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SAPAM *93

SAP AM '93 is an abbreviation of an English name „Seminar on Agronomical 
Properties of Agricultural Materials as Related to Machine Design 1993". This is 
the name of scientific seminar held on October 11 - 13, 1993 at the Faculty of 
Mechanization of the University of Agriculture in Nitra, prepared by the staff of the 
Department of Machinery and Manufacturing Systems and the Department of 
Physics. 24 foreign participants and 62 domestic specialists were present in the 
scientific seminar.

Debates of the seminar proceeded in the plenum, i. e. in a single section. The 
subject of the scientific seminar were the following thematic issues:
- agrophysical properties of cereals, potatoes, sugar beet, and other agricultural 

materials and products,
- physical properties of soil and fertilizers,
- the use of agrophysical properties in the design of machines, in agricultural 

technologies and in agricultural power engineering.
19 papers and 12 posters were given at the seminar. The part of the scientific 

seminar SAPAM '93 was a special excursion into agricultural and processing 
enterprises and some social activities. Discussions in smaller groups concerning the 
cooperation and exchange of experience were held too. In common social activities 
new personal contacts were made and the participants exchanged their experience 
and opinions.

The scientific seminar was a culmination of presenting the results of research 
project, solved in the years 1990 to 1993, achieved at the above-mentioned workpla­
ces of the Faculty of mechanization under the name „The Connection between 
Biological Material with Components of Farm Machinery.“

For the years 1993 to 1996 the team of the staff of the Department of machinery 
and Manufacturing Systems proposed a new research project „Machines and their 
Working Mechanisms Affecting the Technological Systems of Potato, Root Vege­
tables and Sugar Beet Cultivation under the Conditions of Sustainable Agriculture.“

The proceedings of the annotations of papers and posters given at the scientific 
seminar SAPAM '93 were published only. For this reason, we much appreciate that 
the Editorial Board of the journal Zemědělská Technika has enabled to publish some 
of the papers. We suppose that the published original scientific studies will meet 
with a good response in readers.

The list of given papers and posters is presented in the section of this issue.
Ad revidendum at SAPAM '96.

Prof. Ing. Ján Jech, CSc.

ZEMĚDĚLSKÁ TECHNIKA - 1994 1



Xa* t^ Ц-Ц^^х * ř^P í Its its A V4
1 <9$i№№f pR> tteptoofproKSwxihydinsg^if^

vlkV'■'ч^^мке^гя^  ̂ .,^л ... L^-. . 229

fc-.-.tonM ^A im teflfedM^ sw diilgnd м Ю г.ишлимИ« «ü. li № МАЧАЙ
^ ^Г £^*^t3^Ä№«te^ ... „^^м i$(Wtto3hgA ^ ,*qd&
to ?tínóé4 ^ № WH Л1 - П »dotoO no Ы>1 uteunsa аШ1п»Ъг to эшвп sdí 
«8 to ^  ̂frb^Ma?«L^ w. ^^*№6» tMtoa^titotoM 
to WMtaptf «0 hcs amsev? yriiWoetoneM M« ^»оШмМ to МыитдШ 
adj Bi itisgyiq maw Wlsbsqe aifcsorob £b tw «imqi^uq дуэта! *t o^tfi '

' .ISnÜXtoii »jtoaahe
МТ .аойме sigfriz a ni л л nwnaiq яй ni bsbsstxnq isnimse sdí to gstedsG ■ 

:zsukíí oilwnsrfj gniwoUol atü stww isomm эййгвнэе ай to to^dm 
, IßitMiiiiohgfi larjo bos Jssd isg№ «ssoistoq лкатаз to ? tz> noqcnq teoszxdqoigK - 

- «»«Дейд far« xú imisní
«tTMifinsü ix» froe to esihagoíq fcnisYdq - 

biHtifuohgs ní íssi irisem to oyasb «9 ní gsirisqoiq ЬкигуЛкШ^г lo las эД ~
.gorosnigos Tswoq Is iwtaihje ni bns »igo iamtost

. мЬпхэг Mi to neg wfT .-влупм arb ж лэ*i$ aiaw m)goq p иш; graqr j I 
ytisasaoTq ix» Uiaiiuahy olni noizwaxa Istoaqs s a$w €^ МАЯА2 >ийфм 
аД gnuna алоэ zquotg кИетг ní gnoigauačiG .ibMiivijas í& jo? згпое bus güsnqniMto 
žabí /iiae ísboe полипоз я! .оол Mad a»w mahsqxato sgnertaxa бяк пойгосуюз 
ÄMiahaqxo uadi bagnsdaxo &№Kqi3iiit$q arii bns abent oöw ztaetooo fsf»r»q wan

■ 4noiniqo has 
tfciMseai to мМмп эД yfünagsiq to noiumnilj.; в mw ж;Лп^ oftb ?<A» aiff , 
-Bitphcw bsnoünanbsvock wü is bsvaidas t£№I ед 0*^1 хойх yiü ui bsvldi Mtoiq 
naawiad noitoannoD sdT« этен эД тэМш noíiBxiosdaoni to уйгжЧ arU to газ 
. “.yntoitoeMims'ltotinanoqinoD ^íwtehMeMbKMgotoiR
fontóaemtotnwmEcpas^toltoiafttlltoeMatarfidWí ед KQ1 в«^ зД 
lišto Мш ssnirfoeM^ 330(04 dauern wsn 1 beeogoit; гтэжхЙ gnhutoetoneM Ы® 
‘S^V ЗооЯ ftos»4 to ггбз»х^ UaigotondaaT «Ö gniioaHA гггв<ом1э»М gnbhoW 
' sitoürangA atosfüsRog t»гяокймоЭ «ß »Mw noijeviituD tosÄ «зн? bits <4з(Дй 
эЙйпзЬг sto is osvig naieoq Мм 8isqeq to efloitetome aril to »§fi<ior)ciq adT 
»di »tobsnqqe daum ser Тлоа&зт »Mi тоЧ .vino badeilduq stsw £í‘ МАЧ/. ; >
япог deřldvq ед bsídsns геЛ a toatoosT ЬзЬ IŠb5rmX bnwo( «Ö to ЬиоЯ Ißiicüba^H 
»WH lüw asibtos зПМй!38 isoigito bsdaildnq sto шЬ seoqqi» sW .атадед яй to

_ íTiteoi ni a<ntxyn boog в tohr 
лигг! žitoto показе stí? ?.•: batosesiq zi гкугог, Ьсв t ^yq rovlg to ЙнМП" 

.д^МАЧАЙ № rrwhnsbivsi i A

лЯЗ<Аъъ1 tti>V^n\>oi4

TV ÍK^I^XA TRCHMKA - IW4 "
I >W1 - АХГИНЭ^Г Äji?JäOäl/4iL



STRESS CRACKS DURING SEED CORN DRYING

V. Náplava, H. Weingartman

Universität für Bodenkultur, Wien

The artificial drying of the fresh-harvested cobs is performed by flows of hot air. 
Changes in the volume due to loss of water, during this process, lead to tensions inside 
the kernel. This is due to endosperm cracks, wich are called stress cracks. Kernels 
with damaged endosperm have a smaller consistence. This is a reason for secondary 
damage during conditioning. The aim of this project is to investigate the damage to 
com caused by the process of drying. The research was done in three parts:
1. The investigation of the level of temperature at which stress cracks develop.
2. The investigation of the influence of the number of stress cracks on the corn 
stability.
3. The investigation of stress cracks with electrical conductivity.
Kemels without any external damage were tested and categorized as no, single, 
double and multiple stress cracks. The stress cracks analysis and compression testing 
gave the following results:
- If the initial drying temperature is higher than 45 °C, the number of stress cracks will 
be greater.
- Large round kernels have a higher number of stress cracks.
- The compression force decrease with the number of stress cracks.
- There was no difference in conductivity rest between undamaged kernels and 
kernels with stress cracks identified.
- Drying air temperature and sensibility of hybrid have been recognized as the major 
reasons affecting the stress cracks and therefore the quality of com.

com drying; stress craks; damage; compression

In Europe the corn seed harvest is carried out at a grain moisture of 30 to 40 %, 
the so-called Com picker (Bourgoin-GX 306,406). To obtain the damage as low as 
possible during post-harvest processing and in particular loss-free storage, the 
kernels have to be dried to a moisture of 12 to 13 %. Drying of com seed cobs is 
done in two- or three-phase hot-air box driers. Heat transport and water withdrawal 
are done via air flow (350 to 400 m3/m3 per hour). Changes in the volume of kernels 

during the loss (evaporation) of water causes a tension inside the kernels due to 
which soft (fine) cracks in endosperm develop, called stress cracks (maximum size 
of 58 + 14 pm). These cracks, so-called primary damage, are a cause of secondary
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damage, cracks of kernels into two or more parts during further post-harvest 
processing and transportation.

Stress cracks according to their number are classified into:
none-stress cracks NSC
single-stress crack SSC
double-stress cracks DSC
multiple-stress cracks MSC

Mechanization of operational process during harvest, drying and post-harvest 
processing of com seed increases the percentage of damage to kernels, and thus 
reduces the seed quality. Aim of my study was to find the type of intensity and 
determination of critical places of mechanical damage to com seed during drying 
and post-harvest processing.

MATERIAL AND METHODS

Two hybrids Dea (3839) and Helga (3902) were tested:
- Dea, medium-early single hybrid, FA 290, flint character,
- Helga, medium-early single hybrid, FA 290, dent character.

Two various parts of each hybrid were tested. Samples were taken during both 
the seasons in the PIONEER Company, Pamdorf. Cobs were tom off manually after 
drying, all samples were stored in the plastic boxes at BOKU Vienna.

Drying and post-harvest processing of two hybrids (Dea and Helga) of com seed 
supplied by the firm PIONEER Saaten GmbH, Pamdorf, Austria (Fig. 1) supple­
mented by experimental tests at BOKU Vienna and Bundesanstalt für Pflanzenbau 
Wien.

For the reasons of accurate determination of frequency and development of 
mechanical damage and its effect on the biological value of the seed, the following 
tests were accomplished:
- DYE TEST 0.1 % Naphthol Blue Black solution to dip for 30 sec

to wash out the seed under the flowing water
- ISTA WARMTEST +25 °C, 90 - 95 % of relative humidity lighting 8h/day, 6 

days
- ISTA COLDTEST +10 °C, 85 % relative humidity, 7 days

+25 °C, 90 - 95 % of relative humidity, 6 days
- ELECTRIC CONDUCTIVITY (ASAC-1000, HI 8733)

Measurement of electric conductivity in solution; seed dipped in distilled or 
deionized water.

- STRESS CRACKS ANALYSIS
Kemels without any external damage placed by a shoot downside on non-transpa­
rent glassy plate. White light of 100 W intensity penetrates the opening in plate 
(about 2.5 mm) and kernel. The number of stress cracks is a selection criterion.
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1. Diagram of operational process
1. Uptake of cobs
2. Defoliation
3. Manual sorting 

. 4. Drying boxes
5. Corn shelter
6. Pre-treatment
7. Automated weighing

8. Force (pre-treated seed)
9. Calibrating (round hole screens)

10. Calibrating (slot screens)
11. Pneumatic air-operated
12. Inter-tanks of sorted seed
13. Treatment
14. Bagging, marking, palletization

RESULTS

Finding the initial temperature of corn seed drying at which stress cracks appear

Following the DYE test and subsequent analysis for stress cracks it was sound that the 
Helga hybrid has much higher number of stress cracks compared to the Dea hybrid (Figs. 
2a, b) yet after drying, though the drying temperatures were almost identical (Fig. 3).
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2a. Evaluation of stress cracks, Dea hybrid 
NS - unsorted kernels
MF/MR - medium, flat/round fraction 
LF/LR - large, flat/round fraction

KERNEL SIZE

2b. Evaluation of stress cracks, Helga hybrid 
NS - unsorted kernels
MF/MR - medium, flat/round fraction
LF/LR - large, flat/round fraction
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3. Course of diying temperatures of the Dea and Helga hybrids in Parndorf 
------  Dea - initial moisture 33.8 %
------ Helga - initial moisture 33.2 %

For this reason a part of my research was concentrated on the rise and deve­
lopment of stress cracks during com seed drying.

Tests were accomplished in the harvest season of 1992 to 1993. Three electrically 
heated drying devices were designed for measurements. Constant amount of air of 
a rate of 0.18 m/sec was supplied by built-in fan. Cobs were dried in one layer on 
drying sieves (air temperature 25 to 50 °C), before and after defoliation. For the 
reasons of the determination of drying rate in time intervals measurements were 
performed together with the determination of kernel moisture (Dickey John, Wile 
35-Humic OY). '

The following values were measured graphically during drying by personal 
computer:
a) input air pressure

relative humidity 
temperature

b) in each device temperature below drying sieve 
temperature above drying sieve 
kernel temperature 
rachis temperature

Diagram of the course of temperatures show Figs. 4, 5. After drying the cobs 
were manually tom off, ISTA Warm, Kalttest, and DYE tests were executed. The 
analysis for stress cracks was carried out in kernels without any external damage.
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4. Laboratory drying, Helga, 28. 9. 1992
DR1, DR2, DR3 - rate of drying in the first, second, third drying devices
DTI, DT2, DT3 - temperatures below the sieve in the first, second, and third drying device

5. Laboratory drying, Helga, 28. 9. 1992, third drying device
DR - rate of drying TC- rachis temperature
TU - temperature below drying sieve TK - kernel temperature
TA - temperature above drying sieve
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I. Laboratory drying, BOKU Wien - DEA

Date Ti
CO

Mi 
(%)

Mf 
(%)

Td 
(h)

WT 
(%)

CT
(%)

Stress cracks (%)

S* D2 M3

25.4* 23.9 13.0 29 97 99 0.5 0.0 0.0

29. 9. 1992 29.8* 23.9 11.9 29 98 97 0.5 0.0 0.0

33.7* 23.9 12.0 25 97 93 1.0 0.0 0.0

34.1 24.2 11.9 27 96 95 1.0 0.0 0.0
1. 10. 1992 37.3 24.2 11.9 21 94 99 1.5 0.5 0.0

40.7 24.2 10.9 21 96 98 5.0 0.0 0.0

32.6* 23.9 12.0 27 96 96 0.5 0.0 0.0
2. 10. 1992 35.4* 23.9 11.8 21 98 93 2.0 0.0 0,0

38.5* 23.9 11.3 21 96 96 2.5 0.0 0.0
30.4* 24.2 12.6 27 94 95 0.5 0.0 0.0 )

5. 10. 1992 35.5* 24.2 12.4 27 94 93 3.0 0.0 0.0
39.4* 24.2 11.4 25 94 91 5.0 0.0 0.0

30.6* 23.4 12.6 25 94 98 1.5 0.0 0.0
6. 10. 1992 33.4* 23.4 12.4 21 96 96 2.5 0.0 0.0

40.0* 23.4 11.9 19 96 97 4.5 0.0 0.0

30.5* 23.7 12.5 23 95 95 1.0 0.0 0.0
7. 10. 1992 33.6* 23.7 12.0 23 95 94 7.5 0.5 0.0

41.5 23.7 11.6 19 96 95 8.5 0.0 0.5

9. 10. 1992 37.0 23.8 12.8 23 97 96 6.5 0.0 0.0

Ti - initial drying temperature (*) - increase in drying temperature
Mi - initial kernel moisture (-) - falling of drying temperature
Mf - final kernel moisture () - constant drying temperature
Td - time of drying WT, CT - Warm-, Kalttest

'single stress cracks; 2double stress cracks; 3multiple stress cracks

It follows from the results of measurements:
- higher initial temperature of drying in the Dea hybrid results only in a slight increase 

in number of stress cracks, seed germination, too, is not markedly reduced (Tab. I),
- higher initial temperature of drying in the Helga hybrid results in higher number 

of stress cracks, what had adverse effects in the seed germination (in particular 
ISTA Kalttest) (Tab. II).
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II. Laboratory drying, BOKU Wien - HELGA

Date
Ti 

CQ
Mi 

(%)
Mi 
(%)

Td

(h)
WT 
(%)

CT 
(%)

Stress cracks (%)

s’ D2 M3

29.1* 26.3 13.6 43 97 82 1.5 0.5 0.5

14. 9. 1992 44.3* 26.3 12.5 41 94 79 10.5 6.0 0.0

46.6 26.3 13.8 20 90 58 44.0 14.0 1.5
29.2* 26.4 12.0 51 97 78 7.0 2.5 1.0

17. 9. 1992 37.9* 26.4 11.5 49 95 78 18.0 4.5 0.5

47.2 26.4 11.4 37 93 72 26.0 7.0 1.0
28.3* 26.1 13.8 53 95 81 4.0 0.5 0.5

20. 9. 1992 33.3* 26.1 13.0 53 94 81 5.0 1.0 0.0
36.7* 26.1 10.5 53 93 79 9.0 1.0 0.5
26.5* 24.5 13.5 35 96 83 3.0 1.0 0.0

23. 9. 1992 30.5* 24.5 12.4 33 93 77 5.0 1.0 0.0
34.3* 24.5 11.7 27 95 71 9.0 3.5 0.0
25.7* 23.4 12.8 39 97 78 1.5 1.0 0.0

24. 9. 1992 30.2* 23.4 12.3 39 96 83 3.5 0.0 0.0
34.9* 23.4 12.4 29 93 74 9.5 2.0 0.0

25.4* 24.1 13.6 33 97 93 1.0 0.0 0.0
28. 9. 1992 30.2* 24.1 13.0 31 98 78 2.5 1.0 0.0

34.9* 24.1 12.4 23 98 81 5.0 0.0 0.0

37.1 23.4 13.0 23 96 75 4.0 1.0 0.0
9. 10. 1992

42.0 23.4 11.9 23 92 58 9.5 1.0 0.0

Ti - initial drying temperature (*) - increase in drying temperature
Mi - initial kernel moisture (-) - falling of drying temperature
Mf - final kernel moisture ( ) - constant drying temperature
Td - time of drying WT, CT - Warm-, Kalttest

'single stress cracks; 2double stress cracks; 3multiple stress cracks

Finding the effect of the number of stress cracks on the kernel stability

The seed of the season 1991 to 1992 was used in this part of the experiment. The 
seed was taken after drying in Parndorf. The kernels from manually tom off cobs 
was sieved in such a way to obtain the same fractions as in the actual operational
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process. The LR (large round, 8 to 10 mm kernel width) fraction was subjected to 
tests, as it had the highest number of stress cracks in both harvest seasons. The 
measuring device Instron was used for testing the quasi-static compression. The 
kernels were placed by a shoot downside between two parallel plates, constant 
deformation rate of the upper plate was 5 mm/min. 100 kernels were tested in each 
group. The results were recorded and assessed by personal computer.

It follows from the results of measurements:
- kernels with stress cracks do not display bio-yield point (Fig. 6),
- presence of stress cracks reduces the size of compression force needed for crack 

of kernel (rupture point) (Fig. 7).

Finding stress cracks by electric conductivity

Electric conductivity was measured by the device ASAC-1000 (kernels were 
measured individually) at Bundesanstalt für Pflanzenbau in Vienna. The same seed 
of the Dea and Helga hybrids was used.

It follows from the results of measurement (Fig. 8):
- differences between undamaged kernels and kernels with stress cracks were not 

found out by measurements in the Dea hybrid,
- significant differences were found out by measurements not earlier than after 

24 hours of measurements, what means that this method is not suitable for 
analysis of stress cracks. (Higher values of electric conductivity in the Helga 
hybrid were measured in all kinds of damage to pericarp.)

6. Deformation curves, Helga hybrid, large, round kernels, deformation rate 5 mm/min 
NSC - none stress cracks " DSC - double stress cracks
SSC - single stress cracks MSC - multiple stress cracks
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1. Compression force vs. time of cracking, Helga, large, round kernels, deformation rate 
5mm/min
DSC - double stress cracks
NSC - none stress cracks

8. Electric conductivity, AS AC 1000, large, round kernels
H - STCR - Helga hybrid - stress cracks
H - UD - Helga hybrid - none stress cracks

D - STRC - Dea hybrid - stress cracks
D - UD -Dea hybrid - none stress cracks
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CONCLUSION

Major factors affecting the development of stress cracks are as follows: 
Sensibility of hybrid - Significant differences between the Dea and Helga hybrids 
were found out during tests.
Initial drying temperature in dependence on kernel moisture - Higher initial 
drying temperature in the Helga hybrid resulted in higher number of stress cracks. 
Kernel size - The highest number of stress cracks was always found in large round 
fraction in both hybrids.
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Náplava, V. - Weingartman, H. (Podohospodárska univerzita, Viedeň):
Napáťové lomy počas sušenia osivovej kukuřice.

Zemčd. Techn., 40, 1994 (1): 3-14.

Umělé sušenie čerstvo pozberaných šúlkov kukuřice sa zabezpečuje vháňaním 
ohriateho vzduchu. Objemové změny v dósledku straty vody počas tohto procesu 
vedú к vzniku napátia vo vnútri zfn. Toto je příčinou praskania endospermu. Pre 
tento jav možno použiť výraz „napáťové lomy“. Zrno s poškodeným endospermom 
má menšiu hustotu. Pri pozberovom spracovaní vznikají! ďalej druhotné poškode- 
nia. Cielbm tohto příspěvku je skúmanie poškodenie zma, ktoré vzniká v procese 
sušenia. Skúmanie problému bolo realizované v troch etapách:
1. skúmanie úrovně teploty, pri ktorej napáťové lomy vznikajú,
2. výskům vplyvu počtu napátbvých lomov na stabilitu zrna,
3. výskům vplyvu napátbvých lomov zrna na elektrickú vodivost’.

Zrná bez akéhokoFvek vonkajšieho poškodenia boli testované a zaradené do 
skupin: bez lomu, jeden lom, dva lomy a viac napátbvých lomov.

Analýza napátbvých lomov a stláčacie testy umožnili získat’ následovně vý­
sledky:
- v případe, že počiatočná sušiaca teplota je vyššia ako 45 °C, počet napátbvých 
lomov je vyšší,
- vo velkých okrúhlych zmách dochádza к váčšiemu počtu napátbvých lomov, 
- stláčacia sila sa znižuje s počtom napátbvých lomov,
- neboli zistené rozdiely v testoch vodivosti medzi nepoškodenými zmarni a zmarni 
identifikovanými s napáťovými lomami,
- teplotu sušiaceho vzduchu acitlivosťhybridov možno považovat’za hlavnú příčinu 
ovplyvňujúcu napáťové lomy a z toho ddvodu aj kvalitu zma.

sušenie zma; napáťové lomy; poškodenie; stláčanie

Contact Address:

Dipl.-Ing. Vladimír Náplava, Universität für Bodenkultur, Peter Jordan-Strasse 82, 
A-1190 Wien, Österreich
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IDENTIFICATION OF MECHANICAL DAMAGE TO SEEDS 
BY PHYSICAL METHODS

J. Pecen

University of Agriculture, Prague

Seed damage, its identification and classification and its quantitative evaluation, are 
still a vivid problem. There are many ways and methods how to accomplish it. In the 
time, when the quality of materials and products is required and emphasized more and 
more, the damage is to be detected and evaluated more carefully, as some kinds of 
damage affect the qualitative properties of seeds. An attention here is paid only to 
mechanical damage to grain, internal and external, in view of possibilities how to 
detect it. The external damage to seeds was detected by the method of image analysis. 
The internal mechanical damage to seeds was detected by the X-ray method in 
particular. Other methods for determination of damage, e.g. colorimetric and con­
ductometric methods, are discussed briefly. Grains of wheat, barley, and molt were 
used for experiments. The results obtained were not linked with biological damage to 
seeds in any case.

image analysis; roentgenogram; mechanical damage; internal damage; stress cracks; 
cracks; seeds

Damage to grain, its identification, classification and quantitative evaluation, are 
the problem still very topical. They are many methods and ways how to accomplish 
it. In the time when quality is emphasized and required more and more, the damage 
is to be detected and evaluate as well as some kinds of garin damage affect its 
qualitative properties. For this reason, there is a tendency to offer objective results 
based on simple and reliable in detection of grain damage. An attention here is paid 
only to mechanical damage to grain (out of many kinds of damage), external and 
internal, in particular in view of possibilities of its detection. General reasons for 
this orientation of the study are refened to by Pecen et al. (1992). Though the 
presented work concerns mainly with the wheat grain damage, most of the presented 
reasons are of more general application.

SURVEY OF PRESENT SITUATION

Direct visual observations and evaluation of the damage is very difficult without 
using any, though simple aids. They are limited by distinguishing capacity of 
a human observer. In spite of it, as reported by M b u v i et al. (1989), the damage
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can be rather well determined using the different properties of the sample under 
study, though it is not exclusively mechanical damage. External grain damage can 
be detected either directly visually or better, using some of the colouring methods. 
For the above reason, image analysis method seems to be suitable, as reported 
Kim et al. (1990). Results of the study, based on this method, compared with the 
results obtained by human observers are reported by C h u r c h i 1 (1990). The 
results presented confirm the suitability of the use of the image analysis method. 
This method is used e.g. for morphological evaluation and characteristics of indi­
vidual wheat cultivars, as presented by Keefe and Draper (1986). A similar 
problem was solved by Berlage et al. (1988) and Neuman et al. (1987).

Conductometric and colorimetric methods are used for determination of internal 
damage. Their comparison is reported by G r u n d a s et al. (1989). Both the 
methods, in case of their use, manifest completely identical results in dependence 
on the size of mechanical damage. The use of X-ray apparatus for identification of 
internal damage of grain is reported by Pecen (1993). The procedure as de­
scribed by N i e w c z a s (1991) can be used to evaluate the roentgenogram, and 
thus also to quantify internal damage. T о 11 n e r and Murphy (1991) are 
concerned with the absorption of X-ray radiation in passing through biological 
materials and soil.

The method of image analysis and roentgenographic method are used most 
frequently out of many other ways of external and internal grain damage detection. 
Sarwar and Kunze (1989) are dealing with some of the causes of grain 
mechanical damage.

METHODS USED DETERMINATION OF GRAIN DAMAGE

Direct visual observations

To detect external damage to grain, simple aids, such as magnifying glass, or 
colouring agent, are enough. The results obtained may be subjective to a high 
degree. Internal damage to grain is usually associated with its mechanical strength. 
This can be used for the standard test determining the susceptibility of grain to 
breaking. This fact may be associated with a degree of mechanical damage to grain.

Colouring methods

They use e.g. tetrazolium solution colouring live cells into red. The modifications 
of this method are used to achieve better and faster penetration of the colouring 
agent into the grain. Simultaneously with it, the solution Fast Green is used for these 
targets. This method was successfully used also for wheat to test susceptibility of 
individual wheat cultivars to damage. To make visible the external grain damage,
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practically any suitable organic colouring agent, which can adhere to damaged parts, 
may be applied.

Colorimetric method

The solution Fast Green is applied like in colouring methods, though with 
a difference that the colouring agent, adhered mainly to bare parts of damaged 
endosperm of grain, is washed out of the sample by soda lye and an area of 
absorbance and transmittance of this solution is measured. If the times of different 
working phases of the test are preserved sufficiently accurately, there is a good 
reproducibility. This procedure can detect internal damage to seeds as a mean value 
of small sample, not of individual grains.

Conductometric method

The method is based upon knowledge that the grains dipped into distilled water 
form gradually conductive solution from water - electrolyte whose conductivity is 
proportional to concentration. A high value of conductivity can be used as an 
indicator of bad membrane and this can be linked with the grain damage. This 
method, modified in such a way that individual grains are measured, has good 
results e.g. in examination of germination capacity.

Direct optical methods

They are used as non-destructive methodologies to identify the stress cracks in 
kernels. For example the use of laser for identification of internal cracks is not 
suitable, but on the contrary very good for the detection of external damage. 
Ultrasound was of low efficiency for the detection of internal damage. The visible 
light applied form marked differences in intensity on fracture surfaces or stress 
cracks of grain endosperm.

Method of delayed luminescence

This method is accurate enough, though demanding for equipment and operation. 
Various degrees of damage can be detected by it, and to distinguish different 
cultivars from each other. Disadvantage consists in great time dependence of 
emitted and recorded electro-magnetic radiation. The method is suitable to be used 
in laboratory conditions.

X-ray method

The method is based upon absorption of soft X-ray radiation during passage 
through the sample under review. The roentgenogram obtained on a flat film records 
rather good the situation inside the grain. „Wet“ process of film development and
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long-exposure times prevent the practical and available use of this method, together 
with manual processing of roentgenogram obtained particularly. Otherwise, this 
method provides the most information regarding the actual state of the „grain 
inside“ (Fig. 1,2). The latter disadvantage should be removed by using the method 
of image analysis by which each roentgenogram should be processed very quickly. 
This should result e.g. in certain value expressing the degree and danger of grain 
damage, as proposed by e.g. N i e w c z a s (1991).

1. Roentgenogram of endo­
sperm of spring barley kernels. 
The cracks in endosperm of 
kernels are light lines, as the 
image is negative. Cracks are 
spread the most frequently in 
normal cross section (referred 
to long axis of kernel)

2. Endosperm of molt kernels. 
Longitudinal cracks are visi­
ble, besides many normal 
crack. All crack are mecha­
nical ones as a result of extre­
mely high humidity and tem­
perature during drying process
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Method of image analysis

This is very perfect tool with huge possibilities. The sample is scanned by camera 
(vidicon camera or CCD camera), and an image obtained is digitalized and stored 
in binary form in the computer memory. The binary file, stored in such a way and 
representing the image scanned, can serve for different mathematic operations. 
Following the modifications, the result is again displayed on the screen of monitor 
in the usual form. The time needed for modifications depends on the quantity of 
samples, kind (complexity) and speed of computer and may be practically negligible 
in some cases, i.e. the computer works in real time. In dependence on technical 
equipment and particular software such information can be obtained which should 
be achieved with difficulties in other way. Using this method to analyze the samples 
of cereals, information on grain damage (in combination with X-ray apparatus on 
internal grain damage), information on morphology of individual grains in sample, 
their physical dimensions, biological damage, etc. (Fig. 3). This method seems to

1- im^i hwi thwi Нцн
2. ня и milt twin ШМГ
3. v^( w* мн* MH*
4. H^W ИМЯ 1Н|Я W
5- Мня Мня Мня Ин я
abed

3. The result of using the method of image analysis concerning the biological damage to spring 
barley kernels. Damaged kernels have „black tips“. The sample of barley kernels presents Fig. 3a. 
It is an image of sample scanned by camera. Lines of image have various combinations of kernels 
line 1 - all kernels are healthy
line 2 - all kernels are damaged (with „black tips“)
line 3 - all kernels are healthy
line 4 - healthy and unhealthy kernels 
line 5 - all kernels with „black tips“ 
Lines in Figs. 3b, 3c represent the lines on Fig. 3a. Various shades of black colour of single barley 
kernels in Figs. 3b and 3c represent the different values of setting up the accuracy to distinguish 
healthy and unhealthy kernels. This corresponds to the significance of this phase in the total image 
processing. Fig. 3d represents the result of the whole processing and corresponds exactly to the 
image sample in Fig. 3a. Healthy kernels in Fig. 3d are of dark black colour and unhealthy kernels 
are of light colour
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be promising in the future, not all its faculties are utilized now. Potentially it 
represents a practical tool for routine and sufficiently profound inspection of grain 
damage (mechanical and biological).

DISCUSSION AND CONCLUSION

It follows from comparison of possibilities offering by different methods for 
detection of the size and kind of damage to grains that the most effective seems to 
be the method of image analysis and in combination with Y-ray method for 
identification of internal damage to grain. Furthermore, a greater attention and more 
studies should be given to colorimetric method for its simplicity, though it submits 
„mean“ results. The method of image analysis seems to be good also for identifica­
tion of „biological“ damage to grain, not only mechanical. As reported by Chur­
chill (1990), the results obtained by the above-mentioned methods are more 
reliable than those obtained by a human being. Simultaneously with it, processing 
of data is immediate. Some disadvantage consists in higher expenses for the whole 
equipment and software which must be completed according to the actual concrete 
conditions (kind of specified material, studied properties, etc.).

The target of this brief survey was to indicate properties of some methods 
acceptable for quantification of damage to grain which should be used in practice 
for routine inspections. In any case this brief survey cannot be suggested as the 
complete enumeration of all possibilities.
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Fyzikální metody identifikace mechanického poškození semen.
Zeměd. Techn., 40,1994 (1): 15-21.

Jsou uvedeny různé metody pro detekci mechanického poškození semen (pro vnitřní 
a vnější poškození semen). Pro charakteristiku semen a jejich vnějšího poškození je 
použita hlavně metoda analýzy obrazu. Pro srovnání jsou uvedeny různé způsoby 
a varianty této metody včetně vlastních výsledků. Vnitřní poškození semen bylo dete­
kováno především za použití rentgenu. Obrázek semen (jejich endosperm) může být 
zpracován touto metodou (analýzy obrazu) a tím zároveň můžeme kvantifikovat poško­
zení semen. Jsou uvedeny i další metody pro určení poškození, např. colorimetrická, 
vodivostní. V experimentech byla použita zrna pšenice, ječmene, sladu, čočky atd. 
Získané výsledky nebyly v žádném případě spojovány s jakýmkoli biologickým poško­
zením semen.

analýza obrazu; rentgenogram; mechanické poškození; vnitřní poškození; trhliny; se­
mena
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MECHANICAL DAMAGE TO PEA GRAINS BY IMPACT

J. Jech, J. Artim, R. Kichi

University of Agriculture, Nitra

The effect of a mechanical impact loading on pea grain damage and germination were 
investigated. Grain pea variety Belinda were used with the grain moisture content 
7,2-12,5 %. Seed quality were studied in relation to the height of the free fall of the 
grain, incline angle of the plate, material of the plate and grain moisture content. 
Height of 4 m is considered as critical height of free fall. Neverthelles, even minimal 
height falling have caused a grain damage and decreasing of grain germination. Effect 
of the falling angle of the grain is favourite when this angle is 60 degreas. The rubber 
is considered as a most suitable material, while steel plate is most unsuitable. The 
effect of the grain moisture content is very significant. Overdried pea grains (grain 
moisture content less than 9 %) are sensitive to damage when mechanicaly loaded. 
Manipulation of such pea grains causes high damage and decreasing of pea seed 
germination.

seed; pea; impact; damage; germination

In the process of post-harvest grain treatment by purification and sorting, indi­
vidual grains are exposed to dynamic stress resulting in their mechanical damage. 
The dynamic stress appears on transport mechanisms and during free fall and impact 
of grains against working surface of the cleaners. The damage arisen in such a way 
(macro-, microdamage, and loss of germinating capacity) reduces the viability of 
grains, seeding quality and the market value as well. Damaged and dead grains lose 
their nutritive value during long-term storage.

The transportation by free fall and self-fall is used frequently in post-harvest 
lines, whereby grains in the process of purification and sorting impact multiplica­
tively on metallic working pads or metallic working surfaces from different heights. 
For these reasons, our study was aimed at investigation of the effect of fall height 
on the damage and germinating capacity of grains in impact on the pad, the effect 
of angle of impact area and the effect of the kind of material of this area.

MATERIAL AND METHOD

Characteristics of the grain material applied

Pea (Pisum sativum), cv. Belinda, manually collected at a moisture of 9.3 per 
cent, was used in the experiments. Grains were also manually released from pods. 
The pea (after manual collection) was classified as follows:
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1. Diagram of device intending for study of the 
effect of height of free fall on the pea grain damage 
and germinating capacity during impact on solid 
pad: 1 - polyvinyl chloride tube, 2 - clamp, 3 - 
connector, 4 - screw, 5 - stand, 6 - exchangeable 
solid pad, alpha - angle of pad

- pea damaged prior to collection (natural damage), 
- undamaged pea.

Following dynamic stress pea grains were classified as follows:

1. micro-damaged grains:
a) whole grains with damage visible by free sight,
b) halves of grains,
c) broken pieces of grains;

2. micro-damaged grains:
a) damaged seedcase,
b) damaged germ,
c) damaged seedcase and germ;

3. undamaged grains.
Microdamage to grains was studied by means of colouring by ozine in ultrasound 

tank for 4 minutes. Evalution was carried by magnifying glass in 6-multiplied 
magnification.

Healthy and undamaged grains exclusively were used in experimental measure­
ments. In evaluating the germinating capacity grains were divided into germinating 
and anomalies of seedlings according to CSN standard 46 0311.

Characteristics of studied parameters

The effect of height of free fall on the damage and germinating capacity of pea grains, 
cv. Belinda during the impact on the pad was followed. Pea grain damage at the inpact 
by free fall on the pad was studied on the device constructed in the Department of 
Machinery and Production System, University of Agriculture, Nitra (Fig. 1)
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Using this device we studied the following:
a) the effect of angle (0.15°, 30°, 45°, 60°, 75°) of the pad (steel sheet) on the pea 

grain damage and germinating capacity during free fall from a height of 8 m,
b) the effect of material of pad (steel, concrete, wood, polyvinyl chloride, pea 

grains) on the pea grain damage and germinating capacity during free fall from 
a height of 1,2,4, 6, and 8 m,

c) the effect of grain moisture (7.2 to 12.5 %) on the grain damage during free fall 
from a height of 0,1,2,4,6, and 8 m.
300 grains was tested for each change in the above parameters. Experimental 

measurements were conducted in the years 1991 and 1992 in the Department of 
Machinery and Production Systems, University of Agriculture in Nitra.

The evalution of experimental measurements was carried out by routine statistic- 
mathematical methods on the computer.

RESULTS

• The effect of an angle of pad on the pea grain damage 
and germinating capacity during free fall

The angle of pad, on witch individual grains were impacted, was selected to be 
0°, 15°, 30°, 45°, 60°, and 75°. The height of fall was contact 8 m. Grain moisture 
during measurements was 9,03 %. 300 grains were tested for each change in angle. 
The pad used - steel sheet. Figs. 2 and 3 present the results of measurements. The 
equation of approximation and correlation index is evident from Tab. I.

The angle of pad of impact area has a marked influence on the damage, in 
particular on macrodamage to grains. Almost the same can be applied to germinat­
ing capacity (Fig. 3). Enlargement of the angle of impact area has a good influence 
on the reduction of grain damage and on the increase in germinating capacity during 
impact of grains on the pad.

The effect of pad material and height of free fall of grains 
on their damage and germinating capacity

The steel sheet, concrete, wood, polyvinyl chloride and a layer of pea grains were 
used as materials of impact pad. Pea grains fell on the above pads from a height of 
0, 1, 2, 4, 6, and 8 m. Grain moisture was 9.3 %. 300 grains were used for each 
height. Figs. 4 to 10 present the results of measurements for different pads. Equa­
tions of approximation and indices of correlation are presented in Tab. I.

DISCUSSION

In studying the effect of angle of steel pad, we found out that the damage to 
free-falling grain declines with enlargement of angle of the pad (Fig. 2).

ZEMĚDĚLSKÁ TECHNIKA -1994 25



(%) 2. The effect of angle of the pad (steel 
sheet) on the pea grain damage, cv. 
Belinda, during free fall from a height 
of 8 m. Grain moisture of 9.3 %, 
where: 1 - microdamage, 2 - macro­
damage, 3 - total damage to grains

angle of gradient, damage

3. The effect of angle of the pad (steel 
sheet) on the germinating capacity 
and anomalies of seedlings of pea 
grains, cv. Belinda, during free fall 
from a height of 8 m. Grain moisture 
of 9.3 %, where: 1 - germinating 
grains, 2 - anomalies of seedlings of 
grains

angle of gradient, germinating capa­
city

Intensity of decline in damage is faster in macrodamage compared with the 
microdamage. For comparison - macrodamage to grains at angle of the pad 0 was 
11.4 %, and at angle of 75 only 2.01 %, the total decline of 9.39 %, but the 
microdamage in total dropped by 1.68 %.

The total damage representing arithmetic summation of macro and microdam­
ages is of markedly falling tendency in the area of angle of the pad from 0 to 45 
(Fig. 2). For example, between angles 0 and 15 we measured the decline in damage 
of 5 %, on the contrary, at angles 60 and 75 only 1.2 %.

The best germinating capacity (Fig. 3) had pea grains falling to the pad of angle 
75. Anomalies of seedlings had the highest value at angle of 15 -15.82 %. It follows
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I. Approximation constant and indices of correlations to Figs. 2 to 12

Number of Fig.
Bn Ba i

1 3.77324 0.984241 0.876428.
2' 2 15.2648 0.974247 0.962724

3 21.607 0.972506 0.916438

3. 1
2

76.27036 1.001656 0.9323484
18.54435 0.9942152 0.8698158

1 2.15019 1.08319 0.811055

2 2.0103 1.04079 0.716398
4. 3 3.17636 1.11017 0.969177

4 85.1826 0.99565 0.465781
5 10.6108 1.03666 0.972152
1 1.97912 1.0363 0.932252
2 1.32609 1.2935 0.87779

5. 3 3.18101 1.18455 0.938288
4 91.3097 0.967785 0.925458
5 9.96364 1.11889 0.944795
1 2.17888 1.02962 0.99953
2 1.66054 1.17499 0.982508

6. 3 3.75643 1.11176 0.991287
4 90.9902 0.974438 - 0.97745
5 6.82569 1.13569 0.865497
1 0.590888 1.27647 0.965673
2 1.32033 1.11706 0.906148

7. 3 1.85665 1.18732 0.951242
4 87.0677 0.9856 0.853775
5 9.08936 1.1083 0.893345
1 1.0492 1.21893 0.979491
2 1.8196 1.04731 0.878554

8. 3 2.78832 1.13366 0.978229
4 93.603 0.991155 0.957327
5 6.16245 1.06601 0.884247
1 4.18363 1.16644 0.991605

11. 2 2.594 1.20232 0.969226
3 1.4534 1.14304 0.979182
1 96.8098 0.990292 0.891599

12. 2 97.7762 0.99316 0.817662
3 98.5106 0.993791 0.958511
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(%) (%) 4. The effect of the material of 
pad (wood) and heights of free 
fall of grains on their damage 
and germinating capacity at im­
pact, where: 1 - microdamage, 2 
- macrodamage, 3 - total damage 
to grains, 4 - grain germinating 
capacity, 5 - anomalies of seed­
lings. Pea, cv. Belinda, grain 
moisture of 9.3 %

height of fall, damage, germina­
ting capacity

5. The effect of the material of 
pad steel (sheet) and heights of 
free fall of grains on their dama­
ge and germinating capacity at 
impact, where: 1 - microdama­
ge, 2 - macrodamage, 3 - total 
damage to grains, 4 - grain ger­
minating capacity, 5 - anomalies 
of seedlings. Pea, cv. Belinda, 
grain moisture of 9.3 %

height of fall, damage, germina­
ting capacity

follows from the above that an increase in angle of the pad has a significant influence 
on the preserving the germinating capacity or intensity of reduction in seedlings, resp.

Greater angle exhibited lower damage and higher germinating capacity. It can be 
explained by the fact that at direct impact of bodies kinematic energy transforms 
into only deformation energy, subsequently reducing the germinating capacity and 
increases the damage to pea grains.

The effect of a material of pad and height of free fall on the damage and 
germinating capacity of pea grains is significant (Figs. 4 to 10). It is evident from
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6. The effect of the material of 
pad (concrete) and heights of 
free fall of grains on their dama­
ge and germinating capacity at 
impact, where: 1 - microdama­
ge, 2 - macrodamage, 3 - total 
damage to grains, 4 - grain ger­
minating capacity, 5 - anomalies 
of seedlings. Pea, cv. Belinda, 
grain moisture of 9.3 %

height of fall, damage, germina­
ting capacity

7. The effect of the material of 
pad (polyvinyl chloride) and 
heights of free fall of grains on 
their damage and germinating 
capacity at impact, where: 1 - 
microdamage, 2 - macrodama­
ge, 3 - total damage to grains, 
4 - grain germinating capacity, 
5 - anomalies of seedlings. Pea, 
cv. Belinda, grain moisture of 
93%

height of fall, damage, germina­
ting capacity

the given figures that pea grain damage is increasing and germinating capacity is 
reducing with the greater height of fall. These conclusions are identical with those 
of P u g a č e v (1976). This is caused by the fact that grain falling from greater 
height has a higher velocity and thus, also kinematic energy, whereby the collision 
of grains will be significantly greater and the destruction of grains will be greater as 
well. The limit at which the height of fall has no influence on the damage is given 
by critical rate of the rise of pea grains in air flow, from which the limit value of 
height of free fall can be calculated.

As it is evident from Fig. 9, the greatest damage was measured with the steel sheet 
and concrete, the lowest on polyvinyl chloride pad and on the layer of pea grains.

The total damage is expressed by arithmetic sum of macro and microdamages. 
The effect of different materials on the pea grain damage and germinating capacity 
during free fall and impact on solid pad is evident from Fig. 9.
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8. The effect of the material of 
pad (layer of pea grains) and 
heights of free fall of grains on 
their damage and germinating 
capacity at impact, where: 1 - 
microdamage, 2 - macrodama­
ge, 3 - total damage to grains, 
4 - grain germinating capacity, 
5 - anomalies of seedlings. Pea, 
cv. Belinda, grain moisture of 
9.3%

height of fall, damage, germina­
ting capacity

9. The effect of pad materials 
and height of free fall of grains 
on their damage at impact - com­
parison of different pads from 
figs. 4 to 8, where: 1 - pea layer, 
2 - wood, 3 - polyvinyl chloride, 
4 - concrete, 5 - steel sheet

height of fall, damage

Measurements confirmed convictions of T h é r (1979) that the grain has 
a certain resistance to mechanical damage, but this resistance is falling during 
collection and post-harvest treatment (Figs. 4 to 12). The knowledge that the grains 
partially damaged during harvest are subject to much more faster damage in further 
processing follows from it The impact of grains on metallic materials, as reported 
by Hni 1 ica (1988), Pugačev (1976), Sosnowski (1989), Jech 
and A r t i m (1991), and other, has an adverse effect This fact has to be fully 
considered in the proposal of technology and in the selection of working surfaces erf 
machines and equipment
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10. The effect of pad materials 
and height of free fall of grains 
on their germinating capacity at 
impact - comparison of different 
pads from Figs. 4 to 8, where: 1 - 
pea layer, 2 - wood, 3 - polyvinyl 
chloride, 4 - concrete, 5 - steel 
sheet

11. The effect of grain moisture 
and height of free fall on their 
damage at impact, where: 1 - 
grain moisture of 7.2 %, 2 - grain 
moisture of 9.3 %, 3 - grain 
moisture of 12.5 %. Pad is of 
steel sheet, pea of cv. Belinda

12. The effect of grain moisture 
and height of free fall on their 
germinating capacity at impact, 
where: 1 - grain moisture of 
7.2 %, 2 - grain moisture of 
9.3 %, 3 - grain moisture of 
12.5 %. Pad is of steel sheet, pea 
of cv. Belinda • (m)
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As a conclusion we can say that polyvinyl chloride and pea layer used as a pad 
manifest the lowest value of grain damage and the highest germinating capacity. In 
view of the height of free fall 2 m, maximum 4 m, are the limit below which grains 
are significantly damaged. The reduction in germinating capacity is noticeable yet 
above the limit of height of all -1 m.
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JECH, J. - ARTIM, J. - KICHI, R. (Vysoká škola poTnohospodárska, Nitra):

Mechanické poíkodenie zřn hrachu pri ráze.
Zeméd. Techn., 40,1994 (1): 23-32.

Bol sledovaný vplyv mechanického namáhania pri ráze na poškodenie a klíčivosť 
osiva hrachu. Použitá bola odroda hrachu Belinda v rozsahu vlhkosti 7,2 až 12,5 %. Bol 
porovnávaný vplyv výšky voFného pádu, uhlu sklonu a materiálu podložky ako aj 
vlhkosti zrna na výsledná kvalitu Osiva. Kritickou výškou pri voFnom páde zřn hrachu 
je hodnota 4 m, pričom aj minimálně výškové přepady už spósobujú poškodenie 
a zníženie klíčivosti zřn. Uhol dopadu zřn (60°) na podložku ma priaznivý vplyv na 
znižovanie ich poškodenie a zachovanie klíčivosti, pričom najvhodnejším materiálom 
podložky je guma a najnepriaznivejším oceFový plech. Vplyv vlhkosti je vehni preu- 
kazný. Presušené zrná hrachu (pod 9 %) sú vehni náchylné na poškodenie pri mecha­
nickém namáhaní a manipulácia s nimi spósobuje vysoké poškodenie a zníženie 
klíčivosti osiva hrachu.

osivo; hrách; ráz; poškodenie; klíčivosť

Contact Address:

Prof. Ing. Ján J e c h , CSc., Vysoká škola poFnohospodárska, Tr. A. Hlinku 2, 949 01 
Nitra, Slovenská republika
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THE EFFECT OF MATURITY AND HARVEST DATE 
ON FIRMNESS OF STRAWBERRY FRUIT

C. Puchalski, J. Gorzelany, Z. Goracy

Agricultural Academy in Kraków
Faculty of Production Technology, Rzeszów

Several factors limit the quality of strawberry fruit, including loss of firmness and 
darkening. The lack of information on proper harvesting and handling procedures has 
limited further development of fresh strawberry marketing. The purpose of this study 
was to determine the effects of maturity and harvest date on the quality of strawberry 
fruits, on the base of their firmness measurement. Four harvests form a 3-year-old 
planting of Senga, Dukat and Kama were made in 1993. Fruits were separated visually 
into four stages of horticultural maturity. A 20-fruit sample was used per date for each 

. stage of maturity. Firmness was measured with a mechanical force gauge with cy­
lindrical tip of 5 mm, at three penetration speeds. These results demonstrate that stage 
of maturity has a major effect on the quality of strawberry. For factors such as force 
to rupture and at the end of penetration force quality decreased with increasing 
maturity. The optimum stage of maturity of tested fruits will depend on the relative 
importance of each of these factors. Harvest date also may affect the optimum stage 
of maturity. Deformation and force decreased with harvest date at all stages of fruit 
maturity. This decrease in force was greater than in deformation. Harvest date effects, 
which previously have not been recognised as an important determinant of quality, 
must be considered in all handling procedures of fruits.

strawberry; firmness; measurement; harvest

Several factors limit the quality of strawberry fruit, including loss of firmness 
and darkening. Harvesting at an optimum stage of horticultural maturity has been 
recommended for extending the storage life of strawberry fruit. Current recom­
mendations for fresh-market storage are to use fruit that are firm rather than „very 
ripe“ (Topping, 1973; Fiedler, 1987). The textural quality of fruit is 
influenced by flesh firmness measured by puncture tests penetrometer (Bourne, 
1980). '

The purpose of this study was to determine the effects of maturity and harvest 
date on the firmness of strawberry fruit
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MATERIAL AND METHODS

Four harvests from a 3-year-old planting of Kama, Dukat and Senga were made 
in 1993. Fruits free of rot or other visible defects were selected at each harvest date 
from three random locations in the planting. Fruits were separated visually into four 
stages of horticultural maturity (W a t a d a et al., 1984): GR (green) - whole fruit 
surface was green, IN (inception) - red color present but 25 to 75 % of the fruit 
surface still green, RR (red ripe) -100 % of the fruit surface yellowish-red to red 
without purplish-red hues visible, PR (processing ripe) -100 % of the fruit surface 
red to purplish-red without being overripe. A 20-fruit sample was used per date for 
each combination of replication, stage of maturity. Samples were weighed, so as to 
constitute a uniform testing material. Fruits were harvested and allowed to equili­
brate at room temperature (293 K).

Firmness was measured with a mechanical force gauge with cylindrical tip of 
5 mm at three penetration speeds of 0.08, 0.16 and 033.10'2m/s. The following 
parameters predicting the fruit firmness by puncture test were measured: force to 
rupture, defonnation to rupture and force at the end of penetration (at depth of 
5 mm).

RESULTS

Main effects. Harvest date main effects were detected for all factors of three 
cultivars (Tabs. I - Ш). However, harvest date main effects for force to rupture, 
defonnation and force at end of penetrometer were affected by interactions with 
stage of maturity. Force to rupture and at the end of penetrometer of all cultivars, 
and defonnation of Ducat and Senga, decreased between the first and third harvest 
and than increased on fourth date. Both linear and nonlinear effects were detected 
(Tab. I - Ш). On the contrary, deformation to rupture of Kama increased between 
the first and last harvest and both linear and nonlinear effects were detected (Tab. I). 
Variation of force during the season (in harvest period) was higher in comparison 
with deformation, variation coefficients averaged 27 % and 15 %, respectively 
(Tabs. I - Ш).

Stage of maturity main effects were detected for all factors (Tabs. I - Ш). Force 
to rupture and at the end of penetration, and deformation of all cultivars decreased 
with increasing maturity by as much as 75 % and 26 %, respectively. Both linear 
and nonlinear effects were detected. Variation of force between various stages of 
maturity was higher in comparison with the drformation for tested cultivars.

Interactive effect. Harvest date by stage of maturity interactions were detected 
for all factors except force at the end of penetration at speed of 0.16 . IO*2 m/s for 

Senga. These interactions were due to differences among stages of maturity in the 
regression against harvest date (Figs. 1 - 3). Because early analysis showed that
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L Main effects of harvest date and stage maturity on force to nature, deformation and force at the end of penetration of Kama

Treatment

Force to rupture (N) Deformation to rupture (10 m) Force at the end of penetration (N)

Speed Average 
GV. 
(%)

Swed Average 
GV. 
(%)

Speed Average 
GV. 
(%)

[10 m/s) [10 m/s) [10 m/s)

0.08 0.16 0.33 0.08 0.16 0.33 0.08 0.16 0.33

Harvest date H

6 June 2.33 a 2.88 a 3.32 a 58 1.95 a 2.36 a 2.68 a 20 1.05 a 1.45 a 1.69 a 55

9 June 2.30 a 2.71a 3.37 a 67 2.17 b 2.80 b 3.07 b 29 1.05 a 1.36 b 1.54 b 51

12 June 1.86 b 2.47 b 2.75 b 51 1.83 c 2.23 c 2.38 c 17 0.82 b 1.07 c 1.22 c 43

15 June 2.28 a 2.56 c 3.56 c 60 2.40 d 2.77 d 2.72 d 24 1.0 a 1.33 d 1.51b 69

Stage of maturity M

Green 4.01 a 4.75 a 5.74 a 33 2.54 a 2.92 a 3.16 a 17 1.72 a 2.24 a 2.60 a 37

Inception 2.12 b 2.72 b 3.38 b 24 Z05b 2.57 b 2.73 b 18 0.92 b 1.34 b 1.51b 23

Red ripe 1.64 c 2.02 c 2.36 b 23 1.89 c 2.32 c 2.41 c 14 0.75 c 0.94 c 1.07 c 22

Processing ripe 0.98 d 1.14 d 1.54 c 30 1.86 c 2.34 c 2.55 d 30 0.54 d 0.69 d 0.78 d 25

Significance

H linear NS ♦♦♦ NS ♦♦♦ *** *♦ NS *♦♦ ♦♦♦

H parabolic ♦♦ NS *♦♦ ♦♦♦ NS NS ♦ ♦♦♦ ♦♦♦

H cubic ♦♦♦ NS ♦♦♦ ♦*♦ ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦

M ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦ *♦♦ ♦♦♦ ♦♦♦

H*M ♦♦♦ ♦♦♦ *** ♦♦♦ ♦♦♦ ♦♦♦ ♦*♦ ♦♦♦ ♦♦♦

Mean separation within a column by Duncan's multiple range test, 5 % level, 
NS. **. ***. Insignificant or significant at the 1 % or 0.1 % levels, respectively, by F-test
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П. Main effects of harvest date and stage of maturity on force to rupture, deformation and force at the end of penetration of Dukat

Treatment

Force to rupture (N)
.3

Deformation to rupture (10 m) Force at the end of penetration (N)

S^ed Average 
G V. 
(%)

Speed Average 
GV. 
(%)

Speed Average 
GV. 
(%)

(10 m/s) (10 m/s) (10 m/s)

0.08 0.16 0.33 0.08 0.16 0.33 0.08 0.16 0.33

Harvest date H

14 June 3.08 a 3.43 a 4.41 a 50 3.21 a 3.47 a 4.02 a 19 1.29 a 1.55 a 3.04 a 53

17 June 2.46 b 3.04 b 3.39 b 47 3.17 b 3.29 b 3.83 b 15 1.29 a 1.53 a 2.43 b 54

20 June 2.28 c 2.84 c 3.22 c 46 2.85 c 3.03 c 3.39 c 16 0.97 b 1.25 c 1.72 c 44

23 June 2.66 d 3.14 b 3.47 d 49 3.12 d 3.34 d 3.74 d 16 1.14 c 1.47 a 2.05 d 51

Stage of maturity M

Green 4.25 a 5.20 a 5.99 a 26 3.40 a 3.72 a 4.25 a 14 1.87 a 2.29 a 3.52 a 36

Inception 2.80 b 3.31b 3.77 b 20 3.25 b 3.34 b 3.86 b 13 1.28 b 1.56 b 2.62 b 35
Red ripe 2.11 c 2.52 c 2.94 c 21 3.05 c 3.24 b 3.73 b 13 0.91c 1.19 c 2.03 c 33

Processing ripe 1.32 d 1.42 d 1.78 d 29 2.66 d 2.84 c 3.16 c 18 0.62 d 0.77 d 1.07 d 26

Significance

H linear ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ

H parabolic ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ ФФ ФФ ФФФ

H cubic NS NS NS ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ

M ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ ФФФ

H*M ФФФ ♦ ♦ ФФ ФФФ ФФ ФФФ ФФФ ФФФ

Mean separation within a column by Duncan's multiple range test, 5 % level, 
NS. **. ***. Insignificant or significant at the 1 % or 0.1 % levels, respectively, by F-test
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III. Main effects of harvest date and stage of maturity on force to rapture, deformation and force at the end of penetration of Senga

Treatment

Force to rapture (N)
.3

Deformation to rapture (10 m) Force at the end of penetration (N)

Speed Average 
GV. 
(%)

Speed Average 
GV. 
(%)

Swed Average 
GV. 
(%)

[10 m/s) [10 m/s) [10 m/s)

0.08 0.16 0.33 0.08 0.16 0.33 0.08 0.16 0.33

Harvest date H

16 June 2.25 a 2.72 a 3.33 a 52 2.83 a 3.09 a 3.42 a 20 0.99 a 1.36 a 1.69 a 46

19 June 2.13 a 2.74 a 3.43 a 60 2.91 a 2.91 a 3.31 b 19 1.13 a 1.43 a 1.83 a 46

22 June 1.73 b 2.10b 2.49 b 40 2.39 b 2.71 c 2.75 c 15 0.81 c 0.99 b 1.21b 30

26 June 2.12 c 2.63 a 3.11 c 53 2.46 b 2.84 d 3.28 d 19 1.01a 1.57 a 1.70 a 47

Stage of maturity M

Green 3.41 a 4.25 a 5.13 a 36 2.83 a 3.10 a 3.52 a 16 1.54 a 2.20 a 2.47 a 38

Inception 2.11 b 2.70 b 3.14 b 22 2.61 b 3.05 a 3.11 b 16 1.09 b 1.43 b 1.57 b 28

Red ripe 1.66 c 1.97 c 2.41 c 22 2.68 b 2.80 b 3.11 b 18 0.86 c 0.96 c 1.29 c 20

Processing ripe 1.06 d 1.26 d 1.67 d 30 2.48 c 2.59 c 3.02 b 27 0.65 d 0.76 d 1.09 d 23

Significance

H linear ♦♦♦ ♦♦♦ *♦♦ ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦ NS ♦♦

H parabolic ♦♦♦ ♦♦♦ ♦♦♦ ♦♦* ♦*♦ ♦♦♦ ♦ ♦♦♦

H cubic ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦ NS ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦

M ♦♦♦ ♦♦* *♦♦ ♦♦♦

H*M ♦♦♦ ♦♦♦ ♦♦♦ ♦♦♦ ♦♦ ♦♦♦ ♦♦♦ NS ♦♦♦

Mean separation within a column by Duncan's multiple range test, 5 % level, 
NS. **. ***. Insignificant or significant at the 1 % or 0.1 % levels, respectively, by F-test



penetration force had higher variation in the harvest period than deformation, force 
should be a more accurate measure of changes in fruit firmness. Force to rupture at 
speed of 0.08.10'2m/s in RR of Kama and Senga, and in PR of Dukat did not change 
significantly during the season, but increased and decreased (respective to variety) 
nonlinearly and linearly in the remaining stages of maturity (Figs. 1A, 2A, ЗА). 
Force to rupture at speed of 0.16.10"2m/s in PR of Dukat and Senga, and in RR of 

Kama did not change significantly in the harvest period, but decreased nonlinearly 
and linearly in the remaining stages of maturity (Figs. IB, 2B, 3B). Force to rupture 
at speed of 0.33.1 O'2 m/s changed significantly during the season in all stages of 
fruit maturity and decreased nonlinearly in OR and IN, and linearly in PR and RR 
fruit. Force at the end of penetration at speed of 0.08 . 10‘2 m/s did not change 
significantly in either PR or RR fruit of Kama during the season. For other varieties 
in all stages of maturity these changes were significant (Figs. ID, 2D, 3D). For all 
varieties at speed of 0.33.10"2m/s significant differences existed in mean force at 
the end of penetration values in all stages of fruit maturity, except in RR fruit of 
Senga (Figs. IF, 2F, 3F).

DISCUSSION

These results demonstrate that stage of maturity has a major effect on firmness 
of strawberry fruit For some factors, such as force to rupture and at the end of 
penetration fruit quality decreased with increasing maturity. For other factors such 
as deformation to rupture, quality improved with increasing maturity. The optimum 
stage of maturity for strawberry fruit will depend on the relative importance of these 
factors as well as on others, not measured here, such as color preference and 
appearance. Force appeared to be a more accurate measure of changes in fruit 
firmness. The variations in force during the harvest period and between various 
stage of fruit maturity were higher in comparison with deformation.

Harvest date also may affect the optimum stage of maturity. The percentage of 
decrease in force with increasing maturity was not constant during the season 
(Figs. 1,2,3). Differences between GR and IN fruits were higher at the beginning 
of the season than at the third harvest, while those between IN, RR and PR were 
smaller. Since force declined during the season in all stages of maturity, harvesting 
at IN rather than RR late in the season would have improved firmness without 
greatly reducing fruit weight. Changes in force during the harvest period are 
probably affected by a combination of stage of maturity, genotype and weather 
conditions (L о w i n g s et al., 1982). Our study demonstrates that stage of matur­
ity interacts with harvest date and variety in relation to force and depend on speed 
of testing. Dukat and Kama had higher resistance to penetration force, which 
corresponds to firmness, than Senga (Figs. 1,2,3). We observed no change in force 
to rupture and in that at the end of penetration during the harvest period with the
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1. Interactive effects of harvest date and stage of maturity on force to rupture at speed of 0.08 (A), 
0.16 (B), 0.33.1 O'2m/s (Q, and force at the end of penetration at speed of 0.08 (D), 0.16 (E), 0.33 . 
10'2m/s (F) of Kama. Harvest dates: 6 June (1), 9 June (2), 12 June (3), 15 June (4)
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2. Interactive effects of harvest date and stage of maturity on force to rupture al speed of 0.08 (A). 
0.16 (B), 0.33.10‘2m/s (Q, and force at the end of penetration at speed of 0.08 (D), 0.16 (E), 0.33.
1 O'3m/s (F) of Dukat Harvest dates: 14 June (1), 17 June (2), 20 June (3), 23 June (4)
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HARVEST DATE

3. Interactive effects of harvest date and stage of maturity on force to rupture at speed of 0.08 (A),
0.16 (B), 0.33 . Iff2 m/s (Q, and force at the end of penetration at speed of 0.08 (D), 0.33 . Iff2
m/s (F) of Senga. Harvest dates: 16 June (1), 19 June (2), 22 June (3), 25 June (4)
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Strawberry cultivars, at speed of 0.08 and 0.16.1 O'2 m/s separately in RR and PR 
or in both these stages of maturity (Figs. 1 - A, B, D, 2 - А, В, E, 3 - A, B). The 
presence of linear effects in RR and PR fruits for harvest date interactive effects at 
speed of 0.33 . 10"2 m/s indicates that this parameter may be used for evaluation 
among stages of maturity and prediction of firmness changes.

CONCLUSIONS

1. Stage of maturity and harvest date had significant effect on firmness of 
strawberry fruit Harvest date by stage of maturity interactions was detected for 
all factors except force at the end of penetration at a speed of 0.16.10"2m/s of 
Senga.

2. Force appeared to be a more accurate measure of changes in fruit firmness than 
deformation.

3. Force to rupture at speed of 0.33.10'2m/s decreased linearly in RR and PR fruit 

of tested varieties. At the remaining tested cases, force of penetration changes 
nonlinearly or linearly or insignificantly.
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Vplyv zrelosti a času zberu na pevnosť plodov jahód.
Zeměd. Techn., 40, 1994 (1): 33-43.

Niektoré faktory obmedzujú kvalitu plodov jahod, vrátane straty pevnosti a stmavnu- 
tia. Nedostatok poznatkov o spósoboch zberu a manipulácie obmedzujú ďalší vývoj 
predaja čerstvých jahod.
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С1еГот předloženého příspěvku bolo určiť vplyv zrelosti a času zbeni na plody 
jahod, a to na základe merania ich pevnosti. Pre merania holi použité plody odrod 
SENGA, DUKÁT a KAMA, zberané v r. 1993. Porast jahod bol tri roky starý. Plody 
boli podfa zrelosti rozdělené do štyroch skupin. V každej vzorke bolo 20 plodov 
s rovnakou zrelosťou. Pevnosť bola meraná prostredníctvom mechanického silového 
snímača s válcovým hrotom o hrúbke 5 mm. Použité boli tri rýchlosti vtláčania hrotu

Výsledky meraní potvrdzujú, že stav zrelosti má hlavný vplyv na kvalitu jahod. 
V dósledku pósobenia takých faktorov, ako je deformácia a sila, dochádza pri zvyšovaní 
zrelosti ku znižovaniu kvality. Optimálna úroveň zrelosti testovaných plodov bude 
závisieť na relatívnej dóležitosti každého z týchto faktorov. Deformácia a sila sa znižo- 
vala s predlžovaním času zberu pre všetky stavy zrelosti plodov. Takéto zmenšeme sily 
bolo vačšie ako úbytok deformácie. Pósobenia faktora času zberu je značné, čo zatiaT 
nebolo zohradňované ako dóležitý faktor kvality. Tento faktor musí byť zohTadnený 
počas pozberového spracovania plodov. »

jahody; pevnosť; merania; zber
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THE EFFECT OF THE PHYSICAL PROPERTIES OF RAPE 
AND OF THE WORKING PARAMETERS OF THE COMBINE 
ON THE EXTENT OF RAPESEED LOSSES

B. Szot1, M. Szpryngiel2, M. Grochowicz1, J. Tys1, T. Rudko1

1 Institute of Agrophysics, Polish Academy of Sciences, Lublin 
2University of Agriculture, Lublin
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The cause of rape seed losses during ripening and harvest have been determined using 
an original and unconvetional method. Also, the variability of the strength parameters 
of siliques was characterized with relation to the variety features, ripeness stage, 
moisture and agrotechnical practices applied. As a result of comprehensive studies it 
was found out that minimization of seed losses can only be achieved through an 
appropriate adaptation of the combine and adjustment of its assemblies for the 
existing physical condition of the field, the ripeness stage and harvest time, and the 
vulnerability of particular rape varieties to silique cracking and seed breaking. Such 
a comprehensive approach to the problem allows the seed losses limitation oven down 
to the level of 3 % of the crop - a considerable achievement when compared to the 
harvesting technology commonly used.

rape; physical properties; harvest; losses

Studies conducted for a number of years on the strength properties of rape 
siliques showed that the latest rape varieties are two- or even three-fold more 
vulnerable to cracking as compared to the high-erucic. On the basis of such 
experience in the Institute of Agrophysics the methods of ripe siliques strength 
properties determination were developed (Report, 1986). Preliminary implementa­
tion tests conducted by the Institute of Agrophysics at numerous production planta­
tions confirmed the possibility of a considerable reduction in rapeseed losses. 
Laboratory studies and field experiments showed that the variety features and the 
agrotechnical conditions in the broad sense of the term constitute the most important 
factors determining the amount of seeds shattered during harvest (Szpryngiel 
et al., 1991; Szot et al., 1991). Determination and analysis of these factors may lead 
to considerable reduction of losses, thus yielding measurable economic benefits.

METHODS

The study, the objective of which was to determine the extent of rapeseed losses 
and their causes, was aimed at obtaining knowledge on the strength properties of 
rape siliques and on those factors which had a direct effect on such properties. The
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study was conducted according to the method developed earlier (Report, 1986) 
which allowed to determine the coefficient of silique resistance to cracking (R) by 
means of which siliques of particular rape varieties were characterized from the 
viewpoint of their vulnerability to cracking.

Also, an assessment was made for the operation of those combine subassemblies 
which determine the extent of seed losses in the course of harvesting. The method 
developed for the purpose allows the accurate determination of rapeseed losses 
under field conditions. It consists in collecting shattered seeds from predetermined 
areas, after the passage of the combine.

During field experiments the rapeseed losses were determined by the following 
manners:
1. By collecting straw and chaff onto a tarpaulin set at the back of the combine. Such 
losses will be further referred to as the „thresher losses“. These allow the assessment 
of the operation of the thresher, cleaner, and separator assemblies.
2. In the central part of the swath - „centre belt“. This allows for the assessment of 
the operation of the screw-pin feeder whose high energy operation causes silique 
cracking and seed scattering, especially in the central part of the swath, where the 
highest concentration of the cut rape mass occurs. The cause of such losses lies in 
the too short floor plate of the harvesting assembly of the combine.
3. On the rims of the swath - „swath rim“. Samples collected from the swath rims 
allow to assess the operation of the harvesting assembly rake and canopy divider.

RESULTS

The multi-year studies on the strength properties of rape siliques showed a con­
siderable variability among varieties and allowed the classification of the cultivars 
under study according to the values of their strength properties (Fig. 1). This can be 
used as a basis for the forecasting of the level of seed losses of particular varieties 
at the end of the process of ripening and harvest. The latest double-zero cultivars 
show a considerably higher vulnerability to cracking as compared to the high-erucic 
varieties, e.g. the Górczaňski variety. For the double-zero varieties, therefore, 
a special technological regime must be used in order to restrict considerably the 
level of seed losses.

One of the most important factors affecting the strength is their moisture content 
(Fig. 2). An increase in silique moisture results in a decrease in silique strength. This 
phenomenon is especially observable at moisture increase from 12 to 14 %.

The results of fundamental studies describing the variability of the strength 
properties of rape siliques were used for the determination of the main causes of 
occurrence of seed losses in the course of combine harvest of rape.
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1. The resistance of winter rape varieties to silique cracking and seed shattering

2. The effect of the moisture 
content of rape siliques on their 
strength properties

Í 14 18 22 26 30 34 38 42 

moisture content (*)

Multi-year field studies showed that the distribution of seed losses on the 
working width of the combine was not uniform. The highest losses were observed 
in the central part of the swath (beneath the straw) and within the zone of operation 
of the canopy divider, seed losses on the remaining areas of the stubble field being 
considerably lower (Tab. I). In the central part of the working width of the combine 
(central belt) seed losses were from 198 to 484 kg/ha. Lower losses were observed 
in the outer rims of the swath -from 124 to 253 kg/ha. Losses related to the operation
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of the threshing assembly and the cleaner and separator assembly were from 63 to 
153 kg/ha. These results, together with the observations made, prompted the con­
clusion that the operation of some of the assemblies of the Bizon combine was 
improper, which caused considerably seed losses.

I. Rapeseed losses in a production field during harvest by means of a typical cereal combine (mean 
for 10 years)

Header losses Thresher

(kg/ha)

Mean

(kg/ha)

Percentage 
of crop 

(%)
Swath rim 

(kg/ha)
Central belt 

(kg/ha)

199.9 w> , 

(124 - 253)

302.7

(198 - 484)

124.3

(63 - 256)

357.8 

(244 - 592)

13.6

(8.6 - 28.1)

It was shown that the highest contribution to the overall seed losses was that of 
the harvesting assembly. This resulted from the fact that rape responds to the 
operation of the woriting elements of the assembly in a different manner than cereal 
plants do. The design of the typical harvesting assembly makes it virtually impos­
sible to eliminate the seed losses attributed to its operation.

On the basis of knowledge of the strength properties of rape siliques, and of the 
distribution of seed losses caused by the operation of the particular subassemblies 
of the combine, a comprehensive study was made, the objective of which was to 
minimize rapeseed losses through appropriate adjustments and adaptation of the 
combine.

The settings of the working parameters of the thresher assembly and the operat­
ing parameters of the grain table subassemblies were changed with relation to the 
current physical status of the field.

The results of the study (Fig. 3) showed that the lowest seed losses occurred when 
the plants were harvested at full ripeness - about 150 kg/ha (optimum harvest). 
Delaying the harvest results in an unavoidable increase in seed losses caused 
especially by the operation of the standard harvester assembly. In the case of harvest 
ten days after optimum ripeness the losses were over 400 kg/ha. The application of 
extended floor plate of the thresher assembly clearly lowers rapeseed losses, stabi­
lizing them at a low level irrespective of the time of harvesting. The beneficial effect 
of the extended floor plate is especially notable in the case of delayed harvest, when 
the siliques are more vulnerable to cracking and seed shattering.

Minimization of rapessed losses occurring in the course of combine harvest is 
possible if the combine adaptation is accompanied by a comprehensive tuning
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3. The influence of the time of 
harvesting and the header type 
on the rapeseed losses

-------  standard header

0 optimum delayed very delayed

0 *5 *10 days

time of harvesting

4. The effect of rape silique 
moisture and of threshing dram 
speed on the level of rapeseed 
losses

rotation threshing drum(r.p.m.)

(adjustment) of the operation of its individual assemblies. This especially concerns 
the operation of the thresher assembly which is very important for the minimization 
of seed losses in the harvesting of rape of varied silique moisture. It was found out 
that at the optimum harvest time, at low silique moisture, the lowest seed losses 
occur at threshing drum speeds of 500 - 600 r. p. m. (Fig. 4), while for moist rape 
(silique moisture at about 27 %) minimum seed losses occur at threshing drum 
speeds of 700 - 800 r. p. m.

Seed losses limitation is also related to the proper setting of the blower speed 
(Fig. 5). An increase in blower r. p. m. increased the losses considerably irrespective 
of the type of grain table screens. The application of a prototype ear screen provided
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rotation ventilator (r.p.m)

5. The effect of blower speed on 
the level of rapeseed losses

a considerably relief for the grain table from the secondary mass flow load (crum­
bled siliques and stems) and contributed to significant limitation of seed losses 
caused by the operation of that assembly.

CONCLUSION

The comprehensive study aimed at determination of the causes and sources of 
rapeseed losses during mechanized harvest and at optimization of the process of 
rape harvest show that the adaptations and adjustments used, taking into account the 
variability of agrophysical factors, allow to minimize quantitative losses of seeds 
while preserving favourable knowledge of the subject was the characterization of 
the strength properties of rape siliques, which allowed forecasting of the response 
of particular rape varieties to the effect of various external factors occurring in the 
course of ripening and harvest, and for their incorporation in the plant-machine 
system. Such a comprehensive approach to the problem allows the minimization of 
seed losses, even down to 2.9 % of the crop, which compared to the commonly used 
harvest technology with the related levels of seed losses (8.4 to 28.1 %), provides 
measurable economic benefits in the form of an additional grain mass from the same 
rape plantation.
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Vplyv fyzikálnych vlastností řepky a pracovných parametrov kombajnu na vePkosť 
strát semien.
Zeméd. Techn., 40,1994 (1): 45-51.

Příčiny strát semena řepky počas dozrievania a zberu boli určované prostredníctvom 
originálně] a nekonvenčně] metódy. Premenlivosť pevnostných parametrov bola cha­
rakterizovaná vo vzťahu к charakteristickým znakom odrody. Boto zistené, že v případe 
použitia štandardného obilného kombajnu při zbere řepky straty semien sa nachádzali 
v rozmedzí od 9,4 do 28,1 %, a to v závislosti na podmienkach zberu. Konštrukcia 
kombajnu nezodpovedá Specifickým charakteristikám danej plodiny, ktorej nažity Fah- 
ko praskajú. Spósobujú tak nezvratné straty, a to jednak v záverečnej fáze dozrievania, 
jednak pri styku s pracovnými prvkami zberového stroja.

Výsledkem rozsiahleho výskumu boto zistenie, že straty semena řepky možu byť 
minimalizované iba prostredníctvom příslušné] úpravy zberového stroja a správným 
nastavením jeho pracovných orgánov (otáčok mlátacieho bubna, medzery medzi košom 
a bubnom, otáčok ventilátora a p.). Je potřebné přitom brať do úvahy reálné podmienky 
na poli (sklon pozemku, vlhkosť semien a nažiek), Stádium zrelosti a čas zberu. Vplýva 
tiež náchylnosť niektorých odrod řepky na poškodenie nažiek a trieštenie semien. 
Úpravy tiež vyžaduje žací stol ako aj separačno čistiaci mechanizmus. Komplexný 
přístup к uvedeným problémom umožňuje obmedziť straty semena, a to až na hranicu 
3 %, čo možno považovať za značný úspěch v porovnaní s technológiou bežne v praxi 
používanou.

řepka; fyzikálně vlastnosti; zber, straty
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THRESHING OF BEAN BY ADJUSTED THRESHING 
MECHANISM OF HARVESTER

J. Poničan

University of Agriculture, Nitra

Kinematic and constructional parameters of threshing mechanism of harvester 
thresher affect the quality of bean seed threshing in a high degree. The contribution 
analyses the effect of circumferential velocity of threshing cylinder (7.85 to 
11.77 m/s) and threshing gap (20/13,20/15,25/20, and 30/25 mm) on the damage to 
bean seeds and their subconcave separation. The measurements were accomplished 
on the model of adjusted threshing mechanism under laboratory conditions. The 
adjustment of threshing mechanism consisted in rubberizing of drum sledge by 
molecular rubber UNIREP 33 and threshing concave was formed by transversal bars, 
on which plastic cups were put on. It follows from the values measured and assessed 
that the damage to been seeds in the Ultima variety ranged from 6.4 to 21.5 % and 
from 16.7 to 32.3 % in the Kreola variety. Higher separation capability below the 
concave was recorded in the Kreola variety (52.0 %) compared to the Ultima variety 
(51.7%).

bean; adjusted threshing concave; rubberized threshing units; damage to seeds; 
separation

The scientific studies of a number of authors confirm the fact that the use of 
harvesters with unadjusted threshing mechanism causes disproportionate damages 
and losses of legume seeds. The unsuitability of a technical solution of threshing 
mechanism is markedly manifested especially in the bean threshing where damages 
are often exceeding 50 % (J e c h et al., 1985).

There is a number of factors in the process of legume threshing which affect the 
sees quality. The size characteristics of seeds are ranked among these factors, 
together with their weight, power needed for the release of seeds from the pod, seeds 
strength, their moisture, etc. (Sosnowski, 1978; Jech et al., 1985). An 
important role in the threshing process is played by kinematic and constructional 
parameters of threshing mechanism. In view of kinematic parameters this is, the first 
of all, the case of harmonizing the circumferential velocity of threshing drum and 
the size of threshing gap witch strength properties in relation to the seed moisture 
and their varietal properties. In view of constructional solution, this is mainly the 
case of substitution of sledge threshing mechanism for other type, e. g. spring-
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loaded fingers on the drum and the concave (Blagojevič, R a d o j č i Č , 
1983; В a j к i n , 1985), rubberizing of sledges or of the whole threshing drum 
(J e c h et al., 1980). All these studies are aimed at searching for such a solution, 
either in the design or technological process of threshing which could contribute 
significantly to the reduction of damage to bean seeds during threshing.

The aim of the study was to find out the values characterizing bean seed threshing 
in laboratory conditions on the model of adjusted threshing mechanism of the 
harvester. This is mainly the case of damage to seeds and subconcave separation in 
dependence on the circumferential velocity of threshing drum and on the change in 
the size of a threshing gap.

MATERIAL AND METHOD

The measurements proper of the effect of the circumferential velocity of the 
threshing drum and of the threshing gap on the damage to bean seeds and subcon­
cave separation of seeds were performed on the model of sledge threshing mecha­
nism (Fig. 1). The threshing mechanism was adjusted for measurements in the 
following way: sledges of a threshing drum were rubberized by molecular rubber 
UNIREP 33 and the threshing concave was formed by cross bars to which plastic 
rotary cups were put on (Fig. 2a, b). Measurements were carried out at the circum­
ferential velocity ranging from 250 to 375 1/min, what corresponds to the circum­
ferential velocity from 7.85 to 11.77 m/s.

The threshing gap was set to the value of 20/13,20/15,25/20 and 30/25 mm/mm. 
The seed moisture during threshing was 12.4 to 13.4 % and of straw 16.4 to 16.8 %. 
The weight passage of a threshing drum was constant -1.66 kg/s.

1. Principal diagram of threshing 
model for threshing of bean 
seeds
a - threshing drum, b - threshing 
concave, c - gravity plate, d - 
releasing drum, e - loading con­
veyer, f - receiving hopper, g - 
collectors
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2. Adjustment of threshing 
mechanism

a) rubberized bars of threshing drum

b) new threshing concave

The stand of seed bean of the Ultima and Kreola varieties was used for threshing. 
The bean intended for threshing was manually pulled up in the field, placed in the 
row and after drying up transported to the laboratory. The threshing drum is driven 
by electric motor with continuous possibility of the change in revolutions and their
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recording. There are sheet-metal boxes for retaining the subconcave separation of 
threshing in the lower part of the threshing mechanism. In the direction of discharge 
of threshed material to shaking units is placed the oblique sheet-metal and trapping 
bag. The dosing of the mass into the threshing mechanism is done by means of 
conveyer belt (e) and charging hopper (f) (Fig. 1).

Procedure during measurement

- Plant mass was placed on the conveyer belt in a dose which provided the rated 
weight passage of threshing mechanism (kg/s) at the constant velocity of loading 
conveyer.
- After setting to the constructional and kinematic values of the threshing mecha­
nism, this was put to operation and subsequently the dosing conveyer was put into 
operation too.
- The overflow of threshed material below the concave, which is characterized as 
subconcave separation, was trapped into sheet-metal boxes (Fig. 1g, 1 - 7), the straw 
with the rest of seeds was trapped behind the threshing mechanism into a bag.
- After threshing of each sample the overflow from individual collectors below the 
concave and behind the threshing mechanism was weighed and recorded into tables. 
- Separation capacity of the concave and the damage to seeds was calculated into 
percentage (%) from weight fractions.

RESULTS OF MEASUREMENTS

The dependence of damages to bean seeds for the Ultima and Kreola varieties:
The evaluation of the damage to the bean seeds was carried out at various 

circumferential velocities of a threshing dram (7.85 - 11.77 m/s) and the threshing 
gap of 20/13,20/15,30/25 mm. The values measured for bean seed damage (%) are 
presented in Tab. I.

The course of the damage to bean seeds for different varieties is in Fig. 3. The 
dependence of the damage of bean seeds on circumferential velocity of the threshing 
drum can be expressed by empiric relationship:

p = a + bx + cxi (%)

Statistical values of experimental dependences are presented in Tab. П. It follows 
from the values measured that with the rising circumferential velocity of the 
threshing drum in the selected range from 7.85 to 11.77 m/s the damage to bean 
seeds is growing. This damage in the Ultima variety is from 6.4 to 6.5 % at the 
lowest circumferential velocity of 7.85 m/s, and it is ranging from 13.8 to 21.5 % at 
the highest circumferential velocity of 11.77 m/s. This coincidence can be stated in 
the similar way also with the Kreola variety where the damage is 16.7 to 20.2 % at
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I. Damage to bean seeds (%) for the Ultima and Kreola varieties

Circumferential 
velocity of 
threshing dram 
(m/s)

Ultima Kreola

threshing gap threshing gap

20/13 
mm

20/15 
mm

20/15 
mm

25/20 
mm

30/25 
mm

7.85 6.4 6.5 19.5 20.2 16.7
Í 8.63 16.0 9.3 22.5 22.0 18.6

9.42 17.1 12.4 26.4 22.9 20.0

10.20 18.5 13.2 26.6 23.4 23.4

10.99 18.9 13.3 26.7 24.0 23.8

11.77 21.5 13.8 32.3 24.1 23.9

the lowest circumferential velocity and at the highest circumferential velocity - 23.9 
to 32.3 %.

When comparing selected working gaps we can say that with growing gap the 
damage to seeds is falling. This change is insignificant in the Ultima variety and at 
the lower circumferential velocity of the threshing drum (7.85 m/s), but the damage 
fell from 215 % to 13.8 % at the highest chosen velocity of 11.7 m/s. The damage 
in the Kreola variety can be assessed alike.

In evaluation of chosen varieties in view of threshed material we can say that the 
Ultima variety is more suitable for threshing where in selected range of circumfer­
ential velocities is a lower damage to seeds ranging from 65 to 13.8 % compared to 
the Kreola variety where the damage is from 16.7 to 23.9 %.

II. Statistical values of experimental dependences

Varieties Threshing gap 
(mm)

Coefficients

a b c v*

20/15 -8.09 4.09 -0.65 0.94

Kreola 25/20 - 11.49 6.14 -0.26 0.99

30/25 -34.30 9.40 -0.37 0.97

20/13 - 119.57 25.01 -1.11 0.94

Ultima 20/15 - 71.29 15.20 -0.68 0.96

20/15 U - 70.98 15.25 -0.68 0.99
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3. The damage to bean seeds in dependence on the circumferential velocity of threshing drum

Separation capability of seed overflow through the openings of the threshing concave

The comparison of the results of the damage to bean seeds and its separation 
below the threshing concave can be considered to a certain extent as the criteria of 
quality of threshed material, eventually as evaluations of a new constructional 
solution of threshing mechanism. The values measured from subconcave separation 
of bean seeds (%) are presented in Tab. Ш.

Figs. 4 and 5 gives the course of subconcave separation of seeds for the Ultima 
and Kreola varieties in dependence on the circumferential velocity of the threshing 
drum (7.85 to 11.77 m/s). It follows from the values measured that the separation 
capability of the concave is increasing with its length and the overflow of seeds is 
falling in different zones of overflow.

When comparing the effect of circumferential velocity of the threshing drum on 
the total separation of bean seeds below the concave, it can be said that the Ultima 
variety with increasing circumferential velocity at the gap of 20/13 mm the separa­
tion rose by 20 % and at the gap of 20/15 the decrease of 15.7 % appears, h the 
Kreola variety the separation of the concave in dependence on increasing circum­
ferential velocity of threshing drum (7.85 to 11.77 m/s) grows by 3.6 to 11.3 %.

When comparing the effect of selected threshing gap on the separation capability 
of concave, we can say that the separation grew from 40.7 to 43.2 % in the Kreola 
variety with increasing threshing gap at the circumferential velocity of the threshing 
drum 7.85 m/s and fell from 52.0 to 45.4 % at the velocity of 11.77 m/s. hi the 
Ultima variety with growing threshing gap the separation capability of the concave 
grows (31.7 - 51.6 %) at the circumferential velocity of the threshing drum (Fig. la) 
85 m/s and falls (51.7 to 35.9 %) at a velocity of 11.77 m/s.
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Ш. Separation of bean seeds below threshing concave (%) according to different zones (A) and in 
total (B)

Variety

9­60

•s 
II

3 _

If 
и >

Grain separation alongside the lenght of concave in %

zone 1 2 3 4 5 6 7

Kreola

20/15 
(Ml)

7.85
A

В

3.8

3.8

8.8

12.6

10.4

23.0

9.6

32.6

5.0

37.6

2.0

39.6

1.1

40.7

11.77
A

В

6.0

6.0

11.5

17.5

12.1

29.6

11.5

41.1

6.2

47.3

2.8

50.1

1.9

52.0

25/20 
(М2)

7.85
A

В

4.5

4.5

10.2

14.7

11.0

25.7

9.8

35.5

4.7

40.2

1.9

42.1

1.1

43.2

11.77
A

В

5.0

5.0

10.6

15.6

11.7

27.3

11.1

38.4

5.8

44.2

2.3

46.5

1.7

48.2

30/25 
(М3)

7.85
A

В

3.6

3.6

9.1

12.7

9.8

22.5

9.4

31.9

7.2

39.1

1.5

40.6

0.8

41.8

11.77
A

В

3.6

3.6

9.4

13.0

10.6

23.6 '

9.4

33.0

6.5

39.4

3.9

43.3

2.1

45.4

Ultima

20/13 
(Ml)

7.85
A

В

7.2

7.2

6.5

13.7

7.3

21.0

5.9

26.9

3.4

30.3

1.1

31.4

0.3

31.7

11.77
A

В

12.4

12.4

10.1

24.5

7.5

34.0

9.5

43.5

5.5

49.0

1.5

50.5

0.7

51.7

20/15 
(М2)

7.85
A

В

10.8

10.8

12.1

22.9

11.4

34.3

9.3

43.6

5.3

48.9

2.0

50.9

0.7

51.6

11.77
A

В

7.5

7.5

8.6

16.1

9.2

25.3

5.4

30.4

4.3

34.7

0.4

35.1

0.8

35.9

CONCLUSION

The constructional execution of operating mechanisms of harvesters can together 
with the properties of the harvesting material affect to a large extent the total quality 
of the resulting product. For this reason it is necessary to harmonize kinematic 
parameters of harvesting machines with biological properties of harvested crops,
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Vo = 7.85 m/s

zones of threshing concave

4. Subconcave separation of bean seeds for the Ultima variety 
Ml - threshing gap 20/13 mm 
М2 - threshing gap 20/15 mm
A - separation in individual zones of overflow
В - total separation

60 ZEMĚDĚLSKÁ TECHNIKA-1994



Vo = 7.85 m/s

5. Subconcave separation of bean seeds for the Kreola variety
Ml - threshing gap 20/15 mm
М2 - threshing gap 25/20 mm
М3 - threshing gap 30/25 mm
A - separation in individual zones of overflow
В - total separation
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eventually to search for new constructional solutions of working mechanisms of 
harvesting machines.

It follows from experimentally measured and evaluated values on the model of 
adjusted threshing mechanism of the harvester thresher for bean threshing:

a) for damage to bean seeds
- with increasing circumferential velocity of the threshing drum (Fig. la, 7.85 - 

11.77 m/s) the damage to bean seeds grows, in the Ultima variety from 6.4 to 
21.5 % and in the Kreola variety from 16.7 to 32.3 %,

- as far as selected threshing gaps are concerned, we can say that with increasing 
gap the damage falls while this difference is more marked at higher circumfe­
rential velocities where the damage fell from 21.5 % to 13.8 % and in the Kreola 
variety from 32.3 % to 23.9 %,

- the Ultima variety is more resistant to damage when at the gap of 20/15 mm the 
damage was 6.5 to 13.8 % compared to the Kreola variety (19.5 to 32.3 %);

b) for separation capacity of concave
- with the length of concave the total separation capacity of concave grows and 

falls in different zones of overflow,
— increase in circumferential velocity of threshing drum (7.85 - 11.77 m/s) results 

in increase of subconcave separation of bean seeds in the Ultima variety by 20 % 
and in the Kreola variety by 11.3 %,

- with spreading the threshing gap the separation capability of the threshing drum 
grows at the circumferential velocity of 7.85 m/s and falls at the circumferential 
velocity of 11.37 m/s.
Based on the experimental measurements it can be said that adjusted threshing 

mechanism of harvester is in view of damage to bean seeds significantly more 
suitable than its unadjusted version. The damage to bean seeds in comparable 
conditions of threshing 6.5 to 13.5 % and unadjusted threshing mechanism exhibits 
the damage 17.4 to 37.1 % - in the Ultima variety.
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PONIČAN, J.: (Vysoká škola poFhohospodárska, Nitra):

Výmlat fazule upraveným mláťacím mechanizmem obilného kombajnu.
Zeměd. Techn., 40, 1994 (1): 53-63.

Kvalita výmlatu je ovplyvňovaná kinematickými a konštrukčnými parametrami mlá­
ťacieho mechanizmu. V práci je rozobraný vplyv obvodovej rýchlosti mláťacieho bubna 
(7,85 - 11,77 M/s) a mláťacej medzery (20/13,20/15,25/20 a 30/25 mm) na poškodzo- 
vanie semien fazule (%) a podkošovú separáciu. Meranie sa uskutečnilo na modeli 
upraveného mláťacieho mechanizmu v laboratórnych podmienkach (obr. 1). Úprava 
mláťacieho mechanizmu spočívala v pogumovaní mlatiek mláťacieho bubna moleku- 
lárnou gumou UNIREP 33 a vložením nového mláťacieho koša. Koš je konštrukčne 
riešený tak, že priečky koša sú ocefové tyče, na ktoré sú nasunuté tvarované poháriky 
z umelej hmoty (obr. 2).

Z naměřených a vyhodnotených hodnot vyplývá, že poškodzovanie semien fazule 
v závislosti na obvodovej rýchlosti mláťacieho bubna boto pri odrode Ultima od 6,4 do 
21,5 % a pri odrode Kreola od 16,7 do 323 % (obr. 3).

Separačná schopnosť mláťacieho mechanizmu bola hodnotená prepadom semien pod 
košom (obr. 4 a 5). Možeme konštatovať, že separačná schopnosť s dlžkou koša narastá, 
ale v jednotlivých zónách přepadu postupné klesá. Vyššiu separačná schopnosť vykazu­
je odroda Kreola (52,0 %) ako Ultima (51,7 %). Hež je možné konštatovať^ že pri 
odrode Ultima so zvyšováním obvodovej rýchlosti mláťacieho bubna (7,85 -11,77 m/s) 
sa separácia semien pod košom pri mláťacej medzerc 20/13 mm zvyšuje o 20 % a pri 
medzere 20/15 dochádza к poklesu o 15,7 %.

Vplyv zvolených pracovných medzier na separačná schopnosť koša pri odrode 
Kreola sa prejavil tak, že so zváčšovaním mláťacej medzery a pri obvodovej rýchlosti 
7.85 m/s sa separácia zvýšila (40,7 - 43,2 %) a pri obvodovej rýchlosti 11,77 m/s sa 
separácia znížila (52,0 - 45,4 %). Pri odrode Ultima so zváčšovaním mláťacej medzery 
separačná schopnosť koša štípa (31,7 - 51,6 %) pri obvodovej rýchlosti 7,85 m/s a klesá 
(51,7 - 35,9 %) pri rýchlosti 11,77 m/s.

Na základe experimentálnych meraní je možné konštatovať, že upravený mláťací 
mechanizmus obilného kombajnu je z pohfadu poškodzovania semien fazule podstatné 
výhodnější ako jeho neupravená verzia.

fazuTa; upravený mláťací koš; pogumované mlatky; poškodenie semien; separácia

Contact Address:

Doc. Ing. Juraj P o n i č a n , CSc., Vysoká škola poThohospodárska, Tr. A. Hlinku 2, 
949 01 Nitra, Slovenská republika
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THE EFFECT OF CHANGES OF PHYSICO-MECHANICAL 
SOIL PROPERTIES ON THE SUGAR BEET STAND 
PROPERTIES

J. Páltik, J. Šabík, К. Kecskemétiová

University of Agriculture, Nitra

The contribution deals with the problem of tram lines loosening within the so-called 
tram line system of sugar beet cultivation. The aim was to adjust lines in mechanical 
way after wheel traffic in the spring in order to minimize their negative impacts on 
sugar beet stand. The contribution presents the impacts of wheel traffic on the changes 
of some physico-mechanical properties of soil, followed by analysis of the effect of 
two systems of looseners on changes of some properties of a grown stand. The use of 
proposed looseners had a positive impact, particularly on field emergence rate in 
adjacent lines, reduced representation of celeriac roots, and some other properties of 
grown stand.

sugar beet; mechanization; soil compaction; loosening of tracks; stand properties

Sugar beet is one of the crops very sensitive to the changes of physico-mecha­
nical soil properties caused by wheel traffic, especially in spring (smoothing, 
loosening, sowing, protection, hoeing).

One of the possible solutions of the given problem is the use of technology of 
tram lines where individual working interventions are carried out by organized 
wheel traffic in the same tracks (Fig. 1) (P о 1 c , Páltik, 1989). Except for 
marked advantage of this technology, such as reduction of percentage of compacted 
soil, saving of fuels, increase in the yield, etc., multiple wheel traffic of machinery 
in the same lines is leaving more marked tracks in which known defects of excessive 
soil compaction are concentrated.

To solve this problem, we tried to design and to test different cultivators to loose 
the tracks arisen in operating conditions. To judge their influence on physico-me­
chanical soil properties and in final conclusion, on the changes of some properties 
of sugar beet stand.

The knowledge of whole-area soil loosening is reported in literature relatively 
frequently. Other situation is in the sphere of loosening of tracks during soil 
cultivation, sowing and stand treatment of sugar beet and similar crops. The results 
in this field are referred by Brunotte (1988); Bosse, Kalk (1985); 
E r m i c h, Fritzsche (1988); Páltik et al. (1993). Relatively exten-
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SE4-049
BECKER

SOWING 
MACHINE

COMBINING 
MACHINE 
58-KON-800

1 loosening, 
V sowing, hooding

protection, 

liquid manuring

loosening of tram

1ЙК Unes

SPRAYER 
adjusted to 36 rows

adjusted to 18 rows

HOEING 
MACHINE

I working enagagement of 
’ aggregate, sowing machine 
I hoeing machine

working enagagementof sprayer

1. Diagram of technology of sugar beet cultivation using tram lines 
uncompacted rowns (12 rowns = 66 %)
single-side rowns (2 rowns = 22.2 %)
compacted rowns (2 rowns = 11.1 %)

sive is the literary knowledge from the impact of soil compaction on the develop­
ment of plants and on the quality of product (Sommer, Zach, 1986; 
H ů 1 a, 1984).

MATERIAL AND METHOD

To reach the objective, i. e. to design and to test suitable cultivators to loose the 
tracks which appear during sugar beet cultivation by technology of tram lines, we 
were solving the following issues:
- design of cultivators,
- observation of changes in soil properties,
- study of the effect of loosening systems on stand properties.
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2. Designed and studied loosening devices:
A - two single-sided shares with medium chisel shovel and sweep
В - two passive mounted finger wheels with medium chisel shovel and sweep

Within the measurements we have tested six loosening systems which are based 
either on the work of wedge in soil or on the principle of rotary loosening device 
without forced drive. The contribution presents one representative of the both 
above-mentioned principles which exhibited positive results (Fig. 2). This is the 
loosening device working on the principle of wedge (system A) and the loosening 
device of rotary type (system B). We also studied the energy demand of different 
loosening systems, not presented in this contribution.

Measurements were carried out in operating conditions of the Cooperative at 
Oslany, the Prievidza district, where sugar beet is cultivated for several years by the 
technology of tram lines. For the measurements we used: the Ibis variety with 
germinating rate of 97 % and monogennity of 95 %. The sowing was done by the 
sowing machine Becker SE 4-049 adjusted for sowing of 18 rows to the final 
distance of sown seed of 0.18 m.

Of physico-mechanical properties we studied the following soil properties: soil 
moisture, specific weight of soil, bulk density of dry and moist soils, porosity, 
penetrometric resistance and agglometric composition of soil.

The tractor Z12011 with double-mounting was used as power means for loosen­
ing and sowing. The front tyres of the size 7.50 - 20 (tyre inflation of 250 kPa), rear 
tyres of the size 9.5/9 - 42 (tyre inflation of 140 kPa).
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The effect of loosening systems on the changes in stand properties were assessed 
by studying the field emergence rate, plant distance, interspace in stand, root size, 
sugar content, yields, and celeriac character of roots.

RESULTS AND DISCUSSION

1. Design of looseners

The development of farm machinery and new technologies is aimed at preparing 
optimum seedbed what requires to minimize damaging effects of wheel tracks after 
wheel traffic.

The loosening system should provide loosening of tracks within the use of 
technology of tram lines, particularly after sugar beet sowing, i. e. after four to 
eight-time wheel traffic in the same tracks. The design of loosening device should 
fulfil the following conditions:
- removal of profile of tracks by loosening and replacing the earth,
- break of water capillarity of soil,
- loosening must not disturb the seedbed,
- soil after loosening should not be either of excessive clods, nor too much crushed 

down,
- the loosening device should be simple, it must not be clogged, to have low energy 

demand, etc.
You can see the loosening devices on Fig. 2. Both loosening systems (A, B) were 

compared with the control variant Ki, i. e. with line which was not affected at all by 
the track of wheel, and the variant K2, i. e. the line which was affected by the track 
of wheel but was not treated with a loosener.

The engagement of loosener, together with recession of loosener, were theroreti- 
cally limited (P á 11 i к et al., 1993). It follows from the analysis that the engage­
ment of a device should be greater than is the width of tyre, not only for reasons of 
line loosening but also for reasons of backward replacing by wheels to the sides of 
bulged soil (Fig. 3).

Like engagement, the depth of loosening is also restricted by the requirement for 
not disturbing the seedbed. Besides it, the depth of loosening is limited by the fact 
that deeper soil profiles are not „ripened“ in the spring, thus eliminating the 
possibility of greater depths of loosening.

2. Study of changes in soil properties

To judge the consequences of wheel traffic on the change of soil properties, 
laboratory analyses of soil samples were used to study the following: soil moisture, 
maximum capillary water capacity, specific weight, bulk density, air content in soil, 
and porosity, that is for:
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DOUBLE MOUTING

Isobar at lower soil moisture

Isobar at higher soH moisture

- t"

profile of loosening 
rotary loosener 
system В

profile of loosening 
shovel loosener 
system A

actual soil profile
— untreated tracks
---treated tracks (system A)
..... treated tracks (system B)

soN profile after sowing 
(hypothesis)

3. Presupposed soil profile after sowing in tracks of mobile machinery, loosening profile of tracks 
by share-type (A) and rotary (B) loosener and actual soil profile in operating trial

- soil not affected by mobile machinery (outside the track),
- soil not affected by mobile machinery after sugar beet sowing (in tram lines - in 

track).
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The soil characteristics in track of the tractor Z 12011 and outside it using the 
double-mounting is in Tab. I.

Out of properties under review the most important are as follows: bulk density 
of dry soil and porosity. If based on a requirement as reported by Sommer, 
Z a c h (1986), the value of optimal porosity in sandy soil should be 40 %, in loam 
soil АП %. Inasmuch as the measurements were carried out in sandy loam soil, it can

I. Characteristic of soil of the tractor Z 12011 measured in track and outside it during sowing and 
in the first reading of plants - the Cooperative at Oslany

Depth of 
samling 

(cm)

Momentary 
soil moisture 

(%)

Moisture 
measured 

(tm-3)

Bulk density 
of dry soil

Bulk density 
of moist soil 

(Lm3)

Porosity

(%)

Characteristics of soil in the track of tractor

a b a b a b a b a b

5- 15 25.64 24.40 2.56 2.56 1.46 1.52 1.83 1.89 42.93 40.41

15-25 25.59 28.06 2.57 2.47 1.50 1.47 1.89 1.89 41.42 40.01

25-35 24.87 26.13 2.55 2.53 1.50 1.46 1.87 1.85 41.23 42.07

Characteristics of soil outside the wheel track of tractor

a b a b a b a b a b

i 5-15 27.05 26.41 2.59 2.55 1.32 1.41 1.69 1.79 48.77 44.39

15-25 27.59 25.29 2.68 2.53 1.38 1.53 1.76 1.93 47.98 39.18

25-35 24.48 28.36 2.54 2.50 1.52 1.43 1.90 1.83 40.03 42.75

a) measured at time of sowing (April 23,1992)
b) measured at the first reading of plants (May 15, 1992)

be said that the optimal porosity should be ranged from 43 to 44 %. This require­
ment was fulfilled at a depth up to 25 cm by soil outside the track of mobile 
machinery. This requirement was not fulfilled by both variants under study at 
a depth from 25 to 35 cm. This is confirmed by an absence of loosening in depth 
where the long-time effect of deep tillage was finished.

The same knowledge also confirms the changes of bulk density of dry soil. Based 
on the data as referred by Hoffmann (1980), the limit of bulk density of dry 
soil at a depth from 5 to 30 cm without any consequences on soil depression in sugar 
beet cultivation is fluctuating from 1.32 Lm‘3in calciferousloam soil to 1.38 t.m'3 in 

Chernozem. These requirements are not fulfilled by soil for all measured depths in 
tractor's wheel track, this forms a prerequisite of yield depression. With higher bulk
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density of soil root growth is reduced, whereby root growth reduction should not 
results in lower yields if the plant has enough water and nutrients. Beyond the limit 
of root development is considered the value of bulk density of dry soil about 
1.9 t.m"3. In evaluating the measured values it can be applied, like in evaluation of 
soil porosity that at depth horizon from 25 to 35 cm increased bulk density was 
caused in particular by unsuitable soil cultivation of several years.

Except for changes in some soil properties after wheel traffic we studied the 
effect of loosening devices used for agglometric soil composition. We require for 
sugar beet that the size of soil aggregates to 10 mm should amounted to 50 %, and 
the size of aggregates up to 36.6 mm to 90 % from the weight of surface sample.

The use of loosening devices resulted in increment of clod particles on the soil 
surface. For example, while after wheel traffic of combining machine the represen­
tation of particles up to 10 mm was 86.67 %, after a loosening system A it was 
64.2 %, and after the use of system В - 69.16 %. Similar results were achieved with 
other size categories of cloddy particles. This fact has a good impact on the 
resistance to soil puddling.

3. The study of the effect of loosening devices on stand properties

To obtain a high sugar production per area unit, a high biological root yield is to 
be not only achieved, but to cultivate a stand which creates prerequisites by its

П. Some properties of sugar beet stand in studied and control (Ki, Кг) variants

Variants of measurements
Control variants Loosening systems

Ki Кг A В

Relative field emergence rate (%)

1 reading (15. 5. 1992) 91.02 89.35 93.52 84.34

2 reading (2. 6. 1992) 87.26 81.00 95.19 83.92

Distribution of plants in row

Average spacing of plants in row x (cm) 21.84 28.10 19.30 21.80
and variability of their distribution VK(%) 64.94 74.30 51.13 59.89

Interspace (%) 7.90 13.15 2.95 4.37

Celeriac character (%) 16.67 23.00 7.83 17.83

Sugar content (%) 15.81 15.74 15.44 17.39

Ki - row unaffected by wheel track
Кг - row affected by wheel track and untreated with loosening device
A, В - rows affected by wheel track treated with loosening devices in wording of Fig. 2
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physico-mechanical properties to reach losses and damage to roots during harvest 
as low as possible. In concrete words these are such stand properties (interspace in 
crop, above-ground part of roots, shape and size of roots, etc.), the best for harvest. 
To obtain, e.g. total losses of root mass on the level of technical possibilities of the 
present harvest machinery from 3 to 5 %, means, among facts, to create as possible 
as balanced conditions for germination, growth and development of sugar beet. Tab. 
П gives the values of field emergence rate, spacing of plants in row and interspace 
of stand for studied and control variants.

Almost single-sided worst results were obtained for row affected by the wheel 
track and untreated by loosening device (variant K2 - Tab. П). Within this variant 
the lowest field emergence rate was measured -81 %, the highest interspace of 
stand - 13.15 %, the highest average spacing of roots -281 mm, and the highest 
percentage of roots of celeriac shape - 23 %.

To judge the effect of loosening devices designed for track loosening within the 
tram line system of sugar beet cultivation,we also studied the changes in some size 
properties of roots during harvest, that is: above-ground height of roots, root weight, 
length and maximum diameter of roots in all measured variants Ki, K2, A, B. Fig. 4 
gives variation distribution of above-ground height of roots, while the lowest 
average height of above-ground part H - 22.68 was achieved in a line which was not 
affected by a track of wheel - variant Kp On the contrary, the highest above-ground

4. Variation distribution of above­
ground height of roots in individual 
studied variants:
K, - rown unaffected by wheel track 
K2- row affected by wheel track and 
untreated with loosening device
A - row affected by wheel track and 
treated with loosening system A 
В - row affected by wheel track and 
treated with loosening system В
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5. Variation distribution of root dia­
meter in individual studied variants 
(see variants in Fig. 4) .

height of roots is undesired as from the side of technological properties in sugar 
production, as in view of harvest quality.

Unfavourable effect of soil compaction on the change of root diameter (Fig. 5) 
can be documented in a similar way. The highest diameter of roots was reached in 
a row not affected by wheel track - variant Kp
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PÁLTK, J. - ŠABÍK, J. - KECSKEMÉTIOVÁ, К. (Vysoká škola poTnohospodárska, Nitra):

Vplyv zmien fyzikálno-mechanických vlastností pódy na vlastnosti porastu cuk­
rovej řepy.
Zeměd. Techn., 40, 1994 (1): 65-74.

Jednou z možností znižovania rozsahu utláčania pódy při pěstovaní cukrovej repy je 
zavedeme technológie pestovania cukrovej repy použitím koFajových riadkov (obr. 1). 
V příspěvku rozoberáme možnosti znižovania negativného účinku vznikajúcich koFají 
na porast cukrovej řepy prostredníctvom ich kyprenia dvorná druhmi kypričov stop. 
Jedná sa o kypriace zariadenie pracujúce na principe práce klina v pode (obr. 2A) 
a rotačně kypriace zariadenie (obr. 2B).

Z fyzikálno-mechanických vlastností pódy sme sledovali vlhkost*pódy, mernú hmot­
nost* pódy, objemová hmotnost?suchej a vlhkej pódy, pórovitosť, hrudovitosťa i. (tab. I).

Vplyv kypriacich zariadení na změny vlastností porastu sme hodnotili prostred­
níctvom poIYiej vzchádzavosti, vzdialenosti rastlín, medzerovitosti porastu, rozměro­
vých vlastností buliev, cukomatosti, úrody a celerovitosti buliev.

Takmer jednostranné najhoršie výsledky sa dosiahli v riadku, ktorý bol ovplyvnený 
stopou kolesa a neošetrený kypriacim zariadením (variant Кг, tab. П). V rámci tohoto 
variantu v porovnaní s riadkami, které běli ošetřované kypriacimi systémami (A, B) - 
tab. П béla nameraná najnižšia poTná vzchádzavost* - 81 %, najvyššia medzerovitosť 
porastu - 13,15 %, najvyššia priememá vzchádzavosf buliev - 281 mm a najvyššie 
zastúpenie bulie celerovitého tvaru - 23 %.

К podobným výsledkem sme dospěli aj pri sledovaní niektorých fyzikálno-mecha­
nických vlastností buliev. Utláčanie pódy spósobovalo zvyšovanie nadzemnej výšky 
buliev (obr. 4) a znižovanie priemeru buliev (obr. 5).

Na základe uskutečněných experimentálnych meraní bol dokázaný pozitivny vplyv 
kypriacich zariadení na niektoré vlastnosti porastu cukrovej repy.

řepa; mechanizácia; utláčanie pódy; kyprenie stop; vlastnosti porastu

Contact adress:

Prof. Ing. Jaroslav P á 11 i к , CSc., Vysoká škola poFnohospodárska, Tr. A. Hlinku 2, 
949 76 Nitra, Slovenská republika
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A n g e 1 o v i č M.: Effect of the selected factors on the damage of grain maize 
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measuring technique at following the influence of nutrition on the egg shell quality 
(Využitie laboratórnej meracej techniky pri sledovaní vplyvu výživy na kvalitu 
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A r t i m J., J e c h J.: Stimulation of the pea seeds by ultrasound (Stimulácia 
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Bieganowski F., Kowalczuk J.: The effect of characteristics of green 
bean plants on the quality of work of pod harvester (Vplyv charakteristiky rastlín 
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D u n c a J.: Physical properties of grain culms (Fyzikálně vlastnosti stebiel 
obilnin)
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H o r v á t h L., Matus J.: Einfluss der physikalischen Eigenschaften der 
Kunstdünger auf die Streuungstechnik (Vplyv fyzikálnych vlastností umělých hno- 
jív narozmetaciu techniku)

J e c h J., A r t i m J., К i c h i R.: Mechanical damage to grains by impact 
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К r u p i č к a J.: The influence of the arrangement of threshing mechanism of 
combine harvester E 512 on the harm of malting barley seed (Vliv seřízení mláticího 
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N á p 1 a v а V., Weingartman H.: Stress cracks during seed com drying 
(Napáťové lomy počas sušenia osivovej kukuřice)

Nozdrovický L., M i h а Г P.: A metodology approach to the evaluation of 
the soil properties related to the machinery effect on the soil (Metodologický přístup 
к hodnoteniu vlastností pödy vo vztahu к pösobeniu techniky)
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pracovných mechanizmov kombajnu na velkosť poškodenia semien řepky)
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INSTRUCTIONS FOR AUTHORS CONTRIBUTING TO THE SCIENTIFIC 
JOURNAL ZEMĚDĚLSKÁ TECHNIKA (AGRICULTURAL ENGINEERING)

Original scientific papers, short communications, and selectively reviews, that means 
papers based on the study of technical literature and reviewing recent knowledge in the 
given field, are published in this journal. Published papers are in Czech, Slovak or 
English Each manuscript must contain a short or a longer summary.

The author is fully responsible for the originality of his paper, for its subject and 
formal correctness. The author shall make a written declaration that his paper has not 
been published in any other information source.

The board of editors of this journal will decide on paper publication, with respect to 
expert opinions, scientific impiortance, contribution and quality of the paper.

The paper extent shall not exceed ten typescript pages, including tables, figures and 
graphs. In the text it is necessary to use such units that are in agreement with the 
International System of Units (ČSN 01 1300).

Technical layout of the manuscript
Manuscript layout shall correspond to the State Standard ČSN 88 0220 (quarto, 30 

lines per page, 60 strokes per line, double-spaced typescript). Tables, figures and photos 
shall be enclosed separately, not on paste-board. A figure or graph number shall be 
written on the reverse, along with the author's name. Texts to figures and graphs shall 
be indicated on a separate sheet. Tables shall be given Roman numerals. The text must 
contain references to all these annexes.

Layout of the paper
The title of the papier shall not exceed 85 strokes. It is necessary to avoid in the title 

the usage of common expressions such as A study of..., A contribution to.... An attempt 
at...; each paper shall be a finished treatise, papers in continuation denoted e.g. Part I, 
П, Ш, etc., cannot be published; subtitles of the papers are not allowed either.

The author's names are given without academic degrees, first names are given as abbre­
viations.

Summary - a brief one
The summary is an information selection of the contents and conclusions of the papier, 

it is not а тете description of the paper. It must present all substantial information 
contained in the papier, but its role is not to replace this papier. It shall not exceed 170 
words. It shall be written in full sentences, not in form of keynotes. It is published in 
the language the papier is written in, it should comprise base numerical data including 
statistical data.

Summary - a longer one
This summary is a basis of English translation, it should contain comments on the 

results of the study, references to tables and figures, от to the most important literary citations. 
Its extent shall be two to three typiescript pages. It may be submitted in English, if it is 
submitted in Czech or Slovak, an annexed English vocabulary of technical and agricultural 
terms will be appreciated

Key words, index terms
They follow after the brief and longer summary on the next but one line (both 

summaries shall have the same keywords). A key word (index term) is a noun which 
is necessary for subject classification of the papier. The order of key words is from 
common to concrete concepts. The first word is written in small letter, semicolons shall



be used between these words. Their number depends on the subject-matter of the piper, 
it should not be smaller than three and higher than 12 words.

Introduction
This section has to present the main reasons why the study was conducted, and the 

circumstances of the studied problems should be described in a very brief form. Extensi­
ve historical reviews should be avoided. It does not have a title. If the paper does not 
include the section Review of Literature, literary citations referring to the treated prob­
lem should be given in this introductory section.

Review of literature
This should be a short section, containing only literary citations with close relation 

to the treated problem. It is recommended to cite the lowest possible number of authors.

Material and Methods
Only original methods shall be described, in other casesit is sufficient enough to cite 

the author of the used method and to mention modifications of this method. This section 
shall also contain a description of experimental material. A description of the method 
should enable any specialist to repeat the study on the basis of this description and 
mentioned citations.

Results
In the section Results figures and graphs should be used rather than tables for pre­

sentation of quantitative values. A statistical analysis of recorded values should be 
summarized in tables. This section should not contain either theoretical conclusions or 
deductions, but only factual data should be presorted here.

Discussion
This section contains an evaluation of the study, potential shortcomings are discussed, 

and the results of the study are confronted with previously published results (only those 
authors whose studies are in closer relation with the published paper should be cited). 
The sections Results and Discussion may be presented as one section only.

References
The citations shall be presented pursuant to the standard ČSN 01 0197. They are 

arranged alphabetically according to the surname of the first author: surname (capital 
letters), first name abbreviation, fill title of the paper, official abbreviation of the journal, 
volume, year of publication, number, first page, last page; in book citations place of 
publication, publisher and year should be given. References in the text to these citations 
comprise the author's name and year of publication. Only the papers cited in the text 
of the study shall be included in the list of references. All citations shall be referred to 
in the text of the paper.

Address
The author shall give his full name (and the names of other collaborators), academic, 

scientific and pedagogic titles, füll address of his workplace and postal code.

Use of abbreviations
И any abbreviation is used in the paper, it is necessary to mention its full fam at 

least once to avoid misunderstanding. The abbreviations should not be used in the title 
of the paper nor in the summary.
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