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ABSTRACT  
 
Two of most salient features of the Mediterranean climate are wide range in the annual rainfall. Most 

rainfall occurs between autumn and spring and high temperatures most of the year. Under dry land condition, 
the success of cereal crops such as wheat or barley is uncertain. Using tillage systems that can conserve water in 
this areas is very important. Despite of some reports dealing with excellence of conventional tillage, most of 
them are representative the advantages of conservation tillage. In dry and low rainfall years, conservation tillage 
retains more moisture in soil in comparison with moldboard because of plant residues which prevent 
evaporation. Furthermore, the contact surface of soil with air is less, so both of the factors, result in moisture 
preservation in conservation tillage. Organic materials in the surface layer of soil in conservation tillage are 
more than conventional tillage. It provides the better condition for soil aggregation which increases resistance 
against water and wind erosion. The improvement of soil aggregation causes the better condition for moisture 
infiltration in to the soil. The results of several studies indicated that soil bulk density in moldboard in the 
surface layer of soil is less than conservation tillage but in deeper layer of soil, bulk density in no tillage is more 
than other tillage systems. Soil organic matter in 0 to 10 cm of soil in conservation tillage is more than 
moldboard. Aggregate stability in conservation tillage is more than moldboard because of higher surface organic 
matter in conservation tillage. No tillage compared with moldboard, sweep, and chisel contain the highest 
amount of aggregates greater than 1mm and the lowest amount of aggregates smaller than 1mm. In contract with 
no tillage, moldboard showed the lowest percentage of aggregates greater than 1mm and the highest amount of 
aggregates smaller than 1mm that make the soil in this system sensitive to wind and water erosion. The results 
of tillage systems on crop yield are different and depend to cropping condition but in general application of 
conservation tillage specially chisel has a lot of advantages in aspects of production of optimum yield, saving in 
energy consumption and also preserving the physical features of soil in dry regions.  
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Introduction  

 
Effective operations of moisture saving in the 

regions with low rainfall can prevent the crop yield 
decrement in dry years. Wind and water erosion are 
serious problems in dry regions. The most amount of 
erosion on frosted soils happens by snowfall and 
rainfall. In the regions which the rainfall is less than 
300mm, wind erosion is an important problem. The 
most amount of rainfall happens during winter in dry 
regions, therefore more saving of moisture during 
winter and less evaporation in summer are really 
essential. In order to preserve the wind and water 
erosion and moisture saving in dry regions, tillage 
and plant residue management are two unavoidable 
factors. Conservation Technology Information 
Center (CTIC) has identified some tillage systems 
which can preserve some of the plant residues on the 
surface of the soil and  doesn’t reverse them. 
According to CTIC, any kind of tillage which is able 

to preserve about 30% of the plant residues on the 
surface of the soil is called conservation tillage 
system. Plant residues is a renewable resource that is 
produced a lot in the world. Plant residues which 
return to the soil, have remarkable effects on 
chemical, physical and biological features of the soil. 
Plant residues prevent soil erosion, improve water 
and nitrogen cycle and also improve gas exchange. 
Leaving plant residues on the surface of the soil is an 
important strategy for decreasing the soil erosion, 
compaction force of rain drops and surface water 
velocity. They also decrease the heating energy on 
the surface of the soil by reflecting the radiation and 
also decrease the transition of vapor from soil to the 
air by generating a stable layer of air on the soil 
surface. Increment of organic materials in the soil, 
improves the soil aggregation and makes the soil 
structure stable. Intensive tillage systems decrease 
the organic materials in the soil by increasing the 
microbial decomposition which causes fertility 
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decrement. Feeble soil aggregation and lack of 
aggregate stability increase water and wind erosion. 
In conventional tillage, lots of  aggregates deform in 
to powder and scatter under the effect of rain drops 
and block the soil pores, result in run off on the soil 
surface and also decrease moisture saving.  
 
Effect of conservation tillage on soil moisture 
condition: 

 
In general, sandy soil has better permeability to 

water but soil texture individually isn't an infiltration 
factor. Soil structure, organic matters and humus 
rate, water and soil temperature are effective on the 
infiltration capability. Soil structure destruction that 
causes by using heavy machine in moist condition 
can block the soil pores and decrease water 
infiltration in to the soil [25].  

Wilhelm et al [70] evaluated no tillage and 
moldboard systems and also plant residues regarding 
to moisture saving in soil and reported that the 
average of water content showed significant 
difference in depth of 120-180 cm of soil in two 
successive years in moldboard and no tillage 
treatments. In this experiment no tillage treatment 
showed more water content in comparison with 
moldboard treatment and also preservation of 1 tone 
of plant residues saved more water about 30-33 mm 
in two years in comparison with lack of plant 
residues maintenance. He also declared that there 
was more water content in no tillage treatment 
beneath the depth of 150 cm at the end of growing 
season but lower root density in no tillage system 
confined water consumption because of genesis of 
hardpan layer, so no tillage systems produced less 
yield compared with moldboard treatment.  

Unger [65] believes that no tillage system was 
more effective in moisture saving in the soil 
compared with moldboard, sweep and disc. Hamad 
[26] reported that treatment of sweep with standing 
plant residues saved more moisture in comparison 
with moldboard and chisel plow during rainy 
months. Superficial plant residues management, have 
better result regarding to moisture saving in the soil 
in comparison with their mixture with the soil 
[65,66]. 

Belevins et al [7] reported that no tillage saved 
more water in depth of 60 cm of the soil compared 
with moldboard. He declared that the reason is less 
evaporation in no tillage system in comparison with 
moldboard which results in better plant growth 
specially during drought period. In another 
experiment [30] the content of soil moisture was 
more in depth of 15 cm in no tillage system in 
comparison with moldboard because of less 
evaporation and less run off  in no tillage. The 
evaporation at the first of plough period is more in 

moldboard rather than no tillage because of soil 
contact increment with air [9]. Another report 
indicates that reduced tillage system had the most 
appropriate moisture condition in comparison with 
no tillage and moldboard tillage in drought years. 
Dao and Neguyen [18] reported that the yield of no 
tillage system was more rather than moldboard in 
drought year because the soil saved more moisture. 
They also believe that no tillage system is 
appropriate for early ripening varieties but late 
ripening varieties aren't suitable for no tillage system 
because the soil is cold and prolongs the growth 
period. 

Azimzadeh et al., [3] evaluated the effects of 
four systems of no tillage, moldboard, sweep and 
chisel in the three dry year (220 mm), wet year (420 
mm) and moderate year (290 mm) in International 
Center of Agricultural Research and Dry land Area 
(ICARDA) and reported that  no tillage, sweep and 
chisel contained more moisture in comparison with 
moldboard in almost of all sampling dates in dry and 
moderate year but in wet year, all of the tillage 
systems showed the same moisture and conservation 
tillage systems saved moisture as much as moldboard 
(Fig 1,2 and 3). Moisture decrement in dry year in 
moldboard  is for more evaporation from soil surface 
because it reverses the soil and increases the contact 
surface of the soil with air and causes more 
ventilation and moisture loss. On the other hand, it 
may that the moisture infiltration to the soil is more 
at the beginning of the rainfall but after numbers of 
rainfall because of crust formation on soil surface, 
water infiltration in to the soil will decrease and it 
results in increment of run off.  

Meek et al [42] ascribe the further infiltration to 
the biopores in no tillage systems. Ehler [21] also has 
attributed the further infiltration of water to the soil 
worms in no tillage systems. Conservation tillage 
also increases the water content of soil through the 
improvement of hydrological features [7]. Many of 
scientists have reported the excellence of no tillage 
system in comparison with moldboard tillage for 
moisture saving [6,22,30,32,57,64,65]. Lal [36] 
imputes the high moisture saving capacity to the soil 
organic matter in no tillage. Organic materials can 
absorb water to 90% of their weight and cause 
increasing in moisture saving in the soil [58]. 

Consistent aggregates in water are important in 
water and soil relations. Presence of aggregates 
which are resistant against diffusion is essential to  
keep the capability of water infiltration in the soil 
[23]. The role of conservation tillage in crop 
production is stability of aggregates on soil surface 
which decreases the water and wind erosions 
remarkably and causes increment in moisture saving 
[66].
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Fig. 1: Effect of tillage systems on soil moisture in depth of 180cm in a dry year (220mm) 

 

 
Fig. 2: Effect of tillage systems on soil moisture in depth of 180cm in a wet year (420mm) 
 

 
 

Fig. 3: Effect of tillage systems on soil moisture in depth of 180cm in a moderate year (290mm) 
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Effect of conservation tillage on soil bulk density and 
soil porosity: 

 
When the soil pores with different shapes and 

dimension are put beside each other, some fine and 
coarse pores are generated which depend on their 
establishment style. With increasing the rate of fine 
particle to coarse particle, the general volume 
increases whereas the volume of individual pore 
decreases. In spite of more individual coarse pore in 
light soil in general they have lower volume. General 
volume of soil pore is changeable between 30 and 
60% in agricultural soils, so the soils with the 
porosity less than 40%, form the compacted soil and 
their bulk density is high [25]. The percentage of  
fine and coarse pores changes with different 
agricultural operation, machinery and tillage systems 
and will affect on bulk density. Pageliaie [46] 
reported that the effect of no tillage and moldboard 
was not significant on the soil porosity in the layer of 
0 -10 cm but the distribution of coarse porosity was 
more uniform in no tillage. Coarse pores of soil 
which conduct water in lower potential, are 
destroyed under the effect of different agricultural 
operations easily in comparison with fine pores and 
finally  water flow, nutrients movement and nutrient 
absorption will change [40,20]. When the root 
encounter with pore smaller than it's cap, it can not 
penetrate to the soil and root distribution will restrict. 
Low expansion of root in the soil may decrease the 
absorption of inactive elements of soil like 
phosphorus and potassium [8,39,48] but roots can 
compensate somewhat the lower absorption of 
nutrients through increasing the surface of root [55]. 
Dolan et al [20] reported that both surface and deep 
compaction of soil decrease phosphorus and 
potassium absorption. In this experiment deep 
compaction decreased phosphorus and potassium 
absorption up to 22% in Jun and July that rainfall 
was lower than optimum. Surface compaction 
showed lower effect on phosphorus and potassium 
absorption compared with deep compaction. 

Higher soil bulk density prevented plant growth 
and development and reduced the yield 
[8,37,38,49,59]. In this case Tollner et al [63] 
compared the effect of no tillage and moldboard on 
soil bulk density and reported that in depth of 15 to 
25 cm of soil bulk density in no tillage was more 

than moldboard but in depth of 30 to 45 cm soil bulk 
density in moldboard was more than no tillage. In a 
10 years study Radcliffe et al [50] reported that soil 
bulk density in depth of 20 cm in no tillage was more 
than moldboard. 

In a study in ICARDA, [2]. 4 tillage systems 
include, no tillage, moldboard, sweep and chisel 
were compared and the results of experiment showed 
that, surface layer of soil in moldboard compared 
with other tillage systems had lower bulk density that 
indicated higher porosity in this layer. In depth of 10 
to 20 cm of soil no tillage compared with other 
systems showed higher soil bulk density that 
indicated soil hard pan in this layer ( Fig 4). In depth 
of  20 to 30 and 30 to 40 cm because of lower tillage 
depth the highest bulk density belonged to Sweep. 
Porosity in different depth in 4 tillage systems were 
exactly opposite with bulk density (Fig 5). 
Correlation between bulk density and porosity was 
negative and significant (Fig 6). 

in thickness of main and secondary roots of 
plant. Increasing in root diagonal is because of cortex 
enlargement which it's cells are shortened 
longitudinally. Cornish and Lymbery [15] believe 
that plant reaction in no tillage system is the same 
with vase plant reaction. Kaspar et al [34] reported 
that the same plants which grow in small boxes are 
smaller in comparison with plants which grow in big 
ones even if they receive enough water and food 
materials. They believe that anatomical reaction of 
vase plants is different from plants that faced with 
deficient of water and food materials. Decreasing in 
root growth and crop yields with increasing in the 
soil bulk density in soybean have reported by 
Lindernann and Randal [37], in cotton by Tackett 
and Pearson [59], in wheat by Wittsel and Hobbs 
[69]. 

Voorhees [67] believes that soil compaction isn't 
always harmful for crop plants but also a mild 
compaction causes better contact of soil with seed 
which results in better germination and extension of 
plant root. Schilinger [54] showed that a mean 
beating with the power of 6/23 kpa increased the 
bulk density to 1/10 gr/cm3 in the depth of seed 
placement (7 to 12 cm) which this rate of compaction 
caused more moisture saving in seed place in soil and 
increased the yield of winter wheat from 3560 to 
3930 kg/h. 
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Fig. 4: Effect of tillage systems on soil bulk density in different depth 
 

 
 
Fig. 5: Effect of tillage systems on soil porosity in different depth 
 

 
 
Fig. 6: Relationship between soil bulk density and porosity 
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Effect of conservation tillage on soil organic Matter: 
 
Agricultural operations can directly effect on 

soil organic Matter, soil humus and soil quality. 
Plowing with generation of suitable condition of 
ventilation, help to quick decomposition of organic 
matter [16,52,61,62]. In the C/N ratio lower than 20 
the process of decomposition of plant residues is 
done faster and before everything, nitrogen is change 
to mineral materials. Suitable decomposition of 
organic materials is in C/N ratio of 20 to 30. 
Fallowing condition may decrease the rate of organic 
matter of soil because of several plowing during 
fallow period  [53]. In a long term study [57] because 
of constant plowing loss of phosphate, carbon and 
nitrogen was 40 to 60%. In plowed soil of Australia 
the loss of carbon and nitrogen was 36% and 
moreover 17% of phosphorus and 30% of sulfur also 
degenerated [17]. Grassland and forest soil contain 
more organic matter in comparison with crop land 
[29]. Amount and kind of soil organic matter depend 
on kind of planting and human current activities. 
Cereal crop leave 1 to 2 ton and forage crop 4 to 7 
ton/h residue on cropland annually [36]. Wood et al 
[71] believe that no tillage reduced loss of organic 
matter in the surface layer of soil because no tillage 
doesn't bury plant residue. Blevin and Frye [10] 

reported that in a long term study no tillage 
compared with conventional tillage retains more 
organic matter. In an experiment [24] after 9 years 
organic carbon in no tillage 9% in constant wheat 
cropping system and 22% in wheat- soybean rotation 
was higher compared with moldboard. Mahboobi and 
Noomanfoozi [40] reported that the amount of 
organic matter in 0 to 15 cm of soil in no tillage was 
more than moldboard but in deeper layer of soil this 
trend was opposite. Dick [19] also reported that 
organic matter in surface layer of soil in no tillage 
was more than moldboard but in deeper layer of soil 
organic matter in moldboard was more than no 
tillage. Rassel et al [51] and Morrison et al [43] 
reported that no tillage in surface layer of soil 
showed more organic matter compared with 
moldboard. 

Azimzadeh et al [2] reported that moldboard in 
surface layer of soil showed lower amount of organic 
matter compared with no tillage, sweep and chisel. In 
10 to 20 cm of soil, amount of organic matter 
decreased in no tillage, sweep and chisel but in 
moldboard increased in comparison with surface 
layer of soil. In 20 to 40 cm of soil layer also amount 
of organic matter in moldboard was more than other 
tillage systems. In this depth no tillage showed the 
lowest amount of organic matter (Fig 7)

 

 
Fig. 7: Effect of tillage systems on soil organic matter in different depth of soil 

 
There is lower oxidation in no tillage system 

compared with conventional tillage so there was 
more organic matter concentration in surface layer of 
soil. Singh et al [56] showed that plant residue 
management increased 1.6% organic matter in the 
soil. No tillage system increased saved organic 
matter of soil during 13 years from 8.8 to 9.5 ton/h, 
in other word according to alteration coefficient of 
organic carbon (1.734) the amount of soil organic 
matter increased from 15.7 to 16.4 ton/h [45]. 
 
Effect of conservation tillage on soil aggregate 
stability: 

 
Aggregate stability is very important in it´s 

evaluation. If they don´t decompose under the effect 
of water absorption and machinery operation, it is 

explained that irrigation, rainfall, planting operation 
and harvesting don´t have any negative effect on soil 
structure and it has an appropriate stability. Water 
accompanied with soil plasma are the main factors of 
aggregate formation [11]. Other factors like repeated 
freezing and thawing can be important in aggregate 
formation and decomposition [60]. Good soil 
structure depends on stable aggregate in soil. Stable 
aggregates are important on absorption, conservation 
and movement of water and air in soil. Rangeland 
soil compared with the cultivated soil because of 
more root length and presence of Micorrhiza have 
more stability [62,27]. One of another factors that is 
important on aggregate stability is crop rotation. 
Aggregates of wheat- fallow rotation in the water in a 
large amount and fastly decomposed but aggregates 
in wheat-alfa alfa rotation decomposed less than 
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wheat- fallow rotation [44]. Tisdall and Oades [62] 
reported that if aggregate with diameter 1 to 10 mm 
resists against the water it indicates a good structure 
for crop growth. Aggregates should have sufficient 
macro and micro pores. Aggregates with diameter 
less than 0.25mm join to each other by complicated 
organic and mineral compound and generate a stable 
components that resist against the tillage. In most 
mineral soils, stability of soil structure decrease with 
decreasing of organic matter. Some of scientists 
believe that increasing organic matter in the soil will 
increase soil aggregate stability [8,20,61,62]. Small 
aggregate compared with large aggregate are more 
stable against the water [11]. Dry aggregates less 
than 0.42mm are sensitive to wind erosion. 
Aggregates between 0.42 to 0.84mm hardly eroded 
and aggregates between 0.84 to 2 mm are unerodible. 
Erosion depend on wind velocity. If soil surface 
contains 40% or more than 40%  aggregates smaller 
than 0.42 mm, the soil is sensitive to wind erosion. 
Aggregate stability in dry area sometimes is very 
little that sieving in water is impossible [4]. Hghnia 
and Koocheki [25] reported that aggregates greater 
than 0.5 to 0.6mm are important in soil ventilation. 
Small aggregates are important in semi arid region 
for dry land farming because this kind of soil have 
more capacity to contain moisture. Larger aggregate 
are suitable for irrigation because water can easily 
pass through the soil.  

One of another factors that affects on 
distribution and aggregate stability is tillage. 
Mannering et al [41] reported that aggregate stability 
will decrease with increasing in tillage intensity. In 
contrast with cultivated soil, uncultivated soil has 
stable structure [35]. Study on a silty soil in Germany 
[10] showed that no tillage system improved 
aggregate stability in soil surface. This aggregate 
improvement attributed to organic matter  in surface 
layer in no tillage. Larger pores that connected 
surface layer to deeper layer of soil cause better 
water movement in the soil. Another report [41] 
indicated that aggregation in 0 to 5 cm of soil in no 
tillage are more than other tillage systems. Boovne et 
al [12] observed that aggregates of soil in no tillage 
after 5 years were more stable than moldboard. 
Daglas and Goss [16] also reported that stability of 
soil aggregate in no tillage and chisel were more than 
moldboard. Stability index in this experiment for no 
tillage, Chisel (shallow), chisel (deep) and 
moldboard in order were, 0.560, 0.574, 0.555 and 
0.527mm. The same results also reported by Arshad 
and Gill [1]. In general improvement in soil structure 
in conservation tillage attributed to soil 
microorganism activities specially to soil worm. The 
results of a study in ICARDA by Azimzadeh et al [2] 
in dry and wet sieving ( Fig 8 and 9) indicated that 
no tillage compared with moldboard, sweep and 
chisel contained the highest amount of aggregates 
greater than 1 mm and the lowest amount of 
aggregates smaller than 1mm. Moldboard treatment 

in dry and wet sieving showed the lowest amount of 
aggregates greater than 1mm and the highest amount 
of aggregates smaller than 1mm that indicated the 
sensitivity of soil to wind and water erosion. 

Mean weight diameter (MWD) is used as an 
indicator of aggregates stability. The more the MWD 
is the higher the aggregates stability will be [4]. In an 
experiment, Mahboobi and Noomanfoozi [40] 
reported that MWD in 0 to 10 cm of soil layer in no 
tillage was more than chisel and moldboard. 
Hermavan and Cameron [26] indicated that 
moldboard in comparison with reduced tillage 
decreased significantly MWD in a wet soil. The same 
results reported by Baldock and Kay [5]. They 
reported that MWD in the most stable aggregate was 
300 that remains on the 2mm sieve and unstable 
aggregate showed MWD of 25 that passed through a 
0.5mm sieve. 
 
Effect of conservation tillage on crop yield: 

 
Karlen and Gooden [33] explained that 

moldboard and chisel compared with disk increased 
seed yield significantly. They attributed this 
increment of yield to breaking soil hard pan by these 
instruments. Fenester et al [23] also reported that 
moldboard compared with disk and sweep produced 
more seed yield. They reported that during fallow 
period, control of grassy weeds easily done by 
moldboard but disk and chisel don’t have efficiency 
of moldboard. Temperature in first 10 cm of soil in 
no tillage is lower  than moldboard. Lower 
temperature in no tillage causes lower production of 
leaves, stem, dry weigh and finally seed yield. 
Another study indicated higher seed yield of wheat in 
no tillage system [31]. Blevin et al [7] observed that 
no tillage saved more water in 60cm depth of soil 
and increased corn yield compared with moldboard. 
They believe that higher soil moisture and lower 
evaporation causes higher yield. Residue burning 
compared with mixing with  soil didn't increase 
wheat yield but burning of residue increased straw 
yield. Cochran et al [14] reported that leaving surface 
residue increased wheat seed yield, water use 
efficiency and water conservation compared with 
burning of residue. Pala and Dozom [47] reported 
that in 4 growing seasons from 7 growing seasons 
burning of residue increased significantly yield of 
lentil. They believe that in burning conditions 
planting has done in optimum time. In a 15 years 
study [68] observed that seed yield in no tillage 
compared with spring and autumn moldboard 14% 
was lower. Carbon Exchange Ratio(CER) in no 
tillage compared with moldboard during the dry 
season was lower that causes lower leaves, stems and 
dry weight during vegetative period. In another study 
[57] reduced tillage increased wheat seed yield, 
number of survival tiller and number of ear/m2 
significantly. Increasing in tiller survival attributed to 
better soil moisture condition. Unger [65] explained 
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that no tillage accompanied with plant residue during 
a period of 330 days fallow conserved more water in 
comparison with moldboard, disk and sweep. He 
believes that higher seed yield of sorghum is because 
of better soil moisture condition in no tillage. Leaf 
area index in no tillage because of coldness of soil is 
lower than moldboard [70]. Rasmussen [52] reported 

that in conservation tillage primary spring growth is 
lower than moldboard because soil in conservation 
tillage compared with moldboard is cold. In a long 
term study [3] in ICARDA, chisel produced more 
seed yield in comparison with moldboard, sweep and 
no tillage. 

 

 
 

Fig. 8: Effect of tillage systems on soil aggregate distribution in dry sieving condition 
 

 
 
Fig. 9: Effect of tillage systems on soil aggregate distribution in wet sieving condition 
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