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System of crop intensification

integrated management of crops for improving sustainability and
resilience to climate change

Gaurendra Gupta’, Shiva Dhar?, Amit Kumar?, Navish Kumar Kamboj* and
Vikram Kumar?®

Indian Agricultural Research Institute, New Delhi 110 012

A high-chemical and high-irvigation based modern-day agriculturve while giving short-term
returns, damages soil-health, eco-balance and agricultural sustwinability in the long run.
Contemporary strategy for crop intensification that depends primarvily on making genetic
improvements and increasing external inputs is, however, not the only kind of intensification that
warrvants consideration - especially given growing concerns about the sustminability of current
agricultural practices and about their impacts on chimate change. An alternative strateqy for
intensification that can be broadly characterized as agro-ecological strateqy that seeks to make the
most productive use of available natural vesources. System of crop intensification is such an agro-
ecological strateqy which is improving the crop production ave now being extended to many crops
such as vice, wheat, sugarcane, mustavd etc. System of crop intensification is one of those practices
which aim to improve the productivity, profitability, sustainability, food securvity and resilience to
climate change by alteving the traditional practices of crop, soil, water and nutrient

manay] ement.
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ODERN-DAY agriculture is

based on intensive use of
chemicals, excessive irrigation,
monocropping and excess tillage of
soils which demands very high input
costs which resource-poor farmers
cannot afford. A high-chemical and
high-irrigation based agriculture
while giving short-term returns,
damages soil-health, eco-balance and
agricultural sustainability in the long
run. Monoculture, high input driven
agriculture reduces food security and
social harmony. Agriculture being
climate-dependent is  highly
vulnerable to weather variations.
Thus, there is an urgent need to build
soil-health systematically and to
maintain it which is important to
increase the productivity and
resilience of land resources. System of
crop intensification is one of those
practices which aim to improve the

productivity, sustainability, food
security and resilience to climate
change by altering the traditional
practices of crop, soil, water and
nutrient management. It provides the
ample opportunity to revive the
fragile and unsustainable agricultural
production systems.

Impacts of SRI in Global agriculture
Scientists conducted on-farm
experimentation on system of rice
intensification (SRI) in Medagasker
and suggested that such approaches
could provide production potential of
up to 15 tonne/ha. Therefore, with
the advent of untapped potential,
SRI got spread in other regions,
including major rice growing areas of
south and south-east Asia. Grain
yield of 10 to 12 tonne/ha were
achieved in tropical and 13 to 15
tonne/ha in subtropical or temperate

climate in Australia and China.
System of wheat intensification
helped for food security in Nepal
where a majority of farmers were
small-holders having land-holdings
below 0.5 ha, and their wheat yields
usually average about 1.2 tonne/ha.
The system of wheat intensification
(SWI) concepts and practices were
introduced to small-holding farmers
of Nepal in 2009, using direct-
seeding  (DS)  rather than
transplanting because DS performed
better under local conditions. It was
found that sowing with proper plant
density allows for sufficient aeration,
moisture, sunlight and nutrient
availability leading to proper root
system development from the early
stage of crop growth.

System of crop intensification
System of crop intensification
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approach seeks not just to get more
output from a given amount of
inputs, a long-standing and universal
goal, but aims to achieve higher
output with less use of or less
expenditure on land, labour, capital,
and water by making modifications
In crop management practices.
System of crop intensification
practices enable farmers to mobilize
biological processes and potentials
that are present and available within
crop plants and within the soil
systems that support them by altering
the traditional practices of crop, soil,
water and nutrient management.
System of crop intensification
principles can be applied for variety
of crops which include System of rice
intensification (SRI), System of
wheat intensification (SWI), System
of sugarcane intensification (SSI),
and System of  mustard
intensification (SMI).

System of Rice Intensification:
This system is a low water requiring,
labor-intensive method that uses
younger seedlings widely planted
singly and typically hand-weeded
with special tools. It is an evolving
set of principles and practices which
aims to enhance the rice productivity
by changing the management of
plant, soil, water and nutrient.

Mechanism and principles: The key
physiological mechanism behind the
system of rice intensification (SRI) is
to provide optimal growing
conditions to individual rice plants so
that tillering is maximized and
phyllochrons are shortened, which is
believed to accelerate growth rates. It
was also observed that tiller mortality
is reduced. Furthermore, intermittent
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Fig 1. Performance of rice crop under system of rice intensification(SRI)

irrigation is believed to improve
oxygen supply to rice roots, thereby
decreasing aerenchyma formation and
causing a stronger, healthier root
system with potential advantages for
nutrient uptake.

Major SRI principles include:
raising seedlings in carefully managed
nurseries; careful transplanting of
single, young (8-15 days old)
seedlings; wider plant spacing
(starting at 25 cm X 25 cm, but
going up to 50 cm X 50 cm);
intermittent irrigation to avoid
permanent flooding during the
vegetative growth phase; addition of
nutrients to the soil, preferably in
organic forms such as compost
instead of chemical fertilizers; and
intensive manual or mechanical weed
control without herbicide use.

Advantages of System of rice
intensification: System of rice
intensification enables the plants to
grow and develop potentially which
provides enhanced production in
sustainable and eco-friendly manner.
Advantages of SRI are as discussed:
lower seed rate 5 to 7.5 kg/ha, water
saving by 30 to 40 %, higher grain
yield by 50 to 100%, resistance to
insect, pest and diseases, less weed
problem, Profuse crop growth and
development (30-50 tillers/plant),
less lodging due to vigorous root
growth and strong stem, positive
correlation between number of
panicles and size of panicles, 1-2
weeks reduced crop period, and 10 to
15 % higher out-turns of milled rice.

Limitations of system of rice
intensefication: These are continuous
supply of good water is a critical task;
system of rice intensefication system

£~ 4tonnetha |

may not perform well under kharif
because farmers may not have control
over excess rainfall; system of rice
intensefication requires specialized
varieties of rice such as IR-64, PB-
1121and HKR-46; and labour
intensiveness and lack of skilled
manpower.

System of wheat intensification:
System of Wheat Intensification
(SWI) which is based on the
principles of system of rice
intensification (SRI) is a new wheat
cultivation technique which demands
to maintain plant of 20 cm X 20 cm.
This kind of sowing with proper
plant density allows for sufficient
aeration, moisture, sunlight and
nutrient availability leading to proper
root system development from the
early stage of crop growth.

Elements of SWI: The improved
seed 8-13 kg/acre (0.404 ha) and
seed treatment.

Procedure for seed treatment under
SWI: The steps include grade out
bold seeds separately from lots of
improved seed, take 10 liter of hot
water (60° C) in an earthen pot, dip
5 kg of improved graded seeds in it,
remove the seeds which float on the
top of water, mix 2 kg well
decomposed compost, 3 liter cow
urine and 2 kg of jaggery, after
mixing it properly, keep the mixed
material for 6-8 hr, after this, filter it
so that solid materials along with
seeds and liquids get separated, after
that, mix 10 g of fungicide properly
and keep in shade for 10 to 12 hr,
and then wheat gets germinated. The
germinated seed is used for sowing in
the tilled field.

*  Wider spacing (20 cm X 20 cm)
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Table 1. Relative comparison of traditional wheat cultivation practice with system of wheat

intensification

Parameter Traditional practice

System of wheat intensification

Seed

Seed treatment Usually chemical

Sowing Broadcasting
Spacing No proper spacing
Length of panicle 10-11 cm

No. of grains/panicle  18-50

No. of panicles/hill 2-4

Roots Shallow

Irrigation 2-4

Yields 1.6-3 tonne/ha

50-81 kg/acre (0.404 ha)

8-13 kg/acre (0.404 ha)

With hot water, cow urine, vermi-
compost along with bavistin

Dibbling

20 cm X 20 cm

15 cm

60-120

20-40

Deep (upto 8-10 inches)
4-6

Upto 50 % more

Lalita et. al. (2017)

and line sowing by dibbling

*  Gap filling within 10 days of
sowing

* Application of organic manure
(5 tonne/ha) and weeding by
conoweeder

e Irrigation (15, 30, 45, 60, 80 and
100 days after sowing)

Cultivation of wheat by following
SWI principles proving more
advantageous and profitable under
the changing agro-climatic scenario.
People’s Science Institute based in
Dehradun conducted the first trial
with modified SRI methods for
wheat and they reported the increase
of 35 to 67 % in grain yield and 10
to 30 % more straw biomass.

System of sugarcane
intensification: This system or
sustainable sugarcane initiative is yet
another practical approach to

sugarcane production which is based
on the principles of ‘more with less’
in agriculture like system of rice
intensification. Sustainable sugarcane
initiative is a method of sugarcane

production which involves using less
seeds, less water and optimum
utilization of fertilizers and land to
achieve more yields.

Components of system of sugarcane
intensification: Raising nursery using
single-budded chips; transplanting
young seedlings (25 to 35 days old);
maintaining wide spacing (150 cm X
60 cm) in the main field, which
reduces the seed requirement by 75%
from 48,000 to 5,000 single-budded
chips per acre (conventional spacing
is 45 cm X 75 cm; providing
sufficient moisture and avoiding
inundation of water, whereby 40% of
water is saved (conventionally,
flooding is practised); encouraging
organic methods of nutrient
management and plant-protection;
and practising intercropping which is
possible due to wider spacing and
non-flooding.

Benefits of system of sugarcane
intensification: Farmers’ costs of
production/ha with system of
sugarcane intensification are cut by
about 30% because there is less need

for water and fertilizer as well as for
agro-chemical protection since the
incidence of pests and diseases in the
cane fields is less. A major benefit
documented was that because of the
cane plants’ larger root systems,
system of sugarcane intensification
ratoon harvests (a second cutting
with nore-planting) was often even
greater than from the first (planted)
crop, with lower production costs.
Based on the experimentation results
of many researchers, it is reported
that SSI is more advantageous than
the conventional practices as it
enables to provide benefits: 20-30%
more yield, saving of water
(30-40%), fertilizer (25-30%),
labour (40-45%) and seed material
(60-70%), intercultural operations
can be carried out easily due to wider
spacing, and increased length and
weight of individual canes, and at
least 20-25 tillers/plant and 9-10
millable canes/plant.

System of mustard intensification:
System of Mustard Intensification is
the system of transplanting mustard
seedlings with wide spacing is similar
to the system of rice intensification.
Both systems depend on low density
of crops and seek to utilize the full
potentiality of each plant, rather than
on communities of plants as done
with high-density planting. With
SMI management, mustard yield save
rage 3 tonne/ha and cane yield can
reach 5 tonne, or even more. The
NGO Pradan started SMI
experimentation and evaluation in
Gaya, district of Bihar, with seven
women farmers in 2009-10. They
planted an improved variety of
mustard (RP-09) and had an average
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Fig 3. System of mustard intensification (SMI)

Table 2. Relative comparison of traditional mustard cultivation practice with SMI

Parameter

Traditional practice

SMI

Seeds required/ha
Seed treatment

5.5 kg
Usually not done

Sowing
Spacing
Sprouting of seeds

Broadcasting

One week after
broadcasting

Branches per plant 1to3
Seed weight per plant 10to 25 g
Roots Shallow
Irrigation 2-3

Yield per acre 0.4-0.8 tonnes

No proper spacing

125-300 g (>95% reduction)

Done with hot water, cow urine,
vermicompost along with jiggery

Transplanting
30cmx30cm to 75¢cm x 75 cm

Nursery bed is sown sparsely
with sprouted seeds

8 to 20

150 to 300 g

Deep (up to 25 cm — 37.5 cm)
4-5

1.2 to 2 tonnes

Source: Afraining Manual on Cultivating Rapeseed/Mustard with SRI Principles.

yield of 2.73 tonne/ha (range:1.8 to
3.3 tonne/ha).

The core principles of SRI are
applied in SMI are low seed rate:
only 50 to 250 g/acre (0.404 ha)
priming of seeds with seed selection/

treatment, preparing nursery with
treated/sprouted seeds, transplanting
seedlings when they are about 8-to
12-day-old and have only 3-4 leaves,
wide and uniform spacing of single
plants across the field, and aerate the

soil while suppressing the weeds

using mechanical rather than
chemical means.
SUMMARY
A high-chemical and high-

irrigation based agriculture while
giving short-term returns, damages
soil-health, eco-balance and
agricultural sustainability in the long
run. Thus, there is an urgent need to
build soil-health systematically and to
maintain it. It is important to
increase the productivity and
resilience of land resources. System of
crop intensification is one of those
practices which aim to improve the
productivity, sustainability, food
security and resilience to climate
change by altering the traditional
practices of crop, soil, water and
nutrient management. Principles of
system of crop intensification can be
applied in various crops such as rice,
wheat, sugarcane, mustard. System of
crop intensification practices enable
the crop to grow and develop
potentially which provides enhanced
production in sustainable and eco-
friendly manner. Therefore, classical
crop cultivation practices needs to
overhaul by adopting system of crop
intensification for more profitable
and sustainable agriculture.
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» A total of Y 788.33 crores have been sanctioned for opening six new agricultural colleges for eastern
India under Central Agricultural University, Imphal, and a new Central Agricultural University in

Meghalaya.

* For the establishment of two new agricultural research institutes in Asom and Jharkhand, a sum

% 100 crores is allocated.

» First academic session of the Rani Lakshmibai Central Agricultural University has been allocated for four

Jai Kisan, Jai Vigyan

new agricultural colleges in Datiya and Jhansi.

 An Memorandum of Understanding was signed for transforming the Rajendra Central Agricultural
University, Pusa, Samstipur, Bihar. A proposal of ¥ 400 crores is submitted in EFC.

» Post-Graduate Institute of Horticulture is being established in Amritsar, Punjab.
* Foundation stone of the Indian Institute of Agricultural Biotechnology is laid at Ranchi for promoting

agricultural biotechnology.
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