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Abstract 
       The study was conducted during the agricultural season (2017-2018) and the size distribution 

of soil particles was (10.5% sand, 51.7 clay, 38.25 silt) so soil texture is clay soil to find out the 

effect of adding weights on the wheels of the agricultural tractor using the moldboard plow by 

measuring some indicators, including  the  drawbar power, soil resistance penetration, tillage depth 

achieved, and the soil disturbed volume and the field was divided according to a split plot 

arrangement under Randomized Complete Block Design with three replications. The results of the 

study showed that the addition of weights on the wheels of the tractor (310) kg recorded the lowest 

value for drawbar power and highest value for the tillage depth achieved, and the soil disturbed 

volume, while not adding weights (0) recorded the lowest value for the soil resistance penetration. 

The forward speed (3.3) km.h
-1

 excelled in recording the lowest value of the drawbar power and 

highest value of tillage depth achieved, while the third speed (7.7) km.h
-1

 excelled in recording the 

highest value of the soil disturbed volume and the lowest value of soil resistance penetration. The  

interaction between adding weights on the wheels of the tractor (310) kg and the forward speed 

(3.3) km.h
-1

 registry  the less value the drawbar power and the highest value  for soil resistance 

penetration and tillage depth achieved, while the addition of weights on the wheels  tractor (310) kg 

and the forward speed (7.7) km.h
-1

 registry the highest value of the soil disturbed volume. 
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Introduction 

Agricultural tractors are the backbone of 

any productive agricultural process, and they 

have received a lot of attention, study, and 

scientific research in developed countries, not 

only because they reduce costs of agricultural 

operations, also they perform these operations 

with minimal muscular effort [1]. [2] found that 

when adding weight to the drive wheels of the 

tractor, the power loss decreased from (18 to 9 

kilowatts) when adding (450) Kg to the rear 

wheels compared to not adding weight (0) Kg 

to the driving wheels of the tractor .[3] 

Explained that when increasing the speed 

using the moldboard plow from (4,248 to 

6,932) km.h
-1

, led to an increase in the 

drawbar power from (12,317 to 27,846)hp. In 

their study, [4] found the effect of speed, wheel 

weight, and number of passes on soil 

compaction, the decrease in speed from (3.6 to 

2.7) km.h
-1

 and (2.7 to 1.81) km.h
-1

 led to an 

increase in soil resistance to penetration  by 

(11.1%) and (13.2%) respectively. [5] found 

that adding weight, whether in the form of 

adding water to the inside of the tires of 

agricultural tractor wheels, or in the form of 

iron discs installed on the rear wheels; leads to 

achieving the maximum tillage depth, and also 

showed a decrease in the value of the 

maximum tillage depth when choosing higher 

gear ratios (increasing the speed) significantly, 

as the speed increased from (4.2 to 6.5 and 

then to 8) km.h
-1

, tillage depth decreased from 

(25.53 to 24.25 and then to 23.62) cm, with 

decrease rates of (5.01%) and (2.59%) 

respectively.[6] indicated that there is a 

significant effect of the practical speed on the 

soil disturbed volume. When the speed 

increased from (2.72 to 4.34 and 6.23) km.h
-1

, 

increased the soil disturbed volume from 

(322.76 to 437.57 and then to 599.07) m³.h
-1

 

respectively. 

Materials and Methods 

The study was conducted in one of the 

fields located northeast of Mosul on the road 

to waterfalls, where the area of the field was 

exploited (1.5) ha, and the field was planted 

with potatoes in the season that preceded the 

season of executing the experiment, noting 

that the experimental field was irrigated and 

the soil texture was clay. Moldboard plow 

Turkish origin  was used, and two Massey 

Ferguson 285s  tractors were used when 

carrying out the experimenting due to the lack 

of a device for measuring the direct  draft force 

on the suspension arms, whereby a 

dynamometer was used to calculate the pulling 

force. The design of the sectors  Randomized 

Complete Block Design was followed, and the 

method of split plots was used to conduct the 

experiment, where the main plots were 

allocated for the weight added to the drive 

wheels, where the iron discs were used as an 

additional weight on the tractor wheels in two 

levels without adding (0) kg and adding a 

weight of (310) kg, and each main plots was 

divided in three secondary plots that were 

allocated to the forward speed at three levels 

(3.3, 5.6, 7.7) km.h
-1

, and thus the experiment 

was (2 * 3), meaning that it contained (6) 

treatment with three replications, so that the 

number of experimental units became (18) 

treatment with an area of (90) m² for the 

experimental unit, Each treatment has 30 m of 

length and 3m of width. The plowing depth 

was fixed at (18) cm. Duncan's multiple range 

test was used at the probability level of 0.05 to 

test the significance of the differences between 

the means of the different treatments. The 

following indicators were studied: 

1-Drawbar Power( hp) : 

It is the power measured at the end of the 

towing arm or the hydraulic lifting arms. It 

also represents the available power to pull the 

agricultural equipment. It is the rate of work 

done per unit time, and it is the product of 

multiplying force by speed [7]. It can be 

calculated from the following equation: [8]          

DP =FT * Vp/270       (hp)    
Since: 
DP =  Drawbar Power  (hp) 

FT = drag force (kg.f) 

Vp = practical speed (km.h
-1

) 

2-Soil Resistance Penetration (KN.m
-2

) : 

It was calculated using a Penetrometer, 

before working on the surface of the soil and 
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for each treatment, and after working in the 

center of the impact of the rear tire for all 

treatments, as the measurement was done by 

placing the device vertically on the ground, 

and applying constant pressure on the handle 

at the top of the device, so that the cone 

penetrates the soil layer to be measured, its 

resistance to penetration, then record the 

reading, take nine readings for each repeater, 

then calculate its average, then apply the 

following equation [9]. 

Conintex = F/A      (KN.m
-2

)  
Since: 
Conintex= Soil Resistance Penetration  

(KN.m
-2

) 

F = force (kN) = reading of the device (kg.f) x 

constant / 1000 

A = Area of the base of the cone (m²) = 

(Diameter)² x Ratio/4 

 

3-Tillage Depth Achieved (cm) : 

     The tillage Depth Achieved was calculated 

using two rulers, the first with a length of (30) 

cm and the second with a length of (1) meter. 

The irregularity index for the tillage depth was 

also calculated as a percentage (%), which 

represents the percentage in which the plow 

deviates from the previously determined 

tillage depth. The deviation is important in 

determining the suitability of the plow, and it 

is calculated by the following equation: [10] 

  npapasr /  

As that 

 sr
a  = average depth (cm). 

 ap = Measured Depth (cm). 
np

=  the number of repetitions 

    

    npaapa sr /
2

 

a = mean deviation of depth (cm). 

  100*/ sraaa   

a =Irregularity index of tillage depth  .)%(  

4-Soil Disturbed Volume (m
3
.h

-1
) : 

Is stirred by the plow during the plowing 

period, and depends on the practical produ 

ctivity of the machine and the actual depth of 

tillage. The volume of soil stirred up can be 

calculated according to the following equation: 
[11] 

S.D.V=DP*Efc*100 (m³/h ) 
Since: 
S.D.V = soil volume stirred up (m3.h

-1
). 

EFc = actual field productivity (ha/h). 
DP = actual plowing depth (cm). 
 

Results and Discussion 

1- Drawbar Power( hp) : 

Table No. (1) showed that the addition of 

weights (310 kg) recorded the lowest 

significant value for the drawbar power, which 

amounted to (10.724) hp, compared with not 

adding weights (0) kg, which recorded the 

highest significant value for the drawbar 

power (13.121) hp. the reason for this may be 

that the use of weights has led to a decrease in 

the percentage of slippage as a result of the 

increased soil shear stress, which reduces the 

draft force, and since the draft force is one of 

the components of the drawbar power, as the 

relationship between them is direct, the 

drawbar power decreases, and this is 

consistent with what mentioned by [2] , [9]. It 

was also found that the increase in the forward 

speed had a significant effect on the drawbar 

power, as it was found that the first forward 

speed (3.3) km.h-1 was significantly superior 

to the second and third speeds (5.6 and 7.7) 

km.h-1 in recording the least significant value 

of the drawbar power at a rate of (5.776). ) hp, 

compared with the second and third gears, 

which recorded the highest significant value 

(12.219 and 17.773) hp respectively. the 

reason for this is that the increase in speed 

leads to an increase in the acceleration of the 

soil compounds, an increase in the kinetic 

energy given to the soil, an increase in the 

resistance of the soil to movement, an increase 

in slip, and an increase in the draft force, and 

thus an increase in drawbar power, in addition 

to that the drawbar power  depends on both the 

forward speed and the draft force. Both of 

them mean an increase in the drawbar power  , 

as the relationship between them is direct, and 

these results are consistent with what was 

stated by [12] , [13]. The interaction between 

the weight added on the tractor wheels and the 

forward speed on the characteristic of the 

drawbar power  showed significant 

differences, as the addition of weights (310) kg 

on the tractor wheels with the first forward 

speed (3.3) km.h
-1

 recorded the less significant 
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value of the drawbar power  , which amounted 

to (4.916) hp.  compared with not adding 

weights (0) kg and the third forward  speed 

(7.7) km.h
-1

, which recorded the highest 

significant value of the  drawbar power  and 

amounted to (18.931) hp. 

Table (1) Effect of the studied factors and their interactions on the characteristic of drawbar 

power  (hp) 

Average Add 

weight 

Forward speed  Km.h
-1

 Add weight 

(Kg) 

 

7.7 5.6 3.3  

A 121131 A 131.21 C 1211.1 E 61626 0 Interaction weight add  

and forward speed B 121131 B 161611 D 121613 F 11.16 310 

 A 111112 B 13131. C 61116 Average forward speed 
The different letters within the same column indicates that there is a significant difference between the treatments at 

the level of significance p>0.05, values were Mean ± standard error. 

2-The Soil Resistance Penetration (KN.m
-2

): 

The added weight on the tractor wheels 

recorded clear significant differences on the 

soil resistance to penetration as shown in 

Table (2), when adding the weights on the 

wheels of the tractor (310 kg) recorded the 

highest significant value for the soil resistance 

to penetration, which amounted to 

(905.1)KN.m
-2

, compared to without adding 

weights (0) kg, which registry the less 

significant value of soil resistance penetration 

(818.2) KN.m
-2

. The reason for this is that 

increasing the load on the tires increases soil 

compaction under the tractor tires, and these 

results are consistent with the findings of [14] , 

[15]. It was also found that the increase in the 

forward speed produced clear significant 

differences in the characteristic of soil 

resistance to penetration, as it was found that 

the first forward speed (3.3) km.h
-1

 had 

recorded the highest significant value of the 

soil resistance to penetration amounted to 

(943.9) KN.m
-2

, compared with the second and 

third speeds. (5.6) and (7.7) km.h
-1

, the second 

speed gave a lower significant value compared 

to the first amounted to (844.1) KN.m-2, while 

the third speed recorded the least significant 

values of soil resistance penetration  was (797) 

KN.m
-2

. The reason for that increase in speed 

leads to a reduction in the period of passage of 

the tractor over the soil surface, which reduces 

soil compaction under the tractor tires, and this 

is consistent with [4] and [16]. The interaction 

between the weight added on the tractor 

wheels and the forward speed on 

thecharacteristic of Soil Resistance To 

Penetration  indicated that there aredifferences, 

as the non-adding of weights on the wheels of 

the tractor (0) kg with the third forward speed 

(7.7) km.h
-1

 the least significant value of Soil 

Resistance To Penetration  (754.4) ) KN.m
-2

, 

compared with adding weights on the wheels 

of the puller (310)kg and the first forward 

speed (3.3) km.h
-1

, which recorded the highest 

significant value of soil resistance penetration  

(977.0) KN.m
-2

. 

Table (2) Effect of factors and their interactions on Soil Resistance To Penetration  (KN.m
-2

) 

Average Add 

weight 

Forward speed  Km.h
-1

 Add weight 

(Kg) 

 

7.7 5.6 3.3  

B 818.2 E 754.4 DE 789.4 AB 910.8 0 Interaction weight add  

and forward speed A 905.1  CD 839.5 BC 898.9 A 977.0 310 

 B797 B 844.1 A 943.9 Average forward speed 
The different letters within the same column indicates that there is a significant difference between the treatments 

at the level of significance p>0.05, values were Mean ± standard error. 
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3-Tillage Depth Achieved (cm) : 

  It is noted in Table No. (3) that the 

addition of weights (310) kg achieved the 

highest significant value for the tillage depth 

achieved, which amounted to (16.332) cm, 

compared with not adding weights (0) kg, 

which recorded the lowest significant value for 

the tillage depth achieved (15.593) cm. The 

reason for this may be due to the increase in 

the dynamic stability coefficient of the tire, the 

increase in the tire contact area with the soil, 

and the decrease in the immersion value as a 

result of the increase in weight and its effect 

on the soil by reducing the slip rate, and thus 

the stability of the depth this agreed with [17],  

[5]. the first forward speed (3.3) km.h
-1

 was 

significantly superior to the second and third 

speeds (5.6) and (7.7) km.h
-1

 in obtaining the 

highest significant value for the tillage depth 

achieved, which amounted to (16.961) cm, 

while the second and third speeds gave the 

lowest tillage depth achieved. It reached 

(15.886 and 15.041) cm. the reason for this is 

that the increase in the rates of resistance in 

forward of the plow’s shares due to the 

increase in speed leads in turn to an increase in 

the force of the soil pushing vertically to the 

resistance equation, which causes the plow to 

be raised slightly and  this leads  tillage depth 

achieved decreases, and this agrees with what 

was stated by [18], [13]. the interaction between 

the weight added on the tractor wheels and the 

forward speed on the characteristics of the 

tillage depth achieved showed significant 

differences. , compared with not adding 

weights on the wheels of the tractor (0) kg and 

the third forward speed (7.7) km.h
-1

, which 

recorded the least significant value for the 

tillage depth achieved (14.763) cm. 

Table (3)  The effect of the studied factors and their interactions on the characteristic of the 

tillage depth achieved (cm) 

Average Add 

weight 

Forward speed  Km.h
-1

 Add weight 

(Kg) 

 

7.7 5.6 3.3  

B 15.593 C 14.763 C 15.350 AB 16.666 0 Interaction weight 

add  and forward 

speed 
A 16.332 C 15.319 B 16.422 A 17.255 310 

 C 15.041 B 15.886 A 16.961 Average forward speed 
The different letters within the same column indicates that there is a significant difference between the treatments 

at the level of significance p>0.05, values were Mean ± standard error. 

 4-Soil Disturbed Volume (m
3
.h

-1
) : 

    Table No. (4) notes that the soil disturbed 

volume  section has increased with the 

increase of the weight added on the wheels of 

the tractor, as the addition of weights on the 

wheels of the tractor (310) kg registry the 

highest significant value for the volume of the 

soil disturbed volume, which amounted to 

(500.33) m³/h
-1

, compared with no addition 

Weights (0) kg, which registry the less 

significant value for the volume of the soil 

disturbed volume up (450.30) m³/h. the reason 

for this may be due to the fact that the 

presence of weights on the tires increases 

practical productivity, and since the 

relationship between productivity and the soil 

disturbed volume is a direct relationship, so 

with increasing productivity, the soil disturbed 

volume  increases, and this agreed with both 

[19] , [20]. the increase in the forward  speed of 

plowing gave clear significant differences in 

this characteristic, as the third forward  speed 

(7.7) km.h
-1

 excelled in  registry the highest 

soil disturbed volume  section and amounted 

to (617.65) m3.h
-1

, and the second speed 

registry (5.6) km.h
-1

 with a lower significant 

value compared to the third its registry 

(492.96) m3.h-1, while the first speed registry 

(3.3) km.h-1 the less significant value, 

amounting to 315.34 m3.h
-1

. The reason for 

this may be due to the fact that the plowed area 

increases with the increase in the practical 

speed of plowing, which leads to an increase 

in the size of the soil disturbed volume and 

this agreed with [18) ,[6]. the interaction 

between the weight added on the tractor 

wheels and the forward speed had a significant 

effect on the  soil disturbed volume  , as the 

addition of weights on the wheels (310) kg and 

the third forward speed (7.7) km.h
-1

 registry 

the highest significant value for the soil 

disturbed volume ,which amounted to (647.48) 

m³/h, compared with not adding weights on 

the wheels (0) kg and the first forward  speed 
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(3.3) km.h
-1

, which registry the less significant 

value for the soil disturbed volume  amounted 

(300.67) m³/h. 

Table (4)  Effect of the studied factors and their interactions on the characteristic of soil 

disturbed volume (m³/h) 

Average Add 

weight 

Forward speed  Km.h-1 Add weight 

(Kg) 

 

7.7 5.6 3.3  

B 450.30 B 587.83 D 462.41 F 300.67 0 Interaction weight add  

and forward speed A 500.33  A 647.48 C 523.50 E 330.02 310 

 A 617.65 B 492.96 C 315.34 Average forward speed 
The different letters within the same column indicates that there is a significant difference between the 

treatments at the level of significance p>0.05, values were Mean ± standard error. 
Conclusion 

      It is possible to work at a speed of up to 

7.7 km .h
-1

 when the soil moisture is ideal, 

with the addition of weights on the tractor 

wheels, as it leads to an increase in the soil 

disturbed volume and a lower value of the soil 

resistance to penetration when the weights are 

removed. Also, additional weights should be 

used on the wheels of the tractor of the study 

because it leads to a decrease in the drawbar 

power, and an increase in the soil disturbed 

volume and the tillage depth achieved. 
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 تأثير الاوزان الإضافية والسرعة الامامية لمساحبة الزراعية في بعض الصفات
 المكننية  باستخدام المحراث المطرحي القلاب

 
 .العراق ،وزارة الزراعة ، دائرة البحوث الزراعية ،اعية نينوىر قسم البحوث الز  1
 .العراق، نينوى، جامعة الموصل، كمية الزراعة ،قسم المكائن والالات الزراعية 2

  31/00/2023وتاريخ قبولو  10/00/2023تاريخ استلام البحث. 
   لمباحث الاول . اطروحة دكتوراهالبحث مستل من 
 

 الممخص
% رمل، 10.1التوزيع الحجم لدقائق التربة )( في احد الحقول الزراعية وكان 2010-2012في الموسم الزراعي ) أجريت الدراسة

( وبذلك تكون نسجة التربة طينية لمعرفة تأثير إضافة الاوزان عمى عجلات الجرار الزراعية باستخدام غرين 30.21طين ، 11.2
الحراثة المحراث المطرحي القلاب عن طريق قياس بعض الصفات المكننية، ومنها قدرة السحب ومقاومة التربة للاختراق وعمق 

المتحقق وحجم مقطع التربة المثار. قسم الحقل وفق تصميم القطاعات العشوائية الكاممة )المنشقة ( وبثلاث مكررات وتبين من نتائج 
وعمق الحراثة المتحقق  ( كغم قد سجل اقل قيمة  لقدرة السحب  واعمى قيمة310الدراسة أن إضافة الاوزان عمى عجلات الجرار )

( 3.3(  اقل قيمة لمقاومة التربة للاختراق . تفوقت السرعة الامامية)0بة المثار بينما سجل عدم إضافة الاوزان )وحجم مقطع التر 
( كم/ساعة في 2.2كم/ساعة في تسجيل اقل قيمة لقدرة السحب واعمى قيمة لعمق الحراثة المتحقق ، في حين تفوقت السرعة الثالثة )

لمثار واقل قيمة لمقاومة التربة للاختراق . وحقق تداخل إضافة الاوزان عمى عجلات الجرار تسجيل اعمى قيمة لحجم مقطع التربة ا
( كم/ساعة اقل قيمة لقدرة السحب واعمى قيمة لكل من عمق الحراثة المتحقق و مقاومة التربة 3.3( كغم والسرعة الامامية )310)

لحجم التربة ( كم/ساعة اعمى قيمة  2.2كغم والسرعة الامامية ) (310للاختراق. بينما سجل إضافة الاوزان عمى عجلات الجرار )
 .المثار
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