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 ABSTRACT 

Field experiments were conducted at the Agricultural Research Station of the College of 

Agriculture, University of Basrah, in Al-Hartha District, Basrah Governorate, to study the 

effect of soil moisture and plowing depth on the performance of a soil plowing machine 

consisting of a subsoiler plow, two shallow tins with wings on the outside, and addition to a 

disc harrows, including requirements draft force, soil disturbance, and Mean Weight Diameter 

(MWD). The machine has an important role in the plowing operations and preparing for 

agriculture in one operation, this will lessen the traffic times and the other economic works, 

the subsoil plowing, and the fragmentation of soil. The machine was used with and without 

discs for three levels of soil moisture content (SMC) (9, 18, and 28%), and three plowing 

depths (40, 50, and 60cm). The experiments were applied using a randomized complete block 

design (RCBD) of a factorial experiment (3 x 3 x 2) with three replications. The results showed 

a variation in the requirements of the draft force when the SMC changes, the values of draft 

force were 33.3, 32.64, and 31.66kN for the SMC of 9, 28, and 18%, respectively. Adding 

discs had a significant effect on the draft force it increased by 1.11kN. The draft force increased 

when the plowing depth was increased, the depth of 60cm gave the highest value of 35.92kN. 

The SMC of 18% was recorded as the largest disturbed area at 0.42m2 and the least MWD by 

31.59mm, followed by the SMC of 28% and then 9%, it was the least disturbed area at 0.38 

and 0.35m2, and MWD by 40.25 and 38.65mm respectively. The depth of 60cm is recorded as 

the largest disturbed area of 0.51m2, and MWD 30.59mm. The addition of discs decreased the 

MWD by 6.9 mm compared to the absence of discs. 
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 تقييم الأداء الحقلي لآلة حراثة مركبة تحت ظروف تشغيل مختلفة
 اسماء عبد الله احمد، مروان نوري رمضان ،مرتضى عبد العظيم الفارس

 قسم المكائن والآلات الزراعية / كلية الزراعة/ جامعة البصرة

 الخلاصة 

في محطة الأبحاث الزراعية التابعة الى كلية الزراعة جامعة البصرة في قضاء الهارثة محافظة أجريت تجارب حقلية 

المتكون من محراث تحت سطح التربة ومحاريث لدراسة تأثير رطوبة التربة وعمق الحراثة على أداء آلة حرث التربة البصرة، 

مساحة التربة ، متطلبات قوة السحبدراسة لرجية إضافة الى امشاط قرصية، ضحلة عدد اثنان مزودة بأجنحة من الجهة الخا

لما للآلة المركبة من دور مهم في عمليات الحرث واعداد التربة للزراعة في عملية  (MWDالمفككة ومعدل القطر الموزون )

مت استخداذ .  لحراثة العميقة والتنعيمواحدة وهذا الامر سوف يقلل من عدد مرات المرور فضلا عن الأمور الاقتصادية الأخرى ا

، 40( وثلاثة أعماق حراثة )%28، 18، 9التربة ) مستويات لرطوبةبدون أقراص لثلاثة  للتنعيم واخرىالآلة مرة مع أقراص 

( وبثلاثة 2×3×3) عامليه( للتجربة RCBDسم(. طبقت التجارب باستخدام تصميم القطاعات العشوائية الكاملة ) 60، 50

، 33.3حب السمكررات. أظهرت النتائج اختلافاً في متطلبات قوة السحب عند تغير المحتوى الرطوبي للتربة، وكانت قيم قوة 

على التوالي. ادى إضافة الأقراص الى زيادة قوة السحب اذ زادت  %18، 28، 9الثلاث كيلو نيوتن للمستويات  31.66، 32.64

كيلو نيوتن.  35.92سم أعلى قيمة بلغت  60نيوتن. وازدادت قوة السحب بزيادة عمق الحراثة اذ أعطى العمق كيلو  1.11بمقدار 

المستويين ملم، تلاها  31.59وأقل معدل قطر موزون بمقدار  2م 0.42أكبر مساحة مفككة بلغت  %18سجلت نسبة الرطوبة 

ملم على التوالي. بينما  38.65و 40.25بلغ قطر موزون  ، ومعدل2م 0.35و 0.38، وكانت المساحة المفككة %9ثم  28%

 اضافة الأقراص إلىأدى  ملم. 30.59موزون قطر  ومعدل، 2م 0.51سم أكبر مساحة مفككة بلغت  60سجيل عمق الحراثة 

 ملم مقارنة بالألة التي لا تحتوي على أقراص. 6.9 الموزون بمقدارتقليل معدل القطر 

 الحراثة، دليل التفتيت، رطوبة التربة، عمق الحراثة، قوة السحب، مساحة التربة المفككة. آلة: الكلمات الافتتاحية

INTRODUCTION 

The soil of southeastern Iraq, especially Basrah Governorate, is classified as heavy soil in 

which clay minerals are predominant. The soil clay is characterized by the formation of solid, 

compact layers that hinder the spread of plant roots.  (Fitzpatrick & Land, 2004; Al-Marsoumi & 

Al-Jabbri, 2007).The compaction of the heavy soil is created naturally or as a result of the passage 

of machines (Botta et al., 2009). Appear of a hardpan lead to disturbs root growth and its 

permeation of subsoil layers lowering growth for the plants (Bengough et al., 2011; Schneider et 

al., 2017). The tillage must be performed at a depth that includes the hardpan layer formed within 

the soil layers to ensure the tillage operation is performed at a depth appropriate (Tekeste et al., 

2020; Xiaofang Yu et al., 2023). The hardpan locating from the measured test of the cone 

penetration and bulk density for the average depth where the hardpan layer begins to appear, and 

that a successful plowing operation should include breaking the hardpan in soil (Tekeste et al., 

2008; Kim et al., 2020; Ruiwen Hu et al.,2024). The conduct of tillage operations takes place 

within the moisture levels in which the soil is in a fragile state to exploit the available power and 

the soil is also at its weakest strength (Javadi & Hajiahmad, 2006,). The process of the tillage 

sometimes produces rather large dirt blocks, so it requires the use of secondary equipment for 

tillage. The use of this equipment has negative effects, such as compacting the soil and breaking 

up the soil into fine particles to the point where it is deposited below the surface of the soil. (Prem 

et al., 2016), causing an increase in the bulk density of the soil and the formation of solid layers, 

as well as the exploitation of time, effort, and economic cost in conducting smoothing operations 

after tillage (de Lima et al., 2017; Sarkar et al., 2021) .  
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Many factors affect the draft force of agricultural machinery, especially the primary soil 

tillage equipment, such as the design and area of the cutting tool, some are related to the soil such 

as soil texture and moisture, and some are related to the tool and soil such as depth and width of 

work, and it is related to the source of pulling and practical speed (Bainer et al., 1956; Naderloo 

et al., 2009; Igamberdiyev & Usmanova 2024). The moisture content of the soil effect significant in 

the draft force for the subsoiler plow, the driest soil recorded the highest while the lowest value 

when moist soil and increased when the soil became wet (Raper & Sharma, 2002). (Arvidsson et 

al., 2004) Found the draft force for the chisel plow was dependent on soil moisture content which 

increased in dry soil and decreased in moist soil than wet soil, while at disk harrow the draft 

increased with increased soil moisture.The draft force increases with increased depth of tillage as 

proven by many researchers ( Naderloo et al., 2009; Askari et al., 2016; Usaborisut & Prasertkan, 

2019; Sadek et al., 2021). A one important factor for the disturbed area and tilling appearance of 

soil it’s soil moisture. (Manuwa & Ademosun, 2007) noted to increase the disturbed area with 

increased soil moisture cusses and increased rupture distance for front soil. (Salar et al., 2013) 

funded a significant effect of soil moisture on disturbed areas because of generating soil failure 

patterns outer cutting in edge of the shank. Disturber area increment depending on depth when 

using a narrow tine because it makes cracks in the soil front and side of the cutting tool (Aday & 

Ramadhan, 2016; Gebregziabher et al., 2016). 

 The research aims to study the effect of soil moisture content and plowing depth in 

evaluating the performance of the combined machine for soil plowing in the surface layers and 

dissociation of the layers under the soil surface in terms of the requirements of draft force, the 

disturbed area, and Mean Weight Diameter. 

 

MATERIAL AND METHODS 

The machine used in the experiments           

The machine consists of a structure fixed in the front of two chisel plows provided with 

wings on the outside of the shear tool, the width of which is 20cm, followed by a subsoiler plow 

with a distance of 36cm. The depth of the Chisel plows is 80% of the subsoiler plow depth, the 

rear of the machine is connected with seven discs with a diameter of 45cm installed on an axis 

associated with the structure by two arms in an arc so that its depth is always constant and does 

not affect the depth of the machine, can be folded over during transportation Figure (1).  

Afield experiments:  

The experiments were carried out in soil unused agricultural, during the months (of 

February, March, and May 2022, at the Agricultural Research Station of the College of 

Agriculture, University of Basrah, in Al-Hartha District, Basrah Governorate). The initial 

characteristics of the soil were measured for depths 0 - 60cm for each 10cm depth. The average 

values were taken to represent the initial characteristics (Table 1) and consistency limits (Figure 

2) of the soil experiment. The plowing process was carried out on 20m length lines, a distance of 

5m for the plowing was left as free space to reach the specified depth, and then the data were taken. 

The experiments included studying the following factors: 
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Figure (1) picture of the machine (A) with discs and (B) without the discs 

1- three levels of field soil moisture 9, 18, and 28%. 

 2 - three plowing depths depending on the depth of the subsoiler plow: 40, 50, and 60cm. 

3 - pulverization disc: The machine was used with and without the discs. 

Experiments were applied using a randomized complete block design (RCBD) of a factorial 

experiment (3 x 3 x 2) with three replications. The Gen Stat program was used to analyze the data 

statistically, and the averages of the coefficients were compared with the LSD test at the 

probability level of 0.05.  

Table (1) the initial properties and texture of soil field   

Date 

Moisture 

content 

% 

Bulk 

density 

Mg m-3 

Con index 

kN m-2 

Cohesio

n 

kN m-2 

adhesion 

kN m-2 

Texture 

% 

February 28.00 1.25 1648.31 16.25 0.35 Sand 7.16 

March .18 00 1.27 1442.2 17.34 0.28 Silt 38.50 

May 9.00 1.20 1896.22 18.22 0.16 Clay 54.34 

  

 
figure (2) the consistency limits of soil  

where SL= solid limit, PL= plastic limit, LL= liquid limit  

  

A B 
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Measurements and data collection  

1 - Draft force  

A load cell device was used to measure draft force. The tractor MF 2680 had a four-wheel 

drive, a power engine of 97kW, the engine fixed at 1500RPM, a forward speed of 0.34m/s, used 

to pull another tractor 52kW, a two-wheel drive, which was left on neutral used to control the depth 

of the machine through the hydraulic system. 

The disturbed area  

The disturbed area of soil was calculated by removing the soil plowed from the plowing 

line, as shown in Figure (3). Where, the width of the plowed soil area from the up of soil surface 

(S), the depth of the compression failure (dc) from the crescent failure of soil (du), and the width 

of the bottom of the plowed section under the foot of the subsoiler plow (w), the total depth of the 

machine (d). The disturbed area was calculated through the equation (1). 

 

  A=S*dc + w*d …… (1)   

  

 

 

 

 

 

 

     

Figure (3) geometric section to soil disturbed 

The mean weight diameter 

After plowing random samples were taken from the line of plowing reaching working depth. The 

samples were sieved through a set of sieves of different sizes 120, 90, 50, 30, 10, and 2mm. The 

MWD was calculated by using equation (2) by Gill and Mecreey (1960). 

)2.........(
1 W

MWi
Xi

n

i




  

where: MWD = mean weight diameter (mm); Wi = weight of the soil remaining between two 

connect sieves (kg); W= total weight of the soil sample (kg); M= mean diameter of two connect 

sieves meshes (mm).

 

 

w 

d
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c 
d

u
 

S 

21



    Alfaris et al.,                                                                                                                 TJAS Vol. 25, No.1: pp. 17-30 

 

RESULTS AND DISCUSSION 

Table (2) shows that there is a significant effect of the moisture content (SMC) in the draft 

force. Figure (4) shows the variation in the draft force when the SMC changes. The highest draft 

force of 33.30kN was recorded at the SMC 9% then decreased by 5.16 and 1.99% at SMC 18 and 

28% respectively. 

 

Table (2) Analysis of variance for components of the draft force, disturbed area, and MWD 

S. O. V df draft force  disturbed area   MWD 

SMC  2 69.46** 698.17** 2029.15** 

depth 2 1129.53** 6438.31** 3590.54** 

discs 1 94.93**  0.00ns 3408.28** 

SMC× depth 2 13.85ns 77.38** 461.06** 

SMC× discs 2 0.15ns  0.00ns 118.56**  

depth× discs 4 2.01ns  0.00ns 11.90** 

SMC× depth× discs 4 0.09ns 0.00ns 23.42** 

** = significant differences at level 0.01, ns = no significant differences. 

 

 
 

 

 

 

 

 

 

 

 

 

Figure (4) the effect of moisture content on 

the draft force  

Figure (5) the effect of plowing depth on the 

draft force  

 

The draft force was increased with increased the depth of plowing. The depth of 60cm recorded 

the highest force requirement, with a significant increase of 10.89 and 22.67% compared to the 

depths of 50 and 40cm respectively Figure (5). A significant difference in the draft force with the 

discs, as the draft force increased by 3.47% Figure (6).  
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Figure (6) the effect of adding discs on the 

draft force 

Figure (7) the effect of the interaction 

between soil moisture content and plowing 

depth on the draft force  

 

This variation in the draft force is due to the increase in the strength of the soil when the 

SMC decreases and the cohesion increases when it reaches the contraction limit in which the soil 

is in a solid state. The increase in depth the strength of the soil increases as a result of the 

compressive weight of the soil (Al Nuaimi & Al Rijabo 2020). when the SMC is 18% the soil is in a 

friable state, before reaching the plastic limits, the strength of the soil is as weak as possible at this 

level of moisture as a result of enveloping the soil particles with moisture films. With the increase 

in the SMC to 28%, the soil becomes closer to the plastic limits which increases the strength of 

the adhesion of the soil with the machine and then increases the draft force (Wang et al., 2020). 

many researchers have mentioned that the draft force increases with increasing depth and the soil 

moisture content (Aday, 2019; Askari et al., 2017; Godwin et al., 2007) .  

The interaction between the SMC and the depth of plowing caused a significant difference 

in the draft force, as shown in Figure (7) the increase in the draft force with the increase in plowing 

depth and the decrease in SMC. In general, at the same depth of plowing the draft force decreased 

at the SMC at 18%, and the draft force increased with the increase in SMC To 28%. The highest 

value of the draft force was 36.19kN recorded at a depth of 60cm and an SMC9%. While the 

SMC18% recorded the least draft force by 35.28 kN. the SMC9% and the SMC no significant 

differences for the required draft force at the depth of 60cm.   

The results showed that there are highly significant differences in the disturbed area of soil, 

as a result of the change in the SMC. The SMC18% was recorded as the largest disturbed area of 

soil, followed by the SMC28% and then 9%, which recorded the least disturbed area, the disturbed 

area of soil reached 0.42, 0.38, and 0.35 m2 for the three levels of moisture, respectively Figure 

(8).  The reason for this may be attributed to the weakness of the cohesion forces between the soil 

particles,(Xu et al., 2021).  At the SMC18%, in the soil is close to the friable state figure (1), this 

contributed to the exploitation of available energy in increasing the soil cracks with the contact 

area with plows. while when the SMC was increased to 28% water films increased around the soil 

particles, which made the soil close to the plastic state, and thus led to a decrease in soil cracks, 
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which contributed to a decrease in the disturbed area. When the SMC was decreased to 9% The 

strength of the soil increased as a result of the increased cohesion between the soil particles due to 

their closeness with each other, which led to the consumption of the available power to overcome 

the strength of the soil to disintegrate it (Bláhová et al., 2013; Xue et al., 2018), which caused a 

decrease in the disturbed area compared at the SMC 18 and 28%. 

 

 

 

 

 

 

 

Figure (8) the effect of the moisture content 

on the disturbed area   
Figure (9) the effect of plowing depth on a 

disturbed area  

 

The plowing depth significantly affected the disturbed area, the disturbed area increased when 

the plowing depth increased Figure (9). the largest disturbed area of 0.51 m2 recorded at the depth 

of 60cm is, while it was 0.28 and 0.36 m2 for the depths of 40 and 50 cm, respectively. the reason 

it’s the depth of the shallow plows that operate in front of the subsoiler plow led to a decrease in 

the suffocating pressure of the soil on the foot of the plow, and thus caused an increase in lateral 

soil cracks, and then an increase in the crescent failure and the critical depth retreated to the bottom 

(Aday et al., 1993).  The interaction between the SMC and the depth of plowing has a significant 

effect on the disturbed area. The SMC18% with a depth of 60cm was recorded as the largest 

disturbed area by 0.57m2, increasing by 0.11 and 0.04 m2 compared to the SMC  9 and 28% 

respectively. At the depth of 40cm the disturbed area increased by 0.4 and 0.3 m2, and at a depth 

of 50cm by 0.09 and 0.06 m2 for the SMC 9 and 28%, respectively Figure (10). The SMC had a 

major effect in reducing the difference in the disturbed area at the three depths by exploiting the 

available power to loosen the soil with the plows of the machine (Xuening Zhang et al. 2024).  
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Figure (10) the effect of the interaction 

between soil moisture content and plowing 

depth on the disturbed area 

Figure (12) The effect of the soil moisture 

content on the mean weight diameter 

   

The mean weight diameter (MWD) decreased significantly when the depth of plowing 

increased in Figure (11), with the depth of 40cm recording the largest MWD values of 42.85 mm, 

then it decreased by 5.8 and 12.26 mm at the depths of 50 and 60cm, respectively. When increasing 

the depth of plowing, the volume of the loose soil increased, which led to the impact of the dirt 

clods with each other, a result of moving the machine which led to an increase in its fragmentation, 

as well as the contact area between the loose soil and the wings of the feet on the plows of the 

machine. 

 

 

 

 

 

 

Figure (11) Effect of the plowing depth on the 

mean weight diameter 

Figure (13) The effect of the discs on the 

mean weight diameter  

 

The SMC had a highly significant effect on the MWD. The SMC of 28, 9, and 18% gave 

the MWD of 40.25, 38.65, and 31.59mm respectively Figure (12). This variation in the MWD is a 

result of the affecting the cohesion forces in the soil. When decreases the SMC as in the first 

content, or when it increases in the third content. The cohesion forces between the particles of soil 

increase as a result of the decrease in moisture and its closeness to each other and then large soil 

clods are formed. But when the SMC increases, the cohesion between the soil clods increases as a 

result of the film of water enveloping the soil particles (Arvidsson et al., 2004; Xu et al., 2021; 

You et al., 2017), and then connecting these particles and forming large soil clods as well. At the 

SMC 18%, the cohesion force was small, which helped in the exploitation of the available energy 

by the machine in increasing soil pulverization into small clods. 
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The addition of discs led to a significant decrease in the mean MWD (increased 

pulverization), as the MWD decreased by 6.9 mm compared to treatment without discs Figure 

(13), due to the discs in soil fragmentation during the plowing process. These results are consistent 

with what was found by Kazbek & Vladimir (2023). 

The interaction between the depth of plowing, SMC, and discs, the effect was significant 

(p<0.01) in MWD, Table (3) shows the interaction between moisture content and discs, with the 

SMC 9% for the treatment without discs giving the largest MWD to 41.20mm, while at the SMC 

of 18% with discs amounts to 28.49 mm, while the interaction between plowing depth and discs, 

gave the MWD 26.86mm at depth 60cm, and the effect of the interaction between plowing depth, 

the SMC and discs, was clear in the depth of 60cm and the SMC 18%,  the MWD was 25.33mm, 

while it was 35.71mm without discs for the same SMC. 

 

Table (3) The effect of the interaction between soil moisture content, plowing depth, and disc 

harrow on mean weight diameter   

Moisture % 
Tillage depth (cm) 

40 50 60 Disc& moisture. 

Without 

disc 
9 45.53 40.14 37.93 41.20 

18 38.98 35.76 29.31 34.69 

     

28 54.72 44.41 35.71 44.95 

Disc& depth 46.41 40.11 34.32  

With 

disc 
9 38.35 36.01 33.93 36.09 

18 32.95 31.16 21.35 28.49 

28 46.55 34.82 25.29 35.55 

Disc& depth 39.28 33.99 26.86  

 

CONCLUSION 

From the results reached, we conclude soil moisture content, plowing depth, and adding 

discs had a significant effect (P = 0.05) on the draft force of the plowing machine, disturbed area, 

and MWD however. The draft force decreased by increasing Soil moisture content when the soil 

was at a friable state and increased by increasing plowing depth. A significant influence on MWD 

with soil moisture content at a friable state. The more influence on decreased MWD at the 
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interaction between the soil moisture content of 18%, and increased plowing depth of 60cm with 

adding discs. 
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