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ABSTRACT 

Measuring fuel consumption of deferent farm machines is essential step 

and requires recommended level of accuracy. However, the majorities of 

methods which are being used now in Egypt are still inaccurate enough 

and depend more on unacceptable methods. So, in this study, the fuel 

consumption device was designed and built to measure the fuel consumed 

by farm machines also used in wide range of related applications. Major 

components of the designed fuel consumption device were turbine type 

flow sensors, electronic board and circuits, power source (common 12 

volt battery available in agricultural vehicles), built-in storage memory, 

interfaces and display facilities, connecting wires and housing. Turbine 

flowmeters Vision 1000 sensors have been used to build the fuel 

consumption device which have very small flowrates of 0.05 - 2.5 l/min. 

Electronic board used in the study was a modified version of ATmega328 

series chip. The pulses of the flow sensors are being converted into 

consumption and displayed Liquid crystal display (LCD) screen has been 

attached with multi capacity memory card and USB interface. The device 

has been calibrated with standard method of using volumetric flow rate 

recorded through precise device made for that purpose. 110 hp New 

Holland tractor and a 16 hp medium size engine have been used for 

tracing the accuracy and differences of using fuel consumption device at 

stationery mode. In field, the fuel consumption device attached to two 

different machines, a 58 hp Claas combine harvester tested on ground 

with no crop. Second farm machine was the New Holland tractor 110 hp 

running in field alone and loaded with disc plough, to show the 

differences appear during different conditions for more reliability for fuel 

measurement device. Results showed that for the tractor, there were 

acceptable linear relationships between real volumetric consumption of 
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fuel flow and volume measured by the fuel flow device with 0.8 % 

differences between averages at full throttle, and 0.16 % differences 

between averages at lower throttle. For 16 hp engine tested in lab, the 

differences were higher and around 1.5 % and 2.4 % in case of running 

the engine at full throttle and lower throttle position respectively. For 

recording the tractor fuel consumption in field, increasing both forward 

speed and load equipped with it increased fuel consumption. Where, 

attaching disc plough to the tractor increased the fuel consumed by the 

engine by 20.75 % at low tractor speed and as appeared on device 

display screen. In high forward speed the amount of fuel recorded when 

the tractor operated with disc plough has increased by 26.45. For Claas 

combine harvester, data showed the significant differences of fuel 

consumed. Where, in low forward speed of combine harvester, amount of 

6.22 l/h has been recorded, and 12.70 l/h has been consumed by combine 

engine but at high forward speed with standard divisions of 0.24 and 0.19 

under high and low forward speed of the combine respectively. 

Keywords:  Fuel consumption, turbine flow meter, farm machinery' 

engines, fuel flow rates. 

INTRODUCTION 

uel consumption plays a significant role in the selection and 

management of tractors and equipment. And better estimates 

representing actual field operations are needed to compare 

machinery management strategies. Depending on the type of fuel and the 

amount of time a tractor or machine is used, fuel and lubricant costs will 

usually represent at least 16 percent to over 45 percent of the total 

machine costs (Siemens and Bowers, 1999; Grisso et al., 2010). Fuel 

consumption can be measured by several methods. The simplest way is 

manual bookkeeping of the consumed fuel and the work done. Where, 

this measurement can be completed by filling the fuel tank of the tractor 

before and after a field operation, noting the area covered. The number of 

liters used, divided by the area covered, gives the fuel consumption in 

liter/ unit area. Even this simple method gives adequate accuracy in many 

cases, and it can be used as an information source for energy analysis. 

Other simple way to measure fuel consumed in any operation is using a 

F 
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small cylindrical fuel container branched to the main fuel line and 

equipped with a transparent fuel level indicator to measure fuel 

consumption (Natsis et al., 1999). On-line measurement can be done 

indirectly, for example from the exhaust gas temperature or injection 

needle lift duration of the machine, or directly using a fuel flow meter 

(McLaughlin et al., 1993). Suitability of different measuring methods 

depends on the use of the data and the objectives of the study. Indirect 

methods have been used to create an efficiency monitor to guide the 

driver to use the machine efficiently. The efficiency of a tractor operation 

can be improved often by SUTB-approach (shift up, throttle back) when 

not working under full load conditions (Howard et al., 2011). Pang et 

al., (1985) investigated the possibility of monitoring tractor efficiency by 

measuring the fuel consumption indirectly via the exhaust gas 

temperature and using an electronic correction system. De Souza and 

Milanez (1988) used the same method to evaluate the torque of the 

engine. However, the most common way to fuel consumption 

measurement has been the use of flow meters. This method can provide a 

good accuracy and it can be used for wide variety of applications. When 

using flow meters, the return line from the injection pump has to be either 

measured separately or be returned to the inlet side of the transfer pump. 

This may require an external cooling for the fuel in the return line. For 

high accuracy measurements, the fuel temperature must also be recorded 

in order to calculate the correct mass flow. (Domsch et al., 1999; 

McLaughlin et al., 1993). In modern machines the fuel consumption data 

can also be captured from the CAN-bus (controller area network) of the 

machine. The fuel consumption information can be collected from the bus 

data traffic with a suitable analyzer hardware and software. The 

advantages of this method are that no additional sensors are needed, and 

some other useful information can be collected simultaneously, for 

example the draught force of the three-point hitch link. (Schutte et al., 

2004).  

Jokiniemi et al. (2012) tested a simple and cost effective way to measure 

the fuel consumption of agriculture machinery. The fuel consumption was 

measured by the voltage signal of machine’s own fuel level sensor. The 

signal was recorded with a voltage data logger, and movements of the 
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machine were recorded with a simple personal GPS-tracker. They 

concluded that measuring system was inexpensive, easy to install and did 

not require any modifications to the fuel system. It can also be installed to 

almost any tractor or other self-propelled farm machine. However certain 

restrictions were found e.g. the measuring period has to be relatively long 

to obtain reliable results. Fathollahzadeh et al. (2011) Stated that one of 

the best methods to measure fuel consumption of a tractor engine is using 

flow meter sensors on the tractor. They used an electronic board to 

receive and save the digital pulses sent by the flow meter sensors. In this 

system, battery, monitoring unit, keyboard for controlling the operation of 

the system and memory for recording data in field operations were used. 

In spite of the capabilities of the system which can show instantaneous 

fuel consumption, and the easy installation steps, approximate accuracy of 

the system was 2%, and it can be am limitation to use in some 

measurements where the differences are critical. Yule et al. (1999) 

developed a data acquisition system to monitor in-field performance of an 

agricultural tractor. In their research fuel consumption was measured 

using a MS™ Mk4 fuel flow meter manufactured by JPS Engineering, 

Birmingham, England. The fuel flow meter consisted of a full flow filter, 

a ‘demand only’ fuel pump, a positive displacement flow sensor and a 

heavily finned fuel return tank. The energy to drive the flow sensor was 

provided by a slave electrical fuel pump. In this way the fuel measuring 

system does not influence on the tractor’s standard fuelling arrangements 

in any way. Bedri and Al-Hashem (2006) developed an instrumentation 

package for monitoring tractor performance. The package included a data 

acquisition system and transducers for monitoring forward speed, rear 

wheel speed, fuel consumption and drawbar pull. They used an RS256-

225 turbine flow transducer to measure fuel flow rate. The transducer was 

connected between the main fuel tank and the injector pump for 

measuring the fuel flowing from the tank. The return fuel from the 

injector pump and the injectors was cooled via a heat exchanger placed in 

front of the tractor radiator and then returned to an intermediate vented 

fuel tank downstream from the fuel transducer. Kheiralla et al. (2007) 

measured tractor fuel consumption at various tillage depths and speeds by 

using an oval flow meter sensor located between the injector pump and 
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the fuel filter, and experimental data were saved in an extra memory and 

were analyzed by transferring them to a computer. Also, based in such 

fuel meters, more contributes can be done to the assessment of on-site 

fuel consumption estimation and to develop a quantitative method to 

predict fuel consumption (Trani et al., 2016). However, there are no 

much detailed studies related to measuring fuel consumption using flow 

meter sensors. Also, very few cases recorded for measuring fuel 

consumption by such sensors in field operations in Egypt. So, in this 

study a new system was designed and calibrated to accurately measure 

and record fuel consumption under different condition and for different 

farm machines. 

MATERIALS AND METHODS 

To build an accurate fuel consumption measuring device, a set of 

functions should be exist while using it e.g.; 1) connecting and 

disconnecting the device to different machines should be easy as possible 

and do not need a specific skill; 2) the device should be able to provide 

the reading of consumed energy directly and on time of the operation; 3) 

recording facility of measurements and to be extracted when needed from 

the device; 4) the accuracy to be maximum to overcome the drawbacks of 

traditional available methods; and 5) the cost should be minimum and 

circuits, material and power sources should be available. So, a battery 

operated fuel consumption meter has been developed and tested to be an 

adequate option to measure fuel consumption of a wide range of 

agricultural machine working in field such as but not limited to tractors, 

combine harvesters, small engines. 

1. Fuel consumption measuring device: component and principals  

1.1 Flow sensors 

A turbine flow meter is a volumetric flow metering device. The meter 

consists of a rotor and bearing assembly suspended on a shaft, which is 

mounted to a support device. This assembly is mounted inside housing 

with a known internal diameter and as fluid passes through the flow meter 

housing, the rotor will spin at a rate proportional to the volume of liquid 

passing through the housing. A magnetic or modulated carrier pick-off 

sensor is used to detect the passage of each rotor blade and generate a 



FARM MACHINERY AND POWER 

Misr J. Ag. Eng., October 2016  - 1192 - 

frequency output. The frequency output can be read directly with the end 

users electronics or further processed to convert to an analog output, 

linearized or compensated for temperature variations. There are several 

characteristics of turbine flow meters that make them an excellent choice 

for some applications. The flow sensing element is very compact and 

light weight compared to various other technologies. This can be 

advantageous in applications where space is a premium. So in this study, 

turbine flowmeter Vision 1000 sensor has been used to build the fuel 

consumption device. This commercial type of sensor has for very small 

flowrates of 0.05 - 2.5 l/min which is suitable for most tractors and farm 

machines. Specification and technical data of turbine flow sensor listed in 

table 1. Such turbine meters are for the exact metering of small quantities 

of liquids and suited for flow measurement of fuel and fuel consumption. 

The half effect turbine flow rate sensor is ideal for applications involving 

low flow liquid monitoring. In addition, the low cost coupled makes it an 

ideal for replacing dispensing timer systems. The sensors standard power 

and output specifications make it easy to retrofit with many systems as 

required (LICO Electronics, 2013) (Fig. 1).  

Table 1 Specification and technical data of used turbine flow sensor 

(Turbine Flowmeter Vision 1000) 

Specification  and technical data:  

Measuring range 0.05 - 2.5  l/min Material Trogamid (PA 12) 

Pulses per liter 18.500 Viscosity  0,8 – 16 mm
2
/sec 

Size DN 5 mm Accuracy 3 % of momentary 

value 

Pressure loss  0.02 to 0.25 bar Repeatability 0.50 % 

Temperature range -20 to +100 °C Supply 5 - 24 VDC 

    

Operating pressure Maximum 25 bar  Consumption approximately 8 mA 

Electrical connection EN 60529   
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Fig. 1 Turbine flowmeter VISION 1000 

1.2 Operating principle of sensors and installment 

Fuel flow causes a bladed turbine inside its housing to turn at an angular 

velocity directly proportional to the velocity of the fuel measured. As the 

blades pass breath a magnetic pickup coil, a frequency signal is generated. 

Each pulse is equivalent to a discrete volume of fuel. The frequency pulse 

is directly proportional to the turbine angular velocity and the flow rate. 

The large number of pulses gives a good resolution. As the mass of the 

turbine are very small the response time is very short. It is not necessary 

to install a straight length of pipeline at the up streamside. The simple 

mechanical construction of the sensors guarantees a long lifespan without 

any loss of accuracy and pressure pulses do not affect the measuring 

system. In case of tractors and farm machinery over 50 hp engines, two 

sensors of turbine flowmeter Vision 1000 type were used to measure the 

input fuel flow to the injector pump as well as the fuel returning from the 

injectors and the injector pump to the tank. While, in case of medium size 

engines one sensor is connected to the fuel line without return sensor as in 

Fig. 2 a, b, c and d. Installment of second type of sensor done same as 

above but with one sensor as the small engine similar to medium size 

ones of having one fuel tube.  

2. Electronic board and circuits 

Electronic board used in the study was a modified version of ATmega328 

series chip which offers many digital and analog pins, it pre-loaded with 

the Arduino Optiboot Bootloader to allow sing Arduino code without 

having to use an actual Arduino board. 
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Fig. 2 a: Diagram of where the fuel sensors should be connected to input 

and return fuel lines; b and d: Connected sensor to fuel input tube in 

combine harvester (58 hp CLAAS Crop Tiger); c: Connected sensor to the 

only fuel line in medium size 16 hp engine  

The pulses of the flow sensors are being converted into consumption and 

displayed. The reading of these pulses is being done for one sensor when 

connected alone as inlet sensor or for both sensors as inlet and return 

sensors according to algorithms set for that purpose. When data presented 

in display screen at the time of connecting two sensors, data come from 

the subscription of the two values as amount passed through the inlet 

sensor and data recorded from return sensor. Attached liquid crystal 

display (LCD) screen has ability to show current consumption in l / min 

as well as total consumption in l. The counter contents can be deleted by a 

reset button and consumption data are stored on a multi capacity memory 

card. The extracting of data stored is being done via the USB interface 

and it used for coding and calibration too. The board and its components 

are placed in Aluminum housing and electrical connections done via 

waterproof connectors as shown in Fig. 3. Extra display screen has been 

used for more in-field measurements and can be attached and extended 

through additional wire when needed. Connector for the serial port has 
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been located on board to develop control software and for adapting 

voltage level from personal computer as shown on data acquisition 

schematic chart (Fig. 4). There are software-module have modified for 

parameter control and presentation of the measured data on PC. 

Fig. 3 Electronic board and circuits for designed fuel consumption device 

1: Power input 2: Inlet sensor connection 3: Return sensor connection 4: Extended 

USB line 5: Extra display connection 6: Liquid crystal display (LCD) 7: USB 

connection 8: Micro controllers 9: Storage memory 

3.  Calibration factor 

Calibration factor is the number of pulses per liter that the sensor will 

produce. Every sensor is individually calibrated by flowing a known 

volume of fuel through the meter at five different flow rates; one at the 

maximum rate, one at the minimum rate, and three at rates equidistantly 

spaced between. In the sensor we used in current research, 20000 pulses /l 

was set from the manufacturer as the calibration factor at frequencies 

ranged from 42-833 Hz and 45 mm installation length.  Along with the 

calibration factor, flow of fuel through the meter being calibrated is 

diverted into a tank of known volume. 
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Fig. 4 data acquisition schematic chart 
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The time to displace the known volume is recorded to get the volumetric 

flow rate e.g. liter per minute using external marked small tank. This flow 

rate can then be compared to the turbine flow meter readings, and the 

accuracy with repeatability of each sensor can be calculated based on 

these differences under different conditions as in equation 1. For in-door 

lab testing and measurements, 110 hp New Holland tractor and a 16 hp 

medium size engine have been used for tracing the accuracy and 

differences of using fuel consumption device at stationery mode without 

moving but with throttle variation. During in-door testing, regression 

equations for real volume of fuel flow and volume measured by the fuel 

flow device have been generated. 

    
|     |

  
 

Where; e = Measurement error, %, Vv = Real volume of fuel flow, l/min., 

and Vs = Volume measured by the fuel flow device, l/min. 

4. Field testing 

In field, the fuel consumption device attached to two different machines, a 

58 hp Claas combine harvester where all moving parts were engaged and the 

machine was tested on ground with no crop. Second farm machine was the 

New Holland tractor 110 hp running in field alone and loaded with disc 

plough, to show the differences appear during different conditions for 

more reliability for fuel measurement device. All different loaded and 

unloaded experimental tests carried out in experimental farm in faculty of 

agriculture, Kafrelsheikh University during the period from June to July 

2016 while the manufacturing of the device started in 2015. During field 

test the device attached to the machine frame and sensors connected to the 

fuel tubes. An extra display screen has been attached and can be hand 

held to be able to read the current measurements (Fig. 5). Data from fuel 

consumption device has been noted in specific time either for one sensor 

or two sensors. Also, each tested machine has run under two different 

speeds as high and low speed to see the variation of fuel with forward 

speeds.  
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Fig. 5 Attaching fuel consumption device and extra display screen to 

Claas combine harvester for field testing 

RESULT AND DISCUSSION 

1. Accuracy and repeatability of sensors used in fuel consumption device 

Regression equations for real volume of fuel flow and volume measured 

by the fuel flow device have been generated from data recorded when 

different machine operated, while under same condition, the actual 

amount observed as real volumetric consumption too to see how far the 

data generated from fuel consumption from the real consumed amount. 

For New Holland tractor with 110 hp running at full throttle position, the 

average fuel consumption recorded on the device display was 0.602 l/min. 

While the average of amount observed and consumed by the engine was 

0.597 l/min. There were acceptable linear relationships between real 

volumetric consumption of fuel flow and volume measured by the fuel 

flow device with 0.8 % differences between averages (Fig. 6a). Same 

tractor with lower throttle position gave 0.16 % differences between 

average data recorded with connected device and real volumetric flow of 

fuel (Fig. 6b). In general the fluctuation in the flow of fuel recorded by 

the device was very low and the readings were quit stable. 
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Fig. 6 Regression equations for real volume of fuel flow and volume 

measured by the fuel flow device connected to New Holland tractor 

For 16 hp engine tested in lab, the differences were higher and around 1.5 

% and 2.4 % in case of running the engine at full throttle and lower 

throttle position respectively (Fig. 7 a and b).  

The displayed reading on screen which was 0.080 and 0.083 l/min for the 

16 hp engine at higher and lower throttle positions respectively was very 

close the recommended minimum volume that the sensor connected to 

device can record. That is may be the reason that variation was higher 

than using the sensor with tractor and it is better to avoid such sensors 

with smaller engines.  

 

 

 

 

 

Fig. 7 Regression equations for real volume of fuel flow and volume 

measured by the fuel flow device connected to 16 hp engine. 
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2. In-Field testing 

Testing of developed fuel consumption device done in field by connecting 

it to two different machine i.e. New Holland tractor and Claas combine 

harvester. For recording the tractor fuel consumption as application of the 

fuel measuring device, data has been recorded under two forward speeds 

as high and low speed. For each speed the tractor has run in field for 

specific time and the fuel consumption recorded by the device has been 

noted. Same experiments repeated but with loading the tractor by 

connecting a disc plough to observe the differences of fuel reading in 

each case. Data presented in table 2 show that and by logic, increasing 

both forward speed of tractor used in the study and load equipped with it 

increased fuel consumption. Where, attaching the rotavator to the tractor 

increased the fuel consumed by the engine by 20.75 % at low tractor 

speed and as appeared on device display screen. In high forward speed the 

amount of fuel recorded when the tractor operated with disc plough has 

increased by 26.45 %.  

Average values of fuel consumed by the engine recorded under low and 

high forward speed were 13.06 and 14.10 l/h with standard division of 

0.01 and 0.521 in unloaded condition respectively. While, the amount 

consumed by the engine when the tractor loaded was 16.48 and 19.17 l/h 

for low forward and high forward speed with standard division 0.863 and 

0.585 respectively (Fig. 8). 

For Claas combine harvester as big engine self-propelled farm machine, 

the device has been attached and tested to record the fuel consumption 

when the combine harvester run under low and high speed and average 

data showed the significant differences of fuel consumed. Where, in low 

forward speed of combine harvester, amount of 6.22 l/h has been 

recorded, and 12.70 l/h has been consumed by combine engine but at high 

forward speed. In both cases, the combine was ruing on field road and all 

parts engaged but without crop table 3 and. Standard divisions of data 

recorded were 0.24 and 0.19 under high and low forward speed of the 

combine (Fig. 9) 
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Table 2 data recorded by the fuel consumption device under different 

experimental conditions for tested tractor. 
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10:45 10:49:04 4.06 24.86 27.07 2.21 32.66 19.59 13.07 

11:00 11:05:30 5.50 32.06 35.05 2.99 32.62 19.57 13.05 

11:10 11:15 5.00 36.14 38.86 2.72 32.64 19.58 13.06 

Average   13.06 

Slow  

lo
a

d
ed

 2:12 2:16:48 4.80 8.48 11.68 3.20 40.00 24.00 16.00 

2:20:08 2:24:17 4.20 14.04 17.10 3.06 43.71 26.23 17.48 

2:30 2:35:30 5.50 20.60 24.26 3.66 39.93 23.96 15.97 

Average   16.48 

High  

u
n

lo
a

d
ed

 

11:20:10 11:24:18 4.13 41.04 43.53 2.49 36.17 21.7 14.68 

11:49:28 11:51:30 2.03 55.26 56.46 1.20 35.48 20.93 13.95 

13:25 13:29:24 4.40 75.40 78.09 2.69 36.68 22.01 13.67 

Average   14.10 

High  

lo
a

d
ed

 3:31:18 3:36:29 5.20 40:95 44.98 4.03 46.5 27.09 18.60 

3:40:15 3:45:00 4.75 50.18 53.97 3.79 47.87 28.72 19.15 

4:00 4:04:09 4.15 63.80 67.22 3.42 49.44 29.67 19.77 

  Average   19.17 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Average fuel consumed by tractor engine in different test condition 
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Table 3 Data recorded by the fuel consumption device under different 

experiments conditions for combine harvester. 

Speed Time, min 
Initial 

reading, l 

Final reading , 

l 

Actual Fuel 

consumption, 

l/h 

High speed 

10.00 4.08 6.16 12.48 

10.00 7.28 9.39 12.66 

10.00 10.47 12.63 12.96 

Average 12.70 

Low speed 

10.00 13.90 14.96 6.36 

10.00 15.08 16.13 6.30 

10.00 0.69 17.46 6.00 

Average 6.22 
 

 

 
 

Fig. 9 Average fuel recorded by combine harvester and  

values' standard division 

3. Total cost 

The major cost which directed to build the fuel flow meter was the flow 

sensors which were imported; all other components used in the device can 

be easily purchased from local stores. However, the cost is consider high 

compared to the manual measurements, but the accuracy and the 

reliability of the device applications make this price is reasonable. On the 

other hand, the ready purchased fuel meters are much higher in price and 

don’t fit all agricultural engineering measurements and not easy to rely on 

it in such measurements. The summery of device elements' cost are 

mentioned in table 4.  
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Table 4 device' elements cost  

Elements Price 

in EP
i
 

Notes 

Flow sensors 2800 Imported and no local items available 

Software module 850 Can be eliminated if the skills to build 

one are available 

Local display screen  110  

Aluminum housing  80  

Wire, connectors extensions 400  

USB-port and SD card 100  

Electronic board and circuits with 

built in screen and diodes 

450  

Total (in EP) 4790  
i
 EG : Egyptian pound 

CONCLUSION 

Manufacturing such fuel meters can enhance the measurements of fuel 

under different conditions in labs as well as in field testing. All materials 

to build such flow meter are available and include local materials but with 

importing the sensors as they are not available locally yet. the price is 

consider reasonable to manufacture the fuel flow device compared to the 

price to get it ready from companies and it doesn’t need specific skill 

either in the installation or in using it. The device can be used in wide 

range of activities with different engines but more than 16 hp and its 

accurate compared to any other local methods. differences between the 

real precise volumetric consumption and volume measured by the fuel 

flow device was acceptable and reached 2.4 % in case of using medium 

size engines of 16 hp, and was less with bigger engines. In field testing, 

the device recorded fuel consumed by different engines to show the 

consumption behavior under different condition and the results were clear 

under each testing situation. It was difficult to find sensors that have 

wider range for measuring fuel consumption of amount less than 0.05 

l/min, so other fuel flow sensors should be used in case smaller engine are 

used in field operation and subjected to fuel test. Furthermore, best 

possible accuracy over wide temperature and flow ranges should be 

tested. 
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 الملخص العربي

 لعمليات السراعية المتعذد في الالستخذام جهاز بذيل لقياش استهالك الوقود 

د. عاطف محمذ السباعي
i

د. رشاد عسيس حجازي           
ii

 

اٌىلىد ٌآلالخ اٌّخرٍفح ٌه اهّيرح ويؼرثش خطىج سئيغيح الي ٔشاط يرثغ اعرخذاَ  نلياط اعرهال

يرُ اعرخذاَ أظهضج وطشق ٌيغد تاٌذلح اٌّطٍىتح  اشٕاء اٌمياط. ولذاآلالخ اٌضساػيح ويرطٍة دلح 

. ٌزٌه واْ اٌهذف ِٓ اٌذساعح هى في اٌؼٍّياخ اٌضساػيح اٌّخرٍفح ؤغثح اٌخطأ فيها ٌيغد تاٌمٍيٍح

ظهاص اعرهالن ولىد يؼرّذ في فىشج ػٍّه ػٍي ِحغاخ ذشتيٕيح ٌغشياْ اٌىلىد اٌّرعه اٌي  ذصٕيغ

ويرُ اعرخذاَ ذٍه اٌّحغاخ اي ِٕها ارا ذطٍة اٌمياط رٌه. اٌّحشن واٌؼائذج ِٕه اٌي اٌخضاْ او 

تىفاءج ارا ِا صادخ او لٍد ليُ اعرهالن اٌعهاص  ِٓ اعرهالن اٌىلىد حيس ال يؼًّ ِحذد ّذيذثؼا ٌ

اٌىلىد ػٓ رٌه اٌّذي. ذُ اعرخذاَ ٌىحح اٌيىرشؤيح ِفرىحح اٌّصذس ِؼذٌح ٌرىصيً وتشِعح ػًّ 

، صّاِاخ شٕائيح  Microcontroller ٍي ِيىشووٕرشويّغرخذِح وذحرىي ػاٌّحغاخ اٌ

                                                           
i
 جامعة كفرالشيخ –كلية الزراعة  -قسم الهندسة الزراعية  –مدرس الهندسة الزراعية  
ii
 كفرالشيخ جامعة – الزراعة كلية – الزراعية الهندسة استاذ مساعد 
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الظهضج  ٔالً ذغٍغٍيِماوِاخ ، ِخاسض لياعيح وسلّيح تاالضافح اٌي شاشح ػشض وِخشض و

 ِصذسفي اٌحمً  اٌمياطاٌحاعة. ذُ االعرؼأح ايضا تشاشح خاسظيح الظهاس ِا يرُ ذغعيٍح اشٕاء 

تطاساخ ِؼظُ اآلالخ اٌضساػيح اٌري ذحرىي ػٍي فىٌد ٌرٕاعة اٌؼًّ ِغ  23اٌي  6ِٓ  ءوهشتا

فىٌد. ذُ اخرياس وِؼايشج اٌّحغاخ اٌّغرخذِح تعهاص لياط اٌغشياْ واٌّصٕغ  23ػياسيح راخ 

اٌمغُ االوي ، ٌضِٓ. وأمغّد اٌرعاسب اٌي لغّيٌٓرحذيذ وّيح اٌىلىد اٌّاس في وحذج ا خصيصا  

اٌّاسج ِٓ خالي أاتية اٌىلىد واٌّىصً تها  ٌرؼييٓ ِذي دلح لياط وّياخ اٌىلىد ِٓ اٌرعاسب 

اٌّحغاخ ووزٌه ذؼييٓ خظ االٔحذاسػٓ فشوق اٌميُ اٌّغعٍح تيٓ لشاءج اٌعهاص وتيٓ ِا ذُ لياعح 

حصاْ وٌعشاس  221تعهاص اٌّؼايشج.  وفي ذٍه اٌرعاسب ذُ اعرخذاَ ِحشوييٓ احذهّا لذسذح 

ّغرخذَ غاٌثا  في اآلالخ راذيح اٌرشغيً حصاْ واٌ 27ٔيىهىالٔذ واالخش ِحشن صغيش رو لذسج 

ظ ذّد في وضغ اٌحشوح ٌٕف اٌمغُ اٌصأي ِٓ اٌرعاسبواالشٕيٓ ذُ ذشغيٍهُ في وضغ اٌصثاخ. 

 65حصاد ِعّؼح ِٓ ٔىع والط تمذسج ذشغيً اٌعشاس اٌّغرخذَ في اٌرعاسب األوٌي وآٌح 

ذُ لياط اٌىلىد  ذّد ذحد ظشوف ذشغيً ِخرٍفح حيس اٌرعاسب ِٓ اٌصأي اٌمغُ حصاْ.

اٌّغرهٍه تاٌعهاص اٌّصٕغ ػٕذ عشػح ِٕخضح وعشػح اخشي ػاٌيح ػٕذ ذشغيً اٌعشاس في 

األسض ِٕفشدا او اشراء اٌمياَ تؼٍّيح اٌخذِح. ايضا ذُ سصذ اٌمشاءاخ اٌّخرٍفح آلٌح اٌحصاد 

ُ اٌّعّؼح اشٕاء ذشغيٍها وٌىٓ في اسض غيش ِّهذج وتذوْ ِحصىي وفي وال ظشوف اٌرشغيً ذ

أظهشخ إٌرائح  حغاب اٌفشوق في اعرهالن اٌىلىد ووزٌه ليُ االخرالف ػٓ اٌّىشساخ ٌىً حاٌح.

ِٓ خالي اٌؼاللح اٌخطيح ذذٔي االخرالفاخ اٌري ععٍد تاعرخذاَ ظهاص اٌىلىد اٌّصٕغ وظهاص 

% ػٕذ  1.5اٌمياط اٌّغرخذَ وّؤشش لياعي .حيس واْ ِرىعظ االخرالف تيٓ وال اٌمياعيٓ 

ٌعشاس ِغ الصي وّيح ولىد يغّح تها صّاَ اٌخأك تيّٕا لً ِرىعظ اٌفشوق اٌّغعٍح ذشغيً ا

عٍد وأحشاف ِؼياسي % ػٕذ وضغ ذغزيح اٌىلىد اٌؼادي ِغ ليُ تغيطح ع   1.27ٌيصً اٌي 

، غيًٌٍّىشساخ. في اٌرعاسب اٌحمٍيح وٌّالحظح ذغيش وّيح اٌىلىد ِغ ذغيش االحّاي وظشوف اٌرش

اظهشخ إٌرائط اْ ِغ صيادج اٌغشػح االِاِيح ٌىال  ِٓ ِٓ اٌعشاس وآٌح اٌحصاد اٌّعّؼح ِىضغ 

اٌذساعح صادخ ليُ اٌىلىد اٌّغعٍح ووزٌه صادخ ليُ اعرهالن اٌىلىد ٌٍعشاس ػٕذ شثىه تّحشاز 

ِماسٔح ترشغيً اٌعشاس تذوْ حًّ في حاٌح اٌغشػح  %  37.56و  %  31.06لشصي تّمذاس 

ػٓ  1.632و 1.12ضح واٌؼاٌيح  ػٍي اٌرشذية . وّا ظهش أحشاف ِؼياسي ِمذاسج إٌّخف

ِرىعظ اٌميُ اٌّغعٍح العرهالَ اٌعشاس تذوْ حًّ ٌٍغشػاخ إٌّخفضح واٌؼاٌيح ػٍي اٌرشذية. 

العرهالَ اٌعشاس تحًّ ٌٍغشػاخ  1.655و 1.574وّا واْ هٕان أحشاف ِؼياسي ِمذاسج 

شذية. في حاٌح ذغعيً اعرهالن اٌىلىد ِغ آٌح اٌحصاد اٌعاِؼح، ذُ إٌّخفضح واٌؼاٌيح ػٍي اٌر

عاػح ػٕذ اٌغيش تغشػاخ ِٕخفضح وصادخ ذٍه /ٌرش 7.33ذغعيً وّيح ِٓ اٌىلىد ِمذاسها 

ػٓ  1.20و 1.35عاػح ِغ اٌغشػح اٌؼاٌيح ِغ أحشاف ِؼياسي ِمذاسج /ٌرش 23.0اٌىّيح اٌي 

ٌٍغشػح اٌؼاٌيح وإٌّخفضح ػٍي  ٌٍىلىد اد اٌعاِؼحآٌح اٌحص نِرىعظ اٌميُ اٌّغعٍح العرهال

 اٌرشذية.


