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Abstract: Soil compaction arising from excessive and improper use of tractors and agricultural equipments
caused reduction of pores, water absorption, crop yield and increase in density, soil resistance and soil erosion.
Soil compaction models are suitable instruments for predicting soil compaction due to agricultural activities.
In order to define these models, local variations of parameters associated with soil compaction is required;
therefore, measurement of these parameters is the developing approach. In this research, the compaction
created on the surface of the soil due to passing of agricultural equipments was studied and its effect on wheat
root growth and development was assessed. For this purpose, soil compaction indices including bulk density
and cone index in different parts of the farm were determined for moisture contents of 8, 13, 18 and 23% and for
depths of 0-10, 10-20, 20-30 and 30-40cm. After zoning the changes, soil compaction maps were drawn to
manage the farm’s tillage operation and compaction functions were developed for different depths and
conditions of the soil. Data variance analysis indicated that in both plowed and unplowed soil. There is a
significantly negative correlation between cone index and soil moisture; also, a significantly positive correlation
between bulk density and soil moisture. The cone index exhibited a significant negative relationship with bulk
density for both types of soil in depth of 0-30 cm; whereas, the same relationship was significantly positive for
the unplowed soil in depth of 30-40 cm. The results also showed that in loam soil the cone index is less
correlated with bulk density but is more related to soil moisture. Mathematical modeling of cone index, bulk
density and moisture based on multivariate regression indicated that the two variables of moisture and bulk
density are influential variables in the model. That is justified as for more than 70% of the variations are related
to concentration variations index. Overall, determining the degree of concentration raised  from  the  passing
of machineries and equipments in upper and surface layers of soil, especially in 20-30 cm depth of soil surface.
The compaction affects on root development and yield indices for each crop and its impact on different soils
can contribute on yield efficiency. In addition, wheat yield per hectare may increase by appropriate management
of these factors that produce this concentration in soil surface layers.  The obtained data from present work
can educate farmers to improve soil productivities.
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INTRODUCTION soil compaction has received special attention due to an

Soil compaction is one of the important factors in weight of agricultural machineries used [1]. Compaction is
destruction of soil’s physical structure. In recent years, a process in which bulk density is increased by external or

increase in size of mechanized farming and also power and
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internal sources.  This  process  is  called  consolidation In modern approach of precision agriculture,
in  saturated  soil  and compaction in unsaturated soil. agricultural producers can identify changes and
The main reasons for the development of compaction in irregularities within the farm and then take steps to
soil include natural soil displacement, flood irrigation in increase agricultural products and efficiency by
soil with weak structure, passing of heavy agricultural controlling such changes. In other words, precision
machineries on farm and movement of equipments such as agriculture is a management strategy that uses the details
moldboard plough [2]. Soil compaction in farming lands and information about every part of the field and applies
may reduce crops growth and leave undesirable precise management on inputs [11].
environmental impacts  such as reduction of water Therefore, changes in soil compaction are due to the
penetration, increase in runoff in raining period and finally changes in moisture and bulk density which is essential
causes soil erosion [3]. when planning agricultural operations in suitable moisture

The effect of soil compaction on root development or when soil bulk density is reduced by an increase in
and reduction of crop yield has been known for long time. amount of organic materials in soil or tillage [3].
In the western regions of Argentina, it was observed that Today, protecting the soil by considering soil
soil compaction had substantial effect on soy and cereal compaction has become a great concern. Identifying soil
yield [3]. Canarache et al. [4] have reported similarly vulnerability caused by compaction damages has become
issues that a 1 kg/m increase in soil volume density led to an important issue for planning and executing agricultural3

an 18% decrease in corn yield. These researchers have operations. Compaction leads to an increase in density.
indicated that corn crop yield depends on number of times Therefore, soil compaction can be directly obtained by
of tractors passes through the soil [4]. assessing density or estimated by distribution of porosity

Al-Adawi and Reeder [5] have studied the effect of [2]. Grisso et al. [12] proposed a categorization technique
deep plowing on physical characteristics of silt loam soils for determining the vulnerability  of  different  layers  of
and fruiting of cereals. They have found out that two soil   to    compaction  based  on  existing  characteristics
passes of a tractor during planting resulted in renewed in  soil  such  as  texture,  bulk  density  and  moisture.
soil compaction and they concluded that traffic control is This categorization technique was initially created for
necessary for plowing. Raper et al. [6] compared cotton local farm conditions, but later it was expanded in
plowing systems including annual plowing of lower soil European scale. In larger scales, modeling and creation of
in depth of 0.4 and 0.5 m in sand soil. They have found suitable conditions are useful instruments for estimating
out that the effect of traffic control was considerable only soil vulnerability to compaction [13].
when deep row plowing was not used as annual plowing
method. MATERIALS AND METHODS

Considering the mechanization of husbandry and
increase of agricultural machineries, soil compaction This research was first carried out earlier in 2010 at
poses a serious threat for sustainable agriculture which the site of Islamic Azad University of Eqlid located
includes the reciprocal effects of machine, soil, plant and northeast of Eqlid city on the longitude of 52 degrees, 6
climate [7]. Sojka et al.  [8] have studied the effect of minutes and latitude of 32 degrees, 19 minutes and 30
penetration resistance coefficient on sunflower. A soil seconds. Hydrometrical method was employed to
resistance of 2 MPa limits plant growth and a soil determine soil texture. In order to calculate soil
resistance of 3 MPa totally prevents longitudinal growth compaction percentage in different conditions and
of root. depths, maximum specific weight was determined using

Raghavan et al. [9] have reported that  1, 5, 10 and 15 compaction standard based on AASHTO-T99 Standard.
passes of tractor and contact pressure of 31, 41 and 62 For tillage operations, a new Holland tractor and for initial
KPa there had been 40 to 50% reduction in crop yield. tillage operations a disk harrow weighing 850 kg was
Birrell and Hummel [10] have applied axis load of 5, 10 and used.
20 tons on silt loam soil in Idaho, they have reported that For measuring bulk density in farm studies a
soil specific mass and cone indices increased with load in sampling cylinder which is made for this purpose was
depth of 75 cm and loads of 10 and 5 tons had no used. This cylinder is made of steel, 5.4 cm in diameter and
significant effect on crop reduction whereas in load of 20 70 cm in height with a measurement precision of 10 cm.
tons, reduction of root development and crop yield was Unplowed samples were collected from different
observed. conditions  and depths using this instrument and used for
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Fig. 1: Digital penetrometer, 1. Protecting housing, 2.
Impact absorber, 3. Bipartite probing rod, 4. Cone,
5. Depth reference plate, 6. Communication port, 7.
GPS antenna, 8. LCD screen, 9. Control Panel, 10.
Level, 11. Electrically insulated grips

determining bulk density. Measurement was reiterated
three times for every point and the average values for
each point was analyzed.

In order to determine cone index or soil water
penetration resistance, a cone penetrometer with
Eijkelkamp brand was used which also performs data
registration and therefore is called penetrologger.

In order to perform the experiments and use the
penetrologger, necessary configurations were first done.
Then, a plan was defined for the machine and 12 plots and
2 penetrations were considered for each plot. From the
four existing cones for the machine, a cone with a cross
section of 2 cm was used. Penetration speed is 2 cm/s for2

the experiments and penetration depth of the cone was
chosen to be 40 cm. This machine is able to read soil
penetration resistance by the penetration of the rod into
soil with 1 cm spaces and save the correspondent number
in its memory. After the samples are done with, the
machine announced the end of the operation. After the
machine was switched off and rod and cone were
removed, the machine was connected to a computer.
Then, using the Penetro-viewer software, the data
registered in the machine were transferred to the
computer. After data were read by the computer, the
average data related to 10-cm depth were analyzed.

In order to obtain weights of dry and moist samples,
a laboratory digital scale (AND scale, T-122, 0.1 g
accuracy and maximum load capacity of 1200 gm, Berlin,
Germany) was employed. For drying the moist sample, a
laboratory oven was used. For determining the
environmental coordinates of the field as well as installing
grid-networking on the field, a Garmin GPS machine was
used.

In this study, the field was divided into 12 square
zones and sampling was performed with grid center
method. In this method, soil samples are collected from a
circle with a diameter of 9 m around the grid center.

The procedure for installing grid-networking was that
after determining environmental coordinates using GPS,
the coordinates were transferred to the computer and the
field’s raster map was drawn using Map Source and using
GPS the designed grid-network was installed on the field
by nail-driving each cell point (Fig. 2).

Fig. 2: The field’s raster map with the designed grid-network
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After nail-driving and installing the grid map on the mentioned functions and parameters and to find out the
field, 40 samples were taken from all cell centers to effect of every parameter on these functions, simple linear
determine soil texture to the depth of 50 cm and then and multivariate regression equations of bulk density and
samples were transferred to the laboratory. cone index functions in different depths and conditions of

After that, the field soil’s texture was known; the field the soil were obtained.
was irrigated at the end of June. The specific weight, cone
index and soil moisture were measured in all 12 zones in RESULTS AND CONCLUSION
four depths: 0-10, 10-20, 20-30 and 30-40 cm; while the soil
had been left intact (without tillage). Following that, the Soil Bulk Density (BD): Results from variance analysis
field was plowed, disked, cultivated and irrigated in early indicated that there is a significant relationship between
July. Once again, the density, cone index and soil every soil depth and the soil’s bulk densities in different
moisture were measured. The obtained results for levels of moisture. Results obtained from data variance
moisture levels of 8, 13, 18 and 23% were registered for analysis also showed that the effect of moisture on bulk
further analysis. density in disked and plowed soil was significant to the

Soil density was measured in two phases; the first degree of 1 percent. A comparison of the means
phase before tillage operations and the second phase demonstrates that in every depth, soil bulk density
after tillage operations. In the first phase, samples were increases with soil moisture and its highest level
collected 2 days after irrigation using sampling cylinder corresponds with moisture of 23%. With an increase in
from the four depths of 0-10, 10-20, 20-30 and 30-40cm in the level of soil moisture, lubrication between soil
all 12 zones of the field. It is noteworthy that the entire particles improves and adhesion between particles
samples were collected from a circle with 9 m of diameter decreases thus enabling smaller particles to move easily
around each zone in three reiterations. After collection of and fill empty spaces between bigger particles and bulk
all samples from the soil, samples were put into plastic density increases [15]. Characteristics of the soil texture of
bags and carried out to the laboratory for further analysis. the farm under study were summarized in Table 1.
Samples were weighed in the laboratory and put into lab
oven heated to 105°C for 24 hours to be dried up. Samples Determination of Maximum Soil Density: Fig. 3 shows
were redistributed after drying. This stage, having changes in soil bulk density with respect to soil moisture.
sampling cylinder volume, moisture, density and soil
compaction percentages were obtained and the obtained
results were registered for moisture levels of 8, 13, 18 and
23% for further analysis.

Soil Compaction Maps: Compaction maps for different
moistures, depths and conditions of the soil were drawn
using ArcGIS Desktop software. In this software, there are
three methods for interpolation of data which include
Inverse Distance Weighted method, Kriging method and
Spline method. Considering the fact that Kriging method
is  more  accurate than the other two [14], this method was Fig. 3: Bulk Density Curve vs. the Soil Moisture
employed in this research for interpolation of data. Obtained based on AASHTO-T99 Standard

Statistical Analysis of Data: After collecting bulk density, Optimal Soil Moisture: 14.3%
cone index and soil moisture data, the data related to
intact soil were statistically analyzed in two phases, first
for individual zones and then in four depths of 0-10, 10-20,
20-30 and 30-40 cm. The data related to plowed and disked
soil were analyzed in depth of 0-30 cm using SPSS (V. 15)
software. For the analysis of the mean of the data,
ANOVA test and Duncan’s multiple range tests were
used. In order to determine the relationship between the

Maximum Density= 1.8 g/cm3

Table 1: Characteristics of the Soil Texture of the Farm under Investigation

Soil Clay Silt Sand Depth
Texture Percentage Percentage Percentage (cm)

Loam 20 35 45 0-10
Loam 20 35 45 10-20
Loam 20 35 45 20-30
Loam 20 35 45 30-40
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Fig. 4: Compaction Maps of Intact Soil in 0-10 cm Depth in Four Moisture Levels of 8 (a), 13 (b), 18 (c) and 23% (d)

Soil Cone Index: Results from  analysis  of  zones According to data analysis it was found out that Pearson
variance indicated that the impact of moisture on  soil correlation coefficient between two variables of cone
cone index was significant for both plowed and intact soil. index and bulk density in three depths:  0-10,  10-20  and
Soil resistance increases with the decreasing of soil 20-30 cm depths of intact soil (Figs. 5, 6 and 7) and also in
moisture. This phenomenon is due to reduced pressure of 0-30 cm depth of plowed soil (Fig. 8) were -0.447, -0.46, -
the liquid that fills empty spaces between particles and in 0.159 and-0.574, respectively. The negativity of correlation
some soils due to the reduced spacing between particles. coefficient and slope of the fitted line points to an inverse
Generally, nevertheless, consistency and internal friction relationship between these two variables. However, the
angle increases with the decreasing of water level. Soil same coefficient was obtained 0.146 for a depth of 30-40
resistance increases with specific apparent weight and cm of intact soil. The positivity of the slope and
moisture tension of the soil [16]. coefficient of fitted line indicates that there is a direct

Studies carried out by Gemtos [17] regarding soil relationship between these two variables in the depth of
resistance and its relationship with compaction proved 3-40 cm which in return points to the fact that soil cone
that cone index level decreases with an increase soil index has increased in this depth with bulk density.
moisture. Correlation results showed that there is a significant

Soil Compaction Maps drawn for different moistures, relationship between cone index and soil moisture
depths and conditions of the soil are presented below: characteristics in different depths. In both states of the

Correlation Coefficients between Bulk Density, Cone significant correlation which shows that cone index has
Index and Soil Moisture: Correlation results substantiated decreased with an increase in moisture.
that there is a significant correlation of 5% between cone Correlation results also indicated that there is 1
index qualities and soil moisture and bulk density qualities percent positive and significant correlation in both states
in both plowed and intact soils in different depth levels. of the soil between bulk density and soil moisture in

soil (intact and plowed), there is 1 percent negative and
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Fig. 5: Compaction Map of Intact Soil in 10- 20cm Depth in Four Moisture Level of 8 (a), 13 (b), 18 (c) and 23% (d) 

Fig. 6: Compaction Maps of Intact Soil in 20-30 cm Depth in Four Moisture Levels of 8 (a), 13 (b), 18 (c) and 23% (d)
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Fig. 7: Compaction Maps of Intact Soil in 30-40cm Depth in Four Moisture Levels of 8 (a), 13 (b), 18 (c) and 23% (d)

Fig. 8: Compaction Maps of Plowed and Disked Soil in 0-30 cm Depth in Four Moisture Levels of 8 (a), 13 (b), 18 (c) and
23% (d)
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different depths which points to the fact that there is a Field soil compactions map for the depth of 20-30cm
direct relationship between these characteristics and bulk
density has increased with moisture.

Design a Mathematical Model for Bulk Density,
Compaction and Resistance of Soil in Different
Conditions and Depths
Multivariate Regression for Analyzing the Relation
Between the Criterion Variable (Soil Cone Index) and
Predictor Variables (Soil Moisture, Soil Bulk Density):
An estimation of regression function and equation for
functions  such  as  bulk density  and cone index of the
soil  based  on  the  parameters  employed is essential.
The correct way for planning and performing agricultural
operations from cultivation to harvesting is possible with
these functions. These equations are different for every
soil and region and in modern agriculture it is essential
that these studies be carried out separately for every soil,
region and conditions. 

In this study, following multivariate linear regression
modeling method using SPSS software and entering bulk
density, cone index and moisture data obtained from farm
experiments, the best model was fitted to the data and
following equations and tables all of which had the high
coefficient of determination (R ) of 0.65 and high2

statistical reliability were obtained. Therefore, they were
determined as quality models for cone index means in
different depths and conditions of soil.

Below, variance analysis tables, regression equations
parameters and coefficient of determination justification
percentage for cone index in different depths and
conditions of soil are presented.

Linear Regression for the Analysis of the Relation
between Criterion Variable (Bulk  Density)  and
Predictor Variable (Soil Moisture): The best model was
fitted to the obtained data and following equations and
tables all of which had the high coefficient of
determination (R ) of 0.7 and high statistical reliability2

were obtained. Therefore, they were determined as quality
models for cone index means in different depths and
conditions of soil.

Point-to-point map of soil compaction for the depth
of 20-30cm presented below shows the critical
compactions of this zone with dark color. This degree of
compaction has negative impact on root growth and it is
necessary to control wheels and machineries in these
zones.

was obtained as follows. After examining the development
and growth of the root in this depth, it was revealed that
the degree of compactions in this depth has been less
influential in root growth.
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