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Soil is the most precious gift of God to mankind and its proper 
management is a key to sustainable crop production and other life 
existence on this planet earth. In arable crops production soil tillage is 
usually noted for having greatest requirement for energy and labour 
consumption. Thus one of the important soil management is the proper 
amount and type of tillage system in use by the farmer, because the 
potential for erosion either by water or wind of a specific soil type 
depends largely on the number and types of tillage operations. Any 
method adopted must ensure the long - term productivity of soil, 
environmentally friendly and profitable. Tillage operations improve 
chemical, biochemical, biological, physical and hydro-physical properties 
of soils and these consequently increase soil water conservation and 
yield of crops. Surface sealing and roughness, crusting, hardpan and soil 
compaction reduce drastically with proper tillage operations of which will 
increase soil water storage and availability to crops. This paper reviewed 
various terms used for soil tillage its potentials and draw back in 
agricultural sustainability. 
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INTRODUCTION 
 
Tillage has been an integral component of crop 
production system since the beginning of agriculture. 
Soil structural modification through tillage is aimed at 
optimizing soil conditions for seed germination, seedling 
mergence and crop growth. In general any good tillage 
system should provide good soil tilth, improve soil water 
infiltration and retention, reduce weed competition, 
minimize soil erosion, control infestation of pests, 
encourage biological activities of soil micro-organisms 
and recycle soil organic matter through residue 
management. Tillage practices are known to influence 
soil physical condition, nutrient availability, growth and 
yield of crop. The principal aim of all mechanical 
applications on soil is to cultivate soil for sowing seeds, 
though they may have other functions as well, are in the 
scope of soil tillage. Depending on the soil tillage 
practice, it is known that soil depth, level of OM and 
differences in pore system may all be pressure elements 
on plant growth. Besides this, different soil tillage 
methods can affect soil’s behaviour against factors of 
erosion. Therefore, soil tillage techniques have a 
significant impact onsustainable soil management. The 
influence of tillage on soil physical, chemical and 
biological properties according to Ishaq et al. (2002) are 
a function of soil properties, the type and intensity of the 
tillage systems and environmental conditions. They 
further stated that the contradictory results of tillage 
effects on soil properties found in the literature may be 
due to differences in some of the followings; crop 
species, soil properties, climatic characteristics and their 
complex interactions. Therefore, they hypothesized that 
it will be necessary to examine the long-term effects of 
tillage at different locations and under various 
environmental and soil conditions so that more accurate 
generalizations can be made regarding the conditions 
required for sustainable tillage systems. 

Thus the following authors Adamu and 
Abdulrazaq (2004); Aluko and Lasisi (2009) and Agbede 
(2010) asserted that in many ecological zones and on 
different soil types, crop response to tillage and indeed 
the economic viability of tillage systems is still subject of 
investigation. Tillage is defined as the soil related actions 
necessary for crop production and according to Antapa 
and Angen (1990), tillage is any operation or practice 
taken to prepare the soil surface for the purpose of crop 
production. The definition by Ahn and Hintze (1990) 
sates that tillage is any physical loosening of the soil as 
carried out in a range of cultivation operations, either by 
hand or mechanized, the overall goal of production while 
conserving resources (soil and water) and protecting the 
environment. Am-Eurason (2009) in his owns study see 
tillage as physical, chemical or biological soil 
manipulation to optimize conditions for seed 
germination, seedling establishment and crop growth. 
Brady and Weil (1999) in their own work defined tillage 
as the mechanical manipulation of soil for any purpose 
but in agriculture it is usually restricted to modifying of 

soil conditions for crop production. Prihar et al. (2000) 
opined that tillage is the physical manipulation of soil 
performed to create condition suitable for germination of 
seeds, seedling emergence and growth to reduce 
competition from weeds. CTIC (2004) found tillage as all 
practices geared towards seed bed preparation that 
optimize soil environmental conditions for seed 
germination, seedling establishment and crop growth. 
The benefits of tillage therefore include among other 
things, seed bed preparation, weed control, evaporation 
suppression, and water infiltration enhancement and 
erosion control. There are various type of tillage; 
conventional tillage (CT) involves full weight tillage which 
disturbs the entire soil surface, It generally involves 
ploughing and numerous tillage trips on the field; 
conservation tillage this type of tillage involve planting in 
the previous crop residues that are purposely left on the 
soil surface (CTIC 2004).  There are also various 
methods of conservation tillage which are No-till/zero-
tillage/flat, defined as a method of planting crops into 
untilled soil by opening narrow slot or trench only of 
sufficient width and depth to obtain proper seed 
coverage; minimum tillage is another conservation tillage 
method that minimizes soil disturbance and allow 
residue remain on the ground instead of being 
incorporated into the soil, mound and ridge popular 
tillage methods in tropical countries like Nigeria belong 
to this type only that the residues do not remain on the 
ground during tillage action; reduced tillage is 
conservation tillage that does not involve soil inversion 
but maintain a high level of surface residue.  This review 
therefore intended to report on various impacts of tillage 
on soil, crop growth and yield and agricultural 
sustainability.  
 
Effect of different tillage methods on soilphysical 
properties 
 
Tillage has been part and parcel of crop production 
system since the beginning of agriculture. The new 
approaches to tillage operations, compared with the 
conventional ploughing systems tend to reduce the 
number of tillage operation or amount of diesel that is 
used, the amount of dust that is generated (Reicosky 
2002). The non-judicious tillage practices by the farmers 
can result in various soil problems. For example in Asia 
the use of inadequate tillage methods by the farmers 
have caused many soil problems in the area (Lal, 1990). 
Further due to certain challenges faced by farmers in the 
use of conventional tillage method such as high gasoline 
consumption, compaction of soil and structure 
degradation, Mithell (2009) opined that this has resulted 
in the use of alternative method with zero tolerance to 
erosion. 

Minimum or reduced tillage is when a residue of 
15- 30% is left in to cover the soil after planting, any of 
the method due to limited soil disturbance is capable of 
reducing the chances of erosion and crusting of soil (Lal 
1997, 1999; Belvins and Frye 1993; ECAF 2004). Tillage 
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methods have various influence on the physical 
characteristics of soils both beneficial and degrading 
depending on the appropriateness and method used 
(Kladivko 1993). Conservation tillage influence 
physicochemical properties of soils greatly because of 
much crop wastes left on the soil surface. Tillage 
methods affect physical characteristics of soils such as 
aggregate size distribution, H2O content, BD, TP, 
penetration resistance, soil temperature etc. Fabrizzi et 
al. (2005) using NT method found out that the impact of 
tillage on soil physical characteristics were very much 
dependent on the intensity of the tillage method, land 
use history, climate (geographical location) conditions 
and differences in soil parameters. Osunbitan et al. 
(2005) worked on the influence of tillage method on HC, 
strength and bulk density of a loamy sandy soil. Their 
findings showed that increasing the intensity of tillage 
exercise decreased the penetration resistance and BD of 
the soil. The conventional tillage method results in 
increased soil erosion due to break down in physical 
characteristics of soil. 

Tillage impacts on the changes of soil 
characteristics have been noted by Chang and Lind wall 
(1990) to be an index of soil type, state of climate, 
implements in use, moisture content at the time of tillage 
and depth of tillage. Higher content of undecomposed 
crop wastes at the surface of soil cause slaking which is 
good as it ensures strong structural stability of soil 
particles. When slaking is reduced through plough less 
tillage Rydberg (1990) observed that the rate of 
evaporation is reduced though higher in silt clay loam 
compared to heavy clay an indication that type of soil 
also affects the result obtained. 
 
 
DEFINITION AND TYPES OF TILLAGE 
 
Tillage   is   defined by CTIC (2004) as   all practices 
done on soil to ensure an ideal seedbed environment for 
easy germination of seed, growth and development. 
 
TYPES OF TILLAGE SYSTEM 
 
The various types of tillage are; 
 
1.  CONVENTIONAL TILLAGE 
 
This type of tillage involves full width tillage which 
disturbs the entire soil surface. It generally involves 
ploughing and numerous tillage trips (CTIC 2004). 
 
2.  CONSERVATION TILLAGE 
 
This type of tillage involves planting in the previous crop 
wastes that are purposely left on the surface of the soil 
(CTIC 2004). 
 
METHODS OF CONSERVATION TILLAGE 
 
i.   No-till/zero-tillage: 

 
This method involves creating small opening sufficient in 
depth and width for planting of seed and proper seed 
coverage.  
 
ii   Minimum tillage: 
 
Conservation tillage method is when plant residues are 
allowed on the surface of soil instead of being worked 
into the soil with minimal soil disturbance. 
 
iii. Reduced tillage: 
 
Reduced (conservation) tillage is a method that does not 
involve soil inversion but maintain a high level of surface 
residue. 

Soil tillage practices plus use of manure are 
preliminary actions in crop production. These actions 
affect conditions such as soil physical conditions, 
availability of nutrient, crop growth and yield. Tillage 
methods significantly affect soil physical characteristics 
as they increased soil water content, decreased soil 
penetration resistance among different tillage (Hemmat 
and Taki 2001). In an experiment designed by Sarauskis 
and Romaneckas (2002) in Lithuanian University of 
Agriculture where they compared direct drilling and 
sowing of sugar beet in cultivated and ploughed soils, 
their findings showed insignificant in quality parameters 
and yield and that soil water was 4.4-5.6% in loam than 
in ploughed and cultivated soil at seed placement depth. 
Germanas and Bakasenas (2004) and Lukosiunas 
(2005), observed yield decline in barely and winter 
wheat, in unremoved straw and seeds directly drilled into 
unloosed stubble. 

Excessive pulverization of soil by conventional 
tillage practice as reported by Temesgen (2007) results 
to poor soil structure and crust formation. An important 
agricultural activity like soil tillage creates much impact 
on soil characteristics (Chivenge et al., 2007; Lal 2009; 
Chatterjee and Lal 2009). Strudeley et al. (2008) showed 
that no constant trends were observed when they 
studied effect of different tillage techniques on soil 
physical attributes. However the effects of No-tillage on 
soil physical attributes were found to be improved (Lal 
1997; Strudley et al., 2008; Alvarez and Steinback 
2009), while Temesgen (2007) recommended in tropical 
soils an appropriate tillage practices for the implement of 
soil hydraulic properties. Generally, tillage influences are 
more effective in poor soils and harsh environment 
compared to fertile soils of cool macro and meso-
climates (Aboudare et al., 2006; Lal 2009). Ethiopian 
famers make use of traditional tillage method called 
meresha commonly directed by oxen (Aure et al., 2001; 
Gebrezhler et al., 2006). Due to pulverization   of the v-
shaped   drafted   meresha   it   causes   poor   structure   
and   rust formation (Temesgen, 2007). 

The improvement of soil architecture by tillage is 
aimed at modifying soil environment to easy seed 
germination, establishment and development. Above all 
adequate soil tilth through tillage is aimed at treating OM 
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through agricultural wastes management of which 
activates the activities of soil organisms, reduce soil 
erosion, control pest and weed infestation and 
encourage the rate of water entering the soil and 
retention capacity. In view of this tillage methodsin many 
typesof soil and characteristics, response of crop, 
economic feasibility in many geographical location has 
made the operation a continuous discuss (Adamu and 
Abdulrazaq, 2004; Aluko and Lasisi 2009; Agbede 
2010). Researchers in savannah and forest zones of 
Nigeria have shown that NT performed below expected 
(Ojeniyi 1997; Adamu and Ezeaku 2002). Tillage 
practices influenced physical conditions of soil and yield 
of crops (Rashidi and Keshavarzpour 2008; 
Keshavarpour and Rashidi 2008). Lal (1993) reported 
that when tillage operations are properly done it enhance 
soil related constraints, while inadequate tillage practices 
cause soil structure deterioration, plant nutrients and 
organic matter depletion, increases the incidence of 
erosion, disrupts soil organic carbon and water cycles. 
This is harmful to soil in the use of much and 
unwarranted tillage operations. Presently as noted by 
Iqbal et al. (2005) for soil erosion control farmers’ 
interest have tended towards NT and conservation 
tillage. 

The principal aim in all mechanical applications 
on soil is to create an ideal environment for seed sowing 
in line with other functions as well, are being achieved by 
soil tillage. Depending on the tillage practice in use 
pressure on crop growth can evolve from pore size 
system, depth of tillage and range of OM. Apart from 
this, tillage systems against causes of erosion influenced 
all processes in soil. Thus tillage techniques have an 
important impact on soil sustainability. Reports from 
various researches on the impact of tillage methods on 
soil surface roughness, penetration resistance, 
aggregation, bulk density (BD), seed germination and 
crop yields have been reported (Dao 1993; Hermawan 
and Bomke 1997; Do-an et al., 2000; Guzha 2004; 
Ozpinar and I-ik 2004; Cetin et al., 2005; Ozpinar and 
Cay 2005; Licht and AI-Kaisi 2005; I_ildar and Bayhan 
2005). Hence appropriate tillage system as an option is 
a panacea to water retention for the benefit of crops in 
dry land agriculture with increased water infiltration and 
decreased surface flow. 

The effect of tillage on soil characteristics 
according to Ishaq et al. (2002) is dependent on soil 
characteristics, the type and intensity of the tillage 
systems and environmental conditions. They further 
stated that soil characteristics, crop types, climate 
conditions and their interactions cause the differences 
observed in the effect of tillage practices or soil 
properties. Therefore, they hypothesized that it will be 
worthy to assess the impact of long-term tillage at 
different geographical zones, soil types and weather 
conditions with this consensus with regards to 
sustainability of tillage methods by researchers can be 
achieved.   
 

Effect of Tillage Methods on Soil Chemical 
Properties 
 
Land use management systems assess soil organic 
matter (SOM) just as intensive soil properties or 
environmental factors. Conventional tillage (CT) has 
being noted by Christensen (1996) to cause decrease in 
organic carbon contained in soils causing higher 
degradation and OC redistribution in soils.  After 9 year 
studies, Franzluebbers et al. (1994) in southern part of 
USA observed soil organic carbon to be higher in sole 
wheat by 9%, 22% higher in wheat rotated with sorghum 
and 39% higher in wheat/soybean compared with 
conventional tillage. They argued that intensive cropping 
is responsible for higher accumulation of soil organic 
carbon in NT compared with conventional tillage. In crop 
production zones however, similar results have equally 
been reported. In a tropical Oxisol, Balota et al. (2004) 
reported 45%, 34% and 14% increase in soil organic 
carbon in 0-50mm; 50-100mm and 200mm depth with 
NT compared with conventional tillage. In Nebraska, Six 
et al. (1998) conducted on Mollisol a 25 years tillage 
research and they found out that in 0-5cm, ON and OC 
were significantly higher in NT over CT, but the result 
was not the same with 5-20cm depth, short term studies 
showed no difference in soil organic carbon with 5-years 
time/span of the study (Bergstrom et al., 1998). 

In long term studies with NT practice, soil 
organic carbon was found to increase; reason being that 
soil organic takes time to accumulate in NT but N 
appears to change fast (Six et al., 1998). Bahaltacharyya 
et al. (2008) in 18 years study observed higher 
concentration of OC in reduced tillage and no-tillage 
systems over conventional tillage system. Melero et al. 
(2008) in their studies attributed non significant tillage 
effect of organic carbon in 10-20cm and 20-30cm depth 
to high content of clay in the soil studied. 

Gregorich et al. (1994) stressed that soil 
structure and micro-aggregates degradation caused by 
relatively often and deep plough system cause loss of 
OC in CT and that soil OM is an index of soil quality. For 
biological, chemical, and physical qualities of the soil, 
Bradford and Peterson (2000) advised that SOM need to 
be increased.            

Dalal (1992), reported higher content of NT in 
no-tillage over conventional, while Heenan et al. (2004) 
observed increased TN content of the soil in NT and 
reduced tillage method over CT. Madejon et al. (2007) 
and Green et al. (2007) attributed the effect of tillage 
systems on the total organic carbon and total nitrogen to 
decrease in the total organic carbon and total nitrogen 
concentration contained in the soils. McCarty et al. 
(1998) observed that tillage methods showed small or no 
differences in total N content retained in 1st year of 
application, and Aon et al. (2001) reported significant 
differences only after 3 years of practice. The studies of 
Roldon et al. (2005), on no tillage and reduced tillage 
reported that decreases are not only in the delay of 
dehydrogenase activity but also in TON and TN. For 
many soil researches, it has being observed that 



  Nweke / Greener Journal of Agricultural Sciences    221 

 

dehydrogenase activity and TON has significant positive 
correlation (Bastida et al., 2006; Truu et al., 2008; 
Melero et al., 2008). Strudley et al. (2008) argued that 
the intensity of tillage and depth affect chemical 
parameters of soil of which invariably influence crop 
growth and yield. 

Nonetheless, deep tillage practice according to 
findings of Diaz-Zorita (2000) and Strudley et al. (2008) 
allows for deeper placement of fertilizer, improved 
aeration, drainage, H2O infiltration in soil, increased root 
depth, development and proliferation. Buah and 
Mwinkaara (2009) reported the impact of nitrogen-
composed fertilizer on the organic content of the soil as 
to promote seed germination and plant development. In 
five years studies, Gomez et al. (2001) observed that the 
time span was enough to record significant changes in 
soil parameters. While Bessam and Marbet (2003) 
opined that CT influences soil aeration, OM breakdown 
and soil nutrients that support crop growth. Tillage 
systems according to Alvaret et al. (1995) enhance 
oxygen concentration in the soil thereby increasing OM 
mineralization and release of CO2 into the atmosphere. 
Nitrogen seems to be the most abundant in oxidation of 
nutrients contained in the OM. Shah et al. (2009) 
therefore argued that these plant nutrients released and 
picked up by plants are good values provided by tillage 
systems but last for short period. Carbon does not have 
a known value but soil nutrients do, hence soil organic 
carbon is given up to increase plant nutrients available to 
crops only for a short time. This economic benefit to the 
crop farmer is only but for a short period, but in a longer 
time cause degradation of soil structural properties, H2O 
and air. 

No-till limits the rate of SOM losses thus 
improves soil carbon and nitrogen contents (Bayer et al., 
2001).  Zero-till reduces soil compaction due to the 
number of passes of tillage machines over the land are 
reduced. The food and agricultural organization 
conservation agriculture website now include as part of 
conservation agriculture; field traffics following 
permanent tracks. Sayre and Hobbs (2004) observed 
that it cannot be achieved by planting on the flat but by 
using a ridge-till method. Franzluebbers et al. (1995a) 
was of the opinion that CO2 emissions that may continue 
in a long-term conventional method may not have been 
accorded adequate consideration. According to Alvarze 
et al. (1995) Conventional systems is among the series 
of agricultural activities that contribute in the 
transmission of CO2 of between 0-1990 kgha-1C within 
weeks of tillage. 

Soil organic matter mineralizations liberates 
nitrogen and enhance crop yields over the short period, 
it causes mineralization of some plant nutrient elements 
and their losses through water into deeper layer of soil. 
This scenario is very important in tropical regions where 
OM decline is much observed with low rates of SOC 
after 10 or 20 years of conventional practice. Soil 
organic matter loss is minimized by zero-tillage and one 
of the means of increasing soil N and OC contents 
(Bayer et al., 2001).Soil organic matter is important to 

soil organisms of which earthworm is an example, this 
organism enhance ecosystem and agricultural stability 
(Birkas et al., 2004), it creates channels in soil thus 
improves soil aeration and water infiltration as well as 
nutrient recycling and availability (Lavelle et al., 2006). 
According to Desjardins et al. (2003), worms encourage 
the formation and stability of macro-aggregates; 
stimulate the activities of micro-organisms by enhancing 
the OM degradation. The population of these worms 
according to Caner et al. (2006) and Chan (2001) 
however are been influenced by conservation tillage 
practices and the quantity of crop residues. In some 
soils, the worms can create channels of depth 20-200 
cm or even more through this nutrients,  air and water 
circulation, roots proliferation in soil are enhanced. 
Conventional tillage as reported by Andren et al. (2001) 
and Brown et al. (2000) to cause degradation of soil 
structural stability, compaction, high water loss and 
reduction in earthworm population. This eventually 
results in low nutrient availability for plants uptake   

Cambardella and Elliott (1992) after examining 
tillage treatments in a loam soil of north east Sidney, 2 
decades to a depth of 20 cm; reported that particulate 
organic matter (POM) under no-till was 36% compared 
with conventional tillage. They argued that even in 
stubble mulch the degradation of POM was more rapid 
in conventional tillage compared to no-till as crop 
production inputs are not different between the tillage 
practices. Above all, the type of fresh crop wastes 
command high C/N ratio as against much degraded crop 
wastes. For highly degraded plant wastes materials, the 
ratio is 10:1 and ratio decrease with the rate of 
decomposition. In view of this, the slower the 
degradation of the waste materials, especially at early 
stage of the degradation implies higher C/N ratio. 
However, Franzluebbers and Arshad (1997) significantly 
observed that in four different locations in British 
Columbia and northern Alberta, the top soil of 0-5cm 
show higher C/N ratio. When the C/N ration of 
particulate organic matter averaged to 200mm depth 
non-significant differences was observed by the authors. 
Although Cambardella and Elliot (1992) observed 
significant differences of which they attributed to weather 
conditions, soil temperature and water and that the 
availability of wastes materials can affect particulate 
organic matter degradation in between the tillage 
treatment. 

Tillage treatments as well change hydrolysable 
and mineralizable soil organic matter pools. 
Franzluebbers et al. (1994) working on top soil with 
aerobic incubation at 25oC for 3 weeks and 3 days found 
out that mineralizable carbon in no-till was significantly 
higher than that of conventional tillage in all cropping 
systems studied. Minor changes in particulate organic 
matter or soil microbial biomass are always identified 
with mineralizable carbon the reason being that slow and 
passive carbon pools contribute little to short period 
incubation relative to mineralzable carbon. The 
estimates of mineralizable nitrogen are usually very 
complex and much variable due to relatively low content 
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of N and N re-immobilization. Researches on the 
influence of tillage treatments on soil hydrolysable 
carbon (SHC) are very small as against other labile 
carbon pools. The reason may be using strong acid at 
high temperature after 18 hours of digestion C pool are 
all labile C pools and some of slow C pools. The second 
reason is complex procedures and specific machine 
used. When the labile carbon pools are compared with 
the passive and slow C pools, cultivation have less effect 
on slow and passive C pools hence more stable than 
labile pools. Tillage practices still affect mineral 
containing carbon although it is assumed a protected 
pool. Mineral associated C was found by Cambardella 
and Elliott (1992) to be 2566 g m-2 in native sod, no-till 
2803 g m-2, in stubble mulch 2813 g m-2 and 2492 g m-2 

for bare fallow respectively. Thus conventional tillage 
brought down significantly the size of slow C pool. The 
implication being that, more C was stored in no-tillage in 
this fraction compared with native sod, assumed to be in 
equilibrium for C dynamics. The degradation of 
particulate organic matter content in soils of grassland 
when originally ploughed and its further movement into 
slow carbon pool was suggested by the studies of these 
authors to have been the cause of the enrichment in 
mineral-associated C. 

Rovira and Vallejo (2002) defined resistant 
organic C as un-hydrolysable C after acid hydrolysis for 
18 hours. This carbon pool turnover rate is very slower 
when compared with some other carbon pools. The turn 
over time of this resistant C pool from the result of 14C 
dating conducted by Paul et al. (1997) on the average 
were over 1000 years of which increased with depth. 
Nonetheless, cultivation is still affecting carbon quantity. 
Collins et al. (2000) worked on 9 soils under long term 
studies in Corn Belt of east central of USA and found out 
that at 0-5cm top soil no-till show significantly higher 
ROC over conventional tillage. They equally observed 
that as soil depth increased the quantity of SOC as ROC 
decreased. Follet et al. (1997) have reported similar 
results.  

Soil OM contributes beneficially to soil properties 
and behaviour therefore, its accumulation in soil is 
critical. Soil organic matter (SOM) has received 
additional attention according to Schlesinger (1997) 
because it’s influence on climate change globally and 
the magnitude of terrestrial soil organic matter in global 
C sequestration. The balance between net input (plant 
wastes) and net output (erosion or respiration) is the 
quantity of SOM. Thus increase OM input or decrease 
degradation, are favourable for agricultural management 
strategies. Positive effects of no-till on SOC 
sequestration have been reported by many researchers. 
The works of Franzluebbers et al. (1994); Jastrow and 
Miller (1997) showed that no-till increased soil organic 
matter storage compared to conventional tillage (CT) 
due to decreased soil disturbance. The benefit of no-till 
to carbon sequester is however less because earlier 
researches showed that soil organic carbon content 
reach new equilibrium or peak after 10 years or more of 
imposition. West and Post (2002) in summarizing global 

data, reported that the rates of C sequestration could 
reach its peak in 5 to 10 years, with soil organic carbon 
equilibrium attaining in 15 to 20 years with a change 
from CT to NT. 

The quantity of SOC and the rate of carbon 
cycling have been found to be influenced by agricultural 
management practices. Donigan et al. (1997) showed 
that on global climate increasing greenhouse gases in 
the atmosphere have led to increased awareness in the 
soil carbon cycle, with interest on the benefit for 
increasing soil carbon sequestration. Decreases in OC 
content of arable soils through conventional tillage (CT) 
increased the rates of decomposition and redistribution 
of carbon (Christensen 1996). Paustian et al. (1997) 
observed that management practices such as increased 
use of plant wastes; RT; conversion of land to perennial 
vegetation and reduced bare fallow mitigated the 
reduction in OC. While No-till (NT) was found to improve 
soil organic carbon sequestration in many works of 
Bayer et al. (2001); Campbell et al. (1991) and 
Franzluebbers et al. (1994). Furthermore Campbell et al. 
(1998) observed that when cropping intensity increased 
C sequestration was enhanced. Also Angers and Carter 
(1996) found out that different management practices in 
agricultural systems affect the quantity and turnover of 
soil organic matter. In comparison to conventional tillage 
(CT), Franzluebbers et al. (1995a) reported that no till 
altered the distribution of crop wastes input, changes in 
soil aggregates and ecosystem. Cultivation cause soil 
structure decline by destroying soil macro aggregates 
exposing protected organic matter to microbial 
degradation (Cambardella and Elliott 1993; Nweke 
2015a; Nweke and Nnabude 2014a). 

Tillage accelerates decomposition through 
incorporation of crop wastes in soil matrix. No-till tend to 
leave much residues cover on the soil surface; this 
reduces the exchange energy and gas between the 
atmosphere and the surface of soil. These decreases 
were observed by Franzluebbers et al. (1995b) and 
Grant et al. (1997) to increase soil H2O content and 
decrease soil temperature thus, enhancing carbon 
storage. The rate of formation and decomposition of 
macro aggregates (aggregate turnover) was observed 
by Six et al. (2000) to have reduced under NT when 
compared to CT. This caused formation of micro 
aggregates that are stable and in which C was 
sequestered long period of time. C sequestration was 
reported by Gregorich and Janzen (1996) to have been 
enhanced by plant wastes and decrease in SOM 
degradation in agricultural environment. Positive 
relationships have been reported by Hassink et al. 
(1997) between plant residue inputs and SOC that is 
increasing cropping intensity increases plant residue 
input.   

Many research works have recorded significant 
changes in some chemical properties over long periods 
of time. Studies like that of Ismail et al. (1994; Lal et al. 
(1994) and)  Rhoton (2000) showed that surface soil 
layer after 4-28 years conversion to no-till significantly 
increased soil organic carbon content. The quantity of 
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rain fall in a given location however influenced the period 
it will take to observe changes in soil properties. In 
locations with high precipitation and soils with low buffer 
capacity, soil acidity is very much observed (Poss et al., 
(1995). Bowman and Halvorson (1998) opined that in 
arid soils which are basically alkaline soils, that soil 
acidity can be increased with the use of urea and 
ammonium fertilizers in comparison with no fertilizer 
application. In Nebraska in a wheat-corn fallow rotation 
the pH of the 0-5cm top soil when NH4NO3 or anhydrous 
NH3 was applied was found by the authors after nine 
years to be 5.0 with annual application of 112kgN/ha; 5.4 
when 84kgN/ha was applied; 5.8 with annual application 
of 56kgN/ha; 6.2 after annual application of 28kgN/ha 
and 6.3 when there was zero (0) application of NH4NO3. 
Poss et al. (1995) was of the view that soil acidification 
range between 0-20kmolH/ha in a variety of agricultural 
systems and weather conditions. 

According to the work of Poss et al. (1995) soil 
acidification is being affected by agricultural lime and 
acid rain deposition and cycles of iron; aluminium; 
manganese; carbon; nitrogen and sulphur. Long term 
acidity in most soils the contributions of iron; aluminium; 
manganese; carbon; nitrogen and sulphur distributions 
are less and often being ignored when computing for soil 
acidity rates. Poss and his companions’ reiterated that 
ammonium-based fertilizers when applied nitrogen 
distributions plays a major role in the acidity of arable 
soils. The acidity of soils receiving NH4-based fertilizer is 
influenced by the plant N fertilizer uptake efficiency. 
Bowman et al. (1995) stressed that soil acidification as a 
result of nitrification can only be neutralized by the 
release of hydroxyl as nitrate is being picked up by crop 
plants. Soil acidity occurs when NO3 is lost as a result of 
leaching from the soil zone and in semi arid Australia 
under wheat cropping systems soil acidification rate was 
found to be between 1.4-21kmolH/ha (Poss et al., 1995). 
The acidification result according to their studies was 
based on the 0- 25 cm depth of soil treated with N as di-
ammonium phosphate annually and 157 kg N/ha rate of 
urea. Their studies however emphasised that the limited 
losses of NO3 below the root zone were responsible for 
the near neutral acidification in the root zone. 

In wheat-corn fallow rotation study, Lilienfein et 
al. (2000) found soil acidification to be higher under no-
till when compared with its value in conventional tillage, 
the same observation was equally made with other crop 
production systems. Soil acidification under no-till and 
conventional tillage practices are attributed to many 
factors of which result in differences in the two practices. 
These factors are; 

 

1. Halvorson et al. (1999) found out that in regions 
prone to drought such as in central great plain it 
becomes necessary to assess the effect of using 
much nitrogen based fertilizer on soil pH to no-
till practice in comparison with conventional till 
practice because of the waste cover in no-till 
practice that has the ability to increase 
productivity from H2O availability. 

2. Changes in biomass production and grain yield 
was observed to have varying C cycle effects 
(Bordovsky et al., 1998; Bonfil et al., 1999; 
Halvorson et al., 1999) in water-limiting 
environments, NT have greater grain yields on 
the average than conventional tillage because of 
the crop wastes effects on soil H2O retention. 
The change in production practice between no-
till and conventional till causes anion exports in 
grain and accumulation of crop wastes under 
no-till. According to the report of Heenan and 
Taylor (1995); Lilienfein et al. (2000); Jacobsen 
and Westerman (1991) soil acidification result 
from changes in wastes in the soil horizon of no-
till and conventional tillage practice. 

3. Increased nitrate leaching through the soil may 
be observed under no-till due to higher quantity 
of H2O retained (Bowman et al., 1995). This is 
as result of change in quantity of H2O leaching 
through the soil horizons. These factors also 
affect soil acidification at deeper depth. 

 
The studies on the impact of NT and conventional tillage 
on soil chemical parameters conducted in semiarid dry 
land production systems were compared. The result 
showed that changing from wheat fallow rotation under 
no-till in Great Plains increased soil organic carbon of 
top soils (Sherrod et al., 2003; Bowman et al., 1999). 
The higher soil organic carbon observed with no-till was 
attributed to reduction in tillage operations and increased 
H2O storage that increased the quantity of crop biomass 
retained on the soil surface. Some other studies by 
Jaiyeoba (2003) and Ciotta et al. (2003) showed that 
cation exchange capacity in CEC in the top soils of no-till 
method increased compared with conventional tillage 
method due to increased soil organic carbon. Bowman 
et al. (1995) opined that exchangeable bases decreased 
in soils that do not receive agricultural lime as a result of 
acidification. This was noted by Singer and Munns 
(1999) to have been as a result of depletion of 
exchangeable bases on the exchange sites on organic 
matter and clay by Al and H. Thus changes in soil 
acidification between no-till and conventional tillage 
methods can as well result in changes in exchangeable 
bases.  

Soil chemical properties classified as chemical 
indicators are soil pH, SOM, inorganic potassium, 
phosphorous and nitrogen, total organic nitrogen and 
carbon. Soil and crop management systems in practice, 
SOM and soil organisms’ activity are influenced by soil 
pH and nutrient availability. The work of Scow et al. 
(1994) at UC Davis when they measured soil nutrient 
status and microbial parameters in 4 contrasting crop 
management systems over 4 years at the sustainable 
crop systems. Their findings show that soil pH and total 
nitrogen content were constantly less in conventional 
plots than the organic and low input plots. They 
observed also that phosphorous and potassium levels 
were greater in the organic material amended plots. 
Electrical conductivity (EC) an index of soluble nutrients 
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in soil is explained as the amount of cations and anions 
in soil solution according to Smith and Doran (1996) 
was found to be linked with salinity of soil. Furthermore 
their findings showed that low level of electrical 
conductivity result in soil poor in nutrients. This kind of 
soil is very unstable and disperses easily, while high 
level content of electrical conductivity indicates soil with 
salinity problems. According to Brady and Weil (1999) a 
dynamic and complex part of soil properties called SOM 
influence greatly biological, chemical and physical 
properties of soil and their characteristics in a given 
ecosystem. Thus, changes in soil management 
according to Kennedy and Papendick (1995) is greatly 
influenced by sensitive indicators such as organic 
carbon and nitrogen, these are parts and parcel of soil 
microbial biomass, energy sources and active 
component of SOM.  

Bolinder et al. (1998) attributes soil organic 
nitrogen as the major sensitive attributes of soil OM to 
conservation tillage system. It was found that very 
sensitive to soil management systems though their 
sensitivity was location specific were macro-organic 
carbon, microbial biomass carbon and light fraction 
carbon. Soil OM is the seat of productivity as fertility is 
biologically active SOM (Wander et al., 1994).  
 
Effect of Tillage Methods on Soil Biological 
Properties 
 
Research reports from temperate region’s soils showed 
that enzyme activities decreased with depth (Bergstrom 
et al., 1998), there was also report of soil enzymes 
stratification on NT, experiment on cooler soils showed 
multiple enzymes sensitive to tillage methods 
(Bergstrom et al., 1998; Kandeler et al., 1999). In some 
Austrian mollisols Kandeler et al. (1999) found out 
enzyme xylanase change rapidly than the activities of 
phosphatase and protease enzymes. This indicates that 
differences in crop and soil management affect some 
enzymes rapidly than others. The sensitivity of soil 
enzymes to management practices are also influenced 
by climatic, abiotic and biotic factors. Many 
microbiological properties such as dehydrogenase 
activity was observed to reduce with soil depth being 
greater in surface soil (Melero et al., 2008; Madejon et 
al., 2007; Gren et al., 2007; Roldan et al., 2005). Ajwa et 
al. (1999) found burning of plant wastes significantly 
decreased enzyme activities and microbial biomass. 

Garcia et al. (1997) and Truu et al. (2008) found 
correlation between microbial biomass measured by soil 
respiration and total organic carbon to be statistically 
significant. Higher enzyme activity, organic carbon, 
microbial biomass values were recorded in conservation 
tillage methods as against low levels observation in 
conventional tillage methods and in arid and semi-arid 
weather conditions on which much experiment were 
conducted under short and long term basis (Angers et 
al., 1993; Mullen et al., 1998; Roldan et al., 2005; 
Madejon et al., 2007). Greater numbers of spores of 
mycorrhizal were recorded under reduced till and no-till 

compared to conventional managements (Galvez et al., 
2001; Anken et al., 2004; Borie et al., 2006; Li et al., 
2007). Tillage according to McGonigle and Miller (1999) 
disrupt hyphae network of mycorrhizal this tend to 
decrease the efficiency and soil inoculation potential 
.The hyphae network was observed by McGonigle and 
Miller (1999) to have been rendered none effective by 
breaking apart the soil macro-structure. Mycorrhizal 
spore density and SOM have been found by Guo and 
Han (2008) to be positively correlated. In agricultural 
ecosystem soil quality indicators according to Dick 
(1994) can be assessed using microbiological 
properties. Soil enzymes as noted by Sikora et al. (1995) 
originated either from plant, animal or microorganisms 
they carry out the metabolic processes of all these 
organisms. Balota et al. (2004) noted that soil enzymes 
are catalyst to numerous metabolic reactions in soil 
organism existence, nutrient recycling, OM formation 
and decomposition and soil structure formation. 
Researchers have shown that soil respiration and 
phosphate concentration in soils increased significantly 
with organic wastes treatment but with chemical fertilizer 
treatment phosphate increased significantly in soils 
because phosphate from wastes are very dynamic as 
against those from chemical fertilizer that are less mobile  
(Kanchikerimath and Singh 2001). Shakin and Dindal 
(1997) observed reduced earthworm population in tillage 
methods (conservation and conventional tillage) of which 
they attributed to soil compaction cause by machines 
used for crop production. While Langmaack et al. (2002); 
Kreuzer et al. (2004) and Laurent et al. (2004) observed 
that N is very homogenous in various soils depth studied 
in conventional tillage as against CT of which the 
authors attributed to be due to the earthworm activity. 
Nutrients uptake mainly phosphorous, plants with fine 
roots as found in grasses are found to be more efficient 
in P uptake in soil (Marschner and Dell 1994). The roots 
are characterized by having arbuscular mycrorriliza (AM) 
association. In all of the major terrestrial biomass 
arbuscular mycorrhizal symbioses are formed about 
80% of vascular plant species. 

Smith et al. (2010) noted that their functions are 
particularly important in sustainability of crop production 
with reference to water stress and nutrient deficiency. 
Biotic interactions with their symbionts are dependent on 
air and soil temperature that invariably increase plant 
community (Bunn et al., 2009). Arbuscular Mycorrhiza 
(AM) associations have been studied in many tropical 
plants (Bisht et al., 2009; Feddermann, et al., 2010). 
While Becerra et al. (2009) studied arbuscular 
mycorrhizal spore numbers and its colonization on 
herbaceous crops, pines, shrub and fruit tree.  

Tillage systems tend to have different kinds of 
effect on soil properties, nutrient recycle and mobility 
and soil micro-organism. Espana et al. (2002) reported 
changes in soil H2O storage, air and heat and these 
influences residues decomposition in the soil, the 
scenario are however dependent on the extent of soil 
perturbation by tillage methods. These changes also 
affect micro-organisms in their numbers, diversity and 
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activity. Hence reduced and no till systems reduce soil 
perturbation; improve soil structure and SOM content 
compared with conventionally tilled soils (Carter 1992; 
Franzlubbers et al., 1995 and Franzlubbers 1999). The 
influence of tillage practices on soil properties changes 
were studied in a long- term researches (Lal et al., 1994; 
Garcia et al., 1997; Gomez et al., (2001) and conclusion 
was made that half a decade is practically okay for 
dictating change in soil characteristics. Soil management 
practices involved can influence conditions for soil 
organisms necessary in nutrient cycling and OM 
degradation (Clapperton et al., 1997).  Soil microbial 
biomass is a labile pool popularly used to assess change 
in soil organic matter. Similarly, Balota et al. (2004) after 
2 decades of study on Oxisol in Brazil in all crop 
production systems studied reported increased SMB in 
no-till compared with conventional till across all soil 
depths studied. The highest change between no-till and 
conventional tillage however, occurred in top soil layer of 
0 to 5 cm depth. Therefore tillage affected soil microbial 
biomass and the community. Frey et al. (1999) in the 
southern USA found out 0 to 5 cm surface soil to have 
fungal abundance of which was noted to be significantly 
greater in no-till compared to conventional tillage in 
every locations studied and that higher presence of 
bacterial was only noticed in 2 of the 4 locations. They 
further observed that the abundance of bacteria or 
fungal were not significant at soil depth of 5-15 cm. 
Using phospholipid ester- linked fatty acid (PLFA) 
method, Feng et al. (2003), noted that the SMB change 
severally with soil depth to a higher  bacteria number in 
soil. These changes in soil microbial biomass was found 
to be the cause of differences in crop wastes return and 
the soil body resulting from different tillage practices.                                     

Mycorrhizal hyphae of which assist in P 
availability in soils and soil pore network are found to be 
affected by conventional (McGonigle and Miller 1996). 
The machines and implements used in conventional 
tillage methods cause a lot of harms to micro organisms 
and create an environment that directly or indirectly 
affect their activities, it crushes their nets and tunnels; 
lower their proliferation in soil, they die as a result of little 
or no organic materials in soil surface, unfavourable 
temperature and soil moisture. The total OM proportion 
present in MB was suggested by Carter (1992) to be a 
good measure for detecting changes in soil biological 
properties caused by tillage treatment. He compared 10-
40 years study of the OM changes in tillage treatments 
to long-term conditions in grassland fields. He was able 
to determine the ratio of carbon biomass to total organic 
carbon in the 0-5cm soil layer in range treatments like 
chisel ploughing, direct drilling, and shallow tillage. Their 
result findings showed that OC was associated to MBC 
and OC proportion in the biomass of the tillage 
treatments was higher in ploughed fields of which was 
like the value obtained  in grassland fields. The recycling 
of soil biological indices in soil, in a way that microbial 
nitrogen biomass and carbon biomass increased in the 0 
- 5cm soil depth by 10 - 23% was found to be caused by 
reduction in soil tillage.  

Small-input and organic wastes practices are 
different in nutrient dynamics compared with 
conventionally managed systems. Improved nutrient 
status of soil through the knowledge of soil micro 
organism proliferation was sought out by Gunapala and 
Scow (1998). Their findings showed that assessed 
nitrogen and carbon linked with the MB and extractable 
carbon in soil depth of 0-15 cm were statistically higher 
93 ugg-1 and 105.9 ugg-1 when compared with 
conventional tillage practice of 47.4 ugg-1 and 5.4 ugg-1 
systems. Though extractable nitrogen was found to be 
higher in wastes amended and small input treatments, 
this was observed to be true in CT, but the inverse 
recorded in organic method. They attributed the result to 
the constant release from micro organism plant-available 
N. Organic treatment increase SOM 1.5% times higher 
than the fallow method with MB estimates correlated 
significantly with SOM. By measuring soil respiration 
immediately following tillage Calderon et al. (2000) 
studied tillage impact on SMO. When simulation of 
tillage was done by sieving soil cores intact and O2 
assessed a day and for 14days through sieving by 
incubation, it was observed that O2 reduced rapidly after 
sieving and continued in the next 2 weeks of which the 
experimenters noted to be due to response of soil to 
moisture reduction.  The evolution of carbon iv oxide 
was found out to be an important index of microbial 
biomass; but does not show microbial population 
diversity. Plant growth promoting rhizobacteria (PGPR) 
is another method used to select microorganisms’ 
populations and associated with plant suppression of 
disease. Pieterse et al. (1996) observed that plant 
growth promoting rhizobacteria without causing 
themselves any systems through systematic resistance 
protect crops against pathogen infection. Carter and 
Stewart (1996) reiterated that conventional tillage 
practices degrade soil ecosystems. Soil quality index 
according to Karlen et al. (2001) depend on 
physicochemical and biological properties of soils. The 
following are soil quality indices, soil structure, soil water 
relations, soil compaction, water infiltration, and erosion 
protection as well as chemical and biological status are 
influenced by soil OM.  
 
Response of Crops to Tillage Methods 
 
Tillage is all soil related operations necessary for good 
seed bed preparation that will ensure seed germination 
and crop growth. Tillage influence varies from one 
agricultural zone to the other. Hence moisture 
conservation is considered major factor in semi-arid 
regions. Soils react differently to tillage systems and due 
to this effect on crop yields are the same with crop types 
in the same farm and locality. The management of crop 
residues in semi-arid zones influences moisture 
conservation and tillage effects. In semi-arid zones, 
Unger et al. (1991) recognized the link between tillage 
system and residue management as the practices that 
have major influence on soil conservation. According to 
Ohiri and Ezumah (1990) the fertility of soil which can 
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manifest in poor or good crop performance can be 
influenced by soil manipulation. Conservation tillage 
improves soil productivity and limits degradation (Parr et 
al., 1990) conservation tillage may be regarded as 
minimum tillage, mulch tillage, reduced tillage and no 
tillage (Antapa and Angen 1990; Opara-Nadi 1990; 
Unger 1990; Ahn and Hintze 1990). One major 
importance of conservation tillage is its effectiveness for 
controlling erosion. Seed bed preparation requires that 
grass should be cleared with a cutlass, trees and shrubs 
pruned and residues disposed of by burning in situ (Aina 
et al., 1991), this type of clearing they noted gives soil 
structural stability for one or two years said because of 
appreciable cover and the root system left on the surface 
of soil. The NT practice seems to have broad application 
according to Aina et al. (1991) in sub-humid and humid 
locations, 4-6 tha-1 of crop waste used as mulch are 
adequate. Considering various methods of tillage like 
NT, MT, RT and CT, Rashidi and Kreshavzarzpour 
(2008), observed that each tillage methods studied 
significantly influenced crop yield, dry biomass of root, 
length and diameter of fruit, fruit weight and soluble 
solids but statistically no difference in diameter of 
plant/hectare, fruits number/plant and length of root. 
Each crop is favoured by a different tillage method.  

The tillage method which affects the soil 
physical properties can also impair the penetration of the 
crop root, the growth, the fruiting and duration of the 
crop. Therefore the best tillage method of one plant can 
adversely influence the other plant and soil properties. 
The authors also found more adequate and beneficial 
tillage practice to be mould board plough followed by two 
passes of disk harrow in enhancing soil traits and yield 
of crop due to decreased soil physical properties and soil 
compaction, increased water content of the soil, 
improved seed soil contact and suppressed weed 
growth. Tillage methods influence soil resources 
sustainability due to its effect on soil characteristics.  Lal 
(1993) stated that good tillage methods enhance soil 
properties, inappropriate tillage cause degradation of soil 
structure and organic matter, accelerated erosion, plant 
nutrients depletion and disruption in cycles of water. 
Conventional tillage methods according to 
Keshavarzpour and Rashidi (2008); Rashidi and 
Keshavarzpour (2008) influenced strongly soil bulk 
density, penetration resistance and water content. 
Conventional tillage as against conservation till and no-
till methods produce fine soil tilth that leaves the soil 
intact (Rashidi and Keshavarzpour 2007; Rashidi et al., 
2008) the difference between the tillage methods results 
in distribution of pore sizes that enhance the efficiency of 
soils to accumulate and release agricultural chemicals, 
O2 and H2O, enhance soil water content and porosity of 
the soil. 

This according to Khan et al. (2001) and Kurshid 
et al. (2006) leads to nutrient use efficiency, good crop 
growth, and runoff and erosion control. Conservation 
tillage methods, decreased pore spaces, increased soil 
strength and aggregates stability (Horne et al., 1992; Hill 
1990). Conventionally tilled soil is associated with pore 

network due to root channels, vertical cracks and 
earthworms. Conservation tillage decreased continuous 
disruption of soil pores. Reddy et al. (2007) estimated 
CO2 evolution from soil and observed higher CO2 in 
conventional tilled soils than no-till soils of which 
confirmed greater C storage in NT soils, the effect of 
conservation tillage and NT practice on crop yields 
however, are inconsistent (Iqbal et al., 2005).  
Conservation tillage and no-till system in arid lands of 
Iran was reported to have shown a devastating effect on 
crops yields (Hemmat and Taki 2001; Kesharvarzpoor 
and Rashidi 2008; Kesharvarzpoor and Rashidi 2008). 
Chaudhary et al. (1992) observed H2O retention and no-
tillage has 13% income on investment compared to 
conventional and conservation tillage methods. 

On poorly drained, fine-textured soils yield 
decrease were reported in no-tillage practice (Dick et al., 
1991; Opoku et al., 1997), especially in sole corn (Chase 
and Duffy 1991). In a research by Moncrief et al. (1990; 
1991) in Minnesota, USA, sole corn in no-till yields 15% 
reduction when compared with corn - fallow yield on a 
soil poorly drained. Tillage effects on yields are noted by 
Griffith et al. (1993) to be a factor of weather, soil type 
and drainage. Past study with regard to tillage methods 
throughout the USA by several workers indicated that on 
well drained soils yield of corn with crop rotation in 
southern latitudes were higher in NT compared to CT 
methods (Dick et al., 1991; Griffith and Wollenhaupt 
1994; Morrison and Chichester 1994; Mclsaac et al., 
1990; Chase and Duffy 1991) and this account for 
change in climate conditions. Also some long-term 
experiment (greater than 10 years) were performed by 
Kapusta et al. (1996); which were majorly centred on 
tillage effect and crop rotation on maize parameters 
showed plant height, availability of moisture and 
application of fertilizer in NT not to be lower sometimes 
than the ones in CT (Beyaert et al., 2002; Hussain et al., 
1999; Kapusta et al., 1996), however crops in NT often 
are smaller in height compare to CT ones at early 
growth. Even at that, height of plant may not be correct 
morphological assessment for yield decrease in NT 
maize. Rather variability in height of plant in NT systems 
could be an ideal indicator of yield decrease because 
uniformity of plant height has been found to be linked 
with greater yields in maize. While some researchers 
have reported that yield losses in maize result from 
emergence variability (Ford and Hicks 1992; Liu et al., 
2004), because plants that earlier emerged have 
competitive advantage over later emerged ones for light, 
H2O and this caused increased height variability of plant 
(Nafziger et al., 1991; Ford and Hicks 1992; Pommel et 
al., 2002; Liu et al., 2004).  

Franzluebbers (2002) observed that effect of 
erosion, water infiltration and nutrient conservation on 
near soil surface help in understanding management 
effects on the soil. Good soil quality enhance crop yield, 
animal and human health and ensures environmental 
quality as was reported by Action and Gregorich (1995). 
Tillage is important part of agricultural production system 
that alleviates soil constraints according to Arshand et al. 
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(1999). Tillage systems as reported by Ganjri et al. 
(2002) involve processes done sequentially on field to 
improve crop production activity. The responses of yield 
to tillage are a factor of history of the field and year’s 
tillage method that has been performed on the particular 
field. Increase in yield without tillage over a period 
depend on so many factors; the work of Langdale et al. 
(1990) noted that much activity of organisms at top soil 
surface, due to increased OM, influenced their results 
findings. Conservation tillage effects on properties of soil 
are associated with mulching. Tillage practice by 
conservation method in which part of the soil remain 
uncovered like ridge cropping, stubble farming and till 
farming, their effect on the properties of soil could be an 
intermediate between conventional till and no-till. At 
Abakaliki in Nigeria, effect of no-till at various soil depths 
was studied by Ogbodo (2005) and the findings from his 
results showed that at tillage depth of 0.40m, there was 
increased potato yield to the tune of 14.5mgha-1, 
drainage, penetration resistance and decreased BD. The 
gains of conservation tillage adoption were observed by 
Uri (1999) to depend on soil behaviour, local weather, 
cropping systems, and farming operations.  

These benefits reduce soil productivity; fertility 
and manure losses by H2O erosion and according to 
Benites (1997) enhance better use of H2O and soil 
resources, reduce the costs of fuel for land preparation 
and reduce man labour. Human and livestock 
movement, influence of precipitation, and cycles of 
change in drying and wetting as reported by Anikwe et 
al. (2003) can change a conventionally tilled soil to pre-
tillage bulk densities. Researchers like Arrioga and 
Lowery (2003) argued that enough H2O is necessary for 
crop development, and that H2O storage is very 
important in plant development. Andraski and Lowery 
(1992) have stressed that the highest influence on the 
productivity of soil is change in water-holding capacity 
and rooting depth of crops. Tillage affects water storage 
in soil higher than canopy formed by various crop 
species. Soil water storage is influenced by tillage due to 
differences in level of H2O movement in the soil, 
evaporation and run-off, revert liquid into vapour at any 
temperature below its boiling point according to Fabrizzi 
et al. (2005). Dao (1993) and Calvino (1998) attributed 
rise in H2O content in no-till plots to decreased water 
removal by evaporation, soil protection from precipitation 
and higher infiltration. Warkentin (1995) reported soil 
organic matter because of its effect on the properties of 
soil has made nutrient and carbon highly studied soil 
function an influential sign for soil productivity. 

Many studies of Langdale et al. (1992); Anikwe 
et al. (2003) and Cambardella et al. (2004) have proved 
that conventional till methods lead to loss of SOM and 
decreased nutrient supplying efficiency. Reicosky et al. 
(1995) reported that recycling of wastes from the top soil 
to higher soil depths is the main drawback of tillage on 
soil. The redistribution of OM enhances reduction in H2O 
movement into soil, rise in water evaporation and 
reduction in use of water as was reported by authors like 
Langdale et al. (1992); Mielke and Wilhelm (1998). 

Wezel et al. (2000) opined that losses and gains in total 
nitrogen and phosphorous are majorly controlled by 
SOM. In short term studies by Anikwe et al. (2007) 
showed there was greater sweet potato yield in 
conventional till relative to no-till; the authors attributed 
yield advantage to lower bulk density observed in CT 
plots that enhanced soil air, thermal regime, root 
proliferation, and quicken Om degradation and 
mineralization which provide good conditions for the 
crops. Soil constraints that affect yield increase must be 
eliminated by a tillage method according to Arshad et al. 
(1994), for a confident change on crop establishment 
and yield.  

  Studies conducted by Tessier et al. (1990) 
showed differences in water content of soil as a result of 
tillage practice are not strong enough to affect plant 
yield. Larson (1999), in his experiment to determine 
tillage requirement for corn production stated that some 
properties that are used to estimate the impact of tillage 
methods on a wide soil is not workable due to lack of 
knowledge, weather of the area, plant species and soil 
combinations. If soil is annually ploughed, crop roots 
proliferate 10cm below more in NT method while 
intermediate root proliferation happens with minimum 
tillage systems. When crop wastes are removed, there is 
higher root development in the 15cm soil layer. In some 
soils, no-tillage can cause some restricted root growth 
because of increased bulk density compared with 
conventional tillage. Awodun and Ojeniyi (2002) 
observed that crop yield and  fruit weight are significantly 
affected by tillage systems studied, although in the other 
tilled plots such as heap and bed considerable good 
performance were observed on the total parameters. 
This, they attributed to better uptake of nutrient 
especially phosphorous which result due to 
mineralization of organic matter when mixed with soil 
during tillage, loosening of soil enables root development 
and nutrient uptake below the soil surface due to 
downward movement of the roots that absorb nutrients. 
Soil infiltration rates, soil BD and penetration resistance 
depends on depth of tillage this help to show case 
changes in crop development, yield in quality and 
quantity (Hamza and Anderson 2002, 2003, 2005). In 
actual sense, every tillage method reduce soil BD and 
penetration resistance to the tillage depth and rate of 
H2O movement into soil higher in cultivated soil relative 
to uncultivated soil (Evbach et al., 1992; Ferreras et al., 
2000).  

For example Alamountia and Navabzadeh 
(2007) observed tillage that is deep have much influence 
on BD, water intake rate; OC and yield of crop relative to 
shallow tillage and semi- deep practices. The authors 
then concluded that these parameters increased with 
increasing depth of ploughing. Popp et al. (2002) in their 
studies on deep tillage systems reported in consistency 
of crop yield to tillage that is deep. Moreover, Richard et 
al. (1995) reported decrease in sugar beet yield in a 
tillage that is shallow and less crop density was 
associated with direct-drilling. Kouwenhoven et al. 
(2002) attest that sugar beet yield was 9% decreased 
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reduced tillage of 12-18cm depth relative to mould board 
ploughing of 20-30cm depth. Carter and Ivany (2006) 
reported increased weed species population and 
diversity with conservation tillage methods and 
according to Borresen (1993) have a harmful effect on 
crop yield. Tillage systems could be superior weed 
control method that enhanced soil productivity, this 
empowers crops to compete for nutrients, H2O and light 
with the weeds (Iqbal et al., 2005; Romaneckas et al., 
2006; Rashidi and Keshavarzpour 2007; Rashidi et al., 
2008; Adamaviciene et al., 2009; Romaneckas et al., 
2009; Rashidi and Khabbaz 2009; Jabro et al., 2010).  

Conservation tillage practice cause poorer 
quality soil and increase unwanted plant population and 
diversity as was observed by Hill (1990); Horne et al., 
(1992); Borrensen (1993) and Carter and Ivany (2006). 
Babalola and Olaniyi (1999) and Adeoti and Olarewaju 
(1990) worked on the influence of soil tillage practices in 
northern guinea savannah and derived savannah of 
Nigeria respectively, observed statistically significant 
greater tomato yield in CT as against NT practice. 
Adekiya et al. (2009) studied the influence of 5 tillage 
systems on an Alfisol and observed 16-62% increased 
tomato fruit yield with ploughing followed by harrowing 
and ridging when compared with the values from manual 
clearing and mounding. They attributed their results on 
the type of soil studied and weather condition. Thus 
according to the authors, it appears that the effects of 
tillage system on tomato yield may depend on the 
environment and soil type. Tillage systems as opined by 
Ahmed et al. (1996) contributes 20% of the production 
factors among the controlling options for remediation of 
soil and compaction of subsoil, Motavalli et al. (2003) 
opined that it influence tillage depth and crop rotations. 
Deep tillage enhances water movement into the soil, root 
proliferation and development, breaks soil layer of high 
density and increase grain yield of crop. The works of 
Materechera and Mloza (1997) showed that hard 
compact layer develop below 25cm depth ridges in both 
conventional tillage and minimum tillage. Soil on ridges 
of conventional tillage had constantly decrease 
penetration resistance than did minimum tillage. Bonari 
et al. (1994) in his own studies observed that grain yield 
was significantly higher with chisel ploughing than 
shallow disk and deep ploughing. Albuquerque et al. 
(2001) observed that in no-till system plant height, 
number of leaves and grains per ear were reduced 
compared with conventional system. Evaluating the 
impact of various tillage methods on cowpea plant 
Olaoye (2002) reported highest pods number and grain 
yield in flat-field (no-till) and disk harrowing. Seven 
different tillage systems were studied by Ojeniyi (1997) 
on the growth and yield cowpea on Alfisols in the grain 
forest zone of Nigeria, their study revealed that no-tillage 
produced taller plants and higher grain yield compared 
with disk ploughing and disc harrowing.  The influence of 
tillage methods like flat field (NT) ploughing, harrowing 
mounding and ridging on vigna unquiculata (cowpea) 
plant, growth and yield parameters in Ferric luvisol was 
studied by Kombiok et al. (2005) in guinea savannah 

area in northern Ghana. Their result showed that disc 
ploughing and disc harrowing improve cowpea yield 
against the value obtained from no- tillage methods. 

Similar result was equally reported by Rashidi 
and Kesharipour (2007) under clay-loam soil evaluated 
seven tillage treatments effects on grain and yield 
parameters of maize and reported significantly greater 
grain yield of maize under tillage treatments. In derived 
savannah agro-ecological zone of Nigeria, under ferrisol, 
ferruginous soils Olaoye (2002) in contrast reported 
significantly higher cowpea with ploughing and 
harrowing. Agbede et al. (2008) as well in their studies 
reported greater sorghum yield in the no-till treatment in 
comparison with the ploughing followed by harrowing 
treatment. However, Onwueme and Sinha (1991) and 
NDSU (2008) observed soybean seedlings emergency 
to reduce drastically if depth of seed sowing exceed 
5cm. Ridge, a tillage method as put forward by Rowland 
(1993) is a minimum tillage (MT) that combine the effect 
of series of tillage operations in one operation to improve 
seed germination and growth. The author further 
emphasised that mound and ridge method conserve soil 
and water, air circulation and these facilitates yield 
improvement of pods of legumes as well as roots and 
tubers. Sowing of crops on beds, strip tillage, zero 
tillage, crop rotation management, plant residue 
management etc are different crop cultivation practices 
refer to as conservation agriculture.  

Lal et al. (2007); Limon-Ortega et al. (2002) and 
Egamberdiev (2007) observed that excessive tillage 
cause dispersion of soil aggregates; reduce OM 
mineralization in the soil, evaporation and soil salinity 
levels. The use of raised beds was observed by Pulatov 
(2002) to conserve soil and irrigation H2O, enhance root 
establishment and for root to move deeper in to soil. 
Report from FAO (2006) showed that farmers in many 
countries in recent years increase crops planted on 
beds. Sayre (2006) observed seed bed for grains and 
the likes create a good space in between seedlings 
enough for human and machine traffic for farm 
operations necessary for the plant establishment. 
However, for a crop like wheat according to Sayre and 
Hobbs (2004) good spaces is needed in order to 
encourage the crop compete for nutrients, sun rays and 
H2O, space with weeds on bed.  

Aggregates size decrease rapidly from too much 
tillage this increase the rate of soil crusting, compaction, 
erosion and yield reduction reason being that smaller 
aggregates are less stable to the agents of denudation. 
The effects of various tillage practices on soil 
aggregation haven been conducted by many workers 
under varying conditions. Four-year tillage study on a 
Gray Luvisol Malhi et al. (2006) found on no-tillage 
system compared to other tillage practice studied 
smallest percentage of wind-erodible aggregates, 
greater percentage of large aggregates and highest 
mean weight diameter of dry soil. Bulk density is a 
physical property of soil and high bulk density is an index 
of compacted soil. Stoscopf (1981) is of the opinion that 
soil bulk density range of 1.46 to 1.66 Mgm-3 are very 
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compact for easy root penetration and proliferation in soil 
and improved crop yields. Mohanty et al. (2007) in India, 
reported reduction in yield of rice with increased BD in 
NT of rice/wheat method. When the authors conducted 
regression analysis on their findings, it attests to 
significant reduction on the yield of rice and wheat with 
increased BD.  

Many studies also evaluated the effect of 
various tillage practices on soil organic matter. These 
studies agree that reduced tillage can increase SOM. 
Three different types of OM exist in soil they are partially 
decomposed plants and animal residues, properly 
decomposed organic residues, known as humus and 
visible root system. A well drained aerated soil is an 
index of a dense, well-developed root system. The 
essence of maintaining soil N in the soils through soil 
structure maintenance is associated with the amount of 
partly decomposed organic matter. Humus though well 
mixed and stabilizes the soil is small to provide produce 
of decomposition according to Stoskopf (1981) that will 
help to stabilize the soil than fresh or partially 
decomposed OM. In tillage and crop wastes in 
rice/wheat method, Mohanty et al. (2007) found yield 
increase in both crops with increased OM through 
regression analysis. In Spain Hemanz et al. (2002) 
studied several tillage techniques on long-term research 
and reported increased OM in 0-19cm and 20cm under 
zero tillage against CT. 

Intensive soil tillage reduces SOM and carbon 
and nitrogen which are basic components of organic 
matter. This implies that tillage can change the level of 
carbon and nitrogen contents of soil. The research 
conducted in Canada by Malhi et al. (2006) with different 
crops and four cropping seasons under zero tillage 
observed higher masses of OC and TN than with regular 
tillage practices. This they observed to be correct after 4 
cropping systems. In a long-term experiment conducted 
in rain fed area of Mexico, Govaert et al. (2006) reported 
on zero tillage positive improvement of crop wastes, 
tillage and crop rotation relative to CT. An investigation 
under different soil and climatic conditions has shown 
improvement in soil aggregates. This can be supported 
by the researches aforementioned. These works 
highlighted the influence of minimum tillage on SOM, 
bulk density, thereby stable crop yields.  

Investigations conducted under rain fed 
conditions indicated that soil surfaces with much wastes 
form check against evaporation and alter microclimate of 
the crop environment (Sarkar et al., 2007). The 
implication of their study is that soil water depletion 
occurs at a slower rate with wastes than with bare soil. A 
three-year field study conducted by Gangwar et al. 
(2006) in Indo-Gangetic plains using 3 methods of tillage 
- zero till, CT, reduce/strip on rice/wheat found 5.1t/ha 
yield of wheat in reduced tillage, 4.75t/ha in zero tillage 
and 4.6t/ha in CT. Their studies attributed increased 
wheat yield in RT to adequate aeration, H2O, small weed 
infestation and better germination as against 
conventional and zero tillage. 

The studies in semi-arid Mediterranean 
conditions show that barley yield with nitrogen and NT 
practices can reach up to 4 mgha-1(Angas et al., 2006) 
of which is about 30% more than under conventional 
tillage. Though some researchers have shown that zero 
tillage methods influence crop production favourably, the 
method has some drawbacks. In studies in wet period, 
Monneveux et al. (2006) noted negative effect of NT on 
grain yield of maize of which was attributed to less 
number of grains per cob. 

Beds and NT, with or without crop wastes, have 
been shown by Gupta et al. (2006) to delay plant 
development in short term investigation, but long-term 
investigations five-seven years show that the effect is 
less with soil quality improvement.  
 
Effect of Tillage on Soil Compaction, Erosion and 
Soil Strength 
 
Tillage along in association with management method in 
practice affects various properties of soil. These soil 
traits have been found to modify soil water transmission, 
erosion and runoff. A large number of authors have 
addressed the impact of soil and crop management 
practices on the following soil physical properties; 
 
(i) Soil porosity (Logsdon et al., 1990; Lal et al., 1994; 
Shipitalo et al., 2000), 
(ii) H2O holding capacity (Azooz et al., 1996; Lal 1999; 
Blanco – Conqui et al., 2004),  
(iii) HC (Lal 1999; Blanco – Conqui et al., 2004),  
(iv) rate H2O movement into soil (Van ES et al., 1999),  
(v) Structural stability (Thorburn 1992; Pillai and Mc 
Garry 1999)  
(vi) BD (Lal 1999).  
 
Tillage operations performed under unfavourable 
climatic conditions according to Ankeny et al. (1990) can 
cause soil compaction. Intensive and unnecessary tillage 
practices deteriorate soil quality due to increased 
decomposing SOM and environmental quality. The 
greater the compactions of soil, the more adverse effects 
it will have on seed emergence, establishment, root 
development and plant yield. Lal and Shukla (2004) 
comparative effects of tillage systems influence 
properties like water infiltration, erosion and aggregate 
stability. Also soil compaction and strength are affected 
by soil properties like bulk density, size distribution, OM 
content and moisture content.  Soil with more clay than 
sand according to Lal and Shukla (2004) tends to show 
more cohesion and strength. The uptake dose of soil 
reduce slightly in the compacted soils of no tillage rate, 
may be as a result of soil structure self repair observed 
in vertisols by Sharma et al. (1996). Water infiltration and 
bulk density are the indices of soil compaction (Evbach 
et al., 1992). In another experiment, H2O infiltration was 
found to be increased in tilled soil than what was found 
in soil not tilled (Evbach et al., 1992; Ferreras et al., 
2002). Cetin et al. (2005) reported that soil compaction 
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at certain soil depths helps to increase the soil pores 
number to retain water. 

Soil compaction as reported by Van Landen 
(2000) is the most important agent of soil degradation in 
many arable soils. In soil that compacted, the particles 
are compressed, this cause reduction in openings 
necessary for air and water circulation adequate for crop 
establishment. The studies of Ohu et al. (1994) and 
Lampurlanes and Martinez (2003) showed that 
compaction are caused by heavy machinery used in the 
field, animals traffic and ploughing at particular soil  
depth for several years, reduction in OM application, and 
constant mineral fertilizer use. When soil compaction 
become intensive it creates a negative influence on 
water storage and flow, this restricts the soil volume 
explored by plant roots and delay root growth and 
development. This scenario has been reported by 
Stewart and Vyn (1994) and Zhang et al. (1997) to affect 
uptake of water and nutrients by plants. 

Soil compaction is evaluated through soil bulk 
density measurements and penetrability. Soil mass per 
unit volume of soil is a particular soil property index for 
measuring root growth inhibition. The soil porosity water 
and biological activity in soil reduce as soil bulk density 
increase. Fuentes et al. (2004) observed that farm 
implements and animal trampling have destroyed soil 
pores and increased soil bulk densities and the soil 
resistance to penetration. The effects of soil compaction 
as reported by Ishaq et al. (2002) could be alleviated 
using sub-soiling, deep ploughing and chiselling, but 
these methods according to them are temporary as the 
soil settles back into place. Higher BD and penetration 
resistance was observed by Moreno et al. (1997) in 
conservation tillage compared to CT systems. 
Exchangeable ions and OC in the plough depth in soil 
samples according to Carter et al. (2002) were not 
significantly different among treatments. Strength of soil 
may be estimated indirectly by measuring the soil 
penetration resistance (Osunbitan et al., 2005). Soil 
penetration resistance is useful to estimate tillage impact 
on soil strength which indicates the ability of roots to 
explore the soil volume. Values over 2000 kPa generally 
limit root exploration and so restricts nutrient and water 
uptake by crops (Fabrizzi et al., 2005), thereby reducing 
yield.  Ishaq et al. (2002) found that penetration 
resistance was negatively correlated to grain yield of 
wheat (r2 = -0.49, p = 0.01).  

Similarly, in the study by Materechera and 
Mloza-Banda (1997) the penetration resistance was 
negatively correlated to the root length density of maize 
(r2 = -0.66, p < 0.05) which affected overall plant growth. 
Ploughing loosens the soil and thus decreases soil 
strength within the plough layer. For instance, Fabrizzi et 
al. (2005) found that although penetration resistance in 
30 cm soil layer is less than 2000 kPa under both MT 
and NT the soils under NT have a consistently higher 
penetration resistance to a depth of 30 cm than soils 
under MT. A comparable study by Materechera and 
Mloza-Banda (1997) in Malawi showed that penetration 
resistance was greater when maize was planted on 

ridges made the previous season (MT) compared to 
newly constructed ridges (CT), and that root density was 
lower under MT. Ridges made the previous season were 
considered MT as there had been less soil disturbance 
than on the newly constructed ridges during the last 
season. Although tillage may initially lower the 
penetration resistance, ploughing decreases the SOM. 
This increases the likelihood of slaking and dispersion of 
soil particles and thereby increases the soil's 
susceptibility to become hard setting. Materechera and 
Mloza-Banda (1996) showed that by the third season of 
reduced tillage the soil had compacted sufficiently to 
adversely affect maize grain yield and that the 
penetration resistance was statistically greater than the 
soil which is tilled annually. As with bulk density, soil 
strength may be greater under CT than NT in the longer 
time. Osunbitan et al. (2005) observed eight weeks after 
tillage the penetration resistance in 0 - 5 cm soil depth 
decreased for no - till and increased in soils which were 
ploughed. 
 
Tillage influence on Water Retention, Infiltration and 
Holding Capacity 
 
The tillage practices in association with cropping system 
and soil water contents under field conditions required 
systematic analysis. The economic analysis of cropping 
systems and tillage operations could be used to develop 
an effective technology for agricultural sustainability.  

Dynamics in soil pores especially with swelling 
clay soils are documented in the works of Angulo-
Jaramillo et al. (2000) and Horn and Smucker (2005) in 
experiment of water and air flow. Self-healing of crackks 
accoding to Eigenbod (2003) and Mc Donald et al. 
(2006) is the explanation for change in soil disturbances 
observed in swelling clays, soil organic matter influence 
a lot of soil characteristics like favourable water uptake, 
aggregate stability, and nutrient mineralization, aeration, 
and retention properties. Soil organic matters as 
reported by Bolan et al., (2004) and Sial et al., (2007) 
increased portion of H2O available for crop growth and 
development through improvement in moisture holding 
capacity and physical characteristic of the soil. 

Brady and Weil (1999) noted that available P, 
sulphur and N are primary source of most crops. The 
major soil quality traits associated to erosion by water, 
by Karlen and Stoott (1994) is to allow H2O entry into 
soil arrangement by infiltration. Rates of H2O infiltration 
is a major parameter for decreasing run off and for 
storage crop availability of H2O, of which Logsdon et al. 
(1993) found to provide an indirect estimate on soil 
management affects on hydrological efficient  macro 
porosity, soil density, and surface seals. Bruce et al. 
(1995) in comparison studies of CT and no – till 
observed that sorghum grain planted in no-till into 
crimson clover decreased erodibility of soil and 
increased infiltration of water into soil than CT. VerVoort 
et al. (2001) compared three positions (plant row, non- 
tracked inter row, and tracked inter row) and tillage 
(Chisel plough, disk, and no-till), and reported that 
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pounded water entry were not affected by tillage but by 
row positions significantly. Water entry rate according to 
their results were found to be 86.5mmh-1 in the row, 
18.6mmh-1 in none tracked inter row, and 2.38mmh-1in 
the tracked inter row. By number the water entry in NT 
practice was faster but it was not significant. 

The authors then attributed the preferential flow 
through biological and structural macro pores observed 
to be faster infiltration times in the no-till. A field study 
was conducted in simulated rainfall (65mmh-1 for 1hr) 
on a bare and residue covered soil by Baurnhardt and 
Lascano (1996) showed on bare soil lowest cumulative 
infiltration value of 28.7mm/h. The infiltration rate was 
observed to have increased curvilinear with increase in 
surface residue. Akgul and Ba –ayi-it (2005) worked on 
soil depth and observed that at 60cm depth the soil 
texture becomes rougher and this particular depth is not 
affected by TM and soil moisture constant.  

The studies of Aboudrare et al. (2006), showed 
statistically significant soil TM effect on soil H2O content. 
Chaudhary et al. (1992) compared CT method to 
conversation till and no-tillage methods and reported 
water conservation and economic returns of 13% on no-
till. Increased surface accumulation of residues 
according to Grant et al. (1997) may reduce exchange 
materials between the soil surface and the atmosphere 
such as gas and energy exchange. Tillage effect on 
several parameters such as soil temperature, aeration 
and water regimes have been documented by Licht and 
Al-Kaisi (2005). In a study conducted to compare water 
storage in no-till and CT, Franzluebbers et al. (1995b) 
observed that H2O storage in no-till was higher 
compared to conventional till during 
sorghum/wheat/sorghum production but at soil deeper 
depths equal or higher value of water storage in 
conventional till was recorded. They equally observed 
that soil heat was least in no-till compare to conventional 
till and BD was higher in no-till relative to conventional 
till. Grant et al. (1997) reported similar results using 
mathematical model, ecosystem, with elevated CO2. 

When the root of crops are rooted and 
developed, penetration resistance of soil become 
irrelevance. If plant roots are not able to penetrate 
deeper into the soil it means critical soil penetration 
resistance limit, this however depends on crops grown 
and soil texture. Some authors found this limit to be 3.6 
others - 2.0. Experiment conducted at LIA in Dotnuva by 
Cesevicius et al. (2005) reported positive relationship 
between BD, yield of barley and penetration resistance 
of soil. That soil air circulation with the interaction of 
penetration resistance affects the yield of crop indirectly. 
The field experiment conducted between 1997 to1999 by 
Stancevicius et al. (2003) in light loam lying on sandy 
loam tillage effects did not change significantly soil bulk 
density and moisture at different barley crop growth 
stages. When soil is directly drilled, it picks up water 
gradually and in arid state the water is stored in plough 
layer. Sakar et al. (2007) stated that in kind situation the 
use of soil water become more efficient in soil 
conventionally tilled. 

Studies in Lavia conducted by Ausmane et al. 
(2004) on a heavy loam soil with barley and barley under 
sown to clover and timothy recorded 27.1% reduction in 
barley and 8.3% in timothy.  

 
Effect of Tillage on Stability and Aggregation of 
Soils 
 
Brady and Weil (2002) observed soonest after 
ploughing, TP increased, however tillage operations 
increased OM oxidation and reduce stability of 
aggregates when practiced for a long time in piece of 
land. Tillage effect on long-time study on soil quality on 
continuous maize was estimated using indicators such 
as BD and water stable aggregates by Karlen et al. 
(1994). Their result findings showed that plots under no-
till for 12 years had higher total carbon, stable surface 
soil aggregates and microbial activity. In another 
experiment, increased surface residue was found by the 
authors to be linked with an increase in water stable 
aggregates. Rhoton (2000) after 4 years study recorded 
increased aggregate stability in no-till due to higher 
content of OM. 
The conservation tillage increased infiltration of water 
and storage efficiency hence reduction in soil loss from 
wind or water erosion, improve water and air quality, 
increase wild life (Mc Laughlin and Minease 1995). 
Temperature, climate and soil conditions greatly 
influence the adoption of conservation tillage. Lal and 
Shukla (2004) observed that in coming H2O permeate 
soil when the pores become saturated, the excess water 
will run off or pond on the soil surface. Lampurianes and 
Cantero-Martinez (2006) found out that infiltration rates 
of no-till soils were higher than the CT soils due to soil 
organic matter retention, more macro pores and 
earthworm activity. Although due to higher soil BD in no-
till and large initial soil pores in tilled soils, decreased 
infiltration rates are observed in NT compared to CT 
methods. According to Moreno et al. (1997) on sandy 
clay loam soil conventional tillage practices will always 
have significantly higher infiltration rate than 
conservation tillage methods. Hydraulic conductivity 
because of its spatial and variability nature as it were is 
usually not an ideal indicator for soil management 
systems. The presence of connected macro pores has 
equally been found to affect early water absorption rates 
in drought soils and saturated hydraulic conductivity 
.This scenario may result from biological activity. In order 
to understand the relationship between hydraulic 
properties and macro pore structure under different 
tillage-residue Trojan and Linden (1998) argued the 
system is very important in earthworm affected soils for 
the nature of  solutes and water flow to be understood. 
In an effort to address the flow characteristics taken into 
cognisance the benefits of interaction between the 
activity of soil organisms, hydraulic properties of soil and 
management system in use, because SHC and sorptivity 
have shown to be difficult to estimate from water 
infiltration tests in a field trials. Broad assessments of Ks 
properties are important in order to strike a balance 
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between the impact of soil management system and 
variability for statistical significant reasons. Darcy-
Buckingham flux-gradient approach was used by 
Falleiros et al. (1998) to estimate H2O flow in soil, but did 
not quantify variability in soil properties in field-scale. 
Nonetheless to overcome the problem enhanced 
infiltration equation was derived by Ali and 
Swartzendruber (1994) to overcome negative 
computations of Ks values and in detecting variations in 
crop management practices. The authors from derived 
equation observed that statistical significant differences 
among crop rotations, where the largest values of Ks 
was found were sorghum was planted and the smallest 
Ks values were found with soybean.  

Logsdon et al. (1990) measured the saturated 
hydraulic conductivity in undisturbed cores taken from 
upper Midwest soils and found mixed results. The data 
shows considerable variation between sites. For 
example the Rozelta soil (Lancaster, WI) had greater 
flow in the no-till soil at both depths, while the ploughed 
soil had much greater conductivity at both depths in the 
Waukegan soil (Rosemount, MN).  

Conservation tilled soils generally had more 
plant available water, which could be important to a crop 
in times of moisture stress (Datiri and Lowery 1991b). 
 
Effect of Tillage on Hydraulic Conductivity 
 
Hydraulic conductivity is saturated and unsaturated 
processes in soils. Hydraulic processes highly influenced 
management systems and biological activities such as 
crop roots and earthworms. It is estimated by soil texture 
and structure. Based on texture and depth of soil studied 
Azooz et al. (1996) observed that mixed results are 
reported on saturated hydraulic conductivity (Ksat).  
Hydraulic conductivity estimated from soil cores was 
found to change easily with surface soil in no-till versus 
mould board plough and chisel plough cores because of 
random occurrence of large bio pores from either 
earthworm burrowing and root channels (Logsdon et al., 
1990). Starr (1990) compared plough-till and 
conservation tillage systems in a field infiltration trials 
and found out that for conservation tillage K sat was 
higher during the midseason (late July through August) 
compared to plough-till and no difference between the 
systems in early season (early June - mid-July) and after 
crop harvest. Raper et al., (2000) argued that a well 
planned tillage operation in cognisance to soil hydraulic 
temporal changes properties can provoke advantages in 
those localities hampered with poor yield and insufficient 
input in the past. Soil parent material, climate and 
management systems affect the dynamics and 
development of soil structural aggregation. Shrink/swell 
clays according to Horn et al. (1994) and Mc Garry et al. 
(2000) play major role in natural changes of soil 
architecture and soil hydraulic properties responses to 
soil management systems. Karibba et al. (2001), found 
that field hydraulic conductivity values showed significant 
differences and observed that fallow soil tilled with chisel 
plough showed higher values than disc plough. The 

interactive effects of treatments showed that maximum 
value of field saturated hydraulic conductivity (2.98 x 10-
4 CMS-1) was recorded when the farm yard manure 
(FYM) was applied at 40 mg ha-1 in deep tillage against 
the minimum value (2.93 x 10-4 CMS-1)  in case of 
application of recommended NKP in minimum tillage.  

Under NT the increased percentage of soil 
organic matter promote plant root development as well 
as fauna proliferation that enhance trench creation for air 
and water penetration (Osunbitan et al., 2005) and the 
continuity of these channels are then maintained due to 
the lack of soil disturbance. Osunbitan et al. (2005) 
found that the surface soil had a higher Ks under NT 
compared with CT. The amount of water retained in the 
soil at a matrix potential of between 0 and -1500 kPa is a 
function of size group and is therefore influenced by the 
type and intensity of tillage. Under NT the improved 
aggregation and pore continuity allows the soil to receive 
more water due to better infiltration and higher hydraulic 
conductivity. In addition, NT soils lose less water through 
gas due to waste accumulation on the soil surface. 
Consequently, NT soils usually maintain a higher 
moisture content than soils which are ploughed (Fabrizzi 
et al., 2005; Bescansa et al., 2006). Furthermore, 
ploughing increases the number of macro pores and 
thus at saturation the volumetric water content, (or 
water-filled porosity; WFP), is greater than that under 
NT. However, macro pores drain quickly and the greater 
number of micro pores and meso pores under NT allow 
the soils to retain more moisture within the plant 
available range, thus the WFP at field capacity is greater 
under NT. Bescansa et al. (2006) attest that in 15 cm 
layer soil in semi-arid northern Spain the water retention 
at saturation was 13 % greater under CT than NT but at 
-33 kPa the water retained was 11 % lower under CT 
than NT.  

As mentioned previously, soils which are 
continuously ploughed are more susceptible to 
compaction and may reach high bulk densities over time. 
If ploughed soils compact over time it is likely that micro 
pores constitute the majority of the total porosity and 
water is therefore held at lower matrix potentials making 
it less available to plants (Bescansa et al., 2006). When 
ploughed soils compact and are dominated by micro 
pores they often hold less moisture than NT soils within 
the plant available range and at saturation. NT soils are 
able to retain more moisture than ploughed soils which 
have compacted as macro pores are created by 
earthworm activity and meso pores are maintained due 
to better soil structure. Increased water retention under 
reduced tillage is a result of improved infiltration, 
reduced evaporation and protection of the soil surface 
from mechanical impact of precipitation (Fabrizzi et 
al.,2005). This has particular relevance in the semi-arid 
climate and water scarcities are limiting factors for crop 
production. Implementing conservation tillage practices 
can therefore improve yields and sustainability.  

A large number of authors have documented 
many findings on water retention on agricultural soil and 
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observed that increases in water retention can be 
achieved through the following; 
 
i accumulation of plant wastes on the surface of soil this 
will reduce loss of H2O through gas and erosion (Blevins 
1971; Azooz et al., 1996) 
ii promote good soil architecture and network of pores 
this will enhance favourable aggregate formation.   
 
Tillage especially at greater matrix potentials affects 
water retention (Hill 1990) of which Hillel (1998) found to 
range from 0 to 100 kPa. Statistical significant effect of 
plough till, no-till and matrix potential was recorded by 
Hill (1990). He observed that ploughed soils retained 
more water at higher potentials from range 0 to about -2 
kPa and no-till soils retained more water under lower 
potentials that range from - 3.9 to - 40 kPa. These result 
findings simple suggest that constant tillage increase the 
proportion of macro-pores that loose water very easily 
more than the micro and meso-pores, hence the 
capacity to hold water in the tillage zone decreased 
rapidly.  
 
Effect of Tillage on Water Relationship 
 
The kind of tillage method use in a field potentially influence 
water infiltration and soil HC, while infiltration rate depend on 
factors like quantity of waste on soil surface, degree of crust 
and proportion of macro-pores. Waste accumulation decrease 
soil crusting through energy absorption from rain drop, this help 
to retain continuously macro-pores for efficient water infiltration 
in soil surface especially with regards to conservation tillage. 
Earthworm tunnels, H2O and root channels are sources of 
macro pores in soil. Crop rotation and tillage practices affect the 
populations of earthworm as Kladivko (1993) has shown 
below.  The most affected by tillage operation is the Lumbricus 
terrestris that produce vertical tunnels and pull leaf fall into their 
zone in the soil. Earthworm promote infiltration rate, recycle 
plant chemical nutrients within their soil domains.  

Unger (1992) observed tillage operations be large 
enough for its effect to be noticed on soil which results in poor 
water percolation as a result of non- stability of aggregates. 
Datiri and Lowery, (1991a) found that the wetting front moved 
fastest following large natural storm events in no-till and chisel, 
when compared to mould board or ridge-till suggesting more 
favourable porosity in the no-till and chisel systems. Similarly, 
Ankeny et al. (1990) found that infiltration rate was increased in 
chisel plough in the un-trafficked portion of the field against NT 
but result changed where trafficked. Because of the temporal 
effect, it is critical to identify the antecedent conditions when 
infiltration is measured. Logsdon et al. (1993) found that 
infiltration rate will also be affected by seasonal effects, not just 
residue management, making a onetime measurement risky. 
They found greater variation in infiltration rates between 
measurement times than they did between tillage systems. 
They concluded that infiltration was dependent upon the 
formation of a crust, which they found to be affected by storms 
with high rainfall intensity, and partially ameliorated drying 
periods which induced cracking.  
 

Tillage effect on Bulk density; Porosity; Soil structure, 
Pore size distribution  
 
Degraded soils according to Raymond and Roy (1992); 
Chu and Bradshaw (1996) are of limited OM storage, 
high bulk densities, efficient rooting depth, compaction 
and subsoil exposed. These soils in their opinion can be 
reclaimed through enrichment with wastes like house 
hold waste and farm yard waste and mineral fertilizers. 
However they did mention that good understanding on 
the ability of the wastes to produce desired result when 
used in degraded soils is required. The works on tillage 
methods and organic wastes amendment by Stamatiadis 
et al. (1997) and Wilson et al. (2000) have shown 
improvement in soil conditions. The mechanized tillage 
according to Ohu et al. (1994) lead to destruction of soil 
aggregates. Eaton (2001) observed application of animal 
wastes and mineral fertilizer enhanced physicochemical 
properties of soil probably as a result of increased plant 
nutrients from the wastes. Lal (1997) reported that 
ploughing at 20cm plus harrowing produced lower soil 
BD and high TP was as a result of loosening effects of 
tillage. While the work of Agbede (2006) showed that soil 
BD from ploughing at 10 and 20cm soil depth in addition 
to harrowing lower macro-porosity and evaporation rate 
and effects of implement passes.  

The favourable pore size distribution and SOM 
content in untilled versus tilled soils was attributed by 
Bescansa et al. (2006) to be responsible for the 
improvement in plant available soil water content and 
higher yields recorded. Weber (1990) reported that 
consequent to continuous CT system soils are 
increasingly threatened to physical decline these 
dangers spell debilitation, deterioration and destruction 
of soil productivity, if their changes are not detected 
early and controlled. The study of Reddy et al. (2007) 
showed that conventionally tilled soils released 37% 
greater CO2 efflux than no-till soils. This they found to 
represent greater carbon storage in no-tillage soils. 
Tillage activities have been found to cause bulk density 
exhibit seasonal variations. Franzluebbers et al. (1995) 
conducted a 2 season’s experiment that involves 
determinations of 57 bulk density. They were able to  
found out that conventional tillage show much variation 
in bulk density versus no-till and  annual estimate of 
conventional till were observed to be much less than 
values of no-till. Their result incompatibility was much felt 
in 5-12.5cm depth soonest after tillage operations. The 
authors then argued that soil BD of conventional till 
reduced by tillage effect, but within short period match 
up with no-till level by densification.  
 
Effect of Tillage on Macro Porosity  
 
Macro pores are soil pores of which diameters range in 
millimetres to centimetres. They are major route for H2O 
infiltration and drainage. Shipitalo et al. (2000) found out 
that in medium and fine-textured soils water is moved by 
macro pores. While the study of Azevedo et al. (1998) 
showed that 70% - 80% of molecules flowing per unit 
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area of soil surface passed through macro pores. Tillage 
effects significantly altered macro porosity. Under no-till 
and CT dominant processes of macro pore formation are 
different. The reorganization of the solid component by 
the tillage materials under CT formed macro pores. 
These macro pores according to Mapa et al. (1986) are 
firm because of; precipitation effect; fall of the main soil 
constituent on its own hence the number and size of 
macro pores decreased; changes in the force of H2O 
molecules passing through the main soil pores.  

In no-till soils, macro pores are merely formed 
from earthworm activity of decayed plant root channels 
and animal burrowing as reported by Wu et al. (1992). 
The total porosity for no-till soils is always less than the 
tilled soils. However, the continuity of the pores is much 
higher in no-till soils as reported by Roseberg and 
McCoy (1992). A large volume of water was found by 
Trojan and Linden (1998) to have infiltrated through 
macro pores channels made by earthworm accumulate 
in the deeper soil depth. The authors found the H2O not 
able to be estimated in a permeability assessment. It is 
important to note that water movement in macro pore 
done by passing the soil matrix is always a worthy agent 
in different types of soil with regard to water infiltration 
study in steady state. 
 
Pore Size Distributions  
 
Soil hydrology is influenced by pore size distribution. 
Size distribution is a major factor for water retention and 
hydraulic conductivity.  The TP of different pore size 
classes of which are macro-, meso- and micro pores, 
however, researchers varied in sizes of macro pore 1000 
µm or 750 µm diameter were used as reported by 
Anderson et al. (1990). The next in the hierarchy is meso 
pores (10 to 1000 µm effective diameters). Anderson et 
al. (1990) further classified meso pores into fine meso 
pores 10 - 50 µm diameter and 50 to 1000 µm coarse 
meso pores. Meso pores in contrast with water 
movement in macro pores allow water flow through main 
soil constituent without macro pores being filled up in soil 
profile.  Micro pores (>10 µm) which is the last category 
in the hierarchy correspond to that kind of flow in the 
main soil constituent moved by the pressure of the flow 
help to explain water movement in soil profile with regard 
to conduction and channelling.  

Studies of Azooz et al. (1996); Hill (1990) and 
Benjamin (1993) noted that the size of coarse pores is 
higher in conventional till than in no-till soils while the 
fraction of small pores is higher in no-till soils. This they 
attributed to increased fraction of macro pores, hence 
TP is naturally higher in conventional till compared with 
no-till. Benjamin (1993) observed that soil size > 300 µm 
in diameter in 10 cm soil surface was higher in chisel 
plough and mould board plough methods versus no-till 
methods for two silt loam soils. Generally cultivated soils 
have less H2O storage ability compare to soils of no-till, 
while soil fractions in no-till, show more favourable in soil 
water storage. Tillage influences the total porosity and 
soil fractions by affecting the architecture of the soil. This 

results in dynamics of soil hydraulic processes and soil 
strength, which are major determinants in the quality of 
soil. Due to its relationship with soil porosity, bulk density 
is a useful measure for assessing tillage effects on the 
architectural properties of the soil, and the consequent 
effects on the water and aeration status of the soil, 
hydraulic conductivity, infiltration rate, water retention 
characteristics, and soil strength. Generally, converting 
from a CT system to a conservation tillage system 
results in a higher BD and a lower total porosity (Fabrizzi 
et al., 2005) as macro pores are not created as is the 
case during ploughing (Bescansa et al., 2006). 
Osunbitan et al. (2005) compared BD in surface 5 cm of 
a NT soil with soils ploughed at three different tillage 
intensities. They concluded that the BD of the NT soil 
was significantly higher than other tillage treatments 
directly after tillage. However, the percentage increase in 
BD eight weeks after tillage was lowest under NT as 
natural resettlement of particles into a more compact 
arrangement is greater for the more intensive tillage 
treatments   

Similarly, the study by Fabrizzi et al. (2005) 
shows that under NT less total porosity and higher BD 
were significantly recorded compare to conventional till 
up to 18 cm soil depth in the first two years after CT 
have been converted  to no-till. However, in third year 
the BD under NT had decreased and was attributed to 
the re-establishment of the inherent soil structure. 
Increased susceptibility to soil compaction under CT 
compared to NT can result in similar bulk densities 
between CT and NT. Azooz et al. (1996) and Ishaq et al. 
(2002) observed little change in BD between tillage 
treatments and attributed this to the long delay between 
the tillage event and sampling which allowed the CT soil 
sufficient time to naturally consolidate and compact. 
Over time the BD under NT is lowered by the 
development of soil pores created by earthworm activity 
and root growth (Bescansa et al., 2006). 
 
Soil horizon, Bulk density and Porosity 
 
Soil tillage due to its effect on soil characteristics and 
plant yield is an observed technical operation in 
agricultural production.  

The study of Buschiazzo et al. (1998) indicated 
that soils in humid climate regions and loamy soil surfer 
much physical wise from tillage impact compared to 
sandy soils and arid climates. Soil physical properties 
according to Lal (1991) should be kept optimal because 
of influences on the soil body. Soil with large bulk 
density value of the sub-plough layer poor water 
infiltration and transmission are characterized by 
decreased root growth and development, leading to 
decreased yield (Versa et al., 1997). Sandy loam due to 
its good aeration and porosity permit free water 
movement within the profile. 

Soil compaction is a major determinant in 
physical properties of soil because of its role in 
increasing water run-off, erosion, decreased crop yield, 
poor infiltration and drainage result from its direct impact 
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in the hydraulic conductivity processes of a soil. It was 
widely attested by authors that increasing the depth of 
tillage operations reduced the bulk density of soils 
(Schuler 1991; Evbach et al., 1992) however in a 
shallow soil depth tillage practices Alamouti and 
Navabzadeh (2007) reported higher soil bulk density. 
The most important attributes of physical status soil is its 
bulk density. This varies with depth, years and depth of 
particular tillage system. Total porosity by Mistina and 
Kovac (1993) is decreased much by higher bulk density 
and air capacity to water capacity ratio is changed 
favourable to H2O holding capacity. 

Soil bulk density above 1.50mgm-3 in cultivated 
medium clay soils was reported by Lhotsky (1991), to 
have bad effect on crop development and yield and that 
TP below 45% on clay soils had negative effect on crop 
growth. The 1.50mgm-3 BD value according to Butorac 
et al. (1992) is regarded as doorway or beginning. At a 
soil depth of 0 - 30mm and 90 - 120mm that is below the 
tillage zone Chang and Lind wall (1990) noted that 
among various tillage and crop rotations studied soil 
physical parameters did not differ significantly. 
 
 
CONCLUSION 
 
In determining the superiority of one management 
practice over the other soil types and their various 
reactions to tillage are ofparamount importance. 
However for the adoption of one practice over   another, 
socio-economic considerations should betaken into 
account in decisionmaking. This is because in the past 
difficulties have arisen because limited information was 
given on soil types and characteristics when comparing 
onetillage treatment with another. In transfer of 
technology from one ecological zone or one soil type to 
the other there must be some cautions. Also some 
confusion with the practice regarded as no-tillage exists. 
There have been many incidences in which residues 
were removed while in some cases, surface soil 
wasmulched, or herbicides used to kill weeds in sites. 
Whereas in some cases comparison of management 
practices becomes not only difficult, conclusion drawn 
may not apply to similar agro-ecological conditions and 
soils. 
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