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SUMMARY

As global population continues to increase, crop yield must increase proportionally to
meet the demand for food and nutritional security. Atmospheric carbon dioxide (CO

2
) concentration

is increasing rapidly and is expected to surpass 550 ppm soon. Mean annual temperature has
significantly increased by 0.4°C over the last one hundred years. Global warming is expected to
affect plant growth and soil ecosystems. Sorghum is a major staple food of millions of people in arid
and semiarid regions of the world. It has the cheapest source of nutrition and energy. The area under
grain sorghum cultivation has drastically declined from 18.5 m ha to 4.48 m ha from 1970 to 2020.
Kharif sorghum cultivation is decreasing rapidly due to poor grain quality than rabi sorghum.
Sorghum is considered to be climate resilient. Late rabi sorghum cultivation in rice-fallows is an ideal
strategy for  food,  fodder,  nutritional  security,  and  livestock  sustainability  under  changing  climate
scenario.
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Global food and nutrition security focuses on
unique interventions to feed the projected population
of nine billion by 2050, equitably, healthily, and
sustainably. The increased atmospheric concentration
of carbon dioxide (CO

2
) is the major factor responsible

for global warming. During higher temperatures,
drought may occur quickly. Global warming affects
plant growth and soil ecosystems. Increasing CO

2

concentration in the atmosphere leads to escalation in
temperature, affecting most of the physiological
processes in plants. Elevated temperature stress and
drought are the important abiotic stresses, which limits
productivity of food and fodder crops. Several climate
models project that the ambient air temperature will
rise between 1°C and 3.4°C by the end of this century,
depending on population growth and greenhouse gas
emissions scenarios (IPCC 2014).

In addition, it is expected that crops in future
climatic scenario will be exposed not only to higher
mean air temperatures but also to more frequent short
episodes of high temperature stress. Arid and semi-
arid regions are particularly vulnerable to changes in
climate and extreme temperature events. Climate
resilient crops such as grasses: guineagrass, bajra -
napier hybrids and tri-specific hybrids,dinanath grass,
(Dheeravathu et al., 2018, Singh et al.,2020,
Dheeravathu et al., 2021a, Dheeravathu et al., 2021b,

Dheeravathu et al., 2021c., Dheeravathu et al., 2022a,
Antony et al., 2021, Dheeravathu et al., 2022b), pulses:
cow pea,berseem, clitoria, centrosema, siratro
(Dheeravathu et al., 2017a, Dheeravathu et al., 2017b,
Dheeravathu et al., 2022c), forage cereals including
millets: pearl millet and sorghum(Singh et al., 2010,
Malathi et al., 2022,Amrutha, et al., 2023), have been
proven to be climate smart. Considering the adverse
effect of accumulated salts in soil and irrigation water,
elevated CO

2
 and temperature on soil health as well as

forage yield and productivity, it is high time for in
depth understanding of physiological and biochemical
changes in forage crop varieties/ genotypes/ lines in
response to climate change.

Sorghum (Sorghum bicolor L. Moench) is the
world’s fifth most important cereal crop, after maize,
rice, wheat, and barley. Sorghum popularly known as
Jowar in India, is an important staple food for millions
of people in the semi-arid tropics of Asia and Africa.
India contributed 13 per cent of the total world area
(44.20 m ha) under sorghum with 8.00 per cent of
total world production (67.87 m t) during 2014-15.
In India, Maharashtra state ranks first in area and
production followed by Karnataka, Madhya Pradesh,
and Telangana. It is called great millet based on its
gain size which is better than all other millets. The
area has declined drastically from 10.25 m ha in 1999-



2000 to 4.82 m ha in 2019-2020. The total production
also declined from 8.68 m t to 5.39 m.t. But the
productivity has increased from 847kg/ ha to 907 kg/
ha during the same period due to adoption of improved
production technologies by the farmers (Chapke et
al. 2019). Compared to other major cereals, sorghum
requires less water, less inputs, resistant to pests and
diseases.

It is a multi-purpose C
4
 crop which plays an

essential role in food, feed, fodder security and bio-
fuel in dryland agriculture. In Asia, India is the main
producer of sorghum despite the crop being mostly
cultivated by small and marginal farmers in the stress-
prone semi-arid regions. In 2019, the country’s area
under sorghum cultivation was 4.1 million hectares,
with a production of 3.5 million tons and a productivity
of 849 kg/ha (Sridhara et al., 2020). Compared to the
global average (Rs. 1,481 kg/ha), sorghum productivity
in India is low, mostly because the crop is often
cultivated under rainfed conditions (Yadav et al., 2011;
DACNET, 2016; FAOSTAT, 2020). Additionally, heat,
water stress and lack of crop management options
lower the crop productivity.

Rice fallows imply to those lowland kharif
sown rice areas which remain uncropped during rabi
(winter) due to several reasons such as lack of
irrigation, cultivation of long-duration varieties of rice,
early withdrawal of monsoon rains leading to soil
moisture stress at planting time of winter crops. India
accounts for 79% (11.65 million ha) of the total rice
fallows of South Asia (15.0 million ha). Farmers
cultivate sorghum during late rabi, in rice fallows in
the states of Andhra Pradesh, some parts of Tamilnadu,
south Bihar, Chhattisgarh, Jharkhand, parts of Odisha,
(Chapeke et al., 2019).  Previously under rice fallow,
black gram and maize crops were the major cropping
system of the coastal areas of Andhra Pradesh, but
these two crops declined drastically due to infestation
of yellow mosaic virus and parasitic weeds. Also, these
crops require more number of irrigations and input,
which make them non- profitable to rice fallow
cropping system compared to sorghum. The coastal
region of Andhra Pradesh, has developed into a rice
fallow ecology. Kharif (rainy) sorghum is primarily
used for poultry feed, animal feed industries and
alcohol (Patil et al., 2014), whereas rabi (post-rainy)/
late rabi sorghum is grown for human consumption,
fodder purposes, fibre, and fuel (Kumara et al., 2014).
In order to meet domestic demands of food, feed,
fodder and biofuel, there is huge scope to promote
sorghum in unconventional areas. The rice fallows
offer good scope for area expansion and intensification

of sorghum. (“In rice fallows – an IIMR case study –
Research Gate”). The fallow land (lean season)
utilization can overcome social and economic problems
like unemployment, labour migration, fodder availability
and low income.

Development and popularization of improved
hybrids of sorghum suiting to rice fallows (late rabi)
for different agro-ecological regions coupled with
improved crop management technologies can boost
production, and thus, improve income and livelihood
security of farming community. Usually, short duration
kharif hybrids were found to be more suitable/ are
opted for late rabi rice fallow cultivation which results
in higher yields and higher grain quality even under
high-temperature and drought.

Kharif sorghum hybrid (CSH16) performed
very well and yielded 8.00t/ha of grain out of 17 public
and private cultivars (Photo 1 and 2, Fig. 1 and 2).
Due to its short height, it had no lodging problem like
tall hybrids. It opens avenues for export. Rice fallow
offer opportunities to expand sorghum area. Sorghum
in rice-fallows in coastal Andhra Pradesh, especially
in Guntur and adjoining districts is gaining popularity
among farmers. Sorghum cultivation in rice fallows is
an ideal strategy for sustainable livestock production,
productivity, food, fodder, biofuel and nutritional
security under changing climate in arid and semi-arid
regions to tackle future climate change.

CONCLUSIONS

Sorghum is inherently a sturdy crop which is
grown with low input requirement and high resilience
to abiotic stress. Rice fallows are better utilized by
cultivating sorghum during the late winter season in
South India. Identification of promising cultivars and
breeding for rice fallow ecology will be a profitable
preposition with wider impact on socio-economic
status of farmer. Strengthened breeding programme
is needed for the development of high yielding and
medium height, drought/temperature stress-tolerant
varieties in sorghum hybrids to tackle the future climate
change in arid and semi-arid regions. Whereas the
requirement of production technologies varies as per
the different agro-ecologies. Therefore, it needs to
develop location specific sorghum production
technologies for different regions and locations.
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Photo 1 and 2. Rice fallow sorghum field.
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Fig. 1. Productivity of sorghum in rice-fallows (Guntur Dist-AP).
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Fig. 2. Water requirement of millets & other crops (in mm).
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