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ABSTRACT

Yield stagnation and soil degradation is a major concern nowadays that could possibly be
overcome by the use of conservation agriculture (CA) which is a set of management practices
vitally important for sustaining and increasing productivity and profitability in agriculture.
Based on various studies conducted, the effects of CA on soil properties are highly variable in
different soil types, locations, and cropping systems. This present review examines the relevant
literature on CA to provide better insight and understanding of its effect on soil properties and
cropyields. This article discusses on the aspects of soil health by adopting the CA in terms of the
amount of organic matter, alteration in pore-sizes and their distribution, facilitating retention
and movement of water, ensuring proper aeration, moderating temperature, maintaining
biomass and diversity, influencing pH and cation exchange capacity, and reducing sub-surface
compaction facilitating plant roots to penetrate deeper in the soil profile. The CA largely
improves the yield of different crops under long-term experiments while a decline in yields has
been observed during the conversion period or short-term experiments. The review concludes
that though there is inadequate knowledge for managing functional CA systems under all
conditions, but its underlying principles may provide the basis for developing new practices to
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sustain productivity while maintaining the quality of both the soil and the environment.
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Introduction

There are suf icient evidences that the persistent use of
conventional farming practices through extensive tillage
practices, especially, when combined with removal or in-situ
burning of crop residues is, though, high yielding but costly and
environmentally unsustainable. It causes soil erosion losses and
steadily declines the soil's organic carbon [1]. In this scenario,
instead of conventional agricultural systems, it is necessary to
adopt and adapt conservation agriculture (CA), a crop
production system that retains crop residues on the soil surface
with zero or reduced tillage and follows diversi ied cropping
systems, and in turn, enhances the natural biological processes
above and below the ground.

The CA is a set of management principles that assures
sustainable production. It emphasizes (i) zero tillage with
minimal soil disturbance, (ii) retention of crop residues to
protect the soil from erosion, reduce run-o and evaporation,
enhance soil physical, chemical, and biological properties, and
(iii) diversifying crop rotations to help mitigate weed, disease
and pest problems and improve the productivity of subsequent
crop [1]. These principles may be applied to awide range of crop
production systems from low-yielding dry and rainfed
conditions to high-yielding irrigated situations. The speci icand
compatible management components, however, need to be
identi ied through adaptive research.

In India, more than half of the dry matter produced annually,
particularly, under the rice-wheat cropping systemisinedible
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organic biomass [2] and is burnt in the ields with the sole
intention to clear the ield for sowing the succeeding crops
which causes loss of nutrients as well as pollutes the
environment. Under the CA system, the zero-tillage practice is
considered as one of the potential ecological approaches [3] for
better crop residue management resulting in energy saving,
solving weed problems and higher or equal yields [4] while the
inclusion of legumes in rotation presumes a greater signi icance
to soil fertility. The CA primarily aims at a saving of resources
and resource-conserving technology related to land
preparation is called conservation tillage which has been
de ined in 1984 by the Soil Conservation Service of USA as any
tillage and planting system in which at least 30 percent of the
soil surface is covered by residue, viz. mulch tillage, ridge tillage,
and zerottillage.

The impact of CA, however, varies widely across cropping
systems, soil types and climatic conditions, therefore, needs to
be examined closely. An attempt has been made to review the
relevant and recent literature on the impact of conservation
agriculture on di erent soil properties under the following
heads:

Influence of conservation agriculture on the physical
properties of soil

Soil aggregation: Under CA system, zero tillage with residue
retention increases soil aggregation as compared to
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conventional tillage [5] as tillage breaks the soil aggregates [6]
and fragments roots and mycorrhizal hyphae which bind the
macroaggregates [7]. Surface residues protect the soil
aggregates against raindrop impact [8]. Under zero tillage,
higher accumulation of organic matter in surface soil reduces
slaking and disintegration of aggregates upon wetting while
tillage mixes soil organic matter in the tilled layer leading to the
disintegration of soil aggregates [9].

Diversifying crop rotations in luence soil organic carbon (SOC)
content by changing the quantity and quality of organic matter
input to the soil and soil aggregation indirectly. Hajabbasi and
Hemmat [10] reported a higher mean weight diameter under
no-till with continuous wheat in clay-loam soil (Calcic
Cambisol). Better soil aggregation under the reduced tillage
indicated less soil disturbance coupled with the addition of crop
residues on the surface compared with conventional tillage [11].
The rooting system of plants is considered important for the
formation of macro-aggregates, signi icantly higher number of
macro-aggregates was observed in soils under wheat than in
maize [12] due to higher plant population and horizontal
growing root system of wheat [13]. The in luence of diversi ied
crop rotation on soil microbial biomass and bacterial diversity
further enhancessoil aggregation [14].

Bulk density: Soil bulk density is fundamental to soil
compaction and related to agricultural managementissues [15].
Studies involving the impact of CA systems on soil bulk density
have, however, reported contradictory results. In some studies,
a greater soil bulk density was observed under CA than in
conventional agriculture [16], in some experiments, it was
lower [15]; [17] while in some cases no di erence was observed
under the two agricultural systems [18]; [19]. In general, the
e ect of CA is mainly con ined to plough layer [19] and tillage
under certain conditions may however, form a plough pan
immediately beneath the usually tilled soil layer [20]. Bulk
density in the surface soil layer was reported to be lower under
traditional agriculture due to frequent tilling and loosening
while it was lower under CA in the sub-surface owing to the
addition of crop residues leading to higher SOC and
consequently better aggregation[21].

Porosity: Porosity varies according to the changes in bulk
density values in response to di erent agricultural systems.
Micro and mesopores are, in general, reported to be higher in
zero than conventional tillage but in some cases, no e ect of
tillage was observed [22]. Yoo et al. [23] reported noin luence of
residue management and crop rotation on pore-size
distribution whereas, Blanco-Canqui and Lal [18] observed
higher volume of mesopores (5-25 um) in the surface 3 cm soil
layer under zero tillage with residue than without residue
retention. Macropores increase with the disturbance of soil by
tillage. When soils are converted to CA, macroporosity is
reduced which is compensated with time by the creation of
macropores from roots and faunal activities [24]. Signi icantly
lower macroporesin the surface 10 cm soil under short-term CA
(5 years) were also reported by Mondal et al. [25] although
mesopore volume was higher under CA while Yoo et al. [23] did
not indconsistent resultsinsilty clay loam and silt loam soils. In
the surface 5 cm soil layer of a 24-year-old experiment on a
Paleustalf in Australia, the volume of pores > 60 pm was
signi icantly higher under zero tillage with residue retention
than conventional tillage with residue burnt [26].

Hydraulic conductivity and water retention: Studies have
largely shown CA as an e ective practice to increase hydraulic
conductivity of soil due to an increase in a number of bio pores
[27]; [28]. The residue mulch was found to increase the soil's
capacity to retain water from saturation to permanent wilting
point in the surface 0-10 cm of a silt loam soil in Central Ohio
(USA) [18]. Such results were also con irmed in some other
studies [28], [29] while in some cases inconsistent results were
observed [30], [31].

Infiltration: Despite the inconsistent values of hydraulic
conductivity in some of the studies on CA, in iltration is
generally observed higher than under conventional agriculture
as surface residues prevent aggregate breakdown [8], crust
formation [32], increases the volume of macro-pores [33] and
make the aggregates more stable [5] possibly due to the
improved aggregate stability and the greater number and
continuity of macropores [15], [34]. In addition, the residues act
asabarrier,reducingthe runo velocity and providing the water
more time to in iltrate [35]. However, reduced tillage without
residue retention led to decreased in iltration due to the sealing
of surface soil [36].

Soil temperature: Surface residues in CAre lect solar radiation
and insulate the soil surface and conserve moisture [37]. As soil
particles have a lower heat capacity and greater heat
conductivity than water, the dry soil potentially warms and cool
faster than moist, usually observed under CA systems. Soil
temperatures in surface layers become signi icantly lower
during the day in the summer season and higher during the
night due to the insulation e ect of the residues, and hence,
moderation of soil temperature [38]. However, some studies
reported that CA did not have a signi icant in luence on soil
temperature [39] while several others emphasized the
in luence of crop residue and other surface mulches in CA onsoil
temperature [40] by changing soil thermal properties.

Soil moisture: The tillage and cropping systems are reported to
signi icantly a ect the soil moisture content. The soil moisture
was found to be signi icantly higher under reduced tillage over
conventional in the surface 15 cm soil depth owing to higher
evaporation losses and absence of residues in the tilled soil and
it was higher under soybean—wheat than soybean + pigeon pea
cropping system [39]. Similarly, various other workers also
reported higher moisture content under CA in various crops
[17], [41] due to greater rates of in iltration and decreased soil
water evaporation [34].

Soil penetration resistance: Soil penetration resistance is a
relatively credible and useful indicator for rapid evaluation of
soil strength and structural changes [42]. The adoption of CA
signi icantly reduced the penetration resistance for 5-35 cm soil
depth [39]. The decrease in penetration resistance may be due
to higher moisture retention under CA. Therefore, adoption of
CA may reduce soil compaction subsequently improving
aeration, root growth and availability of moisture and nutrients
[43],[86].

Influence of conservation agriculture on chemical
properties of soil

Soil organic carbon: Soil organic carbon content (SOC) is
sensitive to tillage practices, crop residue return,and nitrogen
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management [44]. Because of less soil disturbance under CA, the
plant residues, fertilizers and other soil amendments do not get
mixed into the soil, and plant roots tend to proliferate in top few
centimeters resulting in a higher accumulation of SOC in surface
layers. Intensive tillage in conventional agriculture
redistributes SOC in the soil pro ile leading to higher SOC in the
subsurface [87]. Consequently, SOC contents under CA
compared with that under conventional may be overstated if the
entire plow depth is not considered [45]. Baker et al. [46] also
suggested sampling of the entire soil pro ile for accounting
di erences in SOC between management practices. Govaerts et
al. [47] reviewed the literature to assess the in luence of the
di erent components of conservation agriculture (reduced
tillage, crop residue retention, and crop rotation) on SOC. They
found that out of 78 cases, the SOC content was lower in 7, higher
in 40 and similar in 31 cases. The mechanisms governing the
balance among lower, similar and higher SOC after conversion to
CA are still not very clear, therefore, these results emphasize the
need for further research on CA, especially, in tropical areas
where good quantitative informationis lackingin literature.
Ogle et al. [48] found management impacts sensitive to climate.
The changes in SOC were greater in tropical moist > tropical dry
> temperate moist and least in a temperate dry climate. They
reported that the biochemical kinetics of the processes involved
with the breakdown of soil organic matter following cultivation,
formation of soil aggregates after a change in tillage, and
increased productivity and carbon input with a new cropping
system are likely to occur at a more favorable rate under the
temperature regimes of tropical regions and in humid climatic
conditions. As crop residues are precursors of SOC pool,
therefore, returning more crop residues to soil is associated
with an increase in SOC [49]. In Canada, replacement of fallow
lands with legume (green manuring) found ane ective practice
for enhancing SOC contents [50]. Legume crops were also found
to enhance soil fertility and crop productivity by providing
additional N to the system [51]. The CA system may also increase
the possibility for crop intensi ication due to afaster turnaround
time between harvesting and planting of next crop. In some
situations, it may be possible to take an extra crop in the system
after the main crop, inter-cropping or relay cropping with the
maincrop [52].

From a database of 67 long-term experiments, West and Post
[53] found that enhancing rotation complexity did not increase
SOC much as compared to the increase with a shift to zero tillage
but crop rotation was more e ective in retaining C and N in soil
than monoculture. Legume-based cropping systemsincreased C
and N contents due to the higher residue inputin 17 years long
experiments [54]. Introducing legumes in rotation enhances the
N by symbiotically ixed N [55] but changing from continuous
maize to maize-soybean rotation did not increase SOC due to
the production of more residues and C input with continuous
maize [53]. Gregorich et al. [56] reported higher SOC content
below the plough layer in legume-based rotations than under
monoculture maize. Thus, the zero tillage with residue retention
(CA) enhances SOC in surface layers and legumes in crop
rotation enhance thisentity to deeper layersin the soil pro ile.

pH: Decomposition processes of a large number of crop
residues by soil microbes under CA systems were found to lower
the pH of the surface 5 cm soil as compared to conventional
tillage systems [57], although some authors observed this
decline uptoadepth of 60 cm [58]. In contrast, Duiker and

Beegle [59], however, suggested that the higher soil organic
matter content under CA bu ers the soil pH and proposed that
greater leaching under CA systems removes bases leading to a
lower pH.

Cation exchange capacity: Although CEC is largely considered
to be an inherent soil property it may be in luenced by changes
to SOM and pH [60]. Contradictory results have been reported
on the in luence of CA on CEC. It was found to be higher in some
studies due to an increase in negative charge associated with
increased SOC [61]. In some experiments, a decrease in CEC was
reported possibly due to decreased pH-dependent charge upon
adecrease in pH under CA [62] while some studies reported no
change inCECunder CA[63],[64].

Influence of conservation agriculture on soil
microorganisms

Shifting to CA systems induces major shifts in the number and
composition of soil fauna and lora including both pests and
bene icial organisms [65] and, inturn, has animpact on physico-
chemical conditions of soil, i.e., soil structure, nutrient cycling,
and organic matter decomposition. Bacteria, fungi,
actinomycetes, and algae are included in the micro loraand the
remaining groups of interest are usually referred to as soil fauna.
Microfauna is small (< 0.2 mm), and live in the water- illed pore
space comprising mainly of protozoa and nematodes.
Mesofauna includes microarthropods (mites and springtails)
and small Oligochaeta (0.2-2 mm) living in air- illed pore spaces
of soil and litter. Macrofauna (>2 mm) include termites,
earthworms, and large arthropods having the ability to dig soil,
sometimes called ‘ecosystem engineers' because of their large
impact on soil structure. CA has been found to increase both
population and diversity of micro lora [83] may be due to more
diversi ied cropping rotations.

Soil management in luences microorganisms and the
associated processes through changes in the quantity and
quality of plant residues entering the soil, their seasonal and
spatial distribution, and changes in nutrientinputs [85]. The soil
microbial biomass (SMB) re lects the changes in soil
management practices and the organic carbon input from plant
biomass. In CA systems, the SMB is, generally larger than in
conventional agriculture systems [39] and decreases as the
degree of tillage in the agricultural system is increased [82] but
it remains strongly dependent on soil conditions. Under CA,
higher levels of C substrates are available in the soil for growth of
the microorganisms along with better soil aeration,
temperature, and moisture [65]. While examining the e ects of
several rotations (a component of CA system) under dryland on
Vertisols in cotton-based systems in Australia, Bell et al. [66]
found microbial activity related to the length of fallow rather
than the rotation per se, and restricted to the surface layers.
Monoculture of maize under CA resulted in increased SMB
compared to the conventional tillage but no such di erences in
this entity were observed under maize-wheat rotation because
of the bu ering tendency of wheat in the rotation against C
depletioninsoil [67].

Influence of conservation agriculture on crop yields

There are contradictory results regarding thee ect of CAonthe
yields of di erent crops. Some workers reported higher yields
under CA [68], [41], others showed no signi icant di erence
[36], [69] while others showed asigni icantreductioninyield of
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di erentcropsuponadoptionof CA[70],[71].

Zero tillage was reported to have a grain and biomass vyield
advantage of 6% and 10%, respectively, over conventional
tillage in maize [72]. Similarly, a higher yield of garlic bulbs was
reported under zero than conventional tillage in Bangladesh
[73]. The higher yields under CA have mainly been attributed to
better moisture storage in drier areas [74]; improved soil
fertility and nutrient cycling [75]; better soil physical conditions
[33] timely sowing of crops (due to omission of land
preparation) leading to better crop growth and yields [76].
Adimassu et al. [77] showed that signi icantly lower grain and
biomass yield of wheat crops was recorded under zero tillage
without residue retention over conventional tillage with residue
retention in the humid highlands of Ethiopia. Similar results
werereportedinte (Eragrostis tef, Zucc.) by Fufaetal. [78]. The
lower yields under CA may be due to higher disease and pest
infestation [79]; waterlogging in higher rainfall areas with
poorly drained soils [80], and lack of access to e ective seeding
equipmentand required inputsinadequate quantities[81].

Conclusion

The literature reviewed suggests that shifting to CA systems
increases organic matter and improves aggregation in soils
under di erent agroecological regions. These systems may
a ect the bulk density and porosity of soils, particularly, in
surface layers. In iltration remains higher, evaporation reduces,
moisture is conserved, penetration resistance decreases,
temperature moderates, and interconnectivity of bio pores and
channels created by the roots remains maintained. The e ect of
CAontheyieldofdi erentcropsis highly location/site- speci ic
and governed by the climatic and soil conditions, and
management practices in addition to tillage practices and crop
rotations. The CA provides micro-organisms with enough
substrates for their multiplication. It may be concluded that,
though there is inadequate knowledge for managing functional
CA systems under all conditions but its underlying principles
may provide the basis for developing new practices to sustain
productivity while maintaining the quality of both the soil and
the environment.
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