showed low gelatinization
temperature, 31 FVs had high or intermediate
gelatinization temperature, 33 cultivars exhibited
intermediate gelatinization temperature values

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023
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and left over 29 FVs displayed high values for
gelatinization temperature. Out of 121 FVs of rice
26 varieties were had aroma after cooking. The
eleven rice varieties were had strong aroma
whereas 6 rice varieties were had medium and 9

rice varieties had mild aroma after cooking.

All the cooking quality parameters of 121
farmers’ varieties of rice exhibited high significant
variation. Grain elongation (mm) after cooking
without increase in girth is highly desirable
cooking quality traits. The grain elongation of rice
cultivars in present study were varied from 0.95-
5.14 mm with a mean of 1.63 mm. The optimum
cooking time of rice cultivars in present study was
varied from 22 to 48 min with a mean of 28.60
min. The minimum value for cooking time was
recorded for Agnisal (22 min). The results from
PCA revealed that the genotypes falling under
PC1, PC2, PC5 and PC6 can be utilised to improve
the grain quality and cooking and eating quality
parameters.

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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CONCLUSION

From the results of present study, it can be
concluded that the rice cultivars such as Pusa
Basmati 1121, Pakistani Basmati, JP-120,
Deharadhun Gandheswari and Sadanunia can
be utilised for overall rice quality improvement in
terms of physiochemical and cooking quality traits.
From the results of PCA it can be concluded that
the genotypes contributing to different principal
components in terms of a group of traits, and that
they might be used in the genetic development
programme for rice based on PC score for those
characters.

REFERENCES

Little RR, Hilder G B and Dawson E H (1958) Differential
effect of dilute alkali on 25 Varieties of milled
white rice. Cereal Chem 35: 111-126.

Oko A O, Ubi B E, Efisue A A and Dambaba N (2012)
Comparative analysis of the chemical nutrient
composition of selected local and newly
introduced rice varieties grown in Ebonyi State
of Nigeria. Int ] Agric Forest 2: 16-23.
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ARRW/SIRC/Theme 1/04

Identification of Maintainers and restorers for the development of
rice hybrids

P. Gonya Nayak, B. Srinivas, B. Laxmi Prasanna and P. Madhukar

Regional Agricultural Research Station, Polasa, Jagtial-505 529, P[TSAU, Telangana, India.
Corresponding author mail Id:pgonyanayak@gmail.com

In India rice is the most important staple food crop
for more than two third of the population. The
slogan ‘Rice is life” is the most appropriate for India,
as this crop plays a livelihood for millions of rural
households. To meet the increasing demand for
rice, several measures have to be envisaged.
Hybrid rice is the proven technology for increasing
rice production and productivity. With good
management yield advantage of 1.0 to 1.5 t/ha can
be obtained by cultivation of hybrids as compared
to the high yielding varieties under the same set
of growing conditions. Identification of restorer is
important to develop high yielding hybrids.
Maintainers play an important role in development
of new female lines through back cross breeding.

METHODOLOGY

A total number of 291 hybrids were developed
during kharif -2020 and rabi 2020-21 and were
transplanted with a spacing of 20 x 15 cm during
kharif, 2021 at Regional Agricultural Research
Station, Polasa, Jagtial, Telangana, India to study
the restorer / maintainer reaction. The following
criteria was used for classifying the pollen parents
as proposed by Virmani ef al., 1997.

Procedure for phenotypic analysis: At days to 50%
flowering, the 5-8 spikelet’s were collected
randomly from indehiscent anthers of a panicle to
study the spikelet fertility percentage and to
prevent out crossing. Two panicles per plant were
bagged with butter paper bag and pinned the bag
to leaf sheath.

Pollen fertility percentage: Pollen fertility study
was done from the collected anthers at 1 to 2 days
before of anthesis. The anthers from each spikelet
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were smeared in a drop of 1% lodine-potassium
iodide (I-KI) solution on a glass slide, fertile and
sterile pollens were counted in the three randomly
selected microscopic fields. Stained, well filled and
round pollen grains were counted as fertile, while
unstained, shrivelled and empty pollen grains
were considered as sterile. Pollen fertility was
calculated and expressed in percentage as given
below:

Pollen fertility (%) =

Number of stained pollen grains <100

Total number of pollen grains

Spikelet fertility: The panicles that emerged from
the primary tiller were bagged before anthesis to
avoid out crossing and the number of filled grains
and chaffs in the panicle were counted at the time
of maturity. The ratio of filled grains to the total
number of spikelets was expressed as spikelet
fertility percentage as given below:

Spikelet fertility (%) =

No. of fertile spikelets in a panicle 100

Total no. of spikelets in a panicle

Methodology for pollen fertility studies

Category Pollen fertility ~Spikelet fertility
(%) (%)

Maintainers 0-1 0

Partial maintainers 1.1-50 0.1-50

Partial restorers 50.1-80 50.1-75

Restorers >80 >75

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023
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RESULTS

About 291 test cross hybrids were produced
crossing 17 cytoplasmic male sterile lines with
stable lines from yield evaluation trials and stable
segregating generations. Out of 291 hybrids, 56
were found to exhibit good restoration and 6 were
found to exhibit maintainer reaction and remaining
229 were partial. Among the 56 restorers, duration
of fifty per cent flowering difference ranged from
0 days (Test cross nursery 4350) to 15 days (TCN
4368 and TCN 4372), plant height ranged from 92
cm (4349) to 127.4 cm (4365). The highest panicle
length was recorded in TCN 4579 (32.6 cm) and
low in TCN 4351 (26 cm), spikelet fertility ranged
from 76.00 per cent (TCN-4598) to 96.38 per cent
(TCN-4527), test weight was recorded low in (TCN
4349)13.16 g and high in TCN 4391 (26.32 g) and
highest yield was recorded in TCN 4379 (52.5g).
In maintainers, spikelet sterility was ranged from
91 per cent (TCN-4346) to 100 per cent (TCN-4345).
The concerned males of F1s exhibiting maintainer
reaction could be converted to new CMS lines and
males of F s with complete restoration will be used
for new hybrid development.

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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CONCLUSION

Out of 56 hybrids exhibiting good restoration,
based on fertility restoration and yield potential
18 hybrids combinations (JGLH - 471, JGLH - 472,
JGLH - 473, JGLH - 474, JGLH - 475, JGLH - 476,
JGLH - 477, JGLH - 478, JGLH - 479, JGLH - 480,
JGLH - 481, JGLH - 482, JGLH - 483, JGLH - 484,
JGLH - 485, JGLH - 486, JGLH - 487 and JGLH -
488) were selected for seed multiplication during
rabi 2021-22 and further promoted for yield
evaluation along with commercial hybrid checks
during kharif 2022.
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o-Amylase Activity: A biochemical marker for breaking seed
dormancy in rice

Kuntala Kisan, Preetam Kumar Senapati, Pramod Kumar Suna and Ekamber Kariali

School of Life Sciences, Sambalpur University, Sambalpur-768019, Odisha, India.
Email: kuntala.kuni@gmail.com

Seed dormancy is an agronomically important trait
normally unsuitable for agriculture, but very much
essential for preventing viviparous germination in
rice when untimely rains frequent the crop fields
(Barik et.al., 2017). Though seed dormancy is one
of the important factors responsible for distribution
of germination over time and required for plant
survival under natural conditions, it is highly
undesirable for a crop plant like rice because of its
prevention in adequate germination and poor
stand development. Hence, it is imperative to
understand the timing of breaking seed dormancy
and the underlying biochemical and molecular
mechanisms governing seed dormancy and
dormancy breaking needed for efficient
agricultural practices. In this context, the plant
hormones like GA and ABA, especially the balance
between these two hormones play important role
in breaking seed dormancy in rice. Though
hormones are crucial for breaking seed dormancy,
different paddy genotypes exhibit considerable
variations in their dormancy periods and are
largely influenced by soil moisture, land topology,
salinity, day length and temperature etc. and
traditional and wild rice genotypes are generally
more dormant than that of the high-yielding rice
cultivars. Considering this variations in dormancy
periods among different rice genotypes, an
experiment was conducted by taking few dormant,
semi-dormant and non-dormant rice seeds for their
artificial germination in Petri plates in a growth
chamber to understand the role of o-amylase
activity and whether it acts as a biomarker for
breaking seed dormancy.
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MATERIALS AND METHODS

Seeds of different traditional and wild rice cultivars
were collected from different parts of Odisha and
germination tests were conducted in 3 replicates
in a growth chamber at 27 °C under 12h/12h light/
dark cycle in Petri plates containing three layers
of moist blotting paper. The experiment was
conducted once in every two months during the
entire period of 2021 from January to December.
Germination %, soluble sugars and starch
concentration (data not shown) and o-amylase
activities were measured in the soaked seeds (Table
1) and experiments were terminated after 50 % seed
germination or 48h of soaking, whichever was
earlier.

RESULTS

The soluble sugar concentration in the dormant
seeds was relatively lower compared to semi-
dormant and was highest in non-dormant seeds
whereas the starch concentration followed an
opposite trend during the entire experimental
period. The germination% was almost 100% in the
non-dormant seeds during the entire period of
experiment whereas in semi-dormant seeds, it was
100 % from January to June and reduced
considerably thereafter and reached almost nil in
November and December. On the other hand the
G% in dormant seeds increased from March and
attained a maximum value in June-July and
germination ceased from August till December. o
amylase activity followed the same trend with that
of G% and attained maximum value during Mar-
April in coincidence with maximum seed
germination (Table 1).

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023
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Table 1.Germination % and amylase activity (umole of Maltose/min) of different dormant, semi-dormant and non-

dormant rice seeds during January-December 2021.

Rice cultivars Name Jan-Feb Mar-April ~ May-June July-Aug  Sep-Oct Nov-Dec
Dormant O. rufipogon Alpha-Amylase 16.69£1.29  169.04+3.48 158.57+1.49 19.74+0.93 1.67+0.10  5.919.38
G% 0% 86% 74% 10% 0% 0%
O.nivara ~ Alpha-Amylase 18.83+0.72  146.90£6.84 147.08+1.70  37.14+1.11 2.24+0.07  7.83+0.28
G% 0% 79% 81% 35% 0% 0%
Semi-dormantPakhiraj Alpha-Amylase 198.73+5.13 216.87+4.15 204.33+5.49 39.24+143 6.81+0.17  59.70+2.45
G% 100% 100% 100% 15% 0% 25%
Laisiring  Alpha-Amylase 216.39+1.95 232.34+3.73 223.59+6.75 47.18+2.21 3.13£0.77  64.51+2.94
G% 100% 100% 100% 30% 0% 33%
Non-dormant Sunakathi ~ Alpha-Amylase 251.35+2.87 263.36+6.01 260.26+7.80  258.45+9.47 228.83%1.92 256.01+5.80
G% 100% 100% 100% 100% 100% 100%
Karni Alpha-Amylase 257.77£6.86 260.06£2.21 254.69+4.83  234.46+6.21 172.54+6.15 257.52+7.24
G% 100% 100% 100% 100% 100% 100%

DISCUSSION AND CONCLUSION

Seed dormancy is a physiological trait where the
seeds remain quiescent for a particular period of
the year in spite of favourable environmental
conditions required for seed germination. Though
breaking seed dormancy is influenced by different
environmental factors like temperature, available
moisture, photoperiod, seasonal variations, the
joint action of plant hormones and seasonal
variations play a key role in seed germination and
breaking seed dormancy in rice. In the present
experiment, germination percentage was
maximum during March-April in all categories of
seeds in coincidence with increase in temperature
and day length suitable for enhancement of o-
amylase activity. Imbibitions of seeds by water
might have signalled the embryo for synthesis of
bioactive GA which in turn might have been
responsible for activation of a- amylase gene and
subsequently enhancement of its activity for starch
degradation in the endosperm to produce soluble
sugars for providing energy to germinating
embryo (Mohapatra and Kariali, 2016) especially

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

in dormant and semi-dormant seeds. On the other
hand, the activity of the enzyme o- amylase was
maintained at a high level during the entire period
of experiment in parallel to germination
percentage. a-amylase activity is positively and
significantly correlated with germination
percentage in all three groups of rice seeds (data
not shown). Hence, a- amylase activity may be
considered as a biomarker for breaking seed
dormancy in rice and manipulation of its gene may
be of high significance for cultivation of the crop
especially under inclement weather conditions for
prevention of viviparous germination.
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Genetic characterisation of germplasm for grain quality traits in rice
(Oryza sativa L.)

M. Hemalatha*, S. Geetha, R. Saraswathi, G. Hemalatha and A. Lakshmanan

Tamil Nadu Agricultural University, Coimbatore — 641 003, Tamil Nadu, India.
*Email - mhemalathavini@gmail.com

Rice (Oryza sativa L.) is the staple food of almost
half of the world’s population. Food self-
sufficiency for an increasing population was the
major goal before green revolution. Green
revolution led to the attainment of yield plateau
in food grains by the process of introduction and
improvement of cultivars. Grain quality in rice
was initially surpassed by the need for higher
yields and greater pest-resistance. However, as
many traditional rice importing countries
achieved self-sufficiency, real rice prices declined
in many Asian countries and in the world market
over the last two decades and grain quality played
an important role in fetching better market price.
There is a constant market for non-aromatic rice
genotypes with high linear elongation ratio within
the country and outside the country. But the
present-day modern varieties have high yield but
low linear elongation ratio. Grain size and shape
largely determine the market acceptability of rice.
Linear elongation without increase in breadth is
considered a highly desirable trait for premium
quality rice to fetch high market remuneration
(Qiu et al., 2021). This renewed interest in rice
grain quality has led to the formulation of this
study in search of quality genotypes for the choice
of parents in the hybridization programme for
analysing the inheritance pattern of cooked rice
elongation.

METHODOLOGY

A total of 51 genotypes comprising of pre-release
cultures, released varieties, landraces and tropical
japonica were taken up for the study. Randomized
Block Design (RBD) was the experimental layout
in two replications with a spacing of 20 x 20 cm.
Biometrical traits including days to 50 per cent
flowering, plant height, panicle length, number
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of productive tillers, number of filled grains per
panicle, 1000 grain weight, single plant yield and
physico-chemical traits including grain length,
grain breadth, L/B ratio, Linear Elongation Ratio,
Breadthwise Elongation Ratio, Gel consistency
(Cagampang et al., 1973), Gelatinization
temperature (Little et al., 1958) and Amylose
content (Juliano et al., 1979). Mahalanobis D?
method of diversity analysis was taken up using
the TNAUSTAT software.

RESULTS AND DISCUSSION

The studied 51 genotypes were dissected into 14
clusters using Mahalanobis D? method. The trait

Table 1. Distribution of genotypes into various clusters

Cluster Number of List of genotypes

genotypes

I 2 TRY3, TPS5

I 10 ADT37, AD18573, CO51, AD18538,
AD18600, AD16024, TRY1, CB16605,
CB15801, AD19224

I 12 ADT43, AD16028, AD19055,
CB15714, CB15174, CB12122, ADT53,
AD17020, AD18545, AD16052, CB13132,
RNR15048

v 7 ADT54, BPT5204, CB17528, CB16723,
CB19132, AD17037, Improved White
Ponni

\% 2 ASD16, TN1

VI 1 VGD1

VII 1 CO52

vir 1 CB15569

X 2 Azucena, Palawan

X 2 TRY2, Khao Do Ngoi

XI 1 PB1

XII 1 PB1121

X 8 Gedumani, Kaatuyanam, Ottadai,
Sivappumalli, Kavuni, Burma Kavuni,
Thailand Kavuni, Karuppu Kavuni

XIv. 1 Thirupathisaram
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Linear Elongation Ratio trait contributed towards
the maximum genetic divergence (38.19%). This
implies that the germplasm studied contained a
good amount of variation for this trait and
selection of parents among these genotypes would
be rewarding for enhancing the grain quality
traits. The Cluster III have the highest number of
genotypes (12) while, the clusters viz., VI, VII, VIII,
XI, XIT and XIV were solitary clusters with one
genotype in each (Table 1). Maximum inter cluster
distance was found between the clusters IX and
XII (247.72). Between the clusters I and XII
(200.06), the next maximum inter cluster distance
was found. Hence, hybridization involving the
genotypes of these clusters would yield superior
recombinants with good grain quality. Maximum
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intra cluster distance was found in cluster V
followed by Cluster IX. Based on the per se
performance, the genotype PB1121 had the
highest Linear Elongation Ratio with intermediate
amylose content, soft gel consistency and low to
intermediate gelatinization temperature. Hence,
parents contrasting to these characters could be
selected based on the genetic distance between
the clusters to effect hybridization to obtain
notable segregants with elite grain quality aspects.

REFERENCE
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A note on ecology, taxonomy and genetic resource potential of Oryza
meyeriana var. indandamanica, a rare wild relative of rice from
Andaman islands
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ICAR-National Bureau of Plant Genetic Resources, Regional Station, Thrissur - 680656, Kerala
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2ICAR-Indian Institute of Spices Research, Kozhikode - 673012, Kerala
3ICAR-Central Island Agricultural Research Institute, Port Blair-744 101, A&N Islands
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During trekking for crop wild relatives’” survey
and their germplasm collection from Saddle Peak
National Park (SPNP) of North Andaman Island
in January 2020, the authors came across a dwarf
but stiff bambusoid tuft-forming grass with erect
culms and apparently unbranched spicate
inflorescence with small, awnless spikelets,
underneath the evergreen forest canopy at an
altitudinal range of 330 to 590 m MSL for about
two kilometres stretch (13.1637 - 13.1780° N,
93.0063 - 93.0125° E). This population with over
100 clumps/plants was spotted in highly shady
steep-sloped stony terrain, having well-drained
loamy soils with rich litter. It was identified as
wild rice, Oryza meyeriana (Zoll. & Moritzi) Baill.
var. indandamanica (J.L.Ellis) Veldkamp, based on
the earlier floristic records from this park. The
collected germplasm (IC641181) is maintained in
the Field Genebank (FGB) at Thrissur, and also
seeds were conserved in the National Genebank
at NBPGR, New Delhi.

This taxon comes under the Oryza
meyeriana complex (2n=24; GG genome) and is
often considered as an ecotype/variant or
subspecies of O. granulata, or variously treated/
synonymized under O. meyeriana var. granulata
or often all the infraspecific taxa names were
subsumed/kept under O. meyeriana only. A
critical study of protologues, the type specimen(s)
of var. granulata, var. meyeriana and var.
indandamanica coupled with the study of the latter
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taxon at the natural field and FGB conditions
revealed that the SPNP population of var.
indandamanica falls well under the circumscription
of var. meyeriana, instead of var. granulata. The
observed key characters, viz., fruiting spikelets
oblong, 3.7-5.1 times as long as wide, and
caryopsis 4.60-5.94 mm long, readily differentiate
from var. granulata (having an elliptic fruiting
spikelet which is only 2.1-2.7 times as long as
wide, and caryopsis 3.4-4.1 mm long) (vide

Fig. 1: Oryza meyeriana var. indandamanica from SPNP. A.
Plants in natural habitat; B. Ex-situ regeneration at Thrissur;
C. Inflorescence at anthesis; D. Inflorescence at spikelet
maturity; E. Physiologically mature (pale green) and mature
dry seeds (inset: caryopsis)

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023
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Duistermaat, 1987). The characters given in the
diagnosis of var. andamanica (Ellis, 1985) fit well
within the range of characters recognized for var.
meyeriana, whereas some taxonomic characters of
the SPNP population such as length of
inflorescence (excl. peduncle) (7-9 vs 5 cm in var.
andamanica) and floret (7.1-8.0 vs 5 mm) do not
match with the protologue information indicating
the role of environmental factors modifying the
phenotypic expression of plants. Therefore, as JF
Veldkamp suggested in Flora Malesiana Bulletin
[10(1): 29-30; 1988], var. indandamanica is
synonymized here under var. meyeriana. This
synonymization would lead to a new distribution
record for var. meyeriana westwards into the
Andaman Islands (India), which was till now
reported from Malesia and Peninsular Thailand.

The habitat ecology of the studied
population indicates the potential for tolerance
to shade (as thriving in almost full shade) and
drought (as occurring on steep stony slopes, and
blades roll inwards in response to stress). It takes
only 16 days from anthesis to seed maturity (while

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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rice takes about 30 days), and afterwards, colour
of lemma and palea changes from pale green to
straw yellow within a day and sheds immediately.
For this reason, it is very difficult to find mature
grains on culms and therefore needs white
clothing underneath to collect seeds. At Thrissur,
the plant produces abundant tillers (up to 40), and
flowers year-round, and they open at 10 am
throwing out far protruding white stigmas.
Though the meyeriana group is a known source
of bacterial leaf blight resistance, the studied
population was susceptible to brown spot (Biploris
oryzae) under Thrissur conditions. Understanding
the physiological, genetic and molecular basis of
stress tolerance and its application in rice
improvement programme is the need of the hour.
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Genome-wide association studies (GWAS) of Oryza sativa. genotypes
for drought stress tolerance
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Oryza sativa. or Rice is the important and major
staple food for more than half of the global
population. But drought is such an intolerable
condition which reduces the productivity of the
crop specially in rainfed ecosystem. Plant with
drought tolerance capability only can overcome
such condition. Now a days it is possible to
produce genetically modified crops with superior
qualities, in that way it is also possible to modify
plants with desired character. GWAS(Genome
wide association studies) is a excellent way to
understand the genetic constitute of the plant
which is associated with drought stress.
Identifying the alleles and their interaction with
genetic background with genotypes related to
drought stress, the rice plant can be modified into
a drought stress tolerant variety which would be
the ultimate solution for getting increased
productivity.

OBJECTIVE

Phenotyping and genotypic
Characterization of germplasms.

Genome sequencing and identifying the

associated SNPs with drought condition

in Rice

Analysis of the revealed genotypes.
METHODOLOGY

Plant material collection and obtaining
genotype data of all the population
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Phenotyping of population: managing the
crops and then applying drought stress,
measuring various traits after drought
application. Analysis of phenotypic data
for each trait

Establishment of genetic structure and
linkage disequilibrium using softwares.

Identifying associations and candidate
gene discovery.

RESULTS

The whole work will be conducted by using both
dry and wet laboratory. The in-silico work
constituents all the computational analysis of the
corresponding genes and proteins responsible for
the drought stress condition. The molecular
expression studies of the corresponding genes are
to be analyzed in wet laboratory which gives the
complete idea about the genotype of rice plant
responsible for drought tolerance. The results can
be utilized for further studies and developing
drought resistance rice plants.

CONCLUSION

Genome-wide association studies (GWAS) help in
identifying genes associated with drought stress
tolerance. This will be a combination work of in-
silico and invivo. This work will be useful to
develop new varieties of rice plant with drought
tolerance capacity.
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Leaf pubescence and flavonoids confer UV-B resistance in rice
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2. RRTTS, Chipilima, Sambalpur, 768026, Odisha, India.
3. Department of Agronomy, OUAT, Bhubaneswar, 751003, Odisha, India
Email: preetamsenapatil23@gmail.com

Depletion of stratospheric Ozone layer due to
increased industrialization and environmental
pollution is responsible for incidence of higher
amount of UV-B radiations on earth surface and
threatening life of crop plants like rice. Though
animals can protect from UV-B radiation or run
away temporarily to a microclimate, the sessile
plants including rice are forced to suffer from UV-
B induced injury. However, many traditional rice
cultivars grown in the agro-ecosystems of Odisha
since long time exhibit high degree of resistance
against UV-B radiations. One such resistance
mechanism is flavonoid mediated absorbance of
UV-B radiations on leaf pubescent hairs or
trichomes. Leaf pubescence is an important
agronomic characteristic for rice morphology and
influences crop growth and physiology.
Pubescence is characterized by trichomes
developed as unicellular or multi-cellular
epidermal cell outgrowths. Trichomes may be
glandular or non-grandular; the former is
responsible for resistance against biotic stresses
whereas the later contributes towards resistance
against abiotic stresses including UV-B radiations.
Experimental evidences suggest that leaf pubescent
hairs can effectively absorb UV-B radiations and
play a protective role against Photosystem-II
damage. In Arabidopsis, exposure to UV-B
radiations could stimulate trichome formation and
resistance against UV-B radiation is due to
accumulation of flavonoids in their trichomes. As
flavonoids in the trichomes of epidermal cells can
absorb UV-B radiations and can reduce the
transmittance of such absorbed radiations in the
epidermal layer, it could effectively reduce the
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amount of UV-B radiations reaching to the internal
tissue and thus act as an “internal filter’. In view of
this, an experiment has been designed to
understand the role of leaf pubescent hairs and
accumulated flavonoids in leaf epidermis
including hairs against UV-radiations in
contrasting rice cultivars having high pubescence
and no pubescence in their leaves.

MATERIALS AND METHODS

Experiments were performed at the Botanical
Garden of the School of Life Sciences, Sambalpur
University during the wet season of 2022 by taking
two contrasting cultivars with more (Lalkain, a
purple variety) and few (Swarnaprabha) trichomes
in their flag leaves. Plants were cultivated in pot
conditions with all recommended agronomic
practices and supplemental UV-B radiation was
applied for 5h/day (UVB,, 14.4 KJm*d") by UV-B
emitting fluorescent tubes (TL20w/01). Treatments
were given at booting stage and continued up to
30days. Morpho-physiological and biochemical
parameters such as number of pubescent hairs
(micro and macro) and concentrations of
chlorophyll, carotenoids, anthocyanins, flavonoid
and lipid peroxidations, were analysed during
different days of treatment.

RESULTS

The results showed considerably higher number
of pubescent hairs (micro and macro hairs, Fig.1)
and more flavonoid contents (data not shown) in
the abaxial surface of flag leaves in Lalkain cultivar
than that of Swarnaprabha. In response to
supplemental UV-B radiation, Lalkain cultivar
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Fig. 1. Simple microscopic photograph (A&B) and SEM view (C&D) of abaxial surface of flag, leaf of Lalkain (left panel)
Swarnaprabha (right panel) rice cultivars sowing leaf pubescence. ——— Macro hair, g Micro hair

accumulated more amounts of flavonoids and
anthocyanins compared to Swarnaprabha whereas
the decline in chlorophyll and carotenids due to
UV-B treatment was quite higher in Swarnaprabha
and was almost negligible in Lalkain. MDA
contents in terms of lipid peroxidation after UV-B
treatment was much more prominent in
Swarnaprabha than that of Lalkain and these
results were reflected in final grain yield (data not
shown).

DISCUSSION AND CONCLUSION

Protective functions against UV-B radiation have
been ascribed to leaf pubescence like trichomes due
to accumulation of phenolic compounds in these
structures which act as shields against harmful
radiations (Karabourniotis et al., 2020). Leaf hairs
not only reflects UV-B radiation from leaf surface,
but also promotes the expression of UV-responsive
genes like UV RESISTANCE LOCUS 8 (UVRS8) and
ELONGATED HYPOCOTYL5 (HY5) (Liet.al., 2022)
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and mediate UV-B resistance. Our experiments also
showed similar results and more pubescent hairs
and pubescence-mediated accumulation of
flavonoids and anthocyanins in flag leaves
provided ample resistance against UV-B radiation
in Lalkain, but not in Swarnaprabha. Identification
of novel UV-B resistant genes will be largely
helpful for their introgression in high yielding
varieties for development of UV-B resistant rice
genotypes in near future.
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Phenology of rice under different dates of sowing and growth
regulators in Hirakud command areas of Odisha
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Regional Research and Technology Transfer Station, Odisha University of Agriculture and Technology, Chiplima,
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In Hirakud Command areas of Odisha, sowing
date of winter season rice plays a major role in rice-
rice cropping system. The mean minimum
temperature during sowing time (December and
January) of rabi rice varies from 9-12°C.The mean
maximum temperature at reproductive phase
varies from 38 - 41°C. The yellowing of leaves starts
when temperature falls below 12°C for 3-4 days at
seedling stage. Similarly, grains became chaffy
when flowering period coincide with temperature
more than 35°C, resulting in significant yield loss
(Moniruzzaman, 2009). So choosing optimum date
of sowing in rice crop plays an important part of
high production package. Brassinolide (stigma
sterol and campesterol), a steroidal hormone of
plant origin, is considered as new plant growth
regulators and extensively used in agriculture for
reducing environmental stress and improves crop
yield (Elankavi et al. 2009). Keeping all these points
in view, the present study was under taken to
examine agrometeorological indices and
phenology of rice under different dates of sowing

and growh regulator in Hirakud Command areas
of Odisha.

METHODOLOGY

The experiment was conducted during winter
season of rabi2019-20 and 2020-2021at the Regional

Tablel. Mean minimum and maximum temperature (°C)
during various growth stages of rice.

Growth stages Sowing dates

Dec.10 Dec.29 Dec.30  Jan.10

Seedling 9.4-269 94-273 9.5-28.0 10.5-28.7
Vegetative 18.0-32.8 18.8-33.2 19.3-33.9 19.6-33.9
Reproductive ~ 22.9-38.8 23.0-39.6 23.0-39.7 23.1-40.6
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Research and Technology Transfer Station,
Chiplima (21.3° N latitude and 83.9° E longitude),
Odisha University of Agriculture and Technology.
Sixteen treatment combinations of 4 sowing dates
(December 10, December 20, December30, January
10) and 4 growth regulators (stigma sterol and
campesterol 0.01% SL at 0.5 ml 17, gibberellic acid
(GA,) 50 ppm, salicylic acid 50 ppm and water
spray) were tested in randomized split plot design
with three replications. The plant growth
regulators were sprayed at the time of panicle
initiation (65 DAT) and flowering (85 DAT) with
knapsack sprayer using 500 | water per hectare.

RESULTS

Rice sown on 10" December utilized more thermal
and heat units as compared to 30" December and

Table 2. Yield, grain heat use efficiency (GYHUE) and dry
matter heat use efficiency (DMHUE) of rice as
influenced by dates of sowing and growth regulators
(Data pooled over 2 years).

Treatment Grain  Straw  GYHUE DMHUE
yield yield (kg ha'C (kg ha'°C
(tha') (tha') day?) day™)
Sowing dates
Dec.10 6.3 6.8 2.7 5.6
Dec.20 6.9 7.9 2.9 6.3
Dec.30 7.2 8.1 3.2 6.6
Jan.10 5.8 6.7 2.7 5.7
CD (P=0.05) 0.9 1.0 0.2 0.5
Foliar sprays
Salicylic Acid 6.3 7.1 2.8 59
GA3 6.5 7.4 2.8 6.0
SSand C 7.3 8.3 3.1 6.5
Water spray 6.1 6.6 2.7 5.7
CD (P=0.05) 0.9 1.0 0.2 0.4
HE 19
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10* January sown crop. On an average, 8.6 to 16%
reduction in rice yield was obtained in case of
sowing dates where temperature stress coincided
with reproductive growth phase. The crop sown
on 10" December took maximum thermal units to
attain different phenological stages till
physiological maturity. Rice yield increased with
delay in sowing time up to 30" December, whereas
there was a decrease in duration and tillers m™.
December 30 sown rice registered the highest grain
yield (7.3 tha™), grain yield heat use efficiency (3.2
kg ha™°C day™’) and dry matter heat use efficiency
(6.6kg ha'°C day™). Foliar spray of stigmasterol and
campesterol 0.01% SL (0.5 ml/l) recorded the
higher dry matter heat use efficiency (6.5 kg ha'°C
day™) and the highest grain yield (7.3 t ha™)
followed by GA,, salicylic acid and water spray
(control).

20 Em

CONCLUSION

Foliar spray of growth regulator stigmasterol and
campesterol reduced the heat stress at flowering
and produced economically higher grainyield, as
well as grain heat use efficiency with sowing on
30" December during rabi in Hirakud command
area of Odisha.
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Rapid generation advancement (RGA) in paddy to enable speed
breeding

Moushree Sarkar'*, Sagnik Chatterjee” and Jyotirmoy Guha®

R&D Unit, GMS Agritech Put.Ltd; Bahiri, Bolpur, Dist. Birbhum, West Bengal 731240, India
Email: *moushreesarkar88@gmail.com, 9073324672; *gmsagro.rnd@gmail.com

Rice is a staple food resource for over one-third of
the world’s population. So, we have to increase the
rice production by 4 fold in next 10 years to reach
the food security. After green revolution, hybrid
rice has been a benefit for rice producers and
consumers in the all rice growing regions. But
standard conventional breeding method may take
up to 7-8 years to establish one variety. So, there is
an urgent need of speed breeding technique to
reduce the time span. One of the straightforward
techniques to enhance genetic gain is shortening
the breeding cycle time (Quddus et al. 2019) and
off season generation advancement is needed for
reducing the length of the breeding cycle in rice.
Rapid Generation Advance (RGA) is a part of
breeding procedure where the segregating
populations are facing different stresses like
temperature, fertilizer and alterations in cultural
practices to shorten growth duration, thus making
possible several generations per year. The duration
for advancing from F2 to F5 generally takes about
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4 years which can be shortened by 2 years.
Therefore, the present investigation was carried out
to develop an RGA protocol for generation
advancement among paddy genotypes.

METHODOLOGY

Genetic male sterility developed 8 accessions were
selected for this experiment. Four seeds of each
accession were planted in 15 cm deep pots filled
with potting mixture composed of versitols,

Treatment Fertilizer (N: P: K) Temperature (°C)
Control 3:2:1 30-35
T1 1:1:1 40-42
T2 1:2:1 40-42
T3 1:2:2 40-42
T4 1:1:1 43-44
T5 1:2:1 43-44
T6 1:2:2 43-44
T7 1:1:1 45-46
T8 1:2:1 45-46
T9 1:2:2 45-46
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Fig.1. Effect of different treatments on various morpho-physiological parameters of eight accessions of Paddy
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Table 1. Effect of different treatments on various paddy accessions to speed up the maturity duration

Days to Fifty percent (%) Flowering

T4 T5 T6 17 T8 T9

SI No Accession C T1 T2 T3
1 GMS1 84.1 67.10 69.90 70.60
2 GMS 2 114.1 81.20 80.50 80.70
3 GMS3 116.5 80.10 81.30 81.60
4 GMS 4 127.7 79.10 83.90 84.80
5 GMS5 138.5 89.40 92.30 92.30
6 GMS6 131.3 81.40 83.90 84.70
7 GMS7 132.4 82.20 85.30 85.90
8 GMS38 134.1 81.10 84.40 84.20
Mean 122.3 80.20 82.69 83.10
Plant height (cm)
1 GMS1 116.4 68.10 65.10 65.70
2 GMS 2 102.2 64.20 61.20 60.70
3 GMS3 123.6 69.10 67.50 67.50
4 GMS 4 125.4 69.10 67.90 68.40
5 GMS5 140.3 90.30 87.40 87.50
6 GMS6 155.1 93.20 91.70 91.60
7 GMS7 170.5 96.40 95.10 94.50
8 GMS 38 172.3 99.10 96.10 96.10
Mean 138.2 81.19 79.00 79.00
Panicle Length (cm)
1 GMS1 245 20.20 20.50 20.20
2 GMS 2 25.1 20.60 19.90 20.60
3 GMS3 25.1 20.50 20.20 20.50
4 GMS 4 23.9 20.70 20.50 20.70
5 GMS5 243 21.20 20.10 21.20
6 GMS6 26.2 23.10 21.90 23.10
7 GMS7 25.1 21.80 21.70 21.80
8 GMS 8 249 20.70 20.10 20.70
Mean 24.89 21.10 20.61 21.10

68.10 68.20 68.40 67.10 67.20 66.90
79.20 79.10 79.60 81.20 81.50 81.20
79.10 79.30 79.50 80.10 80.40 80.10
82.10 82.40 82.60 79.10 79.20 79.20
90.20 90.40 90.50 89.40 89.20 89.20
82.20 82.20 82.30 81.40 81.50 81.10
83.10 83.30 83.90 82.20 82.40 82.80
82.10 82.20 82.60 81.10 81.60 81.70
80.76 80.89 81.18 80.20 80.38 80.28

66.20 66.40 66.50 68.10 68.20 68.30
62.10 61.90 62.20 64.20 64.30 64.50
68.20 68.30 68.30 69.10 68.90 69.40
68.50 68.50 68.50 69.10 69.40 69.20
88.10 87.90 88.10 90.30 90.50 90.10
92.20 91.90 92.70 93.20 92.90 93.30
95.30 95.30 95.50 96.40 96.10 96.40
98.20 97.90 98.70 99.10 99.40 99.30
79.85 79.76 80.06 81.19 81.21 81.31

20.10 20.00 20.10 20.20 19.80 20.40
20.30 20.50 20.40 20.60 20.60 20.50
20.20 20.30 20.20 20.50 20.50 20.60
20.50 20.60 20.30 20.70 20.70 20.50
20.10 19.90 20.10 21.20 20.90 21.30
22.60 22.70 22.50 23.10 22.90 23.50
21.70 21.80 21.60 21.80 22.10 21.90
20.10 20.20 20.20 20.70 20.60 20.80
20.70 20.75 20.68 21.10 21.01 21.19

vermicompost and sand in 6:2:1 ratio. 10 pots were
planted for each accession (Ghosh et al 2018). The
details of the treatments are as follows:

% reduction was calculated using the

formula - %R = Control — Treatment %100

Control
RESULTS

Table 1 and Figure 1 revealed that T1 and T7
followed by T9 and T8 showed lowest days to 50%
flowering which indicate that these treatment
doses are most suitable to reduce the maturity
duration of these paddy accessions. Using T1 and
T7 treatment the average maturity duration was
reported to be reduced by 42 days than control. In
West Bengal condition we can grow two
generations of paddy per year. But using these
treatments under RGA breeding program we can
grow 4-5 generations of paddy per year.

22 Hm

CONCLUSION

Rapid generation advancement breeding could be
an effective tool to reduce the operational
requirement of time, expenses and save nearly
couple of months in paddy breeding research.

REFERENCE
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Genome-wide association studies (GWAS) of rice genotypes for
Salinity stress tolerance

Shobhan Pradhan' and Pushpalatha Ganesh”
Centurion University of Technology and Management, Andhra Pradesh, 535003 India.

Rice (Oryza sativa) a monocot, is often planted
as an annual crop, however perennial in tropical
climates. Rice cultivation is well with low labour
expenses and heavy rainfall since it is labor-
intensive and requires a lot of water. As a cereal
grain, rice is the most extensively consumed staple
food for more than half of the world’s population,
particularly in Asia and Africa. It is having 2n =
24, AA chromosomes belongs to Poaceae family.
It has a total length of 430 Mb, a nucleotide length
of 1000000 base pairs. Some advances have been
made in developing rice varieties that can
withstand stress conditions; one example is the
hybrid generated by crossing the commercial rice
variety IR56 with the wild rice species Oryza
coarctata. O. coarctata may grow well on soils with
double the salinity limit of typical types, but it
cannot yield edible rice. The hybrid variety,
developed by the IRRI, may use specialized leaf
glands to remove salt from the atmosphere. Soil
salinity is frequently expressed as the electric
conductivity (EC) of a saturated soil paste extract
(ECe). EC units are commonly expressed in decimil
per metre (dS/m). The figure’s crucial ECe value
of 5.5 dS/m, calculated from measurements in

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

farmers’ fields, suggests that the rice crop is mildly
salt sensitive.

OBJECTIVES

1. To evaluate rice genotypes for salinity
stress.

2. To study the genome-wide association

(GWAS) among the rice genotypes for
salinity tolerance

CONCLUSION

The genotypes of rice whose whole-genome
sequence is known would be evaluated
phenotypically and further used for GWAS.
Recent advancements in omics, like as genomics,
transcriptomics, and proteomics, offer the
potential to reveal the genetic components of plant
genomes as well as the link between genotype and
phenotype. Because of recent advancements in
DNA sequence analysis, whole-genome sequence
is now both technologically and commercially
possible. This crop can be used for various
molecular exploration. Thus, the present work is
an effort to explore the genotypes to associate
them with salinity tolerance and identify the
superior genes.
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Creation of Repository, Maintenance, Protection and Successful
Utilization of Farmer’ Varieties for Rice Improvement

Bidhan Roy'*, Surje Dinesh Tulsiram? Swarnajit Debbarman? Gadge Sushant Sundarrao’,
Monish Roy?, Pallabi Saha!, Sagnik Poddar'!, H.A. Murali !, Ranjeet Kumar"
'Department of Seed Science and Technology; *Department of Seed Science and Technology, Faculty of Agriculture, Uttar

Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar 736165, West Bengal, India;
*: Presenting author; E-mail: bcroy10@yahoo.com

Gene pool is the basis of crop improvement
programmes and collection and conservation of
farmers’ varieties (FVs) will act as reservoir for
donors of desired traits. The collected FVs of rice
possessed high probability of the useful genes for
efficient application in the breeding programmes
to develop high yielding varieties with grain
quality, nutritional quality, accepted phenotype,
productivity and resistance to biotic and abiotic
stresses. In this endeavor, around 200 FVs have
been collected, conserved, characterized and used
in rice improvement programme.

METHODOLOGY

The FVs were primarily collected from West
Bengal, Assam and Manipur. Every Kharif season,
they are being cultivated and seeds are collected
to conserve those FVs since 2008.

RESULTS

High variability has been observed among those
varieties. Based on pre-breeding, important
landraces were used as donor in rice improvement.

Eight desirable mutants were developed
from Tulaipanji. Tulaipanji is aromatic FV of
Dinajpur district of West Bengal. All those eight
mutants induced from Tulpanji were photoperiod-
insensitive, non-lodging, semi-dwarf with high
yield potential and retained the aroma. Mutants
TP3-2, TP3-4 and TP3-6 showed high increase in
yield (>89%) over the control cultivar, Tulpanji
(Roy et al., 2018). Many recombinant inbred lines
(RILs) have been developed using FV as one of the
parent. A cross between Nilachal and Swarna

24 HN

resulted many RILs which are in different stages
of yield trials. Some pure lines also have been
isolated from Kalo Nunia, a traditional aromatic rice
of northern part of West Bengal. One pure line,
Uttar Sugandhi isolated from Kalo Nunia has been
released for cultivation in West Bengal [Gazette
Notification No. S.O. 4065(E), dated 31** August,
2022].

The traditional local aromatic rice cultivars
are poor combiners. Hence, alternative tools may
be used for improvement of the traditional
aromatic rice. Here we report development of
superior somaclones through plant tissue culture.
The somaclones, TC 4/8 had the maximum yield
followed by TC 5-1, TC 4/4, TC 4/5, and TC 4/7.
Yield increase of TC 4/8, TC-5-1 was 54.75% and
50.33% more over the yield of parental cultivar,
respectively (Roy, 2020). Effort is in progress to
develop blast resistant improved Kalo Nunia and
blast resistant RILs. There are further scope to
utilize those FVs in rice improvement.

Distinctiveness of a genotype is
compulsory for registration under PPV & FR Act
(2001). Some special characters have been
identified, which is not available in the descriptor
of rice (PPV&FRA, 2007), such as, multi-kernelled
rice, long sterile lemma, dark purple kernel (black
rice), purple coloured leaf-blade and leaf-sheath
and clustered panicle. In this study, we identified
multiple kernel character (reference variety- Jugal)
which may be included in the descriptors for rice
as a novel trait. Occurrence of single, double and
triple kernels per spikelet was 53.9, 42.2 and 3.9%,
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respectively. The length of sterile lemma has not
been included in the descriptor of PPV&FRA. The
average length of the sterile lemma in Rami Gelee
was 9.09 mm, whereas the length of fertile lemma
was 8.67 mm. Thuri has clustered panicle, Khara
Dhan, Kalawati and Nilachal have purpled coloured
leaf blade and leaf sheath, kernel of Kalawati and

Sadabhat Kalo is dark purple.

Based on pre-breeding programme, 67 FVs
have been registered under PPV&FRA. Katarbhog,
a traditional aromatic rice variety has been
registered under NBPGR (INGR21113).

CONCLUSION

Conservation of rice FVs has furthermost practical
utility in rice improvement. We are conserving
about 200 rice FVs collected from West Bengal and
adjoining states. Those collected FVs have been

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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characterized and 67 FVs have been registered
under PPV&FRA. Based on the information
derived from pre-breeding programme, FVs have
been used as donor for development of high
yielding varieties. Different breeding tools, like
pure line selection, recombinant breeding,
mutation and plant tissue culture technique have
been implemented. In final conclusion, the FVs
have great potentiality in rice improvement.
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Marker Assisted Selection of Recombinant Inbred Lines of Aromatic
Short Grain Rice (Oryza sativa L.) for Blast Resistance

Pallabi Saha", Bidhan Roy', Gadge Sushant Sundarrao', Manish Kumar Agarawal?,
Prudveesh K? Nandita Sahana?, Apurba Kumar Chowdhury?, Somnath Mandal?, Prateek
Madhab Bhattacharya?

! Department of Seed Science and Technology; *Departmentof Biochemistry; *Department of Plant Pathology, Faculty of

Agriculture, Uttar Banga Krishi Viswavidyalaya, Pundibari, Coochbehar-736165, West Bengal, India
*: Presenting author; E-mail: pallabisaha1904@gmail.com

Rice is grown in almost all parts of India and
experience diverse agro-climatic conditions which
introduces a great number of biotic and abiotic
stresses. Among the biotic stresses, blast caused
by Pyricularia oryzae is one of the major fungal
diseases of rice resulting 27-35% yield loss. Blast
resistance in rice is of utmost importance to keep
the diseases at bay and for boosting crop yields. In
consequence, marker assisted selection for blast
resistance and evaluation for yield and yield
attributing characters of the Recombinant Inbred
Lines were outlined as objectives.

METHODOLOGY

Kalo Nunia- an aromatic cultivar local to northern
part of West Bengal grown in Kharif season was
crossed with Pusa Basmati 1637 possessing Pi9 gene
for blast resistance. Traditional varieties of rice
exhibit a problem of blast incidence and are poor
combiners. The most important character of the
cultivar was the aroma which still retained when
it was cultivated in Boro season. So, off-season
flowering was used for crossing of Kalo Nunia with
Pusa Basmati 1637 to generate F1. The F1 seeds were
space planted and harvested individually plant
basis. In F2, half of the seeds space planted and
harvested individually. From F3-F5 individual
plant progenies were planted and superior plants
were selected to isolate semi-dwarf, aromatic,
photoperiod insensitive recombinant inbred lines.

For MAS selection at F5 generation, 55 RILs
were selected from which 1000 samples were
collected from individual plants at active tillering

26 HE

stage for screening for the presence of blast
resistant genes using Pi9 marker. The genomic
DNA isolated using CTAB method (Murray and
Thompson, 1980) from the excised plant tissues of
RILs and both the positive and negative parents
were loaded in the pre cast wells of the agarose
gel along with Pi9 primer. The RILs and the
positive parent containing Pi9 gene demonstrated
bands (base pair of Pi9 gene). At field level, RILs
were planted and five plants from inner rows were
randomly selected for taking observations on
various yield and yield attributing characters. The
parameters were taken following the based on the
Table of Characteristics in the “Guidelines for
Conduct of Test for Distinctiveness, Uniformity
and Stability” published by PPV & FRA (2007).

RESULTS

In F5 generation, out of 55 RILs screened using
MAS, 11 RILs had the Pi9 gene and were
considered as positive. In F6 generation, out of
those 11 RILs, 4 RILs were positive and were also
performing uniformly in the field. The 4 RILs
namely are- Line no: C11; Plant number-3, Line no:
C14; Plant number-7, Line no: C19 (Plant number-
3) and Line no: G5 (Plant number-1, 2, 6, 7, 8 and
9). The plant height of almost all the lines were
medium and hence were not lodging prone. The
number of effective tillers ranged from 15-20 per
plant. The mean panicle length ranged between
22.5 to 30 cm. Line No. C14-7 had awns present
which were short in length; awns present in the
upper half of the panicle only. The grains of C14-7
were medium slender, the decorticated grain
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length was 6.4 mm and breadth 1.59 mm. For the
sensory test of leaf tissue (Sood &Siddiq, 1978), the
presence of aroma in some plants from all 4 RILs
were scored. Line No. C19-3 had medium length
with dense foliage and medium bold grain and
yield was 50 g/ plant. By F6 generation, C19-3 was
completely uniform in the field and all the plants
individually planted from the seeds collected in
F5 were positive. Every plant of the Line no. G5-2
was scored for the presence for aroma, height of
the plant is short (93.1 cm), number of effective
tillers were medium, length of the panicle being
long (26.2 cm), yield was 15 g/ plant, the grain was
long slender. All the plants of the line no. G5 had
long and narrow grain type.

CONCLUSION

4 RILs have shown promising yield attributing,
agronomic as well as desirable characters in

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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which the positive genes contributing resistance
is considered to be fixed. At field level also, most
of the agronomic and desirable characteristics
have been uniform for 2 generations.
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Association Pattern of Sterile Lemma of Rice (Oryza sativa L.) with
Seed Yield and Its Attributing Characters

Sagnik Poddar*, Bidhan Roy
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Cooch Behar 736165, West Bengal, India;
*: Presenting author; E-mail: poddar.sagnik007@gmail.com

Generally, rice is identified to have a pair of short
sterile lemma with varying color. Some traditional
rice cultivars, such as Ramigelee showed irregular
long sterile lemma (Roy and Surje, 2016). Till now
there is no report on contribution of sterile lemma
towards seed yield. Considering the novelty of
sterile lemma and taking into account the
importance of sterile lemma as distinctive
character, a study has been conducted find out the
association of sterile lemma with seed yield and
other yield attributing characters.

METHODS

The experiment was conducted to find the role of
sterile lemma of spikelet and its contribution
towards seed yield. In this study, 137 advanced
lines derived from a cross between Nilachal (a
traditional cultivar) and Swarna (MTU 7029) were
included with a reference traditional cultivar-
Ramigelee. In this endeavour, quantitative and

qualitative characters were studied during Kharif
2019 and Kharif 2020.

Fig. 1. White coloured sterile lemma at maturity of different advanced lines

28 Hl
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RESULTS

A sum of 21 quantitative characters were studied.
High variability were observed among the RILs.
Five quantitative such as, sterile lemma colour and
length (Fig. 1), leaf blade colour, leaf sheath colour,
chalkiness and grain types were studied in this
endeavour.

High significant variability was observed
in respect of all the quantitative and qualitative
characters. Some lines showed high yield potential.
Two lines, namely NS17-2 (9.71 t/ha) and NS1-2
(9.63 t/ha) had very high potential seed yield. Four
lines exhibited yield ? 5.00 t/ha, such as, NS25-1
(6.87 t/ha), NS25-5 (6.07 t/ha), NS25-1-1S (5.67 t/
ha) and NS7-1 (5.20 t/ha).

Grain type is a desirable character to attract
the consumers. There are five classes of grains.
Three of the lines were found long slender, 29 were
medium slender, 70 were long bold, 35 were short
bold and only one was categorized as Basmati type.
None were found short slender and extra-long
slender. Long slender and medium slender have
good demand by the urban and semi-urban
consumers. A good number of advanced lines in
this investigation possessed long slender and
medium slender grains. Those lines can be
popularized for commercial cultivation.

Yield showed increasing trend with
increase in length of sterile lemma and length of
sterile lemma (palea-side), but it is not uniform
across the advanced lines. It needs further
statistical analysis to seed the effect of sterile lemma
on yield. Considering this non-uniform graphical
relationship between length of sterile lemma and
yield, character associations was performed
statistically in the later part of this chapter.

Length of sterile lemma showed significant
positive correlation at genotypic and phenotypic
levels with length of grain (0.338**; 0.293*¥),
breadth of grain (0.286**; 0.279**), thickness of grain
(0.282**; 0.228**), test weight (0.272**; 0.233**),
kernel length (0.131%; 0.129*), kernel thickness
(0.239**; 0.220**), 1000-kernel weight (0.252*%;
0.244**), length of sterile lemma (palea-side)
HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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(1.015**; 0.975**), breadth of sterile lemma (0.721*%;
0.652**) and seed yield (0.120%; 0.119%).

Length of sterile lemma (palea-side)
displayed significant positive correlation at
genotypic and phenotypic levels with length of
grain (0.318*%; 0.311**), grain breadth (0.318**;
0.274*%), grain thickness (0.276**; 0.244**), test
weight (0.276**; 0.248**), kernel length (0.143%;
0.127%), kernel thickness (0.228**; 0.213**), 1000-
kernel weight (0.250*%; 0.257**), length of sterile
lemma (0.250*%; 0.257**), breadth of sterile lemma
(0.692**; 0.657**) and seed yield (0.129%; 0.126%).

Breadth of sterile lemma demonstrated
significant positive correlation at genotypic and
phenotypic levels with grain length (0.440**;
0.401**), grain thickness (0.265**; 0.249*¥), test
weight (0.358**; 0.296**), kernel length (0.217*%;
0.189%), kernel thickness (0.178*; 0.172*), 1000-
kernel weight (0.350**; 0.323**), length of sterile
lemma (0.721**; 0.652**) and length of sterile lemma
(palea-side) (0.692**; 0.657**).

Seed yield demonstrated significant
positive correlation with number of filled grains
per panicle (0.188%; 0.151*), grain length (0.168%;
0.152%), kernel length (0.174*; 0.165*), kernel
thickness (0.117*; 0.108*%), 1000-kernel weight
(0.123%; 0.122%), length of sterile lemma (0.120%;
0.119%) and length of sterile lemma (palea-side)
(0.129% 0.126%).

CONCLUSION

In nutshell, it can be concluded that length of sterile
lemma (0.120%; 0.119%) and length of sterile lemma
(palea-side) (0.129%; 0.126*) had significant positive
correlation with seed yield of advanced lines
derived from a cross between Nilachal and Swarna.
Breadth of sterile lemma also showed positive but
insignificant correlation with seed yield.

REFERENCES
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Callus mutagenesis and study of induced variability in M, generation
of local aromatic rice landraces (Oryza sativa L.)
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Mutagenesis using ethyl methanesulphonate
(EMS) has been proved to have improved
agronomically important traits in crop plants
specially in rice as it was found to induce mutation
rate of 1.4 to 2.9 mutations per Mb (Awais et al.,
2019). Callus initiated from mature embryos of rice
when treated with EMS at 0.2% for 2 hours was
found to be effective in generating a whole rice
mutant population with high mutation ratei.e., one
mutation in every 451 Kb (Serrat et al., 2014). On
the basis of these facts, this experiment was taken
up to analyze EMS induced biological effects of in
vitro mutagenesis and induced variability in M,
generation of four local aromatic rice genotypes to
identify the desirable mutants.

METHODOLOGY

MS medium with 125mg/1 ascorbic acid, 125 mg/
1 citric acid, 0.5 mg/I NAA, 0.1 mg/1 BAP,100 mg/
1 myo- inositol, sucrose at 3% (w/v) and EMS
(0.2%) was used for in vitro mutagenesis. Twenty
five calli (0.2mm size) from 4 aromatic rice
landraces were treated for 2 hours, 4 hours and 6
hours each maintaining the control. Treated calli
then transferred to regeneration medium and M,
plantlets were obtained. In the M, seedlings the
chlorophyll mutation spectrum was observed for
determining mutation rate. Nine quantitative and
three qualitative characters (aroma level, alkali
spreading value and amylose content) were

a. BM-4-9-6 (mutant)

b.Basumati

e. KM-4-19-14 (mutant) f. Kalikati

c. GM-4-18-2 (mutant)

d. Gangabali

g. PM-4-14-9 (mutant)  h. Karpurajeera

Fig. 1. Pattern of variation in the mutants and parents for single plant yield
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subjected to statistical analyzes using RBD and
CRBD respectively using ANOVA. The pattern of
variation in the M, population was examined
through frequency curves. Possible deviation from
normality was examined through estimates of
skewness and kurtosis for M, generation of the four

aromatic rice genotypes.

RESULTS

The mutagenic frequency, effectiveness and
efficiency was calculated on the basis of
chlorophyll mutants observed in M, seedlings.
Basumati (10.68) was found to be more responsive
to mutation followed by Kalikati (10.25),
Karpurajeera (4.45) and Gangabali (4.17) on the
basis of mutation rate obtained in these genotypes
in terms of effectiveness. Estimates of skewness
and kurtosis which are the measure of deviation
from normality for mutants and parents showed
wide variations and improvement in terms of yield
in the mutants compared to parents (Fig. 1).

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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CONCLUSION

EMS induced mutation in the in vitro technique in
aromatic rice genotypes leads to more effective
mutagenesis consuming less time and labour
giving desirable mutants with reduced plant height
upto 18.78%, increased tillers per plant by 134.4%
and increased yield by 118.2%.
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Drought Tolerance of qDTY QTL Introgressed Rice Genotypes Under
Managed Water Stress Condition.

R Suresh'., *Raveendran M, *Nithishkumar G, 'Renuprasath P, 'Shanmugam A,
?Sassikumar D and K. Subrahmaniyan

!Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore-641 003, Tamil nadu, India
*Tamilnadu Rice Research Institute, Tamil Nadu Agricultural University, Aduthurai-612 101, Thanjavur, Tamil nadu, India
*Director of Research, Tamil Nadu Agricultural University, Coimbatore - 641 003
*E-mail: sureshpbg@gmail.com

Rice (Oryza sativa L.) is the one of the oldest
cultivated and most widely consumed staple food
crop to some 4 billion people throughout the world.
It is grown in nearly 95 countries all over the world
(IRRI, 2002). India, China and Indonesia are the top
three nations that accounts for more than 50 per cent
of global rice production (FAO, 2015). The demand
for rice production is increasing day-by-day due to
rapid increase in the world population. Drought is
major limiting factor in rice production ecosystem
and impacts world food security. According to
climate change prediction models, impact of
drought on rice production will be more in coming
years and depends on severity of drought prevails
during that year (Guo et al. 2021). Hence, there is a
need to improve the rice production and
productivity in wide range of environments
including less favorable rainfed areas. Currently,
there is no commercially viable way to increase rice
yield under drought. However, developing
drought-tolerant rice varieties is a promising
strategy to help developing and underdeveloped
nations to meet their rising food demands (Farooq
et al., 2009). Direct selection for yield under drought
stress in managed water stress environments is seen
as a promising way to deal with drought tolerance
inrice. Considering the above situations, the present
research focuses on field screening of back crossed
inbred lines (BILs) to identify high yielding drought
tolerant genotypes.

METHODOLOGY

The present investigation was carried out using
three sets of back crossed inbred lines (BILs)
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derived from three crosses viz., ADT (R) 45*3/ Apo
withQTLsgDTY 1.1, gDTY 3.1, ADT (R) 45*3/ Way
Rarem with QTL gDTY 12.1 and ADT (R) 45*2/
Apo//ADT (R) 45*2/Way Rarem with QTLs gDTY
1.1, gDTY 3.1 and gDTY 12.1. The BILs along with
the parental genotypes were evaluated for drought
tolerance during dry season (Summer, 2022) under
managed water stress conditions at Tamil Nadu
Rice Research Institute, Aduthurai. by following
the below mentioned protocol.

1. Each entry was direct seeded in two rows
with a row length of 1.5 meter and spacing
of 20 cm between rows. The seedlings were
allowed to grow up to 65 days after sowing
(DAS) with normal irrigation in 3 days
interval with no standing water.

2. Irrigation was stopped 10 days before
flowering i.e., 70 days after sowing and the
drought stress was imposed for a period of
15 days i.e., up to 85 days after sowing.

3. Soil Moisture Content per cent (SMC %)
was recorded before and after stress period
and also during the stress period.

4. On 84" and 85" DAS, observations viz., leaf
rolling, leaf drying scores, relative water
content, SPAD chlorophyll value and
proline content were recorded.

5. Field was re-irrigated on 86" DAS to relieve
the water stress and thereafter irrigation
was continued for once in 3 days until
maturity.
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Table 1. Mean yield of genotypes with different QTL combinations

Genotypes with QTL combinations

Number of genotypes Mean yield (g)

% increase in yield over ADT (R) 45

ADT (R) 45 (Recurrent Parent) 1
BILs with gDTY 12.1 73
BILs with gDTY 1.1 + 3.1 31
BILs with gDTY 1.1+ gDTY 12.1 3
BILs with gDTY 3.1+ qDTY 12.1 3

BILs with gDTY 1.1+ gDTY 3.1+ gDTY 121 10

15.335 -
16.590 8.18
23.720 54.68
21.948 43.12
28.998 89.10
23.933 56.07

6. Post stress observations viz., drought
recovery per cent was recorded seven days
after relieving the stress.

7. Biometric observations viz., plant height,
productive tillers per plant, flag leaf length,
flag leaf breadth, panicle length were
recorded at the time of harvest and traits
such as grains per panicle, chaffs per
panicle, spikelet fertility, thousand grain
weight and yield under stress were
recorded after harvesting the crop.

RESULTS

The mean yield of genotypes with different QTL
combination (Table 1) showed that all QTL
combinations recorded higher mean yield than the
recipient parent ADT (R) 45. The results showed
that BILs with 2 QTLs viz., gDTY 3.1 and gDTY 12.1
exhibited 89.10 per cent of increase in yield over
ADT (R) 45. BILs with all the three QTLs viz., gDTY
1.1, gDTY 3.1 and gDTY 12.1 also exhibited 56.07
per cent of yield improvement than ADT (R) 45.
Apo derived BILs with gDTY 1.1 and gDTY 3.1
recorded higher mean yield than the inter-mated
BILs with gDTY 1.1 and gDTY 12.1.

Three BILs (IM 33, IM 45 and IM 69)
carrying gDTY 3.1 and ¢DTY 12.1, two BILs (IM 5,
IM 12) carrying gDTY 1.1 and ¢DTY 12.1, seven
BILs (IM 127, IM 140, IM 172, IM 32, IM 39, IM 71
and IM 85) carrying all the three QTLs, three BILs
(A 24, A63, A80) carrying gDTY 1.1 and g¢DTY 3.1
and seven BILs (W 18-8-7, W 225, W 61, W 64, W 7-
4-1, W 214 and W 216) carrying gDTY 12.1 are best
performing genotypes under drought tolerance for
most of the traits under study. Out of 120
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genotypes, 13 BILs viz., W 18-8-7, W 225, W 61, W
64, W 7-4-1, A 99, IM 33, IM 45, IM 69, IM 85, IM
127, IM 140 and IM 172 exhibited better
performance for drought related traits such as leaf
rolling, leaf drying, drought recovery, relative
water content, SPAD value and proline content.

CONCLUSION

Evaluation of BILs under managed water stress
conditions revealed that BILs with gDTY 3.1 and
gDTY 12.1 exhibited maximum mean yield under
drought stress followed by BILs with all three QTLs
viz., gDTY 1.1, ¢DTY 3.1 and qgDTY 12.1. This
indicates the additive effects of QTLs for drought
tolerance. Five BILs carrying ¢DTY 12.1 viz., W 18-
8-7, W 225, W 61, W 64, W 7-4-1, three BILs carrying
gDTY 3.1 and gDTY 12.1 viz., IM 33, IM 45, IM 69
and four BILs carrying ¢DTY 1.1, gDTY 3.1 and
gDTY 12.1 are the most promising lines for drought
tolerance. Hence, these lines can be considered for
further testing in target production environments
to release as drought tolerant varieties and also
used as a potential donor parent for drought
tolerance breeding.
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Draft genome sequence for the allo-tetraploid wild rice Oryza alta.
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INTRODUCTION AND OBJECTIVES

Oryza alta is an allotetraploid wild rice carrying
the CCDD genome. This species is an important
member of the Oryza officinalis complex group
comprising six diploids and six tetraploids. Our
preliminary anatomical studies among the wild
rice species had identified the potential in O. alta
for various photosynthetic traits. An initiative in
this regard had been taken to generate genomic
resources for this species. 4

METHODOLOGY

Initially, we had generated short-read using an
[llumina platform and long-read data using PacBio.
These data were used to generate chloroplast
assembly and the draft genome assembly and is
much helpful in establishing species relationship
using barcode markers. The contigs generated
were scaffolded to chromosome-level draft genome
using the recently reported genome sequence (Yu
et al., 2021).

Q_alta

chlgronlast genome
135,175 bp

Fhat e
[ A p———

Fig. 1. chloroplast genome map of Oryza alta.
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RESULTS AND CONCLUSION

The chloroplast assembly using short-read data
gave a complete circular genome of size 135,175
bp (Fig. 1). The annotation of the chloroplast
assembly had identified 173 mRNA, 34 tRNA and
4 rRNA genes. With reference to the nuclear
genome, using the short read data, the genome size
estimates were assessed and found that the genome
contains an average of 29% repeats and the
predicted genome size (corrected to accommodate
repeats and heterozygosity values) was found to
be 930.702294 Mbp. Previously the genome size
for O. alta is reported to be 894.6 Mb (Yu et al., 2021).
The short-read and long-read data generated were
subjected through the hybrid assembler,
MaSuRCA, and a first version draft genome

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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assembly has been made and are scaffolded to
chromosome level draft genome. This assembly
size was 848.260214 Mbp in 6444 scaffolds. Around
86 per cent of the scaffolds (5548) were of more
than 10 kb in length. The N50 contig and scaffolded
length was estimated to be 0.23 and 35.65 Mb,
respectively. The BUSCO score to estimate the
annotation completeness of the genome is found
to be 99.3%.
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population in rice
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Rice is the life and the prince among cereals as this
distinctive grain helps to sustain two thirds of the
world’s population. To meet the indispensable
demand of the constantly increasing population,
improvement of the yield potential through genetic
manipulation will be a key tool in rice breeding
programs. Introduction of new favorable genetic
material from genetically related groups of Asian
rice is considered a promising approach. Rice yield
can be further enhanced by exploiting the heterosis
among the subspecies of rice which shows
significant dissimilarities in stress resistance,
quality and yield. Estimates indicate that about
30% higher yield can be obtained from the heterosis
of indica/japonica varieties than those of japonica
or indica cultivars (Guo et al., 2016). The success of
any plant breeding programme depends upon the
existence of genetic variability present in a given
crop species for the character under improvement
which act as handy tools of a plant breeder for
ensuring efficient selection. For selection,
understanding the association of individual trait
with the plant yield will be highly informative and
useful along with genetic analysis.

MATERIALS AND METHOD

Totally 35 F, hybrid were synthesized by utilizing
ten japonica and 14 indica genotypes. Based on
standard heterosis, pollen fertility and seed set
percentin all F,’s, Paiyur 1 x Nira ( indica x tropical
japonica) were forwarded to generation
advancement. F, population were evaluated for the
extent of variability and genetic parameters for 18
characters which includes, yield and yield
attributing characters and physical grain quality
parameters. Although it shows partial fertility,
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parents having desirable traits for further plants
selection in segregation generation. The
observations were recorded in an average of 400
plants in F, population.

RESULT

In the present study, values of phenotypic variance
were greater than the genotypic variance for all
the characters except for panicle weight, kernel
length, and kernel breadth indicating the least/nil
influence of environmental effects for these traits.
High PCV and GCV coupled with high heritability
and high genetic advance as per cent of mean were
exhibited by spikelet fertility, hundred grain
weight , basal internode diameter , number of
primary branches, total biomass , panicle weight,
number of productive tillers, number of secondary
branches, single plant yield, harvest index and
number of filled grains panicle” which indicated
that these traits were controlled by additive type
of gene action and there is a good chance for
improvement through selection

In association studies, single plant yield
was found to be determined by component traits
like number of productive tillers, total biomass,
harvest index, and panicle traits viz., panicle length,
number of primary branches, number of secondary
branches, number of filled grain panicle?, panicle
weight and spikelet fertility which is evident from
their highly significant positive correlation(Figure
1). In path analysis, F, population were recorded
high positive direct effect on single plant by the
traits total biomass and harvest and indirect effect
of traits on single plant yield, number of productive
tillers showed a high positive indirect effect via
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total biomass and moderate positive indirect effect
onsingle plant yield via harvest index. Hence these
traits may be given importance in selection, since
it will lead to increase in the yield plant!
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irrespective of whether it is inter/intra sub specific
crosses.

CONCLUSION

Genetic studies for variability parameters and
association studies in F, population (Paiyur 1 x
Nira) is useful for identification of promising single
plants with high mean values for different traits
that can be advanced to next generation. The
breeding lines to be developed from the harvested
F, and F, of these inter sub specific crosses is
expected to realize genetic gains for yield in future
that can be exploited in both varietal development
programmes and in hybrid breeding programmes
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Morpho-physiological characters reveal optimum sodicity levels for
rice varieties differing by their response to salt stress at seedling stage
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Rice is one of the most important cereal grains that
meets the major calorie requirement of world
community. However, rice production is hindered
by various biotic and abiotic stresses. Comparative
biochemical analysis of tolerant and susceptible
cultivars augment the understanding of key
proteins and metabolites and mechanisms
underlying stress tolerance (Demirel et al. 2020).
The current study aims to identify optimum
sodicity concentration to screen these rice varieties
for biochemical, proteomic and metabolomic
studies.

METHODOLOGY

A set of four rice varieties viz., FL478, CSR36,
Pusa44 and ASD19, differing by their response to
salt stress were used in the present study. The seeds
were subjected to different levels of sodicity stress
viz.,, 0 mM, 25 mM, 50 mM, 75 mM, 100 mM, 125
mM and 150 mM, using roll paper towel method
with 5 replications. The following morpho-
physiological traits viz., shoot length, root length,
seedling fresh weight and seedling dry weight,
were measured and Salt Injury Index (SII) as per
Wu et al., (2019) was calculated to identify the
optimum sodicity level for each variety.

RESULTS

A graph was plot using salt injury index of each
trait Vs the salt concentration for calculating the
Growth rate inhibition 50 values (GR50), For
instance, salt injury index Vs concentration for
shoot length in FL478 was illustrated in Figure 1.
The results indicate different levels of GR for all
the traits observed in the study (Table 1). The mean
value for each variety was calculated and identified
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as the optimum sodicity concentration of that
variety. Clearly, FL478 showed higher mean GR50
value (105.39 mM) compared to other varieties,
indicating it to be the most tolerant variety, while
the most susceptible variety was found to be
ASD19 (69.30 mM).

Fig. 1. Saltinjuryindex Vs Concentration for Shoot length
of FL478

Table 1. GR50 values of different traits at seedling stage

Varieties  SL RL SFW SDW Mean
FL478 106.21  97.44 13451  83.39 105.39
CSR36 78.45 72.65 122.02 10413 94.31
Pusad4 100.11  84.64 115.18  60.68 90.15
ASD19 71.57 64.33 78.88 62.44 69.30

CONCLUSION

Understanding the biochemical basis of salt stress
tolerance is one of the prime steps for the
development of tolerant varieties. Optimisation of
salt concentration is the preliminary step for
different biochemical, proteomic and metabolomic
studies. The GR50 values for the varieties under
study viz., FL478, CSR36, Pusa44 and ASD19 were
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105.39 mM, 94.31 mM, 90.15 mM and 69.30 mM biochemical, and transcriptional responses to
respectively. The results from the present study single and combined abiotic stress in stress-
will be most useful for studying the biochemical tolerant —and = stress-sensitive potato
. . . . genotypes. Frontiers in plant science, 11, 169.
basis of sodicity tolerance and further effective crop
improvement. 2. Wu, H,, Guo, ], Wang, C,, Li, K,, Zhang, X., Yang, Z.,
... & Wang, B. (2019). An effective screening
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Utilization of New Alleles through Pre-breeding to improve Yield
and BPH resistance in cultivated rice
L. K. Bose, M. K. Kar, M. Chakraborti, , P.C. Rath, H. N. Subudhi, P. Sanghamitra,

N. N. Jambhulkar and S.K. Dash

National Rice Research Institute, Cuttack-753006 (India)
Email : lotanrice@gmail.com

Rice is one of the most important cereal crops
feeding more than half of the world population.
The brown planthopper (BPH), Nilaparvata lugens
(Stal) is one of the most serious rice pests
worldwide. Growing resistant varieties is the most
effective way to manage this insect, and wild rice
species are valuable sources of resistance genes for
developing resistant cultivars. New alleles can
provide genetic variability for crop enhancement.
The Oryza wild species represent a potential source
of new alleles for improving the yield, quality and
stress resistance of cultivated rice, therefore Pre-
breeding is one the best options to address the
problem of stagnating productivity by searching
for new genes for tolerance to biotic stresses with
yield, quality and tolerance to BPH. Common wild
rice (Oryza rufipogon Griff.), known as the ancestor
of Asian cultivated rice (Oryza sativa L.), is the most
important germplasm for rice improvement. The
objective of this study was to transfer BPH
resistance gene with yield gene from wild rice
(Oryza rufipogon Griff.) to cultivated rice (Oryza
sativa L. cultivar Swarna) by backcrossing in
combination with immature embryo culture.
Brown plant hopper (BPH, Nilaparvata lugens Stal)
is one of the most serious rice insect pests in India
and the world and development of virulent BPH
populations is becoming a serious threat for rice
cultivation at present. In this study, more than 50
accessions of common AA genome wild rice (Oryza
rufipogon, Oryza nivara) were evaluated for the
resistance to BPH along with susceptible check
TN1. Two resistant accession of O. rufipogon were
identified and were used in hybridization
programme. Lines were verified with markers
linked to BPH resistance genes to detect whether
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that the resistance observed in O. rufipogon
accession is due to existing resistant genes or new
genes to avoid genetic uniformity of BPH resistance
in cultivated rice in future. These resistant
advanced genetic stocks set a solid foundation for
breeding new resistance varieties. Wide
hybridization in Oryza is normally difficult to
achieve because many wild species of genus Oryza
are difficult to cross with cultivated rice because
of difference in chromosome number or genetic
constitution. Wide hybridization and chromosome
manipulation are the important techniques to
transfer useful genes from wild to cultivated rice
leading to rapid genomic changes like
chromosomal rearrangements, genome expansion,
differential gene expression and gene silencing.

METHODOLOGY

BPH tolerant accession of O. rufipogon was crossed
with cultivars. All the F1s were backcrossed to the
respective recurrent parents and embryo rescue
were followed due to shattering of spikelets to get
BC1 plants. BC1 progeny were back crossed to the
same recurrent parent to obtain BC2 progeny.

RESULTS

The F1 hybrids were morphologically intermediate
between two parents in some respect but showed
preponderance of the traits of the wild species.
They were robust and vigorous. All the F1 hybrids
were semi-sterile. The seed set on back crossing
the F1 hybrids with recurrent parents were
extremely low. All the BC1F1 plants were
completely male sterile. BC1F1 progeny were back
crossed to same recurrent parents to obtain BC2F1
progeny. Disomic BC2F1 plants were grown for
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generation advance and selection for desirable
plant type. All the derivatives of F1, BC1F1, BC2F1,
BC2F2, BC2F3 and F2 were screened

simultaneously against BPH.

CONCLUSION

The present investigation describes details of
experimentation strategy to introgress BPH
resistant genes from O. rufipogon to the cultivars.
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Phenotypic Stability of Seed Characteristics in Rice (Oryza sativa
(L).) is influenced by Source-Sink Imbalances

M Dhandapani, ' K Subrahmaniyan, 2S Geethanjali, ' A Shanmugam, * M Sangeetha
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INTRODUCTION

Rice is cultivated in an area of 14 lakh ha in Cauvery
Delta Zone of Tamil Nadu, a special agricultural
zone, as per the TN Govt GO. Short duration rice
varieties with a duration of 100-110 days are being
cultivated during summer season (April-July) and
Kuruvai season (June-September) viz., ADT36,
ADT37, ADT43, ASD16, CO51, TPS5, and ADT53.
The popular paddy variety ADT53 often shows
objectionable percentages of off types viz., bold
grains, long slender grains and tall plants in seed
production plots. The proposed study was
formulated with the following objectives.

1. Studying the cause of phenotypic stabilities
of grain types in the paddy variety ADT53

2. Modified nutrients dose and application
method to prevent the source sink
imbalances

Table 1. Treatment Details

S No Treatment Details

1. T,- SA: NPK (100: 50 :50 kg/ha) + Zinc sulphate, 25
kg/ha

2. T+ (FA- 0.5% water soluble macro nutrients + 0.2%

micro nutrients on 15" DAP)- T,

T, + (FA on 25" DAP)- T,

T3+ (FA on 45" DAP)- T,

T4 + (FA on 60" DAP)-T,

Rescheduling Nitrogen and Potassium (N-40 kg/ha,

No phosphorous, K- 75 kg/ha + FA- 15%, 25%, 45, 60t

DAP- T,

(SA: Soil application-Nitrogen- Urea, phosphorous- Di

ammonium phosphate K- Muriate of Potash, FA: Foliar

application: MN mixture: 0.2% (MN-Chelated mixture of Fe

2.5%,Mn1.0%,7Zn 3.0%, Cu1.0%, Mo 0.1% and B 0.5%), Water

soluble: 19:19:19 (NPK)
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MATERIALS AND METHODS

Confirmation of genetic purity of nucleus
seeds by paired row method of Seth et al.,
2022.

Raised bed nursery, 14 days old seedlings
for transplanting, spacing 30 x 30 cm and
Planting of single seedling per hill

Statistical analysis

Six treatments with three replications, each
replication with 20 cents as one plot, total number
of plants: 8888 / plot. Duncan multiple range test
was performed to study the significance of the
treatments imposed on each plot with replications
using R statistical packages. Removal of off types
was carried out as per the DUS characteristics and
guidelines.

RESULTS AND DISCUSSION

Totally six treatments were imposed on each plots
consisting of 20 cents. The first treatment as soil
application of zinc sulphate with recommended
dose of NPK, showed (T,) showed increased
number of off types of 147 bold grain (1.6%), long
slender grains and elongated stem plants with
excess foliage (taller types) viz., 147, 37, 16 with
respective percentages to the total population of
1.6%, 0.4% and 0.2%. The second treatment (SA +
FA: 15ht DAP) reduced the off types 72 (0.8%),
17(0.2%) and 5(0.06 %) with almost 50% reductions.
The third treatment showed further reduction of
off types viz., 53 bold types (0.6%), 5 long slender
types (0.06%), 3 tall plants (0.04%). The fourth
treatment showed 38 bold types (0.4%), 3 long
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Table 2. Effect of dose modifications and application on grain
phenotypic stabilities of ADT-53 during summer
(April-July)-2022 and Kuruvai (May-August)-2022

Summer-2022 (April-July)
SNo Treatments Bold grain

Long slender Tall plant

type grain type  type
1. T, 147.0° (1.6%) 37.0° (0.4%)  16.0°(0.2%)
2. T, 72.0°(0.8%) 17.0°(02%)  5.0° (0.06%)
3.1, 53.0°(0.6%)  5.00° (0.06%) 3.0° (0.04%)
4. T, 38.00< (0.4%) 3.0°(0.04%)  2.0° (0.03%)
5. T, 22.04(02%)  4.00° (0.05%) 1.0° (0.02%)
6. T, 5.00¢(0.06%) 2.0° (0.03%)  2.0° (0.03%)

Kuruvai-2022 (May-August)
S No Treatments Bold grain

Long slender Tall plant

type grain type type
1. T 100.0° (1.0%) 24.0*(0.3%) O
2. T, 4.0° (0.05%) 3.0*(0.04%) 0

slender types (0.04%), 2 tall plant types (0.03%).
Fifth treatment with additional fourth foliar
application on 60th DAP (70 days old plants),
showed 22 bold types (0.2%), 4 long slender types
(0.05%) and 2 tall plant types (0.02%). Sixth
treatment (Nutrients rescheduling and foliar
applications) effectively reduced the bold types to
0.06% (Table 2). Recommended dose showed 1.0
%,0.3% off types respectively during kuruvai-2022.
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Table 3. Influence of nutrients rescheduling and foliar sprays
of macro and micro nutrients on seed yield of the
paddy variety, ADT53 during kuruvai-2022

S No Treatments Seed yield (kg/ha)
1. T, 3966.67°
2. T 5641.67°

6

Modified protocol showed drastic reduction as
0.05% and 0.04% respectively along with yield
increase of 42.2 % over control (T,:5641.67,
T,:3966.67 kg/ha) respectively.

CONCLUSION

1. Nutrients imbalance causing grain phenotypic
stabilities of rice mainly attributed to deficiencies
of Phosphorous and Zinc

2. Prevention of formation of off types by modified
nutrients dosage and application results in yield
increase.
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Evaluation of morphological traits for salt tolerance in rice Tamil
Nadu landraces
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Over the years, abiotic stresses have severely
constrained rice production, especially salinity.
Rice is sensitive to salinity at seedling and
reproductive stages, leading to a yield loss of 45%
around the globe. In Tamil Nadu (TN), rice is
cultivated in an area of 17.58 Lakh hectares with a
production of 63.30 Lakh metric tons. Wide genetic
variations are available in Tamil Nadu landraces
for salinity tolerance at the seedling stage. In this
study, therefore, we evaluated 31 landraces along
with 2 checks (Pokkali and IR29) for salt tolerance
at the early seedling stage.

MATERIALS AND METHODS

The experiment material of 31 landraces was
collected from Paddy Breeding Station, TNAU,
Coimbatore. Pre-germinated seeds were grown in
Yoshida solution for 14 days then salinity (12 dS/
m) was imposed and readings were taken from the
7t day after salt treatment. A total of ten
morphological traits were recorded. Salt tolerance
index (STI) values and Membership function
values (MFV) were calculated for each trait. The

salt tolerance grading was based on average MFV
values, When, X, > X + 1.64 SD, the plant was
highly saline tolerant; when +1SD < X < -
1.64 SD, the plant was saline tolerant; when -1
SD <X, < +18SD, the plant was moderately saline
tolerant; when - 1.64 SD < X < -1 SD, the
plant was saline susceptible and when X.<  -1.64
SD, the plant was highly saline susceptible (Chen
et al (2020)). Further, a mathematical model was
developed from multiple regression analysis using
unstandardized coefficients () and constant (u) (Li
et al., (2020)). The formula is given below

Y= BSTISL*STISL+B

B STI RFW*STIRFW

*STI

RL*STI, + B
+ B STI RDW*STIRDW
*STL,,,,

kd
STISFW STISFW +

*STL,,,, +

+ B STI SDW SDW
*ST1, + 1

STI

B STI TFW TFW + B STI TDW + BSTI MC

RESULTS

In the present study, recorded traits showed
significant differences among genotypes. Salt
stress caused a reduction in the growth parameters
of rice seedlings in all landraces. The STT and MFV
values vary widely between genotypes for all traits.

Table 1. Salt tolerance evaluation of Average MFV and Y value of two genotypes from each salt tolerance grades

Genotypes

STISL STIRL STISFW STISDW STIRFW STIRDW STITFW STITDW STIWC STISES AVGMFV Y Diff

Pokkali 075 096 0.81 0.82 0.56 0.88
A. kuruvai 078 085 0.83 0.83 0.44 0.90
Sarapillai  0.81 0.85 0.57 0.50 0.60 0.73
Manavari 070 0.76  0.64 0.63 0.58 0.71
Poongar 067 074 053 0.44 0.55 0.69
Senthooram 0.51 0.45 0.55 0.31 0.29 0.53
Kavuni 062 055 041 0.32 0.30 0.60
IR29 047 044 043 0.39 0.30 0.21

0.70 0.83 094 850
0.66 0.84 092 620
0.58 0.59 1.00 6.80
0.61 0.65 0.98 6.20
0.54 0.48 1.04 5.00
0.42 0.35 1.04 280
0.35 0.37 099  2.00
0.37 0.34 1.02 283

0.86(HT)  0.86 0.00
0.78(HT)  0.78 0.00
0.68(T)  0.68 0.00
0.67(T)  0.67 0.00
056(MT) 056 0.00
030(MT) 030 0.00
027(S) 027 0.00
022(S) 022 0.00

SL- shoot length, RL-Root Length; SFW-Shoot Fresh Weight, REW-Root Fresh Weight, RDW-Root Dry Weight, TFW-Total Fresh
Weight, TDW- Total Dry Weight, WC- Water content, SES- Standard Evaluation Fees
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The average MFV which indicates comprehensive
tolerance ranged from 0.21(IR29) to 0.86 (Pokkali).
Based on Chen et al (2012) salt tolerance grading,
the 31 genotypes and 2 checks were classified into
four categories viz., Highly tolerant (3), Tolerant
(2), moderately tolerant (24), and susceptible (4).
Based on multiple regression, a quantitative
evaluation model was established using
unstandardized coefficients and STI. The reliability
of the quantitative evaluation model for predicting
the salt tolerance of rice germplasms were assessed
by calculating Y values and comparing it with
average MFV. The Y values and average MFV of
random 3 landraces from each salt tolerant grades
were given in table 1. The average difference
between Y and the average MFV is 0.0001. This
indicates the mathematical model can be used to
predict the salt tolerance of rice germplasms.
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CONCLUSION

The identified highly tolerant genotypes (Pokkali,
A. kuruvai and Varakkal) and tolerant (sarapillai
and manavari) landraces can be used in breeding
programmes for improving seedling stage salt
tolerance in rice. Further, this mathematical model
is a reliable method for evaluating rice landraces
for salt tolerance.
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Rooting and physiological traits of rice genotypes under contrasting
water regimes and biofertilizer

Shahana Begum' and Shalini Pillai P.2
L2College of agriculture, Vellayani, Kerala Agricultural University, Thiruvananthapuram, Kerala — 695522, India

Rice is the most important cereal crop in the world
but requires an enormous quantity of water for
its production. Conventional cultivation of rice
requires special operations like nursery
establishment, pudding, transplanting, etc. which
makes it labor-intensive. Under present scenario,
where climate change has adversely affected the
rainfall distribution leading to water shortage,
shifting from conventional to alternate water-
saving rice production technologies like aerobic
rice system and saturated irrigation of rice holds
great significance. In aerobic rice production
system, rice is directly seeded in non-puddled and
non-saturated soil with fertilizer application and
supplemental irrigation during insufficient rainfall
(Bouman et al., 2006). The role of biofertilizer
Azospirillum lipoferum in promoting plant growth
is well established. Thus, this study was
undertaken to compare the characteristics of rice
genotypes under contrasting water regimes with
the inoculation of A. lipoferum.

METHODOLOGY

During summer 2021, the seeds of 3 rice genotypes
viz., Prathyasa (MO 21), KAU Manu Rathna (HS
16) and Sharada (MAS 946-1) were dibbled in the
PVC tubes of 8" diameter and subjected to 3
different water regimes, W -flooded condition (5
cm standing water), W, saturated condition
(irrigating to 1 cm depth one day after the
disappearance of standing water column) and W.-
aerobic condition (irrigation to obtain 2.5 cm
depth of irrigation and subsequent irrigation once
in five days), with and without A. lipoferum. The
rooting traits at harvest and physiological
parameters at panicle initiation stage were
recorded.

RESULT

The genotype, Sharada recorded significantly
higher root traits viz., rooting depth, root dry
weight, root volume, root: shoot and physiological
parameters viz., root oxidizing activity (ROA),
relative water content (RWC), proline
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accumulation, total soluble protein (TSP),
membrane stability index (MSI) and chlorophyll
stability index (CSI) while number of crown roots,
stomatal frequency (SF), stomatal conductance
(5C) and transpiration rate (TR) were
significantly reduced under Sharada. Among the
water regimes, aerobic condition significantly
increased the rooting depth, root dry weight, root
volume, root shoot, ROA and proline
accumulation while the number of crown roots,
root density, nitrate reductase activity (NRA),
chlorophyll content, RWC, TSP, SF, SC, TR, MSI
and CSI were greatly reduced as compared to
flooded condition. The root density, NRA,
chlorophyll content and CSI under flooded and
saturated conditions were comparable. Further,
the RWC and MSI under saturated and aerobic
conditions were at par. Inoculation with A.
lipoferum significantly increased the rooting depth,
root dry weight, root volume and root: shoot ratio.
Sharada recorded an increment in the grain yield
by 8.36% over Prathyasa and 11.87% over KAU
Manu Rathna. Saturated and aerobic condition
resulted in 12.65% and 16.98% yield reduction
over flooded rice, respectively.

CONCLUSION

The increased rooting traits are critically associated
with aerobic adaptation and inoculation with A.
lipoferum. The genotype, Sharada performed better
under aerobic condition with respect to rooting
and physiological traits and produced higher
yield. Since the yield reduction was only about
12-17%, under water deficit situation, saturated
and aerobic rice production can be considered as
an alternate system over flooded rice cultivation
based on the severity of water shortage.
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Bound phenolic acids profile and antioxidant activity of pigmented
and non-pigmented rice

Gosangi Avinash, Neerja Sharma & Rupinder Kaur
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Rice (Oryza sativa L.) is an essential cereal crop
consumed by millions of people both as a staple
food as well as processed products. Recently,
pigmented rice varieties have received increased
attention from consumers for their high bioactive
compounds, presenting antioxidant, anti-
inflammatory, and other health benefits.
Pigmented rice is characterized by having red,
black, or dark purple color inits aleurone layer due
to the presence of flavonoids especially
anthocyanins and proanthocyanidins located
mostly in the aleurone layers of rice kernels are
especially a mixture of anthocyanin compounds
that belong to the family of flavonoids.The
distribution of phenolic acids exhibits varietal
differences and predominantly exist in insoluble
bound form.Two groups of phenolic acids are
present in rice grain viz., derivatives of
hydroxybenzoic acids (gallic acid; GA, 2,5-
dihydroxybenzoic acid; 2,5-DHA, p-
hydroxybenzoic acid; p-HA, vanillic acid; VA,
syringic acid; SYA, p-coumaric acid; p-CA), and
derivates of hydroxycinnamic acids (chlorogenic
acid; CHA, trans-cinnamic acid; trans-CA, trans-
terulic acid; trans-FA, p-coumaric acid; p-CA, and
sinapic acid; SIA), and flavonoids such as
Kaempferol; KAM, (+) Catechin hydrate; CH.The
objectives of the present investigation were (1) to
identify and quantify the bound phenolic acids
present in pigmented and non-pigmented rices and
(2) to determine the total bound phenolic content
and its antioxidant activities in pigmented and
non-pigmented rice.

MATERIALS AND METHODS

The phenolic acid content was analyzed by an
HPLC system that consisted of a binary pump
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(Waters 2695), an autosampler (Waters 2707),
and a PDA detector (Waters W2998). A C18
column of dimensions 250 mm x4.6 mm with 5
pm pore size (XBridge, Waters) was used for
separation. The mobile phase consisted of A
(87:3:10 Water: ACN: Formic acid) and B (40:50:1
Water: ACN: Formic acid). The flow rate was 1
mL/min. A 33 min gradient was set according to
the method of Shao et al. (2014a) with few
modifications. The injection volume was 10 pL.
The phenolic acids were detected at wavelengths
of 280nm and quantified using the external
calibration curves according to the retention time
of phenolic acid standards. Free phenolics were
extracted according to the method of Shao et al.
(2014a). The solid residue after the extraction of
free phenolics was washed with distilled water
and then digested with 4 M NaOH (20 mL) at
room temperature on a shaker for 2 h. The mixture
was then adjusted to pH 1.5-2.0 with concentrated
HCI and extracted thrice with 60 mL of ethyl
acetate. The combined ethyl acetate fractions were
concentrated and dissolved in 5 mL of 50%
methanol. The extracts were used as bound
phenolic extracts for quantification of phenolic
acids, antioxidant activity.

RESULTS AND DISCUSSION

Trans-FA was the major phenolic acid detected in
black, red, and NP rice genotypes with its content
ranging from 229.06-239.35; 169.8-230.4; and 10.6-
182.38 mg/kg, respectively. The content of p-CA
in black, red, and NP rice genotypes varied from
35.21-49.65; 38.49-98.44; and 5.77-75.54 mg/kg,
respectively.GA could not be detected in NP rice
genotype Basmati 386 while 2,5-DHA could not be
detected in red rice genotype DMI and NP rice
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genotypes Basmati 370, Punjab Basmati 7, and
Basmati 386.We detected less amount of VA
compared to most of the earlier reports. The
differences may be due to the prevailing
environmental conditions. Its content was found
in the range of 0.2-6.09; 0.34 - 5.89; and 0.29 - 5.3
mg/kg, in black, red, and NP rice genotypes,
respectively. The significant content of SYA existed
inblack, red, and white rice genotypes with its
content ranging from 18.81-261.and 0.75-156.6; and
2.95-182.39 mg/kg, respectively. CHA existed in
considerable amounts in black rice genotypes (1.21-
7.73 mg/kg). KAFexisted in significant amount in
NP genotypes (0.53-156.82 mg/kg).A considerable
amount of CH existed in black, red, and white rice
genotypes with their content ranging from 26.35 -
35.73;4.21.94-82.29;  6.07-33.68 mg/kg,
respectively.Significant TPC was present in the
black rice genotype FCAP (436 mg GAE/100g), red
rice genotype KMA (439 mg GAE/100g),and non-
pigmented rice PB1121 (120 mg GAE/
100g.)Among the three colour groups red rice
YKM, black rice FCP, and NPrice genotype PR114
displayed higher DPPH activity of 79.98%, 75.14%,
and 70.98% respectively. Black rice genotype CP,
red rice genotype BKG,and NP rice genotype
PR126,displayed significant ABTS activity of 12,
3.1, and 2.2 pyM TEAC/ g respectively.

CONCLUSION

This study quantified individual phenolic acids
using HPLC, present in the bound form in the
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whole grain of 16 rice genotypes possessing three
different bran colours, along with bound phenolic
content and antioxidant capacity. trans-ferulic acid
was found to be the predominant phenolic acid in
both pigmented and non-pigmented (NP) rice. In
black rice genotypes, the content of p-
hydroxybenzoic acid was found to be significantly
higher compared to red and NP rice genotypes.
The highest antioxidant activities were observed
in black, The main bound phenolic acids present
in pigmented rice genotypes were p-
hydroxybenzoic acid, p-CA, and trans-ferulic acid
while p-HA andtrans-ferulic acid were present in
NP rices. In both pigmented and NP rice genotypes
2,5-DHAwas also detected in bound form.It is
noteworthy that the presence of 2,5-DHA has been
rarely reported in rice grains.
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Phenotypic characterization and molecular screening of OsPSTOL1
introgressed rice lines
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Rice (Oryza sativa L.), the most dynamic crop and
holds a unique position among cereals, serves as
the staple food for the world population. Among
the abiotic and biotic stresses, Phosphorus
deficiency are of primary importance in southern
India and phosphorus (P) one of the important
macronutrients required for normal growth and
development of all crop plants. Rice is very
sensitive to P starvation as most cultivated
genotypes have poor tolerance levels to P
deficiency and consequently the grain yield is
severely affected by starvation (Chithrameenal et
al 2018). About 50% of the rice fields are
experiencing a deficiency of P in Asia requiring
many applications of P fertilizer to produce the
desired yields. However, P fertilizer harms the
environment and is already beyond of reach for
small-scale farmers. This justifies creating rice
varieties that are P-efficient and use less P to
achieve the desired yield (Prodhan et al 2022).
Hence it is essential to determine phosphorus
deficiency tolerance in rice.

MATERIALS AND METHODS

The experimental material consists of thirty-three
advanced backcross lines (derived from parents
ASD16/ADT43 which are pyramided with
bacterial blight and blast resistance genes and IR64
containing Pupl gene). These lines along with
parents were raised in Randomized Block Design
with two replications under phosphorus sufficient
and deficient conditions. The molecular screening
was carried out to identify the plants with
OsPSTOLI1 gene using the functional markers, K29-

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

3 (co- dominant) and K46-1 (dominant). The
genotypes were also screened for bacterial blight
and blast resistance genes using functional
markers. Introgressed lines were evaluated for
various morphological traits including shoot and
grain phosphorus content.

RESULTS

The experimental results revealed that growth and
yield parameters were higher in +P condition than
in -P situation in field level (Fig 1). Molecular
screening shows all genotypes carrying OsPSTOL1
gene and bacterial blight and blast resistance genes.
There were significant differences in DFF, PH, PL,
NFP, 100 GW and GY for the introgressed
population between the 2 conditions, whereas
there were no significant differences in NT, NPT,
SP and GP. This result indicted that DFF, PH, PL,
NFP, 100 GW and GY were more easily influenced
by phosphorus deficiency than NT, NPT, SP and
GP. Under phosphorus sufficient condition, high
GCV and PCV were observed for the traits viz.,
height of plant, shoot P content, grain P content
and grain yield. In P shortage situation, plant
height alone showed high variability and this
indicates that there was adequate scope for
selection based upon these characters. Higher
heritability and high genetic advance were
observed for the traits viz., plant height, number
of productive tillers and number of filled grains
per panicle, 100 grain weight, shoot phosphorus
content and grain yield in P sufficient conditions.
Under -P regimes, except shoot phosphorus and
grain phosphorus content exhibits low heritability
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-P - phosphorus deficiency condition

Fig. 1. Changes in parameters of rice genotypes grown under P and - P conditions

and genetic advance, indicates lesser influence of
environment in expression of these characters and
these characters are controlled by the additive gene
effect. In both +P and -P conditions, positively
significant correlation was found in 100 grain
weight, productive tillers and filled grains per
panicle with yield of the plant and the direct effect
of hundred grain weight on grain yield was higher.
Thelines IL.2, IL10, IL11, IL16, IL28, IL31, IL39, IL62-
2, 1L62-4, 1L63, 1L66, IL70, IL 85 and IL92 were
significantly superior to that of parent in grain P
content under phosphorus deficient condition.

CONCLUSION

The lines IL2, IL7, IL11, IL16, IL28, IL52, IL62-2,
1L62-4, IL63, IL69 were promising under both the
field and hydroponics conditions as they have
good root and shoot characters, high P content in
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root, shoot and grain coupled with good yield.
Hence these lines may be exploited as pre breeding
line for further breeding work or can be tested
under multilocation trial for stable performance.
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Early germination stage morphometric evaluation of rice genotypes
(Oryza sativa L.) for moisture stress tolerance
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Rice (Oryza sativa L.) is one of the major staple
food of over a billion population in the world. In a
climate-changing scenario, abiotic stresses are the
prime limiting factors in crop productivity. In
India, 42 mha area is affected by drought stress
gradually yields a loss of up to 12-30 %. Cultivable
lands facing water deficit conditions, recognize the
potential genotypes that are tolerant to drought
stress with minimum yield loss (Valarmathi et al.,
2019). The aim of this study is to assess the rice
genotypes based on varying osmotic potential
levels through effective screening techniques,
which in the future may be helpful for selecting
rice genotypes with better performance to varying
degrees of drought.

METHODOLOGY

To evaluate 35 rice genotypes for drought tolerance
during the germination stage, the genotypes were
tested against four levels of drought stress imposed
by Polyethylene glycol 6000 (PEG-6000) @ 0, -4 bar,
-6 bar, and -8 bar. The experiment was laid outin a
completely randomized design with two
replications. Healthy seeds of 35 genotypes were
initially checked for their viability, treated with 5%
NaOCl solution (10%) for 5 min, rinsed with
distilled water, and then air dried for 1h before
sowing. Ten sterilized seeds of each genotype were
sown in each Petri-plates and subjected to 12 mL
of -4 bar, -6 bar, and -8 bar PEG-6000 solution for
osmotic stress and distilled deionized water for
control under laboratory conditions. Each Petri
plate containing ten seeds was incubated in the
darkness (30°C) at 60% relative humidity.
Observations viz., Root Length, Shoot Length, Root:
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Shoot ratio, and Vigor Index were recorded on 14™
days after sowing. Mean data were subjected to
DMRT analysis using R software.

RESULTS

Thirty-five genotypes were screened with different
osmotic potentials at early germination stage.
Almost all the genotypes withstand -4 bars of
osmotic stress. In contrast, in -6 bars and -8 bars,
only 7 genotypes have germinated and a drastic
reduction in the growth of shoot and root was
observed. The significant difference was shown
based on the mean value followed by different
letters (a,b,c) in each column between different
PEG-6000 MW (Table 1). A significant difference
was found among moisture stress of -4 bars and -6
bars, whereas there was no significant difference
among -6 bars and -8 bars. Hence, -6 bars can be
considered as an optimum concentration for
screening of rice genotypes.

Genotypes with a high R/S ratio under
moisture stress are much preferred. High R/S has
been reported as a component trait for drought
avoidance. Based on the root-shoot ratio genotype

Table 1. Mean comparison of different drought stress levels
using Duncan’s multiple range test (DMRT)

Treatment Germination Root  Shoot Root/ Seedling
percentage length length Shoot Vigor
ratio

Control 99.04 a 788a 613a 328a 1384.62a

-4 bar 63.70 b 742a 3.02b 131b 684.88Db

- 6 bar 1245 ¢ 0.69b 0.314c¢ 0511 ¢ 59.08 ¢

- 8 bar 10.77 ¢ 044b 0299 ¢ 044c 34.06 ¢
HE51
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CO 53 followed by Anna (R) 4, Norungan, REFERENCE
APD19002, ADT 54, CB 16656, and CB17502 (Fig Rasheed, R., Igbal, M., Anwar, S., Shereen, A., And Khan,

1.) proved their tolerant performance in stress M. A. (2021). Assessment of rice (Oryza sativa

condition. L.) genotypes for drought stress tolerance using
morpho-physiological indices as a screening

CONCLUSION technique. Pakistan Journal of Botany, 53(1), 45-
58.

The tolerant genotypes with better source-sink
relationship, can be used as a potential donor
candidate towards genetic improvement of
drought tolerance in rice.
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Generating genomic resources for the wild relatives of rice - a
treasure trove to transform rice research for sustained yield in the
changing climate scenario.

Parimalan Rangan'” and Kanakasabapathi Pradheep?

'ICAR-National Bureau of Plant Genetic Resources, PUSA Campus, New Delhi-110012, India
2ICAR-National Bureau of Plant Genetic Resources-Regional Station, Thrissur-680656, India

INTRODUCTION AND OBJECTIVES of the present-day high yielding cultivars carrying
key domestication traits. On the parallel but
converse, the genetic base has been considerably
narrowed to an extent the rice cultivars are prone
to various biotic and abiotic stress factors, in
addition to erratic climate patterns resulting in
significant yield loss. Domestication events are
associatively one-way process and less probable

Rice - Asian rice (Oryza sativa) and African rice
(O. glaberrima) - is domesticated for cultivation
around ten thousand years ago and has an
important role in human civilization. Nearly half
of the global population meet out their energy
requirements through rice consumption. Rice
domestication events had led to the development
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Fig. 1: Sequence alignment regions of the chloroplast genome sequence distinguishing the Oryza officinalis
accession collected from the Valmiki Tiger reserve, Bihar from the publicly available O. minuta accessions
with a continuous 339 bp deletion (highlighted) in all three O. officinalis when compared to three O. minuta.
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to reverse the domestication events to our desire.
Wild relatives of the domesticated rice play a key
role in being the source of tolerance and resilience
traits that would potentially address the key
agricultural challenges, besides broadening the
genetic base that were narrowed down during
domestication events. Comparative genomics and
physical mapping strategies are the major paths to
identify the genes underlying tolerance and
resilience traits in the wild relatives. With next
generation sequencing technologies, generation of
genome-scale information with special focus to
wild relatives is advantageous in identification and
isolation of genetic principles associated with the
desirable traits. Long-grained rice being native to
India, generating genomic resources for the
augmented wild rice germplasm were prioritized.

METHODOLOGY

Short read data for the wild rice, Oryza officinalis
(collected from the Valmiki Tiger Reserve area),

54 HE
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were subjected to chloroplast assembly using
GetOrganelle software tool. Hence obtained single
contig circular assembly was used to analyze and
establish the distinctness between O. officinalis and
O. minuta at chloroplast genome level.

RESULTS AND CONCLUSION:

Here, we report the chloroplast genome assembly
generated for the wild rice (Oryza officinalis)
accession collected from the Valmiki Tiger Reserve,
West Champaran Dt., Bihar using the short-read
data generated using Illumina-based NGS
platform. This is compared with the available O.
officinalis and O. minuta chloroplast genome and
established its distinctness between the two taxa
(Fig. 1). These organelle genome sequences are
much informative in establishing or fine-tuning the
species relationships in Oryza genus, especially the
officinalis complex taxa.
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Bivariate analysis in for yield component traits in Rice (Oryza sativa L.)

V. Sumithra, K. Palaniraja and S. Vennila
Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu, 641 003, India.

About 6.73 million ha productive area is
constituted by salty lands for the entire country,
while in Tamil Nadu 13 thousand ha area is
covered by coastal salinity (CSSRI, Karnal).
Therefore, the major focus of rice research in the
next decade must be the development of high-
yielding and early maturing varieties in order to
ensure food scarcity and efficient use of natural
resources. Development of salt tolerant varieties
considered to be practical solution to overcome the
problem of salinity. Parents with high per se
performance is very much essential for the
development of hybrids or varieties by combining
the desirable characters of parents involved in
hybridization. Hence, the selection of parents is the
pre-requisite for further breeding program (Kabir
et al., 2015). However, the traits that are in positive
association with grain yield per plant, were the
major contributors to the grain yield.

MATERIALS AND METHODS

Ten genotypes, based on genetic diversity analysis
were selected as parents for hybridization
programme. These parents were crossed in line x

tester mating design, out of which seven varieties
were taken as lines (ADT 43, ASD 16, ADT 48, MTU
1010, IR 20, CO 51 and CO 49) and three well
adopted varieties as testers (TRY 3, ADT 36 and
CO 43). Crosses were made between seven female
and three male parents in line x tester design by
adopting hand emasculation and desired artificial
pollination. The experimental materials consisted
of twenty-one hybrids with their ten parents were
transplanted in rows with spacing of 30 cm
between rows and 20 cm between plants during
October 2018 - January 2019.

RESULT

The present study was carried out to assess the
breeding potentiality of seven lines and three
testers through Line x Tester analysis in rice (Oryza
sativa L.). The parents include, ADT 43, ASD 16,
ADT 48, MTU 1010, IR 20, CO 51 and CO 49 and
the testers includes TRY 3, ADT 36 and CO 43.

Based on the per se performance of
different traits of the parents, ADT 48, ADT 43, CO
51 and CO 49 among the lines and among the
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Fig 1. Genotypic and phenotypic correlation among various characters in rice genotypes
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testers, ADT 36 and TRY 3 were found to be the
best performers for grain yield and its component
traits. Correlation studies revealed that number of
tillers/plant, 100 grain weight and grain length
registered, positive correlation with grain yield per
plant.

CONCLUSION

Apart from the values of gca and sca, high mean
values for grain yield and yield contributing traits
are the pre-requisite for selection of parents for
further hybridization program. Based on the
results, these parents showing best performance
with significant mean values for grain yield and
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most of the other yield attributing characters.
Hence, the superiority of hybrids can be attained
from combination of these parents in which both
the parents of a cross had higher mean values when
compared to others for most of the traits studied.
And also, the positive association of traits with the
dependent character grain yield contributes more
for the increased grain yield per plant.
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Wild introgression lines from Oryza nivara as donors for seedling
vigour related QTLs
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Senguttuvel P, Sarla N, LV SubbaRao

ICAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana, India
*Email : dbiirr23@gmail.com

Seedling vigour is an important trait in direct-
seeded rice and has a direct impact on rice
productivity. Vigorous plants will have the
advantage of germination under adverse climatic
conditions, weed competitive and uniform growth.
Wild introgression lines are important genetic
stocks that have been utilized in the past for biotic
and abiotic stress tolerance/ resistance in rice.
Although wild species are known for better
seedling vigour and growth, studies in this
direction are limited. Wild introgression lines from
Oryza nivara was used for evaluation for seedling
vigour and related QTLs.

MATERIALS AND METHODS

A set of 90 advanced backcross introgression lines
derived from a cross between indica rice variety
Swarna (Oryza sativa) with wild introgression line
O. nivara (IRGC81832) (Balkrishnan et al., 2020)
were used for studying the seedling vigour traits
at BC,F, stage. The study was carried out at the
Indian Institute of Rice Research (IIRR), Hyderabad
on freshly harvested rice seeds. Fifty matured
seeds each were used for evaluating seedling
vigour related traits (Addanki et al., 2019). QTL
analysis was conducted using QTL IciMapping
v4.2 (www.isbreeding.net) in a stepwise regression
model.

RESULTS

Significant phenotypic variation was observed for
seedling vigour traits. Seedling vigour index1
observed a positive significant correlation with
germination percentage, seedling vigour index 2,
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root length, shoot length, total fresh weight, shoot
fresh weight. Seed vigour index 2 observed a
positive significant association with shoot dry
weight, root dry weight, total dry weight and
germination percentage. Based on the QTL
mapping study, 10 QTLs were detected for seedling
vigour traits on chromosomes 3,6,7 and 8. Among
the identified QTLs eight QTLs were reported with
LOD score >3 and explaining the phenotypic
variation (PV) ranging from 7.92 % to 26.38%.
gSDW3.1, qTDW3.1 and gSVI2-3.1 are the major
QTLs for shoot dry weight, total dry weight and
seedling vigour index2 explaining 24.71%, 26.38 %
and 26.38% of PV respectively. The major QTL for
seedling vigour index1 gSVI1-6.1 explained 19.68%
of PV. There were two chromosomal regions
(chromosome 3 and 6) reported for more than two
QTLs co located for different seedling vigour traits.
Additive effects showed the favourable allele for
shoot dry weight, total dry weight, root dry weight,
plant length, shoot length, total length were
contributed by the donor parent O.nivara. It
indicates the effective use of wild introgression
lines for seedling vigour studies

CONCLUSION

A significant variation was observed for different
morphological traits associated with seedling
vigour. The QTL mapping studies identified eight
major QTLs for different seedling vigour associated
traits and explained the presence of additive effect.
For all the QTLs the trait enhancing allele for all
the traits are derived from wild species O.nivara. It
indicates that the introgression of QTLs/genes
from O.nivara into the elite genetic background will
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be beneficial in improving the seedling vigour
traits in rice.

REFERENCES

Addanki, K.R., Balakrishnan, D., Yadavalli, V.R,,
Surapaneni, M., Mesapogu, S., Beerelli, K. and
Neelamraju, S., 2019. Swarnax Oryza nivara
introgression lines: a resource for seedling

58 HHE

vigour traits in rice. Plant Genetic
Resources, 17(1), pp.12-23.

Balakrishnan, D., Surapaneni, M., Yadavalli, V.R.,
Addanki, K.R., Mesapogu, S., Beerelli, K. and
Neelamraju, S., 2020. Detecting CSSLs and yield
QTLs with additive, epistatic and QTLx
environment interaction effects from Oryza
sativax O. nivara IRGC81832 cross. Scientific
reports, 10(1), pp.1-17.

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023



i |!1I]IIJI Rice

L LAy

Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

ARRWI/SIRC/Theme 1/35

Assessment of drought tolerance in rice landraces (Oryza sativa L.) at
the early seedling stage

Santhiya S*, Subramanian A, Pushpam R, John Joel A, Senthil A and Manonmani S

Tamil Nadu Agricultural University, Coimbatore — 641003
*E.Mail: santhiyamullaiventhan@gmail.com

Rice is the staple food for more than half of the
world’s population. Rice production is often
constrained by several abiotic and biotic stresses.
Drought is one of the most important limiting
factor for agricultural productivity and has a
negative impact on global food security. Drought
is the major abiotic stress which will affect 50% of
the arable land across the globe by 2050. In many
Asian countries, the production of rice drastically
decreases every year due to drought stress. Yield
loss mainly depends on the stage, duration and
severity of drought. Germination and early
seedling growth are considered one of the most
critical stages that are drastically affected by
drought stress. Among the low molecular
osmotica, PEG mimics a way that is similar to the
soil under moisture stress situations. Hence, it can
be used to select drought tolerant genotypes at the
early seedling stage under in vitro conditions. In
this context, the present study was formulated to
characterize the relative performance of rice
landraces based on germination and seedling
characteristics under in vitro conditions using
polyethylene glycol and also to identify the
landraces with better drought response.

METHODOLOGY

Standardization of PEG concentration was carried
out using two drought tolerant entries (ANNA R4
and CO 53) and five drought susceptible entries
(IR 64, Swarna, Jaya, Pusa 44 and P-1850). Distilled
water was used as control (0 bars) and osmotic
potentials -1 to -10 bars were created. Twelve rice
landraces were screened for drought tolerance at
the early seedling stage under CRD with two
replications for both control and drought (-7 bars).
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Seeds were surface sterilized using 1% sodium
hypochlorite for five minutes. The seeds were
washed three times with sterile distilled water. Ten
seeds were evenly distributed in a sterile petri dish.
Observations like emergence percentage, shoot
length, root length, root-to-shoot ratio, seedling
fresh weight, seedling dry weight, relative seedling
height, relative seedling vigor and relative seedling
weight were taken on the 14™ day. The data were
collected and subjected to analysis of variance and
DMRT using R software.

RESULTS

Based on the performance of drought tolerant
entries (ANNA R4 and CO 53) at different
concentrations of moisture stress, -7 bars were fixed
as the optimum concentration for screening of
accessions. The mean performance of accessions
for germination and seedling characters at -7 bar
was presented in Fig.1. Emergence percentage was
considered as a criterion for selecting better
performing accessions in terms of drought
tolerance as it might reflect the potentiality of the
crop at remaining growth stages. Four accessions
i.e., IC 378202, IC 458581, IC 248033 and IC 458210
recorded 100% emergence, similar to control.
Similar findings were obtained by Manonmani et
al (2020). Relative seedling weight varies with
seedling length and number of roots. Almost all
the accessions had higher seedling weight than
ANNA R4 with the highest in IC 467496, followed
by IC 464685 and IC 206282. Genotypes with high
initial seedling weight might possess high biomass
and it may tend to have a higher value for most of
the yield-attributing characters. Relative seedling
vigor was high for accessions viz., IC 467496, I1C
115406 and IC 458210.
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than ANNA R4. High root length was found in IC

160 115406, IC 458210 and IC 115439 which could help
:’: the plants to absorb water from deeper layers of
- soil and can help the plants to survive under
- moisture stress. The root to shoot ratio was high
:": for IC 378202 when compared with ANNA R4,
. followed by IC 464685 and IC 458581. Accessions

° with a high root to shoot ratio under moisture stress
R efi,ﬁi ““i *35; o \ﬁ"{w q:);_ é_b i\ & are preferred in selecting drought tolerant

400
- M
h 51 AL RS

WIC POZ155 wWIC&6TIRE  wC 37820% ICA570% wIC 64655 wIC 115406 Wi 453581
NI 242055 miC 20628 mIC458210 mIC4E5002 mIC 115435 mANNA 4

EP - emergence percentage, RSW - relative seedling weight,
RSV -relative seedling vigor, SL -shoot length, RL - root length
and R/S - root-to-shoot ratio

Fig.1. Mean performance of accessions for germination and
seedling characters at -7 Bar

Initial root length can be considered a good
selection criterion for identifying accessions with
altered drought response at early seedling stage.
Nearly 75% of the accessions had higher root length
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accessions.

CONCLUSION

Selection of accessions with altered drought
response based on emergence percentage, root
length, seedling vigor and seedling weight will be
highly effective. Thus, accessions viz., IC 464685
and IC 458210 recorded the highest value for all
these characters than ANNA R4. Hence, these
accessions could be further evaluated under
natural drought stress conditions for further
reliable and accurate results.
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Marker Assisted Introgression of QTL’s tolerance to drought and
salinity in rice (Oryza sativa L.)

Pushpam R*, Nanditha R S, Raveendran M, Geetha S and Manonmani S

Tamil Nadu Agricultural University, Coimbatore — 641003
*E.Mail: pushpamtnau@gmail.com

Rice is a major staple food crop among Asian
countries being widely cultivated in different
ecological conditions across the world. It is the
second-most widely grown cereal crop in the
world next to wheat and serves more than 60-70%
of the energy source for the human diet making a
vast majority of nations rely more heavily on rice
for their daily diets. Rice had always been
particularly vulnerable to biotic and abiotic
stress conditions, which leads to a crop loss of more
than 50%. Drought and salinity have a detrimental
effect on rice production and pose a significant risk
to food security. Drought solely seems to have an
impact on more than 50% of the world’s rice
cultivating area and induces critical losses in crop
yield. It is expected to cause a yield loss of about
90% when occurred at critical stages of crop growth
such as grain filling and reproductive stages.
Salinity particularly impacts the cultivation of rice
and has a significant negative impact on rice grain
yield, leading to a decrease in the total grain yield
production of about 45%. With the recent
advancement in the utility of a marker system,
incorporation of the discovered significant

Table 1. FGS in BC F, plants

chromosomal genomic regions (QTLs) underlying
drought and salinity into contemporary high-
yielding popular varieties through MABC lead to
breakthroughs toward breeding climate-adaptive
cultivars (Muthu et al., 2020). With this background,
the current study was initiated for developing
drought and salinity tolerant version of popular
rice cultivar of Tamil Nadu namely CO 52 by
introgressing the QTLs viz., gDTY,,, gDTY,, and
Saltol.

1.1

METHODOLOGY

The present study was undertaken to develop
drought and salinity tolerant version of a popular
high yielding medium duration variety of Tamil
Nadu viz., CO 52 through Marker assisted
backcross breeding approach. In the recurrent
parent CO 52, three QTLs viz., gDTY,,, gDTY,,
(drought) and Saltol (salinity) were introgressed
from the backcrossed inbred line 3-11-11-2. F s
were developed and the true F,'s identified using
trait linked SSR markers were further backcrossed
to CO 52 (Recurrent parent) to obtain BC,F, Total
of 62 BC F, plants were raised during Kharif 2021.

SI No. QTLs Tolerance Total number of BC F, plants screened ~Number of positive plants
Three QTLs

1 gDTY, + gDTY,, + Saltol ~ Drought & salinity = 62 6
Two QTLs

2 gDTY, + Saltol Drought & salinity 62 16
3 gDTY,, + Saltol Drought & salinity 62 13
4 qDTY, + qDTY,, Drought 62 15
Single QTL

5 gDTY,, Drought 62 32
6 gDTY,, Drought 62 27
7 Saltol Salinity 62 28
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Further BC F, were subjected to molecular marker-
based screening to obtain the plants with all the
three target QTLs viz.,qDTY, , qDTY,, and Saltol
correspondingly for drought and salinity along
with highest recurrent parent genome recovery
through Foreground selection and Background
selection.

RESULTS

Parental polymorphism between recurrent parent
(CO 52) and donor parent (3-11-11-2) unveiled that,
out of 624 SSR markers analysed, 84 markers were
polymorphic accounting for 13.46 per cent of
polymorphism. Foreground selection in BC F,
plants revealed that, 6 plants (22, 32, 33, 44, 47 and
54) were heterozygous for all the three QTLs
(Drought - gDTY, , gDTY, ; Salinity - Saltol).
Background selection was carried out using 84
polymorphic SSR markers in six BC,F, plants
containing target genes. Genome recovery in the
introgressed lines were observed from 63.69 to
80.35 per cent. Plant 33 expressed the highest
genome recovery of 80.35 per cent, followed by the
plants 32, 44, 54 and 47 with the genome recovery
0f76.19,73.21,70.23 and 67.85 per cent respectively.
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The four BC,F, plants with more than 70 per cent
recurrent parent genome identified were utilized
for further backcrossing in order to get the
maximum genome recovery.

CONCLUSION

In the present study, for the introgression of
drought and salinity tolerant QTL’s in the fine
grain, blast tolerant mega rice variety CO 52, the
four BC,F, plants with more than 70 per cent
recurrent parent genome identified was forwarded
to next backcross generation and the work is under
progress. After the attainment of higher recovery
of the recurrent parent genome and will be further
evaluated for superior agronomic performance
with high yield and quality characters coupled
with drought and salinity tolerance.
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Effect of elevated temperature on seed germination and vigour in rice
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Nabaneeta Basak?, Gaurav Kumar? Sutapa Sarkar!, Reshmi Raj KR!

ICrop Improvement Division,* Crop Physiology and Biochemistry Division, ICAR-NRRI, Cuttack, 753006
*Corresponding author: p.sanghamitral@gmail.com

High temperature stress can be considered as a
serious threat to rice production in tropical and
subtropical countries (Pradhan et al., 2016, Zhu et
al., 2017). Breeding rice varieties resistant to high
temperature is required for sustaining the
production in rice. Though some genotypes that
can withstand high temperature during vegetative
and reproductive stage have been identified (Chen
etal., 2021), genotypes tolerant to high temperature
at germination stage is limited. So the present
research work is undertaken to identify promising
genotypes that can withstand high temperature at
germination stage.

METHODOOLOGY

Germination assays was performed by evenly
distributing the 50 seeds in four replication in a
10-cm-diameter sterilized petri dish with two
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layers of Whatman No. 1 filter paper. The
experiment was laid out in a complete randomized
design (CRD) with four replications. The
experiment was conducted in a growth chamber
maintained at temperature of 30+0.5°C and
40£0.5°C with relative humidity of 100 %. The final
germination percentage and seedling length (5 per
replication) were recorded on 10" day. Seed quality
traits such as germination percentage (GP), root
length (cm), shoot length (cm), seedling length
(cm), seed vigour index-I (SVI-I), were estimated.
For the analysis of variance (ANOVA), Cropstat
software version 7.0 was used.

RESULT

20 rice genotypes were subjected to germinate
under high temperature (45°C) and control (30°C)
condition. Seed quality traits such as seed

q}_ﬂ
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Fig.1 Percentage reduction in seed quality traits subjected to high temperature

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

HEG63



o

|!1IJIIJI Rice

| J toeosrss  Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

N o M

germination, shoot length, root length and seed
vigour index I were estimated. For all the traits,
genotypes and temperature effect were significant.
However interaction effect was significant for all
the traits except germination value. In control
condition, all the genotypes had more than 80%
germination that ranged from 89.0(Landi)-98.54 %
(Gondia champeisiali and Magra). At 45°C,
germination value ranged from 60-67% (Landi) to
75.00% (Gondia champeisiali and Magra). Average
25% reduction in germination value was observed
among the genotypes subjected to high
temperature condition. Shoot length, root length
and seed vigour index I was ranged from
10.29(Landi)-123.24cm (Gondia champeisiali and
Magra), 10.72 (Landi)- 12.74cm (Magra),
1869.85(Landi)-2461.57cm (Magra) respectively
under control condition. At45°C, shoot length, root
length and seed vigour index was reduced that
ranged from 2.65 (landi)-4.70 cm (Magra), 3.76
(Landi)-6.28cm (Magra), 388.86(Landi)-823.51cm
(Magra) respectively. Reduction of 65%, 55% and
71% in shoot length, root length and seed vigour
index respectively. Was observed among the
genotypes subjected to high temperature condition

(Fig.1).
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CONCLUSION

Gondia chanpeisiali and Magra were observed as
superior genotypes for higher value of all the traits
under high temperature condition. These two rice
genotypes could suitably be used for breeding
varieties that can withstand high temperature at
germination stage.
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Development of semi-dwarf and early maturing aromatic rice
cultivars from landraces of Bihar through marker assisted breeding
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and S P Singh

Department of Plant Breeding and Genetics, Bihar Agricultural University, Sabour, Bhagalpur — 813210, Bihar
Corresponding author E-mail: drmankeshkumar@gmail.com

Bihar is very rich genetic reservoir of both aromatic
and non-aromatic rice gene pool. Most of the
aromatic rice landraces are non-basmati type with
excellent cooking and eating qualities. However,
farmers are not preferring to cultivate these
genotypes because of their tendency to lodge at
the time of maturity and very late maturity making
them unsuitable for prevalent rice-wheat cropping
system in the state. The present study was
undertaken to develop non-lodging, early
maturing, and semi-dwarf aromatic genotypes
from the landraces of Bihar through marker
assisted forward breeding approach.

MATERIALS AND METHODS

F, population was developed by crossing aromatic
local landraces like Hafsal, Malbhog, Shyamijira,
Karibank, Kishanganj Basmati, Jasua, Sonachur,
Champaran Basmati and Burma Bhusi with semi
dwarf and early maturing mega varieties Rajendra
Sweta and BPT5204. Parental polymorphism was
checked through SSR markers and gene specific
markers for fragrance (badh2) and semi-dwarfing
(sd1) gene in rice as suggested by Bradbury et al.,
2005 and Speilmeyer, 2002 et al., respectively.

RESULTS AND DISCUSSION

Parental polymorphism was surveyed through 20
SSR markers. Out of 24 F, plants of Hafsal x
BPT5204, 18 were validated through RM21.
Through RM248, 20 and 17 F . of Malbhog x
BPT5204 and Shymajira x Rajendra Sweta,
respectively were validated whereas RM161
validated 23 and 20 F, plants, respectively in
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Karibank x BPT5204 and Kishanganj Basmati x
BPT5204 in year 2019. Through RM519 20 F,_ of
Jasua x BPT5204 were validated.

In F, generation of all cross combination,
the plant height and days to 50% flowering of
selected plants ranged between 118 to 122 days and
115 to 120 cm, respectively. The selected F, plants
were first screened for the presence of badh2 (for
aroma). Plants with badh2-specific amplification of
257bp were selected for further screening through
sdl (for semi-dwarfism) genes in PCR. However,
the heterozygous F, plants with fragrant-
specific257bp band and non-fragrant-specific
370bp band were also selfed in F, generation to
isolate fragrant segregants. The plants with 350bp
amplification of sd1 gene specific primer were
selected as semi-dwarf segregants and after PCR
4,2,8,2,4 and 3 F, plants in Hafsal x BPT5204,
Malbhog x BPT5204, Shyamjira x Rajendra Sweta,
Karibank x BPT5204, Kishanganj Basmati x
BPT5204 and Jasua x BPT5204 had positive
amplification of sd1 gene. In 2021, 98 F, of all cross
combinations were grown and 48 homogeneous
families were selected based on semi-dwarf and
early maturing phenotype. In PCR, presence of
both sd1 and badh2 gene was confirmed in 25 F,
families which are being evaluated during Kharif
2022. Like sd1 gene, fgr or badh2 gene is recessive
in nature hence can’t be distinguished
phenotypically unless in homozygous state. The
availability of a molecular marker for sd1 and badh2
gene has helped in the present breeding
programme to test the presence of dwarf or tall
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genotypes with fragrance gene rapldly at early Spiemeyer W, Ellis MH, Chandler PM (2002) Semidwarf
generations of the different cross combinations of (sd-T) “green revolution’” rice contains a defective

. . . gibberellin 20-oxidase gene. Proceedings of the
aromatic landrace with BPT5204 and Rajendra National Academy of Sciences of the United

Sweta. States of America 99: 9043-9048.

REFERENCES

Bradbury LMT, Fitzgerald TL, Henry R], Jin Q, Waters
DLE (2005) The gene for fragrance in rice. Plant
Biotechnology Journal 3:363-370.

66 HHE HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023



i Indian Rice
) Congress

N ot M e

Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

ARRWI/SIRC/Theme 1/40

Phenotypic and Genotypic Evaluation of Rice Landraces of Jharkhand
for Tolerance to Multiple Abiotic Stresses
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B.C. Verma® and N.P. Mandal!

!Central Rainfed Upland Rice Research Station, ICAR-National Rice Research Station, Hazaribag, Jharkhand 825301, India
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Rice (Oryza sativa L.) is the most important staple
food for more than half of the world population.
Increasing rice production to meet global food
needs in the future is heavily affected by abiotic
stresses like drought and flooding due to climate
change. These stresses are also threat to rice
cultivation and its sustainability in rainfed lowland
areas in South and Southeast Asia. Exploitation of
abiotic stress tolerant germplasms for the
development of climate resilient varieties is very
much important. Therefore, present study was
undertaken to evaluate rice landraces of rainfed
ecologies of Jharkhand for drought, submergence
and germination stage oxygen deficiency (GSOD)
tolerance to identify promising multiple abiotic
stress tolerant genotypes.

METHODOLOGY

A total fifty rice landraces that include 38 gora rices
and 12 traditional cultivars along with respective
check varieties were evaluated under drought and
submergence, both at germination and seedling
stages of the crop. Screening for drought tolerance
were conducted at CRURRS, Hazaribag, Jharkhand
for two consecutive wet season (2019-20) in rainout
shelter following the phenotyping protocol
described by Verulkar et al. (2010). Whereas trials
for submergence tolerance and anaerobic
germination potential were carried out at ICAR-
NRRI, Cuttack, Odisha. The submergence stress
was calculated as described in Chakraborty et al.
(2021) and the hypoxic stress experiment was
conducted following Vijayan et al. (2018) for
germination stage oxygen deficiency. The
genotyping of the rice germplasm accessions was
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carried out using 24 SSR markers representing nine
DTY QTLs for grain yield under drought and three
markers (AEX1, SC3, and Sub1BC2) linked to SUB1
locus for submergence tolerance. Positive checks/
donors for QTLs were included in all the assays.

RESULTS

ANOVA conducted on the nine morpho-
physiological traits recorded under drought
revealed highly significant differences (P < 0.01)
among the cultivars. Under drought, highest grain
yield was recorded in Dular followed by N22. It
was observed that cultivars with higher grain yield
predominantly showed lower leaf rolling and
drying, in addition to lower spikelet sterility and
higher RWC. The marker survey identified
seventeen genotypes to carry one or more DTY
QTLs. Kalakeri possessed five DTY QTLs (gDTY, ,,
qDTY,,, qDTY, , qDTY,, and gDTY, ). Most of the
genotypes were found to carry the SUB1A-1 gene,
however their survival rate under 14 days of
complete submergence varied widely (0.58-92.4%).
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Fig.1. Genotype-by-trait biplot with important traits
measured under drought, submergence and GSOD.
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Multivariate analysis using important traits of
abiotic stress conditions, identified promising
genotypes (Dular, Kalakeri, IC0640869, IC-0640884,
1C-0640896, IC-0640897 and Vandana) for tolerance
to drought, submergence and GSOD (Fig. 1).

CONCLUSION

The substantial genetic variation that can be
exploited to develop climate resilient rice varieties
was identified in this study. Dular and Kalakeri
were identified as the most promising genotypes
along with a few gora cultivars. The promising
genotypes identified in this study would be
utilized for developing climate resilient rice
varieties as well as for understanding the molecular
basis of adaptation to multiple abiotic stresses.
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Characterization of MTU1010/ Oryza rufipogon CSSLs for Fe and Zn
content and identification of related QTLs
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ICAR-Indian Institute of Rice Research, Hyderabad-500030, Telangana, India
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Rice is an important staple food crop across the
globe ensuring the food security. It belongs to
Poaceae family and deficient in essential
micronutrients viz., Fe and Zn resulting in
nutritional deficiency disorders among the
consumers. Iron and Zinc are essential nutrients
being major component in haemoglobin and
cofactor in many enzymatic processes respectively
(Swamy et al., 2018). For the nutritional security,
recently major attention has been given to improve
rice grain Fe and Zn contents, as wide genetic
variability have been reported in natural rice
germplasms. The present study was designed to
detect genetic variation of Fe and Zn content in a
set of chromosome segment substitution lines
(CSSLs) developed in the background of popular
rice variety MTU1010 with Oryza rufipogon as the
donor parent.

METHODOLOGY

The Experimental material included 270
chromosome segment substitution lines of
MTU1010 / Oryza rufipogon 1C 309814 (BC,F,)
(Rao et al., 2018) along with parent MTU1010.
The materials were raised in Randomized
Complete Bock design with two replications at
IIRR, Hyderabad. Standard agronomics practices
and plant protection measures were followed.
Freshly harvested seeds of 5 grams each (dehusked
whole grains) were used for Fe and Zn content
estimation using energy-dispersive X-ray
Giuorescence spectrometry (EDXRF) instrument
(model X-Supreme 8000; Oxford Instruments plc,
Abingdon, UK). QTL mapping using 160
polymorphic SSRs were carried out using
composite interval mapping method.

RESULTS

Significant variation for Fe and Zn content was
observed among the CSSLs. The grain Fe content
ranged from 5.1 to 11.3 ppm with a mean of 8.2
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and Zn content ranged between 3 to 20.9ppm.
The QTL mapping studies detected thirteen QTLs
for Fe content and four QTLs for Zn content on
the chromosomes 1, 3, 4, 6, 9, 10 and 12. Among
the identified QTLs for Fe, all the QTLs reported
>3 LOD score except gFel.6 and explained the
phenotypic variation ranging from 0.57 to 24.29%.
The major QTLs for Fe was reported in
chromosome 1 i.e., gFel.3. and qFel.4 which
explained 24.29% and 19.28% respectively. For
Zn content the four QTLs explained phenotypic
variation ranging from 2.23% to 4.78%. For both
Fe and Zn content QTLs the favourable allele was
derived from wild accession O. rufipogon except
for gFel.4 and gFe 1.6. The two major QTLs for
iron content gFel.3 and gFel.4 were observed
between the marker interval of RM5310-RM1 and
RM1329-RM8068 respectively. Among the 270
lines evaluated 15 lines were observed to have
significantly high Fe and Zn content than
MTU1010.

CONCLUSION

There is wide variation for Fe and Zn content
among the wild introgression lines derived from
O. rufipogon was observed. Fifteen lines were
having more than 15ppm of Zinc content and 6-
8 ppm of Fe content. Therefore, these introgression
lines can be used in improving the Fe and Zn
content in future breeding programs.
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Assessment of genetic variability and association analysis in rice
genotypes for rice bran oil and other quality traits
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Rice bran is the brown outer layer of the rice kernel,
mainly composed of the pericarp, aleurone, seed
coat, and germ. It is an important by product after
the polishing of rice grains.Rice bran contains 12
to 23 per cent lipid, which upon extraction becomes
rice-bran oil (RBO).Rice bran oil is a healthy edible
oil that have a balanced source of unsaturated and
saturated fatty acid.Bran has sufficient amount of
antioxidant (y-oryzanol) and nutritionally
important components such as minerals, vitamin
E (tocopherols and tocotrienols), phytosterols and
phenolic components. It also help to reduce LDL
cholesterol, protect cardiovascular diseases and
have anticancer effects (Awad-Allah, M.M.Aet al.
2022). Hence, the present study was conductedto
explore the diverse rice bran genotypes and to
identify the suitable donor for high rice bran oil
content and quality traits.

METHODOLOGY

The experimental material comprisedof 35
genotypes including landraces and improved
cultivars. Rice bran was extracted from all the
genotypes with laboratory miller and was kept
immediately at 4°C to control the growth of rice
bran free fatty acid (FFA).The rice bran oil content
was determined using soxhlet apparatus and
standardized in thenear infra-red spectroscopy
(NIR) instrument (M/s ZEUTEC, Germany; Model:
SPA 1.0) calibrated with the oil content of rice bran

Table 1. Genetic variability parameters for quality traits

Range Mean PCV% GCV% h?  GAM%
Hulling % 60.20-79.80 73.55 5.77  5.62 94.90 11.29
Milling%  58.10-73.00 66.38 5.46 5.32 95.03 10.69
HRR % 50.00-69.60 60.64 6.38 6.21 94.84 12.47

Bran yield% 4.30-8.10  5.72 13.85 13.77 98.56 28.21
Bran QOil% 12.10-20.37 16.81 12.33 12.30 99.01 25.27
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ranging from 12 - 23%. The analysis of unknown
oil content samples of each genotypewas recorded
by scanning samples in a wave number range of
1400 - 2400 wavelength/nm.

RESULTS

Rice quality parameters viz., hulling percentage,
milling percentage, head rice recovery, bran yield %
and bran oil content was recorded and given in
Table 1.The mean for hullingpercentage was 73.55
% with a range of 60.20 to 79.80. Among the
genotypes, the highest hulling percentage was
observed in CO (R) 49 and ADT 50 (79.80 %). The
PCV and GCV were found to be low with their
estimates 5.77 and 5.62 per cent respectively. High
heritability (94.90 %) with moderate GAM (11.29
%) was observed for this trait. The average value
recorded for milling percentage was 66.38 per cent
with a range of 58.10 to 73.00. Highest and lowest
milling percentage was recorded in ADT 50 (73.00
%) and ASD16 (58.1 %)respectively. The PCV and
GCV were found to be low with their estimates
5.46 % and 5.32 % respectively. High heritability
(95.03 %) accompanied with moderate GAM (10.69
%) were found for this trait. The mean for head
rice recovery was 60.64 per cent. It ranged from
50.00 to 69.60 per cent. Low PCV (6.38 %) and low
GCV (6.21%) were recorded. High heritability
(94.84 %) and moderate GAM (12.47 %) were
recorded for this trait. The trait bran yield recorded
an overall mean of 5.72 %. The range was between
4.30 % to 8.10 %. The highest bran yield was
recorded in CR 1009 (8.10%) and lowest was
observed in ADT 51(4.30%). Moderate PCV (13.85
%) and Moderate GCV (13.77 %) were recorded.
High heritability (98.56%) coupled with high GAM
(28.21%) were found for bran yield. The trait bran
oil content exhibited an overall mean of 16.81 give
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Fig 1. Bran oil content in rice genotypes

in Figure 1.It range from 12.10 to 20.37. Among the
genotypes, the highest oil content was recorded in
ADT 54 (20.37 %) and lowest was observed in kallan
samba (12.10%). Moderate PCV (12.33%) and
moderate GCV (12.30%) were recorded. High
heritability (99.01%) along with high GAM
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Fig 2. Correlation coefficient between traits
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(25.27%) was observed for this trait. Among all the
traits, significant and positive correlation with bran
oil content was manifested by hulling percentage
and milling percentage. Negative and significant
association of bran yield was witnessed with
hulling percentage and milling percentage. Head
rice recovery had a positive correlation with
hulling percentage and milling percentage (Fig 2).

CONCLUSION

Bran oiland bran yield percentage were observed
high heritability coupled with genetic advance as
percent of mean which implies additive gene
action, Hence improvement of these traits would
be achieved through simple selection. Based on per
se performance, the genotypes ADT 54, Kichadi
samba and CR 1009 were selected for high rice bran
oil content and it might be utilized as a donor in
rice breeding to explore the high rice bran oil
properties.
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Combining ability for yield and yield components in rice (Oryza
sativa L.) using diallel analysis
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Rice (Oryza sativa L.) (2n = 24) is the second most
common cereal crop in the world. It provides staple
food for nearly half of the world’s population. In
2022, rice production was recorded 512.4 million
tons. Traditional breeding methods still provide
the possibility of the development of rice hybrids.
Diallel cross technique is one of the different
methods of assessing the nature of the gene action
of parents. It estimates the combing ability of
parents and gene effects (Fasahat et al. 2016).
Parental lines and their hybrids can be assessed
through diallel analysis in all possible
combinations. The general combining ability
(GCA) and specific combining ability (SCA)
analyses facilitate in selecting excellent parents for
using in breeding programme and also to know
the promising cross-combinations for cultivar
improvement.

OBJECTIVE

To estimate the combining ability for Yield
components in rice hybrids.

MATERIALS AND METHODS

The Experimental material consist of high yielding
varieties, photoinsentive and land races viz., ADT
56, CO 54 and TPS 5 and Chinkinikar and
Thandipalliyan were crossed together using half
diallel cross genetic design. Fifteen entries (5
parents and 10 hybrids) were grown in randomized
block design with two replications in Tamil Nadu
Rice Research Institute, Aduthurai, Tamil Nadu,
India. Selected parents were raised in staggered
sowing and crossed to evolve High yielding
varieties with high nutritional values like iron, zinc
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and protein. The observations were recorded on
5 randomly selected plants for yield and yield
traits like days to 50% flowering, plant height,
productive tillers/ plant, flag leaf length, flag leaf
width, panicle weight, panicle length, filled grains
/panicle, unfilled grains, number of grains per
panicle and 100 grain weight. Combining ability
analysis were carried out as per Griffing (1956),
method-2 (Model-I) using TNAUSTAT software.

RESULTS

The observations were documented for the fifteen
genotypes i.e. five parents, ten hybrids in two
replications for eleven different characters and
used for calculation of the mean performance. The
observations were first averaged for five plants
taken randomly for each genotype in each
replication and further averaged over both
replications. In the present research work five
parents and hybrids were selected and screened
for yield, yield components and for the Combining
ability. Mean and Standard deviation of all entries
for all the traits revealed a wide range of
phenotypic variation. The differences were
significant among parents and their crosses
regarding GCA and SCA effects. This also
suggested the importance of the effects of additive
and non-additive genes in the inheritance of the
traits under study. The estimates of the
components due to GCA and SCA effects and their
ratio showed that non additive gene effect was
higher than additive effect for all the yield and
quality characters like filled grains and number of
grains per panicle. The results indicated that both
general and specific combining ability were highly
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Table 1. Relative effects of general combining ability effect (gca) and specific combining ability (sca) of parents and Crosses of

Rice genotypes.

Patrents DFF PH NOT FL FW PW PL FG UFG NG HSW

1. -0320  -9433 * -1.280 -0.335  -0.260 -0.079 * -0.864* 29.180 **  -3.280* 26433 **  -0.200**
2. -0.353  -9.500 **  -2.980* -3.125* 0.370 -0.045  -0.224 6.180 7.786 ** 14.500 **  -0.014
3. 1.913 ** -11.733** -0.846 -0.535  0.273 0.041 -1.074 % -26.120%*  -5.646 **  -31.233 ** 0.072 **
4. 0.213 14.300 **  4.220 ** 2.544 ** -0.230 0.026 1.932%*  14.746 **  16.253 ** 28866 **  -0.014
5. -1.453 ** 16.366 ** 0.886  1.451 -0.153 0.055 0.229 -23.986 **  -15.113**  -38.566 **  0.156 **
Mean 118.38  123.60 20.88  32.06 1.59 2.36 29.90 146.33 39.38 185.28 213

SE 0.39 216 1.22 091 0.23 0.03 0.34 3.44 1.44 3.70 0.02
SED 0.62 3.41 1.77 1.44 0.37 0.05 0.54 5.45 2.77 5.85 0.04
Crosses sca of crosses

1x2 -0.213  -4.500 -1.120  0.445 -0.340 0.599 = -0.466 36.153 **  0.346 35.966 **  -0.359**
1x3 0.353 -13.900**  -2.920  3.338 -0.310 -0.487 ** -0.882 -65.046**  -8.720 **  -74.300 ** -0.296**
1x4 0.053 11.366* 6180 * -0.291  0.126 0.010 2.477%%  54.753**  -11.120**  45.766 **  -0.142**
1x5 0.553 -20.366**  -3.153  -6.664 ** 0.316 -0.555 ** -2.986** -20.513**  13.080 **  -7.966 0.087
2x3 1.386 -5.033 -2.220  -3.538  1.426* 0.061 -0.522 29.620 **  10.046 **  39.133 **  -0.032
2x4 0.586 4.433* 1.213  -1.284  -0.353 -0.590 ** 2404 **  -65.246**  20.813 **  -42.300 ** -0.129 *
2x5 -1.413  3.033 0.383  0.792 -0.346 -0.201 ** -0.026 -16.513 *  -5.820 -22.866 **  0.150 **
3x4 -0.846  4.166 13.833** 1.025 -0.106 0.134 -0.979 -34.613*  10.246 **  -22.233 **  0.217**
3x5 2.320 **  9.566 * -0.253  -2164  -0.383 0.368 ** 1940 ** 34120 **  0.946 34.533**  0.080
4x5 2.686 **  5.566 2680  -2.228  0.186 0491 = -2566* -46.746** -12.286** -56.900 ** -0.416**
Mean 118.97  168.08 28.97  39.94 1.82 2.87 31.90 162.02 29.20 205.22 3.29

SE 0.81 4.45 2.31 1.88 0.49 0.07 0.72 711 2.96 7.63 0.05
SED 1.58 8.70 4.52 3.69 0.96 0.16 1.67 13.9 5.80 14.9 0.10

*, ** Significant at 5% and 1% level respectively

significant for all the studied characteristics except CONCLUSION

tflag leaf width and panicle weight. The parents
ADT 56, TPS5 and Chinkinikar were identified as
good, so these parents were suggested for further
recombinant breeding programmes. The GCA was
estimated for the grain yield components of the
five parental genotypes (Table 1) and that showed
that the parents ADT56 and Chinkinkar had the
highest and positive GCA indicating that these two
parents are good combiners for grain yield. The
best combiners for the varieties were plant height,
tilled grains per panicle, unfilled grains and
number of grains per panicle was Thandipallian,
Chinkinkar and CO54. For estimation of SCA, the
11 characters are presented in Table 1. Indicated
that the cross 1 x 4 had the best SCA for filled
grains, number of grains per panicle, 2 x 3 cross
had highest number of grains per panicle. The cross
1 x 2 and 3 x 5 had best SCA for filled grains and
number of grains per panicle. Cross 1x4 had best
for plant height, number of tillers per plant, panicle
length and number of grains per panicle.

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

The genotypes ADT 56, Chinkinkar and
Thandipallian were indentified as best parents for
yield, yield components. These parents were
suggested for a further recombinant breeding
programme to evolve high yielding lines. These
varieties are also having high Zn (26.8mg/Kg) and
Fe (18.4 mg/Kg) in Chinkinkar and high protein
in Thandipallian (16.4%). These can considered as
best combiners in breeding programme.

REFERENCES

Anusha, G., Rao, D.S,, Jaldhani, V., Beulah, P., Neeraja,
C.N,, Gireesh, C., Anantha, M.S., Suneetha, K.,
Santhosha, R., Prasad, A.S. and Sundaram, R.M.
2021. Grain Fe and Zn content, heterosis,
combining ability and its association with grain
yield in irrigated and aerobic rice. Scientific
reports. 11(1).1-12.

Fan, Z., Huang, G., Fan, Y. and Yang, J. 2022. Sucrose
Facilitates Rhizome Development of Perennial
Rice (Oryza longistaminata). International
Journal of Molecular Sciences. 23(21),13396.

HE 73



i |!1IJIIJI Rice

L T

Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

ARRWI/SIRC/Theme 1/44
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traits in F, population of rice (Oryza sativa L.)
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Rice is the most important staple food consumed
by more than half of the world’s population. Thus
these populations may suffer micronutrient
malnutrition because rice is not good enough in
many micronutrients like iron (Fe) and zinc (Zn)
etc. Fe and Zn play vital role in human body; Fe is
an important factor of blood hemoglobin whereas
Zn acts as cofactor for several enzymes (Ishimaru
et al., 2011). Individuals between 25 and 50 years
of age require 10 to 15 mg Fe and 12 to 15 mg of
zinc (Welch and Graham, 2004). According to NIH,
recommended dose of Zn in Child is 8 mg and Fe
is 10 mg. A small quantity of micronutrient
improvement in rice grain can tackle the problem
of micronutrient malnutrition. Moreover, cheap
and easy way of enriching the rice grain with
micronutrient is bio-fortification. But in general
negative correlation has been found between yield
and Fe/Zn content in grains.

Hence, knowledge of correlation between
micronutrient content and other yield determinant
traits can help in the effective selection of
associated traits. In this context, present research
work was undertaken to study the correlation of
micronutrient (grain Fe and Zn content) with other
agronomical traits in F, population of rice. This
study can accelerate bio-fortification program in
positive direction by selecting the traits showed
positive association with micronutrients so that
biofortified rice varieties can be developed with
least or without penalty of grain yield.
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METHODOLOGY

The present study was conducted in the three
successive years (2018, 2019 and 2020) at the Rice
Research Farm of Bihar Agricultural University
Sabour, Bhagalpur, Bihar, which is geographically
located between 25°1540" N latitude to 87°242" E
longitude at 46 m above the mean sea level.

The investigation was began with crossing
between Samba Mahsuri (Fe content 12 ppm and
Zn content 14 ppm) and Sathi (Fe content 19 ppm
and Zn content 27 ppm) to generate F, progenies
in the year Kharif 2018. Seeds of twenty-five F__
along with both parents were sown in Kharif 2019
to derive F, population. True hybridity test was
performed on all F, progenies using SSR marker
RM206. True F, derived 190 F, progenies along with
the parents were grown in Kharif 2020.

The data were recorded on ten
morphological traits including pre harvest and
post-harvest observations viz., days to 50%
flowering, plant height (cm), panicle length (cm),
number of effective tillers per plant, number of
filled grains per panicle, grain yield per plant (g),
grain length (mm), grain breadth (mm), grain
length/breadth ratio and test weight (1000- grain
weight in g) from each individual plant. Similarly,
two qualitative data (grain Fe and Zn content) were
estimated using wet acid digestion method from
each individual plant in the F, population. All the
recorded data were subjected to correlation
analysis using “XLSTAT2018.1 VERSION”.
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RESULTS
Correlation analysis revealed that grain iron and
zinc content were found to be significantly and
negatively correlated with plant height, number
of effective tillers per plant, number of filled grains
per panicle and grain yield per plant. However,
grain iron and grain zinc content were found to be
significantly and positively correlated with each
other. Similarly, both Fe and Zn content showed
non-significant positive association with days to
50% flowering, while non-significantly negative
with panicle length. Individually grain Zn content
exhibited non-significant and positive correlation
with grain length/breadth ratio and non-
significantly negative with grain length, grain
breadth and test weight. In contrast, grain Fe
content observed to have non-significant and
negative correlation with grain length, grain
breadth and test weight, while non-significantly
negative with grain length/breadth ratio.

Grain yield per plant showed significant
and positive association with plant height, number
of effective tillers per plant and number of filled
grains per panicle. These finding were also in

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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agreement with the result of Calayugan et al.,
(2020).

CONCLUSION

On the basis of results as summarized above, it is
concluded that grain Fe and Zn content didn’t
show strong positive association with any of the
yield attributing traits under study. Hence for
simultaneous enhancement in grain Fe and Zn
with least yield penalty needs very careful selection
of yield attributing traits during rice bio-
fortification programme through breeding.
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“Kataribhog”: An indigenous aromatic rice landrace from Sub-
Himalayan terai region of India with low glycemic index (GI) value.
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Diet is an important factor in managing good
health in the busy and stressful modern life.
Lifestyle diseases like diabetes are increasing at an
alarming rate in the predominantly rice-eating
Indian population. Food grains with high nutritive
value but low digestible starch and soluble sugar
content are considered as healthy. Rice landraces
from the Sub-Himalayan Terai region are having
unexplored potential in terms of nutritional
attributes.

METHODOLOGY

To search for a healthy alternative to high-price
basmati rice, twenty-two heirloom short-grain
aromatic rice cultivars from this region were
investigated for different nutritional parameters,
like total carbohydrate content (TSS), reducing and
non-reducing sugar, protein content, Total starch
content, amylose, amylopectin content, resistant
starch content, glycemic index, total antioxidant
capacity, using standard colorimetric methods and
aroma by sensory evaluation method and GCMS.

RESULTS

Based on the nutritional attributes, these genotypes
represented wide variability. These genotypes
exhibited values ranging from 88.89%
(ChakhaoSampark) to 37.44% (Tulsibhog) for TSS,
whereas the starch content of these genotypes
ranged from 85.45% (Sadanunia) to 45.86 %
(Konkanijoha), and Kataribhog with 54.57 %.
Higher amylose content was found in Tulsibhog
(29.10%) whereas the lowest amylose was found
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in genotypes like Chakhao selections, Konkanijoha,
Gobindabhog, etc., and Kataribhog with 20.43 %
came under intermediate amylose content.
Interestingly these genotypes showed considerable
variability in the resistant starch and glycemic
index values. Kataribhog showed the highest
resistant starch (RS) content (2.25%) among all the
genotypes whereas powdered Kataribhog grains
have been analysed to have remarkable GI as low
as 45.72. all the other landraces showed an average
glycemic index value of more than 60 whereas a
few cultivars like Dubarikomal (54.77), and A-1-1
(58.67), had comparatively low glycemic index...
Kataribhog has been registered at NBPGR as a low
Gl rice accession (INGR,,,,.). The protein content
and antioxidant activity of Kataribhog were 6.43%
and 1586.68 ng/ml respectively.

Rice aroma is due to the contribution of
more than 100 compounds, among which only 2-
acetyl-1-pyrroline (2-AP) is well-known, produced
due to the non-functionality of the Betaine
aldehyde dehydrogenase (BADH) enzyme, which
is caused by the mutation in the badh2 gene. These
selected genotypes were analysed for Genetic
diversity using the Badh2 gene primers. Kataribhog
was found to be in cluster number II along with
highly aromatic cultivars like Sadanunia, and
Tulsibhog. For a detailed analysis of aroma
compounds of Kataribhog, volatile compounds
profiling through GCMS was done, and rice Aroma
compounds like 2-Acetyl-1-Pyrroline, Hexanal,
Pentanal, Heptanal, Octanal, Nonanal, etc. were
detected in Kataribhog.
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CONCLUSION S. G. (2018). Resistant starch could be decisive
. in determining the glycemic index of rice

Altogether the data reveals that the elite genotype cultivars. Journal of Cereal Science, 79, 348-353.

Kataribhog is a nutritively superior antioxidant- .
Mondal, D., Kantamraju, P., Jha, S., Sundarrao, G. S.,

rich aromatic healthy 1.“ice genotype witk} a Bhowmik, A., Chakdar, H. & Choudhury, A.
remarkably low glycemic index and consumption (2021). Evaluation of indigenous aromatic rice
of these genotypes may be beneficial for diabetic cultivars from sub-Himalayan Terai region of
patients. India for nutritional attributes and blast

resistance. Scientific reports, 11(1), 1-25.
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Thicker leaf gas film and greater tissue tolerance is crucial for
tolerance to combined stresses of salinity and submergence in rice
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Rice is a staple food for more than 3.5 billion
people worldwide and this number keeps
increasing year after year. To meet the demand
and feed this large number of people, stable rice
production is extremely necessary. But the
difficulty is rice growth and yield can be hampered
by exposure to different abiotic stresses like
drought, salinity, excess water stress, heat, etc.
either individually or in combination (Pathak et
al. 2021). Therefore, the current trends of rice
research programs are now focussed more on
elucidating new insights into multiple stress
tolerance rather than looking into particular stress
singly. In the coastal ecosystem, rice production
faces serious threats from salinity, submergence,
and stagnant flooding both individually and in
combinations. Previous studies identified SUB1
(for submergence) and Saltol orSKC1 (for seedling
stage salinity stress) as two major QTLs for
imparting tolerance to rice plants (Sarkar et al.
2019). But little is known about how rice plants
behave under a combination of these two stresses.
What are the critical plant traits that influence
the tolerance of rice plants under such multiple
stress conditions are also yet to be identified.

METHODOLOGY

To answer this research gap, we took four distinct
rice genotypes viz. FR13A (have SUBI, but lacks
SKC1 QTL), FL478 (have SKC1, but lacks SUBI
QTL), AC39416A (have both SUBI and SKC1
QTLs), and IR42 (lacks both SUB1 and SKC1 QTLs)
and subjected them to salinity stress (SS: NaCl
equivalent to 12 dS m™ for seven days),
submergence (FWS: two weeks of complete
submergence using fresh/non-saline water) and
78 HE

combination of these two stresses (SWS: two weeks
of complete submergence with saline water of 12
dS m™). All the stresses were imposed at the early
seedling stage (corresponding to the 3-4 leaf stage).
Tissue samples were collected at different time
intervals from control and treated plants.
Important traits like leaf gas film (LGF) thickness,
tissue porosity, tissue ionic distribution, tissue
tolerance ability, and gene expression profiles were
examined.

RESULTS

After seven days of salinity stress (SS), FL478
maintained the maximum biomass of shoot and
root tissues, followed by AC39416A, FR13A, and
IR42. Apart from biomass,FL478 showed the least
increase inleaf Na*/K* ratio, followed by
AC39416A, FR13A, and IR42 which suggests
thatFL478 performed best in SS among all
genotypes. We observed the highest survival with
the least internode elongation in FR13A, followed
by AC39416A under both FWS and SWS
treatments(Fig. 1). Interestingly, the difference in
survival was non-significant for FWS and SWS.
Though the internode elongation was restricted
more under SWS treatment. Both the initial
thickness of LGF and leaf epicuticular wax
concentrations were highest in FR13A, followed
by AC39416A.But, the depletion of LGF and wax
were significantly faster under SWS than FWS.
Although no difference in initial tissue porosity
(49-56%) was observed in the studied genotypes,
but the day-wise reduction in porosity was faster
under SWS treatment than FWS. In general, in
planta ethylene accumulation was found higher
under SWS treatment, but the initial concentration
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and its over the time build-up was significantly
lesser in FR13A, followed by AC39416A. The build-
up of leaf Na*concentation was started to show a
sharp rise after 9" day of SWS stress, while in IR42
it was 6™ day onwards. After two weeks, the leaf
Na*concentration was least in AC39416A (247
mmol g' DW), followed by FR13A (300 mmol g*
DW) and FL478 (336 mmol g' DW), while it was
highest in IR42 (378 mmol g* DW).

To understand the genotypic difference in
response to saline water submergence, we also
evaluated the tissue tolerance potential of these
genotypes underboth submerged as well as aerobic
environment in response to 12 dS m salinity stress.
We observed that the tissue tolerance scores
(measured as LC,, value denoting the amount of
Na* required to bring down the initial chlorophyll
content of the leaf to a half) were significantly lesser
for a particular genotype when they were exposed
to dual stresses of salinity and submergence. Both
FR13A and AC39416A were better genotypes
having an LC50 score of >270 and >425 mmol Na*
g’ DW under anaerobic and aerobic environments,
respectively. Besides, we found a much greater
expression of OsSUBIA-1 in FR13A and
AC39416A, but a lesser expression of ethylene
biosynthesis genes like OsACS5 and OsACO3.

ns

100
T
S
75
E -
B 50-
&
=
Py
25+
n=
—
0- T
FRI3A  AC3B416A  FL478 IR4Z

Fig. 1. Difference in survival rate of four rice genotypes
under fresh and saline water submergence
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These genotypes also showed a significantly lower
expression of OsAMY3D compared to FL478 and
IR42. Thus they could maintain a higher leaf starch
concentration at the end of the stress period.

CONCLUSION

From the present study, itis clear that the tolerance
mechanism against individual stresses of salinity
and combined action of salinity and complete
submergence differs significantly. Taken together
we conclude that

i Salinity tolerance (ion exclusion) singly
does not have much role in withstanding
the combined stresses of saline water
submergence.

ii. A better submergence tolerance ability
manifested by the thicker LGFand presence
of SUB1 QTL plays a crucialrole in tolerance
to both fresh and saline water submergence
in rice.

iii. Tissue tolerance (TT) instead of ion
exclusion can improve saline water
submergence tolerance in SUBI-containing
rice. Butindividually TT also does not have
much role to play.

iv. For developing multiple stress-tolerant rice
for  withstanding saline  water
submergence, a greater emphasis on traits
governing submergence and tissue
tolerance may be given.
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Molecular characterization of rice genotypes derived from half-sib
RILs of CMS line Pusa 6A
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P. K. Singh?
'Department of Plant Breeding and Genetics, *Department of Molecular Biology and Genetic Engineering, *Directorate of Research

Bihar Agricultural University, Sabour-813210 (Bhagalpur)
*Corresponding author: drsatyendratomar@gmail.com

For hybrid rice development, diversification of
parental lines is one of the most important task
for plant breeders. Since the hybrid rice technology
has been proved to be successful, need is to explore
more and more diverse crosses for better
segregants that could be worthy for plant
breeders. Present study is based on such an effort
made towards identification of good genotypes
from advance segregating generations of crosses
having Pusa 6A, a famous CMS line, in common
and several other diverse genotypes including
green super rice (GSR) lines. Molecular
characterization of these lines was done for
several important traits including availability of
restoration genes.

METHODOLOGY

56 rice genotypes including 51 half-sib
Recombinant Inbred Lines (RILs) derived from
crosses having Cytoplasmic Male Sterile (CMS)
line Pusa 6A as common parent along with five
famous check varieties of different maturity
duration were evaluated for molecular
characterization using micro-satellite and gene
specific DNA markers for major fertility
restoration genes Rf3 and Rf4, wide compatibility
(WC) gene and salt tolerance.
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RESULTS

Total 38 genotypes were found to be homozygous
for Rf4 gene. Individual plants, homozygous for
both WC and Rf4 genes, and for both Saltol QTL
and Rf4 were selected. Presence of Rf4 gene
showed positive but non-significant correlation
with spikelet fertility percentage. It was observed
that good spikelet fertility percentage in the
genotypes showing absence of Rf4 at molecular
level could be due to presence of other genes
responsible for restoration of fertility for CMS
source studied.

CONCLUSION

Selected plants, homozygous for genes and QTLs
(Rf4, WC and Saltol) can further be evaluated and
used in future breeding programs as promising
restorer lines and for the development of new
varieties/hybrid.
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Response to marker assisted selection for Pi9, GRAIN NUMBER1 and
SPIKELTE NUMBER genes in early segregating population of rice
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*School of Crop Improvement, College of Post Graduate Studies in Agricultural Sciences (CPGS-AS),
Central Agricultural university (I), Umiam, Meghalaya- 793103, India.
*Corresponding author: mrai.cau@gmail.com

Rice grown in hill regions of north east India are
most susceptible to the rice blast fungus
(Magnaporthe oryzae) causing yield loss upto
50%.Till date more than 107 blast resistance genes
(Annegowda et al. 2021) and 87 yield related
genes (Abbai et al. 2019) were identified in rice.
Validating and utilizing these genes in specific
combinations will offer broad-spectrum and long-
term durable resistance to the rice blast disease
coupled with higher yield.

METHODOLOGY

A biparental population (ULRC 88) was
developed by crossing BLM (rice blast resistant)
with CAUS103 (advanced breeding line) and the
successive generations F,, F, and F, were grown
in experimental farm of CPGS-AS during kharif,
2020, 2021 and 2022 respectively. Phenotyping
selection was done in F, and F, generations and
observations were recorded in 20 random and 10
selected plants for traits like yield per plant (YPP-
in grams), leaf blast (LB-score 0-5) and panicle
blast (PB-infected panicles per plant). Genotyping
was done using various blast and yield specific
markers in parents; and a haplotype analysis was
carried out in 263 plants of F, generation
considering pi9, GN1 and SPIKE genes.

RESULTS

The trait YPP in the cross ULRC88 followed a
normal frequency distribution with an average of
17.2g, 9.3g and 11.9g in F,, F, and F, generations
respectively. Phenotypic selection in F, gave 50%
increase in yield (18.5g), and the response to
selection in F, was 2.58with heritability of 28%.
The mean of the progenies selected in F, were
25.1g showing a progressive increase in YPP
through selection. The genotype BLM had blast
resistant genes like Pi9(9Pro), Pi20andPi54(Pi54);
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CAUS103 had yield related genes like GN1(Gnla
indel3) and SPIKE (Spike indel3) genes, whereas
both the genotypes had Pita, Pikm,GS5 and
TGWegenes. Marker trait association by t-test
showed that LB and PB was associated with the
marker 9pro (P =2.42e-05 and 0.013), YPP was
associated with the gene GN1 (P=0.013) and
SPIKE showed poor association with YPP (P=
0.10). Haplotype analysis forthe three genes (pi9,
GN1 and SPIKE) gave eight haplotypes.
Haplotype I was positive for all the three desirable
genesyielding 11.7+2.9¢g and LB score of 0.4 and
PB of 1.1 per plant; whereas the haplotype VIII
was negative for all genes and yielded 8.3+1.6g,LB
and PB scores of 1.7 and 1.5 per plant respectively.

CONCLUSION

The markers9pro and GN1a indel3 had significant
positive association with the traits LB and YPP
respectively. More than 50% of the phenotypically
selected plants in F, generations had atleast any
two desirable genes mentioned above. This study
proves the fact that marker assisted phenotypic
selection in early segregating generations is
fruitful, such that we could select elite plants with
blast disease resistance (Pi9) and superior yield
(GN1, SPIKE)combinations.
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Peaceful applications of radiation techniques for enhancement in the
agronomic traits of traditional rice landraces of Chhattisgarh
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Chhattisgarh is endowed with tremendous rice
biodiversity due which this state is popular as
‘Rice Bowl of India’. More than 23250 rice
germplasm have been recorded in the state which
is conserved at Indira Gandhi Krishi
Vishwavidyalaya, Raipur. Interestingly, several
traditional rice landraces possess valuable traits
like resistance to biotic & abiotic stresses, good
yielding ability, premium grain quality, special
aroma, therapeutical properties, nutritional
values etc. Unfortunately, many of these rice
landraces have not been grown in farmers’ field
due to poor yield potential (2-3 t/ha), late
maturity duration (150-175 days) and tall plant
height (150-180cm) and therefore they are at edge
of getting extinct. However, most of them are very
popular among the farmers and they wanted
cultivate them, if their yield potential could be
increased by maintaining their unique features
and original grain quality. To overcome this,
mutation breeding could offer a simple and quick
approach for improvement of these landraces
through radiation induced mutagenesis without
altering their original features.

METHODOLOGY

IGKYV, Raipur and BARC, Mumbai started a joint
program for the improvement and revival of over
100 traditional rice varieties of Chhattisgarh
through radiation (gamma rays, electron beam,
X-rays, proton beam and thermal neutrons)
induced mutation breeding in 2013. The major
aim of this collaborative work is to develop dwarf
to semi-dwarf (100-120 cm), early to medium
maturity duration (105-125 days) and good yield
82 Hm

potential (4.5 to 6.5 t/ha) mutant rice varieties by
maintaining their original features and quality
traits. All the wet lab (field) works are being
carried out at IGKV whereas BARC is providing
technical and financial support for this work.

RESULTS

Radiation techniques have several peaceful
applications in field of Agriculture one of them is
development of crop mutants. The large amount
of energy associated with the splitting of atoms
could be utilized for various peaceful applications.
Radiation induced mutation breeding is
completely skill based phenomenon where one
can select for their desirable trait after creating
variability in large population. Under the BARC-
IGKV collaboration, five rice mutant varieties viz.,
TCDM-1, Vikram-TCR, CG Jawaphool Trombay,
TCVM and TCSM have been released and notified
by Government of India. TCDM-1, CG Jawaphool
Trombay and TCVM are aromatic fine grain
mutant varieties whereas Vikram-TCR and TCSM
have non- aromatic but high yield potential. More
than 50 stable rice mutants are under evaluation
at station, state and national multi-location trials.
In addition, about 550 mutant lines in the
background of 35 rice landraces are in various
mutagenic stages of confirmation, stabilization
and evaluation. Interestingly, the mean percentage
reduction in plant height was 7% to 55% and days
to maturity was 6% to 40% whereas the mean
percentage increase in grain yield per plant was
10% to 65% in various rice mutants with respect
to parent, which indicated the potential of
radiation induced mutation breeding. In addition
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to the development of rice mutants, BARC-IGKV
have also organises several seed distribution
workshop to disseminate the seeds of developed
mutant rice varieties among the farmers.
Interestingly, these mutant varieties are getting
popular among the farmers and they are
cultivation=ng these varieties in large areas.
Currently, the rice mutation breeding program
under BARC-IGKYV collaboration is the World’s
largest active mutation breeding program for the
improvement and revival of traditional rice
landraces. The success of this collaborative work
indicated that radiation induced mutation
breeding is one of the most viable tools for

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

improvement and revival of the traditional rice
landraces and could be applied in other crops also
to improve one or two major drawbacks.
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Vikram-TCR: a semi-dwarf, high yielding and blast resistant rice
variety developed through radiation induced mutation breeding
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Safri-17, a traditional rice variety from central
Chhattisgarh, India is very popular for long
slender grains, drought tolerance ability, good
grain quality and good puffed rice making quality.
Apart from many advantages being possessed by
Safri-17, it is not in much cultivation covering
wide areas due to poor yield potential, tall plant
stature (prone to lodging), and late maturity
duration (require more inputs and time duration
in field operations). Therefore, present study was
planned to improve and revive the Safri-17
through radiation induced mutation breeding.
Mutation breeding is a powerful technique to
improve one or two major defects in rice landraces
by maintaining their original qualities and unique
features. Vikram-TCR is the mutant rice variety
developed from Safri-17 variety through gamma
ray (300 Gy) induced mutation breeding under
the joint collaboration of IGKV, Raipur and BARC,
Mumbai. Vikram-TCR has all the traits of its
parent Safri-17 along with dwarf stature, early
maturity habit and high yield potential. This
variety has been notified for commercial
cultivation on 02" February, 2021 by Government
of India with Notification No: 456.

METHODOLOGY

Pure and healthy seeds of Safri-17 were treated
with 300 Gy of Gamma rays at BARC, Mumbai
and grown as M1 population at IGKV, Raipur in
the year 2013-14. M1 harvested seeds were grown
as M2 population during Kharif season 2014 and
selections for desirable plants were done. Selected
putative mutants were confirmed in M3
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generation during Rabi season 2014-15 and total
four promising mutants were subsequently
evaluated in replicated yield trials in M4, M5 and
M6 generations during Kharif 2015, Rabi 2015-
16 and Kharif 2016, respectively. The promising
line Safri-17-2 (Vikram-TCR) was then promoted
to state MLT in Kharif 2017 and evaluated for
three consecutive years. Subsequently it was
submitted for AICRIP MLT in Kharif 2018 and
evaluated for two consecutive years. Further, it
was evaluated for blast resistance under artificial
(UBN) and natural conditions at three different
locations.

RESULTS

Mutation breeding has great potential to develop
novel traits in any breeding line for development
of new variety. Vikram-TCR is one of the miracles
of radiation induced mutation breeding. It has all
the unique features of its parent Safri-17 along
with improved traits viz., semi-dwarf stature (101-
106 cm), mid-early maturity duration (118-123
days) and high yield potential (55-60 q/ha). It has
54.56% higher yield potential, - 43.79% reduced
plant height and -23.64% reduced maturity
duration over the corresponding parent, Safri-17.
The potential yield of this variety is 73 q/ha.
Under the station trial, Vikram-TCR has given
6000 kg/ha average yield at Raipur centre over
the 3 years (2017, 2018 and 2019) and obtained
20.82% yield advantage over its parent Safri-17.
Under state multi-location trials, Vikram-TCR
gave 5244.43 kg/ha in SPVT-2 (2017), 5639.16
kg/ha in SUVT-2 (2018), and 5360 kg/ha in
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SUVT-2 (2019) with average yield 5414.47 kg/
ha over the three years and 18 locations (6
locations each year) and gave yield advantages
up to 7.8% over IR64 and 26.3% over MTU1010.
Average yield of the proposed entry IET No.27773
was 5258 kg/ha across the 43 locations of five
zones during first year of testing under All India
Co-ordinated Rice Improvement Program
(AICRIP) in IVT- IME. It gave higher yield
advantage in zone-VI (17.87%), zone-II (12.61%),
zone-V (9.38%) and zone-VII (6.92%) over the
zonal checks. It is highly responsive to fertilizers
in respect to grain yield but not in terms of plant
height. It can survive (non lodging) even after
applying 150% RDF. It gave highest yield 6612
kg/ha and 6014 kg/ha in 150% RDF at Raipur
and Ambikapur, respectively. Interestingly, this
variety showed resistance against the rice blast in
state MLT and AICRIP NSN trials which was
further confirmed under artificially screening at
ICAR-IIRR, Hyderabad an IGKV, Raipur. The
proposed variety exhibited field tolerance to
drought stress conditions and good recovery after
water stresses as similar to Safri - 17. This variety
has long slender grain with intermediate alkali
spreading value (gelatinization temperature),
intermediate amylose content and gel consistency.
It has 78.80% hulling percentage, 69.30% milling
percentage and 65.10% head rice recovery
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percentage which indicated its good grain quality
features. This variety has been disseminated
among the farmers of Chhattisgarh through
consecutive mini-kit seed distribution program
and front line demonstration program and during
last Kharif season-2022, it has been grown in more
than 1000 ha area of Chhattisgarh. Farmers are
accepting this variety as the replacement of
MTU1010 due to similarity in grain type and
maturity duration with higher yield potential and
many additional advantages. The area of
cultivation of Vikram-TCR is likely to be expanded
soon in coming years.
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Characterisation of rice landraces of NE hill region of India for yield
and seed quality traits
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Rice is a principal crop and is the staple food of
more than 50% of the world’s population.Along
with yield enhancement demand for good quality
rice gradually increased with the improved living
standard of people. Landraces are a source of
unique traits harbouring unique genes for grain
morphology and quality traits including amylose
and protein content. Hence assessment of
nutritional quality ofrice landraces will provide a
valuable source for future crop improvement
programmes.

METHODOLOGY

One twenty rice landraces collected from various
states of NE India were purified for a seasonand
further evaluation was done in field condition
during Kharif 2021 in augmented design withfour
blocks and five standard checks. Observations
were recorded for 14 traits viz. Days to 50%
flowering(DTF), Plant height (PH), Tiller
number(TN), panicle length (PL), Test weight
(TW), Plot yieldi.e., yield of 24 plants (PY),
Decorticated grain length (DGL), Decorticated
grain breadth (DGB), Seed length (SL), Seed
breadth (SB), Filled seeds (FS), Spikelet fertility
(SF), Amylose content (AC) and Protein content
(PC).AC and PC was estimated by the method of
Juliano (1971) and Lowry (1951) respectively.The
observations were subjected to augumented design
analysis to get adjusted means which was used in
PCA and Wards clustering method.

RESULTS

Analysis of variance indicated that elevenout of
the fourteen characters studied were significantly
different.Correlation analysis revealed that PY was
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positively and significantly correlated to DTF
(0.807), PH (0.817), TN (0.707), FS (0.817) and SF
(0.737) while it was significant and negatively
correlated with AC (-0.70™) and PC (-0.687);
whereas AC was positively and significantly
correlated to PC (0.947).PCA analysis for 14 traits
grouped the estimated variables into two main
components which explained 80.6 % of the total
variation.The genotypes were distributed into two
distinct groups as observed fromPCA biplot. Yield
attributing parameters like PY, TN and SF
contributed positively to PC1, and the
corresponding genotypes vizUR 95 (469.5g), Pnah
Hiong(326.5g), and Chakhao Amubi(241.7g) lying
on the first quadrant have high yield coupled with
good TN and SF.Cluster analysis based onwards
method also classified the landraces into two
clusters in which high yielding genotypes like
Pnahhiong and chakhao amubi were grouped in
the same cluster.

CONCLUSION

From this study intermediate AC landraces
likePhourennakupi (21.30%), Sang sangba
(20.53%), Irrate (20.35%)andmedium PC genotypes
coupled with high yield like ChakhaoAmubi
(11.6%), San kang (9.6 %), and PnahHiong (9%) can
be used as parents in hybridisation programmes
to improve the existing varieties and to develop
varieties withdesirable traits.
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duration of three popular traditional rice landraces through induced
mutagenesis
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Swarming human population has set an alarm to
amplify the food production and productivity in
limited arable land which are being decreasing
day by day due to wurbanization and
industrialization. Since modern varieties have
limited variability therefore, utilization of rice
landraces in breeding program is must. Rice
landraces are the important source of several
valuable genes for crop improvement except with
few lacunae viz., poor yield potential, tall plant
stature, late maturity duration which restrict their
commercial cultivation. Radiation induced
mutation breeding offers simple, fast and efficient
way to rectify these major defects without altering
their original identity.

METHODOLOGY

The present study deployed the radiation (gamma
rays @ 300Gy) induced mutation breeding for
improvement and revival of three traditional rice
landraces viz., Samundchini, Vishnubhog and
Jhilli. These landraces are admired in specific
districts of Chhattisgarh (C.G.), India i.e. Bilaspur,
Sarguja and Mahasamund for Samundchini,
Vishnubhog and Jhilli respectively. Desirable
mutants identified were evaluated based on 13
agro-morphological and 16 grain quality traits in
M,, M, and M, generations along with their
parents and three checks viz., Rajeshwari, Dubraj
Selection-1 and Vishnubhog selection-1. Further
SSR markers based genomic similarity and genetic
diversity study was also preformed in all the
mutants and corresponding parents.
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RESULTS

In the present study, total 81, 98 and 51 putative
mutants, respectively were identified in M,
generation which were then confirmed in M3
generation and only three, ten and five rice
mutants of Samundchini, Vishnubhog and Jhilli,
respectively were advanced to M,, M; and M,
generations along with their parents and three
checks for evaluation based on 13 agro-
morphological and 16 grain quality traits.
Interestingly, all the mutants of the three landraces
showed reduction in maturity duration and plant
height compared with their parents. Reduction
in days to 50% flowering ranges from 4.94%
(Vishnubhog Mutant V-67) to 21.40% (Jhilli
Mutant J-2-13) whereas reduction in plant height
varies from 11.28% (Vishnubhog Mutant V-45-2,
Vishnubhog Mutant V-67) to 37.65% (Jhilli
Mutant J-15-1). Furthermore, two, six and three
mutants of Samundchini, Vishnubhog and Jhilli
have increased yield potential over their parents,
respectively. Interestingly, Samundchini Mutant-
18-1 (22.45%), Vishnubhog Mutant-74-6 (36.87%)
and Jhilli Mutant-13-5 (25.96%) showed highest
yield advantage over their parents. Further,
ANOVA based on RCBD revealed ample
variations among the genotypes for studied traits,
indicating the potentials of radiation in inducing
the desirable variability in crop plants. In addition,
all the traits consistently showed high to moderate
PCV and GCV and slightly difference between
them in all the three generations. Moreover, in
association analysis, the traits viz. fertile spikelets/
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panicle, panicle length, total tillers/plant, spikelet
fertility percent and 100 seed weight with grain
yield/plant whereas the traits, hulling (%) and
milling (%) with HRR (%) were consistently
showed high direct effects and significant positive
correlation. SSR marker based genome similarity
in rice mutants and corresponding parents ranged
from 95.60% to 71.70% (Vishnubhog); 95.62% to
89.10% (Samundchini) and 95.62% to 80.40%
(Jhilli), indicating the trueness of the mutants.
Moreover, UPGMA algorithm and Gower
distance based dendrogram; neighbour joining
tree and PCA scatter diagram assured that
mutants were grouped with their respective
parents and fell into separate cluster showing high
similarity between mutants and parents and
dissimilarity among the 24 genotypes. Overall
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information and materials generated from current
study will be very useful and informative for
students, researchers and plant breeders. Besides,
our results also showed that irradiation could
generate a considerable amount of genetic
variability, and provide new avenues for crop
improvement and diversification.
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Rice is the life and the prince among cereals as
this distinctive grain helps to sustain two thirds
of the world’s population. To meet the
indispensable demand of the constantly increasing
population, improvement of the yield potential
through genetic manipulation will be a key tool
in rice breeding programs. Introduction of new
favorable genetic material from genetically related
groups of Asian rice is considered a promising
approach. Rice yield can be further enhanced by
exploiting the heterosis among the subspecies of
rice which shows significant dissimilarities in
stress resistance, quality and yield. Estimates
indicate that about 30% higher yield can be
obtained from the heterosis of indica/japonica
varieties than those of japonica or indica cultivars
(Guo et al., 2016). The success of any plant
breeding programme depends upon the existence
of genetic variability present in a given crop
species for the character under improvement
which a plant breeder relies upon for ensuring
efficient selection. Understanding the association
of individual trait with the plant yield will be
highly informative and useful along with genetic
analysis.

MATERIAL AND METHOD

The F, of cross Paiyur 1 x Nira (indica x tropical
japonica) was evaluated during summer season at
Paddy Breeding Station, TNAU, Coimbatore for
the extent of variability and genetic parameters
for 18 characters which includes, yield and yield
attributing characters and physical grain quality
parameters. The observations were recorded in
400 plants in F, population.
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RESULTS

The values of phenotypic variance were greater
than the genotypic variance for all the characters
except for panicle weight, kernel length, and
kernel breadth indicating the least/nil influence
of environmental effects for these traits. High
phenotypic and genotypic co-efficient of variation
coupled with high heritability and high genetic
advance as per cent of mean were exhibited by
spikelet fertility, hundred grain weight, basal
internode diameter, number of primary branches,
total biomass, panicle weight, number of
productive tillers, number of secondary branches,
single plant yield, harvest index and number of
filled grains panicle® which indicated that these
traits were controlled by additive type of gene
action and there is a good chance for improvement
through selection.

In association studies, single plant yield
was found to be determined by component traits
like number of productive tillers, total biomass,
harvest index, and panicle traits viz., panicle
length, number of primary branches, number of
secondary branches, number of filled grains
panicle?, panicle weight and spikelet fertility
which is evident from their highly significant
positive correlation (Figure 1). In path analysis,
high positive direct effect on single plant was
exhibited by the traits total biomass and harvest
index. Number of productive tillers showed a high
positive indirect effect via total biomass and
moderate positive indirect effect on single plant
yield through harvest index. Hence these traits
are advocated in selection of superior single plants
to further generations.
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Rice being the oldest of the cereals in the world
accounts for a significant contribution to the total
food grain production in India. Among all the rice
infecting diseases, bacterial leaf blight (BLB) is an
important disease. Bacterial leaf blight disease of
rice caused by Xanthomonas oryzae pv. oryzae
reduces rice yield in all rice-growing parts of the
world. Depending upon the stage of the crop,
cultivar susceptibility, and the environmental
conditions, the estimated yield loss due to leaf
blight under severe infection varies from 50 to 80%
in tropical Asia (Khush; 1989). To control BLB no
effective chemical control measures have been
found (Devadath et al; 1989), so deployment of
resistant cultivars is the most economical and
effective method to control the disease.

Gene pyramiding with help of MAS has
emerged as hope for advancement of broad-
spectrum resistance. Pratikshya is a late duration
popular rice variety released by Odisha University
of Agriculture and Technology (OUAT), Odisha,
India. However, it is vulnerable to bacterial leaf
blight (BLB) infection which is endemic disease to
many rice growing parts of Odisha. So, for
obtaining resistance in long run it is essential to
opt for pyramiding multiple genes from Swarna
MAS into Pratikshya genetic background. The
present investigation has been done to validate and
identify resistant plants to bacterial leaf blight of
rice induced by Xanthomonas oryzae pv. oryzae (Xoo)
inoculation and with help of molecular markers.

METHODOLOGY

Two varieties of rice viz., Pratikshya and Swarna
MAS are used as parent. Swarna MAS collected
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from NRRI, Cuttack. Swarna MAS possessing (xa5,
xal3 and Xa21) was used as donor parent as it has
three BLB genes. Pratikshya is used as recipient
recurrent parent. The two parents Pratikshya and
Swarna MAS were screened against bacterial leaf
blight at the field level using the isolates of
Xanthomonas oryzae pv. For foreground selection,
SSR markers RM122, xal3prom, and pTA248 were
used to identify xa5, xal3 and Xa21 genes,
respectively. 45 polymorphic SSR markers were
used for background selection. PCR was set up
using 1 U of Taq DNA polymerase and 10XPCR
buffer in 10il reaction volume with a thermal
profile of 94°C for 5 min (initial denaturation),
followed by 35 cycles of denaturation at 94°C for
30s, annealing at 50°C for 1min, extension at 72°C
for 1 min and a final extension of 7 min at 72°C.
The amplified product was electrophoretically
casted in 3% agarose gel containing 0.5 mg/ml of
ethidium bromide in 0.5XTBE buffer and
visualized under UV in a Gel-Doc system and
photographed. Progenies obtained from cross
Pratikshya x Swarna MAS were selected for their
evaluation of yield and ago-morphological traits
along with recurrent parent. The mean values of
agronomic traits viz., Days to 50% flowering, plant
height (cm), number of tillers per plant, number of
productive tillers per plant, panicle length (cm),
number of filled grains per panicle, seed yield per
plant (g) and 1000 grain weight (g) were recorded
and evaluated.

RESULTS

Genomic DNA from the resistant parent (Swarna
MAS) and susceptible parent (Pratikshya) were
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amplified using the three SSR markers viz., RM122,
xal3prom, and pTA248 markers and concluded
that all of the three bacterial leaf blight resistance
genes xa5, xal3, and Xa21 conferring resistance
were present in Swarna MAS and absent in
susceptible parent Pratikshya.

F, seeds were obtained from the cross
between Pratikshya and Swarna MAS. 21 true F,
plants were obtained and hybridized with the
recurrent parent Pratikshya to produce BC F,
seeds. Foreground selection was performed in 124
BC,F, plants to select plants carrying xa5, xa13, and
Xa21 genes in the lines, and 68 plants were found
to have all three resistant genes. Selected resistant
BC,F, plants were backcrossed to Pratikshya to
produce BCF, seeds. Foreground selection was
performed in 190 BC,F, plants and 50 plants were
found to have all three resistant genes. 55 plants
from BC,F, generation selected by phenotypic
screening by artificial inoculation of Xoo inoculum.
Seeds from resistant plants having similar
agronomic characteristics to Pratikshya were raised
to obtain the BCF, population. When all the
markers were comparatively studied in all the
plants, 19 plants possessed all three genes that
conferred resistance to bacterial blight in rice.

Based on data generated by foreground
selection, background selection was done using 45
SSR markers in the BC,F, population to check the
recovery of the recurrent parent genome. Among
19 plants, 8 plants showed the high recurrent
parent genome recovery percentage of more than
90 percent.

19 three-gene pyramid lines at BC,F,
generation along with the donor and recipient
parents were evaluated. Using mean values of
agronomic traits, the statistical analysis revealed
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that many lines did not show any significant
variation as compared to Pratikshya for most of
the characters. The mean of all characters was at
par with Pratikshya in most of the lines and to that
of the average of the population. Many lines
showed seed yield higher than recurrent parent
Pratikshya. In most of the lines mean seed yield/
plant was at par with the recipient parent
Pratikshya. The eight lines having a parental
genome recovery percentage of more than 90%
were at par with Pratikshya for all the characters.
The yield and agronomic traits of the three gene
pyramided line in this study are similar to those of
the recurrent parent, Pratikshya, indicating no
yield penalty associated with the presence of three
bacterial leaf blight resistance genes.

CONCLUSION

In conclusion, this study identified 19
pyramided lines, among which eight pyramided
lines, having all the target genes combination,
which is accompanied by high genomic recovery
of recurrent parent Pratikshya. Also, some of the
pyramided line showed high seed yield per plant
in comparison to Pratikshya. The study showed
that the introgressed lines provide broad spectrum
resistance to Xoo strains which can be further
evaluated for release of a variety and they can also
be used as BLB donor for introgressing in other
elite genetic background.
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Rice noodles (RN) is popular in many Asian
countries due to presence of carbohydrates that
provide energy for humans. It is mostly preferable
to the consumers for its good springy quality,
delicious taste and high nutritional value. Viscosity
and colour properties of rice flour are very
important factors for making good quality
noodles. Physical fortification with carrot, beat
root and moringa leaves (drumstick leaf) improves
the nutritional qualities of RN. These vegetables
are the rich source of bioactive ingredients like
vitamin-A, flavonoids, minerals and antioxidants.
So fortification of RN with these vegetables made
it attractive gluten free alternatives of wheat
noodles.

METHODOLOGY

The ingredients for the preparation of RN were
(1) Rice powder- 50g (2) Carot powder(C)/Beat
root powder(B)/ moringa leaf(M) powder-2.5¢g
(5%) (3) Xanthan gum-0.5g (4) water-40ml. For
higher quantity of RN, the ingredients should be
increased in this proportion. In this study, three
rice varieties viz. Swarna (R1), CR
Sugandhadhan(R2) and Lalat(R3) were taken and
each rice varieties were fortified with these
vegetables separately. C1, C2 and C3 i.e. only rice
flour of R1, R2 and R3 respectively were taken as
control.The pasting properties (viscosity) were
measured using a RVA model Tec Master (M/S
Perten Pvt Ltd., Singapore) and TCW3 software
taking 3.5 grams of the sample (100 mesh size and
12% moisture basis). The colour of the RN samples
was determined by CIE colour scales L*, a* and
b* using Hunter Lab digital colourimeter (Model
D25M, Hunter Associates Laboratory, Reston,
VA). Where L* indicates the degree of lightness
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or darkness of the sample extended from 0 (black)
to 100 (white), a* indicates the degree of redness
(+a) to greenness (-a) and whereas b* indicates
the degree of yellowness (+b) to blueness (-b).

RESULT AND DISCUSSION

Pasting properties of various fortified RN were
presented in Tablel. Pasting viscosities signifies
the interaction among various starch molecules
during heating and cooling. The long internal B-
chains of amylopectin exhibited higher viscosity
during starch gelatinization whereas shorter
internal B-chains tends to have a lower viscosity
(Zhu, 2018). Peak viscosity exhibits the ability of
starch to swell during initial gradual increase of
temperature before physical breakdown (Delcour
et al., 2010). The peak viscosity could indicate the
free expansion ability of starch before rupture,
which was related to the water holding capacity
and stiffness of starch. It is significantly varied
among the treatments and R3C, R3B and R3M
showed higher peak viscosity than others i.e Lalat
fortified with vegetables had higher peak viscosity.
Fortified Swarna noodles showed the lowest
value. In wheat noodles it was varied between
1477 to 2703 mPa.s (Di An et al.2022).The
breakdown viscosity (BD) represents the stability
of starch granules to resist heating and shear force,
and it is the difference between peak and trough
viscosity. In this case also fortified Lalat noodles
showed the highest value than the others. The total
set back is an indicator of the short-term
rearrangement degree of starch molecules during
decreasing of temperature and calculated as the
difference between final and trough viscosity.
Interestingly, lowest (negative) setback was
observed in Lalat noodles whereas control (C1)
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Table 1 Pasting properties (viscosity) (mPa.s) of rice noodles flour
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Treatment Name BD Final Peak Setback Trough PT(°C) Peak Time (min)
R1C 656.00F 5307.5048 4143.00F 1164.508 3487.004 83.988 8.1448
R2C 1083.50° 4886.505P 4533.50<PF 353.00<P 3450.004 73.88¢ 8.234
R3C 2527.00A8 4461.50<PE 4981.004 -519.50F 2454.00¢ 83.30° 7.20<P
R1B 771.00P¢ 5240.0048 4188.00%F 1050.008 3417.0048 83.238 7.9348
R2B 1571.00¢ 5053.00485¢ 4805.0048¢ 248.00<PE 3234.008¢ 73.25¢ 8.1448
R3B 2539.0048 4491.00<PE 5032.504 -541.50%¢ 2493.50¢¢ 82.938 7.27¢P
RIM 845.50PF 5015.0048¢<P 3996.50%¢ 1018.508 3151.00¢ 82.55° 7.7048¢
R2M 1900.00¢ 4486.00<PE 4625.508¢P -139.5PEF 2725.50PE 72.80¢ 7.8748
R3M 2815.504 3842.00¢ 4917.0048 -1075.0¢ 2101.50% 82.508 6.97P
C1 808.00PE 5719.004 3685.50¢ 2033.504 2877.50° 89.034 7.20<P
C2 1656.50¢ 4937.008P 4307.00PFF 630.008¢ 2650.50EF 89.334 7.638¢
C3 2336.508 4341.50°E 4560.50<P -219.00EF 222400 84.35% 6.87°
p-Value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001
Tukey HSD 5% 340.87 709.02 351.92 543.4 193.36 2.5578 0.5598

R1= Swarna, R2= CR Sugandhadhan, R3=Lalat, C= Carrot, B= Beat root, M= Moringa leaf, C1, C2 and C3= Control (Swarna, CR
Sugandha Dhan and Lalat respectively without fortification), BD=Breakdown viscosity, Final=Final viscosity, PT= Pasting
temp., Peak= Peak viscosity, Setback= Setback viscosity, Trough= Trough viscosity

Swarna showed highest. In the viscosity curve,
the increase of trough to final viscosity occurs as
the system cools to 50°C. The composition of the
paste at the trough also influences the lift-off ,
during which amylose molecules aggregate into
a network, embedding remnants of starch
granules, with proteins likely to contribute also.
Highest final viscosity was observed in all the
Swarna products and R2B. The pasting
temperature was highest in controls as compared
to fortified noodles. The quantitative colour
difference of noodles was showed in Table2 and
observed that L* (whiteness) and b* (yellow to
blue) value was highest in carrot noodles and
lowest in beat root noodles whereas a* (red to
green) value was highest in carrot noodles.

Table2. Colour properties of fortified rice noodles

L* a* b* dE
R1C  45.50+1.4 16.54+0.9 42.53+1.3 66.26+0.5
R2C  43.74%1.2 17.07+0.8 39.85+1.1 65.98+0.8
R3C  45.32+0.9 16.75+0.5 40.33+1.2 65.01+1.0
R1B 27.75+0.3 13.71+0.4 14.65+0.6 68.68+1.3
R2B 26.45+0.6 14.38+0.4 13.47+0.3 69.86+1.1
R3B 27.66x0.5 13.24+0.1 11.74+0.6 68.16+0.9
RIM  3512+0.2 2.28+0.01 21.74+0.5 62.07+1.2
R2M  30.25+0.8 2.20+0.02 20.61+0.6 66.30+0.5
R3M  30.20+0.9 2.61+0.04 20.37£0.8 66.30£1.2

R1=Swarna, R2= CR Sugandhadhan, R3=Lalat, C= Carrot, B=
Beat root, M= Moringa leaf
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CONCLUSION

Fortification of rice flour with vegetables powder
not only significantly affects the entire sets of
viscosity, it also affects the colour of the noodles.
As the viscosity of RN was higher than that of
wheat noodles, RN became little bit harder in
nature.

* This research was performed with the help of EAP-
197
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Yellow stem borer (YSB) is a major pest of rice in
India, that can lead to 20-60% yield loss. YSB
infestation is predominantly managed by the
usage of chemical pesticides, which has serious
implications on health and ecosystem. Effective
and sustainable management of YSB infestation
is challenged by the absence of natural sources of
resistance. Mutation breeding provides an
excellent avenue to expand the extant germplasm.
The advent of ever-advancing genomics and
transcriptomics approaches has accelerated plant
breeding and plant biology to unprecedented
levels. The results from our attempt to characterize
a rice mutant line that exhibits promising level of
YSB tolerance is summarized here.

OBJECTIVES

1. To identify the locus/loci associated with
YSB tolerance using bulked segregant
analysis in combination with next
generation sequencing approaches.

2. To develop markers that co-segregate with
YSB tolerance.

3. To identify putative candidate genes
involved in YSB tolerance using
transcriptome profiling.

METHODOLOGY

Samba Mahsuri (SM) - an elite rice cultivar that is
susceptible to YSB, and SM92 - an induced mutant
of SM that is highly tolerant to YSB, were used in
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this study. A F, mapping population developed
from the cross of SM x SM92 was screened for
YSB tolerance during the vegetative growth stage
in field conditions. Gene mapping was performed
using the QTL-seq approach. To this end, two
DNA bulks comprising of 21 tolerant F, progenies
and 24 F, susceptible progenies were sequenced
and analysed using the QTL-seq pipeline. Further,
RNA samples from YSB-infested and uninfested
culms of SM and SM92 were sequenced and
analysed using the STAR-featureCounts-DEseq2
pipeline for transcriptome profiling experiments.
Kompetitive Allele-Specific PCR (KASP)-based
SNP markers were developed and were used for
genotyping the F, population to perform marker-
trait association analysis.

RESULTS

Gene mapping and marker development : Using
bulk-segregant analysis in combination with next-
generation sequencing, Quantitative Trait Loci
(QTL) intervals were mapped in five
chromosomes of rice that could be associated with
YSB tolerance. Further, marker-trait association
analysis revealed six SNP markers that showed
significant association (P<0.01) with YSB
tolerance. These markers are located in
chromosomes 1 (n=1), 10 (n=4), and 12 (n=1).

Transcriptomics : RNA-sequencing of SM and
SM92 revealed a possible link between
phenylpropanoid metabolism and YSB tolerance.
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Multiple genes present in the candidate QTL
intervals were also found to be differentially
regulated upon YSB infestation. The highest
upregulated gene in SM92 by YSB was observed
to be located in Chr10 QTL. Structure prediction
and preliminary biochemical assays indicated that
the gene could be an alpha-amylase inhibitor, thus
suggesting a possible mechanism of tolerance to
YSB in SM92.
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CONLCUSION

Taken together, this study provides notable
insights on rice-YSB interaction at genomic and
transcriptomic level. Importantly, a potential
breeding line and markers for YSB tolerance have
been developed that can aid in marker-assisted
breeding.
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Phosphorus-starvation tolerance in aus rice (Oryza sativa L.) diversity
panel
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Somnath Roy**

'Department of Biotechnology, Birla Institute of Technology, Mesra, Ranchi, India
?Central Rainfed Upland Rice Research Station, ICAR-National Rice Research Institute, Hazaribag 825301, Jharkhand, India
*Email: sroypbr@gmail.com; Somnath.Roy@icar.gov.in

Phosphorus is indispensable macronutrient in rice
production systems as it plays a pivotal role in
plant growth and development. Natural
phosphorus (P) reserve is limited. Insufficient
plant-available soil P is a major constraint for rice
production mostly under conditions which are
commonly characterized by highly acidic and P
fixing soils. Therefore it is important to develop
phosphorus-efficient rice varieties. Within Oryza
sativa gene pool, the aus varietal group is well
recognized for tolerance to low soil P conditions.
A major quantitative trait locus (QTL) for P-
starvation tolerance, Pupl, was first identified in
aus variety Kasalath from Assam, India. Later
Phosphorus starvation tolerance 1 (PSTOLI), a
protein kinase gene has been characterized within
Pupl QTL (Gamuya et al., 2012). PSTOLI acts as
an enhancer of early root growth, thereby
enabling plants to uptake P from deeper soils. In
addition, A few genes such as PTF1, PHR1, PHR?2,
OsPTF1, OsSPX1, OsSPX2, OsSPX3, OsIPS1 and
OsIPS2 have been reported in P deficiency
signalling (Wang et al., 2009). The absence of
PSTOL1 and other tolerance genes from modern
rice varieties underlines the importance of
exploring traditional germplasm. In this study,
181 aus rice accessions from the 3000 Rice Genome
Panel have been screened for tolerance to low soil
P based on grain yield, above ground biomass and
other traits. The germplasm has been surveyed
for six gene models in Pupl QTL as well as for the
PSTOL1 gene.

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

METHODOLOGY

181 aus accessions along with four check varieties
(Vandana, Sahbhagi Dhan, IR64 and Sadabahar)
were grown under low-P (8-10 ppm) and high-P
(20-24 ppm) in a randomized block design. Data
recorded on days to 50% flowering, early
vegetative vigour, tiller no, plant height, biomass,
and grain yield. Observation were recorded from
Im row plot of each of the three replications.
Analyses were done for descriptive statistics
including frequency distribution and normality of
the traits was check using Shapiro Wilk test. The
significance of difference between low-P and
high-P treatments was determined using paired t
test. The PSTOL1  presence/absence
polymorphism was scored using three sets of PCR
primers covering different portions of the gene
(Vigueira et al. 2016). Accessions that generated
a negative PCR result at least twice for all three
primer pairs were scored as null for the PSTOLI.
Moreover, six primer sets, designated at core set,
were also used to assess the variation within the
Pupl QTL. Principal coordinate analysis and
dissimilarly-based dendrogram were done using
the scoring data.

RESULTS

Significant variation for grain yield and
component traits was recorded for both low- and
high-P treatments. Under low-P condition, tiller
number varied from 8.3 to 124.3 with coefficient
of variation (CV) of 32.7% (Fig. 1a). Accessions
with higher tiller number were: Sunga wala,
Bongeza, Boro275, Porashi, Kalia, Kortik Kaika,
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Fig. 1. Screening of aus rice germplasm for phosphorus
starvation tolerance. (a) Frequency distribution of phenotypic
traits under low-P. P values <0.05 (ns) indicated normal
distribution using Shapiro-Wilk test; (b) Performance of
germplasm under low-P and high-P conditions; (c) PSTOL1-
positive accessions recorded significantly higher grain yield
those devoid of the gene; (d) Principal coordinate analysis
using Pupl core marker sets and PSTOL1 genotyping data
indicated two major clusters within aus germplasm.

Jambali and Butnapar. Grain yield showed CV of
53.9% and ranged between 0.6-80.9%. Promising
accessions with higher grain yield were Kalabokri,
Jasure aus, ARC12021, Devarsi, ARC7336,
ARC12101, AUS329, Kada Chopa, Rani bhog,
Kalia, Bak Tulsi. Above ground biomass also
showed higher variation (CV = 32.9%). Pearson’s
correlation coefficient analysis indicated that
under low-P tiller no., plant hight and biomass
were positively correlated with grain yield. Except
days to 50% flowering and early vegetative vigour
(21 DAS), all other traits showed significant
reduction under low-P conditions (Fig. 1b).
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Based on genotyping with three sets of
PSTOLI1-specific markers, 85 accessions were
found to be positive for the gene. The grain yield
of PSTOLI1 positive accessions was significantly
higher than that of accessions negative for the
gene. For other traits, the presence of PSTOL1 did
not resulted in a significant higher trait values
(Fig. 1c). Based on genotyping data on six core
markers of Pupl QTL, two major groups were
detected where genotypes such as Dular,
Vandana and Sahbhagi Dhan, having Kasalath-
type Pup1 haplotype clustered together along with
a large number of aus accessions (Fig. 1d).

CONCLUSION

The study identified many promising accessions
for low-P tolerance which can be further
characterized and used as donors. The data will
be further used GWAS for identification of any
new loci, other than PSTOLI conditioning
tolerance to low-P.
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Marker-assisted introgression of Subl QTL into an elite rice variety
“Sabour Shree”
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Bihar is one of the flood-prone states. Out of the
13.6 lakh hectares lowland area of rice in Bihar,
around 11 lakh hectares rice growing areas are
regularly affected by flood (Ismail et al., 2013). The
rice crop unpredictably suffers from frequent flash
floods which occur mostly after the second week
of August in major part of the Bihar and damages
the standing crop under the current climate change
scenario. Therefore, there is a great need for
submergence tolerance ability in the locally
adapted popular variety to sustain rice
productivity in the state. To address the problem
of submergence due to flash floods, work was
started to improve an elite rice variety Sabour Shree
for submergence tolerance through marker-
assisted backcrossing approach.

METHODOLOGY

To introgress submergence tolerance QTL, the
crosses were made between Sabour Shree and
Swarna Subl. For foreground selection, Sub1BC2
markers linked to submergence QTL were used to
select plants possessing the Subl QTL
(Septiningsih et al., 2009). The GBS approach was
used for the background selection on the selected
lines.

RESULTS

The see the effect of introgression of Subl QTL in
terms of tolerance against submergence, selected
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lines were screened for submergence tolerance. The
recovery level in plants after de-submergence was
similar to the donor parent Swarna Subl. The
maximum recovery of the recurrent parent genome
in BC,F, plants was 92.95%. Evaluation of the yield
of advanced selected lines is being done through
multi-location testing. The improved lines were
found superior over the recurrent parent.

CONCLUSION

The use of molecular markers for selection
facilitated screening and identification of Subl QTL
introgressed lines with the highest proportion of
the recurrent parent genome. The improved lines
with submergence tolerance QTL in the
background of Sabour Shree rice variety have the
immense potential to help farmers in reducing
losses due to submergence.
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Development of recombinase polymerase amplification (RPA) based
rapid detection protocol for aroma gene in rice
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Aromatic rice is a highly valued rice varietal group
because of its pleasant and highly desirable aroma,
and other grain quality traits. Aroma in rice is
controlled by a recessive gene BADH2on
chromosome 8 (Lorieux et al, 1996; Bradbury et al,
2005). The functional nucleotide polymorphism
(ENP), is well characterized by three SNPs and an
8-bp deletion, in the 7th exon of BADH?2 resulting
in a premature stop codon and partially truncated
BADH?2 protein (Bradbury et al, 2005). In aromatic
rice breeding, a number of sensory methods are
adopted by the breeders to select desired lines.
Molecular markers, especially functional markers
linked to aroma have been developed to provide a
rapid, simple and relatively inexpensive way of
selecting aroma in rice samples based on the most
frequent 8bp-FNP in Badh2. Although these
markers have been widely used by rice breeders
around the world, there arestill many laboratories
in developing countries lacking thermal cyclers
and associated instruments. Therefore, a less
expensive but simple and reliable technique is
required for selecting aroma. Recombinase
polymerase amplification (RPA) is a robust is other
malamplification method with high specificity and
sensitivity. It has been utilized as an alternative to
the polymerase chain reaction (PCR) in diagnostics
of animal and plant pathogens. In this study, an
RPA protocol has been successfully developed and
validated for the detection of aroma genes in rice.

METHODOLOGY

Four pairs of primers were initially designed from
the BADH2 exon 7 spanning the 8 bp functional
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polymorphism following the TwistAmp assay
primer design guidelines (http://
www.twistdx.co.uk). The gene sequences of the
aromatic cultivar Basmati385 (NCBI Accession No.
JN599151) and the non-aromatic cultivar
Nipponbare (NCBI Accession No. AP014964) were
used to design the primers. Standard PCR was
performed to evaluate the specificity and efficiency
of the primers using the genomic DNA of the
aromatic variety Pusa Basmati 1 and the non-
aromatic variety Sahbhagi Dhan. Subsequently, the
primer pair Aro-RPAF1/R1 (Fig. 1a) was selected
for further experiments based on specificity and
ability to generate desired amplicons.RPA was
performed with the selected primer pair (Aro-
RPAF1/R1) using both the genomic DNA and
crude leaf extract as templates.Crude leaf extract
was prepared by crushing 100 mg of leaf tissue in
500 pL of 0.5 mol/L NaOH in a microcentrifuge
tube using a micro pestle and kept at room
temperature for 10 min. The assay was carried out
using TwistAmp® Basic Kit (TwistDx, Cambridge,
UK) following the manufacturer’s protocol with
slight modifications.A comparison of the detection
sensitivity of RPA and PCR was done using serial
dilutions of genomic DNA and crude leaf extract.
For further validation of the RPA assay, a panel of
27 diverse rice genotypes (consistingof 17 rice
genotypes from the Basmati/Sadri group of 3000
rice genome panel, 8 aromatic varieties and 2 non-
aromatic varieties) along with F, hybrid plants of
Pusa Basmatil x Sahbhagi Dhan were tested by
RPA as well as PCR using both genomic DNA and
crude leaf extract as templates.
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Fig. 1. Aro-RPAF1/R1 marker for detection of 8 bp-FNP in BADH2 gene. (a) The schematic of Aro-RPAF1/R1 marker location in
exon 7 of thegene. (b) Detection of 8 bp-FNPby RPA using Aro-RPAFI/R1 marker from crude leaf extract. Lane M, 100 bp plus

DNA ladder (Thermo Scientific, USA)

RESULTS

In the PCR evaluation, the primer pair Aro-
RPAF1/R1 successfully differentiated aromatic
and non-aromatic genotypes by producing the
specific amplification of desired size (197 bp) only
in the aromatic genotype. To determine the
effectiveness of the selected primer pair (Aro-
RPAF1/R1) in RPA, a standard procedure was
followed using TwistAmp® Basic Kit (TwistDx,
Cambridge, UK) by taking purified DNA and
crude leaf extract of aromatic and non-aromatic
checks. The reaction mixture was incubated at 37
°C for 30 min in a dry bath. To visualize RPA
amplicons, 10 puL of the products were incubated
at 65 °C for 10 min prior to loading on 2% agarose
gel. A desiredamplicon of 197 bp was observed
only in Pusa Basmati 1 with both genomic DNA
and crude leaf extract. However, a smear-like
pattern was observed when the incubation step
was not included. Further, the sensitivity of RPA
in comparison to PCR was assessed using serial
dilutions of genomic DNA (starting with an initial
concentration of 100 ng/uL) and crude leaf extract
up to 107-fold of Pusa Basmati 1. The RPA showed
higher sensitivity than the PCR in detecting the 8-
bp FNP at different dilution levels.During
validation assay, RPA using both genomic DNA
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and crude leaf extract showed desired
amplifications of 197 bp in all the 15 aromatic rice
genotypes earlier identified as carrying the8-bp
FNP based on ASA marker(Fig. 1b). The RPA assay
was also applied in detecting the 8-bpFNP in F,
hybrid plants of Pusa Basmati 1 and Sahbhagi
Dhan, where it resulted in a similar pattern of
amplification in both hybrids and homozygous
aromatic parent.

CONCLUSION

The RPA assay was more sensitive than PCR-based
detection both in case of purified DNA and crude
leaf extract. RPA can detect a plant gene up to 10-
“dilutionsof both purified DNA and leaf extract.
Therefore, the developed assay will be highly
useful for a rapid and sensitive selection of
aromatic lines under a resource-limited setup.
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Nutrient management practices to improve rice grain quality under
the influence of short-term flooding
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nternational Rice Research Institute-South Asia Regional Centre, NSRTC Campus, Collectory Farm, Industrial Estate,
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About 22 million hectares of arable lands are prone
to flood/water logging in South and Southeast
Asia. SUBlintrogressed rice varieties as released
in the last decade are currently available in the open
domain for cultivation. These varieties have the
potential to tolerate 10-14 days of complete
submergence with a 1-2 t/ha grain yield advantage
over the susceptible/farmers’ varieties in the
rainfed lowland environment. But the grain quality
parameters deteriorate gradually with the intensity
of the flooding stress. However, the damage is not
as severe as observed in the susceptible ones. Very
less information is available on how to improve
the grain quality traits in the crop after recovery
from the abiotic stresses. The grain quality traits
are determined by the complex alleles based on
different chromosomes. However, up to a certain
extent, doses and time of nutrient application can
impact different quality parameters as well as
major yield attributes, besides ensuring quick
recovery and regeneration of rice plants after
submergence. One possible way is to adopt
efficient nutrient management practices since the
nutrients can both directly and indirectly influence
the grain’s physical, chemical, and organoleptic
traits like grain size, shape, appearance, etc. In this
view, an experiment was executed to evaluate the
impact of exogenously applied inorganic and
organic sources of nutrients on the recovery, yield
attributes, and grain quality parameters (physical
and chemical) after the imposition of complete
submergence.

METHODOLOGY

The rice variety ‘Swarna-Sub1l” was exposed to nine
different nutrient management treatments viz. T -
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Recommended dose of fertilizer (RDF; 80-60-40-5
kg N-P,O.-K,0-Zn/ha + 5 t farm yard manure
(FYM)/ha), T,- RDF ( full dose of basal P through
SSP), T3- RDF -N in four splits (30% basal, 30% at
maximum tillering, 20% at panicle initiation, 20%
before flowering (BF)), T4- RDF + 1% K foliar
application at BF, T5- RDF + 1% MgSO, foliar
application at BF, T6- RDF + 25 kg CaSO, /ha basal
application, T7- RDF + 1% FeSO, foliar application
at BF, T8- RDF + 0.5% foliar application of
Vermiwash at BF, T9- T6 + Foliar spray at BF (1%
K) + 0.5% MgSO, + 0.5% FeSO,)] following
randomized block design in three replicates at
International Rice Research Institute (IRRI)-South
Asia Regional Centre (ISARC)Research Farm,
Varanasi, Uttar Pradesh during the wet season of
2019. 32-day-old seedlings were subjected to
complete submergence for 10 days in the outdoor
pond under natural conditions. Plant height,
biomass, and other phenological parameters were
recorded before submergence (Bs) and just-after
desubmergence (As).Survival was recorded 21days
after de-submergence at recovery (Ar).Grain
quality parameters (hulling%, milling%, head rice
recovery (HRR) %, alkali spread value, and grain
chalkiness) were assessed after harvesting
following the methodology of Molina et al. (2019).

RESULTS

Post-submergence application of nutrients (Fe, Mg,
Ca, K) through foliar spray in the submergence-
tolerant rice variety under transplanted condition
could produce 4-8% higher grain yield over the sole
application of RDF. Among grain quality
parameters, the HRR was remarkably found to

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023



."?EE‘ ) II'IdIIJI Rice

Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

Head Bioe Bamresry 1K)

11 7 ki
1 prL oA |

Rr2 i)
LA fid i I m"'!'I-:-.'.wq :
LT il
0| < i Cill

i

?“ I
H I

LRz L1 r]

WIE  WAMA[K] WARL (Mg PUARL[Ck] PUMP[Fa) MIEDey | MEIN

B
-

o

2

Fig. Head rice recovery (%) of the Swarna-Subl, as influenced
by different nutrients in an on-station experiment conducted
at ISARC, Varanasi

increase from 3.0 to 3.6% due to foliar application
of 1% MgSO, and 1% FeSO,, respectively, at the
heading stage (Fig.). Besides, exogenous
application of nutrients was found effective in
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improving crop stand as well as post-submergence
survival.

CONCLUSION

Nutrients in combination or alone exhibit a direct
relation with grain quality traits. Application of
nutrients at appropriate doses and at the right stage
of crop growth can play an important role in
improving grain quality as well as major yield
attributes. Being an important grain quality trait,
HRR plays an important role in millers” preference
by fetching higher market price of the rice
produced in the flood-prone environments.
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Identification of low glycemic index rice based on types of resistant
starch
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Diabetes mellitus is a long-term, multi-etiological
endocrine-metabolic condition associated with
elevated blood glucose levels. The intake of high
starchy food diet is linked to a larger percentage
of diabetes cases, in addition to genetic factors and
sedentary lifestyle patterns. According to the IDF
2019, globally, 463 million and nationally 77 million
people are affected by diabetes. Although rice is
one of the world’s leading food crops contributed
more than 42% of calories to the human population,
it also considered as high glycemic index (GI) crop
and regular consumption leads to elevated risk of
type II diabetes, obesity and other metabolic
diseases. In this context, rice with lower GI (<55)
can serve as a disease-preventive agent. Apart from
the GI, non-glycemic starch fraction i.e., resistant
starch (RS) content affects starch digestibility as it
escapes digestion almost entirely and, therefore,
its calories are unavailable for cells to use.
Normally type-5 resistant starch is found in rice in
which amylose and lipids forms a thermostable
complex made up of hydrophobic polyglucan
chains that cause slow digestion in small intestine
decreases postprandial glucose and insulin
responses which help to control type II diabetes.

METHODOLOGY

For this experiment, seventy numbers of ICP
accessions were collected from IRRI, Phillipines
and stored at 4°C. For analysis of GI and Amylose
content (AC), grains were first dehusked using a
dehusker followed by homogenization using an
electric blender to 100 mesh size. Amylose content
(AC) of the samples was determined by
colorimetric measurement of the amylose-iodine
complex as described by Juliano 2003. An
104 HN

improved in vitro method established in our
laboratory was used for estimating GI (Kumar et
al., 2018). Starches were treated with starch
digestive enzymes i.e., pepsin, a-amylase and
amyloglucosidase (AMG) under restricted
condition (dialysis membrane). Released glucose
was measured at 510 nm by adding GOPOD (3 ml)
to the solution. Maltose was used as standard
carbohydrate. Average values were used to plot
curves followed by computing area under curve
(AUC). Hydrolysis index was evaluated and
converted to GI using the formula given by Goni
et al., 1997. Resistant content (RS) was estimated
using resistant starch kit, Megazyme International,
Ireland. According to kit’s protocol provided by
manufacturer, initially non-resistant grain starch
content was hydrolyzed to D-glucose by a-amylase
and AMG. Then, the left-over RS pellet was treated
with potassium hydroxide followed by
neutralization using acetate buffer and the starch
is quantitatively hydrolyzed to glucose with AMG.
D-glucose was measured using GOPOD reagent.

RESULTS AND DISCUSSION

Rice genotypes recorded a wide variation in the
GI values ranging from 55.58-60.95. Genotype ICP
9 showed lowest GI (55.58) while highest value was
found in ICP 50 (60.95). Lowest AC was observed
in ICP 50 (15.2%) having highest GI while the
highest in ICP 9 (22.87%) having lowest GI (565.66)
[Fig. 1]. Above result suggested that rice with
higher AC generally exhibit lower GI values than
low amylose genotype. Therefore, a negative
correlation has been found between GI and AC
which is supported by the report of Foster Powell
et al., 2002. Another genotype ICP 58 also showed
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Fig. 1: Glycemic index and amylose content of 70 rice genotypes.

lower Gl i.e., 55.66 and having intermediate AC.
To evaluate the result, genotypes with contrasting
Gl and AC (ICP 9 and ICP 50) were selected along
with ICP 58 (having lower GI and intermediate AC)
for their RS content. Among the selected
genotypes, lowest RS (0.75%) was found in ICP 50
(0.75%) while the highest in ICP 9 (1.82%).
Surprisingly, ICP 58 also showed higher RS content
(1.6%) . The RS present in ICP 58 might be
retrograded starch (Type 3 RS) which is formed
due to trimming of long amylopectin branches by
the involvement of debranching enzymes
(Isoamylase and Pullulanase). The linearized long
chain amylopectin could behave like long
polyglucan chain of amylose which helps in
lowering starch digestibility. Tuano et al., 2021
confirmed that linearized amylopectin chain also
influences starch digestibility in rice. In case of
amylose rich variety ICP 58, starch digestibility
reduced due to presence of type 5 RS formed by
amylose-lipid complexion. Zhou et al. 2016
suggested type 5 RS in rice cause lowering of starch
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digestibility and reducing GI in genotypes having
high AC.

CONCLUSION

To combat increasing diabetes cases in the rice
eating countries, best possible approach is to screen
and develop rice based on low GI with high RS
content. In this context, rice with higher AC and
RS could play decisive role in reducing diabetes
cases in rice consuming population. Apart from
type 5 RS, retrograded RS might also present in
rice which could be consider as a prime indicator
to screen low Gl rice.
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“rCCI”- a novel physiological trait for qualitative discrimination of
nitrogen stress in rice using multivariate linear discriminant analysis.
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'Nanaji Deshmukh Plant Phenomics Center, ICAR-IARI, New Delhi, India-110012
*Division of Plant Physiology, ICAR-IARI, New Delhi, India -110012
*Division of Biochemistry, ICAR-IARI, New Delhi, India -110012

Rice is the most important food crop produced
and consumed worldwide. nitrogen is the basic
nutrient input required for rice plant growth and
development. However, excessive application
leads to environmental concerns and production
cost escalation. Conventionally, N is applied
through broadcasting methods, with or without
analysing the soil analysis or assessing the
qualitative plant requirements. Several
techniques, handheld leaf colour chart (LCC) and
SPAD or CCI meters, drone imaging-based
variable rate applications etc., are used for
assessing plant N stress levels and calculating the
dosage of N fertilizer to be supplied. In all these
cases, visual colour-based indices are used for the
discrimination of N stress-affected plants from
non-stress (control) plants. That too mostly, leaf
colour status (a proxy for leaf chlorophyll or
nitrogen content) of top leaves are measured for
qualitative discrimination of plant N stress level.
However, it is well known that nitrogen is highly
mobile within plants and typical N deficiency
symptoms (such as inverted “V” shaped chlorosis
from leaf tip towards the base) appears mostly in
lower leaves, apart from overall full body
chlorosis, stunted plant growth, reduced biomass
and grain yield. In addition, the leaf colour may
be affected by several factors like genotype and
age; environmental conditions like sunlight, and
water stress, apart from nitrogen availability.
Moreover, N stress-tolerant genotypes utilise
diverse adaptive strategies like nitrogen
remobilisation to achieve higher N status in top
photosynthetic active leaves. With all this prior-
art information, very little is known about the
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physiological traits suitable for qualitative
discrimination of plant N stress level (plant require
N or not). We hypothesised to identify the novel
physiological traits that can be used for qualitative
discrimination of plants grown in sufficient and
deficit soil N conditions, irrespective of genotype
tolerance level.

METHODOLOGY

Hence, a pot culture experiment was conducted
with 15 rice genotypes with contrasting N stress
tolerance (7 tolerant; 7 susceptible genotypes and
1 National check for higher nitrogen stress
tolerance) insufficient and deficit soil N levels
during the Kharif season 2022. We measured
around 140 phenotypic traits that were grouped
into three categories morphological architecture
traits (comprises of leaf system architecture, root
system architecture, phenology and growth, flag
leaf architecture, plant architecture traits);
physiological traits (comprises of chlorophyll
content, colour indices, photosynthesis traits) and
yield traits. These traits were measured at a multi-
temporal scale for 3-time snaps starting as early
as 0, 30 and 60 DAT. Multi-traits linear
discriminant analysis was preferred to use instead
of principal component analysis for
dimensionality reduction using JASP software as
suggested by Kenobi et al., (2017).

RESULTS

The statistical analysis of trait features clearly
showed that there was a significant genetic,
treatment and genetic x environmental interaction
effect observed in 30 and 60 DAT. Among the
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140 trait variables used for multivariate linear
discriminate analysis (LDA), rCCI (relative ratio
between chlorophyll content index measured in
the bottom and top leaf) estimated during 30 DAT
and rQY (relative ratio between quantum yield
measured in the bottom and top leaf) at 60 DAT
was identified as novel physiological traits for
qualitative discrimination of N stress plants from
non-stress rice plants. The LDA model developed
was able to discriminate the rice genotype
irrespective of genotypes groups as both the
independent variable (rCCI & rQY) used for
analysis were found to possess very high
heritability, contributed highest phenotypic
variance to the first linear discriminant component
as it encompasses both top and bottom leaf
derived constants. The linear discrimination
ability of two traits viz.,, rCCI and QY_BL_30
were found to outperform all other traits for early
stage (30 DAT) prediction.
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CONCLUSION

Therefore, our result suggested using rCCI at early
stage prediction and ChlF-related traits (rQY) can
be used for qualitative discrimination of N stress
levels at later stages in rice plants. Similarly, rCCI
and QY estimated from bottom leaves were
identified as the best superior traits for early
prediction of N stress levels. These results may be
useful for image-based high throughput
phenotyping of a large set of the population to
breed better rice genotypes with enhanced
nitrogen use efficiency, N stress tolerance and
development of precision agriculture technologies
in future.
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Fine Mapping of the QTL, gShB-1.1 Conferring resistance to Sheath
Blight Disease in Rice (O. sativa L.) from the Cultivar CR 1014

Archana Bal, Pankajini Samal, Meera Kumari Kar, Mridul Chakraborti,
Arup Kumar Mukherjee, Kutubuddin A. Molla, Lambodar Behera
ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India

As food grain, rice is consumed by nearly half of
the people living on different continents of the
world. As the crop is grown in highly diverse
ecosystems ranging from below mean sea levels
to mountains and semi-arid to humid climates, the
challenges for growing rice are also diverse. Sheath
blight (ShB) of rice caused by the pathogenic
fungus Rhizoctonia solani Kithn (Teleomorph:
Thanatephorus cucumeris (Frank) Donk), has
evolved as a major disease of rice, especially in the
areas following intensive cultivation practices.
Semi-dwarf cultivars which generally require high
crop densities and higher doses of fertilizers
(especially nitrogen) provide a favorable
microclimate for disease development and spread.
To date, fully resistant lines were not identified for
this disease, only some partially resistant lines were
found from the landraces and other germplasm
(Molla et al, 2020). CR 1014, a popular low land
variety developed by ICAR-NRRI, Cuttack was
identified as a moderately resistant genotype
against the virulent strain CRRI-RS-8 (MTCC12232,
IMTech, Chandigarh) of Rhizoctonia solani. Swarna-
Subl and Tapaswini are high-yielding semi-dwarf
varieties, but both are highly susceptible to the
disease. A stable QTL gShB-1.1 was mapped on the
long arm of chromosome 1 in F,, lines of cross
Swarna-Sub 1 / CR 1014 and validated in an
alternative population (Tapaswini / CR 1014). The
QTL, gShB-1.1 was flanked by linked markers
RM11935 (homologus position: 37.8 Mb of
Nipponbare chromosome 1) and RM11968
(homologus position: 38.3 Mb of Nipponbare
chromosome 1) covering ~0.51 Mb region (Bal et
al, 2020). In the present study, the QTL region was
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saturated, and fine mapping was carried out to
identify the putative candidate genes.

METHEDOLOGY

A total of 630 recombinant inbred lines (RILs) of
cross Swarna-Subl / CR 1014 were further
advanced for fine mapping of the QTL ¢qShB-1.1.
The RILs along with the parents were artificially
phenotyped by using the virulent strain of the
fungus. Relative Lesion Height (RLH) and disease
rating score were recorded as per the Standard
Evaluation System (SES) for rice (IRRI, 2002). The
QTL gShB-1.1 region was saturated by using 18
simple sequence repeats (SSR) from the Gramene
database and 138 Insertions Deletions (InDels)
markers from the Rice SNP-seek database. The
polymorphic SSR and InDels markers found
between the parent were used for genotyping of
630 RILs. Both the phenotyping and marker data
of the RILs were used for QTL analysis using
integrated QTL IcMapping (v. 4.0) software
(www.isbreeding.net). Using the rice database
RAP-DB search tool, a total of 81 genes were
predicted within the region of the mapped QTL
gShB-1.1. Out of 81 genes, 11 genes were found to
be disease responsive. To study the time course
gene expression analysis both the parents Swarna-
Subl and CR 1014 were inoculated with virulent
strains of Rhizoctonia solani under the net house
condition. Leaf samples were collected at different
time course intervals (Ohr, 24hr, 48hr, 72hr and
96hr) of inoculation. Total RNA was isolated by
using Qiagen RNAeasy plant mini kit (Qiagen,
Germany), and the quantification of the extracted
RNA was done by Nanodrop Spectrophotometer.
A reverse transcriptase reaction was done to
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synthesize the cDNA of respective RNA samples
using a cDNA synthesis kit. Primers were designed

for 11 predicted genes using Primer 3 software.

RESULTS

A total of 156 (18 SSR and 138 InDels) markers were
used to saturate the QTL gShB-1.1 region. Out of
them, 13 markers (3 SSR and 10 InDel markers)
were found to be polymorphic between the parents
Swarna-Subl and CR 1014. The polymorphic
markers were used for genotyping of 630 RILs. The
marker data and phenotyping data were used for
QTL analysis. The result showed that the stable
QTL, gShB-1.1 was localized between the SSR
marker RM11945 and RM11968 of chromosome 1
with a LOD score of 14.76 and it explained 21.89%
of total phenotypic variance. A total of 81 genes
were predicted using the rice database (RAP-DB)
search tool, within the QTL, gShB-1.1 region. Out
of 81 genes, 11 genes (LOC_0Os01g65100.1,
LOC_0Os01g65440.1, LOC_0s01g65450.1,
LOC_0Os01g65450.2, LOC_0Os01¢65460.1,
LOC_0Os01465460.2, LOC_0s01g65650.1,
LOC_0Os01g65800.1, LOC_0s01g65900.1,
LOC_0s01¢65920.1, and LOC_0Os01g65950.1) were
found to be disease responsive. An in-silico
expression profile of leaf and shoot tissues for the
selected 11 genes were obtained from Rice
Expression Database. Two leucine-rich repeat
(LRR) motifs containing genes (LOC_0Os01g65650
and LOC_0s01¢65920) and a Chitin-inducible
gibberellin-responsive (CIGR) protein-coding gene
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(LOC_0Os01g65900) showed high expression levels
in leaf and shoot tissues. Two genes
LOC_01g65800.1 (Powdery mildew resistant
protein 5) and LOC_0s01¢65450.1 (Ubiquitin-like
domain-containing CTD phosphatase 1) were
validated through quantitative real time PCR (qRT-
PCR). The result showed that the expression of
both the genes were relatively higher in case of CR
1014 as compared to Swarna-Subl.

CONCLUSION

This study identified tightly linked molecular
markers to the QTL, qgShB-1.1 and plant defense
related genes involved in imparting tolerance to
ShB disease from the cultivar CR 1014. The fine
mapping of the QTL, gShB-1.1 can help in precise
transfer of the trait to other high yielding
backgrounds.
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Exploring variability in stomatal traits in aus rice germplasm under
vegetative stage moisture stress

Puranjoy Sar!, Jitendra Kumar', Motilal Behera?, Koushik Chakraborty?, Amrita Banerjee’,
BC Verma', NP Mandal', Somnath Roy**
!Central Rainfed Upland Rice Research Station, ICAR-National Rice Research Institute, Hazaribag 825301, Jharkhand, India

“Crop Physiology and Biochemistry Division, ICAR-National Rice Research Institute, Cuttack, Odisha, India
*Email: sroypbr@gmail.com; Somnath.Roy@icar.gov.in

Stomata, the microscopic valve surrounded by
guard cells, which connect plants with the
atmosphere regulates the evapotranspiration and
CO, exchange (Murchie et al., 2002). Stomatal
opening enables evaporative cooling to control
plant temperature under well-watered situations.
Stomatal closure reduces water loss in water-
limited (drought) conditions by imposing a
penalty on increased canopy temperature and
reduced carbon assimilation. The impact of heat
stress is expected to intensify under moisture stress
particularly while adopting a more water-use-
efficient cultivation practices involving less water.
As stomata play a fundamental role in regulating
plant water use, they represent a key target for
improving WUE and making rice “climate-ready’.
The indica rices have a higher photosynthetic rate,
also associated with high stomatal density and
low gas diffusion resistance, compared with the
japonicas. Quantitative trait loci (QTL) analysis has
been used to identify the genes underlying
naturally occurring variation in traits (Sun et al.,
2019). But, the role of identified loci in modulating
density or size of stomata remains elusive. In this
study, we studied the variation in stomatal
features and their relationship with other
physiological traits such as stomatal conductance,
plant temperature, transpiration, and net
photosynthesis in aus rice genotypes under
moisture stress and normal environments.
Genome-wide association study (GWAS) has been
done for the stomatal features to identify any
potential candidate loci.

110 mm

METHODOLOGY

A total of 170 aus rice accessions from 3000 Rice
Genome Panel (3K-RGP) were used. The
genotypes were grown in summer 2022 in alpha-
lattice design with three replication under water-
stress conditions at NRRI-CRURRS, Hazaribag,
Jharkhand. Stomatal imprints were made on fully
expanded penultimate leaf using transparent nail
polish peel offs onto microscope slides. Typically,
three plants per genotype and ten measurements
per leaf were examined from the central portion
of the leaf, between midrib and margin. Images
were taken at x40 magnification using an EVOS
microscope (Invitrogen, Singapore). Stomata
length (um), area, perimeter and density
(converted to mm?) were calculated using Image]J
software. Correlation coefficient among stomatal
traits and other physiological traits was worked
out. The phenotype data along with ~200K SNPs
of 170 rice accessions was then used for GWAS
analysis in GAPIT platform.

RESULTS

Within aus rice germplasm stomatal traits varied
considerably (Fig. 1a). Stomata density ranged
from 602.8 (Bir Bahadur) to 1328 per mm? (DL5)
with a coefficient of variation of 14.8% (Fig.1b).
Popular drought tolerant cultivars such as Dular
(789.5), N22 (857.9), Vandana (957.2) and
Sahbhagi Dhan (844.5) showed lower stomatal
density. Stomata length varied between 14.1-26.8
pm. Both stomata length and area showed high
negative corelation with stomata density (Fig. 1c).
Stomatal density under moisture stress was
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Fig. 1. Screening of aus rice germplasm under vegetative stage moisture stress for stomatal traits. (a) Frequency distribution of
the traits under studies. P values <0.05 (ns) indicated normal distribution using Shapiro-Wilk test; (b) variation in stomatal
density analysed using Image]J (c) correlation among the traits under strudy (d) GWAS analysis of stomatal traits by exercising

various statistical methods in GAPIT platform.

positively associated with stomatal conductance
(gs), net photosynthesis (PN), transpiration rate
(E) and leaf relative water content (RWC) (Fig.
1c). Stomatal density, stomata length and area
were used for GWAS analyses (Fig. 1e) and we
found some significant association for stomatal
density i.e. LOC_Os05g35480.1 (phosphor-ribosyl
transferase) and LOC_0Os07g08140.1
(transcription factor) loci are identified and they
are juxtaposed with ETO1 and VTE3. ETHYLENE-
OVERPRODUCER1 is associated with drought
tolerance and VTE3 is associated with tocopherol
accumulation which acts as an antioxidant and
prevents oxidative damage. For stomatal area and
stomatal length some important loci (Fig. 1d) such
as LOC_Os07g04000.1 (lectin-like receptor
kinase), LOC_Os01g20206.1 (methyltransferase),
LOC_0s09g23150.1 (hydrolase), and
LOC_Os11g40480.1 were identified. These loci are
involved in cell signalling, various metabolic
process and they response to abiotic stimuli and
provide stress tolerance.
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CONCLUSION

The aus germplasm exhibited significant variation
for stomatal traits under study. The correlation
among stomatal features and other physiological
traits under water stress will provide a basis for
selecting stomatal features for improved drought
tolerance. The preliminary results of GWAS have
identified some promising candidate genes.
However, further functional studies need to be
carried out.
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Evaluation of genetic variability for yield attributing traits in short
grain aromatic rice (Oryza sativa L.) of Odisha
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Rice is the major food grain of more than half of
the world population. Different regions of world
witness remarkable difference in cultivation,
consumption and commerce of rice. India occupies
the highest international trade of aromatic Basmati
type rice. In different regions of India different
types of non-basmati short grain aromatic rice are
preferred whose genetic worth has not yet been
exploited for its yield advantages, quality traits and
commercial value. It is pertinent to evaluate the
genetic worth of local short grain aromatic rice in
terms of genetic diversity and its genetic potential
for yield and quality traits and to withstand
different stress situations.

OBJECTIVES

To assess the genetic variability of short
grain aromatic rice genotypes to different
yield and its component traits.

To study the mean performance of
genotypes with different yield and yield
attributing traits.

METHODOLOGY

In this experiment 294 local short grain aromatic
rice genotypes were planted in RBD with three
replications with 3 row plots of 2m long with row
to row spacing of 0.2m and plant to plant spacing
of 0.15m with normal crop management practices
at Krishi Vigyan Kendra Rayagada, Odisha in
Kharif 2022. Observations were recorded on 11
quantitative traits for analysis.

RESULTS

The ANOVA of the experiment revealed that all
the materials possess considerable genetic
variations irrespective of any character (Borbora

Table 1. Analysis of variance of various characters (Mean sum of squares), mean, range, co-efficient of variation, genotypic and
phenotypic co-efficient of variation, heritability and genetic advance in percent mean for eleven quantitative traits in short grain

aromatic rice

SI.No. Characters

Source of variation (d.f.)

Mean Range Ccv  GCV PCV Rh? GA

%

103.8  72.5-135 084 7.89 9.2 73.57 14.47
8.4 5.0-12.0 1.58 1463 1753 69.63 211
23.05 14.3-355 146 1424 1481 9254 6.5
2449 122-369 213 21.02 21.16 9874 105
16.83 4.54-3452 354 3509 351 99.92 122
1121 93-131 418 6.20 6249 984 142
1279  14-348 394 3875 3938 94.79 994
79.55 15.9-99.7 15 14.84 1488 9943 242
1799  8.5-30.8 3.02 2989 2993 9978 11.1
7817 241-1748 3 29.67 2986 9874 475

Replication Genotypes  Error

(2) (293) (586)
1 Plant Height (cm) 91.54 225.378** 24.10
2 Panicle Number 5.66 5.189** 0.66
3 Panicle Length (cm)  8.62 33.2%* 0.87
4 Flag Leaf Length(cm) 3.78 79.872%* 0.34
5 Flag Leaf Area(cm?) 0.21 104.659**  0.03
6 DFF (No. of Days) 9.24 145.613**  0.79
7 Grains/Panicle(No.)  197.86 7506.251**  135.1
8 F% 12.32 418.723*  0.79
9 Grain Test Weight(g) 0.29 86.766** 0.06
10 Grain Yield/Plant(gm) 1.02 16.207** 0.07
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Fig.1. Bar diagram of genotypic and phenotypic co-efficient of variation, heritability, genetic advance in percent of mean for

eleven quantitative traits

& Hazarika, 1998; Chaudhary et al., 2018). The
magnitude of genetic variance was found to be
highest for grains per panicle followed by flag leaf
area, 1000-grain weight, grain yield per plant, flag
leaf length, fertility percentage, panicle number
and panicle length. The study on genotypic co-
efficient of variation (GCV) in different traits
maintained correspondence with phenotypic
coefficient of variation (PCV) for most of the traits
except for plant height and panicle number. In
general PCV was higher than GCV suggesting the
influence of environmental factor. PCV was found
to be low (less than15%) for days to 50%
flowering, plant height, panicle length and
fertility percentage ; moderate (15-20%) for
panicle number and high (more than 20%) for
number of fertile grains per panicle, 1000-grain
weight, flag leaf length, flag leaf area and grain
yield per plant. It was observed that in majority
of traits there were smaller differences between
PCV and GCV indicating little influence of the
environment and selection of these traits on the
basis of phenotypic values is expected to be
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effective. But low values of GCV for plant height,
days to 50% flowering, panicle number, panicle
length and fertility percentage indicated the
limited scope for the improvement of the
concerned traits.

CONCLUSION

The presence of considerable amount of genetic
variability in the test material provides enormous
scope for selection. Traits like grain yield per plant,
1000-grain weight, number of fertile grains per
panicle and flag leaf area have high genetic
variations which have direct bearing on grain yield
of rice may be sorted out as important selection
criteria for realization of higher yield in rice.
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Unraveling the Mechanisms of Low Light Tolerance in Rice
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INTRODUCTION AND OBJECTIVES

Light in the plant canopy is critical because it
influences the photosynthetic rate and subsequent
photomorphogenesis events, modulating growth
and development processes. Previous research has
found a substantial relationship between rice
grain yield and irradiance. Furthermore, earlier
research has indicated that cumulative sun
radiation of 14,000 g cal/cm?2 is required for
optimal grain output during the reproductive
phase of rice. Low light (LL) stress occurs when
sunlight is reduced to less than 1000 MJ/m2/day
due to dense planting, anthropogenic air pollution
near crop fields, and gloomy sky during the Kharif
or wet season. LL is also produced as a result of
density planting, climatic change, and pollution,
in addition to monsoon-induced shadowing. The
primary goal of our research is to elucidate the
physiological, biochemical, and molecular
mechanisms of low light tolerance in rice.

METHODOLOGY

The ICAR-National Rice Research Institute
(NRRI) experimental plot in Cuttack, Odisha,
India (20.4625N, 85.8830E) conducted field
experiments on the clay-type soil of the Mahanadi
delta during Rabi (January-June) and Kharif (July-
December) seasons of 2021. Purnendu, GR4,
Swarnaprabha, and IR8 were employed in this
investigation (Panda et al. 2022). All readings
occurred during reproduction. 15 days after
transplantation, agro-shade nets matted on a
timber  frame  intercepted 25%  of
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photosynthetically active sunlight during Rabi and
Kharif seasons, respectively, whereas no net was
utilized for normal light (NL) conditions.
Physiological traits such as total chlorophyll
contents, photosynthetic rate, stomatal
conductance, transpiration rate, the maximum
quantum efficiency of PSII (Fv/Fm),
photochemical quenching(qP), and non-
photochemical quenching (NPQ) were estimated
as described by Panda et.al.(2023). Grain
starch(GS), sedoheptulose 1,7 bisphosphatase
(SBPase) activity, and total soluble sugar (TSS)
contents of leaves were estimated as described by
Panda et.al.(2023). Photosynthesis-associated
gene expression from the flag leaves was estimated
as followed by Panda et al. (2023). Yield-
associated parameters such as grain yield, total
biomass, tiller number, and spikelet fertility were
estimated after harvest.

RESULTS

LL-tolerant(LL-T) genotypes, such as
Swarnaprabha and Purnendu, exhibited subtle
changes in physiological, biochemical, and
molecular features that fluctuated in LL-
susceptible(LL-S) genotypes, such as GR4 and IRS.
Specifically, gas exchange characteristics like
stomatal conductance were reduced by about 15%
and 35% in LL-T and LL-S, respectively. This was
also seen in the decreased photosynthetic rate. In
addition, the total chlorophyll (Chl) concentration
increased as the Chl a/b ratio decreased under
LL. In LL-T, the Chl increase and Chl a/b decrease
were greater than in LL-S. This is concurrently
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accompanied by an increase in the Fv/Fm ratio,
which suggests an expansion of the LHCII
complex under LL. This trend of adaptation to
shade in LL-T rice genotypes is further supported
by a greater expression of lhcb genes under shade.
With an increase in NPQ, the qP, and ETR fell.
This trend was more pronounced in LL-S than
LL-T genotypes. Also, the GS, SBPase activity, and
TSS were reduced under LL but were maximized
in LL-T genotypes compared to LL-S genotypes.
The pattern of expression of photosynthetic genes
in LL-T rice genotypes was indicative of greater
photosynthetic maintainability under LL than in
LL-S rice genotypes. This was reflected in the
agronomic traits in which the LL-T genotypes had
comparatively reduced grain yield than LL-S
genotypes.

CONCLUSION

LL tolerance in rice is a dynamic process and is
primarily orchestrated by a series of physiological,
biochemical, and molecular events. LL tolerance
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in rice is associated with the maintenance of
larger LHCII complexes with optimized stomatal
conductance, photosynthetic rate, qP, and ETR.
These adaptations ensure a better carbon budget
under the shade that assists the plant to
accumulate the required biomass under the shade.
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tolerance in rice mega variety ‘Swarna’ through minimal use of
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Rice is cultivated in the most diverse ecologies,
geographical locations, and climatic conditions
among all the crop plants. However, due to the
challenges that arise from biotic and abiotic stresses
while growing the crop, the cultivators at many
times, cannot harvest the crop to its best potential.
Bacterial blight (BB) disease, caused by the
pathogen Xanthomonas oryzae pv. oryzae (Xoo), is a
major disease of rice in India. Sudden submergence
of rice fields due to flash floodsis one of the major
abiotic stress which may lead to complete crop loss.
The use of the Subl gene helps to circumvent such
losses. Weed management is another critical
component for rice cultivation and nearly 18-48%
yield loss can happen due to weed infestation alone
(Grover et al. 2020).In practice, weeds are managed
by keeping constant stagnant water in the field, or
through manual or mechanical weeding
operations. The currently available herbicides of
rice can’t control weedy rice (Oryza sativa f.
spontanea) which is an emerging weed under direct
seeded upland cultivation. Imazethapyr herbicide
not only kills all the weed flora of rice including
the weedy rice but also kills the rice crop itself.
However, the discovery of imazethapyr tolerant
mutant in rice has now made it possible to develop
rice varieties that will not be killed by the herbicide
(Shobha et al. 2017). The rice mega variety Swarna
is susceptible to bacterial blight, flash floods, and
imazethapyr herbicide. We explored the possibility
of combining these traits in Swarna through
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indirect selection and phenotyping without using
molecular markers. Thereafter, the selected plants
were validated through the molecular markers.

METHODOLOGY

A popular indica rice variety ‘Swarna’, susceptible
to submergence, bacterial blight and imazethapyr
herbicide was chosen as recurrent parent or base
material for the study. Near isogenic lines for flash
flood tolerance (Sub), herbicide tolerance (HT) and
bacterial blight (BB)resistance have been produced
individually earlier at ICAR-NRRI. To create
multiple combinations of the four genes (HT/
AHAS, SublA, xa5, and Xa21), Swarna (xa5+Xa21)
and Swarna Subl-HT near-isogenic lines
(NILs)were crossed to generate ICF, plants. The
true hybrid plants were identified and ICF, seeds
were collected. In ICF, generation, the seedlings in
the seed bed and plants in the main field were
sprayed following a “double-killing protocol”
(unpublished) standardized at ICAR-NRRI. The
surviving ICF, plants were inoculated with a
virulent Xoostrain and resistant plants were
identified. Among the resistant plants, progenies
were segregated based on their husk colour (straw
white and golden brown) and single plant panicles
were collected. ICF, ,progenies were raised from
those selected plants and molecular marker
profiling was performed using closely linked
markers/ closely linked flanking markers as well
as functional markers to compare the results of
selection through phenotyping and morphological
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markers of ICF, with ICF,, We also further selected

NILs with different combinations of the four genes.

RESULTS

Molecular marker profiling confirmed 100%
efficiency of the “double-killing protocol” to select
only the herbicide-tolerant plant which is even
better than closely linked marker RM6844. We
recorded one plant out of 94, where the marker
profile was like herbicide susceptible type, but the
plant survived Imazethapyr spray. The tolerance
was confirmed further through progeny testing
which showed the genotype is a heterozygote for
herbicide tolerance but homozygote for the
susceptible allele profile of RM6844. All bacterial
blight resistant plants identified in ICF, were
carrying at least one resistant gene in desirable
allelic combination (Xa21Xa21/Xa21xa21lorxa5xa5)
besides a few genotypes with both genes in
desirable combinations. In the case of the Sub1 gene
the selection for husk colour was 100% effective
like the “double-killing protocol” for herbicide
tolerance. All progenies with straw-white husk
were carrying the favourable functional allele of
the SublA gene (SublAl) and were either
homozygous or heterozygous for the Subl locus.
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Whereas all progenies with golden brown husk
were devoid of the Sub1A1 allele. Overall, we have
been able to develop Swarna genotypes with added
traits of HT, HT+BB resistance, HT+BB+Sub which
are of immense practical value for rice farmers of
India. Additionally, the work helped us to develop
an alternative methodology to combine multiple
traits with minimum cost and resources in a single
background.

CONCLUSION

Using an efficient low-cost strategy, we developed
NILs with multiple stress tolerance in the rice mega
variety Swarna. The novel strategy used in our
study is equally or better effective as compared to
marker-assisted selection and may be further tested
in multiple varieties of rice.
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Seed Fe content and identification of superior haplotypes for Fe
deficiency tolerance in rice under direct-seeded conditions
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Iron deficiency threatens dry direct-seeded rice
cultivation, especially in the alkaline and
calcareous range (Pal et al. 2008). Rice secretes
root exudates or phytosiderophores to facilitate
the uptake of Fe from the rhizosphere. In rice,
many reports have identified genes like iron-
regulated transporter (IRT), vacuole iron
transporter (VIT), and natural resistance-
associated macrophage protein (NRAMP) that
play an important role in the Fe homeostasis in
the cells. The present report is one of its kind to
combine the study of the effect of iron deficiency
on the shoot and root system and process them in
a GWAS pipeline.

OBJECTIVES

To identify genetic loci associated with nutrient
use efficiency under low levels of iron and superior
haplotype, suitable donors for tolerance to low
levels of Fe.

MATERIALS AND METHODS

BAAP was used in the present study with 183
representatives under a controlled nutrient
hydroponic system during the 2021 dry season,
along with two rice genotypes RA23 (tolerant
check) and Lalat MAS (susceptible check).
Additionally, grain Fe content was estimated from
the seeds used for sowing.

RESULTS

The percentage contribution of the genotypes for
all the shoot traits was high (>80%), whereas a
great variation was seen among the root traits.
The percent contribution in the case of Seed Fe
content was 94.3%. The population mean was
13.11 pg/g, while the RA23 had 34.9 pg/g, and
Lalat MAS had 7.86 pg/g iron content. Among
the shoot traits, the mean SPAD value (2™ leaf)
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was 6.98 (Lalat MAS - 3.57 and RA23 - 11.57),
with a heritability of 95.67. The mean SPAD value
of the 3rd leaf was 16.70 (Lalat Mas-14.89 and
RA23-16.67), with a high heritability of 99%. This
shows that the population was apt for selection
under Fe deficiency. The chlorophyll index of the
3 leaf had a significant positive correlation with
leaf number (0.50) and a significant negative
correlation with the Fe score (0.78) (a low Fe score
indicates higher tolerance to Fe deficiency). In
turn, the Fe scores positively correlated with Seed
Fe content (0.72). The Fe score was significantly
associated with an SNP located at 26918182bp
on chromosome 8. The putative candidate gene
selected for the Fe score was an ankyrin repeat
domain-containing protein, LOC_Os08g42690.
The gene had four nonsynonymous mutations
creating four haplotypes, of which haplotype B,
which had a sequence similar to Nipponbare, was
significantly different and superior (mean Fe Score
- 4.35) than other haplotypes. BR16, Sada Boro
and DJ123 were common in all the superior
haplotypes.

CONCLUSION

The present investigation is the first of its kind to
report the existing variability of a diverse panel
and identify putative candidate genes underlying
Fe deficiency tolerance by studying shoot and root
traits. The identified superior donors and
haplotypes can be used to further develop lines
for direct seeded rice with high Fe content.
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Crop landraces are genetically diverse populations
which are selected cultivated and managed by the
traditional farming communities over several
generations. Most of these landraces have
tolerance to several biotic and abiotic stresses. The
diversity in the landraces created through
farmer’s selection and exchange among the
farming communities plays an important role in
sustaining local agricultural resilience and
adaptive capacity. The northeastern region of
India is considered as one of the hot spots of rice
genetic resources. The region is also considered
as a primary center of origin of rice and estimated
to possess > 10,000 indigenous rice cultivars. As
a part of Indo Burma region, Nagaland is a
Biodiversity hotspot. Characterization of
landraces from ecologically and culturally rich
regions like Nagaland is necessary to understand
the environment-specific adaptation and the
direction(s) of farmers’ selection. In this study, we
aimed to estimate the level of genetic diversity in
landraces collected from Nagaland. We also
analyzed how rice genetic diversity associated
with ethno-linguistic and ecological diversity.

METHODOLOGY

PLANT MATERIALS AND GENOTYPING : A
total of 84 rice accessions comprising of 74 rice
landraces collected from five districts (Kohima,
Tseminyu, Wokha, Zunheboto and Phek) of
Nagaland and adjoining Mao areas in Senapati
district of Manipur along with 10 genotypes as
checks: 3 indica (N22, IR64 and Swarna), 3 aus
(AUS257, Bhutmuri and Black gora), 3 aromatic
landraces  from  Northeastern  India
(Chakhaopoireiton, IRGC117426 and Kala joha)
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and one tropical japonica (Moroberekan) were used
for genotyping work. The accessions were grown
in the greenhouse and one plant per accession
was taken for DNA extraction. Total genomic
DNA was extracted using Modified CTAB
method. Thirty SSR markers selected from the
‘Gramene’ (http://www.gramene.org/ markers/
microsat/) GCP panel of 50 was used for PCR.
Moroberekan (tropical japonicacheck) and IR64
(indicacheck) were kept as reference in PCR. The
size of the amplified alleles for each SSR marker
was determined.The band with the lowest
molecular weight was assigned allele number 1
and the progressively heavier bands were scored
incrementally.

DATA ANALYSIS : Binary data obtained from
SSR were used for cluster analysis, principal
coordinate analysis, construction of Neighbour-
joining dendrogram, estimation of genetic
distance and dissimilarity matrix. Estimation of
genetic diversity including the number of alleles
per locus, major allele frequency, gene diversity
and polymorphism information content (PIC)
values were also obtained. Pairwise F_, pairwise
R, and analysis of molecular variance (AMOVA)
were analyzed.

RESULTS

A total of 108 alleles, with an average of 3.6 alleles
per locus, were detected across 84 accessions. The
average expected heterozygosity (H) and
polymorphism information content (PIC) of the
markers was 0.53 and 0.48, respectively.

Population structure analysis of 84
accessions based on 30 SSR markers revealed
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FIG. 4. Genetic structure and diversity of Nagaland landraces based on 30 SSR loci. (A) STRUCTURE analysis plots with K value 2 and
5. The tropical japonica check is marked with green triangle, while indica checks are indicated with blue triangles below graph; (B) Dendrogram
showing the genetic similarities between landraces and checks. Classification of accessions based on Structure grouping and ecology is shown.
The locations (districts) of landraces indicated by different colours: Kohima (blue), Tseminyu (black), Wokha (red), Zunheboto (orange) and
Phek (green). (C) Principal coordinate analysis with two rice field ecotypes colour coded, while indica and japonica groups outlined; (D)
Analysis of molecular variance (AMOVA) of landraces classified according to Structure grouping, ecology and location.

forty-one rice landraces of Nagaland clustered
within one subpopulation (Group 1) that also
included five indica and aus checks. While, 22
landraces and tropical japonica check variety
Moroberekan were grouped into a second
subpopulation (Group 2) (Fig. 1A). The remaining
10 landraces and three checks (2 aromatic and 1
aus) were identified as admixed sharing <70%
ancestry with either group. Group 1 consisted
largely of TRC cultivars from Kohima and Phek
districts, while Group 2 consisted mostly of the
Upland accessions collected from Tseminyu,
Wokha and Zunheboto. When analyzed by
subgroups, the rice accessions of Group 1 showed
greater diversity than Group 2 as measured by
allelic richness and gene diversity. The rice ecology
based analysis revealed that TRC accessions
harbour higher genetic diversity than those of
Upland accessions. When classified based on
ethnicity, landraces of Rengma community
(district: Tseminyu) showed the highest genetic
diversity followed by those from Chakesang
community (district: Phek). Similar results were
obtained in genetic distance-based NJ phylogeny
and principal coordinate analysis (Fig. 1B,C).
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A significant population differentiation
was observed between TRC and Upland landraces
(F,=0.12 at P=0.000, R ,=0.11 at P=0.000). There
was also significant differences at ethnicity-level
except for Lotha (district: Wokha) vs. Sumj
(district: Zunheboto).Analysis of molecular
variance (AMOVA) indicated that theecological
differences of the landraces could explain 12% of
the total genetic variance, while ethnicity/
locational variation explained 14% of the total
variance.

CONCLUSION

Overall, the present study area offered unique
opportunity to understand the effect of ecological,
geographical and social factors in shaping the
genetic diversity in rice landraces of Nagaland.
Further studies have been initiated to screen these
landraces for various stress conditions.
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Marker-assisted introgression involving two elite
cultivars ‘Krishna Hamsa’" (Badri et al., 2022) and
‘WGL14" was aimed at improvement for
resistance to bacterial blight (BB), blast (BL), and
BPH. Along with the aforementioned three traits,
two additional traits, including gall midge (GM)
and drought, were also targeted in the
improvement of ‘WGL14’. Although the
commonality in target trait and gene introgression
for at least three traits and five genes for both the
recurrent parents (RPs), different set of donor
parents were chosen for each RP considering the
morphological similarities for desirable agronomic
traits between RP and donor. In the identification
of polymorphic markers between RP and multiple
donors, several interesting observations were
made on genetic relatedness among the genotypes
chosen as donors with a particular RP based on
molecular marker diversity.

METHODOLOGY

Four genotypes viz., ‘IRBB60’(G3), ‘RP Bio Patho-
3'(G4), ‘Tetep” (G5) and ‘IR71033-121-15-B" (G6)
were selected as donors for MABB of ‘Krishna
Hamsa” (G1) while ten genotypes namely
‘Improved Samba Mahsuri (ISM)’'(G7), ‘RP Bio
Patho-1" (G8), ‘RP Bio Patho-2" (G9), ‘RP Patho-
3’(G10), ‘Rathu Heenati’(G11), ‘RP5924-23" (G12),
‘RP5925-24" (G13), ‘IR96321-1447-561-B-1'(G14),
‘IR81896-96-B-B-195" (G15) and ‘IR74371-46-1-1-
13" (G16) for MABB of WGL14 (G2). About 687
randomly chosen SSRs were screened among 16
genotypes to identify polymorphic markers
between RPs and donors. POPGENE 32 Software
(Yeh et al., 2000) was used in the calculation of
genetic diversity parameters, the cervus software

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

version 3.0.7 (Kalinowski et al., 2007) for
polymorphism information content (PIC),
GenAlex version 6.5 (Peakall and Smouse, 2006)
for Wright’s Fixation index (F), The NTSYSpc
version 2.0 (Rohlf, 1989) for the genetic relatedness
and SAHN module (Sequential, Agglomerative,
Hierarchical, and Nested clustering) (Sneath and
Sokal 1973) for the phylogenetic relationships.

RESULTS

Parental Polymorphism for background selection:
Of the 687 SSR markers, 375 amplified ranging
from 19-45 with an average of 31 markers per
chromosome. Maximum polymorphism (8-16
markers) was observed on chromosomes 1 and 4
in almost all donors (11) with their respective RPs
except in G4, G7 and G9 on chromosome 1 and
in G4, G6 and G7 on chromosome 4. Up to 15%
(12.53-15.47%) were found polymorphic, with 47,
51, 58 and 54 markers showing polymorphism
between G1 and G3, G4, G5 and G6, respectively.
Seven SSRs viz., RM 3549 on chr-1, RM 16591,
RM 8072 and RM16642 on chr-4, RM 25187 on
chr-10 and RM 26200 and RM 332 on chr-11 were
polymorphic between G1 and all the four donor
parents. The % polymorphism between G2 and
ten donors (G7 to G16) varied between 4.53 (G7)
and -20.53 % (G11) with 17, 58, 54, 62, 77, 75, 65,
71, 71 and 75 markers showing polymorphism
between G2 and G7, G8, G9, G10, G11, G12, G13,
G14, G15 and G16 respectively. Low
polymorphism (4.53%) was observed between G3
and G7, indicating the highest similarity level.
Three markers RM 3643, RM 258 and RM 332 on
chr-4, 10 and 11, respectively were the common
markers polymorphic between G3 and all the ten
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donor parents. In all, 174 SSRs (46.4%) were
polymorphic, with an average PIC of 0.38 and a
total of 480 alleles. Only 40 loci (22.98%) were
with PIC >0.5, while 134 (77%) were with <0.5
and RM 28357 was with the highest PIC (0.72).
Observed Heterozygosity (Ho), Expected
Heterozygosity (He), Observed homozygosity,
expected homozygosity and F values ranged from
0.0-0.625, 0.12-0.76, 0.375-1.000, 0.22-0.88 and
0.03-1.0 respectively.

The genotypes were grouped into three
major clusters, I, Il and III at a similarity coefficient
value of 0.66 (Fig 1). Cluster I consisted of G1, G3
and G6 with a similarity coefficient (SM) of 0.68
and G1 and G3 within had an SM of 0.73. Cluster
II consisted of G5 and G4 with an SM of 0.69, G2,
G7 with SM of 0.83, G9 and G11 with SM of 0.71
and G12 and G13 with a SM of 0.84 which is the
highest among the population. Cluster III
consisted of G14, G15, G16, G10 and G18 with a
SM of 0.77 between G14 and G15 and SM of 0.76
between G10 and G8. The SM of G2 and its

Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

crossing set ranged from 0.61 to 0.83, whereas
G1 and its crossing set from 0.58 to 0.73.

CONCLUSION

In the present study, donors were chosen that
have a close morphological resemblance to the RP
as the selection of the donor parent is critical to
minimize the breeding population for MABB and
to reduce the period for NIL development. The
pairwise comparisons indicate ‘IRBB60" and “ISM’
as ideal choices of donors in the improvement of
‘Krishna Hamsa” and “WGL14', respectively. The
same is the case with donors for BL resistance
genes. Also, it is interesting to observe the
clustering of ‘'WGL14" and ‘ISM’ in one cluster and
‘Krishna Hamsa” and ‘IRBB60” in another cluster
in the dendrogram. When multiple trait
combinations are targeted into a single
background, the most important factor to be
considered in the choice of donors is the
proximity/relatedness of the donors with the
recurrent parent for ease in background recovery
and to avoid background noise and linkage drag.
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Fig 1. Genetic Relationship among the donors and recurrent parents estimated using

Unbiased Neighbour-Joining dendrogram. G1: Krishna Hamsa; G2: WGL14 (Warangal Samba); G3: IRBB60; G4: RP Bio Patho-4
(IR 64 NIL with Pi2); G5: Tetep; G6: IR 71033-121-15-B; G7: Improved Samba Mahsuri (RP Bio 226); G8: RP Bio Patho-1 (B95-1 NIL
with Pi2); G9: RP Patho-3 (Samba Mahsuri NIL with Pi54); G10: RP Bio Patho-2 (B95-1 NIL with Pi54); G11: Rathu Heenati; G12: RP
5924-23; G13: RP 5925-24; G14: IR 96321-1447-561-B-1; G15: IR 81896-96-B-B-195; G16: IR74371-46-1-1-13
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Aluminum toxicity in rice: the north-east India

Akib Ali'and Bijoya Bhattacharjee!
Division of Crop Sciences, ICAR Research Complex for NEH region, Umiam, Shillong, Meghalaya- 793103, India

Aluminum (Al) toxicity is the most significant
contributing factor impeding crop production on
67% of the total acid soil area in the world.
Although rice (Oryza sativa) is Al toxicity tolerant
crop, it shows considerable variations among rice
genotypes to Al exposure. Therefore, it is pertinent
to understand Al toxicity and underlying
mechanisms for Al tolerance in rice. The North
Eastern (NE) region of India is considered as a
Centre of diversity of rice; as rice accounts for 80%
of the food grain production in this region.
However, excessive rainfall in NE region is key
factor in leaching basic cations from soil, thereby
reducing pH of the soil. About 21 million ha of
total land area is acidic in nature,with maximum
area under Arunachal Pradesh (6.8Mha) followed
by Assam (4.7Mha), Meghalaya (2.2 Mha),
Manipur (2.19Mha) and Mizoram (2.0Mha).
Although aluminum toxicity has one of the active
interests in research for increased yield in rice,

however, a proper diversity study, physiological,
molecular and genetic basis to understand Al
toxicity in rice is still sparse.

OBJECTIVE

To enumerate key aluminum responsive genes
and identify potent Al-toxicity tolerant indigenous
rice lines from North-East India.

MATERIALS AND METHODS

Sixty three (63) rice lines (Oryza sativa L.) were
collected from ICAR Research Complex for NEH
Region, Meghalaya, India. Healthy grains from
each rice line were surfaced sterilized and
germinated. Seedlings were then transferred to
half strength Hoagland nutrient solution. Al
treatment was done by adding O(control), 25, 50,
100 and 200uM AICI, to fresh pre-treatment
solution containing 500 uM CaCl, (pH 4.2) for 48
hours. The fresh weights, dry weights and root

Fig.1: Seed germination analysis of rice germplasm /lines grown in nutrient solution supplemented with 200 iM Aluminum
concentration; rice genotypes: 1. Anjali, 2. Chankimaso, 3. Moiramsbhi, 4. Col- 4, 5. Ching, 6. V1-31329, 7. Ir1552, 8. Shaku, 9.
Michiying, 10. Assam, 11. Dhao Tipnuakulon, 12. Bhalum-3, 14. Lespah 15. Vr-14, 16. V1 - 31331, 17. Zam 18. Sanri Fiirii 19. Pancoas
20. Bhalum-1, 21. Upr 2992-17-3-1, 22. Upr 2919-14-1-1, 23. Likhamo, 24. Asukni Maghowa, 25. Ioro, 26. Longpa, Tsuk, 27.
Merangkong, 28. Konpemo, 29. Michiying, 30. Motodhan, 31. Repl- 13, 32. Yimyu, 33. Mange, 34. Ioro 35. N-861, 36. Vietnam - 1,
37.Khasha, 38. Hahsho, 39. Tsaknak, 40. Khougjai Phou, 41. Kasalath, 42. Tsamu Fiirii, 43. Posimot, 44. Vietnam - 3, 45. Gobindobhog
N-861 47. Bang Nayk, 48. Skau-390 49. Kalojeera 50. Aaha, 51. Silky Rice, 52. Kenasu Kedowa, 53. Koyabo, 54. Akiyiuti Ashe 55,
Epyo, 56. Ir 72, 57. Satabdji, 58. Meyisao, 59. Nung Khum, 60. Bpt - 5204, 61. Yimya Mapok 62. Sang Chang, 63. Idaw
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Fig. 2: Al-induced fold expression changes (with mock-treated control) of Al-responsive genes viz., ALT, Alanine aminotransferase;
AT, Putative anion transporter; ATPS, ATP sulfurylase; CYS1, an isogene of cysteine synthase; CYS3, an isogene of cysteine
synthase; F-box,F-box domain protein; Apr-02, an isogene adenosine 5'- phosphosulphate reductase; Apr-03, an isogene adenosine
5'- phosphosulphate reductase; GTF, Putative glucosyltransferase; IPPI, Isopentenylpyrophosphate isomerase; LRR, Leucine-
rich repeat family protein; Lsi2, Silicon efflux transporter; MATE, Multi-drug and toxin extrusion transporter; NRAT1, Nramp
aluminum transporter 1; OsALS1, ABC transporter; PAPS, Purple acid phosphatase; PCS, phytochelatin synthase; SQS, Squalene
synthase; ST1, Putative sulphate transporter 1; ZFP, Zinc finger protein-like in rice genotypes. Rice genotypes: 51,56, S31, S38,
547, S56 and S60 were interchangeably written as AL1, AL2, AL3, AL4, AL5, AL6, AL7 and AL8 respectively.

lengths were taken to estimate the relative root was one most susceptible genotype. Amongst 21
length (RRL), relative tolerance index (RTI), Root differentially expressed genes studied, qRT-PCR
Relative Water Content (RRWC) and relative root revealed 16 novel candidate genes, while five
reduction (RRR%). Total RNA was isolated from genes have been previously known as Al
the fresh root tissues of Al toxicity susceptible and regulated. Patterns of gene expression,
Al toxicity tolerant rice lines using Trizin (GCC mechanisms of Al toxicity and tolerance suggest
Biotech, India) as per manufacturer’s protocol. that genes associated with cytoskeletal dynamics,
cDNA synthesis was carried out with oligo-(dT) metabolism, ion transporter could play major roles

primer using R2D cDNA Synthesis Kit (GCC in Al adaptation and/or tolerance in rice.
Biotech, India). Reliability of the potential

. : CONCLUSION
reference gene ensured by the expression profile
of twenty one genes and normalized with the most The Al toxicity tolerant/sensitive rice lines and
stable reference gene as determined by geNORM transcripts analysis of potential marker genes
v3.4. The relative expression of data were further can used to study functional genomics and
calculated using the formula QR=2-*AD_ Each in breeding program for transfer of the selected
experiment was performed with three technical trait to the popular varieties which are Al sensitive
and three biological replicates for upland area of North East India.
RESULTS REFERENCE
Rice genotypes screened under Al stress showed Majumdar, S., Wanniang, S.K. and Behera, U., 2022. Acid
significant physiological variations. While i(igi;nanagement in north eastern hill region of

‘Motodhan” was found most tolerant, ‘Lespah’
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ARRW/SIRC/Theme I/75

Fine mapping of gDS3.1, A novel QTL to breed brown planthopper
resistant rice varieties

G. Padmavathi'*, B. Umakanth?!, V. Jhansilakshmi'!, M. Sheshu madhav? and R.M. Sundaram?

LICAR-Indian Institute of Rice Research, Hyderabad, Telangana-500030, India
2JCAR-Central Tobacco Research Institute, Rajahmundry, Andhra Pradesh-533105, India

Brown planthopper (BPH) is the most devastating
and rampant pest of rice worldwide, which causes
100% yield loss under severe infestation. Many of
the forty-two reported BPH resistance genes are
ineffective against India’s most virulent biotype 4
of BPH. Hence it is indispensable to identify novel
and potential resistant loci for deployment in rice
breeding programs. Identification of BPH
resistance-linked markers facilitates accelerated
varietal development through marker-assisted
breeding. Hence we report here the fine mapping
of a previously identified major QTL (gDS3.1)
employing genotyping by sequencing (GBS)
method for deployment in future rice breeding
programs.

METHODOLOGY

A mapping population consisting of 135
Recombinant Inbred lines (RILs) derived from a
cross between Swarna (a susceptible mega variety)
and Sinnasivappu (BPH-resistant donor) was
developed through single seed descent method.
They were screened for their response to BPH
under controlled conditions during the seedling
stage. Further, they were genotyped using the GBS
approach (Elshire et al., 2011) on an Illumina
HiSeq system. Both SNP marker data and
phenotypic data on damage scores were analysed
for QTLs using QTL IciMapping V4.1 software
(Wang et al., 2016). The QTL region was further
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Fig 1: Flow chart representing the mapping of gDS3.1 for BPH resistance
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fine-mapped using polymorphic SNP markers
spanning the QTL.

RESULTS

A high-density genetic linkage map of 21,237 ctM
length with an average marker density of 5.86 cM
was constructed. The QTL analysis using SNP data
and damage scores identified a major QTL for BPH
designated as gDS3.1 flanked by SNP markers
C3_6332631 to C3_7457660 (1.12 Mb) and
explained 13% of the phenotypic variation. The
gDS3.1 region is further narrowed down from
1.12 Mb to 0.16 Mb between two SNP markers,
C3-7294085 and C3-7457660, exhibiting a
phenotypic variance of 12.1% (Fig 1). Fourteen
candidate genes for BPH resistance were predicted
within the ¢DS3.1 locus, of which 6 have a
biological function, viz., Inositol polyphosphate-
related phosphatase, Zinc finger (C2H2), Zinc
tinger (PHD type), Zinc finger (RING/FYVE/
PHD-type), Basic-leucine zipper (bZIP)
transcription factor, and Like-Sm ribonucleo

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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protein (LSM) domain that plays a key role in
regulating the plant’s defence against biotic
stresses.

CONCLUSION

A novel and major QTL ¢DS 3.1 for BPH
resistance was fine-mapped to a 160 kb region.
The identified resistance-linked SNP markers, C3-
7294085 and C3-7457660, could be utilized for
the introgression of gDS3.1 into popularly grown
BPH-susceptible rice cultivars, thereby developing
resistant varieties through marker-assisted
breeding.
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ARRWI/SIRC/Theme 1/76

Development and validation of HS-SPME- GCMS/MS Method for
Quantification of 2-Acetyl-1-pyrroline in Rice Cultivars

Totan Adak*, Arabinda Mahanty, Sutapa Sarkar, Nabaneeta Basak, Gaurav Kumar,
Priyadarsini Sanghamitra, Torit Baran Bagchi, Mridul Chakraborti

ICAR-National Rice Research Institute, Cuttack, Odisha, India-753006
Email : Totan.Adak@icar.gov.in | totanadak@gmail.com

2-Acetyl-1-pyrroline (2-AP) is the principal
compound that contributes to aroma in rice. 2-AP
is a chemical that emits a buttered-popcorn-like
aroma at specific concentrations. The commercial
significance of accurate and simple quantification
of 2-Acetyl-1-pyrroline (2-AP) cannot be
overstated. Present study was carried out to
standardize a method for extraction and accurate
quantitation of 2-AP from rice grain using GC-MS/
MS equipped with HS-SPME auto sampler. The
effect of sample quantity, addition of solvent,
grinding process, sample particle size, head space
parameters and SPME fiber incubation parameters,
were optimized in the developed method.

METHODOLOGY

Identification and quantification of 2-AP was done
using GC-MS/MS (Trace 1300-TSQ 9000, Thermo
Scientific, USA) equipped with HS-SPME auto
sampler (TriPlus RSH, Thermo Scientific, USA) and
a capillary column (TR-WAXMS; length: 30 m, i.d.:
0.25 mm, film thickness: 0.25 um) (Fig 1).
Optimization of the method was carried out with
respect to sample weight, grinding method (with
or without addition of liquid nitrogen while
grinding), sieving, temperature of incubation,
duration of incubation, adsorption time. Absolute
area count was used as a measure of the quantity
during optimization. The developed method was
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Fig 1. Chromatogram of 2-AP in standard and rice samples
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validated by further applying it for quantification
of 2-AP in four Basmati varieties and two purified
sorts of Gobindobhog landraces.

RESULTS

Dehusked rice powder (2 g) prepared under liquid
nitrogen, and passed through the 80-mesh sieve,
incubated for 40 minutes at 80°C in headspace,
followed by fiber (DVB/Carbon WR/PDMS)
saturation time of 15 minutes, could produce the
maximum response. The recovery of 2-AP from
fortified sample ranged between 7.02-9.02% at 50-
200 ng g fortification irrespective of the grain
matrices used. Standard addition method was
appropriate to overcome the matrix effect and
recovery of 2-AP was more than 90% using this
method. The developed method was further

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023
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utilized for quantification of 2-AP in four Basmati
and two non-Basmati aromatic rice samples. The
content of 2-AP ranged between 57.17-147.10 ng
g of rice and varied with geographical location.

CONCLUSIONS

Standard addition method could recover more than
90%of the 2-AP from rice matrices and the method
is validated using major aromatic rice varieties to
quantify the 2-AP content. As the extraction step
is fully automated, the method could improve the
work efficiency and reduce error during 2-AP
estimation. The method could effectively be used
for the screening of aroma (2-AP) content in
different rice varieties. The established method
further could help in promoting rice varieties in
export market.
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Development of hybrid for BLB and Herbicide Tolerance in Rice

Somyashree Mishra, Ram Lakhan Verma*, Debarchana Jena, Awaneet Kumar,
Arpita Mohapatra, Diptibala Rout
National Rice Research Institute, Cuttack, Odisha, India
Dept. of Genetics and Plant Breeding, Institute of Agricultural Sciences, Siksha ‘O” Anusandhan Deemed to be University,

Bhubaneswar, Odisha, India
somyashree199@gmail.com | ram.pantvarsity@gmail.com

Bacterial leaf blight of rice is known to be one of
the most devastating pathogens of rice in nearly
all the rice-growing parts of tropical and
temperate regions, especially in Asian countries.
The pathogenicity of bacterial leaf blight has
confirmed that the causal bacterium is named
Xanthomonas oryzae pv. oryzae (Xoo). BLB infection
causes leaf blight and seriously affects the growth
of rice plants, leading to yield losses of nearly 10%
in rice production and even up to 50-60% in its
severe form. At present, 45 BLB resistance genes
have been identified in diverse rice sources.
Among these genes, Xa23 is a major disease-
resistance gene identified from wild rice (Oryza
rufipogon) and was found to act in a dominant
manner and confer strong resistance to all
naturally occurring biotypes of Xoo at all
developmental stages. Another major yield
reduction reason in rice crops is weeds.

Weeds compete with rice for nutrients,
water, sunlight, and space. The presence of weeds
also increases the occurrence of diseases and insect
pests. These problems lead to varying degrees of
reduction in rice yield and grain quality. It was
reported that the rice yield could be reduced by
more than 40% due to weed damage. As
urbanization speeds up, a large number of laborers
are flowing to cities and adding to labor shortages
in rice-growing areas. Traditional measures to
control weeds in rice fields include a combination
of tillage, irrigation, and hand-weeding, which
require extensive labor and other resources. The
rational utilization of herbicides is the most
effective way to weed control. However, most of

130 mm

the herbicides that kill weeds in rice fields also
cause certain damage to the rice.

It is widely accepted that the utilization of broad-
spectrum and durable resistance for rice
improvement is the most cost-effective approach
to preventing the loss of rice yield. These problems
can be effectively solved by developing NILs (near-
isogenic lines) with herbicide tolerant genes in
combination with BLB resistance.

METHODOLOGY

In this study, we use Robin (herbicide tolerant rice
mutant) as a donor and CRL123R & SR1-5-1 as
the recurrent parent (RP) for the transfer of HT
trait. Whereas plant material IRBB66 (BLB-
resistant, carrying Xa2l + xal3 + Xa7 + xab +
Xa4) as donor parent, and CRL123R & SR1-5-1
(BLB-susceptible) as a recurrent parent were
chosen before initiated the backcrossing breeding
program. After the selection of plant materials,
two independent crosses between CRL123R &
SR1-5-1 (as recurrent parent) X IRBB66 (as donor
parent) and CRL123R & SR1-5-1 (as recurrent
parent) X Robin (as donor parent) are to be done
in order to transfer the targeted BLB resistant and
Herbicide-tolerant genes, respectively. PCR was
done for foreground and background selection,
followed by phenotyping for BLB resistance and
herbicide tolerance.

CONCLUSION

The use of molecular markers in breeding
programs is a powerful tool for tagging gene
regions which is not available in traditional plant
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tial of rice for stress tolerance and nutritional quality
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CRL123R & SR1-5-1 X IREBGG

(Recurrent Parent) (Doner Parent)

l

X

l

CRL123R & SR1-5-1 X E.CI.F1

l

CRL123R & SR1-5-1

BC,F, BC,F,
Fore round selection with gene
l. linked markers and simultaneous 1.
phenotypic selection.
BCF, BCF,

Intercross

ICF, Phenotypic selection and test of hybridity

ICF, Foreground selection for homozygous

l ® Phenotypic selection of superior

ICF plants/lines and screening of BLBE and

l . Herbicide tolerant improved lines

ICF Evaluation of improved lines for agronomic
a4

breeding techniques. The markers could have
linked to specific plant traits, allowing plant
breeders to identify the character of interest and
make their selection. This exercise is called marker-
assisted selection (MAS). Based on these
advantages, we utilized MAS as a support tool in
our rice breeding program. We will use this
approach to introgress resistant genes into our elite
rice variety, CRL123R & SR1-5-1, to improve
resistant characteristics against bacterial leaf blight

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

traits and disease resistance

(BLB) disease and herbicide usage. These
developed lines will serve as the donor for BLB
resistance and herbicide tolerance in rice
genotypes for future breeding programs.
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ARRWI/SIRC/Theme 1/78

Effect of high temperature stress on rheological textural and
antioxidative properties of rice grain

Nabaneeta Basak', Gaurav Kumar’, Priyadarsini Sanghamitra?, Prashantkumar S Hanjagi’,
Sutapa Sarkar®

'Crop Physiology and Biochemistry Division, ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Crop Improvement Division, ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India
* Corresponding author. Email:bsk.nabaneeta@gmail.com

Amongst the multitude of environmental abiotic
stresses that affect the plant growth and
productivity, the constantly rise in atmospheric
temperature is certainly a detrimental one severely
affecting plant growth and metabolism. The
ability of rice growing systems to maintain or
improve production under future warm
temperatures is crucial for maintaining global
food security since rice is thermosensitive (Fahad
et al., 2016). The anthesis and grain filling phases
of the rice crop are impacted by heat stress, which
reduces rice output by 7-10%. Heat stress also has
a detrimental effect on grain quality traits and
reduces the sensory characteristics mainly
through differential accumulation of and
distribution of macro and micro elements.
Depending on the severity, length, and timing of
the stress, the effects of heat stress during major
growth stage like grain filling may differ among
various crop species. The expression level of many
genes of the starch biosynthetic pathways and
storage proteins may be altered on exposure to
heat stress. The variation in starch and protein
composition affects the rheological, textural and
physicochemical properties of rice grains which
may affect their quality. The present investigation
was aimed at studying the effect of heat stress on
antioxidant system, protein profile, starch
rheological properties and texture profile of rice
grains.

METHODOLOGY

A field experiment was carried out with the rice
cultivars Ratna, N-22, Annapurna, Lalat, Satabdji,
Naveen and IR-72 in ICAR-NRRI, Cuttack to

132 Hl

study the effect of temperature conditions during
grain filling on quality parameters. The cultivars
were subjected to different temperature regimes
with the transplanting carried out on different
dates.

Finely ground rice samples were used for
RVA. 3.5 grams of the rice powder was weighed
(12% moisture basis was adjusted), 25 mL distilled
water was mixed. After mixing, the rice-water
slurry was transferred to the disposable canister
of RVA (RVA-tecmaster, Newport Scientific,
Warriewood, NSW, Australia) and the rheological
properties were studied. The rice grains were
exposed to the texture profile analysis by “Stable
Micro Systems” texture analyzer model TA.XT
plus (Stable Micro Systems Ltd, Surrey, UK).

Total phenol content was determined by
the modified protocol of Zilic et al., (2011). Total
flavonoid content was determined according to
Eberherdt et al., (2000). Determination of
CUPRAC activity of the samples was performed
according to the modified method of Apak et al.
(2004). ABTS radical scavenging was assayed by
modified protocol of Serpen et al. 2008. FRAP was
assayed according to Benzie and Strain (1996).

RESULT

The RVA profile indicates starch gelatinization,
disintegration, and swelling capacities, and is used
as a tool for evaluating rice cooking quality. The
characteristics of the visco-analyzer profile were
peak viscosity, final viscosity, trough viscosity,
breakdown (the difference between peak viscosity
and trough viscosity) and setback (the difference
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Fig. 1. Standard mean of RVA profile characteristics across varieties under control and heat stress

Breakdown Viscosity (cp)  Setback Viscosity (cp)

Peak Viscosity (cp) Trough Viscosity (cp) Final Viscosity (cp)

P1 P4 P1 P4 P4 P1 P4 P1 P4
SM 1445 2379 2176 2475 2725 2464 2194 6425 5438
P1: Control P4: high temperature stress
between final and peak viscosities). The P
rheological properties, amylose content and the Fezseeh Phenal
gelatinization temperatures were all found to be E fiT]
affected by heat stress. High-temperature stress & o
was found to increase the grain breakdown, set i :ﬁﬁ I . I ' :Pl
back and gelatinization temperature. The viscosity E w300 . l
analysis showed a decrease in peak, trough and e

2 W

final viscosities (Fig.1). The mechanical attributes 1-‘150 gﬁ f -!;" #
of cooked rice grains are reflected by its textural
characteristics and is a representation of the e, Bianald
consumer’s preferences. Certain attributes st
indicated by the textural profile like, hardness, 'g ?‘;::
adhesiveness are typically indicated in grain iﬁm =
quality evaluation programs. In the present study, ¥ “: .
the hardness and adhesiveness was found to i
decrease under high temperature stress (Fig. 2). = 3 .ﬁ _-@-.""-q" o

Antioxidant content in matured grains was
generally found to decrease under high
temperature. Phenol content was found to be at

Fig. 2. Standard mean of textural profile characteristics across
varieties under control and heat stress

HARDNESS ADHESIVENESS
Pl P4 P1 P4
SM 40.489 30.294 21.374 18.834

par or decreased under high temperature with
the exception of IR 72. The flavonoid content was
followed a similar trend (Fig. 3).

CONCLUSION

The study revealed that high temperature affects
the cooking and eating quality by modifying both
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Fig. 3. Phenol and Flavonoid content of the germplasms
under control and heat stress

starch properties as well as its sensory attributes.
Among all the seven varieties tested for
temperature stress tolerance, N-22 and
Annapurna were found to be the best in terms of
nutritional quality.
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Improvement of Agronomic Traits of Traditional Medicinal Rice
Varieties of Chhattisgarh Through Mutation Breeding and Validation
of Medicinal Properties using Metabolomics and Mouse Models
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Patwardhan®, B.K. Das**, Deepak Sharma!, Deepak Sharma3*
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Rice is the staple food for the majority of the
world’s population. Approximately 500 million
metric tonnes of rice are consumed every year
globally. Agriculture has become one of the most
affected fields due to climate change. With the
rise in population and decline in arable lands,
pressure for developing new cultivars with high
yields and high nutritional quality is rising. The
need of the hour is to generate varieties that
require low inputs and less cost of cultivation and
tulfil the goal of sustainable agriculture. Radiation-
induced mutation breeding promises a viable
foreseeable future. Ancient Ayurveda texts and
knowledge collected from tribes have described
various therapeutic and medicinal properties of
different rice varieties. In the present study, five
traditional medicinal landraces of paddy
(Layacha, Maharaji, Gudma, Dawar and
Lohandi) from the repository of IGKV
Chhattisgarh created by Dr. R.H. Richharia, were
mutated with gamma rays. The aim was to select
high-yielding, dwarf/semi-dwarf, short-duration
and evenly maturing mutants. These rice varieties
are traditionally used for the treatment of specific
ailments. However, there are no systematic
scientific studies to support traditional medicinal
claims. Therefore, the pharmacological properties
of these varieties were tested in various
experimental models in vitro and in vivo.

METHODOLOGY

Irradiation of seeds was carried out at BARC,
Mumbai. The plant-to-progeny method was
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followed to advance the M1 generation to M2
(Ramchander et al., 2015). Selection for superior
agro-morphological traits was made in the M2
generation and was advanced until the M4
generation. The brown rice from parent varieties
was used to prepare methanolic extract (Mex).
DPPH and ABTS radical scavenging activity assay
was performed in vitro, and absorbance was taken
at 517nm and 734nm, respectively, using a plate
reader. Effect of Mex on phagocytosis of bacteria
by Raw 264.7 macrophages was studied using
fluorescently labelled pHRhodo bioparticles and
live cell imaging. For western blot analysis, Raw
264.7 Macrophages were treated with Layacha
rice methanolic extract for preparation of whole
cell extracts. 50 ug of protein from cytosolic
extracts were resolved by SDS-PAGE (10%),
transferred onto nitrocellulose membrane, and
probed with primary antibodies specific to
phospho-Nrf2 B-actin.

RESULTS

Total 56 promising mutants were selected in the
M2 generation (Dawar - 23, Gudma - 26, Lohandi
-8), which were advanced to M3 and M4
generations and can be further advanced to
develop high-yielding varieties with intact
medicinal values. Fourteen out of the 23 mutants
of Dawar, four mutants in Gudma had an average
height of less than 100 cm, while the average
height of the parent was 136 cm and 103 cm,
respectively. Some promising mutants with higher
number of tillers, reduced height, increased
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panicle length and increased yield were also
selected. Dawar, Gudma, Lohandi, Maharaji and
Layacha rice were investigated for their possible
medicinal effects. LC-MS/MS analysis showed the
presence of phytochemicals with antioxidant and
immunomodulatory properties. Mex of these
varieties showed potent antioxidant activity
against ABTS and DPPH radicals. Layacha rice
showed antioxidant action in mouse lymphocytes
in vitro and also improved innate immunity via
activation of Nrf2 in vivo.

CONCLUSIONS

Mutation breeding can be an effective tool in
improving the existing landraces. The mutants
discovered in this study can be further evaluated
for release as varieties. Scientific validation of
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traditional medicinal knowledge will help in
boosting the cultivation of these varieties and
value-added products can be formulated
accordingly.
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Gathuwan: A traditional Indian medicinal rice with potent
immunomodulatory activity
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Nutritional quality of food is a critical aspect of
food security to ensure active and healthy life of
people and hence warrants active research in the
area of dietary intervention for the prevention of
human ailments. Rice, a staple food crop which
feeds more than half of the world population, not
only provides 20 percent of the caloric
requirements but is considerably rich in genetic
diversity!. Ancient literature in many
countries,including India, have mentioned
medicinal properties of their local rice varieties.
This traditional knowledge retained by some local
farmers is the reason for these varieties being
maintained. However, the integration of this
knowledge with specific application is limited by
lack of scientific evidence. Recently, many studies
have been taken up wherein different rice varieties
werereported to offer a gamut of biological effects
such as anti-oxidant, anti-inflammatory, anti-
cancer and anti-diabetic. Scientific validation of
functional properties in traditional rice will be
helpful in restoration of the genetic diversity of
rice.Gathuwan, a rice landrace native to
Chhattisgarh, has traditionally been used in the
treatment of joint ailments such as arthritis. Since,
pathogenesis of Rheumatoid arthritis involves
chronic activation of T-lymphocyte activation we
hypothesized that the biological activity Gathuwan
brown rice may be mediated via its ability to
modulate T-cell responses. Hence, the present
study was initiated with the aimof exploring the
immunomodulatory potential of Gathuwan brown
rice and identifying the mechanism(s) involved.
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METHODOLOGY

T- cell activation and proliferation were studied
using antibody staining and CFSE dye dilution
followed by flow cytometry. Cytokine secretion
was studied using ELISA. Cellular redox status was
studied using redox sensitive dyes (DCF-DA,
mitosox red and MCB). Expression of signalling
proteins and their downstream targets genes/
proteins was studied using Western Blotting and
real time-PCR. In-vivo efficacy of Gathuwan BRE
was evaluated using mouse model of Graft-versus-
host-disease (GVHD).

RESULTS

Gathuwan Brown Rice Extract (BRE) suppressed
mitogen induced T cell proliferation in a dose
dependent manner without inducing cell death.
BRE also prevented mitogen induced upregulation
of T-cell activation markets and suppressed
secretion of effector cytokines (IL-2, IL-4, IL-6 and
IFN-y). BRE exhibited DPPH and ABTS+ radical
scavenging activity in cell free system with IC50
values of 0.43 mg/ml for DPPH radical scavenging
and 0.15 mg/ml for ABTS+ radical scavenging. BRE
treatment altered the cellular redox balance
wherein it reduced intracellular ROS and GSH
levels and increased mitochondrial ROS levels.
Further, BRE induced nuclear translocation of Nrf2,
a redox sensitive and immune-regulatory
transcription factor, via increased phosphorylation
of MAP Kinases (ERK and p-38 MAP Kinase). BRE
alsoincreased the expression of Nrf2-dependent
antioxidant genes (SOD, CAT, HO-1, GPx and
TrxR) in lymphocytes. Treatment of donor cells
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with BRE before transplantation to allogenic mice,
rescued the recipient mice from GVHD induced
mortality and morbidity.

CONCLUSIONS

Our study provides important scientific evidence
which aligns well with the available literature
about the medicinal properties of the traditional
rice variety “Gathuwan” from Chhattisgarh, India.
It willsupport the global recognition and
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acceptance of Indian traditional knowledge about
the genetic resources of rice and other food crops.
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Enhancing the in vitro callus induction potential of selected rice
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To create variations in plant genotypes different
approaches like mutation, hybridization and
recombination were followed in plant breeding.
Recently in vitro culture techniques for genetic
transformation are often used to create genetic
variants. For each genetic manipulation, the
intermediary phase of undifferentiated cells or
embryogenic calli is required. The success of
getting genetically transformed plants depends on
development of embryogenic calli, proliferation
rate and its regeneration efficiency. Various
explants can be used to induce embryogenic calli
and it is limited by genotypes, media supplements
and culture conditions. Mature embryos were
selected for the study due to its year around
availability. Hence, the study focuses on the callus
induction frequency of selected rice genotypes
with different combination of plant growth
regulators (PGR).

METHODOLOGY

Mature seeds of rice genotypes viz.,, ADT 37,
ADT38, ADT42 and CR1009-SUB1 were taken
to study the embryogenic callus induction.
Dehusked mature seeds were sterilized and taken
as the explants. The seeds were inoculated in basal
media containing Murashige and Skoog’s (MS)
salts with Gamborg (B5) vitamins. Further the
media was added with 30% sucrose (w/v) and
0.8% (w/v) agar at pH 5.8. The basal media were
supplemented with different combinations of
PGR of 2,4-dichlorophenoxyacetic acid (2,4-D-
2.0,2.5 mg/L) and Kinetin (Kn-0.5,1.0 mg/L).
After the mature seed inoculation, the cultures
were kept in dark condition for callus induction
at 25+1°C. The days to callus induction, callus

induction frequency (CIF %), color and texture of
138 N

callus after 30 days of callus induction were
observed in all four genotypes. Means of
parameters were compared by Duncan multiple
range test using windows R version 3.3.0.

RESULTS

The interaction of different plant growth
regulators on four rice genotypes in basal media
is shown in Table 1. The calluses protruded from
the scutellum region clearly visible after 7-10 days
of inoculation. The response of number of days to
callus induction is similar in all four rice
genotypes, irrespective of different (PGR)
concentrations. The frequency of callus induction
varied from 11.1 to 33.3 per cent in ADT 37, 33.3
to 55.6 per cent in ADT 38, 0 to 11.1 per cent in
ADT 42, and 11.1 to 55.6 per cent in CR 1009
SUBL.

In our study the response of all the four
genotypes showed no specific pattern in
correlation with the PGR concentrations used.
High proliferation and better callus induction
were observed in different treatments for different
genotypes. The lowest callus induction for ADT
37 was observed in T2 and T6, for ADT 38 the
lowest Callus induction of 33.33 was observed in
T1, T2, T3 and T6, for ADT 42 the callus induction
were found to be very low and in most of the
treatments callus induction were not observed
(T1, T3, T4, T5, T6) and in CR 1009 SUB 1 the
lowest callus induction was observed in T6 where
there was no callus induction and in T3 there was
a 11.1 per cent of callus induction.

Among the four rice genotypes the highest
and better callus induction was observed in ADT
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Table.1 Response of plumule of selected rice varieties for callus induction with different PGR
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Treatment Genotype Media used Plant growth regulators CIF (%) Proliferation rate Colour of callus Texture of callus

(mg/1)

2,4-D Kn
T1 ADT37 MS 2.0 0.0 3333 Medium Cy Fr, W
T2 2.0 05 1111  Low Cy Fr, W
T3 2.0 1.0 2222 Low Cy Fr, W
T4 25 0.0 2222 High Cy Fr, W
5 2.5 05 3333  Medium Cy Fr, W
T6 2.5 1.0 1111  Low Cy Cp,D
T1 ADT 38 MS 2.0 0.0 3333 Medium Cy Cp, W
T2 2.0 05 3333  Medium Cy Fr, W
T3 2.0 1.0 3333  Medium Cy Fr, W
T4 25 0.0 5556  High Cy Fr, W
T5 2.5 0.5 4444  High Cy Fr, W
T6 25 1.0 33.33 Medium Cy Fr, W
T1 ADT42 MS 2.0 0.0  0.00 - - -
T2 2.0 05 1111 Low Cy Cp, D
T3 2.0 1.0  0.00 - - -
T4 25 0.0 0.00 - - -
T5 25 05  0.00 - - -
T6 2.5 1.0  0.00 - - -
T1 CR 1009 SUB1 MS 20 0.0 2222 Medium Cy Fr,W
T2 2.0 05 5556  High Cy Fr, D
T3 2.0 1.0 1111  Medium Cy Fr, W
T4 25 0.0 5556  High Cy Fr, D
T5 2.5 05 3333  Medium Cy Fr, W
T6 2.5 1.0  0.00 - - -

CY - Creamy Yellow, Fr - Friable, Cp - compact, D - Dry, W - Wet
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Fig. 1: DMRT boxplot for comparison between different treatments and varieties.
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A- DMRT boxplot for comparison between different genotypes, B - DMRT boxplot for comparison between different treatments
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38 and CR 1009 SUB 1, also in these genotypes
the proliferation rate is medium to high. ADT 37
showed medium to low proliferation rate and
ADT 42 showed the lowest callus induction and
lowest proliferation rate. The differences in callus
induction is due to genotypic efficiency of the
genotype. All the four rice genotypes showed
creamy yellow color callus irrespective of
genotypes and different PGR concentration.
Among the four rice genotypes, ADT 37, ADT 38
and CR 1009 SUB 1 produced friable calli and
ADT 24 produced compact calli.

CONCLUSION

In this study, in vitro callus induction was studied
in four rice genotypes. The finding of this study
shows, to improve the high callus induction
frequency the optimum concentration of PGR
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combination (2,4-D and Kn) should be optimized.
Among the four rice genotypes ADT 38 and CR
1009 SUB1 showed the highest callus induction
frequencies and can be denoted as the best
amenable genotypes for tissue culture of the four
genotypes studies. ADT 42 showed lower or no
callus induction in all the treatments studied and
hence should be studied with different
combinations of PGRs or basal media.
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The main ingredient of rice, starch, is what gives
its physiochemical characteristics, like gel strength
and pasting abilities. The majority of producers use
rice flour over starch when creating processed
products. However, lipids, proteins, and mineral
components were also able to affect the swelling
and pasting abilities of starch granules in addition
to starch. The peak viscosity will be low swelling
is less in starch granules during gelatinization. The
rapid viscoanalyzer (RVA) functions as a physical
indicator for the estimation and as a fore runner of
heating and processing qualities in order to
comprehend the viscosity characteristics of rice
starch. When estimating the cooking quality of rice
starch characteristics, setback and breakdown
values among the various RVA profiles are
significantly more important than peak viscosity
and others parameters (Kesarwani et al., 2016).
Higher peak viscosity and breakdown as well as a
lower setback value improve the grain quality,
which is closely related to the RVA characteristic
and the flavour quality of rice. The cooked rice will
have soft and sticky texture.

METHODOLOGY

Four varieties of rice(two pigmented: Chakhao and
Manipuri black and two non-pigmented: Naveen
and CRD 310) have been used for this study.
Amylose estimation was according to Juliano
(1992) by using lodine solution with slight
modification. Finely ground rice sampleswere used
for RVA. 3.5 grams of the rice powder was weighed
(12% moisture basis was adjusted), 25 mL distilled
water was mixed. After mixing, the rice-water
slurry was transferred to the disposable canister
of RVA (RVA-tecmaster, Newport Scientific,

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

Warriewood, NSW, Australia) and the rheological
properties have been identified.

RESULTS

Amylose content:The general cooking, eating, and
pasting qualities of a rice variety can be
significantly influenced by the amylose content of
that variety. The main ingredient in rice is starch,
and different rice cultivars have different amylose
contents.The amylose content was estimated in all
the four varieties and they showed a large
variation. The value ranges from 11.75 in chakhao
to 21.4 in CRD 310 (Table 1). Amylose content
determines the softness for the rice after cooking.

Rheological properties: Rheological properties are
indirectly depicts the starch softness and cooking
quality of the product. Disruption of the gelatinized
starch granule structure is what reflects the
breakdown viscosity. Thus, the difference between
the viscosities when swollen, gelatinized starch
granules existed and the viscosity when the
gelatinized starch granules are disrupted, either
entirely or partially, determines the extent of
breakdown. In sensory evaluation of rice, one of
the indirect markers for eating quality is typically
the RVA profile. The ease of cooking starch and
the stability of the paste are both reflected in the

Table 1. Amylose content in pigmented and non-pigmented
rice varieties

Sl No. Variety Amylose Content (%)

1 Naveen 20.75
2 CRD 310 214

3 Manipuri Black 16.25
4 Chakhao 11.75
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Fig. 1. RVA profiles of pigmented and non-pigmented rice cultivars.

viscosities at the beginning of the holding time and
during cooling, respectively. Each viscosity can be
used to pinpoint a specific trait of a particular rice
variety.Both in pigmented and non pigmented rice,
the starch paste of the detected rice varieties
displayed a process “up-down-up” except in
chakhao where the variation was not much intense
(Figure 1). The values of paste viscosity properties
were presented in Table 2.In the case of chakhao,
which had the lowest starch content, the break
down and setback viscosities were lowest.
Similarly CRD 310 showed the highest break down
and setback viscosities with highest starch content.
Thus it can be confired that the important
rheological properties, break down and setback
viscosities are modulated under change in starch
content. However, pigmentation does not show
any relationship with RVA properties.
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CONCLUSION

Thus the study confers that the important
rheological properties, break down and setback
viscosities are modulated under change in starch
content. However, pigmentation does not show
any relationship with RVA properties.Cooking
quality of rice starch characteristics, setback and
breakdown values among the various RVA profiles
are significantly more important than peak
viscosity and others parameters.
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High-Yielding Rice Samba Mahsuri Mutant Derivatives: Novel
Genetic Resources Exhibiting Resistance to Yellow Stem Borer
(Scirpophaga Incertulas)
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Rice productivity is seriously threatened by biotic
stresses, especially insect pests like Yellow stem
borer (YSB), which significantly lowers rice yields
by 5-10% and even up to 60% under favorable
conditions (29°C & RH 90%) (Renuka et al., 2017).
It also causes 3-95% more yield losses in India
than any other insect pest of rice. Due to the
complicated genetics of the trait and the lack of
knowledge regarding the genetics of YSB
resistance, no sources of resistance to the common
yellow stem borer are present in the rice
germplasm (Katupalli et al., 2021). Ethyl Methane
Sulphonate (EMS) mutants of Samba Mahsuri, a
well-known rice mega-variety, were generated
under a collaborative project between ICAR-IIRR
and CSIR-CCMB (Potupureddi et al., 2021) and
served as an important genetic resource for
economically critical trait identification.

METHODOLOGY

Phenotyping for Yellow Stem Borer was done at
the reproductive stage under controlled YSB
artificial releases in the field (augmented design)
in the experimental field at ICAR-Indian Institute
of Rice Research and ICRISAT farm Patancheru,
Hyderabad. Phenotyping for dead hearts and
white ears was recorded on the SES-IRRI scale
for YSB.

A subset of 100 EMS mutagenized lines
(M3) was screened in Rabi and Kharif in 2013
and 2014, and the mutant displaying consistent

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

tolerance to YSB (dead heart and white ear; score
= 0) was forwarded to the next generations. The
YSB tolerant mutant line named SM-92 was
deployed for developing mapping populations
(SM-92*BPT-5204), and at each generation, YSB
screening was done, and yield and yield-related
traits were recorded. The tolerant lines having
high yields were forwarded through the single
seed descent method. At the F5 stage, 20 lines
were screened along with SM-92, other YSB
promising mutants for YSB.

RESULTS

The phenotyping screening of four seasons
emanated that the mutant SM-92 displayed
tolerance to YSB with a consistent score of 0
among all the mutants screened with high yield
over BPT-5204. In Kharif 2019 YSB screening,
among 20, seven individual lines showed a “0”
score, and the remaining 13 plants showed a “1”
score.

CONCLUSION

The identified stabilized mutant and its derived
stabilized lines have the potential to be used in
future rice breeding programs for YSB resistance.
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Marker assisted validation for the superior isogenic subl line(s) in the
background of ‘Swarna’
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Sushant Kumar Dash! and Sharat Kumar Pradhan?

'ICAR- National Rice Research Institute, Cuttack-753006, Odisha, India
*Indian Council of Agricultural Research, New Delhi-110001, India

Submergence is the one of biotic stress that
impacts on rice plant growth and development.
Heavy rainfall or flash flood sometimes impose
stress on plant and affect the productivity of plants
or in severe cases leads to complete mortality, if it
continues for days together. This kind of situation
often occurs due to change of climate. In south
and Southeast Asia, submergence act on 15 million
hectares rainfed lowland areas wusually.
SUBMERGENCE 1 (SUB1) a quantitative trait
locus was identified and mapped for development
of submergence tolerant rice variety. Subl, on
chromosome 9 has given ample chance to apply
marker assisted selection to advance submergence
tolerant versions of rice cultivars that are widely
grown in the region. Swarna being the one of the
mega variety has some special demand for its
typical characteristics. In this context, superior
isogenic lines of swarna may be useful even to
replace Swarna Sub-1.

OBJECTIVES

Development of superior isogenic lines, carrying
submergence tolerance genes in the background
of the popular low land variety “Swarna”.

METHODOLOGY

In this present experiment CR Dhan 801
containing Subl QTL was hybridized with CR
Dhan 800 (Swarna introgressed with three BB
resistance genes, xa5, xa13 and Xa21). The F seeds
were selfed to produce F, and the seedlings were
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transplanted in submergence tank. After exposing
submergence stress for 14 days the survived plants
are analyzed for submergence tolerance. For
genotypic validation and extraction of genomic
DNA, leaves were collected from 20 days old
plants. After grinding with liquid nitrogen, leaves
were isolated, for pure genomic DNA using CTAB
extraction method. After extraction, these
genomic DNA were checked by using 1% agarose
gel followed by DNA amplification, gel
documentation and validation.

RESULT

A total of 726 F,lines were developed from F,
seeds. Among that, 182 lines were survived from
submergence stress. Parental analysis between
susceptible (CRDhan 800) and tolerant ( CRDhan
801) parents using four specific markers viz. Subl-
A203, Subl -C173,Sub1-BC2 and RMS8300
revealed that Sub1Bc2 has given clear
polymorphism between susceptible and tolerant
genotypes for submergence using the four primers
tested. Those 182 lines were analyzed with Subl
markers. 45 homozygous lines containing subl
QTL were identified.

CONCLUSION

Out of 726 F lines were developed from F, seeds,
182 lines were survived with submergence stress.
After genotyping, 45 homozygous lines found
containing sub1l QTL were identified. To develop
superior genotype, these 45 lines will be further
evaluated for yield and other phenotypic traits.
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Mapping and annotation of clustered QTL region on the long arm of
chromosome 7 for major panicle traits in rice
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!Centre for Plant Breeding and Genetics, Tamil Nadu Agricultural University, Coimbatore, 641003
*Centre for Plant Molecular Biology, Tamil Nadu Agricultural University, Coimbatore, 641003
"Email of the corresponding author: sutharsang7@gmail.com

Rice (Oryza sativa L.) is an important food crop
that is extensively grown around the world. It
contains a rich source of energy, 80% of
carbohydrates and starch, 7% of proteins with a
high amount of glutamic and aspartic acid, and
vitamins E (Tocopherol), B, (Thiamine), and B,
(Niacin) (Carcea, 2021). The number of grains per
panicle is an important trait in determining grain
yield and a major trait of concern for developing
new plant types in rice (Zhong et al., 2021). The
SSR-based QTL mapping has been applied in rice
for panicle traits by various researchers (Tian et
al., 2015). The QTLs with a major effect on grain
number per panicle can be utilized in marker-
assisted breeding to improve grain yield in rice.

METHODOLOGY

The F, mapping population was constructed from
the cross combination, IET 28749 (high grain
number per panicle) x IET 28834 (low grain
number per panicle). The polymorphic SSR
markers were screened in a large F, mapping
population. The banding pattern of SSR markers
in the F, population was screened and scored as
0,1 and 2. The phenotypic data of major panicle
traits observed in the F, population. The
phenotypic and genotypic data combinedly
analysed using QTL-IciMapping. The annotation

of genes present in the QTL region was done using
NCBI- rice genome database. The genes related
to panicle traits were identified based on the
protein function.

RESULTS

The clustered QTL region in the long arm of
chromosome 7 contains QTLs for four major traits,
viz., number of spikelets per panicle (QNOSPP-7-
1), number of filled grains per panicle (QNFGPP-
7-1), number of spikelets in secondary branches
(QNOSISB-7-1) and spikelets density (qSD-7-1)
with the LOD value of more than three (Table 1).
The R? value recorded maximum in qgSD-7-1 (61.65
%) followed by qNOSISB-7-1 (40.39 %), qNOSPP-
7-1 (37.66 %) and qNFGPP-7-1 (9.85 %). These
clustered QTL regions are flanked by the markers
RM248 and RM70, which have a physical
distance of 6.5 Mbp. The gene annotation in the
clustered QTL region revealed that it contained a
total of 725 genes and among this, 168 genes are
uncharacterized. Within the remaining 557 genes,
32 genes showed high relatable with panicle traits
based on previous studies (Table 2). These 32
genes exhibited the various protein functions from
various protein groups viz., zinc finger protein,
ethylene-responsive transcription factors, MADS-
box transcription factor, F-box protein, and

Table 1. List of QTLs identified in the clustered QTL region of chromosome 7

SL. No. Trait Name QTLs Chr No. Position Left Marker Right Marker LOD R? Add Dom
1 NOSPP qNOSPP-7-1 7 12 RM248 RM70 3.53 37.66 -91.35 -39.33
2 NFGPP qNEGPP-7-1 7 13 RM248 RM70 3.17 9.85 -82.96 -28.39
3 NOSISB gqNOSISB-7-1 7 11 RM248 RM70 4.07 40.39 -85.98 -47.51
4 SD qSD-7-1 7 7 RM248 RM70 8.11 61.65 -0.99 -0.72
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Table 2. Annotation of clustered QTL region present in long arm of chromosome 7

Chr Interval Number Grain number Major genes  Protein function
of genes related genes
7 22,776,704 725 32 LOC4343851 MADS-box transcription factor 18-like%2C transcript variant X2
- 29,339,845 LOC4343912  ethylene-responsive transcription factor 1-like

LOC4343915  F-box only protein 13
LOC4344233  ethylene-responsive transcription factor FZP-like
LOC4344266  ethylene-responsive transcription factor RAP2-3
LOC4344331 ETHYLENE INSENSITIVE 3-like 1 protein
LOC107281516 transcription factor bHLH149

transcription factor bHLH149. The physiological
attributes of ethylene production in panicle at
anthesis time impacted grain filling, grain number
and grain density in rice. This ethylene-responsive
gene has the role of achieving higher grain filling
in compact panicle types of rice.

CONCLUSION

From the above study, the identified clustered QTL
region has the significant association with the
important panicle traits, including number of
spikelets per panicle, the number of grains per
panicle, the number secondary branches per
panicle, and spikelets density. The flanked
markers RM248 and RM70 can be used in
marker-assisted selection and backcross breeding
to increase the grain yield. The gene annotation
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in this QTL region revealed the possible candidate
gene for important panicle traits. Especially the
ethylene-responsive gene is essential for getting
higher grain filling in the long compact panicles,
which is required for developing new plant type-
based rice varieties
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Unraveling the role of OsCCA1 under low light stress using genome
editing approach

Debasish Pattnaik*, Manaswini Dash, Debasmita Panda, Subhashis Karmakar,
Kutubuddin A. Molla and M. J. Baig

National Rice Research Institute, Cuttack, Odisha, 753006
Email- debasishpattnaikag@gmail.com

Rice is primarily grown as a Kharif crop in India
and South Asia. The optimum irradiance required
by rice plants to perform normal photosynthesis
is 1500 imol m™?s?. Hence, low irradiation results
in decreased photosynthesis. Plant growth
(morphology, anatomy, physiology, and cellular
biochemistry) is highly influenced by the
fluctuation of light intensity during cloudy days,
which ultimately influences the flowering time
and plant productivity. OsCCA1 plays a significant
role in photoperiodic flowering by exhibiting
critical day length in rice, and its defective
mutants exhibited delayed flowering phenotypes
under long-day but not short-day conditions.

To unravel the role of gene OsCCA1 in rice
plants under low light stress, we are trying to
generate knock-out mutants using CRISPR-Cas9.
A polycistronic tRNA-gRNA system was used for
CRISPR multiplexing. We have selected two
guides, for targeting the gene, driven by the OsU3
promoter. The assembled product was cloned into
both expression vectors. Rice protoplast
transfection was performed for transient
expression and to check the efficacy of sgRNA.
After protoplast transfection, gDNA was isolated,
and target regions were amplified using specific
primers. Successful editing was confirmed
through Sanger sequencing of the amplified
products.

Low light tolerant and susceptible rice
varieties such as Swarnaprabha and IR-8 were
identified in earlier studies. We also standardized
the regeneration media for performing
Agrobacterium-mediated transformation. Since
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low-light tolerant varieties show a 2-fold
upregulation of OsCCA1 under low-light-stressed
conditions, we assume it has some role. Therefore,
CRISPR-Cas9 generated rice ccal knockout
mutants will be used for characterization and to
decipher the role of the gene in rice under low
light stress.

METHODOLOGY

’ Amplification of the fragments using Q5
hi-fidelity polymerase from pGTR vector

¢ Assembling of fragments using Golden
gate assembly.

’ Cloning of assembled product into
pGEMT-easy vector background.

¢ Clone confirmation using restriction
enzyme digestion.

’ Sanger sequencing of the positive clones.

’ Sub-cloning of assembled product into

expression vector background.

¢ Transient expression analysis into
protoplast in Kitaake rice variety.

’ Checking of guide efficiency by PCR and
Sanger sequencing

¢ Standardization of various regeneration
media of variety Swarnaprabha and IR-8.

RESULTS AND DISCUSSION

CRISPR-Cas9 is an adaptive immune system
found in bacteria and archaea, used for successful
genome editing for both eukaryotes and
prokaryotes (Jiang et al 2017). SpCas9 generates
blunt end cuts at the target sites in the genome
and makes random and unpredictable mutations
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using non-homologous end-joining systems
(Molla et al 2020). In this present investigation,
we are targeting OsCCA1 using CRISPR-Cas9
mediated multiplex knockout tool in rice. Initially,
we validated the successful generation of
mutations in rice protoplast analyzed after 72
hours of transfection. Since we used two guides
for each gene, it is expected that the intervening
region of the two predicted double-strand break
(DSB) would be deleted. Target-specific PCR
products amplified from transfected protoplast
showed expected deletion, as evidenced by smaller
bands. When we Sanger sequenced the PCR
products, we observed deletion of 59 bp in
OsCCAL.

We have also standardized regeneration
media for IR8 and Swarnaprabha variety for
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Theme I : Enhancing the genetic potential of rice for stress tolerance and nutritional quality

performing Agrobacterium mediated
transformation and we got 23% and 30%
regeneration efficiency in both the varieties,
respectively. We will proceed with obtaining the
mutants which will reveal the role of OsCCA1
gene under low light stress.
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Effect of high temperature and humidity on seed germination in rice
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SICAR, New Delhi, India

Rice being the staple food of our country owes
the largest yield. For maximum yield, optimum
utilisation of the inputs in the field and plant
population is the vital need which can be achieved
by optimising the seed quality. Herecomes, the
pictures of viable and healthy seed. Seed
deterioration is a natural inevitable process.
Whereas, the rate of seed deterioration depends
on the seed moisture content, temperature and
relative humidity of the storage (Ellis et al. 1992).
Deterioration cannot be stopped but can be slowed
down to elevate the time of seed death. Ageing
and deterioration are the key factors to study the
seed behaviour in storage. In this experiment, five
rice genotypes were studied for deterioration of
seed germination under elevated temperature and
moisture conditions for Five days to determine the
change in the germination percentage over the
period of stress.

OBJECTIVES

To study performance of rice genotypes under
elevated temperature and moisture conditions

METHODOLOGY

In this experiment 5 rice genotypes were subjected
for seed deterioration via accelerated ageing at
45°C and 100% relative humidity (RH) for 24, 48,
72,96, 120 hr in three replications. Treated seeds
were put for germination and observations were

Table. Mean germination percentage of five genotypes
(control and 1-5days of treatment

Germination%
Genotypes Treatment
Control Day1l Day?2 Day3 Day4 Dayb5
TN3 100 90 90 75 45 20
CRD201 100 85 55 50 15 0
MNP16 95 90 80 70 55 25
CRD101 95 90 90 65 40 0
JBS13 97 90 80 65 55 10
150 Nl

recorded for seed for each day treatment on the
last count day of rice.

RESULTS

The results showed a rapid decline in the
germination percentage of the genotypes with
increase in duration of the treatment. A drastic
decline has been seen on day 5 of the treatment
with respect to the control. The mean percentage
decrease in germination in each five genotypes of
the three replications can be seen in the table.

The decline of the germination% has been
relatively slow in MNP16 than other genotypes.
The Bar graph shows the percentage decline in
germination of genotypes on each day of
treatment.

1M1
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Fo MNP 15 LD 51
Bar graph- percentage decline in germination of genotypes
on each day of treatment.

CONCLUSION

The percentage of decline in seed germination
during ageing is specific for each genotype. The
rate of detoriotaion depends on the genotype as
well as the duration of the treatment.
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Development of upland-smart rice variety by pyramiding QTLs for

deeper rooting, phosphorus uptake and yield under drought stress
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Sharat Kumar Pradhan? and Elssa Pandit"

'Department of Biosciences and Biotechnology, Fakir Mohan University, Balasore- 756089
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Drastic climate change is causing frequent
drought stress. Almost 50% of India’s 143Mha
rice growing area is under rainfed conditions that
face erratic rainfall and severe drought. Rice being
a shallow rooting plant, becomes vulnerable to
stress. Changing the root architecture from
shallow to deeper rooting by altering the root
angle can help the rice plant to escape drought.
One major QTL/gene for deep rooting Drol and
a few minor QTLs like Dro2, Dro3, Dro4 and Dro5
have recently been mapped, of which only Drol
has been cloned. In addition to drought, low
phosphorus availability is a major limitation in
upland ecology. Almost 50% of rice soils are P-
deficient worldwide. The cost of required
phosphatic fertilizers to improve yield is becoming
a constraint to Indian farmers. The development
of rice genotypes that are efficient in the
absorption and utilization of phosphorus under
low availability will be a great help. A major QTL
Pupl on chromosome 12 exhibiting 78.8%
phenotypic variance for P-uptake is the only QTL
available for marker-assisted breeding programs
for efficient P-uptake. Also, the candidate gene,
phosphorus-starvation tolerance 1 (PSTOLI), has
been cloned and gene-based markers are available.
Overexpression of PSTOLI in such varieties
significantly enhances grain yield in phosphorus-
deficient soil. PSTOL1 is an enhancer of early root
growth, enabling plants to acquire more
phosphorus and other nutrients. Yield under
drought stress is a necessary trait required for
varietal improvement. The major drought yield
QTLs, gDTY1.1, gDTY2.1, qDTY2.2, gDTY2.3,
gDTY3.1, qDTY3.2, gDTY4.1, qDTY1.1, gDTY6.1,
gqDTY6.2, gDTY9.1, qDTY10.1 and gDTY12.1,
have been demonstrated to give tolerance to
reproductive stage drought stress minimizing the
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yield loss. Under this scenario, the present study
aims to pyramid QTLs for yield under
reproductive stage drought stress, deeper rooting
and P-uptake in a popular background.

METHODOLOGY

Marker-assisted backcross breeding method was
followed for pyramiding the deeper rooting, P-
uptake and yield under drought QTLs/genes.
Phenotyping for deeper rooting, yield under
drought and P-uptake efficiency was done under
controlled conditions.

RESULTS

The developed NILs in the background of
MTU1010 possessing Pup1, Drol and Dro2 genes/
QTLs were used as donors to develop the
pyramided lines. During the backcross
generations, gene-based markers, as well as closely
linked flanking markers, were used to select the
plants having Pupl+Drol+Dro2+gDTY2.3
+qDTY3.2 gene combination. In addition,
polymorphic markers between the recurrent
parent and the donor lines were used to select
plants with maximum recurrent genome recovery
in BCF, generation. The work is in progress to
develop NILs in BC,F, generation.

CONCLUSION

The new version of the popular variety with an
in-built capacity to tolerate drought having deeper
rooting, better uptake of Phosphorous with better
yield potential under reproductive stage drought
stress will be more adopted by the farmers as it
will be in a popular background. The income of
the farmers dependent on rainfed ecology will be
increased. The pyramided line(s) that will be
developed in the study can also be used as a
potential donor in other breeding programs.
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CRISPR-Cas-mediated mutants for rice CA, PEPC, ME, and PPDK
genes for deciphering their function
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Rice (Oryza sativa L.) is a major staple food and
source of energy for half a billion of the world’s
population. Its small genome and ease of
transformation make it an ideal crop for
biotechnological application. Photosynthesis is a
crucial factor that determines the yield potential
of crops. So, improvement in photosynthesis is
correlated with the enhancement in productivity.
C4 plants are photosynthetically superior to C3
plants and have higher water- and nitrogen-use
efficiency. PEPC, PPDK, CA, and ME are the four
key C4-photosynthesis-related genes. Although
rice is a C3 plant, it contains homologs of these
four C4 pathway genes. However, the actual roles
of these genes in C3 rice remain mostly unclear.
To unravel the role of these genes in rice plants,
we have generated knockout mutants of all four
genes using CRISPR-Cas9. A polycistronic tRNA-
gRNA system was used for CRISPR multiplexing.
We have selected two guides for each of the four
targeted genes. OsU3 promoter was used to drive
the expression of guides. The assembled product
was cloned into both expression vector as well as
binary vector backgrounds. Rice protoplast
transfection was performed for transient
expression and also to check the efficacy of
sgRNA. After protoplast transfection, gDNA was
isolated and target regions were amplified using
specific primers. Successful editing was confirmed
through sanger sequencing of the amplified
products. Furthermore, the binary vector was
transformed into the Kitaake rice variety.
Regenerated plants were transferred into rooting
media and subsequently into the soil after four
weeks of transformation. Putative plants were
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analyzed, and positive mutant lines were selected
for further analysis. This CRISPR-Cas9 generated
rice C4 knockout mutants will be used for
characterization to decipher the role of these
genes in rice.

METHODOLOGY

° Amplification of the fragments using Q5
hi-fidelity polymerase from pGTR vector

° Assembling of fragments using Golden
gate assembly.

° Cloning of assembled product into
pGEMT-easy vector background.

° Clone confirmation using restriction
enzyme digestion.

Sanger sequencing of the positive clones.

Subcloning of assembled product into an
expression vector as well as a binary vector
background.

° Transient expression analysis into
protoplast and Agrobacterium-mediated
stable transformation into Kitaake rice
variety.

° Analysis of mutant plants and deciphering
the role of these genes in C3 rice.

RESULTS AND DISCUSSION

CRISPR-Cas9 is an adaptive immune system
found in bacteria and archaea, used for successful
genome editing for both eukaryotes and
prokaryotes (Jiang et al. 2017). SpCas9 generates
blunt end cuts at the target sites in the genome
and makes random and unpredictable mutations
using non-homologous end-joining systems
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(Molla et al., 2020). In this present investigation,
we have selected four C4 pathway genes, namely
OsPEPC, OsPPDK, OsCA, and OsNADP-ME for
CRISPR-Cas9 mediated multiplex knockout study
in rice. Initially, we validated the successful
generation of mutations in rice protoplast
analyzed after 72 hours of transfection. Since we
used two guides for each gene, it is expected that
the intervening region of the two predicted double-
strand breaks (DSBs) would be deleted. Target-
specific PCR products amplified from transfected
protoplast showed expected deletion, as
evidenced by smaller bands. Upon Sanger
sequencing of the PCR products, we observed
deletion of 176 bp for the OsCA, 706 bp for the
OsPEPC, 241 bp for the OsPPDK, and 520 bp for
the OsNADP-ME gene. After successful editing
in protoplast, we have constructed binary editing
vectors for calli-mediated transformation. We
transformed the four constructs separately to rice
calli and regenerated putative genome-edited
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plants for each genes. For screening, we isolated
genomic DNA from the regenerated plants and
used them for PCR amplification using gene-
specific primers. Gel electrophoresis and Sanger
sequencing were used for screening. The mutants
obtained in the study will be characterized for
physio-biochemical properties to unravel the key
function of these C4 genes in C3 rice.
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Validation of molecular markers responsible for deeper rooting (Dro1)
QTL in rice
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Rice (Oryza sativa L.) is the most versatile food
crop and provides staple food for more than half
of world’s population. More than 90% of rice
growing field is present in Asia. Conventional rice
cultivation requires a substantial amount up to
5000 litres of irrigation water to produce 1 kg of
rice. However, emerging water crisis, water
intensive nature of rice and increasing labour
charges has led for development of water-labour-
energy efficient rice cultivar for global
sustainability of food security. Plant root
architecture is vital for absorption of water and
nutrients in optimum amount. Therefore,
inducing deeper rooting through incorporation of
root angle gene in very high yielding irrigated rice
will combat the moisture stress faced due to
climate change. In such a situation, rice genotypes
which have deeper root system can be a great
help. Marker validation is a useful technique to
detect the target gene and can be implemented
during the breeding program. Molecular markers
can increase the efficiency by allowing selection
of genotypes and minimizing linkage drag. This
is the first step in breeding programme to identify
the recipient and donor parents. Screening of rice
varieties using microsatellite markers will led to
selection of donor parent which can be used for
transfer of our desired Drol QTL into a suitable
recipient parent.

OBJECTIVE
a. Marker validation of rice genotypes for
Drol QTL.

b. Identification of donor germplasm(s) for
deeper rooting trait.
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MATERIALS AND METHOD

The seeds of thirty-five rice germplasms were
taken comprising backcross generation (BC,F,)
progeny of Maudamani and CR19-9-45-1.
Phenotypic validation was performed in net house
under optimal water deficit stress condition. For
genotypic validation, leaves were collected from
15-20 days old seedlings for extraction of genomic
DNA. After grinding with liquid nitrogen, leaves
were isolated for pure genomic DNA using CTAB
extraction method. After extraction, these
genomic DNA were checked by using 1% agarose
gel followed by DNA amplification, gel
documentation and validation. Three linked
markers namely, RM7424, RM24393 and RM?242
were used to screen the rice varieties (Uga et al.,
2011; Uga et al., 2013). Data were analysed
through statistical software.

RESULT

Out of 35 derived lines, three lines were
performing better in stress condition in
comparison to rest of the lines. In genotyping, six
lines were showing positive band to RM242 and
RM 7424 each while seven genotypes were
showing positive band to RM 24393 individually.
Also, five lines found positive with two
combinations (RM242/RM7424 and RM242/
RM24393) of marker whereas four derived lines
showing positive with RM7424 and RM24393
marker combination. Combining all the markers,
three derived lines viz., 14, 15 and 27 were found
positive to all the marker combination
(RM242+RM7424+RM24393). These lines were
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Fig. Screening of Drol QTL using RM242, RM7424 and RM24393 markers in BC F, derivatives

carried forward for further backcross program
and marker-based selection for enhancement of
deeper rooting.

CONCLUSION

Based on the results found in the present
experiment it can be concluded that the BC F,
derived lines viz., plant no. 14, 15 and 27 of cross
between Maudamani/ CR-19-9-45-1 showing
gene for deeper rooting. As observed, SSR markers
RM242, RM7424 and RM24393 can be used for
validation of deeper rooting in rice genotypes. The
genotypes having Drol gene shows more root
growth angle and deeper roots helping it to absorb
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which will help the genotypes to survive in water-
deficit condition. Hence, the NIL lines of the
identified genotypes can be used further as good
potential donors for deeper rooting.
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Genetic enhancement for drought tolerance to improve the
productivity of rainfed drought-prone rice environment

Nimai P Mandal, Somnath Roy, Priyamedha, Amrita Banerjee and S Bhagat
Central Rainfed Upland Rice Research Station, ICAR-National Rice Research Institute, Hazaribag 825301, Jharkhand, India

The rainfed rice systems including both upland
and lowland areas occupy nearly 38% of the total
rice cropped area, contributes only 21% of the
total rice production due to low productivity
caused by drought and other abiotic stresses
(Khush, 2005). Worldwide, drought affects
approximately 23 million ha of rainfed rice. These
drought vulnerability scenarios are likely to
worsen in the future with predicted climate
change scenarios, which will also lead to more
complex interactions of drought with other abiotic
and biotic stresses (Lesk et al. 2016). It is therefore
critical that drought mitigation through improved
drought-tolerant rice varieties and comple-
mentary management practices represent an
important exit pathway from poverty. The
foremost challenge, therefore, is to breed high
quality varieties that would confer enhanced
grain yield along with multiple stress tolerance
including drought, low-phosphorus, diseases and
insect pests.

METHODOLOGY

Germplasm characterization is the first step of any
crop improvement program. At CRURRS, during
past decades, several rice accessions comprising
of upland adapted and drought tolerant aus,
indica, japonica and NERICA genotypes have been
characterized and a few of them (Brown gora,
Kalakeri, Lalnakanda 41, Waikoku, N22, BRRI
Sail, C22, and many more) have been utilized for
developing drought tolerant varieties. In the recent
climate change scenario, both reproductive and
vegetative stage drought are becoming more
frequent due to uneven monsoon rainfall and to
combat these problems reliable screening
techniques have been put in, which can be used
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for characterizing genetic resources. Genotypes
with both vegetative and reproductive stage
drought tolerance with high yield (CR143-2-2,
CRR747-13-3-B, Kalakeri, RR433-2-1 and Dular)
have been identified and registered with PGRC
portal of ICARwhich can be utilized for stabilizing
rice production in rainfed ecologies.

RESULTS

Significant achievements were made in improving
productivity of rainfed upland ecology through
conventionally bred varieties such as Vandana,
Anjali, Virendra, CR Dhan 40,CR Dhan 103 and
Purna. Similarly, varieties like Abhishek,
Sahbhagi Dhan, IR64 Drtl, CR Dhan 320 found
to be highly suitable for rainfed drought-prone
shallow lowland.Popularity of these varieties can
be judged from the fact that large quantities of
breeder seed indent received and produced for
these varieties during last ten years and recently,
Sahbhagi Dhan, covering more than 2 mha areas
during kharif season, has been recognized as a
landmark variety for ensuring food security in
drought-prone rainfed ecologies of eastern and
north-eastern India. In the recent years marker
assisted breeding (MAB) approach has accelerated
the progressin developing of drought tolerant
varieties and combining with other abiotic or biotic
stresses. IR64 Drtl is the first drought tolerant
variety developed though MAB and subsequently
other varieties developed through this approach
are CR Dhan 107 (drought+blast resistance) and
CR Dhan 804 (drought+submergence tolerance).

CONCLUSION

The drought tolerant varieties developed at NRRI-
CRURRS will definitely help in stabilizing the rice
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production in rainfed drought-prone ecology of
the country for a sustainable growth. For climate
smart agriculture which aims to sustain
production even in adverse climatic conditions it
will be required to incorporate many other
tolerance traits keeping the market need in mind,
though it’s a holistic approach which requires
balanced integration of genetic manipulation and

management practices.
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Parental line improvement for submergence tolerance in rice - a
marker assisted backcrossing strategy for hybrid development
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HariPrasad AS and RM Sundaram

Hybrid rice unit, Crop Improvement Section, Indian Institute of Rice Research, Rajendranagar, Hyderabad, Telangana, India.
Corresponding author: senguttuvel@gmail.com

Rice generally grows in waterlogged conditions
but gets adversely affected by complete
submergence at early vegetative stage caused by
flash floods ultimately reducing the grain yield.
Hybrid rice which strikingly out yields rice
varieties; an approach for developing a hybrid
that can sustain submergence/flash floods and
meet the production demands in terms of yield
and food requirement will be an advancement in
rice breeding. Keeping in view, the present
investigation was undertaken with the following
specific objectives to introgress major gene(s) Sub-
1 for submergence into genetic background of
hybrid rice parental line KMR-3R, further to
characterize and evaluate marker assisted
backcrossing for tolerance to submergence
parental line and finally evaluate parents and F,’s
for combining ability and extent of heterosis.
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Fig. 1: Submergence screening of BILs at seedling stage in rice
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METHODOLOGY

In the present study, the parental line KMR-3R
and Swarna Sub-1 (flood-tolerant variety
containing the SUB1 (Submergence) gene) were
considered for the hybridization program as
recurrent and donor parents respectively. True
hybrids were confirmed by foreground markers
and simultaneously two backcrosses were made
to produce Backcross Inbred lines (BILS) and at
BC,F, generation confirming the presence of SUB1
gene by foreground markers (SUB1BC2,
SUB1BC3, SublA, SUB1C173, RM 23911,
RM23865) and recovery of recurrent parent
genome by background markers distributed
among all the 12 chromosomes. Phenotypic
screening for submergence tolerance at the
vegetative stage was done by imposing a stress
environment for 14 days in the cement tanks
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where the seedlings were submerged underwater
above 55cms. Based on survival ability, a visual
score was given using SES scale (1, 3, 5, 7 & 9)
(SES IRRI, 2014) and tested for physiological traits

under submergence stress conditions.

RESULTS

Based on the tolerance level showed by BIL’s in
comparison with donor parent and morphological
attributes, the 13 best lines were selected (Fig. 1)
and screened further for the presence of fertility
restoration (Rf4 and Rf3) with molecular markers
(RM 6100 and DRRM-Rf3-10 respectively).
Further, these BILs were evaluated for combining
ability and heterosis in L x T fashion by crossing
diverse cytoplasmic male sterile (CMS) lines, and
identified five promising BILs TCP-2, TCP-10,
TCP-12, TCP-25 and MB-44for good general
combines and hybrids for grain yield.
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Additionally, these selected BILs also showed
tolerance level with reference to physiological
traits namely total chlorophyll content and Fu/Fm
pattern.

CONCULSION

Our study demonstrated that, systematic MABB
approach with phenotypic selection for
development of submergence tolerance of a
popular rice restorer parent KMR-3R background.
The identified BILs would serve as valuable genetic
stock and enable breeders to derive potential high
yielding hybrids for flood prone ecologies in
breeding programs.
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Assessing the interactive effects of elevated CO, and salinity on
physiological traits of rice genotypes

Sushma. M. Awaji’, Prashantkumar. S. Hanjagi, Koushik Charaborty and M.]. Baig

ICAR-National Rice Research Institute, Cuttack-753006, Odisha, India
*Corresponding author e-mail: Sushma.awaji@icar.gov.in, smal624@gmail.com

Rice (Oryza sativa L.) being a staple food crop of
the world with a considerable impact on world
food security is continuously being threatened by
present climate change scenarios (Chauan et
al.,2017). The productivity of rice, has been steadily
impacted by numerous abiotic factors, particularly
drought, salinity, flooding, and extreme
temperatures in most rice-growing habitats. Due
to the effects of climate change, it is projected that
the occurrence, intensity, and duration of these
stresses will increase, necessitating robust rice
yields to feed the growing global population.
Climate predictions show rising CO, levels and
rising average global temperatures over the 21
century. (IPCC. Synthesis Report.,2014). As a result,
significant efforts are being made to evaluate the
effects of climate change on rice yield and
production and to find measures to reduce such
effects (Balbinot et al.,2021). In this regard, a study
was carried out to evaluate the interactive effects
of elevated CO, and salinity in rice genotypes.

METHODOLOGY

Four rice varieties viz., FL-478, Kamini, AC-41585
and IR-29 were taken for the study and experiment
was carried out in Open Top Chamber (OTC)
facility at ICAR-NRRI. Seeds of four rice genotypes
were surface sterilized with 1% sodium
hypochlorite solution and then put for
germination, one week after germination seedlings
were transferred to hydroponic system with
Hoagland’s solution and the imposed treatments
are: T1- ambient CO, (380umol/L) - salinity, T2 -
ambient CO, (360umol/L) + salinity
(150mMNaCl), T3 - elevated CO, (700pmol/L) -
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salinity and T4 - elevated CO, (700pmol/L) +
salinity (150mM NaCl). Each treatment had three
replicates. An automated CO, control system was
used to maintain the CO, concentration. It
measured and adjusted the CO, concentration
every 30 seconds throughout the experiment. Stress
treatment was imposed 21 days after germination
and continued for 2 weeks. At the end of the stress
period, sampling was done to measure several
physiological parameters.

RESULTS

There was significant variation among rice
genotypes in response to elevated CO,
concentration under salt stress was observed and
it was found that elevated CO, reduced the adverse
effects of salt stress on physiology of rice genotypes
by enhancing growth parameters. Among the
genotypes studied, AC-41585 showed better
tolerance to salinity stress combined with elevated
CO, by maintaining higher plant dry weight,
chlorophyll content, cell viability, K content which
can be attributed to positive impact of elevated CO,
on growth and physiological traits (Figure 1).

CONCLUSION

It is evident from the present study that, the
deleterious effects of salinity were nullified by the
elevated CO, in terms of enhanced plant dry
biomass and tissue tolerance, however there is a
lot of genotypic variations exists which needs to
be studied thoroughly in order to understand the
detailed mechanisms of salinity tolerance under
elevated CO, conditions.
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Fig 1: Heat map showing the genotypic variation among the studied traits at different treatments of elevated CO,and salinity.
In this study, AC-14585 recorded the highest values in all the traits (based on color indication-red) even at T, except for
membrane leakage (EC) and sodium (Na) content followed by tolerant check FL-478. While the susceptible check IR-29 and
Kamini recorded the lowest values among the genotypes studied (blue).
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Improvement of popular rice cultivar of indo-gangetic plain zone for
biotic stress through genomic assisted shuttle breeding-GASB
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Rice (Oryza sativa L.) is an important staple food
crop of the world and world rice production is
mainly concentrated in Asian countries. In the
Asian context, it is grown under diverse ecological
conditions and gets exposed to different biotic and
abiotic stresses, in which, bacterial blight, false
smut, sheath blight, blast diseases are major biotic
constraints, has fungal, bacterial and/ or viral
origin. Among major biotic diseases, bacterial
blight (BB) caused by bacteria Xanthomonas oryzae
pv. oryzae (Xoo), not only causes severe yield loss
up to 21-59 % but also impair the quality of the
rice grain in rice-growing countries of the world
(Singh et al. 2020). BB are being systemic seed and
soil born; there are no effective ways to protect or
combat rather than to develop of resistant
cultivars. Genomics-assisted shuttle breeding-
GASB has been advocated as a highly efficient
breeding method due to its rapid and precise
selection of the targeted genes and less time taking
process than the other approaches of plant
breeding. To address the above problems of BB
disease, genomics-assisted shuttle breeding-GASB
has been utilized for rapid improvement of the
recurrent parents for the targeted disease.

METHODOLOGY

Introgression of major resistant genes was
accomplished by using donor parent IRBB66 to
improve susceptible cultivar Rajendra Sweta
through genomics-assisted shuttle breeding-GASB
approach. IRBB66, a short grain, medium
maturing NIL of IR24 rice variety, was utilized as
the donor for introgression of bacterial blight
resistance genes, i.e., xa5, Xa7, xal3 and Xa21 into
Rajendra Sweta. Foreground selection was
performed using tightly linked or gene based
markers for BB resistant genes and background
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selection was performed by covering the 12
chromosomes through 360 SSR markers followed
by the conventional backcross breeding method
between Rajendra Sweta and IRBB66 up to two
backcross generations.

RESULTS AND CONCLUSION

Foreground selection was performed using tightly
linked or gene based markers for BB resistant
genes i.e., xab, Xa7, xal3 and Xa21, however, for
background selection, each linkage group covered
by 4 5 -7 polymorphic marker, supplemented
with 76 polymorphic SSR markers between
Rajendra Sweta andIRBB66 were utilized. The
resistance cultivar IRBB66 showed higher level
(4.1 %) of disease resistance, while highly
susceptible/ negative check TN-1 showed 76.3 %
disease severity and susceptible cultivar Rajendra
Sweta showed 56.7 % disease severity against the
bacterial pathogen Xoo. Improved lines of
Rajendra Sweta showed yield advantages of up
to 9.39 to 4.23%, respectively. The performance
of the BB-resistant version of Rajendra Sweta
produced by inter-crossing the improved lines of
IRBB66 was on at par with or superior to the
original R. Sweta. While, the F, (segregating) and
back-cross (B, and B,) populations were
phenotypically classified into three distinct classes
as highly resistant or resistant, moderately
resistant, and moderately susceptible or
susceptible in the ratio 13:3,1:1and 1: 0 (non-
segregating type), respectively which is mainly
due to cumulative effects of three resistant genes
Xa21, Xa7 and xal3/ xa5. Details of genomics-
assisted shuttle breeding-GASB for developing the
new version of Indica rice cultivar R. Sweta with
high degree of resistant against the bacterial blight
disease will be discussed during the presentation.
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Characterization of African rice (Oryza glaberrima steud.) genotypes
for low soil phosphorus tolerance
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Phosphorus deficiency is a major abiotic factor,
limiting rice productivity in many resource poor
farming conditions globally. Minimizing
phosphorus input could be facilitated by the
development of more phosphorus-efficient crop
cultivars that will yield more per unit of
phosphorus input. African rice, Oryza glaberrima
Steud., is known for its wider adaptability and
resistance to various indigenous biotic and abiotic
stresses including low phosphorus availability in
acidic soils (Tobita et al., 2003). It is also known
that pup1 is largely conserved in cultivars adapted
well under rainfed ecosystem, where O. glaberrima
is highly prevalent under African rainfed
ecosystems. Thus, the present investigation was
undertaken to evaluate 31 accessions of O.
glaberrima along with four checks under low soil
phosphorus field conditions coupled with
molecular validation of the accessions using pupl
gene specific molecular markers.

METHODOLOGY

Thirty-one rice accessions of O. glaberrima with
four checks (Rasi, Swarna, Improved Samba
Mahsuri and MTU 1010) were screened for low
soil phosphorus tolerance in the low soil P plot
(Available P <5 kg ha') at ICAR-IIRR, Hyderabad.
A total of 15 parameters of yield traits and root-
shoot characteristics were recorded along with
different stress indices for phenotypic evaluation.
The genomic DNA from the young leaves of the
accessions was isolated and PCR amplification
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was carried out using three Pupl specific markers
viz., K 46-1, K 46-2, and K 52 for validation.

RESULTS

Phenotypic screening under low soil phosphorus
conditions led to the identification of few O.
glaberrima accessions showing better performance
for yield and related traits. Molecular validation
revealed the presence of pupl loci in 62.86%,
97.14% and 88.57% of accessions for K46-1, K46-
2 and K52 marker loci respectively. Among the
accessions studied, EC 861784, EC 861812 and
EC 861813 exhibited higher yield compared to the
checks and also got validated with all the three
pupl gene specific markers. Of these, one O.
glaberrima accession viz., EC 861784 seemed to
be promising with highest yield, stress tolerance

=N

(a) Resistant and (b) susceptible accessions of O. glaberrima
under low soil P conditions
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index and with pup1 loci pointing its importance
as an efficient source in breeding programmes to
enhance the genetic base of the O. sativa cultivars

for phosphorus use efficiency.

CONCLUSION

Our study was handy in the identification of three
African rice genotypes viz., EC 861784, EC
861812 and EC 861813 that were tolerant to low
soil phosphorus conditions with genomic regions
for all the three pupl markers loci validated.
Narrowed down, EC 861784 accession recorded
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the highest yield, tolerance index coupled with
pupl loci indicating its utilization as a low soil
phosphorus donor in future rice breeding
programmes.
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A trehalose-6-phosphate phosphatase (OsTPP7?) regulates culm length
in rice under aerobic and flooded condition
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Culm length is an important agronomic trait in
rice that directly affects yield. The main practical
problem with culm length is that this trait is also
influenced by other major genes in rice and affects
nutrient use efficiency. In rice, a major gene
namely OsTPP7 (LOC_0Os09g20390) associated
with anaerobic germination (Kretzschmar et al.,
2015) tolerance facilitates germination and
seedling vigor under anaerobic condition through
regulating seedling height. Thus, this research
aims to identify and validate the degree of
association of OsTPP7 to culm length in rice using
random forest classifiers.

METHODOLOGY

A 115 SNPs identified in 1765 rice genotypes of
OsTPP7 (trehalose-6-phosphate phosphatase)
associated with culm length were computed from
the SNP Seek database. Boruta wrapper
algorithm was used for imputation and possible
ntree and mtry combinations were analyzed
using random forest models to predict phenotypic
association, and root mean square deviation for
the prediction of important variants.Additionally,
validation of TPP7 gene specific In/Del primers
(Chidambaranathan et al., 2022) were evaluated
in 128 recombinant inbred line crosses between
Bhalum2 and N22 under aerobic and flooded
condition and analyzed for statistical significance
through Z test and LSD mean separation analysis

RESULTS

The Boruta wrapper algorithm predicted 13 out
of 77 SNPs associated with the culm length.
Further, training and testing dataset analysis
predicted multiple R square of 0.0695 and 0.0804,
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implying around 8% phenotypic variation.
Further, root mean square deviation for the
significant variants was found to be ~ 26.60 cm
of culm length. Similarly, mean decrease in
accuracy for the feature importance plot showed
that top two SNPs (Chr09:12253887-12253191)
are highly important for predicting the culm
length in rice. This unique 3' UTR allele is present
in only 1.5% of genotypes in the rice 3k panel,
indicating recent origin. The allelic effect of TPP7
showed a highly significant (P=0.00**) difference
between flooded and aerobic conditions.

CONCLUSION

Thus, the supervised machine learning model
identified the contribution of 8% in the culm
length phenotypic association of the OsTPP7
gene. Further, the mean phenotypic difference for
culm length in N22 and Bhalum?2 allele under
aerobic and flooded condition was found to be
~13 and 14 cm, respectively. Therefore,
introgression of the novel alleles of OsTPP7 not
only promotes anaerobic germination tolerance
but also regulates culm length in aerobic and
flooded condition.
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Genome-wide identification, characterization and marker
development of simple sequence repeats in rice pathogens
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Rice is a cereal of utmost importance as it serves
as a staple diet of almost half of the global
population. Brown spot, false smut and bacterial
leaf blight are some of the important diseases that
affect rice and hence reduce the yield of the crop.
They are caused by pathogens Bipolaris oryzae,
Ustilaginoidea virens and Xanthomonas oryza pv
oryza, respectively. Development of molecular
markers led to discovery of genes responsible for
resistance to various diseases (Ashraf et al., 2005).
This work focuses on identifying simple sequence
repeats in the genome of rice pathogens,
Xanthomonas oryza, Bipolaris oryzae and
Ustilaginoidea virens and developing the hyper
variable simple sequence repeats markers and
validation of the few markers developed in
selected pathogen.

METHODOLOGY

The whole genome sequence of the pathogens
were downloaded from NCBI in FASTA format
and used in the KRAIT software (Du et al., 2018)
which identified the simple sequence repeats in
the genome. This was followed by utilizing the
whole genome sequences and the sequences of
SSR obtained from KRAIT as input files in the In-
silico PCR tool to obtain amplicons and analyzing
the resulting file for the amplicon length and
position in the genome. Next, the entire amplicon
file was imported in FASTA format and queried
in Primer 3 Plus program for designing the
primers. The last process involved validation of
the primers designed in selected pathogen.

RESULTS

The prevalence of SSR motifs were analyzed in
each pathogen and it was discovered that in
Bipolaris oryzae, there are around 4948 numbers
of perfect simple sequence repeats in the genome
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with a repeat length of 93,712 bp. Trinucleotide
repeats were most abundantly found constituting
34.84% of all perfect repeats found. In case of
Ustilaginoidea virens, 18505 number of perfect
simple sequence repeats were found with a repeat
length of 3,91,175 bp and mononucleotides were
the most abundant repeats constituting 49.01%
of the perfect repeats discovered. Similarly, 41
number of perfect simple sequence repeats were
found in the genome of Xanthomonas oryzae with
a repeat length of around 791 bp. Trinucleotide
repeats constituting 34.15 % were the most
abundant perfect repeats identified. The markers
developed in each pathogen produced predicted
amplicon size in their respective pathogens and
hence were validated.

CONCLUSION

The above investigation included a genome-wide
sequence search in three pathogens which are
causal organisms of false smut, brown spot and
bacterial leaf blight to identify simple sequence
repeats in these pathogens from which perfect
SSR markers were developed using KRAIT tool.
This led to development of primers using Primer
3 Plus which were further validated via PCR
analysis and gel electrophoresis. The SSR markers
developed for these pathogens could be a useful
tool for analyzing genetic diversity, population
biology and strain identification of the pathogens.
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Differential regulation of pyruvate metabolism pathway under
vegetative stage drought stress in rice
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In the rainfed rice agro-ecosystem, drought is the
primary factor limiting rice yield (Pandey and
Bhandari). At the seedling, vegetative, and
reproductive phases, modern rice varieties are
extremely sensitive to drought stress, and even
minor drought stress can result in a considerable
yield drop in rice (Torres and Henry, 2016). A
number of QTLs and/genes have been identified
for reproductive stage drought stress and have
been transferred into popular rice varieties.
However, only limited information is available on
the identification of genes for the vegetative stage
drought stress in rice. Therefore, a total of three
rice genotypes; Mahulata and CR-143-2-2
(drought tolerant) and IR 20 (vegetative stage
susceptible variety) were taken for the
identification of differentially expressed genes
(DEGs) using RNA-Seq analysis. Transcriptome
analysis using RN A-Seq is advantageous in several
aspects over the other existing methods of
genome-wide expression analysis, which could
provide insights DEGs implying vegetative stage
drought stress.

METHODOLOGY

Sowing of all the three genotypes; Mahulata, CR-
143-2-2 and IR20 have been carried out at drought
experimental field ICAR-NRRI, Cuttack. Drought
stress was initiated on the 30 days after sowing
and the soil moisture was monitored in alternative
days by tensiometer. The drought treatments were
continued until leaves of the tolerant parent,
Mahulata displayed marked differences in leaf
damage. Leaf samples were harvested from all
HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023

rice lines (stress and control) in three replications,
snap-chilled in liquid nitrogen, and immediately
stored at “80°C for further use. Total RNA was
isolated from all the samples using Trizol Method.
The paired-end sequencing libraries were
prepared from the isolated total RNA sample and
PCR enriched libraries were analyzed on 4200
Tape Station system using high sensitivity D1000
Screen tape as per manufacturer instructions. The
2X150 PE illumina libraries were loaded onto
Novaseq 6000 for cluster generation and
sequencing. For bioinfo analysis quality of the raw
reads were checked using the fastp tool and all
the high quality reads were mapped against the
reference (EMBL Database) using the Hisat2
genome assembler. All the mapped reads were
used for quantification of transcripts using the
FeatureCount Package of Rsubread followed by
differential gene/transcript expression using the
DESeq2 Package of R. DEGs having significant t-
test of P value <0.05 were subjected for Gene
Ontology (GO) analysis using ShinyGO tool to
identify pathways involved under vegetative stage
drought tolerance in rice.

RESULTS

ShinyGO analysis revealed that differential
regulation of pyruvate metabolism pathway
involving up-regulation of several genes enriched
in response to vegetative stage drought stress.
Cytosolic NADP-ME 3 (0Os01¢0743500) was 7.8
fold highly expressed in IR-20 (Stress) compared
to IR-20 (Control). Pyruvate dehydrogenase E1
alpha subunit (0s06¢0246500) and Adh 1
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(Os1140210300) were 4.85 and 2.76 fold highly
expressed in IR-20 (Stress) compared to IR-20
(Control) respectively. DJ-1/Pfpl domain
containing protein C (0s04g0671700) and
mitochondrial malate dehydrogenase
(0s0140649100) were two fold highly expressed
in IR-20 (Stress) compared to IR-20 (Control).
Similarly, cytosolic NADP-ME 2 (Os05¢0186300)
was found to be 2.35 fold highly expressed in IR-
20 (Stress) as compared to CR-143-2-2 (Stress).
Further, nodule-enhanced malate dehydrogenase
(0s0750630800) was 1.7 fold highly expressed in
IR-20 (Stress) compared to CR-143-2-2 (Stress)
and 2.1 fold highly expressed in IR-20 (Stress)
compared to Mahulata (Stress). Alcohol
dehydrogenase superfamily (Os10g0159800) was
2.2 fold highly expressed in IR-20 (Stress)
compared to CR-143-2-2 (Stress) and 1.4 fold
highly expressed in IR-20 (Stress) compared to
Mahulata (Stress). Besides, pyruvate kinase 5
(Os1140216000) was 1.5 fold highly expressed in
IR-20 (Stress) compared to CR-143-2-2 (Stress)
and 2.2 fold highly expressed in IR-20 (Stress)
compared to Mahulata (Stress).
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CONCLUSION

According to prior findings, a large number of
RNA-seg-identified genes that are responsive to
drought have functionally been verified to have a
role in reducing water stress during drought. This
study showed pyruvate pathway was
differentially regulated in drought tolerant and
susceptible varieties of rice. This up regulation of
the pyruvate pathway under drought stress might
coordinate the biosynthesis of fatty acids and
amino acids pathway through pyruvate flux
required for vegetative growth in rice.
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Influence of pericarp color on pre-harvest sprouting in rice genotypes

Repudi Shalem Raju*', Chittaranjan Sahoo', Prashantkumar S Hanjagi?, Samal K C',
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Pre-harvest sprouting (PHS) or vivipary (seed
germination on the mother plant), caused by the
increased frequency of cyclonic storms with week-
long rainfall/heavy rains flooding rice fields

2. ICAR- National Rice Research Institute, Cuttack, Odisha-753006

*Corresponding author: repudishalemraj@gmail.com

increased seed dormancy and acts as a precursor
for -carotenoid synthesis and, indirectly, to the
ABA biosynthesis, leading to strong seed
dormancy (Rodriguez-Concepcion et al., 2001). In

during the grain maturity period is view of this scenario, we conducted the current

substantiallyeffecting rice output.Hence, in order
to avoid yield reductions and quality declines, it is
crucial to characterize rice genotypes for PHS. It is
important to prioritize the development of PHS-
resistant rice varieties (Kang, 2018). Carotenoid
concentration in the seed coat has been linked to

Pigmented seed coat resistant genotype
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Fig 1. Radar plot differencing the genotypes based on pigmentation white (susceptible) and red (resistant)
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investigation to study the influence of pericarp
color on PHS resistance in rice genotypes.

In the present work, 96 different rice accessions
from the ICAR-National Rice Research Institute,
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Cuttack, Gene Bank were characterized for PHS.A
standardized in vitro protocol(Hanjagi et al., 2022)
was used to evaluate rice genotypes for PHS
resistance and recorded the PHS response at five
different flowering stages (20 to 40 DAF).From
these 96 genotypes, 16 contrasting genotypes for
PHS were further studied for influence of pericarp
color on PHS resistance.Genotypes with red and
white pericarp were assigned the values 1 and 0 to
indicate dormancy and susceptibility to PHS,
respectively.

RESULTS

Six days after incubation, viviparity was observed
in the rice genotypes from 20 to 40 DAF. The
viviparous grain ratio in the panicle, which was
determined six days after incubation and divided
them into five groups based on PHS, served as the
basis for the varietal distribution.After studying
the 16contrasting genotypes for pericarp color and
its association with PHS resistance, we found that
out of 8 resistant genotypes 7 genotypes were
having red pericarp colorwhile one genotype had
non pigmented/white pericarp colour. The
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susceptible genotypes were found to have non-
pigmented/white pericarp color which were
highly susceptibile to PHS (Fig 1.).

CONCLUSION

A great genetic diversity for PHS/vivipary was
observed among the 96 diverse rice genotypes.
Seven out eight resistant genotypes had red
pericarpwhich might haveaided in the PHS
resistance by promoting ABA biosynthesis. Form
this study, we can conclude that pericarp colour
influences the PHS response in rice genotypes.
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Development and application of Iso-cytoplasmic restorer: a tool of
heterosis enhancement in rice hybrids
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Three line system of hybrid development is a most
important available way of heterosis exploitation
in rice (Oryza sativa L.). This system involves three
parental lines namely, male sterile parent (CMS),
unable to produce fertile pollens and used as
female parent in seed production; maintainer
parent, an isogenic of CMS line used to maintain
male sterility of CMS; and restorer, a genetically
diverse parent served as pollen parent and having
ability to restore the fertility in hybrids. In this
system, cytoplasm of CMS exerts ill effect on
hybrid and reduces the complete heterosis
expression (reduces up to 5-10%) in F1.

In this view, iso-cytoplasmic restorer, a
transgressive segregant of three line hybrid, will
have same cytoplasm as of male sterile, may
express more heterosis (5-10%) in combination
with other iso-cyto CMS. In this regards, a total
of 96 fertile iso-cytoplasmic restorers of six line
hybrids (AxR hybrids: CRMS31A /Hanseshwari,
CRMS32A /Hanseshwari, CRMS31A /Purnendu,
CRMS32A /Rayada,  2-31A/CR664  and
IR62829A /Gayatri) were developed and utilized
in hybrid development at NRRI. Restorer gene
(Rf3 and Rf4) status of all iso-cytorestorer was
assessed through linked molecular markers and
15 (Rf3 and Rf4 +ve) lines were used in test crosses.
Iso-cytorestorer, inspite of being MS carrier having
>85% fertility and superior for other agro-
morphological traits were used as pollen parents
in hybrid development. Per se yield, CRHR 3-786-
15, a fertile derivative of CRMS31A/ Purnendu
F, has shown good combining ability with CRMS
31A and CRMS 32A recorded per plant yield of
i.e. 53.0g and 49.0g grains/plant, respectively.
Therefore, utilization of iso-cytorestorer in hybrid
rice development may enhance the heterosis in

HE |CAR-NRRI, Cuttack, 11-14 Feb. 2023

rice hybrids, marginally and serve substantially
towards food security of India.

In three line hybrid rice system, it has been
found that defective cytoplasm of CMS exerts ill
effect (CMS penalty) and thus reduces the
complete heterosis expression (up to 5-10%) in
hybrids. In this view, iso-cytoplasmic restorer,
having same cytoplasm as of male sterile, may
remove the said deleterious cytoplasmic
interactions in hybrids and thus assures more
heterosis in combination with other iso-cyto CMS.
Iso-cyto-restorer is the fertile transgressive
segregant of CGMS based hybrid, will have same
cytoplasm as of seed parent, CMS and hence
remove the fatal cytoplasmic interaction in hybrid
while combining with female parent having same
cytoplasm. Itis developed by 6-7 successive selfing
followed by selection in hybrid and to be used as
male/pollen parent. In addition, fertile iso-
cytorestorers which are at par with parent hybrid
in yield, may add an extra heterosis in suitable
combination. At NRRI, a total of 96 fertile iso-
cytoplasmic restorers of six AxR hybrids are
developed and being utilized in crossing
programme. In this way NRRI has developed
some excellence hybrid combinations, having
potential to override the existing heterosis level.
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Pyramiding deeper rooting and P-uptake efficiency QTLs in the
background of popular irrigated rice variety, Satabdi and Naveen
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Low phosphorus availability is one of the major
limitations in upland ecology. Also, with changing
climatic scenario, drought stress is the most
important threat to both rainfed lowland and
upland rice production, affecting the yield stability
in Asia. Introducing the efficient P-uptake and
deeper rooting characteristics into high yielding
rice cultivars of rainfed ecologies may be one of
the ways to improve their drought tolerance and
augmenting rice yield from rainfed ecologies.
Combining these two traits is a novel approach for
varietal improvement.

METHODOLOGY

A major QTL Pupl for P-uptake and two major
QTLs Drol and Dro2 for deeper rooting were
transferred to two popular varieties Satabdi and
Naveen through marker assisted backcross
breeding strategy.
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RESULTS

Landrace rice, Surjamukhi possessing Pup1, Drol
and Dro2 genes/QTLs was used as the donor to
develop Othe pyramided lines. During the
backcross generations, gene-based markers as well
as closely linked flanking markers were used to
select the plants having Pupl+Drol+Dro2 gene
combination. Polymorphic markers between the
recurrent parents and the donor line Surjamukhi
were used to select plants that had maximum
recurrent genome recovery. Selected BC,F, plants
were selfed to produce homozygous BC,F, plants
having the target genes.

CONCLUSION

These improved lines of Satabdi and Naveen
having Pupl, Drol and Dro2 can be cultivated in
rainfed/upland ecologies under drought and low
phosphorous availability without compromising
yield.

HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023
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Correlation and path coefficient analysis in rice
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The global rice productivity should be increased
at a rate of 2.4% per year to double its production
by 2050 for achieving food security. The grain
yield is complex in nature, thus selection of
genotypes based only on grain yield will not be
effective. Therefore, it is very essential to
understand the interrelationship of yield with
other yield attributing traits and to comprehend
the direct and indirect effects of each character
towards yield. The present study was done with
an objective to understand the character
associations in rice genotypes, its direct and
indirect effect on yield for further utilization in
rice improvement programs.

Fig. 1: Correlation analysis in 40 rice germplasm
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METHODOLOGY

The forty North East rice accessions, collected
from NRRI gene bank was evaluated at research
field of ICAR-NRRI, Cuttack during Kharif 2022.
The 21 days old seedlings of each genotype were
transplanted in the field in randomized block
design with three replications at spacing of 20 x
15 cm. The observations were recorded on plant
height, number of productive tillers per hill, flag
leaf length, flag leaf width, panicle length and
grain yield per hill in five randomly selected plants
per replication. The statistical analysis for
correlation and path anlaysis was done using R
software.
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RESULTS

The results of correlation analysis revealed that
the estimates of genotypic coefficients were higher
than phenotypic correlation coefficients for all the
characters. The positive significant association
with grain yield was recorded by number of
productive tillers per hill (0.620), panicle length
(0.596) and flag leaf length (0.424). These results
are in conformity with the earlier reports of Nayak
et al. (2001), Kole et al. (2008) and Chandra et al.
(2009). The results of path analysis revealed that
high positive direct effect on grain yield was
recorded by number of productive tillers per hill
(0.559) followed by flag leaf length (0.213) and
panicle length (0.18). The negative direct effect
on grain yield was exhibited by plant height (-
0.034) and flag leaf width (-0.096). Similar
tindings were reported by Bala (2001), Fiyaz et al.
(2011) and Nikhil et al. (2014). Thus the characters
viz., number of productive tillers per hill and
panicle length recorded both significant positive
correlation and high positive direct effect on grain
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yield per hill. Hence, yield improvement in rice
can be done through selection of these traits.

CONCLUSION

Seed yield is a dependent trait and is contributed
by many component characters. Thus indirect
selection for component characters with
significant correlation and high positive effect on
yield is done for improving yield in rice. In the
present study, number of productive tillers per hill
and panicle length recorded both significant
positive correlation and high positive direct effect
on grain yield per hill which can be used for yield
improvement in rice.
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Characterization of rice genotypes for Pre-Harvest Sprouting
resistance
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Pre-harvest sprouting (PHS) in rice (Oryza sativa
L.) is one of the key abiotic constraints affecting
the development of good quality grain. It is a
detrimental characteristic in grain production
globally, resulting in significant economic losses
each year. Due to the extended rainfall events
throughout the harvest season, PHS is common
in rice, particularly in Southeast Asia. In view of
the high annual economic losses caused by PHS
(Black et al., 2006), PHS resistance is regarded as
one of the most significant breeding objectives for
rice and other cereal crops. Identification of PHS
resistant genotypes and understanding the genetic

basis of seed dormancy and its breakage is critical
for improving PHS and responding to unexpected
environmental changes. In consideration of this
predicament, we carried out this research to
characterize rice genotypes for PHS resistance.

MATERIAL AND METHODS

A set of 176 mapping population were used for
present investigation including very high yielding
Next Generation Rice (NGR), moderately yielding
and low yielding cultivars with biotic stress
resistance. A standardized in vitro protocol
developed by Hanjagi et al., 2022 was used to

Fig. 1. Radar plot showing that clustering of genotypes based on the germination percentage
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evaluate rice genotypes for PHS resistance and
recorded the PHS response at five different
flowering stages i.e. from 20 to 40 DAF (days after
flowering) and classified the genotypes in to five
groups based on germination percentage.

RESULTS

Vivipary was evaluated at the 20, 25, 30, 35 and
40 DAF and observed at 20 and 25 DAF was less
germination in the susceptible genotypes. From
30 to 40 DAF the germination percentage was
increased in susceptible genotypes. The genotypes
were classified based on germination percentage
in to five groups by using K analysis clustering
(fig 1). Results showed that 10, 34 and 32
genotypes were classified in to highly (0%),
moderately (0.01-5%) and less resistant (5.01-10%)
groups respectively. The 71 and 29 were found to
be highly (<15%) and moderately susceptible
(10.01-15%) genotypes respectively. The large
group was found to be highly susceptible
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genotypes and 10 genotypes found to be resistant
to PHS.

CONCLUSION

The investigation of 176 mapping populations
revealed a high genetic diversity for PHS/ vivipary,
and 10 new rice genotypes with extremely strong
PHS resistance were found from the mapping
population with 0% germination at all stages of
flowering.
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Omics Approaches to Unravel the Clues of Differential Grain Protein
Content in Rice
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Protein content in rice grain is generally lower
(7%) in quantity but higher in quality as compared
to protein in other cereals. Some of the low-
yielding landraces such as ARC 10075 from Assam
were detected with higher grain protein content
(GPC). CR Dhan 310, a backcross derived line
from Naveen/ ARC 10075 cross has been released
as the high-protein rice variety in India in 2016
with an average of 10.2% grain protein
(Chattopadhyay et al. 2019a). This biofortified
rice variety having phenotypic similarity with
Naveen has been established as its valid
replacement for enhancing nutrition in the diet
of rice consumers. The investigations make an
effort in making inventorization of protein present
in rice proteome and try to understand the higher
accumulation of storage protein resulting in
nutritional superiority of high protein rice variety
CR Dhan 310.

METHODOLOGY

Naveen, ARC 10075, backcross derived mapping
populationand introgression lines such as CR
Dhan 310 derived from Naveen/ ARC 10075 cross
were taken for enzymatic assays, identification
of QTLs and genes and qRT-PCR based gene
expression analysis and protein related to N-
assimilation and storage during grain filling
stages.

Enzymatic assay at different stages of
reproductive growth starting from panicle
initiation of CR Dhan 310 and Naveen was done
for Nitrate reductase (NR), Nitrite reductase
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(NIR), Glutamine Oxoglutarate Amino
Transferase (GOGAT) and Glutamine Synthetase
(GS) enzymes spectrophotometrically. High
throughput genotyping using 5400 polymorphic
SNPs and multi-environmental data of grain
protein content using NIR spectroscopy of
mapping population from Naveen/ARC 10075
was employed for QTL analysis and detection of
probable functional genes inside QTL region.The
proteome profile of the grain sample of CR Dhan
310 and Naveen was generated using Waters
Synapt G2 Q-TOF instrument for MS and MSMS
analysis. Quantitative reverse transcription-PCR
(QRT-PCR)-based gene expression analysis was
performed for a few selected genes related to N-
assimilation that also showed differential
expression in proteomic analysis.

RESULTS

NR, NIR, and GS activities were found
significantly higher in CR Dhan 310 than in
Naveen in all the developing stages of the panicle.
GOGAT activity was also significantly higher in
CR Dhan 310 in all the stages except the ripening
stage. Proteomic analysis (PRIDE database
accession no. PXD026531) indicated high
abundance of the proteins Glutamate synthase 2
(NADH), Glutamate dehydrogenase 3, Probable
serine acetyltransferase 4, Probable serine
acetyltransferase 3, Tryptophan
aminotransferase, Tryptophan aminotransferase-
related protein 1, Cysteine synthase, Asparagine
synthetase, Ammonium transporter 3,
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Asparagine synthetase, High-affinity nitrate
transporter 2.1, 2.2 and 2.3, Aspartate
aminotransferase, 63 kDa globulin-like protein
and 19 kDa globulin in CR Dhan 310. When qRT-
PCR-based gene expression analysis was done for
these genes, we found that in the dough stage
(14days after anthesis) the upregulation of
Glutamate dehydrogenase 3 (7.81), Glutamate
synthase = 2(NADH) (1.5), Aspartate
aminotransferase 1 (6.61), Tryptophan
aminotransferase 1 (11.49), NRT 2.2 (2.16),
FADH-GOGAT (1.5), NRT 2.1 (1.8), AMT 1.3
(1.49) were significantly higher in CR Dhan 310.
On contrary, theexpression of NADH-GOGAT
(0.16)and NRT 2.4(0.36) werehigher in Naveen.
A consisting QTL (gGPC1.1) for grain protein
content was detected on chromosome 1
(Chattopadhyay et al. 2019b). Inside this QTL
region, a probable functional gene
(Os01¢0111900) was found which encoded
glutelin family protein, was detected and
validated through in silico expression profile at
RiceXPro database. Donor parent ARC10075 and
high protein introgression lines such as CR Dhan
310 contained this QTL with an elevated level of
glutelin fraction as well as essential amino acids
such as lysine.
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CONCLUSIONS

Overall higher N-metabolism-related enzyme
activities evidenced by higher expression at
transcript level with high abundance of proteins
pointed towards the probable explanation of
higher storage protein accumulation during N-
assimilation in CR Dhan 310 as compared to the
recurrent parent Naveen. Further validation
through generation of knockouts for identified
highly upregulated functional genes in CR Dhan
310 will further strengthen this finding.
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Principal Component Analysis for Anti-Oxidant Activity in Advanced
Black Rice Breeding Lines
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Black rice is well known as “Imperical rice” or
“forbidden rice” because it was reserved solely
for the Chinese royalty from centuries.
Consumption of black rice provides lot of health
benefits like, it prevents heart attack (CVD),
Alzheimer’s, urinary tract infections, constipation,
anaemia, cancer, obesity, diabetes, improves visual
and neurological health. It's anti-aging and anti-
inflammatory properties gives a good scope for it
in cosmetics industry. Itis also traditionally served
to pregnant women to reduce complexity during
childbirth in Manipur. Among all black pigmented
rice, the aromatic black rice of Manipur popularly
known as Chakhao is a speciality glutinous rice,
for which protection under geographical
indication in India has been granted recently (Reg.
No. 602,:APRIL 30, 2020 22:28 IST).

MATERIAL AND METHODS

In this study kharif-2020 harvest from eighty-three
advanced semi dwarf, non-lodging black rice
breeding lines derived from a cross between
Chakhao and Ratna were analyzed for the four
antioxidant related traits viz., anthocyanin (Fuleki
and Francis, 1968) gamma oryzanol (Chen and
Bergman 2005), phenols (Zilicet al., 2011) and
flavonoid (Eberhardtet al., 2000) by following the

Table 1: Total variance explained by different principal
components

Principal Eigen % of Cumulative %
component value variance of variance
PC1 2.357 58.919 58.919

PC2 1.022 25.54 84.459

PC3 0.382 9.545 94.004

PC4 0.24 5.996 100
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standard protocols. To analyze the existing
diversity in the present breeding population and
to quantify the relative contribution of each trait
to the total phenotypic diversity, the data was
subjected to Principal Component analysis.

RESULTS AND DISCUSSION

The screen plot analysis revealed that PC1 is the
major contributor complying 58.92% of the
variation present in the population followed by
PC2 (25.54%), PC3 (9.55%) and PC4 (6.0%). PC1
and PC 2 with eigen values 2.357 and 1.022
together explained more than eighty percent of
the variability and remaining components with
eigen values < 1 contributed 15.541 percent
variability (Tablel and Figl). The percent of total
variability 58.919 of PC1 had high positive

Variabies - PCA
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Fig 1. Screen plot analysis
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Fig 2.Distribution and grouping of breeding population

component loading from total phenol content
(0.895), total flavonoids content (0.833), total
anthocyanin content (0.787) followed by gamma
oryzanol (0.493). In the PC2, high positive
component loading was observed from gamma
oryzanol (0.841) while others have either low or
negative loading for the component (Table 2).
From the four PCs it was clear that the characters
with largest absolute value closer to unity within
the principal component influence the clustering.
Large variances have important dynamics;
therefore, principal components with larger
associated variances represent data patterns while

Table 2. Principal factor analysis; Correlation between
variables and PCs

Variables PC1 PC2 PC3 PC4
TAC 0.787 -0.473 -0.297 0.263
GO 0.493 0.841 0.022 0.221
TPC 0.895 0.178 -0.214 -0.35
TFC 0.833 -0.242 0.497 -0.003
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those with lower variances represent noise.
Therefore, lines that fall in a common principal
component were observed to be the most
important factors (Fig 2). So that a good
hybridization breeding program can be initiated
by the selection of genotypes from the PCl1, as it
is contributing maximum towards diversity with
maximum eigen value.
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Correlation Study on Aromatic Short Grain Rice of Eastern India on
the Basis of Grain Quality and Cooking Parameters.
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Rice (Oryza sativa L.) is an important staple food
grain which is consumed by more than half of
the world’s population. Besides yield, now- a- days
quality improvement of grain has lots of scope
especially in aromatic short grained rice (ASG).
Proper characterization of ASG group for quality
parameters is needed. Sixty-three aromatic
landraces of eastern India were characterised for
quality and cooking parameters and correlation
study was done to understand the relationship
among the parameters.

METHODOLOGY

Total twenty-one quality parameters were studied
namely Hulling %, Milling %, Head Rice Recovery
% (HRR), Kernel Length before cooking (L) and
Kernel breadth before cooking (B), L/B ratio,
Amylose content (Juliano,1979), Aroma, four
colour segments of both hulled and milled rice,
Iron, Zinc content in hulled and milled rice and
Protein. On the other hand, kernel length after
cooking (KLAC), Elongation ratio (ER), Water
uptake (WU), Volume Expansion Ratio (VER) and
Gel consistency (GC), total of five cooking
parameters were included. Two set of replicated
data from each parameter were taken and
correlation analysis was done with the mean data.

RESULTS AND DISCUSSION

From this correlation study, we observed that
Hulling % had significant and positive correlation
with Milling %, HRR, Kernel breadth, ER, Yellow
colouration of grain (brown and milled rice), light
colouration of milled rice and significant negative
correlation with kernel length, L/B, KLAC, Zn
content (milled rice and brown rice). Milling
degree had significant positive correlation with
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HRR, ER, yellowish hull colour and overall colour
variation (dE_cmc) of brown rice and significant
negative correlation found between Kernel length,
L/B ratio, WU, KLAC and GC. HRR was
significantly and positively correlated with ER,
yellowish colour component and total colour
variations(dE_cmc) of colorimeter of both brown
and milled rice and significant negative correlation
with kernel length, WU, KLAC, GC, and colour
component a*(reddish hull colour). Kernel Length
(L) was positively and significantly correlated
with L/B ratio, WU, KLAC and significant
negative correlation was observed with ER, Fe
content of milled rice, yellow colour component
and total colour variation of brown and milled
rice. Except for L/B ratio, Breadth (B) did not
correlate significantly with other parameters.
Length and breadth ratio had a significant positive
correlation with WU and KLAC and negative
significant correlation with amylose content,
yellow colour component and dE_cmc colorimeter
of both hulled and milled rice. Kernel Length
After Cooking (KLAC) had significant positive
correlation with L/B ratio, WU and significant
negative correlation with hulling%, milling%,
HRR%, kernel length, overall colour variation of
brown and milled rice, yellow colour component
of brown and milled rice and Fe content of milled
rice. Elongation Ratio (ER) was positively
correlated with hulling%, milling%, HRR%,
Aroma and yellow colour segment of colorimeter
in case of both brown and milled rice and total
colour variation of milled rice. Water Uptake
(WU) had a positive significant correlation with
KLAC cooking and GC and significant negative
correlation with amylose content, Fe and yellow
colour segment of milled rice. Correlation between
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water uptake and amylose was significantly
positive. Volume Expansion ratio (VER) had no
significant correlation with any other parameters
due to the very narrow range of variation of the
trait. Gel consistency (GC) was positively
significant with water uptake, L/B and kernel
length and significantly negatively correlated with
amylose content, milling%, HRR%. Amylose
Content (AC) was found to have significant
positive relation with total colour variation
(dE_cmc) component of milled rice and significant
negative correlation with Gel consistency. Aroma
was found to be significantly and positively
correlated with ER, yellow colour component of
brown and milled rice and dE_cmc (overallmilled
rice colour variation) and significantly negative
correlation with Breadth.

Among the 63 germplasm most of them
are land races. The positive correlation with yellow
colour may be due to selection biasness of the
farmers for slightly coloured grains for offerings
to God (bhog rice), khichri or payasam leading to a
visual sensory preference after cooking for the
purpose. Similarly, small breadth and after
cooking good elongation ratio is preferred by
farmers especially in the case of aromatic rice. So,
we can conclude that this correlation is influenced
by the selection preferences by the farmers. No
significant correlation is found with other
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parameters. Fe of milled rice has significantly
positive correlation with Zn content of milled and
hulled rice, protein content, dE_cmc of milled rice
and significant negative correlation was identified
with KLAC, WU and Kernel length. This may be
due to the fact the voids being occupied by Fe and
Zn that possess difficulty in the kernel elongation
during cooking. Fe of brown rice positively
correlated with Zn content of both brown and
milled rice. Such correlation has also been reported
by Nagesh et al., 2013. Zn of milled rice have
significant correlation with iron content of milled
rice, zinc content of hulled rice, protein content,
and yellow colour segment of hulled rice and
significant negative correlation with Hulling%
and 1 segment of colour of milled rice. Zinc content
of hulled rice is significantly and positively
correlated with iron content of hulled rice and
Zn content of milled rice. And significant negative
correlation with hulling%.
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Marker-trait Association for yield attributing traits in New
Generation Rice using SSR and Indel markers
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Irrigated rice ecology contributes around 75% of
total rice production, but only from about 55% of
total rice area i.e., about 22 million hectares area
in the country. In this context, it is more important
to focus for this ecology for future food security.
For breaking the yield plateau innovative
approaches need to be initiated. The concept of
“New Plant Types” was developed by Khush in
late 1990s (Khush, 1995). The main idea of this is
to modify the plant ideotype with 30-50% more
yield potential than the existing semi dwarf
varieties in tropical environment during the dry
season. The NPTs were developed by extensive
use of tropoical japonicas. However, the success was
quite limited.

New Generation Rice (NGR) has been
conceived for breaking yield plateau in irrigated
situation. It is established on ideotype concept, a
typical plant type in purelines, with improved
quantitative and physiological traits. There is
more emphasis on heavier panicle with higher
grain number, longer and wider flag leaf with
superior leaf density, moderately high tiller
number, and higher root volume. The number of
tiller and spikelet number need to be in a balanced
manner which has considerable impact on
photosynthesis, which leads to superiority in yield
performance (Dash, et.al, 2021). Moderately high
tillering capacity is very much needed to raise the
production of biomass and enhance compensation
the loss of tillers in the vegetative stage, because
of several reasons including insect damage, late
planting or any other. It additionally appeared
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advantageous to decrease the compact
arrangement of spikelets. There is a meagre study
on QTLs governing high yield in NGRs. In this
context, association analysis was undertaken with
an objective of identification for marker trait
association in NGRs and HYVs.

MATERIALS AND METHODS

This study involved association mapping of
diverse rice genotypes related to NGR and
Nitrogen efficient lines. The MLM analysis, Q-Q
ploting and Manhattan ploting were used for
GWAS analysis of 17 yield attributing traits, by
including Q+K matrices using R softwere. The p-
values at t <0.005 level of significance have been
utilised to determine the significant association of
SSR markers. In MLM analysis, association
analysis was carried out at 1000 permutations for
the correction of multiple test.

RESULTS AND DISCUSSION

Many plant traits are quantitatively inherited,
making QTL mapping an appropriate choice for
these characters. It is cumbersome to detect the
genomic regions pivotal for these traits. GWAS
analysis is the one of the most effective idea to
identify these important traits. The study was
conducted using a panel of 43 diverse rice
genotypes, phenotyped for 16 agronomic
characters and yield traits. Further, genotyping
was done by using 56 polymorphic markers. By
performing structured association analysis using
MLM approach, a total of 10 marker-trait
associations were identified for 7 plant characters.
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The MTAs were found to be available in six
chromosomes namely, chromosomes number 1,
5, 6, 8,9 and 12. The indel markers GS-5 indel-1
was found linked with tiller number. Among the
genes, SUB1BC2 is directly linked with plant
architecture, like panicle length, unfilled grains
and yield, SCM2- indel-1 is associated with flag
leaf width, RM 25 was associated with root
length, marker RM 19 found to be presented in
both fertile grain and grain yield and GN1A-17
SNP mainly involved in for grain yield. The
multiple involvements of markers could be
employed in practical rice breeding strategy to
improve a number of yield attributing traits once
they are validated. Large number of genes
indicated novel associations with characters that
had never been reported before. This could be
because the majority of gene functions discovered
through fine mapping and gene cloning research
were limited to only one or a few traits. However,
detailed study should be undertaken to reveal
whether these genes have an effect even on other
traits also.
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CONCLUSION

Authentication of above QTL/gene markers, as
well as their implication in selection of quantitative
parameters across a diverse of populations and
backgrounds is very important. These initial
reports indicated the importance of cgSSR
markers and recognition of marker-trait
association for ideotype responsible of NGR. It
could also be validated in different groups based
on molecular similarity, which is extremely
important for subsequent breeding strategy.
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Climate change has significantly impacted
agriculture and is a huge impediment to the
sustainable production of rice (Oryza sativa L.).
Being the most significant and commonly
consumed cereal crop, rice is negatively impacted
by biotic and abiotic stresses (Veldsquez et al.,
2018). The most commercially consequential
bacterial disease is rice BB caused by Xoo while
drought is an important abiotic factor that affects
crop growth and limits yield. Doubled-haploid
(DH) breeding through anther culture has
emerged as an exciting and powerful tool, and a
convenient alternative to conventional techniques
for crop improvement. (Samantaray et al.,2021).
Though MAS has greatly facilitated gene stacking
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in various crops, the rapid advances in DH
development has opened many avenues with the
objective of maximizing selection progress using
minimum time and resources in two generations.
Our primary objective was to develop DHs from
the intercross combinations of recipient line
(Daftari-1008) with the two donors CR Dhan 800
(BB) and CR Dhan 801 (qdty).

METHODOLOGY

The present study was conducted at the National
Rice Research Institute, Cuttack. In this study, CR
Dhan 800 (xa5, xal3, Xa21) and CR Dhan
801(qDTY2, gDTY3.1) were used as donor sources
for BB and drought tolerance respectively while
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Daftari-1008 was used as recipient parent. Firstly,
the IC F s generated were validated through gene
specific/linked markers followed by production
of the green plants through anther culture which
were assessed for their ploidy status on the basis
of morphological characters.

RESULTS

A total of 331 plants were generated through
androgenesis showing callus induction (37.45%)
and green plant regeneration frequency (78.12%)
from the inter-cross combinations. Out of which,
326 plants were confirmed to be doubled haploids
through  phenotypic and  molecular
characterization. Finally, 21 DHs were
authenticated having fixed 4 gene combinations
involving targeted QTLs/ genes (xa5, xal3, Xa21,
gDTY2.1, gDTY3.1) through linked/ gene-based
markers .
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CONCLUSION

Over time, we have noticed that the majority of
rice-growing regions experience severe abiotic and
biotic stresses, which lower yield and produce
grain with lower quality. Therefore, DH approach
coupled with MAS technology could help
detecting the availability of desirable genes and
making them fixed in a single generation.
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The demand for rice will rise in the next years as
a result of the fast-growing global population. A
significant amount of work has made into
improving the key agronomic characteristics of
rice, from which hybrid rice technology is a
practical and easily adaptable strategy
demonstrating 15-20% yield gain in comparison
to other rice varieties. However, it has a few
drawbacks, like high seed costs and labor-
intensive seed production, for which emerging
technology intervention is needed to address the
issues related to the hybrid rice cultivation (Rout.
et al). The quick development of homozygous
lines that breed true to type in a single generation
and improve selection efficiency is thought to be
possible with the help of the plant breeding
technique known as anther culture. DH technique
shows its significance by generating fertile, stable
recombinant homozygous lines from the elite rice
hybrids in a single generation (Pattnaik.et al).
However, the recalcitrance of indica cultivars to
tissue culture limits the practical application for
production of homozygous lines for which an
effort was made to produce DHs of a popular
quality indica rice hybrid, 27P63 by manipulating
chemical and physical factors through anther
culture.

OBJECTIVES:

. To standardize the chemical and physical
factors for optimization of callus induction
and green shoot generation of elite rice
hybrids.
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. To evaluate the ploidy status of the anther
derived plants through morphological
characters and molecular markers.

o To isolate and evaluate fertile doubled
haploids for morpho-agronomic
characters, yield and its components
under field conditions.

METHODOLOGY

This study was carried out at National Rice
Research Institute, Cuttack, Odisha. A medium
duration elite rice hybrid, 27P63 developed by
DuPont Pioneer, Hyderabad was taken for the
study. Panicle boots were collected from the rice
variety with different internode length starting
from 8cm to 20cm Cold pre-treatment was given
at 10°C, 12°C for 2, 4, 6,7,8, 10, 12 days in
darkness whereas Control spikes were not
subjected to cold treatment. For callus induction,
two different basal media i.e. MS (Murashige and
Skoog 1962) and N6 (Chu et al. 1975) were
prepared with three different combinations and
concentrations of BAP (0.5-1.0 mg 1), Kn (0.1-1
mg 1") and 2, 4-D (1.5-2.5 mg 1) along with 3%
maltose (Table 1). For callus regeneration, two
media were formulated using MS medium along
with combinations of growth regulators BAP (1.0-
2.0 mg 1), Kn (0.5-1.0 mg I"') and NAA (0.5-1.0
mg 1) along with 3% sucrose. Likewise, MS
media supplemented with NAA (2.0 mg 1), Kn
(0.5 mg 1) and 5% sucrose were used for rooting.

RESULTS

A total of 345 green plants were generated from
27P63 out of which 325 showed normal
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Fig 1. Androgenesis of 27P63

morphological appearances with 65-95% grain
fertility; other 20 plants were found as haploids
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and polyploids. Thereafter, SSR markers
discriminated 324 DHs from 325 fertile green
plants by distinguishing a single heterozygote.
After morpho-agronomic traits evaluation, 92
DHs were selected based on the grain yield and
quality. This investigation could be exploited to
study the genome structure of promising doubled
haploids with respect to the parental hybrids to
identify the genomic regions contributing to yield
heterosis.

CONCLUSION

Among all the speed breeding procedures that
have been created, DH technology could be
considered as an effective way to develop
promising rice lines to feed the growing
population. Furthermore, this approach could be
used to quickly produce biofortified rice.
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In vitro mutation on reduction of height of Kalajeera, a popular
landrace
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Email id: manjusha.chandravani@gmail.com

Rice (Oryza sativa L.) is the most widely consumed
staple food for a large part of the world’s human
population especially in Asia. Landraces are
genetic treasure and well adapted to the local
environments. Odisha is known for rich rice
genetic diversity and many landraces are still
grown in different regions of Odisha by the
farmers. These landraces in Odisha are popular
due to its aromatic quality and tolerance to
multiple biotic and abiotic stresses. However, yield
of the landraces are very low due to less number
of productive tillers and lodging during grain
filling stage of the crop. Mutagenesis has the ability
to modify only a very few characters particularly
plant height without altering the remaining and
often unique genetic background of the promising
cultivars. Chemical mutagens have been found
to be 2-2.5 times more effective than physical
mutagens in rice for creating desirable variations
in population. Among chemical mutagens, EMS
has been proved to have improved agronomically
important traits in crop plants. The degree of
mutation depends on the dosage and time of
exposure to the mutagen along with plant tissue
used for mutagenesis. EMS dose applied to
mutagenize rice seeds is in the range of values
0.2-2.0% with durations ranging from 2 to 22
hours.In Odisha, one of the landrace named as
Kalajeera is highly popular among the farmers
(Roy et al, 2016). Additionally, Kalajeera is also
moderate yielder but due to tall character, lodging
during grain filling stage reduces the yield (Roy
et al, 2016). Our objective was to develop mutant
lines of Kalajeera using in vitro mutagenesis
approach and evaluated the mutated plants in
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M, generation for agronomic traits i.e height
reduction.

METHODOLOGY

Mature grains of Kalajeera collected from NRRI
were used for the study. Seeds were inoculated
in basal MS medium supplemented with different
plant growth regulators for callus induction. Calli
were treated with 0.2% EMS for 4 hours and 6
hours respectively. After 10 days, treated calli
were transferred to regeneration medium for
shoot induction. The mutated green plantlets (1-
2 cm) were transferred to rooting media for root
initiation. Plantlets with well-formed roots (after
21 days) were separated from culture medium,
washed thoroughly and planted into the pots with
sterile soil, kept in green house for 7 days then
transferred to net house. Height of the mutated
plants was measured in M, generation.

RESULTS

Significant variations were observed in shoot
regeneration efficiency after EMS treatment at
different durations. The number of shoots
regenerated from the treated calli reduced with
increasing treatment duration from 4 to 6 hours.
In contrast the increased shoot regeneration
efficiency of kalajeera, compared to control can
be due to the growth promotion effect of EMS
induced auxins and gibberellic acid in the treated
calli, responsible for stimulation, acceleration of
cell division and cell elongation, causing increase
in shoot regeneration and number of shoots
regenerated per callus (Jaleel et al.,). A reduction
of 30% in plant height was observed in mutants
compared to the parent.
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CONCLUSION

Kalajeera was found to be responsive to
mutagenesis. EMS (0.2%) at 6 hours followed by
4 hours treatment was found to be most effective.
A total reduction of 30% in height of mutants
without any significant change in the yield shows
the applicability of EMS based mutation.
Furthermore, the result can be reproduced for the
improvement of other rice genotypes. Higher
mutation in the genotypes studied can be
attributed to the use of in vitro mutagenesis
technique in which calli are more exposed to
mutagens than whole seeds during treatment
process.With the availability of efficient plant
regenerating systems from cultured cells the
opportunity of combining in vitro culture with
chemical mutagenesis i.e in vitro mutagenesis can
be an efficient and powerful tool for crop
improvement.
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Studies on variability and character association in rice
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Germplasm collection provides enormous scope
for grain yield improvement in rice by using
suitable breeding methods. The diversity of
parents is of utmost importance for a successful
breeding programme. Grain yield is a complex
character, which is influenced by a large number
of characters. The correlation and path analysis
in combination give a better insight into cause and
effect relationship between yield and other
component characters. The understanding on
association between yield and other traits
improves the efficiency of selection. The observed
correlation between yield and its component trait
is the result of direct and indirect effects of the
component character through other yield
attributes. The total correlation between grain
yield and its component characters may sometimes
be misleading since it may be over or under
estimate of its association with other characters.
Hence, correlation coefficient needs to be split into
direct or indirect effects using path coefficient
analysis.

METHODOLOGY

The sixty rice (Oryza sativa L.) genotypes were
evaluated at Regional Research and Technology
Transfer Sub Station (OUAT), Jeypore, Odisha
during Kharif 2022. The experiment was
conducted in RBD design with two replications.
The genotypes were evaluated for genetic
variability, correlation and path coefficient
analysis considering ten quantitative traits viz.
days to initial flowering, days to 50% flowering,
days to maturity, plant height (cm), number of
tillers/m? panicle length (cm), number of fertile
spikelets/panicle, number of sterile spikelets/
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panicle, test weight (g) and grain yield (kg/ha).
The statistical analysis for variability, correlation
and path analysis was done.

RESULTS

The analysis of variance revealed significant
differences among the genotypes for all the traits
studied. This indicated that the genotypes were
genetically diverse and wide spectrum of
variability observed among the genotypes
provides enough scope for significant yield
improvement in these genotypes through
selection. The genotypic correlations were found
higher than the corresponding phenotypic
correlations. This is due to the modified effect of
environment on character association at the
genetic level. Grain yield exhibited significant
positive correlations with days to initial flowering,
days to 50% flowering, panicle length, number of
fertile spikelets/panicle and test weight at both
genotypic and phenotypic levels. Thus selection
for these characters can be used for yield
improvement in these genotypes. Path coefficient
analysis was done to understand the direct and
indirect effect of yield attributing characters on
grain yield. The results of path analysis revealed
that number of fertile spikelets/panicle had
highest positive direct effect on grain yield,
followed by no of tillers/m? days to 50% flowering
and test weight. Thus the characters viz., number
of fertile spikelets/panicle, test weight, number
of tillers/m? and days to 50% flowering which
had both significant positive correlation and high
positive direct effect on grain yield. Therefore
improvement of yield in rice can be done through
selection of these traits.
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CONCLUSION

The variability, correlation, path analysis were
done on 60 rice germplasm. The results of analysis
of variance revealed that the genotypes were
genetically diverse. The correlation and path
analysis study revealed that number of fertile
spikelets/ panicle, test weight, number of tillers/
m? and days to 50% flowering can be used for
yield improvement in rice.
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Utilization of maintainer lines for development of hybrid rice: can
doubled haploid approach capable in extracting yield related
favorable alleles?
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Rice as a cereal crop is the predominant staple
food for a large part of the world’s human
population. It is estimated that by 2050 the need
of the global food demand will be double.
However, presently the production rate is in
declining state. In developing countries like India,
the changing climatic scenarios are the major
constraints in rice production. Use of recent
technologies offers a sustainable way to meet the
demand and develop the agricultural system.
Keeping in view of the diminishing land,
development of High Yielding Varieties (HYVs)
is essential in order to meet the farmers need for
which development of sustainable HYVs is the
need of the hour. However, production and
productivity HYVs have almost come to a
plateau. Alternatively, adoption of hybrid rice
technology is being popular in achieving higher
yield as it enhances farm productivity by 20-30%
more than the HYVs (Birchler et al., 2003, Schnable
et al., 2013). Most commonly, three-line system of
hybrid rice (consisting of Cytoplasmic Male
Sterile(A), Maintainer(B), Restorer(R) lines)
development is followed in India. However, the
prime limitations of hybrid rice are unstable male
sterility, inherited CMS load, poor grain quality,
hybrid sterility; moreover, farmers need to buy the
seeds year after year due to segregation in each
generation. Therefore, development of inbred
lines from hybrid rice is a viable option for which
Doubled Haploid technology is the most
significant approach to extract the yield related
favorable alleles in a short period of time. The
major objective is to generate a large number of
androgenic DHs from crosses of distantly related
HE ICAR-NRRI, Cuttack, 11-14 Feb. 2023

well combining maintainer and restorer lines. The
brief methodology includes the development of
Fls from B x R lines for anther culture and
collection of spikelets. Followed by the callus
induction and green shoot regeneration using MS
media & N6 media. The developed green
regenerants are transferred for rooting,
development of plantlet and acclimatization in
Net House. Further, the assessment of ploidy level
in regenerants and authentication of doubled
haploids are to be done, these DHs are genotyped
using molecular markers and phenotyped for yield
and yield related traits. The callusing and
regeneration efficiency of the BXR plants are much
higher than that of the AXR plants. The DHs
developed from BXR lines shows higher frequency

fig: Showing callusing, regeneration and rooting of plantlets
developed from F s from BXR lines. Agarose gel
electrophoresis representing DHs.
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than that of DHs from AXR lines. However, it is
presumed that the developed inbred lines from
AXR lines might show sterility in future as it carries
the cytoplasm of A line which has defective
mitochondria. Since B line is near isogenic to A,
maintainer (B) line can be used in overcoming the
sterility issue for generation of inbred lines through
DH approach. Androgenesis of hybrid rice
derived from BxR lines will encourage the
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development of 100% fertile DHs as compared to
Cytoplasmic Genetic Male Sterility (CGMS).
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Expression of structural genes involved in anthocyanin biosynthesis
pathway during grain filling stage in Chakhao Poireiton, a scented
purple rice variety of Manipur

Asem Mipeshwaree Devi* & Sudripta Das
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*email: mipeasem@yahoo.com

Chakhao (literally translated as tasty rice) in
Manipur is known for its deep purple colour,
glutinous, unique flavour and special aroma. The
rice cultivar has bagged the Geographical
Indication (GI) tag (GI Reg. No. 602) in the year
2020. Previous studies on the rice variety had
uncovered the diversity of Chakhao in view of
the grain colour, anthocyanin and polyphenolic
content along with their antioxidant properties.
Earlier studies have shown the presence of a
various secondary metabolites particularly
flavanoids with potentially health benefits.
Among them, anthocyanins are an important
class of flavonoids that represent a large group of
plant secondary metabolites.

Of over 600 anthocyanins identified in
natures, the derivatives of six widespread
anthocyanidins, namely pelargornidin, cyanidin,
delphinidin, peonidin, petunidin, and malvidin
are common. Anthocyanin is biosynthesized and
accumulated during the developmental process
especially during the grain filling stage. Many
structural genes are responsible for the
accumulation of the grain colour.In many plant
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species, biosynthesis pathway which starts with
the chalcone synthase followed a series of
reactions till the formation of a coloured
anthocyanidins by anthocyanidin synthase. The
final step in the formation of anthocyanin is
catalyzed by various members of the
glycosyltransferase enzyme family.

Transcriptomic profiling of the black rice,
Chakhao Poireiton was performed to understand
the differential expression of the key enzymes
involved in the anthocyanin biosynthesis
pathway. Our study indicated that expression of
key structural genes were regulated at different
growth stages and tissues. As an instance, genes
encoding for enzyme UDP-glucose flavonoid 3-
O-glucosyltransferase were not expressed in leaves
at heading and anthesis periods but was found
to be expressed in grain. The expression level
gradually increased with maturity of the plant in
leaves but it is more or less constant in grain. Our
study will provide valuable insights of the
expression of structural genes related to
anthocyanin biosynthesis in the Chakhao rice
cultivar.
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Morpho-molecular characterization of three line Rice Hybrids
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Dr. RPCAU, Pusa, Bihar- 848125, India

The present investigation was undertaken with a
view to generate  Morpho-molecular
characterization of three line Rice Hybrids for 18
traits by Analysis of variance, correlation, path
coefficient analysis, heterosis and molecular
markers. The experimental material comprised of
31 three-line rice hybrids and 3 commercial
checksevaluated in RBD design. ANOVA
exhibited significant Mean Sum of Square values
due to genotype for all traits that reflect presence
of ample amount of variability in studied rice
genotypes. All studied traits except days to 50%
flowering, leaf width (cm), culm diameter (mm),
panicle length (cm), root volume (lit) and days to
maturity were showing positive and significant
correlation with yield per plant. No. of tillers per
plant, plant height, root fresh weight, leaf length,
no. of panicles per plant, leaf width, kernel length,
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root volume revealed a significant direct impact
on grain yield per plant. Among the checks the
variety the Rajendra Sweta performed best for the
grain yield per plant. Two rice hybrid genotypes
namely IR68897A x KMR-3R and Rajendra-3A
x RRR-4 was exhibited superior standard
heterosis over all three checks for trait grain yield
per plant. By utilising 12 primer pairs, a total of
33 shared alleles and 13 unique alleles were
produced as amplified products. Among 12
primers seven primers found to be comparatively
informative for all nineteen hybrids and eleven
parents. Only five primers namely MRG2894,
RM515, RM 520, RM 538 and RM 555 were able
to confirm the F1 with respective parental lines.

Key words: Correlation, Molecular marker, Path Rice (oryza
sativa) and Standard heterosis
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Selection of rice (Oryza sative L.) accessions for tolerant to drought at
the seedling stage under rainout shelter
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Drought stress is a major constraint to the
production and yield stability of crops. Rice (Oryza
sativa L.) is considered as a drought-sensitive crop
species. Within these species, there are
considerable amount of varietal differences for
drought sensitivity is appeared. Therefore, an
experiment was conducted at the Department of
Genetics and Plant Breeding, Indira Gandhi Krishi
Vishwavidyalaya, Raipur, Chhattisgarh during
February to April 2022, to evaluate 500 rice
genotypes along with susceptible and resistant
checks for drought tolerance at early seedling
growth stage. The genotypes were tested after 35
days after sowing for drought tolerance. The
experiment was laid out in augmented design. The
result showed that seedling height, SPAD
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Chlorophyll value, leaf rolling and leaf drying
decreased in all rice genotypes with the increase
of water stress level in the experiment. Based on
Standard Evaluation System (SES), 13 genotypes
were found promising. Among the 13 genotypes,
1C378170, 1C377122, 1C206954, 1C459006X, IC
388900, 1C380497, 1C390457, 1C206864, 1C387012,
1C514535, 1C300592, 1C458213X and 1C554873 were
showed higher seedling vigor, SPAD chlorophyll
value along with 0 scale for leaf rolling and drying
as compared to the check entries as per SES Score
2013. These identified tolerance genotypes will be
further screen and incorporate in crop
improvement programme.

Keywords: Drought stress, seedling vigor, rice genotypes and
tolerance.
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Induction of herbicide Imazethapyr resistance in rice (Oryza sativa L.)

Ekhlaque Ahmad?, Shahina Parween’, Fatima’, Krishna Prasad’, Ashok Kumar Singh?* M K.
Barnwal?, Binay Kumar?, Varsha Rani®, and O. N. Singh®
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Corresponding author: ekhlaque.bau@gmail.com

Rice is an important staple food crop of
Jharkhand as well for India. It ranks first in terms
of area (17.63 ha) and production (53.65 lakh
tones) during the year 2021-22 in the state. This
crop grown in all three ecology of rice cultivation.
Weeds are menace for its wider cultivation which
seriously affects rice yield and grain quality.
Scarce of manpower and higher wages of
labourers affects today’s agricultural operations
and increase cost of cultivation, so why farmers
are bound to practice direct seeding. Herbicide
resistance in crop plants, herbicide resistant rice
variety in particular is valuable for weed
management in rice field. Imazethapyr is a wide
spectrum effective herbicide generally used in pulse
crops. Rice crop is sensitive to Imazethapyr. In
view of aforesaid problem, an effort was initiated
at Birsa Agricultural University during Kharif
2021 to develop Imazethapyr herbicide resistant
genotypes in rice. The present experiment was
conducted at Birsa Agricultural University,
Ranchi during Kharif 2021, summer 2022 and
Kharif 2022. Two kg seed of commercial hybrid
rice (27P28) is treated with 1.5% Sodium Azide
solution for 8 hours. After draining the solution
the treated seeds were spread overnight on paper.
Next day sowing was done in the nursery. After
21 days, transplanting was done in close spacing
of 10 cm x 10 cm. Single seed (M,F,) were
harvested from individual plant (single seed
descent method). On 5" January, 2022 collected
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seeds were sown for raising the nursery.
Imazethapyr herbicide (2.5 ml/1 water) was
applied in standing plants on 19" February, 2022.
Only five plants were survived out of about
estimated 25,000 plants and produces seeds.
Survived five plants were raised for further seed
production. Individual plant seeds were harvested
and sown again as plant-progeny rows by direct
seeding on 6™ July, 2022. On 25" July again
Imazethapyr herbicide was applied in standing
crops. None of the plants were affected by this
herbicide and field was completely free from
weeds. Different types of rice segregants with
herbicide resistance plants were observed. In
M,F, generation, different types of rice segregants
with herbicide resistance fixed plants were
obtained. This mutation had no negative effect
on the plant physiology and morphology as well
as on yield. Earlier workers were also find similar
types of findings.
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Optimization of rice regeneration protocol
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Without effective and repeatable regeneration
and stable genetic transformation, understanding
the management of linked molecular systems is
difficult. Genotypes, tissue source of explants, mix
and concentration of growth regulators, and
culture conditions are all important aspects in
effective transformation for genome editing.
Despite the fact that rice has a well-established
transformation system compared to other crop
plants, most indica rice types are still challenging
to regeneration and genetic change. As a result, a
pre-requisite event for the development of genome
edited plants should be the refining of tissue
culture protocols for the formation of embryogenic
calli and the regeneration of fertile plants from a
single cell. In this report, we present high-
frequency robust Transformation techniques for
Lalat and MTU-1010, three popular elite Indica
cultivars. Explants generated from mature seeds
were employed as the starting material. In MS
medium containing 3.0 mg/1 2,4, D + 0.25 mg/1
BAP as phytohormonal combinations, the highest
callus induction percent was observed followed
by phytohormonal combinations of 2.5 mg/1 2.4
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D + 0.5 mg/I kinetin. In addition, maximum
regeneration was observed in MS salts +30 g/1
maltose, 2 mg/1 kinetin, 0.2 mg/1 NAA, pH 5.8,
10 g/1 agarose; 250 mg/1 cefotaxime and 30 mg/
1 hygromycin in regeneration media-1 and MS
salts +30 g/l maltose, 2 mg/1 BAP, 0.5 mg/l
kinetin, 0.25 mg/1 NAA, pH 5.8, 4 or 8 or 10 g/1
agarose; 250 mg/1 cefotaxime and 10 mg/1
hygromycin.. Improved callus health lead to
successful transformation and proliferation of calli
on selection media, but a low frequency of plantlet
regeneration occurred when calli were
transferred to regeneration media. The efficiency
of plantlet regeneration was greatly improved by
reducing the antibiotics (Hygromycin) from
30mg/l in regeneration media-1 follwed by
15mg/1 in regeneration media-2, with the minute
quantity of hygromycin 10mg/lit in rooting
media. Regeneration percentage of transformed
calli is 75.18% in MTU-1010 and 89.92 in case of
Lalat variety. Whereas transformation percentage
is high in case of MTU-1010 (74.40%) compared
to Lalat (71.20%).
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Enhancing resilience of rice-based cropping systems to climate change

Sudhanshu Singh’, Malay K. Bhowmick, Ashish K. Srivastava, Panneerselvam Peramaiyan

and Amit Srivastava
IRRI-South Asia Regional Centre, Varanasi, Uttar Pradesh 221106, India
"Email: sud.singh@irri.org

Rice is the major staple food for nearly 4.0
billion people worldwide and about 0.8 billion
people in India. Nearly two-thirds of the
worldwide rice area belongs to Asia, where rice
is primarily grown in four different ecosystems:
flood-prone, upland, rainfed lowland, and
irrigated. In India, ~16.33 m ha of rainfed arable
areas are prone to abiotic stresses, including
drought (7.18 m ha), flood (5.36 m ha), and
salinity (3.79 m ha). The resource-poor small
and marginal farmers in these areas mostly
depend on the rice-based cropping systems
(RBCS), which are becoming more vulnerable
to climate change as the systems require a large
volume of water. The rice production under the
irrigated and rainfed systems in Asia is heavily
impacted by climate change. There are
numerous challenges to address and overcome
to continue producing enough rice to feed the
growing population. Some of the main
challenges include depleting natural resources,
extreme climatic variability, inadequate
farmers” awareness, labor migration from rural
to urban areas, rising labor wages, the inclusion
of women and young people, fragmented and
small landholdings, and declining profit
margins. The International Rice Research
Institute (IRRI) has been working with R&D
institutes, extension agents,
policymakers, and other stakeholders to provide
consolidated research support and education
services towards improving productivity,
profitability, and resilience of RBCS while
achieving the Sustainable Development Goals.

farmers,
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MANAGEMENT OF ABIOTIC STRESSES
Drought :

Drought affects ~23 m ha of rainfed rice in South
and Southeast Asia. In drought-affected areas, the
majority of farmers’ preferred varieties typically
succumb and provide insignificant or nominal
yields. However, drought-tolerant rice varieties
such as Sahbhagi Dhan, DRR Dhan 42 (IR64-
Drtl), DRR Dhan 44, DRR Dhan 46, DRR Dhan
47, Shusk Samrat, etc. can withstand dry spells
for up to two weeks during the active tillering
stage and even produce more or less double the
yields of popular varieties. In rainfed upland
areas, the combination of improved (drought-
tolerant) varieties and best management practices
(BMPs) can provide ~20% yield gains over the
farmers’ varieties and their own management,
whereas the improved varieties and BMPs can
provide ~14 and 12% yield advantages over the
farmers” preferred varieties and farmers’
management practices (FMPs), respectively.

Submergence:

Submergence affects ~15-20 m ha of rice fields in
South and Southeast Asia. Through the
introgression of SublA-1 gene, several mega rice
varieties have been transformed into
submergence-tolerant rice varieties such as
Swarna-Subl, Samba-Subl, BINA Dhan 11, CR
1009-Subl, IR 64-Subl, etc., which exhibit a yield
advantage of 1-3 t/ha over their recurrent
parents, even after 10-15 days of flooding. In flood-
prone rainfed lowland environments, proper
nursery management, use of healthier and more
robust seedlings, and post-submergence nutrient
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management help improve better survival of the
stress-tolerant rice varieties (STRVs) with an
additional yield gain of 0.5-1.0 t/ha. In a recent
study at IRRI South Asia Regional Centre,
Varanasi, exogenously applied nutrients (Fe, Mg,
K) along with the recommended dose of fertilizers
(RDF) produced 5.8-28% higher grain yield with
improved physical grain quality in Swarna-Subl
over the RDF applied alone under severe short-
term flooding situation.

Salinity:

Rice productivity often becomes very low (<1.5
t/ha) in salt-affected areas of Asia due to the
presence of excess salt and other soil-related
problems (Singh, 2021). Many rice varieties such
as CSR 36, CSR 43, CSR 46, CSR 60, Jarava, Luna
Sampad, Luna Suvarna, DRR Dhan 58, Narendra
Usar Dhan 2008, Gosaba 5, Gosaba 6, etc. have
been developed for growing on degraded soils.
The major recommendations for growing salt-
tolerant rice varieties in coastal areas include using
adequate organic manure (farmyard manure,
green manuring with Sesbania or Azolla as a
biofertilizer), higher nitrogen doses (100 kg N/
ha) in the nursery, transplanting three to four
seedlings/hill at a spacing of 20 cm x 15 cm, and
applying 150-60-40-5 kg N-P,O,-K,0O-Zn/ha in
the main field.

Multiple stresses:

Successive occurrences of abiotic stresses such as
heat, drought, submergence, and/or salinity
within the same cropping season lead to
incremental rice yield losses at farmers’ fields.
With the use of IRRI breeding materials, climate-
smart rice varieties such as CR Dhan 801, CR
Dhan 802, and DRR Dhan 50 have been
developed to combat multiple stresses (flood and
drought) in Swarna and Samba Mahsuri
background, respectively. The Nepal Agricultural
Research Council has also released Bahuguni
Dhan 1 and Bahuguni Dhan 2 for flood- and
drought-prone areas. BRRI Dhan 78, released by
the Bangladesh Rice Research Institute, can
tolerate vegetative stage flooding and reproductive
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stage salinity. The multiple STRVs provide 4-5 t/
ha yield under normal conditions and 2.9-4.0 t/
ha under varying levels of abiotic stresses. Since
Green Super Rice (GSR) varieties genotypes are
highly input-efficient and can withstand multiple
abiotic stresses, advancing their agronomy would
significantly boost rice production and
productivity in stress-prone vulnerable areas
(Singh, 2021).

INNOVATION AND MECHANIZATION

Direct-seeded rice (DSR) has been emerging as a
cost-effective and climate-resilient alternative to
puddled transplanted rice (PTR) in South and
Southeast Asia. Despite its multiple benefits, DSR-
based systems’ medium-to-long-term
sustainability is under scanner due to yield decline,
low germination under anaerobic conditions,
irregular stand establishment, intense and diverse
weed problems, nematode infestation, etc. IRRI
has established a global DSR Consortium targeting
to identify the improved cultivars that are more
adapted to DSR conditions with appropriate
management practices (https://dsrc.irri.org).
Dry-DSR (drill-DSR and precision broadcast-
DSR), combined with integrated weed
management, may offer a pathway for
simultaneously reducing costs and markedly
increasing productivity. Screening or developing
anaerobic germination (AG)-tolerant and
herbicide-tolerant (HT) rice genotypes with an
improved management package is an innovative
strategy that provides a ray of hope for facilitating
wider adoption of DSR in stress-prone
environments. There is also a need to assess the
extent of water saving, system productivity and
resource budgeting of rice-based production
systems under different micro-irrigation systems
(surface and sub-surface drip). There exist huge
possibilities and opportunities to make DSR
robust, mechanized and precise to improve farm
income, food security, and environmental
sustainability. Adaptation of zero/minimum
tillage reduces the N,O as well CO, emissions as
compared to conventional tillage in the rice-wheat
system. Custom hiring based machinery banks are
required to be established for field-level adoption
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of large machines by medium and marginal
farmers. Rural entrepreneurs can be encouraged
and trained to operate and maintain different
machines and tools for seed-to-seed
mechanization.

PRECISION AGRONOMY FOR RESILIENCE
AND SUSTAINABILITY

Precision rice farming is currently based on digital
tools/apps and geospatial tools/technologies,
including global positioning system, decision
support system, variable rate technology, etc. One
of the most recent advancements in precision
agriculture is a data-driven agronomic intelligence
system, which uses machine learning techniques
to deliver soil and crop management
recommendations for each location (even at the
250 m pixel level). This location intelligence helps
the fertilizer manufacturers to produce custom
blended fertilizers to address the specific regional
soil fertility problems and positioning the fertilizers
where a high response is expected. Similar
intelligence can be provided to seed, pesticides and
market industry to save cost while improving
resource use efficiency. IRRI has developed Rice
Crop Manager (RCM) as a web-based decision-
making tool that provides location-specific
fertilizer recommendations in irrigated and stress-
prone rice-based systems. Farmer-friendly tools
like Green Seeker and leaf color chart (LCC) are
useful for site-specific nitrogen management
(SSNM) to improve yield benefits and lower down
greenhouse gas (GHG) emissions in rice
production. Likewise, a number of digital apps/
databases/tools (Easy Harvest, GHG Emission
Calculator, Rice Doctor, RKB, SeedCast, WeRise,
etc.) have been developed by IRRI to support the
research and farm management needs in rice
sector. Nano-fertilizers are expected to improve
crop performance in terms of ultra-high
absorption, nutrient use efficiency, efc., and also
prevent eutrophication and water resource
pollution. Under rainfed situation, scaling of
alternate wetting and drying (AWD), sprinkler
and drip irrigation systems is an issue. Hence,
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AutoMon'™ is an Internet of Things (IoT) solution,
which enables efficient water management
through irrigation scheduling, real-time
monitoring and reporting, and easier computation
of methane emission. Laser guided land leveling
helps save irrigation water, improve crop
establishment with uniform maturity, enhance
input use efficiency, increase productivity, reduce
weed infestations, etc. IRRI and collaborating
partners are also developing an android-based
beta version of WeedApp for accurate weed
management. Geographic Information System
(GIS) and related Earth-observing technologies
like Remote Sensing (RS), Global Navigation
Satellite System (GNSS), and Unmanned Aerial
Vehicles (or drones) offer a variety of applications,
including crop growth monitoring, modeling and
forecasting, damage assessment, pesticide
applications, rice-fallow mapping, data-driven
dynamic agro-advisories etc., which would help
in increasing productivity and sustainability of
RBCS.

SYSTEM DIVERSIFICATION, INTENSIFICATION
AND OPTIMIZATION

Building the resilience of RBCS under climate
change is sensible and possible through crop
diversification and intensification either in space
(replacing one crop with another) or in time
(replacing the crops in rotation or cropping
systems). The effects of harsh weather conditions,
such as the unpredictable and variable monsoon
in rice and the terminal heat stress in wheat, can
be alleviated with proper crop management and
timely crop establishment. Transformative gains
in wheat yields are achievable only when rice and
wheat are managed as a coupled system in
eastern India. Food security, profitability, and
climate resilience will benefit from the efforts to
“keep time” through improved management of
the annual cropping calendar both now and as a
base for adaptation to progressive climate change
(McDonald et al., 2022). Short- to medium-
duration STRVs can create new potentials for
transforming rice-based systems through
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diversification, intensification, and optimization
when combined with alternate crop establishment
methods and scale-appropriate mechanization.

CONCLUSION

Rice production is highly vulnerable and
unreliable to climate change. Risks and concerns
are further intensifying due to knowledge gaps
with the farmers who usually grow rice varieties
with conventional practices, including suboptimal
crop management. Compared with irrigated rice,
rainfed rice typically confronts greater risks and
hazards. Hence, there is an overall need for a
holistic approach from the crop planning to the
post-harvest processing phase of production,
deploying improved genotypes, cutting-edge
technologies, best-bet management practices and
scale-appropriate mechanization to enhance the
system resilience, productivity, and profitability
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of the RBCS under stress-prone fragile
environments.
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In Asia, there is increased interest to shift from
puddled transplanted rice (PTR) to direct-seeded
rice (DSR) to improve the economic and
environmental sustainability of rice farmers as
DSR saves labor and water, cultivation cost, and
reduces greenhouse gas emissions. DSR is widely
practiced in many Asian countries such as
Malaysia, Sri Lanka, Vietnam, Thailand,
Myanmar, and Cambodia. Many countries
including South Asia are going through the
transition from PTR to DSR. Despite multiple
benefits, there are few risks associated with DSR
which limit its wide-scale adoption and
attainment of optimal grain yields in DSR. These
risks include poor crop establishment, higher weed
infestation leading to the risk of higher yield losses,
limited knowledge on precision water and
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nutrient management, and lack of suitable
cultivars bred for DSR conditions. Many current
agronomic practices are very inefficient and large
scope exists to improve efficiency and
sustainability of DSR through precision crop and
resource management practices. To address these
DSR issues and to develop and catalyze the wide-
scale adoption of mechanized and precise
sustainable DSR systems in Asia, IRRI established
a new public-private multi-stakeholders R4D
platform known as ‘DSR Consortium (DSRC)’.
Progress made through DSRC to make DSR risk-
free and economically and environmentally
sustainable will be discussed. In addition, new
emerging opportunities which will catalyze wide
scale adoption of DSR will be discussed.
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Rice production was close to 128 million tons in
2021-22. Indian exports has also been increasing
since 2012, and it was 19 million tons in 2022 to
maximum of 166 countries globally. With a
growing population of 17 million, India needs to
produce additional 5 million tons rice annually
to feed them. Climate change affects the national
rice production, and we have to develop strategies
to achieve the targeted goal. In 2021, late rains in
October- end led to lodging in many paddy
cultivars, and in 2022 June- July, delayed rains
affected the rice areas in States of Jharkhand,
Madhya Pradesh, West Bengal, Chhattisgarh,
Uttar Pradesh and Bihar. Paddy area declined by
2.29 million ha as compared to previous year.
Aerobic rice cultivation through direct seeding
and supplementary irrigations will bring more
area under rice, save water and labour, and
increase rice production [1]. Aerobic rice is a
production system of growing input responsive,
non-lodging, high yielding rice varieties in direct
seeded unpuddled moist field condition with
irrigation. It is growing rice like wheat. Irrigation
is must, as direct seeding is done with pre-sowing
irrigation, or after pre- monsoon rains. In absence
of rains later during crop season, irrigation must
be provided at 10-12 days interval, depending on
soil moisture holding capacity. Number of
irrigations will depend on rainfall pattern.
Irrigation can be through surface, sprinkler or
drip method. CRD since 2014 is doing on-station
and on-farm research on varietal selection, and
integrated crop management (ICM) with good
agricultural practices (GAP). In a NABARD
funded project, aerobic rice cultivation was
demonstrated in 24 ha in farmers’ field during
2019-20. Incentive of Rs.10, 000 ha-' was provided
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in form of seed, line seeding by tractor driven seed
cum fertilizer drill, pre and post emergence
weedicides, micronutrients, and need based
pesticides use. Maximum Paddy yield of 6.5 tons
ha-! was obtained, similar to irrigated rice.
Samba-Subl, Swarna, BINA Dhan 11, and Bio
690 hybrid had higher yield than others.
Submergence tolerant varieties were also suitable
for flood prone, water logged and irrigated areas.
In hybrids, false smut incidence was high. Saving
of an average Rs. 10,000 ha-' was obtained from
aerobic cultivation as compared to transplanted
rice. Nursery raising, irrigation water for puddling,
and transplantation cost were major savings.
Aerobic rice saves around 55% water, mainly from
seedling raising, and puddling. It also reduces
hired labour use by 40%. Direct seeding reduces
methane production from paddy fields. Breeding
for aerobic rice in India, is 20 years old and around
19 varieties have been released through All India
Co-ordinated Rice Improvement Project [2].
Research and varietal improvements have been
done in Brazil, Bolivia, China, Indonesia,
Philippines, Bangladesh, Pakistan, India & Nepal.
For selecting aerobic rice cultivars, semi-dwarf non
lodging cultivars should have preferably drought
tolerance, diseases and insects resistance,
submergence & waterlogging, and other location
specific abiotic stresses tolerance. False smut is
now a major problem, and tolerant types should
be selected. Grain type, cooking & eating quality,
and higher grain yield, beyond 6 tons ha-' are
preferred traits. The duration of cultivar vary
depending on rainfall distribution and availability
of irrigation. Higher seedling vigour is preferred
trait, but not essential. For ICM, seed rate of 25
kg ha' for varieties, and 20 kg ha-' for hybrids,
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Basmati grain types, and short grain types cultivar
is sufficient. Higher seed rate leads to lodging of
crop. At sowing P,0, and K,O should be applied,
and later after two weeks onward, nitrogen
should be applied as Urea for topdressing in three
splits after weedicides use. Soils with iron and zinc
deficiency should be applied with 25 Kg ha-!
ferrous sulphate and zinc sulphate as basal or as
foliar spray. NPK dose should be 120 Kg N, 60
Kg P,0,and 40 Kg K,O ha-'. Mostly medium and
late duration varieties are preferred. Deep
summer ploughing by MB Plough will break the
hard plough layer and more rain water will
recharge ground water. This will make the water
available to roots during rainless period. Use of
pre- emergence weedicide (Pendimethalin) should
be done preferably on same day of seeding, and
post emergence weedicide (Bispyribac Sodium)
should be applied at least 15 to 25 days after
germination with surfactant, depending upon
weed flora for effective weed management. In
2021, Punjab and Haryana States have grown
around one million ha under direct seeded aerobic
rice cultivation. The number of irrigation reduced
from 25 to 10 and water use by 30%. There