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Finger millet, also known as ragi belongs to the Family: Graminae/ Poaceae, Subfamily:
Chloridoideae, Genus: Eleusine and Species: Eleusine coracana (L.) Gaertn. Finger Millet
is an important millet grown extensively in various regions of India and Africa. It ranks
sixth in production afer wheat, rice, maize, sorghum and bajra in India. Finger millet is
one ofthe important millets that are mostly consumed by the people in Africaand Asia. It
is native to subsistence farmers and poor people in rural parts. The seeds of finger millet
have rich nutrients providing energy and nutrients to the rural population. Notably, the
calcium content of finger millet is much higher (10-1d) than any other cereal crop. Better
resistance to both biotic and abiotic stresses and the long shelf-life o fseeds make this crop
a crop ofthe future. Although it received less attention in the first green revolution, rich
nutrient profile and climate resilience nature ofthis crop have attracted the researchers even
in Western countries in recent years. Main cultivation arcas are parts of eastem and
southern Affica — particularly Uganda, Kenya, the Democratic Republic of the
Congo, Zimbabwe, Zambia, Malawi, and Tanzania — and parts of India and Nepal. It isalso
grown in southern Sudan and "as far south” in Africa as Mozambique. In India, ragi is
mostly grown and consumed in Rajasthan, Karnataka, Andhra Pradesh, Tamil Nadu,
Orissa, Maharashtra, Kumaon region of Uttarakhand and Goa; of which, Maharashtra,
Tamil Nadu and Uttarakhand p roduce the bulk ofragi in the country. There are signi ficant
yield variations observed even among the top producing States. In Karnataka, ragi growing
areas are concentrated in the southern maidan. Tumakuru district is the leading producer o f
ragi, ©llowed by Ramnagar, Bengaluru Rural, Hassan, Mandya, Kolar, Chikballapur,
Shivamogga, Chikkamagaluru, Chamarajnagar, and Davanagere districts. Finger millet or
ragi occupies significant position in India in temms of production and utilization and in
entire world. It is one of the most stable food crop. Finger millet is superior to rice and
wheat with respect to mineral, fiber and micronutritient contents. Finger millet is a nutrient
rich crop. Finger millet is being used as food (grains) in developing countries and as animal
feed (straw) in develop ed countries indicating that it is considered as a poor man's food. Ca
is required for a number of basic regulatory functions such as transmission of nerve
impulses, contraction and relaxation of muscles, blood coagulation cascade, activation of
enzymes, stimulation of hormonal secretion and so on in human body and so on. In the
Deccan, ragi is prepared in the form o frotti, bhakri, dosa, idli, porridge, pudding, or a large
sphere (mudde) that is broken into pieces that are dipped into sambar. In Sanksrit, the iron-
rich ragi is referred to as nrtta-kondaka, meaning dancing grains. Legend holds that Lord
Rama, Indra and Hanuman all favoured ragi over rice, on the merits o f its immediate and
lasting attractiveness. Its merits go beyond looks: it is rich in minerals and unusually for a
cereal boasts an amino acid, methionine, that is normally found in significant amounts
largely in eggs, meats and fish. In this review article on Origin, Domestication, T axonomy,
Botanical Description, Genetics and Cytogenetics, Genetic Diversity, Processing, Uses,
Breeding, and Health Benefits of Ragi are discussed.
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INTRODUCTION

Finger millet, also known as ragi belongs to the Family: Graminae/ Poaceae, Subfamily: Chloridoideae, Genus: Eleusine and Species: Eleusine
coracana (L.) Gaertn (Mirza and Marla, 2020; Agritech, 2023). Finger Millet, also known as Ragi is an important millet grown extensively in
various regions ofIndia and Africa. It ranks sixth in production afier wheat, rice, maize, sorghum and bajra in India. The genus Eleusine includes
eightspecies of diploid and tetraploid annual and perennial herbs. The cultivated species also have several races and subraces and hence, finger
millet displays great variability and diversity for most agronomically- impottant traits. It is a hardy cropwhich can withstand abiotic stress such
as water scarcity and cold temperatures. Several genotypes are blast resistant and nutritionally rich especially in minerals and essential amino
acids (Mirza and Mara, 2020). Finger millet belongs to genus Eleusine in the tribe Eragrostideae family Poaceae (Gramineae), and subfamily
Chloridoideae, self pollinating, with chromosome number 2n=36, ranks fourth in importance among millets in the wodd after sorghum, pearl
millet, and foxtail millet (Kaiki e al., 2020). Finger millet is a minor millet grown inthe arid and semiarid tropics and subtropics of Asia and
Africa (Mirza and Marla, 2020). It is cultivated for food, as well as fodder and medicinal purposes (Mirza and Marla, 2020). In English ragi is
known as Finger Millet, Birdsfoot Millet, African Millet, Coracan Millet, South Indian Millet African Millet, Kurukkan (Rachic and Peter,
1977). The common names in Indian languages are as follows (Vikaspedia, 2020; Vijaykumar, 2021; Valke, 2023; Agritech, 2023):

Assamese: maruba dhan

Bengali: marwa

Gujarati: bavato, nachni, nagali

Hindi: mandua, mand wa, marua, maruwa, ragi
Kannada: ragi

Konkani: nan chani

Malay alam: ragi

Marathi: nachani, nagali

Oriya: mandia

Punjabi: mandal, mandhul, mundal
Rajasthani: ragi

Sanskrit: madhulika, mattakam, nrutyakundala
Tamil: aariyam, iraki, kel-varaku, keppai

e Telugu: ragi, tamidalu

e Urdu: mandwa, maruwa, ragi

Finger millet or ragi occupies significant position in India in terms of production and utilization and in entire world. It is one of the most stable
food crop. Finger millet is superor to rice and wheat with respect to mineral, fiber and micro-nutritient contents (Karki et a/., 2020). Main
cultivation areas are parts of eastem and southern Afiica— particulady Uganda, Kenya, theDemocratic Republic of the
Congo, Zimbabwe, Zambia, Malawi, and Tanzania— and parts ofIndia and Nepal. It is also grown in southem Sudan and "as far south" in Africa
as Mozambique (Wikipedia, 2023). In India, ragi is mostly grown and consumed in Rajasthan, Karnataka, Andhra Pradesh, Tamil Nadu, Orissa,
Mabharashtra, Kumaon region of Uttarakhand and Goa; of which, Maharashtra, Tamil Nadu and Uttarakhand produce the bulk of ragi in the
country. There are significant yield variations observed even among the top producing States. Karnataka is the top producer ofragi in India. In
Karnatak a, ragi growing areas are concentrated in the southem maidan. Tumakuru district is the leading producer ofragi, followed by Ramnagar,
Bengalumu Rural, Hassan, Mandya, Kolar, Chikballapur, Shivamogga, Chikkamagalum, Chamarajnagar, and Davanagere districts. Production
(000 tonnes) offinger millet in India during 202223 is given in Table 1.

Table 1. Production (000 tonnes) of finger millet in India during 2022 -23

State 2022-23
Karnatka 1125.73
Tamil Nadu 180
Uttarakhand 127.11
Maharashtra 79.12
Andhra Pradesh 26.01
Odisha 37.38
Jharkhand 9.79
Gujarat 9.49
West Bengal 1.5
Bihar 222
Other states 3.11
Total 1601.46

Finger millet is native to the Ethiopian and Ugandan highlands. Interesting crop characterstics of finger millet are the ability to withstand
cultivation at altitudes over 2,000 metres (6,600 ff) above sea level, its high drought tolerance, and the long storage time of the grains
(Wikipedia, 2023). Finger millet is widely cultivated in Africa and India, commonly known as 'ragi' found to be originated in the beginning of
Iron Age about 5000 years ago in the highlands of Eastem A frica (ffom western Uganda to Ethiopia) by domestication ofwild weedy forms and
termed as oldest known. Millets have a special place in the heatts of the Deccan land. Ragi stands out among the millets here. Ragi however, is
native to the highlands of East Africa where it has been growing for 5000 yeass. It arrived in India around 3000 years back, probably coming
from trade with the Axumite Empire Hindavi, 2015).

In the Deccan, ragi is prepared in the form of rotti, bhakri, dosa, idli, porridge, pudding, or a large sphere (mudde) that is broken into pieces that
are dipped into sambar (Hindavi, 2015). In Sanksrit, the iron-rich ragi is referred to as nrtta-kondaka, meaning dancing grains. Legend holds that
Lord Rama, Indra and Hanuman all favoured ragi over rice, on the merits ofits immediate and lasting attractiveness. Its merits go beyond looks:
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it is rich in minerals and unusually for a cereal boasts an amino acid, methionine, that is normally found in significant amounts largely in eggs,
meats and fish. In flavour, this red millet constitutes a challenge to chocolate, and brings a grainy and glutenous (though it is gluten-free) texture
that makes it a wonderfully original comfort meal (Hindavi, 2015). Finger millet has been used across Africa and South east Asia for thousands of
years. It’s used to make bread, beer, and cereal. Tod ay, finger millet can be found in health food stores and large supermarkets th oughout the US, and
it’s widely used as an altemative to wheat or other grains (WebMDEC, 2022). lts utilization in the daily dietary at present is very limited in mral
areas only. Processing of finger millet using traditional as well as modern technique for the development of value added and convenient food
products will be solution for its promotion and enhancement of consumption will increase profitability. Cake is one of the most popular bakery
products (Karki ef al.,2020). Whole grains are usually ground and sued to make porridges, puddings, cakes and pancakes. A common food for
people in Kamataka, AndhraPradesh and Tamil Nadu is known as ‘ Mudde or Ragi Sankati. Ragi dosa, ragi moti, ragi balls, biscuits, crispys and
bread are common preparations made in Southern states. Grains are soaked and fermented foods are also prepared. Beverages made of malted
ragi are popular in South India. Katti is a special dish prepared from ragi powder by Keralities in Idukki and other districts. Husk from finger
millet is used in underground storage, as packaging material in pillows and cushions. Ragi straw is a good fodder, plus it is used in preparing
beds for animals. It’s so versatile in naturethat you can prepare idli ordosa batter with it, usethe flour to make rotis, koozh and kali for summer.
It will cool the body. I was introduced to millets by my Ayurveda doctors for a health condition. With time, I’ ve witnessed drastic changes in my
body and fitness level. I ama full-fled ged milletarian now and I encourage people to incotporate millets in their everyday diet (Vijaykumar,
2021).

Finger millet is one ofthe important millets that are mostly consumed by the people in Africa and Asia. It is native to subsistence farmers and
poor people in rural parts. The seeds of finger millet have rich nutrents providing energy and nutrents to the rural population. Notably, the
calcium content of finger millet is much higher (10-fold) than any other cereal crop. Better resistance to both biotic and abiotic stresses and the
long shelf-life of seeds make this crop a crop of the future. Although it received less attention in the first green revolution, rich nutrient profile
and climate resilience nature of this crop have attracted the researchers even in Westem countres in recent years. Finger millet is a nutrient rich
crop. Finger millet is being used as food (grains) in developing countries and as animal feed (straw) in developed countries indicating that it is
considered as a poor man's food (Wambi et al., 2020). Ca is required for a number of basic regulatory functions such as transmission of nerve
impulses, contraction and relaxation of muscles, blood coagulation cascade, activation of enzymes, stimulation of hormonal secretion and so on
in human body and so on (Pravina et al.,2013). Plants are the cheap, convenient and alternative source of dietary Ca. People fiequently consume
cereal based food products which are low in Ca. Major cereal crops may not provide adequate amount of Ca for low income people. Finger millet
contains higher amount of Ca compared to the other major cereals. For exanple, the Ca content in finger millet (344 mg/100 g) is almost 10-fold
higher than wheat (41 mg/100 g), maize (26 mg/100 g) and rice (33 mg/100 g) and three times higher than milk (Kumar et al., 2016). So finger
millet is an example of Ca rich crop in developing countres of tropical and subtropical regions. Finger millet grains also contain higher content
of minerals such as phosphoms, iron and manganese compared to other cereals (Kumar et al., 2016). It has been a valuable health grain in
ancient agriculture and yet, since ancient times, Ragi has ofien been sidelined because of the easy availability of other cereal crops like rice and
wheat. Thanks to extensive research and the push to include millets in daily diets to fight malnutrition, Ragi has gained immense popularity in
recent times (Vijaykumar, 2021). Being high in protein, calcium, iron and amino acids, ragi is touted as a Superfood. Ragi benefits babies as
well, which is why it is oneofthe most commonly used millets for making porndge for infants (Vijaykumar, 202 1).

Crop does not mature uniformly and hence the harvest is to be taken up in two stages. When the ear head on the main shoot and 50% of the ear
heads on the crop turn brown, the crop is ready for the first harvest. At the first harvest, all ear heads that have tumed brown should be cut. After
this drying, threshing and cleaning the grains by winnowing. The second harvest is around seven days after the first. All ear heads, including the
green ones, should be cut. The grains should then be cured to obtain maturity by heaping the harvested ear heads in shade for one day without
drying, so that the humidity and temperature increase and the grains get cured. After this drying, threshing and cleaning as after the first
harvesting (W ikipedia, 2023). Once harvested, theseeds keep extremely well and are seldomattacked by insects or moulds. Finger millet can be
kept for up to 10 years when it is unthreshed. Some sources report a storage duration up to 50 years under good storage conditions. The long
storage capacity makes finger millet an impottant crop in risk-avoidance strategies as a famine crop for farming communities (Wikip edia, 2023 ).
Millet is a grain and a staple food in many parts of the world. There are many different kinds of millet, which all have simil ar health benefits. Finger
millet is gaining popul arity worldwide because ofhow easy it is to grow and how adaptable itis as a food (WebMDEC, 2022). In this review article
on Origin, D omestication, Taxonomy, Botanical Description, Genetics and Cytogenetics, Genetic Diversity, Processing, Uses, Breeding, and
Health Benefits ofcocoa are discussed.

ORIGIN AND DOMESTICATION

Finger millet originated in the highlands of Uganda and Ethiopia and domestication began there around 5000 years ago, as evident from the
archaeological records of early African agriculture. Finger millet arrived in India probably more than 3000 years ago; India has been debated as
its origin for a long time due to the presence of several cultivars in different regions. However, Fuller (2006) did an exhaustive review of the
wotk on theorigin of Eleusine and confirmed its African origin. Fuller reported that most of the claims of Indian origin of finger millet are widely
based on misidentified material ofother species. Finger millet is a fast growing cereal crop that reaches maturity within 3 to 6 months and
occasionally in only 45 days. It is generally found in disturbed areas, roadsides and banks. It is commonly found at altitudes between 1000 and
2000 in eastem and southern Africa, and up to 2500-3000 min the Himalayas. It grows best a an averagetemperature of 23 °C but can withstand
cooler and hotter conditions. An annual rainfall ranging from 500 to 1000 mm is suitable, provided it is well distributed across the growing
season. Finger millet will keep growing in drier conditions, but pearl millet and sorghum will be preferred below 750 mm. Finger millet is
intolerant of flooded conditions but withstands some waterlogging. It does not do well in areas of heavy rains, but prefers damp conditions.
Finger millet is adapted to a wide range of soil conditions though it prefers fertile, well-drained sandy to sandy loam soils with a pH ranging
from 5 to 7. However, it will grow in lateritic orblack heavy vertisols and has some tolerance to akaline and moderately saline soils (Heuzé and
Tran, 20 15).

Eleusine coracana (L.) Gaertn. subsp. coracana (Finger millet or Eleusine) is widely cultivated in Africa and India, commonly known as ‘ ragi’
found to be originated in the beginning of Iron Age about 5000 years ago in the highlands of Eastern Africa (ffom western Uganda to Ethiopia)
by domestication of wild weedy forms and termed as oldest known domesticated tropical African cereal. Archaeological records of finger millet
are less and not authenticated although distribution, linguistic and historical evidences seem to suggest an African rather than Indian origin of
finger millet. From eastern Africa, it spread to elsewhere; to India about 3000 years ago, to southem Africa about 800 years ago, before
spreading to South-East Asia. It is widespread in warm temperate regions fiom Africa to Japan and Australia. Finger millet varieties grown in
southern India and African lowlands are morphologically indistinguishable. There are also findings that finger millet was domesticated about
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5000 years ago in eastem Africa (possibly Ethiopia) which later on introduced into India, about 3000 years ago. The closest wild relative of
finger millet is E. coracana subsp. africana which is native of Africa. As a cultivated crop, it is at present most important in eastern and
southern Affica as well asin the Indian sub-continent, and is occasionally cultivated dsewhere in the tropics. In South-East Asia, it is grown on a
small scale thereby not attaining commercial importance. Morphological study supplemented with cytogenetical observations and distribution
suggested that E. coracana subsp. africana is a wild finger millet. This subspecies of Eleusine is widely spread along the highlands of East
Africa. Consequently, it was concluded that finger millet originated in the East African highlands and was subsequently introduced and
domesticated in India. The species E. coracana subsp. coracana includes all cultivated finger millets, on the basis of inflorescence shape and its
correlation with geographic distribution. Evidences of the pattems of variability in African and Asian finger millets has by large indicated
comparatively larger divesity in African germplasm rather than to Indian collections, suppotting to the view that Africa could be the primary
centre of origin. The long history of cultivation of finger millet in the Indian sub-continent accompanied by natural mutations and human
selection has resulted in the generation of large divesity in landraces and local cultivars in India. Detailed study of various characters in Indian
germplasm has resulted that for economically important characters such as finger length, finger width, finger number, grain yield, ear weight,
total biomass and leafnumber, the Indian germplasm possesses large variability indicating India as the secondary centre of diversity (Joshi et al.,
2021). Finger millet originated in East Africa (Ethiopian and Ugandan highlands). It was claimed to have been found in an Indian archaeological
site dated to 1800 BCE (Late Bronze Age), however, this was subsequently demonstrated to be incorrectly identified cleaned grains of hulled
millets. The oldest record of finger millet comes from an archaeological site in Africa dating to the 8th century AD (Wikipedia, 2023). Ragi is
mentioned in India by the ancient Sanskiit writers who refer to it as ‘Rajika’. It is suggested that Eleusine coracana is a cultigens of thewild
species Eleusine indica (L.) Gaertn, domesticated by the early man in India. DeCandolle (1886) to consider that Eleusine cora cana originated in
India, fro mwhere it spread to Arabia and A frica, nearly 3,000 years ago. Considering its predominant cultivation in Southern India, this region is
accepted to be the primary centre of its origin. Eleusine indica is considered to be the immediate ancestor of the cultivated form Eleusine
coracana (Isha, 2023). Finger millet originated in Africa and has been cultivated for many thousands of years in Uganda and Ethiopia. In India,
the crop was probably introduced 4000 years ago, and has been found in archeological excavations in the Harappan Civilization (Isha, 2023).
The cultivated species ofE.coracana arose as an allotetraploid ffom its wild relative E.indica. Asia and Africa are supposed to be placeoforigin.
The African types are having bolder grain (Eagri, 2023 ). Ragi is native to Angola, Burkina, Burundi, Cameroon, Central African Repu, Chad,
Ethiopia, Nigeria, Rwanda, Socotra, Sudan, Zaire (POWO, 2023). Ragi is distributed into Afghanistan, Andaman Is., Assam, Banglad esh, Brazil
West-Central, China Noith-Central, China South-Central, China Southeast, Czechoslovakia, East Himalaya, E gypt, Fiji, Gulf States, Hainan,
India, Inner Mongolia, Japan, Jawa, Laos, Lesser Sunda Is., Libya, Malaya, Maldives, Mali, Maluku, Marianas, Mauritius, Mexico Northeast,
Mexico Northwest, Mexico Southwest, Myanmar, Nepal, Nicobar Is., Oman, Pakistan, Philippines, Réunion, Saudi Arabia, Senegal, South
Carolina, Sri Lanka, Sulawesi, Sumatera, Taiwan, Tanzania, Thailand, Transcaucasus, Trinidad-Tobago, Tunisia, Vietnam, West Himalaya,
Western Australia, Yemen (Fig. 1) (POWO, 2023).
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Fig. 1: Distribution of Eleusine accessions map
TAXONOMY

Finger millet, also known as ragi belongs to the Family: Graminae/ Poaceae, Subfamily: Chloridoid eae, Genus: Eleusine and Species: El eusine
coracana (L.) Gaertn (Heuzé and Tran, 2015; Mirza and Marla, 2020; Agrtech, 2023; Wikipedia, 2023). Finger Mill et, also known as Ragi is an
important millet grown extensively in various regions of India and Africa. Its scientific name is Eleusine coracana. It ranks sixth in producion
after wheat, rice, maize, sorghum and bajra in India. The genus Eleusine includes eightspecies of diploid and tetraploid annual and perennial
herbs. The cultivated species also have several races and subraces and hence, finger millet displays great variability and diversity for most
agronomically- important traits. It is a hardy cropwhich can withstand abiotic stress such as water scarcity and cold temperatures. Several
genotypes are blast resistant and nutritionally rich especially in minerals and essential amin o acids (Mirza and Marla, 2020).

The genus Eleusine includes nine annual and perennial species as recognized with eight African species and oneNew World species (E. tristachya
Lam.) native to Argentina and Uruguay (Lovisolo and Galati 2007). The species ofEl eusine Gaertn. are distributed in the tropicaland subtropical
areas (Fig. 3.1) of India, Myanmar, Sri Lanka, Nepal, China and Japan in Asia; while in Africa, it is grown in Uganda, Kenya, Tanzania,
Ethiopia, Eritrea, Rwanda, Zaire and Somalia (Upadhyaya et al. 2010). It is an annual allotetraploid (2n = 4X = 36, AABB) that includes two
distinct subspecies: E. coracana ssp. coracana (L.) Gaettn. and E. coracana ssp . Africana. Coracana is the cultivated ssp. while afiicana is the
wild ssp. Wild finger millet is native to Afficaand is believed to have migrated from there to Asia and the Americas. The cultivatedssp. coracana
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was domesticated from wild populations of E. coracana ssp. afiicana as suggested by morphological and cytogenetic evidence, and through
mol ecular studies. (Hilu and Johnson 1992). Finger millet has a cultivated form (E/eusine coracana subsp. coracana) and a wild form (E!eusine
coracana subsp. africana)that is an aggressive colonizer (Heuzé and Tran, 2015).

There are ten species under the genus Eleusine Gaertn, seven diploid (2n=16, 18 and 20) and three tetraploid taxa (2n=36 or 38). Eleusine
africana (Kenn.-O'Biyne), Eleusine coracana (L.) Gaertn, Eleusine floccifolia (Spreng), Eleusine indica (L.) Gaettn, Eleusine intermedia
(Chiov.) (S.M.Phillips), Eleusine jaegeri (Pilg.), Eleusine kigeziensis (S.M.Phillips), Eleusine multiflora (Hochst. ex A.Rich), Eleusine
semis terilis (S.M.Phillips) and Eleusin e tristachya (Lam.) Lam. Different studies confirmed that Eleusine coracana has otriginated ffomE. indica
and E. floccifolia genomes and selected for cultivation from its wild type E. Afiicana (Wikipedia, 2023).

Finger millet belongs to genus Eleusine in the tribe Eragrostideae family Poaceae (Gramineae), and subfamily Chloridoideae, self pollinating,
with chromosome number 2n=36, ranks fourth in importance among millets in the world after sorghum, pearl millet, and foxtail millet (Karki e
al., 2020). Finger millet is a minor millet grown inthe arid and semiarid tropics and subtropics of Asia and Africa (Mirza and Mada, 2020). 1t is
cultivated for food, as well as fodder and medicinal purposes (Mirza and Marla, 2020). In English ragi is known as Finger Millet, Birdsfoot
Millet, African Millet, Coracan Millet, South Indian Millet African Millet, Kurukkan (Rachic and P eter, 1977).

Finger millet (Eleusine coracana (L.) Gaettn. subsp. coracana) is cultivated in eastem and southern Africa and in southern Asia. The closest
wild relative of finger millet is E. coracana subsp. africana (Kennedy-O'Byme) Hilu & de Wet. Wild finger millet (subsp. aficana) is native to
Africa but was introduced as a weed to the warmer parts of Asia and America. Derivatives of hybrids between subsp.coracana and
subsp. africana are companion weeds ofthe crop in Africa. Cultivated finger millets are divided into five races on the basis of inflorescence
morp hology. Race cracana is widely distributed across the range of fin ger millet cultivation. It is present in the archaeological record of early
African agriculturethat may date back 5,000 years. Racial evolution took placein Africa. Races vulgaris, elongata, plana, and compa cta evolved
from race coracana, and were introduced into India some 3,000 years ago. Little independent racial evolution took place in India (Fig. 2) (de
Wetetal., 1984).
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Wild types: (Rachic and Peter, 1977).

e FEleusine indica: 2n = 18 chromosomes; it has a smaller plant; narrow rachis; thin stems, relatively short glumes and lemma, and spikelets;

shattering spikelets, small seeds are enclosed in glumes and thin racemes.
e FE. africana: 2n = 36 chromosomes; it has a larger plant but generaly similar to E. indica; has wider rachis, thicker stems and longer
spikelets, glumes, and lemmas; the spikelets shatter and it has shattering seeds as well.

Cultivated types: (Rachic and Peter, 1977).

. E. coracana (African-highland type): 2n -36 chromosomes; longer lemmas, glumes, and spikelets; spikelets are non-shattering and it
has plump grains; the seeds are enclosed insidethe glumes.

. E. coracana (Afro-Asiatic type): 2n — 36 chromosomes; it has shotter glumes, lemmas and spikelets; has non-shattering spikelets and
plump seed; and seeds thresh fiee fro mthe glumes.

Wild relatives (Eagn, 2023):
The genus Elevsine comprises of 11 species of which 6 are diploids and 5 are tetraploids.

(2n=18)

1. Eleusine indica

2. Eleusine oligostachya
3. E.tristachya

4. E. poranansis

5. E. jaegeri

6. E. flacifolia
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(2n=36)

1. Eleusine coracana
2. E. africana

3. E. longipoides

4. E. verticillata

5. E. cagopoides

Synonyms (Heuzé and Tran, 2015)

1) Cynosurus coracanus L.,

2) Eleusine africana Kenn.-O'Byrne,

3) Eleusine indica subsp. africana (Kenn.-O'Byrne) S. M. Phillips,
4) Eleusine tocussa Fresen.

Synonyms (Wikipedia, 2023)

1) Cynodon coracanus Raspail

2) Cynosurus coracanus L.

3) Eleusine cerealis Salisb. nom. illeg.

4) Eleusine dagussa Schimp.

5) Eleusine luco Welw. nom. inval.

6) Eleusine ovalis Ehrenb. ex Sweet nom. inval.
7) Eleusine pilosa Gilli

8)  Eleusine reniformis Divak.

9) Eleusine sphaerosperma Stokes nom. illeg.
10) Eleusine stricta Roxb.

11) Eleusine tocussa Fresen.

Synonyms (Indiabiodi versity, 2023)

Cynodon coracanus Raspail

Cynosurus coracanus L.

Eleusine cerealis Salisb.,nom. superfl.
Eleusine coracana var. stricta (Roxb.) Nees
Eleusine coracana var. tocussa (Fresen.) Franch.
Eleusine dagussa Schimp.

Eleusine indica var. coracana (L.) Fiori
Eleusine indica var. stricta (Roxb.) Chiov.
Eleusine luco Welw., nom. nud.

Eleusine ovalis Ehrenb . ex Sweet, nom. nud.
Eleusine pilosa Gilli

Eleusin e reniformis Divak.

Eleusine rigida Spreng.

Eleusine sphaerosperma Stokes, nom. superfl.
Eleusine stricta Roxb.

Eleusine tocussa Fresen.

Eleusine tocussa var. erytrol euca Chiov.
Eleusine tocussa var. erytromelana Chiov.
Eleusine tocussa var. flavocarpa Chiov.
Eleusine tocussa var. leuco carpa Chiov.
Eleusine tocussa var. melano carpa Chiov.
Eleusine tocussa var. olivacea Chiov.

Synonyms (POWO, 2023).
Homotypic Synonyms

Cynosumws ooracanus L. in Syst. Nat., ed. 10.2: 875 (1759) (Do not give space)
Eleusine cerealis Salisb. in Prodr. Stirp. Chap. Allerton: 19 (1796), nom. superfl.
Eleusine indica var. coracana (L.) Fiori in Nuov. F1. Italia 1: 114 (1923)
Eleusine indica subsp. coracana (L.) Lye in Lidia4: 150 (1999)

Eleusine sphaerosperma Stokes in Bot. Mat. Med. 1: 149 (1812), nom. superfl.

Nk LD =

Heterotypic Synonyms

1)  Cynodon coracanus Raspail in Ann. Sci. Nat. (Paris) 5:303 (1825)
2) Eleusine coracana var. stricta (Roxb.) Nees in F1. Afr. Austral. Ill.: 251 (1841)
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3) Eleusine coracana var. tocussa (Fresen.) Franch. in Bull. Soc. Hist. Nat. Autun 8:377 (1895)
4) Eleusine dagussa Schimp. in Gartenflora21: 205 (1872)

5) Eleusine indica var. stricta (Roxb.) Chiov. in Nuovo Giorn. Bot. Ital ., n.s., 26: 83 (1919)
6) Eleusine luco Welw. in Apont: 591 (1858 publ. 1859), nom. nud.

7) Eleusine ovalis Ehrenb. ex Sweet in Hott. Brit., ed. 2: 571 (1830), nom. nud.

8) Eleusine pilosa Gilli in Ann. Natuthist. Mus. Wien 69: 50 (1965)

9) Eleusine reniformis Divak. in Madras Agric. J. 46: 486 (1959)

10) Eleusine rigida Spreng. in Syst. Veg., ed. 16.4(2). 36 (1827)

11) Eleusine stricta Roxb. in Fl. Ind. 1: 344 (1820)

12) Eleusine tocussa Fresen. in Mus. Senckenberg. 2: 141 (1837)

13) Eleusine tocussa var. erytrol euca Chiov. in Monogr. Rapp. Colon. 19: 55 (1912)

14) Eleusine tocussa var. erytromelana Chiov. in Monogr. Rapp. Colon. 19: 55 (1912)

15) Eleusine tocussa var. flavocarpa Chiov. in Monogr. Rapp. Colon. 19: 55 (1912)

16) Eleusine tocussa var. leuco carpa Chiov. in Monogr. Rapp. Colon. 19: 55 (1912)

17) Eleusine tocussa var. melano carpa Chiov. in Monogr. Rapp. Colon. 19: 55 (1912)

18) Eleusine tocussa var. olivacea Chiov. in Monogr. Rapp. Colon. 19: 55 (1912)

BOTANICAL DESCRIPTION

Stems of ragi are erect or slightly kneed, compressed and glabrous. The leaves are numerous distichous; the sheaths compressed, open, striate,
glabrous, and with more or less ciliate margins; the ligules are short membranous and fimbriate; the blades are linear and tapering to an acute
point, folded and striate. glabrous except at the often ciliate margins. The inflorescence is a terminal umbel of 2- 10 straight thick sessile spikes
3- 5 in. long, usually with 1 to 2 (rarely more) additional spikes 1/4 to 3 in. below each rachis, is angular, pubescent villous at the base, but
glabrous above. The spikelets are often curved, crowded, 2 -10 flowered. The lower glume is ovate, obtuse and keeled with lateral nerve close to
the keel. The upper glume is similar, but slightly longer. All flowers arc perfect except the terminal which may be only seminate or infertile. The
lemmas are broadly ovale, acute and three-nerved. The paleas are somewhat shorter than the lemmas, tw o-keeled with the keel wings. There are
two lodicules, broad and trunky; three stamens; an obovate ovary with distinct style and plumose stigma. The grain is oblong, reddish brown
with finely curved striate, and falls at maturity (Rachic and Peter, 1977).

Finger millet is a cereal grass grown mostly for its grain (for information concerning the forage uses of finger millet, see the Finger millet, forage
datasheet). Finger millet is a robust, tufted, tillering annual grass, up to 170 ¢cm high. The inflorescence is a panicle with 4-19 fingerlike spikes
that resembles a fist when mature, hence the name finger millet. The spikes bearup to 70 altemate spikelets, carrying 4 to 7 small seeds. The
seed pericarp is independent from the kernel and can be easily removed fiom the seed coat. Finger millet is a staple food in many African and
South Asian countres. It is also considered a helpful famine crop as it is easily stored for lean years. The grain is readily digestible, highly
nutritious and versatile, and can be cooked like rice, ground to make porridge or flour, or used to make cakes. Sprouted grains are recommen ded
for infants and eldedy people. Finger millet is also used to make liquor ("arake" or "areki" in Ethiopia) and beer, which yields by-products used
for livestock feeding (Heuzé and Tran, 2015).

Ragi is having shallow, branched fibrous root system. As the seedlings begin to grow, fibrous mots arise from the basal nodes. When seedlings
are pulled out, most of the wots get tom off but very soon fresh mwots develop. Stem: The stem is slender, erect, glaborous and smooth,
sometimes branching. It is compressed, elliptic and it is green in colour. It is hollow at the intemodes and solid at the nodes. The lower
internodes are short and the longest being the terminal node carrying the inflorescence. The plant is robust, free tillering. Tufted annual grass up
to 170 cmtall. Leaf The leaves are arranged altemately on either side of the compressed elliptical culm and it is green in colour. The leaves are
distichous, simple and entire. The leafsheath envelops the stem more or less completely and very little ofintemodes are exposed. The leafsheath
is flattened, over lapping, split along the entire length. The leaf blade has a prominent midrib, ligule, a fringe of hairs. Leafblade is linear and
taper to an acute point, folded and striated and often with ciliated margins. Ligule is 1to 2 mm long, fimbriate. Panicle: It is borne on along
peduncle. The panicle consists of a variable number of spikes ranging from 3 to 20 arranged in a bird’s foot style. It resembles fingers on hand;
hence its common name is finger millet. The rachis of the spikes is flat. There are four types of panicle shapes, namely, (i) In-curved (shott
fingers), (ii) Top-curved (longer fingers), (iii ) Op en (longest fingers) and (iv) Fisty (so long that it bends and take a shape like fist). Spikelet: The
spikelets are carried on small rachillae at the ends of the branches of the panicle. They are often curved, crowded, 2 to 4 flowered. They are
ovoid-ellipsoid, up to 10 mm. They are sessile and arranged in 2 rows atemately attached to one side of the rachis. Spikelets about 70 arranged
altemately on rachis, each containing 4 to 7 seeds. Each spikelet is 3 to 7 flowered enclosed by the lemma and palea. The lower glume is ovate,
obtuse and keeled with lateral nerve close to the keel. The upper glume is similar, but slightly longer. Enclos e bis exual flowers, but terminal ones
sometimes sterile or male, arranged in two opposite ows and two lodicules each. Flowering lemmas are broadly ovule, acute, three nerved and
2-5 mm long. Palea slightly shorter than lemma, two keeled with the keel wings. There are two lodicules broad and trunky . Grain: The gran is
globose and smooth one with the pericarp thin, hyaline and loose. The base of the grain is slightly flattened with a small depression called as
hilum. The grain shows a slight flattening, which marks the position of the embryo. The naked grain is more or less sphercal in shape and the
colour canbe brown, reddish brown, black, orange red, purple and white (Das, 2020).

It is an annual herbaceous cereal crop, growing to a height 0f30-150 cmand maturation starts in 75-160 days. Leaves are narrow, grass-like and
produce many tillers and nodal branches. The panicle consists ofa group of digitally arranged spik es referred to as a finger. The inflorescence is
a panicle with 4-19 finger-lik e spikes that takes after a clench hand when developed, consequently the name finger millet. The seed pericarp is
autonomous from the part and can be handily expelled from the seed coat. The pericarp is thin and papery. Its outer layer comprises isodi ametric
cell with wavy walls. The inner layer is less robust with deep coloured. Aleuronic cells are small and single layer. Endosperm is generally
friable. The tannins are present in testa. The grains are round and oval in shape and light brown to reddish brown or dark brown colour. A wide
range of grain colors (daik brown, light brown, ragi brown, reddish brown and white) were observed in finger millet germplasm collection
introduced from Southem and Eastem Africa. Majority of the accessions were light brown (57.2%), followed by reddish brown (22.3%), dark
brown (10.2%), ragi brown (8.4%) and white (1.9%) (Karki et al., 2020).

Ragi is having fibrous ot system. It is shallow, branched, rooting at lower nodes. As the ragi grain germinates, the radical pierces its way out
and forms the seminal ot. Lateral roots are formed from the seminal root. As the seedlings begin to grow, fibrous ots arse from the basal
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nodes. When seedlings are pulled out, most of the roots get torn off but very soon fiesh mots develop. Stem is slender, erect, compressed,
glabomus and smooth, sometimes branching. The stem is compressed, elliptic and it is green in colour. The plant is obust, free tillering, tufted
annual grass up to 170 cm tall. The stem is hollow at the intemodes and solid at the nodes. The lower internodes are shott and the longest being
the terminal node carrying the inflorescence. The plant has a packing ofalarge number of leaves on short slender culms. The leaves are arranged
altemately on either side of the compressed elliptical culm and it is green in colour. The leaves are distichous, simple and entire. The leaf sheath
envelops the stem lore or less completely and very little of internodes are exposed. The leaf sheath is flattened, over lapping, split along the
entire length. The leaf blade has a prominent midub, ligule, a fringe of hairs. Leaf blade is linear and taper to an acute point, folded and striated
and often with ciliated margins. Ligule is 1 to 2 mm long, fimbriate. Many of the well grown leaves have a tendency to snap and bend down
about their upper middle and called as bent leaves. The intemodes of the culm are not of equal length. At the base of the stem, the nodes are
often crowded are referred as ‘ conjested nodes’. Two to four nodes get conjested together in the culms. Inflorescence or Panicle is borne at the
end of the vegetative shoot. It is branched with one or a few branches below the main cluster of 4-19 branches. It is borne on a long peduncle.
The panicle consists of a variable number of spikes ranging from 3 to 20 arranged in a bird’s foot style. It resembles fingers on hand, hence its
common name is finger millet and with an odd one a little lower down the whorl and called the thumb. The rachis of the spikes is flat. The
branches are slender to mobust, linear to oblong, up to 24 cm long, each branch with 60-80 spikelets. There are four types of panicle shapes,
namely, (i) the top-curved, (ii) the in-curved, (iii) the open and (iv) the fisty. In the in-curved, the fingers are short and curve in and practically
close up the central hollowgiving the eathead an obovate shape. In the top-curved, the curved fingers are longer with the result that they retain
the central hollow. In the open, the fingers are the longest and gape out and present a characteristic funnel-shaped appearance. The fisty has the
in-curved spikelets in a greater intensity ofcurving giving a roundish, fist-like appearance. The spikelets are carried on small rachillae a the ends
of the branches of the panicle. They are often curved, crowded, 2 to 4 flowered. They are ovoid-ellipsoid, up to 10 mm. They are sessile and
arranged in 2 rows altemately attached to one side of the rachis. Spikelets about 70 arranged altemately on rachis, each containing 4 to 7 seeds.
Each spikelet is 3 to 7 flowered enclosed by the lemma and palea. The lower glume is ovate, obtuse and keeled with lateral nerve close to the
keel. The upper glume is similar, but slightly longer. The lower 2 glumes are 1-4 mm long with 5-7 veined keels and it is barren. Enclose
bisexual flowers, but terminal ones sometimes sterile or male, arranged in two opposite rows and two lodicules each. Flowering lemmas are
broadly oval, acute, three nerved and 2-5 mm long. Palea slightly shorter than lemma, two keeled with the keel wings. There are two lodicul es
broad and trunky. Stamens three, ovary superior with two dsitinct fiee styles ending in plumose stigmas. The four types of ear heads, not
withstanding their varying fin ger lengths, do not present very marked differences in the number of spikelets on a finger. The average number of
spikelets in a finger had been found to be 67 to 73. In each spikelet, the opening ofthe florets is from bottom to top and one floret in the spikelet
opens per day. An ear head takes seven to eight days to complete its flowering. The grain is globose and smooth one with the pericarp thin,
hyaline and loose. The naked grain is more or less spherical in shape and the colour can be brown, reddish brown, black, orange red, purple and
white. The base of the grain is slightly flattened with a small depression called as hilum. The grain shows a slight flattening, which marks the
position of the embryo. The seed coats are developed from the two integuments of the ovule which are free from each other except at the base.
The inner layer has cells which are twice as large as that of the outer layer in the initial stages. The outer layer is thrown into a number of
projections, probably as a result of shrink age ofcells and shows numerous more or less concentric configurations as seen in a mature grain (Fig.
3) (Agritech, 2023).

Root

Panicle Spikel ets Spikel ets
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Fig. 3. Botanical Description

Annuals or perennials. Culms erect, 25-60 cm high; nodes glabrous. Leaves linear, 10-80 x 0.3-1 cm, acute or acuminate, rounded or shallowly
cordate at base. Sheaths strongly keeled, compressed. Ligules row of hairs. Spikes digitate, 3-8 in number, 2-8 cm long, compact, densely
spiculate. Spikelets ovate, 4-6 mm long, 4-6-flowered. Lower glume ovate-oblong, 2-3 x 1.5-3 mm, chartaceous, 3-nerved, keeled, keel scabrid.
Upper glume ovate-lanceolate, 3-4 x 1.5-3 mm, chartaceous, 5-nerved, keeled; keel scabrid. Lemmas ovate-acute, 2-4 x 2-3 mm, chartaceous, 3-
nerved. Paleas ovate-oblong, 2-3 x 1.5-3 mm, chartaceous, 2-keeled; keels winged, scabrid. Stamens 3; anthers 1-1.5 mm long. Grain orbicular
or globose, dark-brown, exposed (Indiabiodiversity, 2023).

Floral Biology: T h e inflorescence of ragi is a terminal whorl bearing 2 to 10, but averaging 5 or 6 spikes arranged like a bird’s foot at the top of
the peduncle. The lowest spike is separated by 2 to 5 cm from the other spikes and which arise from the same point at the end of the stem. This
lower spike appears to be a thumb or a bird's first claw; it is commonly referred to as the thumb, and the other spikes as the fingers. In each
finger there are about 70 spik clets, each spikelet having five to seven complete flowers. In the spikelet the flowering proceeds ffom bottom to top
and in a finger the order of flowering is from the top spikelet downward. An eathead contains 1,500 to 3,000 flowers, and the flowering period
varies from six or seven to ten days, the largest number opening on the third day afer flowering commences. Anthesis and pollination in E.
coracana has been studied and described by several authors. The complete emergence ofthe inflorescence requires about 10 days and flow ering
extends over atleast 7 or 8 days. Ragi types with curved panicles undergo anthesis between 2 and 5 a.m., while panicles with open spikes tend to
flower between 1 and 3 a.m The general tendency of the flowers is to open and progress fiom the top to the bottomin a finger. In a spikelet,
however, the order is reversed and proceeds from the bottom to the top, and from the bigger to the smaller flower. The stigma remains receptive
for a very short period affer its emergence from the glumes. The period of anthesis in the flower is very short and is conduciveto self-pollination,
butoccasionally cross-pollination occurs. Flowering to be at its maximum at 8 a.m. when the humidity is at its highest, between 95 and 99%, and
when the minimum and maximum temperatures are 70 to 74 F and 76 to 87° F, respectively. Flowering continued there up until 10 a.m and the
anthers were found to be dehiscing and shed their pollen about 45 min after first emerging. They observed blooming to synchronize on all the
fingers of an car and found the major portion of the blooming is completed within two or three days. Ragi pollen was germinated artificially on
moist filler paper under glass. Large quantities of pollen were obtained when ragi flowers with several peduncles were immersed in water and
kept overnight. Ample pollen was obtained the next day in the morning between 7 and 9 a.m. when the anthers werekept moist, but they readily
bust when allowed to dry. They found that rainy days, early mornings, with heavy dews or artificially maintained high humidity efectively
prevented pollen dehiscence. The flower of ragi is very small and extremely difficult to manipulate; in fact, some form of magnification is
essential in order to emasculate the tiny floret. The fact that anther dehiscence is prevented by high humidity offers a possible alternative to the
conventional method of emasculation followed by pollination or use of the hot water method, which is probably more commonly used. This
would involve maintaining a high humidity in the immediate vicinity of the florets by keeping a moist chamber around the plant or by bagging
the head in a light wet wrapper covered with a plastic bag. 17 These high humidity conditions could be maintained until all the heads had exerted
their anthers and these could be wiped off with a solution of water and possibly a detergent following which the desired pollen could be
introduced for fertilization purposes (Fig.4) (Rachic and Peter, 1977).

Fig. 4. Inflorescence and spikelet of finger millet. (A) Inflorescence; B) Spikelet of finger millet; (C) Outer glume; (D) Ovary; (E)
Lemma; (F) Palea; (G) Matured spikel et; (H) G rain with in lemma and palea ; (I) Matured grain with inlemma and pal ea.
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The variability in floral structure and floral biology was studied in 24 strains of fin ger millet. The inflorescence consisted ofa cluster of variable
number of spikes called fingers. Each finger has two opposite rows of spikelets. A spikelet contains variable number of florets. The florets are
hermaphrodite, perfect except for the terminal florets. The floret is covered by two large glumes, enclosed between a pair of palea. The florets
are in the axil of lemma. The androecium consists of three stamens. The gynoeciumis bicarpellary, unilo cular with superior ovary. Near the base
of ovary two lodicules are present. There was a wide range of variation in the length of anther, filament, stigma and style. Anthesis occurred
between 1.00 a.m to 6.00 a.m, the peak period of anthesis being between 3.00 to 500 a.m The pollen viability at the time of dehiscence of
anthers ranged from 76.92 to 100 per cent. The pollen remained viable for 20 minutes (Dod ake and Dhonukshe, 1998).

Finger millet inflorescence is in the whorl of 2-11 digitate, straight or slightly curved spikes. The spike is 8-15 cmlong and 1.3 cmbroad. Ineach
spike, about 50-70 spikelets are arranged altematively on one side of the rachis. Each spikelet contains 3-13 florets. The florets are covered by
two large barren leaves each being enclosed between a pair of scale known as palea. The florets are in the axil of the lower flowering glumes
known as lemma, which has small appendage. Near the base of the ovary, two little scaly lodicules are present. The three stamens having anther
0.5-0.8 mm long, not penicillate. The gynoecium is bi-campellary, uni-locular with superor ovary having two styles with plumose stigma. The
androecium almost surrounds the stigma, which ensured self pollination. The filament is very short (0.48-0.85 mm), while anthers are bigger
than filaments. The feathery branched stigma is 0f0.83 mm in length. The seed is small (12-1.8 mm in diameter) and light brown to brick red in
colour. How ever, white grained finger millet genotypes are also developed by various research institutes in India (Gupta ef al., 2011).

Anthesis and pollination: The study revealed that when stigma comes out of the lemma, it is covered with a thick cloud of pollen dust due to
association of elongation ofstyle and filaments with anthers bursting. This condition hardly allows any chance for cross pollination. The anthers
get dehisced while still being inside the palea. Soon after the dehiscence of anthers, the flower is observed to be closed with no traces of stigma.
Only empty dehisced anthers are observed hanging out from the closed flowers at low humidity and high temperature. At high humidity and low
temperature both anthers and stigma are observed hanging outside from the closed flowers. This behavioural sequence predisposes fin ger millet
into cleistogamous as well as chasmogamous species. Within a spike, spikelet opens from the top to downward while within a spikelet floret
opens from bottom to top and one floret in a spikelet opens per day. The maximum number of flowers opens on the third day after initiation of
flowering. It takes 5-7 days to complete flowering. The anthesis occurs between 1.00 to 5.00 a.m. As soon as lemma and palea begins to gap,the
stigma and anthers emerge almost concurrently. The anthers dehiscence longitudinally and it occurs prior to the opening ofthe florets. The sticky
stigma and anthers attained the same height inside the flower at the time of dehiscence. The anthers dehisce and pollinate their own stigmas. The
pollen remains viable for 20 min while receptivity of stigma is up to 5 h. Estimation of natural crossing does not exceed 1% in finger millet.
Inter-varietal hybridization using contact method is the simplest and easiest way. For the successful hybrdization, genotypes having dominant
character such as pigmentation on nodes have been used as male parent which helps in the identification of true hybrids in the F1 genertion
(Guptaetal.,2011).

GENETICSAND CYTOGETICS

Finger millet (Eleusine coracana (L.) Gaertn.) is an allotetraploid evolved fiom its wild progenitor, E. coracana subsp. africana. The genus
Eleusine contains about 10 species, both annuals and perennials, with three basic chromosome numbers 8, 9, and 10. Four are tetraploids,
namely, E. coracana 2n=4x=36, AABB), Eleusine africana (2n =4x=36, AABB) and Eleusine kigeziensis (2n =4x=36, AADD), and
Eleusine reniformis 2n =4x=36); Seven are diploids with a basic chromosome number of 8 in Eleusine multiflora 2n=2x=16, CC), 9 in
Eleusine indica (2n =2x= 18, A A), Eleusine tristachya (2n =18, AA), Eleusine floccifolia (2n =18, BB), Eleusine intermedia 2n =18, AB),
and FEleusine verticillata 2n =2x=18), and 10 in Eleusine jaegeri 2n=2x=20,DD). E. coracana subsp. africana is considered as a putative
progenitor to cultivated finger millet, E. coracana subsp. coracana, and are completely cross-compatible and produce fertile hybrnds.
Domestication of cultivated finger millet, £. coracana started around 5000 years ago in Westem Uganda and the Ethiopian highlands and the
crop extended to the Western Ghats of India around 3000 BC. Cytologic analyses of hybrids, chloroplast DNA restriction analysis, and in sifu
hybridization of diploid and polyploidy species shows that E. indica is the “A” genome donor, while E. floccifolia is the “B” genome donor of
cultivated E. coracana (Vetriventhan etal.,2016).

Scientists of UAS Bengalum achieved the sequencing of the ragi plant for the first time in the world. Scientists have identified genes which are
responsible for drought-tolorance and high nutrent quality of ragi. This information is bound to reduce the time required for developing
improved ragi varieties. Ragi plant was first domesticated from a wild species in Westem Uganda and Ethiopian highlands before being
introduced to India around 3000 BC (Kumar, 201 7).

GENETIC DIVERSITY

A world collection of E.coracana germplasm was in its entirety was studied in several nurseries under difierent eco-geographical conditions in
India. Typically these varied from Delhi at about 300 in the North and 29 North latitude to the intermediate elevation station, Wellington, Tamil
Nadu at about 1,800 mand 12 Notth latitude. The Indian collections were kept separate by states and their range in variability was studied in this
manner. Total variability was quite considerable as indicated by the range in plant height from 16 cmto 145 cm, in basal tillering ffom 1 to 32, in
number of ears per plant from 1 to 70, in number of digits per main ear from 2 to 57, in length of the longest finger fom 2 to 151 cm, and in
weight ofmain ear from 0.2 to 13.7 g. (Rachic and Peter, 1977).

The grain is oblong, reddish brown with finely curved striate, and falls at maturty (Rachic and Peter, 1977). The naked grain is more or less
spherical in shape and the colour can be brown, reddish brown, black, orange red, purple and white (Das, 2020). A wide range of grain colors
(dark brown, light brown, ragi brown, reddish brown and white) were observed in finger millet germplasm collection introduced from Southern
and Eastern A frica. Majority of the accessions were light brown (57.2%), followed by reddish brown (22.3%), datk brown (10 2%), ragi brown
(8.4%) and white (1.9%) (Karki et al., 2020). The grain is globose and smooth one with the pericarp thin, hyaline and 1oose. The naked grain is
more or less spherical in shape and the colour can be brown, reddish brown, black, orange red, purple and white (Agrtech, 2023). Grain is
orbicular or globose, dark-brown, exposed (Indiabiodiversity, 2023). Ragi or finger millet is an important crop used for food, forage, and
industrial products. It is distributed in tropical and temperate regions of the wordd. The germplasm identification and characterization is an
important link between the conservation and utilization of plant genetic resources. Traditionally, species or varieties identification has relied on
morp hological characters like growth habit, leaf architecture or floral morphology. Investigation through RAPD (random amplified poly morphic
DNA) markers was undertak en for identification and determin ation ofthe genetic variation amon g thitty genotypes of ragi ofthe family Poaceae.
Thirteen selected decamer primers were used for genetic analysis.
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Fig. 5. Genetic diversity for se lor, size and shape in ragi

A total of 124 distinct DNA fragments ranging ffom 300-3000 bp was amplified by using selected random RAP D marker. The genetic similarity
was evaluated on the basis of the presence or absence of bands. Cluster analysis was made by the similarity coeflicient. It indicated that the 30
genotypes of ragi form two major clusters, first, a major cluster having only one genotype, i. e., Dibyasinha and a second major cluster having
twenty-nine genotypes. The second major cluster again subdivides into two minor clusters. A first minor cluster has only three varieties, i. e.,
Neelachal, OEB-56 and Chilika. The genotypes Neelachal and OEB-56 exhibit a 86% simil arity with each other and 80 % similarity with Chilik a.
A second minor clusterhas 26 genotypes and is divided into two sub-minor clusters. The first sub-minor clusterhas only one genotype (VL-322).
The second sub-minor cluster again subdivides into two groups. One group has one genotype and thesecond group again is divided into two sub-
groups, one with 13 genotypes and the other with 11 genotypes. The highest similarity coefficient was detected in a genotype collected from
southern India and the least from nothem India. The genotypes of finger millet collected from diverse agroclimatic regions of India constitute a
wide geneticbase. This is helpful in breeding programs and a major input into conserv ation biology ofcereal crop (Das et al., 2007).

The material comprised of nineteen white seeded finger millet genotypes and three checks viz., Indaf 11, GPU 26 and GPU 28 grown in
randomized block design with three replications. The experiment was carried out at three different locations of Karnataka state viz., Agricultural
Research Station (ARS), Hanumana matti; ARS, Devihosur and Main Agricultural Research Station, Dharwad. Observations were recorded on
days to 50 per cent flowering, days to maturity, plant height (cm), number of tillers per plant, number of productive tillers per plant, ear head
length (cm), finger length (cm), finger number per ear, floret number per spikelet, test weight (g), ear weight per plant (g), straw yield per plant
(g) and grain yield per plant (g). The data were recorded on ten random plants per entry in each replication for each environment. High estimate
of PCV was recorded for straw yield per plant (22.48%) whereas, mod erate estimates of PCV were estimated for traits like number of productive
tillers per plant (14.36%), ear head length (10.06%), finger length (12 72%)), test weight (15.57%), ear weight per plant (15.14%) and grain yield
per plant (16.32%). Days to maturity, days to 50 per cent flowering, plant height, number of tillers per plant, fingers number per ear and florets
number per spikelet exhibited low PCV of 6.46, 8.34, 8.73,9.40, 7.80 and 9.83 per cent, respectively. High estimate of GCV was recorded for
straw yield per plant (20.80%). Moderate GCV were recorded for number of productive tillers per plant (13 65 %), finger length (12.59%), test
weight (14 46%), ear weight per plant (13.73%) and grain yield per plant (14.49%). Whereas, low estimates of GCV were exhibited by
characters like days to maturity (6.32%), days to 50 per cent flowering (7.96%), plant height (8.40 %), number of tillers per plant (8.67%), ear
head length (9.71 %), fin ger number per ear (7.12%) and florets number per spikelet (8.92%). Heritability values for all the characters were found
to be high andthe values ranged from 78.80 to 98.00 per cent. Fingerlength recorded thehighest heritability values (98.00%) and grain yield per
plant recorded the lowest heritability value. Path analysis of yield and yield components revealed that, ear weight per plant and straw yield per
plant had highest direct contribution on grain yield per plant. This indicates that, increase in ear weight per plant and straw yield per plant would
improve the grain yield (Sonnad et al., 2008).

For success in any breeding programand crop improvement effort, it is cucial to understand the amount and distribution of variability present in
a gene pool. As finger millet is cultivated under diverse climatic conditions in Asia and Africa, understanding the genetic diversity is vital to
identifying genotypes resilient to climate change (Mercer and Perales, 2010). Genotypes tolerant to various biotic and abiotic stresses have more
allelic variation compared to susceptible types and thus are very useful for breeding programs. Isozyme and DNA marker analyses have revealed
that cultivated fin ger millet has a narrow genetic base, but variation in the wild subspecies is considerably higher. Considerable diversity is found
in finger millet, wherein based on inflorescence morphology they can be grouped into races and subraces. The species E. coracana consists of
two subspecies, africana (wild) and cracana (cultivated). The subsp. afiicana has two wild races, afiicana and spontanea, while subsp.
coracana has four cultivated races; dongata, plana, compacta, and wigaris. These cultivated races are further divided into subraces; lxa,
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reclusa, and sparsa in race elongata; seriata, confundere, and grandigluma in race plana; and liliacea, stellata, incurvata, and digitata in race
vulgaris. The race compacta has no subraces (Vetriventhan et al., 2016).

Finger millet is one of the most important minor crops, commonly known as 'ragi' and used as a staple food grain in more than 25 countries
including Africa and south Asia. Twenty-seven accessions of ragi were collected from different parts of India and were evaluated for morp ho-
genetic diversity studies. Simple sequence repeat (SSR) and random amplified polymorphic DNA (RAPD) markers were used for assessment of
genetic diversity among 27 genotypes of E. coracana.High degree of similarity (90%) was obtained between 'TC49979A' and 'IC49974B'
genotypes, whereas low level of simil arity (9.09%) was found between 'IC204141' and 'IC49985' as evident in morp hological and DNA markers.
A total of 64 SSR and 301 RAPD amplicons were produced, out of which 87.50% and 7720% DNA fragments showed polymorphism,
respectively. The clustering pattern obtained among the genotypes corresponded well with their morphological and cytological data with a
monophyletic origin of this species which was further supported by high bootstrap values and principal component analysis. Cluster analysis
showed that ragi accessions were categorised into three distinct groups. Genotypes 1C344761, 1C340116, 1C340127, 1C49965 and 1C49985
found accession specific in RAPD and SSR markers. The variation among ragi accessions might be used as potential source of germplasm for
crop improvement (Prabhu etal., 2018).

PROCESSING

Once harvested, the seeds keep extremely well and are seldom attacked by insects or moulds. Finger millet can be kept for up to 10 years when it
is unthreshed. Some sources report a storage duration up to 50 years under good storage conditions. The long storage capacity makes finger
millet an important crop in risk-avoidance strategies as a famine crop for fairming communities (Wikipedia, 2023). As a first step of processing
finger millet can be milled to produce flour. However, finger millet is difficult to mill due to the small size of the seeds and because the bran is
bound very tightly to the endosperm. Furthermore, the delicate seed can get crushed during the milling. The development of commercial
mechanical milling systems for finger millet is challenging. Therefore, the main product of finger millet is whole grain flour. This has
disadvantages, such as reduced storage time of the flour due to the high oil content. Furthermore, the industrial use of whole grain fin ger millet
flour is limited. Moistening the millet seeds prior to grinding helps to remove the bran mechanically without causing damage to the rest of the
seed. The mini millet mill can also be used to process other grains such as wheat and sorghum (Wikipedia, 2023).

Another method to process the finger millet grain is germinating the seed. This process is also called malting and is very common in the
production of brewed beverages such as beer. When finger millet is germinated, enzymes are activated, which transfer starchesinto
other carbohydrates such as sugars. Finger millet has a good malting activity. The malted finger millet can be used as a substrate to produce for
exampl e gluten-free beer or easily digestible food for infants (Wikipedia, 2023 ). Finger millet in its commonly consumed form as a porridge

USES

Finger millet can be ground into a flour and cooked into cakes, puddings or porridge. The flour is made into a fermented drink (or beer) in Nepal
and in many parts of Africa. The straw from finger millet is used as animal fodder. The many benefits of ragi for health make it a desirable
kitchen staple. A popular wheat replacement, it can be mixed with other grains like rice to prepare dosas, idlis etc. check some recipes from our
cookbook here. The stomach and intestines are at peak levels of metabolismin the mornings. Consuming ragi-based foods for breakfast loads up
the vitamins, antioxidants, fibre, and proteins with sufficient calories, thereby kick starting the digestive juice production. Ragi porrdge,
parathas, or upma are great options to begin your day right. Another great recipe that highlights ragi food benefits is Ragi malt, also called ambli
or ragi java - a traditional drink from the state ofKarnataka. Prepared with ragi flour and buttermilk, this cooling bev erage comes together in less
than 15 minutes and can be made savoury or sweet. Ragi java benefits are heightened in summers as it provides protection from the scorching
heat. Ragi flour is cooked in water and then mixed with other simple ingredients such as plain buttermilk, salt, roasted cumin powder, asafoetida,
curry leaves, coriander leaves, and onions to make a healthy, great digestive concoction (Vijaykumar, 2021).

Finger millet can be ground into aflour and cooked into cakes, puddings orporridge. The flour is made into afermented drink (or beer)
in Nepal and in many parts of Africa. The straw fifom finger millet is used as animal fodder (Wikipedia, 2023). The finger millet
or ragiis malted and its grain is ground into flour. The flour is consumed with milk, boiled water, or yoguit. The flour is made into flatbreads,
including thin, leavened dosa and thicker, unleavened roti. There are various food recipes of finger millet, including dosa, idli, and laddu.
In southern India, on pediatrician's recommendation, finger millet is used in preparing baby food, because of millet's high nutritional content,
especially iron and calcium. Satva, pole (dosa), bhakri, ambil (a sour porridge), and pappad are common dishes made using finger millet. In
Karnatak a, finger millet is generally consumed in the form of a porridge called ragi mudde in Kannada. It is the staple diet of many residents of
South Karnataka. Mudde is prepared by cooking the ragi flour with water to achieve a dough-like consistency. This is then rolled into balls of
desired size and consumed with sambar (huli), saam or curries. Ragi is also used to make roti, idli, dosa and conjee. In the Malnad region of
Karnatakaa, the whole ragi grain is soaked and the milk is extracted to make a dessert known as keelsa. A type of flat bread is prepared using
finger millet flour (called ragi rotti in Kannada) in Northem districts of Karnataka. In Tamil Nadu, ragi is called kezhvaragu and also has other
names like keppai, ragi, and ariyam. Ragi is dried, powdered, and boiled to form a thick mass that is allowed to ocool. This is the
famed kali or keppai kali. This is made into large balls to quantify the intake. It is taken with sambar or kuzhambu. For children, ragi is also fed
with milk and sugar (malt). It is also made in the form of pancakes with chopped onions and tomatoes. Kezhvaragu is used to
make puttu with jaggery or sugar. Ragi is called koozh — a staple diet in farming communities, eaten along with raw onions and green chillies. In
Andhra Pradesh, ragi sankati orragi muddha — ragi balls — are eaten in the morning with chilli, onions, and sambar. In Kerala, puttu, a
traditional breakfast dish, can be made with ragi flour and grated coconut, which is then steamed in a cylindrical steamer. In the tribal and
western hilly regions of Odisha, ragi or mandiaa is a staple food. In the Garhwal and Kumaon regions of Uttarakhand, koda or maduwa is made
into thick rotis (served with ghee), and also made into badi, which is similar to halwa but without sugar. In the Kumaon region, ragi is
traditionally fed to women afer child birth. In some parts of Kumaon region the ragi flour is used to make various snacks like namkeen
sev, mathri and chips (Wikipedia, 2023). Finger millet could be enjoyed in different forms and preparations. ragi woti, ragi dosa, ragi porrdge,
ragi upma, ragi cakes, ragi biscuits are few popular dishes of finger millet (ragi) (Vikaspedia, 2023).

In India the finger millet or ragiis malted and its grain is ground into flour. The flour is consumed with milk, boiled water, or yogurt. The flour is
made into flat breads, including thin, leavened dosa and thicker, unleavened roti. There are various food recipes of finger millet, including dosa,
idli, and laddu. In southem India, on pediatrician's recommendation, finger millet is used in preparing baby food, because of millet's high
nutritional content, especially iron and calcium. Satva, pole (dosa), bhakri, ambil (a sour porridge), and pappad are common dishes made using
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finger millet. In Karnataka, finger millet is generally consumed in the form of a porridge called ragi mudde in Kannada. It is the staple diet of
many residents of South Karnataka. Mudde is prepared by cooking the ragi flour with water to achieve a dough-like consistency. This is then
rolled into balls of desired size and consumed with sambar (huli), saaru or curres. Ragi is also used to make roti, idli, dosa and conjee. In the
Malnad region of Karnataka, the whole ragi grain is soaked and the milk is extracted to make a dessert known as keelsa. A type of flat bread is
prepared using finger millet flour (called ragi rotti in Kannada) in Northem districts of Karnataka. In Tamil Nadu, ragi is called kezhvaragu and
also has other names like keppai, ragi, and anyam Ragi is dried, powdered, and boiled to form a thick mass that is allowed to cool. This is the
famed kali or keppai kali. This is made into large balls to quantify the intake. It is taken with sambar or kuzhambu. For children, ragi is also fed
with milk and sugar (malt). It is also made in the form of pancakes with chopped onions and tomatoes. Kezhvaragu is used to make puttu with
jaggery or sugar. Ragi is called koozh — a staple diet in farming communities, eaten along with raw onions and green chillies. In Andhra Pradesh,
ragi sankati or ragi muddha — ragi balls — are eaten in the morning with chilli, onions, and sambar. In Kerala, puttu, a traditional breakfast dish,
can be made with ragi flour and grated coconut, which isthen steamed in a cylindrical steamer. In the tribal and western hilly regions ofOdisha,
ragi or mandiaa is a staple food. In the Garhwal and Kumaon region of Uttarakhand, koda or maddua is made into thick rotis (served with ghee),
and also made into badi, which is similar to halwa but without sugar. In the Kumaon region of nothem India, ragi is traditionally fed to women
affer child birth. In some parts of Kumaon region the ragi flour is used to make various snacks likenamkeen sev and mathri (Fig. 6) (Wikipedia,

2023).
How to Prepare Finger Millet

Millet can be found in a variety of different forms. Dried millet, ground millet, and puffed millet are all common styles that can be found in
supermarkets and health food stores. Dried millet is cooked similarly to rice or quinoa. Ground millet can be substituted for wheat flour, and puffed
millet can be used in place ofpufed rice. Finger millet is a healthy addition to most diets. Here are some ways to enjoy finger millet (WebMD EC,
2022).

Useground finger millet instead of wheat flourin pancakes
Use millet instead ofricein stuffed peppers

Make millet bread

Use millet instead ofbread in stuffing

Usepuffed millet to make marsh mallow squares

Try millet pilaf

Include millet in curry

Ragi puttu/steamed cake
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Cchips or wafers

Ragi wheat cookies

Ragi flour Ragi flakes Ragi sprouts

Fig. 6: Ragi products

BREEDING
Breeding objectives (Eagri, 2023):

Evolution 0f80 days duration ragi suitable for irrigated conditions.

Breeding sho1t duration drought resistant varieties suitable for rainsfed conditions
Breeding for high protein white ragi vareties suitable for malt making.

Blast resistant varieties.

Breeding varieties for sodicsoils and tannery efluent affected soils.

Nk W=

Breeding techniques (Eagri, 2023)

Introduction

Selection

Hybridization and selection
Hetersis breeding :
Mutation breeding :

Nk W=

Traditional Breeding Methodologies and Limitations: Plant breeding is cultivar development, crop improvement and seed improvement of
various agriculturally- and hotticulturally -important crops, conventionally by selective mating or hybridization. Early fin ger millet breeding was
largely confined to India, particularly in the southem states of Tamil Nadu, Karnataka and AndhraPradesh. Later, it spread to other Indian states
such as Maharashtra, Gujarat, Orissa, Bihar and Uttarakhand. The East African countries involved in finger millet breeding include Uganda, Zaire,
Malawi and Zimbabwe. Finger millet breeding is also reported from Sri Lanka, Malaysia and the Philippines. In the European colonial period,
indigenous crops were largely ignored. Yield levels were very low due to lack of inputs, poorsoil frtility, rainfed farming, low-yielding cultivars
and lack ofimproved agronomic practices. Initial breeding efforts in finger millet were limiteddue to its sel fpollinating nature. Development of
emascul ation and pollination techniques created the opportunity to improve the crop and create new hybrds. Later, various breeding approaches
such as pure-line selection, recombinationbreeding and mutation breeding were extensively used for the genetic improvementof fin ger millet. The
breeding strategies for selection and genetic impro vement hav egreatly improved since the availability of genomic data and genome editing tools
(Mirza and Marla, 2020).

Methods of Breeding (Mirza and Marla, 2020)

Pure-Line Selection: The eariest reports of finger millet improvement are from India, where crop improvement was initiated by Leslie C.
Coleman, the second director of agricultureof Mysore State in Kamataka. He initiated the work on pure-line selections from indigenous cultivars
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such as Hullubele, Gidda and others in 1913 at the Zonal Agrcultural Research Station, V.C. Farm, Mandya and Hebbal farms, Bangalore. He
contributed the first finger millet cv. H-22 in 1918 and his concerted efforts resulted in the release of several other cvs. such as K-1, R0870, ES-
11, ES-13 CO-1 and H-1. Puredine selection resulted in the development and release of several other cultivars of finger millet in India such as
CO-2, CO-3, CO-7,CO-8, PLR-1, K22, ES-11,R0O-786, AKP6, VZM2 and Aruna. Three improved pure lines D-11 (early), D-31 (mid-late) and
A-16 (late) were released at Hathkamba, Konkan in 1921.

Hybridization Breeding: Finger millet genetic improvement got a boost afer the establishment of hybridiza- tion techniques and several new
cultivars were released. The aim of hy bridi zation is to combine desirable genes found in two or more different plants or cultivars and toproduce
pure-breeding progeny superior to theparents. Using hybridization, four high-yielding aultivars were developed in India: Pooma (Co-1 x Aruna),
Udaya (K-1 x Aruna), Annapurna (K-1 x Aruna) and Cauvery (Hulluble x H22). These cultivars showed up to 50% increasein yield potential and
met to the needs of different finger millet growing seasons for a long time. Two more cultivars were develop ed through crossing, namely Shakti
(Ro 013 xH22) and5—6 (Co-1 x H22). The development of high-yielding, white-grained finger millet also started in India at Coimbatore, Tamil
Nadu (Wariar and Divakaran 1956). The first improvedcv. E.C. 4310 was created by a cross between E.C. 1540 (low-yielding, white- grained
strain, high vitamin-13 content) with male parent E.C. 985 (high-yielding, brown-grained). A coordinated finger millet improvement program
was initiated inIndia in 1963 to evaluate, screen and catalogue the 947 stocks of wodd ocollections.The contributions of Indian breeder C.H.
Lakshmanaiah to finger millet crop improvement are unparalleled. At the VC Farm, Mandya, Karnataka in 1964 he created new
recombinant cultivars by crossing Indian cultivars with African ecotypes. A few African donor parents such as [E-927, [E-929, IE 980, IR-810
andIE-902 were identified by screening the available world collection of germplasmover 8 years. He crossed these lines with the local cvs.
such as Hallubele, K1, Annapurna, Purna, Cauvery, Shakti, Co-1 and Hamsa. The hybridization resulted in 16 Indo-African cultivars with
substantially more yield potential and these weredesignated as “Indaf” cultivars. These can be grown under both irrigated and rainfed conditions
(Bhat et al. 2018; Lakshmanaiah 1967).

Mutation Breeding: Mutation breeding has been around since the 1930s. It is a powerful means of creat-ing useful genetic variability . Mutation
breeding simply accelerates the process of mutation in plant gen eti c material which otherwis eis underw ay in nature. Mutationbreeding is based on
selfing of mutants instead of crossing as in conventional breed-ing, until the induced character has a stable expression in the subsequent mutant
generations. It is cost effective, quick, robust, transferrable and ubiquitously applicable. There are more than 3200 nutant cultivars of more than
210 plant species from over 70 countres, including 2 cultivars of fin ger millet (FMM165, FMM175) from Zambia, registered in the FAO/IAEA
Mutant Varieties Database (https://mvd.iaca.org/) and released for commercial use. The most common method of mutationbreeding is to treat
seeds with physical, chemical or a combination of both mutagens and selecting from the subsequent population the desirable mutants which are
superior to their parents.

Improved Cultivars (Mirza and Marla, 2020). Between 1986 and 1999 in India, the main focus was on developing cultivars with high grain and
straw yield,as well as drought and dis ease resistance. Several hybrids as well as pure-linehigh-yielding cultivars (1500—5000 kg/ha)such as MR-2;
MR-6; Indaf15; VL124; HR911 (UAS1 xIE 927), L-5 (Malawi x Indaf9); Gautami (PR 1158-9) (PR 202 x U22) and Gujarat nagli 2 (NS 109)
(Pureline selection) were released from different research centers. Blast-resistant cvs. GPU 28, Indaf 5 (Indaf 9 x IE 1012) and KM 65 and two
drought tolerant cvs. RAU 8 (BR 407 x RanchiLocal) GN 3 (KM 13 x GN 2) werereleased.

Two cultivars, a pureline Suraj(VR 520) and ahybrid Saptagiri (or PR 2614) (MR 1 x Kalyani), weredev eloped in AndhraPradesh with both blast
and drought tolerance. Another cultivar, PR 230 (or Maruthi) with both blast and blight resistance was developed through puredine selection at
ANGRAU, Paleru, AP. A salinity tolerant cultivar, TRY 1, was developed at TNAU, Coimbatore. In the period 2000-2018, with the
establishment of the AICRP on small millets,emphasis was on developing hybrd cultivars involving productive lines with elite backgrounds.
Both early-maturing and long-duration cultivars with high yield potential and suitable for irrigated or rainfed conditions were released. Most of
thecultivars were resistant to blast (neck and finger) disease. Numerous blast resistant cultivars of GPU and KMR series i.e. GPU-26, GPU-28,
GPU-45, GPU-48, GPU- 66, KMR-204, KMR-301 and KMR-340, with average yields of 2000-4000 kg/ha were released by AICRP (1986—
2018). A semi-dwarf non-lodging cv. GPU-67 was also released which is suitable for cultivation in all finger millet growing regions. Breeders
also focused on tolerance to brown spot disease, stem borers and aphids. A somaclonal cv. Dapoli2 (SCN-6) was developed through tissue
culture at Dr. BSKKV, Dapoli, Maharashtra and released in 2017. The parentcv. Dapoli-1 (1985) was mid-ate (125-135 days), non-lodging and
responsive to nitrogenous fertilizers and with reddish brown grain color. The somaclone Dapoli-2is a high-yielding cultivar rich in iron and
calcium, moderately resistant to blast andtolerant to aphids and tobacco cutworm (Spodopter littura). Released varieties of ragi in India is
furnished in Table 2 (Millets, 2023).

Table 2. Released varieties of ragi in India (1986-2016)

Year

o Institate wh Maturity | Av Yield F i
Crop/Varicty Pedigree ":Il:r:n;c;" of I“D:"r;] ‘(M‘: Area of Adaption Special features
release
GE 4172 x VL Ragi Responsive to
e iaE All Ragi srowing areas | fertilizer and
VL 376 149 ICAR-VPKAS, Almors | 2016 [ 103109 | 29-31 AE! romIng freas i
of country muoderately resistant
1o hlast
i . Moderately resistant
- Sclection f local Waghai, Navs: . i
GNN- LT T 2016 | 120-130 | 28-30 Gujarat to leaf blast and
permplusm WN-259 | Agricultural University
finger blast
Late maturing, While
colour seed
% Selection from local Waghai, Navs: i . s
GN-S S, or BN T 2006 | 120-130 | 2527 Gujarat Moderately resistant
germplasm WWN-20 | Agricultural University i i
to leaf and finger
blast.
Suitable for organic
cultivation; Resistant
VL Rag 146x VL Hy2
YL Mandua - i = to neck and finge:
R, Ragi 149 ICAR-VPKAS, Almora | 2016 | 104112 | 18-20 Uttarakhand R

348 blast: and tolerant w

lodging; light ¢

White ragi variely,
spenslly for
e = confectionary
KMR 340 OUAT-2 x WRT-4 :‘I;:‘:E:?:"NJ“ 2016 | 90-95 3540 Karnataka purpose, resistant to
S blast and blight
dise:
stem borer and aphids
Cdisha, Bihar, Moderately resistant

s, tolerant to

OEB 532 GPU-26x L-5 OAUT, Bhubancswar 2012 LIg-115 | 22-25

Ch 2 K taki to blast discases
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VIR, VTN

ERTTY TFTOn VITIeTy

KMR 204 GPU 263 GE-1409 _ 012 [100-105 | 3035 Karnataka
UAS, Bengaluru
Suttable for late
conditions.

VR 936 IE 2695 x PR 202 ANGRAL, Vizianagaram | 2012 115-120 | 28-30 Andhra Pradesh Responsive to
nitrogencas
fertilizers.

PPR 2700 ARS Perumallapalle Keuistint lo leaf.olet

: KM 55 x U22/B 2012 105110 | 25-30 Andhra Pradesh and tolerant to

{Vakula ) AP
drought.
Non-shattering, non-

Indira Rag 1 HR 911 x GE 669 Jagdalpur, IGKVY 2012 120-125 | 25-26 Chattisgarh Iodgimg, responsive
to fertilizers.

PR I Moderately 25l

VL2 VR 08 x VL-140 | ICAR-VPKAS, Almora | 2012 [95-100 | 33-3s AllRsggrovitiginces | Madooelycgfatiny

of country to blast

KOPN 235 Selection from local MPKVV. Rahuri 2011 5120 | 2526 Sub mqunta:n and ghat | Resistant to blast

germplasm zone of Maharashtra
Odisha, Bihar, Moderately resistant
OEB 526 SDFM 30 x PE 244 OAUT, Bhubaneswar 2011 1H-115 2526 Chattisgarh, Karnataka, | to leaf, neck and
Tamilnadu finger blast discases.
Green plant parts
with narmow leaves,

GPL 66 PR 202 x GPL 28 PC Unit, Bengalurn 200 112-115 35-40 Kornataka medium compact ears
with tip mcurved
fingers

Selection from Non lodging (Serm

GPU &7 germplasm accession | PC Unit, Bengalurn 2004 14-118 | 30-35 MNational dwarf)

GE 5331

Neghmeay GPU26xLS ANGRAU, Vigianagaram | 2009 | 110-115 Andtira Pradesh NMadcidy st

(VR 847) 1o blast

KMR 301 MR I x GE 1409 W Farm, Mandya, 2009 120-125 Southern Dry zone of High gram and straw

Selection from Resistant to blast
—_— . GEPUA& T
PRM 1 Ekeshwar of Hill Compus, GBPUAR T | 306 [ 130115 | 2025 Hills of Uttarakhand
Ranichaun
PaunGarhwal Region
Bharatha B i il Moderately resistant
S W ANGRAL, Vimanagarem | 2006 110-115 26-30 Andhra Pradesh tis hlast
from YMEC 134 *
(VR Ta2)
Karnataka Ewrly, high yield,
GPU 43 GPU26x L5 PC Unit, UAS, Bongalore | 2005 | 95100 |  30-35 eh, s
Suitable for summer
inlso
Pigmentation on all
GPL 48 GPU26=x L5 PC Umt, Bengaluru 2005 95-100 28-30 Karnataka plant pasts and highly
resistant to hlast
THAL 946 TNALL Coimbatore 2004 105-115 201-25 Tamil nadu -
Uttaranchal Moderately  resistant
VL 31§ SDFM 69 x VL 231 VPKAS, Almora 2004 105-115 2628 to finger and neck
blast
PC Unit, UAS, Bangnlore Crujarat. Fharkhand, Early, blast resistant
GPL 45 GPUZ26x L3 2001 G5-100 2728 Karnataka, Madhya
Pradesh, Maharashtra
Odisha, Madhya Moderately  resistant
Chalika s i OUAT, Bhobaneshwar Pradesh, Gujarat to blast, resistant o
: 5 b 5120 2
(OEB 1) CHGE = GRIS (Cdisha 260 - H0 A Andhra Pradesh and stem  borer,  late
Tarmil Nadu variety
PC Unit, UAS, Bangalore Karnataka Early, blast tolerant,
GPU 26 (5 x 9y« IE 1012 200 LiH-105 30-35 suitable late sowings
& summer
X Kurnataka, Andhm Moderately  resistant
Mutant from 3
BM 9-1 BudhaMandia OUAT, Berhampur 1999 103-105 25-30 Pradesh, Odssha, to blast and brown
Madhva Pradesh & spot
Maharashira
L5 Malawi x Indaf 9 UAS, Bangalore 1999 | 120125 | 354 | Nomateka Late-yaicty fimoacly
SOWINES
- < o e o N Andhra Pradesh, Uttar e
Lhar:pa\nihl F'u::llm bi.h.?i.‘llol'l A:.'\.GILM , ARS 1968 LGS 2025 Pradesh. Tamil Madn. Photo msensi tived
(VR T08) from VMEC 36 Vizianagaram > carly maturity
Karnataka, Odisha
MR 1 Hamsa x [E 927 VI Frerar Marid 1998 | 125-130 | 3540 | Kernataka Long:  duration, for
UAS, Bangalore carly sowings
PR 230 Andhra Pradesh Resistant to blast and
5 Pure line selection ANGRAL, Paleru 1998 GO-100 2530 n ks L". .:BLH LA
{Manuthi) {Telangana region) bhght
afrs O x IE
GPU 28 T::j]d:p- *(Indaf3 %I | o vnat, Bungaiare 1996 | 110-115 | 3540 | Kernataka Highly blast resistant
Uttar Pradesh,
Jharkhand, Odisha,
VL-146 VL 201 x IE 832 VPKAS, Almora 1995 95-100 2530 Uttarakhand, Early maturity
Maharashtra, Madhya
Pradesh, Karnatakn
BM2 PurelineSelection BAU, Ranchi 1995 | 105-110 | 2426 | Bibar Reststune, foryish &
finger blast
Saptagin TpailtNcu: Resistunt to blast &
2AE o ME | x Kalyam APALL Perumallapalle 1945 1-115 25-30 Muaharashira, Chdisha, ’ -
(PR 2614) toberant to drought
Andhra Pradesh "
Selection from mutant Konkan regions of
[ i 'y 54 5 522 i Farly ity
Dapoli 1 No. 501 KVE, Dapoli 1% 10M-110 15-200 Mitiasashita Early maturity
=y A = oy ; Early meturity,
Surg] I."u.'rrimculcalon ANGRANL Visiacagairan 1994 W05 1328 All over India resistant to blast and
(VR 321 from VM 2507/19 {APF)
tolerant to dronght
T Selection from exotic ™ P = Early matturity
KM 65 CSAUA&T, Kanpur 1994 GR-102 18-21 Uttar Pradesh -
germplasm resistant to Blast
Selection fi . § Moderately resists
Ad04 o BAU, Ranchi 1993 | 110-115 | 2225 | Bibar ezl ey
germplasm 1o blast
Geutami PR 202 x L22 MRS, Vizianasaram 1953 115-120 2R-30 Andhra Pradesh Tolerance 1o blast,
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(PR 1158-9) high yield
- ot 4 = 5 Tolerant to drought
GN 3 KM 13xGN2 GALL Gujarat 1993 130-136 1225 Crujarat e .“ NG
long duration
Padmavaths = ANGRALU, Perumallapalle Coastal Andhra Suitable for  late
Pureline select 19%3 110-113 25-30 s
(PPR 2350) ey (AP) Pradesh kcharif
. o V.C. Farm Mandyz ; Long duration’ Late
Inéaf 15 IE 67 x IE 927 e 1991 | 110-115 | 3540 | Kernataka O U
LIAS, Bangalore maturity
: ; Wid adaptation,
VL 149 VL 204 x IE 8§82 VPKAS, Almora 1991 | 98102 | 2025 | All states o Ao
carliness
s 3 Uttar Pradesh, Madhya %
KM 13 Pureline selection CSAUA&T, Kanpur 1989 95-110 25-30 i . Early maturity
Pradesh, Odisha
PES 400 Pureline selection GBPUA&T, Pantmagar 1980 GR-102 18-20 Hills of 1P Early maturity
Co i3 Co 7x TAH 107 INALL Coimbatose 1984 95100 2530 Tamil Nadu Early maturity
yok Selection from HR
TRY 1 l::L o frem INALL Conmbatore 19%9 1(W0- 1005 20-25 l'armi| Nadu T'olerant wo salimity
37
VL 124 Sclection fiomlocal: i Ad ) Aot 1989 | 95100 | 2025 | Hills of UP Radoees: bigh seo
germplasm and fodder yicld
BR 407 x Ranch ’ y ’ .
RAUS P s RAL, Dholi 1989 105-110 2235 Bihar and other states T'olerant to drought
-ocn
CGujarat nagh 2 GAL SardarKrshinag; = s =t
PR g Pureline selection 5 e 1988 110-115 2530 Crujarat High finger number
(NS 109) Crujarat
V.C_ Furm Mandyz F late s
Indaf 9 K1 x [E980 R Sk 1988 | 100-105 | 30-3%5 | Karnatoka e
LIAS, Bangalore conditions in Khanf
It can be grown m
HR 911 LUAS | x 1E 927 PC Umt, Bangalore 1986 110-115 40-50 Karnataka rainfed and arigated
conditions
7 V.C. Fa Mandya Long dumat tvpe
Indaf & Hullubele x 1E 929 T, Ry 1986 | 120-125 | 3540 | Kaernataka O NIRRT e
LIAS, Bangalore for early sowings

Breeding work in India: The major centers of ragi breeding in India have been firstly, Coimbatorc, Tamil Nadu, with secondary breeding and
testing centers at Anakapalle and at Koilpatti in the south part of the State. In Karnataka , much of the breeding work has been carried out at
Hebbal near Bangalore, at Mandya about sixty miles south of Bangalore and to a limited extent, mainly for testing, at Karwar at the edge of the
Western Ghats. In Andhr a Pradesh, the millet breeder is headquartered at Guntur in the east, but work is also carried out at Visakhap alnam and
in Ghittoor. In Maharashtra , the major center for crop research has been Poona with subsidiary centers elsewhere. In Gujarat, the woik on ragi
has been carried out to a limited extent at a place called Waghai in the south-eastem part ofthe State. The Indian Agricultural Research Institute
at New Delhi has done relatively little breeding work but has in recent years concentrated more on findamental aspects related to maintaining the
woild collection and in respect to grain quality . Some work on this crop has also been done in the Himalay an foothills of Utta r Pradesh, in Bihar
and Orissa (Rachic and Peter, 1977).

NUTRITIVE VALUE

Finger millet is considered one of the most nutrtious cereals. Finger millet contains about 5-8% protein, 1-2% ether extractives, 65-75%
carbohydrates, 15-20% dietary fiber and 2.5-3.5% minerals. Of all the cereals and millets, finger millet has the highest amount of calcium (344
mg%) and potassium (408 mg%). The cereal has low fat content (1.3%) and contains mainly unsaturated fat. 100 grams of Finger millet has
roughly on an average of 336 kcal of energy in them. However, the millet also contains phytates (0.48 %), polyphenols, tannins (0.61%), trypsin
inhibitory factors, and dietary fiber, which were once considered as “anti nutrents” due to their metal chelating and enzyme inhibition activities
(Thompson 1993) but nowadays they are termed as neutraceuticals. Being non-glutinous, finger millet is safe for people suffering from gluten
allergy and celiac disease. It is non-acid forming, and hence easy to digest. Finger millet is rich in amino acids (Tryptophan, Threonine, Valine,
Isoleucine and Methionoine) (Vikaspedia, 2020). Finger millet grains has a high carbohydrate content of 81.5%, protein 9.8%, crude fiber 4.3%
and mineral 2.7%which is comparable to other cereals like rice, wheat, maize and millet. The crude fiber and mineral content of finger millet is
remarkably higher than those of wheat (1.2% fibre, 1.5% minerals) and rice (0.2% fiber and 0.6 % minerals). About 80-85% of the fin ger millet
starch is amylopectin and remaining (5-20%) is amylose. The quality of protein is mainly its essential amino acids. Finger millet contains 44.7%
essential amino acids. Among all of the cereals and millets, finger millet has the highest amount of calcium (344 mg %) and potassium (408 mg
%). The total ash content found in finger millet is nearly 1.7 to 4.13% which is higher than any other commonly consumed cereal grains. Finger
millet is the good source of calcium and iron. Finger millet plays an important role in our diet as itis the richest source of calcium and iron,
finger millet helps to overcome the calcium deficiency leading to bone and teeth disorder and iron deficiency leading to anemia (Karki ef al.,
2020). Ragi is arich source of calcium, iron, protein, fiber and other minerals. The cereal has low fat content and contains mainly unsaturated fat.
It is easy to digest and does not contain gluten. Finger millet is considered one of'the most nutritious cereals which helps in keeping weight in
control, maintaining bone health, low ering blood cholesterol, control anaemia and for diabetics because of lower glycemic response i.e., lower
ability to increase blood sugar level. Ragi is rich in amino acids which are vital in normal functioning of body and are essential for repairing
body tissues. If consumed regularly, ragi could help in keeping malnutrition, degenerative diseases and premature aging at bay. Green ragi is
recommended for conditions of blood pressure, liver disorders, asthma, lactating mother and heart weakness. Its high intake could increase
quantity of oxalic acid in the body. Therefore, it is not advised to patients having kidney stones. Finger millet can be value added to prepare
cakes, roti, dosa, porridge, upma, pitha, halwa, biscuits from the powder ofragi (Das, 2020).

It is rch in polyphenols and particularly in calcium. The double headed trypsin, a-amylase inhibitor fiom this grain has been isolated and
characterized extensively. One major use for the grain is the making of fermented beverages affer malting. a-Amylase and P-amylase are
produced during germination. Food made from malted ragi is traditionally used for weaning and has been the source of low viscosity weaning
foods that can deliver more energy per feed than those based on gelatinized starch. There is some evidence that foods from finger millet have a
low gylcaemic index and are good for diabetic patients. Decortication, puffing, extrusion, and expansion are some of the new uses that the grain
has been put to. Finger millet plays a vital role in the food and nutrtional security of many people in developing countries particularly in Asia
and Africa. It is a staple food for poorpeople in many regions of Asian (India, China, Nepal, and Sri Lanka) and African (South Africa, Ethiopia,
Kenya, Uganda, and Nigeria) countries. Finger millet contains nutrient rich components such as dietary fibers, minerals, vitamins, and
phytochemicals that include phenolic compounds with several potential health benefits. Calcium (Ca) is an important macronutrent for healthy
lift of plants, humans and animals. It plays an indispensable role in stmucture and signaling and its deficiency causes low bone density,
osteoporosis, colon cancer etc. Finger millet grains contain exceptionally higher amount of Ca (>300 mg/100 g) when compared to other major
cereals. Ca transporter and sensor family genes are involved in the uptake, transpot and accumulation of Ca (Maharajan et al., 2021). Finger
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millet is rich inniacin, which plays an important role in more than 400 enzy me reactions. Niacin is important to maintaining the health of your skin,
blood, and organs. Niacin is frequently addedto fods as a supplement because it is such an important micronutrient. Finger millet is also an excellent
source of: Vitamin A, Vitamin B, Niacin, Calcium, Iron, Phosphorus, Potassium and Antioxidants (WebMDE C, 2022 ). Nutritional value per 100 g
of Finger millet is given in Table 3 (Wikipedia, 2023).

Table 3. Nutritional value per 100 gof finger millet

Energy 1,283 KJ (307 keal)
Carbohy drates 535¢g

Dietary fiber 22.6¢g

Fat 19¢g

Protein 74¢

Minerals Quantity %DV
Calcium 34% 344 mg
Iron 87% 113 mg
Magne sium 43% 154 mg
Phosphorus 26% 183 mg
Potassium 11% 538 mg
Sodium 0% 2 mg

Zinc 18% 1.7mg
Other constituents Quantity
Water Ilg

Finger millet is 11% water, 7% protein, 54 % carbohydrates, and 2% fat. In a 100 gramreference amount, finger millet supplies 305 calores, and
is a rich source (20% or more of the Daily Value, DV) of dietary fiber and several dietary minerals, especially iron at 87% DV (Wikipedia,
2023). Finger millet is considered one ofthe most nutrtious cereals. Finger millet contains about 5-8% protein, 1-2% ether extractives, 65-75%
carbohydrates, 15-20% dietary fiber and 2.5-3.5% minerals. Of all the cereals and millets, fin ger millet has the highest amount of calcium (344
mg%) and potassium (408mg%). The cereal has low fat content (1.3%) and contains mainly unsaturated fat. 100 grams of Finger millet has
roughly on an average of 336 kcal of energy in them. However, the millet also contains phytates (048 %), polyphenols, tannins (0.61%), trypsin
inhibitory factors, and dietary fiber, which were once considered as “anti nutrents” due to their metal chelating and enzyme inhibition activities
but nowadays they are termed as neutraceuticals. Being non-glutinous, finger millet is safe for people suffering fiom gluten allergy and celiac
disease. It is non-acid forming, and hence easy to digest. Finger millet is rich in amino acids (Tryptophan, Threonine, Valine, Isoleucine and
Methionoine) (Vikaspedia, 2023).

HEALTH B ENEFITS

Finger millet is an excellent source of natural calcium which helps in strengthening bones for growing children and aging people. Regular
consumption of finger millet is good for bone health and keeps diseases such as osteoporosis at bay and could reduce nisk of fracture. It is now
established that phytates, polyphenols and tannins can contnbute to antioxidant activity of the millet foods, which is an importtant factor in
health, aging and metabolic diseases. Finger millet's phytochemicals help in slowing digestion process. This helps in controlling blood sugar
level in condition of diabetes. It has been found that finger millet based diet helps diabetics as it contains higher fibre than rice and wheat. Also,
the study found that diet based on whole fin ger millet has lower glycemic response i.e. lower ability to increase blood sugar level. This is due to
presence of factors in finger millet flour which lower digestibility and absoption of starch. Because of its high nutritional content ragi flour is
recommend ed as a weaning fod especially in the southern parts ofIndia. Finger millet is a very good source ofnatural Iron and its consumption
helps in recovery ofanemia. The ragi based foods are highly suited for expectant mothers and eldedy due to their high calciumand iron content.
Finger millet consumption helps in relaxing body naturally. It is beneficial in conditions ofanxiety, depression and insomnia. It is also useful for
migraines. Green ragi (finger millet) is recommended for conditions ofblood pressure, liver disorders, asthma and heart weakness. Green ragi is
also recommended to lactating mothers in condition of lack of milk production. If consumed regularly, finger millet could help in keeping
malnutrition, degenerative diseases and premature aging at bay. So, finger millet is an extremely nutritious cereal and is very beneficial for
maintaining a good health. Therefore have received attention for their potential role as functional foods. However, its high intak e could increase
quantity oxalic acid inthe body. Therefore, it is not advised to patients having kidney stones (Urinary calculi). Finger millet could be enjoyed in
different forms and preparations. ragi moti, ragi dosa, ragi porridge, ragi upma, ragi cakes, ragi biscuits are few popular dishes of finger millet
(ragi) (Vikaspedia, 2020). Finger millet is good for infants, elderly and pregnant women. It is also very good for lactating women as it helps in
producing sufficient amount of breast milk for feeding their babies. Finger millet also helps to increase the level if haemoglobin and helps to
fight against malnutrition and degenerative disease (Kaiki ef al., 2020). Ragi is an excellent source of proteins, minerals, vitamins and calcium.
Ayurveda also mentions the benefits of ragi for cholesterol management owing to its Ama (toxin) reducing properties. Ragi flakes for breakfast
and Ragi flour chapatis both are great for weight management due to their high fibre content:

. Protein and fibre source Vegetarans and their fight to include more protein in their diets is a constant tussle. Including Ragi in daily diet
can help vegetarians resolve this as 100 grams of whole ragi flour provides over 7 gms of pure protein and 16 gms of fibre. Owing to its
high fibre content, Ragi or Nachni, prevents overeating and keeps you full for a longer time, and this aids in weight loss. Ragi porridge is
considered as a great food option for infants and young kids to regulate their bowel movements. The insoluble fibre in Ragi helps ease the
movement of foods in the stomach and adds bulk to the stool, facilitating better digestion and relieving constipation.

. Calcium rich: When we talk calcium, milk or milk products are considered the only sources for its intake. However, that’s not compl etely
true! Ragi flour is one of the greatest non-dairy calcium sources when compared to other grains. Calcium is the building block for strong
bones and teeth, as well as the prevention of bone-weakening conditions like arthritis and osteoporosis. When sprouted, the calcium
content in ragi is increased by 20 percent. Sprouting also reduces anti-nutritional factors and helps in better absorption of calcium. This
again makes Ragi a great option for baby food.

. Red blood cels production: Naturally rich in iron, ragi food benefits those with low levels of haemoglobin. Ragi is also rich in vitamin
B1, which helps in the synthesis of red blood cells and generates adenosine triphosphate (ATP), which helps in energy build-up in the
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body. A lot of times, even consuming foods rich in iton does not help anaemic patients as the level of absorption is poor. Ragi, especially
when sprouted, has high levels of vitamin C, which is known to improve iron absoption.

. Great for diabetes control: Ragi is rich in dietaty fibre and thus lessens the cravings for food. In comparison to wheat and other flours, it
creates a far lesser spike in blood sugar levels. Ragi is also rich in magnesium which helps the pancreas produce enough insulin to control
blood sugar, thus impro ving insulin sensitivity .

. Gluten{ree: The many Ragi uses and benefits also extend to those suffering fiom celiac disease or gluten intolerance as well. Being
naturally gluten-free, ragiis a great wheat substitute for chapatis, dosas, idlis and more. This gives a host of meal options to those on a
gluten-free diet.

. Antioxidant storehouse Ragi is rich in antioxidants which increase immunity and fight against infections. It also aids the body’ s natural
ability to relax as it is a rich source of amino acids, which helps combat headaches, insomnia and even depression.

. Great pick for the little ones and new moms: The many benefits of ragi for health also make it a great choice for both infants and new
moms. Both ofthem need tender care, and along with their digestion, Ragi also strengthens their bones and promotes overall growth of
babies. From stimul ating milk production in new moms to balancing hormonal processes in pregnant women, the uses ofragi are abundant
due to its high iton and calcium content.

. Youthful and healthy skin: The essential amino acids Methionine and Lysine and vitamins such as Vitamin B3 present in Ragi woik
miracles in keeping the skin youthful and healthy. The amino acids make skin tissues less susceptible to wrinkles and ageing and also help
in the creation and maintenance of collagen in the body. This millet impedes crossdinking of collagen, which in tum helps the skin to
possess its elasticity. So ifyou want to minimisethe effects of ageing and have good skin for longer, adding this wonder food to your daily
diet is advisable. Ragi also contains a good amount of calcium and Vitamin E, which helps form new and healthy skin and aid in healing
scars. Vitamin E helps in preventing skin damage, moisturising the skin and in creating a protective layer that allows your skin to be
healthy and shiny. Apply a paste ofRagi flour mixed with milk on the face to get rid of wrinkles. Ditch the sunscreen and switch to eating
ragi daily as it helps guard the skin against harmful sun rays, preventing skin cancer. The presence of Vitamin C & E and selenium in ragi
also helps lighten the skin complexion and hydrates the skin. Ragi has phenolic acid and other antioxidants that prevent ageing, while
Methionine helps develop healthy skin and hair in babies. No wonder ragi is steadily becoming a favourite when it comes to buying
organic food products online.

. Great hair goals: Instead of experimenting with harsh shampoos and oils to get perfect hair, eating nutritionally-rich food can help
improve your hair health. Here, ragi is an excellent food item to add to your diet. Ragi benefits for hair start with its rich protein content
that prevents hair loss. A better idea than hunting for protein-based shampoos is to consume foods that supply natural protein to your hair
and nourish it. Consume ragi for hair growth and to strengthen your hair. It also benefits people suffering from hair loss. Plus, it promotes
blood circulation in the scalp and stimulates healthy hair growth. Ragi is also a natural relaxant and helps reduce hair fall due to stress.
Ragi benefits for hair also extend to treating scalp related conditions like dandruff, psoriasis, itchiness and eczema with its magnesium
content and anti-inflammatory properties. It lowers the level of cortisol in the body, which helps control hair fall. Oxidation of tissues is
known to cause greying of hair and the host of antioxidants present in finger millet help prevent this. They are also used for the treatment
of premature balding.

The vitamins, minerals, and fiber found in finger millet can provide important health benefits. The potassium found in finger millet can help keep
your kidneys and heart finctioning properly. Potassium also helps your nerves transmit signals, which allows your brain and your muscles to work
together smoothly. Finger millet is also an excell ent source of B vitamins, which play a role in everything from brain fun ction to healthy cell division.
B vitamins are even connected to a reduction in fatigue. In addition, finger millet can provide other health benefits like (WebMD EC, 2022):

Heart Health: Whole grains like fin ger millet are connected to lower risk ofheart disease. Finger millet is full of dietary fiber, which helps to control
the“bad” cholesterol that can contribute to heart diseases like atherosclerosis. Soluble fiber absorbs cholesterol before it enters your bloodstream,
main taining a lower cholesterol level without medication. Millet has also been shown to raise “ good” cholesterol levels and low er triglycerides, which
are a kind of fat found in your blood. Cholesterol levels are one of the biggest risk factors for heart disease, so eating millet regularly may help keep
your heatt healthier.

Diabetes Control: Finger millet has a lowglycemicindex. That means that it has lower levels of simple sugars and higher levels of complex
carbohydrates, which take a longer time to digest. Foods with a low glycemic index can help prevent your blood glucose level from spiking after a
meal. As a result, eating millet — instead of high glycemic index foods like white wheat flour — can help people living with diabetes manage their
blood sugar levels .

Digestive Health: The fiber in fin ger millet can also help support your digestive health. Insoluble dietary fiberis “prebiotic,” meaning it helps suppo1t
the good bacteria in your gut. Eating prebiotics like the fiber in millet can support gut health by keeping your digestive flora healthy. Eating enough
fiber has also been linked to adecreased risk of colon cancer.

Toshi (2023) has given the following Health B enefits of Ragi:

e High protein: Eleusinian is the major protein content that is found in ragi and has a lot of biological value. This protein helps prevent
malnutrtion and is considered to be a healthy source of protein for vegetarians. Methionine content constitutes 5 per cent of the total protein
found in ragi. Ragi has been grown for hundreds ofyears and it can grow in high altitudes and withstand harsh weather conditions. Ragi has
a lot of carbohydrates and is placed at the peak of food grains by most dietitians. Ragi cannot be polished like other grains because it is too
tiny and this makes it possible for usto consume it in its purest form.

e Natural weight loss agent: Ragi has high amounts of fibre in it that keeps your stomach full and stops you from unwanted cravings. This
helps in weight loss. It reduces the level ofblood sugar in your body and turns it into insulin. Ragi is best suited when you consume it in the
morning. Ragi contains a type of amino acid called Tryptophan that helps you lose weight. Tryptophan reduces your appetite and thus you
don’t feel hungty often.

e Prevents your skin from ageing: Ragi is a natural skincare agent and an anti-ageing cereal. Important amino acids like Methionine and Lysine
are present in ragi that protects your skin from risks of rashes, wrinkles and skin dullness. The antioxidants found in ragi fight stress in your
body that help reverse the signs of ageing. It rejuvenates the skin cells, thus making you look fresh and healthy. Ragi also has Vitamin E,
which is very useful for your skin. Vitamin E acts as a natural assistant for body wounds. This help lubrcates the skin, forming a protective
layer that enables yourskin to grow.
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e Ragi is good for your hair: Ragi is rich in proteins and helps prevent hair loss. It is highly recommended for people suffering from hair loss.
Your hair requires a lot of protein because hair itself is made of protein. Keratin is the main protein found in your hair. Lack of protein can
lead to loss of hair and if you begin consuming ragi, it will strengthen your hair and reduce hair fall. Ragi is also said to prevent premature
greying ofhair. This is usually caused due to the oxidation oftissues, and the antioxidants present in ragi will effecti vely prevent the damage
to tissues, thereby, reducing the possibility of having grey hair. Magnesium content can be found in ragi that is responsible for controlling
hair loss. Ragi also increases blood circulation in your body that helps inhair growth.

e Ragi has loads of calcium: There is no cereal that comes close to the amount of calciumavailable in ragi. Calciumis needed for human bones
to develop and prevents osteopotosis, meaning bones become weak and fragile. So instead of popping calcium pills, it is recommended that
youdrink ragi porridge (ragi kanji). 100 grams ofragi consists of 344 milligrams ofcalcium which is high and very good for your bones.

e Increases production of mother’s milk: Lactating women must consume more green ragi as it increases haemoglobin levels thus increasing
the production of mother’s milk among women. This also called increased levels of lactation. A lactating mother must add green ragi to her
daily diet and it will increase amino acids and breast milk, calcium and iron which is very impottant for the mother and the child.

e Prevents diabetes: Regular consumption of ragi can help reduce your risk of diabetes. This is because polyphenols and dictary fibres are
prevalent in ragi. Ragi has huge amounts of fibre when compared to other whole wheat grains. Consumin g ragi on a regular basis lowers the
level of blood sugar and stabilises your sugar level. Ragi acts as an absorbent such that it absoibs starch and lowers the digestibility of your
body. Thisis why most people who consume ragi don’t feel hungry very often.

e Good digestion: The dietary fibre present in ragi helps your intestines digest food smoothly. Ragi improves the movement of food in your
body, such that, it smoothens the flow of food through your intestines and retains the water in your body for the purpose of waste excretion .
Thus ragi is a highly nutritional cereal and helps you maintain good health. However, you can relish different ragi dishes and ensure you
have a healthy life. Ranging from dosas to ragiballs, this healthy cereal will keep you fit and healthy all day all long.

e Ragi keeps you relaxed: One amazing benefit of eating ragi is that it acts as a natural relaxant for your body. Consuming ragi helps you deal
with anxiety, insomnia and depression. It stabilizes all of these anxiety disorders and keeps you relaxed the whole day. It does cool your
thinking and keeps you calm. Literally, ragi acts as a coolant for your body on a hot summer day.

e Prevents oolon cancer: Ragi is known to help prevent cancer because it contains fibre and phytonutrents that prevent the risk of colon
cancer. Lignan, a type of nutrient found in ragi is converted into mammalian lignan by your intestine and this protects women from the risk
of' having breast cancer. Consuming ragi daily can reduce our risks of developing cancer.

Isha (2023) has given the following Health B enefits of Ragi:

Ragi has High Protein Content: The grain's protein contentis comparable to that ofrice. However, some ragi varieties have shown doublethat
level. More importantly, this protein content is quite unique. The main protein fraction is eleusinin, which has a high biological value, meaning
that it is easily incorporated into the body. There are also significant quantities oftry ptophan, cystine, methionine and total aromatic amino acids.
Ifthat sounds too complicated, all you need to know is that these are considered crucial to human health, and that most cereals are deficient in
these components. This high protein content makes finger millet a very important factor in preventing malnutrition. The cereal can be an
especially good source of protein for vegetarians because ofits methionine content that constitutes about 5% of'the protein.

Ragi is a Rich Source of Minerals: Ragi is also a very rich source of minerals. It has been found to have between 5-30 times the calcium
content found in other cereals. It is also rich in phosphoms, potassium and iron. Calcium is of course an impoitant component in maintaining
bone density and health. Thus, finger millet would be a healthier altemativ e to over-the-counter supplements, especially for people who might be
at risk ofosteoporosis or low hemoglobin levels. The study, The Lost Crops of Africa,” published by the United States National Academies sees
finger millet as a potential “super cereal” and points out that “the world's attitude towards finger millet must be reversed. Of all major cerals,
this crop is one of the most nutritious.” The study notes that people in Uganda and southern Sudan have healthy, strapping physiques despite
eating just one meal a day, and attributes this to finger millet.

Ragi Controls Diabetes: The rapid rise in the prevalenceof diabetes hasled to a great demand for foods containing complex carbohydrates with
high dietary fiber levels and beneficial phytochemicals. Phytochemicals are a varied group of chemical compounds derived from plants, which
are considered to be important factors in our capacity to combat disease. All these components are usually ©ound in the outer layer ofthe grain or
the seed coat, and so, it is generaly a good idea to consume whole grains. Especially with finger millet, the grain’s seed coat is richer in
polyphenols as compared to grains such as barley, rice, maize and wheat. For example, it has 40 times the phenolic content of rice and 5 times
that of wheat. Among the millets, it is comparable to foxtail millet, and second only to kodo millet. Initial studies have also shown that finger
millet controls blood glucose levels, and hypergly cemic and oxidative stress. Finger millet has also shown promise in accelerating wound healing
amon g diabetics.

Ragi has Anti-microbial Properties: Finger millet has been found to act against a number of bacteria including Bacillus cereus, which causes
food poisoning, Salmonella sp., which causes a typhoid-like fever, and Staphylococcus aureus, one of the primary causes of skin and soft tissue
infections such as abscesses, furuncles, and cellulitis.

Ragi has Anti-cancer Potential: Finger millet is also rich in antioxidants, which have sort of become a byword in health books today.
Antioxidants prevent excessive oxidation (how surprising!), which could otherwise cause cancer and ageing because of cell damage. The
phenolic acids, flavonoids and tannins present in finger millet seed coats have very effecti ve antioxidant properties. In general, it has been shown
that people on millet-based diets have lower incidences of esophageal cancer than those on wheat or maize-diets. Ragi Keeps you Young: Aside
from the phenolic content and antioxidants which are important factors in preventing ageing, finger millet and kodo millet have specifically
shown potential in inhibiting cross-inking of collagen. Collagen crossdinking is the process by which cross-links form between or within
collagen molecules in tendons, skin, and even blood vessels. Collagen is what gives tissues their elasticity, and cross-inking reduces this ability,
leading to the stiflhes s commonly associated with age. Ragi Reduces “Bad” Cholestrol, Prevents Cardiovascular Disease: Emerging research has
shown that fin ger millet has the potential to reduce risk of cardiovascular diseases. Technically speaking, finger millet reduces concentrations of
serum triglycerides and inhibits lipid oxidation and LDL cholesterol oxidation. LDL (Low Density Lipopmtein) cholesterol is what is termed
"bad" cholesterol and is especially troublesome when oxidized. Oxidized LDL inflames the arteries, leading to arteriosclerosis and the risk of
heart attack or strokes.
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Finger millet is an excellent source of natural calcium which helps in strengthening bones for growing children and aging people. Regular
consumption of finger millet is good for bone health and keeps diseases such as osteoporosis at bay and could reduce nisk of fracture. It is now
established that phytates, polyphenols and tannins can contnbute to antioxidant activity of the millet foods, which is an important factor in
health, aging and metabolic diseases. Finger millet's phytochemicals help in slowing digestion process. This helps in controlling blood sugar
level in condition of diabetes. It has been found that finger millet based diet helps diabetics as it contains higher fibre than rice and wheat. Also,
the study found that diet based on whole finger millet has lower glycemic response i.e. lower ability to increase blood sugar level. This is due to
presence of factors in finger millet flour which lower digestibility and absoption of starch. Because of its high nutritional content ragi flour is
recommended as a weaning ©od especially in the southern parts ofIndia. Finger millet is a very good source ofnatural Iron and its consumption
helps in recovery of Anemia. The Ragi based foods are highly suited for expectant mothers and elderly due to their high calcium and iron
content. Finger millet consumption helps in relaxing body naturally. It is beneficial in conditions of anxiety, depression and insomnia. It is also
useful for migraines. Green ragi (finger millet) is recommended for conditions of blood pressure, liver disorders, asthma and heart weakness.
Green ragi is also recommended to lactating mothers in condition of lack of milk production. If consumed regularly, fin ger millet could help in
keeping malnutrition, degenerative diseases and premature aging at bay. So, finger millet is an extremely nutritious cereal and is very beneficial
for maintaining a good health. Therefore have received attention for their potential role as functional foods. However, its high intake could
increase quantity oxalic acidin the body. Therefore, it is not advised to patients having kidney stones (Urinary Calculi (Vikaspedia, 2023).
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