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Abstract

The paper deals with a review of different aspects of Cenchrus americanus prominent millet found in different
parts of India. It is widely cultivated in different states and seeks out the variable climatic conditions in
universities as well as the Indian Agricultural Institute, PUSA, New Delhi.Various published literature and online
available resources like Google Scholar, PubMed, Science Direct, Elsevier, etc., were consulted and the field
visits of the cultivated areas were observed for taxonomic features and other field observations of the species.
Literature surveys on various aspects of Bajra have been thoroughly analysed in the context of the status of
varieties, which were released in different parts of India for cultivation along with their nutritional values of
different varieties for emphasizing the values and promotion of including it in daily life. Approximately 80
varieties/cultivars were released for sowing and harvesting in the Kharif, Rabi, and Jayad seasons. Many of these
are commonly cultivated in the Kharif and Rabi seasons but few are only in the Jayad season. It is recommended
to cultivate this plant commercially and consumption by Madhumeh and Hriday Rog patients.
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INTRODUCTION

The year 2023 is celebrated as the International Year of Millets. Millets are small-seeded hardy crops that
grow well in dry regions or rain-fed regions. 4 Its ayurvedic properties as Madhura in Rasa, Ruksha, and
UshnaVirya and pacifies Vata and Kapha Dosha.

Itis an erect, annual, ornamental grass with its native range from Benin to Tropical South Africa and well-
adapted to poor, drought-stricken, and infertile soils.[¥l The robust root system enables the plant to reach
up to 3 m tall and 1 m wide.™

The gradual and continuous change in the rainfall pattern and climatic conditions does not bring adverse
effect in thecrop production as pearl millet (Cenchrus americanus (L.) Morrone) is superior tolerant to
high temperature. It is a C4 plant (2N=14) and thus is considered as an important crop in arid and semiarid



regionsof the world. 519 It is over 31.2 million hectares feeding over 90
million poor people so known to be a staple food crop. ¥ Recently, 10
chromosomal genomes with a single assembly capturing 424,085
genomic structural variations have been developed(*2,

The generic name comes from the Latin penna meaning "feather"
and seta meaning "bristle"; refers to the flowers' long, feathery bristles.
The species name glaucum means "having a bluish-grey cast"3],

Synonym. Panicum americanumL.inSp. PlL: 56
Pennisetumglaucum (L.) R.Br.

(1753);

Pennisetum americanum (L.) Leeke in Z. Naturwiss. 79: 52 (1907)

Vernacular names: Kandaja, Priyangu, (Sanskrit); Bajra (Bengali,
Hindi, Oriya, Punjabi, Urdu); Bajree (Rajasthani, Gujarati, Marathi);
Sajje (Kannada; Kambu (Tamil); Sijja (Telugu) Millet, Pearl Millet,
Spiked millet, Yellow Bristle Grass (English).

Botanical description: Annual. Culms robust, up to 2-3 m tall, densely
pubescent at nodes and below inflorescence. Leaf sheaths loose, smooth;
leaf blades 25-100 x 1.5-5 cm, with scabrous margins and both surfaces;
base subcordate; ligule short. Inflorescence cylindric to broadly elliptic,
dense, 40-50 cm long with persistent involucre, enclosing 1-9 spikelets,
base of the stipe pubescent, bristles usually shorter to spikelets, Spikeles
short obovate; lower glume tiny; upper glume 3-veined; lower floret
staminate, lemma with 5-veins, memberanous and ciliate margins, palea
thinly membranous; upper lemma thinly membranous with 5-7-veins and
obtuse tip; anthers hairy with a tuft of short hairs at tip [Figure 1].

Flowering and fruiting: September—October.

It is easy for growing with best germination occurring in warm soil above
21°-32°C. Mature plants have a robust root system holding plant is a fixed

place in the soil by attaining the height up to 3m tall and width up to 1m.
[141

Cultivars: In India, 80 cultivars were released for Kharif, Rabi as well as
fodder out of which Porogo 9443 was found suitable for 18 states; RHB
58 for 11 states; Pusa-444 for 10 states; GHB-558 for 9 states; GK-1004,
Nandi-32, Nandi-35, and Nandi-52 for 8 states; GHB-526, GHB-744,
Nandi-62, Progro No 1, and Pusa-605 for 6 states; Pusa-605, 7688,
HHB-146, HHB-197, MLHB-267, PHB-2168, Pusa-415, Pusa
composite-612, and RHB-121 for 5 states. The remaining cultivars are
suitable for cultivation in lesser states (Figure 1)

Native range and distribution: The native range is Benin to South
Tropical Africa. Cultivated in North and Eastern China and widely
introduced in India and elsewhere with a short growing season. [

Plant diseases:

Downy mildew/green ear disease, ergot, leaf blight, rust, and smuts are
the major diseases affecting the pearl millet in India. Susceptibility to
damage by chinch bugs and stink bugs are also the cause of pearl millet
health problem. [19]

Cultivation Details

Climate and rainfall:

Plant grows up to 1,800 m above sea level in regions of tropics and
subtropics in semiarid to moist soil with annual temperature ranging from

250-350 C also tolerating from 120-400Cin several areas with variation
in annual rainfall from 400-900 mm and 200-1,700 mm respectively.

Soil condition:

The crop requires light well-drained loamy soil in a sunny position and
does not tolerate water logging. Acidic soil rich in aluminium content
with a pH level of 4-5 is the best suitable soil for its growth. In general,
the plant is tolerant of various soil conditions, especially of light and acid

soils. Its large and dense root system allows it to succeed in dry infertile
soil. [1516]

Seed sowing and Crop care

The method of propagation is through seeds. Soil should be prepared
before 4-5 days of sowing seeds by removing the weeds and ploughing
well. Number of plants per hectare is recommended from 100000-
175000 plants/ ha. At the blooming stage, maximum irrigation is required
till grain establishment. [

Weed and Pest Management

The major insects and pests attacking the crop are chinch bugs, stink
bugs, nematodes, and birds. A minimum application of insecticide
reduces the damage caused by stinkbugs and chinchbugs with regular
observation in the field at the glooming time. [7-29]

Uses

Food use: It was considered a new feed grain crop in the United States of
America, 2% however, in India and other countries it is in regular use as
one of the food grains in different ways like flour to prepare bread, soup,
and stew, snacks, fermented dishes, and seeds as pilaf or Pullao, Khichdi,
laddo, dumpling, kheer, sweet cakes (Pua), etc. The dishes are highly
nutritious and good in taste. 2122

Medicinal and health benefits:

The plant is an appetizer and tonic. 2324 It is commonly taken in heart
diseases and type-11 diabetes as is gluten free. (5281 Fruits are applied on
pimplest? and also used against leprosy, poisoning blennorrhoea, chest
problems. The grounded grain is used as an anthelmintic for children. For
beating jaundice, root decoction is taken and vapours of inflorescence
extract is inhaled in case of respiratory troubles of children. [30-31

Its seed flour in a normal diet helps in weight loss, prevents polycystic
ovarian syndrome, and makes the heart healthy, bone growth, celiac,
diarrhea, stomach ulcers, respiratory diseases, gall stones, and anti-

allergic actions. It is easy to digest and helps in the prevention of cancer.
[32]

Fodder use: This millet is used as fodder in most of the parts of India.

Agricultural use: It is often intercropped with one to several crops. [
Its cultivation helps to reduce the carbon footprint.[*®! It suppresses root-
lesion nematodes (Pratylenchus penetrans), and it is frequently being
used as an alternative to soil fumigation in tobacco and potatoes. 34

Other domestic uses: The straw of this species is used for thatching,
fencing, and fire fuel as well and split stems are used for making baskets,
and a dye for leather and wood is obtained from red- and purple-flowered
types. [

Dietary use:

It uses in various types of culinary preparations. Pearl millet flour is used
to make bread like bhakri, and bajra ki roti. Toast and sliced bread are
prepared, either alone or mixed with wheat and other cereal flour. Seeds
are roasted to make pop and are boiled to make corn pop and pearl millet
flakes just like corn flakes, It is boiled in water, milk with jiggery or sugar
to make a nutritious and filling porridge and flavoured with cardamom or
cinnamon. It is cooked with vegetables, spices, to make stock pulao or
pilaf. It is used as a thickening agent in soups and goulash tobe by adding
to it. It is puffed or roasted for making crispy snacks, which may also be
seasoned with spices and taken as a healthy alternative to fried snacks. It



is widely used to make fermented dishes like fermented batter for dosa or
idli. Its leaves and stems are also used as a nutritious fodder for cattle and
poultry.

Agro-technological studies

It prefers to grow in areas where frequent dry weather is observed during
vegetative growth or fruiting periods. The crop is more tolerant to sandy
and acidic soil. Numerous studies are conducted to identify the best
representative/ discriminating locations for the evaluation of pearl millet
Open-pollinated varieties (OPVs), to identify stable OPVs across
locations and those suitable to specific zones, and to determine variation
in grain Iron and Zinc contents across locations in the OPVs.[17]

Studies on crop tolerance to salinity are of high importance due to the
extent and the constant increase in salt-affected areas in arid and semi-
arid regions has been studied. ¥ Identification of high-yielding iron-

Table 1: Nutritional contents in pearl millet (Bajra).

biofortified open-pollinated Fe/Zn-rich pearl millet varieties in West
Africa were recorded. [2%-%l  The Varietal identification and
fingerprinting of its varieties and hybrid using morphological descriptors
and Simple Sequence Repeats (SSR) markers was also performed. !

An important point to include is the sensory, physical, and nutritional
qualities of cookies of West and Central Africa were recorded.* The
performance and stability of pearl millet varieties for grain yield and
micronutrients in arid and semi-arid regions of India have been studied. [
411 Management of finger millet-based cropping systems for sustainable
production has also been reported.[4243]

Damage caused by insect attacks is managed through Crop rotation and
timely harvesting controls to avoid the application of insecticides.

Nutritional contents in pearl millet: Various nutritional contents
described in the past are given in Table 1. [343644]

Common name Nutritional contents in Gram (gm)
Protein (gm) Carbohydrates (gm) Fat (gm) Minerals (gm) Fibers
(gm)
Pearl millet 11.8 67.0 4.8 2.2 2.3
Mineral contents in pearl millet (Bajra)
Calcium (mg) | Phosphorus (mg) Iron Zinc Potassium (mg) Sodium Vitamins (mg)
(mg) (mg) (mg)
B-1 B-2 B-3 B-5 B-12
43 207 16.9 9.0 401 19 0.32 0.27 24 - -

Source: https://healthyday.net/pearl-millet-health-benefits-and-nutritional-value/

Cultivars developed for different climatic zones in India: State-wise
cultivars developed from different agricultural institutions in India for
cultivation in different states as well as climatic conditions are as
follows. [l

Punjab:

Kharief: BHB-577, GHB-316, GHB-744, HHB-146, JKBH-26, JKBH-
676. MLHB-267, Nandi-32, Nandi-52, PHB-2168, Proagro-9443, Pusa-
444, Pusa-605, Pusa-415, RHB-58,

Hybrid varieties: BHB-577, GHB-316, GHB-744, HHB-146, JKBH-26,
JKBH-676, MLHB-267, Nandi-32, Nandi-52, PHB-2168, Proagro-9443,
Pusa-415, Pusa-444, Pusa-605, RHB-58,

Haryana:

Kharif: CZ-1C-923, GBH- 316, GHB-538, GHB-558, GHB-577, GHB-
719, GHB- 732, GHB-744, GHB-757, 7886, GICKV-96752, HC-10, HC-
20, HHB-67, HHB-94, HHB-117, HHB-146, HHB-197, HHB-216,
HHB-223, Jawahar Bajra Variety-2, JKBH — 26, JKBH-676, MP-406,
Nandi-32, Nandi-52, Proagro-9443, Proagro-9445, Pusa Bajri — 266,
Pusa composite-334, Pusa composite-383, PHB-2168, Pusa composite-
443, Pusa-444, MLHB-267, Pusa — 605, Pusa-415, RHB-58, RHB-121, ,
RHB-154, RHB-173, 7688.

Hybrid varieties: GBH- 316, GHB-538, GHB-558, GHB-719, GHB-
744, GHB- 732, GHB-757, HHB-146, GHB-577, HHB-67, HHB-94,
HHB-117, HHB-197, HHB-216, HHB-223, JKBH - 26, JKBH-676,
MLHB-267, Nandi-32, Nandi-52, Pusa-415, PHB-2168, Proagro-9443,
Proagro-9445, Pusa-444, Pusa — 605, RHB-121, RHB-154,7886, 7688.

(The popular varieties are HHB-67-2 HHB-94 HHB-117, HHB-146,
HHB-197, RHB-58, and RHB-173)

Fodder: Proagro No.l, and Avika Bajra Chari are the popular hybrid
varieties.

Rajasthan:

Kharif: GBH-316, GHB-538, GHB-558, GHB-577, GHB-719, GHB-
744, GHB-757, GHB-732, HHB-67, HHB-94, HHB-117, HHB- 146,
HHB-197, HHB-216, HHB-223, JKBH-26, JKBH-676, MLHB-267,
Nandi-32, Nandi-52, PHB-2168, Proagro-9443, Proagro-9445, Pusa-444,
Pusa-605, Pusa-415, RHB-154, RHB-58, RHB-121, RHB-173, 7688,
7886.

Hybrid varieties: GBH-316, GHB-538, GHB-558, GHB-577, GHB-
732, GHB-719, GHB-744, GHB-757, HHB- 146, HHB-94, HHB-117,
HHB-67, HHB-197, ICTP-8207, JKBH-26, JKBH-676, MLHB-267,
Nandi- 32, Proagro-9443, Proagro-9445, Pusa-415, Pusa-444, Pusa-605,
RHB-154, HHB-216, HHB-223, 7688, 7886.

(The popular varieties are ICMH-356, HHB-67-2, HHB-60, HHB-94,
MH-169, Nandi-52, PHB-2168, RHB-58, RHB-90, RHB-58, RHB-121,
RHB-173, Raj-171, P-334, CZP-9802)

Uttar Pradesh:

Kharif: GICKV-96752, GHB-558, GHB-577, GHB-744, HHB-146,
HHB-197, HHB-223, Jawahar Bajra Variety-2, Nandi-32, Nandi-52,
Nandi-62, PHB-2168, Proagro-9443, Proagro-9445, Pusa composite-
383, Pusa-444, RHB-58, RHB-121, RHB-173, 7686, 7688.

Hybrid varieties: GHB-558, GHB-577, GHB-744, HHB-146, HHB-
197, HHB-223, Nandi-32, Nandi-52, Nandi-62, Proagro-9443, Proagro-
9445, RHB-121, PHB-2168. Pusa-444, RHB-58, RHB-173, 7686, 7688.
Rabi: Nandi-32, Nandi- 52, Nandi-62, Nandi-64.

Odisha:

Kharif: Proagro-9443, Pusa-44, RHB-58, (All hybrid varieties)
Fodder: Proagro No.-1.

Madhya Pradesh:



Kharif: GBH-316, GHB-557, GHB-558, GHB-732, GHB-744, HHB-
146, Nandi-62, HHB-197, MLHB-285, JKBH-26, Nandi-8, Nandi-32,
Nandi-52, PHB-2168, Proagro-9443, Proagro-9445, Pusa-415, Pusa-444,
Pusa-605, 7688, RHB-58, RHB-121, RHB-173, 7886.

Hybrid varieties: GBH-316, GHB-557, GHB-558, GHB-732, GHB-
744, HHB-146, HHB-197, JKBH-26, MLHB-285, Nandi-8, Nandi-32,
Nandi-52, Nandi-62, Pusa-605, Proagro-9443, Proagro-9445, PHB-2168,
Pusa-415, Pusa-444, 7688, RHB-58, RHB-121, RHB-173, 7886.

Gujarat:

Kharif: CZ-1C-923, GBH-316, GHB-538, GHB-558 GHB-577, GHB-
719, GHB-744, GHB-757, GHB- 732, GICKV-96752, HHB-146, HHB-
197, HHB-216, HHB-223, Jawahar Bajra Variety-2, JKBH-26, JKBH-
676, MP-406, Nandi- 8, Nandi-32, Nandi-52, Nandi-62, 7688, Pusa
composite-334, , Pusa composite-383, Pusa-444, Pusa-605, Pusa-415,
Proagro-9445, , RHB-154, RHB-58, RHB-121, RHB-173, 7876.

Hybrid varieties: GBH-316, GHB-538, GHB-558, GHB-577, GHB-
719, GHB-744, GHB-757, GHB- 732, HHB-146, HHB-197, HHB-223
JKBH-26, JKBH-676, 7876, Nandi- 8, Nandi-32, Nandi-62, Nandi-52,
Proagro-9445, Pusa-415, Pusa-444, Pusa-605, RHB-154, HHB-216,
RHB-58, RHB-173, RHB-121, 7688. (The popular hybrids are GHB-558,
GHB-538, GHB-526)

Rabi: GHB-526.
Fodder: Proagro No.1.

Summer (Jayad): GHB-526, Guj-Hybrid, Nandi-32, Nandi-52. Nandi-
62, Proagro-9444, Proagro-9555. (All are hybrid varieties).

Maharashtra:

Kharif: AIMP-92901, B-2301, B-2095, GHB-558, GK-1004, GK-1051,
PAC-903, MLHB-267, MLBH-504, Nandi-30, Nandi-35, Prabhni
Sampda, Proagro-9443, Pusa composite-612, Pusa-444, RHB-58, Saburi.
(The popular varieties are ICTP-8203, Saburi, Sharadha, and Pratibha).

Hybrid varieties: B-2301, B-2095, GHB-558, GK-1004, GK-1051,
MLHB-267, MLBH-504, Nandi-30, Nandi-35, PAC-903, Proagro-9443,
Pusa-444, Saburi, RHB-58,

Rabi: GHB-526, GK-1004, Nandi-64, Nandi-35, Proagro-9444, Proagro-
9555, Saburi, (All are the hybrid varieties, and ICTP-8203, Saburi,
Sharadha, Pratibha are popular varieties used in the state).

Andhra Pradesh:

Kharif: Ananta, B-2301, B-2095, GHB-558, GK-1004, GK-1051,
MLHB-504, Nandi-35, Nandi-360, PAC-903, Proagro-9443, Pusa
composite-612, Pusa-444, RHB-58.

Hybrid varieties: B-2301, B-2095, GHB-558, GK-1004, GK-1051,
MLHB-504, Nandi-35, Nandi-360, PAC-903, Proagro-9443, Pusa-444,
RHB-58.

Rabi: Ananta.
Fodder: Proagro No 1.

Summer (Jayad): The hybrid varieties GK-1004, Nandi-35 (the popular
varieties for all the three seasons are APS-1, ICMH-451, ICMV-221,
ICTP-8203, WCC-75).

Karnataka:

Kharif: B-2095, B-2308, GHB-558, GK-1004, GK-1051, MLHB-267,
MLHB-504, Nandi-35, Pusa composite-612, PAC-903, RHB-58,
Proagro-9443, Pusa-444, (Except Pusa composite-612, all the varieties
are hybrids.

Rabi: GHB-526 is a hybrid also.
Fodder: Proagro No.1.

Summer (Jayad): The hybrid varieties are GHB-526, GK-1004, Nandi-
35.

Tamil Nadu

Kharif: B-2301, B-2095, COH (Cu)-8, CoCu-9, GHB-558, K-1051, Pusa
composite-612, Pusa-444, GK-1004, PAC-903, Proagro-9443, Nandi-35,
RHB-58, X-6, X-7. (All are hybrid varieties except CoCu-9, and Pusa
composite-612,).

Rabi: COH (Cu)-8, GHB-526, GK-1004, GK-1051 Nandi-35, Proagro-
9444, Proagro-9555, X-6, X-7, and all are the hybrid varieties. (The
popular varieties from Tamil Nadu are Co Cu-9, CO-6, CO-7, CO-8,
COCH-8, ICMS-7703, ICMV-155, ICMV-221, KM-1, KM-2, Raj-171,
WCC-75 and X-7 for all the seasons).

Different cultivars are under cultivation in different states according to
seasons as well as used for fodder in India as represented in Figures 2 and
3.

Steps taken for promoting millets (since 2018)

Different steps have been proposed and planned for millets in recent years
since 2018 to date. i. Millets are included under Poshan Mission Abhiyan
by the Ministry of Women and Child Development. ii. Sub Mission on
Millets" under the National Food Security Mission since 2018. iii., ICAR
released one variety of Quinoa (Him Shakti). iv Quinoa — A new crop:
The Indian Council of Agricultural Research (ICAR) has been referred to
suggest declaring Nutri-cereals. The year 2018 declared as National year
for millets. vi. The export of millet increased from $ 24 million (2017) to
$ 26 million (2020).3%

DISCUSSION

The guidelines for cultivation and processing methodologies for meeting
nutritional needs as well as health benefits are being developed in India
as well as the World as a whole.[3 Pearl Millet (Bajra) is a common
Kharif crop in every part of India, a Rabi crop in Andhra Pradesh, Gujrat,
Karnataka, Maharashtra, Tamil Nadu, and Uttar Pradesh, and a summer
crop in Gujrat, Karnataka, and Rajasthan in India, and different African
nations. It is also used as fodder in different parts of India particularly
Andhra Pradesh, Karnataka, Tamil Nadu, Uttar Pradesh, and Uttarakhand
from where several cultivars have been released by different Agricultural
institutions. Due to its gluten-free and nutritious nature, it is gaining
popularity as a grain. The benefits of Bajra as it helps control blood sugar
spikes, prevents chronic conditions, and promotes heart health[2324

Due to its anti-inflammatory properties, consuming pearl millet in winter
can boost the functioning of the respiratory tract, i.e., trachea and lung,
which usually ease breathing. Basic methods of use of pearl millet by
preparing different traditional dishes and others can be tried like Bajra
roti and Bajre ki meethi poori, which are famous in Northern India.

However, consuming pearl millet for patients having thyroid issues is
advised by the physician.[*®l It is recommended to soak and cook bajra to
avoid any digestive problems properly. Varieties of the pearl millet were
developed with the concept of making disease resistant, high yield,
seasonal adaptability, nutritional content increase, and for use as fodder.
Fodder variety Proagro No.-1 has been developed and used in the states
of Andhra Pradesh, Gujrat, Haryana, Karnataka, and Uttar Pradesh.
Variety Avika Bajra Chari has been developed which is restricted as
fodder in the state of Haryana only. Phylogeny and origin of pearl millet
based on microsatellite loci has been described.[

Studies on genomic diversity derived from primary and improved with a
comparative global acceptability, transcriptomic analysis under high
temperature, for climatic acceptability, analysis of genome size to fulfil
the hidden hunger along with nutritional security by the use of k-mer



frequency analysis based on Lander-Waterman algorithm, the genome
size of pearl millet (84752 shows the millet including pearl millet can
come forward in respect of fulfilment nutritional requirement as well as
meeting out food security to the people in the World.

Genomic diversity derived from primary and improved varieties,
population genomics of pearl millet and comparative analysis of global
accessions and senegalese landraces has been worked out.[4748]
Transcriptomic analyses under high temperatures were studied according
to climate-resilient nutricereal for alleviating hidden hunger including
nutritional security has been recorded in detail.[%4% By the use of k-mer
frequency analysis on the basis of Lander-Waterman algorithm, the
genome size of pearl millet as well as use of flow cytometry to confirm
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the estimated genome size with the methodoly used in reference has been
worked out.[5%-54 Pearl millet is one of the most extensively cultivated
cereals in the world, after wheat (Triticum aestivum L.), maize (Zea mays
L.), rice (Oryzasativa L.), barley (Hordeum vulgare L.), and sorghum
[Sorghum bicolor (L.) Moench]. In the arid and semiarid regions of
Africa and southern Asia pearl millet is fulfilling the food requirement as
the major component of traditional farming systems and a staple food.[5]

A graph-based pan-genome by assembling ten chromosomal genomes
with one existing assembly adapted to different climates worldwide and
capturing 424,085 genomic structural variations (SVs) has been
developed which shows endoplasmic reticulum (ER)-related genes in
heat tolerance.[*4

Figure 1: Cenchrus americanus (L.) Morrone: A. Habit of the plant; B. Seeds.
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Figure 2: Graph showing the varieties cultivated in different states of India.
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CONCLUSION

Pearl millet provides various health benefits. It is rich in dietary fiber,
which helps the digestive system. It is used as a good substitute for rice
and wheat. It contains essential nutrients such as proteins, amino acids,
insoluble fibre, etc., that lead to better health and weight loss. Being easy
to cultivate, it is recommended for cultivation and consumption by the
patients of Madhumeha and Hriday Rog.
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