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DEVELOPMENT AND TESTING OF  

TRACTOR-MOUNTED FERTILISZRS SPREADER 

A. M.  El-Sheikha*           R. A. Hegazy† 

ABSTRACT 

The lack of efficiency and effectiveness in fertilizer applications in many 

crops has been continues challenge to sustainable use of 

inorganic/commercial fertilizers, the right balance in fertilizer 

application is an important element in nutrition management in Egypt, 

and promoting efficient and effective use of fertilizer has emerged as an 

important target of policies and programs in recent decades.  However, 

fertilizers distribution in Egypt is still mostly done manually due to small 

field sizes, and it is laborious, costly, and the spread pattern is not 

accurate. So manufacturing such small fertilizer distributor that can be 

mounted on a tractor or any smaller carriage could provide a simple 

mechanized solution for fertilizing small fields in Egypt. So, this study is 

carried out to manufacture and test a tractor-mounted spreader and this 

could help farmers to increase efficiency and effectiveness in fertilizer use 

in small scale applications. Fertilizers spreader consisted of; frame, 

spreading material hopper, agitator, spreading disc with four adjustable 

blades (fins), and electrical control unit. In stationery mode experiments, 

Differences of distribution density in both sides of the spreader have been 

measured under different possible combinations of settings till best results 

obtained. Many tables have generated to get the recommended setting to 

deliver specific amount with best uniformity. Also, the spreader has been 

calibrated to get the repression equations to be the base of using different 

fertilizers in field based on the recommended tractor forward speeds in 

field. For spreading Urea in field, placing 1 fin in middle and 3 fins at 

end right on spreading disc and setting spreading disc speed to 550 rpm 

is better option to have 5.5 m effective swath length. Where using 250 rpm 

spreading disc speed is one of settings can achieve the favorable effective 

swath width of 5.5 m with compound fertilizer. For maximum spreading 
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width, it is recommended to set the spreading disc speed to 700 rpm and 2 

disc fins located in center and 2 in their end right for both urea and 

compound fertilizer. Muriate of Potash fertilizer (MOP) as a fine crystal 

fertilizer with recommended amount less than 20 kg/feddan in most of 

fields not easy to be distributed by the spreader under 4 km/h forward 

speed or less. Average SPAD values (Chlorophyll meter values) showed 

no significant differences within each subplot and in different locations 

for all application rates.  The maximum difference between average 

lowest and highest SPAD values for plots that have been spread by the 

machine was 8 % when the machine was spreading 75 % of 

recommended rate. Lowest values were 3 and 4% for 50 and 100 % of 

recommended rates. In manual broadcasting there was difference of 15% 

between lower and highest value of SPAD in different plot locations. 

Keyword: Fertilizer spreader, distributing pattern, uniformity, spreading 

disc. 

INTRODUCTION 

n Europe, fertilizer particles are mainly spread by means of 

centrifugal spreaders (Persson, 1998). The spatial distribution of the 

particles across the field has an important influence on the growth of 

the crop. Mostly one tries to achieve an even distribution of particles 

across the field, i.e. a constant mass of fertilizer per unit soil area. 

Application of too small or too large doses at certain spots will results in 

qualitative and quantitative yield losses (Sogaard and Kierkegaard, 

1994) and can lead to losses of profits of 10% and more (Prummel and 

Datema, 1962). Excessive application obviously can avoid nutrient 

deficiency. On the other hand, it results not only in additional costs and 

the above-mentioned yield losses, but also causes pollution of 

groundwater and surface water (Parris and Reille, 1999). The different 

components of fertilizer applicators, especially disc- based spreading, are 

important as well as characteristics of the fertilizers to achieve the 

favorable distribution pattern and uniformity. Hofstee (1993) mentioned 

that the uniformity of spread pattern of fertilizers is become more 

important for both economic and environmental reasons to ensure that 

fertilizers are not applied unnecessary. Morad (1990) showed that the 

I 
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uniformity of fertilizer distribution affected by spreader speed, blade 

pitch, spreader dip angle and fertilizer type. Larry and Bandel (2002) 

reported that oval pattern is the best pattern for both the single or double 

disc fertilizer spreaders because the effective overlap with this pattern 

was about 60% of the theoretical width that was about 20% of the swath 

width must be overlapped, also the pyramid pattern was an acceptable 

pattern because the effective overlap was only 50% of the theoretical 

width. Hassan et al. (2005) showed that the high degree of uniformity 

can be achieved by using the spinner speed of 500 rpm, (spinner diameter 

500 mm) blade angle of  15°, spinner dip angle 0°, spinner height 500 

mm, straight C-shape blade. Yildirim and Kara (2003) investigated the 

effect of vane height on distribution pattern with different flow rates. 

They used a tractor-propelled spreader with a 500 mm flat disc and two 

materials, triple superphosphate [TSP – Ca (H2PO4)2.H2O] and calcium 

ammonium nitrate [CAN – Ca (NO3)2·NH4·NO3]. They reported that the 

most uniform distribution was obtained with a vane height of 35 mm and 

orifice diameter of 35 mm for both fertilizers in their particular spreader 

experiments. 

To evaluate fertilizer spreaders, several types of distribution patterns can 

be measured in order to evaluate the performance of a certain spreader for 

a certain type of fertilizer. The transverse distribution is the only 

standardized distribution pattern (ISO, 1983). Measurement of the 

transverse distribution is done in spreading halls. In these halls most 

external factors influencing distribution patterns are excluded. The most 

realistic method is the placement of a row of collection trays in the field, 

perpendicular to the driving direction of the spreader. The captured 

particles are weighed and the transverse distribution is obtained. Owing to 

uncontrollable external factors, such as wind and field conditions, it is 

impossible to compare the performances of different combinations of 

spreader and fertilizer type (Reumers et al., 2003). Lawrence et al., 

(2006) were really the first to consider the “on the ground” or “in field’ 

pattern. They did this by considering a two dimensional spreader footprint 

rather than a single row of trays to catch fertilizer, the footprint could then 

be superimposed on the ground and subsequent overlaps taken into 

account. That work exploded the myth that we were spreading with 
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“CV’s” of 15 and 25%. In his field experiments an “in-field” CV of 42% 

was estimated for spreading over a number of farms. That work was 

verified to a very large extent by Piron et al. (2010). 

As proper design of such machines is essential, however, experience and 

experimental methods are mostly used in their design, so it is difficult to 

achieve an optimal design. Hao et al. (2013) proposed an approach for 

research and to optimized design of a fertilizer spreader based on an outer 

groove wheel Fertilizer spreaders (OGWFS) and granular compound 

fertilizer. They built a 3D discrete element method (DEM) model using a 

3D CAD model of the fertilizer spreader and construct a fertilizer particle 

analysis model using spherical particles. By changing the CAD model of 

the machine, they were able to analyze fertilizer spreaders of different 

structures and sizes and the preliminary results indicated the validity and 

effectiveness of DEM analysis. Additional to CAD models, three 

dimensional ballistic models was developed to investigate the effect of 

spin on the trajectory of fertiliser grains in the air and their subsequent 

landing position. Simulations indicated a major effect on the landing 

positions of individual grains although the magnitude was dependent on 

fertiliser- and spreader characteristics. Deviations up to 33% of the total 

travelled distance in the direction of the initial horizontal velocity vector 

were found (Cool et al., 2014).  

So, the main objectives of the study were to design and manufacture 

tractor-mounted fertilizer distributor based on using newly designed 

spreading disc, and to evaluate the distribution pattern of the spreader 

with optimization of the fertilizer distribution rate based on the time 

consumed and target vehicle’ forward speed. 

MATERIALS AND METHODS 

1. Fertilizers spreader components 

Fertilizers spreader consisted of; frame, spreading material hopper, 

agitator, spreading disc and electrical control unit. Spreader' components 

and its arrangement as in Fig.1 

1.1 Frame 

The fertilizer spreader frame has been made of steel to carry; hopper and its 

bracket; hoper platform, dosage slide; spreading disc and its fins. The overall 
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dimensions of the frame with the attachments were 470x500x1100 mm as 

length, width and height with 46 kg weight. Three points for hitching the 

spreader with the tractor have been located for levelling the spreader above the 

soil with recommended distributing height (700 mm). 

 

 

 

 

 

 

 

 

 

Fig. 1 Manufactured fertilizers spreader and its components 

1.2. Spreading disc 

Spinning type spreading disc has been manufactured from steel equipped 

with 4 fins with possibilities of adjusting the pitch angle of each fin. 

Spreading fins are fixed using hexagon screws and Allen screws. Each fin 

has ability to be adjusted on one of three locations right, left and middle 
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within for in-depth analysis of effect of spreading fins arrangement on 

distribution uniformity.  

1.3 Electrical control unit  

Electrical control unit controls and regulates the speed of the spreading 

disc and it used to close and open gate which is locating above the dosage 

slide opening arm too. Main components of the electrical control unit 

included; derive motor, speed sensor, distribution switch box, and battery 

cable. Technical data are presented in Table 1.  

Table 1: Distributor’ electrical unit 

Operating voltage, V 12-24 

Fuse, A 25 

Power of driver motor (spreading disc), W 60 

Power of agitator, W 150 

Speed range, rpm 40 to 700 

Speed of standard agitator, rpm 55 

Power consumption of motor, A Start up to 25 – normal 

operation up to 13 

1.4 Hopper 

Plastic tank has been modified and used to hold the fertilizers with 

volume capacity up to 65 l, an option to use a vertical agitator and it is 

powered also by using the same motor. The hopper has down realizing 

hole and platform of 850 mm in diameter (Fig. 2). 

2. Study Sites, experiments variable and procedures 

2.1 Stationery mode experiments 

Stationery mode experiments conducted in free area of concrete 

pavements and flat level sites with no side slope near Department of 

Agricultural Engineering, Kafrelsheikh University during year 2014/2015 

to analyze and evaluate the distribution pattern of a newly manufactured 

fertilizer spreader. Different fertilizers types, spreading disk speeds, fins 

position on spreading disc, and dosage slide control arm setting have been 

chosen to determine the effective path width and overlapping. Analyzing 

and evaluation of distribution pattern of fertilizer done under different 

spreading disk rotational speeds (250, 400, 550, 700 rpm). Three types of 



FARM MACHINERY AND POWER 

Misr J. Ag. Eng., October 2015  - 1403 - 

fertilizers are used; Prilled Urea, Compound Fertilizer, and Muriate of 

Potash (Table 2). Stationery experiments included different dosage slide 

opening settings (1 to 6 on scale adjustable manually by moving dosage 

slide control arm to required scale Fig. 2a) and fins position on spreading 

disc (right, left and middle) as variables too. Distribution pattern and 

effective width/overlap have been tracked using catching trays with grid 

baffles (Fig. 2 b) to calculate the density of the distributed fertilizers and 

the rate of application as gram per unit area and to validate the spreading 

pattern too. Percentage of differences on both sides for the amount 

distributes by the spreader can be calculated using the below equation: 

𝐃 =
𝐗𝐑 −  𝐗𝐋

𝐗𝐑
 

Where: 

D = Percentage of differences, % 

XR = weight of material collected from right trays, g. 

XL= weight of material collected from left trays, g. 

Table 2: Specification of fertilizers used in experiments  

Fertilizer Prilled urea Compound Fertilizer Muriate of Potash 

Main 

Components 

Nitrogen: 46% 

min., Moisture: 

0.5% max., 

Biuret:  1.0% 

max. 

Nitrogen: 14% min. 

, Phosphorous: 14% 

:min., Potash: 14% min., 

MgO: 2% max., Moisture 

content: 2% max 

Potassium: 50% min., 

Chloride: 46% min., 

Moisture: 2.0% max., 

NaCl: 2.0% max., 

Mg: 0.2%max 

Commercial 

name 

Urea 46% NPK 14-14-14 Muriate of Potash 0-

0-60 (MOP) 

Chemical 

formula  

Co (Nh2) 2 N-P2O5-K2O Potassium Chloride 

(KCl) 

State Granular- 

Compost 

Granular-Compost 70 % random -

unequal size 

Granular  

size 

0.85- 2.80 mm 2-5mm Mix- uneven size 

Release type Quick Quick Quick 

Classification  Compound 

Fertilizer 

Compound Fertilizer Potassium Fertilizer - 

Compound Fertilizer 
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Fig. 2 : a Dosage slide control arm and open/close gate, b: catching 

trays with grid baffles 

After spreading, the contents in trays represented mass distribution of the 

entire spread pattern area. Data obtained and generated from first 

experiments was guide for adjusting the spreader for better distribution 

pattern and to determine the right setting. With particular field sizes and 

available forward speeds, the time required to spread recommended 

fertilizer rate can be derived, which will depends more on field size and 

length, guide tables have been generated to serve as references or 

standard in using tractor mounted spreader for fertilizer spreading. 

Calibration done to the spreader with all possible delivering amounts by 

using all possible settings, and regression equations were delivering, and 

all calculation done twice based on using tractor with two forward speeds 

a 

b 
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2.75 and 4 km/h. Calibration of the spreader under specific setting to be 

used in field can be done using the below equations: 

𝐌 =  
𝟒𝟐𝟎𝟎 𝐗 𝐐 

𝐀
 

Where, M is the applicable rate in kg/feddan, A is the area in m2 which 

equal to pass length into spreading width, and Q is the amount required in 

kg, which can be found as by the following: 

𝐓 𝐗 𝐪

𝐭
 

Where, q is the amount distributed in stationery mode in kg, t is the time 

for distributing q in min, and T is the pass time in field in min, this time 

can be calculated by the below equation: 
𝐋 𝐗 𝟔𝟎

𝐒 𝐗 𝟏𝟎𝟎𝟎
 

Where, L is the pass length in m at recommended spreading width, and S 

is the speed in km/h for the vehicle that carries the distributor.  

2.2 Field experiments 

Field experiments conducted in private farm in Kafrelsheikh governorate 

after 25 days of rice transplanting during season 2015. The overall 

experimental area was 2875 m2. An area of 1725 m2 has been used and 

divided into 3 subplots (11.5 x 50 m2 each). Each subplot has four sub-

sub plots for manual/mechanical spreading comparison and for addressing 

the effect of spreading different rates on field distribution pattern. Three 

rates have been used (100%, 75% and 50% of compound fertilizer and 

urea of recommended rates for the spreader and 100% of recommended 

rate only for manual) (Fig. 3). Two more subplots with 1150 m2 assigned 

to track the distribution pattern for continuous spreading in two passes 

and maximum spreading width. Field experimental design conducted with 

one level randomized split-split plot. Distribution of fertilizers by using 

manufactured spreader done with three levels of spreading rates, and 

distribution method considered as a variable to compare between spreader 

and traditional spreading method (manual broadcasting). Distribution 

width for mechanical spreader was 5.5 m in all subplots except for one 

subplot where the spreaders run with maximum spreading width for 
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fertilizers. Manual fertilizer broadcasting will be the control and to be 

compared with the spreader during field testing. 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Field experimental design of manual/mechanical fertilizer 

distributing and spreading rates comparison 

For tracking changes and uniformity in field which may vary by applying 

different fertilizer rates, uniformity of distribution has recorded by using 

eight trays located perpendicularly on tractor travel direction as well as 

manual broadcasting sides to collect amount of fertilizers fall down on it 

after each replication (5 trays each side have been used with maximum 

spreading width trails). All amount in the trays recorded and average 

value in each side generated to see the differences as an indicator to the 

field distribution patterns. Chlorophyll SPAD value have been recorded 

by using handheld digital Chlorophyll Meter (SPAD 502 PLUS) after 

second spreading as indicator for the nitrogen distribution uniformity.  

RESULT AND DISCUSSION 

1. Stationery mode experiments 

Three different fertilizers have been used to measure and visualize the 

distribution pattern and densities in stationery mode; Prilled urea 46% N, 

Compound Fertilizer 14-14-14, and Muriate of Potash 0-0-60 (MOP), 

with tracking the differences of distribution density in both sides of the 

spreader. Different possible combinations settings of fertilizers types, 

spreading disk speeds, fins position on spreading disc, and dosage slide 

control arm have been used and results of stationery mode experiments 

are listed below.  
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1.1 Urea 

Distribution pattern of urea by the spreader was good. from 4.5 to 6 m 

effective (swath) width, the distribution is uniform and it is achievable 

with different setting in the spreader, also the rate of 12.5 to 50 kg/feddan 

as recommended amount for most field crops is easy to get with adjusting 

the sliding dosage arm, disc speed and direction of distribution (fins 

arrangement). For effective spreading width 4.5 to 6 m, the speeding disc 

speed should be from 250 to 600 rpm. Uniform distribution pattern was 

obtained by adjusting spreader disc fins (1 fin in  middle /3 end right) and 

spreading disc speed 550 rpm, this gave 6.6 % as minimum differences on 

both sides for the amount distributes by the spreader (Table 3 and Fig. 4). 

Table 3: Visualizing urea distribution density in gram per tray. 

U
re

a
 d
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Distribution amount of Urea, g 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 8.91 15.47 36.81 28.13 11.86 6.63 2.36 0.00 0.00 

0.00 0.00 0.00 14.07 25.32 45.48 31.62 14.91 5.35 2.04 0.00 0.00 

0.00 1.76 11.50 45.11 108.9 160.2 138.7 69.99 23.24 4.80 0.62 0.00 

0.41 5.37 52.54 151.3 327.2 357.9 341.8 237.4 78.69 9.20 1.87 0.48 

1.61 13.18 132.4 365.4 310.3 220.9 224.7 315.5 130.8 50.76 6.06 0.66 

2.12 50.80 263.1 248.6 162.4 49.18 29.61 125.3 338.5 106.4 13.55 1.12 

6.61 68.05 320.02 92.57 22.50 16.11 23.51 65.94 169.45 160.6 28.86 2.40 

12.86 132.0 227.30 8.46 15.79 10.82 15.19 35.17 104.97 217.8 70.50 3.79 

14.30 138.5 126.26 23.58 11.96 14.10 23.73 30.59 89.43 202.4 91.27 5.18 

15.33 96.27 82.49 40.87 14.44 22.60 59.70 40.13 65.75 172.7 117.4 8.25 

6.03 56.12 48.42 32.07 22.38 20.39 60.04 22.26 30.81 115.6 117.7 11.53 

4.78 31.60 48.35 30.13 43.17 18.76 14.08 11.06 17.77 108.9 109.3 11.21 

3.84 24.16 39.87 21.20 89.20 44.99 4.25 3.26 9.58 73.87 86.86 5.53 

 
Fig. 4 visualizing uniformity of distributed Urea and density 
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For wider Urea spreading, maximum effective width can be achieved is 

8.4 m, that can be done with spreading disc speed 700 rpm and disc fins 

should be 2 in center and 2 in their end right positions. Any minor 

changes in rotating disc’ fins lead to uneven distribution (offside), e.g. 

spreading urea while all disc blades (fins) in middle lead to differences in 

distributed amount of 33% (Table 4 and Fig. 5) 

According to the amount needed of Urea, dosage slide control arm should 

be adjusted by moving it to deliver the required amount, after calibration 

the spreader with all possible delivering amounts, delivering rates 

followed a liners regression equation with 0.981 coefficients of 

determination (Fig. 6). 

Table 4: Visualizing urea distribution density in gram per tray. 

U
re

a
 d

is
tr

ib
u

ti
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n

 d
en

si
ty

 

Distribution amount of Urea, g 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.30 0.66 1.84 1.26 0.08 0.08 0.11 

0.00 0.00 0.00 0.62 3.69 3.05 3.76 1.21 0.31 0.00 

0.00 0.08 0.23 5.00 7.28 9.74 5.09 0.80 0.47 0.06 

0.00 0.00 0.48 5.26 17.09 33.64 13.59 4.82 1.47 0 

0.00 0.20 3.85 23.00 42.56 16.56 21.39 3.19 1.12 0.00 

0.00 0.13 2.78 18.23 19.76 9.11 20.83 19.31 4.65 0.20 

0.00 1.33 14.15 38.27 29.89 8.16 25.22 12.80 1.22 0.03 

0.00 0.00 15.40 26.50 13.25 12.34 17.45 17.63 5.83 85.00 

0.08 1.67 26.85 40.45 6.44 6.38 11.55 11.11 1.89 0.00 

0.00 0.19 11.56 32.77 14.84 4.36 10.00 17.92 9.88 0.61 

0.06 4.27 24.92 21.72 17.07 10.42 13.87 12.67 3.19 0.10 

0.00 0.16 10.24 19.72 21.89 37.12 9.32 4.19 19.86 0.48 

0.03 3.43 28.38 18.69 43.12 38.27 6.37 13.31 4.45 0.10 

0.00 0.72 10.01 21.57 15.68 32.15 10.09 6.85 12.50 1.34 

0.12 2.87 7.78 8.65 9.04 17.96 4.69 8.01 3.37 0.02 

 
Fig. 5 visualizing offside distribution of Urea  
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Fig. 6 Distributed amount of Urea from different dosing slide arm 

positions 

1.2 Compound Fertilizer 14-14-14 

For effective spreading width 4 to 6.6 m, the fertilizer can be distributed 

effectively with 11 % difference in both sides with suitable setting. Table 

5 and Fig. 7 give the distribution pattern of compound fertilizer 

distributed in stationery mode with fins position of 1 in center and 3 at 

end right at 250 rpm spreading disc speed. 

Table 5: Visualizing compound fertilizer distribution density in gram 

per tray. 

C
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m

p
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Distribution amount of compound fertilizer 14-14-14, g 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.1 0.1 0.2 0.2 0.5 0.5 0.0 0.0 0.0 0.0 

0.0 0.0 0.1 0.9 1.1 3.0 1.4 0.6 0.4 0.0 0.0 

0.2 1.3 3.4 4.4 9.1 3.7 3.3 84.0 0.0 0.0 0.0 

0.2 1.5 6.1 16.4 20.3 70.0 40.4 12.6 2.3 0.5 0.2 

0.7 5.1 22.6 37.5 101.0 69.1 74.3 39.5 8.9 1.5 0.5 

2.0 9.5 51.0 106.7 228.0 353.9 117.0 70.3 32.4 7.6 1.0 

3.4 23.4 98.2 195.7 423.0 537.5 337.2 186.0 59.9 11.0 0.5 

4.0 31.6 163.5 308.6 400.4 499.3 694.3 303.0 125.9 24.2 3.0 

9.5 29.4 139.1 345.3 257.0 99.2 155.3 382.5 147.6 34.3 2.0 

9.6 36.6 107.4 240.8 44.3 24.1 37.0 245.6 185.6 64.5 10.0 

7.8 33.5 82.0 58.0 29.0 24.0 24.0 97.6 185.7 76.0 17.4 

3.3 14.0 42.3 32.6 24.0 21.1 42.0 59.7 15.5 91.7 21.5 

2.0 7.1 12.4 15.3 29.0 12.1 11.1 24.5 70.1 40.4 18.1 

y = 1.388x + 3.1653
R² = 0.9819
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Fig. 7 visualizing distribution of compound fertilizer  

For more spreading width, compound fertilizer can be distributed by the 

spreader with maximum 9.6 meter effective width when disc speed 

reaches 700 rpm which is more than maximum width can be achieved 

with Urea. In this case the distribution pattern was more uniform 

compared to lower spreading width. Table 6 and Fig. 8 show the 

distribution pattern of compound fertilizer which gives 9.6 m effective 

width with 6% difference in amount for both sides, all 4 fins were in 

middle at this time. As the characteristics of compound fertilizer, 

recommended rate is from 80 to 100 kg/feddan is applicable for field crops 

which is achievable by the spreader. The rate needed can be calculated from the 

regression equation presented in Fig. 9, however, calibration of spreader is 

preferable before spreading. 

Table 6: Visualizing Compound fertilizer distribution density in 

gram per tray at maximum width. 

C
o
m

p
o

u
n

d
 f

er
ti

li
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r 
d

is
tr
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u

ti
o

n
  

 

Distribution amount of compound fertilizer 14-14-14, g at maximum width 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.24 0.24 2.84 7.62 12.19 10.21 7.51 2.69 0.32 0.16 

0.30 0.46 3.29 9.14 17.95 34.23 15.56 11.55 3.09 0.34 

0.18 2.29 12.11 22.48 36.35 49.75 31.04 14.91 1.93 0.13 

0.14 1.44 6.14 37.60 73.72 54.70 37.01 20.14 11.00 0.50 

0.63 9.60 23.42 37.13 41.40 96.65 62.51 22.79 8.82 0.08 

0.24 4.50 11.41 40.36 71.50 81.50 40.63 27.50 20.71 2.13 

0.56 7.92 31.75 37.69 40.04 47.21 95.17 36.89 13.77 1.67 

0.40 2.11 25.23 35.99 28.24 24.69 31.89 48.78 36.71 0.05 

0.74 18.87 37.40 64.77 18.14 20.35 22.83 39.92 13.12 0.14 

0.14 5.44 27.58 20.54 33.40 19.92 28.63 36.93 38.93 7.03 

1.37 11.03 44.00 23.60 45.50 38.74 42.81 35.11 22.08 2.18 

0.08 2.48 24.57 28.08 45.41 110.82 44.02 30.41 46.70 5.92 

0.59 11.35 24.85 23.55 94.29 159.14 31.57 50.77 15.14 1.22 

0.45 3.09 7.72 14.30 34.54 84.30 36.99 49.53 34.00 4.54 

0.07 2.62 4.40 9.23 22.71 32.91 21.13 30.88 15.05 1.50 
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Fig. 8 Visualizing distribution of compound fertilizer at maximum 

spreading width 

 

 
Fig. 9 Distributed amount of compound fertilizer from different 

dosing slide arm positions 

1.3 Muriate of Potash 0-0-60 (MOP) 

MOP as a fine crystal fertilizer with recommended amount less than 20 

kg/feddan in most of fields not easy to be distributed by the spreader 

under 4 km/h forward speed or less. On the other hand, The MOP gave 

bad uniformity while distributed by the spreader under all setting, which 

make it difficult to be distributed under the current spreader without 

further modification in both of the dosage slide setting and/or spreading 

disc. Table 7, Fig. 10 and Fig.11 present the poor spreading pattern of 

MOP. However, data of calibrated amount of each dosage slide setting 

and its liner regression equation is presented in Fig. 12. 
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2. Field experiments 

Two times spreading have been applied to experimental plots after 

transplanting rice crop to compare between the spreader as mechanical 

method of spreading the fertilizers and traditional spreading method 

(manual), and to see the effect of different rates on field distribution 

pattern. For spreader, three levels have been chosen as 100, 75 and 50% 

of recommended rate, for manual 100% of recommended rate was applied 

only. However, the recommendation was to apply fertilizers on three 

times, but in third time, the rice crop is being at maturity stage and 

subjected to damage if a carriage  that carry the spreader try to pass in.  

Table 7: Visualizing Muriate of potash distribution density in gram 

per tray at maximum width. 
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Distribution amount of Muriate of potash, g  
0.0 0.0 1.3 6.6 11.9 11.8 8.4 5.0 4.3 0.0 0.0 

0.1 1.0 4.6 12.1 23.7 27.4 18.8 13.2 9.2 3.2 0.1 

0.1 1.4 9.8 24.2 42.1 48.4 34.7 27.2 13.3 4.5 1.4 

0.0 2.6 16.5 46.5 69.2 68.3 51.1 32.4 23.9 11.7 2.4 

0.1 4.6 34.3 70.9 104.0 96.9 74.4 48.2 32.7 17.2 3.5 

0.9 10.1 51.4 154.5 143.8 84.4 68.7 55.0 29.7 18.7 7.4 

1.2 9.9 38.7 120.1 139.8 97.2 47.3 48.7 44.8 25.5 11.6 

1.3 13.7 59.0 86.6 100.6 72.7 45.4 42.6 38.8 18.1 9.8 

1.6 10.0 45.8 75.4 71.7 44.0 34.4 29.9 29.5 22.8 8.5 

2.7 8.4 37.6 74.8 37.3 25.8 15.3 22.6 25.1 18.4 7.9 

2.2 10.1 29.6 43.0 33.3 20.3 8.5 14.0 18.0 24.3 4.5 

1.8 7.1 21.8 42.2 33.0 14.9 2.2 27.1 32.9 18.6 4.8 

0.9 3.8 17.4 41.4 49.7 6.2 1.5 9.9 7.8 11.8 2.9 

1.5 4.1 13.3 33.4 58.5 6.2 0.7 3.7 7.2 7.5 2.3 

 

Fig. 10 Distributed amount of compound fertilizer from different 

dosing slide arm positions 
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Fig. 11 Poor spreading pattern for MOP 

 
Fig. 12 Distributed amount of MOP from different dosing slide arm 

positions 

2.1 Distribution uniformity  

First spreading don by using compound fertilizer in all plots with 90 

kg/Feddan recommended rate. Setting for spreading that amount obtained 

earlier from the best distribution pattern obtained from stationery mode 

experiments, where fins position as of 1 in center and 3 at end right at 250 

rpm spreading disc speed is one of settings can achieve the favorable 

effective swath width of 5.5 m. 

Average amount distributed in both sides of the spreader showed that 

percentages of differences in both spreading sides were 13.62, 12.56 and 

40.85 % for application rates 50, 75, and 100 % respectively. While in 

manually broadcasting fertilizers, one side was higher than the other side 

by 146.51 % in average as shown in Fig. 13 Patterns of distributed 

fertilizer by spreader for 100, 75, and 50 % of recommended amount and 

manual spreading as in Fig. 14. 
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Fig. 13 Percentage of differences in both spreading sides for 

mechanical and manual compound fertilizer application at 

different rates 

 

Fig. 14 Patterns of distributed compound fertilizer by spreader for 

100, 75, and 50 % of recommended amount and manual spreading 
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In second spreading by the manufactured spreader, spreading don by 

using Urea fertilizer in all plots with recommended rate. Spreader has been 

adjusted by placing 1 fin in middle /3 end right on spreading disc and spreading 

disc speed 550 rpm to have 5.5 m effective swath length as set for field 

experiments. Average amount distributed in both sides of the spreader 

showed more variation in spreading pattern and percentages of 

differences in both spreading sides were 26.6, 32.1 and 27.9 % for 

application rates 50, 75, and 100 % respectively. While in manually 

broadcasting fertilizers, one side was higher than the other side 44.5 % in 

average as shown in Fig. 15 

 

Fig. 15 Patterns of distributed Urea fertilizer by spreader for 100, 75, 

and 50 % of recommended amount and manual spreading 

2.2 Maximum effective spreading width 

For testing maximum effective swath width during spreading, spreading 

disc speed 700 rpm was used and 2 disc fins located in center and 2 in 

their end right for both urea and compound fertilizer. Averages of 

percentage of differences in both sides were 27 and 0.4 % for Urea and 

compound fertilizer respectively (Fig. 16). 

2.3 Chlorophyll  

As the distribution pattern recorded the time of spreading, the Chlorophyll 

values also recorded after second spreading as indicator to address the 

variability of distributing the fertilizers for specific application rates.  
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Fig. 16 Patterns of distributed Urea fertilizer (a) and compound 

fertilizer (b) with maximum width of 100% of recommended rate 

Average SPAD values showed no significant differences within each 

subplot and in different locations for all application rates.  The maximum 

difference between average lowest and highest SPAD values for plots that 

have been spread by the machine was 8 % when the machine was 

spreading 75 % of recommended rate. Lowest values were 3 and 4% for 

50 and 100 % of recommended rates. In manual broadcasting there was 

difference of 15% between lower and highest value of SPAD in different 

plot locations (Fig. 17).  

 

Fig. 17 Percentage of differences in SPAD values for different 

spreading variable  
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CONCLUSION 

Using the manufactured tractor-mounted spreader consider good option to 

apply different fertilizers using tractor in field. The designed spreader 

could be controlled easily with attaching electric-electronic circuits to 

adjust the spreading disc rotational speed as well controlling the close and 

open gate of the fertilizer in the hopper. The Distribution pattern of urea 

by the spreader was very uniform and can be obtained with adjusting the 

spreader setting to have effective spreading (swath) width from 4.5 to 6 m 

and up to 8 m. also different rate of fertilizers can be used. For compound 

fertilizer, the uniformity was even better because of the fertilizer shape 

and properties. Both short and wide spreading width can be achieved by 

the spreader. For MOP, Spreader cannot achieve uniformity with fine 

crystal fertilizers (fine powder too) which have two components with 

different particle sizes and densities, also, difficult to deliver such 

fertilizers with lower application rates. In field, the pattern of fertilizers 

distribution is acceptable and better than the distribution pattern obtained 

by manual broadcasting and has been confirmed by measuring the 

Chlorophyll in rice crop leaves. The only challenge may appear is using 

the distributor attached to a tractor in difficult soil condition as in case of 

wet soil applications. 
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 الملخص العربي

 رار لتوزيع السماد الكيماويجتطوير واختبار آلة محمولة علي ال

 ‡حجازيعزيز د. رشاد      احمد محمد الشيخةد.  

ما زال هناك نقص في وجود ألات توزيع السماد الغير عضوي والكيماوي والمناسبة 

للمساحات الصغيرة. وحيث ان التوزيع المتساوي بالمعدل المرغوب فيه يعتبر من 

الأسباب المهمة للنمو الطبيعي للمحاصيل المختلفة، تم في هذة الدراسة تطوير واختبار آلة 

والتي يمكن حملها علي الجرار او معدة حقلية.  مركزية طاردةنثر للسماد غير عضوي 

الآلة تكونت من اطار رئيسي، خزان للسماد مزود بمقلب، قرص للتوزيع مزود باربعة 

 -الموضعي علي محيط القرص في ثلاث اماكن مختلفة ) جهة اليسار ضبظريش قابلة لل

امها من خلال السائق. تم في الوسط(، ووحدة تحكم لتشغيل الآلة يمكن استخد -جهة اليمين

اختبار الآلة في ظرفي تشغيل مختلفين ، الأول يشمل تشغيل الآلة في وضع ثابت بغرض 

دراسة انتظامية التوزيع وكثافة السماد المُوزع خلف الآلة وعرض التوزيع تحت عوامل 

-41-41نيتروجين ، سماد مركب   %46تشغيل مختلفة تشمل ثلاثة اسمدة مختلفة )يوريا 

،  550،  100،  050(، سرعة دوران قرص التوزيع )  00-0-0، و بوتاسيوم  41

كمية السماد من بوابة النزول من الخزان الي  ضبط، ست مواضع ل  دقيقة(/ لفة 000

جهة  -ريش قرص التوزيع )جهة اليسار ضبطقرص التوزيع، و ثلاثة اماكن مختلفة ل

رض خرصانية غير مائلة وأستخُدمت في الوسط(. وتم اختبار الآلة علي أ -اليمين

أحواض بلاستيكية مغطاة بشبك لالتقاط الكميات المختلقة من السماد الموزع . ظروف 

التشغيل الأخري لاختبار الآلة تمت في الحقل بناءا علي نتائج التجارب الأولي لدراسة 

ر )كوبوتا( انتظامية توزيع السماد لمحصول الأرز المنزرع آلياً وتم استخدام جرار صغي

من الحقل  0م 4005لحمل ألة التوزيع والسير في التربة المشبعة بالماء.تم استخدام مساحة 

م(. كل قطعة تم تقسيها الي أربعة شرائح لدراسة  x 50 4415وقسمت الي ثلاثة قطع ) 

توزيع السماد تحت ظروف تشغيل مختلفة في الحقل والتي اشتملت علي توزيع السماد 

                                                           
  دمياط جامعة –كلية الزراعة  –مدرس الهندسة الزراعية 
 كفر الشيخ جامعة –كلية الزراعة  –مدرس الهندسة الزراعية  ‡
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من الكمية الموصي بها لمحصول الأرز  % 50، 05، 400ت مختلفة )بثلاث معدلا

لدراسة تاثير كميات التوزيع المختلفة(. كما تم مقارنة توزيع الآلة بالتوزيع اليدوي لعامل 

تحت نفس المعدلات السابقة. كذلك تم  دراسة انتظامية التوزيع لأقصي مسافة توزيع 

. ايضا تم قياس نسبة 0م 4450لحقل بمساحة ممكنة علي جانبي الألة في قطعتين من ا

الكلورفيل في أوراق محصول الأرز في اماكن مختلفة من الحقل كدلالة لانتظامية توزيع 

 السماد.

تم تسجيل البيانات أثناء التجارب الأولي في الوضع الثابت في جداول عدة لظروف 

واعتمادا علي السرعات التشغيل المختلفة للوصول لافضل اعدادات للآلة محل الدراسة 

الموصي بها للسير في الحقل ، واظهرت النتائج أن استخدام قرص نثر السماد بسرعة 

الريش كواحدة في المنتصف وثلاثة علي جهة اليمين هو افضل  ضبطدقيقة مع / لفة 550

م لسماد اليوريا. بينما  515اختيار للحصول علي افضل انتظامية توزيع بعرض يساوي 

م وايضا عند  515دقيقة يعطي توزيع جيد بعرض / لفة 050عة القرص الي تخفيض سر

استخدام السماد المركب بنفس اعدادات الريش السابقة. للحصول علي اقصي توزيع 

اعدادات  ضبطدقيقة لقرص التوزيع مع / لفة 000عرضي للسماد يفضل استخدام سرعة 

الريش علي القرص لتصبح اثنين في المنتصف واثنين علي جهة اليمين في  كلا النوعين 

.  من 41-41-41نيتروجين و سماد مركب   %46من السماد الغير عضوي اليوريا 

ة سماد كالبوتاسيوم لطبيعتة التركيبيالتجارب في الوضع الثابت لا ينصح باستخدام 

. بعد التجارب الحقلية لم يكن هناك اختلافات معنوية لنسب  الخاصة وصعوبة نترة بالآلة

الحقل والمستخدم فيها الآلة، حيث اظهرت  من المختلفة توزيع الكلورفيل في الاماكن

من الكمية  % 05عند توزيع  % 8كان  اقل واكبر القيمالنتائج ان اقصي اختلاف بين 

من  % 400و  50عند توزيع  % 1و  3ختلاف كانت ان اقل قيم للاالموصي بها. كما 

وصلت نسب توزيع السماد بالطريقة اليدوية في الكمية الموصي بها علي الترتيب.ببنما 

 الحقل. من المختلفة للآماكن %45لنسب الكلوروفيل الي  الاختلاف

 

 


