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      The Indian subcontinent is a wonderland for 

studying the domestication process of grain crops. 

Several species of millet are domesticated in this 

region. Cooking of cereals forms an important part of 

the agricultural complex. The agricultural complex is 

composed of their vernacular names, religious function, 

archaeological evidence, etc. The first author had 

participated six times in expeditions for millet research 

and collected numerous accessions of millets and their 

relative species, with information on their agricultural 

complex, from hundreds of farmers in their villages and 

fi elds. Ancient farmers had originally domesticated six 

species of millet from the relative weed species in India. 

Indian millet species were domesticated in the process 

of diff usion from humid paddy fi elds in Eastern India to 

dry upland rice fi elds in the Deccan Plateau, Southern 

India.
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Introduction

      The Indian subcontinent is a wonderland for 

studying the domestication process of grain crops. 

Several species of millet are domesticated in this region. 

The grain crops cultivated in this subcontinent are 

classifi ed into the following four groups on the basis of 

geographical origin: (I) African, Eleusine coracana (L.) 

Gaertn., Pennisetum glaucum (L.) R. Br., and Sorghum 
bicolor Moench; (II) Mediterranean, Hordeum vulgare L. 

and Triticum spp.; (III) Asian, including four subgroups, 

(a) Panicum miliaceum L. and Setaria italica (L.) P. 

Beauv., (b) Coix lacryma-jobi L. var. ma-yuen (Roman.) 

Stapf. and Oryza sativa L., (c) Echinochloa fr umentacea 

(Roxb.) Link, Panicum sumatrense Poth., Paspalum 
scrobiculatum L., Digitaria cruciata (Nees) A. Camus., 

Setaria pumila (Poir.) Roem. & Schult, and Brachiaria 
ramosa (L .) Stapf.; and (d) Southwestern China, 

Fagopyrum esculentum Moench, Fagopyrum tataricum 

(L .) Gaertn.; and (IV) New World, Zea mays L ., 

including Amaranthus hypocondriacus L., Amaranthus 
caudatus L., and Chenopodium quinoa Willd. These 

four cereal and pseudocereal groups accompanied by 

agricultural complexes have been introduced several 

times during prehistoric and historic ages from many 

regions into the subcontinent.

      Indian food culture has been a ref lection of the 

people’s heritage. It represents India’s historica l 

development, religious beliefs, cultural practices, and 

above all, geographical attributes (Sahni 1986). In the 

Indian subcontinent, staple foods made using grain 

crops are served with various types of spicy curries and 

legume dal stews. Many unique cooking styles can be 

found for each cereal in any part of the subcontinent 

(Aziz 1983, Sahni 1986). Cooking of cereals forms an 

important part of the agricultural complex (Maeshwari 

1987, Sakamoto 1988). Indian cooking consists of a 

unique combination of special cooking styles developed 

for each grain crop (Kimata et al. 2000). Moreover, the 

agricultural complex is composed of their vernacular 

names, religious function, archaeological evidence, etc.

      This special issue is composed of studies on the 

agricultural complex, domestication process, and 

dispersal of millets, especially Setaria pumila (syn. 

Setaria glauca) and Panicum milliaceum and not major 

crops such as rice, wheat, barely, and maize, in the 
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Indian subcontinent. Setria pumila has been dispersed 

in only a very limited area of the Deccan Plateau 

(Kimata 2015a, 2015b), while Panicum milliaceum has 

been dispersed throughout Eurasia (Kimata 2015d), 

including the Indian subcontinent, and recently North 

America and Australia. It is very fascinating from an 

environmental perspective of history and geography that 

the distribution patterns of Setaria pumila and Panicum 
milliaceum are remarkably diff erent.

Many species of millet cultivated in the Indian 

subcontinent

      Many species of millet are still grown by numerous 

farmers in the Indian subcontinent. These species are 

divided into three groups on the basis of place of origin: 

(1) Asia, including the indigenous Indian subcontinent, 

Central Asia, Southeast Asia, and Tibet; (2) Africa; and 

(3) the New World (Table 1). Th e following seven species 

of Asian millet were introduced from Central Asia, 

Southeast Asia, and Tibet: Panicum miliaceum, Setaria 
italica, Coix lacryma-jobi var. ma-yuen, Fagophyrum 
esculentum, and Fagophyrum tartaricum. The African 

millet species are Eleusin. coracana, Sorghum bicolor, 

and Pennisetum glaucum. Th ese species were introduced 

via the Arabian peninsula in about 2000 BC (Sakamoto 

1987, Ohnishi 1998). Th e New World pseudocereals are 

Amaranthus caudatus, Amaranthus hypocondriacus, and 

Chenopodum quinoa, and they were introduced in 19th 

century (Sauer 1976).

      Indigenous millet species have been domesticated 

in the Indian subcontinent for about 3500 years 

(Fuller 2002). These millet species are Echinochloa 
fur ume nta cea ,  Panicum sumat re nse ,  Pa s palum 
scrobiculatum, Brachiaria ramosa, Setaria pumila, 
Digitaria cruciata, and Digitaria sanguinalis. The 

former three species seemed to be secondary in origin 

through mimic and/or companion weeds with rain-

fed paddy and upland rice in Eastern India. The next 

two species, Brachiaria ramosa and Setaria pumila, 

were domesticated as a secondary crop associated with 

the other millet species via their mimic/companion 

weed types in Southern India. Digitaria cruciata was 

domesticated in the late 19th century by Kashi natives 

in Meghalaya, and it is cultivated in the Kashi Hills 

(Singh and Arora 1972). Unfortunately, Digitaria 
sanguinalis has disappeared, and its origin is unclear. 
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A domesticated plant is always accompanied by the 

basic agricultural complex, which includes cultivation 

practices, processing, cookery, religious use, vernacular 

names, and other aspects. 

      A domestication centre for millet covers the Eastern 

Ghats and Southern Deccan Plateau on the basis of fi eld 

observation, experimental results, linguistic sources, 

and archaeological data. Although this process is quite 

complicated among millet and its relatives, it is very 

eff ective for understanding domestication by a secondary 

origin via an insurance crop, a mimic companion weed, 

and weed types. The domestication process indicates 

the importance of the weed–crop complex and basic 

agricultural complexes as a plant–man symbiosis. 

Moreover, it is obvious that several words of the old 

Indo-Aryan and Dravidian languages are related to the 

vernacular names of millets. Consequently, Brachiaria 
ramosa and Setaria pumila are called ‘tertiary crops’, 

which means they are double secondary crops for 

other millet species and upland rice. The order of first 

occurrence for millet species in historical sites generally 

supports this evolutionary process. 

Field trips in the Indian subcontinent

      The first author had participated six times in 

expeditions for millet research and collected numerous 

accessions of millets and their relative species, with 

information on their agricultural complex, from 

hundreds of farmers in their villages and fi elds (Table 2). 

He mainly visited the southern foot of the Himalayas 

and Western and Eastern Ghats in and around the 

Indian subcontinent between 1983 and 2001. The 

research team used many means of transportation, such 

as car, train, airplane, and their feet, for frequent field 

trips (Fig. 1). Particularly, the trips extended widely over 

Karnataka, Andhra Pradesh, Tamil Nadu, Maharashtra, 

Telangana, Maharashtra, Madhya Pradesh, Orissa, 

Chhattisgarh, Jharkhand, West Bengal, Bihar, Uttar 

Pradesh, Uttarakhand, Himachal Pradesh, and Jammu 

and Kashmir in India and the North-West Frontier in 

Pakistan and Eastern Nepal. 

Millets domesticated in the Indian subcontinent

      Ancient farmers had originally domesticated six 

species of millet from the relative weed species in India 
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Fig. 1. Expedition routes in the Himalayas, Western Ghats 
and Eastern Ghats between 1983 and 2001.
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(Table 1). Then, these plants were distributed over the 

Indian subcontinent and neighbouring areas. 

      Panicum sumatrense (samai) is an annual plant (2n 

= 36, tetraploid) derived from Panicum sumatrense 
ssp. psilopodium (Fig. 2a). Paspalum scurobiculatum 
(kodo) is a perennial plant (2n = 40, tetraploid, Fig. 2b). 

Echinochloa furumentacea ( jangora) is an annual plant 

(2n = 54, hexaploid, Fig. 2c) derived from the relative 

weed Echinochloa colona. Brachiaria ramosa (korne) 

and Setaria pumila (kolati) are annual plants (Fig. 2d 

and 2e). Th ese plants are secondary crops domesticated 

from their relative weeds in paddy fields. This will be 

discussed in detail below. Digitaria cruciata (raishan) is 

an annual plant derived from the relative weed grown 

in maize or vegetable fi elds (Singh and Arora 1972). In 

addition, Oryza rufi pogon Griff . (wild rice) is used as an 

off ering for gods and goddesses during festivals. It grows 

in ponds and irrigation canals near paddy fields (Fig. 

2f).
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O t h e r  m i l l e t  s p e c i e s  g r o w n  i n  t h e  I n d i a n 

subcontinent

      Indian farmers introduced six species of millet (Table 

1) from Africa via the Arabian Peninsula, Central Asia 

through the Himalayas, and South-Eastern Asia via 

Assam in the Indian subcontinent during the Indus 

Civilization Age or before the dawn of history.

      Sorghum bicolor ( jowar) is an annual plant (2n = 

20, diploid, Fig. 3a) derived from Sorghum bicolor var. 

verticillifl orum in Eastern Africa. Pennisetum glaucum 
(bajra) is an annual plant (2n = 14, diploid, Fig. 3b) 

domesticated from Pennisetum violaceum in Africa. 

Eleusine coracana (ragi) is an annual plant (2n = 36, 

tetraploid, Fig. 3c) domesticated from Eleusine coracana 
var. afr icana in Eastern Africa.

      Setaria italica (thenai) is an annual plant (2n = 

18, diploid, Fig. 3d) derived from Setaria viridis, a 

cosmopolitan weed in Central Asia. Panicum miliaceum 
(cheena) is an annual plant (2n = 36, tetraploid, Fig. 3e) 

Fig. 2. Five species of millet domesticated in the Indian 
subcontinent and wild rice: a, Panicum sumatrense; b, 
Paspalum scrobiculatum; c, Echinochloa frumentacea; d, 
Brachiaria ramosa; e, Setaria pumila; and f, Oryza rufi pogon in 
the irrigation canal.

Fig. 3. Five species of millet introduced into the Indian 
subcontinent and a field of inter-cropping with Setaria 
italica and Grycine max: a, Sorghum bicolor; b, Pennisetum 
glaucum; c, Eleusine coracana; d, Setaria italica; e, Panicum 
miliaceum; and f, an inter-cropping fi eld.
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domesticated from Panicum miliaceum ssp. ruderale 
in Central Asia. Coix lacryma-jobi var. ma-yuen is a 

perennial plant (2n = 20, diploid) domesticated from 

Coix lacryma-jobi var. lacryma-jobi in South-Eastern 

Asia. These millet species are mostly grown by mixed 

cropping or intercropping, for example, Setaria italica is 

grown and mixed with Glycine max (Leguminosae), as 

shown in Fig. 3f. 

      Moreover, fi ve species of pseudocereals are grown in 

the Indian subcontinent. Fagophylum esculentum and 

Fagophylum tartaricum (both annual, 2n = 16, diploid) 

were introduced from Tibet. Recently, Amaranthus 
caudatus, Amaranthus hypocondriacus (both annual, 2n 

= 32 or 34, diploid), and Chenopodeum quinoa (annual, 

2n = 36, tetraploid) were dispersed from the New 

World.

Foods made using millets

      People have cooked many types of food using 

millets and cereals. Mainly bhat (meshi in Japanese), 

roti (pan), and mudde (oneri) are cooked because they 

are frequently made using most of the cereals listed in 

Table 3 (Kimata 1987). Bhat is the most popular food, a 

boiled grain food made using all the ingredients shown 

in Fig. 4a, 4d right, and 5a (2nd from upper right). 

Bhat originated in ancient China and was brought to 

the Indian subcontinent via Eastern India. Roti is also 

a popular food made from cereal f lour and originated 

from the cooking of wheat bread in the Fertile Crescent 

and was brought to the subcontinent via Western India 

(Fig. 5a, 1st, 2nd, and 3rd from lower left). Mudde is 

a popular food made from cereal f lour and originated 

from the cooking of ugari brought from Eastern Africa 

via the Arabian Peninsula (Fig. 4d and Fig. 5b). Figure 

4 shows cooking methods for cereals in the Indian 

subcontinent: (a) a traditional boiled rice with papad 
(crispy salted wafer made from dal, vegetables, and 

cereals); (b) upma and kesari bhat; (c) dosa; (d) mudde 

and boiled grain made using Brachiaria ramosa; (e) puli; 
and (f) idli. 
      Sorghum bicolor and Pennisetum glaucum are 

mainly used for making roti, while Eleusine coracana is 

mostly used for making mudde (Fig. 5b) and fermented 

alcoholic drink chan (Fig. 6a, b, and c). Other millet 

species are mainly used for bhat. A special food, mavu, 

is made from the raw fl our of Setaria italica and Oryza 
sativa as off ering for gods and goddesses during festivals. 

Nine foods are made using Brachiaria ramosa (Fig. 5a), 

mudde is made using Eleusine coracana (Fig. 5b), and 

chapati is made using wheat, Triticum aestivum (Fig. 5c 

and Fig. 6d, upper). With respect to fermented foods, a 

starter is made from Hordeum vulgare (Fig. 6a, starter; 

6b, a jar for fermentation; 6c, alcohol drink, chan, made 

from Eleusine coracana; and 6d, yogurt, dahi.
      Other cookeries are shown in Table 3, Fig. 4, and Fig. 

5. Upma is a coarse-ground grain food (Fig. 4b, right). 

Dosa is a thin leavened pancake stuffed with potato 

curry (Fig. 4c). Idli is a leavened pound cake made using 

the same ingredients as dosa (Fig. 4f). Vada is a cake 

made from freshly ground dal or millet fl our. Ganji is a 



民族植物学ノオト  第９号

7

very thin starch-paste made from the same ingredients 

as mudde.

Dispersal routes of millets in the Indian subcontinent

      Our team studied the domestication process and 

dispersal routes of Indian millets. An outline of the 

research results is given below. 

      Kodora, Paspalum scrobiculatum, was domesticated 

since about 2000 BC in India. Th is species is cultivated 

throughout the Indian subcontinent, but mainly 

in Madhya Pradesh. Ecological and morphological 

characteristics were compared using 32 accessions 

(including weed forms) of Paspalum scrobiculatum. In 

addition, the relationship between plant pigmentation 

and mimicry of rice was observed in 16 accessions, 

including six accessions collected from upland rice fi elds. 

Domestication process of the secondary crop to upland 

rice was discussed (Ishikawa unpublished). Th is species 

shift ed from perennial to annual and obtained crop-like 

traits by accessions with rice cultivation. Both amplifi ed 

fragment length polymorphism (AFLP) analysis and 

nucleotide sequence variation of the chloroplast trnK/

matK region divided cultivated accessions into two 

groups, northern and southern groups. The northern 

cultivated accessions were genetically related to weed 

accessions collected from upland rice fields in Orissa. 

However, southern cultivated accessions showed 

close relationships to both accessions of upland rice 

fields in Orissa and the weed type in southern states. 

Furthermore, two alternate hypotheses for the origin 

of Paspalum scrobiculatum were summarized: (1) 

kodo millet was domesticated once in Orissa and then 

diffused to inland and southern states and (2) kodo 

millet was domesticated in Orissa and somewhere in 

the southern states of India, independently (Ishikawa 

2007).

      Jangora, Echinochloa furumentacea, is cultivated for 

food, fodder, and as an emergency crop in India, Nepal, 

and Pakistan. Its ancestor is a weed, Echinochloa colona, 

found in paddy fi elds. Morphological characteristics and 

AFLP analysis results of seven accessions of Echinochloa 
colona and 42 accessions of Echinochloa furumentacea 

were compared. On the basis of the results, the place 

of origin was assumed to be around Bihar, and then it 

was distributed to Tamil Nadu via Karnataka (Kagami 

unpublished). 

      Samai, Panicum sumatrense, is cultivated for food 

Fig. 4. Cookeries of cereal in the Indian subcontinent: 
a, a traditional boiled rice (bhat) with papad; b, upuma 
and khesari bhat; c, dosa; d, mudde and boiled grain 
made from Brachiaria ramosa; e, puli; f, idoli.

Fig. 5. Cookeries of nine foods made from Brachiaria ramosa (a), 
chapati from wheat (b) and mudde from Eleusine coracana (c).
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and fodder in India, Nepal, Sri Lanka, and Myanmar. 

Its ancestor is a weed, Panicum sumatrense subsp. 

psilopodium, found in paddy fields. Morphological 

characteristics and A FLP ana lysis results of 38 

accessions and 281 herbarium specimens of Panicum 
sumatrense were compared. On the basis of the results, 

the place of origin was assumed to be Eastern India, 

and it was then distributed in Southern India (Otsuka 

unpublished).

      Korne, Brachiaria ramosa, is grown by very extensive 

farming for food in only India. Its ancestor is a weed 

found in paddy fields. Morphological characteristics 

and AFLP analysis results of 70 accessions of Brachiaria 
ramose, including both weed and domesticated types, 

collected from Pakistan and India were compared. 

On the basis of the results, the place of origin was 

assumed to be the southern part of Orissa, and it was 

then distributed in the Deccan Plateau via Tamil Nadu 

(Otsubo unpublished).

      Korati, Setaria pumila, is a cosmopolitan weed, but 

its domesticated type is mostly grown by mixed cropping 

with Paspalum scrobiculatum or Panicum sumatrense 

in only India (Kimata et al. 2000). Th is domestication 

process is discussed in detail below. 

Dispersal route of Indian millets in the Indian 

subcontinent

      Th e integrating hypothesis for the dispersal route of 

Indian millets is illustrated in Fig. 7 on the basis of the 

results. Echinochloa furumentacea, Panicum sumatrense, 

and Paspalum scurobiculatum were secondary crops to 

upland rice. First, their ancestral plants were companion 

weeds derived from the relative weeds that invaded 

paddy fi elds in humid regions of Eastern India. Second, 

the companion weeds became insurance crops in upland 

rice fi elds, and they spread to a dry region in the Deccan 

Plateau (Kobayashi 1987, 1989). Brachiaria ramosa and 

Setaria pumila were so called ‘tertiary crops’ because 

they were secondary crops to other millet species 

domesticated from their relative weeds in upland fi elds. 

On the other hand, Digitaria cruciata has been recently 

derived from the relative weed grown in maize or 

vegetable fi elds, Kashi Hill, Meghalaya, and is limited to 

the same area (Singh and Arora 1972).

Fig. 6. Fermented foods: a, starter made from Hordeum 
vulgare; b, a jar for fermentation, c, alcohol drink (chan) made 
from Eleusine coracana and d, yogurt, dahi.

Fig. 7. Main dispersal route of Indian millets.
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      Tentatively, Indian millet species were domesticated 

in the process of diff usion from humid paddy fi elds in 

Eastern India to dry upland rice fields in the Deccan 

Plateau, Southern India.
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