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ABSTRACT: In this study higher PI of clay loam than that for sandy loam or loam means that the clay loam is 

prone to substantial compaction over a wider moisture content range than either the sandy loam or loam soils. 

Using these guidelines the clay loam used in this study is highly plastic while the sandy loam and loam have low 

plasticity and therefore are less prone to severe compaction because of the narrow moisture range within which 

deformation would occur. For each soil it is not advisable to use heavy machine traffic such as that used in 

reclamation or ta allow animal treading when the water content of the soil is between the plastic limit and liquid 

limit. Field capacity for the clay loam soil is in the 'danger zone', i.e. FC is in the range within which the soil is 

plastic. Therefore trafficking and cultivation must be avoided when this soil is at field capacity. For the three soils 

used in the study either field capacity or plastic limit, whichever is less, is recommended as a threshold moisture 

content beyond which trafficking should be avoided. The nature of the relationship between penetration resistance, 

bulk density and moisture content depends on soil texture. Bulk density is the dominant independent variable that 

determines penetration resistance of coarse- textured soils (sandy loam and loam), whereas for fie fine-textured 

soils in clay loam moisture content is the dominant independent variable that accounts for most of the variation in 

penetration resistance. 
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INTRODUCTION 

 

  There is growing evidence that soil 

compaction has adverse direct and indirect effects on 

the quality of the environment (Bennie, 2001). The 

term environment herein is used to represent the 

following components of the global environment, 

mz., atmosphere, surface water, groundwater and 

soil. The increased emission of greenhouse gases into 

the atmosphere, in particular carbon dioxide (Co2), 

methane (CH4), ozone (o3) and nitrous oxide (N2o) is 

the main cause of global warming and the resulting 

anticipated changes in climate (Ehlers, et al., 2005). 

Compaction influences soil permeability, soil 

aeration and crop development and thus may change 

the fluxes of gases from soil to the atmosphere 

(Guérif,  2000). Cultivation of compacted soils 

consumes large quantities of fuel that lead to 

enhanced emission of CG from combustion of this 

fuel (HilleI, 2004). Methane is reported to be 20 

times more potent than Co2 on a molecule for 

molecule basis and accounts for about 18% of the 

enhanced greenhouse effect (Larson et al., 2003). 

Methanogen bacteria are strict anaerobes so that 

methane generation by these bacteria only occurs in 

soil that has high water contents and especially when 

they are waterlogged. Soi1 compaction reduces air-

filled porosity and soil permeability so that high 

intensity rainfall or irrigation may result in temporary 

saturated conditions. Such conditions are ideal for 

generation of methane by methanogen bacteria and 

thus result in increased emission of CH4 and 

consequently enhanced greenhouse effect (Martino 

and Shaykewich, 2003). Soil water and texture are 

the most important properties that determine the level 

of compaction, and therefore determine how 

susceptible soils are to compaction (Sichinga 1989). 

Civil and agricultural engineers have traditionally 

used Atterberg limits (plastic limit, liquid limit and 

plasticity index) to define the moisture contents 
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between which a soil is susceptible to compaction. 

However, agronomists have always avoided 

cultivating soil when the moisture content is dose to 

field capacity. Very little comparison has been made 

of the ranges of moisture of concern in agronomic 

versus engineering studies. This study was conducted 

to test the following hypotheses:  

1) Soil consistency limits, agronomic limits and the 

Proctor critical moisture content are not related and 

cannot be used to define moisture ranges over which 

maximum compaction occurs.  

2) Determine of Regression model to the parameters 

 

MATERIALS AND METHODS 

 

 The experiment was conducted at Shuoshtar 

region (49º 14′ E and 23º 2′ N), 90 Km north of 

khozestan, province, Iran. 

 

 

 

Soil physical and chemical properties  

 The three soils used in the study included two 

soils from a reclaimed surface mine site 90 km north 

of Khuzestan, Iran (a clay loam topsoil and a sandy 

loam subsoil), and one soil (Orthic Black Chernozem 

of loam texture) from a grazing land at Gotvand 

region 25 km north of shoushtar, Khuzestan. All soils 

were air dried and ground to pass a 2-mm sieve. 

Particle size distribution was determined using the 

hydrometer method (Sheldrick and Wang 2004). 

Water retention characteristics were determined using 

pressure plates. Electrical conductivity provides a 

rapid and reasonably accurate determination of solute 

concentration and depends on the ionic composition 

of the solution. Soluble calcium and magnesium 

concentrations were measured using atomic 

absorption spectrophotometry while sodium and 

potassium concentrations were measured using flame 

emission.  

 

Table 1. Physical and chemical properties of the three soils used in the study. 

Soil characteristic Sandy loam loam Clay loam 

Sand (%) 69 50 24 

Silt (%) 13 33 34 

Clay (%) 15 14 38 
Organic matter (%) 0.5 8.5 3.4 

pH (using 0.01 M CaCl2) 7.3 4.7 5.7 

Electrical conductivity (ds m-1) 0.42 0.30 0.38 
Sodium adsorption ratio 7.8 0.2 4.2 

Ionic strength (moles L-1) 0.006 0.004 0.005 

 

Statically analyses 
 Statistical analyses were conducted using a SAS 

package (SAS Institute 2007). Analysis of variance 

was conducted using the Generalized Linear Models 

procedure for the completely randomized design. 

Test for normality of data distribution for each data 

set was conducted using the W-test (Shapiro and 

Wilk 1995). Multiple linear regression analysis was 

performed using a stepwise procedure to determine 

the best regression model to describe variation in the 

penetrometer resistance as a function of bulk density 

and moisture content From this, conclusions were 

drawn about which variable or variables were 

dominant in determining the variability of penetration 

resistance.  

 

Soil compactibility and consistency Limits  

 The critical moisture content (CMC) for the 

sandy loam was significantly (P≤0.05) lower than 

that for either loam or clay loam soil (Table 2) and 

significantly (P≤0.05) greater for the clay loam than 

that for loam soil. The sandy loam had significantly 

greater Proctor maximum bulk density (MBD) than 

that for either the clay loam or loam soil. However, 

MBD values for loam and clay loam soils were non-

significantly different. 

 For the sandy loam soil at a moisture content of 

approximately 8%, penetration  resistance (PR) 

increased 24-fold (i.e. from 0.07 to 1.66 MPa) 

between settling density (1.20 Mg m-3) and highest 

density (1.74 Mg m-3) (Figure 2.4). For all four 

moisture levels, the average penetration resistance for 

the highest density was at least fourteen times greater 

than that for the settling density. 

 For the clay loam soil PR increased with an 

increase in density, reaching a maximum at a 

moisture content dose to wilting point At this 

moisture content the PR for the highest density (1.50 

Mg m
-3

) was more than double that for the settling 

density (1.15 Mg m
-3

). For the settling density 

treatment, PR decreased 12-fold between 24 and 47% 

gravimetric moisture contents, whereas for the 

maximum density treatment (1.50 Mg m
-3

) PR 

decreased by 20 times within the same moisture 

range. 
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Table 2. proctor maximum, bulk density, critical moisture content, 

agronomic and Atterberg limits for three soils of different textures 

Soil characteristic Sandy 

loam 

loam Clay loam 

proctor maximum density 

(Mg m-3) 

1.74 1.49 1.45 

critical moisture content 
(g/100g) 

14.4 20 24.2 

Field capacity (g/100g) 15.2 18.7 33 

Wilting point (g/100g) 6.4 10.8 18 
Liquid limit (g/100g) 30 33.8 50 

Plastic limit (g/100g) 25 27 26 

Plasticity index (g/100g) 5 6 23 

Within rows, means followed by the same letter indicate non-significant 
difference (P≤0.05);  n=3; field capacity measured at 0.033 MPa; wilting 

point at 1.50 MPa 

 

 

Regression analysis and optimal model 

 The relationship between PR, bulk density and 

moisture content was significantly (P≤0.05) affected by 

soil texture. For the sandy loam soil, PR (MPa) was 

significantly (P≤0.05) positively related to bulk density 

(BD in Mg m
-3

) as indicated in equation 1. 

 

PR = 4.29 BD - 4.98        (1) 

R2 = 0.85, n=32  

 For the loam soil, PR was significantly (P≤0.05) 

positively dependent on BD as indicated in equation 2; 

PR = 399BD - 4.49       (2) 

R2= 0.90, n = 32 

For the clay loam soil, PR was significantly positively 

related to BD and significantly (P≤0.05) negatively related 

to volumetric moisture content (VMC in m
3
/100 m

3
) with 

moisture content accounting for a greater variation of PR 

than did bulk density (equation 3).  

PR = 1.90BD – 0.05VMC-.42     (3) 

R2= 0.75, n = 32 

 These equations show that the dope of regression 

associated with bulk density decreased from coarse to fine 

textured soil. However, the difference in the dopes 

between sandy loam and loam soils was less pronounced 

compared to the difference in the dopes of loam and clay 

loam soils.  

 A PR of 2 MPa is often used as a threshold beyond 

which plant growth becomes severely restricted (taylor et 

al. 1966; Naeth et al. 1991). Using the above equations for 

the sandy loam it is predicted that a PR of 2 MPa can be 

achieved at density of 1.67 Mg m
-3

 at any moisture content 

For the loam soil the density at which a PR of 2 MPa can 

be achieved is 1.63 Mg m
-3

 and does not vary with soil 

moisture. For the clay loam soil at volumetric moisture 

contents of 10, 20 and 30%, the corresponding bulk 

densities at which a PR of 2 MPa can be achieved are 1.54, 

l.80 and 2.07 Mg m
-3

 respectively. 
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