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USE OF FAULT TOLERANT CONTROL SYSTEMS  
IN AGRICULTURE MACHINERY 

 
Prof. M.Sc. Eng. Radkowski S.1, PhD., M.Sc. Eng. Jasiński M. PhD.1, M.Sc. Eng. Gumiński R. PhD.1, M.Sc. Eng. Szulim P. 1, 

Institute of Vehicles – Warsaw University of Technology, Poland 1 

jachuu@simr.pw.edu.pl 

Abstract: The active fault-tolerant control approach relies heavily on the occurred faults. Higher performances and more rigorous 
security requirements have invoked an ever increasing demand to develop real time fault detection and isolation system. The problem of fault 
diagnosis using analytical redundancy (model-based) methods has received increasing attention during recent years due to the rapid growth 
in available computer power. The main objective is to design and maintenance a fault-tolerant control system which guarantees a high 
overall system reliability and dependability both in nominal operation and in the presence of faults. Such an objective is achieved by a 
control performance index, which is proposed based on system reliability analysis. The methods involve generation and evaluation of signals 
that are accentuated by faults that have actually occurred. The procedures for generating such signals, called residuals, are based on two 
main distinct approaches. Direct approach consists in the elimination of all the unknown variable , keeping input-output relations involving 
only observable variables. Indirect approach estimates states, outputs or parameters in order to generate discrepancy signals obtained by 
the difference between the actual variables and their estimates. 

Keywords: FAULT-TOLERANT CONTROL, MAINTENANCE, RESIDUAL SIGNALS 

 

1. Introduction 
Unmanned, supervised, small machines in semi-public 

agricultural or horticultural areas will be common in the foreseeable 
future. Highly automated and autonomous machines save labour 
costs, remove people from performance of risky operations, and 
reduce negative environmental impacts. The considerable 
complexity of semi-natural outdoor environments found in 
agriculture and horticulture and of the mobile robot itself, result in 
substantial challenges to achieving reliability and safety under 
unmanned and/or unattended operation. 

They are many problems to solve1: 

• specifications and identifications of descriptions of reliable 
and safe behaviours and strategies under outdoor unmanned 
conditions, that meet legislative as well as task-determined 
requirements,  

• developing sensor--based perception system for relevant 
description of the machine’s behaviour as well as it’s 
environment interaction,  

• developing internal generic robot fault handling and 
decision support routines, prepre to on-line failure detection,  

• adding hardware and software components to the existing 
field robot, 

• upgrading user sensor interface and usability prognoses 
oriented procedures, 

• implementing and test the improved robot, 

• conducting due to an economic and technology assessment. 

2. Path and movement development planing 
Looking towards the future to a point in time when humans are 

removed from field machinery, there are several emerging 
technologies that will be essential for autonomous operation. Global 
Navigation Satellite Systems (GNSS) and Geographical Information 
Systems (GIS) are aiding the progression of agricultural machines 
from the simple, mechanical machines of yesterday to the 
intelligent, autonomous vehicles of the future. 

The accuracy of differential global position systems (DGPS)2 
degrade with increasing distance to the reference station. For DGPS 
systems, an inter-receiver distance of a few hundred kilometres will 
yield a sub-meter level accuracy, whereas for Real Time Kinetic 
(RTK) systems a centimetre level accuracy is obtained for distances 
of less than 10 km. To service larger areas without compromising 
on the accuracy, several reference stations have to be deployed. 

Instead of increasing the number of real reference stations, Virtual 
Reference Stations (VRS) are created from the observations of the 
closest reference stations. The locations of the VRS can be selected 
freely but should not exceed a few kilometres from the rover 
stations. Typically one VRS is computed for a local area and 
working day.   

The observations from the real reference stations are used to 
generate models of the distance dependent biases. Individual 
corrections for the network of VRS are predicted from the model 
parameters and the user’s position. This kind of network applied to 
DGPS and RTK systems is known as wide-area DGPS (WADGPS) 
and network RTK respectively. An example of a commercially 
available network RTK is Trimble’s VRS that provides high-
accuracy RTK positioning for wider areas. A typical VRS network 
set up consists of GNSS hardware, communications interfacing and, 
modelling and networking software. Most of the existing network 
RTK systems have been installed in the densely populated areas of 
central Europe. 

With the introduction of microcontrollers to agricultural filed 
machinery it was not long until equipment designers realized the 
need to share and manage information between controllers.  
Following the lead of the truck, bus and automotive industries, 
equipment designers began looking for bus configurations and data 
structures to support continuing machinery development.  Quickly, 
most designers realized the need for standardization to facilitate 
interoperability and interchange ability the industry came to grips 
with for hitching3 and hydraulic systems4. 

ISOBus is a distributed network protocol specification 
(developed under ISO 11783) for equipment which utilize CAN 
technology for electronic communication in the agricultural 
industry.  Development of this ISO protocol began in the early 
1990s when a working group was formed to develop an interim 
connector standard (ISO 11786). In 1992, ISO 17783 was formed to 
continue development of the communications protocol standard.  
Initially, much of the ISOBus standard was based on protocols 
developed by the automotive industry (SAE J1939); however, 
revisions have been made to support applications in the agricultural 
and forestry equipment industries.  The main goal of ISO 11783 
was to standardize electronic communications between tractor 
components, implement components and the tractor and 
implement5.  

FlexRay is a distributed network protocol that has been 
developed to improve on existing CAN technology.  These 
protocols are typically developed by the automotive industry, but 
are soon integrated into agricultural vehicles as was seen with the 
CAN protocol under ISO standard 11783.  One of the problems 
associated with existing CAN protocols is that in some cases, 
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manufacturers are coming to a point where bus capacity will be 
exceeded. FlexRay offers the ability for data to be transferred at 
higher frequencies (10Mbps) compared to existing CAN protocols 
(250kbps) typically used today6.  Another important aspect of 
FlexRay is that it utilizes a time-triggered protocol that allows data 
to be transmitted and received at predetermined time frames which 
helps to eliminate errors that can occur when multiple messages are 
sent out on the bus.  Additionally, the FlexRay protocol is capable 
of operating as a multi-drop bus, star network, or hybrid (using both 
multi-drop and star) network.  This allows the protocol to be 
adapted easily into existing bus protocols while also providing 
increased reliability where desired with the star network.  As 
automotive and agricultural vehicles develop in the future, FlexRay 
will certainly be the next network protocol used to ensure efficient 
and reliable data communication. 

The need to reconcile data is being driven by map-based 
application.  “Prescription maps” direct where and how inputs will 
be applied to crop production systems.  Data regarding input 
metering and placement is further complicated by the nature of field 
equipment apply inputs.  Production managers and suppliers have 
multifaceted data transfer needs that range from moving 
prescription maps form the farm office to field equipment and then 
returning plans field operations verification files along sensor data 
for summarizing crop health and performance to the field office. 

One attempt at coordinating data transfer has been proposed and 
adopted by Macy7 and is termed the Field Operations Data Model 
(FODM).  FODM was created as a framework to document field 
operations, and more recently has been expanded to support 
business functions.  FODM is based on three components: 
description of field operation, framework and a general machine 
model.  Field operations are described using one of four models; 
whole-field, product-centric, operations-centric of precision ag.  
The FODM framework is object-based which includes resources 
(people, machines, products, and domains) and operation regions 
(space and time).  Data logged to summarize field operations can 
either be infrequently changing data (ICD) of frequently changing 
data (FCD).  The general machine model (GMM) provides a 
description of the physical features of field machines including 
components, sensors and product storage or containers. 

2.1. Problems of Robot Control Architectures 
Most of the initial work done on control architectures of mobile 

robots was carried out in the aerospace and artificial intelligence 
research laboratories to accomplish military missions and space 
explorations. Unlike industrial robots, where the environment is 
controlled and structured, the work environment of robots is 
relatively unstructured, unpredictable and dynamic. An intelligent, 
robust and fault tolerant control architecture is essential to ensure 
safe and desired operation of the robot. A behaviour based (BB) 
control approach provides an autonomous mobile robot, the 
intelligence to handle complex world problems using simple 
behaviours. Complex behaviours of a robot emerge from simple 
behaviors8, behaviour being defined as response to a stimulus9. BB 
control structure can be either reactive or deliberative in nature.  
Reactive behaviours are part of reactive control architectures where 
the behaviour responds to stimuli and develops control actions. 
Deliberative behaviours on the other hand are pre-defined control 
steps which are executed to accomplish a given task. Associating 
these behaviours to actual actions of an agricultural robot is crucial 
to understand the capabilities of a robot. The importance of 
decomposition of agricultural tasks into robotic behaviours was 
illustrated by Blackmore10.  For the robot to tackle unknown 
environments and attain assigned goals both reactive and 
deliberative behaviours are important11 and thus a robust fault 
tolerant intelligence is achievable with a combination of reactive 
and deliberative behaviours.   

From this point of view, the issues of reliability and safety 
systems are issues of the utmost importance. 

2.2. Safety assessment and definition 

The safety assessment of the machine had the aim to determine 
the compliance to legal standards and to draw attention to the most 
probable operational risks. For highlighting and ranking of risks a 
failure modes and effects analysis (FMEA) was conducted12. 

Relevant standards 
The tractor basis is modified to an extend where it cannot be 

regarded as a tractor despite the following definition in Directive 
2003/37/EC for tractors: 

‘Tractor means any motorized, wheeled or tracked agricultural 
or forestry tractor having at least two axles and a maximum design 
speed of not less than 6 km/h, the main function of which lies in its 
tractive power and which has been especially designed to pull, push, 
carry and actuate certain interchangeable equipment designed to 
perform agricultural or forestry work, or to tow agricultural or 
forestry trailers; it may be adapted to carry a load in the context of 
agricultural or forestry work and/or may be equipped with 
passenger seats.’ 

Consequently this autonomous machine can be regarded as a 
‘machine’ and the risk evaluation should be carried out with respect 
to the essential health and safety requirements of directive 98/37/EC 
for machinery13.  

Requirements for safety and reliability for an automatically 
controlled machine are specified by the directive of machinery 
which in clause 1.2.1 states: Control systems must be designed and 
constructed so that they are safe and reliable in a way that will 
prevent a dangerous situation arising. Above all they must be 
designed and constructed in such a way that: 

• they can withstand the rigors of normal use and external 
factors,  

• errors in logic do not lead to dangerous situations,  
• acceptance for the reliability of control systems may be 

based on the principles of redundancy,  
• self-monitoring given in the European standard EN 954--1 

which now will be replaced by EN ISO 13849 -1 − Safety 
of machinery – Safety-related parts of control systems – 
Part 1: General principles for design and Part 2: Validation.  

Acceptable solutions for electro--hydraulic control systems are 
shown in BIA report 6/97 − Categories for Safety-related Control 
Systems in Accordance with EN 954-1. 

The implements mounted on the machine to perform a 
particular operation (spraying, weeding, etc.) are conventionally 
constructed and safeguarded for the use of a manned tractor. The 
implement manufacturer did not foresee that an automatic machine 
without a driver would operate and control the implement. 
Consequently a new supplementary risk assessment has to be made 
for every attached implement to be used by the automatic machine. 
A supplementary risk assessment for the implements was not 
undertaken as a part of the risk evaluation. The focus was on the 
automatic main machine. 

The risk evaluation performed by the machine safety consultant 
can be summarized13: 

• The automatic machine is an interesting new aspect in 
outdoor mechanization. 

• The functionality and the design of the machine shows that 
it is possible to work without an onboard driver. 

• The outdoor operations should be reduced to applications 
under semi-public conditions to more easily comply with 
legal requirements. 

• The evaluation of the safety shows that documentation and 
design of the control system does not meet the requirements 
for safety for a machine. The control system must be 
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redesigned and rebuilt to meet performance level PL ‘d’ of 
EN ISO 13849. 

• The emergency stop system (safety circuit) has to be re-
evaluated before it can be regarded as acceptable to let the 
machine work without surveillance. 

To reduce the identified risks for autonomous outdoor 
operations the following problems must consider: 

• fulfilling the legal requirements an emergency safety circuit 
was installed to backup faults in the control system and to 
protect the environment as well as the machine itself; 

•  the outdoor operations have to be reduced to applications 
under semi-public conditions to comply more easily to legal 
requirements as well as to achieve a reasonable economic 
viability; 

• a perception system is needed to detect obstacles and to 
improve the localisation system for navigation purposes; 

• additional hardware and software monitoring is necessary to 
optimise the systems behaviour; 

• some safety risks had to be excluded at this stage of the 
project (e.g. the possibility of free public access to the area, 
the presence children) or tried to be met by defining rules 
for the operator behaviour; 

• it was identified that due to its complexity the most difficult 
and challenging task is to increase the reliability and fault 
tolerant behaviour of the installed computer control system. 

3. Fault-tolerant control (FTC) 

In the task of fault detection a series of measures are used 
(Fig. 1). Generally speaking, FTC systems can be categorized into 
two main groups: active (ATFC) and passive (PFTC)14. The active 
FTC techniques (Fig. 2) involve adapting the control law by using 
the information given by the fault detection and isolation (FDI) 
block15. With this information, some automatic controller 
adjustments are performed after the fault trying to guarantee that the 
control objectives are reconfiguration mechanism.  

 

Fig. 1 The taxonometry of model-based fault detection methods 

 

Fig. 2 Active Fault tolerant system diagram 

Two main potential advantages of active FTC are as follows:  

• the ability to use information from the fault provided by an 
online fault diagnosis system and controller reconfiguration; 

• the possibility to achieve the optimal performance with the 
available configuration. However, the price to pay for these 
nice features is that the overall system becomes more 
complicated and costly16. 

To design fault tolerant control systems (FTCS)17, one of the 
important issues to consider is whether to recover the original 
system performance/functionality completely or to accept some 
degree of performance degradation after occurrence of a fault.  

In a control system, there are two aspects of performance: 
dynamic and steady-state. In FTCS, both types should be 
considered as well. To represent the degradation in dynamic 
performance, one could use a performance-degraded reference 
model with a model-following control principle. In general, at least 
two different models: one for normal and one or more for impaired 
systems need to be used. 

Let’s consider a system that is described by the following linear 
stochastic differential equation under the normal operation: 

�̇�(𝑡) = 𝐴𝐱(𝑡) + 𝐵𝐮(𝑡) + 𝐰(𝑡) 

 𝐲(𝑡) = 𝐶𝑟𝐱(𝑡)     (1) 

𝐳(𝑡) = 𝐶𝐱(𝑡) + 𝐯(𝑡) 

To model actuator faults, control effectiveness factors are 
used18, 19. The dynamic part of the system in the presence of 
actuator faults can be represented as: 

 𝐱𝑘+1 = 𝐹𝐱𝑘 + 𝐺𝑓𝐮𝑘 + 𝐰𝑘
𝐱 (2) 

where the post-fault input matrix Gf relates to the nominal input 
matrix G and the control effectiveness factors 𝛾𝑘𝑖 , 𝑖 = 1,⋯ , 𝑙,  in the 
following manner: 

 𝐺𝑓 = 𝐺(𝐼 − Γk),        Γk =

⎣
⎢
⎢
⎡𝛾𝑘
1 0

0 𝛾𝑘2
⋯ 0
⋱ 0

⋮ ⋱
0 0

⋱ ⋮
⋯ 𝛾𝑘𝑙 ⎦

⎥
⎥
⎤
  (3) 

where 𝛾𝑘𝑖 = 0, 𝑖 = 1,⋯ , 𝑙, indicates that the i-th actuator is 
healthy, and 𝛾𝑘𝑖 = 1 corresponds to a total failure of the i-th 
actuator, and 0 < 𝛾𝑘𝑖 < 1 represents partial loss of the control 
effectiveness in the i-th actuator. 

The corresponding transfer function matrix of the desired 
reference model is then: 

 𝑇𝑑(𝑠) = 𝐶𝑑(𝐼𝑠 − 𝐴𝑑)−1𝐵𝑑 .  (4)  

Let’s assume that the eigenvalues of the closed-loop system are 
represented as: 

 Λ𝑓 = diag[λ1, λ2,⋯ , λ𝑛]. (5) 

Suppose that the eigenvalues of the degraded reference model 
are represented as: 

 Λ𝑓 = Ψ−1Λ𝑑 (6) 

where: 

 Ψ = diag[α1,α2,⋯ ,α𝑛],    α𝑗 ≥ 1,   ∀   𝑗 = 1,⋯ ,𝑛. (7) 

This matrix is known as the mode degradation matrix. Each 
element in this matrix represents the expansion factor of the 
corresponding mode from the desired reference model. 

The transfer function matrix of the reference model for the 
degraded system then becomes 

  

System Sensors
Reconfigurable 

Feedforward
Controller

u e y

w v

Fault Detection 
and Diagnosis 

(FDD)

Reconfigurable 
Feedback
Controller

System 
Faults

Sensor
Faults
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 𝑇𝑓(𝑠) = 𝐶𝑑(𝐼𝑠Ψ − 𝐴𝑑)−1𝐵𝑑 = 

 = 𝐶𝑑(𝐼𝑠 − Ψ−1𝐴𝑑)−1Ψ−1𝐵𝑑 = (8) 

= 𝐶𝑓�𝐼𝑠 − 𝐴𝑓�
−1𝐵𝑓 

Hence, the degraded reference model can be represented as 

 
�̇� = 𝐴𝑓𝐱 + 𝐵𝑓𝐮

𝐲 = 𝐶𝑓𝐱
 (9) 

where  𝐴𝑓 = Ψ−1𝐴𝑑 ,  𝐵𝑓 = Ψ−1𝐵𝑑 ,𝐶𝑓 = 𝐶𝑑 . 

Generally speaking, the comparison the dynamics of original 
system with the degraded system is the key problem of fault tolerant 
systems.  

Significant work will be properly identify of the model takes 
into account the development of damage 

4. Conclusions 
In this paper, a new approach to design a FTC has been 

proposed. The advantage of the approach is that it allows the 
controller design to be defined by a set of admissible faults. When 
the fault is in this admissible interval, the nonlinear system can be 
recovered with the performance desired.  

A state feedback control can stabilize the faulty plant with 
acceptable performance degradation. 

As a further research, the computation of fault estimation will 
be proposed including the effect of model uncertainties. Also, the 
influence of delay introduced by FDI module will be analysed. 
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Abstract: The survey forms that were prepared have been filled by 122 farmers who were tractor owners and have been analyzed. The 
farms were evaluated in two groups; the means are determined for Group I farms (1-259da), Group II farms (260da&greater). The most 
preferred usage model of multi-farm use of machinery was collectivization with neighbors. The busiest months for tractor using were 
April, October and September. According to different modellings, it was found that 1 tractor could be used in common by 4 farms in April 
in which the tractors was being used more intensely in Group I farms. It was determined that, according to the general opinions of the 
local farmers, “Machine Rings” was appropriate for the circumstances of Eskisehir. As it was determined that 1 tractor could not be used 
in common by even 2 farms in April, it was considered that it might be suitable to have tractors belong themselves when the land size was 
taken into account in Group II farms. When compared ownership with rental in terms of costs, having a tractor generally seems 
advantageous. 
KEYWORDS: Tractor, use efficiency, used in common tractor,  ownership tractor. 
1. Introduction 
To meet the needs of the rapidly growing human population, 
more abundant and high quality production per unit area is one 
of the main objectives of today's agricultural production. This 
object is accomplished by taking advantage of new technologies. 
The technologies used in agricultural production are as follows; 

• Irrigation, 
• Fertilization, 
• Plant protection, 
• Development and use of breeding materials, 
• Protection and regulation of soil and water resources, 
• Applications of agricultural mechanization (Tezer and 

Sabancı 1997). 
Agricultural mechanization has a special place among the 
production technologies. Agricultural mechanization is such a 
suplementary production technology that it increases 
effectiveness of other inputs in agricultural production, 
economize, and improve working conditions (Zeren et. al. 1995). 
Due to the high initial investment and amortization, rational use 
of agricultural tools and machines has an important place in 
agricultural activities and can bring profit. With the selection of 
agricultural mechanization equipment based on structure of its 
enterprise will reduced mechanization investment, operating 
costs, and will allow agricultural operations to be made in a 
timely manner to provide valuable contributions to enterprise 
economy (Akıncı 2003). For the efficient use of mechanization 
in agriculture it is necessary to study existing conditions of 
mechanization in farms, educate farmers and inform the tractor 
manufacturer based on the results achieved for effective usage of 
mechanization in production (Şenel 2006). 
For purchasing, joint tenancy and rental situations of the tractors, 
an evaluation of mothly use of tractor, identification of operating 
expenses and cost components and comparison of expenses in 
case of renting tractors are necessary. Hence, a comparison 
between purchasing and renting of a tractor based on evaluation 
of mountly use of density or advantage of whether single or 
multi-farm use of the same tractor at the same time period can 
also be accomplished.  
 
2. Prerequisites and means for solving the problem 
2.1. Material 
The main material of this research is the data collected through a 
survey done by farmers. The obtained data represents to the 
production period 2011 – 2012 and survey was made between 
January and March 2013. 
 
3. Solution of the examined problem 
3.1. Methods 
3.1.1. The method applied to sampling stage 
Firstly, the number of tractors in 2010 was determined on the 
basis of Eskişehir districts, then, the tractor / 1000ha which is in 
one of the most important indicators of the presence of a tractor 
in a region was calculated.   
Districts which were comprising closely spaced ratios on the 

 basis of the ratio tractor / 1000 ha were evaluated, and 5 groups 
were formed. The districts were identified from each group as to 
ensure their geographical representation on the basis of Eskişehir 
map. Based on this criterion five districts such as Günyüzü, 
Çifteler, Alpu, İnönü and Saricakaya were selected as research 
areas. 
Taking the tractor / 1000 ha ratio and transportation availibility 
into account, 5 villages, one with low an one with high and three 
with moderate levels, were defined on the basis of representing 
proximity to mean value. Research population (sampling 
population) in the study were also constituted by farmers which 
have their own tractor in selected villages. Names and land size 
of farms which was pinpointed on the chart and had their own 
tractor was also identified by visiting their villages. Accordingly, 
the number of farmers owning tractor were 1388 and the average 
size of land per farm is 123 decares (12,3 ha) in the study area. 
Due to the fact that coefficiency variation of farm size (in ha) in 
study area was up to 75 %, and separation to layers of the 
population method was adopted. In this respect, land size of 
farms were aligned based on their magnitudes. Hence, two 
separate clusters were formed based on the frequency table. 
Clusters were seperated into two layers as 1 – 259 acres, and 260 
acres and greater. Each clusters showed a homogeneous 
distribution in itself.  
The  "Stratified Random Sampling Method" were used for 
determination of the number of samples in the layers. For this 
purpose, the following formula was also used (Yamane 2001). 
            N. Σ (Nh . Sh ²)  
n = ------------------------------  
         N². D² + Σ (Nh . Sh ²)  
In this formula;  
n :  Sample size,  
N : The number of units in the population,  
Nh : The number of units in the layer h,  
Sh ² : The variance of the layer h,  
D² = d²/z²,   
d : The maximum amount of error or the difference between the 
average of population and sample which may be considered by 
the investigator,  
z : Z value the table of the standard normal distribution 
according to this margin of error. 
The 10% error and in the 95% confidence limits were used for 
determination of the sample size. Based on the calculations, the 
122 samplings out of 1388 farms which have their owned tractor 
were determined. Variance of the layers was based on the 
determination of farms which will enter the sample from each 
layer. Sharing Method was used for the Layer Variance. The 
sample size taken from each layer is as follows; 
The sample size to be taken from each layer is calculated 
according to foolowing formula; 
          Nh . Sh 
nh = --------------- . n   
        Σ (Nh . Sh) 
It was calculated that 97 samples from first layer (1-259 acres)   
and 25 samples from second layer (260 acres and greater) is  
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required (Table 1). 
Table 1. Determination of sample size 

Layer N Average s N
h
 . S

h
 *n n 

1-259 acres 1224 89,33 62,8 9382010,3 97 

260&greater 164 376,45 123,5 2470373,3 25 

Total 1388 
   

122 
Farms selected as samples were identified using "Random 
Numbers Table". 
 
3.1.2. The method applied to survey stage 
Direct interview method was used in the process of gathering 
material.  
 
3.1.3. The method applied to analysis stage 
Surveys conducted in farms were analyzed. They were 
transferred to the computer to make necessary controls, 
completion and the editing process in the framework of "Plan 
Code". Data was converted into table summary information in 
the form. Farm groups were taken place in the presentation of 
data in table, economic analysis and evaluation.  
 
3.1.3.1. The analysis of used in common tractors and 
ownership in terms of density of time of use as months 
Firstly,  three different models were created in order to assess the 
monthly use of tractors. Then, assessments were made on these 
models. The monthly distribition in hours of the use of tractor in 
plant production were identified. Finally, daily use of tractors 
were also calculated. Another use of the tractor is also distributed 
equally per day on farm groups since there were not concentrated 
on use in animal production and other non-agricultural uses. It 
was also determined that how many farms will commonly use a 
tractor based on maximum 8-hour-usage. 
 
3.1.3.2. Analysis of tractor ownership and rental in terms 
of costs 
Firstly, crops grown and have economic value in study area were 
taken into account. To this end; crops which have more than 3% 
of the total farm land in farms analyzed (wheat on irrigated 
fields, wheat on dry fields, barley on irrigated fields, barley on 
dry fields, sugar beet, sunflower as oil, and potato) and were 
selected. 
Cost components for the product in question were determined as 
per decare. Then, costs were identified based on when the tractor 
was ‘hired’ and was ‘not hired’ options were undertaken. 
Transactions made with tools and machine were determined 
based on number of times the transaction,  hours of tractor use 
and fuel costs for each product. The labor costs were evaluated 
on the basis of the current village daily work (10 hours of work). 
Family labor was evaluated based on the assumption of wage 
workers. 
Given the costs groups in evaluation; 
a) Variable Costs 
- Soil cultivation and sowing-planting expenses, 
- Maintenance costs (fertilization, weeding, watering, spraying, 
etc.), 
- Harvesting-threshing and transport expenses, 
- Various inputs (seeds, seedlings, fertilizers, water, pest control, 
etc.) 
- Tractor variable costs, 
- Circulation Capital Interest 
b) Constant Costs 
- General administrative costs, 
- Land Tenure 
- Tractor constant costs. 
For the seeds, seedlings, fertilizers and pesticides, current prices 
on the market were taken into account assuming they were 
purchased from outside (Altıntaş and Altıntaş 2012). 
As the tractor variable cost; the amount corresponding to the oil, 

maintenance and driver costs for tractor were used. 
As the circulation capital interest; half of the rates of interest of 
Ziraat Bank for crops was taken into account by extending 
period of the production costs and the duration of stay depends 
on the capital in agricultural production as interest on circulation 
capital (Güneş et. al. 1988, Erkuş et. al. 1995). General 
administrative costs were calculated based on 3% of the total 
variable costs (Güneş et. al. 1988, Erkuş et. al. 1995). 
For the tractor constant cost; the amount corresponding to the 
product of depreciation, taxes, protection, insurance and fixed 
capital interest which were made for tractors were used.  
The sum of total expenses incurred per decare was calculated as 
the total variable costs + total constant costs. 
In order to identify the costs that would not be undertaken jobs 
commissioned by rent, the amortisman calculated per tractor 
among all costs, taxes, protection, insurance, fixed capital 
interest and constant cost elements such as oil, repair-
maintenance, driver costs were primarily adressed. These 
charges were calculated as the share of the costs per farm. Then, 
basing on the proportion total annual use of hours of tractor and 
hours used per decare for the product was calculated and the total 
cost for that of product was estimated.  
Total costs incurred for tractor and the costs in the event of rental 
was compared. The advantage of whether owning tractor or 
renting in terms of costs were compared. 
 
4. Results and discussion 
4.1. The evaluation of use of tractors with joint tenancy 
and ownership in terms of density of time of use as months 
About 62% of agricultural farms in Turkey is between 1 and 5 
decares in size and prices of new technological machinery is 
high; hence it is difficult to obtain tools and machines for 
agriculture. One of the measures to be taken to solve the problem 
is to ensure individual purchasing of machines not to be the only 
alternative, and extend the use of machines with joint tenancy 
model (Sayın 2006). However, hours of tractor use are needed to 
be determined whether or not it allows them to use in common as 
the months of tractor density. For this purpose; 3 different 
models were defined containing different production patterns. To 
set the Model I; products with more than 1% of the average 
acreage per farm land has been identified in the surveyed farms 
as Group I and Group II. Modeling of crop design was made for 
both groups for farms based on acreage of these products within 
the average farm land. How much to have cultivation of which 
crops in each group of model was also identified. For this 
purpose the ratio of the cultivation of the crop which would take 
place in the model to the average farm land was used. 
Sample model was formed by proportioning to the average farm 
land of the ratio of crops with higher acreage than 1% of average 
farm land as groups. Hours of tractor use were calculated based 
on cultivation areas of crops as months the model which formed.  
After determining hours of tractor use, other tractor use 
(livestock, farm going / coming and other non-farm, non-farm) 
was evenly distributed on crops included in the I. model as the 
designated acreage as months. The hours for tractor use were 
determined as per month.  
After adding the hours used in plant production, the maximum 
number of farms which would be operated by a tractor in 8 hours 
as land tenure system and results are given in Table 2. As seen 
on the table; tractor use in the first group (group I) are 338.43 
hours. This value was calculated as an average of 349.01 hours / 
year considering all the activities of the farms. The total hours of 
tractor use are 707.01 hours / year in the II. group farms, while it 
was calculated as an average of 708.01 hours / year based on all 
activities average. These values clearly show that 
implementation of the model is much closer to the actual 
average.  
Even in April, which is the most intense month, one tractor can 
commonly be used by 4 farms in the  Group I of farms (table 2). 
While two farms can not commonly use one tractor in April, 
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only two farms can commonly use one tractor in March, 
September and October in the Group II of farms (table 3.1). In 
this case; it can be stated that the presence of tractor can afford to 

 use only at their work and commonly use of the tractor on time 
in the Group II of farms is difficult. 

Table 2. The distribution of total hours of tractor use as months for I. model which designed 
 Jan. Febr. Mach April May June July Aug. Sept. Oct. Nov. Dec. Total 
I. Group Farms 
(A) 0,41 0,79 12,90 31,01 4,93 8,10 9,23 5,29 14,85 21,03 4,18 0,44 113,16 
(B) 19,13 17,28 19,13 18,52 19,13 18,52 19,13 19,13 18,52 19,13 18,52 19,13 225,27 
(C)  19,54 18,07 32,03 49,53 24,06 26,62 28,36 24,42 33,37 40,16 22,70 19,57 338,43 
 (D)  0,63 0,65 1,03 1,65 0,78 0,89 0,91 0,79 1,11 1,30 0,76 0,63  

 (E)  12,69 12,40 7,74 4,85 10,31 9,02 8,74 10,15 7,19 6,17 10,57 12,67  

II. Group Farms 
 (A) 0,86 4,49 81,98 148,45 26,42 40,67 46,73 20,47 77,78 83,77 34,27 3,69 569,58 
 (B) 11,67 10,54 11,67 11,30 11,67 11,30 11,67 11,67 11,30 11,67 11,30 11,67 137,43 
 (C)  12,53 15,03 93,65 159,75 38,09 51,97 58,40 32,14 89,08 95,44 45,57 15,36 707,01 
 (D)  0,40 0,54 3,02 5,32 1,23 1,73 1,88 1,04 2,97 3,08 1,52 0,50  
 (E)  19,79 14,90 2,65 1,50 6,51 4,62 4,25 7,72 2,69 2,60 5,27 16,14  
A: Plant production, B: Out of plant production C: A+B:Total, D: Per a day (C/30-31 day),  
E: Maximum farm which can be used in common (8/D) 

 

In the Model II application; 25% share was given to sugar beet in 
the irrigated fields according to the fact that it is produced once 
in four years in the region (Kepoğlu 2008). Wheat on irrigated 
fields, barley on irrigated fields, potato, corn and sunflower as oil 
crop has each had a 15% share. On dry fields, since there has 
been double year rotation (one year production and another year 
fallow) (Kepoğlu 2008), wheat, barley, vetch and chickpea has 
each had a 12.5% share and 50% fallow was implemented. After 
identifying acreage of the crops in the Model II,  hours of tractor 
use were calculated as crops and months. In the new model 
similar hours of tractor use were obtained as compared to Model 
I (94.01 h/ year in the Group I farms, 603.83 h / year in the 
Group II years). After hours of tractor use was determided, other 
use of the tractor was added evenly on day crops and included in 
the Model II as the designated acreage as months. Maximum 
number of farms tenured was also determined with these hours 
of tractor use by taking the hours of tractor use in crop 
production and use of daily 8-hour tractor into consideration. It 
was concluded that 6 farms could be tenured even in April which 
is the most intensive month in the Group I farms. Whereas, it is 
not possible to use a common tractor in the Group II farms. 
Intensity of use of tractors in April and September was found just 
enough to make a single farm's works. Due to the achievement of 
results that two farms can share one tractor in October, this 
group was not considered appropriate to share tractor. First 
acreage data which crops situated on the I. model for the last 5 
years was examined in order to determine crops and cultivation 
rate in the Model III. There has been a contunious increase since 
2011 in vetch, sunflower as oil, chickpea, sugar beet and grain 
maize in Eskişehir Province. Sunflower as oil crop's share was 
raised in the Model III. To reduce fallow rate and increase 
acreage of peas and vetch were appropriately deemed on dry 
land for the Model III. Thus; share of sugar beet and sunflower 
as oil crops were given 25%, and potato and corn were given 
15%, wheat on irrigated fields and barley on irrigated fields were 
given 10% on irrigated areas in the 3. model. While share of 
wheat on dry fields,  barley on dry fields, vetch and chickpea 
were allocated 22.50%, fallow was given 10% share in dry 
farming areas. 
After the acreage of the crops were created in Model III, hours of 
tractor use as months for crops were calculated. Due to the 
reduction of fallow fields and crops suitable for mechanized 
farming were taken place more in the Model III, and hours of 
tractor use were increased as compared to other models (118.92 
h / year in the Group I farms, 662.08 h / year in Group II farms). 

 After determining hours of tractor use, other use of the tractor 
was added evenly on day crops included in the III. model as the 
designated acreage as months. Maximum number of farms 
tenured was also determined with these hours of tractor use by 
taking the hours of tractor use in crop production and use of 
daily 8-hour tractor into consideration. 
According to this model (Model III); it was reached to a 
conclusion that 5 farms tenured could be even in April which is 
the most intensive month in the Group III farms. Whereas it is 
not possible used in common by only two farms for the same 
month in the Group II farms. 
Intensity of tractor use in April and September was found just 
enough to make a single farm's works. Due to the achievement of 
results that two farms can use in common tractor in October. 
This group was not considered appropriate to use in common 
tractor. 
 
4.2. The evaluation of tractor ownership and rental in 
terms costs 
Cost components were determined for wheat on irrigated fields, 
wheat on dry fields, barley on irrigated fields, barley on dry 
fields, sugar beet, sunflower as oil and potato which grown in 
farms surveyed were calculated separately according to the costs 
made by the farmers and will do if the tractor rental. These were 
presented in table 3. 
It can be stated that tractor ownership is more advantageous than 
tractor hire in crops determined in the both groups farms 
according to the calculation of the costs incurred in wheat in 
irrigated fields, wheat on dry fields and barley on dry fields. 
Although costs incurred by the tractor hire are less than tractor 
ownership in barley on irrigated fields and sunflower as oil in the 
Group I farms,  the difference is quite small. Whereas tractor 
ownership is more advantageous than tractor hire in the 
sunflower as oil in the Group II farms.  It is shown that tractor 
rental is advantageous in the cultivation of sugar beet and potato. 
However; to be certain costs items arising from the rental is 
lower than the tractor ownership showed itself especially in 
intensive use of labor costs (like costs harvesting / threshing by 
hand incurred). evaluation of tractor ownership in terms the 
employment of family labor and of providing the possibility to 
do work on time is assumed to be very important. This is 
necessary for the farms to decide by looking at the differences in 
costs in this regard. 
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Table 3. The costs which occurred on the crops determined and 
will be undertaken if the tractor hire in the farms surveyed (TL / 
da) 

Crops I. Group Farms 
(1-259 da) 

II. Group Farms 
(260 da & greater) 

Costs 
occured 

Costs if 
the 

tractor 
hire 

Costs 
occured 

Costs if 
the 

tractor 
hire 

Wheat (1) 233,81 242,13 220,01 243,51 

Wheat (2) 167,91 174,10 151,99 160,47 

Barley (1)  229,81 223,15 244,23 234,78 

Barley (2) 154,96 157,41 147,02 163,11 

Sugar beet 787,41 774,50 898,35 843,89 

Sunflower  327,14 320,03 332,15 345,21 

Potatoe 734,53 689,78 704,61 690,12 

1: in irrigated fields, 2: in dry fields 
 
5. Conclusıon 
The average age of the tractor is 17.39 in surveyed farms. It is 
obvious that the regeneration of the tractor has completed its 
mechanical life due to increased repair and maintenance costs. 
Production pattern in farm is important in making decisions 
about the tractor. It is evaluated that there aren not important 
changes in tractor use in crop production as months in first and 
second group of farms. It is considered that there has been small 
differences is composition of the differences in product design. 
The peak months of tractor use are in April, October and 
September, respectively, in both groups. To make tractor use 
more efficient in the agricultural business; the farm is required to 
have a certain size. It was appeared that at least four farms might 
use one tractor together in April, which is the most intense use of 
tractors in I. group farms. More precisely; there is power tractors 
that can be used jointly with other businesses in the I. group 
farms. In order to use these idle capacity it is necessary to inform 
the farmer on the used in common machine/tractor. While two 
farms can not use on tractor commonly in April, only two farms 
can use 1 tractor together in September and October in the II. 
group farms. In this case; it was identified that economic usage 
limit has been reached even exceeded for a tractor.  
The tractor existence can afford to use in only their work, used in 
common is difficult to be able to work on time, tractor power is 
not much according to both production pattern which existing 
and production patterns suggested by the models in the II. goup 
farms. The opportunity to work on time becomes and decreases 
the dependency to other farmswith tractor ownership. In this 
case; it was considered to be a better choice that tillaging the soil 
in time, planting, harvesting and blending with their tools-
machines without delay in the II. group farms. Therefore, it was 
concluded that commonly used machinery can be grouped based 
on the size of farm lands. The farms with low income level with 
the use of common tractor can be provided to reach the economic 
usage limit of tractor and idle capacity will be evaluated. It can 
be achieved that falling of unit costs by operating close to full 
capacity of tractor. Thus, an increase in the agricultural income 
can be expected. The models which used in common machine 
and local farmers' opinions are considered together; Machine 
Ring has been found the right to give effect by adapted to the 
conditions of Eskişehir province. However, it is required to 
support the farmers aspects technical and economic in order to 
perform theses type of organizations. Successful organizations 
which will be organized in the region to help neighbors is the 
place spread as good example applications. In this regard, it 
should not be forgotten that the most important criterion is the 
satisfaction of as much as possible desire to make work time of  

farmers. It will be possible to the machine tools capital which 
with the largest share in the enterprise capital to route different 
investments with used in common machine. 
Cost analysis is also important to decide whether tractor 
ownership is economic and reduce costs. Therefore, the 
differences between tractor ownership and rental preferences was 
examined in terms of costs. There are costs incurred by the 
farmer when they own the tractor. When compared ownership 
with rental in terms of costs owning a tractor seems to be 
advantageous. However; some expense items arising from rent is 
lower than owning the tractor. This, especially showed itself in 
densely costs of labor utilization costs made by hand as 
harvesting / threshing. The evaluation by accepting family labor 
as wage workers herein is effective. It seems important decision 
of farmers to ownership tractor that the evaluation in terms of 
employment of family labor and providing the possibility to do 
work on time and looking at the differences in costs from this 
point of in the branches of production which were seen as to 
rental tractor. Costs of tractors are expected to be decreased with 
the renewal of the park, and consequently will render the 
ownership of a tractor more advantageous. Of course; to keep 
accounting records is necessary and important in making the 
right decision of the farmer. Training activities should be 
organized to inform the farmers on this issue. 
The evaluation by working in different provinces and results 
obtained from this study is considered that it will provide 
benefits in terms of country's agriculture and the policies of 
mechanization. 
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Abstract. Harvesting rain-fed chickpeas (Cicer arietinum L.) from fallow fields in developing countries is currently a manual process 

performed by laborers in a tedious manner at a low level of efficiency. A tractor-pulled harvester was built in which a chain conveyor 
transfer harvested material. A tractor-mounted harvester was then redesigned, which incorporated a modified stripper header to detach pods 
from the anchored plants together with a pneumatic conveyor mechanism. The resulting machine benefitted from being light-weight and 
having good maneuverability. Reduction of total losses from over 50% to close to 25% over a seven-year period confirms the potential of the 
prototype for commercialization.  

KEYWORDS. DESIGN, LOSSES, MODELING, PNEUMATIC CONVEYOR, STRIPPER HEADER  
 

Introduction  
Developing an appropriate mechanical harvester for harvesting 

chickpeas can be an important way to improve production. Both 
conventional and stripper headers (Haffar et al., 1991; Bansal & 
Sakr 1992; Behroozi-Lar and Huang, 2002; Siemens, 2006) was 
used for chickpea harvesting, but their success has been limited. 
Harvesting equipment contends with many challenges, including 
low yields, irregular and small fields, uneven ripening, low plant 
stature, and a high probability of shattering losses. In addition, the 
sparse literature concerned with chickpea harvesters reveals 
previous efforts to redesign the existing mechanisms for solving 
harvesting problems. The main aim of this article is to design a 
tractor-mounted stripper harvester for chickpea harvesting with 
acceptable performance.  
Materials and Methods 
Machine development 

A tractor-pulled stripper harvester designed and fabricated, in 
which passive fingers with V-shaped slots removed chickpea pods 
from the anchored plant; then a batted reel sweeps the pods across 
the platform; and finally a chain conveyor handled the harvested 
material. The reel presses the anchored crop against the passive 
fingers and onto the platform. An adjustable screw sets the working 
height of the header, which glides on shoes 3-15 cm above the 
ground. The low stripping height is advantageous in harvesting 
chickpeas, which often pod close to the ground.  

The harvester consists of a material handling system and a 
modified stripper header consisting of a platform and a ground-
driven reel (Fig. 1). The header is attached on pivot points to the 
frame on a side at the front. A gauge wheel is used to reduce 
machine vibration to produce smooth movement of the header. This 
floating mechanism allows the header to follow the topology of the 
ground and reduces shattering losses. The machine width, length, 
and height are 270, 150, and 140 cm, respectively. The harvester 
was made more maneuverable by folding the header to reduce the 
machine width to 140 cm.  

 

 
Figure 2. Diagram for the demonstration of harvesting system for chickpeas. 

 
To improve machine performance, a negative pressure 

pneumatic conveyor was designed and constructed for dilute phase 
conveyance of the harvested material away from the platform to a 
cyclone separator (Fig. 3). This mobile vacuum conveyor was an 
innovative open system designed to handle grain, pods, and small 

pieces of straw. A fan transfers the harvested material, which falls 
onto the header and into the cyclone separator. A reverse 
engineering approach was taken to fabricate the gas-solid 
disengaging system based on the parameters of a conventional 
vacuum cleaner. 

11

mailto:h.golpira@uok.ac.ir


 
Figure 3. Three-point hitch, rear-mounted chickpea harvester.  

 
The prototype’s functional components were designed and 

improved based on machine element design, computer aided design, 
and a combination of trial and error and/or reverse engineering 
methods. The design of the harvesters (Golpira et al., 2013; Golpira, 
2013) and related improvements are not discussed here. 

 
Evaluation 
Four headers, a hand-carriage experimental harvester, and two 
prototypes were fabricated for the evaluation of the new harvesting 
method over a period of years, from 2007 to 2013. The final design 
was tested to determine the machine performance for losses, 
maneuverability, and field capacity. The experiments were 
conducted during the summer of 2013 using a very common 
chickpea variety, Kabuli, on typical fallow fields. Grain was sowed 
using a mechanized planter with a row spacing of 35 cm and a 
distance of 35 cm between individual plants. Evaluation of the 
prototype harvester was conducted at two sites: the Dooshan farm at 
the Kurdistan Agricultural Research Center and the Saral farm at 
the Agricultural Research Station, at altitudes of 1200 and 2200 m, 
respectively. These two sites provided different ripening times and 

as a result allowed approximately two months for evaluation and 
improvement of the harvesting procedures.  
 
Discussion 

The low weight (350 kg) of the tractor-mounted harvester, the 
flexibility of the pneumatic conveyor, and the folding mechanism of 
the header provided good maneuverability and permitted tight turns 
and the ability to easily follow the crop rows. The field capacity 
was 0.25 ha h-1 and harvesting cost (excluding the operator and 
tractor) was 2.46 $ ha-1. Field losses during the harvesting were 
reduced from over 50% in 2008 to close to 25% in 2013 (Fig. 4). 
During this period, the pods remaining on the anchored plants were 
reduced from 40% to close to 10%. Losses are due to a number of 
causes, including lying material passed over by the platform, grain 
falling from the platform front-edge, and grain shattered on the 
ground by the reel. The former was affected largely by the platform 
design, while the latter depended on the reel performance.  

 

 1 

 
Figure 4. Percentage of total yield of pods remained on anchored plants, shattering losses and total losses in evaluation procedure of the 

modified stripper harvester for chickpeas. 
 

Weed-free fields should allow satisfactory performance. Up-
rating the conveying system, especially the feeding system and 
discharge port, may reduce shattering losses, which were 
approximately unchanged during the redesign procedure. Changing 
the cyclone separator to a gravity-settling chamber is also being 
considered in the next stage of redesign in order to reduce the 

weight of the machine. In addition, the continuing design 
enhancements suggest the potential for commercializing the new 
mechanism. Fabrication of the machine based on the available 
technology in the area gives low repairing and maintenance cost. 
Optimization of the header functional operators of reel and platform 
would enhance grain pick-up efficiency and performance. 
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Conclusion 

A modified stripper harvester was designed and developed for 
harvesting chickpeas with minimal grain loss. The prototype 
demonstrates the potential to improve chickpea harvesting by 
reducing cost and time and provides a viable alternative to 
manual harvesting. Good performance and a low purchase price 
indicate the potential for commercializing the new methodology 
and machine. 

However, care must be taken to evaluate the impact of 
machine harvesting on the social organization of the farming 
system. The displacement of people by mechanization needs to 
be carefully evaluated. This important issue makes the author 
reluctant to continue this line of research and forces him to 
conclude that the best overall method for harvesting chickpeas in 
the study areas may be a manual. 
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FROM HARD TO SIMPLE USING «SHISHAKY TECHNOLOGIES» 
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Abstract: This work is dedicated to the problem of ecological agriculture. The analysis of existent technologies of minimum till of soil 

is conducted. The more similar examples to ecological agriculture are separated on the example of such system implanted in PE 
"Agroecology". We offer a system of concepts of till of soil for maintaining its fertility and growing ecologically clean products of crop 
production. We light up the problem of insufficient maintenance of moisture and ways of destruction of non-arable sole by mechanical and 
biological character. We offer an example of technological operations of till of soil that is implanted for ecological and biologically 
restorative agriculture. 

KEYWORDS – SYSTEM, CONCEPT OF AGRICULTURE, SOIL, BIOLOGICAL BALANCE, TECHNOLOGY 
 
Raising of problem. There are hundreds of 

technologies of till of soil in a world agricultural production. 
There are thousands of machines and mechanisms – they vary on 
operation principles, but work of their majority is sent to the 
solution of one aim: to form in the overhead layer of soil the best 
terms for the vegetation of cultural plants. Well-known scientists 
in agriculture and technicians conduct the search of construction 
for optimal soil processing machine, to satisfy all biological, 
technical, power and other requirements to technologies. 
Recently the most meaningful and influential is the factor of 
ecologization of technologies for production of goods  for 
agrarian sector. Next to it, let’s not to forget that life-giving 
potential for biologically active soil is not endless. Watching for 
application of modern intensive technologies of growing 
economically profitable cultures (corn, sunflower and others), 
there is an inconsolable idea considering ground resources, that 
we left for next generations.  

One of the examples of "wise" labor on soil is trials that 
are founded in PE "Agroecology" of Shishaky district, Poltava 
area. They started, on the first look, the row of simple principles 
of land-tenure, and strictly following them during a few decades, 
this enterprise is capable of maintaining its stable and high 
harvests of ecologically clean products. 

Systematization of technological operations of the 
mechanized till of soil for the terms of ecological agriculture with 
maintaining its biological resources and receiving stable high 
harvests is actual both for the economies that engage in an 
ecological commodity production and for those, who wishes to 
leave the source of biology creative resources as an inheritance. 

Aim and research tasks. The aim of our research is 
development of the system of principles of the mechanized till of 
soil using ecological technologies with development of 
requirements to the working organs of soil processing machines. 
For achieving such aim we need to solve next tasks: to conduct 
the analysis of the existing technologies of till of soil that is used 
in an enterprise; to offer the methods of mechanical influence on 
soil taking into account general requirements; to work out the 
complex of machines for implanting, as a systems of ecological 
agriculture. 

Analysis of basic researches and publications where 
the decision of problem is founded in. There are some well-

known various technologies of growing agricultural cultures. Only on 
some of them we’ll turn our special attention, as, unlike classic, they 
have a row of positive signs for the analysis of technologies, that is 
implemented in PE "Agroecology".  

Minimum till of soil. Superficial till of the upper level of soil 
with the aim of improvement of their physics and mechanical 
properties before sowing of agricultural culture. Using such method 
we perceptibly lower the power charges and create terms for the 
accumulation of active humus in an upper level. The negative 
consequence of introduction this method of till is over compression of 
soil on the depth that is lower than tilling (5-8 sm.) and necessity of 
usage chemical methods for defense of plants from pests, micro flora 
and height of steppe. Our experience show that implementation of 
such method of till of soil in the enterprise, following only the attempt 
to decrease power charges, causes worsening of biological 
microclimate, reduction the capacity for the accumulation of moisture 
in soil and, as a result, visible reduction to the productivity of cultures 
[1, 2]. 

No - Till is the system of agriculture, that got to Ukraine 
from South America [3]. It’s built on bringing in of the active 
biological symbiosis between vegetable, animal and the world of 
natural micro natural habitat of the field surface. General positivism of 
the introduction results of this technology changes on complications 
that are needed to be overcome in the process of her formation in the 
real terms of Ukraine. Negative and unconquerable in this technology 
is a necessity of the protracted (up to10 years) renewal of biological 
potential of soil, as a result – incuriosity of proprietors in long-term 
reduction to profitability of agricultural production. Experience 
showed that the input of such land-tenure without previous long-term 
preparation reduces the productivity of grain-growing during 2-3 years 
of application up to 7-10 c/hectare. Such approach to this technology 
makes principles that is propagandized and realized in countries with 
the inculcated technologies of similar agriculture. It seems, the 
profaned method that appeared effective on the 140 million hectares of 
earth in the whole world (approximate 10% of all agricultural lands) is 
completely destroyed and is ineffective in our country. Because in 
reality, advantages of method that was especially advertised by the 
salespeople of the imported technique were not confirmed in practice.  

Other, to our opinion, widespread and well-known 
technologies of till of soil for comparing to such that are inculcated in 
PE "Agroecology" are unacceptable or insignificant. 
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Results of researches. The "old systems" of till of soil 
lead to increasing of exploitation of the ground resources and 
their degradation. In such agricultural process exists high degree 
of risks. The special attention should be dedicated to the new 

system of concepts on that biological agriculture is based: 
1. Ploughing is a harmful component during till of soil, 

in particular in droughty and small moist regions [4]. 
2. Vegetable rests are a valuable product and must be 

on the surface of soil, as mulch [5]. 
3. A presence of negligible quantity of the uncultivated 

plants is not forbidden.  
4. Scorching of vegetable rests (mulch) is forbidden. A 

presence of the permanent ground cover is necessary. 
5. Biological processes that pass on the surface of soil 

must be taken into account with a greater attention which will 
provide high fertility of soils. 

6. Biological fights against insects-pests and complete 
prohibition of the usage of synthetic chemical substances. 

7. Water and wind erosions are the symptoms of wrong 
methods of treating this exact field or ecosystem. 

 
Forming and introduction of the system of agriculture, 

following the marked principles, must renew the lost potential of 
soil for the reliable providing of population with the products of 
agrarian production. 

Well-known optimal terms for the vegetation of plants 
mainly describe agrochemical and biological requirements. 
Scientists and experts set their optimal indexes for the terms of 
every region of Ukraine. 

Agro technical conditions for establishing optimal 
terms for growing may be described schematically (Pic.1). 

As known, the seed of plant, having biological potential 
to the growth, must get in conditions suitable for the beginning of 
vegetation and free access to the nutritive elements. Well-known 
scientists-biologists assert that on the initial stages of 
development, a plant gets feeding using roots only from water 
solutions. Therefore their access to water in its different form is 
pretty actual within the limits of physical seed location. 

An urgent problem that appeared before the farmers of 
south and central part of Ukraine is reduction of atmospheric 
precipitations during a year. This tendency exists during few 
decades and, maybe, is related to the global climatic changes. 
One of ways of providing plants moisture is its maintenance and 
accumulation in soil. The insufficient amount of precipitations, or 

rather their annual unevenness, leads to (pic. 1) the fact that 
atmospheric moisture due to the excessive moistening  of superficial 
layer of soil doesn’t have the opportunity to get into the deeper layers 
due to existing of non-arable sole. Formed because of the same type 

till of soil during a few years, a non-arable sole becomes water- and 
air unreachable. Forces atmospheric moisture to evaporate and wash 
up from an upper level, and from lower – due to the lack of addition to 
the ground supplies it becomes inaccessible for the plants root system.  

Well-known technologies of destruction of undesirable 
waterproof layer are chisel plowing, splitting and other types of deep 
till of soil. Together with the positive signs of these technologies we 
should mention its high enough power consumption of the process and 
destruction of structure of soil, that it is related to water- and air 
reachability of corresponding layers. 

The positive example of practical realization of avoiding 
forming of the non-arable sole is the experience of PE "Agroecology" 
of Shishaky district, Poltava area. Their experience is described in 
many works of biological aspiration, that light up the positive signs of 
biology creative and ecological agriculture, unlike a technical support, 
which is lighted up not enough. 

On the fields for already a few decades the deep till of soil 
isn’t used. Plough till is considered harmful and impermissible in 
general. A technological process of growing agricultural cultures 
(including cultivated ones) is based on well-known and effective 
operations: 

- till of soil and wrapping of organic fertilizers is conducted 
by disk machines on a depth of not more than 5-7 cm; 

- leveling of the field; 
- pre sowing till is executed by flat carving paws with hard 

stacks contained in the combined aggregates with two- or three 
repetition on the depth of sowing; 

- complete prohibition of the usage of synthetic substances 
of plants defense; 

- harvesting using well-known technologies with 
fragmentation and even spreading of the nourishing rests. 

  Till using disk machines allows to conduct mixing of dry 
organic fertilizers with soil only on a surface. Then appears compost – 
accessible for plants and atmospheric moisture during their vegetation. 
The layer of soil that is situated below isn’t destroyed, not over 
thickened and keeps water- and air reachable channels, doesn’t violate 
the biological natural habitat of this level. 

Pre sowing till, in case of absence of using organic 
fertilizers, doesn’t need the previous leveling. The combined 
aggregates of original construction with the hard stacks of flat carving 

 
  

Size fractions  
in soil 12-15 мм   
Wetness 10-12%     

  

  
  

  
subsoil sole   

dampness in the 
 atmospheres    

dampness in the soil  
  

Size fractions  
in soil 2-5 мм 

Wetness 10-18% 

Size fractions  
in soil 2-5 мм 

Wetness <10-18% 

Pic.1. A chart of layers and agrotechnical conditions are to the germination of seed 
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paws are guaranteed to process soil on the depth of sowing. Their 
repeated use is related to the necessity of the provoking of steppe, 
that it is also described in well-known agronomical works. Such 
technology is also keeps inviolable the basic layer of soil, allows 
providing plants with organic feeding directly in the zone of their 
roots. Balance of moisture is created due to its accumulation in 
deeper layers and their availability for the root system. 

Prohibition of the usage of synthetic substances of 
plants defense allowed using biological potential of the vegetable 
and animal world directly in the field. A fight against steppe is 
needed on the stage of germination of seeds. Due to the 
increasing potential of water resource it is possible to postpone 
the timing for sowing, that is needed for mechanical elimination 
of absolute majority of undesirable plants. 

The implemented technology gave for the enterprise an 
opportunity to get stable high harvests and considerably to 
decrease their prime costs. The main advantage, that is most 
actual in the modern terms of rural agriculture, is possibility to 
get ecologically clean products which can compete not only in 
Ukraine, but also in the world society. 

 
Conclusion. We conducted analysis of technologies 

similar to implemented in an enterprise showed a necessity for: 1. 
Creation of the system of machines built on ecological principles 
of agriculture and directed to restoring biological potential of soil 
and its maintaining for a future generation. 

2. Further perfection of construction of the combined 
soil cultivating aggregates by developing of conception of the 
guaranteed minimum superficial till. 

3. Application of existent agricultural machines and 
world advanced experience for creating conditions for ecological 
agriculture in the country. 
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Cultivation technology of spring wheat in northern 
Kazakhstan is dependent on the soil conditions, rainfall, farm 
equipment technical and financial means, and others. However 
studies have shown that more significant results of efficiency 
improvement can be obtained by the development of new and 
original technologies and their base overriding principles are: 
protecting the soil from erosion, accumulation and preservation of 
moisture and fertility. 

In world practice, the cultivation of crops is produced in 
three main types of technology: traditional, minimum and zero 
technology. 

In recent years in Kazakhstan for sowing crops sowing 
complexes are increasingly used. The share of sown area in the 
country is 35% of the total grain wedge. The main advantage of 
these complexes compared with seeders, cultivators of AGP family 
(CTC) of similar width is that due to the higher specific capacity of 
grain silos their productivity makes up 20-40%. 

Analysis of studies shows that the pneumatic grain drills 
with centralized dosing and pneumatic conveying seed to the 
coulters are most effective in wide-seeders. Using one centralized 
hopper significantly reduces the time for refueling and maintenance 
of the unit, which creates prerequisites for higher productivity on 
crops. 

Pneumatic drills are manufactured by many firms in 
Canada, Europe, USA, Australia and Russia. In most drills original 
seeding system that differs in design and process flow scheme is 
used. Many firms abroad are also engaged in developing sowing 
units (complexes) (John Deree, Morris, Flexi, TehArtKom et al.). 

However, it should be noted that the seeding machine has 
the following disadvantages. In foreign-wide-tillage seeders soil 
covering part is hinged on an individual-cell scheme and therefore 
they can be aggregated only with a certain class of tractor pulling. 
Not all foreign seeding systems can simultaneously perform 
secondary tillage and cropping weeds; seeding and subsoil fertilizer 
introduction; leveling the field surface after planting and 
postseeding compacting. For example, in the model of the seeding 
system Concept 2000 of the company «Morris» for postseeding soil 
packing it is joined by the machine spiral rollers. 

The basis of the foreign planters has the scheme of 
pneumatic seed company "Accord" which can not provide the 
necessary uniformity of seed coulters between ± 3% and the 
fertilizers of ± 10%. Pneumatic transport and distribution of 
materials sown in drills by these openers are random processes and 
depend on many uncontrollable factors: air velocity variation of the 
carrier medium, the difference in length pnematic seed tubes, 
various physical, mechanical and aerodynamic properties of the 

seeds and the fertilizers, etc. The same sowing complexes with 
CMC were developed in Russia: "Uralets" - PAP-5.4; PAP-7.3; 
PPABM-14.7; "Jaroslavich" - PAP-7,2P; "Kuzbass" - PC-4.2. The 
cost of 1 metre of capture of foreign sowing unit is 10 ... 11 
thousand euros, and it is used in the year 15-20 days. 
      According to the results of the review it was found that the 
model of planters with CMC foreign firms are not adapted to the 
conditions of Kazakhstan and do not meet the full agro-technical 
requirements and do not provide the necessary uniformity between 
seed coulters, in addition they have a high cost and low annual 
utilization and therefore are inaccessible to most small and medium-
sized farmers. 

In S.Seifullin Kazakh Agro Technical University at the 
department "Agricultural machines and grain processing" under the 
direction of Professor Aduov M.A. a number of drills for minimum 
and zero technology, providing technical, technological and 
economic competitiveness with foreign and domestic systems were 
developed. 

This drill is for subsoil, broadcast seeding comprising a 
frame mounted on it with a hopper with group sowing machine for 
sowing cereal seeds and fertilizers, seed tubes and drive from 
packer rollers, Figure 1 [1]. 

On the frame of the planter central shovel ploughshare is set 
containing shank of curved shape in which the front, in the direction 
of motion sweep is fixed and behind the seeder guide is fixedly 
mounted at the front, in the shape of a hollow pentagon and also 
diffuser side surfaces of which are made in the shape of a parabola. 
The shape of the diffuser can evenly distribute the material sown in 
under sweep space of central paws [2]. 

The parameters of the shortest distance from the center of 
the diffusers to the sweeps shelves   // 2 = 0.115 and the rate of 
descent of seeds 0.9 - 1,05m / s are grounded, rational parameters of 
the diffusers are set, where the height h = 65-70mm; the base circle 
radius R = 25-27,5mm; feeder diameter d = 18-20mm and 
installation height of the diffusers from the bottom of the furrow 
groove is not more than 23-25mm. 

Such work of the drills with a group sowing machine 
equipped with the opener to the seed guide in the form of a hollow 
pentagon and diffuser with side surfaces in the shape of a parabola, 
can evenly distribute the seeds and fertilizers throughout the area 
treated with central sweep that provide good nutrition and 
development of plants. 

A pneumatic drill, Figure 2 [3] containing the hopper 1, group 2 
sowing machine, the sleeves 3, 4 material tubes, fan 5; air distributor 6, 
the horizontal distribution head 7 was developed. 

 

  
Figure1 – Planter for subsoil broadcast sowing  
1 – frame, 2 – hopper, 3 –sowing machines, 4 – drive, 5 – rollers. 

 

Figure 2 – Pneumatic drill 
1 – hopper, 2 – sowing machine, 3 - sleeves,  4- main 

material tubes, 5 - fan,  6 –air distributor, 7 -  distribution head. 
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According to the results of the experimental results empirical 

correlations of second performance and the uneven seeding of 
structural and technological parameters of fertilizers distributing 
system are obtained. 

The parameters meanigs that provide the specified 
application rate and the permissible uneven seeding are set: 

- For the central screw dispenser: the radius of the screw 25-
26mm; screw pitch 62-65mm; screw groove width 7-10mm; 

- For central coil unit: diameter of the coil is 70 mm; 50 
mm- length of the coil; ribs dimensions are 50 * 2 mm; speed of 80-
190 rev / min. 

The air flow rate at the outlet of the fan is selected 
3528 −=υ m / s. When the performance of the fan Q = 12,3kg 

/ c, and the total pressure H = 1,49 kPa. 
It should be noted that the established openers with 

distributors have a minimal effect on the soil. Screw ferilizers 
distributing machine has a very low non-uniformity of seed and 
allows the seed and granules by one unit, i.e. there is no need for 

additional fertilizer distributing machine. Diffuser surface is formed 
by a parabola and it distributes seeds and granules of the width 
more uniformly as compared with other valves. 

Such work of drills allows more evenly dispense a 
predetermined amount and evenly distribute the seeded material 
(grain and fertilizers) over the entire area treated by paw cultivators 
with rational use of a feeding area of the soil and the installation of 
fertilizers distributing apparatus leads to a decrease in metal 
capacity device to 1.2 - 1.3 times. 

 Also direct seeding drill coulters with combined 
ploughshares installed on the drill at least in two rows, and, in one of 
the rows chisel ploughshare are set, and on the other disc coulters, 
Figure 3 [4] are developed. Direct seeding seeder consists of a frame 
- 1, and fertilizers box - 2 supporting wheel - 3, the press rollers - 4, 
chisel coulter - 5 and disc coulters – 6. On the drill coulters are 
installed in three rows. In the first and third rows chisel openers are 
set - 5, and in the middle row - disc coulters are placed - 6 

 
 

Figure 3 – Planter pf direct sowing with combined 
ploughshares 

1 – frame, 2 -  fertilizers box, 3 – supporting wheel,  4 – 
press rollers 5 -chisel ploughshares, 6 –disc ploughshares.  

 

Figure 4 – Stubble planter of direct sowing 
1 – frame, 2 – fertilizers hopper, 3 –supporting wheel,  4 – 

press rollers, 5 -  arrow paws, 6 – disc ploughshares. 
  

 
 
Reducing the number of disc coulters on the drill twice 

provides seed placement at the optimum depth, without increasing 
the weight of the drill, and the installation of rotating disks in the 
middle row prevents clogging of inter ploughshare space by soil, 
crop and plant residues contained on the surface of the field. 

Application of the proposed drills allows 20-25% 
weight reduction of direct seeding drills, 30-40% increase in the 
coefficient of performance reliability of the process and to 
improve the work of the drill to 25-30%. 

Stubble seeder was developed Figure 4 [5], aimed at 
ensuring optimal allocation of plants on the feed area to 
increase the yield of agricultural crops. 

Seeder consists of a frame - 1, and fertilizers hopper - 2, 
supporting wheel - 3, the packer rollers – 4, arrow sweeps - 5 and 
disc coulters – 6. On the drill coulters are installed in three rows. In 
the first and third rows central shovels with distributors of seeds are 
set - 5, and in the middle row -disc openers are set - 6. 

   Installing the central shovels with distribution of seeds, 
together with disc coulters engaged in crop belt will ensure 
optimum distribution of plants on the feed area and the installation 
of disc coulters in the middle row will prevent clogging of inter 
ploughshare space by soil and crop residues that provide high 
throughput of drills. The seeder works as follows. 

  Chopped straw, crop residues and soil due to lack of 
deformation from the disk openers pass freely through inter share 
space, providing high throughput of drills [6]. 

 It should be noted that the developed drills are adapted to 
local conditions and have high productivity, low power 
consumption and can be aggregated to a wide class of tractors from 
1.4 ton to 8.0 tons. Simple structure, low cost and high flexibility 
with basic drills (SZTS-2) determine the simplest of its 
development in the industry and ensure the implementation of 
advanced technologies in large areas of northern Kazakhstan. 
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Abstract: The paper considers priority goals of future sustainable development and assurance of food quality and safety in agricultural and 
food sector and underlines the necessity of establishment of Agricultural Knowledge and Innovation System (AKIS) in Bulgaria based on a 
production model with market-focused technology development system. Knowledge-based economy, and particularly the searched increase 
in competitiveness in agriculture and food industry, could be reached by creation and distribution of knowledge and innovations among 
stakeholders and networking. The establishment of such a technology development system would incorporate three main elements: 
measurement of inputs, market-focused technology development and information systems. It would foster rural development through 
knowledge exchange between stakeholders in support of production, marketing and processing of agricultural and food products, as well as 
natural resources management. AKIS is a framework embracing all the actors and their interactions in creation and transfer of knowledge in 
new and effective ways.  
 
KEY WORDS: KNOWLEDGE-BASED ECONOMY, SMART SPECIALIZATION, INNOVATION TRANSFER 
 

1. Introduction 
Challenges before humanity in XXI century connected to 

climatic changes, insufficiency of resources, pollution of 
environment, dynamics in international business and uncertainty in 
economic and political sphere lead to a number of questions 
regarding sustainable development not only in the sense of 
“protecting nature for future generations” but also of development 
of steady in economic, ecological and social relation productions 
and first of all in internationally oriented knowledge-based 
economies – a difficult task which in fact includes different 
elements as: institutional environment for entrepreneurship 
encouragement, human resources, material and information 
structure, uniting link in which is the establishment of innovation 
systems on regional and national levels (Terziev & Arabska, 
2014a). In contemporary globalizing world one of the most 
prominent and mutually connected goals, governments and 
international institutions have, are those of sustainable 
development, knowledge-based economy and transfer of 
innovation. The main characteristics of the changing world in 
XXIth century is the knowledge and knowledge-based economy – 
favorable economic and institutional environment, entrepreneurship 
development and management, information infrastructure, human 
resources and innovation systems. 

The economic development of a country or a region is strictly 
linked to the innovation process Organisation for economic 
cooperation and development OECD (1995) considers four types of 
innovation (Rebelo & Muhr, 2012): product innovation (which 
involves a good or service that is new or significantly improved); 
process innovation (which involves a new or improved production 
or delivery method); marketing innovation (which involves a new 
marketing method, including signifi cant changes in product design 
or packaging, product placement, product promotion or pricing); 
and organisational innovation (introducing a new method in the 
firm’s business practices, workplace organisation or external 
relations). 

Social innovation is a complex and multidimensional concept 
that is used to indicate the social mechanisms, social objectives 
and/or societal scope of innovation. The social mechanisms of 
innovation refer to the fact that the development, diffusion and use 
of innovations always occur within the context of society and in 
interaction with social relations, practices and norms and values. 
Social innovation is often appointed as an essential part of 
agricultural and rural innovation (Bock, 2012). 

The project of the Innovation strategy for intelligent (smart) 
specialization in the Republic of Bulgaria 2014-2020 from 
09.09.2014, published on the web-site of the Ministry of economy 
and energy, in the adopted definition of innovation gives the accent 

on the fact that innovations create market advantages and raise 
competitiveness of organizations (enterprises). The strategic goal of 
that document is till 2020 the country to pass from the group of 
“modest innovators” to the group of “moderate innovators”. Being 
in accordance to the Strategy of smart, sustainable and inclusive 
growth Europe 2020, the approval and the execution of the national 
innovation strategy of smart specialization would put in the agenda 
the solution of the problems of sectoral specialization and 
sustainable economic development. The underlined in its vision 
“managing social challenges in the fields of demography, 
sustainable development, intellectual capital and health of the 
nation” turns into expression through two operational goals 
embracing innovations in priority thematic fields and innovations 
for effectiveness of resources and information and communication 
technology (ICT). In that sense, in their essence as main economic 
sectors, agriculture and food industry will continue being in the 
focus of a great number of strategic and program documents in the 
new period 2014-2020 which is based on the traditional national 
competitive advantages and image.  

It is now commonly accepted that raising competitiveness could 
be reached not only through huge investments but also through 
creation and distribution of knowledge among stakeholders and 
networking. Those questions are of extreme importance for 
agricultural sector reflecting historical and cultural characteristics of 
a region and influencing the production structure, and especially of 
organic production combining traditions and innovations and 
‘engulfing’ high production expenditures. In the process of its 
development agriculture has been forced to provide produce in 
enough quantities and at affordable prices which has imposed many 
unsustainable methods and many debates about ecological and 
social impacts of agricultural systems. The whole development 
leads to enormous growth in yields and decrease in production 
costs. On the other hand, agriculture uses resources that are 
accepted as enough – water and energy. World population growth 
and the processes of urbanization presume that the demands 
towards agriculture will increase. The need of establishment of a 
new connection between urban and rural areas is implemented in 
the concept of sustainable development. Further, the opportunities 
of organic production are considered in a number of strategic and 
program documents reflecting its potential contribution to 
achievement of sustainability. 

Development of organic farming would lead to provision of 
ecological food for the whole society, employment and sustainable 
incomes for population in rural regions in the following ways: 
combining traditions and innovation, entering new markets, 
environmental protection and wise use of resources. Along with the 
benefits for nature and organisms, the improved landscape in 
organic areas has a broader social and economic effect. It is an 
opportunity for making rural regions a more attractive place for 
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living, tourism or recreation. Thus, it is one of the approaches 
specifically addressed in the above mentioned project of Innovation 
strategy for smart specialization in the country. 

The positive trends in the growth of organic production are 
noticed in Bulgaria too as it is shown in the information provided by 
the Ministry of agriculture and food for the development of the 
organic agriculture in Bulgaria. In Bulgaria in recent years organic 
agriculture is one of the sectors developing fast in conditions of 
crisis and permanently increasing the areas and number of operators 
in the organic control system. Although the revealed positive data, 
the availability of the corresponding legislation and the institutional 
support, the question of the marketing of organic produce stays as 
one of the most topical: the trends that more than 90% of certified 
organic produce in the country to be exported presented in a 
national marketing research available on the site of the Ministry of 
agriculture and food stay the same for several years (Goranova, 
Stefanov & Tinaneeva, 2012), and mostly those of raw materials 
(primary, non-processed produce) export are kept and to Bulgarian 
consumer final import products are offered which (along with the 
low level of information, the lack of clear identification of organic 
products and easy confusion with so-called ecological products) 
inevitably leads to unaffordable prices and low market shares of 
organic produce as a whole. 

Studies on organic sector development are provoked by the 
progressive development of the sector worldwide and increasing 
demand of organic products on one hand, and on the other – by the 
favorable prerequisites which exist in the country, as well as of the 
opportunities that this sector provides to small and medium 
business, rising its competitiveness and fostering rural development. 
Organic production is economically effective, ecologically 
compatible and socially responsible and it occurs to be ‘an 
innovative solution for creating entrepreneurial initiatives in rural 
regions’ (Nikolova, 2012) aiming at increase in competitiveness by 
applying an ecological technology using a new approach – 
planning, management and control over the production and 
management processes. Further, it is concluded that for organic 
production development in the country first of all “market 
innovations” are needed, not only expressed in changes in design 
and packaging of products, their positioning, promotion and price-
making, but also assuming new market approaches and connections 
to consumers (Terziev & Arabska, 2014a). The introduction of 
Community-supported agriculture (CSA) as a variety of Alternative 
food networks (AFNs) and as an innovation which would provide 
the necessary financing for organic farms / enterprises, as well as 
giving opportunities for diversification of activities are examined. 
That investigation takes into account the economic and social 
impact of alternative food networks and community supported 
agriculture in particular as a way of reaching a positive economic 
growth, increasing employability and reviving of rural regions, 
establishing places for social activities and rising society 
consciousness in addition to other outcomes - providing of fresh, 
tasty and healthy food, protection of environment and positive 
impact for the local businesses. However, these opportunities are 
not used by the operators in the country again because of the lack of 
information and knowledge, motivation and support. 

The organic agricultural activities in the country are mostly 
implemented by small and medium enterprises and farmers. That 
way they could not reach the levels needed for gaining market 
advantages. The market opportunities are big but the risks are even 
bigger. The profit in agricultural sector is low as a principle and this 
impedes the production increase. It is necessary an agricultural 
system to be established which to support the close connections to 
producers and to improve the innovation activities (Arabska, 2014). 

2. Prerequisites and means for solving the problem 
The agricultural and food sectors face a huge challenge to boost 

production without exceeding the world’s ecological boundaries. 
Research and innovation are hereby of crucial importance as 
sustainable intensification will largely depend upon the increase of 

productivity (instead of farming more land) (Vuylsteke & 
Gijseghem, 2012). Farmers must continuously adapt production and 
management systems in order to maintain and enhance the 
competitiveness and sustainability of their businesses. The 
development and implementation of innovations require both 
information and the farmers’ willingness to change daily work 
routines. Learning and knowledge transfer among farmers, 
technology developers, experts and university teams ensure the 
development and application of innovative ideas which are crucial 
for a sustainable growth in food (and non-food) production 
(Munchhausen & Haring, 2012). Recently, the transition from 
traditional scientific approaches of creation and transfer of 
innovations by linear approaches (scientists create innovations, 
consultants transfer innovations to farmers) towards systematic 
approaches lead to the understanding that “innovation emerges from 
networks of actors as a social (and institutional) as well as a 
technical, nonlinear and interactive learning process (Koutsouris, 
2012). The use of group processes to encourage innovation and to 
transfer best practice is relatively novel in the agricultural sector. 
The establishment of small, close knit groups with a dedicated 
experienced facilitator and utilising Action Learning methodology 
can result in extremely effective and sustainable innovation and 
knowledge transfer (Owen & Williams, 2012). 

Successful entrepreneurial strategies in agriculture, applying 
innovative approaches, add value in new activities and contribute to 
sustainable development. They include new connections of 
agriculture with other sectors and mutual use of ‘waste’ products. 
The need of sharing responsibilities between the stakeholders 
imposes the establishment of new innovation systems. ‘Non-
financial’ goals have started to be put in the strategies on the level 
of organizations. The eco-marketing includes all activities involved 
in obtaining social acceptance of environmental ideas, the public 
and private conduct appropriate environmental requirements 
(Gheorghiu, Vidraşcu, & Niculescu,  2013). 

The main problem in development of the agricultural sector is 
the competition of imported products which leads to negative trends 
and demotivation of producers. The ways of overcoming could be 
summarized as: search of the best ways of coordination between the 
European and national policies and strategies, action plans, etc. 
consistent with local conditions and peculiarities; entrepreneurship 
and innovation activity encouragement. The access to training and 
advisory services in rural regions should be made easier. 

In that relation the importance of information and training (for 
both stakeholders and consumers) is considered along with the 
necessity of establishment of a special Agricultural Knowledge and 
Innovation System (AKIS) in which organic answers the concepts 
of market-orientation and takes its particular position. 

3. Solution of the examined problem 
Entrepreneurship is one of the main drivers of economic 

growth, productiveness and innovations. Entrepreneurship and 
innovation networks are the main elements of innovations systems. 
Networking in educational projects for innovations in organic 
farming and entrepreneurship encouragement - experience in 
training, motivation, knowledge transfer, entrepreneurship and 
networking, is a subject of many projects working on experiences 
and knowledge in the field of ecologic farm production, specifically 
in the relation and interaction with and between farmers in the 
training process using innovative methods and practices. A practical 
presentation in that relation is discussed by Arabska (2012) 
concerning innovations through networking in educational projects 
by a specific example of a project implemented in the field of 
capacity building in ecological food production and management. 

In addition, the connection science-business is a subject of 
many discussions and financing schemes in international and 
national programs, and especially the building of innovation 
infrastructure. In all these processes the user-centered approach in 
innovation research is the leading one but the organization and 
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implementation of activities is a tricky task. In modern time the 
shift from a product-based economy to a user-centered one brought 
to many challenges before companies concerning innovativeness 
and flexibility issues in market positioning. The importance of 
technological factors and users’ feedback in innovation processes 
leads to the development of the living labs concept in recent years 
as open innovation intermediaries which among the number of the 
approaches and types of proinnovation structures the living lab 
concept gathering momentum in last years is one of the most 
promising in the processes of developing goods and services 
fulfilling consumer demands (Arabska, Shopova & Dimitrova, 
2014). The shift from product-based to user-centered economy 
poses many questions about innovations and their connections to 
various sectors’ interactions in assuring knowledge management, 
competitiveness and flexibility. 

The aspirations of every one organization to answers customers’ 
needs and fulfill their requirements are expressed in a number of 
approaches in which the feedback processes assuring information 
for development of products and services and decreasing risks in 
their future realization take significant part. Traditional closed 
innovations models step back and proinnovation structures oriented 
towards real life and society gain momentum recently showing 
active involvement of end-users in research and innovation aiming 
at raise in competitiveness. The striving after smart specialization is 
namely substantiated by inclusive participation and relies on 
capacity building activities and entrepreneurship encouragement 
(Terziev & Arabska, 2014b). 

In years of intensive discussions on and searching ways of 
improving business environment, building knowledge-based 
societies and raising competitiveness, the concept of living labs as 
open innovation intermediaries applying demand-driven and user-
centric approaches is one of the most promising in the innovation 

lifecycle. The last one embracing various processes in creating 
ideas, design, development, validation and transfer into practice of 
new products, services or technology is implicated in living labs by 
user-driven innovation processes decreasing investments risks and 
assuring better effectiveness and sustainability (Terziev & Arabska, 
2015). The active involvement of end-users in research and 
innovation life-cycle is a prerequisite for raising competitiveness 
and improving business environment. It is a way of 
entrepreneurship encouragement and meeting challenges of assuring 
safety, quality and sustainability in all the spheres of economic life. 

4. Results and discussion 
There is a need of establishing a technology development 

system that incorporates three elements (measurement of inputs in 
space and time, market-focused technology development and a self-
teaching information system for farmers) and that could be used in 
rural development, primarily in the area of agricultural production 
(Fenyvesi & Szilvia, 2012). Knowledge and innovation are 
keywords in a context of resource scarcity and sustainable intensifi 
cation of agriculture. But in order to fully use the knowledge 
potential and to transform research results into innovative practices, 
there is a need for an adequate configuration of the agricultural 
knowledge and innovation system (AKIS). This configuration 
should be considered in relation to its own specific context and 
history (Vuylsteke & Gijseghem, 2012). Agricultural knowledge 
and information system (AKIS) aims at knowledge exchange 
between producers, researchers and scientists, institutions and 
organizations, which create and distribute knowledge and 
information in support of production, marketing and processing of 
agricultural products, as well as natural resources management. 
AKIS is the framework embracing all the actors and their 
interactions in creation and transfer of knowledge in new and 
effective ways (Fig. 1).  

 

 
 

Fig. 1. A model of production with the market-focused technology development system (Adapted by Fenyvesi & Szilvia, 2012) 
 

The need to recognize individual peculiarities in agricultural 
production, previous knowledge and experience, social and 
economic development, etc., along with the notion that training is a 
social process, effective interactive communications, combination 

of new technological decisions with management activities, lead to 
the integrated approach – interdisciplinary forms of training and 
scientific research and creation of knowledge for practice. As 
already pointed out, systems of innovations approaches build on 

 
PRODUCTION PROCESSES 

SCIENCE AND 
TECHNOLOGY 
Higher education 

institutions 
Research institutes 
Vocational training 

institutions 
 

PROCESSES 
Management 

Marketing 
Agrotechnology 
Mechanization 

... 

PRODUCTION 
Producers 
Processors 

Traders 
Other connected 

branches 
... 

 
Biological 
resources 

 
Chemical 
resources 

 
Technical 
resources 

 
Human 

resources 

 
Economic 
resources inputs 

production 

outputs 
 

Sustaina-
bility 

 
Rural 

develop-
ment 

 
Goods 

and 
services 

 
Environ

ment 

 
Economic 
effective-

ness 

21



networks as social processes encouraging the sharing of knowledge 
and, notably, as preconditions for innovation. Such approaches, 
therefore, focus on processes (instead of the emphasis on structures) 
with knowledge conceived as being constructed through social 
interaction – i.e. not unproblematically transferred but instead 
continuously created and recreated. Thus particular attention is 
given to (social) coordination and networking (Koutsouris, 2012). 
Crucial factors for the application of innovations could be different: 
interactions on the macrolevel; entrepreneurship; innovation 
capacity; management, etc. 

5. Conclusion 
Agrarian sector in world scope is standing before a number of 

challenges connected to globalization processes and competitive 
environment on international markets grounded by new consumers’ 
demands and behavior regarding healthy living and added value. 
Agriculture is a main activity ensuring food and non-food products 
characterized by its long historical development marked by 
inertness and conservatism as a whole, especially in regard to 
management of agricultural holdings and resources. The strategic 
goals of sustainable economic, social and ecological development 
interlinked to entrepreneurship encouragement in rural regions in 
agricultural activities and other connected to them focus on the 
preservation of components of environment (soil, water, 
biodiversity, landscape) are targeted to sustainable agriculture and 
organic farming in particular because it is a realistic way of 
achieving sustainable development and it has great opportunities to 
integrate with a number of other economical and non-economic 
activities. The aims of managing demographic problems, rural 
regions’ depopulation, social and economic development of the 
country could be achieved by smart specialization and transfer of 
innovations. Agricultural sector and food industry, today more often 
considered jointly, as well as their integration with tourism, 
training, etc., have the advantages of both traditions and 
innovations. 

In consideration of priority goals of future sustainable 
development and assurance of food quality and safety in 
agricultural and food sector the paper underlines the necessity of 
establishment of Agricultural Knowledge and Innovation System 
(AKIS) in Bulgaria based on a production model with market-
focused technology development system incorporating three main 
elements: measurement of inputs, market-focused technology 
development and information systems. The system is discussed 
from the point of view of its opportunities to foster rural 
development through knowledge exchange between stakeholders in 
support of production, marketing and processing of agricultural and 
food products, as well as natural resources management. AKIS is 
presented as a framework embracing all the actors and their 
interactions in creation and transfer of knowledge in new and 
effective ways. The need of creating knowledge for practice by 
recognizing individual characteristics and background of specific 
objects, social and economic development, imposes the notion that 
development and transfer of innovation is a social process of 
interlinking technological decisions, communications and 
management through integrated user-centered approaches in 
innovation lifecycle and interdisciplinary forms of scientific 
research and training. 
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Abstract: One of the most important characteristics of the high performance operation of a state-of-the-art sugar beet harvester is the 
provision of the conditions that make impossible the damaging of sugar beet roots immediately during their digging out of the ground as well 
as their loss in the form of broken off tails, which either remain in the ground or get left on the field surface. It is quite obvious that the 
highest probability of damaging sugar beet roots exists at the instant of their impact interaction with the digging tools, because then the 
bodies of the roots are tight in the ground. This is to the greatest extent applicable to vibrating digging tools, which can be found on the 
majority of up-to-date sugar beet harvesters manufactured worldwide, when they operate under the conditions of dryer and harder soil. 
Therefore, we have carried out theoretical research into the process of impact interaction between the body of a sugar beet root fixed tight in 
the ground and the vibrating digging tool, the results of which provide sufficient grounds for determining the optimal kinematic and design 
parameters of the vibrating digging tool stipulated by the requirement to eliminate the damage of roots during their digging out of the 
ground. At first, we developed an equivalent schematic model of the force interaction between a sugar beet root fixed tight in the ground, 
which was approximated by a regular cone, and two shares of the vibrating digging tool simultaneously oscillating in the vertical 
longitudinal plane at the preset amplitude and frequency and moving onward. Under these conditions, the body of the sugar beet root made 
contact at one point with only one share of the digging tool, i.e. they came in asymmetric contact and their impact interaction took place. We 
introduced the axes of a three-dimensional Cartesian coordinate system and found the analytical expressions for all forces applied to the 
sugar beet root at the specified point and also for the force of its bond with the soil. Also, we took into account that an impact momentum 
was applied at the point of contact at the moment of impact, its value was found analytically, and further we found its projections on the 
coordinate axes. Then we applied the theorem of variation of the momentum during impact and, following the substitution into it of all found 
values and transformations, we obtained a new system of equations that characterised the impact interaction process under consideration. 
The obtained system of equations was solved using Cramer’s rule on a PC with the software programme developed for this purpose. As a 
result, we found the digging share vibration frequency and soil running depth ranges, within which the requirement to eliminate the damage 
of tail parts of root bodies fixed rather tight in the ground was met. Applying the devised theory it becomes possible to determine the 
kinematic and design parameters of the vibrating digging tool that ensure observance of the requirement to eliminate the breakage of root 
bodies during their lifting from the ground, within a wide range of the soil’s mechanical and physical characteristics. 

Keywords: SUGAR BEET ROOT, VIBRATING DIGGING TOOL, THREE-DIMENSIONAL MOTION, LIFTING, 
MODELLING. 

 

1. Introduction 
The theoretical and field research into the work processes and 

the use of its results for the development of improved tools for 
digging sugar beet roots out of the ground are critically important 
tasks for the sugar beet growing industry, because just this final 
operation is the most complex and energy-intensive work process in 
the cultivation of sugar beet (Gu et al., 2014; Bulgakov & Ivanovs, 
2010; Lammers, 2011; Lammers & Schmittmann, 2013). The 
extensive use of vibrating digging tools for the digging out of beet 
roots observed recently is stipulated by the lowest energy input for 
the break-up of the soil surrounding roots, the reduced loss and 
damage of roots in the harvesting process in this case. However, the 
described advantages are achieved under relatively favourable 
harvesting conditions, especially when the soil has low hardness 
indices and a sufficient moisture content. Under all other conditions 
vibrating digging tools do not display the said advantages. 

Most sugar beet harvesters produced in the world today are 
equipped with vibrating digging tools (Pogorely & Tatyanko, 2004; 
Sarec et al., 2009; Wang & Zhang, 2013; Wu et al., 2013)). Their 
tractive resistance is significantly lower and the harvest quality 
indicators higher than those of passive digging tools. This 
advantage is achieved by working in favourable harvesting 
conditions with soft and relatively moist soil. If the soil happens to 
be more dense at the time of harvest (in dry harvesting conditions), 
a sugar beet harvester’s vibrating digging tools may cause 
significant damage to the roots (Alizadeh & Segerlind, 1997; 
Bentini et al, 2005), loss of crop in the form of ripped-off root tips 
left behind in the soil, and, in some cases, the crop becomes 
unusable. Thus, there is a need for in-depth research into harvesting 
technology in relation to the mechanisation of beet cultivation, 
which would allow choosing the constructive and kinematic 

parameters of vibrating digging tools based on the physical and 
mechanical characteristics of soil and harvesting conditions, while 
also reducing the specific expenditure on harvesting and minimising 
root damage. 

The damage to beet roots most likely occurs when digging 
shares impart force on them in the course of harvesting. The 
harvester and its digging shares move on the field at the speed of 
2.0 m s-1, applying a significant force on the roots in the soil. 
Vibrating digging shares move translationally and oscillate on the 
longitudinal vertical plane. 

The aim of the current paper is to form a theory that would 
describe the impact of a vibrating digging share in the case of an 
asymmetrical contact with the root and, based on the results, to find 
the digging share’s constructive and kinematic parameters, while 
also taking into account the conditions necessary for not damaging 
the roots. 

2. Materials and Methods 
When a vibrating digging share makes contact with a beet root, 

the effect can be described with contact impulse (Bulgakov, 2005; 
Bulgakov et al., 2014; Dubrovski, 1968; Vasilenko et al., 1970; 
Vermeulen & Koolen 2002). Since the contact does not last long, 
the perturbing force has a significant effect. Since the beet root 
stands quite firmly in the soil, the force may break or crush it 
(Pogorely et al., 1983; Bulgakov et al., 2005). 

In order to solve the posed problem, an equivalent schematic 
model was construed, describing the force interaction between the 
vibrating digging share and the beet root. The vibrating digging 
share is represented with two wedges, A1B1C1 and A2B2C2, and 
each of the wedges is described with the angles α, β and γ. The 
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wedges are positioned so that they form a narrowing working 
passage at the rear (Fig. 1). 

A force is applied on the beet root, represented with a conical 
shape, by the work face A1B1C1 at the point K1 (Fig. 1) of the 
digging share, i.e., it is in an asymmetrical contact with the root. 
The contact may be made via a sufficiently thin layer of soil 
between the work face and root.  

 
Fig. 1 Equivalent schematic model of determining the perturbing 
force between the vibrating digging tool and beet root in case of 
asymmetrical contact 

In order to describe the impact process analytically, the 
vibrating digging tool was placed in the Cartesian coordinate 
system Oxyz, the centre of which, O, is in the middle of the 
narrowing working passage representing the digging tool. The axis 
Ox is in line with the direction of the tool’s translational motion, Oz 
is pointing upwards and Oy is pointing towards the right side of the 
digging tool (Fig. 1). 

Now, let’s consider the forces originating from the interaction 
between the vibrating digging tool and the beet root. 

Since the digging tool, as it has been stated, is a vibrational tool, 

it imparts the vertical perturbing force .збQ , which varies under 
the following harmonic law: 

. sinзбQ H tω= , (1) 

where H – amplitude of the perturbing force; ω – frequency of 
the perturbing force. 

 

That force plays the primary role in the process of soil breaking 
in the zone of the digging tool’s work passage and the direct lifting 

of the beet root out of the ground. The perturbing force .збQ  is 
applied to the beet root or the soil surrounding it on two sides, 
therefore, it is represented in the equivalent schematic model by two 

components 1.збQ  and 2.збQ , which apparently have the 
following values: 

.1 .2
1 sin
2зб збQ Q Н tω= =  (2) 

 

 

3. Results and discussion 
The normal component of the digging share’s perturbing force 

has been found analytically and it is expressed as follows: 
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(3) 

The equation (3) describes how the normal component of the 
perturbing force Sn1 is dependent of the constructive and kinematic 
parameters of the vibrating digging tool. The negative sign in the 
equation (3) signifies the force imparted on the digging tool by the 
beet root. The perturbing force applied on the sugar beet root by the 
digging tool is marked with a positive sign and it is equal to the 
force the root applies on the tool. 

The law that governs changes in the perturbing force is 
unknown, but it changes during a very short time interval .удt , first 

increasing from zero to the maximum value, and then decreasing 
back to zero. Its maximum value is approximately two times greater 
than its average during the time interval .удt . The projections of the 

perturbing force 
.удF  on axes Ox, Oy and Oz are expressed as 

follows: 
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where the value Sn1 is determined via the expression (3) using a 
positive sign, and the duration of the impact .удt  must be 

determined on a trial basis (according to literature .удt ≈ 0,6 ·10-2 s). 

The condition for not damaging the beet root upon the first 
approximation is the inequality 

[ ] onзгyудхуд MMhFF <≤+ 2
.

2
.

 (7) 

 

where [ ]згM  marks the allowed bending moment of the root 
body at which it is not broken; Mon – resisting moment of unbroken 
soil, which actually holds the beet root in the soil.  

The following equality can be written based on the balance 
principle: ( )хyудoоn FMM .1= . Based on the conditions for not 

damaging the beet root (5) as the vibrating digging tool makes 
contact with the root, the speed limit for the advancing digging tool 
is determined as follows: 
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If the speed of the advancing beet harvester Vn is given, the 
maximum oscillation speed of the vibrating digging share max.збV  
can be expressed as follows: 
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If the amplitude of the digging share is given, the necessary 
angular frequency for the digging share, while also taking into 
account the necessary conditions for not breaking the sugar beet 
root (7), is expressed as follows: 
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and the oscillation frequency of the digging tool is expressed as 
follows: 
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The allowed bending moment is expressed as follows: 
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where Dk is the diameter of the root; γk – cone angle of the root; 
z – digging tool’s running depth; [ ]

.д
σ – temporal bending 

resistance when dynamic force is applied. 

 

4. Conclusion 
1. An equivalent schematic has been compiled, describing 

the force interaction between a vibrating digging tool and 
a sugar beet root attached in soil in case of an 
asymmetrical contact. 

2. The contact impulse and maximum perturbing force 
occurring in case of the described contact have been 
determined based on force impact equations. 

3. Based on the conditions necessary for not damaging sugar 
beet roots, an equation was devised to determine the 
allowed oscillation frequency of the vibrating digging 

tool, taking into account its constructive parameters and 
translational speed. 

4. According to model calculations, the allowed oscillation 
frequency decreases when the oscillation amplitude and 
the translational speed of the vibrating digging tool 
increase. 

5. The theory describing the force interaction between   
sugar beet roots attached in the soil and a vibrating 
digging share, as well as the calculated algorithm based 
on it allow calculating the kinematic operating conditions 
of the digging tool, considering its constructive 
parameters and the conditions necessary for not damaging 
the sugar beet roots. 
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