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ABSTRACT

The red and lateritic zone (RLZ) of Eastern India comprises of south-west part of West Bengal, a
part of Odisha and Jahrkhand grimly a low position in respect of yield levels compared to many
other parts of India. Soil of this area is poor in inherent fertility status with low to medium available
nutrients of phosphorus, potassium and calcium. Most of the lands are located on higher elevation
and erosion hazards and gully formation are very common. Monsoon rainfall is erratic or unevenly
distributed in this region and, thus partial or even total failure of rainfed crops is very common. The
major parts of this zone are rainfed, rice-fallow based mono-cropped and cropping intensity of the
region is between 125-130%. This region of India is home of millions of resource-challenged small
and marginal farmers having poor food and nutritional vis-a-vis economic security. To alleviate this
grim situation of drought prone RLZ of Eastern India, intensification of Rice-fallow by inclusion of
suitable crops was one the major challenges due to several bio-physical constraints. In this context,
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with agro-climatic conditions like RLZ.

being the climate resilient and drought tolerant crops, millets may be the best choice for the rice-
based crop sequence, any fallow and marginal land, agro-forestry system or even for popularizing
any millet-based crop sequence for escalating the level of livelihood of the small and marginal
farmers of the dry tract of RLZ. The objective is to develop a model using implementing millet-
based cropping system to address food and nutritional security for the regions like RLZ of eastern
India. Available research data on millet production feasibility in the region was used. A
multidisciplinary approach was used for value-addition and small-scale agri-industry. In this present
paper, we conceptualized the current status, prospects and research strategies for augmenting the
millet production system to improve the food and nutritional security across drought prone and red
laterite region of Eastern India. We believe that same model can be applied elsewhere in the world

Keywords: Millet; drought; red laterite; Eastern India; socio-economy.

1. INTRODUCTION

Agriculture is undoubtedly the backbone of any
developing country like India. It is the prime
source of food-fodder-fibre-fuel-fruit-flower-fish
and timber and provides raw materials to many
large- and small-scale industries. A lion’s share
of the country’s mammoth population depends
directly or indirectly on agriculture. Being the
largest private enterprise in India it contributes
17.4% of national GDP [1]. The green revolution
in mid-sixties, steered by research based new
technological development involving new
materials, methods and ways of organizing farm
inputs and the government policy, transformed
the agriculture dramatically. As a result, the
output exhibited manifold increase in production
and productivity. But this development is not
spread through-out the country in equal manner.

The red and lateritic zone (RLZ) of Eastern India
comprised of South-west West Bengal, western
Odisha and almost entire state of Jahrkhand. It
occupies dismally a low position in respect of
yield levels in comparison to many other parts of
the country. The dismal situation regarding the
low position in respect of yield levels is attributed
to poor input use efficiency, soil degradation
such as erosion, decline of soil organic carbon
content [2], nitrate transfer to ground and surface
water, biodiversity erosion [3] and above all,
deceleration of total factor productivity. The RLZ
of eastern India is also knows as The Chhota
Nagpur Plateau. This area is surrounded by the
Indo-Gangetic plain (EGP) to the north and east
of the plateau, and the basin of the Mahanadi
River to the south. The total area of the of this
region is approximately 65,000 square kilometers
[4]. Laterite, red gravelly, alluvial soil generally
dominates the region. Soil of this area is poor in
inherent fertility status with low to medium
available nutrients of phosphorus, potassium and
calcium. The nitrogen content generally varies

from 0.03 percent to 0.06 percent. The pH
ranges from 4.8 to 5.5 and cation exchange
capacity (CEC) is also low [5]. Soils are highly
course in texture and well aerated. Fe, Al content
is generally high. Most of the lands are located
on higher situation and erosion hazards and gully
formation are very common. In some pocket
areas micronutrient deficiency is found. Annual
average rainfall varies from 1200-1600 mm most
of which is precipitated between June and
September. Even monsoon rainfall is erratic or
unevenly distributed. And, thus partial or even
total failure of rainfed crops is very common. The
major parts of this zone are rainfed, mono-
cropped and cropping intensity of the region is
between 125-130%. Only 40% of the agricultural
land is under irrigation. The landscape of this
region is mostly undulating with drainage lines
and land near streams comprising lowlands
(‘bohal’) which rise to local uplands (‘tanr’) with
relief typically <30 m. Hydrologically, uplands are
recharge areas whereas lowlands are local
discharge areas for seasonally recharged
shallow ground-water. The narrow band of
medium lowlands (‘kanal’) between them is a

discharge area. The east India plateau is
characterized by endemic poverty, food
insecurity, = comparatively low  agricultural

productivity and lack of irrigation infrastructure.
Rice is the staple food crop and traditional
cropping is typically mono-cropped rice
production. Bohal is generally used for cultivation
of rice. But with the increasing food demand, the
medium uplands (‘baid’) of this region is now
extensively used for rice cultivation. The region
receives a high amount of rainfall with “low
productivity” because soils are acid and infertile
with low water holding capacity [6]. For this,
cultivation of rice in medium uplands is risky job
and poorly suited to traditional rice production
systems of this RLZ. Intensification of Rice-fallow
in red-laterite belt by inclusion of suitable crops
was one the major challenges due to very limited
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options for introduction of new crops. But, in
recent times, cropping system intensification by
pulses is facing a bit impediment due to ill
impacts of climate change like rising
temperatures, unpredictable monsoons as well
as severe disease pest infestation. Venture with
vegetables has already shown the troubles
related to availability of enough water during post
monsoon seasons in RLZ.

West Bengal is known to be an advanced State
of India in the context of physical, social and
economic development, but it has within its
territory a few backward regions, reflecting the
problems of acute regional disparities. West
Bengal is an intensely populated State having a
population of 91.35 million and a density of 1029
people per square kilometer. Although West
Bengal holds 12th position among the states of
the country in total geographical area, it ranks
fourth in population (nearly three times of the
national average). Thus, with the 2.7% of the
country’s geographical area, it supports 7.55% of
the country’s total population. Majority of the
people (70%) live in rural areas. About 23.01% of
the population belong to the tribal communities
and nearly 40% of the families live below the
poverty line. One-fifth of the total area is covered
by the forest. Marginal workers constitute about
35% of the total population of this area as
against 8.05% for the state [1,7].

Intensification of existing cropping system of RLZ
of eastern India needs a holistic approach from
selection of land to value addition of final
products. The existing cropping system in RLZ is
mainly rice based where the farmer generally
seeds rice at the onset of monsoon and reaps
the harvest at the beginning of winter. Most of
the land here remains fallow due to various bio-
physical constraints like high evapotranspiration
during summer and winter, meagre soil fertility
and water holding capacity, erratic rainfall and
less adoption of modern agro-techniques by the
resource challenged peasants. Keeping all these
facts at the background, for intensifying the
cropping system of RLZ and improving food -
nutritional - economic security, the inclusion of
millet may be the most potential option. But for
successful introduction of millets in this very
zone, an all-round research intervention is highly
required.

Millets comprise of a number of small-grained,
annual cereal grasses, which include several
distinct species: the pearl millet (Pennisetum
glaucum), finger millet (Eleusine coracona),

foxtail millet (Setaria italica), proso millet
(Panicum miliaceum), litle millet (Panicum
sumatrense), barnyard millet (Echinocloacrusgalli
(Japanese) and E. colona (Indian), kodo millet
(Paspalum scorbiculatum), tef (Eragrotis tef),
fonio [Digitaria exilis (white fonio) and D. iburua
(black fonio)] and Job’s tears (Coix lacryma-jobi).
Millets are very hardy and climate-resilient crops
suitable for environments prone to drought and
extreme heat. This type of crops is adapted to a
wide range of temperature, moisture-regime and
input condition and can be a potential option for
providing food and feed to millions of dryland
farm families and their reared animals and birds.
In addition, being the members of C4 group,
millets sequester carbon, thereby adding to CO,
abatement opportunities, contribute to improved
agro-biodiversity by their rich varietal diversity
and allow mutually beneficial intercropping with
other vital crops. Small millets are the traditional
crops and they are agronomically more adapted
to impoverished soil and climatic conditions [8].
They can be cultivated where no other food
crops can be profitably grown. Millets are
obviously important food and fodder crops in
semi-arid regions and are gaining more
importance day by day in the world of escalating
malnourished population [9]. About 500 million
people in more than 30 countries depend on
millets as staple diet, and more than 90 million
people in Africa and Asia depend on millets as
staple diet [10,11]. Choice of proper water saving
options along with selection of suitable
alternative crops vis-a-vis their varieties and
application of suitable agro-techniques may
decelerate the level of poverty generated due to
non-judicious management in rainfed farming of
the dry tract of RLZ of eastern India. In this
context, the millets may be the best choice for
the rice-based crop sequence, any fallow and
marginal land, agro-forestry system; or even in
popularizing any millet-based crop sequence for
escalating the level of livelihood of the small and
marginal farmers of the dry tract of eastern India.

2. RESEARCH OBJECTIVES

The objective is to develop a model using
implementing millet-based cropping system to
address food and nutritional security for the
regions like RLZ of eastern India.

3. PRODUCTION SCENARIO OF MILLETS

Millet production systems in Asian countries are
generally characterized by varying production
practices and poor adoption of improved
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cultivars. Naturally, yield average is still ranging
only in between 0.3—1.0 t/ha [11]. In recent past,
area under millet cultivation has been drastically
reduced over the years in India, although it is one
of the major producers of millets in the world
[12,13]. The millet growing region of India mainly
concentrates across rainfed areas of Madhya
Pradesh, Karnataka, Gujrat, Andhra Pradesh,
Telangana and red lateritic tract of Eastern India.
The total area under millet cultivation in India is
about 25.17 million ha with a gross production of
42.86 million tons. Amongst different millets,
finger millet yields 1706 kg ha™, but it occupied
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only 0.6 percent of gross cropped area of the
country in 2014-15 [1]. In the western districts
West Bengal, an agriculturally important eastern
states of India, Sorghum, Pearl Millet and Finger
Millet are mostly cultivated in the rainfed uplands
of its red and lateritic belt (mostly in Ultisols with
slightly acidic soil conditions). But, in recent past
millets production scenario in West Bengal is
showing a grim tinge (Fig. 1). Cultivation of
millets in marginal lands with age old practices
and very limited input supply is the prime cause

behind such stagnant, rather decelerating
productivity (Fig. 2).
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Fig. 1. Area (ha) and production (tonne) trend of major millets (A) sorghum; (B) pearl millet and
(C) finger millet in West Bengal (Source: [7])
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4. RESEARCH STRATEGY

Available research data on millet production
feasibility in the region was used. A
multidisciplinary approach was used for value-
addition and small-scale agri-industry.
Intensification of existing rice-based mono-
cropping system though successful introduction
of millets in this very zone, an all-round research
intervention is highly required (Fig. 3). Some
researches in the domain of crop improvement,
crop production and crop protection aspects has
already been carried out in the RLZ of Eastern
India especially West Bengal (Table 1). Adoption
of millets by the resource-challenged framers of
this region is not an easy job. The successful
introduction of millets requires scientific and step-
wise intervention strategies from selection and
development of location specific cultivars to
adoption of best crop management practices like
nutrient, water and weed management
strategies. Weed management in millets requires
serious research interventions as the millets are
grown predominantly in the rainy season, weeds
deprive these crops of vital nutrients and
moisture and reduce the vyield considerably.
Because of wider row spacing and slow initial
growth in millets, weeds are more problematic
during initial crop growth period, and hence, early
control is needed to optimize the yield [14]. Most
of the minor millets are the improved species of
most troublesome grassy weeds. Hence, it is
very difficult to identify weeds in early stages and
control them. Although, herbicides are very
effective for controlling weed in minor millets, but
under moisture stress at growing environment of
millet the efficacy of pre-emergence herbicides

Existing Cropping System

Rainy Seasarn: Low Productive Rice
Summer’ Winter: Mostly Falliow
\ ‘\

Climate Resilient Sustainable

Output:
Low Farm Income
Low Cropping Intensity

.‘ food and nutritional security,
| incomes and other livelihood

| Possible _O_u‘ip-ll‘ii- Jm;_jré\}e_d "
| bensfits

like atrazine is reduced significantly. Hence,
there is a need for exploring potentially effective
broad-spectrum post-emergence herbicides for
safe and effective weed control. Herbicide
residues in soil and plant (grain and stover) need
to be studied in different situations. Millets are
generally less prone to disease-pest infestation.
But some serious disease like Downey Mildew,
Ergot, Blight etc. may cause serious damage in
millet production. Thus, adoption of need based
Integrated Plant Protection Management (IPM)
strategy with scientific integration of both organic
and inorganic plant protection agro-inputs should
be formulated. Millets are course in nature, and
they require series of post-harvest operations
(cleaning, dehulling, milling etc.) before reaching
to the end users. Millets have diversified high
food value, but for wider consumption of these
millets it is required to formulate the standard
protocol for diversified millet based value-added
products like Composite flour recipes (Breads,
Baked bread, Steamed bread, Biscuits), Non-
composite recipes (Boiled Products, Porridges
etc.), Beverages (Non-fermented and fermented
drinks, Malt Drinks) and Snacks (Pop sorghum,
Pasta, Kurkure, Composite Flour Recipes,
Breads etc.) [15]. Establishment of such cottage
level small scale millet processing industries in
this region not only improved the farm income
but also improved the food and nutritional
security. But to promote millet in drought prone
and red laterite region of Eastern India in
sustainable way, market and industry linkage
with small and marginal farmers is essential.
Formulation of such policies to establish the
linkage between market and producer at national
and regional level should be standardized.

Inclusion of Millet in
Existing Cropping
Systemn

Cropping System

Research Interventions

Improved Cultivars

Best Management Practices
Integrated Plant Protections
Value Additions

Market Linkage

Industry Linkage

Fig. 3. Strategy to promote millet in existing cropping system in drought prone and red laterite
region in Eastern India
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Table 1. Some research advances of millets in in drought prone and red laterite region of
Eastern India

Sl. no. Technological Advancement References

A. Crop Improvement

1. Finger millet varieties A 404, WR 5 and EC 50-90 performed well in rainfed [16]
upland of red and lateritic belt of West Bengal

B. Crop Production

1. Pre-sowing seed treatment with 100 ppm Na,HPO, or KH,PO, was found [17]
beneficial to maximize growth and productivity of finger millet.

2. Seed soaking with water or 0.25% CacCl, has improved the growth and [18]
productivity of finger millet over un-soaked control.

3. Application of 60 kg N + 30 kg P,Os + 30 kg K,O + 30 kg S/ha has recorded the [19]
maximum grain and straw yield of finger millet in RLZ of West Bengal.

4. Seed inoculation with biofertilizer Rhizobium alone or in combination with 30 kg N [20]
per ha has reported to enhance the growth and yield of finger millet in RLZ of
West Bengal

6. Intercropping of Groundnut and foxtail millet produced a better production [21]
increase and synergy. In the intercropping system the apparent quantum
efficiency and light saturation point increased. Thus, the groundnut and foxtail
millet intercropping reported to be improved the light energy utilization efficiency.

C. Crop Protection

1. About 65 finger millet genotypes and 15 foxtail millet genotypes were evaluated in  [22]

field against brown spot disease causing pathogen. Amongst them 24 finger millet
genotypes and 7 foxtail millet genotypes were highly resistant against the brown
spot disease. Thus, genotypes of finger millet and foxtail millet which can be
utilized as a source of resistance for breeding disease resistant lines against

brown spot disease.

5. GLOBAL PERSPECTIVE

Internationally, the demand for millet based
processed products is snowballing day by day.
The economic gains through the adoption of
millet-based cropping system may be augmented
by addressing envisaged benchmarks resulting
in significant improvement in productivity,
profitability and even export earnings. Millets can
be successfully grown in drought prone and
unfertile soil where most other crops often failed
to grow. Cultivated millets not only contribute to
the economic efficiency of farming but also
provide food and livelihood security to millions of
downtrodden communities of the different parts
of the world. Major millets producing counties
concentrated in the pockets of southern and
western Africa and Asia. Similar growth
environment like drought prone and red laterite
region of eastern India, predominates in different
parts of the Globe like southern and western
Africa and Asia west-central High Plains of the
USA and western Australia. This millet-based
crop production model possibly equally
applicable to these regions.

6. CONCLUSION

Finger millet, pearl millet and sorghum have high
likelihood of success in the millet-based crop

production system of the proposed model in
semi-arid drought prone areas in RLZ of eastern
India and elsewhere in the globe with similar
conditions. However, other short duration millets
such foxtail millet, proso millet, little millet could
be tested in case serious soil moisture shortage
in the system although no research data has
been reported for eastern Indian RLZ. We
believe that our proposed model can be applied
elsewhere in the world with agro-climatic
conditions like RLZ of eastern India.
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