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SYMBOLS AND ABBREVIATIONS

Latin script
a, dy, dyy ds, dy, b, by, by, by, by, 0, ¢y, d, - regression coefficients;

a, - length of longer half-axis of ellipse, km;

A, - housing area needed for a machine, m’;

a, - length of loan period, years;

B - farm’s income, EEK /ha;

b, - average value of regression coefficient 4 for spring cereals;

average value of regression coefficient 4 for winter cereals;
- number of days deviating from the best sowing day;
, C, - deviation of starting and completion day of sowing period
from the best sowing day, days;
depreciation allowance of a machine, EEK/h;
sum of travelling durations affecting sowing period, days;
travelling duration of sowing unit, days;
- sum of travelling durations affecting sowing time, if all work
is done sequentially, days;
fuel cost of a tractor, EEK /h;
cost for housing of a machine, EEK/h;
- maintenance cost of a machine, EEK/h;
interest, EEK/h;
labour cost, EEK /h;
insurance of a machine, EEK/h;
sowing period without considering travelling time, days;
lubrication cost of a machine, EEK/h;
travelling distance between farm centre and the plot, km;
travelling distance, used in calculation cycle 7, km;
- time that FOUs need, starting with departure to the plot
until accomplishing the operation on the plot, in the case of
remaining day, h;
average travelling distance in the farm, km;
- travelling distance, if travelling costs are larger than a limit
value, km;
length of a work day, h/day;
length of a work day of sowing unit, h/day;
- travelling distance, if travelling costs are smaller than a limit
value, km;
eccentricity of elliptical farm;
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elliptic integral of the second kind, which value can be found
from the table of elliptic integrals according to the value of
eccentricity of an ellipse;

number of sectors of a round;

area of a plot, ha;

daily performance of an FOU, ha/day;

area of arable land in a farm, ha;

area, processed during residual day, ha;

- the optimal value of arable farm land, ha;

field-operation unit: it is tractor-implement unit or self-
propelled machine;

payload of a transporter, kg;

fuel consumption, kg/h;

payload of a transporter with the corrected number of full
loads, kg;

fuel consumption if the payload of a transporter is fully util-
ized, 1/h;

fuel consumption of a transporter if idle travel, 1/h;
average yield in a farm, kg/ha;

purchase price of a machine, EEK;

average yield on a farm considering sowing time without
travelling duration, kg/ha;

average yield in a farm considering sowing time with travel-
ling duration, kg/ha;

cost for housing unit, EEK/m?

- yield from farm area, seeded in the best day (yield is the

highest), kg/ha;

remaining value of machine, EEK;

yield from farm atea, seeded in a day C, kg/ha;

interest of housing % of price;

traffic insurance and technical inspection charge, EEK/year;
rate of interest, %o/ year;

rate of property insurance, %/yeat;

remaining amount of material, transported by one trans-
porter, kg;

- minimum transported amount, kg;

sum of remaining amounts for all transporters, kg;
relative length of remaining day;

sum of production costs per unit of area, EEK/ha;
costs depending on travelling distance, EEK /ha;

- maximum value of costs depending on travelling distance,

EEK/ha;



K. - sum of travelling costs, calculated in cycle 7, EEK/ha;

;

K, - costs, not depending on travelling distance, EEK/ha;

/ - ratio between radius of the round and a (distance between
the centre of transport and the centre of the round);

L(e, a, ) - function, characterizing position of transportation centre in

relation to the centre of ellipse;

M - travelling cost of service vehicles for one production year,
EEK /ha;

M, - travelling cost of setvice vehicles for one plot visit, EEK /ha;

m, - health insurance rate, %o;

n, - vacation fee rate, %0;

m, - social tax rate, % ;

”, - unemployment insurance rate, %o;

n - number of working FOUs;

N, - nominal effective power of the engine of a tractor or a self-

propelled machine, kW;

number of travels between the farm centre and the plotin a

work day;

- number of field operations, performed per crop;

- rate of personal financing, % of loan sum;

- operatot’s houtly fee , EEK/h;

- houtly cost of travelling of an FOU, EEK/h;

hourly cost of idle travel of a transporter, EEK/h;

- fuel and lubricant cost for one work hour, EEK/ha;

- rate of additional compensation for maintenance, % of op-
erator’s houtly fee;

P, - price of work hour of a trailer belonging to the transporter,

EEK/h;

P, - price of working hour of a transporter, EEK/h;

P, - sum of other components of hourly cost of transporter,
EEK/h;

- sum of other components of hourly cost of a tractor belong-
ing to transporter, EEK/h;

- houtly cost of transportation of an implement, EEK/h;

- houtly cost of travelling by tractor, EEK/h;

P, - houtly cost of travelling by service vehicle, EEK/h;

q - specific fuel consumption, kg/kWh;

1Y - amount of material, kg/ha;

r

R

X
1

- sale price of cereal, EEK/t;

- radius of area of a round-shaped farm, km;
7 - price of fuel, EEK/I;
r - price of lubticant, EEK/];
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coas
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S

SRS

cost of maintenance, % of replacement price of machine;
total yield of a farm, kg;

lifespan of a machine, years;

total ammoniacal nitrogen;

the time an FOU spends on plot visits, h;

lifespan of housing, years;

unloading time, h;

time that FOU needs to move between the plot and the farm
centre, h;

duration of the work not concerning time consumption for
travelling to the plot and back, h;

loading time, h;

travelling duration of a transporter, h;

time that an FOU needs to process the share of the plot I,
h;

rate of lubricant consumption, % from fuel consumption;
travelling cost of an FOU for one production year, EEK/ha;
travelling cost of an FOU for one work day, EEK;
travelling cost of an FOU considering the number of days
for the certain operation, EEK/ha;

travelling cost of an FOU for unit of area, EEK/ha;
travelling speed of the FOU, km/h;

transportation cost of the materials to the plot or from the
plot, EEK/ha;

cost of one cycle of transport of a material, EEK/ha;

cost for idle travel, EEK /h;

cost for loaded travel, EEK/h;

travelling speed of the sowing unit, km/h;

cost of transporting one material, EEK/ha;

travelling speed of the service vehicle, km/h;

houtly performance of an FOU not considering the times
needed to travel to the plot and back, ha/h;

annual work capacity, h/yeat;

houtly performance of FOU, ha/h;

unloading performance, t/h;

loading performance, t/h;

petformance of transportet, t/h;

factor of the payload usage of a transporter considering a
specific material;

usage of payload of FOU transporting remaining load;
number of travels to transport of one type of material;
relative rate of remaining load;
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relative rate of remaining load for a transporter that was not
tully loaded with the remaining amount of a material;
corrected number of transport cycles for transporters;
number of days an FOU should visit the plot to perform a
specified operation;

the number of days a sowing unit should visit a plot to seed
it; and

a period within which an FOU needs to perform a certain
operation on the plot, days.

Greek script

(04
I, ®
}}Z
0

AB
Ab

distance between farm centre and centre of a round, km;
rise and initial ordinate of graph of equation;

distance between the centre of circle and longer edge of belt 7
in circular shaped farm, km;

tolerance of solution, EEK /ha;

income loss, caused by travelling duration, EEK /ha;

yield loss, caused by travelling duration, kg/ha;

total yield loss in the farm, caused by travels to the plot, t;
distance between x-axis in polar co-ordinates and further
edge of sector 7 on a circular shaped farm;

factor showing the portion of the tillage area of spring cereals
that is not seeded before seeding the observed plot, %o;
number of belts in the circle;

share factor of a transporter, transporting one type of mate-
rial;

factors representing fuel consumption according to use of
payload of a transporter;

factor considering daily diesel consumption depending on
work type;

density of fuel, kg/1;

time loss factor, not considering travel to the plot and back;
time loss factor of a transporter of transporting one type of
material;

number of calculation cycles;

weight factor, characterizing transport works in particular
farm area 7 and

the number of service travels to a plot within a production
year.
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INTRODUCTION

Cereals have significant importance by distribution and quantity among
field crops in most countries of the world. And the main reason is that
cereals are one of the most important foodstuffs, valuable feeds for
animals and industrial raw material. In comparison with other crops
the cultivation of cereals is relatively easy, well mechanized and not
labour-intensive (PIKK 2003).

Cereals cultivated in Estonia are mainly spring and winter wheat (172z/-
cum - aestivum), spring barley (Hordenm vulgare), winter rye (Secale cereale)
and oat (Avena sativa), and less triticale (IT7iticisecale) and buckwheat
(Fagopyrum esculentum). In recent years some producers have tried to
establish winter barley.

According to Statistics Estonia (2009a) from the year 2007 there was
907 thousand hectares of agricultural land in Estonia. 627 thousand
hectares of that was arable land comprising 136 thousand hectares of
barley, 100 thousand hectares of wheat, 35 thousand hectares of oat,
17 thousand hectares of rye and 5 thousand hectares of other cereals
(Fig. 1). There were 293 thousand hectares of arable land under cereals
in Estonia as a whole.

Other cereals

Winter rye
Oat

Batley

Figure. 1. Distribution of the area of cereal production in Estonia in 2007
From these data we can say that half of the arable land is under cereals,

and grain production is one of the most important agricultural
branches in Estonia.
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Because of liberal market politics in the Republic of Estonia the market
prices of grain persist at a low level (EKI 2009), but production re-
sources are expensive and some of them, like prices of labour, fuel and
electricity, are growing steadily. These are the reasons that push farm-
ers to search for possibilities to increase productivity. It is also impor-
tant from a public position to use imported resources like fuel and
most agricultural machinery in the most effective way. This is why pre-
diction and the planning of an action programme is needed. Under
steadily changing living conditions only a short-term future prediction
can be accurate enough, so plans should be corrected almost con-
stantly.

Profitability is mostly an estimation criterion for a production plan of a
farm. Profitability depends on many reasons - essentially on local con-
ditions and the market prices of inputs and outputs. In grain produc-
tion most of the operations are done by machines today and machine
costs make a significant part of the prime cost of a product (Nix 1988)

(Fig.2).

Seed +fertil. +
pestic.+retard.
45%

Machine costs
55%

Figure 2. Portion of machine costs in prime price of grain by a calculation example
whete yield is 3,5 t/ha (Older,1999)

Maximizing the profitability of production is supported by minimizing
the prime price of the product concerning the quality of a product,
because this has an influence on the sale price of a product. There are
several possibilities to minimize the prime price of a product, and this
applies also to the portion of machine costs.

Lots of grain producers are trying to enlarge their own arable land, as it
is generally known that use of a larger tillage area enables the farmer to
minimize the prime price of grain (Suomi e a/. 2003, Gwyer et al. 2005)
and maximize capacity for profit. In addition, milk producers are trying
to enlarge production capacities and new cowsheds are built which are
often larger than previously. This means that there are more animals in

13



a cowshed, but also more manure that needs to be transported to the
plots. According to the requirements of environmental protection the
amount of manure per unit of arable land is limited, so larger areas are
needed to distribute increased amounts of manure (Kirblane 1996).
However, there is no possibility to enlarge these areas endlessly, oth-
erwise it will result in longer travelling distances to plots, which cause a
higher and higher proportion of travelling costs in production costs.

During the years 2001-2007, the proportion of farms of less than 50 ha
decreased; those of over 100 ha increased in the total area of agricul-
tural land in Estonia (Statistics Estonia 2009b). In the case of small
farms the land area is decreasing in Estonia due to the following rea-
sons: 1) plant production is ceasing and land is being taken over by
other producers or 2) more land is put to use and therefore the farm is
moving into another statistical class, i.e. turning into a bigger farm. We
can observe similar trends elsewhere in the world, for example, in the
USA (Schnitkey 2005), Finland (Suomi ez a/. 2003), England (Burton
and Walford 2005), and Hungary (Burger 2001).

700

‘ 02001 @2003 2005 W2007 ‘

600 A

500

400 A

300 A

200

Agricultural land, thou. ha

100 4

0-<5 5<10  10-<20  20-<30  30-<50  50-<100  >=100
Farm sizes, ha
Figure 3. Division of agricultural land according to farm sizes by the year
In 2007 in Estonia there were 23 257 farms with an average agricultural
area of 39 ha; of those larger than 100 ha, 1 549 farms have an average

area of 405 ha. The number of plots by plot size group is given in Ta-
ble 1.
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Table 1. The number of plots depending on plot size group in Estonia by register of
area supports of Estonian Agricultural Registers and Information Board in 2008

Plot size group Number of declared Declared area, Average plot area,

plots ha ha

<1 ha 46 339 24 333 0.53

1-<5ha 61570 160 791 2.61
5-<10 ha 23 876 173126 7.25
10-<50 ha 23331 447 576 19.18
50-<100 ha 951 61 840 65.03
100< 90 12 635 140.39
Total 156 157 880 301 5.64

The enlargement of the production area influences the proportion of
transportation expenses in the cost price of the yield. Along with in-
creasing distances, transportation expenses are also growing (Steinsholt
1997) and, in certain conditions, may exceed the increase of the income
created by enlarging a production area; as a result, profitability of the
farm begins to decline. The need for increasing the efficiency of exploi-
tation of land and problems related to the growing costs of energy,
labour and other production resources, call for the creation of deci-
sion-support systems that analyse and plan agricultural production.
Several researchers have suggested (Bouma ez a/. 1998) the need to de-
vise a method that would assist the determination of optimal farm size.
Mathematical modelling is an essential method here. Several studies
have been carried out and several methods devised to calculate average
traveling distance on farms (III, IV, Bernhardt 1996, Kask 1997,
Moller et al. 1994, Moller e al. 1997a, Moller et al. 1997b, Moller e 4.
1998) and the influence of the distance to production results; the aim
being to clarify the limit of how far the farm area should be extended.
Kryachkov and Sharova (2005) studied the optimal area of farms in the
region of Kursk (Russia), determining factors to predict the transporta-
tion costs depending on the area of the given agricultural enterprise. A
mathematical model was presented to calculate the profitability of the
proposed farm depending on its production capacity.

The aim of these studies was to devise a method for determining the
optimal size of a farm. Nevertheless, using this parameter in real-life
production management is questionable. Should the farmer exclude
from production the plots located outside the critical distance, i.e., sell
or lease them, and acquire plots located within the area, i.e., buy or rent
them? In reality, individual plots have individual properties, different
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crops, and, thus, different operational capacities and production costs
(Jabarin and Epplin 1994; Harasimowicz and Ostrsgowska 2001). One
critical factor is the size of the plot. The introduction of a small plot
located far from the farm centre will probably not be economical, as
the transportation costs will be so high that production will not be
profitable. This may also be true for plots remaining inside the critical
border. For planning of production, therefore, a method is required to
analyse the costs taking into account the distance, the area and the cul-
tivation technology used (XVIII) .

The aim of this thesis is to propose a calculation method enabling the
estimation of the rationality of plot usage concerning the distance be-
tween the farm centre and the plot (XVIII).

In this paper an overview of methods related to the calculations of
average transport distance of a farm is given. Since travelling distance
has an influence on the working time and yield, timeliness relationships
are explained. The problems needed to be solved are expressed, the
aim and tasks of the research are proposed. An overview of the re-
search on the topic is given.

The main emphasis of this paper is on the composition of a method to
calculate the costs dependent on distance between farm centre and
plot, in order to have a tool to estimate rationality of the use of the
certain plot. On the basis of the calculation method PC software “Field
distance” using development software Microsoft Visual FoxPro 8.0 for
Windows was composed. Researchers, agricultural advisors and farm-
ers can use the program “Field distance” as a DSS - Decision Support
System. Results of the calculation examples presented in this paper
were calculated with this program.
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1. REVIEW OF THE LITERATURE

1.1. Methods of the economic estimation of farm machinery us-
age

Since machine costs form an essential proportion of the prime price of
agricultural products and farmers are interested in producing as cheaply
as possible, many researchers have searched for possibilities to mini-
mize machine costs and have composed methods to create a mathe-
matical model of farm machinery.

The method of load graphics is about determining the essential num-
ber of tractors and giving a graphical presentation within tractor mod-
els, operations and work terms. Load graphic is a histogram that ex-
presses the number of necessary machines of a particular kind in the
specified period of work (Fortuna 1985, Tiigimae 1980).

The economic-mathematical method consisted of composing the
mathematical model of farm machinery and solving the task arising
from the model. Every model is a complex of limitations expressed by
equations and inequalities and contains the criterion of optimality
(Ekman 2000, Fortuna 1985, Gunnarsson and Hansson 2004, Hunt
2001, Jannot and Cairol 1994, Segaard and Serensen 2004, , baaeBur
1982, Aunnac 1981, Aunnac 1989, Cemenos ¢f al. 1982).

With the method for determining optimal workload, an optimal tillage
area is calculated for certain machinery, considering the profitability of
production as a criterion of optimality (V, VI, VIII, IX, XI, Ekman
2000, Tamm 1999, Rotz and Harrigan 2004, de Toro and Hansson
2004).

All these methods enable taking travelling distances into consideration
which affect the performance of field-operation units (henceforth
FOU) as well as transportation costs of materials etc, but usually they
only consider the transportation costs of materials.

1.2. Farm logistics studies

In an overview of studies in the field of agrologistics, Hahn (2000)
reports that theory-forming contributions to the mentioned research
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area are still rare in the literature. Morlon and Trouche (2005) also
found that there is scarce relevant scientific literature available, and the
extant materials are generally based on ancient or simplistic schemes
and models which are not of practical use in the present conditions.

There are, however, references to studies in which distances inside the
farm are used as one of the problematic factors of plant production.
One of the first contributions in this area was worked out by Johann
Hermann von Thinen (1783-1850), who developed a model to de-
scribe land use practices radiating out from a central market location
(Crosier, 2009). He theorized that several rings of agricultural land use
practices would surround the central market place. The land within the
closest ring around the market produces products that are profitable in
the market, yet are perishable or difficult to transport. As the distance
from the central market increases, the land use shifts to producing
products that are less profitable in the market, yet are much easier to
transport. The general approach of von Thiinen illustrated the use of
distance-based gradient analysis (e.g., the change in value for a variable
such as land rent with increasing distance from the city centre).

In the late 1990s, a research team modelling agricultural production,
from the Estonian University of Agriculture, devised a method to cal-
culate the effect of the area of a circular shaped farm to the farm’s
profitability. This was carried out under the direction of Professor Emeri-
tus Heino Moller and in cooperation with researchers from the Insti-
tute of Applied Mathematics of the University of Tartu (IV). The es-
sential part of the method is a calculation of average travelling distance.
There are several methods known to calculate it. The group developed
methods to calculate average travelling distance on the basis of the
shape of arable farm land.

1. Circular shaped farm with the centre located in the centre of the
circle (Moller ez al. 1994, Moller ez al. 1997b).
Average travelling distance is
2
d, = ER (1.1)

where R - radius of the area of circular shaped farm, km; and
d, - average travelling distance in farm, km.

2. Circular shaped farm with the centre located at a random location in
the circle (Moller ez al. 1997b). Average travelling distance is
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d, =R(0,067-0,021/+0,571/% —0,085/°)  (1.2)

where / - ratio between radius of the circle and a (distance between
the centre of transport and the centre of the circle),
/=a/R.

3. Average travelling distance, when transportation capacity into the
different areas of circle-shaped farm varies (Moller ez a/. 1997b). The
circle is divided into shares by » belts and f'sectors. The ratio of trans-
portations to the different parts of the area is expressed with a weight
factor ¢,

d,

1
R 3z

Kk f
NSl - e, —¢ ) (1.3)

i=1 j=1

Where p, - distance between the centre of the circle and longer edge
of belt 7 in circle-shaped farm, km; and

¢ - distance between x-axe in polar co-ordinates and further
edge of sector ; in circle-shaped farm (centre of polar co-
ordinates located in the centre of the circle).

4. Elliptic farm with the centre located in the centre of figure and the

ratio of transportations to the different surface elements is equal (III,
Moller et al. 1998)

d
Lo (), (14)
a, 37m

where a, - length of longer half-axis of ellipse, km; and

E() - elliptic integral of the second kind, which value can be
found from the table of elliptic integrals according to
the value of eccentricity of the ellipse.

5. Average traveling distance, when transportation centre is located at
the random location in the ellipse

d, =2 1(e,a,pB), (1.5)
2

where L(e, a, ) - function characterizing position of transportation
centre in relation to the centre of ellipse.
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It is possible to find in the literature methods for calculating average
travelling distance of a rectangular farm depending on the perimeter of
the farm (Kask 1977). The curvature of the roads, the distance between
the centre and centre of gravity of the farm area, as well as concentra-
tion of transportations (the number of transportations per plot), are
also taken into consideration.

Contrarily to the methods presented above, Heinloo (1998) has devised
a method to calculate an optimal transportation location for a farm
where the farm has the shape of curved trapezium or sector.

De Garis De Lisle (1978, 1982) has studied the effects of intra-farm
distance on farm income and on internal cropping patterns. The re-
search was based on the data of farms situated in Manitoba (Canada)
collected by crop insurance agents. The following conclusions were
drawn: 1) the distribution of crops is affected both by the distance of
the plot to the farm centre and the soil productivity; 2) adjustments to
the management and intensity of farming compensate the effects of
distance on the net income.

Myyra and Pietola (2002) estimated, with the help of a switching-type
Probit-model, the shadow prices for land parcel characteristics in
Finland, such as size and distance from the centre, by adding these
characteristics to the conditional profit maximization model. Their
research concludes that plot size and distances from the farm centre
significantly affect the farmer’s choice of allocating most of the land
either to grass or to grain. Small plot size was found to increase costs
significantly by hindering Finnish farmers from adopting the most effi-
cient production technologies and practices.

Fechner et al. (2002) has composed a simulation about agricultural
transportation process through the example of cereal production. The
simulation model enables to analyses of different transport chains for
technological materials and selection of the best solution for a specified
situation.

Heikkild and Salo (2002) and Kapuinen (2001) have also studied logis-
tical systems of farms. The aim of the research was to clarify bottle-
necks of transportation systems in different production branches, and
give suggestions how to develop a rational transportation system for
technological materials. Researchers at the same institute have also
studied costs depending on travelling distance and found that the aver-
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age costs were 0.1 EEK/kg in 1999. Most plots had a radius of less
than 6.6 km, but in the EU this value was 3.7 km (Aaltonen ef a/. 1999).
About Estonia, there is no such data.

Létjonen ez al. (2003) analysed the production costs of grain harvesting
considering, amongst other factors, the influence of parcel size and
distance. A dynamic model which covered grain harvesting, grain
transport from field to farm and grain drying (or some other storage
treatment) was planned, constructed and tested.

Many other studies are also available, handling farm’s transportation
costs for fertilizers, yield and other technological materials, where costs
are presented depending on area and travelling distance of the plot
(Kilima and Kenkel 2004, Bogun 2005, Berruto e a/. 2003, Buckmaster
and Hilton 2003, Singh and Abeygoonawardana 1982, Pfister ez al.
2005, Kapuinen 2003, Delchev and Trendafilov 2002, Harrigan 2003,
Kibler ez al. 2004, Iannoni and Morabito 2006 ).

Several software packages have been developed, helping to analyze
rationality of the use of the plots proceeding from a general algorithm
comparing the income and expenses of crop production (Agrar-Office
2009, Peltotuki Pro 2009). Some programs also help to calculate ma-
chine costs (Peart and Shoup 2002, Recio ¢ a/. 2003, Recio and Rubio
2004).

Agronomists are developing methods and computer-based decision
support systems to help farmers to decide about the rationality of the
use of a plot (Collentine ez a/. 2002, Myyra et al. 2004, Astover et al.
20006). Decision criteria are usually agronomical — soil properties, eco-
nomical optimality of fertilizing, and other parameters related to plant
growth on the observed plot. Harasimowicz (1997) describes an
evaluation system, where plot distance to the centre is one factor af-
fecting land value in points characterising the profitability potential of
land: a plot situated further away is assessed to be less valuable than a
closer one.

This literature overview indicates that there is no research available
containing a method to estimate rationality for the exploitation of a
plot based on the distance between the plot and the farm centre; con-
sidering costs depending on this distance; such as transportation costs
of FOUs, transportation costs of materials, income loss and the cost of
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management travel. As a result of this the aim of the paper has been

proposed (XVIII).
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2. AIM AND OBJECTIVES OF THE STUDY

The crop farming entrepreneur has always the following question,
from the perspective of profitability: which of the plots is profitable to
use? An important factor affecting profitability is the travelling distance
between the plot and the farm centre. The more arable land a farm has,
the more used the machinery is and the less the proportion the fixed
costs have in the prime price of a product. Enlarging the arable farm
land, the demand for the introduction of plots located further and fur-
ther is necessary. Therefore the knowledge of the limit value of plot
area or travelling distance applying specified technology, and assuming
that use of the plot is profitable, is a must.

The aim of this thesis is:

1) to study the dependency of the costs on cereal farm plot distance;

2) to propose a method and software, which would help to calculate
the costs on a cereal production farm depending on the distance be-
tween the plot and the centre;

3) to propose a method for assessing the rationality of maintenance of
the specified plot applying specified machinery and a specified distance
between farm centre and the plot; and

4) to analyse the sensitivity of different parameters to the economical
effect of maintenance of the plot according to the distance.

The software composed of a calculation model should be a practical
tool for the farmer, advisor, student or researcher, enabling compari-
sons of the influences of different technological solutions on the costs
depending on the plot distance.

List of the tasks to be solved to reach the aim:.

1. Overview about the machines used for travel on a crop production
farm between the plot and the farm centre will be given.

2. Overview about the costs, depending on the distance between the
plot and the farm centre, will be given.

3. Devise a method for calculating the costs related to the travels on
the FOUs between the farm centre and the plot.

4. Devise a method for calculating the costs related to transportation
of technological materials between the farm centre and the plot.

5. Devise a method for calculating the loss of income related to travel
between the farm centre and the plot s .
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0. Method for calculating the cost of all management travel to the plot
within one production year.

7. Devise a method for calculating the maximum travelling distance to
the plot considering the area and the technology applied in the plot.

8. Project and program the software “Field distance” on the basis of
devised methods related to the plot distance.

9. Test and edit the calculation methods with the help of the software
“Field distance”.

10. Propose the simulations and sensitivity analysis with the help of the
software “Field distance”.
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3. THE MODEL: PROFITABILITY AND TRAVEL-
LING DISTANCE OF A PLOT

3.1. The problem

While planning production the farmer often has to make essential deci-
sions about the farmland. While deciding to buy or sell or lease or rent
the land out, changing technology or crop rotation, it is always good to
estimate the effects of the decision on the profitability of production.
This means that he should calculate an income, and the costs of pro-
duction on the plot, considering also the effect of travelling distance
between the farm centre and the plot.

Usually when calculating the production costs the transportation costs
of technological materials are taken into account, but the costs for
transporting the FOUs to the plot, and the costs for management trav-
els, are generally not taken into account or are considered approxi-
mately, while there is no method to calculate them.

In the present study, the travelling distance to the plot denotes the
shortest way passable with an agricultural machine from the farm cen-
tre to the nearest entry point in the plot. The farm centre is the storage
location for most of the farm’s field machines and technological mate-

rials (XVIII).

In the process of composing a calculation model, all technol-
ogy/technical equipment used during the whole yield year on the plot
is taken into account (XVIII).

3.2. Overview of machines used for travel between the plot and
the farm centre

Intra-farm travels associated with plant production occur mostly be-
tween the farm centre and the plots of the farm. Technological materi-
als (seed, fertilizers, pesticides, water and yield), labour, FOUs and fuel
as well repairing and maintenance materials have to be transported.

Usually a transportation unit, consisting of a tractor and one or several

trailers, is used for transportation of the technological materials. Trucks
are also used, especially for transportation of the harvest. Transporta-
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tion of materials is accomplished partially by the FOUs meant for dos-
ing material on the plot - e.g. pesticide and water could be transported
in a tank of sprayer to the plot. Often only manure spreaders are used
to transport manure to the plot.

Generally, FOUs move to the plot and back on their own and the op-
erators move with them.

To transport the other staff cars are mostly used o, if there is a need
to transport many people, for example for harvesting vegetables or
picking the stones, then buses are used.

For transporting the fuel, as well as repairing and maintenance materi-
als, vehicles adapted for that purpose are used.

3.3. Costs and income depending on the travelling distance

Profitability is predictable by calculating the costs and the income of
production (Tamm 1999):

R =24 3.1
K
where K - sum of production costs per unit of area, EEK/ha;
R, - profitability; and

3

B - income, EEK/ha.

Both operations are quite time consuming and should be repeated
every time conditions change. Therefore it is essential to establish sim-
plifications enabling us to concentrate only on the calculations neces-
sary to find out how travelling distance affects income and costs.

Pertaining to travelling distance dependent and independent costs are
identified, naming the later as other costs (e.g. the costs for fertilizers,
pesticides, field operations etc.):

K=K+K, (3.2)

where K, - costs dependent on travelling distance, EEK/ha and
K, - costs not dependent on travelling distance, EEK/ha.

A4

While the costs dependent on travelling distance are the matter of in-
terest other costs are not considered here.
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Knowing the average values of the market price of grain and expected
yield, the income per unit of area can be predicted. According to the
income it is possible to find out the maximum production costs within
the limits of income

K, =B. (3.3)
Using a plot with a specified distance is rational in cases when the cost
K, related to distance is less than the maximum value K

hymax
(K, <K, ..)- The last factor is found with formula (XVIII)
K/y,max = B - K}ﬂ > (34)

If the model user wants to take into account the profit or the produc-
tion risk, these factors can be added to the costs not dependent on
travelling distance K, (XVIII).

b, max

So, we can concentrate henceforth on the costs dependent on travel-
ling distance between the farm centre and the plot. These costs are the
following (XVIII):

1) costs related to the travel of the FOUs,

2) costs related to transporting the technological materials, and

3) cost of all the management travels to the plot.

In addition to the expenses, we need to look at the effect of travelling
distance on income. If the distance increases, the daily performance of
the FOU will decrease and work periods will lengthen; as a result, the
working time will increasingly deviate from the optimal and the average
yield will decrease. The consequent income loss is considered a cost, as

well (XVIII). Thus

K =U+1"+M+AB (3.5
where U - the travelling cost of FOU to and from the plot for one
production year, EEK/ha;
I”7 - the cost of transporting the materials to or from the
plot, EEK/ha;
M - the travelling cost of service vehicles per one production

year, EEK/ha; and
AB - the income loss caused by travelling duration, EEK/ha.

Subsequently the calculation methods of these costs will be discussed.
An overview about the model is presented in Figure 3.1.
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The crop: sowing area on farm, average sell price, maximum yield ,,,,, regression

coefficient 4 related to the yield loss per sowing day, length of sowing period

y

Operations performed during yield year on the plot, length of work day,
time loss factor
\A

Operations affecting length of sowing period

Materials: amount and the payload usage factor of a transporter

Machines: hourly cost of travel, payload of transporters, veloc-
ity, operation performance

Management travels: count, houtly cost and velocity

Plot data: area, distance from farm centre \L

’

THE SIMULATION MODEL FOR CALCULATING THE COSTS

! L L y

Transportation Transportation Income loss due to Cost related to
cost of ma- cost of materials, || timeliness of spring || management
chines, U \Y works, 4B travels, M

Figure 3.1. The calculation model for calculating costs depending on travelling dis-
tance, the inputs and outputs of the model (XVIII)
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3.4. Transportation cost of FOUs

3.4.1 Need for the transportation of FOUs

Farm’s plots are located at known distances from the farm centre. To
operate on the plot the FOU should travel from the farm centre to the
plot and at the end of the work or day it should travel back. The longer
the distance to the plot is the more time and resources are wasted on
FOU travel (Naef 1983, Steinsholt 1997). Thus, to make the best of the
working time the further plots should either be large enough, or several
small plots with the same crop should be located close together to re-
sult in a sufficient work capacity worth travelling to the plot. Summing
the areas of these plots we can manage the group of plots as one, and
calculate the minimum area at that distance that can be used for tillage
of a crop. If the plot is too far away an additional question arises about
the appropriate distance that makes it worthwhile to travel back to the
farm centre for the night instead of leaving the machine near the plot.
In the mathematical model we have to take into account that travelling
duration must not exceed the length of the workday. In addition we
should consider that all the travels of the FOUs between the plot and
the farm centre are carried out during the workday, unlike the ar-
rangement that designates the travel-back of the FOU to the farm cen-
tre at the end of the workday.

Presuming that the FOU stays on the plot until the work is completed
over the whole area the total travelling cost of the FOU does not de-
pend on the area of plot. Thus, dividing the cost by the area of the
plot, the larger the plot is the lower the cost per unit area is
U

w=F (3.6)

where U, - travelling cost of FOU for unit of area, EEK/ha and
F - plot area, ha.

3.4.2 Calculating the travelling cost of an FOU

The travelling cost of the FOU depends on the travelling distance be-
tween the farm centre and the plot, the number of passes of the dis-

tance as well as travelling speed and hourly cost of idle travel of the
FOU:
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U =— (3.7
v
where U, - travelling cost of the FOU for one work day, EEK;
d - travelling distance between the farm centre and the plot,
km;
n, - number of travels between the farm centre and the plot

in a work day (e.g. travelling to the plot in the morning
and back in the evening #,=2);

P - houtly cost of travelling the FOU (section 3.4.3.),
EEK/h; and

v - travelling velocity of the FOU, km/h (Herrmann 2000,
Froba et al. 2001).

The idle travel is travel when the implement is not loaded —the imple-
ment is in transportation mode.

3.4.3 Houtly cost of the travel of FOU

Information about the calculations of houtly costs can be found from
different internet and paper publications (Hunt 2001, Koik e# a/. 2003,
Schnitkey and Lattz 2008, Witney 1988). However, there is no direct
algorithm available to calculate the houtly cost of the idle travel of the
FOU.

Costs depend on the status of the FOU — is it owned or rented. A
rental machine has a defined rental price and there is no difference
whether the machine works on the plot, makes an idle travel or stands
still doing nothing — the houtly cost is equal to the rent price anyway
and it should be considered while calculating the travelling costs of the
FOU.

With regard to personal machines, calculating the hourly cost of an idle
travel the tractor and the implement should be handled separately. The
components of the fixed costs of the machine - depreciation, interest,
housing costs and insurance - are presumably already reflected in the
houtly costs of the field operation and thus in the prime price of a
product. This is because it is presumed that the transportation time of
the machines is not included in the annual work capacity W (formula
3.10) of the machines. Considering these fixed costs also as the houtly
cost of idle travel, it could result in double costing because all the costs
will be reduced to hectare costs. Thus the components of the fixed
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costs of field machines are not considered by calculating the houtly
cost of idle travel.

There is now the question of the direct influence of travelling distance
on the implement as a resource. We can say that work tools do not
wear while travelling. There is some wear on in the wheels of the im-
plement while touching the surface of the road. Additionally an im-
plement is affected by vibration due to bumps in the road, which can
cause motion in the joints of the device or generate cycles of bend and
twist and thus accelerate wearing of the parts . On the one hand, the
calculation of these factors is complex while on the other hand the
influence of the factors is too small to take these into consideration, so
they are not considered.

Hourly cost of the idle travel of an FOU is calculated with the follow-
ing formula:

P=P +P. (3.8)

where P, - houtly cost of a tractor travelling, EEK/h; and

P - houtly cost of transportation of an implement, EEK/h.
To calculate the houtly cost of the idle travel of a tractor or a self—
propelled field machine, we have to take fuel, lubrication, labour and
maintenance costs into account. These components of variable costs
should be summed up to calculate the houtly cost of a tractor:

P =c

, s e, e, tey, (3.9)

where ¢, - fuel cost of tractor, EEK/h;
¢, - lubrication cost of machine, EEK/h;

¢, - labour cost, EEK/h; and

J
¢, - maintenance cost of machine, EEK/h.

)

The formulae for calculating these cost components are presented in
section 3.3.4.

3.4.4 Calculating the components of the hourly cost of the ma-

chines

The formulae for calculating the components of houtly cost of the
machines have been much used in different research concerning the
economic usage of agricultural machines (IX, Older 1999).
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A linear method is usually used in practice to calculate the depreciation
allowance of machines

H-H
[, =——r (3.10)

a b

Tw
where H - purchase price of machine, EEK;
H, - remaining value of machine, EEK;

r

T, - lifespan of machine, years; and

a

W - annual work capacity, h/year.

Interest is calculated as an average from the life-span of a machine:

 H| 1 9%
a .l i
rr 100

¢, = , (3.11)
2-100T W
where a, - length of loan period, years;
i, - rate of interest, %/year; and

O, - rate of self financing, % from loan sum.

The 2 in formula (3.11) is used to calculate the average remaining value
of the machine.

Housing costs of a machine

H. A4 | 1 i+
[, =L g L (3.12)
oW T, 200

where H, - cost for housing unit, EEK/m?
A, - housing area needed for the machine, m?

T, - lifespan of housing room, years; and
Z,, - Insurance rate of housing room, % from price.
Insurance
i H
L+,
[ =200 (3.13)
w
where 7, - rate of property insurance, %/year; and
I, - traffic insurance and technical inspection charge,
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EEK/year.

Fuel costs
Fuel consumption is calculated with the following formula:
‘N
G =N, (3.14)
P
and fuel cost with the following formula:
¢, =nG, (3.15)

where ¢ - specific fuel consumption, kg/kWh;

& - factor considering daily average diesel consumption de-
pending on work type: hard work 0.6-0.7, medium work
0.4-0.5 and easy work 0.3 (KTBL 2004/05, TTS 2001);

N, - nominal effective power of the engine of a tractor or a
self-propelled machine, kW;

o - density of fuel, kg/1; for diesel fuel p= 0,86 kg/1; and

r, - price of fuel, EEK/L

Usually, during idle travel, an engine works only at partial output
power and this should be considered when calculating the consump-
tion of fuel. According to Tiigimde (1980) the proportion of fuel con-
sumption of the idle travel to fuel consumption of operation is on av-
erage 68% for tractors with an engine power of over 55 kW. About
60% of engine power is used on average during the operation period
Therefore, compared to a 100 % loaded engine the fuel consumption
on idle travel is 68X60/100=41% on average.

Lubricant cost

G
é’/}/ = 1’2 ”rm 3 (3016)
100
where # - rate of lubricant consumption, % of fuel consumption;

and
r, - price of lubricant, EEK/L

The 7, is the price of engine oil. The cost £, also includes the cost of
other lubricants such as transmission oil and others. The other lubri-
cants are estimated to be somewhat more expensive than engine oil
and therefore the coefficient 1.2 is used.
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Maintenance cost
Costs for periodical technical maintenance and repair are taken into
account as maintenance costs:

sM
¢ = ‘. 3.17
"100W G4
where s - costs for maintenance, % of replacement price of ma-

chine; and
M, - replacement price of machine (for new machine at the
same as purchase price), EEK.

Labour cost

) 2, ' m +mytm, 318
¢, = =1+ 5 .
)=2 100 100 G19)
where p - operator’s houtly fee , EEK/h;
p, - rate of additional compensation for maintenance, % of
operator’s houtly fee;
m, - social tax rate, %o;

m, - health insurance rate, %;
m, - unemployment insurance rate, %o; and
m, - vacation fee rate, %.

It is taken into account that the machine operator gets an additional fee
for machine maintenance. The additional fee is calculated as a percent-
age of the operator’s houtly fee.

3.4.5 Total travelling costs during the production year

Several works need to be done for the cultivation of a crop through the
production year. The production year is the time beginning from the
end of harvesting the previous crop to the end of harvesting the pre-
sent crop. Every operation starting with stubble ploughing, or any
other work done after harvesting the previous crop, is performed to
benefit from the present production year, thus we have to consider all
the works on the plot during the relevant period.

Considering the previous arguments the following factors need to be
found out to calculate the travelling costs:

1) operational reasons for travelling to the plot,

2) FOUs performing these operations and
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3) travelling costs of every FOU.

Total costs of the travels of all FOUs, presuming that an FOU visits
the plot once for every operation, are as follows:

2d &P
U=—>» =~ (3.19)
F = ;
where 0 - number of field operations performed for one crop.

3.4.6 FOUS’ travelling costs if a field operation is performed over

several days

If the FOUs have low performance, or the plots are large, several days
may be needed to perform the work on the plot. Moreover, the further
the plot is the more time from a working day is wasted travelling to the
plot and back, and the less time remains for performing the work.
Therefore, we have to calculate the number of working days and corre-
sponding travelling costs.

The line of reasoning follows.

Duration of the work, not considering time consumption for travelling
to the plot and back, is as follows:

;o= (3.20)

where » - hourly performance of an FOU, not considering the time
needed to travel to the plot and back, ha/h; and

v - time loss factor, not considering the travels to the plot
and back.

To find out work duration including the time needed to travel to the
plot and back we have to calculate the number of days which an FOU
works on the plot first, in the case where it is working singly:

F
dn

S (3.21)
WT[D, - ’J
v

n =

where z, - aperiod within which an FOU needs to perform a certain
operation on the plot, days; and
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D, - length of a work day, h/day.

As we are interested in the number of plot visiting days Z, related to
the integer of the number of working days g, an integer of any digit
will be marked by square brackets (Jiirimie and Velsker 1984).

Ifz, > [zm] L.e. fractional number of work days is bigger than the
integer of it, then (XIII)

Z=[z,]+1 (3.22)

where Z - number of days an FOU should visit the plot to perform
a specified operation.

Ify =[z ], thenZ =7 (XIII).

There may often arise a situation where the calculated value of the
share of the plot remaining for the last work day is too small so it
would be more sensible to prolong the previous working day(s), and
thus the FOU is not bound to travel to the plot for the last short day
of work. However, there is a question here about the limit value of the
length of the remaining working day that ensures profitability of pro-
longation of the working day(s) before the last day. In this case other
factors can also be important such as lighting conditions, need for re-
fuelling the tractor, occupational safety of an operator etc. Providing
that the other factors set no limits the minimum work capacity should
be found justifying travel to the plot for the remaining working day.
The costs should be subsequently compared in two cases:

1) using overtime to complete the plot; or

2) travelling to the plot for the remaining working day

and the less costly of these options should be adopted.

The calculation of length of the remaining day is shown in section
3.3.8.

The time an FOU spends for plot visits can be calculated on the basis
of the number of working days in relation to the given work:
dan,Z
t, = (3.23)

v

In this case the travelling cost of an FOU for one operation per unit of
area 1s:
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(3.24)

1,0

where U, , - travelling costs of FOU considering the number of days
for the specified operation, EEK/ha;

and thus for all works within a production year:
U= an, P‘/Z‘/

3

=1 v J

(3.25)

3.4.7 FOUs travelling costs if a field operation is performed using

several FOUs

Often the performance of one FOU is not high enough to complete
the work within a specified time span. Thus, several FOUs are simulta-
neously used on the same plot. Previously the situation was discussed
where every operation on the plot was performed with a single FOU,
now the question arises, how many working days are needed if several
FOUs are used for same operation?

Similarly to the section 3.4.6 we should first calculate the work period
on a specified plot (XIII):

F

w = (3.206)
? d dn

Z”jz‘r{Dr,z - /J
i=1 v;

7

where # - number of working FOUs.

The number of days an FOU should visit the plot is calculated with
formula 3.22.

To calculate the number of work periods g, we need the following
information:
1) is an FOU performing the same operation together with the
other FOUs at the same time on the same plot; and
2) if it does, the performance of other FOUs working simultane-
ously on the same plot has to be taken into account.

Travelling cost of all FOUs is computed with the following formula:
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dn, & 5
WA (3.27)
F <™

U=

=t Y, ;

3.4.8 Calculating the working time for the remaining day

There is a share of the plot to till during the remaining day, and it
doesn’t take the whole working day. It is necessary to know the length
of the remaining day to decide whether division of working time of the
remaining day between the previous working days is reasonable or not.

If there are several FOUs with different travelling speeds they will ar-
rive at the plot and start the work at different times. Nevertheless, the
FOUs work until the plot is completed and finish the work about the
same time. The question is, for how long does any FOU work on the
plot during the remaining day? Therefore we have to take the different
performances of the FOUs into consideration.

Transforming the formula 3.26 we get an area processed during the
given work period (days):

F= z;ﬂi”’zri[l)m -
i1

In formula 3.28 we have to use the remainder of the fractional number
of the working period (3,,)

dn

V.

z

/ j (3.28)

And thus the remaining area is as follows:
‘ 7 dﬂi
F =; > wr, [D,J - ] (3.30)
=1 7

We know that the sum of areas processed during the remaining day by
all working FOUs results in the total remaining area F,.

F =YF (3.31)
i=1

where F, - daily performance of FOU, ha/day.
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We also presume that the time span between departure from the farm
centre and the moment the work on the plot is completed during the
remaining day is equal for all FOUs:

D, =z, +1, (3.32)

where D; - time that FOUs need, starting with departure to the plot
until accomplishing the operation on the plot in the case
of the remaining day, h;
z,, - time that an FOU needs to move between the plot and
the farm centre, h; and
¢, - time that an FOU needs to process the share of the plot

F, h.

Time that an FOU needs to move between the plot and the farm cen-
tre is as follows:

d
Ly =—" (3.33)
v
Time that an FOU needs to process the share of the plot F, is:
F
t, =—". (3.34)
wr
Thus, replacing 7 in the formula 3.32 we will get the following:
F
D =t +—. 3.35
N R (339)
and from that:
F, =wt(D,-1,). (3.36)
Replacing F, in formula 3.31 we will get the following:
F/ = z ”/[ Tz' (D/ - lwp,i ) :Z wi Z-z'Dj - wi Z-z'twp,i =
- - (3.37)

7 7
= D/-Z”/ﬂ'; —Zy/l.ritm e
i=1 i=1

While we know the total remaining area F; the only unknown, D, has
to be expressed:
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‘Fj + Zwiz.itm N
D = it (3.38)

J 7
Z w;T;
i=1

and using the formula of travelling time (3.33) we get the following:

n d T.
F + Vit
=1 y[
D, = - (3.39)
zwiri
=1
Replacing F with the formula 3.30 we get the following:
- dy S dw.T,
jZZWZ'Ti(Dt,z' - ntJ+Z L
i=1 v, =1 Y
D, = - , (3.40)
w,T,;
i=1
and transforming that:
n d 4 d T.
Z/zwirz'Dti — /T, K +Z e
p = ’ bi = Vi _
j - n -
St
i=1
n 7 d 7 d ,Z-
Z/zwiTiDt,i _ijwi‘[i ﬁ""z it
_t =1 Vi = Y
Z wz'Ti
=1
(3.41)

from which:
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ijwTD wz'[dﬂ—k —
Vi V.
D = j [
’ S
"Zld ) (3.42)
ﬂ
oot
/ ﬂi
Zw;.
i=1
and thus:
sz‘z-i{ (l jz”t)}
D == . (3.43)

n
ZW,'T,'
i=1

On the basis of the formulas 3.32 and 3.33 the working time of an
FOU during the remaining day is as follows:
d
z, :Dj——- (3.44)

v
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3.5. Transportation cost of technological materials

3.5.1 Cost of one transportation cycle

Cost of one transportation cycle of one material is generally calculated
with the following formula (XIII):
24P
V,=—. (3.45)
v

Looking closer at the charge of a transporter during a transportation
cycle we will detect that the FOU is usually loaded for only a part of a
transportation cycle and it makes an idle travel during the rest (XVIII).
Moreover, if we study the costs in the different phases of the cycle, the
travelling costs within one transportation cycle will be (XIII):

=K ,+K, (3.40)

where 17}, - cost for loaded travel, EEK/h; and
I/}, - costs for idle travel, EEK/h.

dP,

I/, =—= and (3.47)
v
dP

V., =—", (3.48)
v

where P, - price of working hour of a transporter, EEK/h; and
P, - houtly cost of idle travel of a transporter, EEK/h.

A difference in costs P,and P, is a result of fuel and lubricant consump-
tion caused by the different loads of an FOU. Therefore it is apparent
from the formulas 3.47 and 3.48 that the distance will not be multiplied
by two, since the both phases are handled separately.

Fuel and lubricant costs should be distinguished from the houtly cost
of a transporter to operate these separately:
1) fuel and lubricant cost P, per one working hour, if the pay-
load of transporter is totally exploited:

P, =¢, +¢, and (3.49)
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2) sum of other components of the hourly cost of a trans-
porter consisting of other components of houtly cost of a
tractor and houtly cost of trailer(s):

P;ﬁ = 1)/)1,[ + zpb,i (3'50)
i=1
where P,, - sum of the other components of the houtly cost of a
tractor belonging to the transporter, EEK/h; and
P, - price of working hour of a trailer belonging to the trans-
porter, EEK/h.

Calculation of hourly cost of the machines belonging to the transporter
has been described in paragraph 3.5.2.

Fuel consumption of a tractor under the complete use of payload of a
trailer is applied in formula 3.49, since one tractor can be equipped
with different trailers and the charge factor of a tractor engine can vary
because of the different values of load (XVIII). If we would like to
include fuel consumption at the nominal effective power of the engine
into the calculations, we should clarify the load factor of the tractor
engine considering the different transportation loads. It has been
found that, from the perspective of practical use of the calculation
model, it is easier to clarify the fuel consumption either by experience
or by experimental measuring on the farm because newer tractors have
a fuel consumption display. For older tractors, such as the ones pro-
duced in the Soviet Union, such data is available in the literature (ATK
1984) for the models of tractors. We can find such information on size
classes of tractors from the German journals of the Association for
Technology and Structures in Agriculture (KTBL - Kuratorium fiir Tech-
nik und Banwesen in der Landwirtschaff) (Froba and Funk 2005). Grisso ef
al. (2006) have developed a calculation model to predict the fuel con-
sumption of tractors for different engine loads and speeds. However,
we need the relationship between fuel consumption and usage of the
payload of a transporter (paragraph 3.5.3).

Fuel and lubricant costs while transporting the material are calculated
according to formulae 3.15 and 3.16.

Thus, according to our discussion (XIII):

P, =P,+uP, and (3.51)
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P =P +pu,P, (3.52)
where # - factor considering the fuel consumption according to the
usage of payload of a transporter (paragraph 3.5.3); and

Uy - W, if transporter makes an idle travel.

Merging the formulas 3.46, 3.47, 3.48, 3.51 and 3.52, we get

d d
I, = ;(P,,, " ﬂpf)+;(1>m ), (3.53)
simplifying which, we get a formula for calculating travelling costs for
one transportation cycle

d
vi=Slp, p (ur ) (3.54

3.5.2 Cost of travelling hour of a transporter

The houtly cost of the tractor and the trailer belonging to the transpor-
tation unit should be handled separately. The components of the fixed
costs of both machines - depreciation, interest, housing costs and in-
surance - are now considered, because it is presumed is that work time
of the transportation machines is included in the annual work capacity
W (formula 3.10) of the machines.

The sum of the other components of the hourly cost of a tractor be-
longing to the transportation unit is calculated with the following for-
mula:

P,,=c¢c,+c,+e,+ec,+c, +¢,, (3.55)

m,t

where ¢, - depreciation costs of machine, EEK/h;
interest, EEK/h;

insurance of machine, EEK/h; and
costs of housing machine, EEK/h.

C:

I

Cr

%

Price of work hour of a trailer belonging to the transportation unit is as
follows:

Py=c,+c, +c, +c,+¢,, (3.56)
Components of the costs in the formulae 3.49 and 3.50 are calculated

separately for every machine. The formulae presented in section 3.4.4.
should be used to calculate these components.
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3.5.3 Relationship between fuel consumption and payload usage

of a transporter

The relationship between fuel consumption and usage of the payload
of a transporter is clarified with the help of data available in literature
(ATK 1984), where fuel consumption of transporters is expressed with
different payloads according to the weight class of freight. There are
trailers with different payloads for one tractor, and fuel consumption is
presented in payload and usage.

We can compare fuel consumption considering different trailers, to
calculate the proportion of fuel consumption of a partially loaded
trailer from the fuel consumption of a fully loaded trailer (Table 3.1).

Table 3.1. Fuel consumption as absolute amount (I/h) and as relative (Rel.) portion
of fuel consumption of a transporter with a fully used payload and by trail-
ers with different payloads, if a 57 kW tractor is used (ATK 1984)

Use of payload, 4t 6t 4+4t 6+4t
% I/h | Rel. | I/h | Rel. | I/h | Rel. | I/h | Rel
0 9.8 | 0.649 | 10.6 | 0.601 | 11.6 | 0.703 | 11.9 0.68
40 10 | 0.662 | 11.3 | 0.646 | 12.8 | 0.776 | 13.3 0.76
60 125 | 0.828 | 13.6 | 0.777 | 142 | 0861 | 158 | 0.903
80 137 | 0907 | 157 | 0.897 | 16.5 1] 16.3 | 0.9314
100 15.1 11175 1] 165 11175 1

Relative fuel consumption of trailers with different payloads are put
into the equable system of co-ordinates, resulting in a correlation plot
as a basis for finding a regression model and coefficients for this. On
the bases of data presented in table 3.1 a linear regression model de-
scribes the relationship between fuel consumption and use of the pay-
load of a transporter adequately:

p=Tx+®d, (3.57)

where I, @ - gradient and initial ordinate of graph (Fig. 3.2); and
x - factor of the payload use of a transporter considering a
specified material, % (Table 3.2).

The values that apply to the 57 kW tractor are the following: I
=0.3605, @ =62.68 and coefficient of determination R*=0.84. We can
find such values for the tractors with the other engine power in the
same way.
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Table 3.2. Classification of agricultural materials according to the payload usage of
transporters (ATK 1984)

Class of Factor .
N Materials
payload use x, %
1. 100 Road metal, stones, earth, clay, sand, mineral fertilisers,

water, loose grains (except oats), oats and pulses in sacks,
potato and forage root crops, pumpkins and fruits in
boxes, baskets or containers.

2. 85 Slack lime, sawdust and shavings in sacks, packing — flax,
gunny or paper sacks, peat and peat compost, machines,
loose oats and pulses, concentrated fodder, oil cakes, bran
and mill residues, pressed hay, straw and flax, silage, vege-
tables, berries and plants in baskets or boxes, loose fruits,
grass flour in sacks.

3. 60 Pesticides, dry silage, silage grass, trees, bushes and plants,
agricultural and garden tools
4. 45 Loose hay and straw, flaxes, not packed young plants of

vegetables, flowers and berry bushes, loose vegetables,
wooden boxes.

As discussed in the previous chapter we can use a linear function to
express the relationship between relative fuel consumption and usage
of the payload, so we only need to know fuel consumption during idle
travel, and the case when the payload is fully used, to calculate the re-
gression coefficients I"and @.

In this case, if we want to transform the absolute amounts to the rela-
tive fuel consumption, the initial ordinate of the graph (Fig. 3.2) of the
equation 3.57 is the following:

1
o= 006, (3.58)
G,
and the gradient:
I= G -G ; (3.59)
G,

where G, - fuel consumption if the payload of a transporter is totally
utilized, 1/h; and
G, - fuel consumption of a transporter in idle travel, 1/h.
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Figure 3.2. Data points of the relative fuel consumption to the fuel consumption of
a transporter with totally used payload according to usage of the payload;
and a regression line according to these

If we replace I" and @ in equation 3.57 with the formulae 3.58 and
3.59, and abandon the percentage, we could calculate the relative fuel
consumption with the following formula:

(G/e _Gz)X+Gz )
Gk

(3.60)

Formula 3.60 will be needed if the payload is used partially. If the pay-
load of a transporter is used totally, #=1; and if idle travel is made,

= (3.61)

Fuel consumption units are different in different data sources. ATK
(1984) gives fuel consumption in 1/h. KTBL (Froba and Funk 2005)
gives fuel consumption in 1/ha. Also given are the transportable
amounts per hectare and distances. Thus, the fuel consumption can be
recalculated to 1/(tkm). If we know the average driving speed and the
payload of the transport machine, then it is possible to recalculate the
fuel consumption to 1/h. Similarly if some data source gives fuel con-
sumption in 1/(tkm).

3.5.4 Number of transportation cycles

The amount of material related to the plot is often so large that several
transportation cycles are needed. Thus, the transportation costs for one
material depend on the number of travels to the plot. If the amount of
material is smaller than the payload of a transporter, nevertheless travel
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will be needed unless there is another possibility for transport (e.g.
transporting the seed in the box of driller). If one type of material is
transported, the number of transportation cycles of a transporter will
be calculated with the formula (XIII):

_ 1000F 2
xg

where g - payload of a transporter, kg;
O - amount of material, kg/ha; and
A - share factor of a transporter transporting one type of ma-
terial, if the whole material is transported by one trans-
porter, then 4 =1.

Y (3.62)

Often several transporters are used to transport large amounts of mate-
rial. These transporters may have different payloads, travelling speeds
and prices per work hour. So we have to calculate what is the propor-
tion of material transported by a transporter to the total amount. While
it is difficult to predict the performance of a transporter due to dura-
tions of load and unload, especially when several transporters and
loaders are used, the weight factor as simplification is used to indicate
the proportion of material transported by a specified transporter to the
whole essential amount. The sum total of the weight factors for one
material should be 1.

The weight factor for one transporter is calculated with the formula

(XIII):

_ v¥
A=—"t— (3.63)
zwv,i Tﬂ,i
=1
where w, - performance of a transporter, t/h (section 3.5.5); and
7, - time loss factor of a transporter by transporting one type

of material.

Calculating the number of transportation cycles we have to consider
that the last cycle is probably partially loaded. The fractional portion of
the number of cycles Y also indicates the load of the cycle. Thus, if the
integer of the result of the equation 3.62 is lesser than Y ze [Y] <Y,
then the last transportation cycle is partial, so the cost of this cycle
should be calculated separately. If [Y] =Y, then the last cycle also has a
full load and the cost of that should not be calculated separately.
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In the case of a partial load we have to calculate the amount of material
in the last load:

Y, =Y -[Y] (3.64)

where Y; - relative rate of remaining load.

And usage of the payload of a transporter in that case is:

X =xY,, (3.65)

J J

where x; - usage of the payload of an FOU, transporting the remain-
ing load. We have to use x; instead of xin the formula
3.60.

Sometimes, when several transporters are transporting one type of
material, the results of the calculation indicate that all these have the
last load as the remaining load. However, this is actually not correct
because usually only the last transporter has the remaining load. There-
fore, we have to divide the remaining amounts so that only one trans-
porter will have the remaining load.

Therefore we have to find the sum of the remaining loads of all trans-
porters and from that the sum of the remaining amounts of material.
We will find the remaining amount transported by one FOU first, sub-
tracting the number of full loaded transport cycles from the number of
transport cycles and multiplying the difference by the payload of a
transporter and by the factor of usage of the payload characterizing the
material:

J o =107 gx(¥ -[Y]). (3.66)

If we sum the remaining amounts of all transporters we get:
J, =107x) g, (v, - [1]). (3.67)
in1

It would presumably be most effective if the remaining amount is
transported by a transporter whose payload is the least over the re-
maining amount. If the sum of the remaining amounts is greater than
the greatest payload available, the remainder of that will be calculated
in turn, and the most suitable transporter will be sought for the new
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remaining amount. The number of transportation cycles is recalculated
for all FOUs:

Y, =[Y]+1. (3.68)

The value of the remaining load is calculated again for the last trans-
porter missed out on the full load from the remaining loads. For this
purpose the weight of one load of all transporters, with corrected
number of full loads, is subtracted from the remaining amount J, and
the converse operation of formula 3.66 is performed:

J~107" xi i
i=1

Y, = =R 3.69
Jok 1072 gx ( )

where g, - payload of a transporter with corrected number of full
loads, kg; and
Y,, - relative rate of the remaining load for a transporter that
did not get the full load from the remaining amount of a
material.

We have to use Y. instead of Yin formula 3.65.

If the remaining amount is very small it will not pay to travel to the
plot for it. It would be more sensible to start the transport from such a
remaining amount that the resulting income would be greater than the
cost of the transportation cycle. These relationships will not be dis-
cussed here, but we call it a minimum value of remaining amount (J,,,,,),

i

that can be determined by the users of this method themselves accord-
ing to their own experience. Thus, if J > J

min >

the remaining amount |
will also be transported.

3.5.5 Calculating the performance of a transporter

To calculate the performance of a transporter we have to find out the
duration of a transportation cycle ie. the time needed to load the
transporter, travel from point A to point B, unload it at point B and
travel back to point A:

_ &
¥ = 1000(#,, +#, +1,,)

(3.70)

where 7 - travelling duration of a transporter, h;
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%, - loading time, h; and

t,, - unloading time, h.
Travelling duration:
t,=— (3.71)
Loading time:

gx
/= — 3.72
71000, 672

where , - loading performance, t/h.

Unloading time:

x

- & 3.73
1000, G7)

wl
where ,, - unloading performance, t/h.

After replacements the performance of a transporter is the following

(XIII):

w = & 3.74)

l (1 1} 20004
o] —+— |+

W, W v

il

There is data about loading and unloading performances available in
the literature (Kask 1977, ATK 1984).

3.5.6 Total cost of transporting the material

From formula 3.54, the travelling cost of a transporter transporting
one material per unit of area is the following:

dYy

vF
Let us mark factor z, that takes fuel consumption into account, accord-
ing to usage of the payload of a transporter as y, for full load and as

for partial load, calculating which we should apply payload usage x
with the corresponding index (Paragraph 3.5.3).
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To calculate transportation costs we have to sum transportation costs
of full and partial loads:

V=N, 2+ )+ 2P P+ a1 ) 676)

and transforming this, we get:

d
Lﬁ::E;«QR”+I>yOXh1+4)+I>Qg[Y]+y/». (3.77)
If several transporters are used for one material (XIII):

= ii (me,i + Pf,z‘:uo,z' X[Y;]-i—l)—l— Pf,z' (/'lz,z‘ [YI]—I_'H/Z)
" F45S V. .

z

(3.78)

Thus the total transportation costs of all materials related to the plot
within the determined production year is (XVIII):

/
=>7, (3.79)

s=1
where / - number of materials related to the plot within the produc-

tion year.

Considering transporters that have the corrected number of transpor-
tation cycles, [Y,] should be used instead of [Y].
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3.6. Dependence of income on travelling distance

3.6.1 Relationships between yield and calendar period of work

Nowadays costs of grain production depend largely on the machinery
used on the farm (Figure 2). On the other hand, the income of produc-
tion is also related to the structure and usage of the machinery. On the
grounds of plot tests carried out over the years we know that the more
the working time deviates from the optimal time point the less the
yield processed on these areas at that time point is, compared to a plot
processed at the optimal time point (Moller 1981, Méller 1985). This
regularity, also called timeliness, is a basis for method used for estima-
tion of the workload of cereal production farm machinery, and for
calculation of the optimal value for the workload (I, II, IV, VI, VII,
VIII, IX, X, Tamm 1999).

Yield of cereals depends on every kind of qualitative and quantitative
parameter of the field work (Haller 1969, Heinsoo ez a/. 1986, Penu ez
al. 1995) such as tillage or seeding depth, overlaps and gaps between
work passages, applied amounts etc. Among others it also depends on
the working time. In the case of many work procedures we have a lack
of timeliness data. Many studies have been carried out by researchers
(Karmin 1975, Moller 1981, Méller 1985) about the more important
works such as sowing, harvesting and autumn ploughing, and farmers
have the possibility of using the corresponding data. These studies
indicated that yield depends on the working time (day), there is the so
called best time for every operation, and cereals can be sown before or
after that.

The starting point of the present thesis is the effect of timeliness on
sowing. There are the following two reasons.
1. There is a significantly greater (2...4 times) timeliness effect of
sowing than of harvesting or autumn ploughing (Vipper 1989).
2. Different cereals have different ripening times. Well organized
sowing work, and well chosen areas for crops (Méanep et al.
1989), are the prerequisites for smooth harvesting , where har-
vesting ripeness of cereals arrives in a defined sequence so that
harvesting machines can work without interruptions, and 6...8
days of harvesting time is available for every crop. Therefore
this allows the cost of timeliness for harvesting to be mini-
mised. However, concerning sowing, there are dissimilarities.
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In principle, all cereals are suitable for sowing if the soil is ripe
for seeding. Starting with the sowing of one crop the others
must wait, and this would give rise to a timeliness effect.

Currently the model takes only the timeliness costs of sowing into ac-
count (XVIII). In future, the model will be improved with the possibil-
ity to consider timeliness of other field operations, including harvest-

ing.

In the discussed method the parabolic relationship has been used so far
to express the timeliness effect of sowing (3.82). However, the ques-
tion arises, is this the only possible function appropriate for the case,
or would some other functions describe that relationship better? The
suitability of different equations is subsequently analyzed to describe
sowing timeliness.

3.6.2 Comparison of equations describing sowing timeliness

Many studies (Moller 1981, Méller 1985) of timeliness of sowing have
been carried out in Estonia. The field tests have been performed for a
long period during the year — with the start 10...20 days before, and
the end 30...56 days after the best sowing day. We are interested in the
time span from the best sowing time until 20 days after the best time,
firstly because the calculations of optimal work load of machinery
made to date (Tamm 1999) show that profitability of grain production
is the highest when the area of grain production is large enough to
perform spring sowing within 20 days after the best sowing time. Sec-
ondly, the data set from the tests received from the latest time after the
best sowing day is probably insufficient, while presumably the yield
from these test plots was not harvested, but this is not reflected in the
set of raw data.

The reason for exploring only the period after the best sowing time is
that most of the cereals are spring crops in Estonia, and the best time
for spring sowing is usually a time when a wheeled tractor is first able
to travel on the plot, thus the sowing starts at the agro-technically best
time. But if there happens to be a possibility to start sowing before the
best time, it will just be a time gain for a farmer, while yield loss before
the best time is lower than that after , with the same time span (Figure

3.3) (Tamm 1999).
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As a result of this the relationships for calculating the predictable in-
come from grain selling are established depending on sowing duration,
where the best sowing day as the starting day of the sowing period is
taken.

Earlier a linear relationship 3.80 was used in Estonia to handle timeli-
ness problems (Moller 1981, Moéller 1985), because it was easily usable
and enabled the deduction of a rule of thumb, showing the timeliness
effect of one sowing day (e.g. barley has a yield loss of 1.4% per day).
During the first years of the 1990s, when personal computers devel-
oped and spread rapidly, and it became easier to perform statistical
analyse,s timeliness data were studied again, and regression coefficients
for parabolic function were found (3.82) with the help of computers
(Aobocox 1995). A parabolic equation was used (I, II, XI, Tamm
1999) because it describes the timeliness effect more naturally com-
pared to a linear function, and it was also already in use elsewhere in
the world (Witney 1988). There is drastic dramatic transition from
prior to and after the best sowing time (Fig. 3.3) in the case of the lin-
ear function of timeliness, while the transition is actually smooth and
may last for couple of days. Secondly, the yield does not fall after the
best day at an even tempo, but relatively slowly at the beginning and
then more and more rapidly, as the parabolic relationship describes
(Fig. 3.4, Table 3.3).
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Figure 3.3. Linear function describing sowing timeliness

It has been proposed to use such a function (e.g. cubic polynomial)
(tables 3.3 and 3.4 by some researchers to describe timeliness for which
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the fall of yield decelerates after a long period and remains at a mini-
mum yield level. An equation with such a pattern is often used to de-
scribe some processes in nature, but it is inappropriate for timeliness of
sowing, because if sowing is too late, the yield will not mature and even
if it does, there will be no possibility to harvest it in Estonia. Secondly,
if we compose a cubic polynomial based on the data collected during
the time span of 20 days after the best sowing day, the function will
describe timeliness of sowing quite similarly to the equation of a pa-
rabola 2 (3.82) (Fig. 3.3), but the latter is easier to use and therefore we
have no reason to reject it.

Table 3.3. Different possible forms of sowing timeliness relationship

Function for calculating yield from area, seeded C days

Name of function after best sowing day (V)

Linear function h,=10"h,, (a+bC) (3.80)
Parabolic funcion1 4, =107 4_ (a +b,C+¢,C ) (3.81)
Parabolic fancion2 4, =104, (a, +6,C?) (3.82)
Exponential function 4, =107 5, a,e" (3.83)
Cubic polynomial b, =107h, (a, +b,C+e,C* +d,C°) (84

Symbols used in table 3.3:

h, - yield from farm area, seeded in day C, kg/ha;

b, - yield from farm area, seeded in the best day (highest yield), kg/ha;
a, ay, dyy ds, dy, b, by, by, by, by, 0, ¢y, d, - regression coefficients; and

C - number of days deviating from the best sowing day.
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Figure 3.4. Graph of different functions it is possible to use to describe the relation-
ship between yield and sowing time of cereals

The value of free member « in all of the regression equations is 100.
Values of the regression coefficients for the other cereals for parabolic

(3.82) function are given in table 3.6.

Table 3.4. Values of regression coefficients, used to construct the figure 3.4

Function b ¢ d
Linear function -1.8 - -
Parabolic function 1 -2.34 0.036 -
Parabolic function 2 -0.105 - -
Exponential function -0.022 - -
Cubic polynomial -0.6128 -0.0794 0.0003

With the help of average yield equations presented in the table 3.5 in-
comes from area seeded during C sowing days (Fig. 3.5) are calculated
The equations in table 3.5 are created by integrating the equations in
table 3.3 in the interval C and dividing by the number of sowing days
C. We can see in the figure that there is no significant difference in
predicted income for the short sowing period and the usage of differ-
ent regression equations. With longer sowing periods we can see that
income calculated using an exponential relationship is noticeably lower
in comparison with the income found with the other equations, and is
therefore unsuitable to use for income prediction. This phenomenon is
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caused by the different behaviour of the exponential function of inte-
gration compared to other functions (Tables 3.3 and 3.5).

Table 3.5. Different possible forms of average yield calculation formulas based on
sowing timeliness relationships, given in table 3.3.
Function for calculating average yield from area, seeded

Name of function

during C days
bC
Linear function h=107h,_ [1 + 7) (3.85)
bC ¢, C*
Parabolic function 1~ A =107}, [1 + 17 - ”T] (3.86)
b,C*
Parabolic function 2 h=10" b [1 + 23 j (3.87)
Exponential function 4 = 1074 @ 3€b3C (3.88)
b,C ¢, C* d,C°
Cubic polynomial h=10"h,__ (1 + 42 + 643 + “4 ] (3.89)

This author has used function 3.82 in the method of optimizing the
work load of farm machinery (VI, VII, VIII, IX, XI, XIII, Tamm
1999) and has found that there is no need to use any other function
because they do not give more exact results within the observed time
span (20 days after the best sowing day).
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Figure 3.5. Income from grain depending on sowing duration, calculated using dif-
ferent functions
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3.6.3 Model for considering the travelling distance

As discussed previously, the yield depends on the duration of work,
and the quicker the work is performed the minor the yield loss is in
comparison with the day the most suitable for that work. Work pace
means here that a specified area is processed within one time unit i.e.
hectares per hour (ha/h). Every FOU has its own performance it is
able to achieve on average, if the work is to be done without any time
losses. Nevertheless, besides other time losses (due to whether, techni-
cal reasons and operator personal needs) the time travelling to the plot
and back, and thus the area processed in a work day, is generally less
than the daily performance of the FOU.

The longer the travelling distance is, the greater part of the workday is
wasted travelling to the plot and back. But at the same time the time
available for work on the plot decreases, and thus the number of
workdays (formulas 3.21 and 3.26) necessary to perform the work on
the plot increases. With the greater number of workdays an increase in
the deviation from the best working time is accompanied by a decrease
in average yield (XVIII).

Thus, we have to find out how the average yield depends on the travel-
ling distance. As we have most knowledge about the relationships of
timeliness of sowing we will clarify here how timeliness is affected by
the travelling duration of seedbed preparation units and sowing units.

First we need to know how the work is organized on the plot. If there
is only one tractor all operations will be done on the plot sequentially.
Thus, we have to consider the travelling time of every FOU affecting
sowing time, and the formula for calculating the sum of travelling time
is the following (XIII):

0

dn, & lei,/
C,, ZF’Z . (3.90)

r =1 i

where C,, - sum of travelling durations affecting sowing time, if all
works are done sequentially, days.

Only spring works are considered here. The time for transporting the
materials to the plot should additionally be taken into account while
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there is no additional labour performing these operations alongside the
main operations.

But if there is more than one tractor and one worker on the farm, the
work will probably be organized in such a way that the sowing unit
should wait only on the first day of sowing season and after that the
work will be performed alongside in the different plots, and sowing
duration will mostly be affected by travelling duration of the sowing
unit(s).

Travelling duration of the sowing unit to the specified plot is calculated
with the following formula (XTII):

Zy

C{,)/E =dn D
Vel x

(3.91)

t

where Z, - the number of days a sowing unit should visit the plot to
seed it (calculated with the formula 3.22);
v, - travelling speed of the sowing unit, km/h; and
D,, - length of a workday of the sowing unit, h.

We should subtract from this the duration of the last journey back to
the farm centre in some cases, because it does not affect sowing time.
That would be the case, when the plot is seeded last, but if this is not
the case, the return travel duration will affect the sowing time on the
next plots. While we do not know which of the plots is in the se-
quence, but we are aware that only one of the plots can be the last and
the t of them are not, we should consider that the time travelling back
will affect the average yield.

Now we know the travelling time prolonging the sowing period. Next
we have to answer the question: how to calculate the fall of the average
yield due to prolonging of the sowing period? If the sowing period for
the whole sowing area on the farm is C, days (including the area of the
observed plot), together with the travelling time C,, related to the plot it
will be as follows:

C=C,+C,. (3.92)

Starting from formula 3.87 the average yield on the farm, not consider-
ing the travelling time, is (I, II; XI):
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bC;
h, = bm(1 - ; j (3.93)

and the average yield considering the working time together with the
travelling time is:

bC*
hy,=bh,_,. (1 - j . (3.94)
3
Yield loss per hectare because of travelling time is Ah =5, —h, ot
bh
A :%(CZ -c?) (3.95)

While C* =(C, +C,) =C? +2C,C, +C}, then

bh,, .C
Ab= m%f’(cd +2C,) (3.96)

where C, - sum of the travelling durations affecting the sowing pe-
riod calculated according to the way the work is organized
with the formula 3.90 or 3.91, days; and
C. - sowing period, not considering the travelling times, days.
The period is determined as an expert evaluation by ex-
perience or using a method of calculating the optimal
duration of the sowing period (Tamm 1999).

While the average yield loss is calculated according to the period of
spring sowing needed for seeding the whole spring sowing area, then
to calculate the total yield loss we have to multiply the average yield
loss by the value of the area, and by the factor defining the proportion
of the area that was not seeded before starting with the observed plot:

AIFE O
AS, = = (3.97)
10°
where I, - area of arable land in the farm, ha;

e

AS, - total yield loss in the farm caused by travelling to the
plot, t (Fig. 3.6); and

0 - factor showing the proportion of the tillage area of
spring cereals that is not seeded before seeding the ob-
served plot, %.

62



[kg/ha] AS

F(1-6/100) F F [hal >

e

Figure. 3.6. Calculation of total yield loss according to decrease of average yield and
unseeded area of spring sowing

Loss of income is calculated with the following formula:

AB =rAS, (3.98)

where 7 - sale price of cereal, EEK/t.

If AS, and Ah are replaced, then:

_biC,F0

AB -
3-10°

(C,+2C,). (3.99)

Income loss caused by the travelling distance per unit of the plot area
is:
_ brC,F0

AB -
3-10°F

(C, +2C,). (3.100)
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3.7. Costs for management travel

If the plots are large and located far away from the farm centre it will
be rational to organize transport of fuel, lubricants, parts for FOUs
and food for operators besides the technological materials related to
the plot (Fortuna 1985). Sometimes transport of operators can also be
necessary. The production manager should also visit the plots often to
clarify the condition of these, and both the performance and work
quality of the FOUs.

The definition of the number of management travels is based on the
need to evaluate the status of the plot and quality of operations
(XVIII). Cost of a plot visit is as follows (XIII):

24P
M, ="~ (3.101)

v,

And total cost of all management travels to the plot during the whole
production year is (XIII):
_ % < Pfe,/'

M —, (3.102)
F i=1 ”te,i

where P, - houtly cost of travelling of the service vehicle, EEK/h;
v, - travelling speed of the service vehicle, km/h; and
o - the number of service travels to the certain plot within the

production year.
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3.8. Calculating the maximum travelling distance

Previously the methods described were produced to calculate the trav-
elling costs of a specified production technology, plot area and travel-
ling distance. The producer is often interested in what can be the
maximum travelling distance to plot by defined area of the plot and
technology; or what is the minimum area of the plot to achieve profit-
able production at a specified travelling distance. So the following cal-
culation method was composed to answer these questions.

In order to determine the economically feasible maximum distance
between the farm centre and the plot, considering its area and technol-
ogy, the distance in the case of K, . must be found (K, . is calculated
with formula 3.4) (XVIII). While the distance cannot be analytically
found by the system of formulae composed for calculating K, then the
iterative method is used. This method enables the distance to be found
in which the sum of the costs is the nearest to the limit value. i.e., K,—
K, .. The plot area and the technology are fixed while secking distance
d. In the case of the iterative method, it is necessary to define the toler-
ance ¢; when this has been achieved, the calculation procedure will be
completed. In other words, the following condition should be fulfilled
(XVIII):

<9, (3.103)

5, max

K, - K

where § - tolerance of solution, EEK/ha.

If condition (3.103) is met, then the distance used for finding parame-
ter K, is the economically feasible maximum distance between the farm
centre and the plot, considering its area and technology (XVIII).

There are three phases of the iterative method: we used the determina-
tion of the initial solution, the secant method (Weisstein 20062) and
bisectioning (Weisstein 2006b). The calculations thus far show that 50
cycles are enough to reach a satisfying solution. After having tested the
model, the following schema is proposed for the solution: 1) 1st Cycle
— calculating the initial solution, 2) 2°-5" Cycle — secant method, and
3) 6™ — 50" Cycle — method of bisecting the interval (XVIII).

Calculating the initial solution
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While it is attempted to find a more and more exact solution in every
calculation cycle for iterative solving of a calculation model, there will
be a need for the initial solution in respect of what to compare the
solutions of the next calculation cycles with and to start correcting the
initial conditions. Therefore, we have to give some realistic arbitrary
value. In software the present value is 4,=10 km. Afterwards the sum
of costs K, is found.

The secant method is an algorithm which assumes a function to be
approximately linear in the region of interest. In the case of the first
cycle of the secant method, the linear equation, intersecting zero and
the initial value (K,,, 4,) is used to calculate the distance for the next
calculation cycle:

K/ﬁ max
d, =d, —Lm (3.104)

The geometrical explanation is given in figure 3.7. The line s can be fit
on the points (K,,, 4,) and (0, 0). Intersection of the point of K, . and
line s gives the new travelling distance 4,; and the sum of costs K, is
calculated for that distance. Then the line u can be fit on the points
(K1, d) and (K, 5, dy).
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Figure 3.7. Approximation, using linear interpolation. The black dot on the curve is
the initial solution

All the following distances are calculated via the linear interpolation
formula:
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K -K, .
d, =d_ +d —d_ )L 2 3.105
i+1 i-1 ( i /—1) K —K ( )

i hi-1
where 7 is the number of the computation cycle.

Computing is continued until condition (3.103) is satisfied, or the de-
fined number of cycles (presently 5 cycles in software) has been ex-

ceeded.

By testing and adjusting the algorithm, it became clear that in most
cases it will be sufficient to use only the linear interpolation to find the
exact solution, and the convergence of solution will take place within a
couple of calculation cycles. Calculations show that up to the field dis-
tance of 40 km, the relationship between distance and costs is nearly
linear. With longer distances, the growth of costs accelerates and then
the secant method fails to give satisfying convergence. Hence, this
method will help us to find solutions on both sides of the searched
point that are needed in stage 3.

Bisecting of the interval. If the convergence of solution has been insuf-
ficient during the process of the secant method, another method will
be used for further approximation — bisecting the interval between the
two nearest points on both sides of the searched point. The two near-
est cost sums, one larger and one smaller than the cost limit K, ., are
determined, and thus the interval where the searched solution is lo-
cated is defined:

d =d it K,;>K, . and (3.100)
dl‘ = dz lf KZ;,I' < K/J,max >
where 4, - travelling distance if the travelling costs are greater than
the limit value, km;
d, - travelling distance if the travelling costs are smaller than

the limit value, km;
d. - travelling distance used in the calculation cycle z km; and
K,; - sum of the travelling costs, calculated in the cycle 7,
EEK/ha.

If the nearest cost sum, larger or smaller than the cost limit, was not
determined during the previous calculation cycles, zero should be used
for the driving distance 4, and the value of 4, should be an integer that
is greater than the probable driving distance for limit cost K, ., (e.g.
1000 km) accordingly.
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A new driving distance used in the next calculation cycle is calculated
with the formula:

_4+4

: (3.107)

i+l
If the bisection point does not match the condition (3.103), studied
which of the half-sections contains the searched value K, it will es-
timated and this half-section will be bisected again, and so on. The
iterations are continued until the moment when the condition (3.103)
is satisfied or the value of solution starts to repeat itself due to round-
ing, so the search for a more exact solution is complete.

This mathematical construction also enables us to search for the mini-
mum area of plot at a known distance (XVIII). The machines would
still travel back and forth at least once even for a tiny plot. Thus the
farmer has transportation costs independent of plot size. However, the
plot can be so small that the income does not cover the transportation
costs, especially when the distance is long. This means that where
K>K,,,. - the transportation costs are larger than the amount of
money available for transportation expenses. The larger the plot, the
smaller the transportation costs per ha (costs are divided by the area)
(Table 4.19) unless two trips are made - then the sum of transportation
costs per ha increase sharply and then start to decrease again (Figure
4.4.). If the market conditions are favourable for the farmer, then by
increasing the plot size the income for the whole plot grows faster than
the costs; at some point, the value of the area is K,<K .. The condi-
tion K,=K, . is the indicator that shows the minimum value of a plot
area.

The minimum area of the plot is calculated with the same algorithm as
for the maximum distance (XVIII). The difference is that initially a
value for distance 4 is fixed, and thereafter the minimum plot area is
searched by the specific value of the limit cost K, .. If the distance is
relatively long, and the value of limit cost is relatively small, it is possi-
ble that the minimum area of the plot cannot to be determined. Thus,

the value of limit cost should be increased and it should be recalcu-
lated.

68



4. SIMULATIONS

4.1. Software, “Field distance”

The amount of initial data and the scope of calculations that apply to
the estimation of the rationality of plot usage concerning travelling
distance between the plot and the farm centre are large (Figure 3.1.).
This author has projected and programmed a DSS (Decision Support
System) software “Field distance” to manage all the data and to per-
form the necessary calculations. The software was programmed by
developer software Microsoft Visual FoxPro 8.0.

The program “Field distance” includes calculation models needed to
calculate the costs related to the travelling distance (Figure 4.1). There
is a possibility to draw up different plans, to manipulate them and to
compare the results. The user can enter all the work performed on the
plot within the production year, all the technological materials and
management travels related to the plot. An income loss is also com-
puted. The total costs are given as a result, related to the travelling dis-
tance to the plot. The maximum travelling distance, or the minimal
area of the plot, can also be calculated if the maximum value of total
costs and the plot area, or the travelling distance, according to these are

predefined.
.t' sdidukauguse miju arvutamine
Todplaan: Plaant Valiplaen | Taoplaani kuupaev [10.12.2004 |
Péld: Péld1 Findala, ha: 30,00 Kaugus, km: 12,0000 A'ijj:;“ik“‘“"
iaterjalice vedu || My saagikusels g' Muud kaugusest majutatud kulud | ‘eokauguse méju kokku |
z ; Tadp. | Ajakasut. Tootl. | Kirus  Transp. aeq, Transp. hind, | Sditude Transp. kulu, b
HLL Operstsioon  peshys b tegur Err hah | kmi h EEKh arv EEKha
| |07 09 2004 Korrekooriming a0 0,55 Koorel To0) 300 0,500 150 1 400071
| | [15.04.2005  Kindmine 80 0,85 Hinniagregast 080 300 0,500 200 & 32,0007
| | [#3.04.2005  Hutiveerimine 30 0,50 Kultivaator 600 300 0,500 200 1 53333
| |24 042005 Véetamine a0 0,55 Waetisslaotur 500/ 300 10,500 154 1 44071
| | [26.04.2005 Kutiveerimine a0 0,35 Kuttivaator 5000 300 0,500 200 1 53337
| | |ps.ns.z00s  Teraviskily 30 0,85 Kilviagregast s00 300 0,500 200 1 53330
|| |ps.0s.2005  Aestamine a0 0,65 Aestamisagregast 500 300 0,600 200 1 53330
| [10.08.2005 Fritsimine a0 0,55 Pritsimisagregasat 3000 300 0,500 200 1 53333
| | [o1.07.2005 Pritsimine a0 0,35 Pritsimisagregasat 3000 300 0,300 200 1 53333
| | [16.09.2005 Teravijskaristus a0 0,65 Teraviliakombain 165 200 1,200 354 4 61 4405
s s
I« | >
Transpordikulu kiigit operatzioonidet kokku, EEKha 133,545
ja pdlule kokku, EEK 4006
Peatu hilrekursorigs veeru paisel, siis néed selytayst teksti veeru nime kohta

Figure 4.1. A window, related to travelling costs of FOUs, in the DSS program
“Field distance”
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4.2. Data for sample calculations

The data chosen for the simulations were previously used in the calcu-
lations for economic comparison of different pre-sowing tillage and
sowing technologies (direct drilling, conventional and minimum tillage)
(X, XI). The machinery was chosen considering an average Estonian
cereal production family-farm where most machines are farm owned
machines. It cannot be said that this is the best or optimum machinery,
but here is considered the opinions of experts at the Estonian Research
Institute of Agriculture.

In the calculations, for the purpose of simplification, it is assumed that
all travels related to the plot start from the farm centre (XVIII). To
determine the number of working hours of the farm machines, it is
presumed that the farm has 450 ha of arable land with 75% under
spring cereals and 25% under winter cereals. The operational perform-
ances and houtly work costs of the FOUs depend on tractors (Tables
4.1, 4.2 and 4.3). There are two tractors among the machinery, with
engine powers of 100 kW and 75 kW (T1 and T2 in tables). The fuel
price of 10.8 EEK/I setves as the basis for calculating the houtly costs.

Table 4.1. Work and capacities as well as annual time consumption of those on the
farm for conventional tillage technology

T1 (100kW) T2 (75kW)
Perform- Area Work- | Perform- Area Work-
ance ha/h  ha ing | anceha/h  ha ing
time, h time, h
Stubble ploughing 7 450 64
Ploughing 1.1 247 225 0.9 203 225
Cultivating 5 450 90
Transporting water 1.350 17
Spraying 7 1.350 193
Loading fert. and seed 10 450 45
Transporting fert. and seed 450 13
Loading N- fert. 10 112 11
Transporting N- fert. 112 1
Distributing N- fert 5 112 22
Sowing 3 450 150
Harrowing shoots 10 450 45
Transporting grain 225 54 225 54
Total, h/year 754 456

In all variations, the average length of the working day is at value D,=8
h and daily time loss factor 7=0.85 are considered. The average length
of the work day takes into account that all workdays cannot be used
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because of unsuitable weather conditions. These factors influence the
number of workdays and trips to the plot. Area I of the observed plot
is 16 ha and the travelling distance from the farm centre is /=20 km.

Table 4.2. Work and capacities as well as annual time consumption of those on the
farm for minimum tillage technology

T1 (100kW) T2 (75kW)
Perform- Area Working| Perform- Area Working
ance ha/h  ha time,h | anceha/h ha time, h
Stubble ploughing 7 450 64
Cultivating 4 450 113
Transporting water 1.35 17
Spraying 7 1.350 193
Loading fert. and seed 10 450 45
Transporting fert. and seed 450 13
Loading N- fert. 10 112 11
Transporting N- fert. 112 1
Distributing N- fert 5 112 22
Sowing 3 450 150
Harrowing shoots 10 450 45
Transporting grain 225 54 225 54
Total, h/year 529 254

Table 4.3. Work and capacities as well as annual time consumption of those on the
farm for direct drilling technology

T1 (100kW) T2 (75kW)
Perform- Area Working | Perform- Area Working
ance ha/h ha time,h | anceha/h ha time, h
Spreading straw 7 450 64
Transporting water 10 1.46 22
Spraying 7 1.462 209
Loading fert. and seed 10 450 45
Transporting fert. and seed 450 13
Loading N- fert. 10 112 11
Transporting N- fert. 112 1
Distributing N- fert 5 112 22
Sowing 3 450 150
Transporting grain 225 54 225 54
Total, h/year 435 210

In conventional technology, two FOUs plough simultaneously, and
therefore the work capacity is divided according to their performances
(Table 4.1). It is presumed for all three technologies that there are three
spraying operations at different points in time covering the whole plot

(Tables 4.1, 4.2 and 4.3).
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A loader is usually mounted to the tractor FOU transporting the ma-
terial to the plot and therefore transportation expenses of the loader
are compensated for by the transportation cost of material.

4.3. Calculating the travelling costs of FOUs

Next the prices of working hours of the tractors (Table 4.4.) and com-
bine (Table 4.5.) are calculated considering the different work capaci-
ties for different technologies.

Table 4.4. Calculation of price P of travelling hour of tractor, with unlike technolo-

gies
Conventional Minimum Direct drilling
Tractor T1 T2 T1 T2 T1 T2
Engine power, kW 100 75 100 75 100 75
Daily fuel consumption de- 0.5 0.5 0.5 0.5 0.5 0.5

pending on work type
Purchase price, thousand EEK 750 550 750 550 750 550

Annual work capacity, h 754 456 529 254 435 210
Fuel consumption, 1/h 13.4 10.0 13.4 10.0 134 10.0
Fuel price, EEK/1 6.00  6.00 6.00 6.00 6.00 6.00
Lubrticant consumption, kg/h 0.27  0.20 0.27 0.20 0.27 0.20
Lubrticant price, EEK/kg 20 20 20 20 20 20
Maintenance, % of price 2 2 2 2 2 2
Operator salary, EEK/h 50 50 50 50 50 50
Extra fee for maint., rate, % 10 10 10 10 10 10
Social +unempl. tax rate, % 20.5 20.5 20.5 20.5 20.5 20.5
Health insurance rate, % 13 13 13 13 13 13
Fuel cost, EEK/h 80.2 60.2 80.2 60.2 80.2 60.2
Lubricant cost, EEK/h 53 4.0 53 4.0 5.3 4.0
Maintenance cost, EEK/h 20.1 24.4 28.7 44.4 35.0 53.9
Operator salary, EEK/h 55.0 55.0 55.0 55.0 55.0 55.0
Social tax +heal. ins. EEK/h 18.4 18.4 18.4 18.4 18.4 18.4
Total costs, EEK/h 179 162 188 181 194 190

The components of the fixed costs of field machines are not consid-
ered by calculating the houtly cost of idle travel. The components of
the fixed costs of machines - depreciation, interest, housing costs and
insurance - are presumably already reflected in the houtly costs of the
field operation and thus in the prime price of the product (paragraph
3.4.3)

The transportation velocities of machines used in the calculations are
given in table 4.6. The speed chosen for the calculations is the average
travelling speed considering the roads between the farm centre and the
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plot - in Estonia they can sometimes be in a bad condition. Also taken
into account was the fact that large field machines should travel care-
fully on narrow roads. And with water tanks drivers must be particu-
larly carefully on bends - at high speeds they can fall over onto their
sides.

Table 4.5. Calculation of price P of travelling hour of combine

Parameter Value
Purchase price, thou. EEK 1800
Annual work capacity, h 450
Fuel consumption, 1/h 35
Fuel price, EEK/] 6.00
Lubticant consumption, kg/h 0.7
Lubricant price, EEK/kg 20
Maintenance, % of price 2
Operator salary, EEK/h 50
Extra fee for maintenance, % of salary 2
Social +unemployment insurance tax rate, % 20.3
Health insurance rate, % 13
Fuel cost, EEK/h 210
Lubricant cost, EEK/h 14
Maintenance cost, EEK/h 80
Operator salary, EEK/h 51
Social taxes +health insurance EEK/h 17.0
Total costs, EEK/h 372

If traffic conditions are better than presumed in the present calcula-
tions then higher average travelling velocities can be used and costs
depending on travelling distances then decrease.

Table 4.6. Average travelling velocities » (in the case of transporting the materials, it
is the average of transportation and idle travel)

FOU Velocity », km/h
Tedding FOU 30
Water transporter 25
Spraying FOU 30
Transporting FOU (Tractor +trailer) 30
Fertilizer distributor 30
Drill 30
Harrowing FOU 30
Grain harvesting combine 20

The data given in tables 4.4, 4.5 and 4.6 were used to estimate the in-
fluence of tillage technology on the costs, depending on travelling dis-
tance and plot area (Tables 4.7, 4.8 and 4.9). Discussion of the calcula-
tion results is given in paragraph 4.8 and in chapter 5.
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4.4. Calculating the transportation costs

Calculating the price of the working hour of a transporter, the annual
work capacity of transporters (Table 4.10) price of working hour of
tractor and trailer (Table 4.11 and 4.12) and material properties (Table
4.14) are considered. However, for a tractor the fuel and lubricant
costs are not considered, while these are calculated separately. The
farm has two trailers labelled H1 and H2 and the water tank (V).

Table 4.10. Calculation of annual work capacity of transporters

Trailer H1 H1 H1 H2 VT
. Seed + Grain N- Grain

Materdal fertilizer  vield  ferdl  yield VAT
Area, ha 450 225 112 225 450
Amount t/ha 0.53 4.5 0.1 4.5 0.3
Total amount, t 238.5 1013 11.2 1013 135
Payload, t 10 10 10 10 5
Number of loads 23.85 101.3 1.12 101.3 27
Number of transportation cycles 24 102 2 102 27
ﬁrxrflg travelling distance on farm, 3 3 3 3 3
Avg. travelling speed, km/h 30 30 30 30 25
Avg. travelling time of one cycle,h ~ 0.53 0.53 0.53 0.53 0.64
Total travelling time, h/year 12.8 54 1.07 54 17.3

Although the fixed costs of the machines were not considered when
calculating the travelling costs of FOUs, the fixed costs of transporting
the materials should still be considered. The reasons are explained in
paragraphs 3.4.3 and 3.5.2.

Table 4.11. Calculation of the hourly cost of a tractor (P,) belonging to transporta-
tion unit (excl. fuel and lubricant cost), for different engine power and tech-

nologies

Conventional Minimum Direct drilling
Tractor T1 T2 T1 T2 T1 T2
Engine power, kW 100 75 100 75 100 75
Term of loan, years 5 5 5 5 5 5
Rate of self-financing, % 25 25 25 25 25 25
Purchase price, th., EEK 750 550 750 550 750 550
Lifetime, yeat 12 12 16 16 18 18
Annual work capacity, h 754 456 529 254 435 210
Interest rate, % 10 10 10 10 10 10
Price of housing, EEK/m? 1000 1000 1000 1000 1000 1000
Need for housing, m? 24 24 24 24 24 24
Lifetime of garage, years 25 25 25 25 25 25
Insurance of garage, % 0.3 0.3 0.3 0.3 0.3 0.3
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Conventional Minimum Direct drilling

Tractor T1 T2 T1 T2 T1 T2
Insurance of tractor, % 1.5 1.5 1.5 1.5 1.5 1.5
Maintenance cost rate, % 2 2 2 2 2 2
Operator’s salary, EEK/h 50 50 50 50 50 50
Extra fee for maintenance, % 10 10 10 10 10 10
Social +unemployment tax, %  20.5 20.5 20.5 20.5 20.5 20.5
Health insurance, % 13 13 13 13 13 13
Depreciation, EEK/h 82.9 100.5 88.6 1353 958 145.5
Interest, EEK/h 15.5 18.8 16.6 25.4 18.0 27.3
Housing, EEK/h 2.9 4.8 4.2 8.6 5.0 10.5
Tractor insurance, EEK/h 7.5 9.0 10.6 16.2 12.9 19.6

Total of fixed costs, EEK/h 108.8 133.2 120.0 185.6 131.7 2029

Maintenance costs, EEK/h 19.9 241 28.4 43.3 34.5 52.4
Operator’s salary, EEK/h 55.0 55.0 55.0 55.0 55.0 55.0
Social +unempl. tax., EEK/h 184 18.4 18.4 18.4 18.4 18.4
Total of var. costs, EEK/h 93.3 97.5 101.8 116.7 1079 1258

Total houtly cost, EEK/h 202 231 222 302 240 329

The increased cost of travelling hours in the case of minimum tillage
and direct drilling is related to the increase of the proportion of fixed
costs in the houtly cost (Table 4.11). This is a result of the decrease in
the number of operations and, thus, in the annual load of the tractor.

Table 4.12. Calculation of houtly cost of a trailer (P,)

Trailer Trailer Trailer Water tank
H1 H2 VT
Payload, t 10 10 5
Term of loan, years 5 5 5
Rate of self-financing, % 25 25 25
Purchase price, th., EEK 50 50 40
Life-time, year 15 15 20
Annual work capacity, h 68 54 17
Interest rate, % 10 10 10
Maintenance cost rate, % 5 5 5
Price of housing, EEK/m? 1000 1000 1000
housing needed, m? 20 20 12
Lifetime of garage, years 25 25 25
Insurance of garage, % 0.3 0.3 0.3
Insurance of machine, % 1.5 1.5 1.5
Depreciation, EEK/h 49 62 118
Interest, EEK/h 9 12 22
Housing, EEK/h 27.4 34.4 65.6
Machine insurance, EEK/h 5.5 6.9 17.6
Maintenance costs, EEK/h 37 46 118
Total houtly cost, EEK/h 128 161 341
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While winter cereals have an additional chemical treatment in the case
of direct drilling, the water tank has 22 working hours and the price of
the working hour is 263 EEK/h. This is the only difference between
the technologies.

The price of working hours of a transporter (Table 4.13) is the result of
summing the working hours of the tractor and the trailer (Tables 4.11
and 4.12).

Table 4.13. Data for calculation of transportation costs of materials

Houtly cost without fuel cost P, EEK/h | Fuel use by Fuel use by
Transporter Conventional ~ Minimum Direct drilling full llo/ild G idle 11(;?1 G
T2+H2 392 463 490 16.5 11.6
T1+H1 330 350 368 17.5 11.9
T2+VT 572 643 592 15.1 9.8

It is presumed that lubricant consumption is 2 % of fuel consumption
and the price of the lubricant is 20 EEK/L

Table 4.14. Technological materials necessary to transport, and amount for different
tillage technologies of spring cereals

Material Amount Usage rate Loading Unloading
O,kg/ha  of payload x  performance, performance,
w,, t/h w,,t/h
Barley seed 230 1 28 20
NPK-fertilizer 300 1 28 15
Water for spraying 300 1 40 20
Yield of batley 4 500 1 40 1800

Loading performances derived from the literature (ATK 1984, KTBL
2002/2003, Maatalouden tyénormit 1988).

A compact overview of material transportation costs depending on the
tillage technology is given in table 4.15.

78



69v TV.LOL
6'881 €9 14 00°¢ S0 S0T 06y 0¢ CH+CL PR £opeg
ol €9 14 00°¢ S0 ¢l 89¢ 0¢ TH+LL PP Aopreg
L'LE (A% el 810 I cll 89¢ 0¢ TH+LIL  TH9) TeRUIN
6'SS 6C el 960 I 96 43 0¢ LA+CL FIEA\
9L¢ 9y £l Lg'0 1 cll 89¢ 0¢ TH+LL poss fopreg
ONITING 1OHNId
9s¥ TV.IOL
6'6L1 €9 14 00°¢ S0 S01 3%% 0¢ CH+CL PP Aopreg
revl €9 14 00°¢ S0 cll 0S¢ 0¢ ITH+LL PR £opeg
c9¢ (A% €'l 810 1 cll 0S¢ 0¢ IH+LL  [HR) [BRUIN
09 6C el 960 I 96 €9 0¢ LA+CL FoE M\
1'9¢ 9Y £l Lg'0 1 cll 0S¢ 0¢ TH+1L Pads £opeg
HOVTILL WAWININ
Ity TV.LOL
C9S1 €9 14 € S0 S0T 433 0¢ CH+CL PRI £opeg
L9¢1 €9 14 € S0 cll 0ce 0¢ TH+LL PP Aopeg
9v¢ (A4 el 8170 13 (43" 0ce 0¢ TH+LL  [B349F [PRUIN
€S 6C el 960 I 96 CLS 0¢ LA+CL FIEM\
vre 9y £l Lg0 1 cll 0ce 0¢ TH+LL poas dopreg
HOVTILL TVNOLLNHANOOD
o/ Mmm EVERRCR ttm%wg X v 32330d /e o u/Mad oy o10d
- -oedes uon Jo o SPEO[JO  -SUEI JO 91eF ' 1502 JUEd J Frodsuen o fpopp  -suEaL [ETFoIey
“sodsuei] -eazodsuely, SunpaviL joqumy [euoniodorq  -mqny pue Pn,  JO 3502 AINOE

SOI30[OUYD2) JUDIJJIP JOJ S[ErFIewW JO $1500 uonelsodsues], "Gy e,

79



4.5. Calculating income loss

As discussed with previous calculations, the length of the sowing pe-
riod for all tillage technologies is 150 h. While the average length of the
working day is 8 h, and the time usage coefficient is 0.85 (paragraph
4.2.), the number of sowing days is 150:8:0.85=22.1. While under if
75% of the arable land is under spring cereals , the duration of spring
sowing is 22.1:75:100=16.6 days.

While the factors affecting the loss of yield are the same for all the
mentioned technologies, the values presented in the table 4.16 are valid
for all three technologies.

Table 4.16. Initial data and results of the calculations of income loss as the result of
travelling distance

Parameter Value
Farm’s spring sowing area (F, ), ha 337.5
Port)i/on of spring sowing area (included observed plot), remaining to seed 50
b ¢ 0

E@rerage sale price of spring cereal (), EEK/t 1450
Average yield of spring cereal from best sowing day (b,,,,), t/ha 4,5
Average regression coefficient for spring cereals () 0.00115
Length of sowing period (C,) days 16,6
Travelling time, affecting the sowing period (C,), days 0.167
Income loss AB, EEK/ha 147

4.6. Costs for management travel

It is presumed in the sample calculations that a plant production man-
ager visits the plot as many times and as often as work is performed
there. An additional journey is taken to observe the plot and, for ex-
ample, to determine the need for plant protection treatment. The fuel
for a combine is transported to the plot once during every working
day. In the case of conventional technology, the fuel for ploughing
FOU is also transported to the plot once during every working day.
The calculation results of the management travels are presented in ta-

ble 4.17.
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Table 4.17. Results of a calculation of the costs of management travel.

Houtrly cost  Velocity v, Number — Travelling

Reason for plot - Name of P, EEK/h km/h of visits ¢ cost M,

visit vehicle EEK /ha
CONVENTIONAL TILLAGE

Plot obsetv. Car 300 60 1 12.5

Fuel transport ~ Fuel tank 400 50 3 60

Supervising Car 300 60 9 112.5

work

TOTAL 185
MINIMUM TILLAGE

Plot observ. Car 300 60 1 12.5

Fuel transport Fuel tank 400 50 2 40

Supervising Car 300 60 8 100

work

TOTAL 152.5
DIRECT DRILLING

Plot observ. Car 300 60 1 12.5

Fuel transport Fuel tank 400 50 2 40

Supervising Car 300 60 6 75

work

TOTAL 127.5

4.7. Sum of travelling costs

To sum up the results of the four types of costs, the total of costs will
be calculated depending on the travelling distance (table 4.18 and 4.19).

Table 4.18. Costs (EEK/ha) depending on distance if the plot distance is 20 km and
the area is 16 ha

Type of cost Conventional | Minimum | Direct drilling
Travelling cost of FOUs U 300 248 220.3
Cost of transporting materials [ 416 456 469
Income loss, 4B 147 147 147
Cost of management travel, M 185 152.5 127.5
Total K, 1047 1004 964

Table 4.19. Cost depending on plot distance and area in the case of conventional
technology
Distance Transportation cost K,, EEK/ha
10 ha 15 ha 20 ha
10 km 921 695 607
20 km 1 846 1393 1,217
30 km 2768 2173 1839
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4.8. Maximum travelling distance

In the calculations, made for similar production conditions to repre-
sent simulation, is a cereal production profit of 890 EEK/ha and ma-
chinery costs were 3000 EEK/ha (Older 1999). It was Presumed that
110 EEK/ha of these costs are already accounted to costs depending
on travel distance. Thus the amount of money available for costs
(K,,,.), depending on the travelling distance, should not exceed 1000
EEK. Under these conditions the maximum value of the travelling
distance for the defined plot area was calculated.

With minimum tillage the number of operations, and thus travel, is
smaller compared to conventional technology; these figures are small-
est with direct drilling. However, after calculation, it became clear that
differences in maximum distances to the plot are small across the dif-
ferent technologies (Figure 4.2). In the case of direct drilling, the cost
of transportation of machines and management travels is less than
when other technologies are used, but the cost of transporting materi-
als is higher (Table 4.18). This is because of the larger proportion of
fixed costs in the hourly cost of the tractor, caused by the smaller
number of operations performed and, consequently, less annual work
time of the tractor compared to other technologies. Many operations
with low hourly costs were compared, with few operations with high
hourly costs.

Depreciation is a cost resulting from wear, obsolescence, and age of a
machine. The degree of mechanical wear may cause the value of a pat-
ticular machine to be somewhat above or below the average value for
similar machines when they are traded or sold. The introduction of
new technology, or a major design change, may result in an older ma-
chine suddenly becoming obsolete, causing a sharp decline in its re-
maining value. But age and accumulated hours of use are usually the

most important factors in determining the remaining value of a ma-
chine (Edwards 2005).

Previous results were more suitable for the situation when depreciation
is calculated for a known number of years. This can be the case if a
bank loan is used for purchasing the machinery, and the fixed costs are
mainly used to serve the loan for fixed number of years. Or if it is
planned to sell the machine after a specified number of years and de-
preciation is calculated according to the predicted selling price. How-
ever, if depreciation should cover the decline in the machine's value
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over its service life, then fixed costs do not depend on the technology
used. For example, the average service life of tractors is 10,000 hours
(Gazzarin and Gregor 2009) for all three cultivation technologies.
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Figure 4.2. The maximum plot distance depending on plot area for different tillage
technologies, if costs depending on the distance do not exceed 1000 EEK /ha. The
annual workload of machines depends on the technology

In comparison, to the previous calculation, in all technologies, the ma-
chines had the same annual work load. as well as houtly cost. as con-
ventional tillage. In these circumstances all costs, except income loss,
decrease along with a reduced number of operations, and the differ-
ences of maximum distances of the plot are of greater importance
(Figure 4.3) than in the case of different annual workloads. For exam-
ple, for conventional tillage, minimum tillage and direct drilling on a 30
ha plot in with different workloads, the maximum distances are, re-
spectively, 17.9, 18.7, and 19.2 km. With similar workloads, these dis-
tances are 17.9, 19.4 and 20.4 km.

Depending on the plot area, the maximum distance increases by de-
termined K, . at the beginning almost proportionally until the ap-
proximate plot area of 15 ha. From then on, growth slows down
slightly, but continues intensively until a plot area of 20 ha is reached;
after this, the distance value will approximate asymptotically to a limit
value. In the economic conditions used in this simulation, the eco-
nomically maximum distance for larger plots falls within the interval of

18 — 25 km (XVIII).
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Figure 4.3. The maximum plot distance depending on plot area for different tillage

technologies, if costs depending on the distance do not exceed 1000 EEK /ha. The

annual workload of machines are, for all technologies, the same as for conventional
tillage

However, these calculations are valid only for the example farm chosen
for this present thesis. There could be alternative choices — using trail-
ers to transport the field machines to distant plots or using trucks to
transport materials between plot the and storage area.

If the plot distance is estimated to be too long, then the farmer has to
search for other possibilities; to use satellite farm centres or other
places for the intermediate storage of machines and materials.

The anomalies in the smooth curves on the graphs (Figure 4.2 and 4.3)
are caused by changes in the number of the travelling times related to
the specific work or material transported. For example, in the case of
the 28 ha plot area, the sowing unit would be transported to the plot
on two workdays, doubling the travelling time, resulting in a sharp
growth in income loss per hectare. However, while the total value of
costs is limited, the other costs should decrease accordingly and it will
result in the need for a shorter distance (Figure 4.4.). Although the cost
related to the transport of the sowing unit increases, then a decrease in
the transportation costs of other FOUs, due to a shortened distance, is
sufficient to slightly decrease the total transportation cost of FOUs
(XVIII).
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Figure 4.4. The maximum plot distance and costs depending on plot area for con-
ventional technology. The costs depending on the distance should not ex-
ceed 1000 EEK/ha

4.9. Minimum area of the plot

In figure 4.2 we can determine the minimum plot area in the case
where the total travelling costs of a predefined distance will be kept in
the certain limits. Additionally it is seen in the figure that, if the plot
distance exceeds a certain value, approximately 28 km in the given case,
the value of the limit area could not be determined. In that case the
initial data used in calculations should be changed, or the limit value of
the total costs depending on the travelling distance should be in-
creased.

4.10. The influence of fuel price

In order to examine the influence of the fuel price, conventional tillage
technology was simulated, and houtly prices of machines were com-
puted for three fuel price levels (Figure 4.5).

In Estonia, special-purpose diesel fuel can be used in agricultural pro-
duction. This diesel fuel has less excise tax than that paid by ordinary
consumers. The excise tax on special-purpose diesel fuel began to rise
early in 2008, increasing the fuel price from about 8.9 to 10.8 EEK/L.
The third price level is included on the basis that the farmer might use
the fuel priced for the ordinary consumer, at 15 EEK/L.

85



25
=) X/X\x/x
4 X\X/
‘C_);\ 20 X =
—_ X
a, XX
= <
215
Q X
s Vi
O X
g :/
Z 10 j/'s
5 d ——8.9EEK/I
g x//‘ —x—10.8 EEK/]
7 5’7? ——15EEK/I
= |
X
0
0 10 20 30 40 50 60 70 8 90 100

Area of a plot, ha

Figure 4.5. The maximum plot distance depending on plot area, at different fuel
prices. The costs depending on the distance should not exceed 1,000 EEK/ha

If the plot area increases, then the fuel price affects the maximum dis-
tance of the plot until a certain value is reached— in the present case
approximately at 25 km. After this distance the differences of distances
for unlike price levels remain roughly the same. For example, for a plot
area of 30 ha, the maximum distances are 18.7, 17.9 and 16.2 km from
the lowest to the highest price level. Therefore, the higher the fuel
price, the more the farmer must think about the rationality of exploit-

ing distant plots (XVIII).

Consequently, there exists the possibility that a plot located at a dis-
tance, that has provided profitable production in the past, becomes
unprofitable due to rising fuel prices. In Estonia, this has already oc-
curred in 2008, because of the increase in fuel prices.

A high fuel price can also hinder farm size. The greater the fuel price
the higher are field operation and transportation costs, and increased
operation costs reduce the available of funding for transportation.
Therefore the fuel price has a doubly damaging effect on the economi-
cally feasible transport distances. Thus at a certain point, the fuel cost
can limit the maximum distance to the plot, regardless of plot size,
cultivation technology or choice of crop.
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4.11. The influence of the grain price and yield

The grain price and yield influence the income obtained from a plot,
and thus the limit value reached by its costs K, .. depending on the
distance. The limit value of the costs affects the maximum distance of
the plot significantly (Figure 4.6). In the current simulation, with a 30
ha plot, using limit values of 1,565, 1,000 and 782 EEK/ha, the maxi-
mum distances are, respectively, 27.3, 17.9 and 14.1 km. Raising the
limit value by 782 EEK/ha allows the use of a 30 ha plot located

within the next 13 km range (XVIII).

On the other hand, due to increasing selling price and yield, the income
loss increases with every delayed sowing day (XIII) (Figure 4.7 and
4.8). Thus, the optimum performance of sowing operations and mini-
mising travelling time is more important for plots with a high yield
potential than for those with poorer soil properties; the drill must be
transported to the high yield plot as fast as possible, and the plot
seeded, without intermediate travels to the farm centre.
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Figure 4.6. The maximum plot distance depending on plot area in the case of con-

ventional technology, if the costs depending on the distance do not exceed 1565,
1000 and 782 EEK /ha

One of the future tasks would be to clarify which conditions would be
most rational: to return with the application FOU to the farm centre
after the work day, leave the FOU near the plot, or perform the opera-
tion with a number of consecutive shifts. We plan to supplement the
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model with algorithms to calculate the income loss due to transporta-

tion time for machines other than the sowing unit (XVIII).

25

x I A T—x—4
//Atz/ﬁ/ﬁ\/‘
X

[\
o

—_
wul

f
o
(5}
<
o
g ,;//5
= X
<
Z 10 y/{f —— 1408 EEK /t
g I —x—2191 EBK/t
E S_Jf —— 2817 EEK /t
<
= %
J
X
0 T T T T T T T T
0 10 20 30 40 50 70 80 90 100

Area of a plot, ha

Figure 4.7. The maximum plot distance depending on plot area, in the case of differ-
ent grain prices. The costs depending on the distance should not exceed 1,000
EEK/ha and grain yield is 4500 kg/ha

25

Do
(@]

—_
w

Maximum distance to the plot, km

/,
X
/
10 %
x/f —— 2200 kg/ha
7S —x—4500 kg/ha
9x
5 +—& —— 7000 kg/ha
£
X
0
0 10 20 30 40 50 70 80 90 100

Area of a plot, ha

Figure 4.8. The maximum plot distance depending on plot area for different grain
yields. The costs depending on the distance should not exceed 1 000 EEK/ha and

grain price is 2 817 EEK/t



The current model does not consider the soil type. The soil type influ-
ences the germinating environment of seed (Haller 1969). The optimal
sowing time for spring cereals on heavier soils is shorter than average
(EVP 1992), meaning that yield loss for every delayed day is greater for
a heavy soil than for a light soil. In this case, for the regression coeffi-
cient b, a value higher than in table 3.4 should be selected. However,
the model can be supplemented by considering the type of soil as soon

as the values for a correction factor depending on soil type are avail-
able.

4.12. Sensitivity analysis

An example farm was used for simulations, and different scenarios
were calculated. The maximum driving distances, depending on plot
area, were calculated for different values of several parameters: fuel
price, money available for costs depending on travelling distance, cereal
price and cereal yield (paragraphs 4.10 and 4.11). The influences of
each unit on the change of the maximum distance by different plot
sizes were calculated (Figure 4.9).

These parameters have different influences on the costs depending on
distance. The fuel price affects all costs, except the timeliness cost
(Chapter 3) — the higher the fuel price the higher are the travelling
costs ( formula 3.14). Yield and its price influence proportionally the
timeliness cost (formula 3.100); in combination with plot area these
parameters have a major influence on differences in the maximum
distance, where the number of travels-to-plot of drilling machine
changes (see paragraph 4.8; Figure 4.4 and 4.9). A higher yield also
causes an increase in yield transportation costs and a decrease in the
combine’s hourly hectare-productivity. Falling combine performance
can result in more harvesting days and an increase in the number of
travels to the plot (formula 3.21) and thus, rising combine travel costs.
Yield and its price also influence, the income proportionally, through
the amount of money available for costs depending on distance (K,,,,.
in formula 3.4). Maximum distances depending on different values of
K,,..were described in paragraph 4.11. The greater is limit value K, ,,.
which may be all four types of costs, depending on distance and the
further is the maximum distance is to the plot.

The differences of maximum distance show stable growth until a plot
area of about 12 ha for all parameters and until about 25 ha for fuel
price. As is shown in figures 4.2-4.8, the change of a plot area larger
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than 25 ha has less of an influence on the maximum distance than a
change of smaller plot areas. After stable growth, the difference of
maximum distance starts to oscillate at a defined interval, for all pa-
rameters. Thus consolidating plots with an area below 25 ha has a
greater effect on transportation costs than consolidating plots with an

area above 25 ha.
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Figure 4.9. Difference of maximum distance to the plot depending on parameter

On average the difference of the maximum distance on studied pa-
rameters is::
1) 1.38 km per 100 EEK/ha of available money for costs de-
pending on distance;
2) 1.26 km per 1 EEK/kg of yield price;
3) 0.7 km per 1 t/ha of cereal yield and
4) 0.36 km per 1 EEK/I of fuel price.

4.13. Influence of auto-steering on travelling costs

The timeliness relations of sowing works are established to estimate
the effect of the decline in the sowing duration on the yield caused by
the use of auto-steering. The calculations made so far present an eco-
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nomical effect caused by a significant reduction of turning times
(EMVI 2005).

Another positive effect related to precise steering lies in the possibility
to perform the work with a reduced number of plot visits. While auto-
steering enables the performance of FOUs to be increased, and some-
times prolongs the duration of theworking day (enabling the tractor to
be steered in conditions of poor visibility), plot processing during the
shortened working days is possible. Thus the number of plot visits and
the travelling costs will decrease.

With the help of the previously described software, the effect of auto-
steering on the travelling costs was studied. The earlier calculations
show that, if the FOU is equipped with an auto-steering device ena-
bling decrease reduction in the passes and the turning times on the
plot, this will help to improve the work performance. Let us presume
that a grain harvesting combine has performance growth from 1.5
ha/h to 1.65 ha/h and it works on a 30 ha plot situated 8 km away
from the farm centre. Then, as a result of this increase in performance,
it will be possible to decrease the number of working days and thus the
number of plot visits from four to three. The travelling costs of the
combine will accordingly be 41 EEK/ha and 31 EEK/ha, thus the
decline in the costs will be 10 EEK/ha (XII). Other similar calcula-
tions in the literature were not found with which to compare these
results.

4.14. Influence of travelling distance on the fertilising options

4.14.1 Introduction

Changes in world energy prices influence the price of mineral fertilis-
ers. A globally growing need for food encourages farmers to increase
the production of milk and meat, thereby resulting in an increase in the
production of manure. The plot distance from the farm centre, and
fertiliser prices, influence the farmer’s choices regarding the use and
logistics of fertiliser (XIV).

If a farm has its own slurry, it should be clarified under what condi-
tions it is rational to use the slurry instead of mineral fertiliser. At the
farm, dairy manure can be treated as a free good to everyone except

91



the dairy farmer, who needs to dispose of this natural by-product of
milk production. Using the manure as a source of plant nutrients in
place of commercial fertilizers can offset manure disposal costs. The
cost of commercial fertilizers versus the combined costs of manure
mixing, loading, transportation, and land application are economic
variables influencing the level at which dairy manure could substitute
for commercial fertilizer.

The transportation and use of surplus dairy manure in deficit areas may
result in overall improved water quality in the study region. Also, dairy
manure, as a substitute for current, commercial fertilizer, could help
farmers economically. Manure redistribution can reduce nutrient leach-
ing and runoff into water bodies (Adhikari e 2/ 2005). Additionally, the
slow release of nitrogen in manure may reduce N leaching and thereby
protect water quality (Bosch and Napit 1992). The majority of research
work related to the economics of dairy manure as a substitute for
chemical fertilizers, and the associated economics of its loading, trans-
portation and land application is generally of more recent origin
(Somda ez al. 2003, Osei ¢t al. 2003a,, Osei et al. 2003b, Ribaudo and
Agapoff 2004).

According to the “Integrated pollution prevention and control act”,
farms with intensive animal production should establish the best avail-
able technique for handling manure (RT I 2001). In suggestions of
spring feeding of winter cereals, the slurry should be distributed either:
before springtime ploughing, onto cereals already emerged or onto
grasses that have begun to grow. With regard to these requirements, in
spring the slurry can be distributed onto the grassland with a distribu-
tor fitted with a trailing hose or an injection system. The initial capital
investment for these methods is greater than for conventional broad-
cast spreading with a splash plate (Rodhe and Rammer 2002). There-
fore farmers should calculate the possibility of using customised opera-
tors for these works.

The technologies and economics of spring feeding of cereals have been
studied in several locations in the world (Mattila 2006, Hiltbrunner e#
al. 2005, Huijsmans ez al. 2004, Leick 2003). Animal slurry is trans-
ported in tankers, which is both laborious and technically demanding,.
For all the countries within the European Union, manure transport
incurs considerable operating costs (Serensen ez al. 2003). Despite a
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higher price when compared to manure, it is more beneficial to use
mineral fertilisers because of lower transportation costs in the case of
long travelling distances.

In the present chapter, the costs of using mineral fertiliser versus slurry
are compared, depending on the travelling distance to the plot. The
distance is important because various types of fertilisers have very dif-
ferent application rates per hectare and this has a dramatic effect on
the transportation costs. The outcome of this calculation should assist
farmers in their decision making regarding transport distances and fer-
tilising options. Regarding the distance between plot and farm centre,
the costs for different application techniques are computed with the
help of the model.

In this study, the following five technologies have been compared:

1) spreading mineral fertiliser with a disc distributor, using a vehicle to
transport fertiliser to the plot;

2) slurry is transported and distributed with a trailing hose system;

3) slurry is transported and distributed with a disc injection system;

4) slurry is transported to the plot with a customised tank truck and
distributed with a trailing hose system

5) slurry is transported to the plot with a customised tank truck and
distributed with a disc injection system.

4.14.2 Data used in simulation

It is presumed in these calculations that the farm has 400 ha of arable
land. Spring feeding on this land is done to cover the need for nitro-
gen. In simulation the calculations are made for fertilisation rates of
40 kg total ammoniacal nitrogen (TAN) per ha. The slurry includes
nitrogen both inorganic (mineral) as well as organic sources. The min-
eral nitrogen, mainly as ammonium ions (NH,"), is easily obtainable by
plants, but is also volatile and vulnerable to losses into the atmosphere
(Leick 2003). The content of TAN is estimated to be 50% of total ni-
trogen of ammonium nitrate (34% N). The fertilisation rate is therefore
calculated considering these factors (Table 4.20). The hectare rate of
slurry is determined taking into account the average (TAN) content in
cattle slurry (2 kg/t) (Rodhe & Rammer, 2002). Presuming that the
average ammonia volatilisation after disc injection is estimated to be
5%, and with a trailing hose 20 % of TAN applied by the manure
(Rodhe & Rammer, 2002), then the average nitrogen amount in soil
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available for plants is respectively 1.9 kg/t and 1.6 kg/t, and thus the
rate of slurry distributed to the plot is calculated (Table 4.20). The price
of ammonium nitrate (34% N) is 6,100 EEK/t. Slurry is produced on
the farm itself and is therefore without cost.

Table 4.20. Fertiliser distribution rates corresponding to the need of nitrogen

Fertilizer and technology Fertiliser rate, t/ha
Mineral fertilizer and disc distributor 0.235

Slurry and trailing hose 25

Slurry and disc injector 21

Technologies and machines

To calculate total cost of a technology used per hectare, the following
costs are summed up

Technology No. 1: the loading, transportation and spreading costs
of the mineral fertiliser as well transportation cost of distributor;
Technology No. 2: the mixing, spreading and transportation cost
of the slurry in the case of a trailing hose system. Added to this are
also the costs for transportation of the disc harrow and for soil till-
age needed after slurry distribution with the trailing hose system;
Technology No. 3: the mixing, spreading and transportation costs
of the slurry in the case of a disc injection system;

Technology No. 4: the mixing, spreading (farm machines) and
transportation costs of the slurry (customised vehicle) in the case
of a trailing hose system. Added to this are also the costs for
transportation of the disc harrow and the slurry distributor and for
soil tillage;

Technology No. 5: the mixing, spreading (farm machines) and
transportation (customised vehicle) costs of the slurry in the case
of a disc injection system. Added to this are also the costs for
transportation of the slurry distributor.

For spreading mineral fertiliser, a 75 kW tractor and rotating disc dis-
tributor are used. The field work cost for a particular machine is esti-
mated with algorithms of machinery hourly cost. The mineral fertiliser
is transported to the plot by a 150 kW tractor and a 10 t wagon. For
slurry distribution a 150 kW tractor and liquid manure distributor with
a shallow injection system is used (tanker size 15 m’ and work width
6 m). For the 12m trailing hose system (tanker size 15 m’) a tractor
with 100 kW is used. The slurry is transported to the plot by a custom-
ised truck with 2 29 m’ - sized tank.
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Since the present study is focussed on the influence of plot distance on
the choice of fertilising technology, it also includes calculations of the
transportation cost of distributing machines as well the tillage machine.
The model works both in the case of mineral and organic fertiliser
spreaders provided that the fertiliser is transported to the plot by a
separate vehicle. The transportation costs are calculated by means of
the model presented previously to estimate the rationality of exploita-
tion (paragraph 3.4.) of a plot, whereas the decisive criterion is the dis-
tance from the farm centre.

If customised work for the transportation of slurry to the plot is used,
then a tanker lorry with an initial cost of 20 EEK/m’ is rented. If the
distance is greater than 7 km, then 1 EEK/m’ for every additional km
must be added to the initial cost.

4.14.3 Results and discussion

The costs of fertiliser application were calculated for the selected range
of plot distances and slurry application techniques (Figure 4.10). If
customised work was used for slurry (technologies No. 4 and 5) then
the fertilisation cost per hectare was constant up to 7 km when the
additional transportation cost triggered increased costs with distance to
the grassland. Compared to slurry, the mineral fertiliser the fertilising
costs (technology No. 1) were less influenced by plot distance, because
the amount, and thus transportation cost, of slurry was much higher.

The lowest costs until a plot distance of 6 km were found for technol-
ogy no. 3, where the disc injector system was used (Figure 4.10) After 6
km is the most economical solution is the use of mineral fertiliser,
where the high cost of ammonium nitrate is compensated for by the
low cost of distribution.

Comparing slurry distribution technologies it was observed that that,
up to a plot distance 8 km, technology no. 3 (disc injector also trans-
ports the slurry) had the least costs and for more distant plots, tech-
nology no. 5 (customised tank truck) proved most economical (Figure
4.10). The cost of technology No. 3 is less at short distances compared
to technology No. 5, because there is no expense for the tank truck. If
the distance to the slurry store is short, then transporting with the dis-
tributor costs less compared to a customised lorry. If the plot is situ-
ated close to the manure store, the cost of slurry transport is near to
zero. But the slurry distributor and a powerful tractor are expensive, so
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the cost of one work hour of this application FOU was higher than the
tank truck. The more distant the plots, the more time the distributors
must spend on the road, and transportation costs per hectare increase
more rapidly than in technologies where a tank truck is used.
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Figure 4.10. The fertilisation cost depending on plot distance, in the case of the five
technology variants, when 40 kg/ha TAN with ferdliser was applied

Similar calculations for Estonian conditions are unknown. Paudel ez /.
(2009) carried out a survey to develop a minimum cost spatial dairy
manure transportation model, where environmental quality and crop
nutrient requirements were treated as constraints. The survey was cat-
ried out in the state of Louisiana in the USA,. They found that, because
of the high cost of commercial nitrogen (US$1,000), farmers should
only use dairy manure up to a cut-off distance of 30 km and a combi-
nation of both dairy manure and commercial nitrogen thereafter to
compensate for the high cost of transportation and application. The
optimal cut-off distance for dairy manure application is 15 km each for
P205 and K20 consistency.

Wiens e al. (2008) carried out a study to conduct a thorough account-
ing of energy used to transport liquid pig manure from farm storage to
the field and to surface-apply the manure. The manure transport dis-
tance could be increased up to 8.4 km before the energy cost per kg of
available N from pig manure was equivalent to anhydrous ammonia,
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and up to 12.3 km before the energy cost of manure N was equivalent
to urea N.

However the conditions and criteria used in these two models differ
from previously presented data (4.13.2), thus the results are not directly
comparable.
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5. DISCUSSION

5.1. Discussion about options of using plots depending on dis-
tance

There are several studies (De Garis de Lisle 1982; Myyrd and Pietola
2002) researching choices of crop mix affected by plot structure. Cereal
crops are less expensive to transport than intensive crops such as po-
tato, therefore it is more economic to include more cereals in arable
land that is farther from the centre.

A similar pattern appeared in paragraph 4.11 where cereal price and
yield were analysed. Due to increasing selling price and yield, the in-
come loss increases with every delayed sowing day; it causes also an
increase in transportation costs. Also, the transportation costs per hec-
tare are higher for higher yields. An analogous phenomenon has al-
ready been mentioned by von Thinen (Crosier, 2009): “The land
within the closest ring around the market produces products that are
profitable in the market, yet are perishable or difficult to transport. As
the distance from the central market increases, the land use shifts to
producing products that are less profitable in the market, yet are much
easier to transport”. Thus, crops with a high yield and price should be
produced on plots near to the farm centre.

In economic conditions discussed in the present thesis, the economi-
cally maximum distance for larger plots falls within an interval of be-
tween 18 — 25 km. Létjénen e a/. (2003) analysed the production costs
of grain harvesting, considering among other factors the influence of
plot size and distance. They found that if the farmer works alone, the
maximum economic distance is less than 10 km. If there are two work-
ers at harvesting time, the economic distance may even be 20 — 30 km.

In the present model the loss of yield and income depend upon the
crop. There are different timeliness factors (regression coefficient 4 in
table 2) for spring and winter cereals. Winter cereals are more sensitive
to a delay of sowing time than spring cereals. Distant cereal plots in-
crease transportation time; this, in turn, lengthens the sowing period. A
prolonged sowing period decreases average crop yield, therefore, win-
ter cereals should be cultivated closer to the farm centre than spring

cereals (XVIII).
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Secondly manure is often used for fertilising winter cereals. When dis-
tance is a factor, this can be significant in the choice of plots for cereal.
Paudel ez al. (2009) also state that breakeven distances for nutrients
vary by crop requirements for the nutrients Transportation of manure
is expensive compared to mineral fertilisers (XIV) and plots near the
manure pile should be chosen for winter cereals. This approach — using
mineral fertilisers instead of manure on distant plots - can be an eco-
nomical solution for other crops as well (XV, XVI, XVII). Wiens et 4.
(2008) reported that, despite the high energy cost of delivering liquid
pig manure from storage to field, the much lower cost per kg of avail-
able N compared to inorganic fertilizer N highlights the opportunities
that exist for improving the energy efficiency of industrial agriculture
by replacing inorganic fertilizers with manure.

In the calculations the plot structure was fixed at 75 % for spring cere-
als and 25% for winter cereals. If the proportion of winter cereals is
larger it is likely that more distant plots will be chosen because of lack
of suitable plots near the farm centre. However, this can lead to a de-
crease in average yield per hectare of winter cereals. On the other hand,
the average yield of winter cereals is generally higher than spring cere-
als (Older 1999): the total yield of cereals can be increased by increas-
ing the area of winter cereals.

As presented in the results the economically maximum distance to the
plot is comparative to the size of that plot. Therefore it is rational to
consolidate distant smaller plots, or to use the same cultivation tech-
nology on neighbouring plots to consolidate work and minimise trips
to the farm centre. The model can evaluate this approach by using the
sum of adjoining plot areas. The sensitivity analysis showed that con-
solidation of plots smaller than 25 ha has a greater effect on transpor-
tation costs than consolidation of plots larger than 25 ha. Kapfer and
Kantelhardt (2008) calculated key economic figures with regard to plot
structure improvements and stated that, from an economic point of
view, an optimal plot has a minimum size of about 20 ha. This number
is approximately in the same size class as found by the current author.

Lotjonen ef al. (2003) stated that networking of farms reduced the costs
of all participating farms. Networking meant, in this case, that the
farms used machines in common. Thus neighbouring plots using the
same cultivation technology but belonging to different farms can be
processed with one machine in common. Alternatively the farmer
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could cultivate plots located far away from their network companion
but near to the farmer’s machinery centre.

There are other possibilities for maximizing the use of small, distant
plots: some farmers rent them out to other land users, or arrange to
exchange plots with an adjacent farmer. Vidicin (2009) reported that
Romanian farmers join farming associations to improve the exploita-
tion of their plots fragmented due to land restitution to former owners
after post-socialist land reform. A completely different land use is a
possibility, e.g. creating a feeding area for wild animals to develop
hunting tourism. However, if fuel costs are high, and the potential in-
come from yield is low; it may be economically sensible to let small
distant plots lie fallow. The greater the input (fuel, fertilizer, labour,
etc) costs, and the smaller the yield, the more likely it is that the fallow
area will be increased in size. Without alternative options, however,
and if the land tax is economically onerous, selling the plot may be the
best solution.

At the same time, it is rational to increase production of plots near the
farm centre: either rent or buy them, or turn non-agricultural land use
to agricultural use if conditions are suitable for crop production. The
general implication of a liberalised land market is that it could enable
landowners to consolidate their plots by selling land further away from
the farm centre and purchasing land closer to the farm centre and/or
existing plots (Rahman and Rahman 2009). In this way, the farmer
could mitigate the constraints imposed by a wide scatter of plots to
some extent. Lotjonen ef a/. (2003) stated that the larger the plots are,
the more economical they are to hire or to buy. Concerning the aver-
age size of plots, they should not become smaller when a farm enlarges
its acreage. Myyrd (2002) has detected that the average size of plots
should be 3.3 ha for a farm which has a total arable area of 40 ha and
the average size should grow by 0.1 ha when the farm enlarges the
acreage by 20 %.

Given the many factors to be considered to make farming economi-
cally sustainable, decision support systems are necessary. The present
model has been developed to support the farmer in her/his decisions
regarding choice of plot for cereal cultivation considering distance, plot
area and technology used on that plot. Various scenarios, market and
production conditions can be substituted into the calculations.
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5.2. Discussion about reliability of calculation models

Using mathematical models, the question always arises of how reliable
the results that are calculated with the model are.

Many initial data of parameters used in the mathematical models de-
scribed in the present doctoral work are estimates. If the model is used
on a specific farm, these estimates will be based on the experience of
that farm. Prices of materials (e.g. fuel price) depend mostly on the
stock price. The question is how much the value of any initial data af-
fect the results of the calculations?

The average values are used for some initial data such as travelling
speed, performance, coefficient of the usage of engine power etc. It is
presumed that if the factual value varies from the average, there will be
deviations in the different directions considering much of the initial
data and these deviations will balance each other out.

While there is a computer program created on the basis of the model,
we can quickly clarify, with the help of this, how the difference in some
of the initial values affect the result of the calculations. This is pre-
sented also in paragraphs 4.10 -4.12
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6. CONCLUSIONS

1. Studying the literature it became clear that there are several methods
used to calculate the average travelling distance of a farm, and to find
out the optimal travelling distance in the farm. Several researchers have
studied ways to reform the logistics of transporting materials on-farm.
The influence of the plot distance from the farmstead on the cropping
patterns internal to the farm has also been studied. The methods have
been created to help a farmer to decide about using his plots concern-
ing the plot properties.

2. However, from the practical point of view it is also essential to find
out about every distinct plot, what the effect of the distance from the
farm centre is on the profitability of production of the plot. Therefore
the goal was set in the present thesis to create an universal method and
computer software based on this, which would help the farmer to de-
cide about the rationality of the usage of a plot considering the travel-
ling distance between the farm centre and the plot. The method should
incorporate every kind of cost affected by the plot distance.

3. According to the tasks described at the beginning of this thesis, the
models were composed to calculate the following: 1) travelling costs of
FOUs; 2) costs related to transporting the technological materials be-
tween the plot and the farm centre; 3) income loss caused by the dis-
tance between the plot and the farm centre; 4) costs related to man-
agement travels between the plot and the farm centre; and 5) maxi-
mum travelling distance according to the plot area and production
technology applied on the plot (XIII, XVIII)

4. The different functions were compared to describe the timeliness of
sowing works and the following was concluded, that a simplified quad-
ratic polynomial function is the most appropriate (V).

5. A software “Field distance” was proposed and programmed on the
basis of the discussed calculation methods, and sample calculations
were composed with the help of the software. The set of initial data is
different for every distinct plot and production technology and it
should be recalculated for all cases. This is not very time-consuming
thanks to the software.
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0. On the basis of the calculations performed by means of the model, it
can be concluded that the economically profitable distance increases
proportionally with plot size. In the economic conditions used in the
current thesis, the economically maximum distance for larger plots falls
within the interval of 18 — 25 km (XVIII). It also became clear that,
considering very large plot areas, the income loss is so great, that the
other costs should be decreased and thus the maximum travelling dis-
tance should be minor.

7. In economic conditions used in the current thesis, a change of plot
area greater than 25 ha has less of an influence on the maximum dis-
tance than a change of the smaller plot areas. Thus consolidation of
plots smaller than 25 ha have a greater effect on transportation costs
than consolidation of plots larger than 25 ha.

8. These calculation methods enable estimate of the effect of a certain
technological solution, such as the use of auto-steering for example, on
the travelling costs. Manipulating the calculations, it emerged that using
an auto-pilot improves the performance of an FOU and the working
time will shorten, resulting sometimes in a lower number of plot visits
and therefore a decline in the travelling costs.

9. Comparing the tillage technologies it appeared that there were no
major differences in the costs related to the travelling distance. This is
because the houtly cost of tractors is related to the number of works
used in the technology. The greater the number of the works is, the
greater the annual work load of a tractor is and the smaller proportion
of the fixed costs is in the houtly cost of a tractor. The results of the
simulations showed that tillage technology has more of an influence on
the maximum distance when annual workloads of machines are equal
in all technologies, compared to the case when the workload depends
on technology (XVIII).

10. The calculation outcomes also show that the prognosticated price
of fuel must be taken into account when making plot-related decisions.
Using distant plots that have been cost-effective until now may be-
come unprofitable due to higher fuel costs(XVIII).

11. Larger yield or a higher selling price of production increase the
limit value of costs and, thus, increase the profitable distance of the
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plot. On the other hand, income losses are increase due to the timeli-
ness of operations, reducing the tendency to increase distance(XVIII).

12. With the help of the calculation model related to the travelling
costs of FOUs it is possible to divide the short remaining days between
the previous working days, and thus avoid redundant travelling costs
already at the planning stage.

13. On average the difference of the maximum distance on dependent
on studied parameters is:
1) 1.38 km per 100 EEK/ha of available money for costs de-
pending on distance;
2) 1.26 km per 1 EEK/kg of yield price;
3) 0.7 km per 1 t/ha of cereal yield;
4) 0.36 km per 1 EEK/I of fuel price.

14. It was discovered, in the sample calculations, that considering ce-
real production, the travelling cost of combine contributes a significant
proportion of the travelling costs of all FOUs.

15. In calculations it was presumed that manure comes from a farm’s
own production, and the only costs arise from mixing, transporting
and distribution. When compared to mineral fertiliser these costs grow
more rapidly with the increase of the travelling distance, and therefore
it is more economical to use manure only near to the farm centre. In
economical conditions used in the current thesis, up to 6 km plot dis-
tance from fertiliser pin cattle slurry distribution with a shallow injec-
tion system is more economical compared to mineral fertiliser (XVI,
XVII).

16. It can also be concluded that, compared to a distributor using tank
truck for transporting slurry is beneficial on the plots that are further
away(under the conditions used in the simulation the limit of distance
was 8 km), especially then the houtly operation cost of the slurry dis-
tributor is very high (XVI, XVII).

In the process of creating methods to evaluate the travelling distance
of a plot from the economic point of view, presented in the thesis, it
was clear that when establishing the methodology we should consider
certain restrictions:
1) machines travel between the farm centre and the plot within a
working day; and
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2) the FOU travels back to the farm centre at the end of every work-
ing day.

The proposed model needs further elaboration. Currently, the model
considers only the sowing work’s influence on income losses related to
travelling distance, but in the future the model needs to be comple-
mented with other operations. Lotjonen ef a/ (2003) reported that for
farmers who cultivate small fields far away from the farm centre, the
timeliness cost is still a significant cost factor in bad harvesting condi-
tions. It would also be beneficial to create the possibility to evaluate
which conditions would be most rational: to return to the farm centre
with the FOU after the work day, leave it close to the plot, or perform
the operation in several consecutive shifts.

In spite of these questions and limitations, the calculation methods
presented in the thesis and software created by these methods are es-
sential tools to plant production managers, advisors and researchers
studying the possibilities of using farm plots considering different pro-
duction technologies.
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KOKKUVOTE

Teraviljakasvatusettevotte tootulemuste séltuvus masinapargi
koosseisust ja poldude asukohast

Pollumees teab, et mida suurem on tootmismaht ehk haritava maa
pindala v6i loomade arv, seda paremini on voimalik oma tootmisva-
hendeid koormata ja seega vihendada pusikulude osakaalu toodangu
omahinnas. Lisaks annab piisavalt koormatud masinpark voimaluse
masinaid ettevottes vahetada normaalse to6ea jarel ja seega kasutada
moodsat tehnikat, mis omakorda on abiks t&oviljakuse ja -kvaliteedi
tostmisel.

Suurem tootmismaht on aga ka eelduseks, et saada tootmisest enam
kasumit. Piimatootjad tritavad tootmist laiendada ja Eestis kerkib itha
uusi lautu, mis varasematega vorreldes on suuremad. Suuremad laudad
mahutavad kill rohkem loomi aga see tihendab ka suuremaid sénniku-
kogused, mis on vaja poldudele vedada. Keskkonnakaitsenouetest ldh-
tuvalt on ihele haritava maa pinnathikule antava orgaanilise vietise
kogus kiilvikorras piiratud ja seetottu vajatakse suuremate sénnikuko-
guste paigutamiseks ka suuremaid haritava maa pindalasid.

Ettevotte haritava maa pindala suurendamisel tuleb kasutusele votta
aina kaugemaid poldusid, mis omakorda tingib séidukauguse ja ka sel-
lest sOltuvate kulude kasvu. Pollul kasutamise otstarbekuse miirab
sellega saadav kasum. Kulud ja tulud soltuvad nii pollu pindalast, sellel
kasutatavast tehnoloogiast kui ka séidukaugusest ettevotte keskuseni.
Kui pollu kaugus on nii suur, et selle kulud tletavad tulusid, ei tasu
pollu kasutamine dra. Seega on oluline teada, milline peaks antud teh-
noloogia juures olema pollu pindala ja séidukauguse piirvairtused, mil-
le korral tasuks veel poldu kasutada.

Kirjanduse tlevaatest ilmneb, et tikski teadaolev uurimus ei sisalda ar-
vutusmudeleid koigi pollu kaugusest soltuvatest kulude, nagu agregaa-
tide ja materjalide transpordikulu, tulukadu ning kulu organisatsiooni-
listele soitudele, arvutamiseks. Sellest tulenevalt pustitati kdesoleva t66
eesmirk.

Doktoritdo eesmark oli
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1) uurida kulude séltuvust pollu kaugusest teraviljakasvatuse ette-
vottes,

2) koostada arvutusmudelid ja tarkvara, mille abil oleks voimalik
arvutada pollu kaugusest soltuvaid kulusid,

3) koostada meetod, mille abil otsustada pollu kasutamise otstar-
bekuse tle lahtudes nende kulude summast ning

4) uurida erinevate parameetrite moju pollu majandustulemustele
lihtuvalt selle kaugusest.

Metoodika pohjal loodav tarkvara on praktiliseks abivahendiks pollu-
mehele, teadurile voi noustajale, voimaldades vorrelda erinevate tehno-
loogiliste votete moju soidukaugusega seotud kuludele.

Pustitatud eesmirgi tditmiseks:

D
2)

3)

4

5)
)
)
8)

9)

tehakse tlevaade teraviljakasvatuse ettevotte sisestel soitu-
del kasutatavatest masinatest;

tehakse tlevaade kululiikidest, mis soltuvad pollu ja masina-
keskuse vahelisest sdidukaugusest;

koostatakse arvutusmetoodika pollutémasinate pollu ja
masinakeskuse vaheliste soitudega seotud kulude leidmi-
seks;

koostatakse arvutusmetoodika tehnoloogiliste materjalide
pollu ja masinakeskuse vahelise veoga seotud kulude leid-
miseks;

koostatakse metoodika pollu ja masinakeskuse vahelise
kaugusest tingitud tulukao leidmiseks;

koostatakse arvutusmetoodika pollu ja masinakeskuse vahe-
liste organisatsiooniliste soitudega seotud kulude leidmiseks;
koostatakse metoodika, et leida suurim séidukaugus vasta-
valt pollu pindalale ja seal kasutatavale tehnoloogiale;
koostatakse metoodika pohjal projekteeriti ja programmee-
riti tarkvara ,,Pollu kaugus® ja

programmi ,,Pollu kaugus abil testitakse ja redigeeritakse
arvutusmetoodikat ning koostatakse arvutusnaited.

Tulemused ja jareldused

1.Kirjanduse libitéotamisel selgus, et on loodud mitmeid meetodeid
ettevotte keskmise soidukauguse leidmiseks, mille pohjal omakorda
oleks voimalik leida ettevotte optimaalne séidukaugus. Uuritud on
voimalusi pollumajandusettevotte materjalideveo logistika parandami-
seks. Samuti on uuritud pollu kauguse moju kultuuride jaotusele ette-

116



votte poldude vahel. Loodud on metoodikaid poldude kasutamisega
seotud otsuste tegemiseks lihtuvalt agronoomilistest parameetritest ja
pollu té6deldavusest.

2. Vastavalt kieoleva t06 eesmirgile koostati metoodika, mille abil
oleks voimalik hinnata pollu kasutamise otstarbekust ldhtuvalt selle
pollu ja ettevotte masinakeskuse vahelise kaugusest.

3. Eesmirgi saavutamiseks koostati arvutusmudelid, et arvutada: 1)
agregaatide soidukulu; 2) tehnoloogiliste materjalide polluleveo kulu; 3)
pollu kaugusest tingitud tulukadu; 4) pollu ja masinakeskuse vaheliste
organisatsiooniliste sditudega seotud kulud ning 5) suurim pollule séidu
kaugus vastavalt selle pindalale ja seal kasutatavale tehnoloogiale.

4. Vorreldi erinevaid matemaatilisi funktsioone saagikuse ja t66de te-
gemise aja vahelise soltuvuse kirjeldamiseks ja leiti, et otstarbekaim on
kasutada lihtsustatud ruutparabooli.

5. Pollu kasutamise otstarbekuse hindamise metoodika pdhjal projek-
teeriti ja programmeeriti tarkvara ,,Pollu kaugus®, mille abil koostati
arvutusndited. Igal pollu ja tootmistehnoloogia korral on algandmestik
erinev ja arvutused tuleb iga juhtumi korral uuesti teha. Tanu nimetatud
tarkvarale saab arvutusi teha kiiresti.

0. Arvutused niitavad, et kui votta aluseks mingi piirvairtus, mida soi-
dukaugusest soltuvate kulude summa ei tohiks tletada, siis péllu pind-
ala kasvades kasvab ka maksimaalne majanduslikult lubatav so6iduk-
augus kuni teatud piirini. Kéesolevas viitekirjas kasutatud tootmistin-
gimuste korral on tle 25 ha poldude majanduslik suurim kaugus vahe-
mikus 18-25 km. Selgus ka, et ulisuurte pindalade korral muutub
saagilangusest tulenev tulukadu nii suureks, et teisi kulukomponente
tuleb vihendada ja seega viheneb ka maksimaalne séidukaugus.

7. Arvutusniidetes kasutatud lihtetingimuste korral ilmnes, et enam kui
25 ha poldude pindala muutus omab maksimaalsele séidukaugusele
viiksemat moju kui sellest viiksemat poldude pindala muutus. Seega
annab viiksemate kui 25 ha poldude liitmine suurema efekti maksi-
maalsele soidukaugusele kui neist suuremate poldude liitmine.

8. Nimetatud metoodika voimaldab hinnata ka mingi tehnoloogilise
votte, nagu niiteks automaatroolimisseadme kasutamine, sdidukaugu-
sega seotud kuludele. Automaatroolimisseadme kasutamisel agregaadi
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tootlus kasvab ja seega t66aeg litheneb, mis monel juhul tingib viikse-
ma pollul-kiikude arvu ja seega agregaatide sdidukulude vihenemise.

9. Mullaharimistehnoloogiate vordlusest ilmnes, et soidukaugusega
seotud kulude osas mairkimisvdirseid erinevusi ei ole, kuna traktori
tunnihind on seotud tehnoloogias kasutatavate to6de arvuga. Mida
suurem on t66de arv, seda suurem on traktori aastakoormus ja seda
viiksem on pisikulude osa traktori tunnihinnas. Vordluseks tehtud
arvutusnditest ilmnes, et harimistehnoloogia omab maksimaalsele pol-
lukaugusele suuremat mdéju juhul kui koigi tehnoloogiate korral masina-
te aastakoormused on vordsed.

10. Arvutustulemused niitavad, et kiituse hinda tuleb arvestada , kui
tehakse polluga seotud otsuseid. Polde, mida senise kiituse hinna juures
oli tasuv kasutada, ei pruugi tulevikus kérgema hinna juures olla otstar-
bekas ekspluateerida.

11. Mida suurem on saagikus ja saagi hind, seda suurem on raha kogus,
mida on voimalik kasutada pollu kaugusest soltuvate kulude katmiseks.
Teisalt kasvab nende parameetrite viddrtuste suurenedes ka tulukadu
seoses parimast toopaevast hilbimisega.

12. Keskmiselt soltub maksimaalse kauguse muutus nditearvutustes
uuritud parameetritest jairgnevalt:

1) 1,38 km kuludepiiri 100 EEK/ha kohta (kuludepiir on
summa, mida on voimalik kasutada kaugusest séltuvate ku-
lude katmiseks);

2) 1,26 km saagi hinna 1 EEK/kg kohta;

3) 0,7 km teraviljasaagi 1 t/ha kohta ja

4) 0,36 km kituse hinna 1 EEK/] kohta.

13. Agregaatide so6idukuludega seotud arvutusmudeli abil on voimalik
jaotada lihikesed jadkpdevad eelnevatele toOpdevadele ja seega juba
planeerimise etapis valtida tleliigseid soidukulusid.

14. Niitearvutustest ilmnes, et teraviljakasvatuse korral mérkimisvairse
osa agregaatide sdidukuludest moodustab kombaini séidukulu.

15. Vorreldi vietamiskulusid ldhtuvalt vaetise liigist, vietamise tehno-
loogiast ja pollu kaugusest. Arvutustes eeldati, et vedelsonnik tuleb talu
enda tootmisest ja sellega seotud kulud tulenevad segamisest, veost ja
laotamisest. Vorreldes mineraalvietise kasutamisega veokauguse suure-
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nedes kasvavad need kulud kiiremini ja seega on majanduslikult pSh-
jendatud kasutada vedelsonnikut poldudel, mis asuvad ettevotte kesku-
se ldheduses. Kiesolevas viitekirjas kasutatud tootmistingimuste korral
on kuni 6 km pollu kauguse korral kasutada vedelsonniku muldapihus-
tuslaoturit majanduslikult otstarbekam kui mineraalvietise laotamist.

16. Arvutustest kinnitasid ka, et vedelsonniku veol tasub kaugematel
poldudel kasutada laoturi asemel paakautot (arvutustes kasutatud tin-
gimustes korral alates pollu kaugusest 8 km), eriti juhul kui vedelsénni-
ku laoturi t66tunni hind on viga korge.

Kiesolevas t66s esitatud pollu soidukauguse majandusliku hindamise
metoodika koostamisel ilmnes, et selle metoodika rakendamisel tuleb
arvestada teatud piirangutega:
1) masinad s6idavad pollu ja masinakeskuse vahet toOpieva sees ja
2) pollutédagregaat sdidab to6pdeva lopus alati masinakeskusesse ta-
gasi.

Koostatud mudel vajab edasist arendamist. Praegu arvestab mudel seo-
ses pollu kaugusega ainult kilvitdode moju tulukaole, kuid tulevikus
vajab mudel tidiendamist ka teiste t6ode osas. Lotjonen e a/. (2003)
mirgivad oma uurimuses, et pollumeestele, kes kasutavad ettevotte
keskusest kaugel asuvaid poldusid, on halbades koristustingimustes t66
ajastamatusest tingitud kulud oluliseks teguriks. Lisaks tuleks luua algo-
ritm, mille abil oleks voimalik otsustada kui pdld on suurem kui vahe-
tuse tootlus: kas oleks otstarbekaim pollult naasta, jadda pollu lahistele
66bima voi sooritada t66 mitme jirjestikulise vahetuse viltel.

119



ACKNOWLEDGEMENTS

The thesis has been completed in the Estonian Research Institute of
Agriculture. Professors of the Institute of Technology from the Esto-
nian University of Life Sciences have also contributed to the work. I
will always remember my first supervisor Prof. Emer. Heino Moéller
with a deep sense of gratitude for sharing the valuable knowledge in
the field of theory of the use of farm machinery. I am thankful to Lect.
Mart Asi for encouragement during the study and for his support in
communication with the Estonian Agricultural University.

I would like to thank :
My second supervisor Prof. Jiri Olt for his support by con-
cluding the process of preparation of the present thesis and ar-
ranging the process of defence of the thesis.

Arvi Kallas, Taavi V6sa, Rein Lillak and other colleagues from
the Estonian Research Institute of Agriculture for encourage-

ment and support during the study.

Last but not least, I am indebted to my family, especially to my wife
and children, for their support, understanding and patience.

120



Estonian

CURRICULUM VITAE

Kalvi Tamm

Born in Rakke, Estonia, 19 June 1972

Married, 3 children

Address:

Phone:

E-mail:

Education:

1979-1990

1990-1995

1995-1997

2000-2004

Estonian Research Institute of Agriculture, Teaduse 13,
Saku

+372 32 23 886

kalvi.tamm(@neti.ce

Secondary school of Rakke

Estonian Agricultural University, student in agricultural
engineering

Estonian Agricultural University, Institute of Technol-
ogy, Chair of Field Machinery, postgraduate student in
using of field machinery.

Estonian Agricultural University, Faculty of Technol-
ogy, Chair of Field Machinery, Ph.D. student in using
of field machinery.

Professional employment

1997...2001

Estonian Farmers Federation, Informatics department,
software developer. Projecting and programming com-
puter programs for agricultural software package “Talu-
tark”, in area of plant production (Farm management,

121



1998...2002
2001...2002
2003...

Fertilizing, Plant protection, Machinery and Field
works)

Representing Estonian Farmers Federation in an inter-
national (Denmark, Estonia, Latvia, Lithuania, Poland)
project “Development and Implementation of an
Internet-based Decision Support System for Integrated
Pest Management in the Baltic States and Poland”. Or-
ganizing of field days and courses to advisors and farm-
ers; translating documents, program interfaces and da-
tabases from English to Estonian.

Leader of the informatics department in the Estonian
Farmers Federation. Leading production of the agricul-
tural software package “Talutark”.

Estonian Research Institute of Agriculture, researcher
in Mechanization department. Developing computer
software, studying economics of usage of field ma-
chines and precision farming, administrating of data-
base of web-based plant protection DSS ,,I-
Taimekaitse® .

Academic degrees

1999

MSc degree in Engineering (Estonian Agricultural
University), MSc thesis “Optimization of main parame-
ters of a cereal growing farm by work load of machin-

2

ety

Research projects

2000...2002

2003

Estonian Science Foundation grant no. 4103 “Machin-
ery Use and Labour Environment Investigations and
Modeling for Ergonomically, Ecologically and Techno-
logically Safe and Suitable Machinery Systems Design in
Agriculture”, researcher.’

Estonian Research Institute of Agriculture. Research

project 1.13. “Exploring the expediency of field crops
production depending on input prices, production

122



2003...

2003

2007

...2006

2007...

2007...

technologies, size of a production unit and procurement
prices”, researcher.

Estonian Research Institute of Agriculture. Research
project 1.10 “Development and implementation of a
web based decision support system for plant protec-
tion”, database developer.

Estonian Research Institute of Agriculture. Research
project 1.16 “Studying the possibilities of the use of
precision farming technology of grain crops, legumes
and oil-bearing crops”, leader of the project.

Estonian Research Institute of Agriculture. Research
project ,, Agricultural services®, researcher. The project
is supported by “GrowHow stipendium 2007,

Estonian Research Institute of Agriculture. Research
project “ Measures of increasing profitability of field
crops and grassland”, researcher.

Estonian Research Institute of Agriculture. Research
project ““ The effect of soil tillage intensity on the yield
and quality of slurry-fertilised crops and soil condition”,
researcher.

Dissertations supervised

Taavi V&sa, Master's Degtee, 2005, (sup) Indrek Tom-
son, Kalvi Tamm, Determining the Machine Driving
Accuracy and Choosing a GPS-Receiver Capable to
Achieve this Driving Accuracy, Estonian University of
Life Sciences, Institute of Technology

Knowledge of foreign languages

German, English and Russian

123



ELULOOKIRJELDUS

Kalvi Tamm

Eestlane

Stindinud Rakkes, Eestis, 19. juunil 1972

Abielus, 3 last
Aadress: Eesti Maaviljeluse Instituut, Teaduse 13, Saku
Telefon: +372 32 23 886

E-post: kalvi.tamm(@neti.ce

Haridustee:
1979...1990 Rakke Keskkool

1990...1995  Eesti Péllumajandustilikool, pollumajanduse mehhani-
seerimine

1995...1997  Eesti Péllumajandusiilikool, tehnikainstituut, magist-
rantuur masinapargi kasutamise erialal .

2000...2004  Eesti Pollumajandustlikool, tehnikainstituut, doktoran-
tuur masinapargi kasutamise erialal.

Taiendharidus:

2002 Kursus edasijoudnutele andmebaasi kujundamisest ja
kasutamisest ning selle andmebaasi komponentide aren-
damisest SQL Server 2000 pShjal.

2001 Kursus diinaamiliste veebilehtede valmistamisest ja
komponentide kasutamisest. JavaScript, CSS, ASP.

2000 Kursus Litis Ozolnieki Noustamiskeskuses
“Internetitehnoloogia pohialuste kasutamine”. Teema-
deks olid: internetilehekiilgede projekteerimine; HTML
dokumentide struktuur ja objektid, JavaScript ja selle
istutamine HTML dokumenti ning ASP kasutamine

124



2000

internetilehekilgede programmeerimiseks

Kursus Taani Pollumajandusteaduste Instituudis kursu-
sel “Andmebaaside disainimine ja programmi SQL Ser-
ver installeerimine ning kasutamine”. Teemadeks olid
SQL Server 7.0, selle konfigureerimine ja installeerimi-
ne, Taani taimekaitseprogrammi PC-Plant Protection
internetiversiooni andmebaaside struktuurid.

Teenistuskiik

1997...2001

1998...2002

2001...2002

2003...

Eestimaa Talupidajate Keskliidu informaatikaosakond.
Tarkvaraarendaja.  Pollumajandusliku  tarkvarapaketi
"Talutark"  taimekasvatusprogrammide (polluraamat,
vietiste planeerimine, taimekaitse, masinapark ja pollu-
t06d) projekteerimine, programmeerimine ja kasutajate
noustamine.

Eestimaa Talupidajate Keskliidu esindaja rahvusvaheli-
ses (Eesti, Taani, Liti, Leedu, Poola) koost66projektis
"Taimekaitsealane arvutinbustamissiisteem". Tolket6od
(inglise-eesti), programmide installeerimine ja andme-
baaside hooldamine, taimekasvatusnoustajaile ja taluni-
kele oppepievade ja pollupeenrapievade korraldamine.
Projektiga seotud internetilehekiilgede eestindamine.

Eestimaa Talupidajate Keskliidu informaatikaosakonna
juhataja. Pollumajandusliku tarkvarapaketi "Talutark"
tehnilise arenduse ja hoolduse ning turustamise juhtimi-
ne. Taimekasvatusprogrammide arendus ja hooldus.

Eesti Maaviljeluse Instituudi mehhaniseerimise osakon-
na teadur. Arvutiprogrammide koostamine, Masinaka-
sutuse 0konoomika, tippisviljelus, veebipohise taime-
kaitsendustamise stisteemi ,,I-Taimekaitse* andmebaasi
administraator

Teaduskraadid

1999

Tehnikateaduse magister pollundusmasinate kasutamise
erialal (Eesti Pollumajandustilikool), magistrit66

125



“Teraviljandustalu pohiparameetrite optimeerimine ma-
sinapargi tookoormuse jargi”

Uurimisprojektid

2000...2002

2003

2003...

2003

2007

...20006

2007...

2007...

Eestt Teadusfondi grant nr. 4103 “Masinapargi kasuta-
mise ja tookeskkonna uurimine ning modelleerimine er-
gonoomiliselt, 6koloogiliselt ja tehnoloogiliselt ohutu ja
sobivaima pollumajandusliku  tehnostisteemi model-
leerimiseks 7, teadut.

Eesti Maaviljeluse Instituut. Uurimisprojekt 1.13. ,,Pol-
lukultuuride tootmise tasuvuse selgitamine soltuvalt si-
sendite hindadest, tootmistehnoloogiatest, tootmistiksu-
se suurusest ja kokkuostu hindadest®, teadur.

Eesti Maaviljeluse Instituut. Uurimisprojekt 1.10
“Veebipohise taimekaitse noustamissiisteemi arenda-
mine ja rakendamine”, andmebaaside arendaja.

Eesti Maaviljeluse Instituut. Uurimisteema 1.16 ,,Tera-
ja kaunviljade ning Olikultuuride satelliitnavigatsiooni-
pohise  tippisviljelustehnoloogia  kasutusvoimaluste
uuring Eesti oludes”, projektijuht.

Eesti Maaviljeluse Instituut. Uurimusteema ,,Polluma-
janduslikud ~ teenust66d®  tditja. Teemat  toetas
“GrowHow stipendium 2007,

Eesti Maaviljeluse Instituut. Uurimusteema ,,Péllukul-
tuuride ja rohumaade tasuvuse suurendamise meetmed
taitja.

Eesti Maaviljeluse Instituut. Uurimusteema ,,Mullaha-
rimise intensiivsuse moju vedelsonnikuga vietatud pol-
lukultuuride saagile ja kvaliteedile ning mulla seisundile®
taitja.

Juhendatud viitekirjad

Taavi Vosa, magistrikraad (teaduskraad), 2005, (juh)
Indrek Tomson, Kalvi Tamm, Masinagregaadi juhtimi-
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se vajalik tdpsus ja navigeri valik selle saavutamiseks,
Eesti Maaitilikool, Tehnikainstituut

Voorkeelte oskus

Saksa, inglise ja vene keel.
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