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Millets rhizosphere: pathways of dealing stress to become climate smart crop

The world's arid and semiarid regions, especially in Africa and Southeast Asia, are vital
zones for cereal production. Unfortunately, the majority of crops have experienced more
than a 50% decrease in yield due to the abiotic stresses caused by climate change, which are
the primary causes of crop loss worldwide. Millets are better able to withstand most abiotic
pressures, including drought and high temperatures, but they still require strengthening to
cope with the unprecedented consequences of climate change and related environmental
challenges. This research aims to better understand how millets' rhizospheres cope with
stress and how they can help crops adapt to a changing climate. One of the key characteristics
of millets is their high nutritional value compared to other cereal crops (Rai et al. 2023).
Millets are an excellent resource for the food industry as they contain essential nutrients
and phytochemicals with health benefits for humans. However, multiple environmental
stressors and impending climate change are limiting their output. The productivity of millet
crops has been seriously threatened by stress caused by both heat and drought. For instance,
pearl millet can lose up to 60% and 40% of their yields due to drought stress in the seedling
stage and terminal drought during the reproductive stage, respectively. Fortunately, there
are several ways to increase the ability of millets to withstand stress and produce more.
This review paper highlights the effects of different stress on millets under a climate change
scenario, as well as their innate mechanisms for increasing stress tolerance and yield.
By understanding these mechanisms, we can help to ensure the sustainability of millet
production and improve food security in regions that rely on this significant group of crops.
Climate stressors and Millets: Climate change is causing a variety of abiotic pressures that
are impacting food crops in one way or another, which directly impacts the world's food
supply. Drought stress, heat stress, floods or water logging stress, and lodging are the main
impacts of climate change on millet crops.

Drought Stress: A study on wild millet (Setaria glauca), foxtail millet (Setaria italica), small
millet (Panicum sumatrense), and proso millet (Panicum miliaceum) found that when
subjected to dryness before to flowering, the yield was significantly reduced (Table, 2016). In
areas prone to drought, plants use a variety of abiotic stress tolerance mechanisms Recently,
a review of four key millet adaptation mechanisms to places suffering from drought was
published (Tabel, 2016). These defense mechanisms include i) drought avoidance, which
refers to a plant's capacity to maintain water balance under stress to prevent water deficiency
in tissues, (ii) drought tolerance, which refers to a plant's capacity to produce biomass while
withstanding reduced water potential, (iii) drought escape, which refers to a condition in
which plants mature before experiencing drought stress, and (iv) drought recovery, which
refers to a situation in which plants provide some yield while recovering from intermittent.
Heat Stress: Despite the fact that the majority of millet species are heat-tolerant, heat
causes numerous physiological and biochemical changes. The most vulnerable biological
functions to heat stress are photosynthesis and respiration, which has a significant impact
on crop output. Several crops have already seen significant yield loss due to heat, and
the annual increase in temperature brought on by climate change poses a threat to food
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The Year 2023 has been declared as the ‘International Year of the Millets’ by
the FAO of the United Nations.Since time immemorial, millets have been
widely grown and used as major food and fodder in Indian includingthe Indian
Himalayan Region (IHR).Millets are the group of small grained cereal crops
and some of the important crops are Sorghum (Jowar), Pearl Millet (Bajra),
. Finger Millet (Madua), Little Millet (Kutki), etc. There are various reasons
| behind promoting millets as future crops but the most important is they can

grow in extreme weather conditions and also drought resistant. Most of the millets are native
to India and that’s why India is willing to position itself as a global hub for millets and also
promoting millets at global level.
According to climate experts, millets can be a climate-smart option for farmers. Millets such as
foxtail millet, proso millet, finger millet, and pearl millet are the most commonly grown crops
even in shifting cultivation. They provide a variety of seasonal native foods for traditional uses
including ceremonies, occasions, and festivitie. India produced 120 lakh tonnes of the total
304.8 lakh tonnes millets globally in 2022. The worldwide three countries namely India (40%),
Niger (11%) and China (9%) are collectively produced more than 50% of the total millets. The
international year of millets aims to contribute in the sustainable development goals of UN
agenda 2030 by targeting SDG 2 (Zero Hunger), SDG 3 (Good health and well- being), SDG
8 (Decent work and economic growth), SDG 12 (Responsible consumption and production),
SDG 13 (Climate action) and SDG 15 (Life on land).
The present volume [20 (1), 2023]of the EIACP Newsletter is in the series of its quarterly non-
priced (print and electronic) publication and contains 13 articles related to climate smart crop,
food security, millets and their nutraceuticals properties, millets diversity in Himalaya, heath
benefits of millets etc. The views in this newsletter are the views of the concerned authors.
Therefore, they do not necessarily reflect the views of the editors or EIACP Centre and the
Institute. We look forward to come up with the policy interventions for the holistic and
sustainable development of the Himalayan region. The comments/suggestions for further
improvement of the EIACP Newsletter are welcome.
Er. Mahendra Singh Lodhi
EIACP, Coordinator

security. An increase in temperature of 3-4°C has been associated with yield losses of up
to 35%. Upregulation of the antioxidant system, transcription factors, heat-shock proteins,
signalling molecules, ion transporters, and accumulation of osmoprotectants are some of
the mechanisms of tolerance. As a consequence of normal cell metabolism, ROS can cause
oxidative stress when its concentration is excessive. The majority of plants have ROS-fighting
pathways as a defence mechanism against diverse abiotic stressors (Gupta et al., 2013)
WaterloggingStress: Whensoil poresareoverfilled withwater,aconditionknownaswaterlogging,
hazardous chemicals build up and gas diffusion is inhibited. As a result, photosynthesis,
stomatal conductance, and roots are eventually impacted (Linkemer et al., 1998). Plants have a
variety of defense mechanisms to deal with waterlogging stress, which is brought on by hypoxia
(reduced oxygen level) or anoxia (Matsuura ef al., 2016). Grain yield losses of about 18% in
wild millet and 16% in proso millet were reported with waterlogging treatment that lasted
from two weeks after planting through crop maturity (Linkemer et al., 1998). As a response to
low oxygen levels, plants engage in anaerobic respiration, which has been observed in finger
millet (Eleusine coracana) (Hossain and Uddin, 2011). In finger millet (Ni et al., 2018) and
sorghum (Sorghum bicolor) (Kulkarn et al., 2014) adventitious roots have been seen to develop.

Millets rhizosphere for Enhancing Stress Resilience in Crops: IAA Synthesis: Several
plant species that had IAA-synthesizing bacteria injected into them saw better root growth,
the development of root hairs, and lateral roots which improved their ability to absorb
nutrients and water and supported their ability to withstand osmotic stress Egamberdieva
and Kucharova, 2009). The ability of microorganisms to produce hormones and their activity
in promoting endogenous hormones both considerably improve resistance. Azospirillum
brasilense produces nitric oxide (NO), which is involved in IAA ignaling and helps tomato
plants (Solanum lycopersicum) grow adventitious roots (Molina-Favero et al., 2008).

Activity of ACC Deaminase-Synthesizing Rhizobacteria: Endogenous ethylene supports
homoeostasis under stressful circumstances, which inhibits the growth of shoots and roots.
When bacterial ACC deaminase reacts with aminocyclopropane-1-carboxylic acid (ACC), it
causes the plant to receive energy and nitrogen (Etesami ef al., 2020). ACC is a precursor for the
biosynthesis of ethylene (Polko and Kieber, 2019). Moreover, the absence of ACC permits the
bacteriatolessentheirethylenetoxicity, whichfostersdevelopmentandlessensstress(Glick,2005)
Plant Growth-Promoting Rhizobacteria (PGPRs): PGPRs have been shown to improve abiotic
stress tolerance and yield in a variety of crops. Economically significant crops like rice, soybeans,
lettuce, tomatoes, maize, and wheat have all benefited from the usage of PGPRs to reduce
abiotic stressors and increase production. Gibberellic acid (GA) and indole acetic acid are two
crucial plant growth regulators that are biosynthesized by PGPRs, which is one way they help
plants perform better (IAA). The production of other growth regulators including jasmonic
acid and salicylic acid was also discovered to be triggered by PGPRs in plants (Jogaiah et al.,
2018). The presence of PGPRs improves the stability of plant cell membranes by activating the
antioxidant defence mechanism, increasing plants' tolerance to drought (Gusain et al., 2015).
Almost all millet crops have built-in defenses against environmental stresses like heat,
drought, lodging, and waterlogging, but these challenges continue to pose a threat to millet
output as the effects of climate change. In this case millets rhizosphere plays a very essential
role. A high-yielding, stress-tolerant variety of millets must be created in order to combat
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the impacts of pressures brought on by climate change and to
increase millet output. Therefore Millets need more attention from
researchers to improve global food security in the face of climate
change, which is adversely affecting the productivity of staple crops.
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In the occasion of International Year of Millets-2023 let's understand
the significance of millets in today's world. Millets are familiar to
mankind since ancient times datingback to bronze age, also mentioned
in the vedas they are called as super food. Millets are cereals belonging
to poaceae family of grasses, they are commonly referred as coarse
grains, to make everyone understand their benefits nomenclature has
been changed from coarse grains to nutri-cereals. Millets are a rich
source of dietary fibres, proteins, macro and micro nutrients, gluten
free and have low glycaemic index(GI). They can be used in our diet
and animal fodder. Millets contains iron- reduces anemia, magnesium
-good for migraines, can help reduce diabetes, hypertension,
prevents constipation and can help prevent heart-related diseases.

Dietary fibre in 100g of Millets
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Crop / nutrient Fiber (g) Minerals (g) (mg) (mg)
Sorghum Il 6.7 27 J4 13
Finger millet 13 36 27 19 344
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Pearl millet 106 1.3 23 169 38
Proso millet 125 2.2 19 08 14
Bamyard millet 112 10,1 44 151 1
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With increasing awareness about it benefits, there is a great
demand for millets. Millets are climate-friendly crops ,they can
thrive in harsh conditions at high temperatures and require
less water for their production and take less time to grow and
require less fertilizers and are less prone to pests,reduces carbon
food prints and imports. India has seen reduction in usage and
production of millets since green revolution yet millets are still
produced and consumed as many cuisines in various parts of India.
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Millets are being included in mid-day meal schemes and menus and specialized
restaurants for millets based foods are emerging. Innovations in millet markets
are encouraged and some of those ideas are millet seed entrepreneurs,millet

aggregators,millet

exporters,millet-focused farmer organizations,millet-

food industry,online platforms for millet products.Millets can be brought
into market as they are affordable, sustainable,climate resilient,nutritious
traditional staple crop and can strengthen food security, contribute to
healthy environment,provide livelihood for small-scale farmers,provide great
opportunity for regional and international trade and can be used in innovative
ways such as therapeutics and pharmaceuticals.

Indian institute of millet research , Hyderabad has been established for millets
based research. Nutrient and health based studies are carried and have a good

potential for future studies.
Nutrition and health benefits studies
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Millets are a significant grain crop in the developing
countries. They are particularly noteworthy since they are
used as both human food and livestock feed in the semi-arid
tropical regions of Asia and Africa. Millet is traditionally
used for a variety of purposes, including Finger Millet,
Pearl Millet, Kodo Millet, Proso Millet, Foxtail Millet, Little
Millet, and Barnyard Millet (Tadele, 2019). Millets differ
from other cereals in a number of morpho-physiological,
molecular, and biochemical characteristics that increase
their resilience to environmental stresses. The primary
benefit of millets' brief life cycles—which last only 12 to 14
weeks from seed to seed compared to 20 to 24 weeks for rice
and wheat—is stress reduction. Yet, traits like short stature,
small leaf area, thickened cell walls, and the capacity to form
deep root systems reduce the likelihood of stress situations
and their impacts (Li and Brutnell, 2011). Millets have a
higher nutritional value, which is one of their important
characteristics. The high content of phytochemicals and
minerals in millets has also been linked in studies to positive
health effects. For instance, pearl millet has significant levels
of antioxidant enzymes, soluble and insoluble dietary fibres,
and resistant starch (Nithiyanantham et al., 2019). In light of
escalating agricultural costs, climate change, and a growing
global population, millets are known to have great promise
for food security and nutrition (Rai et al., 2023). They have
additional health advantages, substantially lower production
input costs, and a natural resistance to the bulk of biotic and
abiotic stresses. Despite growing concerns about climate
change, these qualities emphasise millets as the favoured
crop for the global population (Bandyopadhyay, 2017). It
is necessary to create stress-tolerant, high-yielding millets
in order to combat the impacts of pressures brought on by
climate change and to increase millets' output. There are a
number of ways to raise millets' stress tolerance and output
(Numan et al., 2021).

Millets have gained attention recently for their wide range
of nutritional and health benefits as well as their capacity to
adapt to challenging environmental circumstances, but their
productivity has remained low, and it must be enhanced in
order to boost its usage as a food crop globally. This review
article emphasises millets' genetic potential as climate-smart
crops as well as the combined effects of drought and heat
on them at the same time that looming climate change is

Management Strategies of Millet
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Fig. 1. Differential management strategy of millets
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Traditional millet crops of Uttarakhand: present

scenario and future aspects for conservation

occurring. It also makes recommendations for potential alternative
strategies to improve the stress tolerance and crop production of
this important class of crops. Food consumption will increase in
lockstep with population growth. The likelihood of agricultural
development (the production of key staple grains) is reduced
because the world already faces problems with the growth of dry
lands, degraded soil, and scarcity of groundwater. These sirens are
compelling us to promote alternatives to grain crops.

By exerting abiotic stressors during important plant growth and
development stages and causing large losses in arable area utilised
for agriculture production, sudden weather shifts significantly
reduced crop output. In semi-arid and arid conditions, abiotic
stressors including drought, extreme temperature (cold, frost,
and heat), flooding, salinity, etc. are the main factors that limit
production. Millets are more resistant to environmental stresses
than big grains because they possess more morphophysiological,
molecular, and biochemical traits than those of major grains.
Millets are better able to endure drought because they possess more
morphophysiological, biochemical, and molecular traits than main
grains. The current pandemic and natural disasters can teach us
a lot about climate change policies and agricultural sustainability
(Babele et al., 2022). We face a lot of similar challenges in the fight
against pandemics and climate change. Regarding their cause,
extent, and level of severity, these catastrophes are incredibly
nebulous. A major economic imbalance and nutritional instability
may arise from these uncertainties and disruptions happening at
the same time.
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Millets are being cultivated for around 3,000 years and are an integral
part of the culture and history of India. As these millets are not only
food grains; they are also intricately interwoven in the socio-cultural
fabric of numerous regions of India. The millets are known to have
nutrient properties low in dietary bulk, high in nutrient density and
are known for their rich profile of amino acids which makes them
highly nutritious crop with rich antioxidant properties for providing
balanced nutrition .While millets are cultivated across the 8 states
of India, Uttarakhand state ranks 3rd in aspect of the area occupied
under millet cultivation. Uttarakhand has 48% area under cultivation
of millets in comparison to other Himalayan states. Barnyard Millet
(Echinochloa crusgalli PBeauv.) and Finger Millet (Eleusine coracana
Gaertn.) are two prominent millets in Uttarakhand which have the
value chains dominated by smallholder farmers.

In India, the government is setting in place an initiative for Nutritional
Security through Intensive Millet Promotion (INSIMP) through a
national nutraceutical mission which has prioritized eight millets
(sorghum, pearl millet, finger millet, barnyard millet, foxtail millet,
proso millet, kodo millet, and little millet) and two pseudo cereals
(amaranth and buckwheat) and termed them as nutri-cereals. The
UN Food and Agriculture Organization (FAO), Rome has declared
the year 2023 as the international year of millets, upon the request
from the Indian government (Meena et al., 2021).

In the Indian scenario, millet production was at peak during the
1980s, thereafter it has been decreased gradually due to sharp
reduction under cultivated area. Numerous steps have been taken
to promote millets which include establishment of Centre for
Excellence, Integration of Nutri-cereals in National Food Security
Act and establishment of Millet Mission in multiple states including
Uttarakhand. ICAR-CRIDA (Central Research Institute) Hyderabad
has initiated NICRA (National Innovation on Climate Resilient
Agriculture) project to promote millets cultivation in districts of
Uttarakashi and Tehri Garhwal in Uttarakhand (APEDA, 2023).

Under millet mission ‘maiden initiative has been taken by
Uttarakhand Government in which the state-owned Mandi Parishad
is supposed to purchase the five types of millets and grains from
farmers i.e.Chaulai (Amaranth), Madhua (Ragi), Jhangora (Barnyard
millet), Kuttu/Ugal (Buckwheat) and Koni (Foxtail millet) (APEDA,
2023). The scheme has been launched in Almora and Chamoli
district and will be extended to other districts in the next phase of the
scheme. This initiative will directly benefit the farmer’s income and
motivate them to produce millets. For the women empowerment,
women of the rural areas of Dehradun are given opportunities to
make packaged and branded millet-based cookies, rusks, snack, and
breakfast cereal and it’s been selling at various platforms.

Production status of Millets in Uttarakhand: Uttarakhand state has
more area under finger millet (1.08 lakh ha) and small millets (0.6
lakh ha) with yield levels per unit area surpassing the national average
in both cases (Bhat et al., 2019). Moderate climate with relatively
more fertile soils with protective moisture provisions account for the
higher productivity in the state. Most of the produce in consumed
in the households themselves, leaving less marketable surplus. The
major districts producing millets are given in Fig. 1.

Within the recent past, some of the millet crops cultivated previously;
have become locally extinct from many villages. Foxtail millet has
almost become extinct from the state which was widely cultivated
about 20 years ago (Kala, 2010). Lack of formal seed exchange
system of traditional landraces is one important limiting factor
to continue survival of these landraces especially those which are
grown by marginal farmers and statistics shows that in Uttarakhand,
traditional crops like finger millet and barnyard millet are getting
good market. Finger millet grain yield was 6 to 7 quintals per hectare
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in the year 2014- 15 whereas in 2017-18, it reached 12 quintals
per hectare. Now the market is getting a decent price for these
crops (Rajyasameeksha, 2018).
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Fig. 1. The major millets producing districts in Uttarakhand
(Source: APEDA, 2023)

Table 1. Traditional dishes prepared by thelocal people of Uttarakhand
(Modified from Kala and Nautiyal 2022)

S | Local /botanical | Nameof [ Preparation Ethno-
N. [ name of Millet as | local Dish | Style medicinal and
major ingredient cultural values
1. | Jhangora Pinda/ Jhangora is Used to cure
(Echinochloa chatna cooked in constipation in
frumentacea) water like rice | cattle.
mixed with
water
2. | JThangora Kheer Jhangora is Easily digestible
(Echinochloa cooked in milk | and alternative
frumentacea) mixed with of sweet dish
sugar/jaggery
3. | Koni (Setaria Pinda Koni is cooked | Considered
italica) in water like highly nutritious
the one cooks | and used to cure
rice mixed with | indigestion
water
4. | Mandua (Eleusine | Mandua ki | Mandua flour | Highly
coracana) roti is kneaded nutritious and
with water to | contains a high
make dough. It | quantity of
is used to make | calcium and
chapattis other nutrients.
Traditional
healers
recommend it
to cure bone-
related disorders
and also to cure
sinus and severe
cold
5. | Jhangora Palyun Jhangora is Easily digestible
(Echinochloa cooked with and used as a
frumentacea) water and stomach tonic
buttermilk/
sugar/water

6. | Mandua (Eleusine | Badi Mandua Cooked as a
coracana) is soaked staple of pulse in
overnight and | winter season.
grinded with
water and
spices to form
button shaped
parts which are
sun dried and
fried
7. | Mandua (Eleusine | Baadi/ Mandua is Cooked as a
coracana) grinded and warming food in
cooked with winter season
sweet and ghee
8. | Jhangora Jhangore | Jhangora is Easily digestible
(Echinochloa ka bhat cooked in and used as a
frumentacea) water like the substitute for
one cooks rice | rice in the areas
mixed with where rice does
water not grow
9. | Jhangora Jhangore | Cooked with Easily digestible
(Echinochloa ki sabji kandali /bicchu | and used as a
frumentacea) ghas/stinging | stomach tonic in
nettle (Urtica winter season
dioeca Linn)
and mixed
with water

Future perspectives for millet production: Multi-sectored national
and international multidisciplinary initiatives are required for the
promotion and enhanced consumption of these important millet
crops. Furthermore, linking small millets to the industry through
value addition will fetch higher returns to marginal farmers. The
quality enhancement of the existing dishes for the development of
market based demands is also required. The social media and web
based marketing of the certified products can also be enhanced under
government supervision so that the beneficiaries can be benefitted
directly by selling their products to the appropriate consumers, for
which governmental guidelines can be developed. Furthermore the
sensitization and capacity building of the existing stakeholder which
have been actively engaged in the cultivation of millets need to be
enhanced for the development of variety of products.
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Kodo millet: A superfood for healthy life .....

Millets are collective group of small seeded annual grasses.
Millets are known as nutricereals since they are the powerhouse
of nutrients. The majority of millets are three to five times more
nutritious than major cereals (rice, Oryza sativa; wheat, Triticum
aestivum; maize, Zea mays) in terms of vitamins, fiber, proteins,
and minerals and are gluten-free; hence, they are known as
“superfoods” (Ashoka et al., 2020). Millets are classified into major
millets and minor millets as represented in Table 1. These are grown
as grain crops in dry areas of temperate, subtropical and tropical
regions. Millets hold great potential in contributing substantially
to food and nutritional security of the country, thus they are not
only a powerhouse of nutrients, but also climate resilient crops
with unique nutritional characteristics. These grow with minimal
application of fertilizers and pesticides. Water requirement for
millets is also low. These are used as food, feed, fodder and biofuels.
In India, from 1951 to 2020 there is 35% decrease in cultivated
area under millets, however the total production has increased 3
times, i.e. from 15 million tons to 47.48 million tones.

Table. 1. Types of millets

Millet Scientific name Name in Hindi
Major millets

Pearl millet | Pennisetum americanum Bajra

Finger millet | Eleusine coracana Ragi
Sorghum Sorghum bicolor Jowar

millet

Minor millets

Foxtail millet | Setaria italica Kakum

Proso millet | Panicum miliaceum Chenna/Barri
Kodo millet | Paspalum scrobiculatum Kodon

Little millet | Panicum sumatrense Kutki/Shavan
Barnyard Echinochloa frumentacea Sanwa

millet

Kodo millet also known as cow grass, rice grass, ditch millet, Native
Paspalum, or Indian Crown Grass is grown in India, Pakistan, Philippines,
Indonesia, Vietnam, Thailand and West Africa. It is major food source
in the Deccan plateau of India (Gujarat, Karnataka and parts of Tamil
Nadu), some regions of Maharashtra, Odisha, West Bengal, Rajasthan,
Uttar Pradesh and Himalayas and consumed traditionally as health and
vitality foods in rural India. The local names of Kodo varies from region
to region and it is known as Kodo in Bengali, Kodra in Gujarati, Punjabi
and Marathi, Kodon in Hindi, Harka in Kannada, Koduain Odia, Varagu
in Tamil and Arikelu, Arika in Telugu. It is an annual grass species that
grows to around 90 cm height. Kodo millet grain color varies from light
red to dark grey which is bounded in a tough husk that is difficult to
remove. Kodo millet is well known for the highest drought resistance
among all minor millets and said to produce good yield with in less
growing period, i.e. 80-135 days (Saxena et al., 2018).

Nutritional value of Kodo millet: Kodo millet does not contain gluten,
which makes them an appropriate food for those suffering from celiac
disease or other forms of allergies/intolerance of wheat. Beside, due to
their high fiber (9.00 g/100g) and mineral (2.60 g/100g) contents, they
can contribute significantly to the nutritional security of large section
of population and a good substitute to rice or wheat. The proximate
composition of Kodo millet and other major cereal crops (wheat, rice
and maize) is shown in Table 2.

Kodo millet protein is rich in various amino acids namely phenylalanine,
methionine, cysteine, threonine, leucine, isoleucine and valine. The
contents of these amino acids are higher in Kodo millet as compared to
rice, wheat and maize (Table 3). Minerals like Mg, S, Cr and C are present
in higher amount in Kodo millet as compared to rice, wheat and maize
(Table 4). Kodo millet is also a rich source of folic acid (39.50 pg/100 g),
thiamine (0.30 mg/100 g), riboflavin (0.20 mg/100 g) and niacin (1.50
mg/100 g).

Kodo millet contains antinutrients viz., phytic acid, polyphenols and
tannins. These antinutrients combine with nutrients, thereby impairing
theirabsorption, digestion, and consumption. Kodo millet contains 225.00
mg/g phytic acid, 143.00 mg catechol equivalent/100g polyphenols and
50.40 tannic acid equivalent/100g tannins. Antinutrients can be reduced
through various treatment methods such as soaking, germination/
sprouting, cooking, malting, and fermentation of the grains. However,
research has proved that antinutrients consumed in sufficient quantities

Table. 2. Proximate composition of Kodo millet and other major cereals (all values are per 100 g of edible portion)

Name of the food stuff Moisture (g) Protein (g) Fat (g) Minerals Crude fibre (g) | Carbohydrates (g) | Energy (kcal)
@

Kodo millet 12.80 8.30 1.40 2.60 9.00 65.90 309.00
Wheat 12.80 11.80 1.50 1.50 1.20 71.20 346.00
Rice 13.70 6.80 0.50 0.60 0.20 78.20 345.00
Maize 14.90 11.10 3.60 1.50 2.70 66.20 342.00
Source: Gopalan et al., 2004

Table 3. Status of amino acid profile (mg/g N) of Kodo millet and other major cereals
Name of | Arginine [ Histidine | Lysine | Tryptophan | Phenylal- | Methi- | Cysteine | Threo- | Leucine [ Isoleu- Valine
the food anine onine nine cine
stuff
Kodo 270.00 120.00 150.00 [ 50.00 430.00 180.00 | 110.00 200.00 |650.00 360.00 410.00
millet
Wheat 290.00 130.00 170.00 [ 70.00 280.00 90.00 140.00 180.00 | 410.00 220.00 280.00
Rice 480.00 130.00 230.00 | 80.00 280.00 150.00 |90.00 230.00 | 500.00 300.00 380.00
Maize 290.00 160.00 200.00 |40.00 290.00 120.00 | 100.00 280.00 | 720.00 240.00 300.00
Source: Gopalan et al., 2004
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can reduce the risk of certain diseases, such as breast cancer, coronary Millets were among the first crops to be cultivated by mankind about

heart disease, and inflammation.

Table 4. Status of trace elements (mg per 100 g) in Kodo millet and other
major cereals

Nameof |Ca [P Fe |Mg |[Mn (S Cr Cu

the food

stuff

K(?do 27. | 188. |10.50 | 147. | 1.10 | 136. 0.020 | 1.60

millet 105 |00 00 00

Wheat 41. |306. |5.30 | 138. |2.29 | 128. 0.012 | 0.68
00 00 00 00

Rice 10. [160. [0.70 | 90. 0.59 |- 0.004 | 0.14
00 00 00

Maize 10. | 348. [2.30 | 139. [0.48 | 114. 0.004 | 0.41
00 00 00 00

Health benefits of Kodo millet: Kodo millet contains balanced
nutritional composition and its consumption has proven health
benefits. Kodo millet is very easy to digest and thus can be beneficial
for infant and geriatric product formulation. Kodo millet contains a
high amount of lecithin and is excellent food for strengthening the
nervous system. Kodo millet contains no gluten and is good for people
who are gluten intolerant. Regular consumption of Kodo millet is
very beneficial for postmenopausal women suffering from signs of
cardiovascular disease, like high blood pressure and high cholesterol
level.

Development of value added products using Kodo millet: The
improved value addition expertise has created various opportunities
for the food processing industry to manufacture quality millet based
products having wider consumer acceptability. Various value added
products such as blended flour, baked products, fermented products,
puffed/popped and flaked millets and extruded products are prepared
from Kodo millet. It is evident that Kodo millet is a superfood that
possesses equivalent health benefits and nutritional value like major
cereals like rice, wheat and maize. However, technological advances
should be worked out to enhance its acceptability in consumers in
terms of quality, nutrition and functionality. So, research is needed
for development of better quality Kodo millet products that should be
health promoting, tasty, possess long shelf life, attractive in appearance
and affordable for all income group consumers.
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10,000 years ago,these forgotten treasures of ancient civilization are
now new solace for a world confronting challenge of food security
due to climate change, disrupted global food supply chain caused
by pandemic and Russia-Ukraine crisis. Millets or nutri-cereals are
the promising magic bullets as are nutritive , energy efficient and
highly climate resilient. Millets have potential to assist in achieving
multiple UN (United Nations) sustainable development goals
(SDGs) no wonder UN General Assembly (UNGA) declared 2023
as international year of millets after strong advocacy of India. Time
is reap to leverage the potential of these indigenous dryland cereals
as source of food and fodder to nab hunger and lifestyle diseases
by fostering its cultivation, promoting research, innovations in
developing high yielding varieties(HYVs),biofortification and
giving impetus to start-ups, entrepreneurship, policy intervention
for processing, marketing and value addition. The icing in the cake
will be creating a regular market base with affordable pricing and
consumer awareness making it routine diet in every dine. However,
while promoting millets precaution shall be taken in improving
its shelf-life, per hectare yields understanding its metabolism and
threats related to food allergies. For ever growing human population
prolonged and affordable supply of food is a daunting task.Though
green revolution gave impetus to tremendous production of wheat,
rice and maize but these carbohydrate enriched cereals paved
way to several life style diseases and also failed to tackle hidden
hunger causing several deficiency diseases from anemia to rickets,
marasmus etc.

MILLETS ARE MAGIC
BULLETS

Several sustainable development
geoals (S8DGEs) can be achieved by
encompassing millets in cuisine and
cropland
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Relevance of Local Governance for protection and
promotion of indigenous agricultural products in

Millets or shree-anna (as named so in 2023 union budget of
India) have greater quantity of dietary fibres, high quality gluten
free protein with several essential amino acids and poly-phenols,
anti-oxidants, iron, calcium, zinc,magnesium ,omega-3 fatty acids,
vitamin B complex that help assure proper growth, development,
fitness, strength and performance of body and brain. Itis established
that just replacing 20% of staple cereals with millets can make huge
difference in improving physical and mental well being. Thus can
help fulfilling SDG 2 (Zero hunger) and SDG 3 (Good health and
well being) “Let thy food be thy medicine” a quote often ascribed to
Greek physician Hippocrates can fully be realized by encompassing
millets in everyday meal. Apart from acting as source of calories
and tackling deficiency diseases millets are also impactful in dealing
life-style diseases. The fibre enriched millets are slow to metabolize
thus ensures delayed emptying of stomach a crucial factor ensuring
weight loss. The foxtail, little millets, kodo have low glycemic index
and thus are preventive against type 2 diabetes. Several millets are
known to lower blood triglycerides important in mitigating cardio
vascular diseases. Millets like foxtail and porso are effective against
cancerous growth. Deriving from concept of “One health” SDG 2 and
SDG 3 vastly relies also on accomplishment of SDG 12 (Responsible
consumption and production) and SDG 13 (Climate action) and
millets are critical link in assuring the same. For when it comes to
energy use efficiency millets are hands down better performer than
for example maize as requires 40% less energy in processing. Millets
demands 70% less water vis-a-vis water guzzling paddy. The per
hectare fertilizer demand is also low for these hardy crops and are
known to grow well in vast range of altitude and latitude in poorly
fertile, saline,acidic soil. In age of global warming and climate
change when wheat and rice are facing uncertain and irregular
production, millets the highly adaptable coarse grains are pivotal
for evergreen revolution with potential of mitigating climate change
as for instance the carbon footprints of millets is 25% less than that
of wheat. Millets also can tolerate weather extremes and ensure
sustained productivity with minimal fertilizer demands. The major
challenge in popularity of millets is lack of awareness and lack of
value addition. Its important to make it people’s movement through
several outreach policies and programs.One such is compulsorily
introducing millets in mid day meals, Public distribution system.
Making millet cultivation lucrative by raising minimum support
price (MSPs), promoting entrepreneurship and start-ups for its
processing, marketing and value addition. Focus shall also be on
accelerating research and innovation in developing its high yielding
varieties, fortification, disease resistance etc. However in a bid to
revive millets to main course one shall not forget that millets are
not panacea for everything our body demands. Given their slow
digestion it can't deliver energy as swiftly as rice. Also owing to
high fiber content millets requires more water ,time and energy
in cooking. Amid cost benefit analysis of millets one can easily
conclude that millets are here to stay as integral part of our food and
foster human resource development, well being of the planet in just,
sustainable and inclusive way.

Mugdha Kumari Pandey

Department of Zoology, JPM college, Chapra, Bihar,
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local areas: A conceptual review

Local ecosystems and biodiversity play an important role to ensure the
agricultural production of that area, so the protection of biodiversity
is very much important.Some of the unique agriculture/horticulture
products are only used to grow in certain areas only like Manipuri
Black rice, Gobindobhog rice in West Bengal, Queen Pineapple
of Tripura,Sitahi little millet, Nagdaman little mille in Dindori
district of Madhyapradeshand most these products are recognized
with Geographic Indication (GI) label. Therefore, the "terrestrial
ecosystem or biodiversity" of the defined area is the fundamental
"enabling element" that guarantees the sustainability of all these
indigenous agriculture /horticulture products to date. Considering the
geographical uniqueness, the country is the home of a lot of indigenous
agricultural products and enjoys great biodiversity or ecosystem with
3% biodiversity hot spot, 200 eco-regions, 8% all recorded species
in the world, 45,000 plant and 91,000 animal species fully or partly
belongs to India (IUCN, India 2018). But it is unfortunate that
biodiversity degradation is very much rampant which creates a threat
to the sustainability of all indigenous products. Now, there is an urgent
need to call for appropriate action against biodiversity degradation at
all levels especially local level action is very much required. The study
employs secondary data with a qualitative research approach with the
researcher's experiences and it seeks to understand the role of local
governance in the conservation and rational use of local ecosystems
for climate change adaptation and reduce environmental degradation
through the promotion of sustainable and indigenous agricultural
practices in local areas. Green Revolution resulted in India to a food
surplus country from a deficit one but on the other side, it also led to
an overall degradation of the fragile agro-ecosystem (Rahman 2015)
in long run. So, on one side Green Revolution has a positive impact as
it fulfills the huge requirement of food considering India’s population
explosion, and another side it has a negative impact like erosion of
soil, loss of soil fertility, soil toxicity, loss salinity and pollution of
groundwater resources, increased incidence of human and livestock
diseases, etc. (Rahman 2015). So, the green revolution’s impacts and
benefits have been unequal across regions and groups. It also needs
to state that Post-Green Revolution, wheat, and rice production was
doubled, but a significant decline was noted in the production of other
food crops such as indigenous rice varieties, millets, etc. and it resulted
in the loss of distinct indigenous crops from cultivation and caused
the extinction of many indigenous agricultural products (Nelson,
Ravichandran, and Antony 2019).

Inaddition, there are end no of instances and evidence which means that
the environment is under serious threat and biodiversity degradation
is a common phenomenon in all areas. The rate of environmental
degradation can knock down the whole environment very soon (Anup
2015) and if the concerns of the environment have not addressed
urgently, the effects of environmental degradation can demolish the
whole environment(Shah, 2005). So, the sustainability of indigenous
agricultural products is under serious threat where unsustainable and
destructive human behavior and harvesting practices are also a major
concern. Now, this is high time to take the necessary measurement at
the local level to stop environmental degradation for the protection
and promotion of local indigenous products like millet. Keeping in
mind the diversity of India’s climatic differences, seasonal variances,
soil qualities, and water, it is impossible to initiate an undisputed and
foolproof programme for development aspects specific to indigenous
agricultural products. Here, the researcher feels that the active
involvement of local government and its associated frameworkcan
play a major role at the grassroots.

Nexus between environment and local governance framework:
Engagement of all levels of government is very much important to
tackle various issues of climate change and action (COP21). Local-
level government is the best institutional framework to address risk
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and climate change action as it is pluralistic, contextual, and adoptive,
so the need and urgency of local government are beyond debate
(McArdle, 2016). Local bodies are statutorily responsible to make
biodiversity plans by using local knowledge (Evans, 2004). So, to
protect and rationalize the utilization of the ecosystem, a citizen-led
good governance system is required at the grassroots level which can
address existing and emerging issues of the ecosystem and indigenous
agricultural products. Here, the researcher feels,i.e. Gram Panchayat/
Village Council and other associated frameworks like Biodiversity
Management Committee (BMC), Joint Forest Management
Committee (JEMC) Gram Sabha, Village Health Sanitation and
Nutrition Committee, local NGOs, CBOs, SHGs, Youth Clubs in rural
areas can play a significant role in the issue for ensuring sustainable
solutions towards the promotion of indigenous agricultural products
in a balanced manner.

Probable major role of Local Governance:

Strengthening the local market with locally grown products so that
people of the area will be encouraged to cultivate indigenous crops.

Panchayat needs to play an active role in the Implementation of the
Biodiversity Management Act 2002 especially the Constitution of
the Biodiversity Management Committee and the preparation of the
People’s Biodiversity Register at the Panchayat Level. Identification
of all biodiversity spaces, agroecological zones, and existing
environmental resources of the concerned gram panchayat is very
much needed.

Elected Panchayat Raj Institutions (PRIs) members and Government
functionaries need to work together for the conservation of the local
ecosystem with the promotion of indigenous agricultural products in
their concerned area.

Local Government should ensure awareness among the community
and various influential groups of the society for the conservation
and sustainability of the local ecosystem and environmentwhich
may ensure enabling environment for the promotion of indigenous
products like millet and others.

Conclusion: Indigenous agricultural products are the roots of the
Indian agricultural system but due to many reasons, it has been
ignored for a long time. Government, whether it is central or state,
development organizations, and others have already done many
experiments on agriculture but there are very few models which
are sustainable so to ensure the sustainability of the indigenous
agricultural product we need collective responsibility on the part of all
stakeholders at the local level, particularly from the local government
and associated framework of local governance.
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At current scenario, climate changes are alarming which results
in extreme weather events and thus impacting the food security
and nutrition.Fishery, agriculture, and livestock are declining.
Oceans and seas which nourishes millions of human beings
are at risk as the sea water acidifies. Variations within ice and
snowpossessinfluence onfood sources including cattle livestock,
poaching, and fishing in manyfrosty polarregions.Extreme heat
can reduce water and grassland for grazing, leading to decreased
agricultural and livestock mortality.Climatic changes forecasted to
affect major crop production up to 30% owing to decreased yield
and crop failure(Acevedo et al., 2020). If all these climate changesare
increasing continuously at current rate, it will hamperin achievin
the United NationSustainable development Goal-2 (SDG-2)to
eradicate hunger and malnutrition.

What are Climate Resilient Crops: Climate-resilient crops
are crops and theirvarietieswhich have increased tolerance to
extremeweathereventsandalsoresistancetostressfulenvironmental
conditions (bothabiotic such asheat, drought, flooding,
chilling,salinityand biotic such as insects and pests)and thereby
able to maintain or increase crop yields under these stressful
conditions. Important climate resilient crops are millets, sorghum
and quinoa.Climate resilient crops provide a means to overcome
decreased crop productivity by absorbing, adapting and recovering
from the impacts of extreme weather and climate change events.

Millets- An Overview: Millets are collection of small cereal grains
which belongs to grass family i.e., Poaceae or Gramineae. Important
varieties of millets include sorghum, pearl and finger. Millets are
arid and semi-arid crops that can be cultivated in tropical and sub-
tropical climatic conditions up to an ofaltitude of 2,100 m.Millets
have a short lifespan of 2 to 4 months. Millets grows during kharif
season between the months of April and May. Millets grow best
at temperatures ranging from 26-29°C for maximum productivity
and crop output. It is cultivated in areas with rainfall ranging from
500 to 900 mm.

Millet- A Futuristic Climate Resilient Crop: Millets called as dry
crops as theythrive on degraded dry soils which are less fertile and
requires minimum amount of rain or irrigated waterto grow. These
crops can withstand considerable alkaline soil and adapt well to
a wide range of soil types, from extremely poor to highly fertile.
These properties of millets make them widely renowned for their
drought and salinity resistance under harsh or dry conditions.

Millet biochemistry developed over centuries to be become
climate-resilient, covering both abiotic and biotic stress.
Physiologically,millets are members of the C4 plant family, that
have developed by itself more than 500 times. Millet being a C4
plant have higher photosynthetic efficiency which enables them in
absorbing and utilizing more CO2 from atmosphere by minimizing
photorespiration (by using Phosphoenolpyruvate (PEP) enzyme).
Also, the potential yield of millets, remains unaffected even at
high CO2 levels as compared to C3 crop like wheat and rice etc.
which only have meristematic cellswhich absorb light (origin
of photosynthesis) and no chloroplasts. On the other hand,C4
cropsdeveloped additional photosynthetic chambers: mesophyll
cells and bundle sheath cells.These two factors improve the
photosynthetic efficiency of C4 plants. All these properties make
millet a truly climate resilient crop.

Millets- Origin, Production and Distribution: Archaeobotanical
data of India suggests there were most probably many separate
centres of indigenous millet production in South Asia. The
Panicum miliaceum(Proso millet) was the very first such grain,
dating back to the pre-Harappan period or during the first part
of the second millennium BC, and was widely farmed in Gujarat,
among other places. The evidence for Panicum sumatrense(small
millet), a staple crop of protohistoric Gujarat and a crop of the
eastern Harappan zone.However, Brachiaria ramosa(Browntop
millet)was the earliest staple millet in south India, and has also
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been identified as an earliest crop/resource in the Neolithic
Ganges. They were cultivated in the Neolithic era to provide
humanity with a prolonged growth season since they were suitable
to all weather conditions. As a result, millet became a mainstay for
our forefathers, ensuring food security. Millets were described in
some of the earliest Yajurveda books in India, naming foxtail millet
(Priyangava), barnyard millet (Aanava), and black finger millet
(Shyaamaka), showing that millet usage was widespread prior
to the Indian Bronze Age (4,500BC). India is the world's largest
producer of millets contributing 20% of total world production.
Among Asian countries, India accounts for about 80% total millet
productionwhich is the highest. The FAO's goal for 2023 is to raise
awareness of millets in food security and nutrition. The important
millet cropsthat grownin India are Sorghum bicolor(Sorghum),
Pennisetum  glaucum(pearl millet), Eleusine coracana(finger
millet), Setaria italica(foxtail millet/Italian millet), Panicum
sumatrense(small millet), Paspalum scrobiculatum(kodo millet),
Echinochloa esculenta(barnyard millet), Panicum miliaceum(Proso
millet), and Urochloa ramosa(brown top millet) Rajasthan,
Karnataka, Maharashtra, Uttar Pradesh, Haryana, Gujarat, Madhya
Pradesh, Tamil Nadu, Odisha (minor millets), Andhra Pradesh,
and Uttarakhand are the leading millets-producing states in India.

Millets in the Indian Himalayan Region(IHR): The Himalayan
agro-climatic regions vary from warm sub-humid tropical to
temperate, alpine, and glacier. About 85% of the Himalayan
population rely on conventional mixed hilly agriculture, livestock
farming, agroforestry, and forestry for their survival. Millets have
been cultivated and consumed in the Indian Himalayan region
(IHR) since ancient times.In Indian Himalayan Region (IHR),
finger millet is the most common and adaptable millet, followed
by foxtail millet. Barnyard millet is predominantly grown in
Uttarakhand, although bajra and jowar are grown in a few regions
of Jammu and Kashmir and Himachal Pradesh. In certain states,
proso millet is grown in little packets. In Arunachal Pradesh,
Millets have a high cultural usefulness, but in stateslike Assam and
Tripura do not include millets.
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Fig.1. Graph showingGlobal Millet Area and Production
(2019) and Pie-Chart indicating Millets distribution in Indian
Himalayan Region (IHR) Respectively

Millets:-Health andNutritional Benefits: Millets are highly rich in
nutrients.Millets are an excellent source ofbeta-carotene(vitamin A),
vitamin B, phosphorus, potassium, antioxidants, niacin, calcium, iron.
Niacin, found in millet, helps your body to regulate over 400 enzymatic
processes. Niacinisalsonecessary for good skinand organ function.Beta-
carotenepigment found in millets functions as an antioxidant as well as
a precursor of vitamin A, boosting your body in fighting free radicals
and promoting eye health.Millet has additional health advantages
such as in controlling of blood sugar (asit a low-glycemicindex (GI)
food),improve digestive health (as it contains insoluble fibre called
as prebiotic which improves gut health),protectsheart (by reducing
the amount of badcholesterol in your blood which is a risk factor for
atherosclerosis).Millet is high in potassium, a mineral that promotes
kidney and heart health. It also involved in nerve signal transmission,
which is how your brain and muscles interact with one another.A 3/4
intake of dried millet provides the following nutrients:- 189 grams
calories, 6 grams of protein, 2 grams fat, 36 grams carbohydrates, 4

rams of fibre, less than 1 grams of sugar. All these nutritional and
health beneficial qualities of millets, make it a superfood of present
as well as future time (Sachdev, 2022). Due to nutritional and health
benefits of millets, this superfood should be included in our daily life for
once in a week.Therefore,in order to focuses onproduction, promotion,
consumption, health and nutritional benefits, and alsoraising awareness
aboutit, the United Nations announced “International Year of Millets
20237at the request of the Government of India.
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Climate smart millets: A way to ensure...l.
sustainable nutritional security

600 million people in India depend on agriculture, the most of with both early and delayed planting, very low and high rainfall, various
them are small farmers with holdings of up to 2 hectares of land. All elevations, and a variety of soil regimes. These positive traits have not
around the world, agricultural output, food stability, and nutritional been fully appreciated and applied throughout the nation. Multiple-
security are being impacted by climate change. Shorter grain filing purpose millet varieties, like foxtail millet, barnyard millet, proso
periods, poorer yield, and reduced biomass are the results of climate millet, and tiny millet, are able to adapt to climate changes and shield
change's detrimental effects on plant growth, including as higher farmers from a total crop failure. Given a secure market, farmers who
temperatures, more frequent and intense rainfall, and less rainfall had previously shifted from millets to other crops are willing to go back
during crucial crop phases. Moreover, abiotic stresses tend to to millets because of the guaranteed stable yield, simple crop cultivation,
compound upon one another. The uptake of nutrients by plants is resistance to drought, and environmentally benign production.

hindered by factors such as high temperatures, which lead to quick
evaporation and dry soil, thereby reducing the amount of water
available to plants. India's agricultural sector is also feeling the heat
of the climate catastrophe. As a result, millets are old-fashioned crops
that boast superior nutritive value and health advantages. Millets
are ideal crops for the twenty-first century as we face depleting
natural resources and climate change due to their climate-resilient
characteristics such as adaptation to a wide range of ecological
conditions, reduced irrigation demands, improved productivity
and growth under low nutrient input conditions, less reliance on
synthetic fertilizers, and low vulnerability to environmental stresses Millets have been termed to as nutria-cereals or smart food because
(such as drought and flood) (Henry, 2015). Millets are also more they are better adapted to diverse environmental conditions due to

nutritious than other major cereals because they have a lot of dietary nitrogen-use efficiency and water use efficiency, insect, pest, and disease
fibres, resistant starches, vitamins, essential amino acids, storage tolerance, and resistance to environmental stresses.

proteins, and other bioactive compounds. (Amadou et al., 2013). ) ) ) ) ) o
Millet doesn't get stressed because it doesn't take long for it to go In Asia, particularly India, millets are regarded as a climate-resilient
from seed to seed. Rice and wheat, on the other hand, can take up to futurecrop. They can grow in almostany soil type, whether sandy or with
24 weeks to go from seed to seed. Because of these qualities, millets Varying levels of acidity. They rarely need irrigation or fertilizer.Millets
are a popular crop in dry and semi-dry areas around the world. can help to sustain food'systems' in the context Qf global warming. Tl}glr
Millets, on the other hand, haven't been studied as much as other adaptability and exceptional ability to survive in low water availability
major cereals in terms of their ability to adapt to climate change. and stressful environments make them the best alternative to climate
(https://www.frontiersin.org/articles/10.3389/fpls.2017.01266/ change (Table 2).

full). Millets are required as the climate crisis deepens because they Role of the Government in Millets Promotion: In this changing
can be grown in the most difficult conditions and can fill the gap climate scenario the Government of india has realized the importance
in supply from rice and wheat due to the severe consequences of of millets in building resilient to climate change and building nutritional
climate change. Higher photosynthetic efficiency and potential security in the country. The Government made various efforts such as
yields that are unaffected by increased Co2 levels distinguish these gazatting millets as Nutri-cereals, the declaration of the National Year
anatomically better C4 crops from C3 crops like rice and wheat. of Millets in 2018 and declaration of international year of millets by
India is the world's largest producer and second-largest exporter of UNGA with India along with 70other nations. It is an important step in
millets, producing nine commonly known millets (Fig. 2, Table 1).  popularizing millets. The following are the some initiatives and schemes

Millets for Climate-Smart Agriculture: The demand of food
consumption is rising proportionally with a growing population.As a
result, millets are the best alternative among orphan crops because they
can be grown on shallow, low-fertility soils with pH levels ranging from
4.5 to 8.0 (Rathinapriya et al., 2020).Finger millet and pearl millet can
grow in soils that are as salty as 11-12 dS/m, but soils with more than 3
dS/m of salt are not good for growing rice. They are called a "poor man's
crop” because they are important to the diet of a population with few
resources and because there are many ways to grow them (Fig.1).

4 A4 For Farmers N
* Grow fasterm short life cycle: *High in micronutrients:
put less stress on environement iron, zinc and calcium
* Grow organically: require » Withstand harsh environment: «High in dietry fibre and
minimal fertilizer and drought, dry heat antioxidants
pesticides *Resistant to pests and disease *Low glycine index and
* Need less rainfall »High in yeld gluten free
« Survive in low water and * Multiple use: food, feed and -Highe in protein and
nutrientr fodder, biofuel Vitamin B
\ J \_ -Sustainablesourceofincome  J §

Fig. 1. Millets unique properties to ensuring human health, food security and nutritional security

Millets are the future crops: Millets provide a strong argument for
increasing biodiversity and diversifying the world's food grain supply
due to their variety and capacity to adapt to a variety of climatic
conditions and agricultural methods.Because millets are climate
change resistant and provide sustainable grain production with few
inputs, they are the most reliable and constant food crops for humans e Providing farmers with a significant price incentive
in a scenario of climate change, particularly for the world's resource- o Millet Startup Innovation Challenge
poor dry-land farmers. (Rao & Basavaraj, 2015).Millets crops are | pcryAN Mission Abhivan
excellent candidates for climate change mitigation and emergency crop ) 4
planning due to their wide variety. They can grow in environments *Mann Ki Baat

« National Nutri Cereals Convention 4.0

taken by Government of India and the state Governments to promote
production of millets across the country.

o Initiative for Nutritional Security through Intensive Millets
Promotion.
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Table 1. List of Millets produced in India Up to
3500m
Sr. No. Millets Name Scientific Name
1. Sorghum Sorghum bicolor
2. pearl Millet Pennisetum glaucum
3. Finge millet Eleusine coracana
4. Barnyard Millet Echinochloacolona
5. Proso millet Panicum milaceum
6. Foxtail millet Setariaitalica
7. Little millet Panicum sumatrense
8. Kodo millet Paspalum scrobicultum
9. Brown top millet Urochloa ramose

Since rice and wheat were grown on a much larger scale as a result
of industrialization and urbanization, millets' importance and
cultivation were reduced. Millets have reemerged as a viable option
for maintaining a healthy diet and adaptive measure in the changing
climate.Increasing millet cultivation is urgently needed because the
area under these crops has been declining over the past 50 years.
Research programs that can enhance existing cultivars for desired
characteristics, such as high yielding seeds, seeds that are resilient to
abiotic and biotic stress, seeds that offer high biomass for fodder, etc.
Farmers should be made aware of enhanced millet seed resources
through demonstration and extension activities.

Table 2. Climate Resilient Millets and adaptation

Sr | Crop | Climate Crop Av. Adaptation
No. | Name duration | Yield for impacts of
(days) (kg/ha) | climate change
1. | Finger [ Wide 90-130 | 1226 Moderatly
Millet | adaptation resistant to
up to 2300 heat, drought
m and humidity,
adapted to wide
altitude range
2. Wide 70-120 | 565 Adapted to low
adaptation rainfall, high
Up to altitude
2000m
3. | Kodo [ Tropic/ 120-180 | 312 Long duration,
millet | Sub-tropic but very hardy,
up to needs little
1800m rainfall, comes
up in very
poor soils,
good response
to improved
management

G.B. Pant NITHE took an initiative in view of the Climate smart Seed
Bank, in which marginalized farmers of transformative site were
aware and trained on Climate Resilient seed.In this program climate
resilient seed bank was developed in the panchayat to enhance the
adaptability of the marginalized farmers towards the climate change.
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Millets for food security: Production, consumption,
and development of market and value chain - A
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review of research and development activities

Millets are small-seeded grains that are used as staple food in
many regions of the world. They are drought-resistant, have a short
growing season, and are highly nutritious, making them ideal for
cultivation in arid and semi-arid regions. Millets have been grown
for thousands of years in many parts of Asia and Africa, and they
have been an essential component of the diets of many people in
these regions. However, in recent years, there has been a decline in
the cultivation and consumption of millets, as people have turned to
other crops such as rice and wheat. This decline has led to a loss of
biodiversity and a decrease in the resilience of farming systems. In
this research article, we will discuss the importance of millets, their
production, consumption, and development of markets, value chain,
and other aspects of research and development activities on millets.

Production of Millets: Millets are grown in many countries around
the world, but the majority of production occurs in India, China,
and Nigeria. In India, millets are grown in the dryland areas of
the country, which account for around 70% of the total area under
cultivation. The major millets grown in India are pearl millet,
finger millet, and sorghum. Millets are also grown in many African
countries, including Mali, Burkina Faso, and Niger. The production
of millets has been declining in many regions of the world due to the
increasing use of modern agricultural practices and the introduction
of new crops.
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Fig. 1. Unique properties of millets for climate smart agriculture,
ensuring human health, food and nutritional security
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Nutrient Pearl Finger Foxtail Proso
Millet Millet Millet Millet
Energy (kcal) 378 328 351 378
Protein (g) 11.6 7.3 12.3 10.6
Fat (g) 4.2 1.3 4.3 3.1
Carbohydrates (g) | 67.3 72.9 67.8 73.6
Dietary Fiber (g) | 8.5 3.6 8.5 3.5
Calcium (mg) 42 344 31 15
Iron (mg) 3.9 3.9 2.8 2.1
Magnesium (mg) 114 137 126 114
Phosphorus (mg) | 285 287 287 287
Potassium (mg) 300 408 246 195
Sodium (mg) 17 11 5 5
Zinc (mg) 1.7 2.7 1.4 1.7
Vitamin B1 (mg) 0.4 0.4 0.4 0.4
Vitamin B2 (mg) 0.1 0.3 0.1 0.1
Niacin (mg) 1.9 1.2 2.2 2.0
Vitamin B6 (mg) 0.3 0.3 0.3 0.3
Folate (pg) 79 44 24 85
Vitamin E (mg) 0.5 0.4 1.2 0.5
Vitamin K (ug) 0 0 0 0
Vitamin A (IU) 55 0 0 0
Source: National Institute of Nutrition, India. (2020). Nutritional

composition of Indian foods

Consumption of Millets: Millets have been an important source of
nutrition for people in many parts of the world. In India, millets were a
staple food until the Green Revolution of the 1960s when high-yielding
varieties of wheat and rice were introduced. Millets have since been
largely replaced by these crops. However, there has been a growing
interest in millets in recent years due to their health benefits. Millets
are gluten-free, which makes them a good option for people with celiac
disease or gluten intolerance. They are also low in glycemic index,
which means that they do not cause a rapid increase in blood sugar
levels. Millets are a good source of antioxidants, vitamins, and minerals.
Decline in the consumption of milletshas led to a loss of biodiversity
and a decrease in the resilience of farming systems.

Development of Market and Value Chain: The market for millets has
traditionally been small and fragmented, with limited value addition
and processing. However, there has been a growing interest in millets
in recent years, and there are now initiatives to develop the market and
value chain for millets. In India, the government has launched a millet
mission to promote the cultivation, consumption, and processing of
millets. The mission aims to increase the area under millet cultivation
and to develop value-added products from millets. The development
of a value chain for millets is essential for the promotion of millet
cultivation and consumption. A value chain is a series of activities that
add value to a product as it moves from the farm to the consumer.
In the case of millets, the value chain includes activities such as
production, processing, packaging, and marketing. The development
of a value chain for millets will ensure that farmers receive a fair price
for their produce, and that consumers have access to high-quality
millet products. The development of a value chain for millets will also
create employment opportunities in rural areas.
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Table: 2 Consumption of different types of millets in India (in million
tonnes)

Millet 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Type
Pearl 5.1 4.8 3.7 34 34 3.2 34 3.6
Millet
Finger 0.9 0.8 0.7 0.7 0.7 0.7 0.7 0.7
Millet
Foxtail 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Millet
Little 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Millet
Kodo 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Millet
Barnyard | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Millet
Total 6.7 6.5 5.5 5.0 49 4.8 5.0 5.2
Millets

Source: National Institute of Nutrition, Indian Council of Medical
Research

Table: 3 Millet Value Chain in India

Stage Actors Activities

Input supply

Seed and fertilizer
suppliers

Seed production,
procurement,

and distribution;
fertilizer supply and
distribution

Production Farmers Land preparation,
seed sowing,
intercultivation,
nutrient
management,
pest and disease
management,
harvesting, and

threshing

Post-harvest Farmers, traders, Cleaning, grading,

management and processors storage, and
transport to markets
and processing units

Processing Processors Dehusking, milling,
and value addition

Marketing Traders and retailers | Wholesale and retail

trade in millet and
millet products

Source: ICRISAT

Research and Development Activities: Research and development
activities are essential for the promotion of millets. There is a need to
develop new varieties of millets that are resistant to pests and diseases
and can be grown in a variety of climatic conditions. There is also
a need to develop new processing technologies that will enable the
production of high-quality millet products. These activities include
breeding programs to develop new varieties of millets that are more
resistant to drought and pests, as well as efforts to improve the
processing and value addition of millets.

There are also initiatives to promote the consumption of millets,
including the development of recipes and the organization of millet-
based food festivals.

Conclusion: Millets are an important source of nutrition that have
been largely ignored by modern agriculture. However, there has
been a growing interest in millets in recent years due to their health
benefits. The market and value chain for millets are being developed,
and there are many research and development activities focused on
millets. Millets have the potential to be an important crop in the fight
against hunger and malnutrition, particularly in areas that are prone
to drought and climate change.
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Fig. 3. Millets and its type
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Processing and value addition of a gluten-free millet
Eleusine coracana L. to achieve nutritional and livelihood
security
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The worldwide gluten-free food demand is accelerating very rapidly
due to the various health problems and mainly celiac diseases
associated with the consumption of gluten containing cereals like
wheat, barley, triticale and rye. Millets are the natural gluten-free
diet including Eleucine coracana (L.), commonly known as finger
millet in English and locally as mandua/ragi, is the second major
small millet organically cultivated in hilly regions of Uttarakhand
(Negi et al., 2017). The crop is cultivated in hilly regions since
millennials but its consumption and cultivation is limited only to
these regions despite of its boundless health benefits. High yielding
fine cereals like wheat and rice varieties which need plenty of inputs
like fertilizers, pesticides etc. have displaced this crop which itself
is a climate resilient crop and need not much inputs. The millet is
nutritionally very rich in calcium (0.34%), carbohydrates (76.32%),
protein (6-13%), fiber (18%), phytates (0.48%), minerals (2.5-
3.5%) and energy (328 kcal) (Chandra et al.,, 2016; Pandey and
Kumar, 2005). Additionally, it also owns various health benefits
such as it is the advisable food to the diabetic patients, and it is
also used in the treatment of various ailments such as in measles,
small pox, pneumonia, pleurisy and many more as shown in Fig. 1.
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Fig. 1. Heath benefits of Finger millet
So,being nutritionally and therapeutically rich, this millet has gained
the attention of researchers as well as many self-help groups (SHG)
and other organizations to aware people about the nutritional value
and economy associated with the various value-added products
made from this millet like flour, kurkure, cookies, papad, namkeen,
pasta, halwa,sweets, cake, cookies, flacks, pohaetc(Fig. 2) (Gull et al.,
2014) which consequently motivate people to enhance its cultivation.

Products of Finger millet

Finger Millet flour: Consumption of finger millet flour (Wheat and
finger millet in the 7:3 ratio) is very familiar to mankind since ages.
Addition of finger millet in the mixture reduces the gluten content
in the flour thus, it is advisable to the diabetic patients. Moreover,
high fibre content in finger millet also helps in eliminating the
problems of constipation.

Kurkure and Noodles: Nowadays, the population is relying more
on taste with nutrition so products like kurkure and noodles, very
popular among every age group have created a good market. Finger
millet flour in combination with other flour in a specific proportion
can be used to make desired products with the help of extrusion
technology.

Papad: Papad eating is enjoyed by people of all age group but people
of old age got problems of diabetes, abdominal bloating and acidity

so, papad made from finger millet flour mixed with green gram or
other grams(Fig. 2) not only reduces these problems but also make
A

the ingredient rich in protein, fibre, calcium and other minerals.

Fig. 2. Products of Finger millet
Puffing: The practice of puffing grains/ finger millet is very old as it
enhances the taste and flavor of the millet as well as reduce the anti-
nutritional factors present in it.

Idli/Dosa: The famous south Indian fermented foods i.e. idli and dosa
can also be made by finger millet flour thus enhances the taste and
nutritional value of the food.

Finger millet soup and other products:Finger millet is also used in
soup preparation, vada, pakodaas well as in various bakery products
such as in biscuits, muffins and breadand various other edibles.

With all these factsit may be concluded that the finger millet is
highly nutritious crop which can be used as a source of nutrition
and income generationby making these value-added products as
new developmental markets. This in turn increases its consumption,
cultivation and production of the milletnot only in hills but also the
overall production of the country.
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Nutraceutical values and diversity of millets in Indian “.
Himalayan Region

The United Nations general assembly at its 75th session in march 2021 declared year 2023 will be celebrated as the international year of
millets, under the governance of India. India produced 120 lakh tonnes of the total 304.8 lakh tonnes millets globally in 2022. The worldwide
three countries namely India (40%), Niger (11%) and China (9%) are collectively produced more than 50% of the total millets (1). The year
2023 is an opportunity to generate knowledge, promote millets consumption, sustainable market opportunities for producers and consumers,
policy preparation and planning, suitability cultivation, nutraceuticals value and their health benefits. The international year of millets aims to
contribute in the sustainable development goals of UN agenda 2030 by targeting including SDG 2 (Zero Hunger), SDG 3 (Good health and well-
being), SDG 8 (Decent work and economic growth), SDG 12 (Responsible consumption and production), SDG 13 (Climate action) and SDG
15 (Life on land). The millets grow in marginal soil (rocky, sandy or shallow), and having qualities like drought & disease resistant, require less
water, least care and has been part of cultivation and food, fodder and beverages in the Indian Himalayan Region since long time. The millets
are also known as store house of nutrients including protein, fat, minerals, dietary fiber, soluble/insoluble dietary fiber and various vitamins
similar to carotenoids, thiamine, riboflavin and niacin. The millets are also rich in minerals including calcium, phosphorus, iron, magnesium,
sodium, potassium, copper, zinc etc. therefore, millet production is likely to be increased across the globe including India. The climate
scientists are optimistic that millets can be a climate smart option as future food and agricultural practices. The Bihar and Assam states have
highest production and consumption of small millets whereas Madhya Pradesh has highest area production of small millets (32.4%) followed
by Uttarakhand, Maharashtra Chhattisgarh, Tamil Nadu and Gujarat. There are eight types of millets are found in Indian Himalaya Region.

Table: 1. Nutraceuticals value and diversity of Millets in Indian Himalayan Region

Type of Millets

Health Benefits

Diversity in IHR

Nutritional / Minerals/ Vitamins values per 100g

Barnyard millet
(Echinochloa

Promote immunity, control diabetes mellitus, blood
pressure, cholesterol, improve skin and hair health,

Assam, Uttarakhand

Protein 10.5g, Fat 3.6g, Crude fibre 6.6mg,
Minerals 2.0g, Carbohydrates 68.8g, Calorific

(Setaria italic)

the nervous system, improve skin and hair health,
help in reduce muscular spasms and eases out restless
syndrome, help to manage diabetes, hypertension/ high

Assam, Jammu and
Kashmir, Himachal
Pradesh, Meghalaya,

frumentacea) cure gastrointestinal disorders, helps in regular bowel value 398.0g, Dietary fibre 12.6g, Soluble
movements, eliminates constipation, acidity, bloating, dietary fibre 4.2g, Insoluble dietary fibre
and stomach cramps 8.4g, Phosphorus 281mg, Iron 5.0mg,
Magnesium83mg
Calcium 19mg
Finger millet Strengthening bones for growing children and aging Arunachal Pradesh, | Calcium 364mg, Protein 7.2 g, Magnesium
(Eleusine people, help in smooth neuromuscular function, Himachal Pradesh, 146mg, Iron 4.6mg, Zinc 2.5mg, Dietary fiber
Coracana) improve kidneys & heart functioning, weight loss, Meghalaya, 11.2 gm
improve skin and hair health, Prevents diabetes and Nagaland, Sikkim,
colon cancer Uttarakhand
Foxtail millet Maintaining a healthy heart, smooth functioning of Arunachal Pradesh, | Energy 331kCal, Protein 12.3g, Dietary fibre 8g,

Fat 4.3g, Phosphorus 290mg, Potassium 250mg,
Magnesium 81mg, Calcium 31mg, Folic acid
15mg, Sodium 4.6mg, Niacin 3.2mg, Iron 2.8mg,

(Panicum miliare)

cancer, weightless, inflammation, gastrointestinal
problems and delay ageing, asthma, reduced levels of
low-density lipoprotein, manage bacterial infections,
manage type-2 diabetes, reduced risk of cancers, relief
from joint pain, help in weight loss, reducing wrinkles

blood pressure, colorectal cancer, fungal infections Uttarakhand Zinc 2.4mg, Vitamin A 32mg, Vitamin E 31mg
Kodo millet Reduced levels of low-density lipoprotein, risk of Himachal Pradesh Carbohydrate 59.2g, Protein 10.6g, Fibre 10.2g,
(Paspalum cancers, reduced joint pain, wrinkles and manage Fats 4.2g, Phosphorus 188mg, Potassium 07.8myg,
scobiculatum) bacterial infections, type-2 diabetes, weight loss, Calcium 27.0mg, Sodium 3.48mg, Zinc 1.58mg,
improve skin and hair health Iron 0.5mg, Folate 33.06mcg, Vitamin K 0.5mcg,
Vitamin B2 0.09mg, Vitamin B1 0.18mg, Vitamin
B5 0.28mg, Vitamin B3 2.0mg
Little millet Reduce diabetes, cardiovascular diseases, cataract, Himachal Pradesh Calories 378KCal, Protein 7.7g Fat 4.0g,

Carbohydrates 67g, Fiber 7.6g, Calcium 17mg,
Iron 9.3mg, Magnesium 119mg, Phosphorus
283mg, Potassium 207myg, Sodium 5mg, Zinc
1.7mg

Pearl millet
(Pennisetum
typhoides)

Reduce diabetic, cholesterol, acidity, bones stronger
and promote healthy heart

Mizoram, West
Bengal hill

Protein 10.96gm, Dietary fibres 11.49gm, Fat
contents 5.43gm, Carbohydrates 61.78gm,
Energy

1456K]

Proso millet

Reduces heart attack, strokes and atherosclerosis,

Jammu and Kashmir,

Energy 309Kcal, Protein 8.30g, Carbohydrate

(Sorghum bicolor)

maintaining a healthy digestive system, weight loss cell
regeneration

(Panicum type-2 diabetes, prevent breast cancer, remove bad Himachal Pradesh 65.90g, Crude Fibre 9.00mg, Calcium 27.00mg,
miliaceum) cholesterol, nervous anomalies and memory diseases Iron 0.50mg

such as dementia and Alzheimer’s, decrease
Sorghum millet Reduce the risk of CVD, colon cancer, type 2 diabetes, | Mizoram Energy 349Kcal, Protein 10.4g, Carbohydrate

2.6g, CrudeFibre 1.2g, Calcium 42mg, Iron
8.0mg

Source: https://apeda.gov.in.
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