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INTRODUCTION

In Egypt, Agricultural Engineering Stations (AES), approximately 160 stations, have been designed as a
public sector to provide various mechanization services such as plowing, laser leveling, planting, and harvesting for
farmers and agricultural investors (Economic Affairs Sector, 2013). Unfortunately, farm machines at AES have
been in service with an apparent lack of facilitating most management decisions (Soliman, 2007). For example,
there is presently no dedicated computerized database (DB) system for the purpose of record-keeping of machines’
information even though people now are living in the era of advanced information technology. As a result, all
records are kept manually in a paper-based system; this, of course, might affect the decision in question due to the
undesirable errors of the paper documentation (Hunt, 2001), as well as (Thakur et al., 2011) point out that a well
documentation system in a digital format guarantees timely required data to official authorities for inspection
intentions.

Hunt (2001) and Soliman (2007) emphasize that the most essential responsibility of farm machinery
mangers is that storing the indispensable information of equipment costs in a secure procedure, and such data
achieve their extreme benefit when they are employed in supporting the decision-making process. Certainly, this
reflects that how the security and quality of recorded cost data at AES can significantly affect the final decision.

The logical solution for how the organization can deal with the issue of data management is to design and
implement digital information systems having the ability to strengthen different area, e.g. research needs or making
decisions (Batte, 2005; Alvarez and Nuthall, 2006). For instance, Liu et al. (2013) develop an interactive website to
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help investigators to overcome the problem of enormous amount of Chinese oil plants data by storing and sharing
the data among researchers. By this on-line tool, end-users can browse, retrieve, and update a huge amount of
experimental data according to their need.

In general, management information systems (MIS) can be defined as electronic tools to gather, handle,
and manage data that may have a potential value in making management decisions (Boehlje and Eidman, 1984;
Verstegen and Huirne, 2001). Additionally, Verstegen and Huirne (2001) demonstrate that how the improved
management level at sow farmers are positively dependent on MIS value; they indicate that clear relationships are
between farm size and MIS value. Correlating this result with what it is going on the ground at AMS, it can be
concluded that the sustainability of management at AMS is in doubt due to the missing of real MIS.

There are many publications that have effectively applied MIS in agribusiness with different aims, but the
current study presents the most recent literatures. In particular, studies mainly utilize the concept of relational
database modelling because this model was used in this investigation. In Brief, the relational database model is
initially proposed by Coddin 1970. He mathematically designs a relational structure of data for large shared data
banks.

Sallabi et al. (2011) design a poultry production documentation system that basically depends on relational
data structure. The implemented system has a capacity to process the activities in the poultry building per day
whereby the manager and other stakeholders can easily make the suitable decisions during crises. They also notice
that user efficiency has a major role in increasing the success of this documentation system. Another paper by Peets
et al. (2012) presents some procedures for managing data in the precision agricultural farm. The notion of relational
database as a medium between sensors and user-friendly interfaces is executed to store heterogeneous data for soil
and fertilization.

The goal of this study was to develop a computerized program to primarily substitute the paper-based
procedures applied for registering and holding farm machinery costs, to assess equipment costs during any period of
time, and to support decision-making process at AMS by maximizing the ability to retrieve meaningful timely
information effectively. First, all farm machinery cost records were examined. Subsequently, data, required to build
relational database tables, were assigned and assembled. Afterward, end-users interfaces were designed and linked
to database tables by programming mean to explore and control the reserved records. Then, a set of objective
queries and reports was structured and generated as a consequence of operating the developed software within an
AMS in East Egypt.

METHODOLOGY
1. Data collection

To attain the goal of the present study, AES at Mashtol Elsok in Sharkia governorate was determined to
collect the data needed in 2013. The study selected this station because there are no significant differences among
all AES in Egypt. It was revealed that all AES have the same administrating, managerial and information systems
for managing different fleets of farm machines, and they are centrally administered by a head office in the Ministry
of Agriculture. This means that gathering the data needed for constructing the “DbMIS” model can be achieved via
exploring and examining any AES in the country.

Then, two facilities were used to assemble the required data: (A) Interviews were made with the manger of
AES, heads of departments and technical employees to get a clear image of the general system applied to record and
estimate mechanization costs; and (B) Machinery documents and records were utilized to deeply understand the
paper-based system used in registering and assessing farm machinery costs.
2. Program design

Before describing the steps, followed to accomplish the aimed application, it is vital to demonstrate what
the database application may do at AMS. (Fig 1) gives a summarized and concise image about the potential
outcomes of applying the “DbMIS” application. The major three steps, employed for structuring the “DbMIS”
program, are as follows:
2.1 Database tables

The database tables of the “DbMIS” program, storing machinery data at AES, were constructed based on
the relational database model and by using Microsoft Office© Access 2003. Accordingly, seven relational tables
(Table 1) were established in an Access file named “MData.mdb”, and this file was linked to “DbMIS” via
Microsoft Visual Basic© (VB) programming. Moreover, (Fig 2) depicts how the designed tables are linked. The
links between tables allow the database to combine meaningful data from different tables, and also gives the
program the capability to enforce referential integrity.
2.2 End-user interfaces and connection
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Mainly seven screens/end-user interfaces were designed, by using Microsoft VB programming language
version (6.0), as a data entry screen for the seven database tables. Each screen was connected by VB code to only
one, two, or three tables in the database file (Fig 3) and had a number of buttons (or objects) to execute a particular
function, drop-down lists to store specified data, textboxes which were parallel to most fields in the connected
table(s) to read data from the table or write data into the table, and labels to distinguish each textbox or drop-down
list on the screen. Furthermore, five screens were structured to manage all generated reports, as well as auto-screens
for error and help messages.

The connection between the screens and different database tables was realized via two intermediate
components, which were the Data Access Object model (DAO 3.6) and the jet database engine. The Data Access
Object model is a computer programming model developed by Microsoft Corporation© to connect a VB application
to a database engine, passing information back and forth between the two; it can be applied through the VB code
(Microsoft, 2015). The jet database engine is computer software embodied into Microsoft Office Access to connect
the VB application to Microsoft Office Access (Microsoft, 2006).

In order to control what gets into the database tables through the data entry screens, the data integrity
concept was considered during this step. Briefly, data integrity means that only valid data are stored in the database.
2.3 Queries and reports

Queries were structured to handle and process data stored in various database tables in order to provide
certain information. The structured queries were built in VB codes and by using the Structured Query Language©
(SQL) version (ANSI-SQL 92). The principal types of queries in “DbMIS” application perform the following
calculations between two definite calendar dates: (1) Repair and maintenance (R&M) costs for any machine
(EGPllperiod); (2) The number of operating hours for any machine (h/period); (3) The total executed area for any

machine (Fedzlperiod); (4) Fuel costs for self-propelled (SP) equipment (EGP/period); and (5) Oil and lubricants
costs for self-propelled equipment (EGP/period).

The issue of how to present the queried information to the end user is addressed by designing reports.
Hence, report layouts were structured using Crystal Report© program version (4.6.1.0) and also employed under the
environment of VB. There are two major types of reports: (1) reports related to the self-propelled machines; and (2)
reports related to attached machines. The first type has five reports: the R&M costs report, operating hours and
executed area report, fuel costs report, oil & lubricants report, and collective report. The second type has three
reports: the R&M costs report, operating hours and executed area report, and collective report.
3. Testing the model

The designed “DbMIS” model was tested at Mashtol Elsok station in order to prove its capability to get
field machinery data and generate different reports. Therefore, the tests considered were composed of: (1) testing
the ability of the model to receive, update, delete, navigate, and search data stored in the database; and (2) testing
the ability of the model to be queried about certain information and produce the appropriate report. The input data
were gathered from machinery records in the investigated station and between 4/5/2008 and 28/3/20009.
4. Model Justifications

Although all functions and outcomes expected from the “DbMIS” model as a database management system
could also be attained via only designing an entire Microsoft Office Access application, this study was concerned
with linking the structured Access database tables with the VB environment for the justifications outlined below:
1. Employees at AES require no knowledge concerning the database and how it works in order to interact with the
“DbMIS” model. Contrary, in the case of using only a developed Microsoft Access database application, it is
supposed that employees should have sufficient knowledge of Microsoft Office Access;
2. With the “DbMIS” model, what the employees will do with data within the database is limited and controlled, but
Access applications provide no such limit; and
3. The “DbMIS” model provides more security for data stored in the database tables than the Microsoft Access
application.

RESULTS

The computer model “DbMIS” is started with displaying its main menu (Fig 4). This menu contains two
columns of eight options, and each one shows a data entry screen except the last one on the left. First-time users
should start by entering the elementary data pertaining to new farm machines, generally classified for SP machines
and attached machines, in order to establish a reference for other DB tables. That is, users should start by selecting

L EGP refers to the official currency of Egypt.
2 Fed stands for Feddan which is the most common used area unit in Egypt for arable lands.
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screen 1 or screen 2; in the case of choosing any option other than those, the model produces an auto-help message
guiding the user as to what he/she should do.

Figs (5 and 6) depict two samples of the data entry screens, screens No. 1 and 5, developed in the program;
the others have the same features except for the kind of data fields and the connected DB tables. The end-user can
add, update, find, or delete a record in the database, as well as he/she is able to navigate the stored records through
the right menu in the similar screens.

In Fig. 6, for example, the field operation was plowing two paths and needed a Kubota tractor with a chisel
plow to achieve it. Hence, the initial step applied on this screen was specifying the self-propelled machine, the
Kubota tractor, by selecting its code from the drop-down list labeled ‘SP machine code’, with the result that the
informational data related to it were also automatically displayed on the textboxes at the right side of this drop-down
list on the screen. A similar process was also applied for specifying the attached machine, the chisel plow, from the
drop-down list labeled Attached machine code’ on the screen. Then, the input data of the present screen chiefly
consisted of the SP machine code with/without the attached machine code operating order number, agricultural
operation type, and total operating hours (h), automatically calculated via subtracting the value of the started hour
meter reading from the finished hour meter reading, total executed area (fed), and registered data.

Figs (7 and 8) show the most two main distinguished format of the eight designed reports. The rest of
reports format is identical to whether fig 7 or 8. For instance, fig 7 displayed the report for 7 tested machines at the
investigated station, and it included the machine code and type, model name and number, mechanical horse power
(hp), and total R&M costs (EGP). In constant, fig 8 showed the all chief data for one machine only.
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FIG 1:A SIMPLE DATA FLOW DIAGRAM FOR THE “DBMIS” APPLICATION.
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Table (1): Description of the database tables designed in the program.

Table name Table functions

(1) To store the elementary data for tractors and SP machines. These data include the SP machine
code (PK'), machine type, model name, model number, motor number, chassis number, local
“BIDSP” number, mechanical horse power (hp), purchase price (EGP), purchased date, age when purchased,
and any other notes related to new equipment; and (2) Used as a reference to “RMDSP”, “OMD”,
“FUD”, and “LUD” DB tables.

(1) To store the basic data for attached machines. These data contain the attached machine code
(PK), machine type, model name, model number, purchase price (EGP), purchased date, age when
purchased, and any other notes related to new machinery; and

(2) Used as a reference to “RMDA”, and “OMD?” tables in the database.

“BIDA”

(1) To store the data of R&M costs for any machine previously recorded in the “BIDSP” table.
These data mainly compose of SP machine code (FK), spare parts data, miscellaneous materials
data, and total costs data, in addition to a sequence auto-number (PK). Spare parts data consist of
the spare part number, name and description, and total price (EGP) which was automatically

. computed through multiplying the quantity of parts by their unit price (EGP/part). Miscellaneous
“RMDSP” | materials data include material type and description, and their total costs (EGP). Finally, total costs
data comprise of registered date, any other notes related to this record, and R&M costs (EGP),
which are computed automatically through adding the value of maintenance costs, total costs of
miscellaneous materials, and total costs of spare parts; and (2) Utilized to estimate the total R&M
costs (EGP) of a SP machine during a certain period.

(1) To store the R&M expenditures for a machine previously recorded in the “BIDA” table. The
input data for this database table are identical to those in “RMDSP” table except that the attached

“RMDA?” machine code is (FK); and (2) Utilized to calculate the total R&M costs (EGP) of an attached
machine during any definite period.
(1) To store To store operating orders data for both SP and attached machines. The data are the
operating order number (PK), SP machine code (FK), attached machine code (FK), agricultural
“OMD” operation type, and total operating hours (h), automatically calculated via subtracting the value of

the started hour meter reading from the finished hour meter reading, total executed area (Fed),
registered date, and other notes; and (2) Used as a reference to “FUD” table, and also to estimate the
total operating hours (h) and total executed area (Fed) of a machine during any certain period.

(1) To record the SP machine fuel data of an operating order stored in the “OMD” table. The main
data compose of operating order number (PK and FK), SP machine code (FK), fuel type, total fuel
consumption (Liter) which is automatically calculated by subtracting the quantity of fuel in the tank
after operating from the total quantity of fuel resulting from adding the quantity of fuel in the tank
“FUD” before operating to the quantity of fuel purchased during the field operation, total fuel costs (EGP)
which is also automatically computed via multiplying the total fuel consumption by its unit price,
other notes, and finally the registered date that is identical to the date in the “OMD” table. (2) Used
to estimate the total fuel costs (EGP) of a self-propelled machine during a limited period.

(1) To record data of oil and lubricants costs for the SP machines; the data include the SP machine
code (FK) and consumed oil/lubricant data in addition to a sequence auto-number (PK). Consumed
oil/lubricant data were composed of oil/lubricant type, the total price (EGP), which was
automatically computed by multiplying the total quantity of oil/lubricant by their unit price
(EGPI/Liter), registered date, and special notes. (2) Used to estimate the total costs of oil and
lubricants (EGP) of a SP machine per period.

“LUD”

'For example, the relationship between “BIDSP” and “RMDSP” tables is one-to-many relationship, respectively.
This means that each self-propelled machine in the “BIDSP” table, parent table, can have more than one record in
the “RMDSP” table, child table. That is, one machine in the parent table can have much different expenditures data
throughout its life in the child table. Thus, the machine code field, primary key (PK), in the “BIDSP” table is used to
link between the two tables via putting this field, here called foreign key (FK), in the child table.
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Fig 2: A physical layout for the relationship among DB tables.

Screen No. 3 Screen No.1 Screen No. 2 Screen No. 4
A A A A
\ 4 \4 \4 / \4
“RMDSP” table “BIDSP” table “BIDA ” table “RMDA ” table
“LUD” table “OMD” table “FUD” table
A
A 4 \ 4 \ 4
Screen No.7 Screen No.5 Screen No.6 |«

Double arrow means that the data flow are in two directions (i.e., reading, writing,
editing or deleting process), but one arrow means that the data flow are only in one
direction (i.e., only reading process).

Fig 3: An illustration diagram for the connection between DB table and data entry screens.

BIDA BIDSP
PK |BIDA cod PK |BIDSP_cod
BIDA typ BIDSP_typ
— BIDA_mn BIDSP_mn
BIDA_mno BIDSP_mno
BIDA_pp BIDSP_hp ——
BIDA_pd BIDSP_motno
BIDA_age BIDSP_cno
BIDA_not BIDSP_Ino
BIDSP_pp
BIDSP_pd
e BIDSP_age
BIDSP_not
A
RMDA OMD FUD LUD RMDSP
PK | RMDA_ino PK [OMD_ono PK,FK2 |OMD_ono PK |LUD_ino PK |RMDSP_ino
FK1 | BIDA_cod FK2 |BIDSP_cod FK1 BIDSP_cod FK1 | BIDSP_cod FK1 |BIDSP_cod
RMDA_spn FK1 |BIDA_cod FUD_typ LUD_typ RMDSP_spn
RMDA_spd OMD_ot «— FUD_tf LUD_qty RMDSP_spd
RMDA_pno OMD_area FUD_pf LUD_up RMDSP_pno
RMDA_qty OMD_shmr FUD_rf LUD tp RMDSP_qgty
RMDA_up OMD_fhmr FUD_cf LUD_dat RMDSP_up
RMDA _tp OMD_toh FUD_up LUD_not RMDSP_tp
RMDA_mmt OMD_dat FUD_tp RMDSP_mmt
RMDA_mmd OMD_not FUD_dat RMDSP_mmd
RMDA_tmmc FUD_not RMDSP_tmmc
RMDA_tmc RMDSP_tmc
RMDA_trmc RMDSP_trmc
RMDA_dat RMDSP_dat
RMDA_not RMDSP_not
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Fig 4: The main menu of “DbMIS” program.

rnm—%—%M= =] = ]

Add Record Update Record Delete Record

First Record

Fig 5: An example of the 1% data entry screen.
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Operating Order

Operating Order Details

Finizhed Hour Meter

<
£ DbMIS - Operating Orders Record (=[=] = |
Action Browse Serach
| | | First Record | Prev Record | Find |
Save | Undo | LCancel | Mext Record | Last Record |
Machine Information Yiew
SP Machine Code: Machine Type: Model Name: Model Number:
TR-1055 EN Tractor | Kobota | MES000
Motor Number: Chassis Number: Horse Power [hp):
| 150188 | 60376 | 93
Iv An attached equipment is used in the field operation.
Attached Machine Code:  Machine Type: Model Hame: Model Number:
AC-2867 ~| | farm cuttivator Chisel plow 1BC-1.5

[fed]:

PR ' Started Hour Meter Total Dperating Hours
Humber: g Op Reading: Reading: (hr):
| 10456 | Plowing two paths | | 3392.9 345573 62.83
Total Executed Area Notes:

Date:

| 222

| 31272008 |

Fig 6: An example of the 5" data entry screen.

=

From Day: 5/4/2008

To Day: 3/28/2009

Machine code Machine type Model name Model number Horse power Total R & M

(hp) costs (LE)
C-8001 Combine Kubota R2-381 48 26,332.00
C-8002 Combine Yanmar CA3B5EG 38 17.947.00
TR-1055 Tractor Kubota ME9000 93 8,590.00
TR-1056 Tractor New Holland TLS0A 80 1.226.00
TR-1057 Tractor Kubota L5030 50 2.139.00
TR-1058 Tractor Kubota M110 110 4,178.00
TR-1059 Tractor Kubota MO2000 20 489.00

l

[4] 4] 1ot |

[ [Cence ) [5)[ElED]eb] [cose]

Taf? Total: 7

100

Fig 7: An example of the total R&M costs report for all SP machines

162



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 3, 154-164

= | o[ e S|

One Self~-Propelled Machine Report i

From Day: 5/ 4/2008 To Day: 3/28/2009

Total Oil'Lubricants Costs (LE) I 242.50

Item Description
[Machine code || TR 1055
W‘ Tractor
[Modelname | Kubota
[Model number | ME9000
[Horse power mpy | 93
[Motor number | 150188
[Chassis number | 60376
[Local number | 140032

| Total R & M Costs (LE) | s8.590.00

| Total Operating Hours (hr) I 573.00

| Total Executed Area (fed) | 200.80

| Total Fuel Costs (LE) | 2.030.50

|

|

Total Fuel & Oil Costs I 2,273.00 il
[ 4] 1o [ ]pl]] ||§|ﬂ|@11|| Close | 16f1 Total1 1007
Fig 8: An example of collective report for a SP machine report.

Conclusions

The study was done with the aim of providing a database application, “DbMIS”, for the AES in Egypt. The
major weakness of the existing paper-based system at AES is inefficiency in the retrieval and analysis of data.
Furthermore, the main advantage of using a computer-based system rather than a paper-based system is in the
capacity for retrieving information effectively. Via the presented one, the user at AES can input, update, delete,
navigate, and search all machine data in the database and then query and ask the computer a question. The chances
of getting an answer back are at sub-second speed. On the other hand, in the old paper-based system, the task might
take several minutes, several hours, or perhaps even several days. More specifically, the central objective in the
design of this database model for the AES was not only the unification of information processing into one coherent
system, but also supplying replacement decisions.

Several conclusions can be drawn from the investigated farm machines and from designing and
implementing the whole “DbMIS” model, as follows:

1- The “DbMIS” model might be applicable for all AMS in Egypt because all stations have the same
information system, which is currently a paper-based system, for managing and controlling various fleets of farm
machinery.

2- The “DbMIS” model provides timely and up-to-date information concerning repair and maintenance
costs, total operating hours, executed area, fuel costs, and oil and lubricants costs over any certain period. Certainly,
this will identify the remunerative aspects of farm machines.

3- The proposed model could aid many researchers and technicians who work in the field of farm
machinery management, for example, in the prediction of farm machinery costs such as fuel costs, and repair and
maintenance costs.

4- When the database model was implemented at AMS, labor requirements might be decreased
significantly because the new application, in particular, will enable the farm manager to minimize book-keeping
practices.

5- In order to install this new system, low capital cost should be assigned involving only purchase of the
microcomputer, including the operating system and printer. Accordingly, the system could be operational for
approximately 5,000 EGP per computer.
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