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Abstract 

A key problem for horticulture is compaction of the soil during the work, 

the aim of this article is to assess the state of water infiltration, under 

different water conditions at different depths of sandy soil. This 

experimental test showed that the decrease of the infiltration according to 

the increase the mass of the machine and the tractors number pass. In this 

case, the soil is more compressible and the infiltration of water in the plot 

studied decreases during the passage of tractors. However, the number of 

passes (2 successive passes) reduces the infiltration rate between 70% and 

75% compared to the infiltration of tilled soils. Also, the results showed 

that the infiltration rate was directly linked to the depth, the number of 

passes, time and indirectly to the work of the soil and the weight of the 

machine. The findings indicate that tilled soils have the capacity to absorb 

water at a quicker pace than non-tilled soils. As a result, a significant 

evaluation of soil infiltration (R2=0.92) showed the observable reduction 

in infiltration following a number of passes and as a function of depth. 
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Introduction 

Soil compaction is one of the major 

problems of vegetable crops. Soil settlement 

by wheeled agricultural vehicles has a 

negative impact on the structure of arable 

soils and in a severe way, it will affect crop 

production in both the short term and long 

term. Compaction represents one of the 

problems that affect the state of agricultural 

soils. The multiple passages of wheeled 

agricultural machinery cause the destruction 

of the structure of arable soils and 

negatively influence the development of 

crops and production (Soane and Van 

Ouwerkerk, 1994). Thus, Vitlox and Loyen 

(2002), declare that the expansion of 

machinery has an indirect or direct 

connection to the primary causes of soil 

compaction. Mismanagement of machines 

and tools causes settlement. Also, these 

tractor passages generate variations in 

density, permeability, and resistance to 

penetration (Elaoud et al., 2017; Ben Hassen 

et al., 2020; Elaoud et al., 2021). 

     Test soil condition monitoring studies at 

the wheel track level of the engine utilized 

to carry out cultivation operations illustrated 

that the force applied by the wheels 

manifests itself in depth by an increase in 

density (Elaoud and Chehaibi, 2011; Elaoud 

et al., 2017). 

The intensity of agricultural soil compaction 

is present in the form of the stresses 
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implemented by the machine and its soil 

resistance. Constraints engaged on soil 

depend on the mass of the machine, its 

speed, the contact pressure, the number of 

passages, etc. (Larson and Pierce, 1994). 

Several types of research have been carried 

out experimentally and also in terms of 

simulation of the settlement of agricultural 

soils in Tunisia (Elaoud and Chehaibi, 2011; 

Elaoud et al., 2014; Ben Hassen et al., 2020; 

Jalel et al., 2021; Elaoud et al., 2021; 

Elaoud et al., 2023).  

    Many factors have conditioned the degree 

of compaction, some of them being 

connected to the engine (tire pressure, 

number of passes, speed, mass ...) 

decreasing porosity, and infiltration which 

affects water movement, mineral 

availability, aeration and crop yield. From 

where, the settlement reduces soil aeration 

and water infiltration. It penalizes root 

development and biological functioning. 

Thus, infiltration is essential for the 

sustainable functioning of terrestrial 

ecosystems, the protection of water 

resources, agricultural production and the 

prevention of water-related risks such as 

erosion and flooding. Appropriate water 

management and soil protection practices 

are essential to promote effective infiltration 

and maintain optimal hydrological balance. 

Estimation of the importance of the 

infiltration process allows to determine what 

fraction of the rain will be used to feed 

underground flows and thus also to fill 

groundwater (Nadjib and Abdenour, 2019). 

    According to Silva (2008), the infiltration 

rate in soil can also be used to monitor the 

soil in the compaction state. The infiltration 

capacity is an indicator of the productivity 

of soil. 

    There is usually a considerable positive 

effect on infiltration when carrying out 

tillage. A decrease in infiltration can lead to 

soil degradation, as water cannot infiltrate 

and move to the surface, eroding the soil 

and especially its fertility. 

Experimentally, a minority of the study of 

this field was performed in Tunisia, 

specifically in the area of Morneg-Ben 

Arous. The question that arises is how to 

evaluate compaction based on the 

measurement of water infiltration into the 

soil. Hence, the objective of this work is to 

assess the state of water infiltration, under 

different water conditions, at different 

depths of sandy soil. 

Materials and Methods 

Site of test  

The study was conducted at parcel in 

Ben Arous, Morneg Region, Tunisia 

(36°38'47.2"N 10°14'50.8"E). The tests 

were carried out on sandy soil texture (0% 

clay, 6.83 loam and 95.66% sand). In order 

to conduct this research, we chose to install 

a gadget that split parcels into 3 blocks. 

Engine and experimental device 

    Experimental tests were carried out in 

three successive repetitions on the sandy 

texture plot, at varying depths from 0 to 40 

cm (each 10 cm).  The measurements were 

carried out of the following parameters: 

1-The grain size test: to determine the soil 

texture, 

2-The humidity test: to determine the water 

content, 

3-The density test: to deduce the state of soil 

compaction. 

    Three replications were carried out to 

study the evaluation of the density as a 

function of depth for three treatments 

carried out (initial state, after a first pass and 

after soil work). The tractor moving in the 

field resulted in a compaction. 

4-An infiltration test: to determine the water 

content of the soil depth for three treatments 

carried out (initial state, after one pass, after 

two passes and after soil work). 

    The work was finished with a LANDINI 

5860 tractor weighing 1.250 tons. The diesel 
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engine motor is 47 hp (35.0 kW), the front 

tire: is 7.50-16 and the 2 drive rear wheels 

tire: is 12.4 R32. 

Soil physical parameters 

One of many important variables when 

assessing the tillage response is soil density. 

The cylinder sample methodology 

represented one of the techniques utilized 

during the examination to determine this 

variable. The dirt and hammer are used to 

introduce this sampling densimeter, Figure 1 

shows the method of taking soil samples to 

measure density and water content A-

cylinder; B-Hammer (Black, 1965).
.           

  

A B 

Figure 1. Method of taking soil samples to measure density and water content A-cylinder; B-

Hammer 

The cylinder gets pushed under the soil 

at each of the three depths (10, 20, and 30 

cm) and samples are obtained at every level.  

According to (Black, 1965), the soil 

samples dry in an oven at 105ºC for 24 h, 

when an exact weight is achieved, matching 

its dry mass (Figure 2).                       

 

Figure 2. Dry soil samples in the oven

    The equation 1 that follows is used to 

calculate the soil's density (Elaoud and 

Chehaibi, 2011): 

                  ------- (1) 

 Where: Ws is the dry mass (g); V is the 

volume of the cylinder (cm
3
) and Wv is the 

soil bulk density (g/cm
3
). 

 

The volume of the cylinder is calculated by 

using equation 2 (Elaoud and Chehaibi, 

2011):  

               ------- (2) 

 With l is the length of the cylinder and is 

A 
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equal to 5 cm, r is the radius of the cylinder 

base and is equal to  2.5 cm,    is the Pi and 
is equal to 3.14  and V is the volume of the 

cylinder and is equal to  98.17 cm
3
 

Water content 

    Soil samples were taken weighed and 

then put in the oven at 105º C for 24 hours, 

then the dry soil was weighed and soil 

moisture was calculated by following the 

equation:    

-Measure the sample and record its dry 

weight.  

The equation 3 is used to determine the 

water content of the soil (Elaoud and 

Chehaibi, 2011):  

          )    )            ------- (3) 

With W denoting the water content (%), Mh 

the wet mass of the soil sample, and Ms the 

dry mass of the soil sample. 

Infiltration measurement (Single Ring 

Infiltrometer by Dingman Method) 

    The rate of infiltration relying on the 

moisture and the factors that influences it. 

The infiltration rate has a certain 

classification which has been determined 

according to Lee (1988), (Table 1).

Table 1. Soil infiltration classification  

Description Infiltration(mm/h) 

Very slow <1 

slow 1-5 

Being-Slow 5-20 

Being 20-65 

Medium Fast 65-125 

Fast 125-250 

Very fast >250 

 

A simple infiltrator ring allows 
direct measurements of the infiltration 

soil capacity. An impermeable 

boundary, usually consisting of a plastic 

ring, delimits the space. The ring is 

inserted into the ground at a depth of 5 

to 10 cm, the test begins in a water 

accumulation situation, where a 

constant load is applied and maintained 

throughout the test. The objective is to 

saturate the soil with water to 

standardize the measurements and 

compare them. Figure 3 shows 

schematically the progress of the 

wetting front during a test with a single 

ring infiltrometer for periods. With this 

infiltration technique, rising water to 

the surface is a risk. Water infiltrates 

vertically and laterally into the soil in a 

single-ring infiltration test under gravity 

single-ring infiltration test under 
gravity and capillary forces (Dingman, 

1994). To reduce the impact of 

horizontal flows in the soil around the 

ring, it is generally recommended to use 

a larger diameter ring (Nadjib and 

Abdenour, 2019).  

    The experiment consists of 

hammering a PVC ring 10 cm in 

diameter and 30 cm in height to a depth 

of 5 cm, 10 cm, 15 cm and 20 cm into 

the ground and using a ruler or a meter, 

the height of the water is measured for a 

period measured by a stopwatch. Then 

an amount of water is poured into the 

ring using a plastic bottle. This first 

operation aims to saturate the soil with 

water in order to  
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water in order to standardize the 

measurements and to be able to compare 

them. If the first bottle has fully infiltrated 

before 15 min, then a second bottle of the 

same amount is poured and the water 

infiltration is measured directly. To measure 

infiltration, the height of water in the ring 

after pouring the second water bottle (t=0) 

and after 5 min (t=5 min) is measured with 

one meter. If there is still plenty of water 

from the first bottle in the ring after 15 min, 

then the infiltration measurement is directly 

measured for 5 min (from t= 15 min to t= 20 

min) and continues until the infiltration rate 

becomes stable. These tests are conducted in 

the normal soil state, during a first pass, a 

second pass, and in the plowing state of the 

soil (Figure 3).                               

 

Figure 3. Test with single ring infiltrometer depending on the depth 

    The experimental work is classified into 

four measurement campaigns where the 

infiltration is carried out at 4 depths: 5cm, 

10cm, 15cm and 20cm. 

    The first campaign illustrates the 

infiltration measurements on a control soil, 

where no passage was made (Figure 4). 

    The second campaign (Figure 5A), is 

carried out on the ground following the first 

passage of the tractor (type Landini 5860) 

coupled with a semi-trailer of 980 kg of 

weight.  

    The third campaign was carried out 

following a second run (Landini 5860 

tractor weighing 2250kg) (Figure 5B). 

    And the fourth partner generates 

infiltration measurements following a 

control tillage (with Landini 5860 tractor; 

Canadian farmer of 165kg weight), (Figure 

6). 

 

Volume of water 
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Figure 4. Measurement of infiltration in the normal soil state 

 

 

Figure 5. Measurement of the infiltration at the level of the track of the wheels: a-following the 

first passage; b-following the second passage of the tractor cultivator spring type Canadian 
 

 

Figure 6. Infiltration at the furrow tilled by plow
 

Results and Discussion 

1.1 . Evaluation of density as a function 

of depth 

This study is based on three campaigns 

of measurements: soil control (D0), 

following a passage of a tractor (Dp) and 

after a tillage by a plough (Dt).  

    After each treatment, the density was 

measured and quantified. Moreover, the 

results of these measurements are illustrated 
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in Figure 7, so the density D0 of the soil 

control of the plot (without passage) shows 

a difference between the densities of a soil 

tilled (tractor passage with plough) and D 

from soil following the first passage with 

trailer. 

At 30 cm depth, the first pass shows a 

bulk density of 1.57 g/cm
3
, while the control 

soil and the worked soil recorded a low 

density of 1.46 g/cm
3
 and 1.38 g/cm

3
, 

respectively at the same depth. However, the 

change in the density of the soil after the 

tractor was used resulted in a 13% increase 

in the density of the soil. 

    Density measurements illustrate the 

phenomenon of settlement before the first 

pass, after a pass and after ploughing. Thus, 

all measured density values do not exceed 

1.6g/cm
3
, which implies that the recorded 

settlement is not intense and does not affect 

agricultural production (Houskova, 2004). 

A risk of settlement can be detected at 

30 cm, after the passage of the engine, 

where a density of approximately 1.6g/cm
3
 

illustrates. To prevent the problems of this 

compaction, it is necessary to plan tillage of 

the soil for depths beyond 30 cm. 

 

 

Figure 7. Density variation for the three soil states (D0: control soil; Dt: tillage state; Dp: After 

passage of tractor) 

Evaluation of infiltration as a 

function of depth 

    This part shows four measurement 

campaigns: Control soil; after one 

passage; after two passages and after 

a tilled soil. Following each action, 

the infiltration rate was measured and 

calculated. The results of these 

measurements shown in Figure 8 

show the evolution of the water 

infiltration rate (mm/h) as a function 

of time (min) for the different soil 

conditions (soil not tilled, after first 

tractor passage, second tractor 

passage and after tilled soil). 

On the other hand, we note that the 

rate of infiltration under the Canadian 

plough was higher than that without 

plowing; and the other which 

undergoes at the passages of the 

tractor of 1187.5 mm/h and 300mm/h 

at 10 minutes and 301.2mm/h and 75 

mm/h at 50 minutes on a depth 5 cm 

and 10 cm the water infiltrates for 50 

minutes but also we notice that at the 

depth of 20 cm the rate of infiltration 

under plough being the same higher 

than that without ploughing and the 

other which undergoes at the passages 

of the tractor of 312.5 mm/h and 

93.75 mm/h 
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93.75 mm/h at 10 minutes up to 42.91 

mm/h and 42.27 mm/h at 140 minutes. 

After 145 minutes of measurements, there 

was no difference in the infiltration rate 

between plowing, no plowing and tractor 

runs. However, the number of passages (2 

successive passages) reduces the 

infiltration rate between 19% and 25% 

compared to infiltration at the level of 

tilled soils. 

    Studies have suggested that no-till 

management can reduce water infiltration 

(Stone and Schlegel, 2010). Taking this 

into account, the findings indicate that 

tilled soils have the capacity to absorb 

water at a quicker pace than non-tilled 

soils, in addition the rate of infiltration at 

depth 15 cm and 20 cm indicated that the 

number of passages has a significant effect 

on the topsoil and it is slowly influenced 

on the sub-soil and compress that could 

diminish the ability of infiltration into the 

soil a similar trend has been reported in 

other research (Mileusnić et al., 2022). 

These results are consistent with previous 

studies (Schwartz et al., 2010). 

  

  
Figure 8. Infiltration rate as a function of time at different depths: a-At depth 5 cm; b-At depth 

10 cm; c-At depth 15 cm; d-At depth 20 cm 

    These results (Figure 9) show that the 

water regime was influenced by the passage 

of the tractor with the trailer, which caused 

an increase in the time of water penetration 

(60 minutes) at a depth of 5 to 10 cm. On 

the other hand, one notices that on a tilled 

soil, water takes a short time to seep in (15 

minutes). It is the same case at a depth of 15 

to 20 cm, when water infiltrates at 30 

minutes on tilled soil. 

    Thus, soil compacted by the number of 

passages takes 140 minutes for water to 

infiltrate. Mileusnić et al. (2022) showed 

results similar to those illustrated in this work.
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Figure 9. Cumulative height function of time at different depths: a-At depth 5cm; b-At depth 10 

cm; c-At depth 15 cm; d-At depth 20 cm  

Conclusions 

The soil compaction problems have 

been reported following the overuse of 

machinery. In this context, this work was 

introduced to illustrate the state of soil 

following the measurement of its 

infiltration. Experimental tests on a plot 

located in Morneg were carried out with 4 

campaigns (control soil, first tractor pass, 

second pass and plowed soil). Interesting 

results showed that the number of passages 

(2 passes) reduced the water infiltration 

from 19% to 25% depending on the time 

following each pass of the machine. Also, 

the results showed that the infiltration rate 

was directly linked to the depth, the 

number of passes, time and indirectly to the 

work of the soil and the weight of the 

machine. Studies have suggested that no-

till management can reduce water 

infiltration. Taking this into account, the 

findings indicate that tilled soils have the 

capacity to absorb water at a quicker pace 

than non-tilled soils.  

Conflict of interest 

Regarding the publication of this 

manuscript, the authors declare that there 

are no conflicts of interest. 

Acknowledgments  

We acknowledge the Ministry of 

Agriculture, Water Resources and 

Fisheries, Tunisia and the Ministry of 

Higher Education and Scientific Research 

of Tunisia for their continuous 

encouragement by the project of Young 

Research 21JPEC D1-03. 

References 

Black, C. A. (1965). Methods of soil 

analysis part 1. Physical and 

mineralogical properties. No.9 in the 

series. Agro. Am.Soc. Agro. Madison, 

Wisconsin, USA. 

Dingman, S. L. (1994). Physical 

Hydrology. United States of America: 

Engewood Cliffs: Prentice Hall. 

Elaoud, A., Chehaibi, S., and Abrougui, K. 

(2014). Effect of the Passage for 

Different Tractors on the Soil 

Compaction. International Journal of 

Current Engineering and 

Technology, 4(2), 1082-1087.  



Diyala Agricultural Sciences Journal, 2024, Vol. (16) No. 2: 1-11 

 

10 
 

Elaoud, A., Hassen, H. B., Salah, N. B., 

Masmoudi, A., and Chehaibi, S. (2017). 

Modeling of soil penetration resistance 

using multiple linear regression 

(MLR). Arabian Journal of 

Geosciences, 10(442), 1-8.            

https://doi.org/10.1007/s12517-017-

3235-2 

Elaoud, A., and Chehaibi, S. (2011). Soil 

compaction due to tractor traffic. 

Journal of failure analysis and 

prevention, 11(5), 539-545.  

https://doi.org/10.1007/s11668-011-

9479-3 

Elaoud, A., Hassen, H. B., Jalel, R., Salah, 

N. B., Masmoudi, A., and Masmoudi, A. 

(2023). Machine learning approach for 

predicting soil penetration resistance 

under different moisture 

conditions. Journal of 

Terramechanics, 110, 39-45.           

https://doi.org/10.1016/j.jterra.2023.08.0

02 

Elaoud, A., Jalel, R., Ben Salah, N., 

Chehaibi, S., and Ben Hassen, H. 

(2021). Modeling of soil tillage 

techniques based on four cropping 

seasons. Arabian Journal of 

Geosciences, 14(964), 1-7.               

https://doi.org/10.1007/s12517-021-

07327-5 

Ben Hassen, H., Elaoud, A., and 

Masmoudi, K. (2020). Modeling of 

agricultural soil compaction using 

discrete Bayesian 

networks. International journal of 

environmental science and 

technology, 17, 2571-2582.                  

https://doi.org/10.1007/s13762-020-

02664-6 

Houskova, B. (2004). Soil compaction as a 

driving force for changes in soil 

functions. European Summer School on 

Soil Survey, 2nd European Summer 

School on Soil Survey12-16 June.  

Jalel, R., Elaoud, A., Ben Salah, N., 

Chehaibi, S., and Ben Hassen, H. 

(2021). Modeling of soil tillage 

techniques using Fruchterman–Reingold 

Algorithm. International Journal of 

Environmental Science and Technology, 

18, 2987–2996.               

https://doi.org/10.1007/s13762-020-

03044-w 

Larson, W. E., and Pierce, F. J. (1994). The 

dynamics of soil quality as a measure of 

sustainable management. Defining soil 

quality for a sustainable 

environment, 35, 37-51.                      
https://doi.org/10.2136/sssaspecpub35.c3 

Lee, R. (1988). Forest hydrology. West 

Virgina University. Terjemhan Subagyo, 

S., Hidrologi Hutan,Gadjah Mada 

University Press, Yogyakarta. 

https://books.google.tn/books/about/Hid

rologi_hutan.html?id=36jPAAAACAAJ

&redir_esc=y 

Nadjib, G., Abdenour, G. (2019). Etude 

expérimentale du potentiel d’infiltration 

dans le bassin versant de Medjaz 

Ressoul, Université Badji Mokhtar-

Annaba, 86 p.  

Schwartz, R., Baumhardt, R., Evett, S. 

(2010). Effets du travail du sol sur la 

redistribution de l'eau du sol et 

l'évaporation du sol nu tout au long 

d'une saison. 110, 221-222. 

Silva, S. R. D., Barros, N. F. D., Costa, L. 

M. D., and Leite, F. P. (2008). Soil 

compaction and eucalyptus growth in 

response to forwarder traffic intensity 

and load. Revista brasileira de ciência 

do solo, 32, 921-932.  

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

(1994). Soil Compaction in Crop 

Production. Developments in 

Agricultural Engineering Series, 

Hardback, Elsevier Science, Volume 11, 

Amsterdam, 662.                   

Stone, L. R., and Schlegel, A. J. (2010). 

Tillage and crop rotation phase effects 

on soil physical properties in the west-

central Great Plains. Agronomy 

https://doi.org/10.1007/s12517-017-3235-2
https://doi.org/10.1007/s12517-017-3235-2
https://doi.org/10.1007/s12517-017-3235-2
https://doi.org/10.1016/j.jterra.2023.08.002
https://doi.org/10.1016/j.jterra.2023.08.002
https://doi.org/10.1016/j.jterra.2023.08.002
https://doi.org/10.1007/s12517-021-07327-5
https://doi.org/10.1007/s12517-021-07327-5
https://doi.org/10.1007/s12517-021-07327-5
https://doi.org/10.1007/s13762-020-02664-6
https://doi.org/10.1007/s13762-020-02664-6
https://doi.org/10.1007/s13762-020-02664-6
https://doi.org/10.1007/s13762-020-03044-w
https://doi.org/10.1007/s13762-020-03044-w
https://doi.org/10.1007/s13762-020-03044-w
https://doi.org/10.2136/sssaspecpub35.c3
https://doi.org/10.2136/sssaspecpub35.c3


Diyala Agricultural Sciences Journal, 2024, Vol. (16) No. 2: 1-11 

 

11 
 

Journal, 102(2), 483-491.                       

https://doi.org/10.2134/agronj2009.0123 

Vitlox, O., and Loyen, S. (2002). 

Conséquences de la mécanisation sur la 

compaction du sol et l’infiltration de 

l’eau. Compte rendu de la journée 

d’étude: Erosion hydrique et coulées 

boueuses en Région Wallonne, 45-58.   

Mileusnić, Z. I., Saljnikov, E., Radojević, 

R. L., and Petrović, D. V. (2022). Soil 

compaction due to agricultural 

machinery impact. Journal of 

Terramechanics, 100, 51-60.              
https://doi.org/10.1016/j.jterra.2021.12.002 

https://doi.org/10.2134/agronj2009.0123
https://doi.org/10.2134/agronj2009.0123
https://doi.org/10.1016/j.jterra.2021.12.002

