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ABSTRACT

Lentil production in India is important to the country’s agricultural
environment and millions of people for their main source of protein. Its
production demonstrates a blend of conventional farming methods and
cutting-edge agricultural approaches, despite ongoing difficulties with disease
and insect infestations, unstable weather patterns, and degraded soil. Lentil
agriculture seems to have a bright potential in the future as akey crop in India’s
agricultural policy due to the growing demand for plant-based protein and
enriching knowledge of the nutritional values of lentils. Crop management
innovations can increase its yield and resilience to climate change. Examples of
these innovations include better seed types and sustainable farming methods.
Cultivation of lentils can also be facilitated by government programs that
provide farmers with market access and subsidies. Collaboration between
agricultural scientist’s, policymaker’s, and farmer’s will be crucial to further
explore these developments. Ultimately, the importance of lentil production
to India’s economy and food security may be ensured by concentrating on

sustainable methods and improving value chains.
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1. INTRODUCTION

Lentil (Lens culinaris Medik) is a vital pulse
crop in India, prized for its exceptional nutritional
value and remarkable adaptability to diverse agro-
climatic conditions. Itis an indispensable component
of the traditional Indian diet, playing a vital role in
the country’s culinary heritage. Lentils are a staple
crop in the Indian diet, particularly for vegetarians,
and are essential for food security. It is typically
sown during the Rabi season. As a leading pulse
crop, lentil production in India holds significant
importance for both national food security and
sustainable agriculture, playing a critical role in
ensuring the country’s nutritional well-being and
environmental stewardship. The current state of
lentil production in India, along with the challenges
faced by growers, can be effectively addressed
through cutting-edge agricultural research and
technological advancements, ultimately unlocking
the future potential for improved lentil cultivation.
Despite its importance, the productivity of lentils
(1023 kg ha') (AICRP 2024) in India still lags behind
the global average (1245.4 kg ha') (FAOSTAT 2023).
This disparity presents a significant opportunity
for Indian farmers to enhance their agricultural

and crop management practices, thereby boosting
productivity and bridging the yield gap (Dutta et al.
2022). Lentil’s are primarily cultivated as a rainfed
crop, often succeeding in rice cultivation in the post-
harvest period. This cropping system presents both
opportunities and challenges. While integrating
lentils into rice fallow systems can increase farmer’s
net returns, average yields remain limited by factors
such as soil nutrient deficiencies and suboptimal
agronomic practices (Saha et al. 2020, Kumar ef al.
2020). Examining the future scenario, the prospects
of lentils in India are buoyant with the advancement
in agricultural technology and breeding programs
aimed at developing high-yielding and disease-
resistant varieties. Improved agronomic practices
such as seed priming and nutrient management
strategies for substantial yield gains in lentils were
brought into focus by recent studies (Yadav et al.
2022). This places lentil in an indispensable position
with in India’s food security policy because they
hold a significant value as an inexpensive source
of protein in vegetarian diets (Singh et al. 2011).
However, there are challenges mainly related to
climate change, which might hurt agricultural
productivity. Adaptive strategies are highly
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important in sustaining lentil production mitigating
water stress and disease pressures as ascertained
by Talukdar (2013), Tarannum et al. (2021). These
are further compounded by increased trends in
importation, which have been on an upward trend.
Such increases in imports have underlined the
need to enhance domestic production, which will
cater to the increasing demand for domestic use
with a subsequent reduction in dependency on
imports. Hence, lentil production in India is both
well established and in pressing need of critical
research, policy-making, and farmer education
concerning agricultural practices to realize its full
potential as an important crop. With an improved
productivity level in present trends, owing to
support from technological enhancement, India has
the opportunity for enhanced production of lentils
and can further enhance food security and nutrition
among its population.

2.  PRESENT SCENARIO

The production of lentil in India has shown
moreover an upward trend in the last 10 years. The
lentil production status over 10 years is presented
in Graph 1. Major producing states are Madhya
Pradesh (48%), Uttar Pradesh (34%), West Bengal
(8%), Bihar (7%), and Jharkhand (3%), and together
this amounts to a large share of the total lentil sown
area (https://upag.gov.in/) is presented in Figure
1. The productivity of lentil in India (1023 kg ha™)
(AICRP 2024) is also lesser than the world average
(1245.5 kg ha') (FAOSTAT 2023) and the reasons
for this can be improper agricultural practices
with inappropriate crop management techniques.
Lentils are typically raised as a rainfed crop and
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Graph 1. Year wise lentil production in India
(In lakh tones), Source: https:/ /upag.gov.in/

rice is mostly relayed after the crops. The timing of
sowing also plays a crucial role in that it affects yield
potential directly (Malik et al. 2015). Farmers confront
issues like fertility deficiencies in soils, problems of
pests and diseases, as well as climatic variability
to a large extent which undermines production
outcomes. For example, diseases like Fusarium wilt
and Stemphylium blight may devastate lentil crops
altogether, which inturn lowers their productivity
and quality (Subedi ef al. 2021, Arya et al. 2022).

3. NUTRITIONAL AND
IMPORTANCE

ECONOMIC

Lentils are among the richest sources of
protein (21-25%) but also contain essential vitamins
and minerals, and therefore it is affordable for
low-income household consumers as a crucial
part of an Indian diet (Singh et al. 2011, Salaria et
al. 2022). Thus cultivation of lentils offers dual
benefits including promoting human health and
also safe guarding the environment. By enhancing
soil fertility through atmospheric nitrogen fixation,
it reduces our reliance on chemical fertilizers. Such
a nature helps to make a parallel with sustainable
agriculture and is part of an even broader vision that
enhances food security in India. Economically, lentil
production supports the livelihoods of millions
of farmers across the country. The introduction

Top 5 Locations

2 Value In Lakh Tonnes

Madhya pradesh 8.24 m
Uttar pradesh 5.77 m
West bengal 1.44
Bihar1.14 m

Jharkhand 0.53 =

Fig. 1. Major lentil producing state in India, Source:
https:/ /upag.gov.in/
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of lentils in cropping systems can increase farm
income and enhance the shock resilience of farmers
against market fluctuations. Studies reveal that
the addition of lentils to crop rotation can increase
the overall productivity and profitability of a farm
(Reif et al. 2020, Lopez-Ridaura et al. 2018). Despite
their nutritional and economic significance, India’s
lentil production and productivity are failing to
keep pace with the country’s growing demand.
As a result, lentil imports have risen sharply, from
63.97 thousand tonnes in 2003 to over 814 thousand
tonnes in 2022, to meet the escalating domestic
demand (Sah 2024).

4. CHALLENGES

Lentil production and productivity in India
are hindered by numerous challenges, affecting
their current performance and future potential. The
challenges facing lentil production and productivity
can be categorized broadly into four key areas
including (i) environmental, (ii) biotic stresses and
agronomics, (iii) breeding of suitable cultivars and
(iv) socioeconomic.

4.1. Environmental

The major environmental challenges facing
lentil production are drought and heat stress,
especially in rain-fed farming systems where lentils
are mainly grown. These stresses highly affect the
reproductive stages consequently resulting in lower
flower production and ultimately lowered yields
(Baidya ef al. 2020, Sellami et al. 2021, Mohammadi
2023). Climate change has escalated these problems
leading to major causes of big losses in yields. For
example, researchers have indicated that heat
waves may reduce the yields of lentils by as much
as 70% (Basu et al. 2022). In addition, lentils are
also vulnerable to frost damage, particularly when
grown in high-altitude plains during autumn,
which significantly limits their growth potential
(Baxevanos 2024). Climatic hazards, terminal
heat, and drought stress the productive capacity
of lentil to unprecedented levels with advancing
climate change scenarios. Temperature changes
are enhancing droughts significantly, there by
triggering the study regarding the consequences it
would under go on the entire process of lending.
Reproductive-stage specific terminal heat damages
lentils heavily, greatly causing a dent in the overall
produce and quality. High temperatures may cause
a decrease in flower production, pod number,
and seed filling, leading to significant yield losses
(Choukri et al. 2020, Choukri et al. 2022, Kumar

et al. 2016). For example, heat stress during the
reproductive stage has been reported to significantly
limit growth and development, resulting in
heavy losses in grain yield and nutritional quality
(Choukri et al. 2022, Kumar et al. 2016). Plant
reproductive stages are particularly responsive to
heat stress because it threatens critical physiological
mechanisms that must be in place for seeds to
form. Drought stress often comes with heat stress
and makes things worse for lentil crops. According
to studies, the impact is more severe when both
drought and heat stresses occur together rather than
one after the other (Sehgal ef al. 2017, Haddad et al.
2020). Drought conditions at critical growth stages
result in flower and pod abortion, thus severely
limiting economic yield (Nandi et al. 2022). In
Mediterranean environments, lentils are confronted
with terminal drought stress, which can influence
yields with a reduction of 6% to 54% depending on
water-limitation severity (Rahimi et al. 2016). It does
not only result in a decline in yield but also in the
well-being and sustainability of the plant, which
could be manifested in reduced photosynthesis
and water-use efficiency when stressed together
(Sehgal et al. 2017). Several approaches have been
identified to deal with these difficulties. One
important breeding program for developing heat
and drought-tolerant lentil varieties. Currently,
tolerance to the stresses that caused such large area
losses has grown in significance in lentil breeding
where heat and drought are frequently critical
factors affecting rainfed lentils, like during the
years discussed above. Recently, adjusting planting
dates (Ingle and Kavita 2022) as well as application
of biostimulants at different phenologic stages have
helped improve heat/drought stress susceptibility
in lentils (Bhardwaj et al. 2021). For instance, foliar
application of micronutrients has been shown to
mitigate the damaging effects of heat and moisture
stress, enhancing the performance of the plant under
harsh conditions (Kumari ef al. 2022). In addition,
shifting lentil production to high-altitude areas
where temperatures are relatively lower, and water
might be available in greater quantities at critical
growth stages, may serve as a possible adaptation
option (Baxevanos 2024). This may help reduce
the impacts of climate change on lentil production
and ensure food security and sustainability as
environmental stressors continue to rise. With the
susceptibility of lentils to environmental stresses,
adopting such climate-resilient agricultural practices
would enhance resilience as well as sustainability
(Hinz et al. 2020, George 2023).
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4.2. Biotic stress

Agriculturally, several biotic stresses prevail
in the cultivation of lentil, mainly consisting of the
multitude of pathogens that cause the different
diseases: such as Fusarium wilt, collar rot, root rot,
Stemphylium and Ascochyta blights. Reports also
indicate these as major productivity limiters for
the crop with wide prevalence over the countries
of interest (Kharte 2023). The loss of traditional
landraces in regions such as Italy, where lentil
cultivation has declined in favor of more profitable
crops, further complicates the agronomic landscape
(Reif et al. 2020). This loss not only reduces genetic
diversity but also limits the options available for
breeding programs aimed at improving disease
resistance and yield stability. In addition,its
production is increasingly threatened by a variety
of emerging diseases, primarily caused by fungal
pathogens. Among these, Fusarium wilt, caused
by Fusarium oxysporum f.sp. lentis, is particularly
devastating, leading to substantial yield losses and,
in some cases, complete crop failure (Kharte 2023,
Nisa et al. 2021, Tiwari et al. 2018). This disease has
been reported across multiple regions, including
South Asia and North America and its management
remains a challenge due to its soil-borne nature and
the pathogen’s ability to thrive under favorable
conditions (Tiwari et al. 2018, Yadav et al. 2017).
Besides Fusarium wilt, Stemphylium blight caused
by Stemphyliumbotryosum and Ascochyta blight
caused by Ascochytalentis have become significant
issues. Stemphylium blight has recently become a
significant issue in countries such as Bangladesh and
Nepal, where it impairs the productivity and milling
quality of lentil crops (Adobor ef al. 2022, Das et al.
2019). The disease often appears during warm and
wet weather, especially after canopy closure during
the growing season (Dasetal. 2019, Subedietal. 2021).
Ascochyta blight is another serious threat; virulent
isolates are increasing, which is breaking down
resistance in previously resistant cultivars (Tullu
et al. 2010a, Nawaz et al. 2022). Some recent studies
indicate that climate change has altered the spectrum
of the disease affecting lentils. The changing climate
has triggered new disease complexes, such as the
lentil blight complex, which is a mixed infection
by Alternaria and Stemphylium species (Nazneen
et al. 2024). This complexity complicates disease
management strategies, as traditional methods may
not adequately address the multifaceted nature
of these emerging threats. Additionally, genetic
variability among lentil cultivars is essential to
generate resistant types; research, in this aspect, is

focusing on the development of quantitative trait
loci, QTL for resistance to those diseases (Ma et al.
2020, Roy et al. 2023, Gela et al. 2021). The biological
controls and integrated pest management (IPM)
practices are the potential methods which would
reduce these disease impacts. For instance, the use
of biocontrol agents and organic amendments has
shown promise in managing Fusarium wilt (Kumari
et al. 2020). Additionally, the identification of
resistant germplasm from wild lentil species offers
a potential avenue for breeding programs aimed at
enhancing disease resistance (Podder et al. 2012).
Modern breeding technologies, including genomic
selection and gene editing, are also being promoted
to speed up the development of resilient lentil
cultivars (Roy et al. 2023). New diseases in lentil
cultivation pose a significant threat to global food
security. This would call for a holistic approach that
incorporates traditional breeding, modern genomic
techniques, and sustainable agricultural practices
to improve the resistance of lentils to disease and
make lentil production systems viable.

4.3. Agronomic

In addition to disease pressures, poor soil
conditions are often a challenge to lentil cultivation,
especially in rainfed systems where nutrient
deficiencies can compromise seed quality and yield
(Amir et al. 2024, Pragna 2023). The inconsistent
rainfall patterns associated with climate variability
also lead to reduced germination rates and poor
seedling establishment, further impacting overall
productivity (Amir et al. 2024).

4.4. Breeding of suitable cultivars

4.4.1. Lacking high input responsive cultivars

The development of responsive lentil varieties
to high inputs is highly important to be able to raise
lentil productivity, especially during the onset of
new challenges posed by climate change, disease
pressure, and the requirement for sustainability. The
existing varieties of lentils are found less responsive
to high inputs like fertilizer and water applications
under different environmental situations. One of the
most important difficulties lentil breeders face is that
most varieties currently existing are not genetically
diverse, which reduces the potential of developing
medium to high-yielding, resilient varieties that will
react productively to different agronomic inputs
(Kumar et al. 2022, Tomar et al. 2023). A severe loss
of genetic diversity has resulted from the process of
domestication, a major limitation to lentil breeding
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programs aimed at the improvement of such traits
as resistance to diseases and drought tolerance
(Kumar et al. 2022, Tomar et al. 2023). For example,
the introgression of genes from wild relatives, such
as Lens ervoides, has been identified as a promising
strategy to broaden the genetic base and improve
disease resistance in cultivated lentils (Bhadauria
et al. 2017, Adobor et al. 2022). In addition, the
responsiveness of lentil cultivars to herbicides
and their adaptability to diverse environments is
critical for their successful integration into modern
agricultural systems. Recent studies have strongly
emphasized the imperative of developing machine-
harvestable varieties of lentils that can ensure
high yields through various weed management
practices under differing environmental conditions.
The stability under diverse conditions, therefore,
provides a vital parameter for these cultivars, as
varied environmental factors determine plant
performance and yield (Kader et al. 2022, Balech et
al. 2023). Drought stress is another key determinant
of lentil productivity in arid and semi-arid areas.
Some lentil varieties are more drought-tolerant
than others and their selection and breeding can
help develop resistance (Morgil et al. 2017, Idrissi et
al. 2016, Ghanem et al. 2017). The development of
cultivars that can effectively utilize available water
resources and maintain productivity under drought
conditions is essential for ensuring food security
in regions prone to water scarcity (Ghanem et al.
2017). Moreover, the emergence of diseases such
as Stemphylium blight and Ascochyta blight poses
significant threats to lentil production. Resolving
the cultivated and wild lentil germplasm for the
identification of resistance genes to be incorporated
into breeding programs is essential for developing
resilient cultivars (Podder ef al. 2012, Tullu et al.
2010a). Modern breeding techniques involving
marker-assisted selection can speed up the
development of cultivars responsive to high inputs
that are resistant to prevalent diseases (Adobor
et al. 2022). To address the low number of high
input-responsive lentil cultivars, it would require a
comprehensive approach, which involves widening
the genetic base, developing drought and disease-
resistant varieties, and adaptability to various
agricultural practices.

4.4.2. Lack logging tolerance

Lentils are found to have a very poor tolerance
for water logging, especially in situations of long-
term water logging. It has been proven that water
logging stress drastically affects the growth and

biomass yield of lentil varieties. It was reported that
the total biomass was reduced by 49.3% when water
logging was applied for 14 days compared to a
31.5% reduction after 7 days of water logging stress
(ELIS 2023). This highlights the detrimental effects
of excessive soil moisture on lentil plants, which
can lead to severe yield losses. The physiological
responses of lentils to waterlogging stress are
complex and involve various morphological and
biochemical changes. Waterlogging can disrupt
root respiration, leading to anaerobic conditions
that hinder nutrient uptake and overall plant health
(ELIS 2023). Additionally, lentils are responsive to
other abiotic stresses like drought and heat, which
might exacerbate the stress of waterlogging. For
instance, the combination of drought and heat
stress has been reported to harm growth and
yield, meaning that lentils are highly susceptible to
multiple stress factors (Sehgal et al. 2017, Choukri
et al. 2020). Besides waterlogging, lentils are also
sensitive to salinity and drought conditions. In
plant life, during the seedling phase, salinity stress
can further exacerbate issues that hamper growth
and biochemical procedures and complicate further
survival with adverse conditions, thereby affecting
successful adaptation (Yasir et al. 2021). Drought is
described by various authors worldwide as one of
the most restrictive factors for growing lentils as the
arable lands are facing this constraint (Giannakoula
et al. 2012). The genetic diversity within wild
lentil species can also provide potential pathways
for breeding programs that would help improve
drought tolerance to reduce some adverse effects
of waterlogging and other stresses (Gorim and
Vandenberg 2018, Gorim and Vandenberg 2017a).
Physiological mechanisms of stress tolerance
in lentils are yet to be unveiled. For example,
osmopriming has been found to enhance lentil
performance both under optimal and water-deficit
conditions by modifying physiological processes
(Farooq et al. 2019). This implies that although lentils
are not naturally tolerant to waterlogging, there are
methods that could improve their tolerance to these
stressors. The interplay of waterlogging with other
abiotic stresses such as drought and salinity further
complicates the cultivation of lentils, which requires
a multifaceted approach to improve their resilience
through breeding and management practices.

4.4.3. Lacking early maturing and high biomass
cultivars for rice fallow areas

The development of early maturing and high
biomass lentil cultivars is important for optimizing
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agricultural productivity in rice fallow areas (19.6
MHA in India) (Kumar et al. 2020), especially in
regions with climatic challenges such as terminal
heat stress and erratic rainfall. Early maturing
lentils can take advantage of residual soil moisture,
which is essential in rainfed conditions, thereby
increasing biomass production and overall yield.
Such conditions could also be very effective in
improving biomass and yields when lentil cultivars
exhibit early phenology with rapid ground
cover, to escape pre-monsoon showers occurring
coincidentally around harvesting periods, for
example, as demonstrated by Layek et al. (2021).
The current developments in the techniques of
plant breeding, with a special mention of InDel
markers, help to identify early maturing genotypes
of lentils. These markers are critical for breeding
programs aimed at developing cultivars that can
withstand terminal heat stress, which is becoming
increasingly important in the context of climate
change (Shivaprasad, 2024). The integration of these
genetic tools into breeding programs can enhance
the resilience of lentil crops, ensuring better yield
stability in the face of environmental variability
(Neilsen et al. 2022). However, the identification
of high harvest Index(HI) and biomass lentil
varieties is also crucial for germplasm. Research
studies indicate that there exists a huge difference
in HI and biomass between the lentil varieties,
thus further breeding is necessary to develop
varieties with better characteristics (Neilsen et al.
2022). The combination of high biomass with early
maturity potentially enhances yield potential,
especially where the rice crop needs to be planted
and harvested on time for proper development of
the rice plants (Igbal et al. 2021). Some agronomic
techniques like relay sowing have already been
reported to increase lentil productivity under rice-
fallow systems. Relay-sown lentils can mature in
time to prepare the land for subsequent crops, thus
intensifying cropping systems and improving land-
use efficiency (Malik et al. 2015). The technology
maximizes the utilization of the available moisture
and contributes towards soil health through
breakage of fallow. Additionally, the adoption of
nitrogen management strategies has been correlated
with improved early maturity in lentil varieties.
Nitrogen fertilizer application should, therefore be
balanced to optimize the production of biomass and
yield and is likely a good management option for
the intensification of lentil cultivation in rice fallow
areas (Zakeri and Bueckert 2015). Genetic variation
in lentil germplasm also plays an important role; an
increase in genetic diversity hasimproved resistance

to both biotic and abiotic stresses, ultimately
developing high-yielding and early-maturing
varieties (Naik 2024). The combination of genetic
advancements and innovative agronomic practices
with an effective nitrogen management system can
ensure a significant jump in productivity potential
for early maturing lentils in rice-fallow areas.
This multi-progressive approach contributes to
addressing challenges posed by climatic variability
to the immediate advantages of sustainable
agricultural systems in these areas.

4.5. Socio-economic

Socio-economic factors also influence the
choices of farmers, financial literacy and resource
utilization (Das and Maji 2023). The cultivation of
lentils is often overshadowed by other cash crops,
which may discourage the producers from offering
into the production of lentils. This is because of
economic pressure as evidenced by the replacement
of traditional lentil farming with cash crops in
several regions (Reif et al. 2020). The market for
lentils is also constrained by a lack of varieties
adapted to varied growing conditions, coupled with
inadequate processing facilities for lentil products
(Roos et al. 2018). The consumer’s awareness of
lentil nutritional values is still at a low level, which
inhibits demand and further slows market growth
(Roos et al. 2018). Never the less, there is some hope
in the prospects for lentil production. The increasing
global focus on sustainable diets and plant-based
proteins presents an opportunity for lentils, given
their high protein content and environmental
benefits, such as nitrogen fixation (Gustafson 2017).
Prospects for lentil production hinge on addressing
these challenges through targeted research and
development. Investments in breeding programs
that improve genetic diversity and develop
cultivars that can withstand abiotic stresses
are crucial (Tullu et al. 2010b, Singh et al. 2018).
Improving lentil breeding for resistance to biotic
and abiotic stresses could enhance productivity
and resilience in changing climates (Keneni and
Ahmed 2016). Climate change will also impact
lentil farming, as the changes in weather patterns
may exacerbate the current challenges (Warne et
al. 2019, Mamakhai and Zagoruiko 2022). There
are significant opportunities for rejuvenation and
growth. The challenges can be addressed through
targeted research, improved farming practices and
enhanced market strategies for the future of lentil
cultivation.
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5.  FUTURE OUTLOOK

The lentil cultivation in India considering
the research and technological developments
indicatesa promising future of lentil production
in Indian agriculture growth. High-yielding and
disease-resistant lentil varieties can be developed
through genomic-assisted breeding, which has the
potential to enhance productivity (Kumar et al.
2021, Salaria et al. 2022). The use of integrated pest
management (IPM) strategies may help to minimize
the impact of diseases and peat on crops, thereby
increasing crop health and crop production (Dhull
et al. 2023, Arya et al. 2022). According to Rahaman
et al. (2023) innovative agronomic practices, such as
precision farming and the use of bio-fortification
techniques, can make lentil nutritional quality
more enhanced and contribute to higher values for
lentils in the marketplace. Promoting sustainable
agricultural practices, such as organic farming
and conservation agriculture in furthering soil
health and long-term productivity for increased
yield further enhances the overall productivity of
crops. Subsequently, other development areas in
the lentil sector include support to lentil farmers
by the government through subsidies, training
programs, and credit. In India, researchers have
focused on high-yielding, disease-resistant, early-
maturing lentil varieties. Singh ef al. (2022), showed
that advanced interspecific derivatives could
potentially lead to high-yielding varieties suitable
for Indian agroecological conditions, consequently
the importance of breeding programs that are
based on transgressive segregation and heterosis
in establishing desirable traits. The International
Center for Agricultural Research in the Dry Areas
(ICARDA) has also contributed a great deal to
genetic diversity through a significant amount of
germplasm as well as traits for better breeding. This
adds genetic variation to develop lentil varieties that
can perform satisfactorily in different environments
and be more resistant to biotic stresses as stated
by Vega et al. (2022). Participatory approaches in
research in agriculture have also received much
attention, especially in Ethiopia, as Mihiretu et
al. (2019) found that farmers prefer local lentil
varieties over improved ones because they see little
difference in yield. This highlights the need for
extension services to clearly explain the benefits of
modern farming practices and improved varieties.
Similar participatory assessments may also be used
in India to enhance the acceptability of new farming
practices by farmers, as it would address local needs
and conditions. Furthermore, innovative agronomic

practices such as intercropping and optimized row
spacing have shown potential for enhancing lentil
productivity and fighting effectively with weed
infestations. It has been found that where other
crops like naked oats are intercropped with lentils,
there is minimum competition from weeds, thereby
optimizing seed yield when farmed organically
(Kraska et al. 2019). This would not only prove
beneficial in enhancing yields but would also
make farming sustainable by ensuring the use of
minimum chemical herbicides. Integrated fertilizer
strategies that overcome low soil organic matter
have been developed to overcome the situation. For
example, in Bangladesh and other similar regions,
intensified fertilizer management practices are
essential for enhancing lentil yields, report Kobir
et al. (2020). Such integrated approaches can ensure
long-term sustainability in lentil production and soil
health. International concern for the lentil breeding
program for nutritional quality improvement is
evident. National programs in various countries,
in collaboration, are working to develop lentil
varieties rich in essential micronutrients like iron
and zinc to combat global nutritional deficiencies
(Gaikwad et al. 2020). Such efforts are most relevant
to regions where they are staple foods providing
large proportions of proteins along with significant
minerals.

6. EMERGING MARKET OPPORTUNITIES

6.1. Rising domestic demand for lentils

An increase in demand for lentils within a
country is a complex issue because of multiple
socio-economic and health-related factors. Studies
have been documenting an increased consumption
of lentils over the past years because of changes in
dietary preferences, higher health consciousness
and population growth. For instance, in Nepal, the
national demand for lentils increased to 359,000
tonnes in 2020, after it surged 37% higher compared
to 2015. Projected demands for the year 2025 indicate
this to increase up to 390,000 tonnes (Gautam et al.
2023). Lentil consumption is growing globally at a
pace greater than population growth, mainly driven
by nutritional and versatility in kitchen uses (Fratini
etal.2014, Gorim and Vandenberg 2017b). Itis known
that lentils are highly rich in nutrients with virtually
very high protein, fiber, vitamins and minerals
which describe their popularity in many cuisines as
a staple in many forms of food (Montejano-Ramirez
2024, Reif et al. 2020). They are especially valued
for their low glycemic index and the possibility of
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preventing chronic diseases such as diabetes and
heart disease (Aguilera et al. 2010, Ganesan and Xu
2017, Rico et al. 2021). Subsequent epidemiologic
studies document the frequent consumption of
lentils with better glycemic control and lowering
cholesterol levels, thus propelling their further
demand as a health-promoting food (Bielefeld et al.
2020). The economic aspect of lentil production and
consumption cannot be overlooked. For the most
part, the domestic production of lentils in every
country is unable to meet its domestic demand,
hence promoting increased imports in countries
such as India which imported approximately 0.65
million tonnes in 2022 to suffice its domestic needs
(Sah 2024). Such an import dependency also opens
avenues for increasing local production through the
improvement of seed variety and farming practices
(Yigezu et al. 2022). For example, the adoption of
improved lentil varieties led to a drastic increase
in yield in Bangladesh, thereby significantly
reducing import dependency (Yigezu et al. 2022).
Other reasons include cultural aspects beyond the
health and economic factors that cause this recent
demand increase for lentils. Traditionally, in South
Asia, lentils have gradually become an integral
part of staple diets as consumption of these food
items has been strictly aligned with their associated
culinary customs (Ariyawardana et al. 2015).
Besides all these qualities, other factors that make
lentils an attractive source of food are how easy
it is to cook them-it is quicker and requires less
energy than the majority of legumes-have gained
importance as expressed by Fratini et al. (2014),
Warne ef al. (2019). As environmental issues attract
more attention to consumers, their perception of
lentils as a food nutrition source that can replace
animal proteins is further developed. This aspect
is harmonious with wider tendencies concerning
the sustainable consumption of food (Warne et
al. 2019). The rising domestic demand for lentils
is supported by a convergence of health benefits,
economic opportunities and cultural significance.
As production systems adapt to meet this demand,
there is a substantial opportunity for lentils to
play a pivotal role in food security and nutrition,
particularly in regions where they are traditionally
consumed.

6.2. Export markets and international trade
prospects

The prospects for international trade in lentils
are shaped by various factors, including competitive

advantages, trade policies, and global market
dynamics. Nepal, for instance, has demonstrated
strong competitiveness in lentil exports, with a
revealed comparative advantage (RCA) greater than
1, indicating a potential for growth in international
markets (Ghimire, 2024). However, the country faces
challenges such as a fluctuating trade specialization
index and a high concentration in its export market,
which can pose economic risks (Ghimire 2024). The
liberalization of global trade has generally led to
increased economic activity, benefiting agricultural
exports (Atagher 2022). Countries that embrace
trade openness tend to experience faster economic
growth, which can enhance their export capabilities
(Mbogela 2019). The COVID-19 pandemic has had
a complex impact on trade, with some sectors,
including pulses, facing declines due to disruptions,
while others, like Canadian agricultural exports,
saw unexpected booms due to shifts in global
demand (Barichello 2020, Barichello 2021). Future
prospects for lentil trade will likely hinge on the
ability of producing countries to adapt to changing
market conditions and consumer preferences,
particularly as demand for plant-based proteins
continues to rise globally (Oduro-Yeboah et al.
2022). Additionally, the integration of innovative
agricultural practices and improved varieties can
enhance production efficiency, further supporting
export growth (Reddy et al. 2022, Vega et al. 2022).
Globally lentil exports were 4.312 mt in 2022 with
a worth of $4.24 billion with South Asia and the
Middle East as major markets. Canada (1.892 mt),
Australia (1.045 mt) and Tiirkiye (0.499 mt) were
major lentil-exporting countries. Canada dominated
both production and exports, generating $1.634
billion in export revenue, while Australia exported
more than it produced, likely due to re-exports.
India, despite being a leading producer, plays
a modest role in exports due to high domestic
demand. The UAE, without local production, has
become a top exporter through re-exporting lentils.
Overall, Canada and Australia are the foremost
players in lentil production and export (Shaikh et
al. 2024). India, Bangladesh, Ttirkiye, UAE and Iraq,
were major importing countries in the world which
shared 55% of total global imports. Despite being a
leading lentil producer, India imported 0.656 million
tonnes (mt) of lentils, valued at $0.54 billion, to meet
domestic demand. Interestingly, the UAE emerged
as a significant importer and re-export hub, despite
having minimal local consumption and production
(Shaikh et al. 2024).
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6.3. Emergingrole of plant protein-based ready-to-
eat food industry

The role of emerging plant protein, especially
from lentils, is becoming more attention-worthy
in the ready-to-eat food industry because of the
nutritional value it provides, coupled with its eco-
friendliness and versatility in food formulations.
Lentil protein is becoming one of the major
alternatives to conventional animal and soy
proteins because consumers are now embracing
plant-based diets and the demand for healthier
foods (Khazaei et al. 2019). Key products from lentils
include protein isolates, protein concentrates and
flour; the protein isolates segment is the largest of
these, which accounted for approximately 46.7%
of the market value in 2020 (Transparency Market
Research 2025). The market for end-use lentil
protein is also segmented into different categories
including baby food [Rice-o-Lentils manufactured
by Rorosaur Baby Food; Only Organic baby
food manufactured by Organics, Organix baby
meal manufactured by My Baba; Organic Lentils
manufactured by Gefen), sports nutrients [Whey
Protein Manufactured by Trunativ, Lentil protein
powder Manufactured by Urban platter and whole
masur brown lentils Manufactured by Pride India;
Sweet and Sour Lentils manufactured by Gym
Kitchen], animal feed [Bindox plus Manufactured
by Rannim Pharma Ceuticals Private Limited and
Bio Blooms Manufactured by Bioblooms Agro
India Private limited], food processing [Green
Lentils Manufactured by Birch & Meadow and New
Puy Lentils Cooked Manufactured by Merchant
Gourment] and nutraceuticals (Pasta Natura’s
tricolor organic Fusilli). Lentil food processing is a
major market segment, which shared 70.5% of the
total market value in 2020. The global lentil protein
market was valued at US$112 million in 2020 and is
projected to reach US$181 million by 2030, growing
at a compound annual growth rate (CAGR) of 4.8%.
(Transparency Market Research 2025). The rising
adoption of plant-based proteins is fueling demand
for lentils in both developed and developing
countries (Kumar et al. 2021). The global lentil protein
market is dominated by Europe, which accounts for
over 40% of the market share, followed closely by
North America with a 33.3% share (Transparency
Market Research 2025). Besides lentils being high in
protein, they also have an advantageous amino acid
profile, thus applicable to food production (Sa et al.
2023, Song et al. 2022). Lentil protein is attractive
in nutritional profiles because of the presence of
crucial amino acids like lysine and leucine, essential

for human health (Subedi et al. 2020, Sa et al. 2023).
This high protein content, which coupled with
high digestibility puts it in excellent favor for use
as an ingredient for ready-to-eat foods and snacks
along with other foods, can result in the food being
formulated containing higher nutritional benefits
when lentil proteins are introduced (Dhull et al.
2023). Also, the versatility of lentil protein gives it the
capability to be incorporated into several methods
of food processing, including extrusion, which is the
preferred method for preparing ready-to-eat snacks
and cereals (Cotacallapa-Sucapuca et al. 2021,
Pasqualone et al. 2020). Extruded lentil flours can also
be effectively processed to obtain a product with an
acceptable texture and flavor, further expanding its
applicability in food processing (Ek et al. 2021). The
extrusion process not only improves the digestibility
of lentil proteins but also enhances their functional
properties, making them suitable for incorporation
into a wide range of food products (Cotacallapa-
Sucapuca et al. 2021). With their nutritional benefits,
lentils are also associated with lower environmental
impacts compared to animal protein sources. Lentil
cultivation contributes to sustainable agriculture,
like nitrogen fixation, which can enhance soil health
and reduce the usage of synthetic fertilizers (Warne
etal. 2019). This sustainability aspect also aligns with
the growing awareness of consumers regarding
the environmental footprint of their food choices,
thereby further driving demand for plant-based
proteins in the ready-to-eat food sector (Meinila et
al. 2022). In addition, there is significant research
and development in the food industry regarding
combining lentil proteins with other types of plant
proteins, such as whey. This may improve their
functional properties and overall quality (Alrosan et
al. 2023). This innovative approach would overcome
some of the limitations related to lentil proteins, such
as solubility and emulsifying properties, providing
broader applications in food products (Alrosan et
al. 2023). Introducing lentil protein into the ready-
to-eat food industry has a good future in filling
consumers’ demand for nutritious, sustainable,
and convenient food options. As plant-based foods
grow more in popularity, lentils have a vital role to
play in shaping the future of food formulations for
healthier diets and sustainable food systems.

6.4. Exploring Regional Lentil Consumption
Patterns

The diverse lentil-based cuisines of various
countries offer a unique opportunity to explore and
understand regional lentil consumption patterns.
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Lentil-based cuisines vary greatly across the globe,
reflecting local flavors and traditions. In South Asia,
popular dishes include Masoor Dhal Pulav, Masoor
dal, Dal Tadka, Sambar, Khichdi, and Papad.
Persian cuisine features Adasi (lentil stew) and Adas
Polo (lentil and rice dish). Africa boasts a diverse
array of traditional lentil dishes, such as Misir Wat
(Ethiopia), TsebhiBirsen (Eritrea), Adess (Algeria),
Bsissa (Tunisia and Libya), Koshari (Egypt), Hlalem
(Tunisian pasta) and Lentil Soup (Morocco). The
Arab and Mediterranean regions are home to
popular lentil-based dishes like Mujaddara, Shorbeh
(Iraqi lentil soup), ShaurabatAdas (lentil soup from
Kuwait, Lebanon and Syria), Matany, and Maloonga
(Yemen). In Europe and North America, notable
lentil dishes include Le Puy green lentils (used in
French ragout), Fakes (Greek lentil soup), Fakorizo
(Greek lentil and rice dish), MercimekKoftesi
(Turkish lentil meatballs), Greek lentil salad, Sopa
de lentejas (Spanish lentil soup), Bulgarian lentil
soup, Pilaf (U.S.), Mujaddara and Cajun lentil stew
(Louisiana). These dishes are flavorful, versatile,
and nutritious, reflecting diverse regional cuisines
(Shaikh et al. 2024). The diverse use of lentils in
various traditional dishes presents an opportunity
to capitalize on regional consumption patterns by
exporting lentils to non-producing countries.

7. CONCLUSION

Inconclusion, lentil productionisindispensable
for food security and nutrition and indeed millions
of farmers livelihoods in India. Though the status
today reflects a considerable contribution to global
lentil production, challenges of productivity,
climate change and socio-economic issues should
be overcome in order to take full advantage of the
crop. By means of newer agricultural research,
sustainable agriculture practices, and supportive
policy will improve lentil production in India,
thus ensuring the stable supply of this important
pulse crop for generations to come. Last but not
the least, enhancing the genetic potential of lentil
is essential for lentil to become a mainstream crop.
Innovative breeding programs might play a crucial
role in the development and improvement of lentil
cultivars, addressing various challenges such as
disease resistance, nutritional enhancement and
adaptation to changing environmental conditions.
The integration of molecular breeding techniques,
such as quantitative trait locus (QTLs) mapping,
has enabled the identification of genetic markers
associated with disease resistance, facilitating the
selection of resilient varieties. This approach not

only reduces potential economic losses but also
minimizes the reliance on chemical control measures,
promoting sustainable agricultural practices. The
nutritional quality of lentils is a primary focus of
breeding programs. Biofortification efforts can aim
to increase the content of essential micronutrients,
such as iron and zinc, in lentil grains, addressing
global malnutritionissues. Asaresult, it’s the need of
the hour for the integration of modern genomic tools
and traditional breeding methods which is essential
for accelerating the development of improved lentil
varieties that meet the demands of a growing global
population and changing agricultural landscapes.

REFERENCES

Adobor S, Gela T, Banniza S and Vandenberg A. 2022.
Mapping of genomic regions linked to stemphylium
blight (Stemphylium Botryosum Wallr.) resistance
in lentil using linkage mapping and marker-trait
association analysis. Euphytica 219(8): 86.

Aguilera Y, Duenias M, Estrella I, Herndndez T, Benitez V,
Esteban R and Martin-Cabrejas M. 2010. Evaluation of
phenolic profile and antioxidant properties of pardina
lentil as affected by industrial dehydration. Journal of
Agricultural and Food Chemistry 58(18): 10101-10108.

AICRP. 2024. Project Coordinator’s Report 2023-24. All
India Coordinated Research Project on Rabi Pulses,
ICAR-IIPR, Kanpur, India. Pp. 22-23.

Akkati V. 2024. Exploring genetic variability parameters
for yield and its contributing traits in lentil (Lens
culinaris 1. medik). Journal of Experimental Agriculture
International 46(7): 1-7.

Alrosan M, Tan T, Easa A, Gammoh S, Alu’datt M,
Kubow S and Al-Qaisi A. 2023. Enhancing the quality
of lentil proteins via combination with whey proteins
based on a dual process: a novel strategy through
the incorporation of complexation and fermentation.
Food Science and Biotechnology 1-14.

Amir M, Singh CB, Khan FA, Mehandi S and Khan A.
2024. Effect of different pre-sowing seed treatments
on seed quality of subsequent lentil (Lens culinaris
m.) crops grown under rainfed conditions. AATCC
Review 12(3).

Ariyawardana A, Govindasamy R and Lisle A. 2015.
Capturing the consumer value: the case of red lentils.
British Food Journal 117(3): 1032-1042.

Arya A, Singh S, Kushwaha KPS and Yadav LB. 2022.
Prevalence and Pathogenicity of the Isolates of
Fusarium oxysporum f. sp. Lentis in Different Lentil
Grown Areas of Uttarakhand and Uttar Pradesh.
Agricultural Science Digest.

Atagher L. 2022. Beyond multilateral treaty reforms.
McGill Glsa Research Series 2(1): 19.

Baidya A, Pal A, Ali M and Nath R. 2020. High-



Kumar et al. : Present scenario, challenges, future outlook and emerging market opportunities 353
in lentil

temperature stress and the fate of pollen germination
and yield in lentil (Lens culinaris medikus). Indian
Journal of Agricultural Research 55(2): 144-150.

Balech R, Maalouf F, Patil S, Rajendran K, Khater L,
Rubiales D and Kumar S. 2023. Assessing the stability
of herbicide-tolerant lentil accessions (Lens culinaris

medik.) under diverse environments. Plants 12(4):
854.

Barichello R. 2020. The covid-19 pandemic: anticipating
its effects on canada’s agricultural trade. Canadian
Journal of Agricultural Economics/Revue Canadienne
D Agroeconomie 68(2): 219-224.

Barichello R. 2021. Revisiting the effects of the covid-19
pandemic on canada’s agricultural trade: the
surprising case of an agricultural export boom.
Canadian Journal of Agricultural Economics/Revue
Canadienne D Agroeconomie 69(2): 251-260.

Basu P, Chaturvedi S, Gaur P, Mondal B, Meena S, Das
K and Sharma K. (2022). Physiological mechanisms
of tolerance to drought and heat in major pulses
for improving yield under stress environments.
In Advances in plant defense mechanisms.
IntechOpen.

Baxevanos D. 2024. Lentil cultivar evaluation in diverse
organic mediterranean environments. Agronomy
14(4): 790.

Bhadauria V, Ramsay L, Bett K and Banniza S. 2017.
Qtl mapping reveals genetic determinants of fungal
disease resistance in the wild lentil species lens
ervoides. Scientific Reports 7(1): 3231.

Bhardwaj A, Sita K, Sehgal A, Bhandari K, Kumar S,
Prasad P and Nayyar H. 2021. Heat priming of lentil
(Lens culinaris medik.) seeds and foliar treatment
with y-aminobutyric acid (gaba), confers protection
to reproductive function and yield traits under
high-temperature stress environments. International
Journal of Molecular Sciences 22(11): 5825.

Bielefeld D, Grafenauer S and Rangan A. 2020. The effects
of legume consumption on markers of glycaemic
control in individuals with and without diabetes
mellitus: a systematic literature review of randomised
controlled trials. Nutrients 12(7): 2123.

Choukri H, Haddad N, Aloui K, Hejjaoui K, El-Baouchi
A, Smouni A and Kumar S. 2022. Effect of high
temperature stress during the reproductive stage
on grain yield and nutritional quality of lentil (Lens
culinaris medikus). Frontiers in Nutrition 9: 857469.

Choukri H, Hejjaoui K, El-Baouchi A, Haddad N,
Smouni A, Maalouf F and Kumar S. 2020. Heat and
drought stress impact on phenology, grain yield, and
nutritional quality of lentil (Lens culinaris medikus).
Frontiers in Nutrition 7: 596307.

Cotacallapa-Sucapuca M, Vega E, Maieves H, Berrios ],
Morales P, Ferndndez-Ruiz V and Camara M. 2021.
Extrusion process as an alternative to improve pulses

products consumption. a review. Foods 10(5): 1096.

Das A, Dutta S, Jash S, Barman A, Das R, Kumar S and
Gupta S. 2019. Current knowledge on pathogenicity
and management of Stemphylium botryosum in
lentils (Lens culinaris ssp. culinarys medik). Pathogens
8(4): 225.

Das S and Maji S. 2023. Farmer’s financial literacy and its
determinants: evidence from south asia. International
Journal of Social Economics 50(9): 1341-1354.

Dhull SB, Kinabo ] and Uebersax MA. 2023. Nutrient
profile and effect of processing methods on the
composition and functional properties of lentils (Lens
culinaris medik): A review. Legume Science 5(1): e156.

Dutta H, Mishra G, Aski M, Bosamia T, Mishra D,
Bhati ], Sinha S and Dikshit H, 2022. Comparative
transcriptome analysis, unfolding the pathways
regulating the seed-size trait in cultivated lentil (Lens
culinaris medik.). Frontiers in Genetics 13: 942079.

Ek P, Gu B and Ganjyal G. 2021. Whole seed lentil flours
from different varieties (brewer, crimson and richlea)
demonstrated significant variations in their expansion
characteristics during extrusion. Journal of Food
Science 86(3): 942-951.

ELIS S. 2023. Waterlogging response of lentil cultivars
grown in greenhouse throughout the early vegetative
and recovery period. Yiiziincii Y1l Universitesi Tarim
Bilimleri Dergisi 33(3): 354-362.

FAOSTAT. 2023. Statistics data. Food and Agriculture
Organization of the United Nations, Rome.http://
www.fao.org/faostat/

Farooq M, Romdhane L, Sulti M, Rehman A, Al-Busaidi
W and Lee D. 2019. Morphological, physiological and
biochemical aspects of osmopriming-induced drought
tolerance in lentil. Journal of Agronomy and Crop
Science 206(2): 176-186.

Fratini R, Vega M and Sanchez M. 2014. Lentil. Broadening
the genetic base of grain legumes 115-147.

Gaikwad K, Rani S, Kumar M, Gupta V, Babu P, Bainsla
N and Yadav R. 2020. Enhancing the nutritional
quality of major food crops through conventional and
genomics-assisted breeding. Frontiers in Nutrition 7:
533453.

Ganesan K and Xu B. 2017. Polyphenol-rich lentils and
their health promoting effects. International Journal of
Molecular Sciences 18(11): 2390.

Gautam D, Dhakal S, Kattel R and Khanal N. 2023.
Strengthening the competitiveness of the lentil seed
system of nepal: a value chain approach. Journal of
Agribusiness and Rural Development 67(1): 63-77.

Gela T, Ramsay L, Haile T, Vandenberg A and Bett K.
2021. Identification of anthracnose race 1 resistance
loci in lentil by integrating linkage mapping and
genome-wide association study. The Plant Genome
14(3): e20131.



354 Journal of Food Legumes 38(3), 2025

George N. 2023. Sustainability of organic farming from a
global perspective: a critical analysis of soil types and
fertility status of organically managed vs. chemicalized
vegetable fields of South India.

Ghanem ME, Kibbou FEZ, Guiguitant ] and Sinclair
TR. 2017. Opportunities to improve the seasonal
dynamics of water use in lentil (Lens culinaris
medik.) to enhance yield increase in water-limited
environments. Chemical and Biological Technologies
in Agriculture 4: 1-6.

Ghimire B. 2024. Growth, export performance and
trade competitiveness of lentil (Lens culinaris) from
Nepal. International Journal of Social Sciences and
Management 11(1-2): 7-16.

Giannakoula A, IliasI, Dragisic-Maksimovic ], Maksimovi¢
V and Zivanovic B. 2012. Does overhead irrigation
with salt affect growth, yield, and phenolic content
of lentil plants?. Archives of Biological Sciences 64(2):
539-547.

Gorim L and Vandenberg A. 2017a. Evaluation of wild
lentil species as genetic resources to improve drought
tolerance in cultivated lentil. Frontiers in Plant Science
8:1129.

Gorim L and Vandenberg A. 2017b. Root traits, nodulation
and root distribution in soil for five wild lentil species
and Lens culinaris (medik.) grown under well-watered
conditions. Frontiers in Plant Science 8: 1632.

Gorim L and Vandenberg A. 2018. Can wild lentil
genotypes help improve water use and transpiration
efficiency in cultivated lentil?. Plant Genetic Resources
16(5): 459-468.

Gustafson DI. 2017. Greenhouse gas emissions and
irrigation water use in the production of pulse crops
in the United States. Cogent Food & Agriculture 3(1):
1334750.

Haddad N, Rajendran K, Smouni A, Es-Safi N, Benbrahim
N, Mentag R and Kumar S. 2020. Screening the figs
set of lentil (Lens culinaris medikus) germplasm for
tolerance to terminal heat and combined drought-
heat stress. Agronomy 10(7): 1036.

Hinz R, Sulser T, Huefner R, Mason-D’Croz D, Dunston
S, Nautiyal S and Schaldach R. 2020. Agricultural
development and land use change in India: a
scenario analysis of trade-offs between un sustainable
development goals (sdgs). Earth S Future 8(2):
€2019EF001287.

Idrissi O, Udupa S, Keyser E, McGee R, Coyne C, Saha
G and Riek J. 2016. Identification of quantitative trait
loci controlling root and shoot traits associated with
drought tolerance in a lentil (Lens culinaris medik.)
recombinant inbred line population. Frontiers in
Plant Science 7: 1174.

Ingle R and Kavita. 2022. Application of biostimulants
ameliorates terminal heat stress in lentil (Lens culinaris
medik.). International Journal of Plant & Soil Science

34(24): 692-699.

Igbal M, Hussain S, Akbar M, Ilyas K, Ghafoor A, Arshad
N and Islam M. 2021. Estimating genetic variability
among diverse lentil collections through novel
multivariate techniques.

Kader K, Erickson S, Bowness R, Olson M and Chatterton
S. 2022. Response of lentil cultivars to sclerotinia
white mold and botrytis grey mold infection under
irrigated and dryland conditions. Canadian Journal
of Plant Science 102(1): 225-233.

Keneni G and Ahmed S. 2016. Genetic options for
combating biotic stresses in cool-season food legumes.
Indian Journal of Genetics and Plant Breeding 76(4):
437.

Kharte S. 2023. Occurrence and distribution of lentil wilt
in major lentil growing regions of Madhya Pradesh,
India. International Journal of Environment and
Climate Change 13(11): 1780-1789.

Khazaei H, Subedi M, Nickerson M, Martinez-Villaluenga
C, Fri-as ] and Vandenberg A. 2019. Seed protein of
lentils: current status, progress, and food applications.
Foods 8(9): 391.

Kobir M, Harun-Or-Rashid M and Ahmed S. 2020.
Development of integrated fertilizer management
strategies in lentil for higher productivity in the south-
western region of bangladesh. Agricultural Science
2(1): p275.

Kraska P, Andruszczak S, Kwieciriska-Poppe E, Staniak
M, Roézyto K and Rusecki H. 2019. Supporting crop
and different row spacing as factors influencing weed
infestation in lentil crop and seed yield under organic
farming conditions. Agronomy 10(1): 9.

Kumar A, Yadav P, Kumar R, Kushwaha A, Rashid H and
Tarannum N. 2022. Lentil breeding: present state and

future prospects. International Journal of Environment
and Climate Change 122-132.

Kumar J, Gupta D, Baum M, Varshney R and Kumar S.
2021. Genomics-assisted lentil breeding: current status
and future strategies. Legume Science 3(3): e71.

Kumar J, Kant R, Kumar S, Basu P, Sarker A and Singh N.
2016. Heat tolerance in lentil under field conditions.
Legume Genomics and Genetics 7(1).

Kumar R, Mishra J, Rao K, Mondal S, Hazra K, Choudhary
J, Hans H and Bhatt B. 2020. Crop rotation and tillage
management options for sustainable intensification of
rice-fallow agro-ecosystem in eastern India. Scientific
Reports 10(1): 11146.

Kumari M, Sharma K and Sharma O. 2020. Biointensive
management of wilt disease of lentil through
biocontrol agents and organic amendments. Journal
of Biological Control 34(3): 193-199.

Kumari V, Nath R, Sengupta K, Pal A, Banerjee S, Banerjee
P and Siddique K. 2022. Foliar spray of micronutrients
alleviates heat and moisture stress in lentil (Lens
culinaris medik) grown under rainfed field conditions.



Kumar et al. : Present scenario, challenges, future outlook and emerging market opportunities 355
in lentil

Frontiers in Plant Science 13: 847743.

Layek J, Das A, Ramkrushna G, Rangappa K, Ghosh P,
Lal R and Dey U. 2021. Managing rice fallow lands
of the eastern indianhimalayas: impacts of residue
management and varietal interventions on soil
properties, carbon stocks, and productivity. Land
Degradation and Development 32(17): 4871-4888.

Lépez-Ridaura S, Frelat R, Wijk M, Valbuena D, Krupnik
T and Jat M. 2018. Climate smart agriculture, farm
household typologies and food security. Agricultural
Systems 159: 57-68.

Ma Y, Marzougui A, Coyne C, Sankaran S, Main D,
Porter L and McGee R. 2020. Dissecting the genetic
architecture of aphanomyces root rot resistance in
lentil by qtl mapping and genome-wide association
study. International Journal of Molecular Sciences
21(6): 2129.

Malik A, Ali M, Zaman S, Flower K, Rahman M and
Erskine W. 2015. Relay sowing of lentil (Lens culinaris
sub sp. culinaris) to intensify rice-based cropping. The
Journal of Agricultural Science 154(5): 850-857.

Mamakhai A and Zagoruiko M. 2022. Territorial prospects
for growing lentils. Iop Conference Series Earth and
Environmental Science 988(3): 032089.

Mbogela C. 2019. An empirical examination on trade
openness and economic growth nexus in africa. Asian
Journal of Economics and Empirical Research 6(1):
1-15.

Meinild ], Hartikainen H, Tuomisto H, Uusitalo L,
Vepsildinen H, Saarinen M and Fogelholm M. 2022.
Food purchase behaviour in a finnish population:
patterns, carbon footprints and expenditures. Public
Health Nutrition 25(11): 3265-3277.

Mihiretu A, Asresu M and Wubet A. 2019. Participatory
assessment of lentil (Lens culinaris medik.) production
practices in marginal dry lands of wag-lasta, ethiopia.

Archives of Agriculture and Environmental Science
4(3): 288-294.

Mohammadi  H.  2023.  Exogenously  applied
5-aminolevulinic acid modulates growth, yield, and
physiological parameters in lentil (Lens -culinaris
medik.) under rain-fed and supplemental irrigation
conditions. Scientific Reports 13(1): 21312.

Montejano-Ramirez V. 2024. The importance of lentils: an
overview. Agriculture 14(1): 103.

Morgil H, Gercek Y, Caliskan M and Oz G. 2017.
Investigation of the mechanism of physiological
tolerance in lentil (Lens culinaris medik.) cultivars
under drought stress conditions. European Journal of
Biology 76(1): 31-35.

Naik Y. 2024. Phenotypic profiling of lentil (Lens
culinaris medikus) accessions enabled identification
of promising lines for use in breeding for high yield,

early flowering and desirable traits. Plant Genetic
Resources 22(2): 69-77.

Nandi R, Bandyopadhyay PK, Paul P, Karmakar A and
Chakraborti P. 2022. Effect of water stress on growth
and root characteristics of lentil. Legume Research-An
International Journal 45(11): 1400-1405.

Nawaz H, Afzal MN, Nasrullah F, Ali MA and Abbas A.
2022. Isolation of Ascochytalentis fungus, responsible
for blight disease inlentil crop and screening of suitable
fungicides for management. Phytopathogenomics and
Disease Control 1(1): 91-95.

Nazneen H, Das R, Das A, Dutta S, Bhattacharya S,
Patar S and Kumar S. 2024. Disease spectrum and its
molecular characterisation in the lentil production
system of lower-Indo Gangetic plains. Frontiers in
Plant Science 15: 1199016.

Neilsen K, Duddu, H, Bett K and Shirtliffe S. 2022. Uav
image-based crop growth analysis of 3d-reconstructed
crop canopies. Plants 11(20): 2691.

Nisa R, Bhat K, Basu U, Rashid R, Wang X, Mushtaq M and
Sabagh A. 2021. Identification and characterization of
triple action bioagents (tab) and their potency against
fusarium wilt of lentil. Horticulturae 7(12): 587.

Oduro-Yeboah C, Sulaiman R, Uebersax M and Dolan K.
2022. A review of lentil (Lens culinaris medik) value
chain: postharvest handling, processing and processed
products. Legume Science 5(2): e171.

Pasqualone A, Costantini M and Coldea T. 2020. Use of
legumes in extrusion cooking: a review. Foods 9(7):
958.

Podder R, Banniza S and Vandenberg A. 2012. Screening
of wild and cultivated lentil germplasm for resistance
to stemphylium blight. Plant Genetic Resources 11(1):
26-35.

Pragna D. 2023. Effect of sulphur and foliar application
of iron on yield and economics of lentil (Lens culinaris
L). International Journal of Environment and Climate
Change 13(8): 2032-2036.

Rahaman S, Vinayak M, Venkat R, Mohan S and Babu
B. 2023. Factors affecting mechanization index and
farm power availability in guntur district of Andhra
Pradesh. Indian Journal of Agricultural Research.

Rahimi M, Houshmand S, Khodambashi M, Shiran B and
Mohammady S. 2016. Effect of drought stress on agro-
morphological traits of lentil (Lens culinaris medik.)
recombinant inbred lines. Bangladesh Journal of
Agricultural Research 41(2): 207-219.

Reddy A, Malik D and Devi M. 2022. Global status of
lentil production with special reference to India. The
Indian Journal of Agricultural Sciences 92(4): 474-479.

Reif T, Zikeli S, Rieps A, Lang C, Hartung ] and Gruber S.
2020. Reviving a neglected crop: a case study on lentil
(Lens culinaris medikus sub sp. culinaris) cultivation in
germany. Sustainability 13(1): 133.

Rico D, Cano A and Martin-Diana A. 2021. Pulse-cereal
blend extrusion for improving the antioxidant
properties of a gluten-free flour. Molecules 26(18):



356 Journal of Food Legumes 38(3), 2025

5578.

Roos E, Carlsson G, Ferawati F, Hefni M, Stephan A,
Tidaker P and Witthoft C. 2018. Less meat, more
legumes: prospects and challenges in the transition
toward sustainable diets in sweden. Renewable
Agriculture and Food Systems 35(2): 192-205.

Roy A, Sahu PK, Das C, Bhattacharyya S, Raina A and
Mondal S. 2023. Conventional and new-breeding
technologies for improving disease resistance in lentil
(Lens culinaris medik). Frontiers in Plant Science 13:
1001682.

Sa A, Hang J, Jardine L, Bett K and House ]. 2023. How
different amino acid scoring patterns recommended
by fao/who can affect the nutritional quality and
protein claims of lentils. Sustainable Food Proteins
1(2): 59-73.

Sah U. 2024. Dynamics of lentil (Lens culinaris) production
and trade: global scenario and indian interdependence.
The Indian Journal of Agricultural Sciences 94(3-1):
102-108.

Saha M, Bandyopadhyay P, Sarkar A, Nandi R, Singh
K and Sanyal D. 2020. Understanding the impacts
of sowing time and tillage in optimizing the micro-
environment for rainfed lentil (Lens culinaris medik)
production in the lower indo-gangetic plain. Journal
of Soil Science and Plant Nutrition 20(4): 2536-2551.

Salaria S, Boatwright J, Thavarajah P, Kumar S and
Thavarajah D. 2022. Protein biofortification in lentils
(Lens culinaris medik.) toward human health. Frontiers
in Plant Science 13: 869713.

Sehgal A, Sita K, Kumar J, Kumar S, Singh S, Siddique KH
and Nayyar H. 2017. Effects of drought, heat and their
interaction on the growth, yield and photosynthetic
function of lentil (Lens culinaris medikus) genotypes
varying in heat and drought sensitivity. Frontiers in
Plant Science 8: 1776.

Sellami M, Pulvento C and Lavini A. 2021. Selection of
suitable genotypes of lentil (Lens culinaris medik.)
under rainfed conditions in south italy using multi-
trait stability index (mtsi). Agronomy 11(9): 1807.

Shaikh M, Sunooj KV, Rahman MH, Navaf M and Ali TM.
2024. Lentils: A Recent Review on Global Trade and
Popular Regional Cuisines. Legume Science 6(3): €252.

Shivaprasad K. 2024. Genome-wide discovery of indels
and validation of pcr-based indel markers for
earliness in a ril population and genotypes of lentil
(Lens culinaris medik.). Plos One 19(5): e0302870.

Singh M, Kumar S, Mehra R, Sood S, Malhotra N,
Sinha R, Jamwal S and Gupta V. 2022. Evaluation
and identification of advanced lentil interspecific
derivatives resulted in the development of early
maturing, high yielding, and disease-resistant
cultivars under indian agro-ecological conditions.
Frontiers in Plant Science 13: 936572.

Singh M, Sardana S and Sharma S. 2011. Genetic resources

of lentil and its utilization in india. Plant Genetic
Resources 9(01): 30-37.

Singh M, Sharma S, Singh B, Malhotra N, Chandora R,
Sarker A and Gupta D. 2018. Widening the genetic
base of cultivated gene pool following introgression
from wild lens taxa. Plant Breeding 137(4): 470-485.

Song J, Mavraganis I, Shen W, Yang H, Xiang D, Patterson
N and Zou ]J. 2022. Transcriptome dissection of
candidate genes associated with lentil seed quality
traits. Plant Biology 24(5): 815-826.

Subedi M, Bazghaleh N, Caudillo-Ruiz K and Vandenberg
A. 2021. Stemphylium blight reduces milling qualities
of lentil. Agronomy Journal 113(2): 1909-1919.

Subedi M, Khazaei H, Arganosa G, Etukudo E and
Vandenberg A. 2020. Genetic stability and genotype
x environment interaction analysis for seed protein
content and protein yield of lentil. Crop Science 61(1):
342-356.

Talukdar D. 2013. Comparative morpho-physiological
and biochemical responses of lentil and grass pea
genotypes under water stress. Journal of Natural
Science Biology and Medicine 4(2): 396.

Tarannum N, Kumar A, Kumar R, Kumar A, Srivastva |
and De N. 2021. Screening of lentil genotypes against
highly aggressive strain of fusarium oxysporum f. sp.
lentis. International Journal of Plant & Soil Science
33(24): 391-399.

Tiwari N, Ahmed S, Kumar S and Sarker A. 2018.
Fusarium wilt: A killer disease of lentil. Fusarium-
plant diseases, pathogen diversity, genetic diversity,
resistance and molecular markers.

Tomar S, Sharma S, Tripathi N, Thakur S, Pathak N,
Sharma R and Tiwari P. 2023. SSR marker-based
molecular characterization of lentil (Lens culinaris
medik.) genotypes. Legume Research-An International
Journal 46(7): 837-842.

Transparency = Market  Research.  2025.  Lentil
Protein Market. Available from: https://www.
transparencymarketresearch.com/lentil-protein-
market.html (Accessed 20 January 2025).

Tullu A, Banniza S, Tar’an B, Warkentin T and Vandenberg
A. 2010a. Sources of resistance to ascochyta blight in
wild species of lentil (Lens culinaris medik.). Genetic
Resources and Crop Evolution 57(7): 1053-1063.

Tullu A, Diederichsen A, Suvorova G and Vandenberg A.
2010b. Genetic and genomic resources of lentil: status,
use and prospects. Plant Genetic Resources 9(01): 19-
29.

Vega M, GarcifaGarcia P, Gutierrez-Gonzalez J] and Sdenz
de Miera LE. 2022. Tackling lentil biotic stresses in the
genomic era. In Genomic Designing for Biotic Stress
Resistant Pulse Crops (pp. 253-308).

Warne T, Ahmed S, Shanks C and Miller P. 2019.
Sustainability dimensions of a north american lentil
system in a changing world. Frontiers in Sustainable



Kumar et al. : Present scenario, challenges, future outlook and emerging market opportunities 357
in lentil

Food Systems 3: 88.

Yadav N, Ghimire S, Shrestha S, Sah B, Sarker A and
Sah S. 2017. Source of resistant against fusarium
wilt and stemphylium blight in lentil (Lens culinaris
medikus). International Journal of Applied Sciences
and Biotechnology 5(1): 102-107.

Yadav P, Kumar S, Dixit V and Singh V. 2022. Zn and B
mediated effect on yield attribute, yield, and nutrient
uptake in lentil (Lens culinaris medick.). International
Journal of Plant and Soil Science 34(22): 1045-1055.

Yasir T, Khan A, Skalicky M, Wasaya A, Rehmani M,
Sarwar N and Sabagh A. 2021. Exogenous sodium

nitroprusside mitigates salt stress in lentil (Lens
culinaris medik.) by affecting the growth, yield, and
biochemical properties. Molecules 26(9): 2576.

Yigezu Y, Rahman M, El-Shater T, Alene A, Sarker A,
Kumar S and Frija A. 2022. Plot-level impacts of
improved lentil varieties in Bangladesh. Plos One
17(1): e0262146.

Zakeri H and Bueckert R. 2015. Post-flowering biomass
and nitrogen accumulation of lentil substantially
contributes to pod production. Crop Science 55(1):
411-419.



	BOOK-JFL-38(3), 2025---Digital print--156 pages.pdf
	BOOK-JFL-38(3), 2025


