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Maintenance of soil physical health at its optimum
level is essential for sustainable crop production and
rational use of natural resources without jeopardizing
their quality. The ongoing conventional tillage prac-
tices for crop production using intensive ploughing
and removal of crop residue from the field have
resulted in an increase in surface crusting, soil
compaction, soil erosion, decrease in water infiltration
and ultimately aggravation of the overall soil physical
health deterioration. In recent years, many agricul-
tural scientists across the world have recommended
conservation agriculture as a solution to overcome the
adverse effects of conventional tillage practices on soil
physical health. Conservation agriculture is mainly an
integration of three crop management practices, viz.
minimum or no-tillage, permanent retention of crop
residue and crop rotation. The present data indicates
that conservation agriculture can improve soil physi-
cal properties and associated processes especially, soil
water infiltration and storage, soil aeration, soil struc-
ture and soil porosity. It reduces soil erosion, soil
compaction and crusting, and optimizes the soil tem-
peratures for successful crop production. This article
reviews the role of conservation agriculture in
improving soil physical health and its associated pro-
cesses.
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FARMERS are generally well acquainted to practise con-
ventional tillage, which disturbs the soil by repeated
ploughing, harrowing, discing and other inter-cultural op-
erations. Although conventional tillage practices help in
good seed bed preparation, controlling the weed, and has-
tening the process of decomposition of soil organic mat-
ter and nutrient mineralization, these practices increase
soil compaction, soil erosion, salinization and decrease
soil organic matter and nutrient content'. As a result, the
crop production costs rise due to faulty management
practices and high-input demand from fertilizers to meet
crop requirement in conventional tillage practices.
Conservation agriculture (CA) mainly comprises three
crop management principles, viz. minimum or no tillage
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(minimum soil disturbance), surface residue retention and
crop rotation. The effect of CA on crop yield component’
and its application in various farming perspective’, is un-
der debate across the world. The existing crop production
systems involving repeated tillage and straw removal
practices result in surface crusting and soil compaction,
which reduce water infiltration and enhance soil erosion,
ultimately causing an overall deterioration in soil physi-
cal health. However, it is inevitable to maintain soil
physical health at its optimum level for sustainable crop
production, efficient use of natural resources and im-
proved response to added inputs. This article reviews the
role of CA in improving soil physical health and associ-
ated processes for successful crop production.

Conservation agriculture and its components

FAO" of the United Nations defines CA as a ‘concept for
resource-saving agricultural crop production that strives
to achieve acceptable profits together with high and sus-
tained production levels while concurrently conserving
the environment’. CA has three principle components,
namely: (i) no or minimum soil disturbance through no or
minimum tillage; (ii) permanent soil-surface cover through
organic residues, and (iii) suitable crop rotations through
diversification in the annual crops, by using the shallow
and deep-rooted crops or including pulse in crop rotation,
and suitable plant species in perennial cropping system.
In this review article, we have considered zero tillage or
no tillage and reduced tillage or minimum tillage termi-
nologies for conservation tillage as a part of CA. Accord-
ing to FAO", conservation tillage ‘is a set of practices that
leave crop residues on the surface which increases water
infiltration and reduces erosion. It is a practice used in
CA to reduce the effects of tillage on soil erosion. How-
ever, it still depends on tillage as the structure forming
element in the soil. Nevertheless, conservation tillage
practices such as zero tillage practices can be transition
steps towards conservation agriculture’.

Tillage and conservation agriculture

From the farmers’ perspective, the main objective of
tillage operation is to create a desirable soil surface
condition for seedbed preparation and make it suitable for
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sowing, planting, inter-culture operation, irrigation, drai-
nage, weed control, harvesting operations, etc. The over-
all effect of tillage results in loosening of soil depending
on the type of soil, soil moisture content at the time
of tillage, type of tillage implements and the number of
tillage operations’. The major harmful impact of exces-
sive long-term tillage is loss of soil structure, possibly
due to reduction in soil organic matter and humus con-
tent. Therefore, excessive tillage is one of the major fac-
tors responsible for decline of soil organic matter and
consequently it adversely changes the physical health of
the soil®. Due to loosening of soil, many soil physical
properties such as bulk density, soil penetration resis-
tance, infiltration rate, moisture retention capacity, soil
moisture content, air circulation and soil heat distribution
may be affected within the soil profile”®. Conventional
tillage is reported to increase soil erosion and promote
soil degradation, which further causes considerable loss
of soil organic matter, and consequently aggravates various
soil physical health deterioration’. Therefore, it is essen-
tial to find an appropriate location-specific and climatic-
specific tillage practices to improve soil physical health
and crop productivity. In this regard, conservation tillage
practices have proved quite effective in controlling soil
erosion, increasing soil moisture retention, profile water
recharging by increasing water infiltration and conductiv-
ity, improving soil organic matter and soil biological
properties, thus, ultimately enhancing the overall soil
physical health for desirable crop growth conditions'’.

Land cover and conservation agriculture

Conventional practices include either removal of crop
residues or its burning in the field. Presently, in situ and
ex situ burning of crop residues has attracted attention in
several foras in India. Removal or burning of crop resi-
dues adversely affects surface soil properties. The bare
soils in conventional tillage are susceptible to particle
detachment, transport and resettlement by the action of
direct beating of raindrops. It causes surface sealing, and
after the rain ceases and surface dries, crusting takes
place which increases surface soil compaction. In CA
presence of crop residue on the soil surface improves soil
physical health and its associated processes, as it (i) de-
creases the striking impact of raindrops on soil particles;
(i1) acts as an insulator for soil and thus minimizes evapo-
ration loss; (iii) decreases the impact of wind erosion;
(iv) enhances water productivity; (v) minimizes soil loss
and water run-off, and (vi) regulates hydrothermal regime
by freeze-thaw and wet-dry cycles. Thus, land cover by
crop residue in CA improves long-term productivity''.
Moreover, during decomposition crop residue releases
various chemical compounds and substances, viz. organic
mucilages, polysaccharides, humic and aromatic sub-
stances, which act as binding agents for different soil
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particles converting them into stable soil aggregates.
Crop residues also enhance the activity of various soil
macro and micro-organisms, which further helps to form
stable soil aggregates. It is reported that crop residues
minimize surface compactness, surface sealing and crust-
ing, and decreases dispersion and breakdown of soil
aggregates'”. A positive impact of crop residue cover in a
region depends on bio-physical factors such as soil type,
topography, intensity and amount of rainfall, wind speed,
temperature, amount and magnitude of soil surface cover
by crop residues' and prevailing cropping pattern. But is
clear that more the land surface cover, greater is the pro-
tection of soil physical properties against natural and
man-made disturbances'*. Though land cover by crop
residues improves soil physical health and reduces
adverse effects of conventional tillage, it is difficult to
combine it with other components of conservation agri-
culture and to afford and manage". According to FAO*,
the area of land surface cover by crop residues should be
at least 30% of the total cultivated area measured just
after sowing/planting of the subsequent crop. Depending
on the magnitude of land surface cover, there are three
categories’, viz. (i) between 30% and 60%, (ii) 61% and
90% and (iii) 91% + surface land cover.

Crop rotation and conservation agriculture

Besides tillage and land cover components of CA, the
third important component is crop rotation. The nature
and type of crops in crop rotation determines the extent
and magnitude to which soil physical health could be
modified. In CA, crop rotation (inclusion of shallow and
deep rooted crops alternatively and leguminous crops)
helps in improving soil structure, organic matter content,
water infiltration and its retention in soil and other asso-
ciated soil properties. Appropriate crop rotation creates
various micro and macro-pores or channels that facilitate
movement of water, nutrients, and air into the soil, and
help in developing of successive crop root growth. Thus,
integration of tillage-crop residues with crop rotation in
CA may have beneficial impacts on soil physical health.
However, the beneficial impacts of crop rotations in
terms of improvement in soil physical health depend on
factors such as type of legume in cropping system'®,
cropping intensification'’, reduced incidence of fallow
and the type of tillage'®. According to FAO*, any crop ro-
tation should involve at least three different crops alterna-
tively, having shallow and deep rooted systems.

Impact of conservation agriculture on soil
physical properties

As already discussed, CA brings desirable changes in
many soil physical properties, viz. reduction in water
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runoff and soil loss, increase in soil water infiltration, and
decrease in evaporation loss, just after its inception, while
other desirable changes such as improvement in soil
structure, porosity, macro-micro fauna activity and organic
matter content, occur on a over long-term basis. CA is
reported to decrease the impact of many constraints
related to soil physical health degradation such as soil
compactness, soil structure degradation, soil crusting and
declining soil organic matter'’. Some of the important
soil physical health parameters as influenced by CA are
described below.

Soil structure

Soil structure can be defined as the manner in which the
individual soil particles of sand, silt and clay are bound
together in a definite pattern by suitable binding agents.
Individual soil particles which bind together and convert
into larger particles are called soil aggregates. Aggregate
stability against different stresses (water, tillage, etc.) is
quite important for assessing the structural stability. After
15 years of practising, zero till and residue retention im-
proved the dry aggregate size distribution compared to
conventional tillage”. Wet aggregate size and stability
also increased in conservation tillage under different
types of soil and agro-ecological conditions compared to
the conventional tillage® **. The increased aggregate size
and its stability in conservation tillage might be due to
the presence of organic matter (root fragments) and
mycorrhizal hyphae, which act as a binding agent for soil
particles®.

Although in conventional tillage, a good soil structural
distribution is present, the aggregate stability is too weak
to withstand against irrigation, rainwater and tillage com-
pared to zero tillage with crop residue retention. Because
in conventional tillage, soil is tilled several times and the
aggregate formation process is disturbed each time result-
ing in destruction of aggregates®*. During multiple tillage
operations, soil organic matter is redistributed within the
soil profile and minor changes in it may affect the forma-
tion and stability of soil-aggregates. A high linear corre-
lation was reported between soil organic carbon content
and aggregate size®, and thus proved effective in mini-
mizing the intensity of slaking and disintegration of
aggregates when exposed to water’®. Higher aggregate
stability under conservation agriculture is the result of (i)
retention of organic residue on soil surface, which
reduces detachment and disintegration of the soil aggre-
gates; (i1) decomposing organic matter increases the
aggregation process; (iii) no soil disturbance increases the
fungal hyphae and soil microbes; and (iv) increase in soil
density makes aggregates more resistant to changes.
Apart from these, it has also been reported that not only
soil microbes but macro-fauna populations also decreased
in conventional tillage, compared to conservation agricul-
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ture, ultimately decreasing the beneficial effect of macro-
fauna on soil aggregate formation process’’.

Bulk density

Bulk density of soil reflects the mass or weight of a cer-
tain volume of soil. In conventional tillage, soil bulk den-
sity decreases depending on the magnitude and intensity
of soil manipulation during different tillage operations. It
has been reported that soil dry bulk density increased
with increase in the number of traffic passes during
tillage operations™. Besides this, in conventional tillage,
irrigation and rainwater also cause an increase in bulk
density depending on the amount and frequency of irriga-
tion and rain. Thus, in conventional tillage system, after
tilling, soil bulk density decreased for the time being but
it again increased due to irrigation and rain”. Results
obtained in earlier studies depended on soil type, climatic
conditions and the period and amount of residue retention
in conservation tillage. He ef al.*® found that bulk density
of soil was higher in conservation tillage during initial
few years (up to 5), but after that, lower bulk density was
recorded in conservation tillage compared to conven-
tional tillage, suggesting that the effect of conservation
tillage on bulk density was not immediate, it takes some
years to record the decrease in bulk density compared to
conventional tillage. Some researchers have reported a
higher soil bulk density in conservation tillage compared
to the conventional tillage’'”? while others have not
found significant differences or reported lower soil
bulk density in conservation tillage with organic residues
retention in comparison to conventional tillage®~°. No
doubt, addition of crop residues in conservation tillage
plays a pivotal role in decreasing bulk density, because
residue is lighter than mineral matter and its decomposi-
tion products promote more aggregation® . In CA, crop
rotation also helped in maintaining lower bulk density
compared to conventional farming®”.

33,34

Surface seal and soil crust

When raindrops hit the bare soil surface, it causes disper-
sion, detachment, movement and orientation of fine soil
particles that clog soil surface pores forming a thin layer
sealing it. After cessation of rain it gets converted to crust
restricting entry of water into the soil. The impact of rain
on formation of surface seal and crust is high in conven-
tion tillage, due to insignificant amount of residues on
soil surface. Due to surface sealing and crusting, the
movement (or passage) of air in and out of the soil is
altered, and the infiltration capacity and conductivity are
decreased, resulting in stagnation of water on the soil
surface for longer periods enhancing the water runoff and
soil loss. Studies revealed that crusted soils reduced water
infiltration rate ten-fold as compared to un-crusted soils
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under stimulated rainfall condition, and after drying, sur-
face seals convert to strong soil crusts’’. Blanco-Canqui
et al.*' observed that soils without surface mulching of
crop residue developed a 3 £ 0.7 cm thickness crust and
0.6 £ 0.5 cm width cracks during dry spell. Crust in-
creases the surface bulk density due to consolidation of
soil particles, and reduces hydraulic conductivity, which
reduces air and water movement, adversely affects heat
fluxes, promotes soil erosion and hampers seedling emer-
gence'’. Permanent soil surface cover by crop residues
plays an important role in reducing soil surface seals
formation'. Cassel et al.** observed that crop residues on
soil surface in no-tillage eliminates the negative impact
of surface sealing formation and crusting, even in soils
Witl;4 low organic matter content and high silt percent-
age".

Soil compaction and soil strength

Soil compaction is the process of physical consolidation
of soil particles against an applied force, often resulting
in destruction of soil structure, reduced porosity, re-
stricted water and air movement hampering root penetra-
tion and consequently decreasing crop performance. In
agriculture, wheel of heavy farm machineries is the major
cause of soil compaction, and the magnitude of compact-
ness increases when tillage operation is carried out at in-
appropriate soil moisture conditions and a larger number
of tillage operations are performed. In conventional till-
age, farmers adopt the same equipment and crop se-
quence every year which consequently develops a plough
pan (compact layer) in the sub soil. Cone penetrometer is
generally used to assess the compactness in field and the
numerical value given by it is called cone index (CI). It
directly measures the applied force, required to press the
penetrometer into a soil at a desired depth or indirectly it
is an index of shear resistance of the soil. Earlier studies
reflect that a higher CI value was observed in no-tillage
systems compared to conventional tillage systems in
upper soil layers (0-20 cm)*™* due to various tillage
operations. Although higher CI value was recorded below
the tilled layer in conventional tillage system, it might
have been due to formation of plough pan layers by using
the same agricultural implements over the years*. More-
over, the CI value in no-tillage system was closely corre-
lated to the soil moisture content, depth of soil and
percentage of sand particles, whereas in conventional till-
age system, it was closely correlated to the percentage of
clay and depth of tillage operations®. As crop rotation
and addition of crop residues are also important features
of the conservation agriculture, data showed that inclu-
sion of pea crop in the cropping system decreased the CI
values, whereas inclusion of flax caused increased soil CI
values, thus suggesting the role of cropping systems in
influencing soil compactness®’. Other studies highlighted
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the role of various crop residue additions in no-till system
and recorded that addition of Pisum sativum crop residues
decreased the CI value compared to the addition of Bras-
sica napus or Triticum aestivum crop residues™. It is
proved that inclusion of long and strong tap root crops in
crop rotation can overcome the soil compaction con-
straint™.

Soil profile moisture

Conservation tillage plays a significant role in improving
soil moisture availability, especially under low rainfall
conditions®', probably due to mulching effect of stubble
and crop residues left on the soil surface. It protects soil
surface from direct contact with solar radiations, and acts
as barrier to air flow across the soil surface, consequently
reducing evaporation loss in un-tilled soils compared to
tilled soils®*. It also improves water infiltration by reduc-
ing water runoff®’. Earlier studies have reported higher
water availability in conservation tillage compared to
conventional tillage, especially in arid and semi-arid cli-
matic conditions across the world®*>*. Shaxson and Bar-
ber”’ concluded that in conservation tillage, due to higher
soil porosity and physical aggregation, there was increase
in water infiltration and decrease in surface runoff, which
resulted in higher plant-available moisture in the soil. But
others have concluded that no-tillage was not very effec-
tive for improving soil water content for plants, espe-
cially near the soil surface even in low rainfall®’. Another
study in Argentina® (based on 35 trials) found that the
impact of no-till on soil water content was greater
(18 mm water) in semi-arid coarse textured soil, while it
was less (9 mm water) in humid fine textured soil, com-
pared plow and reduced tillage, suggesting the role of no-
till under limited water condition. They further concluded
that on average, about 13—14% higher soil water content
was recorded in no-till compared to other tillage prac-
tices. Various other reports reflect that higher soil water
content in no-tillage might be due to improvement in soil
structure, organic matter, infiltration rate, pore character-
istics, and decrease in evaporation loss, as a result of re-
duction in tillage operations®*®.

Soil hydraulic conductivity

Soil hydraulic conductivity is defined as transmission of
water within soil profile against hydraulic gradient. Many
factors such as topography, climate and inherent parent
materials influence this property, but tillage plays a
major role in altering this by instantly altering soil bulk
density and porosity. Various studies showed contrasting
results on the impact of tillage on soil hydraulic conduc-
tivity. Some studies revealed that different tillage practices
did not change the hydraulic conductivity, while in some
cases there was negative impact®®. Some also concluded
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that zero tillage practice increased soil hydraulic conduc-
tivity compared to the conventional tillage®®®’. There are
also reports of similar values of hydraulic conductivity in
no-tillage and conventional tillageﬁ&ﬁg, however, in some
cases, no-tillage showed decrease in hydraulic conductiv-
ity compared to the conventional tillage’””'. One of the
reasons reported for improvement in hydraulic conductiv-
ity in no-tillage could be the improved pore characteris-
tics of soil such as pore contiunity’?, pore diameter”> and
increase in the number of macropores®®. In some studies,
the role of higher fungal activity and accumulated organic
matter by the addition of crop residues, has been high-
lighted in increasing the hydraulic conductivity’*. These
contradictory and inconsistent results might be due to the
extent of soil disturbance, type of soil structure, soil water
content, period of different ongoing tillage practices,
amount of residue, climate, etc.

Soil infiltration and water retention

Soil infiltration is the downward entry of water from soil
surface. It is governed by inherent soil properties, pre-
sence of crop residues or vegetation on soil surface,
topography, soil moisture content during sampling, etc.
However, this property is important for deciding the im-
pact of different tillage practices, conservation practices,
irrigation, drainage and suitable land-use of a particular
region”’. Soil water retention capacity is defined as the
capacity of soils to hold the water against gravity. CA is
generally characterized by higher soil organic matter and
improved aggregation and pore size distribution®’, that
will help in enhancing soil infiltration and water retention
capacity. Many studies concluded that water retention
and infiltration capacity increases in zero tillage due to
higher amounts of organic matter accumulated by the ad-
dition of crop residue and more number of pores, com-
pared to tilled plots across different regions of the
world®”"*7_ Contrary to the above findings, others re-
ported that the infiltration rate decreased in no-tillage
systems compared to tilled soil, because of high bulk
density and less scope to break the crust in no-tillage®.
Yet another study indicated that if conservation practices
such as minimum tillage, crop rotations, and crop residue
retention are systematically followed as a combined sys-
tem, these can reduce soil crusting and sealing impact,
consequently enhancing infiltration and water retention
capacity of the soil®".

Soil porosity

Soil porosity is the ratio of non-solid volume to total
volume of soil. In crop production, soil porosity is impor-
tant to conduct water, air and nutrients into soil. It is a
dimensionless quantity and can be written either as a per-

56

centage or as a decimal fraction. Total porosity is indi-
rectly measured by using the formula, total porosity
(%) =1— (bulk density/particle density, i.e. density of
soil solid) x 100. Water retained in the soil against the
given suction in a specially designed instrument, gives
macroporosity of soil, which is generally equal to the
volumetric water content when subjected to 33 kPa of
suction (field capacity). After assessing macroporosity, it
is subtracted from the total porosity for microporosity
values. The water held in macropores is easily available
for plant roots but that held by micropores is not easily
available. Based on the diameter of pores, usually, soil
pore diameters larger than about 0.06 mm are called
macropores and those smaller than this are termed as
micropores. Tillage is the most common factor that influ-
ences pore characteristics such as shape, size, volume,
continuity, air permeability and total porosity*®. In gen-
eral, tillage operations increase the total porosity includ-
ing macroporosity by reducing the bulk density in the
surface layer (0.00—0.05 m), but this effect decreases over
time due to further increase in the bulk density by rain or
irrigation activities. It has been reported that in conven-
tional tillage system, soil disturbance caused by different
tillage implements increased the macroporosity each time
but decreased microporosity as compared to the no-tillages
systems, it also enhanced the process of formation of dif-
ferent smaller size diameter pores classes®”. As already
mentioned, the effect of tillage decreases over time, and
on a long term basis, conventional tillage system results
in decrease in both macroporosity and microporosity and
increase in bulk density, resulting in less water and nutri-
ent availability®. In no-tillage, the higher amount of crop
residues received by the soil year after year, enhances the
process of formation of stable soil aggregates and increases
soil organic matter which might increase both soil resis-
tance and resilience to deformation of pores. Besides,
higher biological activity in conservation agriculture
practices also improved the soil organic matter status
through various micro-organism activities such as fungal-
hyphae development, exudates released during bacterial
growth, and macro-organism activities such as earthworm
or termites, ultimately leading to a more stable soil pore
system with improved aggregate size, and facilitates the
crop root to explore the soil profile?**?.

Soil temperature

The available energy for soil heating is calculated by the
balance between incoming and outgoing radiation. Higher
soil temperatures in hot tropic eco-regions and low soil
temperature in temperate eco-regions, are a major con-
straint to crop production. In many hot tropical eco-
regions, it was noticed that after tillage, the soil maxi-
mum temperatures exceeded 40°C at 5 cm depth and
50°C at 1 cm during the crop growth period’. Obviously,
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high soil temperatures adversely affect seed germination,
crop growth as well as soil micro-organism growth and
their mechanism. In conservation agriculture, growing
cover crops and retaining crop residues as mulch, helps in
moderating and stabilizing the fluctuations in soil tem-
perature during the crop growth period as compared to
un-mulched soil. Moreover, different tillage operations in
conventional tillage disturb the soil surface each time, in-
crease soil drying and heating, and also increase air pock-
ets, resulting in more moisture loss due to evaporation™.
One report reveals that zero tillage with residue retention
recorded 2—8°C less soil temperature during day time in
summer season compared to the conventional tillage™. It
was also reported that residue retention in zero tillage
acts as an insulator against the sharp decline in the soil
temperature during night which results in less fluctuation
in day and night temperature. Dahiya et al.* reported that
wheat straw mulching decreased the average soil tem-
perature by a magnitude of 0.74°C, 0.66°C, 0.58°C at 5,
15 and 30 cm soil depths respectively, as compared to the
un-mulched conditions. Gupta e al.®’ reported that zero
tillage with residue cover had a lower soil temperature as
compared to the zero tillage without residue and mould
board ploughing. In hot tropical regions, soil, mulch cov-
er minimizes the peak period of high soil temperatures
to a desirable condition, which enhances the various soil
biological activities, boosts initial crop growth, root
development and overall crop performance™. In temper-
ate regions lower soil temperatures create an unfavour-
able crop growth condition by cooling down the soil,
particularly when late frost occurs®. A residue free strip
was suggested®™™® in the centre of the alternatively maize
row in zero tillage practice, and that the soil surface heat
flux and soil temperature were not much different from a
conventional tillage system, but were significantly higher
than in zero tillage without residue-free strip, suggesting
the applicability of zero till in temperate regions.

Water runoff and soil erosion

In agriculture, apart from topography and slope, water
runoff and soil erosion occur due to surface and sub-
surface compactness, crusting and sealing, hardpans, and
decreased macropores that hinder water infiltration.
Although conventional tillage practices may reduce water
runoff and soil erosion for the time being, after some
time, this effect is decreased due to formation of soil
crust” due to irrigation and rain. It has been reported that
about 10-25% of rainwater may be lost from ploughed
and un-covered soil and about 30-35% lost as evapora-
tion from un-covered soil surface®’'. High crop residue
addition and growing of cover crops in conservation
tillage, decreased the energy impact of water droplets on
soil surface and slowed down the processes of detach-
ment, displacement, movement and deposition of soil
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particles that seal the surface and convert into crust after
drying. Both, crop residue and cover crops slow down the
velocity of runoff water across the soil surface, provide
more opportunity and time for infiltration, and act as sur-
face storage of rain or irrigation water. Simon and
Klocke” highlighted the role of water infiltration in
no-till wheat stubble residues and reported less runoff
(0.2 inches) in no-till with wheat stuble soil as compared
to ploughed soil (1.7 inches runfoff), when 3 inches of
water was applied through rainfall simulator. Lindstrom®
showed that addition of crop residue in maize crop @
927, 1853 and 3706 kg ha™', reduces the runoff by 35.6,
25.4 and 22.9 mm respectively, compared to no-crop
residue addition. Data revealed that conventional farming
system caused up to 150 t ha™' year ' soil losses in differ-
ent parts of the world”*.

It is reported that direct crop seeding reduces about
80% of soil erosion, compared to conventional mould-
board ploughing’. Similarly, studies in Zimbabwe
showed a mean annual soil erosion of 5.1 tha' year ' in
conventional tillage system, compared to 1.0 t ha™' year™
with mulch ripping system (similar to no-till with residue
retention)’®. Ailincai er al.’’ also reported that successive
addition of crop residues at the rate of 2471, 4942 and
9884 kg ha!, decreased soil erosion at the rate of 64%,
85% and 98%, respectively, compared to no-crop resi-
dues addition. The results of long-term experiments
(1994-2007) from Austria revealed that cover crop in
conservation tillage reduced mean soil losses from
6.1tha"' year to 1.8 tha' year ' and it came down to
1.0tha™' year ' in direct seed drilling’®. Ghosh et al.’'
reported that mean runoff coefficients and soil loss with
conservation agriculture were 45% and 54% less than
conventional agriculture plots. Crop rotation in conserva-
tion agriculture also significantly reduced soil erosion’’.
Carroll er al.”’ reported that soil erosion in mono-crop
sunflowers was reduced by adopting the wheat—sunflower
crop rotation in zero tilled condition. Further, they re-
ported that zero tillage wheat recorded the lowest average
annual water runoff and soil loss compared to the conven-
tional sunflower, suggesting the importance of crop rota-
tion.

CA as an effective measure of mitigation and
adaptation to climate change

There are predictions that as a consequence of the climate
change, there is high probability of increase in tempera-
ture, heavy rainfall, frequent drought, floods, higher rates
of green house gas (GHG) emissions, etc. In this context,
CA has a vital role to play as mitigation and adaptation
for extreme events occurring due to climate change. CA
will help in mitigating atmospheric GHGs, by reducing
fuel emissions as a result of reduced tillage operation and
more sequestering of organic C in soil. According to
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Baker er al.'”, adoption of conservation tillage in all the

crop land could potentially sequester 25 Gt C over the
next 50 years, which is equivalent to 1833 Mt CO,-
eq year '. Thus, adoption of conservation tillage practices
can provide a vital path for stabilization of GHG emis-
sions globally.

CA also acts as a strong adaptation strategy to manage
extreme climatic events such as wind and water erosion,
because in this system soil is protected by crop residues,
and not frequently loosened by tillage. Moreover,
improved soil aggregation makes it more resistant towards
wind and water erosion. Improved soil moisture status
and decreased evaporation loss might mitigate drought
situations. These practices also help in regulating the ex-
treme temperature flow (heat/frost) in soil by covering
the soil surface. Another important beneficial aspect of
conservation agriculture is that it can help in improving
water infiltration into soil and enhances groundwater
recharge with rain water, consequently reducing flood
and erosion problems during heavy rainfall. Thus CA
practices can contribute significantly to make crop sys-
tems more resilient to climate change.

Conclusion

In any crop production system, optimum soil physical
health is very important for efficient utilization of
nutrients. Water present in soil profile is needed by plant
roots and also provides physical support to plants. In
conventional tillage system, continuous use of farm
machineries over the year develops a sub-surface hard-
pan, which hampers water movement and root-
penetration, resulting in decline in crop performance.
Moreover, continuous use of machineries also pulverizes
the upper surface making the soil more prone to erosion.
In conservation agriculture, successive addition of crop
residues over the years increases soil organic matter. In
the beginning, the increase in organic matter is confined
to the upper soil layer, but over time, it extends to deeper
soil layers also. It plays an important role in improving
various soil-water characteristics, and stabilizing the soil
temperature. In many soils across the world which are
low in crop productivity, maintaining permanent soil
cover through crop residues and cover crops can help in
restorating soil organic matter and consequently improv-
ing in soil physical properties. Suitable crop rotation is an
important feature of conservation agriculture, which also
helps in improving many soil physical properties and re-
ducing soil erosion. The total impact of CA system on
soil physical health varies location-to-location and is
dependent on soil inherent properties, site limitations, pe-
riod of time under CA system, per cent soil disturbance,
nature of the crop, intensity of the crop rotation, type of
cover crops, per cent of total surface area covered by crop
residues, soil moisture regime, soil temperature, and other
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prevailing climatic factors of a particular region. Hence,
CA is a site-specific technology and all three components
of CA, viz. minimum or no-tillage, crop residue and crop
rotation significantly impact soil physical health. Thus,
systematic conservation agriculture is a panacea to cure
the soil of its many physical health disorders on a long
term basis.
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