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( ABSTRACT

Riceplays a crucial role in sustaining half of the global population by providing essential carbohydrates, minerals, and vitamins. Over
generations, farmers have cultivated rice landraces tailored to their specific needs, resulting in the development of unique traits.
These landraces exhibit diverse durations, resilience against biotic and abiotic stresses, and desirable grain quality. The wide range
of duration enables farmers to select appropriate varieties for different agro-ecological regions and cropping systems. The
significance of landraces lies in their innate ability to withstand stress through evolutionary adaptations, reducing the reliance on
chemical inputs and promoting sustainable agricultural practices. Historically, landraces have been favoured not only for their
nutritional value but also for their distinct aroma and secondary metabolites. Therefore, breeders can overcome these challenges by
leveraging modern technologies such as Marker Assisted Selection and Genome Wide Association Studies. By employing these tools,
breeders can transfer vital traits like biotic and abiotic resistant genes and improve nutritional aspects in modern-day varieties,
ultimately enhancing the overall well-being of human beings. This review examines the distinct characteristics of landraces,
including variations in duration, resistance to pests and diseases and grain quality.
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INTRODUCTION

The commencement of crop domestication approximately
10,000 years ago signi ies a profound milestone in human
history. Through deliberate human intervention, wild species
underwent a remarkable transformation, adapting to
cultivation techniques tailored for human consumption [8]. This
process of domestication encompassed a fusion of natural and
arti icial selection, with speci ic traits such as high yields,
quality suitable for human consumption, and resistance to pests
and diseases taking precedence. Across multiple generations of
selective breeding, humans e ectively molded the genetic
makeup of these plants. As a result, domesticated ield crops
have become more productive and better aligned with the needs
of human societies [46] [52].

Farmers played a pivotal role in this progression by
meticulously selecting plants exhibiting desirable traits, giving
rise towhatisknown as regional germplasm or landraces. These
landraces adapted to local conditions, displaying characteristics
such as high yield, disease resistance, and adaptability to
speci ic microclimates, soils, and farming practices. The
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accumulated knowledge and experiences of farmers were
instrumental in the development of crop varieties that thrived in
particular geographical locations. This decentralized approach
to crop improvement, driven by practical needs, resulted in a
diversearray of locally adapted landraces [9] [15] [21] [50] [55].
Landraces or germplasm are undoubtedly valuable resources
due to their inherent resistance to biotic and abiotic stresses, as
well as their desirable quality traits. However, a signi icant
drawback of landraces is their tendency to easily lodge, which
can substantially reduce crop yield and grain production. This
limitation became glaringly evident during the 1960s in India
when the country experienced a severe famine crisis, resulting
in food scarcity and tragically causing widespread deaths [18]
[22] [29]. To address the food shortages, breeders in the late
1960s made a concerted e ort to introduce high-yielding crop
varieties that exhibited improved resistance to lodging. These
varieties were characterized by shorter stature, an increased
response to fertilizers, adaptability to di erent light and
temperature conditions, and enhanced tillering capacity. The
amalgamation of these traits in semi-dwarf varieties played a
pivotal role in the development of green revolution cultivars. By
harnessing the advantages of semi-dwar ism, breeders
successfully created crop varieties that showcased exceptional
yields, leading to a signi icant boost in agricultural productivity
and e ectively tackling challenges related to food scarcity [10]
[11][38].

The remarkable increase in yield provided by modern varieties
compared to landraces has resulted in a noticeable shift among
Indian farmers, who now predominantly cultivate these high-
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yielding varieties, often overlooking the potential bene its
o ered by landraces and germplasm. However, this preference
for modern varieties in contemporary plant breeding programs
presents the risk of genetic erosion when breeders primarily
focus on crossing a limited number of genetic resources. Such
narrow utilization of genetic resources can render crops
genetically vulnerable, making them more susceptible to
signi icant biotic and abiotic stresses [10] [26]. In breeding
programs, it is crucial to expand the genetic base and enhance
genetic variability in order to e ectively address these
challenges. This can be accomplished by incorporating diverse
germplasm resources, which encompass landraces, wild
relatives, and exotic germplasm. Recognizing the importance of
germplasm conservation, extensive e orts are being made to
promote its preservation, raise awareness among farmers
regarding the inherent value of preserving traditional varieties,
and foster the sustainable utilization of diverse genetic
resources[45][54].

This review explores the unique attributes of landraces, such as
variations in duration, resistance to pests and diseases, and
grain quality. Its objective is to o er valuable understanding
regarding the substantial importance of landraces ine ectively
addressing a diverse range of biotic and abiotic stresses,
maximizing the potential for enhanced vyields, and elevating
grain quality.

1.Landraces for Different Durations

Rice landraces, characterized by their varying durations,
demonstrate remarkable adaptability to diverse environmental
conditions. The presence of landraces with both shorter and
longer durations o ers farmers strategic advantages in
di erentagro-climatic contexts. In regions with limited growing
seasons, shorter-duration landraces prove invaluable. These
landraces are adept at navigating challenges such as pest and
disease susceptibility and unpredictable weather patterns.
They enable farmers to mitigate climate risks and achieve
successful harvests despite adverse events like droughts or
loods. By maturing quickly, these landraces minimize exposure
to unfavorable conditions, increasing the likelihood of a
productive crop. Their adaptability to challenging
environments enhances the resilience of local agricultural
systems and helps safeguard food security.

Conversely, in areas with extended growing seasons and
abundant water availability, landraces with longer durations
thrive. These landraces are well-suited for stable and favorable
environments, where they can maximize their growth potential
and optimize resource utilization. Their ability to withstand and
adaptto speci ic climatic conditions enhances climate resilience
and contributes to sustainable agriculture. By harnessing the
longer durations of these landraces, farmers can capitalize on
optimal growing conditions, ensuring higher yields and greater
productivity. The diverse durations exhibited by rice landraces
hold immense value for crop improvement programs and
breeding initiatives. Beyond their agronomic signi icance, the
diverse durations of rice landraces contribute to broader
aspects of agricultural adaptation and cultural heritage
preservation. These landraces embody genetic diversity,
safeguarding valuable genetic resources for future generations.
The preservation and promotion of landraces with varying
durations are imperative for fostering sustainable agriculture
and safeguarding global rice diversity [51] [56] [57]. A
comprehensive examination of the diverse durations exhibited
by rice landraces will be presented in the subsequent
discussion.

1.1 Very extra early durationrice landraces

In Central Africa, Madi-a-jumbo exhibits a duration of 70-80
days, whereas Barun is another extra early landrace with a
duration of 70 to 80 days in Manipur (India). Tamil Nadu is
home to Vellai Poongkaar, which has a duration of 80 days. The
landrace called Sathi takes approximately 80 to 90 days to
mature in West Bengal; Kerala is known for the landrace Navara,
which has a duration of 90 days. Sri Lanka is home to
Kaluheenati, which also requires 90 days to reach maturity. The
landrace Kalonuni, found in the Philippines, also has a duration
of 90 days. In Manipur, Naga Chakhae stands out with a duration
of90to 100days[2] [7].

1.2 Extraearlyricelandraces

Poongkaar is an indigenous landrace from Tamil Nadu which
takes approximately 100 days to mature whereas, Domsiah,
originating from Yemen, has a duration of 100 days. Tainung,
hailing from Taiwan, has a duration ranging from 100 to 115
days. Jaya, another landrace from Tamil Nadu, typically requires
100 to 110 days to reach maturity. Arupatham Kuruvai,
Sempalai, Sada Kaar, and Pattarai Kaar are all landraces from
Tamil Nadu with aduration of 105 days. Vaasanai Mundan, Vellai
Kaar, Kalundai, and Kuruvi Kaar, all from Tamil Nadu, have
duration of 110 days. Lastly, Ottukitchili, a landrace from Tamil
Nadu, hasalonger duration of 115 days[2] [25] [28].

1.3 Earlyricelandraces

In Tamil Nadu, the landraces Arupatham Samba, Illupaipoo
Samba, Iraivaipandi, Kalanamak, Kalluraendaiyan, Karuppu
Seeraga Samba, Karuthakaar, Magizhampoo Samba,
Kuzhiadichaan, Rama Kalli and Kulla Kaar have a duration of
120 days. The landraces Asima, Dhala Putia, and Sathia also
require 120 days to reach maturity in Odisha. Further in Tamil
Nadu, the landraces Matta Kaar, Kuruvaikaar, Perungkaar,
Rasakadam, Salem Sanna, Karikalava, Karungkuruvai, and
Norungan have a slightly longer duration of 125 days [2] [25]
[36].

1.4 Medium durationrice landraces

In Tamil Nadu, landraces Kaivara Samba, Kalarpalai, Sivappu
Kavuni, Kothamalli Samba, Kottara Samba Kudavazhai,
Arikiravai, Authur Kitchili, Bamathi, Seeraga Samba and Pisini
requires 130 days to reach their full potential. Mathimuni,
Kandasali, Salem Samba, Ambemohar and Bayakundathan,
matures in 135 days; while, Jil Jil Vaigunda, Jiljeera, Kamban
Samba, Adukku Nel, Cochin Samba, Sanna Samba,
Kuruvikalangium, Jawadhu Malai Nel matures in 140 days. In
Assam, the captivating landrace Kala Jeera, with a duration of
140 days is noteworthy. In Philippines, landrace Kinandang
Patong, isequally with aduration of 140 days [2] [17] [25].

1.5 Long-durationrice landraces

Poovan Samba, with a duration of 145 to 150 days, thrives in
Tamil Nadu, while Kala Joha displays over the same duration in
Assam. Gandhasala, Kolonunia, Perumkoomvazhai, Kappa Kaar,
Katta Samba, Kattuyanam, Ottadai, and Poompalai mature over
145to0 150 days in Andhra Pradesh, Bihar and Tamil Nadu. Bhuri
matures in Odisha for 150 days, while Dubraj in Chhattisgarh
also requires 150 days to mature [2] [4] [25].

1.6 Extra-long durationrice landraces
In Tamil Nadu, Kaliyan Samba, Kouni Nel, Sandi Kaar, Mapillai
Samba, Pattar Pisin, Thanga Samba and Vellai Milaku Samba
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mature over 160 days. In Malaysia, Warisan Padi captivates with
its growth over the same duration. In China, Tai-Ping-Zhou also
matures over 160 days. In Tamil Nadu Kadaikazhuthan
complete duration of over 165 days whereas, Katcha
Koomvazhai, Vellian, Samba Mosanam thrives over 170 days;
landraces Kanak in Uttar Pradesh, Kanak Champa in Odisha, and
Gandhakasala in Kerala matures over the same duration.
Perumkoompalai and Sennel matures 175 days in Tamil Nadu
and further exploration reveals that, Neelan Samba, Kalundai
Samba, Kudhiraival Samba, Koompalai, Kondavarai and Nattu
Samba were captivating with their growth over 180 days in
Tamil Nadu. Odisha also boasts its own 180-day wonders,
including Asima, Badibiyali, Basumati, Kalama, Puntia, and Satia
[2]1[25][36].

1.7 Very long-durationrice landraces

In Tamil Nadu, Ottadaiyan matures over 200 days, while in
Andhra Pradesh, Red Kara follows suit with the same duration.
In Assam, the captivating landrace Lalat displays its splendor
over 200 days. Finally, in Odisha, Karna mesmerizes with its
growth over theidentical duration [2].

2.Landraces for different seasons

2.1 Summer season: From 14th April to 15th June

In Tamil Nadu, a diverse range of rice landraces viz., Sembalai,
with a duration of 100-115 days, Sornavari, maturing over 120-
125 days, Kodai Samba, thriving for 100-105 days, and Chithirai
Kaar, completes duration over 110-105 days. In Uttar Pradesh
and Bihar, the renowned landrace Kalanamak requires duration
of 200 days to reach its full potential. Across Uttar Pradesh,
Bihar, and Jharkhand, the remarkable landrace Dular captivates
with its growth over 125 days. Journeying to Punjab, Haryana,
and Uttar Pradesh, the fragrant Basmati rice graces the ields. In
Assam, the captivating Kala Jeera adds its unique charm to the
region'sagricultural landscape [2] [17].

2.2 Kuruvaiseason: From 16th June to 15th September

In Tamil Nadu, Ottu Kitchili showcases its growth over 115 days,
while Kuruvai Kalayaan and Kuruvai Kalachiyam enchant with
their presence over 140 days. Jirkudai o ers its unique charm
over 120 days, and the delightful Matta Kuruvai, Mutta Kuruvai,
and Koonakuruvai grace the ields for 125 days each.
Karunkuruvai and Vellakuruvai completes growth over 120
days, while Arupatham Kuruvai, Thirupathisaram, Varappu
Kudaichan, Puzhuthikaal, and Noortipathu matures in 100 days
[2]1[25]

2.3Samba season: From 16th September to 13th January

In Tamil Nadu, Ambemohar matures over 135 days, the royal
Rajamudi, captivates with its growth over 160 days, and the
delightful Iravai Pandi, completes its maturation over 120 days.
In Punjab, Haryana, and Uttar Pradesh, indulge in the aromatic
Basmati 370, taking 130 days to reach perfection. In Odisha,
Tulsi Manjari completes its growth over 115 days. In Tamil
Nadu, Jeeraga Samba delights with its taste over 130 days, while
in Assam, the aromatic Johamaturesover 120 days [2] [17].

2.4 Navaraiseason: From 14th January to 13th April
Arupatham Kuruvai (105 days), Arupatham Samba (120 days),
Vellai Kuruvai (120 days), Arcot Kitchili Samba (130 days),
Jirkudai (120 days), Kandasaali (135 days), Karuthakaar (120
days), Kaar Arisi (120 days), Kaar Nel (120 days), Kaar Samba
(150 days), Kaarthikai Samba (145 days), Sornavaari (125
days), Samba Mahsuri and Konakuruvai (120 days) are suitable
for Navarai seasonin Tamil Nadu [2].

3.Landraces for different Abiotic stresses
Landraces are the outcome of generations of traditional
agricultural practices, inely honed to lourish within speci ic
environmental conditions. Evolving through the careful
selection and cultivation by farmers across time, these
distinctive variants have become inely attuned to the unique
challenges of their respective regions. A particularly striking
aspect of landraces is their capacity to endure and tolerate
abiotic stresses, encompassing extreme temperatures, drought,
salinity, and unfavorable soil conditions. By means of natural
adaptation and selective pressures, these crops have naturally
developed inherent mechanisms that enable them to not just
survive but thrive in environments where other plant varieties
might struggle to subsist. This remarkable adaptability stems
from the enduring interaction between landraces and their local
surroundings, ultimately leading to the cultivation of speci ic
attributes that bolster their resilience.

Furthermore, landraces hold the potential to bolster food
security in regions where access to modern crop varieties might
be restricted. Their adaptability equips landraces to generate
consistent yields even when faced with arduous conditions,
thereby ensuring a dependable supply of sustenance for
communities. Moreover, their robustness against abiotic
stresses positions them as invaluable genetic resources for
initiatives in crop improvement. These initiatives are geared
towards crafting enhanced varieties that boast superior stress
tolerance, thereby contributing to the enhancement of
agricultural practices and food security.

3.1 Landraces for Soil salinity

Soil salinity presents a signi icant and pervasive challenge to
global rice productivity, manifesting in two primary forms:
inland salinity and coastal salinity. The prevalence of elevated
salt levels in the soil profoundly impacts various stages of rice
growth and development, resulting in diminished productivity.
The in luence of soil salinity is particularly pronounced during
the germination phase. Heightened salt levels can impede the
germination of rice seeds, leading to irregular and delayed
germination that hampers seedling establishment. This, in turn,
diminishes the population of healthy plants, ultimately a ecting
overall productivity. Additionally, soil salinity during the
vegetative phase disrupts the water equilibrium within rice
plants. The accumulation of salts, notably sodium ions, in the
soil triggersion toxicity in rice plants, disrupting the uptake and
transport of essential nutrients. This interference with nutrient
absorption can result in physiological disorders and reduced
productivity, which collectively adversely a ect plant growth
and development.

Beyond instigating water and nutrient imbalances, salinity
stress triggers alterations in diverse physiological processes
within rice plants. These changes a ect pivotal functions like
photosynthesis, enzyme activity, hormone equilibrium, and
other metabolic processes. Consequently, the growth and
development of rice plants are impeded, leading to a decline in
grain yield. Furthermore, the taste, lavour, and culinary
characteristics of rice can be unfavourably impacted by salinity
stress. Recognizing the rami ications of soil salinity on rice
productivity is pivotal for formulating e ective mitigation
strategies [27] [30] [43]. These studies illuminate the
physiological, biochemical, and molecular mechanisms
underpinning the detrimental consequences of soil salinity.

To ensure sustainable rice cultivation in saline environments, it
isimperative to concentrate on developing salt-tolerantrice
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varieties through breeding initiatives and implementing
management practices that mitigate salinity’'s e ects. By
harnessing scienti ic knowledge and capitalizing on the genetic
diversity inherent in landraces and modern varieties, we can
augment the resilience of rice crops and enhance productivity in
saline soils.

For instance, in the coastal saline soils of Tamil Nadu, landraces
like Thengaipoo Samba and Ariyan have been identi ied [2].
Similarly, in West Bengal, landraces such as Gheus, Ghunsi,
Kuthiahara, Sholerpona, Balam, Lal Joyari, Patnai, Chamarmoni,
Baskati, Sita Sal, Agni Shikha, Nageswari, Alta Pati, Pnathua,
Harma Nona, Harina Khuri, Meghna Dumuru, Tal Mugur, Mugi,
Asfal, Khejur Chhori, Mach Kantha, and Kute Patnai have
demonstrated salinity tolerance [1] [23].

Furthermore, in Assam, the landrace Kolajoha has exhibited
salinity tolerance [31], while in Karnataka, the landraces Arya
and Karekagga have shown salinity tolerance. In Kerala,
landraces such as Cheltivirippu, Kalladachampavu,
Kunjathikkara, Chottupokkali, and Cheruvirippu have
demonstrated salinity tolerance. In Goa, landraces like Korgut
and A 280 have shown salinity tolerance [40]. Additionally, in
Bangladesh, landraces such as Vasieri, Nona Bokra, Ghunsi,
Hogla, and Morishal have exhibited salinity tolerance [6].
Pokkali, Wagwag, Zawa Bonday, Nam, Khao Seetha,
Cheriviruppu, Annaporna, Nona Bokra, Hamilton, Daeyabyeo,
Giza 177, and Suweon have been identi ied as salinity-tolerant
landraces across various regions [19]. Moreover, speci ic
landraces like Kalarpaalai, Kalar Samba, Kallundai,
Kuzhiadichaan, Uvarmundan, Kuzhiparichaan, and Samba Nel
exhibit high tolerance to both saline and sodic conditions [25].

3.2 Drought-tolerantlandraces

Drought posesaformidable challenge to both food security
and agricultural sustainability, particularly in the context of rice
production. This harsh condition signi icantly impacts critical
growth stages of the crop, notably lowering and grain illing,
leading to a decrease in productivity. The scarcity of water
during drought periods disrupts the natural rhythm of rice
growth, causing shifts in the timing and duration of lowering.
This, in turn, leads to irregularities in the pollination and
fertilization processes. As a result, the formation of grains is
compromised, ultimately resulting in diminished grain yield.
Extensive research has been conducted to delve into the adverse
e ectsofdroughtonrice productivity [35] [37].
To counter the detrimental e ects of droughton rice cultivation,
a variety of strategies have been employed. A particularly
e ective approach involves the development and cultivation of
drought-tolerant rice varieties, tapping into the genetic
resources harboured within landraces. Landraces, with their
innate genetic diversity and adaptation to local environments,
represent a valuable reservoir of genetic traits that confer
drought tolerance. By selectively breeding and integrating these
traits into modern rice varieties, breeders can create cultivars
that can better withstand and endure drought conditions. This
process entails the identi ication and incorporation of speci ic
genetic components from landraces that contribute to drought
tolerance, including enhanced water-use ef iciency, improved
root systems, and genes responsive to stress.
Cultivating drought-tolerant rice varieties o ers a pragmatic
and sustainable solution to mitigate the impact of drought on
rice production. These varieties exhibit heightened resilience
and can maintain stable yields even when water is scarce. By
curbingyield losses and ensuring amore consistent

food supply, drought-tolerant rice varieties play a pivotal role in
enhancing food security, particularly in regions susceptible to
water stress. Leveraging landraces in breeding programs geared
towards drought tolerance signi ies a strategic and forward-
looking approach to addressing the challenges posed by water
scarcity in rice farming. By capitalizing on the extensive genetic
diversity inherent in landraces, breeders can develop robust
rice varieties capable of thriving in water-limited conditions,
thus forging a more sustainable and secure future for rice
cultivation.

In Tamil Nadu, landraces like Koodai Samba, Sembalai, and
Sornawari (for the summer season), along with Karunkuruvai,
Vellakuruvai, Arupatham Kuruvai, Arupatham Samba,
Soorakuruvai, Thirupathisaram, Varappukudaichaan,
Nootripathu, and Puzhuthikaal (for the Kuruvai season), as well
as Athur Kitchili Samba, Anaikomban, Bhavani Samba, Kappa
Kaar, Norungan, Illupaipoo Samba, Kandasaali, Kalanamak,
Kottarasamba, Manjal Ponni, Thanga Samba, Muttrina Sannam,
Rathasaali, Salem Sanna, Thengaipoo Samba, and Puzhuthi
Samba (for the Samba season), and Karunkuruvai, Kullakaar,
Mysore Malli, Singini Kaar, Vellai Chithirai Kaar, Navarai, Mattai
Kaar, Kollikaar, and Kuruvai Kaar (for the Navarai season) have
been identi ied [2] [25]. Similarly, in Odisha, drought-tolerant
varieties such as Kala Jeera, Muchakanta, and Haladichudi have
been recognized [34].

3.3 Flood tolerantlandraces

The submergence of rice ieldsby loodwaters presentsacritical
threat to both crop survival and productivity, often culminating
in the partial or complete destruction of crops. Prolonged
inundation of rice plants can induce detrimental consequences,
leading to suppressed growth, diminished tillering, and
compromised grain quality. When rice plants remain
submerged for extended periods, their growth and
development experience severe hindrance. The lack of access to
oxygen during submergence restricts the plants' capacity to
execute essential physiological processes, including respiration
and nutrient absorption. As a result, rice plants may encounter
stunted growth and reduced tillering, leading to a reduced count
of productive tillers and a decreased number of grains per plant.
The stress induced by submergence can also exert negative
e ects on the quality of harvested grains, further eroding the
overall productivity of the crop.

To tackle the challenges posed by looding, scientists and
breeders have been actively engaged in identifying and
cultivating lood-tolerant rice varieties. These variants
demonstrate extraordinary resilience against prolonged
submergence and possess the ability to withstand the adverse
impact of looding on rice crops. In multiple regions across
India, lood-tolerant rice varieties have been successfully
pinpointed and cultivated. These variants have showcased the
capability to endure submergence and sustain growth even
amidst looding. By harnessing the genetic diversity prevalentin
both landraces and modern cultivars, breeders have e ectively
crafted lood-tolerant rice varieties capable of adeptly
navigating the trials posed by looding.

The identi ication and endorsement of lood-tolerant rice
varieties hold immense signi icance for regions susceptible to
looding. By cultivating these variants, farmers can mitigate the
devastating consequences of loods on their rice crops, thereby
enhancing crop resilience, stability in production, and bolstered
food security. Furthermore, the development of lood-tolerant
rice varieties contributes to the conservation of agricultural
biodiversity and the safeguarding of traditional genetic
resources linkedto lood-proneareas.
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In West Bengal, lood-tolerant landrace varieties encompass
Kelas and Bhutmoori [23]. Similarly, Tamil Nadu features lood-
tolerant varieties such as Madumuzhungi, Maapillai Samba,
Thidakaal, Neelan Samba, Kudiraivaal Samba, Koompalai,
Kaliyan Samba, Chinna Ponni, and Swarna Mahsuri for the
Samba season. For the Navarai season, Rasakadam, Kappakaar,
Kudiraivaal Samba, Rose Kaar, Varappukudaichaan, Thidakaal,
Matta Kaar, and Sivappu Kuzhiadichaan have also been
identi ied [2]. Furthermore, in Odisha, lood-tolerant varieties
including Biland, Rabana, and Patin have been recognized [36].

3.4Submergence tolerantlandraces

Submergence stands as a signi icant peril to the growth of rice
plants, as it deprives them of essential oxygen. The impact of
submergence on rice production leads to reduced
photosynthesis, stunted growth, underdeveloped roots and
shoots, and ultimately, diminished productivity.

In Odisha, a number of rice varieties showcase tolerance to
submergence, encompassing Samudrabali, Basnamundi,
Gadala, Surudaka, and Dokarakuji [36]. Furthermore, Tamil
Nadu is renowned for its rice landraces that possess robust and
deep ibrous roots, endowing them with the capability to
withstand sea erosion. Among these landraces are Ariyan,
Thengaipoo Samba, Uvar Mundan, Kaar Palai, Samba Nel, Kaattu
Kuthaalai, Kuzhiparichaan, Koompalai, Magathae, Madhimuni,
Sadaikaar, Mulen Kaima, Ottadam, Malai Nel, and Rasakadam
[25].

3.5Shade-tolerantlandraces

In Tamil Nadu, the landrace Kaattu Ponni (with aduration of 130
to 140 days) displays shade tolerance, making it suitable for
cultivation as an intercrop in coconut plantations and fruit
orchards, including mango orchards [25]. In the north eastern
region of India, shade-tolerant varieties such as Bhasamanik,
Sasarang, Rudra, and Swarnaprabha have been identi ied,
making them viable options for intercropping in plantation
areas[14].

4.Landraces for biotic stress

The productivity of rice is profoundly in luenced by an array of
biotic stresses, presenting farmers with diverse challenges.
Among these biotic stressors, pests stand out as a signi icant
threat to rice cultivation. Stem borers, leaf folders, and brown
plant hoppers, in particular, have been identi ied as major
culprits, in licting extensive damage upon rice plants. These
pests target various parts of the rice plant, including its foliage,
stems, and reproductive structures, resulting in decreased yield
and compromised plant health. The cumulative e ects of these
pest infestations on rice plants can lead to growth stunting,
reduced tillering, inadequate grain formation, and ultimately,
diminished yields. As a consequence, farmers are confronted
with substantial hurdles in safeguarding their rice crops from
these destructive pests, aiming to ensure optimal productivity
and minimize economic losses.

Noteworthy is the resistance exhibited by speci ic landraces in
response to biotic stresses. For instance, in the north eastern
region of India, certain landraces including Badshabhog, Gamra,
Haldichuri, Janglijata, Kalabhat, and Khara have demonstrated
resistance to brown plant hoppers, as emphasized by [45].
Similarly, in southern India, landraces such as Nazarbad,
Bheemasaale, Nazarbaik, Kichadi Samba, Kattaru, Mouruda,
Bagashaparimalaakki, Kempukaalu, Malgudisanna,
Delhibogabhattha, Sannakki, PadmaRekha, Chitiga,

Sharavathikempu, Andrabasumati, Orrisabhattha, Kasubai,
Bangarakaddi, Meese Bhattha, Kemputadi, Kavadhari, Jeerige
Samba, Tunuru, Dappavalya, Rasakadari, Nagabhatha,
Baiganmanja, Bud Bhattha, and Siddasanna showcase
resistance to root knot nematode (Meloidogyne graminicola)
[42]. Moreover, Neelan Samba exhibits resistance to the ear
head bug, while Sivappu Kuruvikaar rice displays resistance to
the rice case worm [2]. Landraces such as Thengapoo Samba,
Kamba Samba, Kandhasala, and Kandavali exhibit pronounced
resistance to the rice yellow stem borer, while Kuruvikar,
Seeraga Samba, Karudan Samba, and Kaivara samba showcase
strong resistance to the gall midge. Furthermore, Seeraga
Samba, Kandasala, Karudan Samba, and Thengapoo Samba
exhibitnotable resistance to the leaf folder [41].

Additionally, diseases such as blast, sheath blight, and bacterial
leaf blight have the potential to cause signi icant reductions in
yield by a ecting plant growth, grain development, and overall
productivity. Bacterial blight, for instance, results in leaf and
grain discoloration, diminishing the visual appeal and
marketability of the grains. Similarly, rice blast can lead to grain
discoloration, shriveling, and chalkiness, adversely impacting
the cooking and milling quality of rice. Encouragingly, certain
landraces display resistance to these diseases. Landraces
including Chandrahasini, Keshav, Swarna Mukhi, Jata Dhan, Kalo
Bhutia, Kala Jeera, Samleshwari, Khaja, Sabita, Rasi, Manhar,
Pathara, Sarathi, Paani Doola, Banitana, Kalo Mota, Shalimar,
and Lakhi Chura exhibit resistance to blast [49]. In other
regions, blast-resistant landraces such as Chame, Champei Sali,
Chirakhey, Buda Atte, Lamo, Khimti, Jhapaoa, Akola, Jyoti, Jaya,
Garomalati, Khasi, Upahar, Birun, Gujari, Jeeram, Dadri Kalam,
and Dangir have been identi ied in Punjab, Maharashtra,
Gujarat,and Tripura, as reported by [58].

5.Landraces for nutritional enrichment

Rice, hailed as a crucial source of dietary carbohydrates, often
falls short of meeting overall energy and nutritional needs due
to its de iciency in essential micro-nutrients. This insuf iciency
of micro-nutrients gives rise to a condition known as hidden
hunger, prevalent especially in developing countries, where
individuals su er from nutrient de iciencies. To address this
concern, various strategies have been proposed, including the
forti ication of food and the promotion of diversi ied diets
abundant in vitamins and minerals. However, these approaches
may not be economically feasible or universally implementable
across all communities. Against this backdrop, bio-forti ication
emerges as an encouraging and pragmatic solution to augment
the micro-nutrient content in staple foods. Within this context,
rice landraces hold considerable promise as genetic resources
naturally endowed with micro-nutrients, particularly iron and
zinc. These landraces, with their genetic diversity, present an
untapped repository of valuable attributes that could counter
hidden hunger and enhance the nutritional value of rice.

Despite their potential, the exploitation of these invaluable
genetic resources, namely rice landraces, remains largely
unexplored [32] [48]. By tapping into the genetic reservoir of
landraces, breeders and scientists have the opportunity to
cultivate improved rice varieties that are inherently enriched
with micro-nutrients, thereby o ering a sustainable and cost-
e ective approach to combat hidden hunger and improve
human health. To fully harness the potential of rice landraces,
further research, breeding programs, and collaboration among
scientists, farmers, and policymakers are indispensable. By
prioritizing the investigation and utilization of these genetic
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resources, we can pave the way for a more resilient, nutritious,
and sustainable future, ensuring that rice, as a staple crop,
satisfactorily addresses the nutritional requirements of global
communities.

Some prominent landraces in this context include
Kuzhiadichaan, Thailand Kavuni, Chennellu, Kalanamak, Salam
Samba, Ottadai, Sembalai, Kandasali, Sivappumalli, Kavuni Nel,
Sivappu Kavuni, Lalmati, Athira, Bhavani, Rajalakshmi, Altera,
Mappillai Samba, Burma Kavuni, Melaki, Kattu Ponni, Kaivara
Samba, Karuppu Kavuni, Paalkichadi, Poongar, Rasakadam,
Kattu Vanipam, Thodipaliyan, and Norugan [53]. These
landraces boast high protein content, surpassing 10 percent [2]
[3]. Furthermore, landraces like Sivappu Kuruvikaar, Sivappu
Kavuni, Jeeraga Samba, Sanna Samba, Poovan Samba,
Poompalai, Navara, Mappillai Samba, Kudavaazhai,
Kattuyanam, and Kappa Kaar are replete with magnesium
content. Landraces such as Valiya Chennel, Thanga Samba,
Sooran Kuruvai, Sivappu Kurivikaar, Sivappu Kouni, Poompalai,
Ottadai, and Kuzhiachaan are recognized for their iron content.
Those rich in potassium include Kalanamak, Kaivara Samba,
Kadaikazhuthan, Kalar Paalai, lravai Pandi, Garudan Samba,
Ambemohar, Adukku Nel, Kattuyanam, Kuzhiadichaan, Navara,
Neelan Samba, and Poovan Samba. Calcium-laden landraces
encompass Kadaikazhuthan, Kaivara Samba, Kaliyan Samba,
Iravai Pandi, Kattuyanam, Kuzhiadichaan, Kulla Kaar, Samba
Mosanam, and Thanga Samba. Zinc-rich rice varieties include
Sivappu Kuruvikaar, Poovan Samba, Ottadai, Navara, Kullakaar,
Kuzhiadichaan, Kottara Samba, Kudavaazhai, Koomvazhai,
Kalarpaalai, and Karunkuruvai. Notably, phosphorus-rich
landraces encompass Ambmohar and Adukkunel [2] [25].

6.Landraces for aroma

Aroma rice stands out for its exceptional quality, natural
fragrance, and exquisite lavor, leaving an indelible mark on
regional cuisines, traditional recipes, and festive culinary
preparations. Its unique and alluring sensory attributes play a
signi icant role in shaping India's diverse culinary landscape
and rich cultural heritage. As consumer preferences evolve and
a greater appreciation for distinctive gastronomic experiences
emerges, the demand for aromatic rice varieties has witnessed a
surge both within India and on the global stage. This escalating
interest presents a valuable opportunity to export these highly
sought-after aromatic grains to international markets.

The remarkable lavors and enticing aromas of Indian aromatic
rice varieties make them a coveted choice for diverse culinary
journeys across the world. Functioning as premium or specialty
rice, these aromatic varieties command higher market prices
compared to their non-aromatic counterparts. The cultivation
and trade of aroma rice bring substantial economic advantages
to farmers and local communities, serving as a pivotal catalyst
for rural development by generating income and fostering
employmentalong the entire rice value chain [5].

Furthermore, the cultivation and conservation of aromatic rice
varieties serve a pivotal role in upholding agricultural
biodiversity and safeguarding traditional genetic resources. By
nurturing and preserving these distinctive rice cultivars, we
ensure the continuity of diverse genetic materials for
generations to come. This conservation endeavour has grown
increasingly crucial as modern agricultural practices often
prioritize high-yielding varieties at the expense of traditional
ones. The preservation of aromatic rice varieties becomes a
means to safeguard the cultural heritage intertwined with these
grains, guaranteeing the perpetual availability of their
exceptional lavoursandaromas.

Aroma rice holds a special and cherished place in India's
culinary traditions, 0 ering an array of premium-quality grains
brimming with distinct lavours and captivating aromas. The
mounting demand for these aromatic varieties creates an
avenue for both domestic and international markets. By
advocating for the cultivation, trade, and conservation of aroma
rice, we can stimulate economic growth, safeguard traditional
genetic resources, and contribute to the vibrant and diverse
culinary experiences relished by people worldwide.

Notable examples of high aroma rice landraces encompass
Gujinina, Kalonunia, Red Hira Sail, Kanakchur, Radhuni Tilak,
Dangi, Bashful, and Kala Mogha [47]; Gujanonia, Kalajeera,
Haldichudi, Machakanta, and Donger Basmati [33]; Tulsi Bhog,
Lilabati, Dar Sal, Tulsi mukul, Karpurtal, and Kanakchur [44];
Ambemohr, Kagisali, Beeraga, Kumud, Yalakkisali, Huggi Bhatta,
Karigajavile, and Belguam Basmati [16]; Jeeragasala,
Gandagasala, Briyaniari, Mullanchenna, Gobindobhog 1,
Gobindobhog 2, Kala Jeera, and Taraori Basmati [13]; and
Hansraj, Mushkbudgi, Basmati, Larbeoul, Qudirbeigh, Shahie,
Barpasso, Katyoor,and Thapachini [39].

7.Landraces for Grain quality

The assessment of rice quality parameters holds paramount
signi icance in gauging the overall suitability and excellence of
rice for consumption. Attributes such as visual appeal, texture,
fragrance, taste, and cooking attributes play a direct role in
determining consumer contentment. Furthermore, rice of
superior quality, possessing sought-after attributes, commands
higher value in the market. Parameters linked to cooking,
encompassing water absorption, cooking duration, and texture,
play a pivotal role in establishing the adaptability of rice for
various cooking techniques, spanning from steaming and
boiling tostir-frying[12].

These quality parameters ensure that the rice cooks evenly,
maintains its form,and o ers a delightful dining experience. As
an illustration, speci ic rice landraces like Osawalkathalai,
Aanaikomban, Seethavalli Kuruvai, Thirpathisaara, Hallaga,
Kanwa, Aden Kelte, Alur Sanna, Bangar Kaddi, Karigajavili,
Padmarekha, Raj Kamal, Putta Bhatta Local, Rajkhaima,
Karigajavili, Padmarekha, Laljhini, Achoo, Madhumalti,
Mushkan, Qudirbeigh, Habri, Patari, Mehwan, and Preneibar are
celebrated for their exceptional cooking attributes and the
ability to maintain quality [20] [24]. Aanaikomban, Seethavalli
Kuruvai, and Thirpathisaaram are landraces that showcase
remarkable keeping quality for up to two weeks [25], while
Oswalkuthalai remains untainted overnight [33]. Laljhini,
Achoo, Madhumalti, Mushkan, Qudirbeigh, Habri, Patari,
Mehwan, and Preneibar fall within the range of intermediate
amylose content[39].

Conclusion

The distinctive attributes inherent in landraces render them
invaluable assets for elevating crop improvement techniques
and enhancing agricultural methodologies. Their inherent
features, including resistance to diseases and pests, tolerance to
environmental stresses, and adaptability to local contexts,
position them as potent tools for tackling pressing issues like
climate luctuations, emerging diseases, and evolving
agricultural strategies. By integrating these attributes through
hybridization initiatives, breeders can forge improved cultivars
that are better equipped to surmount these challenges, thereby
establishing resilient and sustainable agricultural systems.
Moreover, landraces encompass heightened levels of essential
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nutrients, vitamins, and antioxidants when compared to
contemporary varieties. This nutritional edge opens avenues to
combat malnutrition and advocate healthier diets, especially
within regions heavily dependent on staple crops. By
integrating the nutritional attributes of landraces into modern
varieties, breeders can contribute to the ight against
malnutrition and elevate the overall health and well-being of
communities. Furthermore, landraces often showcase favorable
agronomic characteristics, including early maturation, drought
resistance, elevated yield potentials, and superior grain quality.
These traits hold pronounced signi icance in resource-
constrained regions, where the cultivation of landraces can
substantially augment agricultural productivity and amplify
food security. Leveraging landraces exhibiting these desirable
traits can optimize resource allocation and provide sustainable
solutions to address escalating food demands.

Harvesting the genetic diversity inherent in landraces remains
pivotal in the construction of enhanced crop varieties that
embody resilience, nutritional richness, and alignment with
local environments. By conserving and harnessing the genetic
resources encapsulated in landraces, breeders can craft crop
varieties that not only confer bene its upon farmers and
consumers but also contribute to the realm of environmental
sustainability. The diversity harbored within landraces
furnishes the essential genetic material to breed for attributes
that amplify productivity, nutritional content, and adaptability
to shifting environmental dynamics.

In culmination, by harnessing the genetic diversity enshrined in
landraces, breeders can pioneer crop varieties that
concurrently address multifaceted challenges—bolstering
resilience, nutritional value, and agronomic ef icacy. Ultimately,
thisapproach bene itsfarmersthrough heightened productivity
and income, consumers through access to healthier and more
nourishing sustenance, and the environment through the
endorsement of sustainable agricultural methodologies. The
conservation and utilization of landraces chart a promising
trajectory towards amore sustainable and food-secure future.

Future scope: The comprehension of the vast array of available
rice landraces undoubtedly o ers an abundance of choices for
selecting source materials with diverse quantitative and
qualitative traits for rice improvement programs. In our current
scenario, where we are grappling with the severe repercussions
of climate change, the extensive reservoir of rice landraces could
emerge as a transformative solution, akin to a magical tool, for
enhancing futurerice improvemente orts.
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