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COMPARISON OF CULTIVATING ROOT VEGETABLES
IN SOIL PREPARED BY THE CLASSICAL METHOD
AND IN RIDGES

POROVNANIE PESTOVANIA KORENOVEJ ZELENINY NA PODE
PRIPRAVENEJ] KLASICKYM SPOSOBOM A V HROBLIACH

M. Polak', J. Poni¢an’, J. Jech’, M. Angelovi¢

' Slovak University of Agriculture, Department of Agricultural Economics, Kosice, Slovak
Republic
2 Slovak University of Agricultural, Nitra, Slovak Republic

ABSTRACT: In this work. comparison ol the results of planting root vegetables (carrot and parsley) using the classical method

and in ridges. i.c. the Dutch method was made. Under field conditions. selected soil properties (penctrometric resistance, shear
strength, structural composition of soil grains and soil moisture content) in relation to soil preparation and its influence on the
physico-mechanical characteristics of rool vegetables were measured. Field tests and economic evaluation ol cultivating carrot and
parsley by these methods were done in 1995, 1996, and 1997. The measured values of soil properties show a significant difference
in soil structure tilled using the classical method with a 42-KON-600 combinator to a leveled plain and using the Rumpstad
rotavator-ridger combination which creates a better condition for seed germination, growth and development than soils prepared

with a combinator. The average yield of carrot cultivated with the classical method was 21.2 tha™ and 38.1 tha™" in ridges. There
was a significant difference in the quality of produce. Carrots planted in heaps had a regular cylindrical shape. even surface without

indents, bulges and cr:

5. The carrots were 17-20 em long. dark redish-orange in colour, with a B-carotene content ol 5-9 mg%.
The economical evaluation of the produce showed the advantage of the technology in ridges as against planting with the classical
method. The result was a profit of 150,000-180.000 SKK.ha™' (Slovak crowns per ha).

carrot; parsley: sowing: soil preparation: soil structure: yield: root dimensions

ABSTRAKT: V prici st porovnavané vysledky previdzkovych merani pestovania korenovej zeleniny klasickym sposobom
a v hrobliach (zv. holandskym spésobom. V polnych podmienkach boli sledované vybrané vlastnosti pody vo vziahu k pri-
prave pody a jej vplyvu na kdlno-mechanické vlastnosti koreiovej zeleniny. Boli vykonané previdzkové merania a tech-
nicko-ckonomické zhodnotenie pestovania karotky a petrzlenu pre uvedené sposoby pestovania v rokoch 1995, 1996 a 1997

v Polnohospodirskom druzstve Raslavice v okrese Bardejov. Vybrané viastnosti pody sme sledovali pred sejbou a pred
zberom na pozemku (obr. 1) bez predsejbovej pripravy pddy. na pozemku pripravenom kombindtorom a na pozemku pripra-
venom prekopdvacou frézou FH 4 x 75 Rumpstad (obr. 2). Vysev bol urobeny pneumatickou scja¢kou Agricola SL-4A do
pody pripravenej kombindtorom do hrobli pri medziridkovej vzdialenosti 75 ¢m a vo vzdialenosti dvojriadkov 7 ¢m. Viast-
nosti pody sme charakterizovali penetrometrickym odporom (MPa). ktory sme merali na skasobnych pozemkoch ruénym
registraénym penctrometrom, typ STS — Sumperk (obr. 4). Vysledky st zobrazené na grafe (obr. 5). Smykovi pevnost pody
(kPa) sme vo vietkych pripadoch merali vrtulkovym pristrojom typu Pilcon-Edco (Anglicko). Vysledky st zobrazené na grafe

(obr. 6). Strukturdlny podiel zrnitosti pody sme stanovili po odbere pody na pristroji Analyssete 3 a vysledky st graficky
zobrazené na obr. 7. Objemovi hmotnost pody a vihkost pody sme zistovali Standardnou metodou zaloZenou na pouZiti
Kopeckého fyzikidlnych valéekov (tab. 1). Namerané hodnoty vlastnosti pddy dokumentuji vyrazné rozdiely v jej Struktire
pri spracovani kombindtorom a podnou [rézou a potvrdzuji skutocnost, Ze korefiovi zelenina (karotka a petrzlen) pestovana
v hrobliach pripravenych podnou trézou mi vytvorené lepSiec podmienky pre vzehddzanie. rast a vyvoj ako v pdde pripravency
kombindtorom. Potvrdzuji to aj polné pokusy. pocas ktorych sme sledovali a vyhodnocovali fyzikdlno-mechanické viastnosti
korenov karotky (dizku korena — /. priemer koreia pri hlave — /i a pri konci — &. tvar korena a hmotnost korenov). Namerané
hodnoty si Statisticky spracované a graficky zobrazené na obr. 8 aZ 11. Ekonomické zhodnotenie pestovania karotky a pe-
trzlenu vychiddza z celkového hodnotenia drod v rokoch 1995, 1996 a 1997 (tab. [1I-VI) a z vizudlneho posidenia kvality
produkcie (tab. 11). Priemerné tirody karotky vypestovanej klasickym sposobom sti za sledované obdobie 21,2 tha™. v hrob-
liach 38.1 tha™". Vyrazné¢ rozdiely st v kvalite produkcie. Karotka vypestovand v hrobliach ma pravidelny valcovity tvar.
hladky povrch bez zirezov a vystupkov. Dizka karotky je 17 az 20 cm. mi tmavi oranZovo-ervent farbu s obsahom

B karoténu 5 az 9 mg %. Ekonomické zhodnotenie produkcie dokumentuje vyhody pestovatelskej technologie v hrobliach
oproti pestovaniu klasickym sposobom. Vysledkom je zisk 110 az 150 tis. SKK.ha!.

mrkva: petrzlen: sejba: priprava pddy: Struktira pddy: troda: rozmery korefiov
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INTRODUCTION

Under Slovak conditions. the cultivation ol carrot
and parsley i1s most widely spread. These crops are
basically grown by the classical method. A
method (technology) of cultivating these types ol vege-

new

tables has only started to be verified in Slovakia. This
was the main reason why this work was done. Also. it
15 necessary to mention that there is a bad soil condi-
ton in the regions where these vegetables are grown,

According to Hrasko, Bedrna (1988) and Bedrna
(1989), the cultivation of root vegetables is dependent
on the soil condition and cultivation region. According
o Bréic (1983). Moser (1984) and Bajkin (1994). the
decisive lactor for carrot and parsley cultivation is the
preparation for sowing small seeds at which the weight
ol 1.000 seeds 18 0.8-25 g, The sowing ol seeds (o a

leveled soil surface prepared by the classical method.

with a combinator. does not always give a good condi-
tion for sced germination, growth and plant develop-
ment. The size of soil aggregates. soil compaction and
unlavourable structure create resistance. obstructs plant
germination and deforms the root of plants. The root of
carrot and parsley will become unevenly developed.,
rough, deformed with cracks and green colour on the
head part.

On the other hand, cultivation of carrot and parsley
with the dutch method in ridges created by the Rump-
stad rotavator-ridger combination offers an ideal con-
dition for germimation, growth and plant development.

METHOD

The aim of this work was to evaluate. under ficld
conditions. the cultivation of root vegetables (carrot
and parsley) on sotl prepared by the classical method
and in ridges. and also compare both methods of culti-
vation [rom the point of view ol quality, quantity, pro-
duction and despatching. Further, selected soil proper-
ties
monitored and their effect on the physico-mechanical

related to soil preparation (scedbed) where

properties of root vegetables evaluated

METHOD OF PLANTING ROOT VEGETABLES

a) Classical technology of planting (technology A)

This technology consisted ol basic soil preparation
in the fall. which was done by deep tllage. In the spring.
the land was harrowed and the seedbed created with
a combinator. The depth of soil tillage was 10-15 ¢m.

b) Planting in ridges, i.e. Dutch method (technology B)

The fall soil preparation was done with the same
technology. The spring soil preparation consisted off

-5 cm

1. Soil preparation variants

A = unprepared sotl, B = combinator, C - Rumpstad rotavator-ridger

combination

2. Soil preparation and ereation of ridges with the Rumpstad rotava

tor-ridger combination

preparing the soilbed in heaps using a Rumipstad 4 x
75 FH rotavator-ridger combination concurrently creat-
ing ridges of trapezoidal shape (Fig. 1C, 2). The soil
was tilled with hooks which where spread over the
circumference ol the rotor on holds with bushings. The
hooks dug. loosened. but did not compact the soil. The
¢ was 30-35 em.

EXPERIMENTAL ME:

SUREME}

The measurements were done in the agricultural co-
-operative farm Raslavice in the years 1995-1997 in bad
sotl conditions. In the following periods. we measured
a) soil properties,

b) quality index of sowing.,
¢) physico-mechanical properties of carrot roots.

In the other vears, 1996 and 1997, we measured
mostly quantity. produce quality and the effectiveness
ol produce cultivation.

Soil properties were characterized by:

a) penetrometric resistance of soil (MPa).

b) soil shear strength (kPa).

¢) soil particle size distribution (%),

d) soil bulk density (kgan %) and moisture content (%),

ZEMEDELSKA TECHNIKA, 45, 1999 (1): 1-8



The soil penetrometric resistance was measured on
selected spots in the field to be planted using the hand
registering penetrometer, type STS Sumperk (Fig. 3):
a) before sowing on the soil without soil tillage.

b) before sowing on the soil prepared with the combi-
nator (on level soil surface),

before sowing on the soil prepared with the Rump-
stad rotavator-ridger combination (on heaps).

¢

d

before harvesting on soil prepared with the combina
tor.

¢) before harvesting on soil prepared with the Rump-
stad rotavator-ridger combination.
Soil shear strenght was measured in all cases as in

dicated in (a) with the propelled equipment, type Pilcon

- Edeco (E
cording to the British norm, BS 1377, which corre-
sponds to STN 72 1026.

The structural analysis of the soil was done with the

gland). The measurements were done ac

Analysette 3 cquipment after collecting soil samples.
Soil bulk density and moisture content were measured
in all cases using the standard method based on
Kopecky's physical cylinders.

The physical-mechanical properties of roots were
characterised by:
a) dimensional values

- root length (/),

— diameter of root at the head (1),

— diameter of root at the il (k).
b) root shape.

¢) root weight (my).

Seed sowing

Sowing in both cases were done with the Agricola

SL-4 planter (Fig. 4). Seeds sown on seedbeds 4 x 75 ¢m

3. Hand registered penctrometer STS Sumperk

I — measuring sounding staff, 2 - cone, 3 and 7 - spring, 4 -
registration drum. § - handle. 6 - cable. 8 — foot mounting. 9

shield, 10— rod. 11 ~ block, 12 - senibbler, 13 — ablet. 14 - casing

ZEMEDELSKA TECHNIKA. 45, 1999 (1): 1-8

were sown. two seeds cach per row, four rows at once.

i
. The distance of seeds between

ataspeed of 3.1 km.h
rows was 3.8-4.8 cm. The quantity ol sown sceds was
2.8-3.1 million seeds per hectare, The seeds were sown
ull June 15, The soil temperature was 10-15 7C. and
depth of sowing 2 em. Sceds sown on heaps 4 x 75 cm
were sown two seeds cach per row in one heap. four
heaps at once. at 7-8 ¢m distance between heaps and
3-4 cm between seeds in row at a speed of 3.1 km.h

Carrot and parsley harvesting
Harvesting was done in October using a de WOLIY
one-row digger with the loading conveyor, Carrot and

parsley were stored in palettes in store and gradually

eraded and despatched 1o the marketing network

RESULTS

EVALUATION OF SOII
SOWING

PROPERTIES BEFORE

The results of the soil penctrometer resistance is

shown graphically on Fig. 5. From the measured re-
sults. it was evident that the penctrometer resistance
rose between 0.33-4.92 MPA at a soil depth of
540 c¢moan untlled soil and between 0.09-4.68 MPa
in the leveled surface prepared with the combmator. In
the soil prepared with the Rumpstad rotavator-ridger
combination the penctrometer resistance was between
0.05-4.14 MPa.

The results of the soil shear strenght are shown on
Fig. 6. The measured results at the depths ol 10, 20,
and 30 ¢m showed that the average value for unpre-
pared soil was 38.4. 80.2 and 119.6 kPa. respectively.
and on the leveled surface ol the soil prepared with the
combinator, it was 155, 444 and 1124, respectively.
In heaps prepared with the Rumpstad rotavator-ridger
combination the average value of soil shear strength at

4. Planting carrots with the Agricola SL-4 planter
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6. Course of soil shear strength before planting the carrot variety Tino

unprepared soil
Bl combinator
SN Rumpstad rotavator-ridger combination

the depths 10, 20 and 30 e¢m was 25.8, 41.9 and
58.6 kPa, respectively.

The soil particle size distribution of soil grains (%)
according to each pre-sowing soil preparation at
a depth of 5-10 ¢m is graphically presented in Fig. 7.

Each variant of soil preparation was also characterised
by soil bulk volume and moisture content. The estimation
of these parameters was done using standard measure-
ment methods, based on the use of Kopecky's physical
cylinders. The measured values are presented in Tab. 1.

From the measured values, it is evident that at 5, 10
and 15 c¢m the soil bulk density in unprepared soil was

share of the overflow, %

<0.0630.0630125025 05 1 2 4 8 6
size of the slots, mm

7. Soil structure betore planting at a depth of 10-15 ¢cm (Analysette 3)

W74 unprepared soil
[J Rumpstad rotavator-ridger combination
EE combinator

3 < % g
1.17-1.42 g.em”, 1.42-1.65 g.em” for soil prepared
s % 3 A
with the combinator and 1.25-1.46 g.cm” for soil pre-
pared with the Rumpstad rotavator-ridger combination.

SOIL PROPERTIES BEFORE HARVESTING

From the results and evaluated measurements of the
penetrometer soil resistance at a depth of 5-35 ¢m before
harvesting, it was seen that its value was 0.68-5.25 MPa
in soil prepared with the combinator and 0.15-4.16 MPa
in soil prepared with the Rumpstad rotavator-ridger com-
bination which 1s higher than the penetration resistance of
soil measured before sowing by about 0.1-1.82 MPa.
Likewise, it was stated that it is also possible 1o meas-
ure the soil shear strength before harvesting. The aver-
age value of soil shear strength at the depths of 10, 20
and 30 ¢m on level soil surface prepared with the com-
binator was 75.6, 99.0 and 129.5 kPa, respectively, and
37.4,0.38, and 107.7 for soil prepared in heaps with the
Rumpstad rotavator-ridger combination. These values
were higher than before sowing by 0.71 kPa for soil
prepared with the combinator and by 49.1 for soil pre-
pared with the Rumpstad rotavator-ridger combination
at a depth of 30 ¢cm.

QUANTITATIVE SOWING INDEX

For summer sowing, carrot of variety Tino with
a higher germination degree of foreign production was
used. The seeds were packed and calibrated, After ger-
mination, the number of plants per metre on (wo-rows

. Soil bulk density (g/cm") and moisture content (%) before sowing carrots (Agric. Co-op. Raslavice)

Unprepared soil

Technology

B
soil prepared with rotavator-
-ridger combination

A
soil prepared with combinator

Depth (¢m) 0-5 5-10 [ 1015 0-5 S5-10 10-15 0-5 5-10 10-15
Average bulk density of dried soil (g/cm?) 1.17 1.42 1.42 1.42 1.65 1.35 125 1,37 1.40
Average soil moisture content (%) | 22.5 28.2 29.1 22:8 243 23.0 13.9 21.3 242

ZEMEDELSKA TECHNIKA. 45. 1999 (1): 1-8



were controlled. On the leveled soil prepared with the
combinator, a minimum number of 21 plants and maxi-
mum number of 46 plants were counted. On heaps pre-
pared using the Rumpstad rotavator-ridger combination
a minimum number of 32 plants and maximum number
of 72 plants were counted.

PHYSICO-MECHANICAL PROPERTIES OF CARROT
ROOTS

Properties of roots were characterised by:

a) dimensional values (length — /. diameter at the head -

h, diameter at the root = k and root weight).

b) root shape A| = ;\—'
¢) surface quality of root (visual).

The measured values of the physico-mechanical
properties of carrot roots were statistically estimated
and evaluated graphically. From the measured and sta-
tistical estimated values, it is seen that the average
value of carrot length for the technology A (classical
method of cultivation) was 11.2 em and 13.9 cm for
carrot planted on heaps (Figs 8 and 9). The median
value of root weights for technology A was 100.6 g and
101.6 g for technology B on ridges (Figs 10 and 11).

From the measured statistically evaluated dimension
values of head and root tail diameters, it is evident that
the average value of root head diameter for carrot
planted using technology A was 3.36 and the average
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8. Course of the number of carrot root length distributions of the
variety Tino with soil preparation using the combinator
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standard aberration 2.41
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number <. 258
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root tail diameter was 1.93 cm. For carrot roots grown in
ridges these values were 3.17 and 2.27 ¢m.. From the
calculated median value of head and root tail diameters,
the shape coefficient (&) was calculated. For carrot
planted with technology A, this value was A = 1.73.

QUANTITATIVE INDEX OF CARROT YIELD

The biological yield of carrot was measured by the
number of crops per square meter which was collected
from the tested field before harvesting in the diagonal
direction. The carrot produce was visually evaluated.
The results are shown in Tab. 1. The real yield was
obtained after harvesting the crop and at the end of
grading, sale and computation of the yield. The results
are shown in Tabs IT1-VI,

Tab. II shows the evaluated criteria ol carrot pro-
duce cultivated by the classical method and in ridges.
A difference is seen especially in the root shapes. Car-
rot cultivated in heaps have an even, cylindrical root,
without cracks and green patches at the top. have ap-
proximately the same length of 17-20 ¢cm. The average
yield for the first three years of cultivation was
38.1 tha™'. The carrots had a carotene content (vita-
min) of 5-9 mg%. and the ascorbic acid content fluc-
tuated between 8-15 mg%. The number of planted
plants per meter was 80-90. Carrots planted by the
classical method (technology A) did not have equal
length and even cylindrical shapes. The surlace was
rough with cracks which obstructed cleaning of the car-
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-ridger combination
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10. Course of the number of carrot root weight distributions of the
variety Tino with soil preparation using the combinator

== frequency

—®= cumulative %

mean value L. 100,60
standard aberration 42.057
extent w8
minimum . ... ... 40
maximum . .. ... .. 235
amount 10161
number R (1) |

rots. Further, 10-20% of the produce had a deformed
two-shaped form with cracks and the topmost part was
green and tasted bitter in 60% of the carrots harvested
in the fall. It also had a lower carotene and ascorbic
acid content of about 4-6 mg % and 2-8 mg %, respec-
tively. The carrot colour was light orange. Also it had
a lower yield: for the first three years, the average yield
achieved was 21.2 tha™'.

It can be stated that the preparation of soil with the
Rumpstad rotavator-ridger combination significantly
influenced the evaluated quality, appearance and vita-
min content, and created optimum conditions for plant
growth and development. Bad soil preparation hinders
plant growth and development of carrot, obstructs the
even growth of roots, thereby aiding in its deformation.
This creates a two-shaped root or a short egg-like

II. Comparison of quality indices during harvesting in the 1997 season
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1. Course of the number of carrot root weight distributions of the
variety Tino with soil preparation using the Rumpstad rotavator-
-ridger combination

frequency
—&—= cumulative %

mean value 101.63
standard aberration . 36.791
extent o oo o e v 208
minimum . ... ... 45
maximum ¢ v 20
amount . ... ... 10 265
number . . . T L)

shape, which significantly decreases the produce stan-
dard. This results in a lower quality grade and hence
lower market price. Only 30% of such produce make it
to grade I; the other part being used in the food processing
industry. Likewise, it is also possible to evaluate the pro-
duction of parsley. which is even more demanding in
terms of soil condition, chemical control and nutrition.

ECONOMIC EVALUATION

The economical evaluation of carrot production is
presented in Tabs III and V. A simultancous increase
in growers standard and economic assets from cultivat-
ing these highly intensive crops is seen with an increase
in the acreage of planted carrot and parsley. The

Method of cultivation

Evaluated criteria A

classical method - soil preparation
with combinator

B
in heaps - soil preparation with
Rumpstad rotavator-ridger

Evenness of shape

Colour
Length in cm 1216 ¢m
8.5-9%

21.2 tha™!

Dry matter content
Yield

deformed shape with bumps and side roots

Shape conical

Surface quality rough surface with scratches
Scratches 15-20%

Resistance to breakage 40-50%

redish-orange. green on the top surface

even shape without bulges

cylindri

smootht si
up to 5%

80%

dark redish-orange
17-20 ¢m
10.7-11%

425 tha '
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achieved results clearly show the right decision of cul-
tivating root vegetables with the new method. The av-
erage yield for the first three years of the mid and late
varieties Napoli, Tarvil and Tino grown at the co-op-
erative farm in heaps was 38.1 t.ha™!, while that for
grown by the classical method was 21.2 tha™!. With
excellent plant nutrient, chemical control and intensive
irrigation, the yield can be stabilised to 50-60 tha™.
The economical results of parsley production are
shown in Tabs IV and VI. Parsley yield which is more
demanding on soil, most especially on the irrigation
regime and chemical diseases control had an avearge
yield of 23.3 tha™" for plants grown in heaps and
13.1 tha™! for plants grown by the classical method.
In the nearer future, its will be possible to stabilise

the yield of parsley to 30-35 tha™". The efficiency of

cultivating root vegetables expressed by the profit
gained in the following years was 143,000 SKK (Slo-
vak crowns) per hectare for carrot and 110,000 SKK
per hectare for parsley. The cost of production per hec-
tare was comparatively high; it fluctuated tfrom 65,000~
75,000 SKK per hectare and had a rising tendency.
Most especially, the price of seeds was high, about
28,000 to 32,000 SKK per hectare.

Presently. the achieved results of the co-operative
farm in comparison to notable foriegn growers is quite
poor. However, a yield of 233 tha™' is quite well
based on our standards. The problem is with discases
and insects which relatively damage and devalue a sig-
nificant portion of the produce. An increase in expen-
diture for chemical control is recommended. Despite
these unfavourable influences recorded at the co-opera-

tive, a profit was realised also with the cultivation of

parsley. thanks to the very favourable market price in
the years 1996-1997.

DISCUSSION

On the basis of the monitored data and comparisons
of the measured soil properties, the following can be
concluded:

The technology of seedbed preparation significantly
influenced soil properties belore sowing and lollowing
planting. The following measrements were certified:

— at a depth of 5 cm, the penetrometer resistance was
0.33 MPa in untilled soil, 0.09 MPa in soil prepared
with the combinator and 0.05 MPa in soil prepared
into heaps with the Rumpstad rotavator-ridger com-
bination:

— atadepth of 30 cm. the penctrometer resistance was
4.38 MPa in untilled soil. 3.85 MPa in soil prepared
with the combinator and 1.45 MPa in soil prepared
into heaps with the Rumpstad rotavator-ridger com-
bination:

— at a depth of 30 c¢m, the soil shear strength was
119.6 kPa in unprepared soil. 112.4 kPa in soil pre-
pared with the combinator and 58.6 kPa in soil pre-
pared into heaps with the Rumpstad rotavator-ridger
combination:

ZEMEDELSKA TECHNIKA, 45, 1999 (1): 1-8

111, Economic results of carrot cultivation with technology A (clas-
sical method)

Year

Index MJ

1995 1990 1997
Acreage ha S 3 |
Yield tha™! 208 224 20.6
Cost SKK 251 000 159 500 52500
Income SKK 364 000 235 200 72 100
Profit SKK 113 000 75 700 19 600

The average price achieved for carrots was 3.50 SKK (Slovak
crowns) per kg

1V, Economic results of parsiey cultivation with technology A (clas-
sical method)

Year

Index M)

1995 1996 1997
Acreage ha 3 | |
Yield tha! 122 13.8 13.2
Cost SKK 159 500 56 400 56 200
Income SKK 219 600 82 800 79 200
Profit SKK 60 100 26 400 23 000

The average price achieved for parsleys was 6.00 SKK (Slovak
crowns) per kg

V. Economic results of carrot cultivation in heaps (technology B. i.e
Dutch method)

Index MJ G

1995 1996 1997
Acreage ha 5 7 10
Yiceld tha! 325 39.40 42,50
Cost SKK 317 300 479 500 712 000
Income SKK 812 500 1 S16 900 2 550 000
Profit SKK 495 200 1 037 400 1 838 000

Price of carrot: year 1995, 1996, 1997, SKK per kg 5.00. 5.50. 6.00

VI Economice results of parsley cultivation in heaps (technology B.
i.e. Dutch method)

Year
Index Mi
1995 1996 1997

Acreage ha 2 5 7
Yield tha! 19.8 214 289
Cost SKK 133 000 336 000 506 100
Income SKK 257 400 749 000 1820 700
Profit SKK 124 400 413 000 1 314 600

Price of parsley: year 1995, 1996, 1997, SKK per kg 6.50. 7.00. 9.00

— at a depth of 5 cm, the soil partile size distribution of
soil grains expressed in 0.125, 0.25 and 0.5 mm, respec-
tively was 20.2% in untilled soil. 12.2% in soil prepared
with the combinator and 23.8% in soil prepared into
heaps with the Rumpstad rotavator-ridger combination:

~ the soil moisture content at a depth of S ¢cm was the

following: untilled soil - 22.5%. soil prepared with the
combinator — 22.8%. soil prepared into heaps with the
Rumpstad rotavator-ridger combination — 13.99%.



The measured soil properties clearly shows the
qualitative difference between soil preparation using
the combinator and Rumpstad rotavator-ridger combi-
nation. Field tests showed that a good soil structure is
achieved using the Rumpstad rotavator-ridger combi-
nation.

From the point of view of plant germination the soil
moisture content is the only favourable factor with soil
preparation using the combinator as against soil prepa-
ration into heaps with the Rumpstad rotavator-ridger
combination. Other comparable indices show an advan-
tage of seedbed preparation based on crop quality and
quantity of plant produce using Rumpstad rotavator-
-ridger combination. The results of soil penetrometric
resistance and its shear strength before harvesting indi-
cates that these values increase during the vegetative
period and unfavourably influence carrot harvesting.
especially in unirrigated fields.

As was seen in field tests done in the summer plant-
ing of carrot, it may be possible to cultivate carrot in
bad soil conditions only with the assumption of the
existence ol intensive irrigation. Otherwise, summer
planting is very threatening. This was especially mani-
fested during plant germination. which had 21-40
plants per metre on the soil prepared with the combi-
nator and unirrigated and 15-26 plants on the soil pre-
pared with the Rumpstad rotavator-ridger combination.
For irrigated land, 40-60 plants per meter was recorded
on soil prepared with the combinator, and 70-80 plants
on soil prepared in heaps with the Rumpstad rotavator-
-ridger combination.

From the physical-mechanical characteristics of car-
rot root, the average root length of carrots planted in
soil prepared with the combinator was 11.2 ¢cm and
13.9 ¢m for carrots planted in heaps (unirrigated), but
17-20 em (for irrigated fields).

There was also a difference in the biological yield
of roots. For soil prepared with the combinator, the
yield achieved was 20-22 tha™' and in heaps. the yield
achieved was 32-42 tha™!,

There was a difference in carrot shapes. Carrot
grown on soil prepared with the combinator had
a short, thick and small conical shape (A, = 1.73) and
had a rougher surface. Carrot grown in heaps were
longer, more slender, had a conical shape (A = 1.39)
and smoother surface.

The economic evaluation of cultivating root vegeta-
bles (carrot and parsley) rose from the total evaluation
of yield in the years 1995, 1996, 1997 (Tabs III-VI) and
from visual evaluation of the produce quality (Tab. II).

The presented yield in comparison (o foreign pro-
ducers were quite low. A yield of 23.3 tha™ for pars-

ley and 38.1 tha™! for carrot grown in heaps are very
good based on our standards. The problem is with dis-
eases and insects which damage and devalue a signifi-
cant portion of the produce, requiring more expenditure
on chemical control.

The economic evaluation of production shows an
advantage of cultivating with technology B (planting in
heaps. i.e. Dutch method) as against cultivating with
technology A (classical method). The results of profits
per ha was 110,000-150,000 SKK.

CONCLUSION

The results confirmed the views ol rescarchers that
the important factor which significantly atfects the
quality of carrot and parsley produce is the preparation
of soil with a good soil structure, good nutrients and
water regime. The ideal tillage equipment for soil
preparation for planting carrot and parsley. and also
other crops is the rotavator-ridger combination. The
equipment’s breaker. hooks ol its shape, motion. angle
of penetration and method of tillage and soil loosening.
creates an optimum soil structure which enables good
germination, optimum plant growth and development.
This guarantees a quality produce and high efficiency
of production. This was proven by the field tests done
in monitoring soil properties and the qualitative indices
ol sowing. A good soil structure, composition and op-
timum representation of soil compositions ol a size of
about 8-2 mm enables ideal growth and development
of roots. With sufficient irrigation. a yield of about 50-
70 tha™" for carrot and 35-40 tha™ for parsley is guar-
anteed.
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VLIV TERASOVANI SVAHU NA FYZIKALNI VLASTNOSTI
SKORICOVYCH PUD V KIRGIZII

IMPACT OF TERRACING ON PHYSICAL PROPERTIES
OF CINNAMONIC SOILS IN KIRGHIZIA

A. Zigova
Geological Institute, Academy of Sciences of the Czech Republic, Praha, Czech Republic

ABSTRACT: Physical propertics of soils have a decisive influence on the origin of erosion processes. According to data
published by Potapov (1990) the soil wash off on slopes without terraces reaches from 10-25 tha™' 10300 or even 400 Lha™
depending on local conditions and the fertility of fruit trees would decrease to 30 or even 50% in various zones of fruit
growing. As result of slope terracing the natural soil profile is subject to transformation. The surface of the stage of terrace
(B) is covered by parent material and the original soil profile on the terrace edge (C) is superimposed by material from Ad
to C horizons. Soil between terrace benches (A) remains intact (Fig. 1). The soil cover of the investigated territory consists
of cinnamonic soils of the carbonate subtype from loess, i.e. siallitic neutral soils without textural differentiation which we
classify under the Calcixerollic Xerochrepts soils following the USA soil classification scheme (Soil Survey Staff, 1990). For

studies of physical properties of soils on terraced slopes a series of terraces was selected their ages being one year, six years.
and 18 years, and their exposition being on the southwestern slopes of Baubas-Ata in southern Kirghizia. with slopes of 20°
to 23° at 1800 m to 1900 m altitude, in the zone of walnut woods. Soil profiles were based on A, B and C terrace elements.
The width of the stage part is 3.5 m. The soil profile was also based on a slope without terraces having the same exposition,
slope grade and altitude. After terracing the slopes the terrace stages were subsoiled to the depth of 70 ¢cm by means of
a trailed subsoiler. At the first automn tillage to the depth of 20 ¢m of the terrace stage and edge following fertilizer doses
were applied: manure - 40 tha™, nitrogen (N) = 60 kg.hu'l. phosphorus (P) = 160 kg.hu". potassium (K) - 60 kg,hu"
Fertilizing the terrace stage and edge concurrent with incorporation of fertilizers by plowdown to 20 ¢m depth has been
performed every two or three years in the automn. The respective doses per one hectare have been 20 to 30 t for manure, 40
kg, 90 kg, and 30 kg for N, P and K. respectively. Mineral and organic fertilizer were supplied during the first 15 years.
Walnut (Juglanys regia L.) plantation have been cultivated on the terraces. Following characteristics were determined in cach
of the morphologically described horizons: bulk mass, specific mass, void ratio. soil microstructure (Tab. L. 1), and dispersity
coefficient K (Fig. 2). this last being ascertained by calculation: K = a/b. where a = % of particles < 0.001 mm determined

by analysis of microaggregates: b = % of particles < 0.001 mm determined by granulometric analysis (Vadunina. Kor¢agina.
1986). Agrotechnical treatment of soils of the terrace stage deteriorates the physical properties of soils above all those in the
Apca and Pca horizons. For the same period. no deterioration of physical properties was found in the Avca horizon of the
terrace edge. Physical properties impact distinctively on some elementary soil processes (EPP) participating in the initial stage
of pedogenesis on terraced slopes. These are agroturbation and soil structure building. The terminology used by us for EPP
description was published by Rozanov (1983). Differing pedogenesis conditions in elements of terraces are manifested in
different intensity and entry of agroturbation and soil structure building in the set of each EPP. Differences of importance
and intensity of elementary processes are conditioned by the length of agritechnical activities.

agroturbation: physical properties of soil: slope terracing; soil structure building

ABSTRAKT: Fyzikdlni vlastnosti pid na terasovanych svazich jsou ovliviioviny riznymi podminkami pedogeneze na
jednotlivych clementech teras a prvnich 15 let i zpracovanim pud. Na plosiné terasy se v dusledku agrotechnického zpraco-
vini zhorSuji fyzikdlni vlastnosti ptid zejména v Apca a Pca horizontech. Tendence ke stabilizaci byla zaznamenana po
18 letech. Na ndsypové Gisti terasy nebylo za stejné obdobi zaznamenino zhorSeni fyzikdlnich viastnosti v Avea horizontech.
Fyzikdlni vlastnosti pid s¢ rozhodujici mirou podileji na elementirnich padnich procesech agroturbace a tvorby struktury
pudy.

agroturbace: fyzikdlni vlastnosti pid: terasovani svahi: tvorba struktury pidy
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UvoD

Fyzikdlni vlastnosti pad maji rozhodujici vliv na
vznik procest croze. Podle udaju, které uviadi Potapov
(1990), dosahuje smyv pady na neterasovanych svazich
v zavislosti na mistnich podminkich od 10 az 15 tha™'
do 300 a7 400 tha™' a drodnost ovocnych stromu se
snizuje na 30 az 50 % v raznych zondch sadaistvi.

V dusledku terasovani svaht se transformuje piiro-
zeny profil pudy. Na ploSin¢ terasy (B) je na povrchu
pudotvorny substrat a na niasypové ¢isti (C) je pavodni
padni profil pickryt materidlem horizonti od Ad do C.
Pada mezi jednotlivymi terasovymi stupni (A) zstavi
neporufena.

Velky objem praci tykajicich se terasovani svaha byl
vénovin vlivu zemédélské techniky na zisoby vldhy
v pidé. Bylo zjisténo (Sejko, 1967; Ochaba, 1970: Zaj-
cenko, 1984: Potapov, 1990), ze pii efektivnim vyuzi-
vani zemédélské techniky se zvySuji zdsoby vldhy
v pudé o 3 az 6 % a Ze zvySeni zasob vldhy nezavisi
na expozici svahu. Populidi (1969). Zarudnyj (1981),
Ivanov, Fursa (1988) se ve svych pracich zamérili na
studium zmén objemové hmotnosti a celkové porovi-
tosti pady na jednotlivych prveich terasy. S komplex-
nejsim studiem zmén fyzikdlnich vlastnosti pid na te-
rasovanych svazich v pocdateénim stadiu pedogencze
jsme se v literatuie nesetkali.

MATERIAL A METODA

Padnim pokryvem sledovaného dzemi jsou skofico-
vé pudy subtyp karbonatové ze sprasi, (. sialitni neu-
trilni pady bez texturni diferenciace. které podle klasi-
fikace pad USA zarazujeme mezi Calcixerollic
Xerochrepts (Soil Survey Staff, 1990) a podle fran-
couzské klasifikace mezi sol marron (Duchafour, 1977).
Skoficové pudy t¢mér nepromrzaji a je pro né charak-
teristicky perkolacni hydricky rezim. Roc¢ni dhrnné
srazky se pohybuji v rozpéti od 600 do 800 mm, pri-
mérni rocni teplota dosahuje 9 az 10 °C. Maximum
srizek piipadd na jaro a na zacatek Iéta (Mamytov,
1974).

Pro studium fyzikdlnich vlastnosti na terasovanych
svazich byla vybrina série teras se stafim jeden rok.
Sest let a 18 let na JZ svazich Baubas-Ata v jizni Kir-
gizii, se svazitosti 20° az 23° v nadmoiské vysce 1 800
az 1 900 m. v pasmu ofechovych lest. Padni profily
byly zaloZzeny na elementech teras A, B a C (obr. 1).
Site ploginové &asti je 3,5 m. Padni profil byl zaloZen
1 na svahu bez leras se stejnou expozici, svaZitosti
a nadmorskou vyskou.

Po terasovini svahd byly ploSinové Casti podryvany
zavésnym podryvacem do hloubky 70 ¢cm. Prvni orbou
do hloubky 20 ¢m se na podzim na ploSinu a nasypovou
¢ast terasy zapracovavaji hnojiva v davkich: chlévska
mrva 40 tha™', dusik (N) - 60 kg.h:\", fostor (P) —
160 kg.ha"l. draslik (K) - 60 l\'g.hu_'. Hnojeni plosiny
a nasypové Casti terasy se zapracovanim hnojiv orbou

10

1. Elementy terasy — Elements of terrace

A - puda mezi jednotlivymi terasovymi stupni — soil berween terrace
benches

B - plosina terasy - stage of terrace

C - nasypovi

ist terasy - terrace edge

do hloubky 20 ¢m se opakuje kazdé dva az (i roky na
podzim. Na jeden hektar se aplikuje 20 az 30 t chlévské
mrvy, 40 kg N, 90 kg P a 30 kg K. Minerdlnimi a or-
ganickymi hnojivy se hnojilo prvnich 15 let. Na tera-
sich se péstuje oresak vlassky (Juglans regia 1..).

Pro stratigrafii pidniho profilu na plosin¢ terasy

jsme pro oznaceni horizontd nachdzejicich se pod Apca

pouzili zkratek Pca, Ica, Ilca. Tyto horizonty nemaji
dostate¢né mnozstvi diagnostickych znaka. abychom je
zafadili do $kaly jiz existujici. Pro vrchni horizont pad
v ndsypové Casti, ktery piekryvd pavodni profil, jsme
pouzili oznaceni Avca (Portnoj. 1965). Prekryté horizonty
puvodnich profilt jsou rozliSeny znaCenim v hranatych
zavorkach. Oznaceni ostatnich horizont zkratkami odpo-
vida morfogenctickému klasifikacnimu systému (Hras-
ko et al.. 1991).

V jednothivych morfologicky popsanych horizon-
tech byly stanoveny tyto charakteristiky: objemovi
hmotnost. mérnd hmotnost, pérovitost. struktura pady. zr-
nitost, mikrostruktura pady a koelicient disperzity K. kie-
ry stanovujeme vypoctem (Vadunina, Korcagina. 1986).

K=a/b

Kde: a — procento ¢
b — procento Castic < 0.001 mm pii zrnitostni analyze

tic < 0.001 mm pii mikroagregatové analyze

VYSLEDKY A DISKUSE

Hodnoty lyzikdlnich vlastnosti pid na svazich bez
teras koreluji s prislusnymi hodnotami pud mezi jed-
notlivymi terasovymi stupni. Z tohoto divodu se zam¢-
fime na sledovani fyzikalnich vlastnosti na jednotli-
vych elementech teras.

Vyrazné zmény objemové hmotnosti pad, zejména

jejich povrehovych horizonta, nastivaji predevsim pa-

sobenim zeméd¢lské techniky. Prvni rok po terasovini
svaha maji pudy mezi jednotlivymi terasovymi stupni,
na ploging i na ndsypové ¢asti terasy stejnou objemo-
vou hmotnost. Vyznamnou roli uvedené distribuci ob-

jemové hmotnosti sehrdlo podryvani plosiny a materidl.

7z kterého se formuje horizont Avca. Po Sesti letech by-
ly nejvyssi hodnoty objemové hmotnosti zaznamendiny

na plosinové Casti a nejniZsi na padé mezi jednotlivymi
terasovymi stupni. Obdobna situace je na terasovanych
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svazich i po 18 letech (tab. I). Celkové nejvyssi hod-
noty objemové hmotnosti byly naméfeny na plosinové
Casti terasy a rostou amérné s délkou agrotechnického
zpracoviani pudy. ZvySeni obsahu humusu na ploSiné
z 1.4 % v prvnim roce na 3,05 % (Zigovd, 1997)
a ukonceni agrotechnické Cinnosti po 15 letech vede
k stabilizaci objemové hmotnosti. Na ndasypové Casti
terasy jsou hodnoty objemové hmotnosti v Avea hori-
zontech v prabehu 18 let stejné. Agrotechnické obrabé-
ni uvedeného prvku nevede k zhutiovani horizontl
Avca, protoze jsou slozeny z materidlu horizonta Adca
az Cca. Kromé toho narast obsahu humusu na ploSino-
vé asti, jak vyplyvd z citované price (Zigovd, 1997),
je rychlejsi a za 18 let dosahuje 3.98 %.

Porovitost pudy byla stanovena vypoctem na zakla-
d¢ adaji o objemové hmotnosti a mérné hmotnosti pi-
dy (tab. T), tj. porovitost pady koreluje s hodnotami
objemové hmotnosti, coZ potvrzuji i nase vysledky.

V prubéhu I8 let se diferenciace struktury na jednot-
livych elementech projevuje takto: nejvétsi zastoupeni
frakce > 10 mm a < 0,25 mm vykazuji Apca horizonty,
tzn., ze ploSinovi ¢ast terasy (€méi nema vodostilou
strukturu.Nejpiiznivéjsi struktura byla zaznamendna na
pudach mezi jednotlivymi terasovymi stupni. Na plosi-
nové Casti se v 18 letech projevuje tendence k zlepSo-
vani struktury. Tato tendence byla potvrzena i koefici-
entem struktury (obr. 2), ktery byl vypocten ze vzorce

K=A/B

kde: A - I castic od 0.25 mm do 10.0 mm (%)
B - Z istic < 0.25 mm a > 10.0 mm (%)

To znamend, Ze stejné jako u fyzikdlnich vlastnosti
maji rozhodujici vliv na strukturu pady razné podmin-
ky pedogencze na jednotlivych elementech terasy
a agrotechnické zpracovini pud.

Zrnitost pudy do znaéné miry ovlifiuje prabéh pedo-
genetickych procest a stupenn vyvoje pady. U zrnitos-
tniho sloZeni (tab. II) probihd diferenciace na ploSinové
casti takto: prevladaji frakee 0,25 az 0,05 mm, 0,05 az
0,01 mm a 0,005 az 0,001 mm. Popsand difererenciace
je charakteristickd pro pldy na vSech elementech teras
a podle padniho druhu je zafazujeme mezi pudy jilovi-
to-hlinité. Plofinovd a nasypovi ¢ast teras se odliduji

0 :
T1ok - Tyeor 6let-6yeors | Blet 18 years
| |
o 1 2 368 € 1 § 7 gg) 1 2738 S 6 7
] >
| /
|
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J |
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2. Koeficient struktury — Coetficient of structure

Elementy terasy — Elements of terrace
A

B —

C-

v procentech zastoupeni frakei 1,0 az 0.5 mm a 0.5 az
0.25 mm v nové sc¢ formujicich horizontech.

Nejnizsi stabilita mikrostruktury (koeficient disper-
zity — tab. I) byla stanovena na plosinové casti teras.
Po 18 letech. kdy se tfi roky neprovidi agrotechnické
zpracovani, jsme zaznamenali tendenci ke zlepSovani
mikrostruktury pidy. Na ndsypové Casti teras se stabilita
mikrostruktury po 18 letech piiblizuje k hodnotim zj
nym na pudach mezi jednotlivymi terasovymi stupni.

Agrotechnické zpracovini pad na ploSiné terasy
v prabéhu prvnich 15 let zhorfuje fyzikdlni vlastnosti
pud predevsim Apca a Pca horizonti. Na nasypové Cis-
ti terasy nebylo za stejné obdobi zhorSeni fyzikilnich
vlastnosti v Avca horizontech zaznamendno.

Fyzikilni vlastnosti vyrazné ovliviiuji nékteré cle-
mentdrni padni procesy (EPP), kter¢ se podileji na po-
Ciate¢nim stadiu pedogeneze na terasovanych svazich.
a jsou to: agroturbace a tvorba struktury pudy. Termi-
nologii, kterou pouzivame pro popis EPP. uvedl Roza-
nov (1983). Na plosin¢ terasy se prvnich 15 let v ob-
dobi agrotechnické cCinnosti vyrazné
agroturbace. Po 15 letech zaCind v tvorbé pudni struk-
tury stoupat vyznam EPP. Na ndsypové Casti je zavaz-
nost agroturbace podstatné mensi a po Sesti letech se
zacinaji projevovat i EPP v tvorb¢ struktury pudy.

té-

projevuje

1. Fyzikalni vlastnosti pudy — Physical properties of soil
Cislo prf)ﬁ»lu clt.jmlcnl Horizont2 Hloubka® Objemovi h{l‘mln()sl4 Mérni hmo‘lnuxl" P()mvif‘tllsl K()cl’iciun;
. SHTi terasy (m) (g.em™) (g.em ) objemova® (%) disperzity
112/89 Adca 0.00-0.05 242 16.9
A Aca 0.05-0.26 1.27 2.62 S1.52 8.7
I rok® ABea 0.26-0.49 114 2.66 57.14 2.6
Blea 0.49-0.75 1.23 2.69 54.27 2.0
B2ca 0.75-1.02 1.24 2.63 52.85 6.9
BCca 1.02-1.45 129 272 52.57 15.9
Cea 1.45-1.80 1.27 2 53.13 28.8
113/89 Apca 0.00-0.70 1.23 2.69 54,27 15.6
B BCea 0.70-0.90 1.41 271 4197 49
| rok
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Pokracoviini tab. | - Continuation of Tab. 1

Cislo profilu, element Horizont® Hloubka® Objemovi hmotnost* [Mérna hmotnost® Porovitost Kncl’iu_l:m
terasy, stifi terasy' (m) (g.em™) (g.em ™) objemovi® (%) disperzity’

114/89 Avea 0.00-0.43 1.25 272 54.04 S.8

C [Aca] 0,43-0,74 1.33 262 49.23 2.6

1 rok {ABca] 0.74-1.00 1.32 2.66 50.37 10.3

[Blca) 1.00-1,40 1.30 2,72 52,20 S4

[B2c¢a] 1.40-1.72 1.26 2J1 53.50 10.2

[BCea] 1,72-2.30 1.24 267 5243 84

[Ceal 2.30-2.42 1.27 2.74 53.64 8.0

104/88 Adca 0.00-0.07 0.96 2.58 61.10 4.4

A Aca 0.07-0.24 1.26 2.64 52.27 T

6 let ABca 0.24-0.39 1.30 2.68 51.49 16.4

Blea 0.39-0.76 1.32 269 5093 5.5

B2ca 0,76-1.33 1.38 20 49,08 20.1

BCca 1.33-1.50 1.33 268 50.37 14.1

Cea 1.50-1.89 1,29 2 52.40 20.1

105/88 Apca 0,00-0.20 1.40 271 48.34 19.3

B Peca 0.20-0.33 1.31 272 48.53 0.6

ol lea 0.33-0.77 134 273 56.91 27.6

Tlea 0.77-0.99 128 272 51.04 10.9

BCea 0.99-1.40 122 2.74 55.47 5.5

106/88 Avlca 0.00-0.10 .14 2.66 57.14 12,1

(o} Av2ca 0.10-0.42 1.42 2.6 47.21 15.3

6 let Avica 0.42-0.72 1.28 2.68 52.24 278

[Aca] 0.72-0.92 118 2,64 55.30 A2

[ABca] 0.92-1.12 1.28 2,70 51.80 10.4

[Blca] 1.12-1.32 1.34 2.68 50.10 159

[B2c¢a) 1,32-1.73 1.38 2,68 48.50 39

[BCea] 1.73-1.89 1.25 2.69 5333 10.0

[Ceal 1.89-2.14 1.10 2.69 59.10 14.7

109/89 Adca 0.00-0.09 0.84 246 05.85 4.0

A Aca 0,09-0.28 1.29 2.64 S1.14 437

18 let ABca 0.28-0.45 1.26 2,67 52.81 19.3

Blca 0.45-0.79 1.26 271 S3.50 123

0,79-1.10 1.32 172 S1.47 9.9

1.10-1.59 1.31 272 5183 22:7

1,59-1.80 1.16 2,70 57,03 121

1H10/89 0.00-0.20 1.34 2,68 49.43 7.9

B 0.20-0.34 1;27 2,69 52.87 12:5

18 let 0.34-0.67 1.30 2.69 S1.67 12

Tlea 0.67-1.10 1.35 2.2 50.36 1.8

BCea 1.10-1.60 1.26 2,69 53.15 7.8

111/89 Avica 0.00-0.10 1.19 2.64 5492 37

(o] Av2ca 0.10-0.32 119 2.65 55.00 1.9

18 let Av3ca 0.32-0.75 1.19 2:57 53.69 5.

[Aca] 0.75-1.12 1.24 2.64 53.03 B2

[ABca] 1,12-1.40 118 21 56.45 237

[Blca) 1.40-1,60 114 2,65 56.98 18.3

[B2ca) 1.60-1.80 1.14 2.68 57.46 13.9

[BCca] 1,80-1.96 1.18 2.71 56.45 8.3

| . : . T 3 . s . . B 5 A .8
number of profile, element of terrace. age of terrace. horizon, “depth. *bulk density. “particle density. “porosity. "dispersion coeflicient.
N,

year
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[1. Zrnitost pudy — Grain size distribution

& SR i Frakee! (mm)
l;_‘ff:;’y_";::é:.";;ﬂ:’y"."“ Horizon® | MO 110,25 [0.25-0.05 [0.05-0.01 [0.01-0.005 [ 000s-0.001 | < 0001 | < 01
l/;.
112789 Adca 0.00-0.05 | 0.33 190 | 36,28 15.54 18.22 1873 | S2.49
A Aca 0.05-0.26 | 0.87 657 | 3837 13.58 20.58 2003 | 5419
I rok® ABea | 0.26-049 | 0.16 sal | s | 2250 9.560 260 | sS40
Blea 0.49-075 | 1oy | 290 | 178 | 1w 19.54 204 | 5207
B2ea 0.75-102 | 0.03 1892 | 2377 14.75 .71 080 | 47,28
BCea Lo2-tas | 036 | 2w77 | 1S4 14,28 36,36 s00 | ss73
Cea 145-180 | 0.23 1208 | 3593 13.31 24.73 1362 | sies
113/89 Apca 0.00-0.70 015 14.39 3148 13.05 2247 18,40 53.98
o BCea | 070-000 | 03 | 2250 | 207 .11 26,58 16710 | 5340
114789 Avea 0.00-043 | 3.87 850 | 2755 13.54 2257 207 | 5008
c [Acal | 043-074 | 307 | 2151 | 3028 443 16.23 2445 | 453
I rok [ABca| 0.74-1.00 0.46 499 35.59 16.85 23.50 I8.01 5800
(Bleal | 100-140 | 047 1439 | 3962 10.81 10.52 2409 | 4552
[Bleal | 140-172 | 002 | 2754 | 2089 10.48 2258 1849 | 5155
BCea] | 172-230| 004 | 2602 | 2308 461 25.37 1468 | 49.00
[Cea] 230-242 | 006 | 2404 | 2992 6.90 2173 17.25 | 4588
104/88 Adea 000-007 | 0w [ 2252 | 4w 774 17.00 1036 | 5170
A Aca 0.07-024 | 0.32 s | a2 | 2478 1499 | saad
O et ABca 0.24-0.39 0.05 3.90 41.38 12.00 28.67 13.93 54.09
Blea 039-076 | 033 | 2260 | 3180 5.29 13.68 26,72 | 4500
B2ca 0.76-133 | 0.21 623 | 3976 | 1368 27.04 08| sas0
BCea 1.33-150 | 0.01 424 | 2520 | 1720 16.42 243 | 56,05
Cea 150189 | ood | 20710 | 29m0 | 1009 22.08 608 | 4025
105/88 Apca 0.00-0.20 0.00 41,33 19.35 S04 21.63 12,40 3423
B Pea 0.20-033 | 004 | 4706 | 1805 S04 2041 920 | 3475
6 et fea 0.33-077 | 0.02 104 | 2002 10.2% 2389 404 | 4821
Hea 0.77-0.99 (A Y] 2992 18.74 20,00 16.25 14.25 51.23
BCea 0.99-140 | 0.1 4340 | 1503 7.62 2150 44,56
106/88 Avlca 0.00-0.10 0.07 30.56 24,42 S8R5 2183 4495
c Avaaa | 000-042 [ 000 | 1w | 33700 | 1996 201 5511
Glet Avica 0.42-0.72 0.04 7.11 3481 17.93 17.01 S8.04
[Acal | 072-092 | 008 | 2075 | a0 386 18.73 303
(ABcal | 092-112 [ 136 130|303 13,69 2542 5400
Bleal | L12-132 [ 001 240 | 1225 9.32 25,74 46,34
(B2l | 132-1.73 | 044 9y | oi3er 8.75 2435 4503
[BCcal | 173-189 [ 001 1323 | 3305 14.20 27.78 5272
(Cea) o208 | 00 | ey | ras2 | 1048 27.14 783 | d4s4s
109/89 Adea 0.00-009 | 006 [ 3105 | rom3 9.63 19.37 2004 | 4906
A Aca 0.09-028 | 0.21 348 | 461 14.24 29.13 013 | 4908
I8 et ABea | 0.28-045 [ 001 455 | 4243 15.3% 20.24 1739 | 5301
Blca 045-079 | 009 | 4076 | 1140 7.30 17.98 247 | 4775
B2ca 079-1.10 | 001 636 | 4000 | 1291 2185 1877 | 535
BCea L10-159 | 091 S48 | 38 13.78 27.00 1394 | sam
Cea 1.59-1.80 | 0.63 595 | 374 15.65 27.09 1364 | 5638
110/89 Apea 0,00-0,20 015 30,02 20.65 8.09 2383 17.2% 49,20
B Pea 0.20-0.34 | 0.01 347 | 4076 15.32 23.27 1717 | $5.76
18 let lea 0.34-067 | 0.04 1902 | 2780 | 113s 2103 20.76
fea 0.67-110 | 0.01 1341 | 3544 14,11 19.74 18.09
BCea 110-1,60 | 0,03 1895 | 29.42 .71 20.21 20,18
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Pokracovani tab. Il — Continuation of Tab. 11

B S ) Frakee? (imm)
lc',‘::;’ﬁi?;;!",’;;:';‘“"' Horizont? | M1UOK ™17 55 T0.25-0.05 [0.05-0.01 [0.01-0.005 | 0.005-0.001 | <0.001 | <001
2

111789 Avica [ 0.00-0.10 | 006 | 1847 | 28067 | 1734 2236 1310 | 5280

(o Avzea [ 000-032 | 086 | 2790 | 1812 | 1566 16.81 39 | s3s6

18 let Avien 032075 | 020 | 3190 | 1730 | 13 15.83 265 | 50.59
[Acal [ 075-L12 | 007 a7z | waa | 208 16.22 1398 | 5077
[ABea] | 112-140 | 005 | 3038 | 2032 | 145 9.27 1985 | 4327
[Bleal | 140-160 | 002 | 2637 | 3097 | 11w 10.49 2008 | 42,64
[B2al | 1.60-180 | 001 | 2598 | 1720 | 2627 2360 689 | 56085
[BCeal | 1.80-196 | 003 | 101 | 2584 | 1979 1294 1901 | sisd

. - . 2 . 3 4 . s
"number of profile. element of terrace, age of terrace, “horizon, “depth, “fraction, “year

Rozdilné podminky pedogeneze na jednotlivych ele-
mentech teras se projevuji v rozdilné intenzité a vstupu
agroturbace a tvorby struktury pudy do souboru jednot-
livych EPP.

ZAVER

Terasovanim svahu byly na jednotlivych ¢astech te-
ras vytvofeny rizné podminky pro zikladni padni pro-
cesy podilejici se na pocateCnim stadiu pedogeneze.
Fyzikalni vlastnosti vyrazné ovliviiuji elementirni pad-
ni procesy agroturbace a tvorby struktury pady. Ruzna
zavaznost a intenzita uvedenych elementédrnich procesi
je podminéna délkou agrotechnické ¢innosti.
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APLIKACIA INTERAKTIVNEHO VYPOCTOVEHO
SYSTEMU MECHANIKY KONTINUA PRI PEVNOSTNE]
ANALYZE NOZA REZNEHO MECHANIZMU

THE APPLICATION OF INTERACTIVE COMPUTING SYSTEM
OF MECHANICS OF CONTINUUM AT TENACITY ANALYSIS
OF CUTTING MECHANISM KNIFE

J. Marko
Technical University, Faculty of Forestry, Zvolen, Slovak Republic

ABSTRACT: Classic computing procedures do not render a possibility to tind quickly optimal shape and dimensions of
particular nodes of engines, because it is not possible to calculate complicated fields of deformation on the basis of values
of functioning forces. Only average values of stress are used to assess dimensions and that is why the link on complicated
and real shape of bodies is insufficient. That is why the ways to perfect the calculation of fields of deformation and stress
have been searched. Interactive computing system of mechanics of continuum which is based on the method of finite elements.
method of border elements and the method of finite zones classes among the aptest methods for determination of deformations
and voltages in construction and nodes. The system has been developed in ZTS-WUSAM Zvolen. In this contribution it is
applied at tenacity analysis of chipless mechanism knife.

interactive computing system: mechanics of continuum: tenacity analysis: cutting tool

ABSTRAKT: Klasické vypoctové postupy neumoZiiuji rychlo ndjst optimalny tvar a rozmery jednotlivych uzlov strojov,
lebo nie je moZné urcit vypoctom zlozité polia deformicii na ziklade velkosti posobiacich sil. Na urovanie rozmerov sa
pouZivaji len priemerné hodnoty napiiti. a preto viizba na zloZity a skuto¢ny tvar telies nie je dostato¢nd. Preto sa hladali
cesty na zdokonalenie vypoctu poli detormdcii a napiiti. Interaktivny vypoctovy systém mechaniky kontinua. Ktory je zaloZzeny
na biaze metody konecnych prvkov, metody hraniénych prvkov a metédy koneénych pisov, je jednou z najvhodnejSich metod
na zistovanie deformicii a napiiti v konstrukcii a uzloch, Systém vznikol v ZTS-WUSAM Zvolen a v prispevku je aplikovany
pri pevnostnej analyze noZa beztrieskového rezného mechanizmu.

interaktivny vypoctovy systém; mechanika kontinua; pevnostni analyza: rezny nastroj

UvoD

Na znizenic hmotnosti a zvySenie prevadzkovych
vlastnosti konstrukceii je potrebné mysliet uZ pri navrho-
vani. Preto je nutné uz pocas tvorby vykresovej dokumen-
tacie vyuzival najnovsie poznatky numerickych metod —
mechaniky kontinua. Tieto metddy obsahuje interaktivny
vypoctovy systém (IVS) mechaniky kontinua, zalozeny
na bize metédy koneénych prvkov, metody hrani¢nych
prvkov a metédy konecnych pasov. Ma stavebnicovi
Struktiru, ktord mozno prisposobil poziadavkam uzivate-
la. Je urceny pre konStruktérov v strojarstve a v stavebnic-
tve, ale i pre $pecialistov v oblasti numerickych metod.

MATERIAL A METODY

Systém IVS mechaniky kontinua umoZziiuje rie§it
staticki a dynamickua analyzu priestorovych konStruk-

ZEMEDELSKA TECHNIKA, 45, 1999 (1): 15-18

cii v elastickej oblasti, v oblasti plasticity a medznych
stavov. §irenia tepla a pridenia kvapalin. Systém po-
zostava zo samostatnych modulov. Ich zaradovanim,
zodpovedajicim potrebe a moznostiam uZivatela, je
mozné menit velkost a schopnosti systému. Systém
IVS je riadeny viacuroviiovym menu. Kazda volba je
podporena volbou HELP. ktord stru¢ne informuje
o moznostiach zvolenej cesty a je struénym niavodom
na zadavanie vstupnych hodnét. Prostrednictvom data-
banky je systém prepojeny s ostatnymi systémami
CAD (Eisner, 1990a. b).

Sucastou systému je systém IVS MOD, ktory umoz-
nuje geometrické modelovanie konstrukeie kontrolova-
telné pomocou grafického zobrazovaca. Sucastou geo-
metrického modelovania je vytviranie sieti prvkov.
V elastostatickej tlohe sa pocitaji deformacie v jednot-
livych uzloch konStrukcie a napitia na kazdom prvku
v zivislosti od zadanych vonkajsich sil. resp. teplot.
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Pri vietkych typoch analyz je moZné interaktivne
zasahovat do chodu programu vzhladom na priebezné
vysledky vypoctu.

Grafické zobrazovanie vstupnych hodndt, a to geo-
metrického modelu kon$trukcie, vonkajSich sil a okra-
jovych podmienok, a vystupnych hodndt v prichehu
deformacie, napiiti, teplot a vlastnych tvarov. umoZituje
vykonny graficky zobrazovac.

Systém IVS je obojstranne prepojeny so systémom
AutoCAD. V prostredi systému AutoCAD je mozné
snimal suradnice vyznamnych bodov konstrukcie, kto-
ré st potrebné pre ndsledné generovanie sieti prvkov.

Minimadlna konfigurdcia technickych prostriedkov:
16-bitovy persondlny pocita¢ (IBM kompatibilny) ob-
sahujici paralelny port, pamit 640 kB RAM. pevny
disk 20 MB. farebny monitor a graficky adaptér Stan-
dardu VGA. mys, snimac suradnic, saradnicovy zapi-
sovac.

Jednou z najprogresivnejSich vypoctovych metéd,
ktora nam umozni urCit napitovo-deformacny stav rez-
né¢ho ndstroja, je metoda koneénych prvkov (MKP). Ni-
zov metddy vyplyva z toho, Ze teleso je v nej rozdelené
na konecny pocet prvkov, pre ktoré sa zauzival povodne
pracovny nazov konecné prvky (finite elements).

MKP je vel'mi acinna varia¢na metoda ricSenia okra-
jovych dloh mechaniky kontinua. V sicasnej dobe sa
pouziva hlavne pri numerickom rieSeni konkrétnych
problémov teorie pruznosti a plasticity, tedrie poten-
cialneho pridenia a dynamiky.

Lubovolné okrajové podmicnky je moZné v metode
kone¢nych prvkov lahko vyjadrit. Rovnako nerobi
problémy vystihnit spriavne priebeh rieSenia v mies-
tach koncentricie vonkajSich alebo vnitornych sil. ak
v takych miestach zhustime delenie na prvky.

Jednou z hlavnych vyhod pre technicka prax je
okolnost, 7¢ z prvkov je mozné skladal konStrukcie
Tubovolného tvaru, s otvormi. zdrezmi. vrubami a pod.
Kazdy prvok moze mat obecne rozne fyzikalne vlast-
nosti, ktoré sa mézu pripadne menit v dalSich cykloch
vypoctu podla dosiahnutych medzivysledkov. MéZeme
teda lahko riesit kon§trukcie premennej hribky, modu-
lov pruznosti a sucinitelov priecnej kontrakeie, neho-
mogénne a anizotrépne, priblizne zistit vplyv geomet-
rickej a fyzikdlnej nelinearity, tj. velkych deformécii
a odehylick od Hookovho zikona. Je mozné zostavil
univerzalne programy pre pocitace s velmi Sirokou va-
riabilitou vstupnych tdajov. Vznika tiez redlna moz-
nost optimalizacie tvaru konStrukcie a rieSenia dalSich
zavaznych uloh.

VYSLEDKY

Pri pevnostnej analyze noZa rezného mechanizmu
sliazi ako podklad vykres rezného nastroja — plochého
noza hrabky r= 1, 2. 3, 4. 5. 6. 8 mm so symetrickym
uhlom ostria (rezné¢ho klina) B = 25°, 30°, 35°, 40°, 45°
a 60? z nastrojovej ocele 19 733, kalené HRC 50+2.
Pre nedostatok materidlu poZadovanej akosti neboli vy-
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Jje zatazovand staticky mernou reznou silou £,

§ Hrdbka noza Uhol ostria 3 (")
1 (mm)

\ | 25% | 307 40"
) 257 | 30° | 35° | 407 | 45° | 60¢
3 28% [ 30° | 35° | 40" | 45" [ 607

>_\ 4 25| 307 [ 357 | 407 | 45" | 60

N y 5 30°

® 6 30"

.LJ % 30"

1. Ploché noze a geome
try of edge

ich ostria - Flat knifes and their geome-

hribka noza - knife thickness
uhol ostria - angle of edge

robené vSetky varianty uhla B u nozov hribok 5 az
8 mm (obr. I).

Pri vypocte sme vychadzali z vykonanych experi-
mentdlnych skasok zavislosti zmeny reznej sily od geo-
metric a hribky ndstroja i druhu dreviny. Predpokladi-
me uchytenie noza v ¢ape. alebo votknuty. reznd hrana
o (NLmm™ h
po celej dizke.

Pre kontrolny vypocet rezného nastroja uvidzam dva
napitovo-deformacné stavy: pre hriabku noza 1 = 1 mm
s uhlom rezného klina B = 25° zataZeného mernou reznou
silou Fy 5q = 257 N.mm™'., ktorti uvidza Marko (1996)
ako maximdlnu namerand hodnotu pésobiacu spojite po
celej dlzke reznej hrany, tj. 30 mm, a pre hribku noZa
=6 mm s uhlom rezného klina B = 30° zataZeného mer-
nou reznou silou Fg 3, = 530 N.mm™,

Dana pocitacova konstrukcia bola pre obidve hribky
a obidva sposoby uchytenia (v Cape i votknuié) rozde-
lend na 2 400 prvkov a 2 331 uzlov v reze (obr. 2). pre
obidve hrubky pri uchyteni v Cape na | 320 prvkov
a | 423 uzlov plosne (obr. 3), pri votknuti pre hrdbku
noza r =6 mm na 600 prvkov a 651 uzlov. Vypocitané
deformdcie, natoCenia v uzloch a napiitia st spracova-
né analyticky i graficky.

P IMAULL  BLERC 2400 NODES: 2131 avon:ziM  kw 27w

2. Rozdelenie noza hrabky r = 6 mm na prvky - vyrez - Division
of the knife of thickness 1 = 6 mm into clements = cut-out
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3. Zobrazenie delormovanej konstrukcie noza hrabky 1 6 mm

uchytencho v ¢ape = Reduced stress zones - kmife of thickness 7 =

6 mm gripped in the pin

Deformicic noza su desatnasobne zvicSené (obr. 3) od
zatazujuce) mernej reznej sily /. posobiace) spojito po
celej dizke reznej hrany. Pricbehy redukovanych napiiti
v nozi a ich velkosti st graficky vyznacené (obr. 4 az 7).

Na obr. 6 st izolinie redukovanych napiti neuprave-
n¢ho rezného klina noza a na obr. 7 vidime izolinie
redukovanych napati upraveného (zrazeného) rezného
klina. Z tychto obrazkov mozeme usudzovat. 7Ze upra-
veny rezny klin (zrazenim alebo zaoblenim) ma znaény
vplyv na velkost a pricbeh napiiti, a tym aj na zivotnost
ndstroja. Vhodnou apravou rezncho klina sa znizia vel-
ké redukované napiitia na ostri noza.

DISKUSIA

Uskutocneny teoreticky a experimentalny rozbor si-
lovych a deformacno-destrukcnych prejavov beztries-
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4 1zolinie redukovanych na

uchyteny v ape — Reduce

mm gripped i gudgeon

¢ Z0NCS

vyrez - noz hrubky 6 mm

knife of thickness 1= 6

S Izolinie redukovanych napiiti

Reduced voltage zones

votknuty noz hrubky
built-in kntfe of thickness ¢

1= 0 nun

O min

6. lzolinie redukovanych
napiiti rezného Klina = vyrez

noz hrubky 1 = 6 mm
uchyteny v Cape = Reduced

volt

res zones ol cutting

edy knife ol thickness

r =6 mm gripped in gudgeon
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koveho rezania drevin je mozné vyuzit pri optimalizo-
vani hribky rezného nastroja a uhla rezného klina no
7za. Navrhovan¢ parametre reznych nistrojov a ich di-
menzovanie interaktivnym vypoctovym systémom
tvoria priamo realizovateIné vysledky pre navrhovanic
reznych nastrojov a dimenzovanic lunkénych casti
Vhodnou tpravou rezného klina (velkostou polomeru
ia velké redukované napiltia.
a tym aj Zivotnost nastroja.

zaoblenia ostria) sa zni

Pri porovnani IVS MK s bezne pouZivanymi systé
mami. napr. ANSYS. COSMOS. mozno konStatovat.
7e tento systém je urceny predovietkym pre vypocly
v strojdrstve. Je to systém uzatvoreny a v pripade roz-
Sirenia je potrebné obratit sa na autorska firmu WU-
SAM Zvolen, ktord intenzivne pracuje na jeho rozsireni
a zdokonaleni.

Izolinie redukovanych
napiti upravencho rezného
klina
1 =6 mm uchyteny v Cape

- vyrez = noz hiubky

Reduced voltages zones of

adjusted cutting cul-
out knife of thickness 1 =

6 mm gripped in gudgeon
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ZJISTOVANI EMISI AMONIAKU ZE ZEMEDELSKE
CINNOSTI

MONITORING OF AMMONIA EMISSIONS FROM FARMING
ACTIVITIES

A. Jelinek, M. Cespiva, P. Pliva
Research Institute of Agricultural Engineering, Praha, Czech Republic

ABSTRACT: Research on concentrations ol toxic gases generated by farming activities is one ol the most important
worldwide concerns in order to ensure the environment improvement. A method of continual measurements of ammonia and
other noxious gas concentrations was developed and tested in the Czech Republic. Comparative measurements were conducted
on the basis of this method to confront it with the method applied in the Institute of Agricultural Engineering at Postdam-Bornim
in the FRG, relying on a Briiel & Kjear apparatus used in EU countries for this purpose. After data correspondence was demon-
strated, measurements were conducted in basic categories of animals and emission limits for ammonia were established.

ammonia: toxic gas emissions; meters: sensors; detectors; climate in stables

ABSTRAKT: Vyzkum moZnosti zjiStovini koncentrace toxickych plynii ze zemédélské Cinnosti je v dasledku snahy o zlep-
Seni zivotniho prostiedi celosvétove velmi sledovidn. V Ceské republice byla navrzena a ovéfena metoda kontinudlniho méieni
koncentrace amoniaku a dalSich zatéZovych plynt. Touto metodou byla uskuteénéna porovndvaci méfeni s metodou pouzi-
vanou pracovniky Ustavu zeméd@lské techniky v Postdamu-Bornimu v SRN pfistrojem Briiel & Kjear. pouZivanym k témto
méfenim v zemich EU. Po prokdzané shodé naméfenych hodnot byla provedena méfeni u zikladnich kategorii hospodaiskych

zvifat a stanoveny emisni limity amoniaku.

amoniak: emise toxickych plynt; méfici zafizeni; ¢idla; snimade: klima stdje

UvoD

Emise toxickych plyni ze zemédélské cinnosti,
zvlaité pak amoniaku, sirovodiku, kysli¢niku uhli¢ité-
ho a metanu, jsou srovnatelné s emisemi oxidu dusiku
ze stacionarniho spalovani fosilnich paliv a mobilnich
zdroju. Emise toxickych plyni ze zemédélské Cinnosti
vyrazné ovliviiuji ozénovou vrstvu, a proto je jim —
jejich zjistovani a omezovani jejich vzniku a uniku do
ovzdusi — vénovana celosvétove velka pozornost.

Pro méfeni koncentraci toxickych plyni v ovzdusi
se sv&t& pouZivaji specidlni analyzétory. V Ceské re-
publice je normalizoviana metoda méfeni amoniaku
a dalSich toxickych plyna v objektech spektrofotomet-
ricky. Vzorky ovzdusi pro méfeni se odebiraji special-
nim. normou pfedepsanym zpusobem. Podle normy
CSN 12 4070 je dile stanoven pritok vzduchu v objek-
tu, teplota a relativni vihkost vzduchu. Nevyhodou je
nemoznost méfit koncentrace plyni v méfeném pro-
stiedi kontinualné. Tuto nevyhodu odstraiuje metoda
méfeni toxickych plynii navrzend a ovéiend ve VUZT,
zaloZzend na vyuZiti specidlnich selektivnich Ci-
del pro jednotlivé méfené plyny. Tato metoda méfeni
umoziuje operativné zjiStovat ucinnost technologic-
kych opatfeni sméfujicich k omezeni emisi. Mezina-
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rodni zavazky CR ukladaji snizit emise toxickych ply-
ni ze zemédeélské Cinnosti do roku 2002 minimalné
0 50 %. V soucasné dobé se proto pripravuje Koncepee
ochrany ovzdu$i a zajisténi mezindrodnich zdvazki.
Pro naplnéni cili této koncepee ochrany ovzdusi je nut-
né dokonéit zakladni vyzkum emisi toxickych plynu ze
zemédélské C¢innosti a na jeho zakladé navrhnout opa-
tieni v technologickych procesech, zvIasté Zivocisné
vyroby, vedoucich k jejich minimalizaci.

METODA MERENI

Pro méieni emisi plyn je na trhu pomérné dzky
sortiment piistroju. Specifika zemédélské vyroby nas
proto prinutila vytvofit vlastini mérici zafizeni, zalozené
na vyrabénych a dodavanych cidlech typu Figaro TGS
(dovoz Japonsko) piipojenych k méficimu systému vy-
vinutému ve VUZT Praha a zapojenych na Fidici podi-
ta¢ PC. Pouzita ¢idla jsou citliva na kyslicnik uhelnaty,
kysli¢nik uhlic¢ity, kyslicnik sificity, sirovodik, metan,
0zon, amoniak a na jejich nejraznéjsi obdoby.

Polovodicové ¢idlo je vyrobeno ze sintrovaného
praskového kyslicniku cinicitého. ktery je slisovan do
ur¢ité formy a vyhfivan topnou spirdlou 7z platiny na
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urcenou teplotu. Nahromadéné plynnc latky na povichu
¢idla zpusobuji zménu ve strukture matertilu, a tim se
smensi mérny odpor mezi clekrodami. Tento proces je
vratny. Rychli zména polovodi¢ového materidlu v obou
smérech je zpusobena stalym ohfevem nateplotu 300 °C

Cidla maji v podstaté ncomezenou zivotnost pii sti-
I¢m provozu a teoreticky neni nutné je casto kalibrovat.
Pro praktickd méfeni se viak s kalibraci pocita. Cidla
se neporusuji ani prt tevalém provoza v oprostiedi libo
volného plynu. Nesmi se viak dostat do styku s tekuti-
nou, Zmenou chemického slozeni Cidla j¢ mozné do
Cidlo ma

takovou konstruket. kterid je ¢ini odolnym proti mecha

sahnout cithivosti na nejrazné)si plyny

nickému poskozeni. a dobre snasi vibrace. Oteviena

cast ¢udla je chranéna nerezovou Kovovou sitkou. Cit
livost ¢idla podle koncentrace plynu se udava v jednot-
kiach ppm (jeden dilek plynu na milion dilka ¢istcho
vzduchu).

Vyrobee dodava k ¢idlum viasini kaltbracni kiivky
je viak nutné predpokladat. ze kalibrace pro kazde ¢i-
dlo napojené na zesilovaci ¢len se bude Lisit od o
Kalibrace tukovym zpusobem. ktery by podstatné ovliv-
nil namérené vysledky.

Proto byla vytvorena viastni Kalibraéni sestava a ka-
libruje se vzdy pred kazdym mérenim. Cidla se kalib
ruji v uzaviené komore. kierou prochizi smés syntetic-
kého vzduchu a mcérencho plynu v celém méreném
rozsahu - u amonitaku v rozsahu (0-200) ppm. Na obi
I jsou vaky se smési vzduchu a plynu. Tato smés je
nasledne pomalu vhinéna do uzaviené Kalibracni ko
mory (obr. 2).

Priprava pro Kalibraci: do vaku se pies piesny ply
nomdér napousti predem urceny objem Cistého a suche-
ho vzduchu a pozadovand koncentrace plynu se dosih
ne pridanim pozadovan¢ho plynu speciilni injekéni
stitkackou.

Pro kazdou koncentract (v nagem pripade byla poci
teent koncentrace uréena 20 ppm. ¢oz je 14.16 mg.m Y
j¢ pro kazde ¢idlo zaznamendna ndabchova kiivka. Po
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dané dob¢ ustileni a dosazeni konedné hodnoty je tato
hodnota zaznamenana. 7 hodnot pod kazdou koncen-
tract plynu je nasledné sestavena Kalibracni kinvka pro
Kazdé ¢idlo. V méfici soustave se v soucasné dobé po-
uzivi Sest cidel. Ukazka konecné kalhibracni kiivky je
na obr. 3.

Protoze cejchovini probihd se smési. kterd je ziska-
na smisenim sucheho vzduchu a pozadovaného plynu.
j¢ pro spravac ocejechovani nutné jeste udelat korekturu
na relativni vihkost vzduchu a teplotu. Vyhodou takto
provadéncho cejechovani je jeho snadna opakovatelnost.
a tim i moznost cejechovat ¢idla po kazdém mereni.

Cidlo FIGARO TGS se chovii jako nelincirni pasiv
ni clektricky prvek. Ktery gencruje okamzity signdl

I Vaky pro pripravu pozadovand koneentriee

plynu = Bags tor the preparation of required gas

concentrations

Komora pro kalibraci ¢idel -~ Chamber for sensor calibration
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KAL.TGS824 (1) NH3 0-20@ ppm

n
=
=)

158 o

Konc .amoniaku (ppm)

58 4

Napdt( (v)

NAZEV SOUBORU:

NHI

POPIS SOUBORU:

KALIBRACE SENZORU NHI(1) - BAG. AMONIAK 0-200 ppm

0.000 0.000
2 0.300 0.000
& 1.000 1.000
4. 2.000 7.000
S 3.000 12.000
6. 3.500 19.000
7. 4.160 30.000
8. 4.640 40.000
9, 4.960 50.000
10. 5110 60.000
] 5.340 70.000
12 5.400 80.000
13. 5.500 90.000
14 5.570 100.000
15. 5.650 120.000
16 5.870 150.000
17 5.980 200.000

TYP APROXIMACE:
Polynomicka aproximace metodou nejmensich Ctvercu
APROXIMACNI KOEFICIENTY:

0. 1.07801
1. -26.41437
2 6455210
3 -52.27478
4. 19.30193
) =3.27572
0. 0.20965311

STREDNI KVADRATICKA ODCHYLKA APROXIMACE:
395788

3. Koncentrace amoniaku (ppm) = Ammonia coneentrations

napcti — vollage

ndzev souboru = file name

popis souboru: kalibrace senzoru — file description: sensor calibra-
tion

typ aproximace: polynomickd aproximace metodou nejmensich
Ctverct — approximation type: polynomial approximation by the
least-squares method

aproximacni koeficienty = approximation coefficients

sticdni kvadratick
approximation
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a odehylka aproximace — mean square deviation of’

Gmérny koncentraci molekul plynu v atmosfére. Cidlo
poskytuje kontinualni signal. ktery lze libovoln¢ vzor-
kovat v méficim fetézei s ohledem na technické para-
metry ¢idla (doba odezvy. relaxaéni doba, korekee).

Udaj né vhodné vzorkovani
signdlt fidi centrdlni pocitac typu PC. Program. kiery
spojité sleduje prabéh signdld, vykondvi tyto operace:
jisténi hodnoty signdlu na cidle plynu.

— zjisténi hodnoty relativni vihkosti vzduchu,

— zji8téni hodnoty tlaku,

— zjisténi dalfich vedlejsich parametrtt dalezitych pro
monitorovani prostiedi,

— korekei signdlu cidla na relativni vihkost prostiedi,

— piepocet signdlu Cidla z elektrické velic¢iny na hod-
notu koncentrace v ppm.

— zobrazovini a ukladani vysledka.

Cidlo je osazeno ve snimadi. klery byl vyprojekto-
vin a odzkousen ve VUZT (Jelinek ct al., 1995). Dile
byla navrzena a odzkouSena nova periferni jednotka
umoznujici méfit ve vice objektech najednou. Také byl
zpracovan fidici a vyhodnocovaci software. Vyhody
zvolencho systému méfeni:

— velkd odolnost proti elektromagnetickému ruseni,

— shér dat je provadén libovolnym pocitacem (iidy PC,

— délka pripojovacich kabelt snimact neovlivni chybu
méieni.

e Zpracovavi a sou

— moZnost zapojeni az 32 snimaci.
~ libovolnd zaménitelnost ¢idel na jednotlivych mis-
tech pripojeni.

Protoze se predpoklida méieni emisi nejen amonia-
ku, ale 1 dalSich toxickych plynt. byl snima¢ doreSen
tak. aby byl co ncjuniverzalngjsi a umozioval snadnou
zaménu Cidel, zejména s ohledem na jejich teplotni
kompenzaci.

Kompenzace se déla softwarové na PC. Blokové
schéma snimace je na obr. 4.

Cidlo koncentrace plynu je napdajeno ze zdroje kon-
stantniho proudu. Napéti. kter¢ odpovida koncentraci
plynu, je pfivedeno na jeden ze vstupt dvoukanilového
A/D prevodniku. Na druhy vstup pievodniku je piive-
deno napéti, které je piimo amérné teploté. Vzhledem
k tomu, Ze pouzité teplotni ¢idlo ma pomérné znacny
teplotni rozsah, je pomoci zapojeni operacniho zesilo-
vace napéti z cidla upraveno pro pozadovany rozsah
méieni teploty. Cidlo teploty je rovncéZz napdjeno ze
zdroje konstantniho proudu. A/D pievodnik je fizen
jednocipovym  mikropocitacem AT89C2051. Jde
o mikropocita¢ odvozeny od standardu INTEL 8OS1. Je
vybaven clektricky reprogramovatelnou paméti typu
EEPROM. Je tedy velice snadné ménit program. Ktery
fidi ¢innost snimace. Mikropocita¢ také zajistuje komu-
nikaci s PC pomoci vysilace/piijimace sériovcho roz-
hrani RS 485. Je to velice rozsifené rozhrani zejména
v pramyslovych aplikacich. protoze je diky svému
usporadani pomérné znacné odolné proti ruSeni. Po
béznych vodicich by bylo mozné pieniset data teore-
ticky az do vzdilenosti 1 km. Dalsi vyhoda tohoto roz-
hrani je v tom, Ze s vhodnym Komunikacnim protoko-
lem umoZiiuje na jedno Ctyfdritové vedeni pripojit
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4. Blokové schéma snimace — Block diagram of a pickup

¢idlo koncentrace NH; — NH; concentration sensor

Cidlo teploty — temperature sensor

dvoukandlovy A/D pievodnik - two-channel A/D converter
adresovaci jumpery — addressing jumpers

Jjednocipovy mikropoditac — one-chip microcomputer

libovolné mnozstvi snimacu. Jejich pocet je prakticky
omezen pouze jejich adresaci. Kazdy snimac¢ musi mit
nastavenou individudlni adresu pomoci jumpera, které
jsou umistény na desce snimace. Tato adresa slouzi pro
moznost vybéru urit¢ho snimace pri komunikaci s PC.
Aby bylo mozné pouZzit pro sbér dat libovolny pocita¢
tiidy PC, je sestava doplnéna o bézné dodavany pie-
vodnik rozhrani RS485/RS232. Rozhranim RS232 jsou
vybaveny bez vyjimky vSechny pocitaée PC, vcetné
notebooki. Na pocitacich jsou tyto sériové porty ozna-
Coviny jako COMI. eventudlné COM2, ma-li piislusny
pocitac sériové porty dva. Na desce snimace je i1 LED
dioda. ktera je ovladana z mikropocitace. Lze proto na-
programoval jeji ruzné rezimy, a signalizovat tak ob-
sluze nékteré¢ stavy (napf. vypadek komunikace s PC,
informace o tom, ze u daného cidla byla prekrocena
zadana koncentrace apod.). Navic lze jiz pomoci mik-
ropocitace statisticky piedem zpracovat naméfené hod-
noty (zpramérovat vice méfeni, vyloucit zjevné $patné
hodnoty na zikladé sledovani rychlosti zmény hodnoty
apod.). PouZitim vhodné pienosové rychlosti a sprav-
ného komunikacniho protokolu lze 1éméf beze zbytku
potlacit vliv elektromagnetického ruseni na prenos dat.
Blokové schéma snimace je na obr. 4 a blokové schéma
sestavy pro méfeni emisi je na obr. 5.

K libovolnému pocitaci tfidy PC je Ctyidratovym
vedenim k prevodniku RS485/RS232 piipojeno aZ
32 snimacu. Prevodnik je pripojen k standardnimu sé-
riovému portu PC. Komunikace probihd tak, ze viech-
ny snimace jsou v rezimu pfijmu a Cekaji na vyslani
adresy snimace z PC. Snimag, ktery ma pomoci jumpe-
i na desce nastavenou tuto adresu, potom vysle do PC
data obsahujici adaje o odporu ¢idla koncentrace plynu,
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<
vysiLacs B
JPRIJINAC i
] rs ses p———0 |
.
JEONOCIPOVY I
HIKROPOCITAC
oBvoD Leo
Haten Dog & i
PRIJINACI
Far

VYSILACT
Par

obvod Watch Dog — watchdog circuit

vysila/prijimac RS 485 — RS 485 transmitter/receiver
pfijimaci par - receiving pair

vysilaci par — transmitting pair

o teploté a eventudlni autodiagnostické informace.
Zpravy, které se prenaSeji mezi PC a snimaci, samo-
ziejmé obsahuji i prvky, které jsou nutné pro spravnou
¢innost zvoleného komunikacniho protokolu (kontrolni
soucel apod.). Data z jednotlivych snimact jsou ukla-
dana na PC. Koncentrace (véetné teplotni kompenzace
a prepoCtu s ohledem na relativni vlhkost vzduchu) se
vypolita az pii zpracovini téchto dat. V soucasné dobé
se udaje o relativni vlhkosti zaddvaji do PC z méfici
aparatury Ultrakust.

Navrzenou a odzkouSenou aparaturou se postupné
méii v objektech pro chov:
- mlécného skotu,
- jiného dobytka.
- prasat.
— ovci,
— drabeZe.

Tyto kategorie se potom déli na podskupiny podle
véku, zaméieni chovu apod. Je respektovian a posouzen
zpusob ustdjent.

Skladky odpadni biomasy jsou rozdéleny do dvou
Kategorii:
- sklddky tuhého organického odpadu,
- skladky tekutého organického odpadu.

Jejich dalsi rozdéleni je podle zpusobu skladovani na:
- volné
— zastieSené.
Zpracovny odpadni biomasy jsou rozdéleny na:
- kompostarny, bioreaktory,
— bioplynové stanice,
— homogenizacni a separacni zafizeni na kejdu.
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S. Blokov¢ schéma sestavy méfeni emisi — Block diagram of an emission measurement setup

snima¢ relativni vihkosti vzduchu - sensor of relative atmospheric humidity

adresa — address

snima¢ koncentrace NH, a teploty — NH, concentration and temperature sensors

dratové vedeni - wiring

pfevodnik — converter

jednotka silovych vystupu - ports

b&zna telefonni linka = common telephone line

ovladani stykaci ventilace — control of ventilation contactors

- susicky chlévského hnoje.
— kafilerie.

Soucasné s méfenim koncentraci obsaht toxickych
plynt jsou ovéfovany méfenim navrzené zplsoby za-
mezeni vzniku a dniku sledovanych plynt v dosavad-
nich a nové navrzenych technologiich Zivocisné vy-
roby.

VYSLEDKY

S ovéfenou méfici aparaturou jsme uskutecnili fadu
méfeni. Vzhledem k rozsahu pfispévku nelze viechna
publikovat. PopiSeme pouze dvé vybrand méfeni.

SPOLECNE MERENI S PRACOVNIKY ATB BORNIM
- SRN - POROVNAVACI MEREN{

Méieni se konalo v Selmé, as., stiedisko Telé -
okres Jihlava jako porovndvaci méfeni aparaturami po-
uzivanymi v EU a CR.

Vykrm se provadi v péti halach. V kazdé hale je
CtyFicet boxa a v nich je umisténo rovnomérné 850 pra-
sat. Padorysné schéma haly je na obr. 6. Méfeni sc
ziaCastnili pracovnici ze SRN — ATB Bornim a obrizek
padorysu haly byl prevzat z jejich zpravy (proto né-
mecké nédpisy).

Krmeni je zaji§tovano zafizenim Schauer Stalltech-
nik Mega Comp 68-PC-4160 tiikrat denné. V kazdém
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boxu je roftové kaligté. V dobh¢ méieni byla prasata
3.5 mésice stard a méla pramérnou hmotnost 25.5 kg.
Pro ventilaci je v kazdé hale zabudoviano sedm strop-
nich ventilitora, rozmisténych symetricky podél stied-
ni chodby (obr. 6). Vétrdni je podtlakové. Cisty vzduch

je pfisavan bo¢nimi otvory.

Pracovnici z Bornimu méfili koncentrace amoniaku
pristrojem pro autorizované méfeni Briiel & Kjear-
Multigasmonitor typ 1302. Pristroj méfil na Sesti mis-
tech a okamZité¢ vyhodnocoval naméiené velic¢iny. Objem
vétraciho vzduchu se méfil v ndvaznosti na automaticky
fizenou klimatizaci a byly zméieny charakteristiky
ventilatoru. Rozmisténi méficich boda je ziejmé z obr.
6. Na grafu (obr. 7) jsou u hodnot koncentraci 7 jed-
notlivych ¢idel zpramérovany koncentrace amoniaku
za celou dobu méfeni a zdroven je vynesena kiivka
urcujici objem vétraciho vzduchu za dobu méieni Na
obr. 8 jsou pro ilustraci do spolecného grafu dopInény
hodnoty koncentraci naméfené zafizenim VUZT
a ATB Bornim. Je ziejmé, Z¢ prabchy kfivek zpraco-
vanych pracovniky ze SRN jsou (éméf identické s pra-
béhy kfivek zpracovanych pracovniky VUZT.

Za 39 hodin méfeni proslo stdji 140 793 m* vzduchu
a bylo odvedeno 0,535014 kg NH;. Protoze prasata by-
la velmi mald. je vypoctend hodnota porovnatelnd spise
s hodnotou pro selata. Za rok by bylo vyprodukovino
120.2 kg NHy, coz pii zastavu 850 Kusu predstavuje

0,14 kg NH;.rok™ U zvire !,
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6. Hala pro vykrm prasat spolecnosti Selma - A pig-fattening house
managed by Selma company

umisténi mEFch ~ location of emission meters

Tato hodnota ukazuje na velmi dobrou technologii
chovu a je srovnatelnd s ddaji z EU.
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MERENI EMISI AMONIAKU V HALE PRO CHOV
KURECICH BROJLERU V TRESTI

Kuieci brojlefi jsou chovani v hale o padorysu
(15 x 68) m. Na obr. 9 je hala zobrazena véein¢ umis-
téni ventilatora a ¢idel pro méreni. Hala je projektova-
na pro 18 000 brojlertt v porizkové vize. V dobé me-
feni zde bylo chovano 19 229 brojlertt v poloving
vykrmového obdobi, ). po 40 dnech.

Hala je osazena véwraci automatikou Big Dutch-
mann. Vétraci systém je podtlakovy s odsivanim do
podélného Stitu stiechy a s nasdvinim cerstvého vzdu-
chu fadami oken po obou stranich haly. V hale jsou
Clyfi Tady zavésnych napdjecek a mezi nimi (fi fady
zavésnych krmitek. Cidla pro méfeni amoniaku jsou
umisténa na zavésnych lanech krmitek a napdjecek ve
vysce 0,6 m nad podlahou. Teploty a relativni vihkost
vzduchu byly sniminy jednotkou Ultrakust G 1463-1
s vyhodnocovaci jednotkou Hydrophil 5670. Na
obr. 10 je zaznam prib¢hu koncentrace amoniaku
v méfeném Casovém obdobi. Z pribéhu je velmi nazor-
né vidét, jak koncentrace amoniaku v hale zdvisi na
pratoku vzduchu a Ze pouze velmi piesné zjisténi obou
hodnot za dané méfici obdobi maze vyjadiit skutecnou
hodnotu emise.

V tab. IT jsou uvedeny hodnoty vypocitan¢ za jed-
notliva méfici obdobi.

Z uvedenych naméfenych hodnot mizeme nyni vy-
Cislit emisni faktor pro danou stdj. Za 120 hodin proglo
halou 10.295 820 m* vétraciho vzduchu a bylo pfitom
odvedeno 33,233 504 kg NH;. Za 80denni vykrmovy
cyklus. coZ piedstavuje 1920 hodin, je z haly odvedeno
531,73606 kg NH;, coz pii 19 229 brojlercch predsta-
vuje 0.028 kg NH; na jednoho brojlera. Po piepoctu na
ro¢ni produkei vychazi, ze

emisni faktor je 0.126 kg NH;.mk“'.lvil‘c"l.

Tato hodnota odpovidd nové uvadéné tabulkové
hodnoté emisnich faktort a je stejnd jako hodnota uvi-
dend v EUL

DISKUSE

Vyzkum moznosti kontinudlniho méfeni koncentraci
amoniaku a dalSich zat€zovych plyna v podminkich
Ceské republiky byl jiz od svého pocitku omezen ne-
dostatkem finan¢nich prostiedkd na nikup méfici apa-
ratury pouzivané v zemich EU (cca 1,5-2 mil.K¢). Pro-
1o bylo nutné navrhnout a vyzkouset vlastni aparaturu
a uskutecnit s ni srovnavaci méfeni s aparaturou pouzi-
vanou v zahranici.

Je mozné konstatoval, ze tento zamér se podafil
a aparatura je vyuZivina ncjen pro zikladni méreni
koncentraci amoniaku, ale i pro posouzeni nové navr-
zenych technologii vedoucich ke snizeni emitovaného
amoniaku do ovzdusi. Z porovnivacich méfeni je ziej-
m¢, Ze pii méfeni velmi nizkych koncentraci muze dojit
k tecnému zkresleni absolutni hodnoty celkového
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1. Hodnoty naméfene a vypocitané v halich pro chov prasat = Values recorded and caleulated in pig houses

Datum Doba méfeni” Pramérnd Koncentrace amoniaku’ Objem vzduchu prodlého stiji za dobu méfeni*
zacatku mefeni' (hy (mg.m ) ()
22.9. 1997 15 38 46 051
23.9. 1997 24 38 94 742

surements

I1. Hodnoty naméfené a vypocitané v hale pro chov kurecich brojleri -

. 2. 3 1
ate of measurement start, “time of measurements, “average ammonia concentration. “air volume passing through the house durmg mea-

Values recorded and caleulated in chick broiler houses

Datum Doba méfeni’ Pramérnd koncentrace amoniaku? Objem vzduchu proslého stiji za dobu méieni?
zacitku méfeni! (h) (mg.m (mh)
13. 5. 1997 24 4.06 | 518 840
14. 5. 1997 49 3.06 1 587 870
16. 5. 1997 47 3 4 189 110
For -4 sce Tab. 1
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7. Pramérni koncentrace amoniaku MP 2-6. Selma-Tel¢. 22. 9. 1997 - Average ammonia coneentrations MP 2-6. Selma-Telé. 22nd Sept. 1997

—— pramérni koncentrace NHy - average NHy concentration
. 3 . 3
pratok vzduchu (m'/h) — air flow (m'/h)
datum. ¢as - date. time

mnozstvi méiené¢ho plynu, ale celkovy prabéh kiivky
je shodny.

Odchylku v absolutni hodnoté koncentrace je mozné
pii nizkych hodnotach méfenc¢ho plynu zdavodnit pri-
tomnosti dalSich plyni ve stijové atmosfére a jejich
vlivu na méfici ¢idlo. Proto se v dalSim obdobi vyzku-
mu checeme zaméfit na vliv pfitomnych plyni (CO,.
H,S. CHy) na piesnost méfeni koncentrace amoniaku
pii jeho nizkych hodnotiach. Dadle stejnym zpisobem
cheeme ovéiit moznost méeni metanu (CHy), sirovo-
diku (H,S) a kyslicniku uhlicitého (CO,). Dal3i inovaci
by mélo byt méfeni relativni vlhkosti vzduchu piimo
snimacem.

ZEMEDELSKA TECHNIKA. 45. 1999 (1): 19-27

Zatim vykonand méreni umoznila piepracovat tabul-
ku hodnot emisnich faktort pro hospodiiska zvifata
v tom smyslu. Ze doposud pouZivané hodnoty teoretic-
Ky vypoctené se experimentilné posoudily. Bylo zjis
téno, ze u skotu, prasat a driibeze byly diive pouzivané
emisni faktory o 1/3 az o 1/2 vy

§8i. coz melo neprizni-
vy vliv na posuzovini zitcze Zivomiho prostiedi ze
zemédélské ¢innosti.

Dalsi rozpracovani méfici metody. a hlavné ziskani
zikladnich hodnot pro vypocet emisnich laktord.
umozni vypracovat podklady pro ndavrhy technologii
omezujicich jejich unik do atmostéry a splnéni zivazku
Ceské republiky o jejich snizeni do roku 2002 o 50 %.

25




20,0 4o ! S

. . anl e e e
P , |1 1777 ; .
H |
180 . I [ | | | I
120 =t [ T t | t i T t
| | wr o — ! | | ‘ | |
16,0 i { | BORNIM ===~ | ! | i
| | ! | ‘| \ ; | | | [
100 . | I S S | {
140 1 [ i i
g £ . | [ . |
& E) i 1 | |
S 120 B 30 " | | . |
g . i BERR
T 100 € |
2 g | 1 | | |
5 g 60 A 4 |
= 80 2 | ! i ’ ‘ \
60 B O Ay 4 I
" Ny APl
20 | i A\ N |
g Vv L B | 1
4 | T
‘ {1 ‘ | |
[ | |
00 00 o | N O O w
1900 21.00 23:00 100 300 SO0 700 900 11.00 13:00 1500 17:00 1900 21:00 2300 100 300 500 700 900 1100 1300
¢as
8. Koncentrace plynu na m&ficim misté ¢ 5 — Gas concentrations at measuring point no. 5
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9. Vykrmna brojlerd. Trest. Hodice — Broiler-fattening house. Tre3t. Hodice

ventildtory — fans

¢idla NHy — NH, sensors

mista méfeni — measuring points

méfeni teplot suchych, mokrych a vihkost — measurements of dry. wet temperatures and humidity

Na zavér je nutné uvést, Ze problematika zjiStovani

NAZV ¢. 6510 ,Omezeni vlivu emisi toxickych plynt
emisi ze zemé&déElské Cinnosti je fedena v rdmei projektu

ze stdji na Zivotni prostiedi*.
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10. Primérnd koncentrace amoniaku — brojlefi. Hodice. 13.-18. 5. 1997 - Average ammonia concentration = broilers. Hodice, 13th-18th
May 1997

pritok vzduchu — air flow

LITERATURA emisi ze zemedelske cinnosti na Zivoni prostiedi. [Ziavéredni

zpriva.] Praha, VUZT ¢. 2886.
Jelinek A. ct al. (1995): Hodnoceni vlivu zem&délské techni-  CSN 12 4070.
ky a technologii na Zivotni prostiedi. Cist 1: Hodnoceni vlivu

Doslo 27. 5. 1998

Kontakni adresa:

Ing. Antonin Jelinek, CSc., Vyzkumny tstav zeméd@lské techniky, Drnovski 507, P.O.B. 54, 161 01 Praha 6-Ruzyng,
tel.: 02/33 02 21 11. fax: 02/36 08 59. e-mail: vuzt@bohem-net.cz
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ZIVOTNI JUBILEA

K Zivotnému jubileu prof. Ing. Jana Jecha, PhD.

V septembri 1998 o-
slivil profesor Katedry
strojov a vyrobnych sys-
témov Slovenskej polno-
hospodarske) univerzity
v Nitre (SPU) Jan Jech

svoje Sestdesiatiny.

Prof. Ing. Jan Jech,
PhD.. sa narodil 22. sep-
tembra 1938 v Niznej
Pisanej, okr. Svidnik.
Z ddvodu znicenia celej
oblasti pod Duklou dru-
hou svetovou vojnou ab-
solvoval narodnu skolu
v Cechich. V roku 1957
maturoval na gymniziu vo Svidniku

V rokoch 1957 az 1962 Studoval na Mechanizacénej
fakulte Vysokej Skoly zemédélske) v Prahe. Po jej
uspesnom absolvovani nastipil na miesto asistenta na
Katedru mechanizicie rastlinnej vyroby Vysokej skoly
polnohospodirske) v Nitre, kde sa zriadoval Studijny
odbor mechanizicia polnohospodarstva a neskor v ro-
ku 1969 Mechanizaéna fakulta.

Na Katedre strojov a vyrobnych systémov pracuje
prof. Jech od roku 1962 doteraz. V roku 1971 obhijl
kandiditsku dizertacni priacu na tému Vonkajie Smy-
Kov¢ trenie zrnitych materialov — semien hrachu. V ro-
ku 1972 obhijil habilita¢nu pricu na tiému Vymlat da-
telinovin a v roku 1989 bol menovany za profesora pre
odbor polnohospodarske stroje.

Ako mlady vedecky pracovnik zacinal vo vyskume
ricSenim agrofyzikdlnych vlastnosti polnohospodar-
skych plodin (obilnin, strukovin, datelinovin), neskor-
Sie zberom a vymlatom datelinovin a strukovin. Z tejto
problematiky md v spoluautorstve uznanych 11 vyna-
lezov.

Uspesnd je jeho vedecko-vyskumna Einnost: bol
zodpovednym rieSitefom a spoluriesitelom 15 dspesne
obhdjenych vyskumnych dloh, 'V sacasnom obdobi
(1996-1999) je vedicim uz druhé¢ho projektu VEGA na
tému Technologické obrabanie pody a ich technické
zabezpecenie v podmienkach orientovaného polnohos-
podirstva.

Za vyznamnu vedecko-vyskumnu a realizacnu ¢in-
nost mu bola v roku 1983 udelena cena ministra Skol-
stva SR.

Z realizacnych vystupov technologického charak-
teru treba vyzdvihnat vyvoj zariadeni a mechanizmoyv
na zber strukovin, ktoré minimalizuja straty a poskode-
nie zin.
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Vyznamny je jeho podiel na tscku Studentskey ve-
decke) a odbornej ¢innosti. Vychoval osem kandiditov
vied a jednoho doktora filozofic: v sucasnosti Skoli
troch doktorandov.

Vo vedecko-y

yskumnej prici spolupracoval s od-
bornikmi z inych fakult VSP. s vyrobcami. uzivatelmi
strojov a s VUZT v Prahe-Repy, VUZ
VUPT Rovinka a so Skusobiiou polnohospodirskych
strojov, poboCka Rovinka (teraz uz samostaind sku-
Sobna).

Praha-Chodov.

Absolvoval viacero stazi a zahranmicnych prednasko-
vych pobytov, konlerencii a seminarov. Poznatky zo
zahraniCia vyuziva v pedagogickom procese a vo ve-
decko-vyskumnej ¢innosti.

V septembri 1977 bol vymenovany za prorektora
VSP v Nitre a bol povereny vybudovarl detasované pra-
covisko VSP v Nitre so sidlom v KoSiciach, kde poso-
bil do roku 1980. V uvedenych rokoch tiez externe
predndsal na VST v Kosiciach.

Od roku 1967 posobi v Statnicovych komisiach na

SPU v Nitre, ale aj na inych univerzitach (Technicka
univerzita Kosice, Ceska zemédélska univerzita Praha,
Mendelova zemédélski a lesnicka univerzita v Broe).

V rokoch 1980 az 1990 bol prorektorom na VSP
v Nitre: v rokoch 1993 a7 1996 bol zvoleny do funkcie
prodekana Mechanizacnej fakulty SPU v Nitre.

Od roku 1996 doteraz vykondva lfunkciu predsedu
Akademickeho senitu SPU v Nitre a ¢lena predsednic-
tva Rady vysokych gkol v SR.

Doménou prof. Ing. J. Jecha, PhD.. je vedecko-vy-
skumna ¢innost a prenos poznatkov do praxe. Preto sa
v oroku 1994 stal inicidtorom a spoluzakladatelom
Zdruzenia vyrobeov polnohospodarskej techniky v SR
—~ AGRION. Na ustanovujucom valnom zhromazdeni
bol zvoleny za prezidenta. Tuto funkciu vykoniva dru-
h¢ volebné obdobic. Pod jeho vedenim si zdruzenice
AGRION ziskalo v odborne) praxi a u riadiacich orgi-
nov patricn autoritu.

V Slovenskej akadémii polnohospodiarskych vied
vykonava v sucasnosti funkeiu predsedu odboru Polno-
hospodirska technika. energetika a vystavba.

Za jeho dlhorocnu (37 rokov) pedagogicku a odbor-
nu pricu mu rektor SPU udelil k Sestdesiatinam zlatd
medailu SPU v Nitre.

Jubilant sa v dobrom zdravi dozil vyznamncho 7i-
votncho jubilea a je plny clinu pokracoval vo svojej
pedagogickej a vedecko-vyskumnej prici.

Do dalSich rokov vela zdravia a osobne) pohody mu
praji jeho spolupracovnici a k zelaniu svojmu dlhole-
tému Clenovi (od r. 1970) sa pripdja i redakéna rada
a redakera casopisu Zemédelska technika.
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OPTIMIZING THE PROCESS OF DRYING POTATOES
IN THE DRYING PLANT PROCTOR & SCHWARTZ

OPTIMALIZACE PROCESU SUSENI BRAMBOR V SUSARNE
PROCTOR & SCHWARTZ

L. Sychra, J. Marecek
Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The paper deals with the optimization of the drying process in the drying plant Proctor & Schwartz at drying

potato chips for food purposes. The dried chips of Agrie variety were 10 x 10 x 3 mm in size. The construction design of

the drying plant was that of a convection multizone drier. The drying process analysis is to determine the correlation between
the relative water content and specific moisture of to-be-dried material. to-be-dried material mass flow and specific intensity
of to-be-dried material transfer of moisture mass (drying rate) and the used temperature regimes of the drying plant. It is

obvious from the analysis that the monitoring of the moisture content in the course of drying is a basic index for timely

adjustment of basic parameters of the drier, which can to a considerable extent affect the quality of dried potato chips.

drying ol potatoes: drying rate: tood processes: drying order: moisture

ABSTRAKT: Cilem price bylo optimalizovat proces suseni v susarné Proctor & Schwartz pii sudeni bramborovych pliatku
pro potraviniiské acely. K suSeni se pouzivaly plitky o rozmérech 10 x 10 x 3 mm. odriada Agrie. Vzhledem Ke Konstruk-
¢nimu feseni Slo o konvekeni vicepdsmovou suSarnu. Pii analyze procesu suleni jsme zjistovali zavislost relativai vihKosti
a mérné vihkosti suseného materiilu, hmotnostniho toku suSeného materidlu a mérné intenzity prenosu hmoty vihkosti suse-

ného materidlu (rychlosti suseni) na pouzitych teplotich rezimech suSiarny. Z provedené analyzy je ziejmé. ze sledovini

prab&hu vihKkosti v prab&hu suSeni je zakladnim uk:

ovlivnit dosazenou kvalitu susenych bramborovych plitka.

catelem pro v

nou regulaci zikladnich parametra sulirmy. Tim lze

suseni brambor: rychlost suseni: potravindiské procesy: susici #id; vihkost

INTRODUCTION

A purposeful definition and scientific knowledge of

relationships between the technical and biological sub-
systems provides a possibility to influence the techno-
logical process with regard to the quality of the biologi-
cally live matter being processed. The fact is in the
limelight of namely all producers of food on the final
quality of which the ever increasing requirements are
imposed.

The basic problem of agricultural and food-making

technological processes is their quality. The sense of

finalization processes of agricultural products consists
in either keeping or improving their quahty.

From the end product qualitative point of view the
drying of potatoes is considered not only the best but
also the most expensive method of their conservation.
Therelore, the processing of potatoes by drying is eco-

nomical only under a pre-condition of a high quality of

the final product whose dictary propertics are espe-
cially suitable for human nutrition. feeding of young
ones and sick animals. On the other hand, however. this
way of conservation reduces losses due to the product
storage as well as the resulting achieved financial effect
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in the comparison with the traditional methods of using
the potatoes.

As to the drying of potatoes for food-making pur-
poses, i.c. for human nutrition, the method of process-
ing is used only very seldom due to high costs of en-
ergy at the final production (Brabee. 1970).

The financial costs for the production ol potato pulp
at drying the potatoes for food purposes are influenced
by the content of drying substance which is determined
for the dried goods and markedly alfected by the potato
starch content, As the starch content is a specilic spe-
cies feature in the potatoes. the selection of potato va-
riety for food drying deserves a special attention. Va-
ricties marked in the catalogues as table and starch
potatoes are preferred both for their content ol starch
and starch yield, and with regard to soil and climatic
conditions of the site for a more specific growing
(Simek. 1978).

MATERIAL AND METHODS

The analyzed drying plant is ol convection, belt.
multizone character — with a partial recirculation of the
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drying medium. The drier consists of three drying belts
on which four drying sections are situated, scparated
from cach other, and at all times with the controllable
temperature of the flowing drying medium and the con-
trollable speed of the motion of the individual belts.
The motion and flux of the drying medium within
the drying space and to-be-dried material occurs

through vertically installed fans inside every section of

the drying kiln. The fans draw in the air through a heat
exchanger, which has already passed through the layer

of the dried material, mixed with a certain amount ol

fresh air. At all times. its part is saturated with mois-
ture. The direction of drying medium passage through
the layer of dried material differs in the individual sec-
tions. In Sections 1. 3 and 4 the drying medium flows
into the material layer from below, in Section 2 the
direction of passage through the dried material is re-
versed. Parameters for evaluation are shown in Tab. L.

1. Thermal mode of drying plant (°C)

sl Section

Al A2 B e
| 110 110 90 70
2 1o 105 80 60
3 105 105 80 60
4 105 100 80 60
5 102 102 80 70
[§) 100 90 60 60

To-be-dried potato chips were 10 x 10 x 3 mm in
size, their moisture content and starch being 80-82%
and 14-17%, respectively. Prior to drying, the samples
were 15 minutes blanched at the temperature of 80 °C.

The individual samples (200 g cach) for the evalu-
ation of the course of relative and specific moisture
were taken from the individual drying scctions every
10 minutes. A total number of places in the drying kiln
from which the samples were taken in the course of one
repetition was 39. These samples characterized the con-
dition of the dried material in the course of drying for
all repetitions.

In order to determine relative (specific) moisture
content. each sample was dried in the laboratory tem-
perature controlled oven at the temperature of 105 °C
for three hours. Sample moisture content was given by
the following relation:

Relative moisture content (%)

My~ Mys
Myy

Oy = 100 (%)

Specific moisture content

Par
°=—
100 = @y

where: may = mass of product dry matter (kg)
myy — mass of the moist product (kg)

(kgkg™)
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The mass flow of the dried material in the course of
the whole drying process was determined according to
the following relation:

sy =iy, (1 +0)  (kgs™)

Another characteristic measured in the course ol the
drying process was the expression of the amount of
moisture mass removed [rom the dried material accord-
ing to the following relation:

Parr— P I
——— (ke

Aoty =ity 00—
i1

The last value monitored for the measurement and
analysis of the drying process was the specilic intensity
of moisture mass transfer (drying rate). The value was
determined by the specific moisture change function
derivation according to the drying time (N = du/dr).
The measurement was made for the whole course of the
drying process.

A comparison was made from the obtained results
of the suitability ol drying modes for drying potato
chips of Agrie variety.

RESULTS

THE COURSE OF RELATIVE AND SPECIFIC
MOISTURE CONTENTS OF THE DRIED MATERIAL

The courses of dried material moisture content val-
ues were determined from mean values of relative and
specific moisture contents in dependence on the drying
time for the entire drying process and in the individual
drying sections of the drying kiln. These more detailed
illustrations of the courses of relative moisture contents
in the individual drying sections of the drying Kiln fa-
cilitate a more detailed analysis of the drying process
(Sychra, 1997).

At the beginning of drying, the relative material
moisture content for all drying modes ranges between
81.43-81.46%. In the course ol drying in Section Al
i.e. for the time of 20 minutes. the moisture content for
the selected drying modes drops to 21.02-22.04%. In
Section A2 (in 20 minutes), the relative moisture con-
tent drops down to 13.97-17.05% according to the se-
lected drying modes. Thus, it is obvious that the Sec-
tion A2 exhibits considerably greater temperature
differences in the individual drying modes.

The drying Section A2 is followed by the so called
transition section where the dried material stays
40 minutes. Here the material relative moisture content
further drops from 13.97-17.05% down to 12.98-
16.11% towards the end of the transition section, i.c. at
the beginning of drying Section B. This means that the
decrease of material relative moisture content in this
stage of drying is only very negligible.

In the next drying Section B the dried material rela-
tive moisture content in the course of drying (i.c. in 80
minutes) drops from the initial 12.98-16.11% (accord-
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ing o the drying mode) down to 10.44-13.17% on the
outlet from the drying Section B.

The drying Section B is again followed by another
transition section in which the material relative mois-
ture content is being reduced for 110 minutes only by
the delayed action of diffusion induced by heat of the

flowing drying medium in the drying environment of

Section B. The relative moisture content is reduced
here from 10.44-13.17% 1o 10.19-12.89% for the in-
dividual drying modes of the drying Kiln.

In the last drying Section C of the drying kiln where
the dried material is exposed to the action of drying
medium for 70 minutes the relative moisture content is
reduced from 10.19-12.89% down to outlet values
ranging between 7.35-10.10%.

It is possible to claim that in the comparison with
the preceding drying sections the last drying Section C

serves only to the so called moisture standardization of

the product.

The very last section of the drying kiln — the so
called cooling section — is a place where the material
relative moisture content is again reduced only due to
the reaction induced in the drying Section C from 7.35-
10.10% at the end of the drying Section C. i.c. at the
beginning of the cooling section, down to final 7.09-
10.01% of material relative moisture content at the very
end ol the drying process, i.e. by merely 0.09-0.33%.

The course of the specific moisture content in de-
pendence on a time of drying is similar as the above
expression of the relative moisture content and serves
to determine other characteristics of the drying process
in the given drying kiln.

DRIED MATERIAL MASS FLOW

The entire mass flow of the dried material corre-
sponds with the course of water removal (desorption)
ol the dried material (Maltry et al.. 1975). At the very
beginning of drying, the material mass flow acquires
the values ranging between 759.96-760.33 kg.hr'l in
dependence on a material moisture content at its enter-
ing the drying kiln. In the course of drying, the dried
material mass flow drops with the decreasing moisture
content down to 170.45-180.84 kg.hr‘l towards the
end of Section Al and 163.82-169.95 kg.hl”l at the
outlet from Section A2. This means in practice that the
mass (low is reduced by 29.085-28.961 kg.min Vin the
course of drying in Section Al where the greatest re-
duction of mass material flow of the dried food product
occurs in the course of the first 10 minutes in the sec-
tion by 40.099-37.382 kg.min". The change in the
material mass flow of the dried material in dependence
on a drying temperature is represented by the value of
-0.24 kg.hr'l.K'I in Section Al and by the value of
-0.31 kg.hr".K‘I in Section A2. This indicates that by
increasing the drying temperature by one degree of
temperature the mentioned reductions of dried material
mass flow will occur in the given sections.
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In the course of drying in Section A2 the dried ma-
terial mass flow reduction is not as high as in Section
Al by 0.732-0.521 kg.min'I in dependence on a cho-
sen drying mode of the drying kiln. The pronounced
slow down in the reduction of material mass flow in
the course of drying in Section A2 as compared to
Section Al results from the decrcased moisture content
in the dried material.

At drying in Section B the mass [low ol the dry
material drops to 157.37-162.36 k:_nhr“' in dependence

on the chosen drying mode. The decreased material
mass flow in Section B is characterized by values rang-
ing between 4.58-6.57 Ir\'g.hr‘I in the course of drying
for 80 minutes. The change of material flow in Section
B is expressed by the value =0.17 kg.hr K™ in de-
pendence on the drying mode.

In the course of drying in drying Section C the mass
flow of dry material drops down to 152.11-156.81 ke.hr™'
with the decrease of dry material mass flow being more
pronounced here than in Section B. The decrease repre-
sents an approximately identical loss of mass. but in the
shorter drying time (70 minutes in Section C).

THE COURSE OF AMOUNT OF REMOVED DRY
MATERIAL MOISTURE MASS

The amount of moisture mass removed at the begin-
ning of drying prior to the entry of dried material into
the first drying kiln section is 0.00 kg.hr". The first
10 minutes of the drying process exhibit the greatest
loss of dried material moisture content ranging between
373.82-400.99 kg.hr’l in dependence on the selected
drying mode. The values reached in the course ol the
first ten minutes of drying are highest [rom the entire
drying process when 6.23-6.68 I\';__'.min'| moisture con-
tent is removed in this stage. In the course of [ollowing
10 minutes of drying, the value of removed moisture
mass amount drops down to 205.39-180.70 kg.hr'l
which represents a moisture mass loss of 3.42-
3.01 kg.min". In the course of drying in the second
drying section (A2) a further decrease of moisture mass
removed can be seen. which is ranging between 0.89-
1.98 kg.hr’I towards the end of drying in Scction A2
(in minute 40 of drying). Obvious is a rapid drop in the
amount of moisture mass removal with the prolonged
drying time which results from the evaporation ol the
prevailingly [ree moisture mass [rom the dried food
product.

The change in the amount of moisture mass removed
from the dried material in dependence on the drying
mode is represented by 2.72 kg.hr’].K'] for drying
Section Al and by 2.50 k;.'.hr‘l.K"I for drying Section
A2. This indicates that if the temperature in the indi-
vidual sections is changed by one degree Celsius. the
amount of removed moisture mass would change ac-
cordingly by the mentioned value.

During the time when the material passes the first
transition section. another decrease ol removed mois-
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ture mass amount can be seen due to the initiated reac-
tion: however, after several minutes ol drying this drop
is nearly stopped and only a negligible amount of mois-
ture mass from the dried material is removed.

The values of removed moisture mass amount in-
crease again in Section B. The highest values of re-
moved moisture mass amount are reached in the second
part of drying in Section B — up to 1.38 k,'__',hl'_I in
minute 130 for Drying Mode 3. It follows from the
course that the values fluctuate in the course of drying
in the second half of drying in Section B. The increase

and the consequent drop result from the beginning of

action of drying medium temperature on the to-be-dried
material which passes from the transition section into
the drying section. The fact that the dried material
leaves the drying section and enters the transition sec-
tion (the drying medium stops influencing the condi-
tion of the dried material) reflects in the dropped
amount of moisture mass removed.

After the drying process in Section B is finished and
the material gets into the second transition section, the
amount of moisture mass removal exhibits again an-
other pronounced drop which nearly reaches the zero

value. The course well corresponds with the course of

dried material mass flow, which shows only minimum
changes during the passage through the second transi-
tion section.

By the dried material entering the drying Section C
the value of removed moisture mass amount increases
again up to max. 1.51 k;;.hr'I (for Drying Mode 2) in
the second half of drying time in this drying section.
The course of removed moisture mass amount is simi-
lar for all selected drying modes. At the beginning there
is a nearly linear increase up to maximum values for
the individual drying modes and then a nearly linear
decrease which ends in the cooling section. This in-
crease and consequent decrease of values of removed
moisture mass amount are affected (similarly as in Sec-
tion B) by the beginning and the end of drying medium
temperature action on the dried material. The end of the
entire process of drying is characterized by the
0.00 lv(;_z.lll"l value of immediate removed moisture
mass amount.

THE COURSE OF SPECIFIC INTENSITY OF DRIED
MATERIAL MOISTURE MASS TRANSFER

At the beginning of drying (more precisely on the
inlet of the to-be-dried material into the first drying
section) the value of moisture mass transfer specific
intensity (Fig. 1) is 0.00 kg.kg".scc". After the first
half of drying in Section Al the value of moisture mass
transfer specific intensity reaches 2899.54 x 10°° 10
2580.70 x 107 kg.kg '.sec™'. During the following
course of drying in Section Al a rapid drop of values oc-
curs, which are as low towards the end of drying in Section
Al as 235.65 x 107 10 221.84 x 107 kgkg ' sec™". In
Section A2 the values of moisture mass transfer spe-
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cific intensity do not fall in such a pronounced way as
in Section Al (Fig. 2). Towards the end of drying in
Section A2 the values of moisture mass transfer spe-
cific intensity range between 85.63 x 107 10 67.67 x
107 ke kg™ sec™

The change of moisture mass transfer specific inten-
sity in dependence on a drying mode of the drying kiln
for the course of drying in Section Al can be expressed
as 1.38 x 1070 ke.kg " see™ " deg ™.

In the course of drying in Section B the values on
moisture mass transfer specific intensity (Fig. 3) drop
from initial 31.08 x 1070 ke ke see™ = 40,01 x 107°
kg.kg".scc"' down to final values lound on the outlet
from Section B: 12.15 x 107" ku.ka 'sec ! — 1580 x
1076 kg.kg" sec™!. The change of moisture mass trans-
fer specilic intensity in dependence on a drying mode
is expressed as 0.12 x 107" kg kg lsec IAdcg

After leaving the drying section B, the dried material
exhibits a steady decrcase of values until its entering
into Section C. There the course ¢
pronounced drop of moisture mass transfer specilic in-
tensity (Fig. 4) from initial 7.00 x 107 - 9,13 x 107
ke kg hsee™ 1o final values of 3.89 x 107~ 551 x
107 kg.kg",scc'] on the outlet from the drying section
C. In the last cooling section the change of moisture
mass transfer specific intensity is only very negligible,
i.c. by 0.5 x 10 - 0.7 x 107° ke.keg " sec™" from the
Section C outlet. The change of moisture mass transfer
specific intensity in dependence on a drying mode in
Section C, i.e. in dependence on a drying temperature
is expressed as 0.16 x 10°¢ kg.kg".scc".dcg'

ain shows a more

DISCUSSIUON AND CONCLUSION

The analysis of the course ol relative and specific
moisture content of the dried material in dependence
on a drying time and a selected drying mode, ic. on
a temperature of the drying medium acting on the to-
-be-dried material (drying temperature) reveals the en-
tire course of the drying process. The greatest reduction
of moisture content is achieved in the first two sections
of the drying kiln, i.e. in the part of the drying process
with the highest temperatures where the layer of the
to-he-dried material is thinnest due to the high speed
of the first belt of the kiln and thus due to the high
speed of material beign adrift. This means that the
moisture content is removed from the material at
a higher extent than in other drying sections. From the
viewpoint ol moisture content values the course of dry-
ing is nearly linear from minute 30 of the drying proc-
ess.

Other drying kiln sections have the temperature set
to lower values as well as the belt motion rate which is
much slower in the comparison with the first and the
second section. The fact reflects in the course of dried
material relative and specific moisture contents in the
further course of drying.
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The so called transition sections, (oo, have a negli-
gible share in the change of moisture content in the
dried material since in them the material drifted by the
drying kiln belt is not exposed to any effect of heat
from the flowing drying medium. Thus, an entirely
minimum changes in dried material moisture content
occur in these transition sections, which are a mere

consequence ol the earlier induced internal reaction of

moisture evaporation from the material surface. The
significance of transition section from the viewpoint of
the change of dried material moisture content can be
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seen in the fact that there 1s an internal moisture tension
inside the dried material due to temperatures ol the
flowing drying medium. Also, there is a difference of
partial cell pressures on the surface and inside the dried
potato chips. which are being compensated in the tran-
sition sections of the drying kiln by the transport of
bound moisture from the internal part ol the material
towards its surface.

The changes of moisture content in the course of
drying are manifested also in the course of other stud-
ied parameters that issue from the change of material
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moisture content as it is the case of the courses of dried
material mass flow, amount of removed moisture, and
specific intensity of moisture mass transfer during the
individual stages of drying.

The mass flow ol dried material is to a greater extent
affected by the course of its moisture content. The
greatest reduction in the mass flow of dried material in
the process ol drying occurs during the first stage of
drying (in the course of the very first 20 minutes)
where the to-be-dried material is exposed to the action
of the drying medium in Section Al. In the following
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course there are only negligible deviations from
a nearly linear course of material mass flow. The ma-
terial mass flow values show pronounced changes
when passing through the drying sections. When the
dried material passes through the transition sections
where it is not exposed to the effects of the drying
medium. no pronounced changes occur (Sychra. 1997).

The change of dried material mass flow is accompa-
nied by changes in the amount of removed moisture
mass that directly affect the material flow through the
drying kiln. With the increasing total removed moisture
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the material exhibits a reduced mass. This first shows
in the mass flow of the material. In the course of the
removed moisture mass amount flow it is clearly obvi-
ous when the dried material is affected by the drying
environment and when the above described material
cell pressure compensation and moisture transport to
the material surface occur. The highest values of re-
moved moisture mass amount are reached in the course
of drying in the first two sections of the drying kiln -
Al and A2.

It is especially the first section where the tempera-
ture effect of the drying medium shows. In the first ten
minutes the greatest amount of moisture mass removal
occurs in the drying mode in which the highest tem-
perature of all temperatures used was applied, and with
the decreasing temperature in Section Al a drop of
moisture mass removal values can be seen as well. The
amount of removed moisture mass is lowest in the dry-
ing mode with the highest temperature and -in contrast-
the amount of removed moisture mass in the lowest
temperature is highest. This is apparently duc to the
fact that the greater part of free moisture content
(water) is removed in the course of the first ten minutes
due to the action of high temperature, which occurs
mainly on the surface of the dried material and later the
material does not have sufficient free moisture. This is
why the value of removed moisture mass amount drops
as well.

On the opposite, a greater amount of moisture re-
mains on the material surface and near under the sur-
face in drying modes with the lower temperature of
drying environment after several first minutes of dry-
ing. The moisture is removed at a reduced intensity. Tt
is possible to claim on the basis of these results that the
faster and more intensive removal of moisture results
also in the increased internal tension inside the cells of
the dried material. It follows that these cells suffer
greater damage which results in the impaired quality of
final product. It is possible to deduce from this fact that
although the high temperatures are good to rapidly re-
duce the moisture of the dried material, their use is not
recommended with the regard to the final quality of the
dried product.

In the following transition sections the values of
removed moisture mass amount fall again duc to the
above described effect of moisture transport from in-
side of the material onto its surface. The second tran-
sition section provides enough space with its length, i.e.
with the delay of the dried material in this part of the
drying kiln, to balance osmotic pressures within the
cells of the dried material as well as to bring to the
balance the moisture content within the whole volume
of dried particles. The moment helps to the fact that in
the following last drying section of the drying kiln
a standardization of final moisture in the dried material
takes place due to the effect of drying medium tempera-
tures and a final amount of moisture is removed, that
can be removed from the material by drying under
given conditions.
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The fact that the drying process has been finished
and the maximum amount of moisture mass removed
can be corroborated by the value of immediate removed
moisture mass being a zero at the end of the whole
drying process. The fact also affects the material and
its quality at packaging and further processing since the
zero values of removed moisture mass amount provide
an evidence that the dried material is no longer affected
by moisture content removal and there is no danger of
the continuing moisture diffusion onto the material sur-
face.

The above statements about the pronounced drying
effect of the drying medium particularly in the first
section of the drying kiln are also confirmed by the
course of values of moisture mass transfer specific in-
tensity. It is obvious that the moisture mass transfer
specific intensity drops with the increasing temperature
of the drying medium. The highest value is reached in
the first ten minutes of drying. i.c. at the time when the
moisture mass removal from the dried material is great-
est. In the course of next ten minutes the values of
moisture mass transfer specific intensity fall down by
more than 1/10. In the course of drying in the second
section the drop is no longer so pronounced. The course
of these values confirms a hypothesis about the major
part of moisture content being removed from the dried
material in the form of free moisture mass in the first
two scctions of the drying kiln.

The further course of drying at the time of material
passage through the transition section and the drying
section B already indicates the removal of bound mois-
ture mass. This continual course and the nearly linear
course through Section B and the second transition sec-
tion is changed by the dried material entering into Sec-
tion C where the last decrease of moisture mass transfer
specific intensity occurs In the last cooling section the
moisture mass transfer specific intensity of the passing
dried material exhibits only a negligible change which
confirms the above statement about the finalization of
the drying process from the viewpoint of a possibility
to remove moisture from the dried material.

The above findings indicate that the process of dry-
ing 1s most markedly influenced by drying medium
temperatures in the first two sections of the drying
plant (Al, A2) and by drying in sections B and C. The
influence of transition sections between the sections A2
and B and between the sections B and C is very low
from the viewpoint of the direct influencing of dried
material properties. The effect of the final cooling sec-
tion of the drying kiln consists only in the cooling of
the dried material prior to its packaging and in the
internal compensation of remaining moisture across the
whole section of the dried material.

A drying mode was chosen and further recom-
mended on the basis of these analyses, which was best
at meeting the conditions of final customers, i.e. ac-
cording to the final moisture mass in the dried material.
The optimum required final moisture content (relative
moisture content of 7.5 to 8.5%) was achieved by Dry-
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ing Mode 3 with the following drying medium (air)
temperatures in the drying space: Section Al = A2 =
105 °C, B = 80 °C, C = 60 °C.
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PROPOSAL OF A NEW METHOD OF CONTROL
OF THE NEAR AMBIENT AIR DRYING PROCESS
OF FORAGE IN A DEEP LAYER IN REAL TIME

NAVRH NOVEHO ZPUSOBU RIZENI PROCESU SUSENI PICE
VE VYSOKE VRSTVE NETEMPEROVANYM VZDUCHEM
V REALNEM CASE

J. Stencl', P. Homola', V. Sladky

'Mendel University of Agriculture and Forestry, Brno, Czech Republic
2 % y 3 - . . .
“Research Institute of Agricultural Engineering, Praha, Czech Republic

ABSTRACT: Good quality hay production in barns requires automation of farm operations. The paper presents control
algorithms for near ambient air drying of fresh mowed forage (bird's foot trefoil Lotus corniculatus L.) on grates. The depth
of layer of the material stored was 1.3 m. No moisture condensation appeared during drying tests. Major factors controlling
the drying process through fan operation on/off, i.c. near ambient air temperature. relative air humidity. and temperature of
the material stored. were continuously measured and recorded in real time. Another control variable was equilibrium moisture
content of the hay produced (Lotus corniculatus 1..), presented in graphs as water sorption isotherms. The dependence of
equilibrium moisture content ol Lotus corniculatus L. on equilibrium relative air humidity was tested both for leaves and
stems. The predeterminated maximum possible temperature of forage in a barn was 37 °C during near ambient air drying
process.

hay; humidity: real time control: sorption isotherm: temperature

ABSTRAKT: Efektivni vyroba kvalitniho sena dosousenim na roStech v halovych skladech vyzaduje v soucasné dobé fizeny
proces provétravini. Rizené provétravini zvySuje bezpecnost provozu, snizuje energetickou ndrocnost a v neposledni fadé
umoZiiuje dosouset i za nepfiznivych povétrnostnich vlivi, predevsim pii vysoké relativni vihkosti okolniho vzduchu. V Clin-
rstvé pokosené pice (Stirovnik razkaty. Lotus corniculatus L.) na rostech v halovém
skladu za proménlivych klimatickych podminek. Vnitini logicka struktura fizeni vychazi primarné z relativni vihkosti okol-
niho vzduchu. Je-li jeji hodnota nizsi nez predem nastavend maximalni pfipustnd hodnota odpovidajici rovnovizné vihkosti

ku je popsino fizené provétrivini

naskladnéného materidlu. je dosouseni vzdy mozné. ventilator je zapnut. Jestlize relativni vlihKost dosdhne urovné vyssi nez
predem nastavené, proces provétrivini se stiva funkci teploty materiilu. Je-li teplota niz8i nez maximalné povoleni (obvykle
v rozmezi 34 az 39 °C), ventildtor je vypnut, je-li vy$8i, je provétravani spusténo. Pii praktickych mérenich ¢inila vyska
vrstvy naskladnéného materidlu primérné 1.3 m. Béhem provoznich testd kondenzacni vrstva v dosouSené pici nikdy ne-
vznikla. Jako tfi hlavni veliiny pro fizeni procesu provétriavini (zapinini a vypiniani ventilitoru) byly kontinuilné méreny
a zaznamendviany jiz uviadéné teploty vzduchu a pice a relativni vihkosti vzduchu. DalSim fidicim parametrem byla rovno-
vidznd vihkost sena (Stirovnik razkaty, stonky a listky). jez je v predklidané prici znazornéna ve formé grafickych zavislosti
vlhkost materidlu — aktivita vody pro rozsah teplot 30 az 50 °C a také matematicky jako rovnice sorpénich izoterem. Zmény

mérenych a fidicich velic¢in v redlném c¢ase 75 hodin po naskladnéni pice a pri jejim provétravini jsou uvedeny v diagramu
véetné intervalli zapnuti a vypnuti ventildtoru. Predem nastavend maximalné piipustnd teplota pice ¢inila 37 °C. Na grafickém
prab&hu sledovanych veli¢in jsou zfejmé, predevsim v prvnich patndcti hodindch provétrivini. samozihievy vrstvy dosouse-
ného materidlu a nasledné snizovini jeji teploty v disledku ventilace. Diagram ukazuje i moZnost dosouseni pfi nepfiznivych
povétrnostnich podminkach (relativni vihkost okolniho vzduchu vyssi nez 85 %)

fizeni v redlném Case: sorpéni izoterma; seno: teplota; vihkost

INTRODUCTION duction depends on geographical and climatic condi-
tions, however. hay remains an irreplaceable compo-

The importance of hay for cattle feeding was as-  nent of cattle feed, particularly for calves (Lofgreen et
sessed differently in the past. As result, quantities pro-  al.. 1981) and also for dairy cows. Efforts to increase
duced in particular years differed markedly. Hay pro-  its production are motivated by attempts (o increase the
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ratio of dry feed in winter with the aim to reduce the
amount of acids in silage per unit of dry matter. The
importance of vitamin value of good-quality hay is not
negligible, either. Hay production is. therefore, ex-
pected Lo continue or increase again in the future.

The analysis of main problems concerning hay pro-
duction shows, that from the viewpoint of quality and
energy demands, the low drying capacity of near am-
bient air blown in by fans to wilted hay layer on grates
in hay barns is the decisive adverse factor. Moreover,
this problem cannot be overcome by increasing the
amount of the air blown in. In case of grass. the opti-
mum of initial moisture content (m.c.) at the beginning
of the drying process on grates in a barn is considered
30 to 35% (w.b.). This level can be achieved ¢. g. by
pre-drying of the mowed forage on the windrow (Sa-
voie ct al., 1992).

A tonne of hay of 16% m.c. (w.b.) is produced by
removing approximately 3200 kg water from about
4200 kg fresh mowed forage (initial m.c. 80% w.b.).
Of this amount ol water, about 7% is removed on grates
in a barn, the remaining on windrows. With the average
water-holding capacity ol near ambient air 0.7 g water
per m*, almost 300,000 m* of air must be blown away
in the hay barn for each tonne of hay (final m.c. 16%
w.b.). As arule, hay barns have 4 to 8 fans usually with
an output of 30,000 m* air per hour.

There are several ways how to increase efficiency of

hay production in barns:
— chemical treatment of material dried (Rotz. Thomas.

1988)
~ moderate heating of the drying air, ¢.g. using solar

energy (Jacob et al., 1992)
~ control of the drying process.

Automatic control of fan operation (on/off) is an
important [actor in increasing the quality and effective-
ness of the drying process in a barn, which may be also
essential for low-energy drying. A number of empirical
algorithms have been proposed to describe and predict
the drying of forage (Dyer, Brown. 1977: Lovering.
Mclsaac. 1981: Savoie, Mailhot, 1986). In all cases the
drying characteristics of hay depend on temperature
and relative air humidity, water transfer coelficient, n-
itial m.c. and equilibrium m.c. (Patil et al., 1993).

In practice. hay is mostly dried in a deep layer on
the grates. It is difficult to analyse the drying charac-
teristics of the deep layer directly. It is assumed that
a deep layer is composed of several thin layers, which
are consceutively investigated. Several cquations are
used to describe the drying characteristics of [orage in
a thin layer. The decreasing rate drying model sug-
gested by Hall (1957) is still widely used in the litera-
ture to predict hay drying rate (Rotz, Sprot, 1984)

dw
—==k.(w~- w,.) (1)
dr
where: w — moisture content of the forage
w, = equilibrium moisture content of the forage
- time

k- drying constant

The solution of equation (1) is obtained after delin-
ing a boundary condition, namely w = wy (initial mois-
ture content) at 7 = ()

W= \|".

—=cxp (—ki) (2)

Wy —w,

In equation (2). there are (wo paramelers to be esti-
mated, & and w,. Determination of the drying constant
was a subject of numerous studies (Savoie et al., 1982:
Rotz. Chen, 1985). Rotz and Sprott (1984). for example
neglected equilibrium moisture content (w,, = 0) when
they calculated the drying constant k. The error 1s mini-
mal for moisture contents above 1 g water/g d.b.. but
becomes significant when moisture content approaches
the real equilibrium moisture content. as shown by Pitt
(1993). In such cases, which are most important in
practice, it is necessary to estimate cequilibrium mois-
ture content w,.

OBIECTIVES

The aim of this study is to characterise a drying
process of hay in a barn in real time under varying
weather conditions. to develop consequently a way of
control of ventilation and to describe its internal logical
structure. Furthermore (o choose a model of equilib-
rium moisture content (EMC) ol a selected forage (Lo-
tus corniculatus L), i.e. dependence ol EMC on equi-
librium relative air humidity (ERH) or water activity
. and 1o apply EMC/ERH knowledge to the control
of this drying process.

MATERIALS AND METHODS

Fresh mowed forage (Lotus corniculatus 1..) was
used to establish a trial of ncar ambient air drying in
one section of a hay barn. The depth of forage on the
grates was 1.3 m in average. A condensation layer
never occurred in the material dried during ventilation.
The following values were continuously measured and
recorded:

— near ambient air temperature:

— relative humidity (RH) of near ambient air:
temperature of the material dried:

— intervals ol fan operation (on/olT).

The trial was repeated consequently ten times under
varying weather conditions. The temperature was
measured using res
midity by capacity sensors. The maximum temperature
ol hay was predeterminated on 37 °C because ol the
danger of spontancous heating and following risk of

I

stant sensors and relative air hu-

ignition.

At the end of ventilation and drying process of for-
age on grates in a barn a balance was [ollowed ol
EMC/ERH. i.c. the water adsorption and desorption
from the hay stored. Final moisture content of hay was
16% (w.b.). The sorption isotherms of hay Loy cor-
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niculatus L. (leaves and stems) in the temperature
range of 30-50 °C are shown in Figs I-4. The mathe-
matical model that fits the equilibrium EMC/ERH data
of stems best both for adsorption and desorption was
found 1o be the exponential equation (Stencl et al.,
1998)

w.=(A+B.T) . explC.ay) (3)

Equilibrium moisture content ol leaves was descri-
bed mathematically as follows (Stencl et al.. 1998b):
adsorption

We qu=A+B.T).exp(C.a,) (&)
desorption
Wego=A+B.T).a,*C (5)

RE S AND DISCUSSION

The dynamics of the pattern of particular parameters
measured (temperature of the material stored. near am-
bient air temperature, relative air humidity, and venti-
lation on/off) during the drying process of fresh mowed
forage Lotus corniculatus L. 1s evident in diagram
(Fig. 5). The pattern represents typical near ambient air

w (%)

04 05 06 07 0R 09 10
aw (-)

1. Adsorption isotherms of leaves of Lorus corniculatus 1.

Figs 1-4
w = moisture content of the material (w.b.): a, - water activity
LIS s0°C

W30 'C. A3SC @40°C.

04 0s 06 07 0% 09 10
i (2)

2. Desorption isotherms ol leaves ol Lotus corniculans L

ZEMEDELSKA TECHNIKA. 45. 1999 (1): 3740

drying process of forage in a deep layer on grates under
unfavourable weather conditions. Relative air humidity
was about 85% and air temperature 21 °C at the time
ol loading the forage into the section of a barn. A pe-
riod of the first 75 hours after loading a single layer
with the average depth 1.3 m is demonstrated. The dia-
gram shows a gradual increase in the temperature of
freshly loaded forage caused by spontaneous seltheat-

040 0.50 0.60 0.70 080 050 1.00

()

3. Adsorption isotherms of stems of Lotas cormiculatus 1

04 0s 06 07 08 0y K1)

au(+)
4. Desorption isotherms of stems ol Lotus corniculatus 1.
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5. agram of the dryig process of fresh forage Lot cormculatis
L. on grates in a barn

I = temperature of the material stored (Ty): 2 = near mnbient air

temperature (7,A). 3 = relative air humidity (RH). 4 = ventilation
on/oft in real tme (1)



ing till the time, when the temperature reached 37 °C.
This stage was recorded after one and half hour. At this
time a fan started to work automatically. During venti-
lation, when the temperature of forage gradually de-
creased, there was an increase in dry matter content.
The temperature difference 16 °C between near ambi-
ent air and the forage loaded was utilised for the drying
process, although the RH of near ambient air was above
85%. When this difference in temperatures was falling
down to about 3 °C after three hours, the drying effect
of the air became reduced and for this reason the fan
was switched off. This procedure was repeated still
twice. After 17 hours of the drying process the tem-
perature of near ambient air was higher than the tem-
perature of the forage and relative air humidity de-
creased on 60%. These conditions were advantageous
for drying and the fan operated continuously.

INTERNAL LOGICAL STRUCTURE OF THE HAY
DRYING CONTROL

The internal logical structure of the hay drying con-
trol in a barn basically depends on near ambient air RH.
If its value is lower than the preset maximum value
(depends on EMC, see Figs 1-4), the fan is switched
on. If the RH is higher than the preset maximum value,
the process of control starts:

- if the temperature of the material is lower than the
maximum permissible value, the fan is switched off;

— il the temperature of the material cxceeds the per-
missible value. the fan is switched on;

— il the temperature of the forage falls down to the
temperature similar to the temperature of the drying
air, the fan is switched off.

CONCLUSIONS

The actual drying process of forage in a deep layer
in a barn was controlled predominantly by the tempera-
ture of the forage loaded or by the critical value of RH.
It depends on EMC of the material dried. When the
preset limit values of these quantities are reached,
a signal is produced to switch on/off the fan. This pro-
cedure is also suitable with respect to fire prevention.
The maximum possible temperature of forage in a barn
could be in practice lower than predeterminated value
37 °C in presented tests.

The ways of control indicate that the process of con-
trolled short-term spontancous heating could be used.
to some extent, for drying forage in a barn even under
high RH of the drying air.
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