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PREFACE

iflets, a category of small-seeded grains, have been cultivated for

centuries and have played an important role in the food systems of
many nations, The nutritional, ecological, and economic value of millets
have received increasing attention in recent years. These grains have a
stellar reputation for their health benefits due to their abundance of
beneficial components including protein, fiber, vitaming, and minerals,
Millets are an excellent crop for areas with water constraint and frregular
weather patterns because they need less water and show higher tolerance
to climate change. Althoogh there are many advantages to growing and
eating millets, there have been obstacles that have led to a decrease in
their production and use. This reduction may be attributed to a number
of factors, including the trend toward monoculture, a lack of knowledge
about the health advantages of millets, a scarcity of processing facilities,
and insufficlent legislative assistance. To emphasize the role of millets in
attaining sustainable development objectives, increasing food security,
and decreasing hunger, the United Wations has declared 2023 the
International Year of Millets,

Thiz book attempts to cover different aspects of advancement in millet
research and value addition. This book consists of seventeen chapters
on diversified aspects aiming to make the millet farming a profitable
venture. The chapters on crop improvement technologies focus on the
recent varietal development to mitigate the adverse effects of dimate
change Special emphasisisalso givenon the advancesinbiotechnological
tools like pene editing techniques for development of climate resilient
varieties. Information on advancement in production technologies like



precise nutrient and water management also elaborated in this book.
The modern agronomic practices to make the millet farming climate
resilient are also described. Integrated pest and disease management for
enhancing the productivity and profitability in an eco-friendly manner
iz discussed in detail. This book also addresses the recent innovations in
miliet processing, packaging and value addition.

The editors sincerely acknowledge all the anonymous sources of the
information and photographs. The editors hrmly believe that the
farmers, researchers, cducators, extension workers, policy officials,
academics, and members of civil society will all find this book to be of
great importance.

Editors
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ated and cultivated on vast acreages

wontinent, These crops are known

adverse climatic conditions. Millets

rdworking people of anclent India,

. . vitaming, minerals, and essential

micronutrients necessary for the human body. The nutritional status

of millets was evidently mentioned in epic mythologies like "Ramayan|

However, the popularity and acreage of millet in India have drastically

reduced in recent decades due to the introduction of high-yvielding

varieties of other crops like wheat, maize, and rice. Presently, the millets

are grown in an area of ~15 M ha with a production of ~18 Mt in India.

Looking back into the nutritional importance of these millets throegh

modern-day scientific shreds of evidence, interest in consuming millets
in different ways is increasing among the citizens of the country.

Considering the nutritional importance and the behest of the
Government of India, the International Year of Millets is celebrated in the
year 2023 to promaote millet production and consamption and improve
the livelihood of millet-growing farmers. This is a great opportunity for
the agricultural scientists and stakeholders in India not only to reorient
millet research but also to provide a sustainable vision for nutritional
and economic security in the country. There are ample of scope for
diversifying the rice area with millet, particularly in the upland areas
of many of the eastern states. Az millets productivity is a concern, a



new achievable target to increase production efficiency in a sustainable
direction should be visnalized on the occasion of the International Year
of Millets, Furthermore, awareness of millets as ‘nutri-cereals’ should
be created across the country. Multigrain products like Rice-Millet,
Wheat-Millet and Maize-Millet need to be prepared, validated and
promoted. Besides, partnerships between farmers and stakeholders
need to be rightly emphasized and materialized for the improvements
in form of “farm to food table” scenarios of value-added millet products.
Concerted cfforts in millets research and dissemination of research
outcomes to the stakeholders help meet the nutritional requirements of

the growing population in the country.

I believe this book holds great promise for disseminating knowledge on
millets and millets-based products. The information on modern high-
yielding varieties and myriads of millet products could assist the “Millet
Mission” of our country. Publication of this book in the event of the
Mational Millet Expo 2022, jointly organized by the ICAR-National Rice
Research Institute, Cuttack and National Institute of Food Technology,
Entrepreneurship and Management (NIFTEM-T), Thanjavur, Tamil
Nadu encourages students, academicians, scientists, policymakers,
and other stakeholders in the areac

nutritional security of the country

best wishes to all editors, contributo

out this valuable publication on tt

Expo 2023,

Cuttack, Odisha, India
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humanz in these regions. Around 60%
in East and South Asla, 14% in Centra
the remaining 10% is shared by the n
producer, contributing approximately
Millets are small-seeded grasses that m
rain-fed crops under marginal conditio
are coarse graing with high nutritional
to their dimate resilience. They contais
levels and are rich in calcium and iron
millet cultivation to meet the growing
already recognized the Importance of 1
of Nutri-Cereals” Now, the FAQ has i
of Millets, emphasizing the significance
Keywords: Food secarity, Malnutrition
Status of food secarity in India

Food security means ensuring that su
with no barciers to access. India has ac
pecent times and remaing one of the fa
However, poverty and food insecurity i
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wide food during lean months of some

mtingency plan

3
1 water scarcity.

g and maintaining soil health. These
nabie farming practices, as they do not
let cultivation often invobres the wie of
susehold compost, vermicompost, and
al inputs enrich the soil with essential
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= and livestock management, millets



a motritions option for dairy cattle fe
making hay or silage While seasonal
in feeding cattle and ensuring food zect
securing fodder and sustaining livelibo

Millet and its accessibility

In today’s ever-evolving landscape of dis
millets are redefining accessibility o o
These resilient grains, often overshad
emerging as champions of accessibility,
communitics and regions. Accessibilit
security, In India, millet production s
1023). However, despite this significan
the average monthly consumption per
been limited to just 2-3 ldlograms. Rec
o 14 kilogtams per month, Nonethele
1o the following reasons

+  Lack of avareness about notritions
+  High cost of rice compare to rice
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mobils phones and the internel.

in our quest for food security and
ty to thrive under diverse climatic
ts, and traditional farming practices
utivn for feeding a growing ghobal
wee of nourishment but also a lifeline
stering their livelihoods and ensuring
pressing challenge: of climate change,
ilient agriculture, millels emerge as a
plability, and putritional value make
the embodiment of a sustainable and
g millets is not merely a choice: it is a
d maore secure world.

1g consumption,
iofortified varietics.
esource-use efficiency technologies.
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 food crop, with evidence of their use
wliz and China. Overtime, millets have
Id like Africa, Europe and the Ametica,
1e1 the historical and journey of millets
iscusses the speciality of millets in daily
worlde nurmber of health benefits dae to
dants mainly its low glycaemic index
tlled as small grains have also played
ion around the world in different walks
s grain size the millets are classified as
et include sorghum and Bajra. 'While
millet, barynyard millet. proso millet
r minor millets.

salth benefit

nd ever known. Probably, millets were
everal civilizations of the world. Millets
ecially in rural areas of India and were
sey are well suited to the dry climate of
Popularly grown millets since ancient
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milld Thegrars Fadhaz

Sparce: hitp! worwmorpsom.orer.m and persona

The term "Millet” originated from the L:
belong to group of small seeded grasze
of "cereals of the Poor™ belongs to fame
cultivated with less resources like che
protection chemicals. In general millet
their hardiness and ability to grow in :
arid reglons. Millets are ghiten free, o
vitamins and minerals and hence poo
health benefitz, Millets have lower ghyo
suffering from hyperghycemia and hyp
for centurles, especially in rural areas &
as rainfed crops and were well suited ¢
Southern India. Millet seeds were grom
of stone tools and cooked in the earthe:

Origin and Journey of Millets
Millets were indeed first crops being cu






Rajika etc., It was under cultivation 1
period (2500-2200 BC) and at Punjab, ¢
1400 BC)

Proso millet (Pamicum miliacewm L. )
millet, the oldest millet and referred as-
as Cheenaka, Kakakangu and Kangu i
been found in Gufaral around second
revealed East or central Asia as center o
in the directions toward Mongolia, Ch
2021, reported proso millet as the third
after bajra and foortadl miflet.

Little milled {Panicum snatrense L.
names in several Indian vernacular Ia
documented well. It was dormneaticate:
Srilanka, and grown in neighboring co
Ghats are the Little millst domesticat
Kerala. Its relative wild speciez ocom
Little millet coltivation paced during 2



Region of origin
Japan
South India
East African Highlands
China
West African Savannah
China
African Savannahs
India
India especially Peninsula

ficant role in the culture and tradition
rars. Few cultural significances are;

n Hinduism, millets used in offerings

valz and rti],giuu ceremonies. In sorme



availability of food, access to food, utl
Millets are important coop for food secu
change and other factors have made tr
are difficult to grow. It requires less we
receiving low rainfall Miliets are also
requiting less chemdeal inpuiz, In add
farmers, providing major income sow
Despite many benefits of millets, itis b
of more profitable crops such as rice an
of millets cultivation particularly, in Inc
staple food. To overcome this, organiz:
and the International Crops Research
{ICRISAT) are working to promaote mil
Importance of consuming millets in ¢
The dietary fiber that is there in our

glucose into blood stream from our
glucose should be released in a large g



1wy contain natural fiber When we eat
J gramz of fiber necessary for us (Every
r) through graing, Rest of the fibes are
tables, Though major cereals have 0,22 -
rs and islost when they are polished. The
mghout the grains in various layers and
nillets are aleo referred as Rich millets.

al and differ from country to country.
r {Sorghum) roti in Maharashtra, parts
Pradesh and Rajasthan: Bajra (Pearl
of Uttar Pradesh, Rajasthan and Tamil
Kagi Ball) in Karnataka, parts of Tamil
and Little millet found place for niche
| fasting.

and Madhya Pradesh, finger millet in
md. Barnyard Millet in Uttarkhand and
Irivation, processing and consumption



murukkua are 'lu'il‘:l.'j"- pugpular in southerr
were wed o develop various value-
vermicelli, ready mixes and mulli grain

Millets in Modern foods

Investigation has proved that ready ©
100% accepiable and most feasible. M
maore options to develop value added ¢
interventions in post-harvest processir
dehuoliing ete, (Primary Processing) .
extrusion, baking etc , (secondary) whic
are glaten free it does not make good ke
it has to be milled and combined with

Millets are the future crops

The modernization, industrialization, o

on the ecosystem, resulted in global te
and Wheat are sensitive to ncreased ter

climate scenario. Whereas, the millets
be successfolly cultivated under aberra



ihlished by Karnataka State Department of
ICAR-Indsan Institate of Millets Research,

nd Lu, H. (2018) The ancient dispersal of
heeological evidence. The Holocense. 28(1):

lopments in foxtail millet calthation and
upta 5C, Seetharam A, Mushonga TN (ed,)
ational Science Publisher, Mew Yori ¢ p.

i, L., Kumar, A (2021) Millets for Life: A
175-281-16-0676-2_1.
nod their role in early apriculiere. Pragdia-
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iese states play a pivotal role in mille
tely 98% of the total millet production
1 stands out as a major millet producer,
[the country’s total millet production

story in ancient India, go with back
ded graing were amaong the earliest
sent and played a significant role in the
i civilizations, Millets have deep roots
ne, and they have been cherished and
to the rich tapestry of Indias culinary
e declining presence of millets in crop
itributed to several factoss, Traditional
ow productivity, discouraging farmers
e abaence of local processing facilities
entent. Lack of awareness aboot the
rcontributed to their decline, Howewver,
5. Rising urban demand for heafthier
essing technology, the availability of
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Beferences to millets can also be foum
ALY) and Varaha Purana highlighting i

Wi & sy wra 2y, som w8 0F @ Even in co
(Barnyard Millet) and Saathd (a type of

Millets are also referenced in the meeti
Srimad Bhagwat, a religious text, Whe
astonished to see his home was resplen
v affording graing like Kodo and San
him, but now they enjoy a variety of de
the diverse ways millets are consumed.

wggr o, ofb o, o1 i v, st |

Fish goes well with finger millet, curd o
millet rice, milk iz the best accompanin
Archacological excavations in the Indus
insights into the historical consumptios
were discovered in the area, particularly
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5, For instance, millets were consumed
rya, who ruled from 321-297 BC. The
romm 1336 to 1646, also had millets asa
particularly under Akbar (1556-1605)
inued o be part of the Indian culinary
derscores the enduring significance of
ut different epochs (ITC).

s-rosoted history in Karnataka, where it
dithic Era. Its cultivation in the region
r 2300 BC, specifically in Hallur. This
ons between the people of thiz area and
i, and finger millet also have historical
ihores during the hater 3rd millennium
in Saurashtra and gradualhy spread to
early as 1800 BC. However, it's worth
in and consumption. millets were not
- texts until the 14th Century AL, This
ece of millets in the Indian subcontinent
res through trade and agricultare over



outperformed other cereals, providing |
Motably, millets were not just consum
their way into various culinary traditi
repertoite of millet-based dishes. Fro
{bajra) in Hajasthan to the iconic ragi m
millet-based foods were celebrated for
cultural significance of millets extends
woven Into folklore, rituals, and festival
in society. Millets were not merely grai
adaptability. Today, as the world grapy
sustainable agriculture, millets are exy
Their exceptional notritional profiles, |
thrive in challenging conditions make
Ancient India’s reliance on millets in beo
s A testament to the endoring value of
Hazsan etal, 2021)

One of the key reasons for the eartly

to thrive in arid and drought-pro
characteristics made them a wital foo



5, which constitutes Sorghum {Jowar),
"Mandua) and (i) Minor Millets which
akun), Progo Millet (Chesna), Kodo
Thangora), Little Millet (Kuthki); (i)
wheat {Kuttu) and Amaranth {Chaulai)
siment role in terms of both cultivation

widely grown millet known for its
staple crop in many parts of [ndia and
fodder, and industrial products.

a crucial millet in India, especially in
a versatile grain used for various food
15,

er millet, commonly known as Ragi or
particularly popular in South India. It's
used in varipus culinary applications.

leas Enportant, have historically played
A consumption. They include:



poTTidge and Hour-based products, Wh
share some qualities and have found th
These millets, major, minor and pseud
agriculture and diets for centuries. The
o d:r'nma: gmwmg conditions, and &

Medicinal power of millets: Ayurvedi

Millets, often referred to as superfoo
potential to address the gut-related il
smmall-seeded grasses have a rich histos
Millets stand out due to remarkable o
content, presenting a healthy alternatis
of millets position them as a promis
agricultural challenges (Jena et al 2023
staple food but also for their medicinal
Indian systems of medicine. Here are
propertics of millets are

+  Digestive Health: Millets are know
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miliets a valuable addition to any diet

ns are rich in dietary fiber, which
ielps control appetite, ultimately aiding
nillets have a relatively low glycemic
adual increases in blood sugar levels,
1wl crashes in energy This stable energy
re, millets are a good source of complex
d energy, which can support regular
s balance, essential for effective weight
5 into & balanced diet can be a smart

and maintain a healthy weight (Kam et

gained recognition for their notable
ey are rich in phenolic compounds,
mz, which serve as potent antioxidants,
clmental oxidative stress Research in



Bogwe Health: iflets are krnows fog the
includes an artay of essential mir
and maintaining bone health, The:
calcium, iron, manganese, Magn
copper, and selenium. Among thi
for strong and healthy bones, as ol
density, as well as other vital funct
of millets can contribute to enhan
of conditions like fractures and

maillet (ragl), are excellent sources
essential for maintaining strong ar
Detodfication: Millets play a sig
They are rich in dietary fiber, wh
waste products from the digestive
acts a5 a natural cleanser for the di
movements and preventing constip

Enpergy Boost: Millets are an excel
valuable addition o your diet for



" neurodransmitier Consuming foods
stonin production, leading to improved

th the environment

t food” or “nutri-cereals,” are gaining
ol bemefits but also for their remarkable
wbility, Millets are making a positive
why they are an eco-conscious choice

© the most significant environmental
ht tolerance. These hardy crops require
3 traditional grains like rice and wheat,
r and erratic rainfall patterns, millets
2. By cultivating millets, farmers can
and contribute to water sustainabilicy

are known to thrive in diverse agro-
encourages crop diversification, which
ity By planting millets alongside other



long-term ecological balance over !

Millets are more than just a notritioos i
and envitonmentally conscious choie
diets and supporting their cultivation,
biodiversity preservation, healthier soil
Millets’ Journey: Decline, Revival, an

The significance of millets persisted un
ciops like wheat and rice became m
the shift 10 these crops, millels remain
heritage and dietary traditions in
nutritional value and adaptability to v
the Green Revolution in the mid-20th ¢
yield varieties of rice and wheat, whicl
However, o recent years, there has be
to thelr nutritional benefits, drought re
agriculvare. Millets are now belng po
food” by agricultural and health organd

The decline of mill=ts can be atiribute



| o encourage farmers o grow millets,
h globally and locally. Internationally,
en-free and nuiritlous grain Locally,
nal recipes and the health benefitz of
f be used kn varioons forme, fom whole
ti. Thiz versatility has expanded thelr
sovernments have formulated policies
them in public distribution programs
¥ campaigns, farmer agsociations, and
iyed a role in raising awareness about
ets are increasingly recognized as an
wl nutrition, offering an opportunity to

t improvement

£ Millets Research, stands s the nation's
Operating under the Indian Council
insditnte has heen at the forefront of



Condusion

Millets, expressing Indias rich heritage
These resilient graing, deeply rooted in¢
and sustainability, Their resurgence ad
health benefits and eco-conscious

free, nutrient-rich profile aligns with
governments and growing consumer
Millets symbaolize the harmonious bleng
and environmental accountability. Invol
fature, bridging the wisdom of the past
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Hevolation-led agricultural policy lent
i whbch sona became skewed tosrards
1 crop diversification, resulting in a
also created ecological threats because
ption and increased production costs,
diverzified cropping patterns o mano-
ional security.

on of sustainable farming systems has
alture practices encompass a suite of
¢ in the face of climate variability, Crop
imable farming. holds the potential to
lems associated with rice monoculture
ind rice-maize cropping systems ase
& water scarcity, polluted water sources,
tlds, nutritional deficiencies, economic
wge, and environmental impacts. The
lia is vital to enhance climate resilience,
wdl health, optimize waler use, ensure
iodiversity conservation.In the context
ponent of climate-resilient agriculture



and lass of Irvelioods Hor farmers,

Climate change has far-reaching conseg
in temperatore and precipitation patter
example, higher temperatures can negi
of Indias major staple crops (Lobell
patterns can result in waler scarcity
This is particularly critical in regions
Climate change can create favourabie ¢
and discases, posing additional challen
al, 2016) Indian farmers face several »
change. Crop fallures and reduced yi
logses for [armers, particulady smallhe
livelihoods. Climate change-related disr
security, as Indiz heavily depends or
In regions with severe climate-related
migrate in search of alternative livelilio

Rice-Millet Cropping Systems
Rice-bazed cropping system is the bac
countty. It is important in maintaining



as paved the way for multiple cropping
s range of crops.
for their resilience in challenging agro-
ops grown in India are Sorghum (Great
«r millet), and small millets viz, Fooctail
millet and Barnyard millet, Millets are
an annual prodoction of 15.53% million
wry's food grain basket. Rajasthan has
on (29.05%) followed by Maharashtra
Pradesh (8.06%), Madhys Pradesh
du (3.74%) (ASSOCHAM, 2022). They
ironments, They have a bife cycle of 70-
id regions, requiring anly 350-400 mm
wrl millet survive al temperatures up to
Jleas privileged undulating terrain with
are less labour intensive and require
v and water footprint. Barnyard millet
at and is considered to be the fastest-
nctail millet iz drought-resistantand is



and drought (Reddy et al, 2005). ICAI
delineated suitable areas for rice in the ¢
biophysical and weather-dependent vas
are unsuitable for paddy cultivation {
districts are located in 15 states but onk
Rajasthan, and Uttar Pradesh) constin
cultivated areas as well as production,
the country comes from these regions,
in these states where the rice-rice ox
zones, rice areas in rabd may be liberated
millets (Bisen etal, 2023). ICRISAT s 2(
India suggests that Chhaltizgarh has ap
nearty 35 percent of all rice fallows,com
which each have nearly 1.8 Mha of rice |
fallows, in Indian states. This indicate:
the aforementioned three stales. States
include Tharkhand, Maharashira, and 1
3 percent of the total share inchude Tel
For any short-crop intensification, ever



or muillet {mandia). Little millet is widely

and the Chotanagpur Plateau, Certain
hhindwara district, have seen successful
sdiversity in rice-millel cropping syitems
s bajra s more prevalent in North Indian
gaystems across India showcases farmers’
ttheir local conditions. It underscoges the
raditions that have evodved over centuries.

srsification with millets
a can be considered in various regions
U agro-climatic conditions, soil types,

n 4 large area (around 2 lakh ha) in the
in 2020, In view of groundwalerover-
¢ administrative blocks, millet crops
ed andintercropped with asrobic rice



These states have diverse agro-climatic
possible to intercrop rice with millets I
mdllet. Coastal Andhea Pradesh iz sudiy
like finger millet {ragi) and pearl mil
Tumbur of Karnataka have scope for ¢
regions in Kerala, especially in the upl
of rice with millets ke finger millet «
Telanganaare suitable for diversificatio
and sorghum.

Eastern India

Some parts of West Bengal, parts of Thi
platean regions, and southern and
intercropping or mixed cropping of i
millet, sorghum and pear] millet.
Northeast India

Hilly regions of Northeast India
cultivationwith millets Hke finger mille
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thange conditions (Defries et al, 2023).

Systems: Rice-millet cropping systems
em an attractive and sustainable choice

# Rice-millet cropping systems are
md adaptability,. Millsts, such as pearl
¥ drought-tolerant and can thrive in
1is adaptability is crucial in the context
i often lead to uncertain and vartable
4, 2017). Temperature rise because of
irement and evapotranspiration from
. Under such conditions, millets can be
rrice-baged cropping system (Davis et
uction of short-duration and improved
vield lewel by 91% (Sonune and Mane,
1 helps in reducing the carbon footprint
compared 1o rice monoculture.

i that enable them to access water from
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rice, which primarily consists of cark
cropping systems can enhance the nut
o improved food security and better lu

cropping systems, have demonstrated ¢
irput costs due to lower water and
diversified income sources from mualt
sustainability of farming households |
market for millets hasbeen expanding. d
of their nutritional benefits. This provid
profitable markets,

In summary, rice-millet cropping sy
incloding climate resilience, soil heall
nutritional benefits, and economic wia
systems as 4 sustainable and adaptive ch
in the face of changing climate patterns
Climate-Resilient Practices in Rice-!
cropping systems are known for their o



drying LALYW ) aliows Dor miermiiient
educes water usage in rice cultivation

g rice with millets distapts the life cycles
hscing the need for chemical pesticides.
ommaon rice pest, has different host
nafi, 1993) Integrated pest and disease
rice-millet cropping systems. Farmets
. such as releasing beneficial insects or
These practices reduce the reliance on
healthier environment (Altieri, 1999).
sctices: Many farmers practicing rice-
nic and sustainable farming practices.
T35, cover cropping, and reduced tillage.
reduce greenhouse gas emissions, and
dbate to climate resilience (Reganold&

to the climate resilience of rice-millet
rees, teducing environmental impact,
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munities through mill
Sandhya, 2018).

Odizha

Improved resilience i
In the coastal regions
temns have significantl
tercropping rice with

ghum and finger mill
smccessfully mitigatec
and erratic monseons,
proved livelihoods b
Ananth, 2019).

Enhancing nutrition:
In Telangana, the prc
tems, particularly the
rice, has led to impro
rich in micronutrients
into the diet of local ¢
tion has not only impr
reduced food insecuri
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tncorme, and enhance cimate resiience

wping System Farmers in India:

cing rice-millet cropping systems often
ity, primarily driven by unpredictable
aproved seeds and modern agricultural

chain of small millet seeds other than

nillets: Nisavailabfeonbyforpearimillet,
wr millets are not incleded under MSE

[ the soil is exhausted by fast-growing
1as a wide C:N ratio and takes a long
il nitrogen i temporarily immobilized
1 in the 0il for the succeeding crop. To
itrogen is applied at the time of the first
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tallored to Indias diverse agro-ecologic

Emphasis is needed on all millets: T
particular crop. But ragi is gaining pogn
and community adaptability. So. in this
kind of monoculture and risking our
parallz]l policy of promoting small mille
and international markets.
Promoting value addition: Since the p
proper processing and value additions w
consumers. Policies and interver
to millet products, promoting their
(Gowda et al, 2007).

Enhancing market linkages:Develn)
ensuring fair prices for millet farmers a
well-being (Kumar & Pal, 2009).

crop diversity to reduce the sensitivity
al, 2019).Additionally, empowering «



i context will be crucial for harnessing
stems for sustainable agriculiure, food
n India

the wvital role of rice-millet cropping
¢ challenges in Indian agriculture, It
n with millets lke pearl millet, finger
mate resilience, considering specific
hese systems offer benefits like climate
ficient water use, nutritional diversity,
e climate-resillent practices Hke crop
rol, and organic farming. Case studies
epite challenges like vield variability,
sment, Policy recommendations focus
ukthcet contectinns, and diversification
il for sustainability, climate resilience,
- In conchizbon, rice-millet cropping
for Indias agriculture, addressing yield
management. Collaborative research,
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comsumed by developing, arid and sem
during the recent past due to the vers
popular in urben area also. Asia and A
percent of total millet production (27.5
the largest area decline in millet was of
reduction in area was obzerved in Afr
for the last 50 years dropped to the t
whereas millet production in the worl
productivity level increased from 575 k
more than 80 percent of Asia and 20 pes
millet production is confined to arid
where rainfall is low and erratic. Am
droaght-escaping plant accounts for m
in India Mostly produced from Rajas
Pradesh and Haryana. Among the mi
minor millet production of 1.79 M.t [
productivity of 1530 Kg/ha, More thar
comes: from Karnataka Titarakhand,
Andra Pradesh State. The remaining 10
from kodo millets and others. As per ik
of 73% was achieved in the last 73 ye
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ionnes with a share of 0.13 percent of
al, (2021) reported that pear] millet
eduction, FAQSTAT 2021 reveals that
129 kg'ha. Indian average productivity
ty. India shares more than 80 percent
oduction (Ministry of Agriculture and
me, the African continent shared major
[ ha. followed by America, Asia with a
of .63 M.t In India, millets are mostly
*radesh, Tharkhand, Odisha, Rajasthan,
al, 2019). However, during the recent
illets, it has become popular in urban
gest area decline in millet was observed
M in area was observed in Africa (Fig
due to a lack of high-yielding varieties,
ial crops. lack of government policies
woductivity. Millets are considered a
maceutical vahie making them highly
gh millets have high nutritional value,
tically reduced or remains stagnated as



Among the Asian countries, India sha
USA and Argentina are the major coat
Among Europe Ukraine, Poland and Fa
Worldwide area and Asia under millet
148 % respectively (Fig 1), The decline
the lower yvield of millets during the 1%
increase in area was observed. Amon;
recorded the highest degree of 5.5 M.
1}. Socghum is cultivated in more tha
are having more than 10 lakh ha cult
Niger, America, etc., and 37 countries
the continents, Africa alone contribute
followed by Asia and America. Sudan r
followed by Nigeria (61.2 lakh ha) and ]
last 50 years, the Sorghum area decrea
in the world. However in African cont
to 2018, there was a gradual increase i
increase in sorghum area is mainly due
tast decades which in turn resulted in the
a5 maize to drought tolerant crops like m












producing countrie: among Europe o
in world sorghum production from 40

with a 44% increase in sorghum prod
decline in sorghum production by 199
area by 8% from 1981 to 2018, From 1
African continents and gradually declls
Asian countries especially India and Cl
production due to a sharp decline in ¢
17 M.ha of total cropped area produce
reduced to 6 Mt from 6 M ha (Fig 3).
cropped area but the global productios
to 29, M.t The increase in Sorghum

!'I:I-Cld IErONOMmic MAnAgement practice
varieties led to an increase in productis

In Indla, millet production ts confine
rainfall is low and erratic. Among the 1
escaping plant accounts for more than !
Mostly produced from Rajasthan, Utt

and Haryana Among the minor mill



2308 kg'ha. According to FAD STAT
was achieved in Mexico, Uzbekistan,
4 and 4.0 tha respectively,

n increase of 73% was achieved in the
1 3). Among the millets, Finger Millet
91 kg'ha, Pear] Millet (1130 kg/ha} and
scond and third position respectively.
o millet was due to the development
t fertilizer use efficlency and adoption

Improvement o the productivity of
ted zorghum hybrids and high input
-grovn countries. In Indls, Sorghom iz
ifferent seasoms. Rainy season sorghum
t post-rany season crop (Rakshit and
ies, China ranked first in productivity
reas in the world, Oman recorded the

llowed by fordan at 22100 kg/ha.
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Concerning the Indian state’s Millet
Agriculture and Farmer’s Welfare 202
production was observed in Maharash
Madhya Pradesh (Table 1), There was 3
tix 16.4% [akhs ha with a decline of 26%
productivity was observed in Madhya
20116 to 2021. In case of Bajra, the highe
Rajasthan and the highest productivity
There was a gradual decline of 11% in 't
level was increased in Tamil Nadu froo
production in Ragi was obaerved in Ka
Nadu. There was a gradual increase ir
Karnataka whereas productivity decres



is not practiced as the grain size is very

¢ millets as compared to other crops
due crops due to high monetary returmn

walue addition,

ing millets in fertile lands rather than

grow millets in the larger ares
3¢ motivated to grow millet by giving

vaddithon at the village level
mmpowered by way of capacity building
1 by complete mechanization

actices followed to increase production
hop
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onomic effects are considered serious
security, particularly for the worlds
weniries. Scientists and nutritionlsis are
the feasibility of growing, processing,
ces to eradicate hunger and poverty.
f food worldwide and play a vital role
t spurce of carbobydrates and proteins
e of Africa and Asia and is one of the
er, millet grain is currently attracting
technologists, and nutritionists because
nal food security and potential health
advancements in the regearch that has
nutritional value and potential health
+ event of global warming and extreme
mate change-tolerant and have huge
idvantage: In marginal condition: than
etn can be solved by millel production,

hemicals, healthbenefits, sustainability,



et al. 2018). Economically deprived &

difficulties with regard to food and nutr
to avoid malnutrition as a result of the gh
Mondal 2019}, According to (Harding
population in South Asian nations lack:
fn their diet. Severs mbcronutrient and
health problems, such as stunted ment
death, These flaws ultimately result ©
vulnerable members of society, which i
emerging nations (Bhandari and Banja

Epidemiological examination: carrled
43.8% of the population lacked sullicien
Uttar Pradesh, Madhya Pradesh, and ¥
deficiency rates (Striessnig and Bora

of malnutrition. It is well recognised
rising obesity rates include a sedentas
and an overreliance on fast food, By 2
overweight and obesity would affect 3C
iz associated with disbetes, heart disen:



icinde inger mullc! [ Elewsine coracand),
millet (Peamizetum glascum). Foxtail
Panicunt millacenm), barnyard millet
pircser swmalrense), browntop millet
(Paspalum scrobiculatum) are among
eral other important grains (including
higher mutritional profile in terms of
er, and phytochemicals, such as ferulic
8). In addition, it has better digestibility
contains high concentrations of vital
ine, threonine, and valine) {Sharma et
& It s safe for people diagnosed with
also easy o digest, non-acid-forming,
s have proven to be effective in both
iseases, including type II diabetes and
). Diets with millets as staples ensured
at people and provided various health
lely used in food, feed, fodder, and fuel,
n. or as a whole grain in various local



and active life'{Unicef et al. 2018). The
security are (1) simple access to enoug
and (3) hyglene and excellent health fo
2018). According to (Hwalla et al. 2011
concern for society that is heavily reli
lacking in important vitaming and m
the millet is tabulated in Table 1. To |
malnutrition, supplementing diets hi
in micronutrients and vitamins woul
have great potential to serve as substi
nutritional security in the majority of
greatest sources of micronutrients, diet:
wilh a variety of medicinal benefits (Kc
popular to consume millets in the form
becanse of their great nutritional valae.
of vartous functional food products has
nutritional valoe.

According to (Saleh et al. 2013], millets
carbohydrates for people living in the
Africa. According to (Li et al 2018), r
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main fatty acids found in finger millet
almitic acids, which lower the risk of
nd Krishnaswamy 2021), finger millet
ning diet with high energy and low
ifains 18.37% protein and 398 keal per
foxtail millst and barnyard millet Sour
ail millet in Bangladesh and analyzed
physical characteristics. In addition,
v acetic acld (F0: 2950 0.50. To heip
¢, millet might be a perfect addition to
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greatest source of calcium among cereal
mg/100 g}, zinc (3.1 mg/100 g), and m
in pear] millet (Ramakrishnan et al. 200
gine (3.7 mg/100 g) and iron (9.3 mg/l
(5.0 mg100 g}, zinc (3.0 mg/100 g), &
abundant in barnyard millet as well (F
necessary element for bone mineraliz:
Calcium intake in Indias rural and arb
daily amount recommended for healt
combat calcium deficiency in underde
with millet-bazed foods that are high
high in carbohydrates. When families
products or when people are lactoze 3¢9
af effective calcium distary supplemen
foxtail millet. kodo millet, and barmyar
Fhosphorus is abundant in millet gra
of ATP molecules that supply energ
(Harinarayan et al. 2007). Pearls, fin
sources of phosphorus. A major malng
2.36 hillion people worldwide is anemi
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mflavin, niacin, and folic acld are also
salthy brain function, including energy
the synthesis of certain neurochemicals
earl millet, and foxtail millet have very
ning. Peat] millet, sorghum, and kodo
thich is essential for pregnant women,
arl miflet, and kodo millet have folate
uf 3949 g/ 100 g, respectively compared
it al 2023). A healthy diet rich in folic
gical abmormalities, and cardiovascular
izl number of essential vitamins and
ey disorders, thus contributing to the

nillets

uble and insoluble dietary fiber, casy-
1 significant micronutrients, including
dated with a number of positive health



fat content, probably due to the presenc
fight the high prevalence of anemia du
Its zeed coat contains an enormous
fiber, polyphenols, and micronutrients
2012). The seed coat of millet has an
owing to its high polyphennd content.
children, pregnant women, and nursin
acids such as methlonine, tryplophan,
millet has hypoglyoemic and hypodd
antitumorogenic, antidiartheal, anti-i
microbial, and antiulcerative capabilitis
beneficial for preserving youthfol ekin
many important wses in sustainable fan
As the demand for food increases, fing
feeding people globally

Pearl millet
Compared to other common cereals, |

of calories, carbolydrates, crude fiber
(B-19%), antloxidarts, and fat {3-8%)
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ied to treat dyspepsta, poor digestion,
e seeds are used to treat cholera and
diuretics that increase masculinity. In
v into porridge. wsed to produce rots,
dditionally, it ks wsed to produce rawa,
. 2009).

ts, including the prevention of cancer,
5, treatment of dementia, maintenance
tivity, antilipidemic activity, reduction
rement of overall digestive health,
and assistance in the development of
sdersen and Nepal 2017).

i and minerals including copper and
+ ghycemic responses and plazma levels.
1 Which benefits the nervous system. It
including methionine and cysteine, as
B Ca, Zn, and Fe (Kalinovd 2007). It



htestyies, ‘Lhese antioxidants greatty di
cholesterol levels, which can clog arterd
and other heart problems. It also conta
nulracentical ingredients, such as pt
metabolic disorders. Additionally, it

gastrointestinal problems such as fk
irregular bowel movements. Purtherm
the body’s internal organs (Ranietal, 2

Eodo millet

Eodo millet is excellent for strengther
igh levels of calcium, iron, potassium
and folic acid (Bunkar et al 2021). Dl
extremely beneficial for postmenogpatis;
including high blood pressure and che
range of positive health effects, inclu
microbial, anti-obesity, anti-cholestes
anti-carcinogenic, ant-inflammatory
activities. It is effeclive in treating he:



pcinnamic | Antioxidant, ant-

- fibrotic, antiviral,

sechuric anti-atherosclesotic,

d vanillic antibacterial
antiaging, anticancer

rybenzoic

ferulicacid,

COMMATIC

1d sinapic

tin, Antioxidant, anti-

in amnd inflammatory,

vatives antimutagenic effects,

:atechin, antiaging as well

<hin, and as cardiovascular

ocatechin), |disease-preventive

 bricin, properiies
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moisture levels, and require only a s
thrive. Because they only require a sma
CAR even survive in areas that are pro
sequestering plants that assist in reduci
to being water efficient. Millets are a rel
for small and marginal farmers becaus
their production (Sharmili et al. 2021).

Millets are & significant crop with an
its resilience in times of adversity, min
content. They are essential for emvirons
One of the earliest foods consumed by
been the first cereal grain to be dome
seeded millets are drought-tolerant gr
with poor soil fertility and water avails
out, in part, because of their short grow
With rising agricultural costs, climate cl
millet is known to have significant pro
Millets are appropriate for use in bo
because they thrive in a variely of agre



1 of Asia and Adrica, where 90 million
ple food. India generated 9.22 million
erea of 755 million hectares. Haryana,
ere Lhe lop three producers of pearl
arid, salty, and hot climates because of
n# with inconsistent and erratic rainfall
des variouz advantages, incloding rapid
equitements, and a general absence of

sarkd and semd-arid reglons owing tolts
flourish under challenging conditions,
wers. This is an advantage for immense
ertility soils and do ot require synthetic
st for wp to 10 years, providing year-
we of crop failure (Maitra et al 2020b),
t are Gujarat, Karnataka, Uttarakhand,
Andhra Pradesh.



nutrition and food security, particulard
Proso millet

The crop progo millet has Hmited requi
can harm s growth. Proso millel is an
that requires a lot of water and herbici
and tolerance to atrazine residues. Pros
climates. Owing to itz high level of dro
with low ratnfall. It can handle a specific
is a distinctive crop that has 2 brief grov
making it a viable rotational crop in sen
s0il types can range in texture from sar
gand should not be used.

Kodo millet

Kodo millet is widely cultivated in b
subtropical regions of the world Owin
be grown in areas with erratic and ir
environmental sustainability and hum
low input needs, and high nutritional ¢
for populations worldwide {Vetriventhu



ving sustainabilivy goals.

and international health challenge. In
1 exdist simultanecusty. India has one of
tde. In light of pervasive malnutrition
imminent need to expand food grain
-most cost-effective alternative. Millets
its compared with polished and refined
unt of dietary fiber and phytochemicals,
an 4 number of degenerative diseases,
rdiovascular disease, and cancer, It is
ad products and increase the publics
Juding millet in ones diet through
ng millet in the diet, both traditionally
» can have a number of positive ellects
wd nutrition. The potential of millet to
.security, and sustainable agricultare is
ught, and nutritioas crops have several
versity o boosting environmentally
ntinue to face difficulties in marketing,
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ST Mahala B.5, Gapia, 5. K., &Raghwanl,
peard millet improvernent iy India, ICAR.

rwal, 1. §,, & Sriniwas, K. (2007), Yield gap
i bn Erilla nalng siralatbon meodeling Mo, 37
(201%) Peasl Millet Hybrids and Varietses,
search Project on Peard Millet, Mandos,



Abstract

Millets are short duration crops adop
to ablotic and biotic stresses thus con
scenario of climate change. It i grown :
marginal land and well snited for rice
Most of the millets are highly notritic
or Nutri-cereals’ Being climate resilien
future detnands of food and feed. for
Az water s becoming a scarce natur
appropriste waler management practi
per drop of water used in productior
of optimum sowing window, appropri
treatment, suilable irrigation method:
drainage facilities will enhance the o
which will contribute tremendously to
of our country without degrading our s

Millets are a group of food dgops whic
development as compared to other cer
ecosystem. On the basis of grain size,



L4 zid 13%, respectively, Area under
India are presented in Table 1,

& non-ghutinous, non-acid forming and
wle Grains or Nutri-cereals” and gaining
i nutritional security under changing
nendous potential for value addition as
| taw matetials, Being climate resilient,
future demands of food and feed, for
As water is becoming a scarce natural
ppTiate water management practices fo
sductivity, land productivity and farm
dion systemn. Knowledge on climatic
requirement of crops with their critical
ng system are essential to develop an
or sustainable millet production. Better
m sowing window, appropriate sowing
suitable irrigation methods, irrigation
ties will enhance the millet production
etremendously to the food, feed, fodder
it degradingour natural resources.
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Foctail millet 123 &0
Kodo millst 83 3.0
Little millet .7 7.8

Barnyad mil- | LL2 10.1
let

Teft 130 &0

Brown top 115 125
mdillet

Proeo millst 125 i

Climatic requirement of millets

Millets are preferably cultivated under
grown in areas having moderate rainfall.
and subtropical climate, whereas foxtail
In India millets are grown from mean
hilly regions up to 2700m. Comparath
and water requirement of millets are tal
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i} 250-600,| 2530
1500
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s

ason under rainfed ecology, Some of
rger millets grown as rabi crop under
irrigated lands, Bring short duration
5 can also be grown during summer
mg the Indizn states in Rajasthan all
al agroclimatic and cropping systema,
‘amil Nada states are also popular for
iz most dominant crop inKarnataka,
let growing States and seasons in India
on Odisha, growing seasons, varietics
fHected in Table 5.
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Gujrat, Karnataka

Barnyard Madhya Pradesh, Chl

et Tarnfl Maduy, Littara P

Foxtail millet | Andhra Pradesh, Kar
Telangana, Rajasthan
Uttarakhand, NE stat

Browntop Andhia Pradesh, Kar

millet

Chadnoa Andhra Pradesh, Kar

ttaralkhand

Table 5: Growing ecology, growing seas
methods of millets in Odisha

Crop | Growing | Growing

Ecology £EAA0T




B Ly

BLS (90)

Chattisgarh Dry direct
Kutaki 1 seeding
Kalinga Suan

217

15 reflects durvation of the varieties

ancing productivity and profitability

¢r than the other crops, because they
the millets are grovn during kharif
ne of them are also grown during post
are. Summer seagon millets are grown
r different cropping systems in varioos
¢ obzerved that millet respond well to
ment substantially increased the yield
£ CrOp wize witer management options
. management practices are highlighted
Ha.



initiation (FPT) at 20-30 DAS, flag leaf
DAS and grain filling stage at 30-90 D
stress. If thete {3 sufficient water, appl
stages haz significant effect on crop vl
FPI and flowering are maost critical stage
after heading are crucial stages for irr
in medium to deep black soil, 3 irrigat
stage and at grain filling stage are crit
responded well 1o green manuring with
at panicle initiation, booting, anthesis 3

Water managemenl in Bajra

Pearl millet popularly known as Bajra
rainfed ecology. The average actual &
found to be 1.7 (o 531 mm per day, Bes
in the high canopy development and
2012). The seasonal crop waler nequiren
requitement of summer Pear]l millet |
millet i5323.6 mm (Mzheta and Pand
millet grains the crop needs 14-15 mm



to conventional broad casting on flat
| millet sown in bed methods followed
gistered highest grain and stover yield
milarly sowing of bajra by seed drill
yield than broadcasting. Significantly,
rent) enhanced the yield by 9.7% over
let. Additionally, mulching with white
icheduled at 1.1 TW-CPE ratio recorded
eld.

arashtra irrigated with 100 mm CPE
in yield maonetary benefits and water
on waz more from middle soill modsture
ive use of water was 3942 mm The
100 mm CPE irrigation regime (443,47
m) (Pawar et al, 2018). The irrigation
ough the crop period (5-7 irrigations),
:asons. However, during deficit supply,
at TW/CPE ratio 0.75 during moisture
W/CPE 0.4 at other stages are ideal for



of 0.9 along with sugarcane trash maul
achieve higher yield under irrigated ecc

For transplanted ragi pre planting irrlg:
at 3 days after transplanting of ragl se
needed for proper crop establishment
growth and tllering it is better to wi
establishment. Then irrigation at prin
filling stages ensures oplimum grain ar
ragi. Diip irrigation is an allernate and
prone ateas (o generate good yields fai
Finger millet is an emerging <rop can
scenario and ground water.

Water management in Proso millet

Proso millet is a short duration, drought
ecologies. Limited water-demanding ar
climate resilient crop under different
grown as rainfed crop during kharif se
But under prolonged dry spell at tiller:






Millets are valuable food crops In tx
short doration, low lnput requiremer
and capacity to grow under several .
mechanizms deal with environmenta
lodging and waterlogging. But produc
production system can be enhanced |
crop management practices. Selection
based on ecology and local preference
hardening and disease control, maint
through proper crop establishment,

Further need based pest and disease
water management will ensure the high
production system. Though millets are |
irrigation methods and irrigation sched
using advance technologies like soil mo
water productivity, low water footprint
Ragi i5 the principal millet crop exter
districts of Odisha. Next to ragi little ¢
Odisha as traditional crop but reduced
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et requirement {ET ) of different crops of
terology 18 (1); £5-87.

e of actual svpotranspiration, growing
ime hours on wield of finger millets,

. Responze of Irrigation and hydroged on
(Pennisetam glavcum L.} under Bastern
{ Forar 13 {2): 404-407.

Pradhan 5 (2023), A climate regilient crop,
Quinow, Sakhi News Paper, Page 10 oo

radia LE, and Pute]l EF (2018). Efect of
wnagement o productivity and profitabilicy
ber chay sodls of souils Cajral, Iniornaticnal
end Rrerarch 6 {4): 23191473

K T Z ond Han © (2009). Optimizing
infall harvesting system to Improve foxtasl
smiarid regron. China, Agricultural water
‘B agwar. 105852



Abstract

Rice- millet cropping system iz an emer
millet followed by the rice in rabi seas
The nutritional quality of millet is mos
as wiell as millet in cropping system cou
and nutrition. This study reviews diffe
rice-millet cropping system which ase
biofertilizers, integrated nutrient mans
technology. INM enhances the growth, y
in rice based cropping system. Use of ms
the requirement of nutrient to the crop |
10 the crop increased the soil biotogical
the soil physico-chemical and biologic
associated with low-fertility soils an
making the role of fertilization cruch
important to acknowledge some limit:
related to finger millet, These include
soil health improvement for sustainabl
studies on TNM, the identification o



' vitamins (B vitaming) and minerals

i staple crop in India and many other
m the National Council of Applied
it consumption of millets has drasticatly
processed meals. Thiz shift has been
vheat and rice, leading to a substantial
¢ 1956, the cultivation area for varioas
mall millets, 64% for sorghum, 49% for
Patil, 2016). Despite this decline, there
r healthier, more accessible, and cost-
35 of malnutrition, encompassing both
ing, minerals, and protein) and owver-
v, and lifestyle diseases). Purthermore,
d concerns about the unprecedented
er (the 3F crisis). Millets are now being
in address various critical challenges in
ergy production, malnutrition, health,
vastava et al, 2023). They are highly
d moisture conditions and have low



harvesting of long—duration high yiel
sowing during the rabi crops due to eark
and excessive modstnres in Novermber/T
and blue bulls (Ali and Kumar 2009;
million ha) is 3 mono-crop rice-based

{B2%) iz concentrated in the eastern
Upper Assam, Bihar, eastern Uttar Prad
al. 2012, Kumar et al, 2018; Kumar et

is an alternative and most soil sustainal

While millet farming is gaining mon
ecosystem-leve] interventions to impn
context of climate change Recognizing
of climate change, the Food and Agr
Mations General Asvembiy declared 20
(FAO, 2022). In areas where finger mil
crop for subsistence farmers due to its
under low-nutrient conditions, finger o
yield {Maitra et al, 2020). There are
respond positively 1o added nutrients,
is essential for sustainable production, '
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ditionz. In reglons with water scarcity
ision of millet in the system can help
ater than rice and can tolerate dry speils
wint of the system (Ullah et al, 2017).
sthances the resilience of the cropping
nd Van Buren 2022}, Millet’s ability 1o
he risk of crop failure during droughts
duction in challenging environments.
soil health by reducing the risk of il
15 rice cultivation (Bado et al, 2022),
mipaction and enhance nutrient cycling
4 alongside rice can distupt pest and
wmical pesticides. This can contribute
ally friendly cropping system. Rice and
af staple foods, Rice is a primary source
et is rich in protein, fiber, vitamins, and
iversification improves the nutritional
ng systems can enhance food security
lures. If one crop fails due to adverse
thrive, ensuring a food source for the









rainfall, it was supgested to apply 50% o
and the remaining 50% in two equal spli
In regions with uncertain rainfall, the
sowing and the remaining 50% arounc
Chellamuthu (2013) observed that o
fertilizer alone decreased the soil orgar
experiment in finger millet. Regarding p
in areas with low sofl phosphorus ley
125% of the recommended dosze of
nitrogen, potassium, and organic mat
fertility increased grain and straw yiek
100% or 75% of the recommended pho
fertility zofls. The combination of nitrog
is essential for crop productivity. Field e
grain and straw vields for finger millet
the recommended dose of NPE, along
as follar sprays. Overall, nutrient manag
nitrogen, phosphorus, and potassium, ¢
millet yields and ensuring sustainable a
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farmyard manure, and vermicompost,
increased finger millet yields compa
example, the application of poultry ma:
manure at 3.0 tons per hectare, and 4
which is equivalent to 20 kg of nitroge
yields of 2211 kg'ha, 1740 kg'ha, anc
experiment conducted at the Agricultu
in Bavikere, University of Agricultural
Naik (2017) conclheded that the combd
and biodigester Hguid manuate at 75 kg
splits) led o superior growth, improv
yield for finger millet. In summary, osge
the enhancement of finger millet prods
the principles of sustainable and enviro

Biofertilizers in nutrient managemen

Bio-fertilizers consist of living microm
and fungi, that. under favorable conditi



il in South Ckdisha Farthermore, Kejia
2 complement chemical phosphorus
&t applying 100% of the recommended
[ with phosphate-solubdlizing bacteria
scular mycosrhiza (VAM) at 12.5 kg/
ion, improved yield anributes (such as
number of ear heads per square meter,
‘head length), higher grain yield (4315
¢, this treatment resulted in improved
rotein and carbohydrate content, for
wemical fertilizer recorded significantly
. the use of bio-fertilizers, particularly
1l chemical fertilizers, can significantly
i overall crop quality, contributing to

M)

1) ts a strategy aimed at enriching soil
supplying plant nutrients to crops from



BUWEFL FLJL WAILE B .01 Wids LRRWEL Vel
of 10 tons per hectare of FYM, along
consistently maintained a mean yield
indicators contribating to the ST in the
carbon, potentially available nitrogen
and sulfur, as well as exchangeabie cal
activity, and microbial biomass carbo
Furthermare, the application of 10 tor
with 100% NFPK (50:50:25 kg 'ha) susta
kg /ha. This highlights that integrated 1
consistent crop productivity but also er
sustainable agricultural practices.
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per heclare of larmyard manure [FYM
wilh another treatment based on the
yield of 4 tons per hectare, These expu
ow nitrogen levels (below 140 kg ha)
potassium levels in Vizianagaram. An
that in soils with low nitrogen conter
200% along with micronutrients could |
using the STCR approach, thus reachi
with integrated nutrient supply. In anc
conducted on Alfisels in Karnataka, pr
millet was assessed. They reported sign
ha™} when using the STCE-based app
potassium, along with 10 tons per hec
yield of 4 tong per hectare, compared t
These results clearly demonstrate the s
aiming for specific yield targets compan
In summary, the Soil Test Crop Respoi
sound method for optimizing fertili
targeted crop yields, as evidenced by
cultivation and other crops. It ensures
for sustainable agriculture.



undnut. Crop rotations can enhance
urns compared to monoculture finger
nillet with legumes can be beneficial
zation, increased total crop yield, and
¢ intercropping systems may lead to
reased plant density compared to sole
millet and legumes can be significantly
such as finger millet + red gram., finger
- sovbean, have been found to result in
stary advantages over sole finger millet
e red and lateritic belts of West Bengal.
al in intercropping systems. Supplving
sphorus, and potassium {N-P-K) can
wdeesha et al. (2010) reported that the
age sludge or poultry manure compost,
levels, resulied in significantly higher
tillet and red gram in an intercropping
se in substituting chemical fertilizers
magement practices within different
ud impact on finger millet productivity



measure nutnent levels, motsture cor
allowing farmers o adjust nutrient ap)
and nutrient management software off
These tools integrate sodl test resulls, wes
to provide farmers with nutrient manag
of Thingz)devices, including soil moist
deployed across fields to continuoushy o
nutrient management decisions and ¢
learning is a branch of artificial intellj)
to a5 A machine, learns to perform vari
al {2023).Machine learning algorithm:
data to predict nutrient requirements b
weather patterns, These predictions he
Mobile apps and software platforms p
nutrient applications, tracking fertilize
using smart phones and tablets. ML
fertilizer rates, genetic data, and environ
Advances in machine learning, a subfiel
agriculture (Ennaji et al.. 2023). Smar
with nutrient management by consider



learning could help predict fertilizer
wins cofvdiicted o select relevant studies
al management of cropping systems, In
ot management”, “machine learning in
used in various combinations incleding
pent”, “Tertillzer recoanmendation tonls
arch through Science Direct, Pubmed,
ions were classified into two general
il Mitrogen Phosphorous Potassium
dished in peer reviewed journals were
¢ critical to agricultural productivity, it
achine learning applications to climate
“study, Finally, all articles covered here
to July 2022 and found to be all within

vith low-fertility sodls and inadequate
role of fertilization crucial for crop
method of nutrient application are key
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to increase the agricultural yields of cno
matter of concern. [n swmmary, it can
alternatives endowed with unigue attrit
to natural factors that might become di
will carve a transformative way for the

Millets are nutrient-rich, small-graine
in semi-arid parts of Africa and Asi
underdeveloped agricultural areas becs
wiler requirements. There are dx main
to pear] millet (Lata et al., 2013}, Mill=t
drought-tolerant cereal crop that upho
drastic climate change to enhance the
o clazsical cereal crops (Amadou et a
tortured by erratic rainfall varied ter
higher risk of pests and diseases (Lodw
can be reduced by advocating sustains
manipulation of sofl microbial consorti

The adaptivecapacityof millet grainsise
the rhizosphere. The soil microbiome



LAbbass ef al, AEZ), A descendant of
table crop cultivated globally on more
plant: belonging to the Poacese family
mrce of vitamins B and E and minerals,
iated with its high antioxidant activity
1)

zies, they are widely used in varioos
ilan nations are the largest millet
Niger, Sudan, China, and India have a
al millet production has been relatively
vell sudted to most regions compared
Satyavathi et al, 2021). However, a
erwise hardy crop. Although millet is
sperature falls around 33-34 *C, With
seyond this range, the yield of millet
an delay germination of millet plants
sround the grain- filling stages, extreme
tiller number, grain weight, and overall
i alzo increase the prevalence of biotic
in enhance the disease progression. In
wueres could potentially lead to changes






Fet al, 2023). This will allow farmers
Climate-smart policies and corporate
wure the sustainability of tood systems,
B asgesiments are required to adapt to

& resilience of millet

ve been made to apply and improve
ate-flexible and stress-resistant plants
agricultural productivity and ensure
rchanging climatic conditions impose
# on agronomy. Por example, shiotic
¥ extreme lemperature, and ultraviolet
diseases causing plant pathogens and
ese stressors adversely affect global
wponsible for worldwide food crops are
esz) and 30% (blotic stress), ultimately
sipated 10 billion population by 2050
¢ food crop in the global agricultural
iy attention to potential approaches,



ilic Entercbacter sp. FR14 demo
in millet. Plant growth-promoting attr
deaminase and 1A A, phosphate solubdlis
In addition, millet growth is promoted
shoot height, and root length (Sagar
strain Bacillus amyloliqguefaciens EPPa
growth promotion in pear! millet (Kus

Indigenous rhizosphere Preudomonas
resistance against blast disease and pro
{Sckar etal, 2018). The endophyte Aspe
pear] millet under salt stress by increash
sugars, BWC, soluble sugar, and favone
with drought-tolerant PGPR improve
scarce conditions (Nia et al., 2018). Kc
solubilizing straing Acinetobacter ca
capable of alleviating the negative effi
by enhancing proline, giycine betaine,;
with the root-colonizing endophytic .



TEFUMENL MILIEALED LOE NEGALIVE SLECTS
of antioxidant enzrymes, biomass, and
uantity of H,0,. Combined treatment
15} mitigated the negative effects of
lan et al, 2016). Basilio-Apolinar et
icon (8} notably improved the stress
er salt and drought stress conditions by
sochemical fevels.

mental stressors are expressed and
eetal (2018) performed a comparative
ENA-Seq approach) and provided
orters, DEGs encoding transcription
athway: to understand the salt stress
nt and salinity-susceptible pearl millet
improving salt strezs in millet through
des. Vaend el al (2020} demonstrated
mdex (TGSI) is a suitable strategy for
plant breeding. The five ecotypes with
nong the 96 ecotypes were identified.



and Lata, 2017, 2006; Muman =t al, 21
2021; Serba and Yadar, 2016; Mbinda
202% Ham et al., 2022}

Role of microbes in plant stress tolers
Plant Growth Promoting Bacteria

Bacteria, the most common soil micr
improve plast growth ender stressful co
involved, Forinstance, the growth of tom
induced osmotic stress in pepper have s
ACC deaminase-containing bacteria, st
Psesidomionas fluorescens, and Bacillus
Shecrescens has been demonstraled to i
synthesis and generating salt-stress po
{Khan et al., 2021). It has been establist
polymyxa, Achromobacter piechasdi, .
£p., Burkholderia, Arthrobacter, Microc
drought tolerance of Arabidopsis thalia
{Ali & Khan, 2021; Kaur & Suscela, 2020
of the world, with potential negative imy



Preudomonas mendecing enhances the
physiotogical activities of salt-stressed
anjunction with an AM fungus such as

ted by the PGPHE, as has long been
ied to 5 °C between spring and winter,
1e bacterial strain Prewdomonas putida
longation. Other studies have revealed
rrafia proteanucilans, and Serratia
rysiokogy of soybean cultivated under
wwani et al, 2020).

o been linked 1o PGPR, Some studies
cluding Psesdomonas bragsicacearum,
3 oryzihabitans, Preudomonas putida,
nes xplosoxidans, Alkaligenes sp. N4,
ue, and Rhodecoceus gp. improve the
nt Brasdca juncea (Asad et al, 2019),
fa SUDI165 protects canola seedlings
1. 2022). Furthermaore, the inoculation
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to produce tolerance to salt stress. Ad
symbiosis increase the salt tolerance o
cucumbet, and lettuce (Singh et al, 20
aspect of abiotic stress tolerance in droy
Abiotic stress tolerance in drought-s
induced tolerance (Ullah et al., 2019). 2
plant’s resistance to temperature change
that AM Glepns mosseae helps toma
Zhongzhal05) recover from the damag
membrane lipid percoddation while im
pigments, accumuiating cemotic adje
enzyme activity (Sylar el al, 2019).
stressed plants by increasing phytohosme
senescence and boosting secondary m
(Kapoor & Hasanuzzaman, 2020). AM
and plasma membrane permeability us
sccumulation, activates antioddant e
performance (Riax ot al, 2021).

AM alzo has a significant effect on hew



sristics, and the relationships between
h are advantageous for plants. They are
ma, Penicillium, Aspergillus, Fusarium,
@ (Javed et al, 2020; Jin et al, 2022;
. according to the information that has
reinforce plant growth and protection
rmg. The production of organic acids
Tus, potassium, zinc, and from), the
» cytokining, gibberelling, and abscisic

rymes (xylanases, laccases, pectinases,
# level: due to the production of the

xylate deaminase (ACCD) are some of
va et al, 2021). Enhanced germination,
pot hair development, photosynthetic
position, yleld, and disease control are
s (Hossain et al, 2017),

aid

wrse group of microorganismas, known

moting plant growth while alleviating
| {Sathya et al, 2017 )through symbiatic
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Nonomuraes, Micrococcus and Kibdel
the ACC deaminase producing isolates
Phosphorus, a crucial nutrient for plar
via the capacity of Actinobacteria to sol
The production of siderophores is an
bacteria perform (El-Tarabily et al, 2
subglances that assist plants in absorbi
levels. Auxins (IAA) (Qin et al. 20
actinobacteria with ACC deaminase a
still very scarce. In this study, a total of
were obtained using actinobacterta-se
roots, stems, leaves and seeds of the il
from dry-hot valley soil. Morphologics
showed that most of the izolates belon
non-, Streptomyces straing distetbuted o
19 straing were found o have ACC dea
genera Streptomyces, Nonomuraca, b
The functional ability of the ACC dea
indole-3-acetic acid (LAA, gibberellin
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ans of Actinobacteria to plant growth
in nutrient acquisition, phytohormone
trol activities, make them indispensabie
» 2020). By harnessing these biological
it growth, improve productivity, and
wiling environmentally frendly and
ami ¢t al.. 2019).

ement

proaches as the amalgamation of
| computational anakysis with high-end
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i as metabolomics, transcriptomics,
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synthesized nanomaterials act as bioti
in plantz {Giri and Kumari, 2023). M
hag alzo been reported. Biologically
Pearl Millet {Penmisetun gltiscum) are

nanomaterial i useful for remaoving algae
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maorphophysiological responses of cn
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growth. Nanoscience, omics analysis, ar
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interactions and the factors shaping tk
better understanding on how both th
outcome of Plant-microbe interactio
profo-cooperation or pathogenic, Flan
this co-evolution, the microblome Ls sp
to the genotypes (Ramalho et al 2017
microbiome, which s galning more att

The recent challenges of climate pose b
the crop productivity adversely. In ges
programmes has developed several cli
and biotic stresses, however such eff
intensive (Coleman-Derr & Tringe, 2
of alternative sirategies to ensure crop
Dvue to huge application of chemicals i
health is deteriorating, which ultimateh
been shown that plant-growth promeoti
combating climate chanpe-based threats
grown in arid ecosystem act as resourc
et al., 2012} Substantial efforts to und
functional diversity of soil, plant and i



re microbiome of millets

v plant i determined by assembly
prefer a particular set of microbes
4 al., 2018), It was evident that plant
fer widely in the soils and particular
microbiome (Hamonts et al, 2018),
ly from bulk soil to rhizosphere, sole
wce, a shift in microbiome community
ne, influenced by long-term woody
Senegal The operational taxonomic
g were significantly observed in the
5 Koribacter” in samples where millet
formed a distinct subgroup from all
xight fungal genera such as Aspergillus,
rella, Lasiediplodia, Penicillium, were
weas Epicocoum, Pusarium, Gibberella,
millet-alone, Therefore, inter
vcrobe in the root zone of millets and
etal., 2015).



and indirectly by decomposition of
inhibition, secretion of stresz hormone
stimulation of the plant mmune red

(Kudoyarowva et al., 2019).

The root exndates shape the rhizospk
Comparison of the bacterial microbic
soil fraction of nine pear] millet line
Proteobacteria, Firmicutes, and Acting
recent research has evidenced the displ
and co-occurrence in pearl millet mys
species (Mofind ot al.. 2022), In broom
topalegies and the contributions of th
environment showed diverse bacterial
Actinobacteria. Chloroflexi, Acidobs
stochastic processes were refatively di
Further, it indicated the rhizosph
commuinity assembly and their di
enviroamentally distinct regions (Tian
vast diversity in millet-associated soil n
on rhizospheric soil microbial comme



nt to downy mildew ::pm;n:d higher
| gram-negative bacteria, as compared

oinpund utilizing bacterial symbiont
rowth and yield in barnyard millet
ieveral diazotrophs has been reported
tarigitalica L. Beauv) (Raffi et al 2015).

1 millels

that colonizes the internal tissues of the

hizosphere competency, or the inherent
secreting exopolysaccharides. They are
ngh are reported from all parts of the
ts, and seeds. Though they are thought
re, they exhibit unique characteristics
lies that not all rhizospheric microbes
g ground parts (Vishwakarma et al,
ie chanpges the physiological/metabolic
to adapt to the host {Jacoby etal , 2017).



of bacterial endophytes obtained fron
foxtail millet has also been reported (1
(Misganaw et al., 2019}also reported ge
of various taxonomic groups of endoy
plant growth promotion potential,

Seed endophytes

Seed microddome are viewed as an imy
memory to the next generation of p
endophytes are crucial for early se
microbiota through two ways: i) Vertic
enter into the seeds either through 1
(through the stigma of the mother §
the contact in the soil (Barret et al., J
expression of developmental genes rel
against biotic and abiotic stresses {Imt
seed endobiome, such as Kesakomiacow
Pantocastewartii, Paenibacilluzdendn
and Pacillus velezensis were reported
endophytes were found to be potential |
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and molsture decides the rhizosphere |
In addition, different millet species

microbial communities in the rhizospl
soil conditions are same {Toju et al, 20
concluded that plant phenome {2 the o
plant genotype-mictobiola-environme
Phyllosphere microbiota is influenced E
radiation, and geographic location (Kal

Signalling cues in the crosstalk betwes

Geographical location, host genotype,
secretomes, and the inherent immune
microbial community. Of which many
a5 & major intriguing factor in decidin
et al.. 2013). Plant genotypes emits rool
and ascertain the nutrient availability
For ingtance, coumaring and lectin con
preferably oot micobiome besides ac
al, 2019). Flant volatiles also act as ¢
(Sridharan et al,, 2020). Apart from ber



ration of NADPH oxidase, responsible
wtivation of ACC synthase and coddase
m; vii) Activation of Mitogen Activated
r various signaling systems involved in

in stress mitigation for sustainable

. resilience to adverse abiobic stress
igh salinity as well as for biotic stress
1}, However, microbiome can also be
ar interactions {11 et al, 2018). In the
e, microbiota can be used as the best
growth-promoting microbes (PGPM)
stresses on plants by degrading ACC,
dnase activity), producing biofilms,
o, metabolites and microbial volatiles,
se siresses in plants has opened up new
icoliare.
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P ecohOgical [ACTOrs, iBe 454-Platlorm
Hhumina produces shorter reads based
MiSeq(Reuter et al., 2015). The recent
sration sequencing technology termed
¢ reltable and very rapid in generating

3 yvields novel biomarkers, which can
h for a more holistic understanding of
2019). Metatranscriptomicsis a useful
ction and activity, as well as identifying
anisma{Song et al., 2019) For transcript
used along with metagenomics to give
w of the pipelines developed for this
nks and HT Seq.

echonique for deciphering  active
ect manner than metagenomics or
e, dynamics, structure snd metabolic
lettich et al., 2013}, The response of a
! to the root exudates and the variation

ared metaprotecmmics(Levy et al,
de gither by explosing current profein/



Ly tndersiand LRe fmpact of the m
discovery and annotation is mandated.
unlike amplicon data. The steps are: &
level (Sangwan et al, 2018); binning re
or strain-level tazonomle unitz [Alne
or conligs to reference genome, mark
prodeins, or metabolic pathways (Qui
and their significant function endows
and redondancy (Garcla-Garcia et al,,

Artificial Intelligence as a powerfual tc

A deep understanding on plant-mi
microbiome information to imply in s
it has been difficolt to enderstan
drivers including the genetic backgr
phytomicroblome compogition and ass
temporal and geographic differences in
et al, 2011}, Thus, for evaluating croj
information on microbiome and its
understand and analyse the large

field of artificial intelligence (AI} techn
used Deep learning models, one of the
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t iz derived from 165 amplicon or
nerically encoded into one hot matrix
ale. These can be achleved by classical
" table or amplicon sequence varlant
¢ similar sequences are clustered and
and ITS) and the sequences displaying
OTUs (opetational taxonomic units),
nt genotype represent the core laxa in

the predicted functional genes act as
sapacities (Segata etal, 20011). Herealso,
n the OTUs, ASVs, or alpha-diversity.
s extraction is conducted by multilayer
M), The major advantage of DL is that
taticn through multiple hidden Layers
el in DL is much nearer and tighter
co-workers demonstrated that k-mer
ces of different k length) outperforms
tation complexity (LeCun et al., 2015).
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(Heffner et al,, 20100, Several DL archit
complex traits in crops (Khaki & Wa
architecture was developed to perform
Fusarium head blight (Jubair et al, 20
segmentation model was developed

images. The mode] showed 96,08%-pix
the K-means and rand forest models. a

Based on the above models, the DL ap
diseaze in pearl millet {Pennisetum gl
achieved (Coulibaly et al, 2019). Ho
acquired using hyperspectral imaging :
2015). Changes in the plants metabal
spectrometry (MS) and nuclearmagr
techniques (Hong et al, 2016). whil
variationsin the diseased plant can be mu
(Wand et al,, 2022). The information g
for different DL models and itz validati
accuracy, all the omics data including p
weathet and soil data are to be integrat
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Further, the dataset was subjected to a
tich i used to predict 30 productivity
s plant(Jin et al, 2017).

borme can promote plant growth, repress
Therelore, engineering the microblome
L growth promoting microbes (PGPM)

and productivity. PGPMs mediates
inase, mV s and soluble metabolites,
s (synthetic microbial communities)
days. It refers to an artificially designed
senting the structure and function of
ironment. Thus, SmComs preservethe
id plants, while reducing the complexity
ible to either 2dd or delete a member
Iy with maize, excluding Enferobacter
iscover its function in managing maize
hes using ANN models were used to

licting the plant response to phosphate
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has been diszected and decoded for mic
based on the response to phosphorows
other millet crops for microbiome engls
accurate and precision models usher 1
crop research for sustainable farming.
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for food, feed, or forage, as their main
ng to Maylor et al (2004) and Rooney
1 rich in micronuttients, fibre, protein,
gh nutritional value, low susceptibility
1o climate change, this crop is mostly
rginal land, hills, tribal, and rain-fed
¢ being referred to as resistant crops,
Hations and ingect pest attacks, which
drashekar and Satyanarayana, 2006;
: pests have been identified in millets,
¢ shoot flies, stem borers, and ear head
0% in millets have been antributed o
icking pests, shoot flies, stem borers,
s cause significant losses. A few pests
ets; and a few previously minor pests
as. Before planning the management
*discovered pests, information on the
eld bosses, etc., is required (Repellin et
micals have primarily been utilized as
ties and hybrids. However, it haz been
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feed woraciously, whereas early-stage |

Reddish-brown and hairy all througho
plant tissue,

Head beetles: Recently, a number of
millet-growing regions. They feed the |
grains.

Head caterpillars: Theze produce frass-
Of growwing graing,

Head bugs: Head bogs cause deforma
from growing grains. Later, funguas inf
(Tagadish et al, 2008).
Diseases of Millets

Grain maold

Sorghum and pear]l millet are the main .
induce disease in moderate (o severe dis
Pathogens that canse grain mold diseas



ZUZL). In pearl malied, the symphoms of
iped with grey center lesions on leaves
ofis cansed the drying of young leaves.
leal’ sheaths, and stems of pear] millet
r millet, foxtail millet also experiences
: or finger blasts. Closer spacing, the
re, sporadic drizeles, cloudy weather,
stracted dew pertods, low nighttime
sence of collateral hosts in the field all

by ergot. Sorghum yield losses range
t logses from S0-70%, depending on
oplets resembling honeydew from the
ble sign of ergot infection. Instead of
alled a sclerotium gradually develops.
1 by high rainfall and related humidity

ime temperatures, and cloudy weather
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Charcoal rod

When crops are under drought stress, o
in rabi sorghum. Depending on the o
time of infection, vidd losses may w
charcoal rot can result in & reduction in
al., 2010

Banded sheath blight

All small millets are susceptible to ba
warm seasons, and humid areas. Owal
leztons on the bottom leaf and leaf sheat
of copper colour bands across the leave:
the characteristic symptoms, (Patro et s

Anthracnose and leaf spots
Anthracnose is more common in sorgh

elliptical to circular spots, with a straw
leaves. Defolistion may occur during =



deal plant stand).

+stem borers, grain midges, June beetles,
re placed till midnight
all 12 ingecticide-impregnated fishmeal

t fies, stem bosers, and sucking pests,
50 FS @@ 10 ml'kg of seeds.

cypermethrin 10 EC (750 mlha) or
o the shoot fly damage reaches 5 1o 1%
nlfl at 50% anthests is advized in midge-

plied to whorls at 2 rate of B-12 kg a. i/



of ceritified disease-free seeds will |
Reducing the severity of diseases 4
grain mostld in millets is made poss
Elimination of collateral and alterr
hosts aids in the management of di
rust, blast, beaf spots, and bacterial

Meed based application of nitrog
occurrence of blast, downy mildew

Biological control

L]

Serd treatment with talc forme
SRRB127 or Trichoderma formulatio
of sorghum.

Spraying a talc-based formulation
increases the seedling growth and ¢
Seed treatment {6 g'kg) and first fo
immediately after the symptoms

sprays at the fowering stage at 15
finger millet.
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3¢ grain mould, use two to three sprays.
¢ seed reduces the Smut diseases.

managed by treating seeds with Apron-
ithiocarp) @1gmikg of seeds, followed
saned (0.2%) and mancozeb {0.2%).

fungicides, such as bavistin (0.1%),
L1%), and propiconazole (0.1%), can
¢ ergot occurrencs and its subsequent
mergence (5-10% fowering), followed
| repeating the spray after a week, if

icates that compared to sorghum and
nillet are substantially less susceptible
her information on millet crop yield
0 adzess economic damage levels, the
egration of these elements into existing



Bangalore, 8-%,
Huosahattl, B, Kotl, P, 5., Devappa, ¥V H., I
. & Hosealn, A (2023), Phenotypd
[Cirvea sativa L.) genotypes for de
one, 18(3), 0240762
Jeevan B Rajashebara H: Mishra KX &
Mayaka 5 C. Hosahatti B, Prakash
Hosahatti B, Prakash G, Satyavath
disease: Potential threat to global
Crops. Pungal Biology Springer, C
leger, Gilijaense, Bock, & Frinking. (1598}
of the dowey middews of peas] mdl
o Africa Flant Pathology 47(5). 5
Kalaizekar, A P G. Padmaja, V. K Bhagwat,
systemaiics, bionomics and manage
Kange, A M., Cheruiyat, E. K., Ogenda, . €
{Sarghum bicolor . Moench) grai
producing fungi. Agricaltore & Fo
Maitra, 5, (2020). Potential hortzon of b
reviews Crop Reasarch, 55(0andl),
Micdaner, T., & Getger. H. H, (2015). Bic
[Claviceps spp.) in rye, sosglnem,



YRS TLISE S R ELSLES 80 W PSSR N

¢e and charscterization of Bipolarissetariae
emtop millet (Brachiariaramosa) in India
L &13-622.

pa Reddy, B (20000 Recent adwances in
at TCRISAT, Kasetsari Journal {Matural

thar, B, B, (2000). Crenetic enrichment of
er: new challenges. Plant cell, tissue and

o, Welll, M, &0berwinkler, B [2002),
¢ downy mildews (Peronosporales) and
farge subunit ribosomal DRA sequences.

vement-inlegraling traditional and new
ed genotypes. Advances in agronoomy,
1 borer (Sesamiainferens Walker) in finger
i.). Journal of Entomology and Zookogy

tan, W, G B {1983). Host plant reslstance
in., in sorghumm. International poarmal of
Bid.



Millets, often referred to a2 “nutri-ceres
grains that have plaved a significant rc
Their importance in the agricultural la
resilient and nutritious staples in the di
hardy crops are chatacterized by theirs
their remarkable nutritional content, o
and dietary fibre, Millets are known for
well-suited for regions with ermatic
prevalent due to dimate change. Inane
nutritional security and food security
as a crucial component of the solutior
and sustainability make them a valuabl:
the twin challenges of providing nc
while preserving the environment.

state governments are focussing now
land under the millet. As of 2021, Inc
production, accounting for a substanti
{~12%} and China {~8%) following clos
position among nations achieving high

an cfort to Faise awareness and boost b
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| 2 substantial decline of 76% between
been a strong emphasls on increasing
kable fize of over six million tonnes,
sz have demonstrated steady progress,
1 heclare.

ed for the majority of millet production,
by Sorghum at approximately 29%. and
‘inger millel having a smaller share of
mates are comparable Lo those of Pearl
were nearly identical, standing at 1436
4 and 1401 kilograms per hectare for

wtably higher in the western region of
a significant role in millet cultivation,

¢ todal millet coltivation area in India,
nd hectares, Moreover, Rajasthan holds
Het producer in India, accounting for
uction, which exceeds 4000 thousand
it despite its large area and production,
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with knowledge to make informed ¢
practices in millet farming, thereby o
sustainability of this vital agricultoral s
Understanding Millet Caltivation:

Millet crops, including pear] millet, fic
little millet, and kodo millet, constit
grains with significant agricultural in
been cultivated for centuries, showcas
of environmental conditions, Pearl mi
is & staple in arid regions, while finger
nutritional powerhouse in Africa and §
and adaptability make it a versatile chax
use in various culinary applications. L
varieties, is cherished for its iron and cal
drought-tolerant crop. is a vital compor
crops not onlby contribute to food securi
diversity, offering sustainable solutior
challenging growing conditions. Their
their significance in global agricaltore






seasons. Additionally, the dey
o inefficiencies and delays in farming
averall agricultural prodectivity. Morec
farming often results in a heavy reliancy
rainfall patterns and adverse weather &
can have a devastating impact on millel
gystems ot efficient means of respond
left vulnerable to crop fallures and ino
mechanization can hinder the adoptior
precision agriculture and resource-effi
the potential 1o enhance crop quality an
oftens challenging to implement withou

Advantages of mechanization in mills

The advantages of wsing machinery in
revolutionizing traditional farming peac
farmers and the agricultural sector asa
and preciston to every stage of millet
and post-production. By streamlinin
significantly reduces the physical burde
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£ germination and crop establishment.
e for their ability o effici

£ farmers time mdlmm
ind reaper-binders, have revolutionized
rocess by swiftly cutting and gathering
sders have been employed to combat
= millel crop, thereby boosting vields,
fits from irrigation systems, like drip
- consistent water to crops. essential in
hmologies, along with storage facilities
modernized millet farming, ensuri
ners o overcome labour constrainte,
ustainahbility of millet agriculture in an

zation in millets production

d rotary tillers can be used where a
ry light tillage is required for millets;



UEIMETELT, L
Bullock drawn 3500 20000 < d 0k
improved plough
Bullock drawm L2000 = B0 =
improved hlade 00
harrow
Power tilker L e i

00

Swerp tvpe Ea0l = 1500 =
ciltivator with clod | 00
crusher and beveler
Power tiller operated | 2000 = 740 =
mfaator 120

Planting/Sowing Machimery

Sowing is a critical operation for ens
crops. The precise placement of seeds
of seeds per hill, the spacing between
all have a significant impact on achic
machines developed by ICAR-Central
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Multi-crop Harvesters: In reglon: whe
crops, multi-crop harvesters have been.
multiple crops simultancously, reduc
passes and saving time and labour.

Harvesting attachments for Tracton
on tractors to harvest millet have hee
effective and enable farmers to mech
investing in standalone harvesters,

Improved Threshing Mechanisms: Inr
to reduce grain losses during the pos
with adjustable settings and gentler t
grain guality.

Harvesting Timing Appsz: Mobile
information on the optimal timing fo
conditions and crop maturity have bes
make informed decsions, reducing th
weather,

Harvesting Aids for Marginalized Faz
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jil Palm (NMOOP): While primarily
nigsion alio supports the promotion of
rides financial incentives and subsidies
v and equipment for miliet cultivation.
iM): NFSM includes the promotion of
1 security. It supports the development
hnologies, including mechanization,

KVY): This scheme encourages organic
wractices, including millet cultivation.
wery and technology for organic millet

¥} REVY support: the adopton of
o in agriculture, It fund: projects aimed
wictivity through mechanization.

overnments: Several Indian states have
ums, offering subsidies and support for
initiatives often complement national
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u.djurtmmt; to new workflows, mainte
and infrastmucture imitations. Addrex
support and policies is essential to
transition to mechanized agriculture f
extension services is crucial Comntin
adopting mechanization, inchuding tr
help them navigate the transition effect
and best practices, the challenges hinde
farming can be surmounted, leading to
intensity, and a more sustainable millet

Caze Studies on Millets Mechanizatio

Beal-world examples of millet farm
mechanized technigues.

Rajasthan, India. several millet farmer:
to overcome labour shortages and ir
seed drills, these farmers achieve prec
resulting in better crop establishment -
threshing machines has also reduced pr



millet farming cannot be overstated,
nal farming practices by introducing
“into every stage of millet cultivation,
-production. |t alleviates the physical
shortages, and ensures uniformity in
ihment and higher yields. Mechanized
8, enhances grain quality, and expedites
ocess. Beyond immediate advantages,
¢ sustainability of millet farming by
# and reducing the environmental
the demand: of modern agriculture,
nic viahility, and improved velihoods.
force in modernizing millet farming,
swih in the face of evolving agricultural

olential to attiact & new generation of
individuals, often discouraged by the
arming, may find mechanized farming
ible. This infusion of new talent and
iculturs sector and ensure its longevity.
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3 reduction is a primary concern for
ming to prevent metabolic disorders.
have gained attention for their potential
ventional cereals. This paper explores
_in millets and millet-bazed products,
lity for ghycernic control. Key strategies
ietary fiber, resistant starch, and certain
ed foods. These components, found
ing processing, contribute to reduced
lease, resulting in lower GI values. In
, the paper highlights the significance
nacronutrient interactions and meal
f miliet-based dishes. Understanding
vides valuable insights for individoals
and improve overall dietary cholces.
snsive overview of approaches to lower
#t-based products. By leveraging these
& in promoting health-conscious diets
est for improved glycemie control and
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which rates carbolopdrate-rich foods ac
blood sugar level when compared to

glucose or white bread. While foods w
and cause a steady rise in blood sugar |
absorbed and canse a fast rise in blood
2020). This distinction istm:nﬁa.l.pm-t
who are at rigk of getting the disease. W
wheat and rice, millets have conslstent
population. This is mostly related to

high fiber content, and slow rate of at
examyple, pearl millet, & common food
remarkable low I, making it a great of
control their blood sugar levels. Sim
have drawn interest for their low-GI g
compositions, Millet: have a low GL wi
wants o have consistent energy levels |
diabetes. Low-GI foods deliver conting
fullness, which can help with weight
with high levels of GI can cause fatige
eating (Opperman et al., 2004}, The a



investigation into the GI properties
ossible advantages, offering insightiul
sionals, and policymakers alike.
lex in millets

of milletz is attributable to a2 nomber
er to slow down their absorption and
n blood sugar levels,

makeup that is dominated by complex
nylose in particular. Compared to the
in high-GI foods, amylose iz a kdnd of
s low GI of millets iz mostly a result of
drate composition had influenced the
darshini, Suriyamoorthy, et al., 2020).
rh resistant starch had a reduced oGl
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beverage was prepared from 7 g barny:
along with 1.2 g/100 g wiv of fructool:

total dietary fibre, 47.69 mg ferulic acid
Profein Contend

In general, millets contain more proteis
Because protein slows down the digest
the GI of a meal Additionally, it encout
sugar rises after meals. According to 3
wis found in fooctail and barnyard mill
as total dietary fiber and arabinoxylan
{Sharma & Gujral, 2019).

Lipid Conternt

There are severzl millets that coatai
including finger millet {ragi). Because
absorption of carbohydrates, their pres
Similar research has been done to alter
fatty acids and germ odl (Vidhyalakshm



m the variety and ripeness at harvest.
ly have a lower GI than those that are.
ir carbohydrate makeup, certain millet
tings. The GI of 11 different varieties
weta-analysiz of 65 trials. Millet had an
1 in teff, fonio. Barnyard millet, fooxctail
iere found in finger millet, Kodo millet,
(Anitha et al., 2021). In compatison to
4y had larger levels of resistant starch
ible starch (Yang et al, 2018). One can
non-waxy proso millet have different

as polyphenols, may also help lower a
mstrated to slow down the breakdown
ensitivity. In a study, compared to rats
sdo millet diet had lower blood sugar.



In order to lower the starch digestibili
sociations between starch and other g
polyphenol to form binary, ternary, o
2021). The idea of a "food matrix” demo
nutrients, both major and small. These
ry; termary, and quaternary {containing
combinations, such as starch interactin
lpids, and starch interacting with prot
pendent on the particalar food's compo
each nutrient is digested and broken dc
microstructure, molecular compaosition
characteristics, and total nutrithonal va
ber and polyphenaols is an intriguing ill
slow the rize in blood sugar levels foll
the enzyme amylase from working, It

body, According to & 2019 study by Jin
millet’s ability to reduce blood sugar is
starch with natorally occurring amino
of action of digestive and hydrolytic en
starch polysaccharides, like arabinoxyls



iillet products

scovered to efficiently inhibit enzymes
Mmar:smchml-dr The GI of bread
“thiz inhibition. Particularly, the GI of
v the addition of merely 2% of this ex-
ich molecules are reduced by

lch are then broken down by alpha-glo-
i the crucial roles of these enrymes,
inkque for regulating the rate of starch
Iy block a certain enryme, enabling a
in the ileum. The double bond between
the heterocyclic ring and the hydrox-
phenyl groups are both implicated in
dase. Flavonoids can efficiently sitnate
stive catabytic space thanks to this con-
tions B3 and C3 in the phenyl groups,
the B-ring into the alpha-glucosidase
ie critical inhibitory activity in the caze

ghreemic index (¢GI) of cowpea starch
tioms such zs steam sterilization and



to modify the process of starch digesth
which phenolic compounds can influe
is by vying for the binding sites of a-
competing with starch malecules for th
pounds possess the capacity to alter th
This alteration leads to the formation ¢
and the displacement of starch-amylop
tions ultimately resull in a reduction in
etal, Z018). Increased resistant starch
ident advantages in tecms of their dieta
index. Additionally, this promotes the

like Bifidobacterium sp. and Lactobaci]
nating study, it was observed that desp
content compared to wheat, both types
MNevertheless, what proved to be signil
the starch’s structure, particularly the

medinm amyiopectin branches {Du et

Traditional and novel treatments for |

Barnyard millet flour exhibited a notal
when compared to wheat biscuitz, wi
this difference in GI was observed des
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amounts of bypoglycemic ingredients.
mr study, which did not incude any
dficantly low Gl of 41.7. This
levelopment of specialized foods for
© other barmyard millet based mufline
1., 2015). Additonally, barnyard millet
rance among the participants in our
and those without. Thiz improvement
reaze in fasting plazma glocose levels,
cing an avetage reduction of 6.0% after
(14},

wed the changes in the stroctore and
wch when exposed to microwave and
power lewels. Both methods brow
ered. Microwave treatment resulted in
content, and in anule
Eﬂ}iﬂﬂm cauged only minor mchmgc!t g in
lose content. Both techniques showed

with microwaving fa'm:mg stractural
the starchz phyriochermic rtics,
de their application in fﬂnd processing



Another exploration showed the effec
the millet-based food mix we develoj
The millet-based food mix we formula
prodein (1941 g/100 g) and dietary fil
like roti, dosa, and dumplings (mudde
received high approval ratings and exhil
to regional dishes. The glycemic index
determined tobe 37, 48, and 53, respecti
of 11.05, 1843, and 18.09, Importantly
had a relatively low glycemic index (b
load (less than 20), Furthermore, whe
in a dietary intervention involving thes
observed in their fasting blood sugar |
20.00) and HbAlc levels (from 6.14 2 0.
products are suilable for managing dial

Female participants who ingested the
rienced a greater biood glocose r

cotsumed the product made from

glucose response of 5.140.53. Male pa
(Dambu) made from matze had the
was 4.51%, whereas those who conswm



valuss varied among the biscuit types,
biscuits made from foxtail millet fowar,
pse composed of barnyard millet Sour
M7} According to sensory assessment,
d with 3{% finger millet had a notably
contrast to the control noodles, which

finger millet flour were recognized as
essing propertics that help lower blood
4}). The little millet flakes displayed a
d by healthy individuals spanning from
had a small glycemic boad (GL) of 9.24
¥m a combination of 15% foxtail millet,
seans may be considered as Rlling into
uls, given their ghycemic index of 37.6

approach to incorporating miflets into
promoting better health and managing
their inherently lower ghycemic index
valuable aption for individuals seeking
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£tz and Indian tradition. Increasing
yle leadz to shift food preferences and
ndant nutrients availability and health
s not much appreciable due W0 various
llets. Particularly millets foods have
Besides the millet food preferences is
d economic factors. So, the consumer
gnificant role in the cholee to boy and
Il influence whether consumers intend
lerstanding the consumer perception
n this chapter consumer perception,
nillets foods are discussed. Aleo, the
es used 0 determine the consumer

iom, Focus Group Discussion, {sarret



has been a dramatic decline in both thel
ate reviled 3 “minor grains” The major
and production of millets are due less
In addition, there are no regulations fo
publicly funded supply of nutritious ce

So, considerable attentlon iz now bel
positive health and environmental effi
wsing more product diversification t
variety of product attributes. The proc
the category of medium ghycemic ind:
therapeutic foods and to prevent ostea
nulritious snack due to its high Gbee,
index and it is said to be preventing n
diabetes and obesity| Arora et al., 2023).
to wide range of features az well az circy
foods must have a value that recognise
assessed to be comparable to the regu
sensory scores The values of the millet
consumer behaviour in exdsting mark:
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ntation and extrinsle features inchudes
‘of origin, retailer, manufacturing data,

roduct are credted using the percetved

distinction between experience and
lities including convenience, freshness,
¥ perceived al the time of consumplion
g healthiness and naturalness, need a
alities are not immediately perceptible
#ssment is presummit in the last stage
fthe products, Food attributes (sensory
tures), socicdemographic factors {Ape,
¥ size), cultural factors (Religion and
i {Ecomomic variables (pricing) and
and nutrition labeling)} all play a role
rmohlen, 2000; Issanchou, 199 Roux

d flour of millet-based Rusk, Sattu, and
to those of their control counterparts,



new ones| Barratry & Rajapushpam., 20
eating habits and an abundance of rep
and fast food. The consumption of b
and 2003 due to altered eating habits |
2000).

Three types of measures of consumer
surveye (CSAT), I. Net promoter zo
(CES). CSAT is method asking direct ¢
they perceived. Customers can score
by completing customer satisfaction ¢
measares how likely it is for customers
product. It focuses more on how your
purchases. CES is an additional indicate
It describes the product’s nsshility and |
to ind a solution

Factors related to consumer perceptic

compodition, packing and health dal
important factors of consumer perce

2020). Besides this demographic, age :



nillet food. 1. Millets foods is consumed
lietary limitations. 2, Millets have little
n of millets foods are challenging, 4.
¢ fods causes digestive issues, This s a
wly shapes how millets are seen, Many
ts are only appropriate for people who
&, such glaten-free or vegan diets, but
t people with dietary restrictions, but
we better lives. The idea that millels are
prevalent misconceptions about them,
ated from the idea that millets are only
ong who are unable to eat appetizing
conceptions about millets finods iz that
ictuality, preparing millets is really easy
nowledge or methods. Millets can be
1gh rinsing and soaking them in water
the same way as rice or any other grain
kL yOu can pressure cook them, steam



17 Irequently hmated]Banck et al, 20
Rubinstein, 2010},

Sometimes the systems that control hur
that food delivers, and a petzons Innat
are linked to physiologically based beh
primary variables that affect food pred
choose foods and beverages based on
of sengory-affective components compr
as feelings and sensations related to fio
which involve family. friends, and

factors—a persons thoughts, attitud
norms—come after the preceding elem
The final level of infleencing factors on
Environmental factors are the most di
the furthest away from the individual,
of food as well as resources, the state
and cultural standards. Along with the
peychological state of the individual bs o
influencers of the act of eating, Situat
WorTY, stress, and emotional pain ma)






identitying potential obstacles i the ac
can effectively address potential conce
podsible questions arise from the focus gr

Table 1. Possible questions from the Fo

Sources and supply recommendation
Are there any daily consumption reco
Iz there maxirmum limit for the daily ¢
What amount of daily intake of millet:
health benefits?

How do individual millets food recon
pose of millets in my diet?

Any veggies, fruits, or berries have mo
Whal form should millets be consume
Do we consume enough millets in our
What effects do millets foods have?
What specific health advantages do mi
What are the impacts of varioas millet
What are the drawback: or unfavorabl




ut of all possible oplions and, ask them
st) essential attributes[Pérez v Pérez &
ngapproach, the preferences of Spanish
it was found that consumers value the
tected designation of origin mark, and
al., 2018}, The BWS method enables to
rantitative data by score the qualitative
istakes, and to classify (ranking} or to
tle {Lee et al, 2008;Lee et al, 2007 Liu

Ige based on several qualities were
ot approach[Wanyama et al, 2019].
nsed in consumer perception and
§ to chobce tests, consumer preferences
evels {Veettil et al., 2011; Meemken et
ferences for non-market commodities,
o constrict a falee marlet. The choice
analyze varlous attributes and thelr
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Willingness to Pay

The price that customers are willing to
be most acceptable is known as the 3
buying behaviours must be evaluated i
the millets foods or willingness to p
preference toward the goods. It s was
when the shelf life of the product is po
years, WIP of consumers for quality ¢
based on the consents of knowledge al
of food. followed by environmental fa
prind, less preservatives, freshness (Lin
and Kampala were likely to pay an extn
and either maize or beans due to the i
are unfavorable for composite flour ma

(Wanyama et al, 2019}, Indian consur
fruits and vegetables farmed sustainabl
will entice consumers to make purck
consumer WTF for subpar food [Ven)



s Thve il ofael pacicy togt el ths
d to examine the relationship between
ciodemographic factors (Bhattacharya

eqn.2) todescribe how an independent
it variable (Jinear regression or multiple
tion. It uses consumer perception data,
ch variable, regression analysis aids in
s-making.

wel2)

) of the consumer (i) connected to the
into & determindstic and a stochastic
ent i divided into a vector of consumer
dge flour properties {A) that may affect
m with independently and identically









clanty and environmental responsiil
doctors all influence food choices. To
chronic disorders lke obesity, healthie:
Reduced access to healthy foods and m
healthier food choices are the goals o
habits. Implementation entails the m
accessibility, and the creation of laws rec
or Hmiting the availability of less health
perception, misconception and barri
millet food consumption in various s
impediments are seen differently by dif
are required to remove them.
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provide micro and micronulrients but
with antioxidant, metal chelating and n

acids {dehydrodiferulates, dehydrotrife

monomers) and its derbvatives (Birania

production scenario, consumer prefece
potential market, marketing strategy ar

Table 1 Millet and its coltivation tratts

Millet name

Banyard millet | Instant/ fast growin

Finger millet Adaptability, great :

Foxtail millet Short duration, gro
drought

Kodo millet Long duration, cull
tains En0rmiis arm

Pearl millet Rich in folic add. o

Proso millet Toderates heat & dn

Sorghum Tolerate moisture, §

sistant crop







s mamemy e e ——— e e
among rural women in TN was perfor
2019). Around 120 participants were i
consumed millet were finger millet

(17%), barnyard millet (16.7%) and p
the consumer around 80% prefer mille
crop and 10 % as malted millet, Majord
incorporated in Indian sweets. The f
maonthly once where finger millet, koc
twice a month. The data collscted wa
nutrient and the respondents were bem

Millet consumption in India was analy
the consumption of millet ncreased o
millet produced in India were subject
decades, followed by feed and distalleri
was utilized by start up FMCG and wer
expected to hit higher in 2030, Finally,
steps were taken by government to ov
was its production and huaman consur
for export.



and wellnezs n urban [ndia of about
by (Alekhya & Shravanthi, 2019) with
»od products in Telangana, India. The
: consumer doesnt have any influence
& the soctal media inflaence and health
f preference. However, there was slight
millets based on their variation in price
hat demand for brown top millet was
e of high price, though the supply was
1e millet-based products was found to
t be taken for flavor enhanced products
uct more consumer accepiable.

g Challenge

Me in developing countries, their aver-
¢ the world average demand, In various
15 was found to be less or meagerly es-
eturns to the farmers. The seed supply
lent on informal seed chain bn most of
ultivation of millet by India and China
if farmers with well-developed market-
ts inchuding improved varietics, it was



with uspnctm:ulﬂu;thmmiu hck..aj
and policy support. Well planned and |
maulticisciplinary research activities by
national and international multi-disci
required to promote health benefits ¢

rn, enhance consumption and ¥
startup, FMCG, MSME for millet and &
better marketing abds and promotions b

processing and marketing,

Table 2. Millet cultivation constrains
Constraints Measares
Production/ «  Steps has to
cultivalion ares Ervation.

+  Intercroppin
Weed +  Weed manag
Storage +  Pest control

«  ERodent cont:
+  Prevent lipid




1 quality
policies and subgsidies
wphy and demand

g strategy

aild be in one of creating awareness
tritional security crops across regions,
and networks. Enhance the production
earch and development to impoove the
d products. Adopting improved crop
resging, product development adds. In
L or ready to conk products will support
helps working women in better ways
. Apart from these steps and measures
¥ various programs to promote millet



PIOQUCTION, PrOMOBONn Was 88, Lne I
makes the millet lesz available, The ot
less land for cultivation. The governm
by International millet year and Mille
population 2050. Though the startups
has to be made to improve the economn
developing countries were majorly targe
of millets. Research and development
could be efficient in near future. The g
each millet has to be enhanced and st
millet could be the driving research.

Heferences

Alekhya, P, & Shravanthi, A R, (2D1%).
Miflet Based Pond Products in
International fournal of Corrent
223-236, hitpa:/idod orgi 10, 205460
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and minerals) in the daily diet, and is
diseazes. One of the most prevalen
deficlency, which leads to anemis, a b
levels and reduces the quantity of oxy,
2023). The World Health Organizati
women and §0.2% of children under th
2021). In India, the situation is parti
68.9% of children and 57.2% of wom
2020 (MFHS reports, 2020). These alu
need for tarpeted interventions and img
widespread health issue. Food fortifics
the required nutrients to the commaor
and tackle this problem effectively in 1
and edible oils are staple foods that &
This fortification can be either synthetic
that is, food-to-food fortification (FtF
ingredients and their formulations.

Bice is a staple food for half of the world
sourceof macro-and micronutrients asa

layer during the polishing process caus






MLBIETT: MACNINETY, SUCN 38 TEDDET TOLL
rice &5 produced at this stage by remoy
by milling to produce white rice.

Paddy separation

During this process, the paddy that w
brown rice. The paddy separator com
with dimples across their surfaces. Thes
Az a mixture of husked rice and padd
the tray, the denser husked rice settlec
with the dimpled tray, whereas the ligh!
husked rice.

Milling

In the milling step, two huller machin
the outer bran layers of the grain. The |
were brushed against the interior wall o
was then cooled and polished with a bt
broken kernels sre zorted from the sme
in & breswess reel. Even Brown rlce und



«d through a zeries of rotating cylinders
mall and broken graine Pholo sensors
d to differentiste the discolored grains
amptly removed by an air jet.

1e enrichment process is encouraged to
ling process back to rice. At this stage,
& required micronutrients or blended
¢ was packed, stored, and distributed.

ng milling, reducing head yield owing
ineven processing. Parboiling. a pre-
eating, and drying, has been proven to
al gelatinization, increasing head rice
ing soaking. the paddy absorbs water
i Subsequent steaming partially cooks
: endosperm translocent and pasty via
tyarkai Nambi et al, 2017). Parboling



Fig 27 Rice Parbodling Techniques [Rep
Rice by-products

Rice industry waste, including rice stra
iz abundant. The amount produced var
Typically, rice milling produces approx
milled clce, ot of which 86-71% i quz

and 1.23-1.78% is groats, The Milling a
bran, and 2% rice germ (Rachmat et al.

Rice husk

Rice husk consists of 15% carbon, 18%
content could be reclaimed through
temperatures yield different forms of
silicz and crystalling silica. These disti
can be used in various applications. An
the conversion of rice husks to fuel, T
such a: combustion, pyrolysis, or gasifi
husk fbers mainly include lignin, hemi



i& production of rice bran oil (RBOY),
solvent extraction are the commonly
O is hypoallergendc and beneficial to
:d as a cooking ofl in countries such as
Lso used as an additive in pastries and
i-fiber products. Defatted rice bran was
used as a high-energy feed for broiler
: thelr weight gain.

the broken rice is separated based on s
size is categorized as ‘broken, typically
he entire kernel length. Broken rice is
ry and breweries. Brewer rice consists
germ and is popularly used in the pet
ontent, Brewer's rice is frequently wsed
tributes to the flavor, aroma, color, and
ice supplies casential raw components
rent and produce aloohol.
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also lead to the boss of vitamins and m
the taste, color, and appearance of the
fortification by extrusion iz preferred,
wishing and cooking.

Extrusion & a versalile process im
cooking, shaging. and forming (Gujta
iz 2 multifaceted technigue in which n
andergo various process conditions to ¢
During extrusion, starch gelatinization
and proteins form complexes that le:
chemical properties, and overall shap
2006). This method is the most effectiv
to rice. It involves a two-step process:
water, and the required micronutrisnts,
extruder to produce fortified rice kerne
content of 14% or less, ensuring bett
then mixed with regular milled rice t
FRE: produced through extrusion ate
cleaning. washing, and cooking comp





















lucing noodles could overcome these
" has been developed in our laboratory
vas added a5 a natural fortificant to rice
IN) were developed using the existing
r the die of the extruder.

els significantly increased as a result of
b, anttoidant, and flavonodd confent
reduction in crystallinity was observed
f the noodles revealed that the samples
coeptable than the other samples. This
|2 new doos to fortification by lmplying
e,

y accepted method for enhancing the
ortification of staple foods is needed
ious micronutrients in the body. Rice
¢ culture of many countties, including
. Being a staple food for neardy half of
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Millets are widely grown in India and

millets are not eaten as uncooked whe
to make grains edible and digestible.

and calorie. There is increasing dema
higher prices and utilization of millet
sustainable{Rajendra B Chapke, G. Sin
Avinash Singode, B.S. Kanthi Sei 2020).

Why processing of millets?

In general. Millet processitg involves
pericarp, the germ from the edible po
products, packaging and storage. Th
characteristic flavour, cultural attachm
millet products are limiting factors unlil
very less price (Rs.15-20/kg) to their
process ane (RsB0-100/kg). Unfortuna
process available for processing of mil
terms of machinery, processing methe
developed. There is a shiflt in processi:
modern methods and optimize process
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ich then turns them into fine flour

nilling: Another techniqus for pre-
sillets 15 roller milling. With this tech-
1& millets are put through 2 succession
s to be crushed and ground into flour.
ed to conventional techniques, the
illing process is more effective and re-
¢ more reliable output.

ing: This technique entails pulveris-
ets into flonr with high-pressure air
th- quuhq.r millet flour products are
Iy made using this procedure, which
Ty fime, hnmu-;tmnaﬂnur_

sic milling: It is a more recent tech-
¢ processing millets. The millets are
down into Aour uilng ultrazonic vi-
in this process. Ultrazonic milling is
fective technique that generates very
at while producing very fine grain
L Lokhande, and Gallowad 2023)
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if thermal and non-thermal modern
7 millet fermentation has not been
- (Fumar et al, 2021)

ave been roasted are casier to digest,
d flavour and aroma. and it helpsz to
isks from the grainz,

roasting: Millet grains are suspended
af hot air or gas, which swiftly and
them. To achieve the required level of
prains are cooked for a set amount of
certain temperature. When compared
al roasting techniques, this process is
istently provides high-quality results,
snergy. {Shingare et al, 2013)

sting:- Using infrared radiation
e put on a conveyor belt and moved
drared radiation chamber where they
a predetermined amount of time and

uned temnperature. Thiz process yields










Instant sorghum idli mix

*

Instant sorghum idli mix sorgh
semoling, blackgram dhal, salt :
grade additives; citrlc acid and
bicarbonate were wsed as main ing
All the ingredients were mixed u
in a blender The formulated

packed in a MPET packing ma
gheli life of idli mix iz 3 months

lu:hntﬂnum&l

Instant sorghum dosa mix sorghn
blackgram dhal {2:1), salt; citric
sodiom bicarbonate were used
ingredients and mixed undiorn
hlender. The formuolated mix was |
3 MPET packing material. The sh
doss mix is 6 months,







(50%) and cake (ID0%) by |
refined wheat flour or using 10
flour at IIME. It is the need of
to develop bakery foods as con
foods: and IIME has carvied out re
developing millet based RTE bake

Millet bread/bun

«  Millet breads have been prepared
of replacing 50% wheat in bread w
millet, finger miflet or foxtail mi
of varied proportions and adding
quality yeast, trans-free fat, salt a
The dough i proofed and then
oven to get bread. Round balls of t]
is made and baked to get bun, Ith
life of 6 days when packed in LDPE













Millet Flaking machine

Produces flakes from pre-treated/
fermented whaole sorghum graing
with 2 min gap of 0.5 mm between
the rofls, min flake thickness that
can be obtained was 05 mm

Flaking efficiency: 92%.

v Comprises of two sets of stainless
steel rolls running at a differential
speed of 1:1.5 with corresponding
speeds of 400 and 600 rpm in
oppasite direction. Power is drawn
from a (.5 hp single phase mator
running at 1440 rpm. Polygonal

teflon  feeder provided for
controlled feeding rate of the raw

materials into the flaking rolls runs
at 260 rpm,






Double stage de= |3 -7 HP
11
huller with hilow- 100-300 kg/hr

erf Pubverizer

Grravity sepatator | 2-3 HP
100-250 kg/hr

Polisher 100 Jeg/h




established with the following millet
' for enhancement of tribal fivelihood
ince evaluation, the output capacity of
+ 230 kg/h and 233 kg/h for little and
ig efficiency of 89 and %% respectively
of millet mill revealed that the output
nctail millet with a dehulling efficiency
1 percentage of brokens (< 5 %), The
{h with a polishing eficiency of 85% &
iillet. The pubveriser was evaluated for
output capacity of the machine was 75
rpectively. The cost economics revealed
% of the processing cost. The benehl

tal profit to the tribal Society through
I~ during the first harvesting season of












pe with an indefinite shelf life which is
To enhance the utilization of millsts in
wed processing techndgques, equipment
t. Becent and awailability of processing
aented products - dosa, idli, baked -
formas in which millets are consumed,
nal advantage: and providing health
and tertiary processing plant could be
ay with minimum investment of Rs. 5
um. Establishment of millet processing
the productivity and profitable venture
i food for consumers.

Material and Sorage Comditioms on the
xtruded Snack, fournel of Food Procesing









the cost of production of millets and th
of processing techniques, the returns ¢
difficulties encountered by actors in the

2023). In this chapter. the recent packa;
processing equipment and techaologic
sapply chain process and, and finally 1]
be covered under the heading of proc
products on the market, their cost, t
employved for distributing and selling
topics covered in the marketing section

Present $tatus of Millet Production a

India i+ one of the lop 5 exporters o
increased from $400 millios in 2020

the ITC trade map. With a valus of §
in 2021-2022), millets were one of In
was an increase in this over the pr
products have 2 very small market

increased tecently in India, India is o
micst millets, and Indian farmers are in
can withstand droughts. The National
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]:r_-:s profitable, not readily accepied in
shves to produce millets.

was established in 2007 to encourage
». Farmers are given financial support
55) to cultivate millets. promotes the
cts with added value to boost millet
r now #vailable and reasonably priced
government’s inclugion in the Public
duction and consumption of organic
organic millet farming.

UM to proclaim 2023 the International
5, 2021, the United Mations General
2023 the International Year of Millets
rtries, including India. The worldwide
o expand millet’s contribution to food
an on 4 global scale; 3. Ensuring that
orted, stored, and comsumed; and 4.

‘millet production through involving
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Tahble 1. Methods, tools used for valae s

Methods and tools deployed/develog
Fowns Growep Discussions on millet va
Base line surveys on millet varieties, ©
Mapping of existing cropping pattern
and compare with millet crops.
Participatory documentation of local
slorage and processing,

Partictpatory documentation of mille
variety selection of high-quality seed
Improving agronomic practices thro
paltlerns, training and demonsiration «
Formation of SHG, FPO), Village Farm
Community based cultivation and pro
Strengthening of famers groups, coops
Building platforms and linkages amon










ment, and emerging technologies for
e known a¢ procurement of materials
shound and outbound operations. This
ting supplies for the sales division. The
by procurement, which also has a big

1ain Analysis
uale a Arns capabilities and resources,
de, rarity, imitation, and organization.
are a company’s assels, capacities,
Merlstics, knowledge, and value chain
th bs compatible with strateglc analysis
L SWOT analysis. Each resource in the
y businesses to identify itz value, rarity,
1 evaluate each of our strengths to see
e advantage. We can identify the assets
setencies and the azsets that are not as
1 or questions in VIRO analysis (Table






‘s f— S
d used by the peard millet farmers in
ical studies have employed the Cobb-
odetermine the impact of factors in the
gundari et al, 2006; Tsue et al, 2013)

Xy ++aslnks +a ke +v -n (5
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s ideal for drill sowing. Line sowing ls
dlent weed control and intercropping,
with a spacing of 22.5-30 cm between
Maintaining a plant population of 4-3

Ity mature stage is crucial because
grains with pest insects and diseases
are good graln quality, mintmize grain
arvesting too early causes many grains
eight, which reduces milling efficiency.
aes a large amount of grain loss and
ads to cracking during threshing and
ng.

e certification, recomimnended seed
tritional case, cropping pattern ate the
of millets during production.

iericarp, grit, and occasionally the germ
iflet. In contrast to rice or wheat, millet









market, it has both economic viabil
its foandstion. It is & powerful diagne
problems and hurdles for particolar ta
1o improve the stteation of the resource
that determine who in the value chain
Logic behind a value chain developme
of companies, a region, or an entire o
& single producer group or firm. Beyo
competitiveness, it is relatively value-f
presumptions one must accept when

Value chain analysis can be used as a tc
with market and governmental fallures
Limitations and Strengths of Millet V
The foliowing points are emphasized i
chain. Encouraging small and margin
techniques such as adaptation of new
intercropping practices, use of organi
and quality. Ensuring the access to @
will help farmers to raise millets' prod



COST OF [EFTUAZEES. LNe MOST SENIICant
rage (86.67%), which causes significant
k of high yielding varieties (81 17%),
s (78,33%), marketing (76.33%), a lack
the use of higher seed rates (71.50%)
thlighted discases such grain smut in
ot in finger millet 4z a major constraint
nsects (21.17%).

ers in hilly areas and dryland plaing.
lds in rural India A large portion of
t from improved nutrition ke millet
hods used to assess the value chain of
P extension gap, storage gap are few
production and processing. Purchase
encouraged to consume more millet
wough education and promotion, the
heir health benefitz can be overcome.
mers and increased market availability
ton can be increased by addressing
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