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ABSTRACT

In recent years, there has been increasing recognition of the importance of millets in India. Millets are rich in many

minerals and hence often termed as nutriacereals / nutraceuticals. In general, millets are cultivated mainly as rainfed

crops. They are hardy crops that can be grown in very harsh climate, moisture and nutrient deficit soils, which

reveals its importance in current climate change scenario. In addition, reducing land resources associated with poor

soil fertility status leads to finding a better way for efficient resource utilisation with increased productivity. This

situation can be achieved by adoption of efficient intercropping systems. Inclusion of legumes with millets can

achieve higher net return, more crop equivalent yield with less cost of cultivation than sole cropping of millets. This

review will be useful for the researchers who are involved in research on cropping systems involving millets and

pulses.
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MILLETS have been cultivated for around 3,000
years making them an integral part of the culture
in the history of India. Millets are not only food grains;
they are still intricately interwoven in the socio-cultural
fabric for numerous regions. They are known to be
low in dietary bulk, high in nutrient content and
known for its good profile of amino acids. Millets
are highly nutritious and has antioxidant properties
which provides balanced nutrition (Mishra et al., 2014).
Among thirteen species in millets, sorghum
(Sorghum bicolor L.) and pearl millet (Pennisetum
typhoides L.) are considered as major, while finger
millet (Eleusine coracana L.), barnyard millet
(Echinochloa frumentacea L.), foxtail or Italian
millet (Setaria italica L.), kodomillet (Paspalum
scrobiculatum L.), little millet (Panicumsumatrens
L.) and prosomillet (Panicum miliaceum L.) are
smaller millets.

Millets are unique among cereals due to their richness
in calcium, dietary fibre, polyphenols and protein
(Devi et al.,2011). They generally contain significant
amounts of essential amino acids including sulphur
containing amino acids, viz., methionine and cysteine
(Obilana and Manyasa, 2002). Though the crops pass

both the heritage and health benefits, more focus has
been given on rice, wheat and maize production after
the green revolution. Millets have been neglected
(NAAS, 2013; Padulosi ef al., 2015 and Thakur &
Sharma, 2018). Yet during recent years, they are
regaining their pride owing to their nutritional value
and ecological hardiness (Padulosi, 2011; Saha et al.,
2016 and Bandyopadhyay et al., 2017).

Health Benefits of Millets in Relation to
Controlling Life Style Diseases

All the millet foods are having significant health
benefits, with their rich content of nutrients like fibre
which helps in metabolic disorders like Diabetes,
Obesity, Cardiovascular diseases etc. Millets are
unique among the cereals because of their richness in
calcium, dietary fibre, polyphenols and protein
(Devi et al., 2011). Small millets are high energy,
nutritious food comparable to other cereals and some
of them are even better with regard to protein and
mineral content. They are particularly low in phytic
acid and rich in dietary fibre, iron, calcium and
B vitamins. Thus, millets can act as a shield against
nutritional deficiency disorders and provide nutritional
security.
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Millets offer several health benefits to consumers.
They have excellent nutritional qualities and are
comparable to some commonly consumed cereals like
wheat and rice (Ragaee et al, 2006). These crops
lack gluten and hence can be consumed by people
suffering from celiac disease (Gabrovska et al., 2002).

Obesity is the biggest emerging problem in India and
itis associated with several chronic diseases including
diabetes and CVD. Recent studies show that intake
of high dietary fibre decreases the incidence of obesity
(Alfieri et al., 1995). Chethan, et al. (2007), reported
that there is 15.7 per cent insoluble dictary fiber,
1.4 per cent soluble dietary fiber, in finger millet grain.
The total dietary fibre (22.0%) of finger millet grain
were reported to be relatively higher than that of many
other cereal grains (e.g., 12.6, 4.6 and 12.8%,
respectively for wheat, rice, maize and sorghum
(Shobana & Malleshi, 2007 and Siwela et al., 2010).

Millet consumption can also lower glycemic response,
which can be helpful for the treatment of type II
diabetes (Choi et al., 2005). Magnesium is an
important mineral which helps in increasing the
efficiency of Insulin and glucose receptors by
producing many carbohydrate digesting enzymes,
which manages insulin action. (Reddy, 2017). Millets
which are known to be rich in phyto-chemicals which
contains phytic acid helping in lowering cholesterol
and preventing cardiovascular disease by reducing
plasma triglycerides (Lee, ef al., 2010).

Inclusion of millets in the human diet can lower the
risk of duodenal ulcers, anemia and constipation
(Nambiar et al., 2011). For patients suffering from
allergic diseases such as atopic dermatitis, Japanese
barnyard millet grains have been recommended to
replace rice and wheat grains. (Watanabe and Mitsuru,
1999). It is showed that phenolics in millets are
effective in preventing the cancer initiation and
progression in vitro (Chandrasekara and Shahidi,
2011). Celiac disease is a genetically susceptible
problem triggered by the consumption of gluten. As
the millets are gluten free, they help in reducing the
celiac disease by reducing the irritation caused by the
common cereal grains which contain gluten.
(Saleh et al., 2013).

Climate Resilient Nature of Millets

Millets are climate-resilient crops adaptable to wide
variety of ecological conditions requiring less water
for irrigation with better growth and productivity in
low nutrient soils. They also have short life-cycle
which assists them from escaping stress as they require
12-14 weeks to complete their life-cycle whereas rice
and wheat requires a maximum of 20-24 weeks.
However, the prevalence of stress conditions and their
consequences are circumvented by several traits such
as short stature, small leaf area, thickened cell walls,
and the capability to form dense root system
(Li and Brutnell, 2011).

The C, photosynthetic of the millets is highly
advantageous character. In C, system, carbon
dioxide (CO,) is concentrated around ribulose - 1,
5 - bisphosphate carboxylase / oxygenase (RuBisCO),
which in turn suppresses ribulose 1, 5 - bisphosphate
(RuBP) oxygenation and photorespiration
(Aubry et al., 2011). Thus, C, mechanism enhances
the concentration of CO, in bundle sheath, which
suppresses photorespiration (around 80%) depending
on the temperature and increases the
in planta catalytic activity of RuBisCO (Sage et al.,
2011). Since RuBisCO of C, plants works at elevated
CO, levels, millets have enhanced photosynthetic rates
at warm conditions and confers immediate water use
efficiency (WUE) and nitrogen use efficiency (NUE)
which are 1.5 to 4-fold higher than C, photosynthesis
(Sage and Zhu, 2011). These attributes of millets make
them next-generation crops holding the potential for
research to explore the climate-resilient traits.

The increasing population of India is not only
throwing challenges as higher food productivity but
also it is high time that we must check the threats on
nutritional security because of drastically changing
climatic conditions environmental pollutions. This is
high time that we must incorporate millets in
agricultural biodiversification as a promising tool in
overcoming the environmental stresses. We are in need
of very strong and yet resilient agricultural sector
supporting the livelihoods of tribal and rural
populations and this can be enhanced by allowing these
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smart foods in our daily meals. Also, growing of a
single crop in a year or cereals as sole crop is not so
much remunerative in present scenario. There is an
urgent requirement for incorporation of the pulses in
millets production system to stabilize the production to
feed the increasing population besides restoring the
soil nutritional status. Hence some selective work has
been reviewed here for understanding the beneficial
effect of millets and pulses intercropping system.

Signifiacnce of Millets + Pulses Intercropping
System

Agriculture in India faces many constraints like climate
change and vagaries in rainfall, but millets are the crops
which can tolerate and withstand varied climatic
conditions. Even though these crops have higher
nutritional and health benefits, the area under millets
has been shrinking. This is mainly because of low
productivity of millets when compared to other
cereal crops and hence situation can be overcome by
intercropping of millets.

Also, growing of millets and other crops in their pure
stands is risky under rainfed and dryland conditions
due to unpredictable rainfall and drought. Under such
conditions to achieve guaranteed productivity,
diversification of crops is inevitable. Among the crop
diversification options, intercropping are considered as
the most suitable for sustaining crop productivity
(Bantie et al., 2014). Small millets are compatible for
polyculture as mixed and intercropping, thus offering
sustainable usage of available resources, providing
food, nutrition and livelihood security to small holders
in drylands (Kiwia et al., 2019 and Opole, 2019).

Intercropping is advantageous in many ways as it
assures greater resource use, reduction of population
of harmful biotic agents, higher resource conservation
and soil health and more production and sustainability
of the system (Maitra ef al., 2019 and Maitra et al.,
2020). The main advantage of intercropping are the
more efficient utilization of the available resources and
the increased productivity compared with each sole
crop of the mixture (Launay et al., 2009).

In intercropping system, more than one crop is
grown together on the same land and utilizes the
soil nutrients (Xue ef al., 2016; Chavan et al., 2017,
Yang et al., 2018 and Jensen et al., 2020), soil moisture
(Chen et al., 2018 and Singh et al., 2020), green
house gas flux (Adler et al., 2007; Signor &
Cerri, 2013 and Collins et al., 2017) sunlight (Kermah
et al., 2017 and Raza et al., 2019) and also reduces
run off (Zougmore et al., 2000 and Banik et al., 2006).
Crop diversification is also necessary to get higher
yield and return besides maintaining soil health
apart from other benefits like sustaining crop
productivity (Yogesh et al., 2014; Chai et al., 2014;
Bantie et al., 2014 and Jan et al., 2016) and enabling
diversity of beneficial soil microorganisms (Li & Wu,
2018 and Maitra & Ray, 2019).

Intercropping of legumes with cereals is a recognized
practice for economizing the use of nitrogenous
fertilizers and increasing the productivity and
profitability per unit area and time. Also, presence of
leguminous crops in the mixture benefits the associated
non-leguminous crops, as they provide a portion of
biologically fixed nitrogen to non-leguminous
components (Kurdali et al., 2003). Hence,
intercropping of pulses with millets will pave way
for higher millet productivity besides increasing
soil fertility (Gregorich et al., 2001 and Gathumbi
et al., 2003).

Growth and Yield Attributes in an Millet - Pulse
Intercropping System

One of the main reasons for the use of intercropping
around the world is produced more than a pure cropping
of same land amount (Caballero and Goicoechea,
1995). Intercropping with cereal and legume is a
very common combination and it provides numerous
advantages in terms of total productivity of crops
(Yogesh et al., 2014). The yielding ability of a crop is
reflected through its yield attributing characters. The
yield attributes of little millet like number of productive
tillers per hill and test weight was found to be increased
when intercropped with pigeon pea at 6:1 ratio
(Sharmili and Manoharan, 2018).
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Basavarajappa et al. (2010) revealed that under
shallow alfisols, higher foxtailmillet equivalent yield
(5270 kg/ha) was recorded in foxtail millet and
pigeonpea followed by foxtail millet and mesta
(3053 kg/ha). Sharmili et al. (2019) stated that
intercropping little millet with pigeonpea in 6:1 row
ratio followed by sequential cropping of horsegram
recorded higher grain and straw yield (1602 kg/ha
grain yield and 4774 kg/ha straw yield, respectively).
Maitra et al., (2000) reported that finger millet
produced more yield under intercropping with
pigeon pea.

Sivagamy et al. (2020) presented that higher grain
and straw yields were recorded little millet +
pigeonpea followed by sequential crop of blackgram
at 8:2 ratio (652 kg/ha grain yield and 1676 kg/ha
straw yield, respectively) and it was on par with
little millet + pigeonpea followed by horsegram
sequence. According to Binod Kumar and Pankaj
Kumar (2020) the maximum yield of finger millet
(2010 kg/ha) was recorded when intercropped with
black gram in 6:2 ratio. Nigade et al. (2012) also
reported that intercropping of finger millet with
blackgram or mothbean in 8:2 or 4:1 row proportion
resulted in maximum grain and straw yield. Further,
Milenkovic et al. (2019) reported that 1:1 ratio of
soybean and proso millet in intercrop resulted in high
biomass yield in Belgrade, Serbia.

Soil Health and its Effects in Alternate Cropping
System

Intercropping of cereals with legumes is an excellent
practice for reducing soil erosion and sustaining crop
production. Moreover, deep roots of pulses like
pigeonpea penetrate more while breaking up hardpans
into the soil and utilize moisture and nutrients from
deeper down in the soil. On the other hand, shallow
roots of crops like millets bind the soil particle at the
surface and thereby help to reduce erosion. Further,
presence of leguminous crops in the mixture
benefits the associated non-leguminous crops, as
they provide a portion of biologically fixed nitrogen
to non-leguminous components (Kurdali ez al., 2003).
Further, the leguminous crops increase content of

nitrogen in soil and help in maintaining soil fertility
(Gregorich et al., 2001 and Gathumbi et al., 2003).

In addition, legumes enrich soil by fixing the
atmospheric nitrogen converting it from an inorganic
form to forms that are available for plants uptake.
Biological fixation of atmospheric nitrogen can
replace nitrogen fertilization wholly or in part.
Biological nitrogen fixation is the major source
of nitrogen in legume-cereal mixed cropping
systems when nitrogen fertilizer is limited. In
addition, roots of the legume component can
decompose and release nitrogen into the soil where it
is made available to subsequent crops (Fujita
etal., 1992).

Singh et al. (1998) reported that intercropping
of legume, particularly blackgram with maize
resulted in efficient utilization of the growth
resources besides conservation of the soil health.
Velayutham and Somasundaram (2000) indicated
that intercropping of pulses with cereals and other
non-legume companion crops have certain in-built
advantages over pure cropping. Further they have
recorded that, pulses leave 20 - 25 kg/ha of nitrogen
inthe soil at the time of harvest, which is utilized
by the subsequent crop and tremendous leaf fall
will form best source of organic matter. Oberson
et al. (2001) conducted a field experiment at the
Carimagua Research Station, Colombia on maize +
soybean and rice + cowpea intercropping systems and
observed that legume-based cropping systems
maintained higher organic and available P levels
than non-legumes in rotation. Greater turnover of
roots and above ground litter inlegume-based
intercropping could provide steady organic inputs
resulting in high P cycling and availability.

According to Lithourgidis ef al. (2011) after the harvest
of pulse intercrop, decaying roots and fallen leaves
provide nitrogen and other nutrients for the next
crop. Also, a report by Rahman et al. (2009) stated
that residual effect of the pulse crop on the next
crop is largest when the remains of the pulse are
left on the field and ploughed after harvest.

Tripathi and Kushwaha (2013) reported that nutrient
uptake by pearl millet in terms of N, P and K was
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significantly increased under intercropping system.
Kalu Ram and Meena (2015) revealed that the
intercropping of pearl millet with mungbean in 1:7
ratio recorded better nutrient uptake compared to sole
and other intercropping treatments.

Plant Health and Weed Competitiveness in
Millet - Pulse System

Traditionally intercrops have been practiced to smother
the weeds which depends mainly on crop behaviour
and weed growth. Intercrops may demonstrate weed
control advantages over sole crops in two ways.
First, greater crop yield and less weed growth may
be achieved if intercrops are more effective than
sole crops in resources from weeds or by suppressing
weed growth through allelopathy. Alternatively,
intercrops may provide yield advantages
without suppressing weed growth if intercrops
use resources that are not exploitable by weeds or
convert resources to harvestable material more
efficiently than sole crops (Geno and Geno, 2001).

According to Meena et al. (2017) intercropping of
finger millet with pulses and oilseeds significantly
reduced the weed population in the crop field
because of more crop plant per unit area in
intercropping systems which suppress the weed
growth and also some crop plant act as trap crop
or non-host crop which cause suicidal germination of
parasite weeds and result in death of the weed plant
due to lack of host plant.

The findings of Mutnal and Hosmani (1985) stated
that there was a reduction in weed population under
maize + cowpea intercropping system. Further,
intercropping of cowpea, greengram, groundnut and
soybean in sorghum crop would effectively reduce
the weed population. Chandran (1987) stated that
under sorghum and cowpea intercropping system there
was a significant reduction in weed population.

Lawson et al. (2006) noticed that in maize-legume
intercropping system, the growth of legume crops was
found to be suppressed by the presence of weeds.
Chandra et al. (2013) observed that weed biomass
was higher in sole finger milletplots (250 kg/ha)
compared to intercropping.

Economics of Millet-Legume Cropping Pattern

Economics of particular intercropping system is
supposed to be the most important aspect from the
crop production point of view. Intercropping aims at
maximum production and net return per unit of space
and time. Though the yield of main crop was reduced
due to inclusion of component crop in intercropping
systems, higher monetary return was recorded by
many research workers.

Sharmili and Parasuraman (2018) conducted an
experiment in Tiruvannamalai district of Tamil Nadu
during kharif season to study the impact of
intercropping little millet with pigeonpea and lablab
bean on growth and productivity of crops. The study
revealed that higher grain and straw yields were
recorded in little millet + pigeonpea followed by
sequential crop of horsegram at 6:1 ratio (1602
kg/ha grain yield and 4774.1 kg/ha straw yield,
respectively) and it was on par with littlemillet +
pigeonpea followed by sequential crop of mothbean
at 6:1 ratio (1584.1 kg/ha grain yield and 4655.5 kg/
ha straw yield, respectively).

Murali et al. (2014) reported that intercropping of
finger millet + pigeonpea (transplanted) gave maximum
net returns Rs.26,218/ha with benefit: cost ratio 0f2.49.
Jakhar et al. (2015) revealed from his studies that
strip cropping of finger millet + groundnut in 6:4 ratio
resulted in maximum net returns and benefit: cost ratio.
Also, in other studies conducted in finger millet by
Ramamoorthy et al. (2003), net returns of Rs.23,277
/ha and benefit: cost ratio (5.90) were recorded under
strip cropping of finger millet + pigeon pea as compared
to sole crop of finger millet.

Girase et al. (2007) reported higher net monetary
returns (Rs.14,617 /ha) and benefit-cost ratio (2.98)
in the pearl millet + moth bean intercropping system.
Sonawane et al. (2007) from their study, reported that
the net returns and benefit cost ratio (Rs.17,021/ha
and 2.31, respectively) were higher over the sole crop
of pearl millet. Anchal Dass and Sudhishri (2010)
recorded the highest net returns (Rs.9,665/ ha) and
benefit cost: ratio (1.00) obtained with finger millet +
pigeonpea (6:2).
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The literature on economics of intercropping system
clearly indicated that millet and pulse based
intercropping system accounted for higher economic
returns than sole cropping of millets.

Future Prospects / Road Map of Future
Millet — Pulse Intercropping System in
Agriculture

Although the history of millets and intercropping is age
old, only very little attention is given towards
intercropping small millets from researchers, farmers,
and policy makers for sustaining crop productivity and
nutritional security. Participatory research on farmers’
field involving small and marginal farmers, extension
workers and other related stakeholders is very much
needed to create awareness on the role of pulse-based
millet intercropping in which pulse crop has great role
in fixing atmospheric nitrogen besides sustaining the
productivity and improving soil quality and economic
profitability with additional benefit of nutritional security
with diversified cropping.

The potential of intercropping is well known for
multifaceted benefits like greater resource use,
reduction of population of harmful biotic agents,
higher resource conservation and soil health and
agricultural sustainability. These benefits are
prominently pronounced in drylands. On the other hand,
small millets are important ecologically hardycrops of
drylands which can provide food and nutritional security
to small holders. On the basis of available literature
studied it could be said that intercropping small millets
in drylands is one of the suitable options for ecologically
sound agriculture.
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