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ABSTRACT

On the basis of analysis of yield time series from a ten-year period, isolines of maximal yields of crops (isocarps) have
been constructed, homogenized yield zones have been determined, and inner structures of the agricultural system have
been calculated. The algorithm of a normal and an optimal structure calculation have been used, and differences in the
structure of the agricultural system have been determined for every defined zone.
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ABSTRAKT

Na zaklad¢ analyzy vynosovych fad za obdobi deseti rokd jsou sestrojeny izo¢ary maximalnich vynost plodin
(izokarpy), stanovena homogenizovand vynosova pasma a vypocitany vnitini struktury zemeéde€lské soustavy. Je
vyuzito teorie uhlikové bilance a principu zdroji a spotiebiteli uhliku v soustavé. Byl vyuzit algoritmus vypocétu
normalni a optimalni struktury a stanoveny diference ve strukture zemedélské soustavy pro kazdé definované pasmo.
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PODROBNY ABSTRAKT

V hydrogeomorfologickém regionu stiednich Cech byly v desetileté ¢asové fadé stanoveny maximalni vynosy
hlavnich plodin — obilovin, cukrovky, viceletych picnin a jednoletych picnin (silazni kukufice), sestrojeny jejich
izoCary (izokarpy) spojujici body stejnych vynosovych hodnot. Na tomto principu byla vykreslena vynosova pasma.
Maximalni vynosy byly zvoleny proto, nebot’ pfedstavuji v ¢asové fadé extrémni hodnotu akumulace organické
hmoty, ktera vznika jen za piedpokladu, ze vSechny faktory podilejici se na vynosu jsou v optimu, a stavaji se
tak méfitelnym piiznakem vlivu celého souboru téchto faktort. Jejich hodnoty byly ovéfeny termodynamickymi
parametry v kritickych obdobich sledovanych plodin. Vznikla pasma jsou rozdélena zcela zakonité a ukazuji na ptudni
vlastnosti téchto oblasti. Nejvyssi hodnoty obilovin spadaji (pii 50 % jejich zastoupeni ve struktufe soustavy) do
oblasti aluvialnich hlin dolniho toku Bakovského potoka podobné jako do téchto aluvii potoka Lodénického. Izokarpy
cukrovky (pfi 10 % zastoupeni) se pak soustied’uji vyhradné do oblasti aluvii a sprasovych hlin v pasmech I a Il a pak
v pasmu VIII v povodi sledovanych tokt. Izokarpy viceletych picnin jako zakladnich zdroju aktivniho uhliku klesaji
ve stejném sméru jako obiloviny a na VII. pasmu se blizi hodnotam II. pasma. Zde se vytvaieji dvé vynosové osy
— zapadnim a jiznim smérem.

V regionu byly vyhodnoceny i izocary bioenergetického potencialu pudy (Ep), které piedstavuji stupen vyuziti
mineralnich zivin. Jejich maximalni hodnoty spadaji do oblasti sprasi na stfednim toku Zakolanského potoka, coz
odpovida nejvétsimu objemu aktivniho uhliku. Proto maxima vynosu jsou v této oblasti nejstabilné;jsi.

Pomoci algoritmu [1], ktery vyplynul z teorie uhlikové bilance a rovnovazného stavu zdroju a spotiebitelt uhliku,
byla vypocitana vnitini struktura zemédé€lské soustavy pro jednotliva pasma tak, aby vyjadfovala potfebné plochy
doprovodnych plodin-zdroji i spotiebiteld uhliku pro zabezpeceni pozadované produkce. Byly tedy stanoveny
parametry vnitini struktury soustavy, jez presné¢ odpovida podminkam daného vynosového pasma za piedpokladu
rovnovazného stavu uhlikové bilance. Parametry byly stanoveny pro 1000 t obilovin, 1000 t cukrovky a pro 1000 zvifat
(skotu v dobytéich jednotkach) za ptfedpokladu maximalnich vynost. Byly rovnéz vypocitany parametry vnitini
struktury pro vytéznost 6,0 a 7,0 t cukru.ha™', jakoz i parametry pro vytéznost 1 t cukru pii 7,0 t cukru.ha™'. Zvyseni o
1,0 t bilého cukru vyzaduje zvySeni poétu zvirat (Z v dobyt¢ich jednotkach) o 1,27, a plocha pti zvyseni ze 6,0 na 7,0 t
se zvySuje o 1,47 ha, pti ¢emz vEtsi ¢ast pripada na doprovodné uhlikaté zdroje, které zabezpecuji stabilitu vynosu.
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INTRODUCTION

In connection with the solution of impact of natural
conditions on the territorial and the inner structure of
agricultural system, we tried to express these conditions
by means of extreme values — maximal yields of main
crops, and to generalize their relation to soil conditions by
isolines their equal value (isocarps). On this principle, we
have determined the inner structure of the system using
the algorithm expressing limit conditions of individual
subsystems and elements. That is why the characteristics
of Planck’s radiate constants have been included in the
algorithm; they express the limit on the carbon balance
principle [1]. Using the algorithm, we have transformed
all organic matter to active carbon, and calculated all
necessary parameters for carbon sources and consumers.
(All perennial fodder crops and straw of cereals present
carbon sources, all root and tuber crops present carbon
consumers.) Animals — cattle are transformers of these
carbon matters, that is why feed ration and cattle stock
must be taken in account. Active carbon stabilizes the
system on a certain yield level by the determination of
utilization of mineral nutrients and utilization of water
by plant as well as microbial societies. Sometimes, we
get statistic dependence between yield level and carbon
content in soil. It comes in account, when water and
chemical balance in rhizosphere of arable crops are
perfectly regulated even at extreme situations. In fact, the
role of active carbon consists in stabilization of energetic
processes in the biosphere, and carbon, which comes into
the soil, must be also consumed. Even the principle of
a progressive development of the biosphere consists in
this. That is why, in the algorithm, sources, consumers
and transformers of organic matter are taken in account.

To transfer to active carbon then we use coefficients
derived from the principle of big numbers or analyses of
large systems or by mathematical way. All these values
have been verified on many structures of agricultural
systems [4, 5]. That way also structures for individual
zones have been calculated, corresponding with natural
conditions of these zones. Cereals are a key part, as they
determine the demand of carbon sources, and at the same
time they own are carbon sources for all root and tuber
crops. Agricultural system (ZS) can be expressed by
Gauss’s equation [1]:

8= {n; G, > E}

Agricultural system is a system of elements, for which
holds true, that its inner structure, expressed by C, (dzeta
2) and C, (dzeta 3) parameters, e.g. the ratio of carbon
sources and consumers, implicates bioenergetic potential
of the soil Ep:

Ys
AT
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Here:

Ys — dry matter of a crop

M — pure nutrients quantity

That is why: if the quantity of nutrients decreases with
increasing yield, their utilization is maximal. We have
expressed the inner structure by parameters expressing
the necessary acreage of accompanying crops, supposing
a well-balanced state of carbon processes. This way,
we also get an exact structure of these crops, which are
necessary for achieving stability of the given production.
In a similar way, we have expressed the necessary
structure for the yield of sugar.

More authors are engaged in sugar beet and its place and
importance in the structure of agricultural systems in the
Czech Republic and the European Union [6, 3].

MATERIAL AND METHODS

As base data, ten year periods of main crops yields
on the acreage of 42 389 hectare have been used, in
the hydrogeomorphologic region of central Bohemia,
eliminated by the water streams of Berounka-Lodénicky
stream, and the Vltava river, and the Ohfe river in the
North. A dominant position of the region belongs to the
hill of DZban 536 m a.s.l., and the hill of Loustin 537 m
a.s.l. at the Rakovnicka Hilly Country. Crop yields have
been related to centres of land-register arcas. At the same
time, a hydrologic, a geological, a hydrogeomorphologic
and a climatic analysis have been carried out on the
area.

METHODOLOGY

As the maximal yield is dependent also on the structure
of the system, all yield values had to be counted over
on a comparable value according to the principle of
big numbers (in the system of the CR and European
countries);  Pearson’s distribution of frequencies of
the 3-rd type has been respected. Interpolated values
have been plotted to a matrix in the scale 1: 100 000,
isocarps and appurtenant zones have been indicated with
Roman numerals. As the basis of the calculation, zones
and isocarps of cereals (Y, ) have been taken. The inner
structure has been calculated according to algorithm [1],
and yield maxima have been proved by the method of
thermodynamic analogy [2]. Parameters used in algorithm
for calculation of a normal and an optimal structure have
been derived from twenty-year periods of yields on the
territory of the CR. Individual subsystems and elements
of the system are limited by including of characteristics
of Planck’s radiant constants. From this, main principles
flow out:
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1. succession of carbon sources and consumers: perennial
fodder crops — cereals — root and tuber crops

2. Perennial fodder crops and grassland are a primary
independent source of carbon. The stability of cereals
depends on them.

At respecting this hierarchy, carbon is a determining
factor for all its consumers, especially for root and tuber
crops, as stability of root and tuber crops is a function of

carbon of cereals straw.

Values of maximal yield isocarps were determined
by interpolation between centres of production units.
For an image of relation of bioenergetic soil potential and
the quantity of carbon per hectare, their planary division
has also been drawn.

RESULTS

Figure 1: Isocarps of Y, , and delimitation of zones in the region

16
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s3amax

p
3010 %

Figure 2: Isocarps of Y/

s3a max

Table 1: The inner structure for 1000 t Y, under precondition of maximal yields in all determined zones [ha, %]

Zone p0 PO P1 Pl P2Z PZZ P}a P}a por

ha % ha % ha % ha % ha
L 29.4 8.23 105 29.41 185.8 52.05 36.73 10.29 356.93
IIL. 34.33 9.31 106 28.76 190.5 51.7 37.7 10.22 368.53
I1I. 36.35 9.57 106 28.19 194.2 51.69 39.2 10.43 375.65
Iv. 41.2 10.67 106.5 27.58 198.0 51.27 40.42 10.47 386.12
A% 47.53 11.67 116.1 28.52 202.0 49.6 41.42 10.17 407.05
VL 47.5 11.53 116.15 28.18 207.0 50.23 41.42 10.05 412.1
VIL 49.44 11.7 118.7 28.13 210.97 49.99 42.9 10.16 422.02
VIIL 43.76 11.34 111.45 28.89 196.93 49.76 38.55 9.99 385.69
%) 41.18 10.51 110.72 28.46 197.56 50.75 39.79 10.22 389.26
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Figure 3: Isocarps of Y, and Y

sl max s0 max

Table 2: The inner structure for 1000 t Y . under precondition of maximal yields in all zones [ha, %]

Zone p0 P0 Pl Pl P2Z PZZ P}a P}a Por

ha % ha % ha % ha % ha
L 60.0 8.23 213.92 29.38 375.2 52.08 74.96 10.29 728.17
IL. 70.1 9.32 216.13 28.75 388.6 51.69 76.92 10.23 751.75
111 74.23 9.68 214.13 28.20 396.1 51.67 80.0 10.44 766.46
Iv. 84.13 10.67 217.35 27.58 403.96 51.26 82.5 10.47 787.94
v 97.1 11.68 237.0 28.52 419.13 49.63 84.53 10.17 831.13
VL 97.1 11.54 237.0 28.18 4224 50.22 84.53 10.05 841.06
VIL 100.96 11.72 242.71 28.16 430.4 49.94 87.6 10.16 861.67
VIIL 89.4 11.35 227.44 28.89 391.6 49.75 78.7 9.99 787.14
%) 84.12 9.52 225.89 28.46 403.04 50.75 81.22 10.22 794.41
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Figure 4: Isolines of the bioenergetic soil potential and the quantity of active carbon per hectare

Table 3: The inner structure of the agricultural system for 1000 Z under precondition of maximal yields in all zones

[ha, %]

Zone PO PO Pl P1 P2Z PZZ P3a P3a Por

ha % ha % ha % ha % ha
L 78.38 8.25 279.1 29.37 494.8 52.1 97.83 10.29 950.1
1L 91.44 9.35 282.0 28.74 507.0 51.69 100.4 10.23 980.9
111. 96.82 9.68 282.0 28.19 516.9 51.68 104.4 10.44 1000.1
Iv. 109.73 10.67 283.6 27.58 527.1 51.27 107.67 10.47 1028.1
\Y 126.61 11.68 309.26 28.53 537,8 49.61 110.31 10.17 1083.9
VI. 126.61 11.53 309.26 28.18 551.14 50.23 110.31 10.05 1097.3
VII. 131.68 11.72 316.1 28.13 561.60 49.48 114.27 10.16 1123.6
VIIL 116.57 11.35 296.74 28.89 510.94 49.75 102.67 10.0 1026.9
%) 109.68 10.53 294.75 28.45 525.92 50.78 106.36 10.23 1036.4
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Table 4: Calculation of inner structure for 6t sugar (respectively 7 t sugar) at 10 % acreage of sugar beet in the
agricultural system and Y, & 11.44 tha' (41.14 t.ha™') and sugar content of 14.58 %

Inner structure for sugar production

For 6 t sugar

P, 1.1136 ha 12.79 %
P, 2.285 ha 25.73 %
P, 4.553 ha 51.28 %
P 0.904 ha 10.18 %
Cattle stock Z (cattle units) 7.62
Total P, 8.855 ha
For 7 t sugar
P, 1.32 ha 12.74 %
P, 2.66 ha 25.69 %
P, 5.29 ha 51.08 %
P, 1.055 ha 10.18 %
Cattle stock Z (cattle units) 8.89
Total P, 10.325 ha
For 1 t white sugar at 7.0 t.ha' (and sugar content of 14.58 %)
P, 0.188 ha 12.76 %
P, 0.380 ha 25.79 %
P, 0.755 ha 51.25 %
P 0.150 ha 10.18 %
Cattle stock Z (cattle units) 1.27
Total P_ 1.473 ha
DISCUSSION where both quantities are evaluated. For one thing, they

Evaluation of isocarps Y, (P, 50 %), according to
whichwe have also expressed zones I — VIII, convincingly
shows a considerable equability of distribution, and drop
of yield axis from the north-east to the south-west. The
zone VIl is an exception. Itis formed along the Lodénicky
stream, which has similar conditions of alluvial loams as
in the zone along the Bakovsky stream (II). If we compare
isocarps Y, (P, 10 % and P, 50 %), the picture is
similar, just the articulation of lines is here much higher,
and the lines intervene in various zones, and concentrate
much more in the area of alluvial and loes loams. In the
zone VIII, the isocarps show similar values as in the
zones 1. and II.

Isolines of Y, max are decreasing in the same direction
as cereals, and in the zone VIII are close to the values of
the zone II.

Evidence for relations of soil properties and isocarp
distribution is given in particular by isocarps of
independent carbon sources — Y, and Y . Here, two
axes of yields are forming — in west and south direction.
Bending of both isocarps is typical. (Values of Y  are on
the left and are lower.) The reality, that Ep is dependent
on the total carbon volume, is confirmed by the figure 4,

20

concentrate with their maximal values into the nearly
same area of alluvial loams and loess, for another they
have a very similar course and distribution. (The lower
values are the carbon volume per hectare.) It appears
from mentioned facts, that the carbon volume gives
utilization of mineral nutrients. This utilization then goes
down in two directions along the isocarps Y and the
isocarps Y, .
Calculation of inner structure according to individual
zones (tab. 1 + 3) shows differences in areas under crops
for ensuring demanded production in individual zones. It
is quite evident, that each production requires a certain
structure of carbon sources and consumers. It is evident
also from tab. 4, from which follows, that on increasing of
1 t sugar (at a constant sugar content 14.58 % and Y )
1.47 ha of crop area is demanded, the greater part from
which falls on accompanying crops. Increase of cattle
stock by 1.27 Z (cattle units) is connected with this.

CONCLUSIONS AND RECOMMENDATIONS

1. Inner structure of agricultural system is not, and can’t
be, a random quantity — it is a result of acting of many
factors, which we have tried to express by means of

Journal of Central European Agriculture Vol 5 (2004) No 1
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maximal yield isocarps.

2. Total yield of pure product is always determined by
accompanying crops, which characterize carbon sources
and consumers and transformers of organic mass —
ruminants.

3. All these facts must be taken in account at projection of
agricultural systems and at all economic considerations.
4. Solution of every structure demands a close system
analysis of all factors taking part at formation of
production.

5. The given method enables an objective elaborating of
projects of energetically closed systems.
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Symbols and indications used in the work

Symbol Meaning
P acreage [ha]
. acreage of arable land [ha]
. dry matter in crop yield [t.ha']
Y, dry matter in total yield of a crop
ZS agricultural system
kn feed ration for cattle
Z one animal — cattle — cattle unit
Ep bioenergetic potential of soil
M quantity of mineral nutrients (pure nutrients)
G, (dzeta2)  parameter expressing relation of carbon source crops (XY, £Y ) to cereals (XY )
C, (dzeta3)  parameter expressing relation of carbon source crops (XY, XY , XY ) to root and tuber

crops (XY ;)

Crop indices

0 annual fodder crops
1 perennial fodder crops
2 cereals
27 grain
2sl straw
3 root and tuber crops
3a sugar beet
4 grassland
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