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Abstract: A field experiment was conducted at the Agricultural Research Station, College of 
Agriculture, University of Basrah, Karmat Ali site. To study the effect of the developed moldboard 
plow to pulverization index of soil. The experiment was designed according to a complete random-
ized block design using the split-split plot method in a factorial experiment with three factors (two 
types of moldboards, three additions of finned harrows and three levels of forward speeds).  Adding 
fins to the moldboard significantly affected the soil pulverization index, with the finned moldboard 
(M2) achieving a lower index of 33.95 mm compared to the traditional plow (M1) at 47.84 mm. 
Needle harrows also influenced soil fragmentation, where double fins harrows (H2) achieved the 
lowest pulverization index of 23.13 mm, followed by single needle harrows (H1) at 32.59 mm, 
while no harrows (H0) had the highest index at 66.96 mm. Increased forward speed reduced the 
pulverization index from 46.49 mm at 1.5 km/h to 36.06 mm at 3.5 km/h. The combination of 
forward speed and needle harrows further impacted soil fragmentation. The lowest pulverization 
index of 21.8 mm occurred with the finned plow and double fin harrows (M2*H2), while the tra-
ditional plow without harrows (M1*H0) showed the highest index at 81.62 mm. The interaction of 
speed, plow type, and needle harrows (S3*M2*H2) yielded the lowest pulverization index of 18.48 
mm, while the highest index, 86.26 mm, was recorded for the combination (S1*M1*H0). 
Keywords: forward speed, moldboard plow, needle harrows, soil pulverization. 

 

Introduction 

The moldboard plow is one of the most widely 
used types of plows in the world, particularly 
for plowing heavy soils, as the plow mold-
board cuts and breaks the soil and converts it 
into large blocks, which requires plowing the 
soil with secondary harrowing machines after 
primary tillage many times in the field (Mu-
hsin, 2017a). The soil adequately prepared the 
suitable conditions for seed germination in the 
soil and choosing an inappropriate tillage 

system, particularly clay soils leads to the de-
terioration of soil properties such as increasing 
soil compaction thereby not preparing the ap-
propriate conditions for seed germination and 
plant growth (Kahlon et al., 2013). Separate 
use of tillage machines and harrowing ma-
chines in the process of preparing the soil for 
cultivation results in an increase in the number 
of machines used. Increasing the traffic of till-
age machines leads to an increase in time and 
costs for completing the tillage operations (Ha-
mid, 2024). The degree of soil fragmentation is 
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measured by the Mean Weight Diameter 
(MWD) (Pulverization Index (PI)) which is 
considered a standard for the degree of soil 
smoothing (Li et al., 2023). The lower the val-
ues of the Pulverization Index (PI), the higher 
the degree of soil fragmentation. That is, the 
relationship is inverse between smoothing (de-
gree of soil fragmentation) and the Pulveriza-
tion Index (PI). Nasser (2014) found that one 
of the factors that help reduce the values of the 
Pulverization Index (PI) is the use of pulveri-
zation machines after the primary tillage oper-
ations, as the Pulverization Index decreases 
when using a reversible plow and then a Disk 
Harrow. Javadi and Hajiahemed (2009) ob-
tained the lowest mean weight diameter 
(MWD) using two passes of the harrows, as the 
Pulverization Index (PI) was 11.5 mm, while 
the disc harrow equipped with an edge had 
about 12.3 mm, followed by the disc harrow 
with a single pass of about 13.7 mm. Aday & 
Nassir (2009) reported that using a combined 
tillage machine  (chisel plow with two soil pul-
verizes) resulted in a decrease in the pulveriza-
tion index by 34% compared to traditional 
chisel plow. Combined tillage machines signif-
icantly reduce the pulverization index com-
pared to individual use of machines and reduce 
the time required to complete agricultural op-
erations (Prem et al., 2016; Sarkar et al., 2021; 

Nassir et al., 2022). The geometric design of 
the moldboard plow is one of the important 
factors that reduce the values of the pulveriza-
tion index (Alwan, 2019). Adding a rigid har-
row to the moldboard plow reduces the pulver-
ization index in a single pass in the field. The 
degree of soil pulverizing depends on the geo-
metric design of the harrows, whether disc, re-
ciprocating, or rigid (Mwiti et al., 2023; Nassir 
et al., 2023). The forward speed of the tractor 
plays an important role in the difference in the 
values of the fragmentation index, which, 
when increased, reduces the soil pulverization 
index through the collision of soil masses with 
each other and with the plow blade due to the 
kinetic energy resulting from the increase in 
practical speed. Speed also reduces soil com-
paction by shortening the time during which 
the plow body passes over the soil (Zhao et al., 
2021). 
Many studies have been conducted to evaluate 
the effectiveness of tillage methods or types of 
plows on the soil fragmentation index of soil 
under different operating conditions, but stud-
ies on the plow are still rare. Therefore, the 
study aimed to investigate the effect of the de-
veloped plow on the soil fragmentation index, 
given the importance of this feature in the eval-
uation of the plow, as well as its effect on dif-
ferent soil properties. 

Materials & Methods 

Description of developed moldboard plow 

The traditional moldboard plow was devel-
oped by fins fixing on moldboard and adding a 
rigid harrow for increasing breaking up soil 
(Fig. 1).  The development of the plow was 
performed in the workshop of the Department 
of Agricultural Machinery and Equipment in 
the College of Agriculture of the University of 
Basrah, A double-moldboard plow manufac-
tured by the General Company for Mechanical 
Industries. The moldboard is of the semi-

helical type. Each moldboard had a width, 
height, and concavity of 45 cm, 40 cm, and 5.6 
degrees respectively. These moldboards are 
characterized by their high ability to break up 
the soil. The moldboards are equipped with a 
cutting shear with dimensions of (9*44) cm. 
The shear cutting angle is 28 degrees. The six 
fins were fixed on the surface of the mold-
board. The fins with dimensions and measure-
ments were determined through a field experi-
ment. The plow was also provided with a tan-
dem of mutually rigid harrows connected to 
the plow body in a hinged manner. The first 
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row was placed 20 cm away and parallel to the 
line of the two plows. The second row was 
placed 15 cm away from the first row. The 

length of each harrow was 180 cm with 13 
rigid tines. 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. (1): Developed moldboard plow 
 
 

The pulverization index of soil 
 

The pulverization index was measured after 
conducting experiments using the developed 
moldboard plow. The soil samples of the 
plowed soil were collected in a square section 
with dimensions (1 m2) with three replicates 
for each treatment. Then the samples were 
transferred to the laboratory and left to air dry, 
after which they were sifted using a sifting de-
vice that contains a set of sieves with different 
diameters (100, 75, 50, 22, 16, 8, 2 mm). As 
for the soil blocks whose size exceeds 175 mm, 
their diameter was measured using a measur-
ing tape. After completing the sifting process, 
the soil on each sieve was weighed separately, 
and the total weight of the sample was calcu-
lated by adding the weights of the soil col-
lected on all the sieves. Then the percentage of 
each weight on each sieve was calculated ac-
cording to the method mentioned in Hillel 
(1980) from equation (1). 

 

𝑃𝑃𝑃𝑃 = ∑ 𝑊𝑊𝑊𝑊𝑛𝑛
𝑖𝑖=1 ∗𝑑𝑑�𝑊𝑊
 𝑊𝑊𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 

                (1)  
 
Where: PI: pulverization index (mm), wi: Per-
centage of soil masses remaining on each sieve 
after sieving (mm), Wtotal: Total soil sample 
mass (kg), d̅: Average diameter of two consec-
utive sieves (mm). (For example, the diameter 
of the previous sieve is 100 mm and the next 
sieve is 70 mm, so the average = (100+70) \2 
= 85 mm). 
 
Soil properties and texture 
 

The soil moisture content and soil density were 
determined by taking samples from the field at 
soil depths of 0-15, 15-20, and 20-25 cm with 
three replicates for different; soils using the 
Core. The samples were dried in the oven at a 
temperature of (105°C) for 24 hours, then the 
moisture percentage was calculated based on 
dry weight, and the apparent density of the soil 
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was calculated according to the method de-
scribed in Black (1965). The soil texture was 
estimated by the absorbent method according 
to the method mentioned in Black et al., (1965) 

to determine the soil texture in which the ex-
periments were carried out and all the results 
are shown in Table (1).  

Table (1): Initial soil properties and texture 
 

 

 

 

 

 

 

 

 

 

Experimental design 

The experimental field was divided according 
to the complete randomized block design and 
the split-split panel method was used in a fac-
torial experiment with three factors (2 types of 
moldboard * 3 addition of rigid harrow * 3 for-
ward speed levels of 1.5, 2.5 and 3.5 km h-1 ) 
and with three replications where the mold-
board type factor was put in the main plots and 
the addition of rigid harrow factor in the sub-
plots, and the forward speed factor in sub-sub 
plots. The treatments were distributed ran-
domly in the sectors, as the number of treat-
ments reached (54) experimental units and the 
length of the experimental unit was 20 m. The 
data for all treatments were analyzed statisti-
cally using the statistical software Gen State 
Version 4. The means of the treatments were 
compared using the least significant difference 
test RLSD at a significance level of 0.05. 
 

Results & Discussion 
 

Effect of the moldboard types on pulveriza-
tion index  

Figure (2) shows a significant effect of the 
moldboard type on the pulverization index val-
ues. The moldboard with finned blade (M2) 
was superior in achieving the lowest soil pul-
verization index (increased soil pulverizing) 
value of 33.95 mm compared to traditional 
moldboard (M1) which recorded the highest 
pulverization index (decreased soil pulveriz-
ing) which reached 47.84 mm. This may be at-
tributed to the role of the fins fixed on the sur-
face of the moldboard in intercepting the soil 
blocks of soil cut by the moldboard shear and 
thus increasing its disintegration, which im-
proves soil fragmentation and reduces the pul-
verization index compared to the plow with the 
traditional moldboard. These results agree with 
Alwan (2019).  

 
 
 
 
 
 
 
 
 
 

Soil properties Soil depth 
0-15 15-20 20-25 

Soil moisture content (%) 10.23 16.47 24.68 
Bulk Density (Mg m--3) 1.29 1.33 1.41 
Porosity (%) 11.5 14.80 22.70 
Penetration Resistance (kN m-2) 1948.57 2147.36 2344.73 
Cohesion (kN m-2) 15.41 11.39 13.58 
Adhesion (kN m-2) 0.15 0.18 0.26 

Soil texture (Silty loamy) Clay Silt Sand 
35% 47% 18% 
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Fig. (2): Effect of the moldboard types in the soil pulverization index 
 

Effect of the rigid harrow types on pulveri-
zation index  

Figure (3) shows that the treatment of adding 
double rigid harrows (H2) to the moldboard 
plow was superior to achieving the lowest soil 
pulverization index (highest soil fragmenta-
tion) value of 23.13 mm, followed by the treat-
ment of adding single rigid harrows (H1), 
which recorded a pulverization index value of 
32.59 mm, while the treatment of using the tra-
ditional moldboard plow without adding har-
rows (H0) recorded the highest pulverization 
index value of 66.96 mm. This could be at-
tributed to the role of the double rigid harrows 

added to the plow and their contribution to in-
creasing the smoothness of the soil clods 
plowed by the plow, which reduces the soil 
pulverization index compared to the single har-
rows and the plow without adding the harrows, 
as the plow alone without adding the rigid har-
rows (H0) recorded the highest pulverization 
index. This shows the positive effect of adding 
rigid harrows to the plow in increasing soil 
fragmentation. These results agreed with what 
Turgut and Boydas (2007) reached since they 
found that adding rotary harrows to the plow 
led to an increase in soil smoothness and a de-
crease in soil fragmentation index by 23.98%.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (3): Effect of rigid harrow types in the soil pulverization index 
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Effect of forward speed in pulverization in-
dex 
 

The results shown in Figure (4) show a de-
crease in the pulverization index (increased 
fragmentation of soil) from 46.49 to 40.12 and 
36.06 mm when the forward speed increased 
from 1.5 (S1) to 2.5 (S2) and 3.5 (S3) km h-1, 
respectively. The reason for the decrease in the 
pulverization index with the increase in the 
forward speed is that the increase in the for-
ward speed increases the acceleration of the 
soil blocks plowed by the plow and increases 
the collision of the soil blocks with each other, 

which increases the loosening and smoothing 
of the soil and thus reduces the rate of the soil 
friability index. These results are consistent 
with those of Muhsin (2017b) and Nassir et al. 
(2024). They noted a decrease in the soil pul-
verization index and an increase in its smooth-
ness with increasing forward speed. Gilandeh 
et al. (2022) also showed that increasing the 
forward speed during plowing increases the ki-
netic energy of soil masses due to increased 
collisions with each other and with the plow 
blades, which causes an increase in soil frag-
mentation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. (4): Effect of forward speed in the soil pulverization index 

 
Interaction between the type of moldboard 
and the rigid harrows  

There was a significant effect of the interaction 
between the type of moldboard and the addi-
tion of rigid harrows to the plow on the soil 
pulverization index. The results shown in Fig-
ure (5) show that the lowest rate of pulveriza-
tion index (highest soil fragmentation) was 
recorded by (M2*H2) reaching 21.8 mm. In 
comparison, the highest pulverization index 
(lowest soil fragmentation) was recorded by 
(M1*H0) reaching 81.62 mm. The reason for 

the superiority of the   (M2*H2) in achieving 
the lowest soil pulverization index was at-
tributed to the use of a combined plow that led 
to increasing the pulverization and smoothing 
of the soil plowed by the plow, which reduces 
the sizes of soil blocks to small clods thereby 
leads to a reduction in the rate of soil pulveri-
zation index, unlike the overlapping treatment 
(M1*H0), in which the soil pulverization pro-
cess is limited to the traditional moldboard, 
which leaves large soil blocks after plowing, 
and this is negatively reflected in increasing 
the pulverization index. 
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Fig. (5): Effect of interaction between the type of moldboard and the rigid harrows 

 
 

Interaction between the rigid harrows and 
forward speed 

The interaction between adding rigid harrows 
and forward speed had a significant effect on 
the soil pulverization index (Fig. 6). The inter-
action treatment (H2*S3) achieved the lowest 
soil pulverization index value of 19.66 mm, 
while the interaction treatment (H0*S1) rec-
orded the highest soil pulverization index 
value of 72.81 mm. The reason for the superi-
ority of the (H2*S3) in achieving the lowest 
soil pulverization index was due to the com-
bined plow and the increased forward speed in 

increasing the loosening and fragmentation of 
soil blocks during the plowing operation, 
which is reflected in the decrease in the pulver-
ization index, while the treatment (H0*S1) rec-
orded the highest pulverization index. This is 
due to the lack of adding needle combs and 
thus their lack of contribution to the process of 
smoothing soil clumps and leaving large soil 
blocks during the plowing operation by the ro-
totiller, especially with the decrease in forward 
speed, which in turn reduces soil smoothing 
and increases the pulverization index. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. (6): Effect of interaction between the rigid harrows and forward speed  
 

0
10
20
30
40
50
60
70
80

S1 S2 S3

Pu
lv

er
iz

at
io

n 
in

de
x 

(m
m

)

Forward speed (km h-1)

RLSD0.05= 1.145

H0
H1
H2

0
10
20
30
40
50
60
70
80
90

H0 H1 H2

Pu
lv

er
iz

at
io

n 
in

de
x 

(m
m

)

Rigid harrows 

RLSD0.05= 0.989

M1
M2



Al-Mansouri & Muhsin / Basrah J. Agric. Sci., 38(1), 278-287, 2025 

285 
 

Interaction among the types of moldboard, 
rigid harrows and forward speed 

Table (2) showed a significant effect of the in-
teraction between the types of moldboard, 
rigid harrow, and the forward speed of tillage 
on the soil pulverization index. The treatment 
(M2*H2*S3) achieved the lowest pulveriza-
tion index value of 18.48 mm, while the inter-
action treatment (M1*H0*S1) recorded the 
highest pulverization index value of 86.26 mm. 
The reason for the superiority of the interaction 
treatment (M2*H2*S3) in achieving the lowest 
soil pulverization index was due to the using 
the developed plow with high forward speed 

and their contribution to the process of frag-
menting and pulverization the soil blocks 
plowed by the plow, in addition to the role of 
increasing the forward speed in increasing the 
acceleration movement of the soil masses and 
its contribution to increasing their disintegra-
tion, which increases the soil softening and re-
duces the rate of soil pulverization index, un-
like the interaction treatment (M1*H0*S1), 
which leaves large soil masses by the plow 
with the traditional plow, especially with the 
decrease in the plowing speed, which is nega-
tively reflected in increasing the soil interac-
tion. 

 

 

 

 
 

 
 
 
 
 
 

Conclu-
sion 

The type of moldboard, harrow addition, and 
forward speed significantly influenced the soil 
pulverization index. The finned moldboard 
(M2) achieved superior soil fragmentation 
with the lowest pulverization index of 33.95 
mm, compared to the traditional moldboard 
(M1), which recorded 47.84 mm. Adding dou-
ble rigid harrows (H2) to the plow further im-
proved soil fragmentation, achieving a pulver-
ization index of 23.13 mm, while single rigid 
harrows (H1) recorded 32.59 mm. The plow 
without harrows (H0) showed the highest pul-
verization index of 66.96 mm, indicating min-
imal fragmentation. Increasing the forward 

speed from 1.5 km/h (S1) to 2.5 km h-1 (S2) 
and 3.5 km h-1 (S3) reduced the pulverization 
index from 46.49 mm to 40.12 mm and 36.06 
mm, respectively, demonstrating that higher 
speeds enhance soil disintegration. The opti-
mal configuration was the combination of the 
finned moldboard, double rigid harrows, and 
the highest forward speed (M2*H2*S3), which 
achieved the lowest pulverization index of 
18.48 mm. Conversely, the traditional mold-
board without harrows and at the lowest speed 
(M1*H0*S1) had the highest pulverization in-
dex of 86.26 mm, reflecting poor soil fragmen-
tation.

  

 
Table (2): Interaction among the types of moldboard rigid 

harrows and forward speed 
 

Types of 
moldboard 

Rigid 
harrows 

Forward speed  (km h-1) 
S1  S2  S3  

M1 
H0 86.26 81.73 76.85 
H1 45.56 36.33 30.44 
H2 28.28 24.28 20.84 

M2 
H0 59.36 50.6 46.93 
H1 33.82 26.57 22.85 
H2 25.69 21.23 18.48 

RLSD 0.05 1.499 
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 تحت سرع أمام�ة مختلفة  التر�ة تفتیت دلیلتأثیر المحراث المطرحي المطور على 
 المنصوري        صادق ج�ار محسن جبرعلي ستار 

 ، �ل�ة الزراعة، جامعة ال�صرة، ال�صرة، العراقوالآلات الزراع�ةقسم المكائن 

 تأثیرإجراء تجر�ة حقل�ة في محطة الأ�حاث الزراع�ة، �ل�ة الزراعة، جامعة ال�صرة، موقع �رمة علي. لدراسة    تم   :صستخلالم
القطع  �أسلوب تفتت التر�ة. تم تصم�م التجر�ة وفقًا لتصم�م القطاعات العشوائ�ة الكاملة  صفة دلیلالمحراث المطرحي المطور على  

ثلاث مستو�ات من   الابر�ة *  الامشاط* ثلاث إضافات من   المطارحمن ثلاثة عوامل (نوعان من   عامل�ه في تجر�ة  المنشقة مرتین
 المطرحة ذات الزعانف  تتفتت التر�ة، حیث حقق  دلیل�شكل �بیر على    مطرحة المحراثإلى    الزعانفالأمام�ة). أثر إضافة    السرع

(M2) ذو المطرحة التقلید�ةم مقارنة �المحراث  لم  33.95  بلغ  اقل معدل لدلیل تفتیت التر�ة (M1)  التي حققت معدل للصفة بلغ 
اقل  (H2) المزدوجة  ط الابر�ةالامشا  سجلت معاملة اضافةتفتت التر�ة، حیث  دلیل  على    الابر�ة  الامشاط م. �ما أثرت  لم  47.84

 32.59  التي حققت معدل لدلیل تفتیت التر�ة بلغ (H1) معاملة اضافة الامشاط الابر�ة المفردة  تلتهام،  لم  23.13  معدل للصفة بلغت
  الأمام�ة من م. أدى ز�ادة السرعة  لم   66.96  معدل للصفة بلغأعلى   (H0) اضافة الامشاطبدون    معاملة المحراث  سجلتم، بینما  لم

معدل لدلیل تفتیت التر�ة   اقل   سجلم.  لم  36.06إلى    مل م  46.49التفتت من    معدل دلیل   انخفاضإلى    1-�م ساعة  3.5الى    1.5
ذو المطرحة ذات الزعانف واضافة الامشاط المزدوجة والسرعة مع المحراث  لمعاملة التداخل بین  م  لم  18.48بلغ    (ز�ادة تفتیت التر�ة)

حققت معاملة التداخل بین المحراث ذو المطرحة التقلید�ة وعدم اضافة الامشاط الابر�ة بینما    1H2)M2(S3-�م ساعة  3.5الامام�ة  
  .م لم 86.26 بلغ H0)M1(S1 1- �م ساعة 1.5والسرعة الامام�ة 

 .ت التر�ة یفت ت،  الامشاط الابر�ة ،  المحراث المطرحي ، السرعة الامام�ة :  الكلمات المفتاح�ة 


