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Abstract

Climate change is one of the major problems threatening the sustainability of agriculture globally. Rising
temperatures, erratic rainfall, frequent droughts, floods, and depleting natural resources have all had a
negative effect on the productivity and profitability of traditional rice-based agricultural systems. Crop
diversification is becoming more widely acknowledged as a successful tactic to boost farm income, increase
resilience, and guarantee nutritional security. Chia (Salvia hispanica L.), one of the newest climate-resilient
crops, has garnered a lot of interest due to its outstanding nutritional content, drought resistance, minimal
input requirements, and strong market demand. Chia seeds are a significant functional food crop because
they are high in protein, dietary fibre, antioxidants, omega-3 fatty acids, and vital minerals. By utilizing
residual soil moisture, lowering production risks, enhancing resource use efficiency, and boosting cropping
system profitability, the incorporation of chia into rice-based systems presents prospects for sustainable
intensification. The significance of rice-based cropping systems, the effects of climate change, the agronomic
traits of chia, its suitability for crop diversification initiatives, and the potential for integrating chia into rice-
based systems in the future are all covered in this review. Major obstacles, research gaps, and policy actions
necessary for widespread adoption are also highlighted in the essay.

Keywords: Chia, rice-based cropping system, crop diversification, climate change, nutritional security,
sustainable agriculture

Introduction

Major regions of Asia, including India, Bangladesh, China, Thailand, and Southeast Asian nations,
are dominated by farming systems centred on rice. The production of rice is the primary source of
income for millions of smallholder farmers. However, climate unpredictability, groundwater
depletion, deteriorating soil fertility, labour shortages, and volatile market pricing are putting
increasing strain on these systems' viability. Rice productivity is expected to decline because of
rising temperatures, water scarcity, and extreme weather events brought on by climate change. To
apply better management practices and produce high-quality seed, Patra (2022) ®?! states that
farmers should be particularly aware of how temperature, relative humidity, extreme drought, soil
salinity, soil temperature, and soil pH respond. Additional management practices, such as defence
against diseases spread by seeds (Patra, 2023a) [#* & 81 defence against the effects of macro and
micronutrients (Patra, 2023b) [ # #1 preservation of seed vigour and viability (Patra, 2021;
2025a, 2025¢, 2025¢) ¥4 881 and improved seed multiplication techniques (Patra,c; 2025d), are the
primary factors affecting seed quality. Several studies (Mandal et al., 2011a; 2011b; Patra et al.,
2012, 2013; 2026a, 2026b; Patra., 2017a, 2017b; Patra, S., & Burman, D., 2017; Garai, U., &
Patra, S., 2024) 65 66. 96,79, 80,92, 13,95 %41 haye documented the use of less toxic and organic seed
treatments to improve seed quality and crop performance. Increasing traditional and aromatic rice
production, quality, and economic viability while maintaining soil health for future generations
requires adopting sustainable, balanced nutrient management practices (Patra et al., 2026;
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Hedayetullah et al., 2026a; 2026¢; 2026d; Hedayetullah and
Patra, 2025, 2026) [93, 94, 95, 19, 33, 45, 46, 34, 40, 43, 44, 123]. Consequently,
it is now crucial to diversify rice-based systems with high-value
and climate-resilient crops (Roy et al., 2025) [,

Salvia hispanica L., an annual herbaceous plant belonging to the
mint family (Lamiaceae), produces the delicious seed known as
chia (Figure 1&2). Chia seeds are oval in shape, 1to 2 mm in size,
and can be black, grey, or white with black spots. Chia is a sign
of power, and the tiny seeds have been used to boost vitality. Da
SilvaMR et al. (2014) ' state that chia seeds can be used as whole
seeds, oilseed, flour, or mucilage. The nutritional and therapeutic
qualities of chia seeds make them extremely valuable. Healthy
omega-3 fatty acids, polyunsaturated fatty acids, dietary fibre,
protein (containing all required amino acids), vitamins, calcium,
and other vital minerals are all present (Mufioz LA et al., 2013;
Ullah R et al., 2016) 97721 According to Coorey R et al. (2014)
8] chia seeds can be used to create a gel that can be used as a
thickening, emulsifier, and stabilizer in food items. Chia seeds are
said to be among the world's healthiest foods, full of nutrients and
advantages for the body and brain. According to Ullah R et al.
(2016) and Ali NM et al. (2013), chia seeds assist the digestive
system, encourage good skin, strengthen bones and muscles,
lower the risk of heart disease, diabetes, and indications of ageing,
among other health advantages.

https://www.agronomyjournals.com

In recent years, it has emerged as a "superfood" due to its unique
nutritional composition. Chia seeds contain approximately 30-
35% oil, of which nearly 60-65% is alpha-linolenic acid (ALA),
an important omega-3 fatty acid. The seeds also contain 18-25%
protein, 30-40% dietary fiber, vitamins, minerals, and various
antioxidant compounds (Kundu et al., 2023) % %I The increasing
demand for healthy foods and nutraceutical products has created
new market opportunities for chia cultivation. In regions where
rice is harvested before winter, chia can be grown as a
shortduration alternative crop, making efficient use of residual
soil moisture and available land resources. The principal aim of
this review is a) To assess the potential of chia as an alternative
crop in rice-based cropping systems for enhancing crop
diversification, improving land-use efficiency, and increasing
overall system productivity under varying agro-climatic
conditions. b) To evaluate the role of chia cultivation in climate-
resilient agriculture by examining its adaptability to water
scarcity, temperature fluctuations, and other climate change-
induced stresses in rice-growing regions. ¢) To analyze the
agronomic, nutritional, and economic prospects of integrating
chia into rice-based farming systems for improving farmer
income, resource-use efficiency, and sustainable agricultural
development.

gt

Fig 1: Chia (Salvia hispanica L.) seed and Chia crop in leaf stage

Fig 2: Flowering stage of Chia
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2. Rice-Based cropping systems: significance and difficulties
Rice-based cropping systems are the backbone of food security in
many Asian countries, particularly India, where rice is cultivated
in rotation with one or more crops throughout the year. Common
cropping sequences include rice-wheat, rice-mustard, rice-lentil,
rice-vegetables, rice-maize, and rice-chickpea systems
(Hedayetul Iah et al., 2018) [20, 21, 28, 29, 30, 31, 32, 35, 36, 47, 48, 49, 50]. These
systems enhance land use efficiency, crop diversification, and
farm income while ensuring a continuous supply of food and raw
materials. However, their sustainability is increasingly threatened
by several challenges. Climate change has led to rising
temperatures, delayed monsoons, erratic rainfall patterns,
droughts, floods, and heat stress during critical crop growth
stages. Resource degradation, including declining groundwater
levels, soil nutrient depletion, loss of soil organic carbon, salinity,
and waterlogging, further reduces productivity (Burman, 2015)
7 In this regard, integrated farming through land shaping models
in low-lying and salinity-affected areas is suitable for enhancing
farm income, especially for the eastern coastal region of India
(Mandal et al., 2015) ", Additionally, rising production costs,
labor shortages, low profitability, and market uncertainties create
economic pressure on farmers. Therefore, diversification toward
low-input, climateresilient, and high-value crops is essential for
sustaining rice-based farming systems.

3. Crop Diversification as a strategy for climate resilience
India’s diverse agro-climatic zones support a wide range of cereal,
pulse, and oilseed crops, which are cultivated under various
cropping systems to optimize land use, enhance soil fertility, and
improve farm income (Hedayetullah et. al., 2025, 2025a,
2025h)440.43.44] These crops are categorized as major and minor
based on area, production, and regional importance. Major cereal
crops include rice (Rahaman et al., 2022; Hedayetullah, 2022) 7
71 wheat (Triticum aestivum), maize (Zea mays) (Kundu et al.,
2020) ®31 and sorghum (Sorghum bicolor). These are grown
predominantly in mono-cropping or rotation systems like rice-
wheat (Indo-Gangetic Plains), rice-maize, and sorghum-chickpea
in semi-arid regions (Hedayetullah et al., 2014a) 7 5 52 531,
Minor cereals such as millets (finger millet, foxtail millet,
barnyard millet) are gaining attention under nutri-cereal-based
diversified systems, especially in rainfed and tribal areas due to
their drought tolerance and nutritional value (Hedayetullah and
Giri, 2021) [24,

Groundnuts (Arachis hypogaea) (Giri et al., 2014) ** mustard
(Brassica juncea) (Hedayetullah et al., 2016) !, and soybeans
(Glycine max) are important oilseed crops that require less water.
These are included into systems such as rice-mustard, groundnut-
sorghum, and soybean-wheat (Zaman and Hedayetullah, 2018)
[113, 114,131,133, 1341351 1n dryland areas, minor oilseeds like
safflower, linseed, and niger are typically planted as relay or
intercrops. Diverse cropping systems that incorporate major and
minor cereals, pulses, and oilseeds enhance productivity,
guarantee food and nutritional security, and preserve soil health
(Zaman and Hedayetullah, 2025c; Zaman and Hedayetullah,
2018b) [112, 115, 116, 117, 118, 119, 120, 121, 122, 113, 114, 131, 133, 134, 135].
Additionally, this kind of variety helps India achieve sustainable
agricultural intensification and increases resistance to climatic
variability (Hedayetullah et al., 2014b) [ 5152531 |ndia's cattle
industry, which is essential to rural livelihoods and agricultural
sustainability, depends heavily on fodder crops (Hedayetullah and
Zaman, 2018, 2018a, 2018b, 2018c; Sadhukhan et al., 2018) [
30, 31,32, 35,48, 49, 50, 1001 " Fodder crops can be roughly divided into
main and minor species based on farming systems and
agroclimatic conditions (Hedayetullah, 2022) ", To guarantee
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year-round forage supply, including ginger crops, they are
included into various farming systems, such as crop-livestock or
agroforestry systems (Mukherjee and Hedayetullah, 2018a; Singh
et al.,b) [ 74,

Sorghum (Sorghum bicolour), maize (Zea mays), berseem
(Trifolium alexandrinum) (Barik and Hedayetullah, 2018) !, oats
(Avena sativa) (Hedayetullah and Barik, 2012) %’ napier-bajra
hybrid (Pennisetum glaucum x P. purpureum), and guar
(Cyamopsis tetragonoloba) are important fodder crops. Because
fenugreek has a high biomass production and nutritional value,
they are widely grown (Zaman et al., 2018¢) [13 114 131,135,134, 135]
In northern India, berseem and oats predominate during the rabi
season, whereas sorghum, maize, and cowpea are typical during
the kharif season. In yearround cut-and-carry systems,
particularly in intensive dairy zones, Napier grass and perennial
species like Guinea grass are utilised. Senji (Melilotus spp.),
Rhodes grass (Hedayetullah and Banerjee, 2018) ! lablab
(Lablab purpureus), canary grass (Ahmed and Hedayetullah,
2018) ™ sunhemp (Crotalaria juncea), Deenanath grass
(Hedayetullah and Bandopadhyay, 2018) %!, stylo (Stylosanthes
spp.), and silage maize varieties (Hedayetullah and Zaman, 2018;
Kundu et al., 2011, Kundu et al., 2015) [29 30. 31 32,35, 48, 49,50, 60] gpg
examples of minor fodder crops. These are frequently produced
as intercrops in orchards and agroforestry systems, on marginal
lands, or in bunds. Due to their drought resistance, lablab, seniji,
setaria, pangola, Salgom, and stylo are particularly useful in semi-
arid regions (Hedayetullah et al., 2018b; Hedayetullah et al.,
2018c; Hedayetullah et al., 2018d, 2018e, 2018f, Zaman and
Hedaytullah, 2018) [20, 21, 28, 29, 30, 31, 32, 35, 36, 47, 48, 49, 50]. Fodder crops
are either grown as border crops (Johnson and doob grass) in
horticulture-based systems or rotated or interplanted with cereals
(such as berseem in wheat-rice systems) in integrated cropping
systems (Hedayetullah and Zaman, 2018a; Hedayetullah and
Zaman, 2018h) [2% 30 3L 82,35 48,49, 501 "|n mixed agricultural
systems, dualpurpose cereals, such multi-cut sorghum or maize,
provide both grain and feed (Mukherjee and Hedayetullah, 2018;
Hedayetullah et al., 2018) [70, 71, 20, 21, 28, 29, 30, 31, 32, 35, 36, 47, 48, 49, 50]_
Interplanting millets with fodder legumes improves soil fertility
and feed quality (Ahmed and Hedayetullah, 2018)™.
Hedayetullah and Zaman (2026) 123 124125126, 127l gnq Zaman and
Hedayetullah (2018, 2019, 2020a, 2020b) claim that carefully
integrating major and minor fodder crops into cropping systems
boosts feed availability, enhances soil health, and boosts livestock
productivity all of which support resilient and sustainable farming
systems in India.

4. Growth, yield attributes, nutritional and medicinal
importance of chia

Chia (Salvia hispanica L.) is a short-duration, high-value
medicinal crop with good adaptability and promising yield
potential under diverse agro-climatic conditions (Hedayetullah et
al., 2014) 75152581 It js recognized globally as a functional food
because of its exceptional nutritional and medicinal properties
(Giri and Hedayetullah, 2020) I, Chia seeds contain about 30-
35% lipids, with a high proportion of omega-3 fatty acids,
particularly alpha-linolenic acid, which is beneficial for
cardiovascular health. The seeds also possess 18-25% high-
quality protein with a balanced amino acid profile and 30-40%
dietary fiber comprising both soluble and insoluble fractions.
They are rich sources of essential minerals such as calcium,
phosphorus, magnesium, potassium, iron, and zinc. In addition,
chia contains valuable antioxidants, including chlorogenic acid,
caffeic acid, quercetin, and kaempferol, which help reduce
oxidative stress and inflammation. These nutritional attributes
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make chia an important crop for improving human health,
nutritional security, and the development of functional food
products, as meet by others food crops which are grown in winter
and summer season (Garai and Patra, 2024; Zaman et al., 2018,
2026, 2026a, 2026h, 2026¢) 13 113 114,151,135, 134 1351 Dye to its
high content of omega (®)-3 and omega-6 polyunsaturated fatty
acids (PUFA), chia seeds are a popular oil product. Long-chain
FAs that are members of the omega-3 and omega-6 categories are
alpha-linolenic acid (ALA) and linolenic acid (LA), respectively.
LA and ALA are precursors of long-chain FA and are necessary
for preserving the integrity of cell membranes (Mann and
Truswell, 2007) [, Chia, which was formerly a staple diet for
indigenous people in Guatemala and Mexico, is now cultivated
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and sold for its antioxidant and omega-3 alpha-linolenic acid
(ALA) content. It is now grown not just in America but also in
Australia and Southeast Asia (Jamboonsri et al., 2012) [

The traits and attributes were found to be influenced by the
planting date, row spacing, and intrarow spacing. Plant spacing
and the number of plants per hectare must be calculated while
taking competition for light, water, and nutrients into account
(Karim et al., 2015; Yeboah et al., 2014) " 1%]_One of the most
important factors influencing chia seed productivity when
planting in a new climate is the timing of planting (Fig 4). Kundu
etal. (2023) *° found that planting technique and density affected
chia (Salvia hispanica) growth and yield variation (Fig. 3).

600

500

400

S1

Yield (kg/ha)

300
200
100

('. -

Source: Kundu et al., 2023 [59.64]

Fig 3: Chia yield variation in caused by planting density (S1= 60 x 50 cm; S2=50%50 cm; S3= 50%25 cm and S4= 50 x20 cm).
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Fig 4: Impact of planting date on the growth, oil content, and seed output of chia (Salvia hispanica L.)
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5. Climate resilience of chia

Chia is seen as an alternative crop for both preserving food
security and reducing the effects of climate change due to its
greater adaptation to a variety of agroclimatic settings (Herman et
al. 2016) . Chia (Salvia hispanica L.) has several traits that
make it a viable crop in climate-changing environments where
other crops would fail or experience severe production losses
(Hedayetullah et al., 2014, 2018) [¥" 5% 52 %3 During times of
moisture stress, its deep and well-developed root system allows
for the effective extraction of water from deeper soil layers,
offering significant drought tolerance. Chia needs comparatively
less irrigation than many traditional oilseed crops, which makes it
appropriate for regions with limited water resources and rice
fields. According to Singh et al. (2014) [%4 15191 2014a, 2014b,
2025), food crops can thrive in a variety of soil. Chia may be
grown in organic and sustainable agricultural systems since it
requires less fertilizer and typically requires less pesticide
treatments. It is a perfect climate-smart crop for diverse rice-based
production systems, such as rice chickpeas in different sowing
windows, because it also exhibits efficient resource utilization
through increased water productivity, improved nutrient use
efficiency, and effective exploitation of residual soil moisture
(Seth et al., 2020) (202,

Particularly in areas with large amounts of rice fallow land, chia
(Salvia hispanica L.) has a great deal of potential for integration
into rice-based cropping systems (Hedayetullah, M. 2023) [ 251,
Due to a lack of irrigation facilities, large areas remain
uncultivated following rice harvest. Chia can make good use of
these fallows by growing on saved residual soil moisture, which
lowers irrigation expenditures (Hedayetullah et al., 2018¢e) %% 2
28,29, 30, 31,32, 35, 36, 47, 48,49, 501 - Chia also contributes to the
diversification of continuous rice monoculture, which frequently
results in pest accumulation, soil deterioration, and ecological
imbalance. Chia can increase farm profitability, diversify crops,
and enhance resource efficiency. Additionally, chia can be
successfully included into a variety of cropping sequences,
including rice-chia-vegetables, rice-chia-green manure, rice-chia-
sesame, and ricepulse-chia systems. More resilience against
climate unpredictability, improved land use, and sustainable
agriculture are all supported by such diverse production
strategies.

6. Suitability for dirty soil, organic farming, and natural
environments

Due to its minimal input requirements and flexibility to
sustainable agricultural practices, chia (Salvia hispanica L.) is
regarded as a highly ideal crop for natural and organic farming
systems (Zaman and Hedayetullah 2026d; Hedayetullah and
Patra, 2026) [123, 124, 125, 126, 127, 128, 129, 130, 132, 45, 46]. The CrOp iS an
environmentally benign choice for crop diversification in rice-
based agricultural systems since it can be grown with less reliance
on chemical pesticides and synthetic fertilizers. Because of its
mild nutrient requirements, organic manures, compost,
vermicompost, and other biofertilizers can be used effectively to
maintain soil fertility and increase beneficial microbial activity.
Compared to many traditional field crops, chia has a
comparatively reduced incidence of major insect pests and
diseases. It can also be cultivated like other crops in nurtural and
organic farming conditions (Hedayetullah et al., 2014a, 2014b,
2026) [ 5t 52 531 This feature encourages the use of
environmentally friendly pest management techniques based on
botanical extracts, biological control agents, and integrated pest
management techniques and lessens the need for chemical plant
protection measures. According to Hedayetullah and Kundu
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(2013, 2021) and Basu et al. (2015) [/, this compatibility with
natural farming principles helps to increase soil health, conserve
biodiversity, and reduce environmental pollution. Water from
shallow tube wells and ponds in West Bengal, which are
necessary for life-saving light irrigation in the winter and other
seasons, has been shown to be contaminated with arsenic
(Hedayetullah et al., 2011, 2024, 2025)E, Winter adaptation of
chia requires life-saving irrigation, and there may be a risk of
arsenic contamination. There is now a premium market for
organic chia seeds due to the growing demand for functional
foods made in an organic manner worldwide. Customers are
becoming more prepared to pay more for goods made using
ecological practices and devoid of chemical residues. Thus,
including chia into natural and organic farming systems can
support  climateresilient and environmentally sustainable
agriculture while giving farmers more revenue options (Zaman
and Hedayetullah, 2026d, 2506¢, 2026f, 2026g) [12% 124 125, 126,127,
126,129, 130, 132 "1t inclusion in rice-based crop diversification
programs may contribute significantly to long-term agricultural
sustainability, nutritional security, and the development of high-
value organic supply chains.

7. Techniques for controlling weeds and water in a rice-based
cropping system

In rice-based cropping systems, weed control techniques have
been implemented in both cropped and non-cropped regions
(Dolai et al., 2013; Biswas et al., 2016; Dolai et al., 2019, Kundu
et al., 2023) -5 %% The key component of weed control in rice
fallow is the use of broad spectrum techniques under the rice
chickpea sequence (Kundu et al., 2018, 2020; Hedayetullah, and
Giri, 2021; Hedayetullah, and Kumar 2023, Kumar et al., 2025)
(62,24, 251 Rice, chia, and its methods for controlling weeds could
be cost-effective. According to Hedayetullah et al. (2012, 2024),
irrigation frequency and optimal water utilization are cost-
effective and advantageous in terms of crop and water
productivity. Weed infestation is more common in heavy soil than
in light soil because there is always enough moisture (Zaman and
Hedayetullah, 2022, Mudi et al., 2026) 1,

8. Research Themes

It takes extensive and interdisciplinary research efforts to
successfully accommodate chia (Salvia hispanica L.) in rice-
based cropping systems under changing climatic circumstances.
Even though chia has shown promise as a high-value, climate-
resilient crop, anumber of scientific and technological issues need
to be resolved before farmers can use it extensively. To increase
productivity, profitability, and sustainability, future research
should concentrate on crop development, agronomic
management, cropping system optimization, climate resilience,
and mechanization. The creation of early maturing varieties
should be given top attention in the field of plant breeding,
especially for their integration into rice-based systems where
there is sometimes little time for growth following rice harvest
(Sengupta & Hedayetullah, 2018Farmers can incorporate chia
into current cropping sequences without impacting future crops
thanks to short-duration cultivars that enable timely seeding and
harvesting. The creation of cultivars that are insensitive to
photoperiod is another crucial goal. The sensitivity of several
current chia genotypes to day duration limits their production in a
variety of agroclimatic locations. Therefore, breeding efforts
should concentrate on creating cultivars that can function reliably
in a range of latitudes and sowing windows (Zaman and
Hedayetullah, 2025e, 2025f, 2025g,h) [112: 115, 116, 117, 118, 119, 120, 121,
1221 "Increasing the crop's economic viability will also need the
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creation of high-yielding lines with better seed quality, increased
omega-3 fatty acid content, and increased resistance to biotic and
abiotic stressors.

To fully realize the potential of chia cultivation, agronomic study
is equally crucial. To maximize development and seed output
while avoiding unfavorable weather during crucial growth stages,
research is required to determine the best sowing dates under
various agroclimatic situations. By establishing the proper
dosages and timing of macro- and micronutrient application,
including the incorporation of organic manures and biofertilizers,
scientific nutrient management techniques should be standardized
(Zaman and Hedayetullah, 2026, 2506a,b,c) [123 124, 125 126, 127, 128,
120,130,132 "To increase water-use efficiency, research should also
concentrate on irrigation timing, especially in rice-fallow regions
with scarce irrigation resources. Promoting chia as a climate-
smart crop will need the development of water-saving farming
techniques. The compatibility of chia with current rice-based
agricultural systems should be assessed in cropping system
research. To evaluate the effects of rice-chia rotations on soil
fertility, insect and disease dynamics, resource use efficiency, and
overall system productivity, long-term studies are required. To
enhance soil health and environmental sustainability, chia should
be used into conservation agriculture techniques such crop
rotation, residue retention, and limited tillage (Zaman et al.,d).
Additionally, intercropping models that combine chia with
vegetables, oilseeds, or pulses may offer more chances for risk
mitigation and revenue diversification; these systems need to be
thoroughly assessed.

Climate-related research should focus on improving the resilience
of chia to future environmental challenges. The identification and
development of heat-tolerant and droughttolerant genotypes will
help sustain production under rising temperatures and increasing
water scarcity. Studies should also investigate the physiological
and molecular mechanisms associated with stress adaptation. In
addition, comprehensive carbon footprint assessments of rice-
chia cropping systems are necessary to evaluate their contribution
to greenhouse gas mitigation and sustainable agricultural
development (Zaman and Hedayetullah, 2025, 2025a, 2025b,
2025¢, 2025d) [112 115, 116, 117, 118, 119,120, 121, 122] ' Apother crucial area
that needs attention is mechanisation, especially for large-scale
farming. Plant establishment can be enhanced and seed waste can
be decreased with the invention of precision sowing tools
appropriate for the tiny size of chia seeds. Technologies for
mechanical harvesting should be developed to minimise labour
needs and harvest losses. To preserve seed quality and satisfy
national and international market standards, effective technology
for cleaning, grading, and processing seeds are also crucial. In
order to establish chia as a viable and sustainable part of rice-
based crop diversification plans in the changing climatic scenario,
future research should take an integrated approach that combines
breeding, agronomy, climate science, mechanisation, and socio-

economic analysis. (Zaman and others, 2018a) [13 114, 131, 135, 134,
135]

9. Future Scope under the Changing Climate Scenario

Agricultural systems need to implement robust and varied
cropping techniques in light of the changing climate. Because of
its low water requirements, capacity to thrive in rice fallow areas,
and effective utilization of leftover soil moisture, chia has
enormous potential for the future (Hussain et al., 2024) ©°1. It can
increase climate resilience, boost nutritional security, and
increase farm profitability. Chia is also a good fit for organic and
natural agricultural systems, encourages crop variety, and
supports sustainable intensification. Its growing domestic and
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export demand further increases its economic importance. In
eastern India, particularly the New Alluvial Zone of West Bengal,
chia can become an attractive winter crop after kharif rice,
provided suitable varieties and agronomic packages are
developed. The integration of chia with rice-based systems can
contribute significantly to the Sustainable Development Goals
(SDGs), especially those related to food security, nutrition,
climate action, and sustainable agriculture.

10. Conclusion

Rice-based farming systems are under enormous pressure from
resource depletion, climate change, and declining profitability.
Because of its exceptional nutritional value, drought tolerance,
low input requirements, and growing market demand, chia (Salvia
hispanica L.) is a good alternative for diversification.
Incorporating chia into rice-based cropping systems can boost
farmer income, utilize rice fallow areas, improve nutritional
security, and increase resource efficiency. Its compatibility with
natural farming, conservation agriculture, and organic production
systems enhances its long-term sustainability even more. For
adoption to be effective, however, coordinated efforts in varietal
improvement, agronomic research, high-quality seed production,
mechanisation, market growth, and supporting government laws
are required. Future research should focus on developing
regionally specific production methods and evaluating the long-
term economic and ecological impacts of rice-chia systems.
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