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ABSTRACT 
 
 This study investigated the effects ofconservation tillage on soil aggregate characteristics. Three tillage 
systems on used for cyclotiller (speed of rotation cyclotiller ): (a) 150 rpm, 200 rpm and 250 rpm, to the depth 
of 200mm. The experimental design was a split–split plot based on randomized completely block design with 
three replicates are growing season of 2011and 2012. The three soil water content (W) as main plots, three 
tillage system (TI) as split plots, and three tractor passages (P) for implement as split–split plots. Each plot size 
was 3m × 15 m.  The experimental sites were moldboard each year for winter the crop rotation was canola for 2 
years prior to current study. The study was carried out in Khuzestan IAUshoushtar branch, in 2012. For 
evaluation the sources of variation, different traits including, Bulk density (BD), Cone index (CI) in different 
depth of soil (0-10, 10-20, 20-30 cm) as well as potato yield were measured. According to the result of analysis 
of variance, increasing of speed of rotation cyclotiller, tractor passes and use appropriate of bladespeed 
cyclotiller can significantly, increased BD, CD in all three mentioned depths and finally can decreased potato 
yield. Finally, according to the  result that, use tractor type Massey Ferguson 399 with the travel speed of 4.5 
kmh-1 and 3 time passes during the growing season with average 23 tha-1 potato yield had the best yield, And 
its yield compare to speed of rotation with 200 rpm best to maintain soil structure and minimum compaction 
was chosen. 
 
Key words: Bulk density, Potato, Cone index, Soil compaction, Cyclotiller. 
 
Introduction 
 
 Mechanization and using of machinery are 
considered as fundamental pillars of modern 
agriculture. Agricultural production capacity is 
indebted to using of technologies and different 
inputs in the agricultural sector. However, intensive 
agricultural dependent on mechanization has been 
cause of increasing pressure on natural resources and 
risking production sustainability indexes [1]. In 
Intensive agriculture, soil and water are as one of the 
main factors among natural resources in agricultural 
production which are exposed to the greatest 
pressures increasing threats of losing of quality 
characteristics [2]. In this regard, tillage is the first 
factors that can affect soil, regardless of how it's 
done. So that, these operations be appropriate they 
can have a positive impact on the soil properties and 
moderate the pressure on the soil. Otherwise 
inappropriate soil tillage technologies will provide 
conditions in the soil which are providing the 
groundwork for the destruction of soil structure, loss 
of nutrients and environmental pollution [3]. In other 
words, different tillage implements blend soils with 

different intensity and the residual are mixed with 
soil at different rates, due to their design features and 
also their enabled and disabled. Thus, with different 
changes in the soil conditions including ventilation, 
density, temperature, moisture content and soil 
permeability, they would have different effects on 
soil physical properties [4]. Soil compressibility is 
defined by quantitative expression of soil behavior 
under influence of tensions and specific pressures. 
This behavior usually is expressed by changing bulk 
density, degree of osteoporosis, total porosity, 
ventilation porosity, water infiltration into the soil 
and soil resistance [5]. Soil compaction is caused of 
excessive sensibility plants to drought, inadequate 
ventilation, reduce water absorption, efficiency of 
nutrient elements, non-uniform growth of plants, 
slow germination and system of bad shaped roots 
and finally it is caused of reducing crop [6]. 
 Ability of plant roots is very different in 
penetrating into the compacted soil [7]. As the 
investigation showed when mechanical resistance of 
soil is increased to 1 Mpa cotton plant root 
elongation is reduced by 62%. But similar increasing 
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in mechanical strength of soil only could reduce 25 
percent of the length of peanut plant roots [8]. 
 Among mechanical forces which are exerted on 
the soil could mention to Agricultural machinery 
traffic.The four factors weight, type of wheel, speed, 
and number of agricultural machinery traffic could 
impact on soil compaction.Previous studies have 
demonstrated increasing in bulk density and also 
depth of density are reduced by increasing speed of 
machines.Therefore, the amount of density has been 
reduced.As it has shown bulk density has been 1.65 
grams per cubic centimeter under a rigid wheel with 
speed of 1 kilometer per hour and also bulk density 
has been 1.49 grams per cubic centimeter under a 
rigid wheel with speed of 12 kilometer per hour.Well 
as depth of density at low speed has been twice the 
depth of density at high speed approximately [9]. 
 Demonstrate that tillage systems management 
could be as the most important factor in maintaining 
soil quality and yield, in order to evaluate tillage and 
its impact on the permeability and bulk density of 
the soil [10]. compared effect of different tillage 
methods included by deep tillage by using chisel, 
low-tillage and no-tillage in high deep and low deep 
soil and also yield management on soil physical 
properties. It has been shown that bulk density in the 

fallow period and cultivation after the fallow period 
is lesser than in the continuous cultivation. The soil 
impedance from high to low belonged to no-tillage 
method, low-tillage, and deep tillage respectively. 
Also, resistance to penetration in no-tillage method 
is more than other methods [11]. 
 
Soil measurement: 
 
 Prior to the experiment, composite soil samples 
were collected from 0–100, 100–200, 200–300 mm 
of topsoil, then air-dried and sieved. Soil samples 
were used to measure the plastic limit (PL) [12]. The 
plastic limit is the water content at which a soil 
begins to crumble when rolled into a thread 
approximately 3mm in diameter [13]. Organic matter 
content was determined and particle size distribution 
measured by the pipette method Gee and Bauder, 
[14]. Wet aggregate stability was determined using 
the method of Kemper and Rosenau[15]. Ten grams 
of air-dried aggregates (3–5mm diameter) from each 
soil type was wet sieved through a series of four 
sieves (2000, 1000, 500 and 250µm). 
Physical properties of soils used in this study are 
given in Table 1. 

 
Table 1: Selected physical properties of the Silty clay loam soil. 

Soil layer (mm) Silt (g kg−1) Clay (g kg−1) Sand (g kg−1) OM (g kg−1) PL (g kg−1) MWD (mm) 
0-100 535 364 110 12 22 1.4 

100-200 525 348 120 9.5 21 1.5 
200-300 527 342 130 8 22 1.6 

OM: organic matter; WPL: water content at plastic limit; MWD: mean weight diameter. 
 
Materials and Methods 
 
 The experiment islocated in northof Khuzestan 
province in south west of Iran. Climateconditions in 
research zone is a warm, dry with annualrainfall of 
270 mm which could produced crops twice inboth 
spring and fall seasons [16]. The field experiment 
was conducted on the demonstration field of Islamic 
Azad University in Shoushtar. Theexperiment field 
(pervious planting) in a 2 years alternative rotation 
was wheat and canola in order be in 2011 and 2012 
was under wheat planting as well average altitude of 
50m.The soil used in this study was ofsilty clay loam 
type. with physical properties similar to the 
parameters of the soil used for the laboratory 
experiment. The rate of soil moisture content was 25 
%. 
 In this study, experiments will be done base on 
Spilt-Spilt-Plot statistical design in complete 
randomized block as the main design with three 
replications.Considered independent variables are as 
follow: 
 
The main factor is included by two kinds of tillage 
systems: 
 

 The first system is introduced as (A): included 
moisture content by using three methods 1) 10 %  2) 
15% and 3) 20%  
 
Sub factor I: 
 
 The second system is introduced as (B): 
included tillage intensity with threespeeds of rotation 
cyclotillermachines 1) 150 rpm 2) 200 rpm and 3) 
250 rpm  
 
Sub factor II: 
 
 The second subplot levels wereapplied during 
planting and cultivation operations the traffic 
operations include(C): planting,fertilizing twice 
roadsearthing Upand removing weeds were carried 
out. To improve the quality of the production the 
planting operationsand other procedures could be 
performed manually and chemically to remane the 
weeds from the fields. the second stage is removing 
weeds and improving soil-forming for to improve 
plant growth by making use of machines the 
mechanical operations. 
 
Analysisof data: 
 



732 
Adv. Environ. Biol., 7(4): 730-734, 2013 

 

 For analyzing test data has been used SAS 
version 9.1 and MSTATCsoftware. Duncan test has 
been doneat the 5% level for comparison means. 
Analysis of bulk density and soli cone index has 
been done in three depths (0-10cm), (10-20cm), and 
(20-30 cm). In this study,  model of soil resistance in 
different level of depths and performance of yield 
potato is developed base on three parameters which 
are included by type of tillage operation, type of 
tractor and traffic number of agriculture machines 
while agricultural season. Thismodel is 
achievedwithmultivariate linear regression modeling 
by using SPSS version 16 software. 
 
Results and Discussion 
 
Bulk density: 
 
 Result of analysis of variance has shown that 
effect of type of moisture content on bulk density in 
at each mentioned depths is significant at level of 5% 
and bulk density has increased by increasing 
moisture contentin different depths (Table 2). Also, 
effect of speed of rotation cyclotilleron the bulk 
density is significant at level of 5% and bulk density 
has been reduced by increasing of rotation cyclotiller 

(Ttable2). Increasing of compaction is because of 
two reasons one of them is increasing efficiency of 
soil loading and another one isincreasing shear 
strain. The studies have been done show that 
increasing of bulk density and also depth of 
compaction has been reduced by increasing speed of 
rotation cyclotiller.Moreover, result of analysis of 
variance has been shown that effect of traffic number 
of tractor has been significant at level of 1% on bulk 
density in different depths while agricultural season 
and bulk density has been increased in different 
depths by increasing traffic number of tractor (Table 
2).It is obvious; one of the problems in mechanized 
agriculture is soil compaction which is made by 
traffic of heavy equipment’s and tractors on the 
field.Experiment has been done insilt clay loam 
soiland soil moisture contentat 22% and then result 
of the experiments showed that traffic number of 
tractor has been increased soil compaction in depth 
and width. Result of analysis of variance has been 
shown interactions between bulk density and type 
and speed of rotation cyclotiller in depth (20-30cm) 
has been significant at level of 1% (Table 2). 
Comparison of interaction of moisture, speed of 
rotation cyclotiller and traffic number of tractor in 
depth of 20-30 cm has been shown in table 2.  

 
Table  2: Analysis of variance between traits bulk density, cone index and potato yield. 

S.V df Bulk density Cone index yield 
0-10 10-20 20-30 0-10 10-20 20-30 

Block 
 

2 ns ns ns ns ns ns ns 

Moisture content 2 * * * * * * ** 
Error  (A) 2 ns ns ns ns ns ns ns 

Speed of rotation 
cyclotiller(B) 

2 * * * ** ** ** ** 

AB 2 ns ns ns ns ns 1 ns 
Error  (B) 2 ns ns ns ns ns ns ns 

Tractor passages (C) 2 ** ** ** ** ** ** ** 
AC 2 ns ns ns ns ns ns ns 
BC 2 ns ns ns ns * ns * 

ABC 2 ns ns ** ns ns ns ns 
n.s.: Not significant,∗, ** Significant 0.05.  0.01 Respectively. 

 
Cone index: 
 
 Result of analysis of variance showed that effect 
of type of moisture content on cone index has been 
significant at level of 5% and cone index has been 
increased by increasing moisture content(Table 2). 
Also effect of speed of rotation cyclotillerand traffic 
of tractor on soil index has been significant at level 
of 1% in different depth while agricultural season. 
Cone index has been reduced by increasing speed 
and reducing traffic number of tractor (Table 2). 
Result of analysis of variance of interaction between 
cone index in 10-20 cm and speed of rotation 
cyclotiller and traffic of tractor has been significant 
at level of 5 % (Table 2).  
 
Yield performance of potato: 

 
 Result of analysis of variance showed that effect 
ofmoisture content, speed of rotation cyclotiller, and 
traffic number of the tractor on the yield 
performance of potato has been significant at level of 
1%. Yield performance of potato has been reduced 
by increasing moisture contentand traffic number of 
tractor and yield performance of potato has been 
increased by increasing speed of rotation 
cyclotiller(Table 2, Figures1, 2 and3). Also 
interaction between speed of rotation cyclotiller and 
traffic number of tractor on the yield performance of 
potato has been significant at level of 5 % (Table 
2).Generally, one times tractor traffic in comparison 
to five times tractor traffic and also low moisture 
content in comparison to low speed of rotation 
cyclotillerhave had more yield performance.  
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Fig. 1: Effect of speed of rotationcyclotilleron potato yield. 
 

 
 
Fig. 2: Effect of moisture content onpotato yield. 
 

 
 
Fig. 3: Effect of traffic number of tractor on potato yield. 
 
Conclusions: 
 
 Result of this study in situation of 
experimentAccording to figures 1, 2 and 3showed 
that,cyclotiller with speedof rotation200 rpm and 3 
times tractor traffic while agricultural season in 15% 
moisture content has been better than other 
treatments in reducing compaction and increasing 
yield performance.Tractor traffic factor while 
agricultural season has been diagnosed as the most 
important factor in soil compaction and reducing 
yield performance of potato. Therefore, harmful 
effect of machines on soil compaction could be 
reduced by using follow recommendations: 
a) Forbid traffic of machines on the field because it 

can increase contact pressure between machines 
and soil and also traffic is the most important 
factor which is effective on soil compaction and 
reducing yield performance.  

b) Forbid low speed of machines on the field. 
c) Use lighter-weight tractor for doing different 

operation. 
d) Do some of the operations such as fertilizing, 

soil diving, and removing weed simultaneously 
and the best way for doing it is using 
combination machines.  
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