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Abstract: Small millets are a group of crops with small grains having extraordinary capability to thrive under extreme
climates and these coarse cereals are the staple food of marginalized population. In Telangana, currently, small millets are
under cultivation in about 3,833 hectares area largely in the districts of Mahaboobnagar, Jogulamba-Gadwal, Nagarkurnool,
Yadadri-Bhuvanagiri and Vikarabad with a production of 6,142 tonnes during 2019-20. Information on diversity in small
millet crops with different landrace names that occur/ cultivated and germplasm conserved from Telangana is given. The
scope and future perspective for sustaining small millet genetic resources are also discussed.
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INTRODUCTION

mall millet crops, viz. barnyard millet, japanese

barnyard millet/ bonta shama, voodalu
(Echinochloa frumentacea Link.), finger millet, ragi/
raagi, taidalu (Eleusine coracana (L) Gaertn.),
common millet, hog millet, proso millet/ variga
(Panicum miliaceum L.), little millet, small millet/
sama  (Panicum  sumatrense  Roth ex Roem.
& Schult.), kodo millet/ aallu, aargulu, arika, arikelu
(Paspalum  scrobiculatum L.) and foxtail millet,
italian millet/ korra (Setaria italica (L.) P. Beauvois)
belonging to family Poaceae are a group of plants
with short slender culm and small grains possessing
remarkable ability to survive under adverse
conditions like limited rainfall, poor soil fertility and
undulating terrain and these coarse cereals are staple
food of the tribal and marginalized farmers/ people.
Small millet crops differ from one another by their
appearance, morphological features, maturity and
panicle/ grain type/ other features etc. Good
variability exists in locally adapted named/ un-named
landraces in small millet crops.

MATERIALS AND METHODS

ICAR-National Bureau of Plant Genetic Resources,
Regional Station, Hyderabad undertaken crop
specific and multi-crop specific explorations to
collect, salvage and conserve crop genetic resources
including diversity in small millet crops from
Telangana. The targeted area and tentative route
were planned and the materials required for
exploration were also equipped following overall
collection logistics as suggested by Arora (1981) and
Bennett (1970). The sampling procedure for
collection of germplasm was followed as suggested
by Hawkes (1980) and Brown and Marshall (1995).
The sampling, collection site and intervals depended
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on variation in environmental and edaphic factors
and frequency of occurrence. The method followed
in most of the cases had been random/ non-random
selective sampling for cultivated species. Farmer’s
field was taken as a unit area and random samples of
the populations and biased samples of elite material
were collected (Pandravada et al., 1996 and 2017).
Germplasm samples were also collected from
cultivated fields, threshing yards and farm stores as
well. Standard passport information was recorded for
all the collected accessions for 39 variables. Local
elderly farmers were interacted with for documenting
associated indigenous traditional and ethnobotanical
knowledge. Garmin-12 model of global positioning
system (GPS) was used to record the geographical
coordinates of the collection sites. DIVA-
Geographical information system (GIS) version 7.5
was used for Agrobiodiversity mapping and
analyzing data to assess spatial distribution and
variability in small millet crops. The germplasm
collections were appropriately processed for
medium/ long-term conservation and utilization in
small millets crop improvement programmes.

RESULTS AND DISCUSSION

The surveyed area is mainly sub-humid and sub-
tropical in nature, the average annual rainfall varied
from 1,000 to 1,400 mm and the average annual
temperature from 5° to 37°C. Black soils are
frequently encountered and the range of soil types
includes red loams, red sandy loams and red soil with
clay base etc. Telangana had 3,833 hectares area
under small millets with a total production of 6,142
tonnes during 2019-20 and are grown to a large
extent in the districts of Mahaboobnagar, Jogulamba-
Gadwal, Nagarkurnool, Yadadri-Bhuvanagiri and
Vikarabad accounting for 72.4% of the total area
with Mahaboobnagar alone accounting for 33.9%
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under these crops in the state. The primary ethnic
groups associated with on-farm conservation of small
millet landraces are Gond, Kolam, Koya and
Lambada. In small millets endemic variability
occurs, especially in italian millet and little millet in
Adilabad, Kumuram-Bheem and Mancherial district.
Conspicuously, in proso millet and kodo millet, no
named landraces exist in Telangana and the cultivars
grown are un-named. Variability in small millet

crops with different landrace names that occur/
cultivated in districts of Telangana is given in Table-
1. The diversity and its distribution, important
landraces that were under cultivation, phenotypic
diversity ~ for  important ~ morpho-agronomic/
descriptors and states, potential of germplasm and
status of genetic erosion etc. with respect to
Telangana are dealt with for small millet crops as
follows:

Table 1. Distribution of named landrace diversity in small millet crops in Telangana

District/ s Barnyard millet Finger millet Italian millet Little millet
Adilabad, Bonta shamalu Amba korra, Baadi, Badhali, Erra sama,
Kumuram-Bheem, Badhali, Chikto, Erra | Ragal sama
Mancherial and badi, Erra burakalu,
Nirmal Karri badi, Nalla
badi, Nalla burakalu,
Sivera korra, Tella
burakalu, Korra,
Sikto
Bhadradri- Bonta shama, | Bigabatti, Chollu, | Punasa korra, Putli | Aam sama, Bontha
Kothagudem and Voodalu Mudda chodi, Pedda | korra, Tella korra, sama, Gatka sama,
Khammam chodi, Ragulu, Rebha Mai sama, Kola
chodi, Vuththi chodi sama, Nalla sama,
Pedda sama, Samalu
Jogulamba- Voodalu
Gadwal,
Mahaboobnagar,
Nagarkurnool,
Narayanpet and
Wanaparthy
Medak, Erra taidalu, Ragulu, Erra korra, Manchi | Kodi sama, Nalla
Sangareddy and Tella taidalu, Taidalu korra, Nalla korra, sama, Tella sama
Siddipet Tella korra
Medchal- Burka samalu
Malkajgiri
Ranga Reddy and
Vikarabad

Barnyard millet

Barnyard millet, Japanese barnyard millet/ bonta
shama, voodalu (Echinochloa frumentacea Link) is a
hexaploid and the second most important small millet
after finger millet during the kharif season (Hilu,
1994). Two of the main species, E. crusgalli and E.
frumentacea are grown as small millet crops and in
addition to these two domesticated species, the genus
includes about 30 annual and biennial wild species
distributed worldwide (Clayton and Renvoize, 1986).
Echinochloa crusgalli mainly occurs in marshy areas
and wet places in northern Telangana region. It is
widely distributed and variants of this species occur
in the rice fields and in water logged habitats (Arora
and Nayar, 1984).

Diversity is mainly distributed in Adilabad,
Kumuram-Bheem, Mancherial, Bhadradri-
Kothagudem, Khammam, Mahaboobnagar,

Jogulamba-Gadwal, Nagarkurnool, Medak, Ranga

Reddy and Vikarabad districts. The variability rich
pockets include Indravelly, Narnur and Utnoor in
Adilabad district, Jainoor in Kumuram-Bheem,
Tekulapalli in Bhadradri-Kothagudem, Hathnoora in
Sangareddy and Doma in Vikarabad district. Atleast
41 accessions of barnyard millet germplasm
collections are made during crop specific/ multi-crop
explorations undertaken in variability rich pockets of
Telangana and the diversity mapping is depicted in
Fig.1. The important landraces that occur include
Bonta shama and voodalu. Diversity mainly occurs
for plant height, nodal pigmentation (green/ dark
green/ purple/ dark purple), basal tillers, panicle
length, width of panicle, panicle colour (green/
purple/ dark purple), lodging susceptibility (nil/ low/
intermediate/ high), senescence/ stay green character
(actively growing/ green/ not growing) and seed
yield etc.
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Fig.1. Diversity mapping for barnyard millet and germplasm sampled in districts of Telangana

There exists promising types maturing in 120 days
with high yield potential even in soils of low fertility
and suitable for mixed/ inter cropping. Barnyard
millet is generally intercropped with finger millet in
mixed farming situation. The local germplasm is
drought hardy with tall types having variation in
inflorescence traits, bristle characters and grain
boldness etc. The genetic resources in traditional
cultivars include K-1, TNAU-101, VL-29, VL-172
and VL-207 among others maturing in about 120
days and possessing high yield even in soils of low
fertility and being suitable for mixed cropping. An
important accession tolerant to abiotic stresses
include 1C261004, the collection from Nalgonda
district.

Finger millet

Finger millet, ragi, African millet/ raagi, taidalu
(Eleusine coracana (L.) Gaertn.) is a self-pollinated
tetrapliod (2n=36) and is the most important small
millet crop cultivated and ranks sixth in production
after wheat, rice, maize, sorghum and pearl millet in
the country (Mahanthesha et al., 2017 a and b).
Finger millet is sown both under rainfed and irrigated
conditions in kharif, rabi and summer seasons. It has
excellent nutritional value and contains protein (6 -
8%), fat (1 - 1.7%), starch (65 - 75%), minerals (2 -
2.3%) and dietary fiber (18 - 20%) and its proximate
composition is superior to wheat, maize, sorghum

and rice with regard to dietary fiber, calcium and
micronutrients (Gull et al., 2016). Finger millet is
generally used in the form of whole meal for
preparation of traditional foods, such as rote
(unleavened bread/ pancake), mudde (dumpling) and
ambali (porridge). Telangana had 1,750 hectares area
and 2,772 tonnes production in finger millet during
2019-20 and is grown to a large extent in the districts
Mahaboobnagar, Vikarabad and Nagarkurnool
accounting for 83.3% of the total area with
Mahaboobnagar alone accounting for 62.1% under
the crop in the state.

The diversity rich pockets are districts of Khammam,
Mahaboobnagar, Nagarkurnool, Medak, Yadadri-
Bhuvanagiri, Kamareddy, Vikarabad and Ranga
Reddy in Telangana. In these districts, diversity is
mainly distributed/ concentrated in Mulakalapally

and Dummugudem in Bhadradri-Kothagudem
district, Bijanapally in Nagarkurnool, Kosgi in
Narayanpet, = Nawabpet in  Mahaboobnagar,

Shankarampet, Chegunta and Shivampet in Medak,
Hathnoora, Pulkal, Raikode and Sangareddy in
Sangareddy, Mattampally in  Suryapet and
Domakonda in Kamareddy district. Atleast 89
accessions of finger millet germplasm collections are
made during crop specific/ multi-crop explorations
undertaken in variability rich pockets of Telangana
and the diversity mapping is depicted in Fig.2.
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Fig.2. Diversity mapping for finger millet and germplasm sampled in districts of Telangana

The important landraces sampled include Bigabatti,
chollu, erra taidalu, mudda chodi, pedda chodi,
ragulu, rebha chodi, taidalu, tella taidalu and vuththi
chodi etc. Diversity mainly occurs in plant growth
habit (prostrate/ ducumbent/ erect), plant height,
culm branching, nodal pigmentation (green/ dark
green/ purple/ dark purple), basal tillers, ear shape
(droopy/ open/ semi compact/ compact/ fist like),
finger branching (absent/ present), discontinuity of
spikelets on fingers (absent/ present), ear length, ear
width, finger length, finger width, fingers on the

main ear, spikelet shattering (absent/ present),
synchrony of ear maturity (absent/ present), grain
colour (white/ light brown/ brown/ copper-brown/
purple-brown/ purple/ red), lodging susceptibility
(nil/ low/ intermediate/ high), senescence/ stay green
character (actively growing/ green/ not growing),
seed shape (round/ reniform/ ovoid), seed weight and
grain yield etc. (Das 2016). Some of the promising
accessions identified for important traits are provided
in Table-2.

Table 2. Promising accessions for select traits in finger millet germplasm from Telangana

Trait/ Attribute

Promising germplasm

Compact panicle

1C344952, 1C344956, 1C344975, 1C344980

Open/ lax panicle

1C344945, 1C344958, 1C344978

Early maturing (90 - 100 days)

1C344952, 1C344963

Late maturing (120 days)

1C344943, 1C344962, 1C344966

Suitable for inter cropping with
Barnyard millet

1C344937, 1C344966

In finger millet, the tall types exhibit variation in
tillering, leafiness and ear size/ shape/ compactness
(open, half-open or closed)/ number of fingers. In
the germplasm from Telangana, mostly naked grain
types occur and hill collections differs from that of
the plains, being generally of late maturing types.
With regards to grain colour, it varies from white/
light brown/ brown/ copper-brown/ purple-brown/
purple/ red, but much variation do not exists for grain
size. In the germplasm, collections with high ear
number and length and accessions having several
fingers/ ear also occur and with regards to maturity,
while the early types occur in northern Telangana,
the medium-late types occur in the hill areas.
Collections from eastern and southern Telangana
tract are reported to be tolerant/ resistant to blast
disease. Widely adapted landraces occur which are
early, mid-late and late maturing, types which are

more synchronous in their tillering, genotypes
suitable for summer cultivation and local cultivars
which are early and resistant to mosaic, blast and
borer also exist. The genetic resources/ variability in
traditional cultivars include A-16, Annapurna, B-1,
E-31, EC-4840, GPU-45, GPU-67, Hagari-1, Hansa,
IE-28, Kaveri, Poorna, PR-202, PR-202, Sarada, VL-
149 and VR-708 among others which are mostly
developed from local germplasm from Andhra
Pradesh, Karnataka, Maharashtra and Tamil Nadu
through pure line breeding.

Italian millet

Italian millet, foxtail millet/ korra (Setaria
italica (L.) P.Beauvois) is one of the oldest cultivated
small millet crops and the most economically
important species under the genus Setaria which
comprises of more than 100 species distributed in a
wide range of habitats in Asia, Africa, South
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America and North America. Italian millet was
domesticated from green foxtail in northern China
ca. 8,000 years ago (Barton et al., 2009). Like maize,
it is a C,4 plant, a diploid having smaller genome.
Italian millet is drought hardy, well adapted to higher
elevation up to 1,800 m msl and a short duration crop
maturing in about three months. Italian millet having
nutraceutical benefits is consumed by millions across
the world, as well as used as a forage and bird feed.

Telangana had 993 hectares area and 1,685 tonnes
production in italian millet during 2019-20 and is
grown to a large extent in the districts of Jogulamba-
Gadwal, Yadadri-Bhuvanagiri and Nagarkurnool
accounting for 52.7% of the total area with
Jogulamba-Gadwal alone accounting for 25.4%
under the crop in the state. Explorations undertaken
in Telangana had revealed that, the diversity rich
pockets for italian millet are Adilabad, Kumuram-
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accessions of italian millet germplasm collections are
made during crop specific/ multi-crop explorations
undertaken in variability rich pockets of Telangana
and the diversity mapping is depicted in Fig.3.
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Fig. 3. Diversity mapping for italian millet and germplasm sampled in districts of Telangana

The important landraces under cultivation in the
earlier times include Amba korra, baadi, badhali,
chikto, erra badi, erra burakalu, erra korra, Kkarri
badi, korra, manchi korra, nalla badi, nalla
burakalu, nalla korra, punasa korra, putli korra,
sikto, sivera korra, tella burakalu and tella korra etc.
(Fig.4). Variability mainly occurs in growth habit
(erect/ erect geniculate/ decumbent/ prostrate), plant
height, plant pigmentation (green/ dark green/ purple/
dark purple), basal tillers, leaf colour (green/ yellow/
purple/ deep purple), blade pubescence (glabrous/
slightly pubescent/ pubescent/ strongly pubescent),
lodging susceptibility (very slight/  medium/
extensive), senescence/ stay green character (actively
growing/ not growing), panicle length, panicle width,
panicle lobes (absent/ short/ medium/ long/ large and

thick), panicle bristles (absent/ very short/ short but
obvious/ medium/ long/ carrying a spikelet), panicle
compactness (loose/ medium/ compact/ spongy),
lobe compactness (loose/ medium/ compact/
spongy), panicle shape (oblong/ ovate/ elliptic/ ob-
ovate), panicle shattering nature (nil/ sparse/ low/
medium/ heavy), seed colour (creamish/ creamish-
yellow/ red/ black/ brown/ white/ yellow), seed shape
(oval/ elliptical), seed weight, seed yield and straw
yield etc.. Tall forms generally occur with variation
in leafiness, tillering capacity, panicle length,
compactness, bristleness, awn colour/ length and
grain colour (black, brown, creamish, creamish-
yellow) with creamish-yellow being very common
(Kavya et al., 2016 and b and c).
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Morphological characterization, variability, genetic
divergence and character association was carried out
in 40 elite italian millet germplasm accessions by
Kavya et al. (2016 and b and c¢). With regards to
protein and carbohydrate content, while the average
protein content recorded was 10.7% with a range of
7.7 (1S-663) to 13.5% (KP/ SC-1484), the average
carbohydrate content recorded was 67.5% with a
range varying from 56.2 (ISE-1511) to 79.9% (KP/
SC-1505). Both the traits protein and carbohydrate
are negatively correlated with the grain yield (Kavya
et al., 2018). The genetic resources/ variability in
traditional cultivars include G-1, GPUS-26, H-1,
Krishnadevaraya, Lepakshi, N-1, Narasimharaya,
Prasad, PS-4, Si.A-2829, Si.A-2871, Si.A-326 and

Srilakshmi among others which are mostly
developed from local germplasm through pure line
breeding.

Kodo millet

Kodo millet/ allu, argulu, arika, arikelu (Paspalum
scrobiculatum L.), a coarse grain millet, is extremely
drought tolerant and is mostly grown in poor soils in
Telangana for its grain and fodder.

The diversity rich pockets include Adilabad,
Kumuram-Bheem, Mancherial, Bhadradri-
Kothagudem, Khammam, Mahaboobnagar,
Jogulamba-Gadwal, Nagarkurnool, Ranga Reddy and
Vikarabad districts. In these districts, diversity is
mainly distributed in Indervelli in Adilabad district,
Sirpur in  Kumuram-Bheem, Dummugudem in
Bhadradri-Kothagudem, Kamepally in Khammam
and Gandhari in Kamareddy district. Atleast 31
accessions of kodo millet germplasm collections are
made during crop specific/ multi-crop explorations
undertaken in variability rich pockets of Telangana.
Variability mainly exists in plant height, basal tillers,
panicle length, lodging susceptibility (nil/ low/

Fig.4. Landraces of italian millet collected and conserved from parts of Telanéaﬁa

yrra~“l - Nolls

intermediate/ high), senescence/ stay green character
(actively growing/ green/ not growing) and seed
yield. Local types which are tall rough forms with
very narrow range of variability for days to flowering
and grain vyield occur. The genetic resources/
variability in traditional cultivars include Co-1, Co-2,
GPUK-3, Haraka-1, IPS-158, Niwas-1, PLR-1, PS-1,
RBK-155 and RK-96 among others. In kodo millet,
IC214831 was identified as a best accession with
good viability even after 20 years of continuous
storage.

Little millet

Little millet, small millet/ saama (Panicum
sumatrense Roth ex Roem. & Schult.) is drought
hardy and used to largely occupy the drier tract of
Telangana. Little millet is superior to rice and wheat
and is grouped under nutritious cereals (Seetharama
and Rao, 2004) and is a cheap source of energy,
protein, vitamin B, fibre, minerals and particularly
rich in iron. Its panicles are more slender and grains
smaller as compared to proso millet.

Explorations undertaken in Telangana had revealed
that, the diversity rich pockets for little millet are

Kumuram-Bheem, Adilabad, Bhadradri-
Kothagudem, Khammam, Mulugu, Yadadri-
Bhuvanagiri, Nagarkurnool, Mahaboobnagar,

Medak and Sangareddy districts. Diversity mainly
distributed in Asifabad, Tiryani and Wankhidi in
Kumuram-Bheem  district,  Boath,  Indravelli,
Narnoor, Neredigonda and Utnoor in Adilabad,
Dummugudem in Bhadradri-Kothagudem, Penuballi
in Khammam, Wazeed in Mulugu,
Bommalaramaram in Yadadri-Bhuvanagiri,
Balanagar in Mahaboobnagar and Zaheerabad in
Sangareddy district. Atleast 33 accessions of little
millet germplasm collections are made during crop
specific/ multi-crop explorations undertaken in
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variability rich pockets of Telangana and the
diversity mapping is depicted in Fig.5. The important
landraces include Aam sama, badhali, bontha sama,
burka sama, erra sama, gatka sama, kodi sama, kola
sama, mai sama, nalla sama, pedda sama, ragal
sama and tella sama. Good diversity occurs in plant
height (dwarf/ medium tall/ very tall), tillering
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capacity (poor/ medium/ good/ very good), panicle
length, panicle compactness (loose/ semi-compact/
compact), lodging susceptibility  (nil/  low/
intermediate/ high), senescence/ stay green character
(actively growing/ green/ not growing), grain yield
and limited variability in grain colour (cream) and
size.
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Fig. 5. Diversity mapping for little millet and germplasm sampled in districts of Telangana

In little millet, tall types with good tillering occur in
local germplasm. As compared to proso millet, it is a
short duration crop with some local types maturing in
90 days. The genetic resources/ variability in
traditional cultivars include CO-2, OLM-203, PLM-
4-2, PM-2 and PM-296 among others which are early
maturing and capable of giving better yields.

Proso millet

Proso millet, common millet, hog millet/ variga
(Panicum miliaceum L.) is relatively early maturing
and highly drought resistant crop generally grown on
the hills and pockets in plain areas as well. Atleast
seven accessions of kodo millet germplasm
collections are made during crop specific/ multi-crop
explorations undertaken in variability rich pockets of
Telangana. Good diversity occurs in plant height
(dwarf/ medium tall/ tall forms), tillering capacity,
panicle length, panicle compactness (loose/ semi-
compact/ compact), lodging susceptibility (nil/ low/
intermediate/ high), senescence/ stay green character
(actively growing/ green/ not growing), grain yield
and not much variability in grain colour (cream) and
size. The genetic resources/ variability in traditional
cultivars include Co-1, GPUP-21, GPUP-23, K-1,
PV-14, PV-36 etc. among others. The area under
proso millet has drastically come down due to
changed food habits, lack of demand,
commercialization of agriculture and altered
cropping/ farming systems leading to loss of genetic
diversity in the crop.

Conservation of germplasm

At least 194 accessions of germplasm of small
millets crops consisting of barnyard millet (33),
finger millet (71), italian millet (65), little millet (17)
and others (Kodo millet and proso millet) (8) from
the state of Telangana are in the National Gene Bank
at NBPGR under long term conservation.

CONCLUSION

In general, the area under small millets has decreased
very alarmingly because of bio-edaphic factors,
population pressure and socio-economic policies,
especially the subsidized rice scheme transformed
the hitherto subsistence farming being practiced by
the tribal and other farming groups in to commercial
farming looking for remuneration and profits in
cultivation as they were getting rice at a very cheap
rate for consumption. This has resulted in unforeseen
changes in the cropping systems and replacement of
traditional crops like sorghum, pearl millet and small
millets with other profitable new crops (Bt cotton
and soybean etc.) thereby losing the endemic
diversity in those crops. Most of the small millet
crops and their landraces are being replaced at an
alarming rate and in due course of time they may
become extinct (Pandravada et al., 2004).
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