Influence of factors on the maize-grain mechanized
technology net margin

B. HAVRLAND!, M. KavkaZ?, M. ROzi¢ka?

nstitute of Tropics and Subtropics, Czech University of Agriculture in Prague, Prague,
Czech Republic
>Technical Faculty, Czech University of Agriculture in Prague, Prague, Czech Republic

Abstract: a tendency to reduce number of operations by their association carries technical, environmental as well as
economic aspects. Technical and environmental features are apparent and can be described with couple of quite logic
positive effects and consequences. It is rather difficult to exactly identify economic proceeds that must especially be seen
in producer’s final perception (net margin). Methodology of net margin calculation is complicated and sometimes not
fully transparent. A new (proper) methodological approach has been conceived in the concept of ATMP (Agricultural
Technology Management Program). The Program is meant to provide the art of work to the extension worker in formu-
lating sound and exact technological advice based upon both the availability of technological information (particularly
on machinery sets and agronomic requirements) and rapid economic (costs) calculations. The program demonstrates
an attempt to put into practice the concept of “precision technology” based on precision machinery inputs, which
reduces machinery input costs. Preceding field survey carried out in August—September 2003 supplied basic data for
technologies design and economic calculations. Five different mechanized technologies were conceived as provided with
various operations and inputs: (1) classic mechanized technology composed of all necessary soil preparation, seeding,
cultivation and harvesting operations; (2) direct sowing as a form of the minimum tillage (no soil preparation opera-
tions); (3) classic mechanized technology with farmyard fertilizing, (4) classical mechanized technology with combined
cultivation operations; (5) classical mechanized technology with green manure. All technologies have been designed
using Czech currency. The economic appropriateness of the respective technologies has been judged according to the
main parameters of the crop budget that were selected for export to the comparison table. The parameters included
in the comparison table were displayed in chart form. This enabled a better comparison of different parameters of the
technologies. The main economic indicators that have been considered are the gross and net margins and own market
price per ton of the product.

Keywords: ATMP; precision technology; crop budget; comparison table; combined operation; corporate business
plan

Current farming no matter where in the world has
undergone many changes. All farm power experts
agree that the most obvious benefits of mechaniza-
tion, e.g. using new machines, are their substitution
benefits, their ability to reduce costs of production
by replacing single operations with combined ones
and using labour as less as possible. Respect to the
environment and rural employment are other fac-
tors that have to be considered. Thus, the process of
more sophisticated farming systems introduction
must be considered as changes of the whole system
(HAVRLAND & KAPILA 2000).

The mechanization has become the most intensive
input in the modern agriculture. However, even tech-
nologic stages like hand-tool and draught animal tech-
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nologies are becoming more and more sophisticated
and can be considered as a certain stage of mechaniza-
tion. Best measure of benefit of a certain technology
is the perception derived by producers (farmers) from
their incremental investments in mechanization — that
is, the extra output, net of input costs, which outweigh
the cost of foregoing their use in any other way. The
height of costs itself cannot be a measure of effective-
ness despite of it seems like (WiLLIAM 1989).

Theoretical considerations on economic
optimality of technologies

It is a rather complex issue to define what makes
user’s decisions “economically optimal”. Underlying
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| Profit (y)

Figure 1. Economically optimal input
application in a monoparametric (sim-
ple) model

Note: The above conclusion is con-
strained by the fact that, in the case of
profit there is little known about func-
tions y = flx) for most parameters

tga=z/p,

x Input (x))

economic optimality must be some corresponding
“economic objective” of the decision maker. Sometimes
itis found useful to assume that a very simple model can
be used to adequately frame and describe the economic
objective of the user. In fact, the ATMP Programme,
just apart of its practical use by farm machinery
planners can serve as such a model embracing many
independent variables as inputs and more dependent
variables as outputs (SPUGNOLI & VIERI 1993).

A consistent choice from both groups and their
testing is also possible by use of the Programme. In
the following section theoretic considerations upon
some system approaches are discussed (CHANDRA
& SINGH 1995).

Monoparametric system approach

In this model the machinery user (farmer, contrac-
tor) produces a simple output (net margin) that can
be denoted by the variable y, by applying a number
of inputs, such as machine purchase price, period of
use, annual use, fuel consumption, etc. which are de-
scribed by a vector of variables x = (x, x,, Xy oo xk).
The net margin is assumed to share a fixed relation-
ship with the application of inputs, where this rela-
tionship is described by a response function fwhich
can be expressed as y = flx) (CATE et al. 1995).

Furthermore, it is assumed that the user observes
p,, the price per unit of output (hectare or other
working output), and z a vector of prices per unit of
each input z = (zl, Zy Zy eenee zk). Then, it is assumed
that the user, knowing P,z and f, wishes to choose
levels of inputs (x, x,, x, ..... x;) so that one maxi-
mizes profits which are defined as revenues (prices
times quantity of output) minus costs (the sum of the
products of input prices and quantity of inputs ap-
plied). The solution has been offered by WETZSTEIN
et al. (1986).
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In fact, it is assumed that the user’s objective is to
solve the maximization task:

max {pu xf(xl, Koy Koy e xk) —sumz

x %, }
x1  xk

k

The solution of the above equation can be illus-
trated graphically for the case of there being only one
input (one variable), i.e. k = 1 and the input is then
x,. The result is typical for the economically optimal
amount of input x, (the amount that solves the equa-
tion and so maximizes revenues minus costs. Logi-
cally, the slope of flx,) equals the cost/profit ratio
z/p . This economically optimal amount is labelled
as x, in Figure 1.

Figure 1 shows a function f(x) as a concave one. It
is intuitively appealing that the function should be
concave for the case when the input-to-profit ratio
rises. It can be assessed that the majority of cases the
ratio will be concave and would take a logarithmic
shape. It means that the response on the increase
of an input value would be not proportional but it
will be attenuated at higher input values. As a con-
sequence, a logical conclusion must be that the
growth of input values must have limits (CHANDRA
& SINGH 1995).

However, the equation is multi-parametric and the
solution in Figure 1 is not sufficient. The solution is
than taking a polynomial shape.

Turning back to the Figure 2, the optimal decision
(with minimum risk) of the machinery user is to
use less input and have less profit, that is to move
to a lower level of x, value, since there the response
function f{x,) is more steeply sloped than it is at its
higher level. Similarly, when the cost/profit ratio z/p,
falls, the optimal decision for the machinery user is
to get more profit (move to a higher level of x, in-
put), since there the response function is less steeply
sloped than at x, .
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Figure 2. Classic mechanized technology
Economic optimality with more input parameters
The solution when using only one factor x, (input)

is too simple for the analysis of profit strategy deci-
sions. In general the final effect of many inputs on
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yield cannot be known with certainty until some
point in time after the inputs are applied. This is
because the levels of many factors of production
that the manager (farmer, contractor, others) does
not fully control (for instance variables depending

71



on weather — time of machinery use, period of its
use or cultural period; other set of variables can
be market prices of both the inputs or outputs or
so called legislative and banking parameters like
depreciation and interest). The input impact cannot
be assessed until after the user applies some of the
inputs (Zyp 1991).

Thus, the uncontrolled factors may be said to be
stochastic and the manager is said to be making de-
cisions under uncertainty. The graphical illustration
of this case must be a multidimensional. However, it
is extremely difficult or even impossible to compute
such functional relationships on basis of experimen-
tal data. Other difficulties are encountered when the
results should be interpreted.

The task can be well solved by the method of multi-
factorial experiment at using a proper simulator that
can enable modelling of the whole (very complex and
dynamic) system. Method of planned experiment is
one that can discover (compute) the “force” of indi-
vidual parameters (HAVRLAND et al. 2002).

One assumption that the economists very often
make when trying to model such decision making
dependent on uncontrolled factors of stochastic
character (when managers operate under conditions
of uncertainty) is that the manager’s objective is to
maximize expected profits “on average”.

METHODOLOGY
General methodological lay-out

The methodology based upon the ATMP Pro-
gramme use was set up so that economic assessment
of five technologies through their crop budgets was
possible. The comparison was conducted by simu-
lating actual conditions in the agriculture. For this
purpose five technologies have been modelled and
further costs calculations, crop budget constructions
and comparisons made. Equal maize-corn yield on
the level of five tones has been considered in spite of
the fact that the yield rate could vary in tune with the
changing technologic parameters. (REM.: five tons
of maize-corn is an average one under the Czech
conditions.) Operations and machinery and mate-
rial inputs were relevant to conception of individual
technologies.

Size of the farm was considered about 600 ha and
maize cropped area was set up on 200 ha. Tractors
and machines were considered as usually available by
farmers: Zetor tractors (four tractors and three dif-
ferent models of Zetor make tractors), mostly Czech
made machines, combine harvester John Deere (JD
2254). Three operations (ploughing, harvesting and
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transport of maize-grain) were done by hired serv-
ices — the farm could hardly have such heavy-duty
machines.

ATMP technology processing mode starts with
machinery sets provision for individual operations as
identified hitherto. Machinery set main parameters
have been exported into the Techsheet where mate-
rial and labour inputs are added and expected yield
defined. The Costing Sheet computes cost according
to their conventional structure up to the final “ope-
rating cost”. The following “crop budget” regroups
revenues and structured costs adding overheads and
taxes and produces main economic parameters. They
are then exported into the comparison table offering
transparent tabular and graphical comparison for
farmer’s management decision-making, which is
strongly affected by his perception potential.

Technology assessment has been done according
to crop (technology) budgets on basis of selected
parameters considered as main economic indicators.
Gross and net margins and farmer’s own market
price have been identified as the main criteria for the
farmer’s decision making.

The main objective is to find out the best (most
appropriate and profitable) technology on basis of
economic parameters and appraise the final result
(net margin).

Technologies used

(1) Classic mechanized technology: composed of all
necessary soil preparation, seeding, cultivation
and harvesting operations (Figure 2).

(2) Direct sowing as a form of the minimum tillage
(no soil preparation operations): represents a
form of reduced machinery intervention in the
field due to the absence of main tillage (plough-
ing) and seedbed preparation operations. Be-
cause of higher field weed infestation expected
one more spraying operation was included into
the technology algorithm. The seeding operation
has become more costly because the precision
seeding machine for direct seeding is more ex-
pensive. The rest of the technology has been kept
unchanged as related to the technology No. 1.

(3) Classic mechanized technology with farmyard
fertilizing: there is a tendency to declining from
inorganic fertilizing practices organic farming by
using farmyard manure. The farmyard manuring
has replaced fertilizing with use of artificial com-
pounds however it (its transport component) is
far more expensive. The rest of the technology
has been kept unchanged as related to the tech-
nology No. 1.
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Figure 3. Product yield

(4) Classic mechanized technology with combined
cultivation operations: an attempt to reduce
number of inter-row operations by combining
them. Two inter-row weeding operations have
been combined with on-leaf application of artificial
fertilizers. The rest of the technology has been kept
unchanged as related to the technology No. 1.

(5) Classic mechanized technology with green mat-
ter fertilizing: green manuring has been included
into the technology line as extra fertilizing and
cost increasing factor. No extra yield increase has
been considered and mere improvements in soil
potential for next crops are focused (investments
in the future).

RESULTS AND DISCUSSION

Parameters of all technologies (their Crop Budg-
ets) considered as the most important were put
into the comparison table (Table 1). The compared
parameters have also been graphically illustrated in
Figures 3—11. Parameters of all technologies have
been statistically tested and discussed.

\Y% Technology MaizeMechCZ

Assessment scheme

The assessment of all model technologies was car-
ried out according to the crop budget parameters
considered as the main economic characteristics
of the technology. For an objective comparison
comparable pre-requisites have had to be secured,
for example the same starting and ending level of
technologic operations. In the case of five selected
technologies, they are starting by land clearing and
ending by crushing maize stalks, which is a normal
technologic pattern. On-farm maize-grain process-
ing could not be included as it is not usual. However,
it would make the farmer’s margin growth, indeed.
Number of operations within individual technolo-
gies varies according to their specificity and is sub-
ject to a considerable reduction for economic and
environmental reasons. It can be considered as one
of variables (KAvkA 2000).

As to the main income parameters (crop yield and
maize grain price) their influence was eliminated by
keeping them the same in all technologies. It is not
entirely correct for the above mentioned yield that

MP Average market price (cur/t)

MP Own price (at farmer s gate) (cur/t)

4000+

1 N
. N N N N
£ 2000 N N N A
5 A\ N N\ A
2 . N AN A N
N N AN A
1000+ A A N A\
N N N A
. N N N A
0 T T é§ T T Z§ T T é§ T T é§ T

I II III v

Figure 4. Market and own price
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Figure 5. Output value

(probably) could be higher at technologies using
farmyard manure (T3) and green fertilizing (T5). It
is because the yield well describes the production
intensity which has been neglected in the assessment
scheme (HAVRLAND 2001).

According to the Table 1, the most important
output parameters are total gross margin (cur/t),
total net margin (cur/t) and percentage of total net
margin (%).

The own market price (along with the yield) demon-
strates competitive potential of the modelled tech-
nology; it should be lower than the actual market
price. Because no profit and VAT were added it was
equal to the total production costs. The total output
value characterizes potential of incomes per hectare
from main product and by-product together. It is
other important parameter along with total gross

Currency: CZK

cur/t

7
.
.
.
.
.
.
.
.
.
.
%3

Total output value (cur/ha)

N

i
SRR

\% Technology MaizeMechCZ

and total net margins per unit (t) and they are usually
taken into account at the decision making process.

Total production costs (cur/t) is a very good cri-
terion for measurement of technology productivity
while total hours of labour (h/t) and total labour
costs (cur/t) are good criteria for labour productivity
assessment. However, all costs components (from
total labour costs up to total overheads) as parts of
the total production costs can be used for detailed
economic analysis of the assessed technology, if
necessary.

Assessment of technology net margin potential

The technology No. 1 in the comparison table
(Table 1) is a classic mechanized technology using
all operations including main tillage (deep plough-

Total gross margin (cur/t)

Total net margin (cur/t)

Figure 6. Gross and net margin
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Figure 7. Percentage of total net margin

ing). The second one (No. 2) differs by the absence
of soil preparation operations including ploughing.
These operations are considered as a variable that
impacts the net margin. In contrary to the expecta-
tions the net margin decreases by almost 50% which
is mainly due to the use of expensive machinery set
for combined seedbed preparation and seeding op-
erations. Even the expensive operation as the deep
ploughing did not disadvantage the first technology.
The second technology can further be constrained
by lower yield, which could push the net margin
more down.

Use of farmyard manure (technology No. 3) is
a set of very expensive operations and cannot be
economically justified unless essential yield growth
compensates higher costs. Under this circumstance
the total net margin has decreased three times (when

Currency: CZK

T
-0.13

v Vv Technology MaizeMechCZ

compared with the first technology) and become
negative. It represents loss of 12%.

Combining the inter-row cultivation operations
is also not economically justified. The net margin
is still almost zero, thus being 13% under the profit
level of the technology No. 1. Use of green manure
(technology No. 5) improves a bit the result (2% of
net margin) but it is still far behind the profitability
of the technology No. 1.

Under the given cost and price circumstances, the
used yield 5 t/ha, which can be considered as good
one is not enough to cover the production costs at
all. If the profit margin on 10% level and VAT on
19% level had been computed in, the economy of all
technologies would have been negative. This is ex-
pressed by own market prices per ton that are much
higher than average market prices. The increase of

Total production costs (cur/t)
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30004

20004

cur/t and hours/t

1000

7
%
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.
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Figure 8. Costs/hours
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Total machinery costs (cur/t)
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Figure 9. Costs

yields or higher maize grain prices would reverse the
above result.

At absence of profit margin and VAT, the only total
production costs are the main factor impacting the
net margin.

The above conclusions coincide with the labour
productivity expressed as total hours of labour per
ton. The first and the most profitable technology has
the least labour time consumed per ton (1.59 h/t)
while the worst technology as to the net margin (No.
3) has showed the highest labour time consumed per
ton (3.53 h/t). Slight differences in time consumed
are among other technologies. The total labour costs
follow the same scheme.

However, the total machinery costs differ from the
above stereotypic scheme. From this point of view
the lowest mechanization inputs have been found
at the minimum tillage technology (No. 2) while the
highest mechanization inputs are characteristic for

Currency: CZK

ML ME BE

1000+
100+

10+

0.1+

cur/t and hours/t

0.01+

the use of combined inter-row cultivation opera-
tions (No. 4) economic result of which was also not
positive. Very high mechanization inputs have been
discovered at the No. 3 as linked to the farmyard
manure use.

On the other hand, the total costs of energy corre-
spond to quite logical consideration. The lowest is at
the absence of the main tillage and seedbed preparation
(No. 2) while the highest is when application of farm-
yard manure is considered (No. 3). The green manure
use also increased the energy consumption while the
combined inter-row operations (No. 4) make it fall.

CONCLUSIONS AND RECOMMENDATIONS

— The ATMP Programme, just apart from its practi-
cal use by farm machinery planners can serve as a
model embracing many independent variables as
inputs and more dependent variables as outputs.

Total costs of seed & seedling (cur/t)

Total costs of manure and compost (cur/t)
Total costs of fertilizers (cur/t)

Total costs of chemicals (cur/t)

Total costs of fuel & lubricants, energy (cur/t)
Total costs of repairs & maintenance (cur/t)
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Figure 10. Costs — materials
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Figure 11. Market and own price

— The technology is a system of many inputs (in-
dependent variables) and outputs (dependent
variables). The system can be solved as mono-
parametric but this solution is not adequate.
The multi-parametric solution is more complex
but more correct. The task can be solved by the
method of multi-factorial experiment.

— Five different mechanized technologies were con-
ceived as provided with various operations and
inputs: (1) classic mechanized technology com-
posed of all necessary soil preparation, seeding,
cultivation and harvesting operations; (2) direct
sowing as a form of the minimum tillage (no soil
preparation operations); (3) classic mechanized
technology with farmyard fertilizing, (4) classic
mechanized technology with combined cultiva-
tion operations; (5) classic mechanized technol-
ogy with green matter fertilizing.

— The assessment of all model technologies was car-
ried out according to the crop budget parameters
considered as the main economic characteristics
of the technology.

— The most important output parameters are total
gross margin (cur/t), total net margin (cur/t) and
percentage of total net margin (%).

— According to the comparison table, the absence of
soil preparation operations (No. 1) or reduction
of number of inter-row operations is not positive-
reflected in the net margin. On the other hand, use
of farmyard manure and green fertilizing is nega-
tive-reflected in the net margin due to increased
operation costs.
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Abstrakt

HAVRLAND B., KAvkaA M., RUZICKA M. (2006): Vliv faktori mechanizace péstovani kukufice na zrno na ¢isty
zisk. Res. Agr. Eng., 52: 69-79.

Tendence snizit pocet mechanizac¢nich operaci pomoci jejich sdruzeni mé technické, ekonomické a environmentalni
dtisledky. Technické a environmentdlni aspekty jsou zjevné a mohou byt popsany fadou zcela logickych pozitivnich
efektti a konsekvenci. Je ale docela obtizné presné identifikovat ekonomicky prinos, ktery se musi odrazit v zisku
podnikatele (v jeho cisté marzi). Metodologie zjistovani ¢istého zisku je komplikovana a ¢asto ne zcela transparentni.
Novy metodologicky pfistup byl zalozen v konceptu ATMP (v Zemédélsko-technologickém manazerském progra-
mu). Program poskytuje sluzby poradctim pri formulaci presné technologické informace zalozené na technologické
informaci (strojni soupravy a agrotechnické pozadavky) a rychlych ekonomickych (ndkladovych) propoctech. Tento
program demonstruje pokus o zavedeni pojmu ,presné technologie, zalozeném na presnych strojnich vstupech,
¢imz jsou snizeny vstupni naklady. Predchozi terénni pozorovani provedend v srpnu a zafi roku 2003 poskytla data
pro konstrukci technologii a ekonomickych vypocti. Bylo zkoncipovano 5 riznych strojnich technologii s riznymi
operacemi a vstupy: 1. klasickd strojni technologie se viemi operacemi na pripravu pudy, seti, kultivaci a sklizen;
2. technologie s pfimym setim jako reprezentant minimalniho zpracovani ptidy; 3. klasicka strojni technologie s hno-
jenim chlévskou mrvou; 4. klasicka strojni technologie s kombinovanymi operacemi pro mezirddkovou kultivaci;
5. klasickd strojni technologie se zelenym hnojenim. Ekonomické propocty byly uskute¢nény v ceské méné. Ekono-
mické vhodnost pouzitych technologii byla stanovena na zakladé hlavnich parametra ,rozpoctu plodiny®, které byly
pfeneseny do srovnavaci tabulky. Tyto parametry byly déle zobrazeny ve formé grafi. To umoznilo lepsi srovna-
ni rdznych parametra v jednotlivych technologiich. Za nejdilezitéjsi indikatory ekonomické vhodnosti technologii
jsou povazovany hruby a ¢isty zisk (marze) a vlastni cena produktu, vytvorend na zakladé vlastnich nékladd, zisku
a DPH.

Klicova slova: ATMP; presna technologie; rozpocet plodiny; srovnavaci tabulka; kombinovana operace; celkovy bu-
siness plan
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