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Non-basmati Rice Varietal Pipelines: Concept to Product

Foreword

It gives me immense pleasure to introduce the Bulletin on “Non-Basmati Rice Varietal
Pipelines: Concept to Product”. This bulletin aims to present the varietal product
pipelines in which active research work is being undertaken mainly in the institute as
well as in the country particularly related to non-basmati rice.

ICAR-CRRI has been at the forefront of rice research and development, striving to enhance
agricultural productivity, improve sustainability and contribute to food security in India.
Over the years, the Institute has developed about 185 high-yielding rice varieties, including
six hybrids, for all kinds of ecologies available in the country. Besides, it has made
significant strides in developing innovative technologies and solutions to address the
challenges faced by farmers and the agricultural industries.

This Bulletin is a testimony to ICAR-CRRI's commitment to promoting demand-led breeding
in specific agro-ecological situations and market preferences. It will serve as a valuable
resource for scientists, students and the seed industries targeting most useful varieties for
stakeholders incorporating various parameters viz., desired market segment, product profile,
key agronomic and quality traits, tolerance required for important biotic and abiotic stress
factors, agro-ecology (hydrological and topography), states/ regions of the county and area
(ha) targeted for necessary innovations in the realm of rice varietal development.

The bulletin provides detailed insights into a diverse range of pipelines required for the
development of varietal technologies in different categories viz., rainfed, irrigated, early,
medium and late situations prevalent in the country. Besides, the land types, viz., upland,
medium and lowland require specific varieties to cater to the need of farmers. Moreover, the
climate change poses a challenge requiring varieties with sustainable climate resilience.
Furthermore, it focuses on the internal and export markets for specific varietal products to
address the need of millers and consumers. It covers various aspects of rice production, such
as seed development, crop management, pest and disease control, post-harvest processing,
value addition, and many more. Each pipeline is accompanied by a concise yet
comprehensive description of its features, and potential stakeholders.

This bulletin  will encourage rice scientists, students, industry professionals, and
policymakers of the country to explore the comprehensive requirements that can effectively
improve research and market interventions. | express my appreciation to the authors and
contributors of this bulletin for compiling this document.

Dr. AK Nayak
Director, ICAR-CRRI
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Preface

Rice serves as the staple diet for approximately four billion people, half of the global
population, providing the primary source of calories and nutrition for billions. In India, rice
is more than just a crop- it's a way of life, deeply intertwined with the nation's identity,
tradition, culture, and socio-economic fabric. Over 65% of the Indian population depends
upon rice as their primary source of nutrition. India is one of the largest producers and
exporters of rice. Rice thrives in India's diverse agro-climatic zones, from the waterlogged
fields of Kerala to the high-altitude terraces of the Himalayas. This versatility ensures food
production across various regions, sustaining India's massive population for which it is
considered as economic backbone of farmers. As a major contributor to India's Public
Distribution System, it helps ensure food availability to low-income families, playing a
crucial role in reducing hunger and malnutrition. The rice sector aligns with India’s efforts to
achieve Sustainable Development Goals by promoting efficient water use, climate resilience,
and inclusive agricultural practices.

This publication classifies rice breeding strategies into different pipelines for
product development that are best suited for sustainable rice cultivation. These pipelines are
defined based on both biophysical factors and the product profile for rice within the country
including ecology, duration, targeted area, core target geography, key defensive traits, key
agronomic traits along with suitable grain quality that would be very important for effective
planning and development of suitable varieties and other products.

The pipelines have been categorized the rice cultivation areas in India into two
major groups, rainfed and irrigated followed by sub-groups in each category. Besides, one
‘speciality rice” pipeline has been conceptualised based on the special traits of rice viz.,
aroma, bio- fortification, low GI, low phytic acid along with emerging industrial, internal
market and export needs of the country. It emphasizes maximizing productivity in the
pipelines and outlines the ideal requirements to improve the efficiency and profitability of
rice varieties. It will encourage demand led breeding and may help to maximize the
efficiency of a breeder in relation to the ecological situation and the resultant product/ variety
which is supposed to be more acceptable to the stakeholders.

While preparing this bulletin, we received tremendous support from the authors, for
which we extend our heartfelt gratitude and sincere appreciation. We also acknowledge the
invaluable role played by the Director of ICAR-CRRI, Dr. A.K. Nayak in conceptualizing
such pipelines for non-basmati rice. His guidance, encouragement, and thought provoking
advice were immensely beneficial throughout the process. The breeders of the entire country
have been consulted during the preparation of the manuscript. The suggestion and help from
senior breeders and doyen of rice research Dr. B.N. Singh, former Director, ICAR-CRRI,
Cuttack, is gracefully acknowledged. Similarly, the cooperation received from Dr. Damodar
Raju C., PJTAU, Hyderabad; Dr. S. K. Singh, BHU, Varanasi; Dr. Srinivas Thati,
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ANGRAU, Guntur; Dr. Deepak Sharma IGKV, Raipur; Dr. S.R. Das, OUAT, Bhubaneswar;
Dr. Sanjay Chhetia, AAU, Jorhat; Dr. R.S. Gill and Dr. Jagjeet Singh, PAU, Ludhiana; Dr.
Narayan Bhakta and Dr. Santosh Kumar, ICAR-RCER, Patna; Dr. Sanjay Singh, JINKVV,
Jabalpur; Dr. Bidhan Roy, UBKYV, Coochbehar, WB; Dr. Raghunath Sadhukhan, BCKV,
Mohanpur, WB; Dr. Prakash Singh, BAU, Sabour, Bihar; Dr. Praloy Bhowmik, IARI, New
Delhi is thankfully acknowledged.

We aspire for this bulletin to become a valuable resource for rice breeders,
researchers, graduate students, and educators engaged in rice improvement. Furthermore, it
aims to assist policymakers and stakeholders in enhancing efficiency in the product
development, achieving greater profitability, and fostering higher sustainability.

Authors
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Introduction

Rice is the staple food of about 800 million people in India and an important cereal for food
security (Pathak et. al, 2020). It covers 44 million hectares of area with an average
production of 120 million tonnes and a productivity of 2.7 tonnes per hectare. (Govt. of
India, 2022). Besides meeting domestic demand, India exports about 20 million tonnes of
rice annually (Madhu et. al., 2023) earning valuable foreign exchange for the country. The
demand for rice to meet the food requirements of the Indian and global population is
increasing (Mondal et al. 2022; Samal et al. 2022) while resources such as land and water are
decreasing day by day. There is also a shortage of labour during peak periods like
transplanting, weeding, and harvesting. Therefore, more rice has to be produced in future
years with less land, water, labour, and other inputs in the years to come. Hence, the
productivity of rice has to be increased to meet the future demand as the scope of the
horizontal expansion in area is very limited.

Since its inception, ICAR-CRRI has made significant contributions to different
aspects of rice research. To date, it has released a total of 185 high-yielding rice varieties,
including six hybrids, for cultivation in various ecological situations. Some of these CRRI
varieties have gained popularity among farmers and have become predominant in certain
states, covering an estimated area of about 9.92 million hectares. These varieties
(representing approximately 13% of the rice varieties released in the country), contribute
about 20% of the rice cultivation area, yielding about 30.01 million tonnes of paddy (23% of
national production). The incremental production of rice with CRRI varieties was 1.5 million
tonnes, contributing X3,064.08 crores to farmers' additional income and Rs 3268 crores of
cumulative net profit in 2022-23 (Bisen et al., 2024).

Selecting the appropriate variety is crucial for successful rice cultivation. To ensure
higher yields and increased profitability, it is important to choose varieties that are locally
adapted to specific climatic conditions, ecosystems, growing seasons, and durations.
Additionally, the chosen variety should be resilient to biotic and abiotic stresses and meet
changing consumer demands. Furthermore, it must align with the chosen establishment
method and management practices to achieve its full yield potential.

The global changes in consumer food preferences necessitate a reorientation of
breeding strategies. There is a growing demand for nutrient-dense, high-antioxidant, low-Gl,
low-phytate, and pharmaceutically acceptable high-value rice to provide better nutrition,
health benefits, and higher income.

The traditional pedigree-based varietal development process is slow (8-10 years),
resource-intensive, inefficient and has a significantly low selection intensity for achieving
higher genetic gain for yield. Additionally, a major challenge lies in the non-replacement of
very old rice mega varieties, such as Swarna, MTU1010, MTU1001, Lalat, Pooja, Ranjit,
Satabdi, and IR 64, in farmers' fields (Samal et al. 2022), despite the release of many high-
yielding varieties (HYVs) and hybrids in recent years. Rice breeders need to strategically
address these challenges and reorient the overall breeding strategies, product development to
deliver higher genetic gains in a cost-effective manner. The breeding programs need to be
strengthened, reoriented, and modernized to effectively address the current challenges of
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meeting the varietal requirements through a well-deserved product pipeline. These include
demand-led breeding, modern population breeding strategy, speed breeding including
doubled haploid breeding for faster product development, genomic selection, and precision
breeding, as well as a robust seed system for rapid varietal turnover and improved adoption.

Rice Ecosystems in India

Rice is cultivated in different ecosystems in India (Huke and Huke 1997; Singh 2006; Samal
et al. 2011) which can be broadly classified as Irrigated and Rainfed. All India Coordinated
Rice Improvement Project (AICRIP) has been conducting research trials over the past 60
years based on several criteria: land type (irrigated/rainfed), hydrology, cultivation practices,
duration, grain type, speciality traits, etc. The area under different systems of cultivation is
different. The surface and groundwater irrigated area under rice is expanding progressively
due to several irrigation projects/schemes financed by the state and central governments. The
private sector also invests in the creation of irrigation facilities.

Out of 44.0 mha, the dry season and boro rice area is about 5.0 mha. The rest 39.0
mha is cultivated during the wet season. Out of that about 40 % is rainfed and the rest 60% is
irrigated. The irrigated rice during the kharif season has been divided into three groups i.e.
early, medium, and late depending on the duration of the crop, covering an area of about
21.01 mha. Within the total irrigated area, AICRIP conducts separate trials for aerobic rice
that is grown under limited irrigated situations. Therefore, a separate section for aerobic rice
has been devoted that acquires an area of approximately 2.0 mha. Rainfed area is again
divided into rainfed upland and rainfed lowland. Rainfed lowland is further divided into
rainfed shallow lowland, semi-deep and deep-water ecology. The quality rice is an important
component of different pipelines which includes aromatic grain type. Moreover, in coastal
saline and inland salt affected soils, rice is grown in 3.1 mha and 3.8 mha area, respectively.
All three categories have been incorporated in different irrigated and rainfed system of
cultivation (Table 1). The coastal saline and inland salt-affected soils are primarily under
rainfed agriculture, as these regions often face challenges like salinity and waterlogging.
However, specific data on the exact percentage of areas under rainfed agriculture is not
readily available. These regions typically rely on monsoon rainfall, especially during the
kharif for successful rice production.

The irrigated as well as rainfed system of cultivation is further divided into
transplanted and direct seeded. The direct-seeded rice is further divided into dry direct-
seeded and wet direct-seeded. Similarly, rainfed rice is classified into different categories as
per the water table during the life cycle of the crop. The varietal requirements of different
systems of cultivation are different and need to be addressed accordingly.

Tablel. Estimated area* of rice in different ecologies in India

S| Hydrological Ecology name Area Subtotal RENENS

group (mha)  (mha)

01 | Irrigated Irrigated Kharif 21.1 26.1 59.3% Irrigated

ICAR-Central Rice Research Institute, Cuttack
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S| Hydrological Ecology name Area Subtotal RENENS
group (mha) (mha)
02 Dry season rice/ Boro 5.0
03 | Rainfed Rainfed upland 4.8 17.9 40.7% rainfed
04
05 Rainfed shallow lowland 10.1
Semi-deep/Deep 3.0
06 Quality rice 0.5 Area under Quality, CS, and
. ISAS have been
07 Coastal saline (CS) 3.1 accommodated in Rainfed and
irrigated
08 Inland salt-affected soil 3.8 ™9
(ISAS)
Total 44.0

*Source: (updated from Pathak et. al. 2020 & Pradhan et.al., 2021)

A. Rainfed Rice: It is characterized by areas that solely rely on rainfall for meeting the
water requirement of the crop and encompasses both upland and lowland. The rainfed rice
area is about 17.9 million hectares, which is about 40% of the total cultivated rice area. The
productivity is very low due to the uncertainty of available water. The physical environment
of the rainfed ecosystem is often characterised and grouped into sub-ecosystems according to
the surface hydrology of rice paddies. Rice cultivars are developed suiting the needs of each
sub-ecosystem. Rainfall is an important determinant of the yield of rainfed rice, but other
factors such as topography and soil fertility also affect grain yield and choice of cultivars.
The rainfed ecosystem may be broadly classified into two categories: 1. Rainfed Upland and
2. Rainfed Lowland

Al. Rainfed Upland

The Upland rice area in India lies in the eastern zone comprising Assam, Bihar, Jharkhand,
Eastern M.P., Orissa, Eastern U.P., West Bengal and North-Eastern hill region. Upland rice
is mostly grown as direct seeded. The fields are “unbunded” and “bunded”. This is almost a
subsistence crop with minimum input. Productivity is very low and unstable due to drought,
weeds, light-textured and less fertile soil, nutritional imbalances, poor cultural practices,
diseases, insects, and lack of suitable varieties.

A2. Rainfed Lowland

It is usually grown in levelled, “bunded” fields that retain surface water, but the depth and
duration of flooding of the soil varies greatly from year-to-year within a growing season.
The water supply is variable, and both drought and flooding may occur in the same season.
Rainfed lowland rice system is also classified as favourable, drought-prone, submergence-
prone, and drought and submergence-prone. Soil fertility is low and problem soils are
common in this ecosystem. Most of the farmers are resource-poor. In this ecology,
production is highly variable. Lowland rice may be further classified into three categories

ICAR-Central Rice Research Institute, Cuttack
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depending on the depth of standing water in the field viz. shallow lowland (below 40 cm),
semi-deep water (40-70 cm), and deep water (70-100 cm). While variations in classification
might exist depending on specific sources or regions, the ranges provided here more
commonly used in India.

B. Irrigated Rice: This refers to the cultivation method that uses irrigation to provide a
reliable water supply for rice crop. It is the most sustainable system and is the most
widespread rice ecosystem in the world, accounting for 75% of the global rice production.
The total area under irrigated rice in India is about 26.1 mha, which accounts for about 60%
of the total area under rice cultivation (Table 1). Irrigated rice is grown in bunded fields;
irrigation is the main source of water in the dry season and is used to supplement rainfall in
the wet season. The major irrigated rice-cropping systems in India include rice-rice, rice-
rice-rice, and rice-wheat. The average yield is 4-5 tonnes per hectare. The major problems
encountered in this production system include yield instability, biotic stresses and
environmental degradation due to unbalanced nutrient use and inefficient irrigation water
management.

Systems of rice cultivation

Across various ecosystems, rice is grown using a range of systems or crop establishment
methods as described below

A. Transplanted rice (TPR)

In India, most of the rice is traditionally cultivated in puddled transplanted method. This
process follows three steps: i) seedling raising in a nursery bed, ii) puddling in the main field
and iii) transplanting the seedlings (20-30 days old) in the main field. For puddling
operation, the soil is completely ponded with water before ploughing to achieve the puddled
condition. It is well established that to achieve the puddled state, a huge amount of water is
required i.e. 300-500 mm which is about 30% of the total water requirement for rice
cultivation (~1,400 -2,000 mm). Transplantation minimizes agricultural inputs. Although
transplanting utilizes a high total volume of water in irrigation, particularly for puddling, it
eliminates the need for early irrigation application during the vegetative stages of the plant. It
also controls the weeds by restricting the germination and emergence of weeds under
anaerobic conditions allowing the development of crop plant without any competition from
weeds.

Due to the rising water demands from other sectors of economy, irrigation water for
agricultural purposes is increasingly becoming insufficient. Climate change and other
weather aberrations add to the water woes in agriculture. In this situation, water saving
alternative to puddling operation needs to be discovered. Other disadvantages of puddling
include the destruction of soil physical properties through the destruction of aggregates of
soil and capillary pores, and clay dispersion. The transplanting process is water, labour and
energy-intensive, which affects the environment and simultaneously incurs costs.
Transplanting operations usually employ manual labour, which, in recent times, has become
scarce as well as costly. Consequently, this poses a major concern for timely transplanting.

ICAR-Central Rice Research Institute, Cuttack
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In this context, the development of an alternative technology, such as direct-seeded rice, to
sustain the long-term production of rice has become inevitable.

B. Direct seeded rice (DSR)

It is a process of crop establishment of rice wherein seeds are sown directly in the main field
avoiding the operations like puddling, transplanting and nursery raising, as in TPR. It cuts
down the water required for puddling and transplanting operations. The DSR system is
basically classified into two distinct groups viz., dry-direct seeded rice (Dry DSR) and wet-
direct seeded rice (Wet-DSR) according to seedbed condition.

a. Dry-DSR: The seeds are sown in dry and mostly aerobic soil with broadcasting, drilling
or sowing in rows at a depth of 2-3 cm. It is suitable mainly in rainfed areas viz., rainfed
uplands, medium lowlands, lowlands, and deep-water ecologies during the wet season,
some in irrigated areas with precise water control.

b. Wet-DSR: It is practised in puddled soil with the sowing of pre-germinated (sprouted)
seeds, which may be an aerobic or anaerobic condition. Various sowing methods are
followed mostly for favourable rainfed lowlands and irrigated areas with good drainage
facilities. It is recommended during the late onset of monsoon which delays timely
sowing. It could be further divided into the following types (Adapted from IRRI, Kumar
and Ladha, 2011).

i. Direct seeding in standing water: It is useful for puddled soil, where dry or pre-
germinated seeds are sown mostly in anaerobic conditions in broadcasting on
standing water of 5-10 cm. It is particularly very useful in areas with red rice or
weedy rice problems and in irrigated lowland areas with good land levelling.

ii. Aerobic wet seeded: Here broadcasting is done on puddle soil surface. Here row
seeding is done in open furrows or on flat soil surface in irrigated areas with good
drainage.

iii. Anaerobic wet seeded: It is suitable mostly for anaerobic condition with a thin layer
of settling mud. Here row seeding is done in furrows and covered with soil. Here
broadcasting and covering are done in irrigated areas with good drainage.

The DSR is being practiced in many medium-deep and deep-water rice ecosystems
of the eastern Gangetic plains of India, and on terraced and sloping lands in the northeast and
north-western Himalayan region and the western Ghats along the west coast of India. The
dry-seeding method is particularly popular in rainfed uplands and lowlands, as well as flood-
prone areas, while wet seeding remains a popular method of crop establishment in irrigated
ecosystems (Azmi et al., 2005; De Dios et al., 2005). The area of DSR in India, Pakistan,
and Bangladesh is 14.2 million hectares of the total rice area of 55.3 million hectares
(Pandey and Velasco, 2005). Thus, DSR occupies 26% of the total rice area in South Asia.
The rainfed DSR can be divided into wet and dry DSR whereas, irrigated DSR (with limited
irrigation) is called aerobic rice. When DSR is practiced in the monsoon season and if the
soil type is clayey, even the dry seeded rice is likely to be flooded during heavy downpours,
and the soil remains saturated throughout the crop growing cycle. Under such a situation,
the rice is classified as dry DSR, not aerobic rice. On the contrary, when DSR is cultivated in
the dry season on sandy loam soil with only alternate irrigations or in a low rainfall
environment, it is called “aerobic rice”.

ICAR-Central Rice Research Institute, Cuttack
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Weed control is a major challenge in dry-DSR, but it can be effectively managed
with post-emergent herbicides. This method offers several benefits, up to 30% water savings
compared to conventional transplanted rice and a reduction in methane (CH.) emissions by
18-20%. Besides, dry-DSR reduces labour requirements, enhances seedling emergence, and
decreases the risk of lodging. The grain yield is compromised to some extent in wet-DSR.
However, when proper management practices are followed, the yield of wet-DSR is
comparable to that of transplanted rice. Additionally, wet-DSR increases water productivity
by 0.3 to 0.4 kg rice m™ water (Nayak et al., 2020).

ICAR-CRRI breeding program is largely dealing with non-basmati rice. Hence,
looking into the domestic and global demand, this bulletin deals with product requirements
for non-basmati rice only.

Non-Basmati grains: Market preference and Trends
A. Indian market

India stands as a leading producer of non-basmati rice, cultivating a wide spectrum of
varieties that thrive across diverse climatic conditions. The most prevalent among them are
Samba Mahsuri, Sona Mahsuri, Ponni, Shatabdi, Banskathi, Pusa 44, HMT, IR-64, Pooja,
CR 1014 and Swarna etc. These varieties are widely preferred for their distinct
characteristics, including grain texture, and cooking quality, besides millers’ preference due
to high head rice recovery. Additionally, in India, there are several Geographical Indication
(GI) tagged varieties, which underscore regional authenticity and quality assurance under
which aromatic non-basmati types deserve special mention.

There are major quality preferences of different regions of the country indicating
the types of domestic demands.

In the north-eastern part, particularly Assam and Tripura, there is a demand for
almost all grain types. Bold grains are mostly preferred in Dhubri and Goalpara (upper
Assam) whereas in other places slender grains are preferred. In other north-eastern states,
sticky rice (Japonica types) also find its prime place in local food preferences. Besides, short
grain aromatic rice also has good demand. In eastern and central states, particularly in
Odisha, W.B., Jharkhand, Bihar and eastern-UP, Chhattisgarh and M.P., different grain types
have their niche markets. The bold grains (short/ long) are more preferred in rural areas,
whereas slender grains are mostly preferred in urban areas. Moreover, short grain aromatic
varieties have a demand in all the areas especially during festivities.

In southern states, viz., Karnataka, Tamil Nadu, Andhra Pradesh, Telangana there is
an overall demand for medium slender grains (Samba Mahsuri type) and short slender grains
(Telangana Sona type). However, short bold grains are typically famous for idly purpose
(CR 1009 type). Besides, short bold (red rice, Jyothi category) are also in demand,
particularly in Kerala and Goa.

In central India, especially Madhya Pradesh (MP) and Chhattisgarh, the preferred
grain quality of rice varies depending upon the region, cuisine, and local consumption
patterns. In Chhattisgarh, rice consumption is an indispensable part of their culture.
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Aromatic rice varieties like Jeera Phool, Chinnor and Dubraj with fragrance and fine texture
are preferred for festivals and traditional meals whereas, aromatic long-grain rice varieties
like Basmati are popular, particularly in urban areas of MP for special occasions. Medium
and short-grain rice possessing soft and non-sticky quality is common for daily consumption.
However, parboiled rice is widely consumed in rural areas, as it is easier to digest and
nutritionally rich. Besides, long bold rice (like Mahamaya) is preferred for making Poha
(flattened rice) in this region.

Another market for rice with special attention to health concerns is also emerging.
As India is now considered as diabetic capital of the world, demand for low glycemic index
(GI) rice is increasing. Even the concept of ultra-low Gl is also under testing. Besides, nutri-
rice which are rich in nutrients like protein, iron, zinc, antioxidants etc. are also drawing
public attention.

Besides, rice varieties especially bred for meeting specific industrial use like waxy-
rice, rice suitable for making wines, wide range of non-alcoholic beverages, popped and
puffed rice etc. are also in demand in specific pockets of the country.

B. Global Market

Internationally, Indian non-basmati rice also enjoys robust demand owing to its diverse
range of varieties and competitive pricing. It caters to a wide array of culinary preferences
worldwide, underscoring its role as a staple food commodity of global trade. The sector's
ability to consistently deliver quality produce at economically sustainable prices further
reinforces India's position as a key player in the global rice industry.

The world population review data states that China is the largest producer of non-
basmati rice in the world, followed by India, among the top 10 producers of non-basmati rice
listed in Asia. In 2022, China, and India together account for more than half of the rice
produced globally. India retains its position as the leading exporter of non-basmati rice in the
world, while the Sub-Saharan African region emerged as the largest importer of rice
(Anonymous, 2022). According to the rice exporters association, rice exports from India
touched 20 million tons in 2021, which includes 16 million tons of non-basmati rice (Madhu
et. al., 2023). Rice qualities viz., raw, parboiled, broken and sella rice of numerous varieties
are consumed and exported under the non-basmati rice category. In 2022, according to the
United States Department of Agriculture (USDA), rice consumption in India was estimated
as 109.5 million metric tons (Anonymous, 2025). Export of non-basmati rice has gone up
from Rs 13,030 crores in 2019-20 to Rs 30,277 crores in 2020-21. This increase in exports is
on account of multiple factors, mainly being India capturing new markets namely, Timor-
Leste, Papua New Guinea, Brazil, Chile, and Puerto Rico. Exports were also made to Togo,
Senegal, Malaysia, Madagascar, Iraq, Bangladesh, Mozambique, Vietham and Tanzania
Republic (Anonymous, 2021).

Certain varieties of non-basmati rice are recognized for their health benefits,
including managing in blood sugar levels (due to their low GI), promoting low cholesterol
levels, and being a rich source of dietary fiber. Several non-basmati rice have uniform grain
size and do not stick upon cooking, which may also be used in delicacies like biryani and
fried rice, thus driving the market demand for non-basmati rice. Apart from that, several
varieties of short-grain aromatic rice are renowned for their rich natural aroma and flavor,
which significantly contributes in driving global market.
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In this context, the targeted varietal products in the CRRI research programme,
encompassing the majority of non-basmati rice, have been systematically classified under
different categories.

Desired traits of non-Basmati rice: Product Pipelines

The classification of rice varietal pipelines has been strategically organized, with specific
emphasis on the environmental adaptability, agronomic sustainability and key product
overview parameters viz.,

Market segment description

Product profile description

Key agronomic and quality traits including biotic and abiotic stress tolerance

Pipeline size

Season

Agro-ecology (hydrology)

States/ regions of the country

@oo0ow

This will help researchers to understand the details of the product profile with
necessary clarity, and focus on trait-specific breeding for varietal replacement with
prospective genetic gain for yield and desired traits, with the ultimate objective of benefitting
the targeted stakeholders including farmers, millers and consumers. The products have been
classified under the following pipelines. The entire classification has been broadly
categorised under i) rainfed and ii) irrigated followed by sub-classifications (Table 2-12).

Rainfed rice cultivation and direct-seeded rice (DSR) cultivation share notable
similarities, especially in terms of adaptability, resource efficiency, and sustainability,
especially for farmers in water-scarce environments. In this context, the classification of
direct-seeded rice has been structured in alignment with the rainfed rice categories.

Value Added Traits

Must Have Eraits

High N and P use efliciency;
Fe and ¥n def. tolerance;
Nematode reslstance

= ST
Days

Drought tolerance, Weed
competitiveness/ Herhicide
Tolerance

High N and I use eft.; Fe and
Zn def. tol, Nematode
resistance

;:; Early Direct Seeded

Drought tolerance, Anacrobic
germination, Weed
competitiveness/ Herhicide
Tolerance

High N and P use ell,; Fe and
#n def tol, Nematode
resistance

Direct Seeded s Medium Direct Seeded
/

Drought tolerance, Anaeroble
germination, Weed
competitiveness/ Herhicide
Tolerance

=14 days submergence
tulerance, BLE, BPH,
Sheath blight, blast,
stem borer Lolerance,,
resistance to vivipary

perminalion

Rice
E;? Late Direct Seeded

Intermittent Drought
Tolerance
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Fig 1. Classification of Direct seeded rice with their traits

A. Rainfed
1. EDSDP (Early Direct Seeded drought- prone)

It is categorized into two parts, viz., un-bunded and bunded. In un-bunded only 90 days
duration varieties are cultivated due to limited water storage, whereas in the bunded type,
slightly longer duration varieties, such as 110 days varieties, are cultivated due to increased
subsurface water storage facilitated by bunding. As it is grown in rainfed situations drought
tolerance is an imperative trait for successful cultivation. This ecology available in almost all
the states except high altitude hills. Punjab, Haryana, western UP and Telangana. Here the
major challenge is weed management which needs to be tackled with suitable herbicide or
with herbicide tolerant varieties.

2. RDSM (Rainfed Direct seeded Medium):

It is typically practiced in Jharkhand, part of Bihar, WB, Odisha, Chhattisgarh, eastern UP,
and eastern MP. The duration of the varieties in this category is about 120-135 days. Semi-
dwarf high yielding varieties with early growth, drought and flash flood tolerance, high
nitrogen use efficiency, and weed competitive ability are essential agronomic traits, although
tolerance to anaerobic germination and herbicide are value added traits required here to
combat the occasional water stagnation and weed menace. Similarly, the genotypes tolerant
to blast, brown spot along with brown plant hopper (BPH) are required for this pipeline.

3. RLSL (Rainfed Late, Shallow lowland):

The rainfed shallow lowland is characterized by water accumulation of 0-40 cm that faces
frequent drought and flash floods. As these areas are not suitable for growing most of the
other economically important crops, developing high-yielding climate-resilient varieties of
rice for these difficult ecologies become very important. While predominantly found in the
eastern region (Bihar, Jharkhand, Odisha, Assam, West Bengal, and Tripura), it is also
present in other areas, including the southern region (Andhra Pradesh, Telangana, Tamil
Nadu, and Kerala), central region (Chhattisgarh), and western region (Maharashtra). It faces
major abiotic stresses viz., submergence, stagnant flooding (at least for 20 days), drought,
anaerobic condition (during germination) and low light for NE states along with several
biotic stresses. High yield along with tolerance to these stresses can improve the livelihood
of farmers significantly. This is required in self-pollinated varieties as well as in hybrids. The
RDSM and RLSL covers about 10.1mha described as rainfed shallow lowland (Table 1).

4. LSD (Late duration Semi-deep/ deep)

The semi-deep lowland is characterized by water accumulation of 40-70 cm, whereas in deep
water 70-100 cm water accumulation is considered, up to one month continuously during the
crop growth period. Long duration photo-sensitive varieties are essential for these pipelines.
It is available in the eastern region (Assam, Bihar, Madhya Pradesh, Orissa, Uttar Pradesh
and West Bengal) covering about 3.0 mha. It faces major challenges of abiotic stress viz.,
submergence, stagnant flooding, drought (seedling stage), anaerobic germination along with
several biotic stresses. The plant should possess moderate to high elongation capacity, a stiff
culm, upright leaves, and moderate to high tillering ability. Additionally, it should
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demonstrate high nitrogen-use efficiency, vigorous early seedling growth, sensitivity to
photoperiod, insensitivity to temperature variations, robust kneeing ability, and strong seed
dormancy. Because of low tillers, plants should be endowed with heavy panicles for
effective yield increment. Besides, there should be resistance to diseases (BB, sheath blight,
sheath rot, RTV) and insect pest namely stem borer (SB) and leaf folder (LF) tolerance.

Value Added Traits Must Have traits
Stagnant Flooding tolerance, Intermittent Drought
BLB, Sheath blight, blast, stem  tolerance, Submergence
5 B
>135 : borer tolerance, , resistanceto  Tolerance,
Days Rainfed Shallow Lowland vivipary germination
\ >14 days submergence Stagnant Flooding
\ tolerance, BLB, Sheath blight, tolerance, Kneeing
Un'favourable =140 S 51 to D at blast, stem borer tolerance, ability, intermittent
Low land Days emi-Ueep to Veep water resistance to vivipary drought tolerance
J germination, lodging resistance
2135 | >14 days submergence Seedling and
Coasta] S;I]il'lity tolerance, BLB, Sheath blight, rcr?rr.:durrjvesmge
ast, stem borertolerance, , alinity, Stagnant
Days bl by 1 Salinity, Stag
resistance to vivipary Flooding tolerance,

germination

Fig 2. Classification of Un-favourable lowland rice with their traits

5. CS (Coastal salinity)

It is characterized by salinity, acidity, (soil pH and EC are 2.62 to 5.97 and 0.1 to 9.8 dS/m)
excess water and germination stage oxygen deficiency (GSOD). Anaerobic germination
(AG) is desirable for late duration genotypes. Salinity tolerance at reproductive stage, along
with complete and partial submergence tolerance are also required for successful cultivation
in this ecology. High vigour, non-lodging with multiple stress tolerance vis-a-vis
productivity benchmark (yield/ha) > 4.0 t/ha would be a boon to the farmers.

6. IS (Inland salinity: alkaline, sodic and sodic saline)

Inland saline soil is classified as saline, sodic and saline-sodic soil. Saline soil is
characterized with <13 sodium adsorption ratio (SAR), <15 exchangeable sodium percentage
(ESP) of total CEC, <8.5 pH and >4 dSm-1 EC. Salinity stress tolerance, particularly during
the seedling and reproductive stages, is the most dominant abiotic challenge in this ecology.
On the other hand, sodic soil is characterized by SAR > 13, ESP > 15, pH ranging from 8.5
to 10.0, and an EC of saturation extract < 4 dS m™ (indicating low soluble salts and high
exchangeable sodium). Similarly, saline-sodic soil is characterized by SAR > 13, ESP > 15,
pH ranging from 8.5 to 10.0, and an EC of saturation extract < 4 dS m™ (where both soluble
salts and exchangeable sodium are high). Sodicity stress leads to deficiencies of minerals
such as Fe, Mg, P and Zn. Water logging stress is a major issues in these ecology. High
vigour, stable grain yield and resilience to multiple stresses, alongside a productivity
benchmark exceeding 4.0 t/ha, would greatly benefit farmers.

B. Irrigated
7. 1EM (Irrigated Early/ Mid-early)
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This pipeline is required in almost every region to cater the need for second crop or irrigation
availability. The major driver of this system is very high yield and different grain qualities as
per regional requirements. Both self-pollinated varieties as well as hybrids fit into this
system. The characteristics viz., lodging resistance and high spikelet fertility should be
endowed in the varieties for very high yield besides biotic stress resistance predominantly,
BLB and false smut.

Similarly, direct seeded (aerobic) rice is coming in a big way to combat the problem of
labour shortage. Weed competitive and herbicide tolerant varieties would offer a great
opportunity for saving expenditure and earning more profits.

Value Added Traits Must Have traits
False smutresistance, Lack of Non-Sharrering, resistance
high vielding varieties (=6.0 to vivipary germination,
110 Earl t/ha), lodging resistance Aerobic: N and P use
Days y efficiency; Fe and Zn
. deficiency tolerance
Irrigated/ \ ———— -
135 Lack of very high yielding>7.0 Seedling Stage Cold
Favourable Days Mediurn}a’ Boro t/ha, lodging resistance, tolerance and
reproductive stage hear

lowland

tolerance for Boro

>135 False smul resistance, Bakanae Lodging resistance
Days Late disease tolerance, resistance to

Vivipary germination,

Fig 3. Classification of Irrigated favourable lowland rice with their traits

8. IMTS: (Irrigated Medium Transplanted)

It is one of the major pipelines, extended in eastern, southern and central regions of the
country. Long or medium slender grains are preferred followed by long/short bold varieties
with good eating quality. The most important agronomic trait includes semi dwarf or a little
more height (up to 120 cm), high yield, lodging resistance, high harvest index along with
biotic stress resistance. The major diver of this pipeline is very high yielding varieties for
breaking yield ceiling (>7.0 t/ha), with improved lodging resistance and tolerance against
emerging diseases such as false smut, tungro, and bakanae.

9. ILTS (Irrigated Late Transplanted)

This is one of the extensively covered groups practiced in eastern (Odisha, WB, UP, Bihar,
Jharkhand, Assam, Mizoram, Arunachal Pradesh and Tripura), southern (AP, Puducherry)
and central (MP, Chhattisgarh, Maharashtra) region of the country. The duration of this
group is 135-145 days. This is a major group that covers late-maturity irrigated land and
favourable shallow lowland. The plant type, phenotypically, is characterized by late duration,
semi-dwarf stature or slightly taller height (up to 120 cm), high yield potential, and
resistance to lodging. The preferred grain type is long or medium slender followed by
long/short bold. Many mega varieties rule in this pipeline viz., Swarna, Samba Mahshuri,
MTU 1075, etc. However, critical gaps remain, including the lack of very high yielding
varieties to surpass yield ceiling, lodging resistance along resistance for emerging diseases
like false smut and bakanae which needs to be addressed.
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10. IMTD (Irrigated Medium Transplanted Dry season)

It covers an area of about 5.0 mha. It includes in irrigated and fertile land with maximum
productivity. Early to mid-early duration varieties are grown here. The plant type should be
of intermediate height (95-110 cm), possessing lodging resistance with high yield (> 6.0 t/ha)
and should be endowed with cold tolerance. The grain type preferred is long/medium slender
with high head rice recovery (HRR), intermediate amylose content, soft gel, low chalkiness
and high nutritive value. The key gap includes lack of high temperature stress tolerance at
the reproductive stage and very high yielding variety for higher benefit.

In addition to the aforementioned pipelines across ecological zones, grain quality
traits represent another dimension of pipeline classification. These traits ensure premium
pricing and address higher market demand, including export potential, and have been
distinctly categorized as ‘speciality premium rice.'

11. Speciality premium Rice

Speciality
Rice

Value Added Traits Must Have traits

>135 z Z High HRR, Lodging resistance Aroma, soft GCwith
Days Aromatic Short Grain superior mouth feel and

sensory qualities

).135 Lodging resistance and high High Protein, minerals
Days yield rich, antioxidant rich

"1_.35 Industry SpEClﬁC Rice High HRR with suitable AC/GC Industry specific traits
Days requirements

>120 - dgi o A
W ow P Lodging resistance, Low Gl and Low PA
135 Days LowGl, L A High yield

Fig 4. Classification of speciality premium rice with their traits

Aromatic Grain type: This category of aromatic, non-basmati grains is distinguished by its
unique fragrance and exceptional culinary qualities, offering substantial potential in both
domestic and international markets. It is grown either in irrigated or rainfed area with
adequate drainage facility. Significant cultivation areas include West Bengal, Odisha,
Chhattisgarh, Uttar Pradesh, Madhya Pradesh, Maharashtra, and Gujarat. Preferred grain
types include:

e  Short slender/short bold grains (<4mm): Strong aroma, high head rice recovery (>60%),
and excellent cooking quality (e.g., Gobindabhog, Tulaipanji and Kalonunia from West
Bengal; Kalajeera and Pimpudibasa from Odisha; Joha from Assam; Kalanamak from
Uttar Pradesh; Katarni from Bihar).

e Medium slender grains (<6mm): Length-to-breadth ratio of 2.5-3.0, strong aroma, high
head rice recovery (>60%), and pleasant taste (e.g., Dubraj from Chhattisgarh; Chinoor
from Madhya Pradesh).

e Long slender/bold grains (>6mm): Strong aroma, high head rice recovery (>55%), and
delightful taste (e.g., Rajendra Bhagwati from Bihar).

a) Nutri-Dense Rice: This includes high protein rice, mineral rich rice (Fe>16ppm and
Zn>28ppm) having all grain types with high HRR (>60%) and good taste, e.g., CR Dhan
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310 and CR Dhan 324 (high protein), CR Dhan 315 (high Zinc), high antioxidant viz.,
Chakhao, Mamihanger and Jyothi. The key gaps in this pipeline includes, includes
susceptibility of available varieties to lodging, bacterial blight, brown plant hopper and
blast. Moreover, these are moderate yielders and most of them are landraces, hence
requires significant improvement.

b) Industry-specific rice/ Market specific rice: It comprises glutinous rice having amylose
content of <5%, medium to long bold grain type (HRR>60%), rice suitable for Idly,
dosa (Savitri), flattened rice (Mahamaya, Jaya), puffed rice / mudhi (var-Lalat), rice
wine (var- Koshikari), rice soaked water/ tanka torani etc.

c) Other traits including GI/ Phytic acid:

Low GI Rice: The Glycemic Index (GI) is a measurement system that ranks foods
based on their effect on blood sugar levels. With pure glucose at a Gl value of 100,
the three glycaemic index classifications are available viz., low (<55), medium
(56-69) and high (>70). Studies have shown that rice with low GI may result in
weight loss, reduced blood sugar levels, lower risk of developing heart disease and
type 2 diabetes. Eating of rice with low GI is supposed to keep diabetes under
control. Low GI rice are digested and absorbed relatively slowly, resulting in a
much slower and smaller rise in blood sugar levels. In this context, work could be
focussed on developing/ identifying varieties with low Gl (e.g., Improved Lalat) is
the need of the hour. The lacunae in this field is the unavailability of commonly
released varieties, unavailability of very high yielders and paucity of high Gl
donors. However, low GI line has a potential market for commercialization and
export.

Low Phytic Acid (PA) rice: PA acts as a robust chelator of metal cations to form
phytate and is considered as an anti-nutrient as it reduces the bioavailability of
important micronutrients. Although the major nutrient source for more than one-
half of the global population, rice is a poor source of essential micronutrients.
Hence, biofortification and reduced PA content could be a new strategy for
improving micronutrient bioavailability in rice. The target of this area is Grain
Phytic Acid (GPA) of <1%, with MS, LS and SS grain type and HRR>55%. The
challenges include the productivity enhancement as the low GPA genotypes are
low yielders with low seed vigour and growth. Besides, very few natural variations
are available to be used as donors. The proposed details of product pipelines are
outlined in Tables 2-12.

Trait-specific breeding in rice

Trait-specific breeding in rice focuses on developing varieties with specific desirable traits,
such as improved yield, quality, and resistance to pests and diseases, to meet specific
agricultural, environmental, or consumer needs. This uses classical breeding approach as
well as modern techniques like marker-assisted selection and genome editing to enhance
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precision and efficiency. By identifying and selecting genes associated with the traits like
drought tolerance, pest resistance, improved nutritional quality, or higher yield, breeders can
tailor rice varieties to thrive in diverse growing conditions. It addresses food security
challenges, consumer preferences, and promotes sustainable agriculture by reducing the need
for chemical inputs. Additionally, it involves collaboration among researchers, breeders, and
farmers to accelerate the development of superior rice varieties. Overall, trait-specific
breeding ensures rice varieties that are resilient, high-yielding, and appealing to consumers.
By catering to consumer preferences and preserving genetic diversity, trait-specific breeding
ensures long-term adaptability, food security, and economic benefits for farmers and
consumers alike.

In this context, the distinct traits have been identified to cater the need of specific
pipelines. The traits have been classified as i) Basic trait ii) Essential trait iii) Value added
trait and iv) Game changing trait in each pipeline for development of varieties to replace the
old varieties successfully. The proposed details of traits in different pipelines have been
highlighted in Table 13-16.

ICAR-Central Rice Research Institute, Cuttack




Concept to Product

tal Pipelines:

ice Varie!

Non-basmati

aauelsisal jods
umolq pue iseig

5

9IUPISISAl Hdg ¥

dJuelsisal
suIspo1 ‘¢

9URID)0}
1ySnoup pue
2ULI9)0)
2Juasawqns
‘uoijeurwlas
dlqoseue

jospe1 T

4sq 104 3)qeyins
j0U aJe £50]029
po1eSILIJONAH °

==

spnpoud Juasaid

ay} ui sdeS fay]

L 1A %9 Hl
efaiys eusems

pasejdas

2q 0] SanaLIeA

(81/8s) suteis pjog
10 (S1 ‘SS)4apuals
8u0] 40 1I0YS ‘(SW)
J3pua)s wnipay
%ST-0T DV %0L

< 2YUW %59-5G HUH

fyenb urein

uoleuiw.as

21qoJaeUR 0] JUBIB]0L
‘2njeu Suipeaids-1was
ysnouyy Ayige aannad
-W0d paam padueyus
pue UueI|0} APNIq
-I3H ‘INN YSIH 4noSIA
pue ymmo.s Ajuez
‘9aur)sisal SuISpo
‘remp-1was ‘paik ysiH

sjtes} JnwouoiSe A3y

‘9JUBID)|0} UOIRU
-1wJag d1qosaeuy ‘ysnoip
‘9uasIawans :ano1qy

Hd4 ‘(aSA)
13104 Wa)S MO)19A 10ds

umoig Wsnq yieays ‘seiq

P3N pue Jeat ‘gg anolg

s)1e1) dnIsuayap A3y

0¢L-00L

(w)
WS1ay eyd

dW uJaise3 dn ula
-1se3 ‘ysessimeyyd
‘eysIpo ‘am “eyig
40 Jed ‘pueypiey(

sx291e pue Ayd
-e15098 1a8.ie) 310)

SEL-0zL

(sAep)
uoneing

(wnipaw
papaas
12241Q pay
-urey) Wsay 4

aunpdid oy
PNpoid

suonedyads pajie1ap yum (wnipap papaas 12a11@ pajuey) Wsay aunadid 1npoud °¢ a)qel

eY/10°€< PIAIA

Randaye
passaippe aq

03 wajqoud
Juawaseuew pasm

‘ad
‘Hdg “10ds umouq
0} Aiqndadsng

yImois
doud jo sagess Jje 1e
9JUeI9)0} YSnoiq

spnpoud yuasaid
3y ui sdeS Ady

i

=3

pasedas
3q 0] sanaLen

l-ueyq lueseg

eJipu| ‘reiwes
Sns ‘zoL ueya
4D ‘L0L ueya ¥
‘Ueyq 18eyqyes
‘leluy ‘euepuep

'Ssauyjeyd MoT
'%S-0C

DV ‘%59-55 *4YH
‘9)qeidane

aJe sadAy uress )y

fnenb urein

9URIA0}
apIIGIaH :Hesy jepads

(1H) Xapuj 3s8nIeH
ySiH ‘fouanyap uz

13 94 0} ULII)OL
‘fouaiduyg asn d pue
fuaiyla asn-N YSiH
‘ssauaniladwod paam
YnoSIA pue ymois
Aae3 d1wouoiSy

ses} diwouoige fa)

se1e15
3N J0J 92uRI3]01 JYSH)
mo) pue puejdn papunq
10} URIB]0) POOY} Ysey)
‘uoneuwiss diqoiseur
‘9dueI8]01 3YSnoiq
158553415 J10IqY

dJuejsisal

9polewsnN _muzmum_mw._
Hdd 101 y1eays ‘(ag)
Y3 q jeuseg ‘(sg)
10ds umoug ‘1seig
:595S41S 1019

s)es) anIsudjap A

(S1e1p3WIBIU)
wd oLL>
(wo)
W3s1ey Jueld

(eyw

8% In0qe eale)
dn UIASaMW pue
euefieH ‘geflund
‘Sliy apnaie ysiy
1dadx® eipuj Jo
S91e)S By |je Ul
9)qejieae J1aAaMOH
‘elpu] uisises ul
punoy Ajewnd
spuejdn pajurey

eale pue AydesS0as
1951e} 210)

(shep oLL
5 papung) ‘q

skep 06
> papunqun ‘e

(sAep) uoneing

(suoud
-ySnoup
papass
1211q Aae3)

dasai| |

aunpdid  oN
pnpod IS

suonedynads pajielap yum (suoad 3ySnoap papaas 1auaiq Ajie3) dasa3 aunadid 1onpoud ‘z a)qel

ICAR-Central Rice Research Institute, Cuttack




..l
]
=}

S
<

o
o

L

=
=8
@
o
f =
S

(@]

tal Pipelines:

ice Varie!

Non-basmati

1574 Jo Auofew yum eywl In0ge $IvA0I (Z:3€ sauljadid)wnipaw papass 12211Q pajuley YIm Suoje pue) Mo] Mojjeys ‘d1e7 pajuley aylyy

ey/1
0°€< PIRIA
‘Swo ul
Su1S50101N0
%068 'SWD
IH USIH
‘Juesa)03 pjod
8u1Ss0421N0 pue SuiSpo7
%05< Yum ‘Raniasy
sueis s 1)1ds %58
'SS ‘SW :SWD < ‘pajeunjod
%GC-0C -}13S J3n0
DV %59-5 pIaIA % 0z<
YYH ‘sutess z0Lueya| ‘pugAy Jano
nws asjey pue SuiSpoy ‘Aiqionpoid SW ‘aw ‘d1 4D ‘L0£ ueya p19IA %01L<
‘S9119148A JURID|03-SSRUIS JO BT ‘L[ ‘ST:pLGAH 1) ‘4749 vd pugAH
yrdap
“JeMm wd (G e uoieniea3) 13NYONS Acmm:m__uov
10} Suipaaig ‘uo) + L-qns ysnoayy oo_wchwsoswu
uonejndiuew spaay) Sulpass .F_Emmuvp“gnsw
122.1p 40} PasIUS03a1 10U AAH - °L LIAes /1ines
1sad SuiSiawa 7 (u1s1seq
Jofew ay3 ‘Hdg 01 91qndadsns AlySiH -9 ‘lenua))
. <08 ueya
1Pnpoid 8y} ¥ ‘unsyew
30 due)dande psanpal pue Jnojod Amsm_u.ov ueyp
SNy palalje aduela)o) SUSIBWANS G :m__cmi ‘e(00d 1H YSIH
‘sanaLIen ‘epes {(uie1se3) | pue 3NN YSIH
eS8l 10J 8]qRIISAP 10U UOIRUI]LO0D Lyefen 1-ans 4nosia pue
3Ua5 au0 A|UO SSA1IS 21101 J04 % inpeyeg ‘lqns | yimo.s Ale3
Uluey /nluey ‘IurISISal
‘9JUeJ9)0] SSalls w._n__u._::\_ yumsaur] ‘¢ %52-0C R_m\_..w:wu ME_MUOJ
auelsisal SuISpo) mu%m,%m .r__m__wuuwwﬁwumv HH“M__“_M_MW
A- A : EEIS :
pue sanaueA SulplaIA-ysiy Aisp 7 ‘surers T I 127 paik
9JUeID)0) DUBZIBWANS Jo IR °L| joadfyAuy | ‘L-qns eusems USIH

spnpoud juasaad ay) u sdes Aay

fyjenb
ureln

pasejdas
aq 0} fduiep

syen
Jlwouoise
3y

31815 (IN) UJa1Sed
yuiou 104 ys1

MO] pue JUEII|0}
uoneulwIas
J1goJaeuy ysnoip
‘(skep 0z 10 15e9]
1e) Su1poo)) JurUSES
‘9uasdiawqgns
2nolqy

W9 pue 47°aS ‘Hdd
‘54 ‘uonelojoasip
urel9 Wysng

US ‘aq ;esua)

WO pUe 41 ‘Hdg
‘aSA ‘1se1d ‘s4 ‘wsng
‘ys ‘gg :uisynos

ueId101 (WD) ASPIW
1189 pue Hdg 4ai0q
wa1s ‘sg 10y "ys ‘(Sd)
nws asye4 ‘Wysng
yieays sejq N
pue jeaq ‘gg :usaisey
2noig

s)e) anisuajap Aay

1eie(ng pue
eiyseseyey
UIDISOM
Auiayanpnd
‘ejesa) ‘NL
‘euesue)a) ‘dy
‘wiayInos
ylessieyyd
‘pueyieyf
‘eanduy ‘jeSuag
1S9\ ‘wessy
‘eysipo Jeylg

0#%L-0LL ‘uivlsey

(w2) «xeaIe
WSy pue AydeiSoas
jueld 1981€) 310)

0SL-0%7L

(sfep)
uoneing

PUaAH (q

pajeurnjod
-J19s (e

adA)

(pue) moj
Mojjeys ‘8181
pajurey) 1STY €

aunadid

pNpoxd  ON IS

suonedydads pajie1ap yum (puejmo) mojjeys ‘a1e pajuiey) ST aunadid 1onpoid 4 a)qer

ICAR-Central Rice Research Institute, Cuttack




Concept to Product

tal Pipelines:

ice Varie!

Non-basmati

fnige Sursauy
PO0S Y3Im 3dUeIB)0}
$S8115 21101 pue
1ySnoup ‘SuiSpo)
J0e] ‘sanaLen

(wessy)

219 oeg eSuey ‘oeg |n(
oeg edayq ‘oeg euowy
‘(u1215R3) 80S URYQ ¥D

(2004 u1 2edS SES
JewAyduaie) SOV YSIH o

1001
snofuape diienby o

INoSIA Sulpaas Ae3 o

]98] N Mo] 3
fuaiyye asn -N YSIH o

fange
uo11eSu0}d Po0Y o

Aiqe Suigauy| o

juess)0}
13p]0} 831 pue gSA ‘INws
asieq WsNq yeays ‘ag
anoig

AAINISUBSUI-OWIBY] B
dA1ISuas-poladoloyd o

uoneuIw.Ids
diqosaeue jo Adede)

a8e)s Sulpaas
18 92URJDI01 3YSN0IQ o

finige

uo11eSu0}d ApouIUI ISe)
1M 3URIB|0} SUIPOO)}
JueuSels Suojoid

Suipjaik ySiy Lan | ‘00 Ueyq ¥ ‘lueqeyqiel | %Sz-0Z DV Sanea) wo daag
J0y2e7 ‘ANAIdONPOId ‘lypiujef ‘euSew)e( | %G9-GG :¥YH 10918 pue W Jns o DNoIqy 09L 2 091-G4L ‘Il 49
a3pIw ey pue Japjo}
Jea7 ‘gSA ‘Inws as)eq
BN Yy1eays ‘Hd ‘ad
BAI}ISUISUI-OULIBY)
|A1}ISuas-pol1adoloyd o
funige Suteauy o uofeUIWIAS
fnige diqosaeuy jo Aydede) o
UOI1e3UO0]D 31RIBPO o 3DURIS10} SUIPOO} ﬁwﬂﬂ%ﬂoﬂwﬂw
3JURI9I0) (dn) L0z InoSin Su1)pass Alie3 o JUEUSEIS SIRIapon . BUYW 0°¢ 1N0Ge)
me.;m.m_ﬁma pue | -¥y9anN .m>_a_£ ‘(wessy) 1ona] N Mo je | RUBIRI0N 92UdSIBWQNS o ;
W q._o% u1Spo] Jo . OB :w“_. e0Y[9)| IUBd a1 3SN-N USIH a1 Sunpass 1eSuag 1sam
o7 ‘Aujige Suieauy | (gm) eHGES (BYSIpO) 905 %SC-0C y pue ysapeld
b . ) LR 1B 90URID]03 YSNnoiq o .
pooS ylim salialien ueyq ¥ ‘sos ueya ¥l | IV %59-SS g Jenn ‘eysipo daap
Suipjaif ySiy Auan | ‘ols ueyq yd Yeydn {(gm | :yYH ‘sureis SuLa) sresspow 3 DnoIqy wd | ‘ysapeid eAypep -1was
40e] ‘AyAdNpoid ‘eysip0) ueypeysiep | Jo sadfyly | S9ARS] 10818 ‘WINd NS o :019duesd)oL | 09L-0ZL ‘Yeyig ‘wessy | 09L-GHL ED)

spnpoud yuasaid
3y} ui sdes Aay

padejdai aq 03 Mariep

fyenb
urelg

sites) J1wouoiSe fa))

s1ied} anisuayap fa)y

(wo)
pUTEIETT
jueld

eale
pue AydeiSoas
1951e1 310)

(sfep)
uon
-eing

adAL

(deag
/dasp
-1was
uoneinp
ale7)
aasai

ETTEL T
»npoid

“oN
IS

suonedynads pajielap yum (daap /dasp-1was uoneinp aje1) aasai aunadid npoud °s a)qel

ICAR-Central Rice Research Institute, Cuttack




..l
]
=}

S
<

o
o

L

=
=8
@
o
f =
S

(@]

tal Pipelines:

ice Varie!

on-basmati

(eyw L z'1~)

DUeISISaI ureIs 1 SS3J1S 21}0WSO “131eM YSIeIq 1eselng
Su18po) “Auadnpoud €-19Aued ‘/-1eliey | ‘gw ‘SW ‘%Sz-0T ey/1 0% < (ey/piaik) yum aduagiawqns jened pue ‘enjysel
J13y81y ‘sjersarew Juels|o} | 7 ueyp eoo ‘z ueyp OV ‘%GG< | dewyduaq AIAdNpoId 919)dwod ‘98e1s andnpoldal eyey ‘eon shep
-ssans adinw Jo yoe7 ©O09 ‘4 UBYP BOD YY¥H | SuiSpo) -uou UnoSIA ySiH 1e 9UeId)0] ANuUNeS | Wd OLL< ‘eyerewsey | owl-GzL | AUD
DUeISISaI
SuiSpoy Auananpoid AW ‘SW ‘%S ey/1 0% < (ey/piaik) 3DUBIDI0} OSH U31eM SS3IXD
J18ysiy ‘sjersarew Juesa)o} 6-2)11A -0z:V | OMewydusq ANAINPOId | (W/SP 86 01 L0 PUR /6'G 01 29T (eyw z'0~) sfep
-ssauls a1dnnw Jo e ‘S 1A ‘SIIA ‘GG< *yYH | Suidpoj -uouunoSIAYSIH | sI )3 pue Hd10s) ‘Aupioe ‘Ayunes | wd Gli< eledy | owl-SZL| A9
eU/10'G < (BY/p1aIk) papaas allp
dewyduaq Aiqranpold | 4o ased ul gy ‘Suipoo)y Jueusels
11€3 wnipaw ‘82uagIawqns :(Ue(-120) IgoY
‘uonyeinp sAep Ggl :1qoy
9JURID)0} (eyw #°0~) (1qe1)
ddueISIsal SuISpo) 901 aUYM ‘)]e1 wnipaw (Hd 104 068 pue 0G°£ I3 10} N3V | O%l-GEL
‘Slelialew Juesa]0} €I ‘€ AdL SW %S2-0T 4no3in Aea ‘voneinp | w/Sp 05 pue GL'L) J1pos auljes ‘npen Jiwey (w1)
-ssans ajdinw Jo 3de7 | ‘g ueyq 1YyD ‘eneref 2V ‘G6< YYH | sAep SLL :(fubyy) wanapy | 31 (Anf-aun( Jupyy) wanany | wd oLL< | ‘Ausydnpnd | SLL-OLL| NI U9
3JueISISal SuISpo)
‘fuanonpoud 1aysiy eY/1 0'G < (BY/p1alk) (eyw £0-~)
‘S|eliaiew Juela)0y SW ‘ST ‘%Gz-0z | 4ewyduaq Anjiqidonpold | Suipooy Jueusels ‘@auasiawqgns ysapeid sfep
-ssans ajdimnw o 3oeT | €0L WY ‘LOL WO | DV ‘%SS< :4yH | SuiSpoj-uou 4noSiA ySiH ‘A31unes 03 9ueIB)0L DMOIGY | W 00L< eIypuy [ ovl-SzL| “11I9
Ja10q wals moyjah ‘1seiq wsng
y1e3ys ‘gg 01 BURIS)0) DTOIG
Zlw ueyq ¥ ‘leueg (papaas 12211p
aoue)sIsal SuISpo) eunt ‘euseans J0 3B 1) (9Y) uoneuIwIz9
‘Auanpnpoud Jaysiy BuNT 41y ueyq SW ‘aw ey/10 < (ey/p1aik) J1qoJaRUY pue ySnolp (eyw |~)
‘S|elialew Juels|oy 4D Yeluedseyey | ‘ST°g1‘%Sc-0z| Mewyduaq AlAdINpold | ‘duaSiawqns ‘Sulpoo)) Jueusels 1eSuag sfep
-ssaus ajdinw Jo e ‘Yreuanyg | IV ‘%SS :yyH | ‘SuiSpoj-uou 4noSiA ySiH ‘A1unes o3 adueIa]0L DAOIQY | WD 0zl< | 1SIM ‘BYSIPO owl<| 1U9

pasejdas
aq 03 f1auep

fnenb urein

s)es} dlwouoiSe A3)]

s)lea) anisuajap £y

(wd)
WSy
ueld

(eyu)
eale pue
AydeiSoas
1951e) 310)

(shep)
uoneing

adAL

(aunes
_mummouv
SJ

aunedid
Pnpoid

‘oN
IS

suonedyads pajielap yim (ures jeiseod) ) aunadid 1npoud '9 3)qel

ICAR-Central Rice Research Institute, Cuttack




Concept to Product

Ines:

ipel

Varietal Pl

ICe

Non-basmati

g i

<

$S3115 211014
pue (Sui350)1a1eM
‘fidipos ‘Aunes)
dn0iqe a)dinw 0y
8JUBID|0] JO BT

agels
ananpoidai Je Ajunes
0] 3JURJ3]0] JO XIET

spnpouid yuasaid
3y} ui sdes Aay

€7 ¥SD ‘9€ ¥

LOL ¥SD
‘0€ ¥SD ‘LT US)

pasejdas
aq 0} MdLiep

sueis S1'aw
'S ‘%S2-02 DV
‘%GG<HYH

sueis g1
‘S ‘%SZ-0T DV
‘GG<YYH

Ayenb urerg

eY/104<ey

/P131A HaewydURg
Aunpnpoud Suispo)
-uou 4noSIa ySiy

BY/10< ey
/p18IA aewydUaq
Runnpnpoid
‘u1Spoj -uou
4noSIA ySiH

syesn
J1wouoise A3y

3JUBID)0}
SuiSso Jarem
‘uz pue d ‘Sw ‘a4
Se yans sjesauiw
Jeuoninu jo
S81dUBIYIP

0} UBJ3)0}
‘f31d1p0s 03
3JUBIIN0L

sage1s
ananpoidal
pue Suipaas
1€ U0}
fuunes

sien
anisuayap Aay

wd GLL>

wd GLL>

(euw 8L€~)
euefieH qy
‘Yeyig ‘qefund dw
‘e)yejeule) ‘npen
we) ‘euefiey
‘eselno dn

(euw G'1~)

dn

‘euefiey Yeyig
‘elyseseyey
‘ueisefey
‘Jese(ng

(eyw) ease 1sd
pue AydesSoas
195101 310)

(3ua3u0d

Jes 21qnjos ysiy)

L-W Sp

# <1JeIIX3 uoljeinies
403°0°01-6'8 = Hd
%GL< dS7 ‘EL< YYS :]10S
21pos-aulles °[|] 49

(us1u0d

1)es 9)qnjos >>o:

1-W Sp

# >10eIIX3 uoljeinies
403°0°01-6'8 = Hd
%Gl< dS3 ‘EL< YYS
1105 21pOS °|| 19

L-w Sp
< 1dellXa uoljeinies
4023 5'g> Hd 1)
18103 JO %SL> dS3 ‘€L>
dVS :dUljes pueju| | 19

(dunes
sfep | puejuy)
0%71-GZL Sl

(shep) aunadid
uoneing Pnpoid

‘ON°IS

suonedyads pajie1ap yim (Jures Jpos pue 1pos ‘aurjexje : £50)03a aunes puejuy) sj jo aunadid 1npoid £ d)qeL

ICAR-Central Rice Research Institute, Cuttack




..l
]
=}

S
<

o
o

L

=
=8
@
o
f =
S

(@]

tal Pipelines:

ice Varie!

Non-basmati

(eandu) pue wessy)
8JURJI3]011YSI) MO] pue
nws asjey ‘SuISpoj
‘faniqionpoud ‘sanatiea
1URI3]0] -SS3I1S JO )e]

€9d£2 ‘71 SN

suress ST ‘SW :SWD
%GC-0T IV '%0L <

YW %S9-G5 MY¥H ‘2df
ureis Sw ‘gs ‘g1's1

sfep

0L > Suassels
ey /10°€ <
‘8U1SS010IN0
%0S< ‘SWD

(Wz-tz <)

1ySiom 1s91-ysiH
‘8uiSpoj-uou
‘faniuay 1919y1ds
%68 < ‘(f1311eA
pajeurjod

-§195 Jano

%02< 8 PUGAY
1910 %0L<)
SIS01313Y YSIH

143N mo7

R InwWs asie} ‘SuISpo)
0} JUeJD)0) SBII3I
‘sanaueasuipaif
ysiy A1an jo yaeq

elesay| ul 1Y1oAf

uondwnsuod 40j sureis
plog pue pajuswsid
‘209 pUe BleJd)Y

suless
J1apus)s Hoys Suiney (8705L UNY)
BUOS eUBSUR)3) :BIPU| YINOS

(851-2L 3yS1am

1591) Lodxa 10} Japuals
Suo) pue uondwnsuod
10} 19pUaS Wnipaw
pue L0yS :uIaynos

(8211 pauane}4) efeweyep

Jodxd pue uondwnsuod

10} (g/m) UsnIul ‘IpgelRyS
‘(lenua) 13 ue1ses) 1eje ‘usaneN
‘(uszrsam Jo sued Suipnpul
‘UJBYINOS pue JeAUB) UIBISeT) 49
31’3 euIRy ‘95LL- NLW ‘0LOL NLW

asodind podxa pue
uondwnsuod 10j eipuj
ul pjog Suoj pue Iapus)s
Suo :jenua) g uldlse]

20UB]SISAI INWS 3S]e)
‘uI8po ‘uonanpoid
ysiy o3 suipea)
sanaleAsuipaIf
-ysiy A1an jopeq

spnpoad

judsaid ay3 u1 sde§ Aay

(ussy1ION) uoneinp
Ja10ys yum adAy % esnd
0€L-¥d 40 LEL-Yd ‘9L ¥d

padejdai aq 03 sanaLen

(%ST-0 DV ‘%0L <44
'%G9-GG “YYH YSIH)

sulels

Pa%002 oS ‘Ayfjey) ssa
‘as0)Awe aelpawaiul
‘(pastagaud) uonesuola
pooS y1im Japus)s Suo]

fanenb ureig

uoiSay uianse]
ut

2dUueId0L YSI)
MOT ‘(%58 <)

IS IETREIENT
‘Iue)sIsal
SuISpo

‘p1atk ysiH
‘uonjeanp Aeg

syen
Jlwouoise Aay]

suonedynads yum (Ape3-piy /Ajre3 pajesiig) 3w3) sunadid 1onpoid g a)qel

0Z1-0LL
19p)04 Jea) pue
‘(euos a1 10}
AnedidAy) a8piw
9 ‘gSA ‘Hdg ‘10ds
umolg ‘gg ‘(pau
pue jea)) 1seig (enyseseyen
‘uwIdyInos daw
‘ysessimeyyd
uo11eI0)03SIP ‘eysipo
uren ‘s4 ‘eanduy ‘wessy
‘ag :jenua) ‘HI ‘am eyig
‘ysapeld Jenn
Sd ‘(ausng ‘exejeu.ey dv)
‘yS ‘(128u pue 1enua)
Jeay) iseig ‘ad pue wigisey
HITEN 2 ] ‘usaynos
Japjo} Jes) ‘gSA
‘Hd ‘ag ‘sniin
AQSays ‘iseid
‘S{ ‘aeupyeg
‘W3Nq ys (dn
‘WIBYMON 159\ ‘euefuey
:9uesslolL ‘qefunq)
Ssals dnolg 0LL-00L uidylion

syexn
dnIsuajop Aay

(u0)
WSI9H

Leale
pue AydeiSoas
1951e3210)

(3urey)
)
-0LL

(shep)uo
neing

puafy

paje
urjjod
Jes e

119

adAL

(e
-Piw
/Ave3
pajesiu)
ENE]

aunadid
Pnpoid

ICAR-Central Rice Research Institute, Cuttack




Concept to Product

Ines:

ipel

Varietal Pl

ICe

Non-basmati

ssauaAiladwod paa
fduanyye asn N 9
‘9JUr)SISal APOIRWAN P
‘9IURISISAl INWS 3S|RS D
aJuerlsISal SuISpo) 'q
‘(eu/10°6<)
salaLieA SulpjalA ysiy e
Jo fdaeas

spnpoid
judsasd ayy ui sdes Aay]

(Uanos) L-9%6 SYW
ANV 92 SYW ‘9 ayv

{(usv3se3) 907

ueyq ¥) ‘soz ueya
4D ‘€0z urYyq ¥ ‘20T
ueya ¥) ‘L0z ueya ¥d

(usaynioN)
LLL ¥d ‘9zl ¥d

paseydas
9 0} SaN3LIeN

%SC-0 IV %0L

< "YYW %S9-G5 “H4H
3JURJ310] Sul
-1911BYS UYIM S)Ies}
fnenb piepuels
pue adAy uress Auy

fyenb urein

ssauanadwod
paam ‘9Jueid)0}
fouanysp uz
pue a4 ‘Aouainyye
asn d pue N
‘%G8 <) Aiuiay
19]91ds 4noSiA
8unpass ysiH
‘due)sISal Sul
-8po1 ‘piaih ysiH

syen
Jlwouoise Aa)|

uoigay

UJ31Se3 Ul 3dUeJ9]0L
1yS1) mo7 DNOIqY
apojewsN

pue a3piu Jjeg 49pjo}
e8] 4810q WIS ‘Hdg
‘919 10ds umoig
48119 yreays ‘(rau
pue Jea)) Ise|g Morg

(Anunod

2J1Ud 3y} ul
BYW 0z~ SI9N0D
321 21qoIay)
eueSuala)

dv ‘N1 Yereuse)
‘ylessimeyyd
‘wessy ‘am
41nos ‘eysipo
‘dn uiaises
HUEI
‘pueuraIsey

92URJD10} 1YSnoup
91elapo dNoIqy
3poleWaN pue

J3p)0} Jed) Y310q WIS
‘Hdd ‘dd ‘Iseig nws
as)e} ‘aeupyjeg DNoIg
9dueia)0] SSaLS

s)ea} anisuajep fiay

GLl-00L

(wo)
WSy
ueld

dnissm
‘euefiey ‘gelund
‘uIdYMoN

eale

pue AydeiSoas
1951€) 310)

(411eyy)
0zl-0LL

(shep)
uoneing

J1qosy
/papaas
13110 1 19

sadAL

aunadid
Pnpoid

‘oN
‘IS

ICAR-Central Rice Research Institute, Cuttack




..l
]
=}

S
<

o
o

L

=
=8
@
o
f =
S

(@]

Ines:

ipel

Varietal Pl

ICe

Non-basmati

p1aih ysiy
f1an jo fignpoud jo anss| p
s|elaew
1UBID|03-SS311S JO HIe] *
‘aeupyeg
pue oiSun] ‘nws asjey 1)
S9seasIp SulSIawa Jo 1ealyL “q

o

(%05<)
Suissoa1no ysiy
yum suleis s
'SS 'SW :SWD
%SC-0C IV %S9

eY/1 0°€ < PIBIA
‘SWD Ul Su1Sso1d
-IN0 %06< ‘SWI
IH ySiy ‘Bur
-Spojuou ‘Aujiey
1911dS %68 < ‘pa
-Jeutnod )9S Jano

SuiSpo) 01 suoid lwxejefey | -GG :¥YH ‘surels %02< 3 SpLgAy pUgAH
3Je S311314eA BY} JO ISOW "B '€9d/2 977958 | SW'AW'g1'ST|  19no piaih %oL< 0zl-0LL SEL-SZL| U9
sa1els
43N 404 1ySi) moj pue
(Seale maj) pooy
yse)4 :s9ssauls d1301qy
19p)04 Jea7 ‘Hdg ‘aSA
‘ad ‘s4 1seig ‘seueyeg
‘8N4 "YS :ussyuoN
aspiw Jjes
sulels S 40 S\ pue 13p)o} Jea) Yai0q (1eyauesenn)
“uIRYInos wajls ‘Hdg wsng uldyMoN
‘ys ‘gg Inws asyey
Aunod 1se)q )N :jenua) 219
ay1 sadeyd ay3 jo (y4eSsmeyd
150w 40} jeyd wsng ‘eayseseyepy
fsuep ue (1euad) ‘UIBYMON | MO ‘%SZ-0T DY ‘Us ‘s4 ‘ag ‘1se)q ppau dW) 1enua)
-13]0} pooy jo Aujigejeaeun p ‘uiaised) 65€ YaN %G9-5G “¥YH pue Jea :uiaynos
‘aeupyeg (deyig dn) eoms fenb Sunea (vereusey| dy)
pue 0i8un] ‘Inws asjey a1 eipuafey ‘zG oolles pooS yum pjoq | xapulisantey YsiH | aSpiw |jes 4apjos jea] ulaynos
S9seasIp SulSIawa Jo 1eaiyy I ‘(wessy uoys/Suo] Aq | ‘saueisisai SuiSpo) 910q Wals
SuiSpo) 03 auoid ‘dM ‘eysipQ) 0€ ueya | pamojoy (pasia) | ‘pialk ysiH (wdozL ‘Hdg ‘018un] sg ‘104 wessy
aJe Sal13leA 8Y1 JO IS0 "q | 4D ‘(9M ‘BYSIPO) 00€ -aid) uspua)s | 01dn)1ySiay aiow | y1eays ‘s4 1seiq yIaN ‘pueyrey( paleu
(ey/101-8) Sunisd ueyq ¥) ‘(u91SeM | WwNIpaw 10 U0 | 3)13] 0 JIeMp IWSS | pue Jea) ‘gq :ulaiseg “eyig dn -od
p1oIA Sunjeaiq 1o Sa1aLIeA pue jesuad ‘uiayInos flenua) pue ‘fauep seindod ~anoig ‘M ‘eysipo) JIEN
suipaiA ysiy Auan jo e e ‘uI15e3) LOOL NLW 1910 p1aIk %0L< BUBIBIOL SS911S | 07L-00L wid)sey | Gel - Gl 119

spnpoad
juasaad ayy u1 sdes Ay

padeydas
3 0] sanaLIen

fyenb urexn

suonedynads pajielap yum (pajuejdsuel) wnipay palesiial) Siwi aunadid 1onpoud ‘6 d1qeL

syen
Jlwouoige a3y

s)iel) anisuajap Aa)

(ud)
Wid

Leale
pue AydeiS0as
198.1e) 310)

(sfep)
uoneing

adA)

(P2
-juejdsuel)
wnipaw
pa1esiul)
SIWI

aunadid
Pnpoid

80

“oN
IS

ICAR-Central Rice Research Institute, Cuttack




Concept to Product

Ines:

ipel

Varietal Pl

ICe

Non-basmati

eYWL'LZ IN0GR SIBN0 (638, Sauljadid) a1e] pue wnipaw ‘Alsea pajeSiil Japun eaje |e10] PaIeWIsa ay L,

‘aeupyeg

pue osSun]

‘nws asie} a1

S9seasIp Sul
-S19Wa Jo 1ealy] D

Su18po)

03 suold ae sand
-11eA 33 JO 1O “q

sunied

p1aIA Supjeaiq Joy

salalien sulpjaiA
ysiy A1an Jo yaeq e

spnpoud Juasaid

ay u1 sdeS oy

(%05<) 8uIss01d

BAI3ISUASUI0}
-0yd ‘ey/10°¢ < ‘swo ul
$UISS0J2IN0 %05< :SWD

-0 ysy yum IH ysiy
S1°SS ‘SW :SWD ‘Su1Spoj-uou ‘fyyiniay
%SC-07 | 1911ds %58 < ‘pajeul
#4779 Vd ‘IURYQ | DV %G9-GG :YYH |  -10d 4195 J9n0 %0Z< B
9z|1y ‘L0 uRYA ¥D | ‘ures3 S ‘a1'S1| SpuUAAY 1an0 plaIA %0L<
eyd Mo
(4eyig) Lnsyew eip ‘%ST-0C
-uafey ‘(M ‘eysIpo) | DV ‘%S9-5S “y¥H
eAysyneld ‘(uisisam pioq dULISISAI
pue Jes3uad ‘uldaynos 1oys/Suoj Aq SuiSpo) ‘p1aih ySiH
‘ula1ses) LZLL NLW |  Pamo))oy (paliay (wo0zL 031 dn) ySiay
pue /0L NLW ‘UNS -a1d) Japus)s aJow 3)1H] 4o Jemp

-yep eques ‘eusems

pasejdas
94 0) sanaLen

wnipaw Jo Suo

fyjenb uiein

-1Was ‘uoneinp a1e7 :ds

s)ies} JiwouoiSe )

S311S YN 404 JyS1) mo)
pue (seale maj) pooy
ysey4 :sassais Jnoiqy

41'95A pue Hdg 1ysng
‘ys ‘aeueyeg ‘gg ‘inws
3s]e4 ‘1selqg :u1dyuoN

aspiw 1jesS pue

13pjo} Jea) YUaloq wais
MO)13A ‘Hdd ‘WS
S ‘gg ‘Inws asjey
“se]q I8N :jenua)

aspiw 1jes

pue 1ap)|oy Jea) 4ai10q
Wa1s MO]12A ‘Hdg ‘Inws
4174814 "ys ‘ag :ynos

W9 43p]04 Jea Yai0q
W1S MO)J3A ‘Hdd 10dS
Ig 10y "ys ‘g ‘mws

4 1Se)q 28N :u4a1se3
anoig

8JUeI)0} SSANS

s)es) anisuajap As)

0cl-00L

(wd)
wid

(PUgAH)

Gyl - GEL 1119
(enyseseyen
‘ysessimeyd
dW) 1enua) (d
dv) uisyinos
einduy ‘ysapelid
Jeyaeuniy
‘wesozip ‘wes

-Sy‘pueypeyf (pareun

“eyig dn ‘am -1od-y13s)

‘eysipQ) uissed | Gyl - GeL 119

Leale

yum AydesSoas

195103 310)

(sAep)

uoneing

adAL

paueyd
-suel] 9ie]
pa1esiu|
So

aunadid
PNnpoid

60

“oN
IS

suonedynads yum (pajuejdsues) ayeq pajesi) sl aunadid 1onpouad ‘0L s)qer

ICAR-Central Rice Research Institute, Cuttack




sanaLen
Suipialh ySiH Aap Jo yoeq

%9 Y| ‘¢ ueypig

eJ1U09 ‘OLOL NLW ‘weineg
‘209 ueyq 1) eje]
‘Ipgelrys 7449 dzly Ung
‘ysojues ‘wekyes ‘weinen

25e3s ann
-onpoidal 1e 9ueIL0}
ssaus ‘dwa ySiy Jo e

spnpoad

juasaid ay3 ul sdes Aay]

8€9L WNY ‘euos eues
-UejaL 109 Ueya ¥ ‘0LoL
NLW ‘weines ‘jejet 49 Y|

padejdai aq 03 sanauep

(paisay

-aid) anjea
3AILINU YSIH
SSauD||eyd mo7
suless

P9%002 1J0S
JU3U0D
aso)Awe aje
-IpawJau|
(4YH) A13n0331
2211 peay ysiy
adfy

ureis Japua)s
wnipaw/suo]

Renb urern

suonedynads yum (uoseas Aiqg pajuejdsues) wnipayy paresiu) aLwi aunadid 1onpoad °LL d)qeL

(®4/309<)
Pk ysiy
0uey

-S1Sal SuISpo]
(W 0LL-56)
siay jueyd
1eIpauLIU|

syen
Jlwouoise Aa))

age1s
annpnpoidal
18 2JURID|0}
1e8Y pue pjod
aSe)s Sulpaas
nolqy

Ja10q
wa1s 1ods
umo.q 04

yreays ysiq

yreays ‘(yaau
pue Jeaj)
1se)g dnoig

‘age1s
annonpoidal
1e 2JURID0}
183y pue pjod
aSe)s Sulpaas
2no1qy

Jaloq wais
‘Hdg ‘Inws
as)e4 ‘Jods

umoig ‘(au
pue jeaj) iseig
anoig

@ue

-19]0} SSAAS

syen
anisuajap Aoy

oLL-00L

(wo)
Ws1ay Jueld

(eyw 0§
S19A0J 040g SuIpn)d
-ul ease gLw| 1eloL)

sfep | 8211 0l0g

Jeyig “g'm ‘wessy |  0/L-GSL ‘1119
shep

eueSuelal [ Szl-0LL 2ol

d'Vdnise3| fyunjew | uosess

‘eUSIPO ‘d'wise3 | wnipaw | Aia U9

(eyw)eaze pue Ayd
-e15038 195103 310)

(shep)
uoneing

sadAp

(uoseas
fa ps
-juejdsuel)
wnipaw
pajesiiy)
atwi

ETTEL T
Pnpoid

oL

‘ON IS

ICAR-Central Rice Research Institute, Cuttack




Concept to Product

tal Pipelines:

ice Varie!

Non-basmati

1Y10A[ 4abupyjwppy ‘obypy)

901 Y21 JuepIXONUY

jelelng

9JURIN0} ‘enyseseyep
1ysnoiq pue ‘W dn
915e} PO09 2duasiawqgns ‘yleSsimeyyd
"(%09<) Y¥H YSIH ‘uejd/ou anoiqy ‘eYSIPO “g'M
. sadfyutesSqy [ 491 Jaysiy Ja10q ur washs | (sanauen
& _ww__mccwmm mmu_muﬁw_mm_ﬂ wddog<uz ‘Ayniey | wals pue Hdg aSeutesp | Jendod
o wddol<a4 ures3 ysiH | ysSng yieays | (198ie1)| Jadoid yum | SunaSie)
S3I1814eA 3L LLy ueyq ¥ ‘€ ueya ¥l RV AT RIS ENIT] ‘auelsIsal 1selg ‘ag woGgL | Sease pajulel sfep | @1y-1anNN
Yau-jusInu-nuw 4o 33uasqy ‘0L€ ueyq ¥ :ureloid ysiy 91 utRjoud YsiH su13po] noig -00L| Jopajesuil|  Gyl-0ZL 1149
8158} P00Y 3L
Pa3X002 0S (%09<)
YYH YSIH "ewose
Suons ‘wuwg < uress
(deyig) nem3eyq eipualey | pjoq /1spua)s Suog
815e) P09 31
Pa3X002 0S *(%09<)
YYH YSIH "ewose
Suons ‘0'e-g'z :onel
(dw) y200wipy ‘4ouuiy) g/1 ‘wwo> ureis
‘(y4e3smeyy)) fougng Lboy 13pua)s wnipay
(Anpunod
(yseSsmeyyd) 3J13U3 3y} Ul
DJ23[wpy ‘jooydviaaf 3JURIN0} eYw G0 <)
‘(enseseye) Joyop aquiy IH| 3ySnoiq pue 1ei(ng
‘(d"'w) LmpYy) ‘(eyig) YSIH Ysaqunu | 8duasiewqns ‘enyseseyep
1In3SDY DIPUB[DY INYIDUOS uress ysiy noIqy dWdn
‘uio1by ‘(dN) IUIYdWOPY ‘liemp-1was ‘yIeSsineyyd
‘boyqoyspog “Jowpupjpy aise) ‘ueid/ou Ja10q ‘eysIpo “g'm
‘(wessy) byof ‘(eysipo) poo9 ‘9211 pax00d | Ja))13 JaYSIy | wals pue Hdg ul swajsAs
‘sadelpue] aJe Sallalien 1)bfub}aa9 bsoqipnduild 205 *(%09<) Y4H ‘e 1seig ‘ag aSeurelp adfy
Jejndod Jo 1sow se siapjalh ‘Dipsnyq ‘vsaaldjpy | YSIH ‘ewose Suons uress ysiH Dnoig | (198ie1) | Jsadoad yum ureln
Mo 'Ise]q pue ‘gg ‘Hdg “a10q (am) prunuojy ‘wwi> urels pioq ‘9due)SISal 19JUeI)0} | WD Ozl | SeaJe pajulel J3eWolY
wa)s ‘Su1po) 03 ajqndadsng ‘Ilubdiping ‘boyqopuiqon | Hoys [13puals Uoys suISpoq ssans -00L Jo pajesSui| | GrL-0ZL 119

spnpoad
juasaid ay3 u1 sde§ Aay

padejdas aq 03 sanaLep

fanenb urean

suen
ouoiSe
A9y

sjen

anisuajap Aay

(w2)

WSy

ueld

(eyur)
eale pue
AydesS0as
195183 310)

(shep)
uoneing

sadAp

x|
Ayenads

aunadid
pnpoid

LL

“oN
IS

suonedy3ds yum Yy wniwaid Ayjerads aunadid npoid ‘zL dqeL

ICAR-Central Rice Research Institute, Cuttack




..l
]
=}

S
<

o
o

L

=
=8
@
o
f =
S

(@]

Ines:

ipel

Varietal Pl

ICe

on-basmati

"vd9 Ysiy 03 anp
Mo) SI A1qe)ieAe-o1q Sjelaul fenuajod piaif aiow GG<¥YH
"JOUOp 10 3)qe)IeAR BJE Suiney faLien yym pasejdal adfy pne
suoljelIeA jeanjeu may AISA g | 8q Aew uoiyedo) ay3 jo A1dLieA | urel§ SS pue S ‘S JnAuyd
‘YImoJ§ pue InoSIA paas JUBUIWIOP 3Y] "YdD MO] IO} %L> (¥dD) uresn mo7
MO] ‘sIap1aIA MO) B1e YdD MOT ‘e £1911eA BdUBIBYRI B SI BIIYY p1oe 211Ayd ures fAnnisy ureis qefung ‘q Al 49
‘syuaiyed ‘ueid/-ou ‘euefiey
2138qeIp 10§ 3)qe1INs SI pue 191 43y81y (@2uE1SISal “Jeifng
UOoI3ezI|eI2IaWWO) 10} 193Jew ‘paoe)das aq Aew uored0) GG<YYH FOTI[RIEN p1ay poos) ‘enyseseye
1enuajod e sey aul) |9 Mo °q a3 Jo A1aLeA Jueulwop adfy uress ysiH 1ueI810) ‘d'Wd'n| uoneinp
3YL '|9 Mo) SulAey eUOS | UIRIS SS pUB ST ‘SW ‘@aueisisal | -ssansonolg | wod ogl-| ‘yeSsmeyyd | Awnjew 19 MO
may A1an 4apalh moT ‘e | eueSueja) pue jeje] panosdw| GG > |9 MO SuiSpot | ‘SuiplpIA-ysiH |  wd 0L | ‘eysipo “g'm | ‘eaiu9
1uDIO0}
DyuD] ‘(Lex1ysoy)
auIm ad1y ‘(1ejeT-lea
‘Iypnw) 811 pajnd | 8IurIs)01 P1Od
‘(efef ‘eAeweyeyy) | pue jueia)ol
9011 pausey yS1) Mo
‘(1imnes) osop Apr | Annaay uress Eall]
%09<Y4H ‘ueid/ou Hodxa pue oyads
adAy uresS pjoq | 19 18ySiy 19)Jew 1ed0) 19)Jew
Su07 01 wnipaw FATI[RIET (92ueISISRI J10j dnpoud JEa]]
‘%G> ureI3 YySiH | p1au)juess)ol | (1951e1) oyads Jyads
s1ap)aif mo7 Ise)q yaau DJog May9 1U33U0D 3S0)AWy ‘ue)sIsal | -Ssalis dnolg waseL Ansnpui sfep | Ansnpuj
pue Jes) ‘SuiSpo7 01 ajqndadsns ‘niogiupyby 8211 snounn9 suispot | ‘suipjaIA-ysiH -00L J4HIN|  O€L-0zL 149

spnpoid
juasaid ay3 ui sdes Aay]

e)dau aq 03 sanauep

fyjenb urein

sjen
Jlwouoise
5]

syen
anisudjap fay

(un)
WSy
jueld

(eyw)
eale pue
AydesSoas
198183 310)

(sAep)
uoneing

aunedid  “oN

sadAL pnpoid IS

ICAR-Central Rice Research Institute, Cuttack




Concept to Product

Ines:

ipel

Varietal Pl

ICe

Non-basmati

g i

<

plalf aqels

ey /19 yum Aiatien Suipiaif-ysiy

9JURID)0} DIUBSIBWIQNS ‘DIURISISAI SUISPOT]

fnige uonesuo)d

pooS ‘9dueid)0} Suipooy
JueuSels ‘9IueIal0}
1YSno.p JuaniwI|
fanige Suisauy|

SEETN

€ 104 9IURJ|0} BIUISIAWNS

9JUe19)0} SUISPO] “YYH YSIH
‘adAy uresS S 10 S7 ‘uoneuIwIBS d1qoIRRUY

uoneuIwIas

snoJediAIA 03 8JueIR10}
4no3In Ales ‘aSels Ajiea
1e 9URI]0] JYSnoiq

92URI3I0L APID

-1043Y /SSaUBAINIRAWO0D PAdmM

DULIF)0}
fouaiyap uz pue a4 ‘4nd pue INN YSIH ‘aduey
-SIS9 9pOJeWaAU ‘BWOJE ‘UleIS S| 40 ST ‘ey
/10°9 JO p1aIA 81qrIS ‘UoNeUIWIBS JIqoIdRUY

InogIn
A1ea ‘9dueIad)03 ySnoiq

aduels)01 apid

-1G43Y /SSaUBAIIIAAWOD Paam

en SuiSueyd awen

9ueI3)03 AOUBIYSP UZ pue 34 Aousd
-U43 3sn d pue N YSIH ‘9IueisISal apolewau
‘ewoe ‘uleiS SW 10 S ‘eY/3 0°S Jo plaik a)qels

e} pappe anjep

InogIn
Ajea ‘9dueIa)03 yYSnoiq

sjiel} jenjuassi

sutels S1 ‘S :SW :pUahH

%0L <YW ‘%59-GS

“YYH YSIH ureis yos ‘Ayjeyd
5597 ‘(%S-0 V) 8so)Awe
ajeIpawJaju| :pajeur)jod-as

i) Jiseg

Jew.oN-pajurey :saunjadid yo fydynads ye) gL a)qeL

daaq |1 19 (deap /daap
daap-1was: | U9 | IWas) uoneinp a1e] y
pughy 11 19 (puemO) MOTIRYS

pajeul)jod-yas °| 19

‘93e7 pajuley) 1514 €

papung °|| 19
papunqun | 19

(wnipaw papass
108110 pajuley) WAy ¢

(suoud
-1ySnoip papass 12ai1q
A)re3) sa3 pajurey 'L

aunadid 1onpoad

ICAR-Central Rice Research Institute, Cuttack




..l
]
=}

S
<

o
o

L

=
=8
@
o
f =
S

(@]

tal Pipelines:

ice Varie!

Non-basmati

3w} JaA0 y3jeay |1os Suinosdwi
“Juawpuawe |eISo]oIq e Se SPY q

(10s 21pos

-aures) yioq Aipos pue Ayures Jaysiy

pue (j10s 21poS) A1121pos J1aysiy ‘(dules

pueju) 1jes pasueyus 4o} yoeoidde
Suipaalq aA1eAOUUl YSNOIY) 9UBIBI0L B

(K10621p2 auljps pupjul sp
awWDs q Y1I/M) "q UOIIIPUOD JewW.Iou pue
J1pos-aulles ul J1am wopad 01 Aiqy

‘(uz pue d ‘S ‘a4)
JUSIU0D JUBLINUO.DIW pue uldlold
Jaysiy yam Ayjenb uress panoidwi q

UOI}IPUOD Jewiou
pue 21pos ui )jam wiopad o3} Auiqy e

‘(uz pue d ‘S ‘ad)
1U31U0D JUBLINUOIDIW pue uldjoid
J1aysiy yym Ayjenb uress panosdwi q

S)10S pajaye
-3U1]es pue Jewou Yy1oq 104 3]qens e

Runjew
(sfep geL-0LL)
wnipaw 03} AjJeg 2

15e]q pue
gg 01 9uRIB|0] °q

‘(ey/suol

9-4 “8'9) ssa.ls

aules Japun

uana pJalf a)qes

pue SuiSpo)-uou
YnoSIA J9YSIH e

a5e1s annanpoidas pue Suljpaas je
Ad1pos pue Ayuijes ysiy 03 adueia)o] °q

SuOI1eNYIS 110S Ysiey pue SuiS3olsarem

‘wnipos ysiy ‘ain3anais J1os Jood

pue (oL Hd) Ad1pos ysiy ‘w/sp LL-0L
03 dn sjana) Ajlures 01 adueis)o) ‘e

llos
21pos-auljes ‘||| 19

a5e1s andnpoidal pue
Sunpaas e A1121pos ysiy 03 ueIA)0] °q

SuiSSojiarem pue
uonIpuod 110s ysiey “Apunexje ysiy
ym 110s Ul ALyl 03 Adeded {(0°0L

01 dn Hd) A1pos ysiy 031 eduess)of e

110S 21pOS °|1 19

95e1s ananpoidas
pue Sul)paas Je 83urI9)0) dUleS °q

'suolenyis
110S ysiey pue SuisSo}ia1em ‘eeulelp
Jood pue Hd ySiy ‘w/sp LL-0L

01 dn s19A8] Aules 03 auess)o) e

aunjes pueju| °| 19

(durjes 21pos
pue 21pos
‘auleje)

£501028
auljes puejul

9duejsisal SuISpo) ‘(@uasdiswgns
+ Aunes) asuesa]0l-ssans aydniny

SuaLINUoIW Ysiy
‘UleI3 ST ‘AW ‘SW ‘%GC-02 DV ‘%SS< “YYH

2UeIa10} A)ules

9JURID)0} SSBIIS JIJ0WSO

“191eM YSP|IeIq Y)Im dussiawgns
Jerued pue 8191dwod 03 9dueI|0}
‘a5e1s andnpoidal Je dueI)0) Aunes

1eie(ng
‘enyseseyeyy ‘eon
‘e)ejeuse) A U9

3)UuP)SISal SuISpo] ‘uIS50)ia1eM
+ Aupie/fiunes) suess)o1-ssans ajdmny

sjusLNuodIW
Us1y ‘Y¥H ysy ‘uress Sw/aw

20URI10} A)ules

aoso
‘92ur19)0} J93eM SSRIXD ‘ANIpIde ‘“Aules

BleIa) ‘Al 19

Ananonpoud Jaysiy ‘(usdiswqgns

9Juels)0l

oy ‘92uelIa)0} SuIpooy Jueusels

N'8Y ‘NPeN jiweL

+A121pos / Ajiues) 8uess)01-ssains ajdimny | SIusLINUOIDIW YSIY YYH YSIy ‘uress S Adipos /Ayunjes | ‘eauagiswqns ‘@uess)ol A1dipos-Aunes | ‘Ausydnpnd ‘|| 19
Ayananpoud
J13ys1y ‘uessisal SuiSpo) ‘(@uasdiswgns sjuaLInuoIW 8JUe)SISaJ SuISpo) ysapeid
+ Aunes) euess)o1-ssans ajdmny yS1y “YYH ysiy ‘uress ss /SW 9Jue19)0} ANuNes | ‘Suipooy JueusSels ‘@uasiawqns ‘Alules eiypuy || 49
8JUueISISal SUISPO) (9v) uoneuiw.iag
‘a5e1s andnpoidal Je adueIa)0) Aunes J1qoJauey pue Jysnoiq 210q Wwals
(Sutpooy 1ueuseIS /ausdiawqgns +Aluljes) SUETILV R[] 1se]q ‘ysNq yieays ‘gqg ‘eduabiawqns 1eSuag

92URI3)0} SS43S paulquiod /adimni

Jes) SuiSueyd awen

ysiy ‘¥¥H ysiy ‘ureis pjog suog

Jiea] pappe anjep

(3unes pueju| pue aurjes JeIseo)) pardaje Jjes-pajuley :sauljadid Jo Aynads pel) 4L 3)qeL

a2ueIa103 Ayuijes

(seunadid pajeSuu
11 10} uowwod)
siies} jenuassy

‘8uIpooy)} Jueusess ‘Ayules 01 aueId0L

Jen diseg

159M ‘eYsIpO | 19

£501029
aules
|e1Se0)

aunadid
»npoid

ICAR-Central Rice Research Institute, Cuttack




-
o
-— [0}
5} =
3 5
g S
o 2
ge] 2
5 2
s S
Aw $au01If 01 5
s Aenaiued adueysisal Suispo e -8 Jo p1aIf ysi 31A YSIH UnoSin Aje 21l 0109 * 2
z JenoIRd 2dURISISaI 5UISPOT 4/301-8 J0 PIBIA YBIH ssoune) P19 UBIH nobin Ale3 MO8 L] oo uoseas 8
= utess ssa) pue Ayjiuay 391y1ds ysiy sutess 1 ‘S :SWD pUGAH fip uoneinp ﬂ
3 03 Suipea) a8e)s anidNpoudal 1e (Jo G€ %0L <YW ‘%59-GS “HYH wnipaw L2
o UL 210W) 83URIB]0] 1LBY JRulwIa] | YSIH urels 1Jos ‘Ayjeyd ssa (%Sz-02 V) ‘paiuejdsuel)) x
.m ey/101-8 Jo p1alk ysiy 9%G9-09 IN0Ge YYH YSIH pue a5e1s Suljpaas 1e JueI9)03 P10) | 8sO)Awe dleipaw.au| ;pareurjjod-J)2s 91y uoseas Aiq 'L yawL I
— c
L ‘uonjeurwas ArediAin 01 3dUL)SISAI 0..u
= ‘3U11911YS-UON :S}el) UoWwo) wm
4s 9)UeJ8)01 AUsIdYIP UZ pue Q
© 84 fusdYe asn d pue N DoAY 119
5
8 uondwnsuod
z . 10} p10q pue pajuswsid :eon pue ejesay
<) 19 MOT "%S9 < “YuH
=2 Il asodind piodxa J10j Japua)s Suo)
pue (351-zL ySiem 1s81) uondwnsuod pajuejdsuesp
BY/3.01-8 4O PI3IA UIRID 10} J3pU3JS WINIP3WI PUE 1IOYS :ulaynos 88_:“_,%@ 17D T pateiL))
LW uondwnsuod Joy pareuniod-y13s | 19 1
84 [uz/u1si0id YsiH p10g 10Ys J0 p1oq Suo] -Sease jeiny 'q pajuedsues)
19 o fynenb Suiea poos yym suiels wnipaw
ey /1 9-G JO PJalA uleln ! ! imsulels PLGAH ‘Il 1D pajesiu))
: 21qouay ¢ A 13pua)s Suo)/wnipaw -a)i]3 ueqin ‘e : I s
(¥50) 214018y 249 pateutiod a5 1 19 ISIWI
‘ulvlsey suteis S1 ‘S :SWD :pUgAH .
84 [uz/u1si0id YsiH (¥s@)21qouay |1 49
19 Mo Ui B pue (paLiaaud) :.o:mmr_o_w %0L <4dW ‘%S9-G5 “YYH YSIH ureis pughH (q) (Area
POOS U3IM J3PUa]S SUOT :UIBYHON b TSP BH .
©y/18-£ 40 PIRIA piaih Pay00d oS ‘Af1ey) $s87 (%5207 Iv) pajeuniod y1as (e) -piw /Ale3
urels :puUqAH / pareul)jod-yas 9]qe1S ‘9UurISISaI SUISpo :puqgAH B pareur)jod 1S ‘1 19 9sojAwe a1eIpawalu| :pajreunod jas ‘| 49 | paresiul) w3l

(saunadid aunadid

J1en SuiSueyd awen J1e1) pappe anjep pajesSiul ) 10} Uowwod) s)ies) |e1uass3 Jen diseg Pnpoid

pai1eSuu) :saunjadid jo fypyads yely ‘gL 3)jqel




..l
]
=}

S
<

o
o

L

=
=8
@
o
f =
S

(@]

tal Pipelines:

ice Varie!

Non-basmati

sjuepixonue ‘9ue} %L>:(¥d9) p1oe dnAyd
pue ‘spioe oulwe jenuasss -S1Sa4 SuISpo] %GG<YYH | uleIn pue ydsels uelsis
‘qu81u0d uie104d JBYSIH o ‘p1otA ySiH 915e] poos yum adAy ureis Ss pue S ‘s -1 YSIH ‘0°SS > 19 Mo Yd UIRIS MO] 8 [9 MOT ‘Al 4D
Ansnpur uawsajddns pooy paseq a1y
*219 ‘lunfiig ‘oyod
‘921 paWea)s ‘Sa|pooN ‘@11 183 pue yeos
:Ansnpuj 1npoid anas 01 Apeay
*219 ‘sapj00d ‘ye) :Ansnpul Supeg
901 Ydu ygyo uepixo BIERSEETS
-1lue ‘SjeJaulw ‘sulweyp | ‘sowow ‘Dylid ‘psop ‘jpi ‘synpoid pawesls
‘ur1o4d a1} spunodwod 239 ‘pydny3
Jenyauaq yesy aynads ‘S9]pOON ‘Iby1DA/WDHDPDA Paseq-adLi
(1e1e7) Anenb 1pnyy ‘(LaiAes) Aenb 1p) s1npoud pappe-anjea | (1yeyd) nyyninw ‘wpddpAipi ‘1oAa ‘spnpoid
(efeweyeyy Jy129ds 104 SaIN1e3) papniixa ‘Linw ‘opnyd [pyod :Sydeus
‘luefelpuy ‘efe( 817) Ajenb epny) / byod | Aienb ayiads 1npoud :Ansnpui syonpoud pappe anjea paseq a1y
adfy uress
pue J9 9Oy Ansnpui aSe1anaq paseq adly
oyiaads Ansnp (pasedaid aq 01 aSelanaq ‘ssaup(jeyd A1aq yum
fnenb oypads -Ul “4yH YSIH | Jo adAy ay1 uo Suipuadap %Gz-S Jv) adAr LieIysoy sutess padeys punoy Exll}
1onpoid yum paik JaYSIH o Jy1ads-3ayiew /a1 dy1ads Aisnpuj °fij 19
sadAy utess )y
wddoz<uz
215e] wddg|<aq
p1aik poo9 (%09<) BRIV RTRIRIIENIT]
4s1y pue dUEISISAI SUISPOT o YYH USIH syuepixonue ysiH 1 utajoid ySiH
9211 )1YM 10} 9°L<¥3 pue I9 YOS ‘%SZ-0Z IV
:utess Suoq
(10S J9) 8311 Pali) pue D1 AUYM J0J %SZ-0T
214 uowaj ‘ovjnd 10} %0z-8L ‘IpY21YY 10} %8L-GL IV
wnipay
(S'L<¥3 yum
uonea )9 Y0S) by12ad 0 SadAY JUBIBYIP 10} %0T-0L IV
-131n2 J1uesI0 Jo} >u___nm.u_=m o wpsofod /12343 10} %8l ¥
T o YYH USIH :p1og Hoys
Anige Suuenn "Hdg (§'L<¥3 yum 79 Yos) sapjenb Alosuas

J3ys1y yum ‘Suispoj 03 Juess
-103 ‘2dAy Jue)d premp-1was o

e} Suisueyd awen

pueise)g ‘ag
0} 3JULISISAY

wen
pappe anjep

2211 Uowa] ‘objnd 10} %0Z-8L ‘1PYI1YY 104 %8L-GL IV
:19pua)s Hoys

(saunadid pajeSiui |je 1o} uowwod) syies) Jenuassy

pue 189) ynow Jouadns
UM 4os 39 ‘euwoly

es} diseg

8dAy utesg oneWOIY °| U9

Y fy
-jenads

aunadid
Pnpoid

saunadid 3y Anenads jo fydydads ey ‘9L ajqel

ICAR-Central Rice Research Institute, Cuttack




Non-basmati Rice Varietal Pipelines: Concept to Product

References

All India Coordinated Research Project on Rice (AICRPR)(2022). Production Oriented
Survey, ICAR-Indian Institute of Rice Research, Rajendranagar, Hyderabad

Anonymous (2021). Ministry of Agriculture & Farmers Welfare. Posted On: 21 APR 2021
3:18PM by PIB Delhi; https://pib.gov.in/pressreleasepage.aspx?prid=1713247.
Accessed on 11.03.2025

Anonymous (2022). Mordor Intelligence Pvt Ltd's post.
https://www.facebook.com/story.php/?story tbid=1721773471524850&1d=448175
642217979& rdr. Accessed on 04.03.2025

Anonymous (2025). Non-Basmati Rice Market Size & Share Analysis - Growth Trends &
Forecasts (2025 - 2030). https://www.mordorintelligence.com/industry-reports/non-
basmati-rice-market. Accessed on 28.01.2025

Azmi M, Chin DV, Vongsaroj P, Johnson DE (2005). Emerging issues in weed management
of direct-seeded rice in Malaysia, Vietnam, and Thailand. pp. 196-198. In: Rice is
Life: Scientific Perspectives for the 21st Century, Proceedings of the World Rice
Research Conference, 47 November 2004, Tsukuba, Japan.

Bisen JP, Mondal B, Samal S, Paul S, Sah RP, Anilkumar C, Verma RL, Marndi BC,
Jambhulkar NN, B Gowda G, Pandi G GP, Kar MK, Chakraborti M, Priyadarsani S,
Mohaptra SD, Kumar GAK, Samantaray S and Nayak AK (2024). Translating
Science for the Benefits of Society: The Direct and Indirect Impacts of NRRI. NRRI
Research Bulletin No. 45, ICAR-National Rice Research Institute, Cuttack-753006,
Odisha, India, pp. 48+viii

De Dios JL, Javier EF, Malabayabas MD, Casimero MC, Espiritu AJ (2005). An overview
on direct seeding for rice crop establishment in the Philippines. pp. 189—-193. In:
Rice is Life: Scientific Perspectives for the 2lIst Century. International Rice
Research Institute. Eds. Toriyama K, Heong KL and Hardy B. Los Bafos,
Philippines, and Japan International Research Centre for Agricultural Sciences,
Tsukuba, Japan.

Government of India (2022). Annual report 2021-22; Department of Agriculture & Farmers
Welfare, Ministry of Agriculture & Farmers Welfare, Government of India. Pp 303.

Huke RE and Huke, EH (1997). Rice area by type of culture: South, Southeast, and East Asia
- A revised and updated database. International Rice Research Institute. Los Baiios,
Philippines.

Kumar V and Ladha JK (2011). Direct seeding of rice: recent developments and future
research needs. In: Advances in Agronomy, Elsevier, 297-413.
https://doi.org/10.1016/b978-0-12-387689-8.00001-1

Madhu M, Dhruvi K, Heet M (2023). A study on of production and export of rice from India.
International Research Journal of Modernization in Engineering Technology and
Science. 5(3). https://www.irjmets.com/uploadedfiles/paper/issue 3 _march
2023/34138/final/fin_ irjmets1678163524.pdf

ICAR-Central Rice Research Institute, Cuttack




Wt

Wliawa

i\ ).:
_ [\‘ ixj Non-basmati Rice Varietal Pipelines: Concept to Product

M
ICAR

Mondal B, Jaiprakash B, Jambhulkar NN and Tripathi R (2022). Rice supply, demand and
exportable surplus in India: Present vis-a-vis thirty years ahead. Oryza, 59(4): 504-
511.

Nayak AK, Chatterjee D, Tripathi R, Shahid M, VijayakumarS, Satapathy BS, Kumar A,
Mohanty S, Bhattacharyya P, Mishra P, Kumar, Mohapatra SD, Panda BB, Rajak
M, Bhaduri D, Munda S., Chakraborty K, Priyadarsani S, Swain CK, Moharana KC,
Nayak PK, Kumar GAK, Swain P, Tesfai M, Nagaothu US, Pathak H (2020).
Climate Smart Agricultural Technologies for Rice Production System in Odisha.
ICAR-National Rice Research Institute, Cuttack, Odisha, 753006, India. pp 366.

Pandey S & Velasco L (2005). "Trends in Crop Establishment Methods in Asia and Research
Issues," In: K. L. Heong, B Hardy and K. Toriyama, Eds., Rice Is Life: Scientific
Perspectives for the 21st Century, International Rice Research Institute, Los Bafios,

Philippines and Japan International Research Center for Agricultural Sciences,
Tsukuba, pp. 178-181.

Pathak H, Tripathi R, Jambhulkar NN, Bisen JP and Panda BB (2020). Eco-regional Rice
Farming for Enhancing Productivity, Profitability and Sustainability. CRRI
Research Bulletin No. 22, ICAR-National Rice Research Institute, Cuttack 753006,
Odisha, India. Pp 28.

Pradhan SK, Moharana A, Barik SR, P AzharudeenT, Sanghamitra P, Meher J, Sah RP and
Anandan A (2021). High yielding varieties and their package of practices for Water
logged ecologies of rice. NRRI Research Bulletin No. 37, ICAR-National Rice
Research Institute, Cuttack-753006, Odisha, India, pp.24

Samal P, Pandey S, Kumar GAK, Barah BC (2011). Rice ecosystems and factors affecting
varietal adoption in rainfed coastal Odisha: A multivariate probit analysis.
Agricultural Economics Research Review, 24(1): 161-167.

Samal P, Babu SC, Mondal B, & Mishra SN (2022). The global rice agriculture towards
2050: An inter-continental perspective. Outlook on Agriculture, 51(2), 164—172.
https://doi.org/10.1177/00307270221088338m

Samal P, Mondal B, Jambhulkar NN, Singh ON, Verma R, Dash SK, Das A K and Pathak H
(2022). Evaluation of rice research: An alternate method to capture outcomes.
Research Evaluation, 31(1), 49-60.

Singh BN (2006). Rainfed lowland rice improvement: Current status in India and future
strategies. Journal of rice research, 1(1), 104-112

ICAR-Central Rice Research Institute, Cuttack




Non-basmati Rice Varietal Pipelines: Concept to Product

Abbreviations:

AC Amylose Content

AG Anaerobic germination

AGS Arenchymal Gas Space

AICRIP All India Coordinated Rice Improvement Project
BB Bacterial Blight

BPH Brown Plant Hopper

BS Brown Spot

CEC Cation Exchange Capacity

CGMS Cytoplasmic Genetic Male Sterility
CMS Cytoplasmic Male Sterility

CS Coastal Salinity

DSR Direct seeded Rice

EDS Early Direct Seeded

EDSDP Early Direct Seeded Drought Prone
ER Elongation Ratio

ESP Exchangeable Sodium Percentage
FS False Smut

GM Gall Midge

GABA Gamma-aminobutyric acid

GI Geographical Indication

Gl Glycemic Index

GPA Grain Phytic Acid

GSOD Germination Stage Oxygen Deficiency
HI Harverst Index

HRR Head Rice Recovery

IEME Irrigated Early/Mid Early

ILT Irrigated Late Transplanted
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IMT
IMTD
LB
LDSDD
LPA
LS
LSD
MRR
MS
NE
NEHR
NER
PA
RDSM
RLSL
RTV
SAR
SB

SB
Sh.B
Sh.R
SRBSDV
SS
TMDR
TPR
USDA
YSB
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Irrigated Medium Transplanted

Irrigated Medium Transplanted Dry Season

Long Bold

Late Duration Semi deep/deep
Low Phytic Acid

Long Slender

Late duration Semi-deep/deep
Milled Rice Recovery

Medium Slender

North East

North Eastern Hill Region
North Eastern Region

Phytic Acid

Rainfed Direct Seeded Medium
Rainfed Late Shallow Lowland
Rice Tungro Virus

Sodium Adsorption Ratio

Stem Borer

Short Bold

Sheath Blight

Sheath Rot

Southern rice black-streaked dwarf virus

Short Slender

Transplanted medium duration dry season rice

Transplanted rice

United State Department of Agriculture

Yellow Stem Borer
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Days Upland

;:;.'s Early Direct Seeded
DlreCt.Seeded ;::s Medium Direct Seeded
Rice
;‘;‘s} Late Direct Seeded

>135 Rainfed Shallow Lowland
Days
Un-favourable e Semi-Deep to Deep water
ys
Low land
313: Coastal salinity
110
Days

135
Days

Irrigated/

Favourable lowland Medium/ Boro

>135
Days

>135

Days Aromatic Short Grain

- Doy Nuti- Rice
Speciality Rice .
>Days

Industry specific Rice

>120 -

135 Days Low Gl, Low PA

Value Added Traits

Must Have traits

High N and P use efficiency;
Fe and Zn def. tolerance;
Nematode resistance

Drought tolerance, Weed
competitiveness/ Herbicide
Tolerance

High N and P use eff,; Fe and
Zn def. tol, Nematode
resistance

Drought tolerance, Anaerobic
germination, Weed
competitiveness/ Herbicide
Tolerance

High N and P use eff; Fe and
Zn def. tol, Nematode
resistance

Drought tolerance, Anaerobic
germination, Weed
competitiveness/ Herbicide
Tolerance

>14 days submergence
tolerance, BLB, BPH,
Sheath blight, blast,
stem borer tolerance, ,
resistance to vivipary

germination

Intermittent Drought
Tolerance

Value Added Traits

Must Have traits

Stagnant Flooding tolerance,
BLB, Sheath blight, blast, stem

Intermittent Drought

borer tolerance, , resistance to Tolerance,
vivipary germination,
>14 days submergence Stagnant Flooding

tolerance, BLB, Sheath blight,
blast, stem borer tolerance,

resistance to vivipary

tolerance, Kneeing
ability, intermittent
drought tolerance

germination, lodging resistance

>14 days submergence

tolerance, BLB, Sheath blight,
blast, stem borer tolerance, ,

Seedling and
reproductive stage
Salinity, Stagnant

resistance to vivipary Flooding tolerance,
germination
Value Added Traits Must Have traits

False smut resistance, Lack of
high yielding varieties (>6.0

t/ha), lodging resistance

Non-Shattering, resistance

to vivipary germination,
Aerobic: N and P use
efficiency; Fe and Zn
deficiency tolerance

Lack of very high yielding >7.0

t/ha, lodging resistance,

Seedling Stage Cold
tolerance and
reproductive stage heat
tolerance for Boro

False smut resistance, Bakanae

Lodging resistance

disease tolerance, resistance to

vivipary germination,

Value Added Traits

Must Have traits

High HRR, Lodging resistance

Aroma, soft GC with
superior mouth feel and
sensory qualities

Lodging resistance and high

yield

High Protein, minerals
rich, antioxidant rich

High HRR with suitable AC/GC

requirements

Industry specific traits

Lodging resistance,
High yield

Low Gl and Low PA
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