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Abstract: Conservation tillage decreases soil erosion almost in direct proportion to the amount of soil
cover and it reduces soil losses but does not always reduce the volume of runoff as effectively as it

reduces sediment losses.  Conservation tillage reduces leaching of fertilizer, pesticides and herbicides into
the ground water. Conservation tillage greatly affect bulk density and soil aggregation. It improves activity

of earth worm and other soil micro flora.  Numerous studies conducted in temperate climate zones showed
that no-tillage resulted in acidification of surface layer when continued for several years.  Conservation

tillage increases soil infiltration rate and reduces soil evaporation there by it increases soil water storage.
Due to higher residue in surface soil it will improve soil organic carbon content, it gives smothering effect

to weeds and by it increase yield of crops.
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INTRODUCTION

Regardless of the ecological region, compaction
and crusting are major production constraints to

intensive agriculture.  Some soils in arid/ semi arid
regions of Africa and India are naturally compacted

and restrict root growth. Mechanical loosening as a part
of conservation tillage may be required to improve crop

growth.  Soil compaction is caused by wheel traffic at
the soil surface and formation of a plow-pan in

subsurface layers .  [24]

The primary objective of research on soil tillage is

to characterize the soil conditions induced by tillage
operations, and determine which of the resulting

conditions are most favorable for plant growth.  During
the past several decades, the question of how much

tillage is necessary or desirable has come under
increasing scrutiny by researchers in an attempt to

reduce unnecessary tillage.  Conservation tillage
systems are systems of managing crop residues on the

soil surface with minimum or no tillage. The systems
are frequently referred to as stubble mulching,

ecofallow, limited tillage, reduced tillage, minimum
tillage, no-tillage and direct drill. 

The agricultural literature for the last several
decades contains many reports pertaining to

conservation tillage but the information are scattered.
So a review of all such literature is necessary to bring

all the information in one fold. In this chapter, selected
references are used to illustrate actual and potential

benefits and problems of using conservation tillage for
conserving soil and water resources.

Conservation Tillage and the Environment:
A. Soil Erosion: Runoff volume is affected greatly by

surface roughness as well as residue cover left by
different tillage practices . Conservation tillage[37]

decreases soil erosion almost in direct proportion to the
amount of soil cover left following the tillage practice

. Rasnake et al. (1986)  reported soil losses of 426[27] [34]

kg ha  with no tillage soybeans without a cover crop-1

compared to 9050 kg ha  with conventional tillage-1

(mouldboard plowing) soybeans without a cover crop.

Corresponding values with a winter wheat cover crop
were 269 kg ha  for no-tillage and 1142 kg ha  for-1 -1

conventional tillage. 

B. Water Quality: Runoff from farmland has the
potential to carry large amounts of fertilizers,

pesticides, and sediments into lakes and streams. 

1. Surface Water: Tillage systems affect the amount
of water moving both over the surface and through the

soil.  Moldboard or other inversion types of plowing
increase the rate at which water moves into soil over

the short term.  However, after several rainfall events,
a crust often forms at the surface, reducing infiltration

rate.  The highest runoff and sediment losses were
observed for conventional tillage and no differences

occurred between the no-tillage and chisel-plow
systems.  The ranking of these tillage systems from

3highest to lowest in amount of No , P and atrazine
losses was conventional tillage > no tillage > chisel-

plow tillage.  Studies by Rockwood and Lal (1974)[36]

stated  that,  runoff  for a given practice (bare fallow,
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plowed, or no-tillage) was relatively little affected by

soil slope but averaged 19.5, 9.9, 1.8% on bare fallow,

plowed and no-tillage areas respectively. Studies by

Lindstrom and Onstad (1984)  showed a higher runoff[26]

volume for no-tillage as compared to conventional

tillage. Conservation tillage reduces soil losses , but[5]

does not always reduce the volume of runoff as

effectively as it reduces sediment losses. 

2.  Groundwater Quality: Potential chemical

movements from agricultural land into groundwater are

a concern to our society.  Work at Kentucky, USA [43]

3demonstrated greater NO  leaching with no-tillage than

with conventional tillage system.  They concluded that

3no-tillage enhanced the preferential leaching of NO

through macropores. Edwards et al.  reported that[13]

presence of large numbers of earthworm channels in

no-tillage soil environments serve as passage ways that

conduct water.  The surface soil in conservation tillage

contains relatively more organic matter than that in

conventional tillage.  Therefore, the retention of

herbicides such as paraquat, atrazine and metolachlor

is likely to be greater in conservation tillage .[48]

C. Energy Use: Conservation tillage, especially no-

tillage, along with N fertilizer management, offers

farmers one of their greatest opportunities to conserve

energy in crop production.  Moldboard plowing to 20

cm depth requires an estimated 17 liters ha of diesel--1  

fuel equivalents (DFE = 41 MJ per liter) of energy.  In

contrast, chisel –plowing to 20 cm requires 1.18 and

disking requires 0.64 liters ha DFE .  In no-tillage,-1  [18]

tillage is eliminated and this energy is conserved.

Some, but not all, of the energy conservation is offset

by slightly greater need for herbicides in no-tillage.

Energy consumption was higher with disc plow tillage

(26,703 MJ ha ) while, lowest total energy (26,145 MJ-1

ha ) was used by zero tillage .-1 [40]

Soil Physical Properties:

A. Bulk Density and Compaction: Studies conducted

by Blevins and Frye, (1993)  in Kentucky found, no[6]

significant effect on bulk density after 20 years of corn

production compared no-tillage and moldboard-plow

tillage.  The surface 0-5 cm of the no-tillage soil had

slightly lower bulk density than the surface of the

moldboard-plow system.  In contrast, Gantzer and

Blake (1978)  in Minnesota found significantly higher[19]

bulk densities (1.24 to 1.32 g cm 3) of a clay loam soil-

in no-tillage than in plow tillage (1.05 to 1.12 g cm ).-3

Hill and Cruse (1985)  reported no significant effect[21]

of tillage methods (no-tillage, plowing-tillage, and

minimum tillage) on bulk density of a loess-derived

Iowa soil.   The  surface  (0-15 cm) of the zero tillage

plots registered higher bulk density than disc plow

tillage in the cropping system during the study period
of two years .[40]

B. Soil Aggregation: Soil aggregation involves the

binding together of several soil particles into secondary
units .  Plant emergence, water infiltration, and soil[46]

erosion are directly influenced by aggregate stability.
Results from soil aggregation studies on four Indiana

soil by Mannering et al.  showed that as tillage[28]

intensity increased, soil aggregation decreased.

Aggregation was highest in the 0-5 cm layer of no-
tillage treated soil. Douglas and Goss  found that[12]

after repeated direct seeding in Britain, aggregate
stability of the topsoil was improved.  Research on a

poorly drained soil in Northern Ohia showed that
median aggregate size tended to be higher (about 22

%) for no-tillage treatments than for plow-till
treatments .  Edwards et al.,  concluded that no-[23] [13]

tillage effectively preserved the macropores during the
intercrop period, whereas tillage disrupted many of

them.

C. Soil Water Conservation: Tillage can significantly
affect infiltration and evaporation in all soils and

affects available water holding capacity and effective
rooting depth in some soils.

1. Infiltration: Surface residues, as with conservation

tillage systems, reduce runoff (1.2 & 2.2 %) and
increase infiltration than ploughed soil (8.3 & 21.5 %)

at 1 and 15% slope respectively . Tillage studies on[36]

silty soils in Germany showed that, no tillage improved

soil structure due to increased concentrations of organic
matter in the surface, resulting in less slaking during

heavy rains .  Even though total porosity was[14]

increased by tillage, the macro pores connecting the

soil surface to the subsoil were enhanced, thus
improving infiltration. Water infiltration increases with

increasing amounts of residue on the surface . Zero[25]

tillage resulted lower infiltration rate while disc plow

tillage recorded  higher infiltration rate .[40]

2. Soil Water Storage: In an irrigated winter wheat-
fallow-dryland sunflower system, average increases in

soil water content during fallow after wheat were 38,
53, 61, and 71 mm with disk, sweep, limited (sweep

tillage plus herbicides) and no-tillage treatments
respectively .  The study conducted by Unger [44] [46]

showed that, soil water storage was 29, 34, 27, 36 and
45 % under mould board, disk, rotary, sweep and no-

tillage treatment respectively.

3. Evaporation: The plant residues left on the soil
surface reduces the rate of water evaporation under

conservation  tillage  relative  to conventional tillage.
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Smika  compared the effects of conventional,[39]

minimum and no-tillage treatments on soil water loss

during a 34 day period following 165 mm of rainfall,

during which no additional rainfall occurred.  On the

day after the rainfall, soil water contents to the 15 cm

depth were similar for all treatments.  At 34 days, soil

with the conventional tillage treatment had dried to less

than 0.1cm cm  to 12 cm depth and the minimum-1

tillage soil had dried to that water content to 9 cm

depth. In contrast, soil with the no-tillage treatment

dried to the 0.1 cm cm  water content only to 5 cm-1

depth. Utomo  found that the effect of a mulch from[47]

a killed hairy vetch cover crop on soil water in the 0-

15 cm depth was apparent virtually throughout the

entire 1985 corn growing season and it was found that

no-tillage was superior to conventional tillage. 

Soil Chemical Properties:

A. Soil pH: Numerous studies conducted in temperate

climate zones showed that no-tillage resulted in

acidification of surface layer when continued for

several years.  Moschler et al.  also reported[30]

increased acidification of surface layer under no-tillage.

In Kentucky, Blevins et al. observed that soil pH[4] 

was lower with no-till than plow-till. Findings from a

classic long –term tillage study in Ohio on W ooster silt

loam indicated significant acidification of the surface 0-

7.5 cm under no-tillage . The accelerated acidification[9]

related to no-tillage has been attributed in part to

decomposition of the concentrated layer of organic

residues at the surface with subsequent leaching of

resultant organic acids into mineral soil. However, the

major source of acidification in no-tillage corn

4production is the nitrification of NH  from acid-+

forming N fertilizer applied to the soil surface.  Studies

conducted at Coimbatore, Tamil Nadu, showed that no

significance difference in soil  pH among zero tillage

and disc ploughing .[40]

B. Distribution of Nutrients in the Soil: Rice and

Smith  observed higher soil moisture contents in no-[35]

till soils, rather than tilled soil are primarily responsible

for higher denitrifying activity.  Tracy et al. [42]

determined that no-tillage wheat plots after 16 year

3 4 , 4  accumulated greater No -N, SO -S and PO -P in the 0-

2.5 cm soil depth than plowed plots. Mineralization of

organic N, P, and S can be a major source of plant-

available nutrients near the surface of no-tilled soils.

Exchangeable K was not significantly affected by N

rates; however, it was greater in the 0-5 cm depth of

no-tilled than conventional tilled soils. Without

mechanical mixing, K continuously accumulated near

the surface of no-tillage plots, whereas conventional

tillage resulted in mixing of K in the surface 20 -25

cm depth depending on the depth of plowing . [6]

C. Soil Organic Matter: Doran   found that the[11]

organic C and Kjeldahl N contents of surface soil (0-

7.5 cm) with no-till averaged 1.25 and 1.20 (25 and

20%) times higher, respectively for no-till than for

conventionally tilled soil. The comparison is made by

Frye et al.   on a soil that is initially low in soil[17]

organic matter; the organic matter content will usually

increase with conservation tillage, but remain fairly

constant, or perhaps decrease further, with conventional

tillage. Subbulakshmi  found that no significant[40]

difference in organic C content of surface soil (0-15

cm) compared no-tillage and disc ploughing. 

Biological Property: An important aspect of tillage

with respect to soil porosity is its effect on soil fauna

activity, especially earthworms. Because earthworm

activity and intensive tillage are highly incompatible,

there are few earthworms in most cultivated soils.

Gantzer and Blake   in Minnesota found significantly[19]

higher mean number of channels 1.0 mm and greater

created by earthworms and decomposed rootlets in no

–till, ranging from 666 to 1,732 m  compared to 243-2

to 1,475 m  for conventional tillage.  Lal  found-2 [22]

five times greater earthworm activity in no-tillage areas

than in plowed soil in the tropics.

Doran   reported that total aerobic counts and[11]

facultative anaerobic counts for no-till soil were 1.35

and 1.57 times (35 and 57%) higher, respectively, than

those for conventionally tilled soil. Among the aerobic

organism, the fungi and aerobic bacteria increased most

with no-till as compared with conventional tillage. The

population of denitrifying bacteria was 2.7 times higher

in no-till relative to plowed soils.  On the other hand,

Stately and Fairchild   found no effect of tillage on[41]

denitrifier population size in samples from the surface

230 cm. Burford et al.   reported that N O flux from[7]

direct-drilled soil (no-till but mulch removed by

burning) was three to five times greater than the flux

from plowed plots.

Weed Control: Tillage encourages weed germination

and emergence . Any tillage system that leaves[49]

substantial mulch at the surface provides shading that

may suppress weeds because the environment is

unfavorable for germination of some weeds.  Research

has shown that rye tilled in spring inhibits the growth

of weeds .  No-till planting reduced emergence of[38]

hairy nightshade by 77 to 99% and Powell amaranth

emergence by 50 to 87% compared with conventional

tilled planting. According to Peachey et al.,   weed[31 ]

density increased as soil disturbance increased. Tilled

plots (conventionally tilled and disked) had greater

overall weed populations than rye residue plots at both

3 and 6.5 weeks after planting. Optimum weed

suppression  was  observed  in  rye residue plots and
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weed suppression increased as the degree of soil

disturbance decreased . Emergence of broadleaved[33]

weeds reduced due to seeds near the soil surface would

have depleted and resulted in reduced density of weeds

in continuous zero tillage . [40]

Root Distribution: Investigations elsewhere have

indicated that roots elongate more slowly at first under

no-tillage than with conventional ploughing , whereas[3]

lateral branching generally starts earlier, resulting in a

dense but shallow root system in undisturbed soil.

Allmaras and Nelson  observed that straw mulch on[1]

untilled soil enhanced root growth in the upper 15 cm

of soil and increased lateral spread of roots during the

early staged of crop development.

Root growth may also be indirectly affected by

variations in soil properties caused by the two tillage

systems. Surface application of fertilizer in no-tillage

systems enhanced the root growth in the surface layer

 and changed in soil profile characteristics in terms[8]

of nutrient distribution, resulting from different tillage

systems, and also caused differential root growth .[15]

Maurya and Lal   found that there were more maize[29]

roots in the surface layer (0-10 cm) with no-tillage than

in conventionally ploughed plots, but at 10-40 cm

maize roots were more abundant and soybean and

pigeon pea roots were less so in the no-tillage plots.

No tillage resulted in a slightly lower root length

density and a slightly larger mean root diameter

compared with conventional tillage .[32]

Yield: Anderson  observed that, in the first year,[2]

tillage did not significantly affect yield, but in the 2nd

year onwards grain yield were 17 to 24% higher than

under conventional tillage. When fertility, particularly

N, is adequate, the improved soil water status usually

results in higher crop yields for no-tillage than for

conventional tillage . Below optimum N levels, [16]

however, conventional tillage usually out yields no-

tillage because the plowing speeds up N mineralization

from organic matter. 

Studies by Greb   showed that limited tillage[20]

treatments reduced weed growth, increased water

storage, and increased yields compared with those of

the spring disk treatment. Study by Rapp et al. [33]

reported that, large weed populations competed heavily

with conventionally tilled and disked crops without

herbicides, resulting in mature fruit yields that were

two times less than yields in plots with rye residue no

till. Zero tillage can be particularly effective in

enhancing crop yield during years of relatively low

precipitation . Maize and sunflower yield obtained[10]

under no-tillage was similar to yields with disc plow

tillage practices during first year of study .[40]

Economics: Lower labor, animal or equipment

requirement is a major advantage of conservation

tillage because it allows elimination of several

operations, depending on the conservation tillage

systems used. Maximum reduction in operations occurs

with no-tillage system, but this system generally

involves the use of herbicides to control weeds .[50]

Additional economic benefits results from conservation

tillage if water conservation is increased, which results

in higher crop yields . Zero tillage resulted increased[45]

net return per rupees invested (B: C ratio) due to lesser

cost of cultivation compared to disc plow tillage . [40]

Conclusions: The alliance of farmers, scientists, and

agribusiness has transformed tillage methods from an

idea to a system that effectively reduce erosion, soil

degradation, is cost-effective, and is environmentally

acceptable.  Soil properties and their ecological

environment determine the limitations and suitability

for using conservation tillage methods.
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