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Conservation Agriculture for
Sustainable Crop Intensification

An Overview

Conservation Agriculture (CA) has been identified as a promising technology for sustainable crop intensification
worldwide. But in India sufficient work has not been done on the subject except remarkable work being done in
irrigated rice-wheat zone across the Punjab, Haryana, Uttar Pradesh and Bihar with the support of international
development agencies since last few years. Thus, there is need to focus more on dryland production systems where
the applicability of CA is even more considering their higher vulnerability to climate change effects and need to
reverse the process of soil degradation in drylands which are expected to play more crucial role in food security of the
nation in days to come. In this review, attempt has been made to present the potential benefits of CA on resource
conservation with particular focus on soil and water, soil quality, stable crop yields, input use efficiency, benefits at
ecosystem level, farm profitability and crop resilience to climate change effects. Besides, the major challenges that
need to be overcome to promote CA and the tradeoffs with livestock production at regional and trans-regional have
also been discussed.
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INTRODUCTION

Ensuring food and nutritional
security for ever increasing human
population will remain one of the
major challenges before
governments during 21st century.
The chasing of this goal will be a
strenuous task in the light of
increasing   use   of  agricultural
land  for residential, industrial and
other infrastructure projects,
decreasing availability of water
and perceptible effects of climate
change and variabilities on
agriculture.  Further, the quality of
cultivating land is degrading due
to lack of  adequate investment to
maintain/improve  soil   quality,
for example in the form of
ploughing back of organic matter,
resulting into decreasing factor
productivity and unsustainablity
of conventional production
systems. In India, nearly 150
million ha  soils are affected by
water erosion and another 18
million ha by wind erosion
annually (1).  Every year thousands
tonnes  of  sediments are
discharged with runoff water
throughout the country. This not
only causes loss of agriculturally
precious top soil along with plant
nutrients, but also affects aquatic
ecosystems  negatively by
dumping nutrients and silting of
water bodies. Furthermore,

widespread  and  severe  decline of
soil quality in  almost all
production regions also raises
questions  about  the  sustainability
of current agricultural production
practices (2).

Therefore, there is need to develop
and disseminate crop production
technologies which support
sustainable crop intensification.
Conservation Agriculture (CA)
consisting of minimum mechanical
soil disturbance, soil cover with
plant biomass/cover crops and
diversified crop rotations or
associations is viable and more
sustainable cultivation system
than the conventional cultivation
system. CA reduces soil erosion,
improves soil quality, reduces soil
compaction, improves rain water
use efficiency (RWUE), moderates
soil temperature, gives higher and
stable  yields,   saves inputs,
reduces cost of cultivation, and
helps in climate change mitigation
and adaptation (3,4,5,6,7).
Empirical evidences  suggest  that
zero  tillage (ZT) based agriculture
along with crop residue retention
and adoption of suitable crop
rotations can be productive,
economically viable  and
ecologically sustainable given that
farmers are involved in all the
stages of technology development
and dissemination (8).The CA

specifically aims to address the
problems of soil degradation due
to water and wind erosion,
depletion of organic matter and
nutrients from soil, runoff loss of
water and labor shortage.
Moreover, supporters of CA
movement claim that CA is able to
address  the  negative consequences
of climate change on agricultural
production through improved
RWUE and timely performance of
agronomic operations (7).
However, there is need to identify,
evolve and disseminate region
specific CA practices through
active involvement of farmers
along with researchers,
technicians, machinery
manufacturers and policy makers
(9,10).

Conservation Agriculture:
Definition and Concept

According to the FAO, “CA is an
approach to managing agro-
ecosystems for improved and
sustained productivity, increased
profits and food security while
preserving and enhancing the
resource base and the
environment” (8). CA has been
designed on the principles of
integrated management of soil,
water and other agricultural
resources in order to reach the
objective of economically,
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ecologically and socially
sustainable agricultural
production.

CA  is characterized by three
major principles (11):

♦ Minimal mechanical soil
disturbance by direct planting
through the soil cover without
seedbed preparation;

♦ Maintenance  of  a permanent
soil cover by mulch or growing
cover crops to protect the soil
surface and

♦ Diversifying and fitting crop

rotations and associations in the
case of annual crops and plant
associations in case of perennial
crops.

Usually, the retention of 30%
surface cover by residues
characterizes the lower limit of
classification for CA. The concept
of CA has evolved from the ZT
(Zero tillage) technique. In ZT, seed
is put in the soil without any prior
soil disturbance through any kind
of tillage activity or only with
minimum soil mechanical
disturbance. A module of CA in
groundnut-wheat cropping system
is shown in Figure 1.

In zero tilled fields with time, soil
life takes over the functions of
traditional soil tillage like
loosening the soil and mixing the
organic matter. In CA, due to
minimum soil disturbance soil life
and biological processes are not
disturbed, which are crucial for a
fertile soil supporting healthy
plant growth and development.
The soil surface is kept covered
either by crop residues, cover crops
or biomass sourced ex-situ through
agro-forestry measures, which
provide physical protection for the
soil against agents of soil
degradation; and equally
importantly provides food for the

Figure 1 –  Conservation Agriculture in groundnut-wheat cropping system at Directorate of  Groundnut  Research,
Junagadh.  (a)  Harvesting  of  wheat  at  certain height,  (b) Controlling   weeds  using  herbicide  before  sowing of
groundnut, (c) Direct sowing of groundnut using zero seed-drill, (d) Zero-till crop of groundnut, (e) Harvesting of
zero-till groundnut with tractor and (f) Zero-till crop of wheat with Cassia tora mulch.
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Table 1  – Area under Conservation Agriculture by continents (adapted from Friedrich et al., 2012)

Continent    Area (ha)                                       Percent of total                       CA as percent of
                                                                                                                    CA area in world           arable crop land

South America 55,464,100 45 57.3
North America 39,981,000 32 15.4
Australia & New Zealand 17,162,000 14 69.0
Asia 4,723,000 4 0.9
Russia & Ukraine 5,100,000 3 3.3
Europe 1,351,900 1 0.5
Africa 1,012,840 1 0.3
World 124,794,840 100 8.8
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soil life. Figure 2  provides a
summarized view of major benefits
of CA. The burning or
incorporation of crop residues is
strictly avoided in CA. At the same
time varied crop rotations
involving legumes in CA help to
manage pest and disease problems
and improve soil quality through
biological nitrogen fixation and
addition of organic matter (12).

In the Indo-Gangetic plains in
south Asia across India, Pakistan,
Bangladesh  and  Nepal, no-till
(NT) is practiced in wheat in about
5 million ha area (8). However, the
adoption of  permanent NT
systems and full CA is only
marginal.  Table  1  gives  area
under  CA in different continents
of the world.

Benefits of CA

Soil and Water Conservation

Soil degradation by water and
wind erosion, as well as a decline
in soil physical, chemical and
biological properties, can be linked
to excessive levels of tillage and
removal and or burning of crop
residues and fallow systems that
are associated with conventional
farming systems (13). Higher soil
degradation in conventional
farming systems is due to the fact
that conventional tillage (CT)
causes more physical disruption
and less production of aggregate
stabilizing materials (14).
Moreover, incorporation of crop
residues by tillage or their removal
from field for cattle fodder or
burning leaves soils exposed to the
actions of rain, wind and heating
by the sun, leading to enhanced
rate of soil degradation. Higher
aggregate stability in CA practices
as compared to conventionally
tilled fields, results in lower soil
erosion potential in CA (15,16,17).
Presence of crop residues on the soil
surface in CA leads to profound
increase in microbial activity,
leading to secretions of aggregate
binding chemicals in to the soil. As
CA leaves more plant residues over
surface compared to CT, it protects
soil from deleterious actions of

rainfall, gusty winds and heating
effects of the sun. The soil erosion
in CA fields is further reduced due
to reduced amount of runoff under
CA conditions (18). Readers are
referred to a review by Jat et al. (7)
for a detailed  discussion on the role
of CA in controlling soil
degradation.

Improve Soil Quality

Soil quality is  ‘the capacity of a
specific kind of soil to function,
within natural managed
ecosystem boundaries, to sustain
plant and animal productivity,
maintain or enhance water and air
quality, and support human health
and habitation’ (19). According to
Verhulst et al. (2010) from
agricultural production point of
view ‘high soil quality equates to
the ability of the soil to maintain a
high productivity without
significant soil or environmental
degradation’. Evaluation of soil
quality is based on physical,
chemical and biological properties
of the soil. ‘With respect to
biological soil quality, a high
quality soil can be considered a
‘healthy soil’ (2). A healthy soil is
defined as a stable system with
high levels of biological diversity
and activity, internal nutrient
cycling, and resilience to
disturbance (20, 21).

Adopting CA for sufficient long
period  leads to significant
improvement in soil quality
mainly in the surface layers (2,6).
Soil structure is a key factor in soil
functioning, and is an important
factor in the evaluation of the
sustainability of crop production
systems (2) and is often expressed
as the degree of stability of
aggregates (22). CT results into
reduced aggregation due to direct
and indirect effects of tillage on
aggregation (23, 24). ZT with
residue retention improves dry as
well as wet aggregate size
distribution compared to CT (2,16).
CT, for example, during long-term
use of disc tillage equipment can
cause compactness in soil
subsurface layers leading to
restricted root growth, water

logging and poor aeration whereas
CA reduces soil compaction due to
reduced tillage operation and
growing of the deep rooted cover
crops or legumes in rotation,
which break the compact layers in
the sub-surface (25). CA has been
found to reduce bulk density,
particularly in surface layers
thereby facilitating better aeration
and water retention (3, 26).

Residue retention and consequent
greater microbial biomass and
abundance of earthworms and
macro-arthropods (e.g. termites
and ants) in soils under CA exert
beneficial effects on soil fertility.

The high organic matter contents
in the surface soil layer, commonly
observed under CA, can increase
the cation exchange capacity of the
surface layers (27). CA has been
found to be effective in ameliorating
sodicity and salinity in soils (16, 28,
29). Inclusion of legumes in crop
rotations in CA may reduce the pH
of alkaline soils due to intense
nitrification followed by NO3

-

leaching, H3O+ excretion by legume
roots (30).

Thus, it can be concluded that soils
under CA are in general physically,
chemically and biologically
stratified with improved soil
quality in surface layers.

Improve Rain Water Use Efficiency

In rainfed agriculture, improving
RWUE is imperative to get higher
yields. Other than rainfall pattern,
crops grown and management
practices, RWUE is determined by
the rate of water infiltration water
holding capacity of soils and
evaporative loss of water. CA has
been found to improve RWUE by
improving rain water infiltration,
water holding capacity and
reducing loss of soil moisture
through evaporation. Residue
heaps act as a succession of
barriers giving the water more
time to infiltrate. Residues
intercept the rainfall and release it
more slowly afterwards which
helps to maintain higher moisture
level in soil, leading to extended
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water supply for plants (31). In CA
plots most or all of the rainfall is
harnessed as effective rainfall, with
little runoff and no soil erosion,
leading to longer and reliable
moisture regime for crop growth
and improved drought proofing
(21).

Improve Nutrient  Use  Efficiency

Reduced runoff and the use of
appropriate deep-rooting cover
crops contribute in reducing
nutrient losses in CA fields (27).
Crop residues release nutrients
slowly which help prevent
nutrient losses by leaching and or
denitrifcation. Moreover, the
immobilization of mineral N due
to residue retention may also
prevent potential losses due to
NO3-N leaching (32). In the short
run, lower fertiliser use efficiency
may be recorded as a result of
immobilization of mineral
nutrients by microorganisms.
However, in the long-run, nutrient
availability increases because of
microbial activity and nutrient
recycling (33).

Improve Other Input Use Efficiency

In long-term, besides reducing the
need for chemical fertilisers, CA
may bring down demand for fuel,
labour,  machinery,  pesticides, etc.,
as the knowledge and
understanding of tenants about CA
increases with time, the need for
operations and off-farm inputs
come down (15). Direct sowing
without or with minimum soil
disturbance implies less labour,
energy, time and machinery
requirement. Omission of tillage
operations   in  CA   systems can
help reducing   labour
requirements during critical time
in  agricultural calendar (34),
which makes it convenient for
farmers to perform other
operations like the timely sowing
of relatively larger area. Adoption
of integrated weed management
and mulching in CA could lead to
lesser weed intensity, which
reduces labour requirement for
weeding in the long-term.
However, during initial years
increased labour requirement due

to higher weed intensity in CA
plots compared to CT plots, may
outweigh the labour saving due to
no or reduced tillage in CA (35).

Insect- pest, Disease and Weed
Dynamics

Varying results of insect-pest
dynamics in response to the
adoption of CA have been reported
in different studies from different
parts of the globe. A review of 45
studies showed that 28% of the pest
species increased with decreasing
tillage, 29% showed no significant
influence of tillage and 43%
decreased with decreasing tillage
(36). Reduced tillage may lead to
increase in number of insect-pests
(48), but it also tends to increase
diversity of predators and
parasites of crop damaging insects
(36). Besides, crop rotations and
plant associations, which are
integral parts of CA, help break
insect-pest cycles (37). Therefore,
better insect-pest management is
possible in CA fields in the long-
term; nonetheless, higher incidence
of insect-pests is quite possible
during initial years of CA adoption
when predators/parasites are not
in sufficient number.

Stable Crop Yields
Short-term effects of CA on crop
yield vis a vis CT remain variable
depending on the initial soil
fertility status, climate, rainfall
received in the season, tenants’
management practices , type and
amount of crop residues retained
among others.  Therefore, the
short-term effects of CA on crop
yield may be positive, neutral or
negative.  However, in the long-
term CA has been reported to
increase crop yields due to
associated benefits like prevention
of soil degradation, improved soil
quality, better moisture regimes,
timely field operations (mainly
sowing) and crop rotational
benefits. Over time, the benefits
from reduced soil degradation and
improved soil physical, chemical
and biological properties due to
mulching and legumes in rotations
accumulate, resulting into higher
and stable yields in CA fields (38,

39). Under rainfed situations in dry
climates where soil moisture is the
most limiting factor, CA help to
improve crop yields due to
improved RWUE through
increased infiltration, reduced
evaporation loss and higher water
holding capacity of the soil and
timely crop sowing.

Climate Change Mitigation and
Adaptation

Conventional agriculture generally
contributes more to climate change
by greater emissions of green
house gases (GHGs). Emission of
GHGs in conventional agriculture
occurs due to tilling of land, mixing
of crop residues and burning of
biomass (27,40). CA can help to
mitigate climate change through
carbon sequestration and reduced
emission of CO2 and N2O and
probably of methane (CH4).
Reduced soil disturbance may lead
to higher carbon sequestration in
the CA fields due to slower
decomposition and oxidation of
SOM (7). As in CA crop residues are
retained on the soil surface rather
than burning it reduces emission
of CO2. Due to direct sowing and
avoidance of tillage operations, CA
saves considerable amount of fuel
and thus leads to reduced CO2
emission (41). N2O emission may be
lower in CA fields in the long-term
due to reduced need of nitrogenous
fertilisers as a result of improved
soil fertility status.

CA helps adapt to climate change
mainly through better soil
moisture status, moderating
extreme soil temperatures, timely
farm operations and better health
of crops in CA fields. The ZT with
residue retention, generally
increases soil water contents
compared to tilled soils (42), and
consequently decreases the
frequency and intensity of short
mid-season droughts (14,43).
Moreover, CA has been reported to
moderate extreme temperatures in
the soil (44) and reduces air
temperature around crop canopy
(45).

Environmental Benefits

Under CA, due to minimum
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mechanical soil disturbance,
maintenance of biomass on the soil
surface, use of cover crops and
adoption of crop rotations
naturally   favours    abundance
and diversity of both below and
above ground flora and fauna (2,
27, 42). CA has been found to
improve above ground
biodiversity also by providing
habitats and food for birds,
mammals, reptiles, insects among
others (27).

CA has been reported to provide
many ecological benefits in its
surroundings also, for example,
recharge of ground water bodies,
reduced flooding in downstream
areas, reduced siltation and
chemical pollution of water
courses (17).

Farm Profitability

Depending on the length of
adoption of CA and management
skills   of  individual farmers,   profit
gains due to CA may be neutral,
positive   or  negative.   During
initial years of the CA adoption, the
net profits may remain unchanged
or may even decrease. In CA, the
cost saving due to reduced/zero
tillage may be outweighed by
increased cost of weeding and
possible   slight   yield reductions
in initial years  compared to CT
(35). Moreover, farmers need to
invest in the form of new
machinery for CA, which may put
some financial burden on small
holders when they start to adopt
CA. However, in the long-term
when positive impacts of CA on soil
and water conservation, soil
quality, input use efficiency, etc.,
start to accumulate and farmers
get more acquainted with CA
technologies, net profits due to CA
are higher compared to CT. Many
studies have reported significant
decrease in the cost of cultivation
in the CA   fields   due   mainly to
less input (fuel, labour, time, etc.)
use  (41, 46, 47).

Challenges in Up-scaling CA

Even though, CA is known to
provide numerous benefits at the
field, ecosystem and society level,
its adoption has not been
widespread globally, except in few

countries despite about eight
decades since the starting of
reduced tillage movement in the
USA  in  1930s. The   more     common
factors that hinder the widespread
adoption of CA in different parts of
globe include tillage mindset and
lack of   awareness of how   CT
leads to soil degradation, lack of
sufficient biomass   for mulching,
need of new implements and
operating skills for CA, weed
menace in CA fields, probable
initial yield reductions, lack of
sufficient research and government
policies in many countries.

Trade-offs  with Livestock Sector

Like in most of the tropical and sub-
tropical countries, in India also
crop  residues    are  valuable as
cattle fodder and, therefore,
retaining crop residues as mulch in
the CA fields will have serious
ramifications both on livestock
sector as a whole and the socio-
economic conditions  of the people
dependent on  livestock for their
livelihood.   Retaining crop
residues in the field will directly
affect supply of fodder for cattle
kept on stall feeding. Moreover,
retention   of   crop   residues to
cover the soil implies  no
communal grazing which is a
common practice in North-West
India. Promoting CA will affect size
and number of cow herds
dependent on communal grazing
and will promote stall feeding of
cattle. Every year hundreds of
families   dependent   on livestock
for their livelihood migrate with
their sheep, goat and cattle herds
from Western Rajasthan to
Haryana, Western U.P., Madhya
Pradesh and Gujarat at the onset
of spring season to graze their
animals mainly in wheat fields
after the harvest of crop. In arid
and semi-arid regions of Western
Rajasthan there is no sufficient
supply of fodder, and even water,
for animals   during   dry season
due to which ‘cattle keepers’ are
forced to migrate to other regions
with their animals and, therefore,
up-scaling  CA  in Haryana,
Western U.P.,   Madhya Pradesh
and Gujarat will directly affect
these people. Similarly, the
‘Maldhari’ community, known for

milk production and rearing good
quality breeds of animals in
Gujarat, depend on grazing their
animals in open fields after harvest
of crops. Thus, up-scaling CA is
expected to affect livestock sector
and livelihood of ‘cattle keepers’
both at regional and trans-regional
level.

CONCLUSION

Keeping in view the numerous
problems that the agriculture is
facing today and urgent need to
enhance crop productivity to
ensure food security for all the
people there is need to promote
sustainable crop intensification
strategies like CA. CA is known to
provide several benefits like
control water and wind-led
erosion, improve soil quality,
conserve soil moisture, promote
biodiversity among others. But
there is need to promote research
in India to identify suitable crop
combinations, management
practices, weed management,
insect-pest and disease control
strategies and develop suitable
machinery for CA for different
agro-climatic regions.
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