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ABSTRACT Soil compaction has become a widespread problem in the world and it is considered as 

one of the main factors affecting land degradation in arid and semi-arid agricultural land. The aim of 

this study was to investigate the effects of soil compaction on soil carbon and nitrogen sequestration, 

physical (aggregate stability, saturated soil moisture content, bulk density, and porosity) and chemical 

(EC, pH, organic carbon and nitrogen) features. The treatments were applied in the form of the 

completely randomized block design with four independent variables and three replicates. The study 

treatments included: control treatment (no artificial compaction), T2 (2 times passing heavy tractor), T3 

(4 times passing heavy tractor) and T4 (6 times passing heavy tractor). Toward this attempt, data was 

analyzed by means of the SPSS 16.0. Software package. The type of mean comparison method applied 

is the LSD test (at significant level of 5%). The results showed that different levels of soil compaction 

caused a significant effect on soil physical and chemical features. Based on the results, 6 times passing 

heavy tractor significantly reduced soil porosity and aggregate stability (respectively from 0.45% and 

5.32 mm in control treatment to 0.255% and 3.88 mm) while this treatment (4) significantly increased 

soil bulk density as compared to other treatments(from 1.45 g cm
-3
 in the control to 1.97 g cm

-3
). Four 

and six times to-and-fro passing heavy tractor caused a significant reduction in soil carbon and nitrogen 

sequestration respectively from 3.26 t ha
-1 

and 149.62 kg ha
-1
 (in control) to 1.70 ton ha

-1
 and 48.16 kg 

ha
-1

for T3 and T4 treatments, but significantly increased EC in comparison with other treatments 

(changed from 0.58dS m
-1 

in control treatment to 0.83dS m
-1 

in T4). Also, all soil compaction treatments 

significantly increased soil pH. For example pH increased from 7.93 in control to 8.09 inT4. While soil 

compaction treatments resulted in significant decrease in organic carbon, total nitrogen and saturated 

soil moisture values. 

 

Key words: Artificial compaction, Land degradation, Soil feature 

 

1 INTRODUCTION 

Soil compaction is a global problem and is 

considered an important form of physical 

degradation of land occurring in a wide range of  

 

soil types and climate conditions. This 

phenomenon causes a lot of changes in soil  

properties (Van Ouwerkerk, and Soane, 1994).  

Degradation caused by soil compaction is  
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approximated as around 68 million hectares of 

land worldwide. The vast majority of modern  

agriculture soil compaction is caused by the 

passages of machineries (Flowers and Lal, 1996). 

Soil is regarded as a sluggish renewable 

natural resource which conservation or 

degradation depends to a large extend on the 

way it is managed (Haj Abbasi et al., 1998). 

Selection of the type of device used in the 

tillage has effects on physical, chemical and 

biological soil attributes and thus crop yield 

(Tripathi et al., 2007). 

Increased soil compaction arises from soil 

bulk density and penetration resistance growth. 

Reduction of the size of large pores, blockage 

of pores, soil surface crust formation and 

reduced aggregate stability, soil structure 

degradation, reduced soil porosity and 

permeability was considered as negative 

consequences of soil compaction (Al- Adawi 

and Reader, 1996). These negative 

consequences required additional fertilizer 

consumption and escalation of the cost of 

production. This create other consequences 

such as reduced plant growth resulting from 

less input of fresh organic matter to the soil, 

reduction of the recycling of organic matter and 

the mineralization process, reduced 

microorganisms activity, and depreciation of 

machineries. Compaction in dry conditions 

induces soil aridity stress and in high humidity 

conditions imposes less soil aeration, reduced 

availability of nutrients, decreased roots 

metabolic activity and finally reduction of plant 

growth and yield. Soil compaction was also 

reduced available potassium and nitrogen. This 

could increase the incidence of pests, resulting 

in added stress to crops and reduction of 

performance (Ahmad et al., 2006). For 

germination and growth of plants, a favorable 

level of water and nutrient should be available. 

Besides, for root penetration and germination 

soil should also be porous enough (Mosadeqhi 

et al., 2000). 

Changes in soil organic carbon is also an 

important indicator for estimating soil fertility 

and quality (Pathack et al., 2004). Carbon is 

stored in soil organic matter, but these reserves 

can be influence by different types of land uses. 

Agricultural operations, increases 

mineralization of organic material that leads to 

the withdrawal of soil carbon (to the 

atmosphere). Soil carbon due to the decisive 

role in determining the physical, chemical and 

biological soil attributes had a positive effect on 

soil quality and stability, crop production and 

environmental qualities. Transfiguration of 

pristine arable lands to agricultural fields, 

converts an important part of soil stable organic 

carbon to unstable form and hence increases 

soil organic material loss, excessive carbon 

oxidation and emission of carbon dioxide to the 

atmosphere (Jung, 2001). Conservative 

management systems can improve soil organic 

matter reserves and contribute to the reduction 

of atmospheric carbon (Zanatta, 2006). 

Carbon sequestration using long-term 

operation of plant management not only 

increased carbon storage in soils but also 

reduced carbon exchange and CO2 emissions. It 

also improved soil quality and production. 

Similarly, nitrogen fixation was able to reduce 

the rates and amounts of fertilizer applications 

(nitrogen fertilizer) and release of N2O (another 

harmful greenhouse gases that causes global 

warming) (Upendra et al., 2008). Motavalli et 

al. (2003) also stated that the level of soil 

surface compaction reduces soil mineral 

nitrogen. Ventilation of poorly compacted soils 

reduced mineralization of organic matter which 

in turn reduced nitrogen and other elements 

biologic fixation. In addition, intensive de-

nitrification in compacted with soil and 

nitrogen loss to the groundwater and the 

atmosphere was much more noticeable than the 

soil not compacted (Khalilian et al., 1991). 

Soil organic matter, as one of the most 

important factor in soil quality, play important 
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role in the stabilization of the soil structure and 

improve the soil physical and chemical 

properties (Martel and Mackenzie, 1980). The 

improvement of soil aggregation was attributed 

to the increase in the organic matter. Organic 

matter is an important factor in soil aggregate 

stability since its size  and various forms on soil 

be controllable through the optimal agriculture 

management (Bardgett and Shine, 1999), thus it 

could have an influence on the effective 

processes in the soil aggregation (Abiven et al., 

2007). 

Unsuitable and indiscriminate agricultural 

operations break the coarse aggregate sand put 

the soil organic matter at risk of destruction 

(Steiner et al.,2007).So soil aggregates 

dispersion leads to a crust forming on the soil 

surface that this caused reduced permeability 

and increased runoff (Karimi et al., 2008). 

The effect of salinity and alkalinity which is 

caused by the presence of high exchangeable 

sodium can lead to the destruction of soil 

structure (Barzegar, 2001). Soil degradation in 

the first place is affected by natural factors, 

lurking weakly in the background, which is 

intensified by improper agricultural activities 

and manifest itself through soil salinity (Jafari, 

2000). Problem of soil salinization in 

agricultural activities is a major problem facing 

mankind throughout the history. Agricultural 

operations can directly cause soil salinity.  

Anything that increases soil salinity can lead to 

land degradation and push the land towards 

desertification. Therefore, one must consider 

factors and the manner they alternate. 

Currently, environment protection and 

achieving sustainable development is one of the 

pressing issues being highly appreciated 

through comprehensive economic, social and 

cultural evaluation plans in different countries 

of the world including our country.  

Soils of the study area (north of the Aqqala 

city) could be classified as arid and semi-arid 

soils. The use of heavy machinery for 

agriculture and plowing at a constant depth in 

this area for many years has increased the 

density of surface or subsurface layers (in the 

root growth zone). The study on the impact of 

environmental stresses can reveal ways to 

increase product performance and ensure stable 

production (Asgari, 2008). So, this study is 

aimed at quantifying the effects of soil 

compaction on carbon and nitrogen 

sequestration in wheat along with physical and 

chemical properties of soil as significant 

parameters in sustainable production. 

 

2 MATERIALS AND METHODS 

The study area is located in the northwest of 

Golestan Province. A part of the northern fields 

of Aq qala town ship was selected as the case 

study. The farms expanded from 37
o
 04′ 36″ 

northern latitude to 54
o
 27′ 24″ eastern 

longitudes. The relief of the area ranges 

between 46 to 21 meters above the sea level. 

In the first experiment, artificially 

subsurface compaction was performed by 

means of a tractor of the SAME LASER 150 

model, weighing 5,700 kg with 26 in 52 meters 

in diameters (the land was completely flat with 

no gradient). Next, the 0.1m of topsoil was 

prepared by soft disking for seeding. The 

experiment with 4 treatments and 3 replications 

was conducted as follows: 

i) T1: Control treatment (without artificial 

compaction): chiseling + shallow disking to a 

depth of 10 cm ii) T2: two passings heavy 

tractor + shallow disking to a depth of 10 cm 

iii) T3: four passings heavy tractor + shallow 

disking to a depth of 10 cm and iv) T4: six 

passings of a heavy tractor + shallow disking to 

a depth of 10 cm (Figure 1).  
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Figure 1 Mode of arrange and implementation plan 
 

(T1: Control treatment, T2: two passing heavy tractor, T3: four passing heavy tractor, T4: six passing of a heavy tractor) 

 

At the time of the creation of artificial 

compaction, soil moisture was 21%. Use of 

agricultural inputs (chemical fertilizer application 

rates, herbicides, etc.) was the same for all 

treatments. Prior to cultivation and based on the 

recommendation made by the extension 

commissioners, 160 kg ha
-1
 phosphorus, 160 kg 

ha
-1
 potassium and 50 kg ha

-1
 nitrogen fertilizers 

were applied to the fields. Because dry farming 

was the common agricultural practice in the study 

area, so the precipitation received (Mean 

precipitation 339 mm) to all parts of treatment 

plots was the same.  

Traits studied in this experiment are as 

follows: soil's carbon and nitrogen sequestration, 

soil physical (aggregate stability, saturated soil 

moisture content, bulk density and soil porosity) 

and soil chemical (EC, pH, organic carbon and 

nitrogen) properties. 

Soil bulk density is determined by a core 

sample (Klute, 1986).Total porosity was worked 

out using the same soil samples those were 

collected for soil bulk density. Total porosity (%) 

was calculated by using of the following formula 

(Equation 1, 2). 

 

Total porosity = 100 - (B.D/P.D × 100(         (1) 

 

P.D= 
                   

                          
                          (2) 

The mean weight diameter of aggregates 

(MWD) was obtained by using following 

equation (Equation 3) (VanBavel, 1949): 

 

    ∑      
                                           (3) 

 

where ‘x’ was the average diameter of the 

openings of 4 consecutive sieves, and ‘W’ was 

the weight ratio of aggregates remaining on the 

‘i’ sieve. 

Soil organic matter was measured by wet 

oxidation method (Nelson, 1982). The percent 

of nitrogen in soil was calculated by using the 

obtained percent of carbon (Equation 4): 

 

Total Nitrogen (%) = percent of organic matter  

× 0.05 

                                                                    (4) 

 

The amount of pH and EC are determined by 

pH meter and EC meter in saturated mud.  
The obtained final experimental data were 

analyzed by SPSS 16.0. Statistical software. 

Treatment means were compared with LSD test 

at 1% level. 

 

3 RESULTS AND DISCUSSION 

The results showed that soil compaction has a 

significant impaction all physical and chemical 

parameters. The effect of treatment 4 (6 times 

NORTH 
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passing heavy tractor) on all measured parameters 

was significantly higher than other treatments. 

 

3.1 Soil physical features 

The result of variance analysis was showed in 

Table 1. Comparison of mean measured 

parameters showed significant differences in 

some parameter at 5 and 1% level in 0-20 cm 

soil depth due to increasing compaction. Table 

2 summarized effect of subsoil compaction on 

soil physical properties. 

 

3.1.1 Soil bulk density and total porosity 

Comparison of mean bulk density (Table 1) 

showed that increasing soil compaction has 

been caused an increase in soil bulk density. 

The result showed that minimum (1.45 g cm
-3

) 

and maximum (1.97 g cm
-3

) of bulk density was 

belong to control treatment and treatment 4, 

respectively. There was no significant 

difference between 2 and 4 to-and-fro tractor 

treatments and only 6 times to-and-fro treatment 

had a significant effect on soil bulk density. Soil 

bulk density in 2, 4 and 6 times to-and-fro 

treatment increased 21, 8 and 39% in comparison 

to control treatment (Table 1). Similar trend was 

observed for total porosity. Maximum porosity 

reduction (25%) caused via T4 where six passes of 

tractor were applied. The results of this study 

were confirmed with researches of Hasan et al. 

(2007), Al-Adawi and Reader (1996), Bouwman 

and Arts (2000), Motavalli et al. (2003) and Baiat 

et al. (2005). They stated that other physical 

parameters are affected by increase of soil 

density and compaction so that aggregate is 

closed together and is removed soil coarse 

pores. Aggregate sticking to each other causes 

decreasing porosity and increasing soil bulk 

density (Elliout, 1986). Bertolino et al. (2010) 

stated increase of bulk density is due to reduction 

of soil coarse pores and reduction of total soil 

volume subsequently. Raza et al. (2005) reported 

that soil density causes increasing amount of bulk 

density in tillage layer significantly. 

 

Table 1 Variance analysis of chemical parameters in different treatments of compaction 
 

Variation 

sources  

Degree of 

freedom 

Mean squares 

Soil bulk density 

(g cm
-3

) 
Porosity (%) 

Aggregate 

stability (mm) 

Soil saturated 

moisture (%) 

Frequency 2 0.003 0.0005 0.204 0.001 

Soil Compaction 3 0.155
ns

 0.022
ns

 1.322* 0.009** 

Error 8 0.045 0.006 0.188 0.001 
 

** Significant at 1% level, * significant at 5% level, ns: non-significant 

 

Table 2 Effect of subsoil compaction on soil physical properties 
 

Treatments 
Soil bulk density 

(gcm
-3

) 

Porosity 

(%) 

Aggregate stability 

(mm) 

Soil saturated 

moisture (%) 

Control 1.45
a
 0.45

a
 5.32

a
 0.67

a
 

2 Times passing of tractor 1.57
a
 0.36

a
 5.24

 a
 0.59

b
 

4 Times passing of tractor 1.75
a
 0.38

a
 4.68

a
 0.56

c
 

6 Times passing of tractor 1.97 0.25
 b
 3.88

b
 0.55

d
 

 

In the table Letters a, b, c, d indicates significant levels. Treatments with different letters have a significant difference with 

together
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3.1.2 Aggregate stability(MWD) 

The results showed that all soil compaction 

treatments significantly decreased soil 

aggregate stability as compared to control. 

However, T4 had significantly higher negative 

effect on MWD (As an indicator of the 

aggregate stability) in comparison to control 

and also other soil compaction treatments 

(MWD changed from 5.32mm in control to 

3.88 mm by T4) (Table 1). 

The effect of soil compaction on aggregate 

stability has been investigated in several 

studies. Carter (1998) stated that decrease in 

aggregate stability implies the unstable use of 

land. Aggregate dispersion leads to creating a 

crust on the soil surface and subsequent 

infiltration reduction. This, subject affects soil 

conductivity and soil stability to retain air and 

water (Karimi et al., 2008). 

 

3.1.3 Saturated soil moisture 

The results indicated that the effect of all soil 

compaction treatments have caused a significant 

reduction on saturated soil moisture values. 

Saturated moisture percentage was reduced 

from0.67% in control to 0.55% in T4 where six 

passing tractor was applied. Similarly, T2 and 

T3resulted in lower saturated moisture (0.59 and 

0.56%, respectively, viaT2 and T3) as compared to 

control (Table 1). 

The effect of soil compaction on saturated 

moistures largely governed by larger pores 

(Ehlers, 1983; Lin et al., 1996, 1999; Lipiec et 

al., 1995), which are negatively related to soil 

compaction (Carter, 1998). 

Gysi et al. (1999) reported that moist soil 

responded at a depth of 12-17 cm to a ground 

contact pressure with an increase in bulk 

density and consolidation pressure, as well as 

with a decrease in air permeability and macro-

porosity. Degradation of soil aggregates and 

pores among and decreased of soil aggregates 

stability in turn leads to reduced water 

infiltration into the soil (Horn et al., 1995). 

 

3.2 Soil chemical features 

Variance analysis showed a significant 

difference among different levels of compaction 

on soil carbon and nitrogen sequestration, pH 

and EC (Table 3). 

 

Table 3 Variance analysis of chemical parameters in different treatments of compaction 
 

Variation sources 
Degree of 

freedom 

Mean squares 

pH EC (dS m
-1

) C sequestration N sequestration 

Frequency 2 0.001 0.003 4.63 1.779 

Soil Compaction 3 0.008* 0.041** 323.64* 11.679* 

Error 8 0.001 0.003 55.68 2.817 

 

**Significant at 1% level, *significant at 5% level, ns: non-significant 

 

Table 4 Effect of subsoil compaction on some soil chemical properties 
 

Treatments C (%) N (%) EC (dS m
-1

) pH 

Control 1.65 
a
 0.12 

a
 0.58 

c
 7.93 

d
 

2 times passing tractor 1.2 
b
 0.1 

b
 0.66 

c
 8.05 

c
 

4times passing tractor 0.87 
c
 0.08 

c
 0.8 

b
 8.07 

b
 

6times passing tractor 0.6 
d
 0.07 

d
 0.83 

a
 8.09 

a
 

 

In the table letters a, b, c, d indicates significant levels. Treatments with different letters have a significant difference with together
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3.2.1 Organic carbon and total nitrogen 

The results indicated that the effect of soil 

compaction on soil organic carbon, total nitrogen 

in all treatments was significant and carbon and 

nitrogen sequestration was significant in T3 and T4 

(P <0.05). Soil compaction decreased soil organic 

carbon and total nitrogen respectively from 1.65 

and 0.12% (in the control) to 0.6 and 0.07% by T4 

(Table 4).  

Carbon and nitrogen sequestration also 

decreased significantly with increasing soil 

compaction levels. So that sequestration of 

carbon and nitrogen was reduced from 48.07 

ton ha
-1 

and 4.14 ton ha
-1 

in the control 

treatment to 23.87and 2.05 ton ha
-1 

in T4, 

respectively (Figures 2 and 3). 

 

 
 

Figure 2 Effect of soil compaction on soil carbon sequestration 

 

 
 

Figure 3 Effect of soil compaction on soil nitrogen sequestration 
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Golchin et al. (1994) stated that by the effects 

that soil compaction leaves on the formation of 

aggregates, the level of soil carbon is also 

affected. By reducing the access of enzymes to 

the materials within the soil aggregate, soil 

organic matter is physically maintained. Wright 

and Hans (2005) also concluded that 

agricultural land management practices increase 

carbon and nitrogen sequestration in the soil. 

Maximum storage of carbon and nitrogen exist 

in larger aggregates since improper tillage 

operation destroys larger soil aggregates thus it 

makes aggregates more susceptible to carbon 

and nitrogen mineralization. The results 

correspond with the findings of other 

researchers such as Tisdall and Oades, 1980; 

Hollender et al., 2005. They expressed that 

intense and compressed tillage system reduced 

the aggregate stability and organic carbon and 

nitrogen that they are causes of the soil quality 

and long-term sustainability of agriculture. The 

primary reasons for changes in N availability in 

compacted soils are: decreased soil aeration 

resulting in increased denitrification, reduced N 

mineralization and decreased symbiotic N 

fixation; changes in soil water properties affecting 

N transport and leaching and; changes in soil 

structure altering root dynamics (Lipiec and 

Stepniewski, 1995). In addition, soil nitrate 

degradation in compacted soil and nitrogen losses 

to groundwater and the atmosphere in this soil 

more than non-compacted soil(Khalilian et 

al.,1991).Soil compaction through its effect on 

soil aggregates may have negative effect on soil 

organic carbon (Golchin, 1994). 

 

3.2.2 Acidity 

Soil acidity may be changed due to different 

management of lands (NRCS, 1998).The results 

of mean comparison showed that pH rate 

increased significantly in all levels with 

increasing compaction. Maximum (8.09) and 

minimum (7.93) amount of pH were obtained in 

treatment 4 and control treatment, respectively 

(Table 1). The increase of pH prevents of 

creating aggregate by increasing the critical 

concentration of coagulation and lead to 

collapse of minerals and release of cations. 

Increase in soil pH also causes aggregates 

degradation, swelling and dispersion of clay 

particles, crusting and reducing porosity and 

permeability (Landy, 1994). Horn and 

Franzluebbers (1996) and Dick (1983) reported 

soil pH increased by intensity of agricultural and 

tillage operation because of different processes 

such as mineralization organic matters, increasing 

nitrification and root exudation. 

 

3.2.3 Electrical conductivity 

The results of mean measured EC in different 

levels of compaction showed the lowest (0.58) 

and highest (0.83) rate of EC are belonging to 

control and 4 times to-and-fro treatments 

respectively (Table 1). Also the effect of 

treatment 3 (4 times to-and-fro) and treatment 4 

(6 times to –and-fro) on soil EC was significant. 

Baker and Nie (1994) reported that increasing 

agricultural activity increases the electrical 

conductivity of the soil and with decreasing 

water absorption by the roots, reduces 

photosynthesis in plants and thereby affect the 

operation of the plant. Westcot and Ayers 

(1985) also concluded that salinity affects on 

available water for plant in soil and reduces its 

performance and thereby crop production and 

cultivation in many part of the world is a risk 

(Ekez and Yilmaz, 2003). Salinity also causes 

an imbalance of available nutrient in salinity 

soils and is limited plant growth (Qadir, 2004; 

Asgari et al., 2013b). With increasing salinity, 

is reduced carbon accumulation, net 

assimilation rate and dry matter yield, the ratio 

of dry weight root to stem, leaf area, plant 

height and amount of perspiration (Bernard et 

al., 2000). Shabanpour et al. (2011) concluded 

that in non-saline soils plant resist against 

highly soil compaction but with increasing salt 

and compaction, absorption rate of elements 

strongly reduced. 
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4 CONCLUSION 

Recent advances in upgrading agricultural 

production in the field in an intense manner 

bring about unwelcome changes in ecology, 

sociology and economy. From the latter one 

might include soil erosion, soil salinity, soil 

quality and quantity deterioration, soil 

contamination with agricultural chemicals, 

depreciation of social structures, weakening the 

economic power of traditional societies and 

phenomena like these. 

Soil compaction can also have a severe 

negative effect on agricultural crop production. 

In total, even low levels of soil compaction (the 

treatment of two passings heavy tractor) is able 

to remarkably alter soil physiochemical 

attributes and thus carbon and nitrogen 

sequestration in soil.in nitrogen and carbon 

sequestration levels are important for who 

concerned of global warming and climate 

change.  

Intensified mineralization of organic carbon 

and wasting soil organic content and their 

related nutrients can be done through collapse 

of aggregates and degradation of soil organic 

storage, which are under protection of fine 

aggregates. 

In present study, by increasing compaction, 

aggregate stability was reduced so that MWD 

reduced from 5.32 mm in control treatment to 

3.88 mm in T4 which in turn decreased soil 

organic content. Breaking the balance between 

the processes of humus formation and 

mineralization leads to reduction of available 

Nitrogen that its negative effects are considered 

on cation exchange capacity. 

In this research, organic carbon and total soil 

nitrogen respectively were reduced from 1.36 

and 0.12 in control treatment to 0.78 and 0.07 

in T4.Obviously, results of this study showed 

that the negative effects of soil compaction on 

soil physiochemical properties. Soil physical 

and chemical properties are negatively affected 

include: increasing EC and pH from 0.58 and 

7.93 in control to 0.83 and 8.09 in T4, 

respectively. Moreover, a significant reduction 

in saturated soil moisture percentage was 

observed (from 0.67 in control to 0.55 in T4). 

Since soil compaction, especially in the deeper 

layers is not easily resolved, prevention is the 

best way to tackle the problem. Regarding the 

inability of deactivating soil compaction 

adverse effects in the deep soil layers of 

agricultural fields is the best way of handling 

and preventing soil compaction. Using these 

sluggish renewable resources should be 

consistence with land capability and its physical 

nature. This type of land use will result in 

sustainable development. From the remarks 

given here, it might be concluded that revising 

agricultural regimes and production methods is 

inevitable. On this ground, revisiting current 

agricultural systems should be considered and 

an urgent demand for state of the methods 

consistent with environmental objectives is 

being felt. 

 

5 ACKNOWLEDGEMENT 

The authors gratefully acknowledge the 

financial and logistic assistance provided by 

Gorgan University of Agricultural Sciences and 

Natural Resources of Iran. 

 

6 REFERENCES 

Abiven, S., Menasseri, S., Angers, D.A. and 

Leterme, P. Dynamics of aggregate 

stability and biological binding agents 

during decomposition of organic 

materials. Eur. J. Soil Sci., 2007; 58: 

239-247. 

Ahmad, N. Response of wheat to subsurface 

soil compaction and improvement 

strategies. Department of Agronomy 

Factuality of crop and Food Sciences. 

University of Arid Agriculture 

Rawalpindi, Pakistan. 2006. 

Al-Adawi, S.S. and Reeder, R.C. Compaction 

and sub soiling effects on corn and 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
14

.2
.4

.2
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

                             9 / 14

https://dorl.net/dor/20.1001.1.23222700.2014.2.4.2.5
https://ecopersia.modares.ac.ir/article-24-5114-en.html


Z.Saeedifaret al. ____________________________________________ ECOPERSIA (2014) Vol. 2(4) 

752 

soybean yields and soil physical 

properties. T.  ASAE., 1996; 39(5): 

1641-1649. 

Al-Kaisi, M. Impact of tillage and crop rotation 

systems on soil carbon sequestration. Iowa 

State University. Ames, Iowa, USA, 2001; 

6 P. 

Angers, D.A. and Mehyus, G.R. Aggregate 

stability to water, Canadian Society of 

Soil Science, Lewis Pub, Boca Ratdon, 

Canada, 1993; 651-657. 

Asgari, H.R. Wheat response to main soil 

degradation factors in semi-arid area of 

Golestan province, North of Iran. PhD 

thesis, Department of Plant Production, 

Ghent University, Iran, 2008; 50-51. (In 

Persian) 

Asgari, H.R., Cornelis, W. and Van Damme, P. 

An Assessment of wheat 

(Triticumaestivum L.) genotypes under 

saline and waterlogged compacted soil 

conditions I: Grain yield and yield 

components. Int. J. Agric. Crop Sci., 

2013a; 5 (11): 1245-1249. (In Persian) 

Asgari, H.R., Cornelis, W. and Van Damme, P. 

An assessment of wheat 

(Triticumaestivum L.) genotypes under 

saline and waterlogged compacted soil 

conditions II: Leaf ion concentrations. 

Int. J. Agric. Crop Sci., 2013b; 5 (11): 

1250-1254. (In Persian) 

Ayers, R.S. and Westcot, D.A. Water Quality 

for Agriculture. FAO Irrigation and 

Drainage paper 29, FAO, Rome, 1976; 

97 P. 

Baker, N.R. and Nie, G.Y. Chilling sensitivity 

of photosynthesis in maize. In YPS Bajaj, 

ed, Biotechnology in Agriculture and 

Forestry, Maize. Springer-Verlag, 

Berlin., 1994; 25: 465-481. 

Bardgett, R.D. and Shine, A. Linkages between 

plant litter diversity, soil microbial 

biomass and ecosystem function in 

temperate grasslands. Soil. Biol. 

Biochem., 1999; 31: 317-321. 

Barzegar, A. Advanced soil physic. Press. 

Shahid Chamran University, 2001; 332. 

(In Persian) 

Baiat, H. Effect of tillage systems and different 

kinds of agricultural machinery on Bulk 

Density, Cone Index and Structural 

Stability of a sandyloam soil. Sci. 

Technol. Agr. Nat. Resour., 2005; 

(4):451-463. (In Persian) 

Bernard, M.A., Dieguez, E.T., Cortes, AL., 

Ojanguren, C.LT., Jones HG., Chairez A. 

Path analysis of cowpea early seedlings 

growth under saline conditions. Ind. J. 

Bot., 2000; 67: 85 92. 

Bertolino, Ana V.F.A., Fernandes N., Miranda, 

B. and Andrea, P. Effects of plough pan 

development on surface hydrology and 

on soil physical properties in 

Southeastern Brazilian plateau. Journal of 

Hydrology, 2010; 393: 94-104. 

Bouwman, L.A. and Arts, W.B.M. Effects of 

soil compaction on the relationships 

between nematodes, grass production and 

soil physical properties. Appl. Soil Ecol., 

2000; 14: 213-222. 

Carter, M.R., Gregorich, E.G., Angers, D.A., 

Donald, R.G. and Bolinder, M.A. 

Organic C and N storage and organic C 

fractions in adjacent cultivated and 

forested soils of eastern Canada. Soil 

Till. Res., 1998; 47: 253-261. 

Ehlers, W., Kopke, V., Hesse, F., Bohm, W. 

Penetration resistance and root growth of 

oats tilled and untilled loess soil. Soil 

Till. Res., 1983; 3: 261-275. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
14

.2
.4

.2
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

                            10 / 14

https://dorl.net/dor/20.1001.1.23222700.2014.2.4.2.5
https://ecopersia.modares.ac.ir/article-24-5114-en.html


Effects of Soil Compaction on Soil's Carbon and Nitrogen _______________________  ECOPERSIA (2014) Vol. 2(4) 

753 

Ekez, H. and Yilmaz, A. Determination of the 

salt tolerance of some barley genotypes 

and the characteristics affecting 

tolerance. Turk. J. Agric. For., 2003; 27: 

253-260. 

Elliot, E.T. Aggregate Structure and carbon, 

nitrogen and phosphorus in native and 

cultivated. Soil Sci. Soc. Am. J., 1986; 

50: 627-633. 

Franzluebbers, A.J. and Hons, F.M. Soil-profile 

distribution of primary and secondary 

plant-available nutrients under 

conventional and no tillage. Soil Till. 

Res., 1996; 39: 229-239. 

Flowers, M.D. and Lal, R. Axle load and tillage 

effects on soil physical properties and 

soybean grain yield on a 

MollicOchraqualf in northwest Ohio. 

Soil Till. Res., 1998; 48: 21-35. 

Golchin, A., Oades, J.M., Skjemstad, J.O. and 

Clarke, P. Soil structure and carbon 

cycling. Aust. J. Soil Res., 1994; 32: 

1043-1068. 

Gysi, M., Ott, A. and Fluhler, H. Influence of 

single passes with high wheel load on a 

structured, unploughed sandy loam soil. 

Soil Till. Res., 1999; 52: 141-151. 

Hajabbasi, M., Bsalatpoor, A. and melal, A. 

The effect of the conversion of grassland 

stoagri cultural lands on some physical 

and chemical properties of soils inthe 

south and southwest. Sci. Technol. Agr. 

Nat. Resour., 1998; 42. (In Persian) 

Hollinger, S.E., Bernacchi, C.J., Meyers, T.P. 

Carbon budget of mature no-till 

ecosystem in North Central Region of 

the United States. Agric. Forest 

Meteorol., 2005; 130: 59-69. 

Horn, R., Domzal, H., Slwinska-Jukiewicz, A. 

and Van Ouwerkerk C. Soil compaction 

processes and their effects on the 

structure of arable soils and the 

environment. Soil Till. Res., 1995; 35: 

23-36. 

Hassan, F.U., Ahmad, M., Ahmad, N. and 

KaleemAbassi, M. Effects of subsoil 

compaction on yield and yield attributes 

of wheat in the sub-humid region of 

Pakistan. Soil Till. Res., 2007; 96 (1-2): 

361-366. 

Jafari, M. saline soils in natural resources 

(knowledge and modifying them), Tehran 

University Press. 2000; 193 P. (In 

Persion) 

Karimi, H., Soufi, M., Haghnia, G. and 

Khorasani, R. Investigation of aggregate 

stability and soil erosion potential in 

some loamy and sandy clay loam soils: 

case study in Lamerd watershed (south of 

Fars province). J. Agric. Sci. Natur. 

Resour., 2008; 14 (6): 11-19. (In Persian) 

Khalilian A., Hood C.E., Palmer J.H., Garner 

T.H. and Bathke G.R. Soil compaction 

and crop response tow heat/soybean inter 

seeding, Trans. ASAE. 1991; 34 (6): 

2299-2303. 

Klute, A. and Dirksen, C. Hydraulic 

conductivity and diffusivity: laboratory 

methods. In: A. Klute (ed). Method of 

soil analysis, Part 1. Agronomy 9 Soil 

Science Society of America Madison. 

W.I. 1986; 687-734. 

Lakhdar, A., Hafsi, C., Rahbi, M., Debez, A., 

Montemurro, F., Abdelly, A., Jedidi., N. 

and Overghi, Z. Application of municipal 

soil waste compost reduces the negative 

effects of saline water in 

Hordeummaritimum L. Bioresour 

Technology. 2008; 99: 7160-7167. 

Landy, A. evaluate the effect of leaching ratio  

and irrigation water quality  On the 

quality of drainage water and salt 

distribution in the soil profile, MSc 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
14

.2
.4

.2
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

                            11 / 14

https://dorl.net/dor/20.1001.1.23222700.2014.2.4.2.5
https://ecopersia.modares.ac.ir/article-24-5114-en.html


Z.Saeedifaret al. ____________________________________________ ECOPERSIA (2014) Vol. 2(4) 

754 

thesis, Faculty of Agriculture, Isfehan 

University of Technology., 1994. (In 

Persion) 

Lal, R. Axle load and tillage effects on crop 

yield on a MollicOchraqualf in northwest 

Ohio. Soil Till. Res., 1996; 37: 143-160. 

Lal, R. and Trans. R. Carbon sequestration. 

Phil. Soc., 2008; B 363: 815-830. 

Lin, H.S., McInnes, K.J., Wilding, L.P. and 

Hallmark, C.T. Effective porosity and 

flow rate with infiltration at low tensions 

in awell-structured subsoil. Trans. 

ASAE. 1996; 39: 131-133. 

Lipiec, J. and Stepniewski, W. Effect of Soil 

Compaction and tillage Systems on 

Uptake and losses of nutrients. Soil Till. 

Res., 1995; 35:37-52. 

Martel, Y.A. and Mackenzie, A.F. Longterm 

effects of cultivation and land use on soil 

quality in Quebec. Can. J. Soil Sci.,1980; 

60:411-420. 

Mosadeghi, M.R., Afuni, M. and Hemat, A. 

The effect of two tillage practices On 

some soil physical properties in Northern 

Carolina, America and compare it with 

conditions in Iran. Seventh Congress of 

Soil Science. Shahrekord University., 

2000. (In Persion) 

Motavalli, P.P., Stevens, W.E. and Hartwig, 

G. 2003. Remediation of subsoil 

compaction and compaction effects on 

corn N availability by deep tillage and 

application of poultry manure in a sandy-

textured soil. Soil Till. Res., 71: 121-

131. 

Natural Resources Conservation Service 

(NRCS). Soil Quality Information Sheet, 

Indicators for Soil Quality Evaluation. 

USDA. 1996. 27 P. 

Nelson, D.W. and Sommers, L.E. Total carbon, 

organic carbon, and organic matter. 

p539- 579, In: method of soil analysis. 

Part2, ASA-SSSA, Madison, WIS. 1982. 

Neve, S. and Hofman, G. Influence of soil 

compaction on carbon and nitrogen 

mineralization of soil organic matter and 

crop residues. Biol. Fertil. Soils. 2000; 

30: 544-549. 

Pathack, P., Sahrawat, K.L. and Rego, T.J. 

Measurable biophysical indicators for 

impact assessment: Changes in soil 

quality. In Natural resource management 

in agriculture: Methods for assessing' 

economic and environmental impacts, 

Wallingford, UK: CAB International. 

2004; 53-74. 

Qadir, M. Amelioration strategies for sodic 

soils: a review. Land Degradation 

Development, 2001; 12 (14): 375-386. 

Raza, W., Yousaf, S., Niaz, A., Rashed, M.Kh. 

and Hussain, I. Subsoil compaction 

effects on soil properties, nutrient uptake 

and yield of maize fodder. Pakistan J. 

Bot., 2005; 37: 933-940. 

Steiner, C., Teixeira, W.G., Lehmann, J., Nehls, 

T., de Macedo, J.L.V., Blum, W.E.H. and 

Zech, W. Long term effects of manure, 

charcoal and mineral fertilization on crop 

production and fertility on a highly 

weathered Central Amazonian upland 

soil. Plant Soil. 2007; 291: 275-290. 

Shabanpur, M., shahraeini, E. and Saadat, S. 

Effect of salinity and soil compaction in 

concentration of phosphorus and 

potassium wheat grain. Twelfth Congress 

of Soil Science. Tabriz., 2011. (In 

Persion) 

Subbiah, B.V. and Asija, G.L. A rapid procedure 

for estimation of available nitrogen in soils. 

Curr. Sci., 1956; 25: 259-60. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
14

.2
.4

.2
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

                            12 / 14

https://dorl.net/dor/20.1001.1.23222700.2014.2.4.2.5
https://ecopersia.modares.ac.ir/article-24-5114-en.html


Effects of Soil Compaction on Soil's Carbon and Nitrogen _______________________  ECOPERSIA (2014) Vol. 2(4) 

755 

Tisdall  J.M. and  Oades  J.M. Organic matter 

and water-stable aggregates in soils. J. 

Soil Sci., 1982; 33, 141-163. 

Tripathi, R.P., Sharma, P., and Singh, S. 

Influence of tillage and crop residue on 

soil physical properties and yields of rice 

and wheat under shallow water table 

conditions. Soil Till. Res., 2007; 92: 221-

227. 

Upendra, M.S. Soil carbon and nitrogen 

sequestration as affected by long-term 

tillage,cropping systems, and nitrogen 

fertilizer sources. Agr. Ecosyst. Environ., 

2008; 127: 234-240. 

Van Bavel, C.H.M. Mean weight diameter of 

soil aggregates as a statistical index of 

aggregation. Proceedings. Soil Sci. Soc. 

Am. J., 1949; 14: 20-23. 

Van Ouwerkerk, C.and Soane, B.D. 

Conclusions and recommendations for 

further research on soil compaction in 

crop production. In: Soane, B.D. Van, 

Ouwerkerk, C. (Eds.), Soil Compaction 

in Crop Production. Elsevier, 

Amsterdam. 1994; 627-642. 

Wolkowski, R.P. Relationship between wheel-

traffic-induced soil compaction, nutrient 

availability, and crop growth: A review. 

J. Prod. Agric., 1990; 3: 460-469. 

Zanatta, J.A. Stock and lability of organic 

matter fractions from a Acrisol as 

affected by soil management systems. 

Departamento de Solos. Universidad 

Federal do Rio Grande do Sul, Porto 

Alegre. 2006; 110 P. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
14

.2
.4

.2
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
06

 ]
 

                            13 / 14

https://dorl.net/dor/20.1001.1.23222700.2014.2.4.2.5
https://ecopersia.modares.ac.ir/article-24-5114-en.html


Z.Saeedifaret al. ____________________________________________ ECOPERSIA (2014) Vol. 2(4) 

756 

 

 فیزیکی و شیمیایی خاکثیر فشردگی خاک بر ترسیب کربه و ویتروژن در خاک و برخی خصوصیات أت

 )مطالعه موردی: اراضی شمال آق قلا(

 

1فزسّزا عؼیذی
 2حویذرضا ػغگزی ٍ*

 

 داًؾکذُ کَیزؽٌاعی، داًؾگاُ عوٌاى، عوٌاى، ایزاى ،سداییبیاباى یداًؾجَی دکتز -1

 هٌابغ طبیؼی گزگاى،داًؾگاُ ػلَم کؾاٍرسی ٍ  هزتغ ٍ آّبخیشداری،ؾکذُ ًداگزٍُ هذیزیت هٌاطق بیاباًی،  اعتادیار، -2

 گزگاى، ایزاى

 

 1394خزداد  19/ تاریخ چاپ: 1393خزداد  7/ تاریخ پذیزػ: 1392اعفٌذ  19تاریخ دریافت: 

 

اَهل ه چکیده ُ ٍ یکی اس ػ خصَؿ در اراضی ثز در تخزیب اراضی بِؤفؾزدگی خاک بِ یک هؾکل فزاگیز در عطح دًیا تبذیل ؽذ

اَى تزعیب کزبي ٍ بزرعی تأ ق،ّذف اس ایي تحقیرٍد.  ؽوار هیکؾاٍرسی هٌاطق خؾک ٍ ًیوِ خؾک بِ ثیز فؾزدگی خاک بز ت

بَت اؽباع خاک ،ّاثبات خاکذاًًِیتزٍصى در خاک ٍ خصَصیات فیشیکی خاک ) زی ،رط تخلخل( ٍ  ٍ ٍسى هخصَؿ ظاّ

 4ایي تحقیق در قالب طزح بلَک کاهل تصادفی با  باؽذ.هی، کزبي آلی ٍ ًیتزٍصى( pH ،ّذایت الکتزیکی)خصَصیات ؽیویایی 

ذ )بذٍى فؾزدگی هصٌَػی(، تیوار  ؽاهلتکزار هَرد بزرعی قزار گزفت. تیوارّای ایي تحقیق  3تیوار ٍ  بار ػبَر تزاکتَر  2) 2ؽاّ

ذاسُ تا،راع. در ایي بَد بار ػبَر تزاکتَر عٌگیي( 6) 4بار ػبَر تزاکتَر عٌگیي( ٍ تیوار  4) 3عٌگیي(، تیوار  گیزی پظ اس اً

جام SPSS 16.0 افشار  ّا با اعتفادُ اس ًزمدادُتجشیِ ٍ تحلیل آهاری خصَصیات هَرد ًظز،  تیوارّا ًیش  هقایغِ هیاًگیي بزایؽذ ٍ اً

دار جزم تلف فؾزدگی خاک باػث افشایؼ هؼٌی. ًتایج ًؾاى داد کِ عطَح هخاعتفادُ گزدیذ درصذ 5در عطح  LSDاس آسهَى 

زی خاک گزدیذ ؼ هؼٌیچٌیي ًؾاى داد کِ توام تیوًتایج ّن. هخصَؿ ظاّ  زعیب کزبي ٍدار تارّای فؾزدگی خاک باػث کاّ

ِ ، پایذاریًیتزٍى در خاک بَت اؽباع خاک خاکذاً  دگیزفؾذ. اس عَی دیگز هیشاى ؽَری ٍ اعذیتِ خاک بز اثز تیوارّای ؽّا ٍ رط

یٍضگی داریهؼٌیاثز  ،خاک فؾزدگیًتایج ًؾاى داد کِ عطَح هختلف  خاک افشایؼ یافت. ّای فیشیکی ٍ ؽیویایی خاک بز 

ؼ تخلخل خاک ٍ ثبات  داری باػثهؼٌیطَر بِ (4)تیوار  ّای عٌگیيتزاکتَربار ػبَر 6بزاعاط ًتایج بِ دعت آهذُ  .ؽتدا کاّ

ذتیوار درهتز هیلی 32/5ٍ درصذ 45/0تزتیب اس )بِ ّاخاکذاًِ در حالی کِ بِ طَر ذ ؽ( هتزهیلی 88/3ٍ درصذ  255/0بِ  ؽاّ

زی را خجزم ه داریهؼٌی ذتیوار در هتزهکؼبعاًتیبز گزم 45/1ّای دیگز )اس تیواردر هقایغِ با  صَؿ ظاّ گزم در 97/1بِ  ؽاّ

ؼ هباػث ػبَر تزاکتَر  بار 6ٍ  4 تیوارّای .افشایؼ داد (هکؼب هتزعاًتی بِ تزتیب اس خاک ًیتزٍصى ٍ کزبي دار تزعیب ؼٌیکاّ

ذتیوار )در کیلَگزم بز ّکتار62/149تي در ّکتار ٍ  26/3 ، ذؽ T4تیوار بزای کیلَگزم بز ّکتار 16/48ّکتار ٍ  بزتي  70/1( بِ ؽاّ

ذ تیواردر  سیوٌظ بز هتزدعی58/0)اس  ذؽ ّاتیوارعایز با در هقایغِ  ECافشایؼ باػث داریهؼٌیاها بِ طَر  -دعی83/0بِ ؽاّ

اَى هثال  طَر قابل تَجْیخاک بِ pHافشایؼ باػث فؾزدگی تیوارّای توام  چٌیيافشایؼ یافت(. ّنسیوٌظ بز هتز ؽذًذ بِ ػٌ

pH  ذ تیوار در 93/7اس ؼ هؼٌی تیوارافشایؼ یافت در حالی کِ  T4در تیوار  09/8بِ  ؽاّ کزبي آلی،  هقذار داری درهٌجز بِ کاّ

بَت اؽباع ٍ رط  .ؽذًذخاک  است کل 

 

 خاک، فؾزدگی هصٌَػی خصَصیاتتخزیب عزسهیي،  :کلمات کلیدی
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