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VPLYV OCHRANNYCH TECHNOLOGII OBRABANIA
PODY NA PARAMETRE INFILTRACIE PODY

THE EFFECT OF CONSERVATION TILLAGE PRACTICES
ON PARAMETERS OF SOIL INFILTRATION

L. Nozdrovicky, P. Halaj, M. Angelovi¢

Slovak University of Agriculture, Nitra, Slovak republic

ABSTRACT: Effect of four tillage systems on water infiltration is studied. In cooperation with the Research Institute of
Crop Production field water infiltration tests were conducted to determine the water infiltration rate. The set of three
double-ring infiltrometres (Eijkelkamp — Agrisearch Equipment, Holland) were used in field tests.The following tillage
systems in grain maize growing were compared: conventional tillage, reduced tillage, mulch-till and no-till. The highest values
of infiltration rate were recorded in no-till system where the direct drilling by using of KINZE-2000 No-Till Planter was
provided - 0.34 mm.min~'. For comparison infiltration rate of 0.08 mm.min~' were recorded in conventional tillage system.

soil; tillage; conservation practices; infiltration

ABSTRAKT: ZvySeny zdujem polnohospodirskej praxe o vyuZivanie ochrannych technologii obrabania pody sivisi so
vieobecnym trendom zefektiviiovat pestovanie polnych plodin prostrednictvom minimalizovania vstupov a zdroveii nezhor-
Sovat vlastnosti pody. PredloZeny prispevok si klddol za ciel skimat vplyv ochrannych technologii obrabania pddy z pohladu
zmien infiltraénej schopnosti pody.Tento ciel sivisi s rieSenim grantovej tlohy Ministerstva pddohospodarstva SR Vyskum
a overenie konzervacnych a ochrannych technologii obribania pody, v rimci ktorej sa na Slovensku kazdoro¢ne osieva viac
ako 20 000 ha hustosiatych obilnin a kukurice na zrno. Meranie infiltraénej schopnosti pédy v nadviiznosti na tieto trendy
umoZnilo posudif dopad zavadzanych technoldgii. Zarovefi sa potvrdila vhodnost merania hodnét intenzity infiltracie spolu
s dal§imi ukazovatelmi stavu pody. Potvrdilo sa, Ze jednotlivé hodnotené varianty obribania pddy moZu v budicnosti zohrat

vyznamni tlohu pri ochrane pody ako zdkladného vyrobného prostriedku v polnohospodarstve.

poda; obrabanie pody: ochranné technologie; infiltricia

UvVOoD

Intenzivne vyuzivanie pddneho fondu vedie k mno-
hym zavaZznym zmendm v pode, predovietkym
v pddnych reZimoch, ktoré v nej prebiehaji. Na tieto
zmeny upozoriiuji Bedrna et al. (1989). Od kon-
krétneho reZimu vzduiného, vodného, teplotného a po-
dobne zdvisia potom konkrétne podmienky rastu rast-
lin. Znaény vyznam preto nadobudaju technolégie
obrabania pody, ktoré si schopné vytvarat v pode také
podmienky, aby boli zabezpecené priaznivé reZimy.
MiStina et al. (1993) podrobne uvadzaji charak-
teristiky ochrannych technologii obrabania pody a po-
pisujui ich vhodnost pre rozne podne podmienky. Podla
uvedenych autorov ochranné obribanie, ktoré ponecha-
va rastlinné zvySky na povrchu pédy, ma pozitivny
vplyv na niektoré jej fyzikdlne vlastnosti, na zvySeny
obsah organickej hmoty, lep§iu infiltriciu, vysSiu sta-
bilitu agregatov a zachovanie vlahy. Simon (1992)
definuje znaky ochranného obrabania pody, za ktoré
povaZzuje redukciu po¢tu mechanickych zasahov s po-
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nechanim zvy3kov rastlin na povrchu. Posidenie vply-
vu tychto opatreni viak nie je jednoduché. Jednotlivé
technolégie sa uplatiiuji v roznych podmienkach a vy-
Zaduju sa pri nich ré6zne mechanizmy. Zna¢ny vyznam
v tychto savislostiach maji preto experimenty umoz-
fiujice v rovnakych pddnych podmienkach porovnat
rozne technolégie a ich ucinky na pédu. Erbach et
al. (1986) skisali sedem réznych systémov obrabania
pody z pohladu ich vplyvu na fyzikalne a hydrofyzi-
kalne vlastnosti pody. Pri hodnoteni réznych systémov
obribania pody sa vyuzivaji rozne pristupy. Napriklad
Yasar a Wittmuss (1976) porovnavali vplyv ty-
pu nédradia pouZitého pri obrabani pddy na podiel ucho-
vanej vlahy. Gerard et al. (1988) sledovali vplyvy
pociato¢nej vlhkosti, rastlinnych zvyskov, intenzity
zrazok, podmienok vysuSovania a ich interakcii na
rychlost infiltracie a nasytent hydraulicka vodivost
v slabo Struktirnych poédach s nizkym obsahom orga-
nickej hmoty. Podobne aj Melvin et al. (1992) zvy-
raziiuju vyznam skimania infiltracie pri hodnoteni
ucinkov ochrannych technolégii obridbania pody.



METODA

Vplyv druhu pddoochrannej technologie na infiltrac-
nid schopnost pody sa skiimal v nadviznosti na rieSent
vyskumni dlohu. Pozornost bola zamerana na tieto
technol6gie obrabanie pody:

1. KONVENCNA TECHNOLOGIA

Po zbere obilnin sa vykonala podmietka do hibky
0,10 m, po ktorej nasledovala orba do hibky 0,28 az
0,30 m s oSetrenim oraciny. Predsejbovi jarnd priprava
sa vykonala kombinatorom, nasledovala sejba sejatkou
BECKER s osetrenim pomocou lahkych bran.

2. REDUKOVANA TECHNOLOGIA

Zakladné obrabanie pody sa vykonalo kypricom
Lemken-Smaragd 90/380 do hlbky 0,12 az 0,15 m.
Predsejbové spracovanie pody sa vykonalo rotaénym
kypricom AMAZONE KG. Presny vysev kukurice sa
uskutocnil sejatkou BECKER.

3. MULCOVACIA TECHNOLOGIA

Spracovanie pddy sa vykonalo ploskorezom AMA-
ZONE TL do hibky 0,08 m po predchadzajicom roz-
drveni a rozhodeni slamy predchadzajicej plodiny —
ozimnej pSenice. Scjba bola vykonana sejatkou KINZE
2000, ktora svojim rieSenim umoziuje sejbu do pody
spracovanej redukovanou technolégiou.

4. TECHNOLOGIA SO SEJBOU DO NEOBROBENEI]
PODY

Po zbere predplodiny (ozimnej pSenice) sa uskutoc-
nilo velmi plytké spracovanie pody podmietacim kyp-
ricom LEMKEN SMARAGD s ciclom obmedzit vy-
skyt burin a zapravil priemyselné hnojiva. Dale)
nasledovala priama sejba Kukurice pouZzitim sejacky
KINZE 2000 po predchadzajicej aplikdcii systémové-
ho herbicidu. Tato technologia je svojou Struktirou
velmi blizka technolégii priamej sejby.

Merania sa uskuto¢nili na parcelich Vyskumného
ustavu rastlinnej vyroby v PieStanoch, hospodarstvo
Borovce. Uvedené technologie sa realizovali v ramci
trojro¢ného pokusu. Na pokusnych parcelich s techno-
l6giami 3 aZ 4 sa orba nevykonavala pocas troch rokov.
Pre definovanie podmienok merania boli stanovené
rozhodujice ukazovatele.

Typ pody: cernozem, druh pody: hlinitd, zrnitostné
zlozenie pody bolo stanovené na ziklade mechanického
rozboru pédy pomocou pipetovacej metédy podla No-
vika. Medzi dalSie ukazovatele patria fyzikilne vlast-
nosti pddy: mernda a objemova hmotnost, pérovitost
a maximdlna vodna kapacita. Pre stanovenie tychto ve-
li¢in boli pouzité Kopeckého fyzikalne valceky. Obsah
humusu v pdde sa zistil na ziklade stanovenia oxido-
vatelného uhlika s prepocitanim pomocou koeficientu

na humus. Vlhkos( pady bola stanovana klasickou me-
racou metodou vyuzivajicou Kopeckého fyzikdlne val-
Ceky. Uvedené parametre podmienok sa zistili na za-
klade tdajov poskytnutych laboratériom VURV
PieStany.

Pre postdenie vhodnosti pouzitia jednotlivych podo-
ochrannych technolégii bola stanovena metodika zakla-
dajica sa na porovnani stiboru ukazovatelov, ktoré po-
skytuja celkovy obraz o stave pddy z pohladu vplyvu
pouzitia roznych technolégii. Za délezity ukazovatel
sme preto povazovali Smykovi pevnost pody, merani
pomocou rué¢né¢ho vrulkového pristroja typu PILCON-
EDECO s priamym odcéitanim nameranych hodnét.
Pristroj umoziuje merat Smykovi pevnost pody pomo-
cou dvoch typov vrtuliek s priemerom 19 a 33 mm.
Meranie sa uskutociovalo v zmysle vieobecne zauZzi-
vanej britskej normy BS 1377, ktora koreSponduje
s CSN 72 1026 Laboratérne stanovenie Smykovej pev-
nosti zemin vrtulkovou skaskou. Medzi dalSie ukazo-
vatele stavu pody z pohladu vplyvu pouZitia roznych
technologii patri stanovenie penetrometrického odporu.
Na meranie bol pouzity ru¢ny registracny penetrome-
ter, typ STS Sumperk.

Na meranie infiltra¢nej kapacity pody bola pouZita
stprava dvojprstencovych infiltromerov (vyrobca Eij-
kelkamp-Agrisearch Equipment, Holandsko). Na obr. |

Jje zndzornend celkova zostava infiltromerov s prislus-

nymi pomockami
nych z nchrdzavejicej ocele, z toho tri vonkajSie s roz-
mermi 53, 55, 57 ¢m a tri vdtorné 28, 30 a 32 cm.
Zakladnd meracia jednotka pozostiva z vonkajsicho
a vnuitorného prstenca, meracicho mostika a plavaka so
stupnicou. Cel
umoznujdce sticasné merania na troch miestach. Tym
sa znizuje riziko nepresnych vysledkov vplyvom chyb

upravu tvori Sest prstencov vyrobe-

a suprava obsahuje tri meracie jednotky

pri merani. Podmienkou pre ziskanie presnych ddajov

je rovnomerné zahlbenie prstencov do pody.

1. Zostava infiltrometra Eijkelkamp-Agrise
infiltrometer Eijkelkamp-Agrisearch Equipment

rch Equipment - Set of
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POSTUP PRI MERANI

Samotné meranie sa zacali od¢itanim vychodiskovej
polohy z odmerného stlpika pri ¢ase r = 0. Nisledne sa
odcitala vyska hladiny vody v ur€itych Casovych inter-
valoch v zédvislosti od velkosti infiltracie. Meranie sa
ukonéilo, ak velkost infiltracie dosiahla konStantnu
hodnotu. Z merani vyplynulo, Ze jeden dvojprstencovy
infiltrometer vyZadoval pribliZne 40 aZ 50 | vody.

Pre vyhodnocovanie nameranych tdajov o priebehu
infiltracie sme pouzili aplika¢ny programovy aparit
EXCEL inStalovany na PC 386. Uvedeny tabulkovy
procesor sme vyuZili takto:

1) zadanie vstupnych ddajov — vysledkov polnych merani,

2) programované spracovanie idajov,

3) zobrazenie spracovanych vysledkov infiltricie vo
vystupnej tabulkovej a grafickej forme.

VLASTNA PRACA
CHARAKTERISTIKA PODMIENOK

V zmysle stanovenej metodiky sa uskutocnili polné
merania na hospodarstve Borovcee, ktoré patri Vyskum-
nému dstavu rastlinnej vyroby v PieStanoch. Tieto me-
rania boli realizované v presnych maloparcelkovych
pokusoch na pdde typu degradovanej ¢ernozeme. V da-
nej oblasti rozsah ro¢nych zrazok predstavuje 550 az
650 mm, Co prislicha stredne humoznej pode a je po-
stacujice na uplatnenie ochrannych technol6gii obraba-
nia pédy. Obsah humusu v pédnej vrstve 0,1 aZ 0,25 m
bol 2,43 %, o zodpoveda stredne humdéznej pode.
Charakter pody sme v zmysle stanovenej metodiky
hodnotili na zéklade druhu (zrnitosti) pody. V tychto
stivislostiach je déleZité konStatovanie, Ze najvyznam-
nejSou vlastnostou druhu pddy je hmotnostny obsah zin
mensSich ako 0,01 mm. Sacasne z hladiska technologic-
kého spravania pod a ich spracovatelnosti je nevyhnu-
tné aj posudzovanie obsahu prachovych Castic o vel-
kosti (0,01 az 0,05), ktorych mnoZstvo sa vyznamne
uplatiiuje na utvaranie agrofyzikdlnych vlastnosti pod.

Z uvedenych dovodov sa preto v zmysle stanovenej
metodiky uskuto¢nil mechanicky rozbor pody s pou-
Zitim pipetovacej metody podla Novika (laboraté-

rium VURV Piestany). Vysledky rozboru si uvedené
v tab. L.

Obsah castic s velkostou pod 0,01 mm je v priemere
35,50 %. Ide o hlinitd pddu, ktord sa vyznacuje preva-
Zujicim zastipenim jemnych pddnych Castic a zane-
dbatelnym podielom pieso¢natych zin. Velky obsah
prachu (44,12 %) nepriaznivo ovplyviuje fyzikalne
vlastnosti a spésobuje nadmerni ulahnutost pody. Prie-
mernd vododrZznost a priepustnost pre vodu predlZuje
obdobie optimdlneho stavu vlhkosti.

Uplatnenie sistavy podoochranného obrabania pody
si vyZaduje velmi doslednid analyzu fyzikdlnych vlast-
nosti pody, ktoré priamo vplyvaji na celkovy stav
pody. Zaroven patria medzi kritéria zhutnenia pddy,
a tym indikuji stav, kedy je opodstatnené pouZitie
podoochrannych technolégii. Hrani¢né hodnoty nickto-
rych fyzikdlnych vlastnosti pody pre stanoviste naho
merania su:
objemova hmotnost redukovand > 1,45 g.cm'3
porovitost <45 %
minimélna vzdusna kapacita <10 %

V tab. 1I si uvidzané vysledky merani fyzikdlnych
vlastnosti pddy na hospodirstve Borovce. Z udajov vyply-
va, ze poda vo vrstve 0,10 az 0,33 sa sa vyznaCuje zvySenim
zhutnenia. Preto pouzitie podoochrannych technoldgii na
tomto stanovidti je opodstatnené. V zmysle stanovenej me-
todiky sme porovnavali jednotlivé pédoochranné technol6-
gie obrdbania pody s konvencnou technoldgiou. Ziroveii
sme porovnévali ich vplyv na zmenu siboru ukazovatelov,
ktoré poskytuju celkovy obraz o stave pody.

Sucastou charakterizovania pddnych podmienok bo-
lo aj stanovenie penetrometrického odporu pody
a $mykovej pevnosti pody objemovej s cielom posutdit
ich zavislost od pouzitych technol6gii. Hodnoty penet-
rometrického odporu pddy v zavislosti od pestovanej
plodiny uvddza tab. III.

Pri analyzovani hodn6t penetrometrického odporu
vidiel znacny rozdiel medzi stavom pddy pri pestovani
kukurice, skamany v troch rozdielnych miestach —
v stope kolesa po sejbe, mimo stopy a v medziriadku.
Podobne to moZno konStatovat aj z analyzy hodndt
§mykovej pevnosti pody. Tieto dva parametre spolu
uzko suvisia, avSak Smykova pevnost pody ma vicsiu
vypovedaciu schopnost. Tab. IIT a IV poukazuji na
priaznivy uc¢inok mulcovacej technolégie.

I. Mechanicky rozbor pody (Borovee) — Mechanical soil analysis (Borovee)

Hibka' (m) Obsah frakcii v percentich®

>0.25 0.25-0.05 0.05-0.01 0.01-0,001 <0.001 <0,01
0,1-0.25 0.47 19.66 44.50 15.31 20.06 3537
0,26-0,34 0,26 20,37 44,05 15.61 19.71 35.32
0,40-0,50 0,10 19.79 42,58 15.85 21.68 37.53
0,60-0,70 0,11 20.34 43.42 15.73 20,40 36.13
0,90-1,00 0,09 21,20 45,60 19,22 13.89 33,11
Priemer? 0.21 20.27 44,03 16,34 19.15 35.50

2 3 RO T
'depth, %average, *content of fractions in percentage
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II. Fyzikalne vlastnosti pédy — Physical properties of soil

Hibka odberu' Merni hmotnost® Objemovi hmotnost* Porovitost* Maximilna kapildrna Minimélna vzdu$ni
(m) (g.em™) (g.cm™) (%) kapacita® (%) kapacita® (%)
0,10-0,15 2,64 1,48 44,03 36,06 7,9
0,28-0,33 2,67 1,49 44,19 32,55 11,64
0,40-0,45 2,70 1,40 48,00 34,50 13.50
0,60-0,65 2,75 1,33 50,83 34,74 16,09
0,90-0,95 2,72 1,34 50,79 35,71 15,08

'deplh of sampling, 2speciﬁc weight, bulk density, 4porosily. *maximum capillary capacity, “minimum air capacity

III. Chakteristika penetrometrického odporu — Characteristics of pe-
netrometric resistance

Penetrometricky odpor’
6 (MPa)
Technologia' H:l:‘:c)a fiadok
medzi- riadok %
riadok® | v stope’ s’::p"l:‘.’o
10 2,12 287 0,78
Konvenéna? 20 398 4,72 2,24
30 492 N 4,02
10 1,52 0,62 0,56
Redukovana® 20 3,02 2,05 2,28
30 4,30 3,75 3,63
10 0,60 2,00 1,30
Muléovacia* 20 1,60 3,03 2,67
30 3,38 4,32 4,03
10 2,50 2,68 1,93
Priama sejba® 20 4,06 3.86 325
30 4,76 5.08 4,40
'technology, *co I, *reduced, “mulching, “direct seeding

10,

6 : . K. ..
depth, "penetrometric resistance, “inter-row, “row in track, "“row

outside the track

TEORETICKY ROZBOR PRIEBEHU INFILTRACIE

Vysledkom spracovania nameranych hodnét bola in-
filtra¢n4 krivka pddy, ktord vyjadruje skutoény priebeh
infiltracie. Tento priebeh moZno s dostato¢nou pres-
nostou popisal matematickym vztahom. Na vyjadrenie
priebehu infiltracie sme pouzili Hortonovu rovnicu in-
filtracie v tvare:

- V.t
Vir=VivtWig=vi,).¢

kde: t - Cas od zaCiatku infiltricie (min)
T - kond ktorej hod zavisi od i pody
v, —intenzita infiltricie v Case t od zaCiatku infiltricie
(mm.min")
v,y - intenzita infiltricie na samom zafiatku infiltricie
(mm.min")
v;) - intenzita infiltricie v prvej minite od zafiatku infil-

tracie (mm.min"')
v;, - ustdlend (minimdlna) intenzita infiltricie (mm.min")

Pre ziskanie matematického vyjadrenia infiltracnej
krivky sme potrebovali zistit siéinitel T a hodnotu in-
tenzity infiltricie na zaciatku vsakovania v; . V pocia-
to¢nom obdobi vsakovania si zmeny intenzity infiltra-
cie s Casom najvyraznejSie, ddsledkom &oho je
odcitanie intenzity infiltricie v polnom pokuse v po-

IV. Charakteristiky $mykovej pevnosti pody - Characteristics of shear strength of soil

Smykové pevnost”

chhnolégia' Hibka® K ‘ T (MPﬂ) ey >

(m) riadok v stope” riadok mimo stopu'” medziriadok®
x On—i x On_i x On—1
10 73,25 26,00 53,75 10,16 60,87 18,62
Konvenéni? 20 82,41 21,30 65,00 15,56 90,62 15,32
30 108,25 25,00 92,13 12,51 125,00 7,00
10 62,40 14,20 53,15 14,10 40,43 26,81
Redukovani® 20 60,35 12,30 54,92 17,31 82,43 22,60
30 78,60 25,92 64,10 19,82 93,66 7,76
10 60,35 16,76 55,50 13,10 61,37 16,76
Mulgovacia* 20 58,52 9,72 61,25 14,51 66,75 20,68
30 90,87 28,88 100,70 20,93 91,57 27,00
10 80,25 20,85 67,50 13,74 82,75 6.92
Priama sejba’ 20 72,75 18,90 60,70 10,60 75,60 8,60
30 116,00 12,34 104,52 11,95 122,81 13,63
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&iatoénych fazach a najmi na samom zaciatku infiltra-
cie nepresné. Z toho hladiska je potrebné presné urce-
nie hodnét T, v;, z rovnice vsakovacej krivky, ktoré
sme vypocitali pri spracovivani nameranych hodnot.
Postup urCovania T a v; !
1) Rovnicu vsakovacej krivky sme upravili takto:
Vie= Vi + (Vo= Vi) € =y,
Vir=Viv=Wio-vi)) . e n
In(v;,=v;)=In(vp-v;\)-7.1

2) Upravena vsakovacia krivka predstavuje rovnicu
priamKy v smernicovom tvare

y=k.x+gq
kde: y = In (v;, = v; )

k-t

X=it

g - In(vig-vi,)

3) Upraveni vsakovaciu krivku sme znazornili gra-
ficky, pricom os x vyjadruje Cas infiltricie a os y loga-
ritmus rozdielu intenzity infiltracie v Case t a minimal-
nej intenzity infiltracie. KedZe meranie intenzity
infiltracie v polnych podmienkach je ovplyviiované
mnozstvom nahodnych faktorov, pri vyhodnocovani
vznikaju urcité nepresnosti. Preto priebeh infiltracie
vyjadreny v smernicovom tvare nemd idedlne zobraze-
nie, lebo cez vypocitané body nemdzeme poloZit pri-
amku. Z toho dévodu sme body upravili aproximdaciou.
Minimélny index koreldcie je 60 %. Na obr. 2 je zné-
zorneny aproximovany priebeh intenzity infiltracie
v smernicovom Lvare.

4) KonStantu T a hodnotu v;, sme ur€ili z tychto
vztahov:

=k
k=tgt=qp
q=io=viy)
4 ;.
el=vig-v;y
vig=el+v,

Dosadenim hodnoty T a v;, do Hortonovej rovnice
sme ziskali matematické vyjadrenie priebehu infiltrac-
nej krivky. Vysledky polnych merani infiltracie
v zmysle stanovenej metodiky sme uskutocnili v da-
nych podmienkach merania infiltriacie vody v pdode.
Merania sa uskuto¢nili na pode po zbere kukurice na
zrno (oktober 1994). Vzijomny vztah medzi namerany-
mi hodnotami infiltracie a hodnotami aproximovanymi
podla Hortonovej priamky na priklade priamej sejby
kukurice vyjadruje obr. 3.

Na priklade technologie priamej sejby vyjadruje
tab. V Struktiru prvotnych udajov a postup ich spraco-
vania. V lavej Casti tabulky st obsiahnuté namerané
tidaje z jednotlivych infiltrometrov (A, B, C). V pravej
Casti tabulky je uvedeny postup spracovania udajov,
ktory vedie k stanoveniu aproximovanych hodndt po-
dla Hortonovej rovnice. Vysledny priebeh spracova-
nych ddajov zobrazuje v grafickej forme obr. 4.
Rovnica infiltracnej krivky y = 0,34 + 1,972 . ¢ %2127
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Ln (vie= Vi)

Xprwxnmova;e hodnoty

Cas (min) N
2. Aproximovany priebeh intenzity infiltracie v smernicovom
tvare — Approximated pattern of intensity of infiltration in gradient

form

aproximované hodnoty — approximated values

cas — time

E

E A

E

E ! Namerané hodnoty

:§

£ = = S BN
C; Aproximované hodnoty
g *

g .
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o -

Gas (min) ————— P
3. Vysledny priebeh intenzity infiltricie — Resulting pattern of in-
tensity of infiltration

intenzita inflitricie - intensity of infiltration
cas — time

namerané hodnoty — measured values
aproximované hodnoty — approximated values

30
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1
]
k4
g R
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3 =
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00
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Cas (min)

= namerané hodnoty - measured values
— vypocitané hodnoty - calculated values

4. Priebeh hodnét intenzity infiltricie ( technol6gia priamej sejby) —
The pattern of values of intensity of infiltration (technology of direct
seeding)

V tab. VI, VII a VIII si vyjadrené tdaje charakterizu-
juce priebeh infiltracie pre Styri porovnavané technoldgie
s trojndsobnym opakovanim (opakovania A, B, C). Dalsi
stipec v tabulkdch znazoriiuje priemerné hodnoty. Prvot-



V. Technolégia priamej sejby — Technology of direct seeding

Intenzita infiltracie — F\m:mmné hodnoly2 Vyrovnand | Intenzita infiltricie —
Cas' (min) (mm.min"") Vi Vi In (v; ~v;,) | Hortonova | vypotitané hodnoty*
A B C priemer’ krivka® (mm.min"')

0 0.69 2.340
| 1,40 1,68 2,52 1,87 1,53 0,43 0,48 1,963
2 1,05 1,26 1.89 1,40 1.06 0,06 0,28 1,657
3 0,96 1,15 1,73 1,28 0,94 -0,06 0.07 1.408
4 0,88 1,05 1,58 1,17 0,83 -0,19 -0.14 1,207
5 0,87 1,04 1,57 1,16 0,82 -0,20 -0,35 1,043
6 0,79 0,95 1,42 1,05 0.71 -0.34 -0.56 0910
7 0,62 0,74 111 0,82 0,48 -0,73 -0,77 0,803
8 0,62 0,74 111 0.82 0,48 -0.73 -0.98 0715
9 0,52 0,63 0,94 0,70 0,36 -1,02 ~1.19 0,645
10 0.53 0,63 0,95 0,70 0,36 -1.02 -1.40 0.587
11 0,34 0.41 0,62 0,46 0,12 =212 -1.61 0,540
12 0.35 0,42 0,63 0,47 0.13 -2,04 -1,82 0,503
13 0,35 0,42 0,63 0.47 0,13 -2,04 -2.03 0472
14 0,26 0,31 0,46 0,34 0,00 ERR -2,23 0,447
15 0,26 0,31 0,46 0,34 0,00 ERR -2,44 0,427

v;, — intensity of infiltration in time 7 from the beginning of infiltration (mm.min™")
v;, — stable (minimum) intensity of infiltration (mm.min")

% 2 § % . 3 . § 3 i i g
'time, “intensity of infiltration, “approximated Horton's curve, ‘mlensny of infiltration, calculated values, ‘nvemge

VI. Konvencna technolégia — Conventional technology

Intenzita infiltrdcie - p:{llrlerané hodnoty? Vyrovnand | Intenzita infiltrdcie —
Cas' (min) (mm.min"") Vi Viy In (v, ~v; ) | Hortonova | vypocitané hodnoty*
A B c priemer’ krivka® (mm.min~")

0 -0.86 0.50
1 0,31 0,37 0.55 0,41 0.33 -1 -0.96 0.46
2 0,33 0,40 0.59 0,44 0,36 =1,02 -1,06 0,42
3 0,29 0,35 0,53 0,39 0,31 -1,17 ~1,17 0,39
4 0,28 0,33 0,50 0,37 0,29 -1,24 -1,27 0,36
5 0,22 0.26 0.39 0.29 0.21 -1,56 -1.37 0.33
6 0,29 035 0,53 0.39 031 ~-L17 -1.48 031
7 0,26 0.31 0,46 0,34 0,26 -1.35 -1.58 0.28
8 0,23 0,27 0.41 0,30 0,22 -1,51 -1.68 0,26
9 0,18 0,22 0.32 0,24 0.16 -1.83 -1.78 0.25
10 018 0,22 032 0,24 0.16 -1.83 -1.89 0.23
1 0,14 0,17 0,26 0,19 0,11 -2,21 -1,99 0.21
12 0,14 0,17 0,26 0,19 0.11 =221 -2,09 0.20
13 0,14 0,17 0,26 0,19 0,11 =221 -2,20 0,19
14 0,14 0,16 0,24 0.18 0,10 -2,30 -2,30 0.18
15 0,06 0,07 0,11 0,08 0,00 ERR -2,40 0,17

né namerané hodnoty boli spracované matematicko-
-teoretickym aparatom vediicim k stanovaniu paramet-
rov Hortonovej rovnice popisujicej priebeh infiltricie.

Pre uplnost porovnania sa tieZ uvidza vysledok
spracovania — rovnice infiltra¢nej krivky vztahované na

jednotlivé technoldgie obrabania pody.

6

=

&

[~N o}

»

Rovnice infiltracnej krivky:
konvenn4 technolégia y = 0,08 + 0,423.¢70104
redukovana technoldgia y = 0,20 + 0.650.(:_‘"'47"
mulZovacia technoldgia y = 0,30 + 0,756.¢"%147+
technoldgia priamej sejby y = 0,34 + 0.212.¢°02121
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& rarhiclssiac Raduced technsl
vani tec gia — 134

VII. Redul

Intenzita infiltricie — namerané hodnoty? Vyrovnani | Intenzita infiltricie —
Cas' (min) (mm.min~") Vi Viy In (v;~v;,) | Hortonova | vypotitané hodnoty*
A B c priemer‘ krivka® (mm.min~')
0 -0.43 0.85
1 0,52 0,62 0,93 0,69 0,49 -0,71 -0,66 0,72
2 0,40 0,48 0,72 0,53 0,33 ~-111 -0,88 0.62
3 0,35 0,42 0.63 0,47 0,27 -1,31 =110 0,54
4 0,38 0,45 0,68 0,50 0,30 -1,20 -1,33 0,48
S 0,38 0.45 0,68 0.50 0,30 -1,20 -1,55 0.42
6 0,38 0,45 0.68 0,50 0,30 -1,20 -1,78 038
7 0,30 036 0,54 0,40 0,20 -1,61 -2,00 0,34
8 0,30 0.36 0,54 0,40 0,20 -1,61 2,22 0,32
9 0,23 0,27 0.41 0,30 0,10 -2.30 -2.45 0,29
10 0,23 0,27 0,41 0,30 0,10 -2,30 -2,67 0,28
11 0,19 0,23 0,34 0,25 0,05 -3,00 -2,90 0,26
12 0,19 0,23 0,34 0,25 0,05 -3,00 -3.12 025
13 0,17 0,21 0,31 0,23 0,03 -3,51 -3.34 0,24
14 _().16 0,19 0,28 0,21 0,01 -4,61 -3.57 0,23
15 0,15 0,18 0,27 0,20 0,00 ERR =379 0,23
VIII. Mulcovacia technol6gia — Mulching technology
Intenzita infiltricie — namerané hodnoty? Vyrovnani | Intenzita infiltricie —
Cas! (min) (mm.min~") VirViy | In(v;~v;,) | Hortonova | vypogitané hodnoty*
A B C priemer’ krivka® (mm.min~")

0 -0.28 1,06
1 0,59 0,71 1.07 0,79 0,49 -0,71 -0.44 0.95
2 0,57 0.68 1,03 0.76 0,46 -0,78 -0,60 0.86
3 0,53 0,63 095 0,70 0.40 -0,92 -0,76 0,79
4 0,56 0,68 1,01 0,75 0,45 -0,80 =092 0,72
5 0,51 0,61 0,92 0,68 0,38 -0,97 -1,07 0,66
6 0,48 0,58 0,86 0,64 0,34 -1,08 -1.23 0,61
T 0,47 0,57 0,85 0,63 0,33 =111 -1,39 0,57
8 0,40 0,48 0,72 0,53 0,23 -1.47 -1,55 0,53
9 0,39 0,47 0,70 0,52 0,22 -1.51 =171 0,50
10 0,39 0,47 0,70 0,52 0,22 -1,51 -1.86 0,47
11 0.35 0,41 0,62 0.46 0,16 -1,83 -2,02 045
12 0,28 0,33 0.50 0.37 0,07 -2.66 -2.18 0.43
13 0,29 0,34 0,51 0,38 0,08 -2,53 -2,34 0.41
14 0,28 0,33 0,50 0,37 0,07 -2,66 -2,50 0,40
15 0,23 0,27 041 0,30 0,00 ERR -2,65 0,38

Na obr. 5 je znazorneny priebeh infiltricie meranej
po zbere kukurice pre tri pddoochranné technolégie,
ktoré boli porovnavané s etalonovou technolégiou kon-
vencného obrabania.

Dosiahnuté vysledky potvrdzuji, Ze najvySia hodno-
ta intenzity infiltricie bola dosiahnutd pri technolégii
zaloZenej na pouZiti priamej sejby sejaCkou KINZE
2000. Priebeh intenzity infiltracie v Case nasvedCuje
tomu, Ze najvy$§ie hodnoty si dosahované v &ase do
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Styroch minit a potom sa priebeh mierne spomaluje.
Celkovo pri technolégii s priamou sejbou boli dosiah-
nuté namerané hodnoty 0,34 mm.min~!, vypocitané
hodnoty 0,42 mm.min”". Nepatrne niZSie hodnoty (name-
rané 0,30 mm.min_'. vypocitané hodnoty 0,42 mm.min")
boli dosiahnuté pri technolégii s muléovanim povrchu.
Medzi oboma technolégiami nie sa prili§ velké rozdi-
ely v hodnotach intenzity infiltracie. Dal3ia skimana
technolégia — redukované obrabanie — sa viak vyzna-
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5. Vplyv technolégii na infiltriciu — The effect of technology on
infiltration

—0O— konvenéné obribanie ~ conventional tillage
- mulCovacia technolégia —~ mulching technology
—o— redukované obribanie — reduced tillage

—¢— priama sejba — direct seeding

Cuje podstatne nizSou uroviou intenzity infiltracie a to
iba 0,20 mm.min"'. Napriek tomu, Ze tito hodnota
s udajmi dosiahnutymi pri priamej sejbe je podstatne
niZ8ia i tak je v8ak nepomerne vy3Sia ako pri konven-
¢nej technolégii 0,08 mm.min~'. Z porovndvanych
udajov je zrejmé, Ze konvencna technoldgia pestovania
kukurice na zrno vedie k podstatne niZ$im hodnotdm
intenzity infiltracie a ako takd md negativny vplyv na
podu. Intenzita infiltracie totiZ rezultujicim sposobom
vyjadruje pomery v pode (objemova hmotnost, pérovi-
tost, vodni kapacitu).

DISKUSIA

Spomedzi reprezentativnych vlastnosti pody infil-
tracna schopnost najlepSie umoZziuje hodnotit vplyvy
rdznych technol6gii obridbania. Tento pristup vyuZivaji
Yasar a Wittmuss (1976), ktori zistili, Ze mnoz-
stvo uchovanej vlahy v pdde v zna¢nej miere zavisi od
pouzitej technolégie. Podobne aj Melvin et al.
(1992) upozoriuji na vyznamny vztah medzi techno-
l6giami obrabania pody a jej schopnostou zadrZiavat
vlahu. Mis§tina etal. (1993) uvadzaji konkrétne vy-
sledky z overovania ochrannych technoldgii obrabania
pddy z pohladu zmien infiltracnej schopnosti.

Na zdklade naSich skisenosti navrhujeme vyuZivat
metodu merania intenzity infiltracie ako Standardnu
metddu pri hodnoteni acinkov vplyvu technolégii na
podu. Tato metdda totiz umoZiiuje komplexne zohlad-
fiovat vplyv zmien napriklad vlhkosti, objemovej hmot-
nosti, pérovitosti, vodnej kapacity a podobne. PouZity
metodicky postup merania intenzity infiltracie nie je
technicky néarofny. Okrem potrebného materidlneho
vybavenia, t.j. sady dvojprstencovych infiltromerov
a dostato¢ného mnoZstva vody, tito metéda nevyzadu-
je osobitné pomdcky. Vyznacuje sa viak uréitou pric-
nostou spojeni s od¢itavanim nameranych hodnét. Pre
zjednodusenie obsluhy a zefektivnenie celej prace na-
vrhujeme preto automatizovat snimanie poklesu hladi-
ny v nadobach a vizualizovat na vhodnej zobrazovacej
jednotke okamziti hodnotu vysky hladiny. To by po-
tom umoznilo dalej od¢itavat konkrétne hodnoty v ¢a-
sovych intervaloch. V dal$ej etape by bolo moZné
zosnimané udaje ukladat na vhodné pamitové médium
a pomocou vhodného programového vybavenia spraco-
vdvat a vycislovat prislu§né ukazovatele.
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ZHODNOTENIE KVALITY PRACE SESTRIADKOVYCH
SAMOHYBNYCH VYORAVACOV REPY CUKROVE]

EVALUATION OF THE OPERATION QUALITY OF SIX-ROW
SELF-PROPELLED SUGAR BEET HARVESTERS

J. Ruzbarsky', J. Jech', O. Sarec’

'Slovak University of Agriculture, Nitra, Slovak Republic
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: This paper shows the results of a qualitative comparison of six-row self-propelled sugar beet harvesters
measured in the years 1995 and 1996, in the Slovak and Czech Republics, respectively. These measured results where
compared with the results of the qualitative indices of sugar beet harvesters in the town of Sligenstadt. Germany in 1996. In
order to decide the working quality of the harvesters, the yield, loss during harvesting, part of soil clods, recutting quality
and damaged roots were measured. In the years 1995 and 1996, the working quality was done on these six-row harvesters:
MOREAU VOLTRA, MOREAU GR 4, MATROT M 31, MATROT M 41, TIM SR 2500, HOLMER (CR) and KLEINE SF
10. The technical parameters of the harvesters are shown in Tab. I and the yield evaluation shown in Tab. II. The presented
loss is shown in Tab. 1II. The loss of tuber weight on the surface of the field in the year 1995 was 1.1 to 1.8 t.ha™! (dry
autumn) and 20.3 to 3.2 tha™' in the year 1996 (wet autumn). The loss in the soil in the year 1995 fluctuated from 0.8 to
1.1 tha™ and 0.6 to 5 tha™ in the year 1996. From the results, it follows that the loss during sugar beet harvesting in the
dry autumn (1995) was markedly lower than when the autumn was wet. The loss in weight of tubers in the monitored sugar
beet harvesters is in Tab. IIl. The portion of soil glued to the tubers is shown in Tab. IV. One of the distinct influences was
that the portion of soil glued to harvested sugar beet tubers was markedly higher when the autumn was wet. The achieved
cleaniness of 96 to 97.48% in the year 1995 is excellent. Also the results of cleaniness in the year 1996 was very good
(Tab. IV). Sugar beet cutting is a very demanding and complicated working operation. The quality of work is not only
dependent on the efficiency of the cutting mechanism, but also on the state of the plant, working speed, construction of the
cutting mechanism and their operation. If we take into consideration the view of the grower and also processor, that properly
cut tubers belong to the same category as highly cut tubers, then the portion of tubers with accepted cut in several harvesters
was up to 86% (Tab. V). According to the standard STN 46 2110, the damage to tuber roots can be to an average of 1 cm.
This condition was achieved by the monitored harvesters only to 23.5 to 40.5% (Tab. VI). In Tab. VIII, the results achieved
from our tests were compared with those which were obtained during the evaluation of harvest technologies by the Institute
of Agricultural Technology (Bonn) in Seligenstadt 15-16 October, 1996.

sugar beet; harvesting; self-propelled harvester; quality of work

ABSTRAKT: V ¢lanku sa uvadzaji vysledky z kvalitativneho porovnavania Sestriadkovych samohybnych vyorivacov cuk-
rovej repy, ktoré boli namerané v roku 1995 na Slovensku a v roku 1996 v Cechach. Namerané vysledky st porovndvané
s vysledkami, ktoré boli dosiahnuté pri merani kvalitativnych ukazovatelov vyorivacov cukrovej repy v nemeckom mestecku
Seligenstadt v roku 1996. Pre postdenie kvality price vyorivacov cukrovej repy sme charakterizovali porast, zistovali sme
straty spdsobené zbera¢mi, podiel prilnutej zeminy, kvalitu orezdvania a poSkodenie koreiia bulvy. Kvalitu price v rokoch
1995 a 1996 sme sledovali u tychto $estriadkovych vyorivatov: MOREAU VOLTRA, MOREAU GR 4, MATROT M 31,
MATROT M 41, TIM SR 2500, HOLMER (CR) a KLEINE SF 10. Technické parametre vyorivacov si uvedené v tab. I.
V tab. II je uvedené hodnotenie Grody. Straty hmoty buliev na povrchu pola v roku 1995 boli 1,1 aZ 1,8 tha™! (suchd jeseil)
a v roku 1996 boli 20,3 a 3.2 tha™ (vihké jeseil). Straty v pdde v r. 1995 sa pohybovali od 0,8 do 1,1 tha™ avr 1996
boli 0,6 a7 5 tha™. Z vysledkov vyplyva, Ze straty v suchej jeseni (1995) sii vyrazne niZiie ako pri vyorivke repy, ked je
jeseni vihka. Straty hmoty buliev za sledovanymi vyoravacmi repy su uvedené v tab. IIl. Podiel prilnutej zeminy je uvedeny
v tab. IV. Z uvedenych merani jednoznacne vyplyva, Ze podiel zeminy (prilnutej) vo vyoranej repe je vyrazne vy3si, ked je
jeseri vihkd. Dosahovani Cistota 96 az 97,48 % v r. 1995 je vybornd. Aj vysledky Cistoty v roku 1996 boli velmi dobré
(tab. IV). Orezavanie repy je velmi naro¢nd a zloZitd pracovna opericia. Kvalita price zavisi nielen od dokonalosti orezdva-
cicho mechanizmu, ale aj od stavu porastu, pracovnej rychlosti, zriadenie orezdvacicho mechanizmu a od obsluhy. Ak
vezmeme do tvahy nizor pestovatelov ako aj spracovatelov, Ze mdéZeme do stboru sprivne orezanych buliev zapocital aj
kategoriu vysoko orezanych buliev, potom podiel buliev s akceptovatelnym rezom bol u niektorych vyoravacov az 86 %
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(tab. V). Podla normy STN 46 2110 poskodenie koreiia bulvy méze byt do priemeru lem. Tito podmienku dosiahli sledované
vyordvale iba na 23,5 az 40,5 % (tab. VI). V tab. VIII sii porovndvané nami dosiahnuté vysledky s vysledkami, ktoré ziskal
pri hodnoteni zberovej techniky Institit polnohospodirskej techniky (Bonn) v Seligenstadte 15.-16. oktébra 1996.

repa cukrovid; zber; samohybné vyorivace; kvalita price

UvoD

V sucasnosti ponudkaji vyrobcovia polnohospodar-
skej praxi zberace repy cukrovej so zaberom jeden az
Sest riadkov, Casto s rdzmou kombindciou a delenim
jednotlivych faz zberu k prvému alebo druhému zbero-
vému stroju. Této velkd rozmanitost sortimentu a kon-
Strukcii pracovnych mechanizmov (orezavaci, vyorava-
ci, Cistiaci a iné) dokumentuje jednak zloZitost
problematiky mechanizécie zberu repy v zdvislosti od
miestnych pddnych a klimatickych podmienok, jednak
aj obrovské tempo, s akym sa tato problematika riesi
v poslednych piatich az desiatich rokoch vo vSetkych
reparskych Statoch celého sveta.

Vo vyskume, vyvoji a vyrobe strojov ide najmi
o vyrazné zniZenie zberovych strat, skvalitnenie rezu
skrojkov, o Cistotu repy, zvySenie vykonnosti, spolah-
livosti a zniZenie utladenia pody. Na druhej strane tento
Siroky sortiment strojov prinasa Casto obtiaZe v rozho-
dovani pre uZivatelov strojov, aky stroj bude najlepsi
do ich konkrétnych podmienok.

Trend vo vyvoji vyoravaCov jednoznaCne smeruje
k Sestriadkovym samohybnym strojom s réznym obje-
mom zdsobnika, s réznou sezénnou vykonnostou, ktora
prevazne presahuje ramec mnohych pestovatelov.
Z hladiska ekonomickej efektivnosti vloZenych inves-
ticii je Ziadidce tieto stroje poniknut do sluZieb alebo
prevadzkovat v kooperacii.

Réznorodost konstrukeii pracovnych mechanizmov
a ich vykonnosti nds viedla vykonat experimentilne
merania v roznych podnych a klimatickych podmien-
kach z hladiska kvality prace (straty buliev, kvalita re-
zu, poskodenie buliev, prilnuta a volna zemina), pre-
vadzkovej spolahlivosti a sezénnej vykonnosti.

Cielom prace bolo zhodnotit kvalitu price sledova-
nych vyordvaCov repy cukrovej z hladiska ich kon-
Strukcie a spolahlivosti.

MATERIAL A METODA
OBJEKT SLEDOVANIA

Objektom sledovania boli Sestriadkové samohybné
vyoréavace repy cukrovej firiem MOREAU, MATROT,
TIM, KLEINE, HOLMER pracujiice v previdzkovych

podmienkach polnohospodérskych podnikov v Sloven-
skej republike (r. 1995) a v Ceskej republike (r. 1996).
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CHARAKTERISTIKA PORASTU REPY CUKROVEI

Biologicki trodu porastu sme urcili z plochy 6 x 10 m?,
pricom sme sledovali tieto dalSie parametre:
— pocet jedincov na hektar (ks),
- biologickd troda buliev (t.ha™),
— vy§ka nadzemnej Casti bulvy (cm),
— medziriadkova vzdialenost bola 45 cm,
= typ pédy,
vlhkost pody (%).

1

I

KVALITA PRACE

Boli sledované tieto faktory ovplyviiujice kvalitu
prace:
— straty buliev za vyoravacom (na povrchu pola
a v pode),
— poskodenie korena buliev,
— vy8ka rezu skrojkov,
— prilnutd zemina.

Testovana plocha
Odber strat sme robili na ploche Siestich riadkov x

3,7 m pre Sestriadkové vyoravace (obr. 1).

6 riadkov =2,7 m
X X X

37m

3,7mx27m=10m’

E R S
b R
e R
Bl B A
Bl B
Bl R
bl B

1. Rozmer odbernej plochy — Dimension of sampled plot

Straty buliev za vyorivacom

Straty sme zisfovali odberom volne leZiacich buliev
a ich Casti na povrchu pola a odberom nevyoranych
buliev a dlomkov korefiov nachadzajicich sa v pode.
Za kazdym vyoravacom sme meranie opakovali Sest-
krat.

Podiel prilnutej zeminy

Odobrali sme vzorky 4 x 50 buliev zo skladky a na-
sledne sme zistili ich hmotnost. Mechanické oistenie
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sme robili ruéne, odvazili sme o€istené bulvy a rozdiel
hmotnosti nam urcuje podiel zeminy na bulvach.
Kvalita orezavania buliev

Zo skladky sme odobrali 4 x 50 buliev a hodnotili sme
rez buliev s naslednym rozdelenim do skupin (obr. 2).

—— A

= B
UL T

W = Nk

ol o -
max. pricmer

2. Vyska rezu skrojku - Hight of cut

A - neorezand bulva — uncut bulb
B — vysoky rez — highly cut bulb
C — spravny rez — rightly cut bulb
D - nizky rez — low cut bulb

Poskodenie koreiia bul'vy

Merali sme priemer zalomenia korena bulvy na
vzorke 4 x 50 buliev odobratych zo sklddky. Bulvy sme
triedili do skupin (obr. 3).

3. Poskodenie korefia bulvy — Dam-
age of root

A — priemer korefia do | ¢m - root
diameter to | cm

B — priemer korefia do 3 ¢m - root
diameter to 3 cm

C - priemer korefia nad 3 cm - root
diameter above 3 cm

Previadzkové hodnotenie

Z hladiska vykonnosti a previddzkovej spolahlivosti
sme sledovali:
— pracovnu rychlost,
— vykonnost,
— pocet naplnenia zdsobnikov,
— prejazdy a dizka riadku,
— poruchy.
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ZHODNOTENIE VYSLEDKOV PREVADZKOVYCH
EXPERIMENTALNYCH MERANI

CHARAKTERISTIKA SAMOHYBNYCH
VYORAVACOV REPY CUKROVE]

Charakteristika meranych $estriadkovych samohyb-
nych vyoravacov repy cukrovej je uvedend v tab. I.

ZHODNOTENIE KVALITY PRACE SAMOHYBNYCH
VYORAVACOV REPY CUKROVEJ

Zhodnotenie stavu porastu

Na zaCiatku je potrebné pripomentit, Ze podmienky
pri zbere v roku 1995 boli vynimo¢ne dobré vplyvom
suchého obdobia oproti roku 1996, kedy zberové pod-
mienky boli velmi staZené v dosledku zrazok. Na vset-
kych pozemkoch bola pouzita technologia vysevu na
koneéni vzdialenost. Medziriadkova vzdialenost bola
45 cm. NajlepSiu biologicku drodu Cistej repy malo PD
Zlkovee 93,06 tha ! pri vihkosti pody 17,6 %. Tato
uroda sa dosiahla aplikdciou zdvlahovych ddvok. Naj-
mensiu biologicku drodu ¢istej repy 50,73 tha™! malo
PD Jacovce pri vlhkosti pody 12,3 %. Pocet jedincov
bol 77 000 aZ 122 000 na hektér (tab. II). Typ pody ako
aj jej vlhkost je zrejma z tab. II. Vy$ka nadzemnej Casti
buliev bola 19,0 az 61,8 mm (len v r. 1995). Porasty
boli Eisté, nezaburinené a rovnomerne zapojené. DalSie
udaje uvadza tab. II.

KVALITA PRACE VYORAVACOV REPY CUKROVEJ

Hodnotili sme straty buliev za vyordva¢mi, podiel
prilnutej zeminy, kvalitu orezdvania buliev a poskode-
nie korefov buliev v roku 1995 na Slovensku a v roku
1996 v Cechéch.

Straty za vyoravaémi

Straty hmoty buliev sa skladaji zo strat nevyoranych
celych buliev v pode, buliev nachidzajicich sa na po-
vrchu pola a strat odlomenim koreina v pdde. Nami
prezentované straty si uvedené v tab. III. Straty hmoty
buliev na povrchu pola v roku 1995 boli 1,1 aZ
1,8 tha™' (suchd jesei) a v roku 1996 boli 2,03 a%
3.2 tha™' (vihka jeseil). Straty v pode v roku 1995 sa
pohybovali od 0,8 do 1,1 % a v roku 1996 boli 0,6 az
5 tha™. Najmensie celkové straty z Cistej trody sme
namerali u vyordvata MATROT M 41 (PD Zlkovce),
2,1 %, najvy$Sie straty boli na ZD Senice n/Hané,
8,13 % s vyoravatom MATROT M 31 pri vlhkosti
pody .19,3 %. Z vysledkov vyplyva, Ze straty v suchej
jeseni (1995) si vyrazne niZlie ako pri vyordavke repy
cukrovej, ked je jesen vlhka. Tieto vysledky sa potvr-
dili aj v jeseni 1997 (september aZ 15. november - su-
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Sestriadkové samohybné vyordvate ~ Six-row self-propelled sugar beet harvesters

Vyrobea! rrY(ftl:::z Orezdvaci Vyordvaci | Cistiaci Zasobnik® | Medzizasobnik’ ::;’;:?r u;z(e)d:ﬁ;(y
hani 3 | mechani 4 | mechanizmus® (m?) (m%) 7 .8
(kW) vykonané merania
MOREAU VOLTRA 268 C+ v 6P 24 - ZD Prosenice
MOREAU GR 4 180 e DP SP - 3 ZD Senicen/Hané;
PD Nyrovce
MATROT M 31 198 C+ Dp 5P - 4.5 ZD Velka Bystrice
TIM SR 2500 260 C+ v 4P 18 - ZD Zlunice
HOLMER (CR) 242 C+ Y 6L.3P 22,6 - ZD Slatiny
KLEINE SF 10 210 c+ v a.sp = 135 PD Caksjovee,
PD Jacovee
MATROT M 41 240 C+ v 5P - 4.5 PD Zlkovce

+ — moZnost nakladania skrojkov — possibility of storing sugar beet top, C — cepovy orezivac — rotating finger cutter, V — vibraény vyoriva¢
— active pulling (vibration), DP - disk-plaz - disc-blade, P - li¢ové koleso - splined disc, L — valce - cylinder

'manufacturer, 2engme power, 3t:umng mechanism, "hnrvcs(mg mechanism, *cleaning mechanism, “reservoir, Tinter-reservoir, Yagricultural

enterprise where measurements were carried out

cho), koniec vyordavky velmi daZdivy. Straty buliev za
sledovanymi vyorava¢mi repy cukrovej si uvedené
v tab. IIL

Podiel pril'nutej a vol'nej zeminy

NajlepSiu nameranu istotu dosahoval HOLMER
(CR), (ZD Slatiny), a to 98,49 % pri vlhkosti pady
17 %. Ostatné udaje si v tab. IV. Z uvedenych merani
jednoznacne vyplyva, Ze podiel zeminy (prilnutej) vo
vyoranej repe je vyrazne vyssi, ked je jesei vlhka. Do-
sahovana Cistota 96,00 az 97,48 % v roku 1995 je vy-
borna. Aj vysledky &istoty v r. 1996 boli velmi dobré
(tab. IV). Takto Cisti repu netreba precistovat od zemi-
ny. Skuto&nu &istotu repy v cukrovare zhor$uji polné
nespevnené skladky, z ktorych sa repa naklada réznymi
typmi nakladacov, ktoré pri nakladke repy naberaju aj
hlinu.

Kvalita orezdvania

Orezavanie repy je velmi naro¢na a zloZitd pracovna
operdcia. Kvalita price zdvisi nielen od dokonalosti
orezdvacieho mechanizmu, ale aj od stavu porastu (vys-
ka nadzemnej Casti buliev, vzdialenost buliev v riadku,
vyosenie buliev z osi riadku), pracovnej rychlosti, zria-
denia orezdvacieho mechanizmu a od obsluhy.

Najvilsi podiel spravne orezanych buliev bol u vy-
oravata MOREAU GR 4 (55,5 %). Ak vezmeme do
tvahy néazor pestovatelov ako aj spracovatelov, Ze
mbzeme do siboru spravne orezanych buliev zapocitat
aj kategoriu vysoko orezanych buliev, potom podiel
buliev s akceptovateInym rezom bol najlepsi u vyora-
vaca KLEINE SF 10, a to 86 % (PD Jacovce).

Poskodenie korefia bul'vy

Podla normy STN 46 2110 poskodenie korefna bulvy
moZe byt do priemeru | ¢cm. Tito podmienku dosiahli

12

sledované vyoravace iba na 23,5 aZ 40,5 % (tab. VI).
Hodnota poskodenia korefia v priemere nad 3 cm sa
pohybovala od 18 do 40 %. NajmenSie poSkodenie ko-
refia v priemere nad 3 cm bolo u vyorivata MATROT
M 41 (PD Zlkovce) pri vihkosti pody 17,6 %. Posko-
denie buliev pri zbere je nevyhnutné. Do akej miery
vznikd, je zaleZitos( konStrukcie vyoravacich mecha-
nizmov, ich zriadenia a prevadzky. Ked je pdda sucha
(vlhkost 12 %), potom poSkodenie korefia u vibrac-
nych vyordvacich mechanizmov je vysSie v dosledku
vi¢$ej sudrZnosti pody s bulvou. Ak je repa pri vyora-
vani namahana na (ah, korefi sa v pdde ulomi, pretoze
repa je krehkd. V uvedenych podmienkach lepSie pra-
cuji pasivne vyoravacie mechanizmy.

Previiddzkové hodnotenie

Stroje, ktoré sme hodnotili v prevadzkovych pod-
mienkach, boli v podstate nové. Niektoré pracovali pr-
vl sezonu, niektoré uz Stvrtd (tab. VII). Z uvedeného
dovodu sa nevyskytli vaznejSie poruchy. Stroje boli na-
sadené prevazne mimo vlastného podniku do sluZieb.
Ich sezénna vykonnost bola od 370 ha aZ do 790 ha
(KLEINE SF 10) za sezonu. NiZ§ie sezonne vykonnosti
neboli spésobené poruchami strojov, ale vlastnikmi
strojov, ktori neuzavreli zmluvy na vicsi rozsah pric.
Vys§8iu sezénnu vykonnost dosahovali vyordvale
KLEINE, HOLMER, TIM, MOREAU VOLTRA, pre-
toZe boli technicky vybavené na pracu v noci.

Pracovné rychlosti strojov sa pohybovali od 5 do
6,5 km.h™', tomu zodpovedala aj hodinova vykonnost
1,35 az 1,75 ha (tab. VII). Je potrebné poznamenatl
a brat do dvahy pddno-klimatické podmienky, dlzku
riadku a celd organizéiciu zberu vratane odvozu, preto-
Ze vyoravac v niektorych pripadoch musel ¢akat na do-
pravny prostriedok. Vyoravace, ktoré mali iba medzi-
zasobnik (MATROT M 41, M 31, KLEINE SF 10,
MOREAU GR 4), museli mat k dispozicii dopravny
prostriedok, ktory zvySoval utli¢anie pddy. Vyorivace

ZEMEDELSKA TECHNIKA, 44, 1998 (1): 9-16



916 :(1) 8661 ‘## ‘VIINHIAL YNSTIAINAZ

o
w

II. Hodnotenie trody a stavu porastu repy cukrovej — Evaluation of crop and condition of sugar beet plant

Pestovatelsky rok!

Slovenskd republika'® 1995

Ceska republika'' 1996

2 . s ZD Velka ZD Senice 2 3
Polnohospodirsky podnik PD Jacovce PD Cakajovce PD Nyrovce PD Zlkovce ZD Prosenice Bystfice na Hané ZD Zlunice ZD Slatiny
Uroda &istej repy® (tha™) 50,73 75,44 62,37 93,06 54,08 59,3 65,8 86,08 81,85
Potet jedincov na hektar* (ks) 106 000 95 000 109 000 122 000 93 600 77 000 78 200 89 500 84 000
Vy¥ka buliev nad povrchom pofa® (cm) 1,9 4,75 56 6,18 - - - = o
Pracovna rychlost stroja® (km.hY) 55 53 6.5 55 6 55 6 5 6
Vihkost pody’ 5cm (%) 12,3 9,7 11,5 17,6 185 20,5 19.3 16 17

30 cm 10,1 10,8 10,3 15.8 17,5 16 15,6 15,8 16,2
Typ pody® fluvizem!? fluvizem c:‘igr:l aodz‘:na:‘f ternozem'* Cernozem hnedozem!s dz%ﬁﬂz;:]"d hnedozem &ernozem
Zberové sm)jt:9 KLEINE SF 10 | KLEINE SF 10 | MOREAU GR 4 | MATROT M 41 vgﬁ?ﬁg MOREAU GR 4 | MATROT M 31| TIM SR 2500 | HOLMER (CR)

* pod zivlahou - under irrigation

Slovak Republic, !'Czech Republi

111. Straty pri zbere repy cukrovej — Loss during sugar beet harvesting

1 gmwing year, 2.-xgriv:ulluml enterprise, 31yield of pure sugar beet, “number of tubers per hectare, 5height of tubers under the field surface, (’speed of operation of machine, "soil moisture, 8gre;u soil group, ®harvesters,
1 ! fluvisol, IJdegmded chernozem, I“(:hcrnozcm. 15luvisol

Pestovatelsky rok'

Slovenski republika'® 1995

Ceska republika'' 1996

: . 5 ZD Velkd ZD Senice N .

2 G 5

Polnohospodirsky podnik PD Jacovce PD Cakajovce PD Nyrovce PD Zlkovce ZD Prosenice Bystiice na Hané ZD Zlunice ZD Slatiny
Straty na povrchu pora:’ (t.ha™") 1,8 1,7 1,8 1,1 2,03 32 £ 2,05 2,04
Straty v pode? (tha™) 0,8 0,8 L1 0,9 0,6 1,76 235 5 3,76
Vihkost pady® 5cm (%) 12,3 9.7 11,5 17,6 18,5 20,5 19,3 16 17

30 cm 10,1 10,8 10,3 15,8 17,5 16 15,6 15,8 16,2

Celkové straty z tirody® (%) 52 33 4,6 24 4,86 6,67 8,13 7,72 7,08
Zberové stroje” KLEINE SF 10 | KLEINE SF 10 | MOREAU GR 4| MATROT M 41|  NOFEAY | MOREAU GR 4 | MATROT M 31 | TIM SR 2500 | HOLMER (CR)

lgmwing year, 2:lgricullur:xl enterprise, 3osses in the field surface, *losses in soil, Ssoil moisture, ®total losses from the yield, "harvesters

IV. Necistoty v percentich — Foreign materials in percentage
Pestovatelsky rok' Slovenska republika'® 1995 Cesk4 republika'! 1996
Polnohospodarsky podnik? PD Jacovce PD Cakajovce PD Nyrovce PD Zlkovce ZD Prosenice ZD; Velks ZDisenlee ZD Zlunice ZD Slatiny

Bystfice na Hané

Zemina® 2,71 2,51 2,81 391 5,04 5,87 7,16 4,29 1,5
Cisté bulvy* 97,28 97,48 97,18 96,08 94,75 94,12 92,83 95,70 98,49
Zberové stroje’ KLEINE SF 10 | KLEINE SF 10 | MOREAU GR 4 | MATROT M 41 | MOREAU VOLTRA | MOREAU GR 4 | MATROT M 31 [ TIM SR 2500 | HOLMER (CR)

. . . . 4
lgrowmg year, 2agncul(ureﬁl enterprise, 3soil, pure tubers, *harvesters
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V. Kvalita orezdvania v percentich — Quality of cut in percentage

Pestovatelsky rok’

Slovenski republika'® 1995

Ceska republika'' 1996

2 . . 2 ZD Velka ZD Senice € v
Polnohospodarsky podnik PD Jacovce PD Cakajovce PD Nyrovce PD Zlkovce ZD Prosenice Bystfice na Hané ZD Zlunice ZD Slatiny
Neorezani bulva® 11 12 18 20 14 9 19 1 14
Vysoky rez? 51 36 28 25 44 23 34,5 26 43
Spravny rez’ 35 36 33 32 31 55,5 43,5 36,5 34
Nizky rezb 3 16 21 23 11 12,5 3 36,5 9
Zberové stroje” KLEINE SF 10 | KLEINE SF 10 | MOREAU GR 4 | MATROT M 41 | MOREAU VOLTRA | MOREAU GR 4 | MATROT M 31 TIM SR 2500 HOLMER (CR)
lgmwing year, 2agriculluml enterprise, 3uncut tubers, 4highly cut bulb, srightly cut bulb, ®low cut bulb, "harvesters
VI. Poskodenie korefia v percentich — Damaged roots in p 2
Pestovatelsky rok! Slovenska republika'® 1995 Ceska republika'! 1996
Polnohospodirsky podnik? PD Jacovee | PD Cakajovce | PD Nyrovce PD Zlkovee ZD Prosenice 2D Velks ZD Senice ZD Zlunice ZD Slatiny
J Y Bystice na Hané
Koreii do® | cm 40 32 48 37 40,5 28 235 28,5 336
Korefi do 3 cm 39 28 28 45 30 46 48 40 38,6
Korefi nad* 3 cm 21 40 24 18 29,5 25.5 28,5 31,5 278
Zberové su'ojes KLEINE SF 10 | KLEINE SF 10 | MOREAU GR 4 | MATROT M 41 | MOREAU VOLTRA | MOREAU GR 4 | MATROT M 31 TIM SR 2500 HOLMER (CR)
'growing year, 2agrir:ulluml enterprise, 3root up to, 4root above, *harvesters
VII. Previdzkové hodnotenie vyordvacov — Evaluation of the working conditions of the harvesters
Pestovatelsky rok' Slovenska republika'® 1995 Ceskd republika'! 1996
Polnohospodirsky podnik? PD Jacovce | PD Cakajovce | PD Nyrovce PD Zlkovce | ZD Prosenice Zé)y s\l';i';“ 2o, f_l?r::‘ "1 ZD Ziunice ZD Slatiny
Pracovn4 rychlost stroja® (km.h™") 55 53 6.5 5.5 6 55 6 5 6
Vykonnost* (ha.h™") 1,485 1,431 1,755 1,485 1,62 1,485 1,62 1,35 1,62
Potet zésobnikov za hodinu® 79" 16" 52,2" 45,097 52 41,09 326 89 8,2
Dizka riadku® (m) 720 560 1100 700 350 550 900 600 300
Pocet odpracovanych sezon’ 1 | 2 2 1 4 4 3 2
Poruchy® - - LE - s - = o e
Zberové slmje9 KLEINE SF 10 | KLEINE SF 10 | MOREAU GR 4| MATROT M 41 %8}3%?,2 MOREAU GR 4 | MATROT M 31| TIM SR 2500 | HOLMER (CR)

* — medzizdsobnik - intercontainer

! growing year, Zagricul(ural enterprise, e speed of operation of machine, "efﬁcicncy. *number of reservoirs per hour, f'lcnglh of row, 'number of worked seasons, *failures, *harvesters




so zasobnikom (HOLMER, MOREAU VOLTRA,
TIM) vyprazdiiovali zdsobnik prevazne na tvrati, ¢im
sa prediSlo zvySenému utla¢aniu pddy dopravnymi
prostriedkami na odvoz repy cukrovej.

Celkovo mdZeme konstatoval, Ze nami sledované
vyoravace spliiaji néro¢ne poziadavky ATP, dosahuji
nizke straty a maji dobri vykonnost aj spolahlivost.

CELKOVE ZHODNOTENIE SLEDOVANYCH
VYORAVACOV REPY CUKROVEIJ

V predchadzajicej kapitole bolo poukédzané na pred-
nosti, resp. nedostatky v kvalite priace u samohybnych
vyoravacov. Pre porovnanie naSich vysledkov uvadza-
me vysledky ziskané pri merani zberovej techniky pra-
covnikmi Instititu polnohospodarskej techniky (Bonn)
v Seligenstadte 15.-16. oktébra 1996 (Nemecko)
(tab. VIII). Merania sa opakuji vzdy po Styroch rokoch
na tom istom pozemku. Porovnavat vysledky merani na
Slovensku, v Cechdch a v Nemecku je velmi obtiaZne
a tazko su porovnatelné vzhladom na podmienky zberu
(pdda, klimatické podmienky, stav porastu, obsluha,
technicky stav strojov a iné). Sme toho nazoru, Ze ove-
rované stroje v tak rozdielnych podmienkach v ramci
Eurdpy prave mozu dat globélne velmi seriézne stano-
visko k jednotlivym konStrukcidam. V stratich hmoty
repy sme na Slovensku a v Cechich vy$Sie o 3 az

10 %. Sa to nie iba podne a klimatické podmienky, ale
aj cely rad technologickych problémov a v neposlednej
miere technologicka disciplina a odborna zdatnost pes-
tovatelov.

DISKUSIA A ZAVER

V snahe znizit naklady pri pestovani a zbere repy
cukrovej je v poslednych rokoch v popredi zdujmu mi-
nimalizdcia strat, utlaania pody a dopad na Zivotné
prostredie. Tieto skutocnosti vedi k novym technolé-
gidm pestovania, zberu, skladovania a nakladania repy
cukrovej a st zaujimavé aj pre samotného pestovatela.
Nasim cielom bolo poukazal na kvalitativnu stranku
prace vyoravacov repy cukrovej z hladiska ich kon-
§trukcie a prevadzkovej spolahlivosti.

Merania sme nemohli uskuto¢nit na jednom pozem-
ku, pretoZe uvedené stroje pracovali niekedy aj stovky
kilometrov od seba a nemohli sme ich z finan¢nych
dovodov sustredit na jednu parcelu. Preto nemdZzeme
vysledné hodnoty porovnivat medzi sebou na jednej
drovni, av§ak ak sa pozrieme na vysledky vo vieobec-
nosti, predsa len davaju urCity pohlad na kvalitu prace
vyoravacov. Rok 1995 bol pre pestovatelov z hladiska
zberu cukrovej repy takmer idedlny. Vysledky merani
v roku 1995 boli ovplyvnené dlhou suchou jesefiou.
V roku 1996 tesne pred zaCiatkom zberu skoncilo ob-

VIIL Porovnanie kvalitativnych ukazovatefov meranych vyorivacov v percentich — Comparison of qualitative indices of measured pullers

in percentage

i i Celkové S'(raly‘ P‘udicl‘ Spravny Poskodenie leku;:l' Polnohospodirsky
Zberové stroje straty z trody prilnute rez + korena pody K
z trody® 50 tha™! zeminy vysoky rez’ | do® I cm (%) podnik
Slovenska republika 1995
MATROT M 41 2 4,01 391 57 37 17.6 PD Zlkovce
MOREAU GR 4 4.6 5.80 281 61 48 1.5 PD Nyrovce
KLEINE SF 10 33 5.01 2,51 72 32 97 PD Cakajovce
KLEINE SF 10 5,2 5,30 2,71 86 40 12,3 PD Jacovce
Ceska republika 1996

MOREAU VOLTRA 4,86 5.26 5,04 75 40,5 18,5 ZD Prosenice
MOREAU GR 4 6,67 9.92 5.87 78.5 28 20,5 ZD Velka Bystfice
MATROT M 31 8,13 10,7 7,16 78 23,5 19,3 ZD Senice na Hané
TIM SR 2500 172 14,1 429 62,5 28,5 16 ZD Zlunice
HOLMER (CR) 7,08 11,6 1.5 77 33.6 17 ZD Slatiny

povrchové

Nemecko 1996 Seligenstadt poskodenie”

cm?100 B
BARIGELLI B 6 2.2 3,04 7.0 71,4 201 16,6 Seligenstadt
HOLMER TERRA DOS 1.4 1,9 8,7 78.8 34 16,6 Seligenstadt
ROPA R 26.50 K 1.1 1,5 7.8 71.8 60 19,1 Seligenstadt
TIM SR 2500 1.6 2.2 33 72,0 38 17,1 Seligenstadt
CLASS/HOLMER 3,1 4.2 47 75.2 200 17,1 Seligenstadt
KLEINE SF 10 1.5 2,07 5.6 68,8 198 19.5 Seligenstadt

'harvesters, 2total losses from the yield, Ylosses from the yield, 4pcrccnmgc of soil glued, 5righlly cut bulb + highly cut bulb, “damage of

root to, "soil moisture, Kagricul(uml enterprise, “surface damage
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dobie silnych dazdov. Aj ked pocas zberu bolo relativ-
ne dobre pocasie, vlhkost v pode sa udrzala pocas celej
kampane a vyrazne sa liSila oproti roku 1995 (tab. II).
Na vysku strat vplyvaji rézne faktory (konStrukéné,
technologické, organizaéné, ludsky faktor, stav porastu
a iné), ktoré ak by sme tplne alebo Ciasto¢ne odstranili,
znizili by sme tym vysku strat, a tym aj ovplyvnili celd
ekonomiku pestovania cukrovej repy. Preto je velmi
déleZité pre vyvoj konStrukcie, vyskum a uZivatelov
sledoval a porovnavat kvalitativne ukazovatele vyora-
vafov cukrovej repy.

Z nameranych idajov nam vyplyva, Ze straty buliev
za vyoravaémi v roku 1995 boli na Slovensku nizsie
ako v Cechéch roku 1996. Tento rozdiel bol spdsobeny
idedlnym pocasim pocas kampane v roku 1995.

U vyoravaCov sa presadzuju vibraéné vyoravacie
mechanizmy. Maji svoje prednosti, najmi ked je zber
repy pri vysokej vlhkosti pody. V jeseni 1995, ale naj-
mi tohto roku (1997), ked bola jeser velmi suchd, vib-
raény vyordvaci systém spdsoboval vyrazne zvySenie
strat vo forme odlomenych korefiov a vo viacerych
podnikoch bol nahradeny pasivnym vyordvanim.
Z uvedeného vyplyva, Ze pre rozne podmienky (sucha
jesei, dazdiva jeseii) je nutné, aby vyorava¢ mal k dis-
pozicii dva systémy vyordvania. Aktivne vyordvanie je
vhodné pre podmienky vlhkej jesene a pasivne vyora-
vanie je vhodné pre podmienky jesene suchej. Tieto
zavery su vysledkom trojro¢nych experimentilnych
merani (1995 — sucha jesen, 1996 — vlhka jesei, 1997
— velmi sucha jesen). Ako vysledky merania ukazuji,
niet univerzdlneho vyordvacieho systému, ktory by vy-
hovoval pre rozne vihkosti pody a typy pod. Je to dole-
Zity poznatok pre vyvoj a vyrobu vyoravacov repy cuk-
rovej a tiez pre uZivatela.

Nami sledované vyordvace mali Cistenie repy rieSe-
né lu¢ovymi kolesami, valcami a kombinované (lacové
kolesé a valce) (tab. I). Licové kolesa st jednoduchym
a lacnej8im rieSenim Cistenia repy, ktoré vyuzivaji via-
ceri vyrobcovia. Je potrebné poznamenat, Ze v suchych
pddno-klimatickych podmienkach poSkodzuji viac,
¢im vznikaju vysSie straty v tdlomkoch korefia repy,
preto je nutné ich Cinnost sledovat a podla potreby
prisposobit ich rychlost ota¢ania. Vo vlhSich podmien-
kach sa zhorSuje Cistota a CastejSie sa zanafaji zemi-
nou. Cistiace u¢inky vyordvacov, ktoré mali kombino-
vané Cistenie (valce, lucové kolesd), boli lepsie.

Kvalita orezavania buliev u vyoriavacov je taktieZ
rozdielna a je vysledkom zlého nastavenia orezavacie-
ho mechanizmu obsluhou. Z nameranych hodn6t nam
jednoznaéne vyplyva, Ze je potrebné dbat na spravnost
nastavenia orezavacieho mechanizmu.

Velky vplyv na poSkodenie korefia bulvy mé vlh-
kost pody. V roku 1995 sa vlhkost pddy v hibke do
30 ¢m pohybovala v rozmedzi od 10,1 do 10,8 %, len
v jednom pripade bola 15,8 % a tomu zodpovedalo aj
najmensie poskodenie korefia nad 3 cm. V roku 1996
rozdielna pddna vlhkost na jednotlivych pozemkoch
(od 25,5 do 31,5 %) mala vplyv na vysku poskodenia
koreiia nad 3 cm. Vo vSeobecnosti méZeme povedat, Ze
pri zbere buliev je vyhodné, ak v hlbke do 30 cm je
vySSia podna vihkost. Pri tejto vyssej vlhkosti sa bulvy
lepSie vytahuji z pddy, a tym sa po¥kodenie koreiia
bulvy a straty nevyoranim zniZuji. M6Zeme povedat,
Ze z tohto hladiska pocasie zohriva déleZitu ulohu pri
zbere buliev repy cukrovej. Dalsi vplyv na poskodenie
koreiia bulvy ma nastavenie hlbky vyordvania. V tom
pripade sa musi sledoval spravne zahlbenie vyordva-
cich radlic podla dlzky koreiia repy.

V oktébri roku 1996 sa konali kvalitativne porovna-
vacie skusky vyoravacov repy cukrovej v nemeckom
mesteCku Seligenstadt, ktorych sme sa ziacastnili
v ramci odbornych dni. Skasky boli na jednom pozem-
ku s jednou odrodou repy. Vysledky skiSok uviadzame
ako priklad; od tych by sa naSe vysledky mali odvijat.
Aby sme ziskali aspon nejaky obraz o kvalite prace
vyordvacov, uviddzame v tab. VIII kolénku so stratami
z urody 50 tha !, Skutozné urody boli vo vSetkych
pripadoch vysSie ako 50 tha™ (tab. II). Z porovnanych
hodnét vidime, Ze svetovy producenti repy cukrovej su
v stratdch za zberovou technikou v priemere o 3 %,
v niektorych pripadoch aj o 10 percent lepsi.

Z uvedeného rozdielu iba 3 % straty predstavuji
1,5 tha™ repy za vyordva¢mi z 50tonovej drody na
hektar. Po prepocte na celkovi vymeru Slovenska
(r. 1996), t.j. 42 000 ha repy cukrovej, to tvori 63 000 t
repy len v stratich, ktoré ,nechivame* na poli navySe
oproti Nemecku. Je to dovod na vazne zamyslenie, pre-
¢o mame vyiSie straty. Je potrebné hladat priciny a tie
postupne odstranit.
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VPLYV VELKOSTI RAZU NA POSKODENIE STRUKOV
FAZULE

THE EFFECT OF IMPACT SPEED ON BEAN PODS DAMAGE
J. Jech', R. Vyletel', S. Sosnowski’

IStovak Agriculture University, Nitra, Slovak Republic
2Agriculture Academy Krakow, Rzeszow, Poland

ABSTRACT: The kinematic and dynamic parameters of cutting and collecting mechanisms in harvesting machines greatly influence
the quantity lost during beans harvesting. The influence of impact speeds (2.14-4.4 m.s™") on the damage of bean pods was
measured. These measurements were realized at bean moisture content of 11-12% (w.b), under modelled laboratory conditions.
The results showed that it is not advantageous to operate cutting and collecting mechanisms at speeds above 2.8 ms™.

beans; pod firmness, dynamic loading

ABSTRAKT: Kinematické a dynamické parametre Zacich a zberovych ustrojenstiev zberovych strojov v znacnej miere
ovpyviluji mnoZstvo strat pri zbere fazule. V praci je rozobrany vplyv rychlosti rizu (2,14-4,4 m.s™') na poskodzovanie
strukov fazule. Merania sme uskutoCnili v laboratérnych podmienkach na pristroji pri vlhkosti strukov fazule 11-12 %.
Z nameranych vysledkov vyplyva nevhodnost vyuZivania Zacich a zberacich mechanizmoyv, ktorych vysledné pracovné rych-

losti presahuji 2,8 ms

fazula; pevnost strukov: dynamické namahanie

UvoD

V systéme pestovania fazule si v sticasnosti velké
problémy pri zbere — najmi pri koseni. Tieto problémy
sposobili, Ze plochy pestovania fazule na Slovensku za
posledné roky vyrazne poklesli.

Hlavnym problémom pri zbere je opericia oddelenia
rastlin od pédy s naslednym zhrnutim rastlin do riadku,
pri ktorej vznikaji vysoké straty z dovodu otvarania
strukov fazule pracovnymi organmi zberovych mecha-
nizmov.

Pre poznanie procesu poSkodenia strukov a ich pev-
nostnych vlastnosti je nutné vykonat pevnostné testo-
vanie. Z hladiska charakteru vplyvu pracovnych ustro-
jenstiev zberovych strojov je ucelnejSie vykonat
pevnostni skisku v dynamickych podmienkach, a to
zistovanie pofkodenia strukov fazule v zavislosti od
velkosti razu.

Ciclom naSej prace bolo v laboratérnych podmien-
kach na laboratérnom zariadeni zistit kriticka rychlost
razu poskodenia strukov fazule.

MATERIAL A METODA

Merania vplyvu rychlosti rdzu na poskodzovanie
strukov fazule boli vykonané na pristroji (obr. 1) v la-
boratérnych podmienkach na Katedre strojov a vyrob-
nych systémov, Slovenska polnohospodarska univerzita
Nitra. Pvodny pristroj na meranie dynamickej pevnos-
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tizin (Sosnowski, Jech, 1992) sme upravili tak,
aby bol sposobily testovat struky fazule na pevnost pri
rize (obr. 1).

Polomer rotujiceho ramena s posuvnym néstavcom
bol 0,125 m, otatky ramena sme menili pomocou va-

8
7 {
)

e R -

1. Schéma pristroja na ie dy T sti strukov fazule —
Scheme of the device for measurement of dynamic strength of bean
pods

| - rotujice rameno - rotating arm

2 - posuvny néstavec rotujiiceho ramena — sliding piece of rotating arm
3 - protizivazie — counterbalance

4 — remeiovy prevod - belt drive

5 = clektromotor - electric motor

6 — regulitor otatok — speed controller

7 - upinacie zariadenic — gripping device

8 — prestavitelny stojan — adjustable stand

9 - fazulovy struk - bean pod
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ritora od 170 do 350 min™", &o predstavovalo rychlosti
tderu od 2,14 do 4,4 m.s™' v desiatich drovniach po
0,25 m.s™. Rastliny boli uchytené za stonku pri struku
a natd¢ané do smeru tderu chlopiiami alebo Svami (po
polovici). Uder smeroval do polovice vysky struku.

Na meranie boli pouZité tieto odrody fazule:
SALVA, KREOLA, ULTIMA, GESTA a JULIA. Pre
kazdu rychlost sme vybrali 30 neposkodenych strukov
s piatimi a viac semenami. Vlhkost strukov bola od 11
do 12 %. Su to nizke hodnoty vlhkosti, pri ktorej sme
predpokladali aj nizku pevnost strukov. Pri nerovno-
mernom dozrievani fazule sa struky s touto vlhkostou
nachédzaji beZne v poraste.

Poskodenie struku fazule sme charakterizovali dvo-
mi spdsobmi:

a) otvorenim struku s vypadnutim semien,

b) poskodenim struku bez vypadnutia semien.

VYSLEDKY A DISKUSIA

Namerané hodnoty poskodenia strukov fazule v per-
centdch s uvedené v tab. I a zndzornené na obr. 2 a 3.

Podla predpokladov so zvySovanim rychlosti dderu
sa zvy$ovalo poskodenie strukov fazule. NajniZsie hod-
noty pevnosti strukov dosahovala odroda JULIA, ked
prvy struk sa otvoril uZ pri rychlosti 2,64 m.s™'. U os-
tatnych odrdd fazule bol zisteny vicsi rozdiel medzi
rychlostami dderu potrebnymi na otvorenie, resp. po-
Skodenie struku.

Prvé poskodenie strukov (P) pri zbere fazule vznika pri
koseni. Takto poskodené struky predstavuji prvu kategé-
riu strat. Druhu kategoriu strat predstavuji otvorené stru-
ky (O), pretoZe pri sebemensej naslednej manipulacii
s pokosenym porastom (zhrabovanie na riadky, vlastny
zber) semena z tychto strukov vypadni na zem. Semena
z tychto strukov vypadni aj vplyvom zmeny vlhkosti

1000 =
gk T &5
800 oF e
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[F-# - KREOLA — @ - SALVA ---&-- LLTMA —@—GESTA - %~ - JLA |

2. MnoiZstvo poskodenych strukov fazule v percentich v zivislosti
od rychlosti uderu (vlhkost strukov 11-12 %) — Amount of damaged
bean pods in percentage in dependence on impact speed (pod mois-
ture content 11-12%)

1

p dené struky — d 1 pods
rychlost ideru — impact speed

100,0
90,0
80,0
70,0 7’

otvorent struky, %
8
o
»

10,0 4
0.0 == =cf

214 239 2,64 289 314 339
rfchlost bderu, m.s”
[= # —KkreoLA — #- - SALVA - - & - -ULTIMA —@—GESTA — % — JULA |

364 380 414 440

3. MnoZstvo otvorenych strukov fazule v percentich v zivislosti od
rychlosti uderu (vlhkost strukov 11-12 %) — Amount of open bean
pods in percentage in dependence on impact speed (pod moisture
content |1-12%)

1. Pocet poskodenych, resp. otvorenych strukov pre jednotlivé odrody fazule — The number of damaged or open pods, resp., for different

bean varieties

Odroda fazule' KREOLA SALVA ULTIMA GESTA JULIA

otitky? n | rychlost rizu? potet strukov*

(min") (ms™!) P 0 P o P 0 P 0 P 0
170 2,14 0 0 0 0 0 0 0 0 0 0
190 2,39 0 0 0 0 0 0 0 0 0 0
210 2,64 0 0 0 0 0 0 0 0 1 1
230 2,89 0 0 1 0 2 0 0 0 2 1
250 3,14 1 0 2 0 2 0 0 0 2 |
270 3,39 1 0 3 0 13 0 4 0 13 8
290 3,64 7 0 10 0 23 | 9 0 21 14
310 3.89 10 | 20 3 26 4 22 1 28 19
330 4,14 14 2 21 3 28 6 27 2 29 24
350 4,40 23 13 27 11 29 12 29 6 30 25

P - posk ¢ struky — d d pods

O - otvorené struky — open pods

'bean variety, %revolutions, 3impncl speed, 4pod number
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potetnost,
o2888833888

o®

vydka porastu, cm

4. RozloZenie strukov v poraste po jeho vyske pre tri odrody fazule
- Distribution of pods in stand after its height for three bean varieties

=== kumulativna krivka pocetnosti — cumulative curve of frequency
—— relativna krivka poCetnosti — relative curve of frequency

chlopni strukov, ktort spdsobi slnecné Ziarenie a strie-
danie vlhkosti a teploty vzduchu deii — noc (svojvolné
praskanie a vypaddvanie semien — Jech, 1988).

Prezentované vysledky boli merané pri vlhkosti stru-
kov 11 az 12 %. Vieme, Ze vlhkost ako fyzikilna veli-
¢ina vplyva na ich pevnost, preto v dalSej etape nalej
prace budeme sledovat vplyv vlhkosti struku na jeho
pevnost pre rozne odrody, ako aj vplyv razu na jeho po-
$kodenie (otvorenic) v zavislosti od jeho dlzky. Na zakla-
de takto ziskanych vysledkov méZeme urcit optimalnu
vlhkost strukov pri zbere a z nej vyplyvajice rychlosti
pracovnych organov mechanizmov zberovych strojov.

Na kon3trukciu Zacich mechanizmov maji vplyv aj
dalSie fyzikalno-mechanické vlastnosti porastu fazule,
a to hlavne rozloZenie strukov nad zemou, kedZze fazula
nasadzuje struky velmi nizko od zeme (obr. 4). Pri
priemernej dlzke fazulového struku 80 mm (obr. 5) sa
vo vy$kovom intervale 0 aZ 100 mm nachéadza az 50 %
strukov, pricom v intervale 0 az 10 mm to niekedy
byva az 15 % strukov (Jech et al., 1985). Prave tieto
struky sposobuji najviacSie straty, pretoZe niektoré si
spojené aZz so zemou.

Kumulativne krivky na obr. 4 vyjadruji kolko per-
cent strukov z celkového mnoZstva sa nachadza pre td
ktori odrodu v danej vyske porastu. Toto percento
strukov mdZe predstavovatl aj stratu pri koseni, o
v skuto&nosti zdvisi od vy$ky rezu. Fazula vyZaduje,
aby rezny orgéan pracoval tesne na povrchu pola alebo
CiastoCne v zemi, €o je nemozné splnit jestvujicimi Za-
cimi mechanizmami.

ZAVER

Na zaklade kinematickych a dynamickych vplyvov
pracovnych orgénov vznikaji straty pri zbere fazule.

0
8 8 8 8 R

dizka struku, mm

28828 S

[F==—Ltuna —=—PRvA —+— J0LA |

5. Pocetnost dlzky strukov fazule pre tri odrody fazule — Frequency
of bean pod length for three bean varieties

pocetnost — frequency
dlzka struku - pod length
vyska porastu — height of stand

Z experimentalnych vysledkov pevnosti strukov vyply-
va, Ze pracovné mechanizmy pri vzajomnej interakcii
s porastom fazule by nemali matl vysledni rychlost
viissiu ako 2,5 m.s™, kedy zacina moZnost poskodzo-
vania strukov a pri opitovnych tideroch by mohlo dojst
k naslednému otvoreniu struku. Rez bez opory vyZadu-
je rychlost noZa minimdlne 7 m.s”!. Pri experimental-
nom overeni vplyvu tejto rychlosti dideru noZa rotacnej
kosy v polnych podmienkach na rastlinu fazule sa
otvorili vietky struky.

Z poznatkov tejto a dalSich ndm uZ znamych vlast-
nosti porastu fazule navrhujeme tieto zakladné agro-
technické poZiadavky na Zaci mechanizmus:

— Zaci mechanizmus musi mat schopnost pracovat aj

v pdde do hibky 1-3 ¢cm a neupchaval sa pddou,

- z d6vodu nevyrovnanosti povrchu pola navrhujeme
mechanizmus so sekciami osobitne pre kazdy riadok

s moznostou prie¢neho aj pozdizneho kopirovania

povrchu pola,

— z dévodu nizkej pevnosti strukov navrhujeme maximal-
ne rezné rychlosti Zacieho mechanizmu do 2,8 ms™.
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ZIVOTNI JUBILEA

K Zivotnimu jubileu prof. Ing. Hugo Beyera, CSc.

V prosinci roku 1997 o-
slavil emeritni profesor ka-
tedry mechanizace rostlinné
vyroby V8Z v Brné (nyni
Mendlova zemédélska a les-
nicki univerzita) Hugo Bey-
er své osmdesaté narozeniny.

Prof. Ing. Hugo Beyer,
CSc., se narodil 8. prosince
1917 ve VySkové. Ve Vy-
§kové také ukondil v roce
1937 statni redlné gymnazi-
um. Po absolvoviini vojenské
prezencni sluzby v letech
1937 aZ 1939 zacal v roce
1939 studovat na Vysoké
technické $kole Dr. E. Bene-
Se v Brné. Po zavreni vyso-
kych skol 17. listopadu 1939 pracoval v zemédélstvi. V roce
1942 ukoncil maturitou abiturientsky kurs pii L. primyslové Sko-
le v Brné. Od roku 1943 byl nasazen v I. Brnénské strojirné
v konstrukcei Cerpadel. v oddéleni kondenzace. Podle mobiliza¢ni
vyhlasky nastupuje v roce 1945 vojenskou sluzbu. V Cervenci
roku 1945 byl z vojenské sluzby propustén a pokracoval ve stu-
diu na technice. Pred sloZenim druhé stitni zkousky na technice
byl pfijat v ¢ervnu 1947 na misto asistenta Stitniho tGstavu pro
vyzkum a zkoudeni hospodaiskych stroji pii Ustavu obecného
strojnictvi a hospodéfskych stroji na VSZ v Brné. Zde vedl po-
rovnivaci zkousky v Ceskoslovensku vyribénych traktord a ze-
médélskych stroju (Zacich stroji, mldticek, vyorava¢d brambor
a fepy). Ke zkouskam zpracoval metodiky méfeni, zkousky
v praxi organizoval a vedl. Pro ministerstva pramyslu, nirodni
obrany, zemédélstvi a pro vyrobce zpracoval zivérecné zpravy.
Zavéry ze zkouSek obhajoval a vysledky byly potvrzeny osvéd-
¢enim stroju v zemédélsk¢é praxi nebo obdobnymi zkouskami
v zahrani¢i. Kromé ¢innosti zku§

sebni vedl na VSZ krouzky stu-
denti zabyvajici se mechanizaci a zkouSkami stroji. Jiz od roku
1947 prednisel po celé obdobi své aktivni ¢innosti v kursech pro
zaméstnance STS, stitnich statkd, uciteli odbornych zemédél-
skych skol a pro odborné pracovniky vznikajicich JZD.

Z politickych duvoda (po dnoru 1948) byl nucen odejit
7 VSZ v Brné a v roce 1949 po dramatickém jedndni nastoupil
do vyvojového oddéleni Agrostroje Prostéjov jako referent skli-
zecich mlaticek a jejich piislusenstvi. Soucasné byl povéien
zkousenim prototypt a funkcnich modelii zlepSovateli. V tomto
obdobi piipravuje podklady pro konstrukci samojizdné sklizeci
mldticky. Po rozboru poZadavki na samojizdné mliticky v CSR
poukizal na nevhodnost mlaticek doviZzenych z UNRY a ze
SSSR. V roce 1950 navrhl funk&ni model sklizeci mlaticky a po
mezitypech ZM 21 v roce 1952 byl v roce 1955 vyroben proto-
typ samojizdné sklizeci mlaticky ZM 320, ktery byl i odzkousen.
Pod vedenim stitni komise, v niz byl Ing. Beyer tajemnikem, byl
rekonstruovany typ ZM 330 v roce 1956 pieddn do mezindrod-
nich srovnivacich zkousek sklizecich mlaticek do NDR. Sklizeci
mliti¢ka ZM 330 méla ve zkouskich velmi dobré vysledky (byla
vyhodnocena na prvnim misté) a byla navrZzena do vyroby. Po
.madarskych* udilostech byla vyroba sklizeci mliticky ZM 330
piedina do Madarska.

Prof. Ing. Hugo Beyer, CSc., se v roce 1957 na vyzvu vritil
na VSZ, kde byl zaméstnin na katedie zeméd&lské techniky jako
odborny asistent. Zde vedl prednasky a cviceni ze zemédélské
techniky a dile spolupracoval na vyzkumnych tkolech v oblasti
obilovin a picnin. Nejvyznamnéjsi byla spoluprice s Agrostro-
jem Prostéjov a Pelhfimov. Pro Agrostroj Prostéjov vedl v Sede-
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satych a sedmdesdtych letech vyzkum mléticiho a separaéniho
ustroji pro piipravovanou sklizeci mlaticku SM-500. Zavéry pol-
nich i laboratornich zkouSek a konstrukénich feSeni vyustily
v fadu patentti a chrdnénych pramyslovych vzora.

Prof. Ing. Hugo Beyer, CSc., byl ¢lenem komise pro mecha-
nizaci zemédélské vyroby pii CSAZV, hlavni védecké rady
VUZT Praha-Repy, pfedsedou dil¢i védecké rady pro mechani-
zaci rostlinné vyroby, ¢lenem pracovni skupiny VTR Agrostroje
Prostéjov i Pelhfimov a ¢lenem VI odboru techniky CAZV,
Ustiedi zem&délského a potravindiského vyzkumu.

V pritbéhu pisobeni na VSZ spolupracoval s dal§imi pracov-
niky Skoly pii feSeni vyzkumnych tkolu, a to jak s vyrobcei, tak
i s vyzkumnymi tstavy a se Stitni zkuSebnou zemédélskych
strojii v Praze, pobockou v Brné. Na tyto price navazovala ¢in-
nost studentskych védeckych krouzku, v nichZ se konstruovaly a
vyribély funk&ni modely pro vyzkumnou ¢innost a pro zkousky
jakosti prace zemédélskych stroju. Ziskané vysledky a poznatky
z vyzkumnych tkold, z riznych komisi a oponentnich fizeni, ap-
likoval prof. Ing. Hugo Beyer, CSc., ve vyuce.

V roce 1963 obhdjil kandidatskou disertaéni prici pied stétni
komisi pro obhajoby kandiditskych disertanich praci ve Vy-
zk ém tstavu zem&délské techniky v Praze-Repich. V roce
1965 obhijil habilitaéni prici pfed védeckou radou PEF V8Z
v Brné na téma: Nékteré problémy uZiti fezacek v zemédélskych
provozech CSSR.

V bieznu 1980 odedel prof. Ing. Hugo Beyer, CSc., do du-
chodu. Dil piednd3el na VSZ v postgradudlnim studiu a externd
v dennim studiu na VUT Brno piedmét teorie zemédélskych
stroji. V oboru mechanizace rostlinné vyroby napsal prof. Ing.
Hugo Beyer, CSc., vice neZ 40 praci, v nichZ jsou uvedeny vy-
sledky aplikovaného vyzkumu ze zkouSek zemédélské techniky.
V roce 1990 byl v rimci rehabilitace jmenovin profesorem pro
obor stroje pro rostlinnou vyrobu. V roce 1991 byl jmenovin
Cestnym ¢lenem Akademie zemédélskych véd CSFR. JiZ diive
byla jeho ¢innost v CAZV a védeckych raddch specidlnich sta-
v ocenéna nékolika medailemi.

Prof. Ing. Hugo Beyer, CSc., vychoval v pribéhu svého dva-
cetipétiletého pisobeni na V8Z v Brn& fadu studentd (pozdgji
inzenyra), ktefi s uspéchem prendSeli nabyté védomosti do od-
borné a fidici praxe. Studenti pracujici u prof. Beyera pfi zpra-
covini diplomovych praci, pii prici ve studentskych védeckych
krouZzcich se naucili nejen metodicky zpracovivat a vyhodnoco-
vat zkousky zeméd€lské techniky, ale i interpretovat své vysled-
ky na fakultnich i celostitnich kolech studentské védecké a od-
borné Cinnosti (SVOC). Pii své védeckovyzkumné préci i pfi
vedeni studentd v ramci studentskych védeckych krouzki orga-
nizaci pracovnich skupin vzijemné propojoval jednotlivé discip-
liny nasi $koly. Studenti fytotechnického ¢i zootechnického obo-
ru fedili otazky své odbornosti, studenti oboru mechanizace fesili
odborné otazky a vysledky vzijemné konfrontovali.

Za jeho pedagogickou a odbornou praci na VSZ v Brn& mu
védecki rada AF MZLU navrhla a védeckad rada Skoly 16. pro-
since 1997 udélila zlatou medaili MZLU Brno.

Prof. Ing. Hugo Beyer, CSc., publikoval vice neZ Ctyficet
pavodnich védeckych praci, z nichZ previzna Cast byla uverej-
néna v ¢asopise Zemé&délska technika. Byl i pfisnym oponentem
nadich praci a prispévka, které byly v Casopise publikoviny.

Jubilant se stdle zajimd o déni v naSem zemédélstvi a zejmé-
na sleduje novinky v zemé&d@lské technice, je clenem Ceské aka-
demie zemédélské, odboru energetiky, zemédélské techniky
a vystavby.

Do dalSich let mnoho zdravi a osobni pohody mu pieji jeho
spolupracovnici a k piani se piipojuje i redakce.
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ANALYSIS OF ACHIEVED WHEAT YIELD
BY THE SYSTEM OF PERMANENT TRACES
IN PRODUCTION TECHNOLOGY

ROZBOR VYNOSU PSENICE DOSAZENEHO PRI VYUZITI TRVALYCH

KOLEJOVYCH MEZIRADKU

L. Sumanovac, M. Jurisié¢, Z. Bukvié

University of J. J. Strossmayer in Osijek, Faculty of Agriculture Osijek, Croatia

ABSTRACT: The function and work effect researches for the system of permanent traces in wheat production was conducted
during two years. Seeding trials without permanent traces, with permanent traces with the one closed seed depositor and with
the two closed seed depositors, has been set up. It is found out that in the trial with permanent traces achieved averege yield
increased for 20.62% in comparison to the trial without permanent traces.

wheat; grain yield; permanent traces; production technology

ABSTRAKT: Péstovani pSenice s vyuZitim trvalych kolejovych mezifadku (vodicich stop) bylo sledovino po dobu dvou let.
Byly zaloZeny vysevné pokusy bez trvalych mezifadka, s trvalymi mezifadky s jednim secim zafizenim a se dvéma secimi
zafizenimi. Bylo zji§téno, Ze v pokusu s trvalymi mezifddky vzrostl primérny vynos ve srovnani s pokusem bez nich

0 20,62 %.

pienice; vynos zrna; trvalé mezifadky (vodici stopy); technologie vyroby

INTRODUCTION

Wheat bread is a basic food for 70% people of the
world today because of its extremly big nutritive val-
ues. Wheat contains proteins, carbohydrates, fats and
minerals necessary for human body. Differences in
wheat yield through the years and production areas
come from the used agrotechnical technology, skilled
labor and other factors for which man has a decisive
influence (Sumanovac, 1991). Wheat yield is higly
positively correlated with climatic factors and its nega-
tive influence can be decreased by appropriate technol-
ogy application and the system of permanent traces or
technology lane is one of them (Ajdukovic¢, 1989;
Balentovié, 1989).

The system of permanent traces (Fig. 1) is based on
excluding certain seed depositors from the wheat seed
drill by which lanes are left unseed for the purpose of
doing next technology operations in the crop supple-
mentation and protection during critical developmental
phases. Repeated agricultural machinery passing
caused damage to plants in later developmental phases,
disorders in soil structure, did not insure precise pas-
sage connection which leads to unequal spreading of
mineral fertilizers and pesticides over the soil. Total
unseeding area should not be larger than 4% with ex-
pected yield increase, production costs decrease and
environment protection (Uebe, 1988).
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1. Scheme of permanent traces for the different seed drill action, for
mineral fertilizers dispenser and for sprinklers

METHODS

After the first year of pilot research, in the second
year the same seeding trial has been set up on the 48 ha
rectangular shape site, 850 m long and 565 m wide.
SANA wheat variety has been sown by seeding rate
300 kg per ha. Sowing by the mechanical (dropseed)
sowing machine SIGMA2X24 aggregated with tractor
RX-170 was performed. Sowing distance was
0.125 mm. The trial was made in three variants at the
surface of 15,300 m? for each variant for the purpose
of comparison of wheat yield and it was as follows:
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- without permanent traces,
- permanent traces with one closed seed depositor,
- permanent traces with two closed seed depositors.

Sampling was done just before the harvest in va-
riants without permanent traces and permanent traces
with two closed seeding depositors, with three repeti-
tions by trial diagonal with 1 m? at a distance of three
meters across at direction of used aggregate in wheat
production. Sampling in border lines in the second va-
riant was done by the trial diagonal in the second bor-
der line in three repetitions with left and right outside
tractor wheel and in the middle among the tractor
wheels at the lenghts of 8 m, what is equal to surface
of I m? (8 mx0.125m— sowing distance). Sampling
in the second border line was for greather representa-
tive value of sample, because the first lines were
mostly crushed. Sampling in the variant of perma-
nent traces with one closed seed depositor was not
conducted because wheat has thrown around and
have close permanent traces, and than supplementing
and protection operations were conducted without
permanent traces. Collected samples are compared
by weight at the electronic scale ET-111 with exact
measurement of 0.1 g.

Hectolitre mass is established by weight on analogic
laboratory scales, and moisture content in sample by
transferable moisture measuring. The 1000-grain

weight was determined by counting 1000 grains in ten
repetitions for each sample. Obtained data were proc-
essed by known mathematical and statistical methods.

RESULTS

Analysed samples are collected before harvest of
wheat in the variant without permanent traces and in
the variant with permanent traces with two closed seed
depositors. Variant of permanent trace with one closed
seed depositor was not analysed because the width of
permanent trace of 0.25 m is not enough for appropriate
leading of aggregate in crop supplementation and pro-
tection esspecially in the later developmental phases,
when crop thrown around and completely close perma-
nent trace. At the same time in the variant with two
closed seed depositors, samples of wheat from the bor-
der lines are taken, and they are supposed to compen-
sate unseed area of 4.17% because of the better devel-
opment. Results of processing data are shown in Tab. I.

Wheat production technology in conducted trial is
identical for all variants, and that means that at the
same time treatment and soil preparation, sowing, sup-
plementing and protection with same amounts and seed
variety, fertilizer and protection means are done. Crop
without permanent traces was crushed during supple-

. Results of grain yield, hectolitre mass and 1000-grain weight in trial variants

Trial variants Without permanent traces With permanent traces
Repetitions grain yicld2 mass | hectolitre mass I()Of)-gmins grain yield2 mass | hectolitre mass I()Q()-gmin
(kg.m*) (kg) weight (g) (kg.m?) (kg) weight (g)

| 0.654 80.90 49.50 0.944 83.90 47.10
2 0.794 83.30 57.40 0.848 83.50 50.50
3 0.690 81.50 50.30 0.899 83.90 49.80
4 0.636 84.30 62.00 0.989 83.10 60.50
5 0.739 85.10 61.90 0.906 81.30 48.70
6 0.600 82.10 41.50 0.753 84.90 51.50
1 0.626 84.50 52.10 0.625 84.10 59.60
2 0.636 84.50 51.50 0.727 83.90 58.00
3 0.590 84.30 57.40 0.768 84.30 49.90
4 0.618 83.50 55.50 0.785 83.70 59.40
) 0.576 8230 48.50 0.584 83.70 46.90
6 0.635 84.90 46.10 0.744 82.70 48.70
1 0.789 84.50 46.60 0.692 82,90 52.90
2 0.668 84.10 60.60 '0.834 82.30 46.20
3 0.619 83.30 50.30 0.759 83.90 48.30
4 0.482 84.30 49.00 0.797 83.70 59.70
5 0.550 83.30 56.30 0.625 84.10 63.30
6 0.710 83.10 48.10 0.723 83.90 57.20
X 0.645 83.54 52.48 0.778 83.52 53.23
[+ 0.079 1.19 5.84 0111 0.85 5.63
Variation coefficient (%) 12.244 1.43 11.13 14.330 1.02 10.58

Note: Mass in the samples is determined for moisture of 14%
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mentation and protection from disease, pest and weeds
during vegetation period.

Data from Tab. I and Tab. II were used for calculat-
ing of average values and dispersion measures for total
sample and are shown in Tab. III and Fig. 2. For con-
ducted trial with and without permanent trials yield,
hectolitre mass and 1000-wheat grain weight were' an-
alysed.

Analysing the data from Tab. I it is possible to con-
clude that for the standard way in wheat production
without permanent traces (controling) average yield
was 6.45 tha™! and that is less for 20.62% in compa-
ration with wheat production technology with perma-
nent traces, were average yield was 7.78 tha™'.

Difference appeared as a result of realisation of ag-
ricultural managing in supplementation and crop pro-
tection and in a fact that protection from disease and
pest are made out in spiked phase, when damages due
to crushing the crop could not be repaired through the
vegetation, what has a bad influence on decreasing of
yield. Negative influence of crushing the crop could be
eventually decreased by using agricultural aircraft. Es-
pecially low yield variability was present, on average
for 12.24% without permanent trace, and in permanent
trace for 14.33%. This is a result of using mineral fer-

1200 :g

uso

Average grain yield (t ha ')

1,00

e, |

2. Graph for average yield value and varying coefficient in trial
variants and for the border lines

tilizer pneumatic disperser that transversely with more
quality distribuing fertilizers, when compared with the
most used centrifugal dispersers of mineral fertilizer,

I1. Results of grain yield, hectolitre mass and 1000-grain weight from border lines

Repetition 1 11 1
Ern hectolitre | 1000 grain hectolitre | 1000 Efoin hectolitre | 1000
5 yield -grain yield -grain yield N -grain
Sampling spot mass : mass & s mass 3
mass (kg) weight mass (kg) weight mass (kg) weight
(kg.m?) (g) (kg.m2) g (kg.m™) (g)
A 1.115 82.30 64.7 0.866 83.30 61.9 1.201 82.90 61.3
B 0.955 83.30 57.1 0.988 80.90 47.6 0.955 84.10 46.8
(G: 0916 92.10 61.4 0.894 84.50 515 0.839 80.30 594
x 0.955 82.56 61.0 0916 82.90 537 0.988 82.40 55.8
] 0.095 0.52 3:1 0.052 1.49 6.0 0.150 1.58 6.4
Variation coefficient (%) 9.995 0.63 5.1 5.676 1.80 1.2 15.123 1.92 1.

A — from left side tractor wheel
B — from right side tractor wheel
C — among tractor wheels

I11. Average values and measure of grain yield dispersion, hectolitre mass and 1000-grain

weight in trial variants and on the border lines

Grain yield mass (kg.mz) Hectolitre mass (kg) 1000-grains weight (g)

Values A B C A B € A B C
X 0.645 0.778 0.969 83.54 83.52 82.63 52.48 53.23 56.85
c 0.079 0.111 0.118 1.19 0.85 1.39 5.84 5.63 6.61
Variation coefficient (%) 12.244 14.330 12.190 1.43 1.02 1.68 1113 10.58 11.62
index (1)

X (%) 82.90 100 124.55 100.02 100 98.93 98.59 100 106.80
index (II)

X (%) 100 120.62 150.23 100 99.97 98.91 100 101.43 108.32

A — without permanent traces
B - with permanent traces
C - border lines
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since the influence of fertilizing are decisive on the
transversal yield variability.

Extremely high average yield especially in the vari-
ant with permanent traces are made by application of
appropriate agrotechnic, trait of wheat variety (SANA)
and favorable agroclimatic conditions during vegeta-
tion period especially in phase of grain forming and
that resulted in extremely high hectolitre mass and
1000-grain weight. Average hectolitre masses are in
both trial variants almost identical and were above
83.5 kg with extremely low variation coefficient of
1.43 and 1.02%. Average 1000-grain weight was in the
variant of permanent traces slightly greater with vari-
ation coefficient of 10.58%, almost the same as for the
second variant. Samples 1 and 6 in all three repetitions
were taken from border of working grip of mineral
fertilizer dispenser and sprinkler (first and eighteenth
meter) were not significantly different from average
yield, hectolitre mass and 1000-grain weight for the
total work that is especially expressed in the variant of
permanent traces, because of total working grip in sup-
plementing and protection of crop without leftover.

By analysing data from Tab. II it was found out that
the effect of border lines for achieving average yield is
particularly clear. Average yield of 9.69 tha™! was
greather for 24.55% than that of permanent traces or by
50.23% more in the variant without them. Increased
yield was result of better utilization of vegetation’s area
of increased intake of nutrients, water, sun light and
CO,, and producing extremly high average mass of
1 000 grains with 56.8 g. Unseeding area of 4.17%
with permanent trace width of 37.5 cm is still compen-
sated as the yield on that site is still higher for 20.38%
from the average with relatively low variation coeffi-
cient of 12.19%.

CONCLUSION

Comparison of the results obtained in the trial va-
riants without and with permanent traces, the hypothe-
ses about increased wheat yield by the system of per-

manent traces (technology lanes) for 20 and more per-
centage, were totaly justified since average yield was
bigger for 20.62%. Increased yield is a result of quality
and in time done supplementation and protection of
crop, and obtaining all working grip in all technologi-
cal operations. Transversal crop variability expressed
by variation coefficients in both variants was signifi-
cantly lower in comparison to the same variant with
classical technology wheat production. This difference
was made by using mineral fertilizer pneumatic dis-
penser that has lower variability in work in comparison
to the centrifugal type. Using this type of dispenser, it
is necessary also for the area where it is not possible to
use the technology of permanent traces from the objec-
tive or subjective reasons, since it is even distribution
of mineral fertilizers, which has a decisive influence on
the production of high and stable wheat crop. The sig-
nificantly high hectolitre mass and 1000-grain weight
with low variation coefficient were not different in the
both trial variants. By analysing the data from Tab.
I and Tab. II it can be concluded that the influence of
border lines is important for obtaining of increased
yield in the permanent traces, since average yield of
9.69 tha™' was obtained and it ranged in the samples
from 8.39 to 12.01 tha™'.
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LONG-TERM STORAGE OF RAW MILK

DLOUHODOBE SKLADOVANI SYROVEHO MLEKA

F. Guul-Simonsen, N. P. Madsen

Danish Institute of Agricultural Sciences, Department of Agricultural Engineering
and Production Systems, Horsens, Denmark

ABSTRACT: Experience from four milkings shows that in order to maintain a good milk quality within two days, i.c. below
30 x 10° total plate count per ml, raw milk should be cooled from about 35 to 4 °C (normal cooling/batch process) within
three hours, and when raw milk from succeeding milkings is mixed with milk which has already been cooled, the temperature
should not exceed 10 °C. From other research it was seen that the milk quality is easier to maintain when the milk is cooled
instantly than when normal cooling/batch process is used. This paper deals with results from tests which concern rapid cooling
of milk from six milkings immediately after milking. The milk was stored for three and five days, respectively, and the
cooling processes “normal* cooling/batch process and instant cooling/continuous process were used. The results show that
with both processes a satisfactory milk quality can be maintained within three days. However, a more reliable quality
assurance is obtained with instant cooling/continuous process.

milk cooling; instant cooling; “normal* cooling; long-term storage; milk quality

ABSTRAKT: ZkuSenosti ze Ctyf dojeni ukazuji, Ze proto, aby se zachovala dobré kvalita mléka po dobu dvou dni, tzn. pod
30 x 10? celkového po&tu na desku v 1 ml, by se syrové mléko mélo vychladit z pfiblizné 35 °C na 4 °C (normdlni chlazeni
— diskontinualni proces) béhem tfi hodin. Pokud se mléko z nisledujicich dojeni smicha s mlékem jiZ vychlazenym, neméla
by teplota pfesahnout 10 °C. Dal§imi vyzkumy bylo zjidt€no, Ze je snadné&jsi uchovat kvalitu mléka, je-li chlazeno nepfetrZité,
neZ kdy# se pouZije normalni, tj. diskontinudlni chlazeni. Clinek se zabyva vysledky testd zaméfenych na rychlé chlazeni
mléka ihned po nadojeni ze Sesti dojeni. Mléko se skladovalo tii dny, popi. pét dni a bylo pouZito normalni chlazeni
(diskontinudlni) a nepfetrZité chlazeni (kontinudlni). Vysledky naznauji, Ze u obou procesi 1ze zachovat uspokojivou kvalitu
mléka po dobu tii dni. Pro dobrou kvalitu mléka je viak mnohem spolehlivéjsi nepfetrZité chlazeni, tj. kontinualni proces.

chlazeni mléka; nepfetrZité chlazeni; “normdlni* chlazeni; dlouhodobé skladovini: kvalita mléka

INTRODUCTION

The transport costs of milk collection from farms are
constantly increasing, especially as regards transport of
small amounts of milk over long distances. Storage of
raw milk in cooling tanks throughout longer periods
than what is usual (1-2 days) and without (or only few)
reductions in quality is therefore of interest for the milk
producers. Previous tests have shown that when raw
milk from four milkings was cooled instantly from
about 35 to 2.5 °C, a higher bacteriological milk qual-
ity could be maintained over periods of two or more
days than if normal cooling/batch process from about
35 to 4 °C was used (Guul-Simonsen et al.,
1996). The purchase price of plants for instant cool-
ing/continuous process is one and a half times as high
as that of plants for normal cooling/batch process, de-
pending on the demands on the milk cooling rate (size
of compressor, evaporator and condensator). For plants
for normal cooling/batch process, the milk can be
cooled to 4 °C within 2.5, 3.0 and 3.5 hours, respec-
tively (International Standard, ISO 5708, 1983). In
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countries and in areas where time differentiated elec-
tricity rates have been introduced, cold storage (ice
water) at low-cost electricity rates for later utilization,
e.g. for milk cooling, is possible during the night and
weekends where the electricity rates are often as low
as one third compared to day rates. In the case of in-
stant cooling small long-term operating compressors
are used during nights and weekends, whereas for nor-
mal cooling large short-time operating compressors are
needed during and after the milking. For instant cooling
this will mean reduced operating costs, and moreover,
a development of the utility lines on increased cooling
capacity will not be necessary. In connection with both
cooling methods, heat recovery (milk and compressor)
will give access to hot (low cost) service water, heated
drinking water for livestock, etc. The combination of
time-differentiated electricity rates, energy storage and
heat recovery opens up possibilities for operational sav-
ings and new initiatives within the area of milk cooling.

The combination of milk cooling and long-term stor-
age on farms is often subject to scepticism in consum-
ers who regard “fresh milk* as being equal to or nearly
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the same as “milk fresh from the cow". Although pub-
lic authorities often use analyses as a means of control
and production controls are often made by way of
analysis, the consumers do not yet fully accept that the
milk quality is determined solely by way of analysis
and without specification of the age of the milk. The
reason for this scepticism is probably due to a relic of
the past where the cooling conditions at the farms were
very poor. The only way the milk could be kept cool
was by storing it in pumped-up groundwater, and there-
fore, the age of the milk was considered a parameter of
great importance.

METHOD AND MATERIALS

During the milking of 70 cows, the milk was divided
into two equal portions which were exposed to two
different cooling and storage methods. The following
processes were used: 1. “normal* cooling/batch process
from 35 to 4 °C within 1.5 hours. The temperatures of
mixed milk was kept below 10 °C; 2. instant cool-
ing/continuous process of the milk from 35 to 2.5 °C,
i.e. cooling of the milk immediately after milking. Milk
from six milkings was stored for periods from three to
five days. The agitators in the milk tanks complied with
the requirements given in the International Standard,
ISO 5708.

Raw milk from 70 cows
n

12 12 Precoole
35°C 25C
| |
4'c ‘>|<1 25°C DL
Normal-cooling/ Instant-cooling/
batch process continuous-process

1. Experimental set-up for continuous even distribution of the milk
to the tanks immediately after milking

3.0 hours, normal cooling

1.5 hours (experiment)

Instant cooling (experiment)

2. “Normal* cooling/batch process from 35 to 4 °C within 1.5 hours
and instant cooling/continuous process of milk from 35 to 2.5 °C
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The cows were kept in a cubicle house and milked
in a separate milking parlour. Four different cowmen
performed the milking by turns. An average daily milk
yield of 18.8 kg/cow was obtained. The standard of
feeding, ventilation, hygiene and health in the house
was above average. For wiping of udders, one clean
cotton cloth wrung in a 80 ppm chlorhexidine solution
was used per cow. Refrigerated bulk milk tanks and
milk pipes were made of stainless steel and cleaned in
70 °C water containing detergent, i.e. 30 | of water + 0.5
1 of MDF60 + 0.3 | of KOH + NaOH (pH = 13). The
rinsing water was heated to 75 °C and the wash water was
heated to 12 °C. The washing programme includes wash-
ing in hot water and succeeding disinfection.

The milking parlour included an experimental set-up
for continuous even distribution of the milk to the tanks
immediately after milking (Fig. 1). As shown in Fig. 2,
the cooling progresses differed from one tank to the
other. For “normal® cooling/batch process the differ-
ences were obtained by the employment of an extra
large cooling compressor and for instant cooling/con-
tinuous process by regulation of the flow of ice water
through the precooler. The concept of the experimental
set-up was to use relatively large portions of milk (con-
trary to laboratory tests), that is the milk was led
through a pipe milking system and a receiver, etc., af-
ter which it was pumped into a refrigerated bulk milk
tank. Normal milk means milk with a bacterial flora
deriving from the inside and the outside of the udder
as well as from the milk unit, the milk pipes and the
tank, and which is exposed to mechanical stress from
the pump.

Milk sampling was performed after the contents of
the milk tank had been stirred for 15 minutes. The test
tubes were immersed into ice water and stored in ther-
moboxes until the analysis was made. Sensoric classi-
fication according to the Danish Veterinary Service In-
structions of 1990 was performed by two milk
assessors who possess knowledge and experience
within the area. The following scale was used: 1 = no
defects (satisfactory), 2 = small defects (less satisfac-
tory), 3 = distinct defects (not satisfactory). All analy-
ses were performed in an accredited laboratory and
comprised twofold determinations made on the basis of
well-defined standards. The following methods of
analysis were used: Total Plate Count (IDF, 1991a),
Psychrotrophic Bacteria (IDF, 1991b), Fatty Acid De-
gree (BDI method. Government Research Institute for
Dairy Industry, Denmark, 1962a), Fat Oxidation (TBA,
modified after King, 1962b), Percentage of Fat and
Protein (IDF, 1990), Somatic Cell Count (IDF, 1991).

RESULTS AND DISCUSSION
Fig. 3 shows the results from five test series. Exami-
nations were made for the parameters Sensoric Classi-

fications, Total Plate Count, Psychrotrophic Bacteria,
Faity Acid Degree and Fat Oxidation. Tab. I provides
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3. Results from five test series

the mean values and standard deviations from the
above-mentioned analyses. Furthermore, individual re-
sults are indicated both arithmetically and logarithmi-
cally, as well as results from analyses of protein, fat
and cell counts. It appears from the table that a rather
satisfactory milk quality was obtained for each of the
four process treatments I, II, III and IV, and that
a higher quality guarantee is obtained for instant cool-
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ing/continuous process than for “normal* cooling/batch
process. The reason for the good results, including
“normal® cooling, was that the milk was cooled imme-
diately after the second milking, and the milk from
subsequent milkings was mixed with the cooled milk
in an effective way. Besides, the continuous dilution of
the milk will invariably retard the bacterial growth. It
should also be mentioned that “normal® cooling/batch
process within 1.5 hours, which was the cooling
method used in the present case, is much quicker than
the conventionally used method, which lasts three
hours. The difference between the processes is de-
scribed in Tab. II. From here it can be seen that there
is a risk of distinct quality reductions when the storage
period for “normally* cooled milk is increased from
three to five days (all analysis results increase signifi-
cantly). On the other hand, for instantly cooled milk
equivalent statistically certain reductions of the milk
quality are not obtained when storage periods are in-
creased. After a storage period of three days the quality
of “normally cooled* milk will be slightly poorer than
in the case of instantly cooled milk. But a significant
difference will not be seen, as it would if the milk was
stored over a period of five days.

For all four process treatments the subjective sen-
soric evaluations (apparition, odour, taste) resulted in
first-class evaluations (satisfactory). It is not sufficient
to evaluate the milk solely on the basis of bacteriologi-
cal and chemical analyses. In case of comparison with
results from other cooling tests, the used standard
analyses should be observed, including the type of stor-
age used and the time spent for storage, as even slightly
modified standards may lead to different results. In the
present tests the analyses were made about 24 hours
after sampling, during which period the test tubes
would stand in thermoboxes filled with ice water at
a temperature of 2—4 °C. The results are therefore not
quite as reliable as they would have been if the analyses
were made immediately after the sampling (but this
procedure is often normal in practical farming). The
bacterial growth in the milk is still slightly increasing.
If milk which has been cooled down to 4 °C is left to
stand for 24 hours, an increase of several thousands in
bacterial count will be seen, depending on the initial
status of the milk (Busse, 1965).

There is some uncertainty about the results in that
the composition of the milk used was unknown at the
beginning of the tests. However, this criticism can be
refused, since the same milk was used for all the tests
(comparative testing). It will furthermore be technically
difficult to take milk samples during the milking, as the
bacteriological composition is highly fluctuating from
cow to cow, and the composition of the milk changes
with a decreasing bacterial content during the course of
the milking (Sundholt, 1956; 1966). A great num-
ber of individual tests on cows should therefore have
been made in order to achieve a test result representing
the total milk production.
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1. Mean values (¥) and standard deviations (s) of raw milk after five test series and after six milkings on different principles of cooling and

storing times

Storage
P"rinv_.‘ipl: of Analysis Analysis I 11
cooling No. 3 days 6 milkings 5 days 6 milkings
; § r s

sensoric classification 1 I 0 | 0
total plate count. arithmetic (10%/ml) 2 6.5 3.0 14.1 4.1
total plate count, logarithmic (ml~") 3 38 34 4.1 3.6
psychrotrophic bacteria, arithmetic (10*/ml) 4 1.8 1.1 7.6 4.0

_:;‘(’:TLC psychrotrophic bacteria, logarithmic (ml~") 5 32 3.0 39 3.6
fatty acid degree, BDI (meq/100 g fat) 6 0.48 0.04 0.52 0.04
fat oxidation, TBA value 7 0.009 0.003 0.013 0.002
protein (%) 8 3.36 0.04 3.36 0.04
fat (%) 9 4.69 0.04 4.69 0.04
number of cells (ml™") 10 30 6 30 6

1 v

sensoric classification 1 1 0 1 0
total plate count, arithmetic (10%/ml) 2 5.6 33 78 4.8
total plate count, logarithmic (ml™') 3 37 0.2 38 0.2
psychrotrophic bacteria, arithmetic (10%/ml) 4 1.1 0.6 1.7 1.3

;r;s:)ml.ﬁ iG psychrotrophic bacteria, logarithmic (ml=") 5 3.0 0.2 31 0.4
fatty acid degree, BDI (meq/100 g fat) 6 0.46 0.03 0.44 0.03
fat oxidation, TBA value 7 0.08 0.004 0.011 0.004
protein (%) 8 335 0.03 335 0.03
fat (%) 9 4.69 0.04 4.68 0.04
number of cells (ml~') 10 30 7 30 9

I1. Statistical test of the difference between analysis results of different combinations of cooling principle and storage time

Analysis 1n>1 1V > 111 1> 111 1n>1v
No. Difference [1-1 P-value | Difference IV-111 | P-value |Difference I-Ill | P-value [Difference II-IV| P-value
2 7.6 0.995 22 0.789 0.9 0.668 6.3 0.972
3 0.3 0.977 0.1 0.774 0.1 0.774 03 0.977
4 58 0.993 0.6 0.812 0.7 0.877 5.9 0.993
5 0.6 0.993 0.1 0.685 0.2 0.875 0.7 0.993
6 0.04 0.924 -0.02 0.161 0.02 0.081 0.08 0.996
7 0.004 0.981 0.003 0.865 0.001 0.667 0.002 0.827

For a further evaluation of the test results, the milk
products used in the test should have been exposed to
the above-mentioned process treatment.

CONCLUSIONS

From sensoric evaluations and bacteriological and
chemical analyses it was seen that a reasonable milk
quality of milk from six milkings can be maintained
over a period of three days by means of “normal* cool-
ing/batch process of raw milk from about 35 to 4 °C
within 1.5 hours and with temperatures below 10 °C in
milk which has already been cooled, or by means of
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instant cooling/continuous process from about 35 to
2.5 °C. With instant cooling/continuous process a more
reliable quality assurance is obtained than with “nor-
mal* cooling/batch process.
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INFORMACE INFORMATION

RELATIONS OF SOME BASIC PARAMETERS OF REAPER
THRESHER

ZAVISLOSTI ZAKLADNICH PARAMETRU SKLIZECICH MLATICEK

.2

D. Brki¢, L. Sumanovac, T. Jurié
University of J. J. Strossmayer in Osijek, Faculty of Agriculture Osijek, Croatia

ABSTRACT: The paper analyses mutual relations of some more significant reaper thresher parameters. Knowledge of these
relations enables better access to the analysis of cach individual construction. A hundred and nine combines produced by
well-known European manufacturers have been analyzed. Power engine related to header bite, drum width, strawshaker
surface, screen surface, combine mass, bunker volume as well as mutual relations of strawshaker and screen surface and
finally was performed by statistical processing of the quoted parameters. The results of the analysis indicate the existence of
outstanding close links among the investigated traits.

reaper thresher; engine power; some basic parameters of combines

ABSTRAKT: V ¢&linku jsou analyzoviny vzijemné vztahy nékterych dilezitéjsich parametri sklizecich mlaticek. Poznatky
o téchto vztazich usnadiuji analyzu konstrukce kazdého jednotlivého stroje. Analyze bylo podrobeno 109 sklizecich mlati¢ek
vyrobenych piednimi evropskymi vyrobei. Vykon motoru se posuzoval v zavislosti na pracovnim zibéru Zaciho vilu, na Sifce
mliticiho dstroji, na ploSe separa¢niho astroji (vytrasadel), na ploSe Cistidel, na hmotnosti sklizeci mliticky a na objemu
zésobniku. Byly také zjistovany zdvislosti plochy vytiesadel slamy na plo$e Cistidel a objem zdsobniku na hmotnosti sklizeci
mléti¢ky. Uvedené zdvislosti byly vyneseny do grafii a byla provedena regresni analyza, jejiZz vysledky jsou uvedeny v ta-

bulkdch. Vysledky analyzy naznacuji existenci vybornych uzkych vazeb mezi zkoumanymi znaky.

sklizeci mlaticka; vykon motoru; nékteré zdkladni parametry sklizecich mldticek

INTRODUCTION

Series of relevant factors have had influence on
higher increasing of reaper thresher capacity (Brki¢
et al., 1994). The reason for this, among others, is to
carry out combine harvesting in as short as possible
time period in order to avoid increased grain losses and
drying costs. A reaper thresher capacity is a complex
indication which, among others, depends on construc-
tion parameters of the basic parts, their performance
and mutual coordination. Higher capacities of reaper
threshers as a rule are achieved by increasing of their
basic parts dimensions i. e. header bite, separation sur-
faces, drum, combine mass, bunker volume as well as
by power engine increasing (Culjat, 1994).

Power engine in relation to header bite, drum width,
strawshaker surface, screen surface, combine mass, bun-
ker volume, mutual relations of strawshaker surface and
screen as well as combine mass and bunker volume have
been analysed in this paper. The analysis was carried out
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by statistical processing of sizes of the quoted parame-
ters of basic parts (Kutzbach, Wacker, 1995).

METHODS

The basic parameter of the analysis is an enclosed
engine power (P). Other parameters which will be
taken into our consideration in relation to engine power
are as follows: header bite (B;), drum width (D,),
strawshaker surface (S)), screen surface (S;), combine
mass (M) and bunker volume (V). Mutual relation of
a strawshaker surface and screen as well as combine
mass and bunker volume will be especially taken into
consideration.

Parameters of 109 reaper threshers mainly made by
European manufacturers were analysed. The combines
were classified according to engine power in three cate-
gories as follows:

I. 54 + 85 kW — |5 combines
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II. 91 + 129 kW - 37 combines
III. 132 + 243 kW - 57 combines

The analysis of the shown parameters was given by:

1. Specific indicators computing of mutual relations i. e.
a. by engine loading indicators:
K, = P/B, kW.m™") K, = P/S, (kW.m™)
Ky =P/D,, kW.m™)  Ks=PM kW.Ch
K= P/S, (kW.m%) K¢ =P/V), (kW.m™)
b) mutual relations
Ky = S/S, m>m™2)  Kg=M/V, kW/m™)
2. Computing of correlation coefficient and regression
equation of analysed parameters.

ANALYSIS OF SPECIFIC INDICATORS

Tab. I shows sizes range of construction parameters
according to combines categories. From this table it is
visible that quoted parameters have a trend of dimen-
sion increase engine power increase.

It should be pointed out that most manufacturers
supply some combine types with several headers of
working bites or with engines of different powers. All
this is done because of better adaptation to different
working conditions. Standard parameter sizes were
taken in the given analysis. Furthermore, larger number
of innovations especially of threshing devices occurred.
For better size variability noticing of each individual
part, the review of variation coefficient distribution (V)
was given in Tab. II whereas the histogram display
according to combine categories was given in Fig. 1.

1. Ranges of the investigated parameters

From the Tab. II and histogram in Fig. | it is visible
that coefficient variability distribution in all analysed
parameters among combine categories is mostly low
especially with drum width, strawshaker and screen
surface.

Specific indicators were computed for all combines
whereas ranges of minimum and maximum sizes for
each combine category were tabulated. We should
point out that given values of ranges with all indicators
in an individual combine category do not refer to the
same combine. This comes from the fact that there is
a special relation of analysed parameters in each per-
formance.

Ranges of specific indicators per combine categories
are presented in Tab. III. Minimum values of specific
indicator show increased dimensions of analysed pa-
rameter whereas at maximum sizes it is opposite.

From the data in Tab. III it is visible that engine of
higher power in reference to the observed parameter is
enclosed at higher category of combine. It is under-
standable since with larger combines loading increases
because of increased speed of combine harvesting, in-
creased permeability, larger enclosed mass and in-
creased bunker volume (of deadweight). The increased
ranges of indicators in some combine categories point
out specific needs for higher power engines enclosing,
in relation to average working conditions.

The range of specific indicators of interrelations of
strawshaker surface and serene indicates similarity of
indicator sizes with all combine categories. Higher
range of indicator values is noted with relation indica-
tor of mass and bunker volume.
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Combine Engine power Header Drum Strawshaker Screens Combine mass | Bunker volume
category (kW) (m) (m) (m?) (m?) [0 (m)
I 54-85 2.7-3.6 0.85-1.16 2.95-4.86 2.17-3.57 4.03-7.49 2.1-44
11 91-129 3.0-48 1.04-1.40 3.90-6.13 3.29-5.43 7.31-11.17 3.6-6.5
1 132-243 3.6-6.9 1.27-1.68 4.36-8.13 4.50-6.50 8.35-12.92 5.1-10.0
I1. Distribution of variation coefficient
. N s . Strawshaker .
Combine Engine power Header bite Drum width ey Screens surface | Combine mass | Bunker volume
category
Jo
1 14.8 83 6.6 14.1 129 14.6 21.5
11 10.6 19.2 8.8 14.2 12.0 10.6 152
m 16.4 14.6 8.8 147 10.5 10.1 12.9
— 1. Distribution of variation coefficient
B category ]
@l category |
@il category
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111. Range of specific indicators of combine engine load and mutual relation of parameters of thresher parts

Combine K, K, L Ky Ks K K, Ky
category P/B,, P/D,, P/S, P/I, P/IM P/V, S,/1, MV,
I 18.03-27.54 | 60.68-80.77 16.15-21.54 | 20.52-27.36 | 10.36-23.71 | 19.32-27.40 1.10-1.48 1.48-2.52
I 21.90-34.86 | 70.77-105.77 | 17.69-30.21 | 20.67-31.45 | 10.42-16.38 | 19.17-28.51 1.03-1.51 1.32-2.60
11 25.88-47.50 | 78.77-149.90 | 18.21-41.06 | 24.52-41.68 | 12.24-21.17 | 18.52-32.40 | 1.01-1.45 1.11-1.82
IV. Distribution of specific indicators variation coefficient
Combine K Ky Ky Ky Ks Ko Ky Ky
category T
| 12.0 139 8.6 9.6 259 215 8.9 9.9
1l 1.8 9.1 12.6 9.3 10.6 15.2 13.2 10.0
11 19.4 13.7 17.2 13.4 12.6 14.5 14.7 10.1

The review of variation coefficient (V) distribution
is given in Tab. IV and histogram display of quoted
indicators according to combine categories is presented
in Fig. 2 convenience of better noticing variability of
each individual specific indicator.

Distribution of variability of specific indicators vari-
ation coefficient points out distribution diversity within
some parameters and combine categories. At the same
time there is a similarity of distribution size which is
well visible from the histogram diagram.

REGRESSION ANALYSIS

Mutual relation of analysed parameters was determi-
ned by regression and correlation analysis. The analysis
results were given by means of graphs in Figs. 3-10.

Values of correlation coefficient, determination and
regression equation are presented in Tab. V.

V. Results of mutual relations analysis

Analysed relations point out a strong relationship of
engine power and analysed parameters. All correlation
coefficients have a positive sign while their value
amounts from 0.9465 (P-V,,), to 0.8118 (P-S;). An ex-
ception is somewhat lower correlation coefficient at
mutual relation (S/-S), which is 0.6848. Regression
equations in all analysed relations are of potential char-
acter except relation (S~S;) where it has a square
shape.

CONCLUSION

Analysis of 109 reaper thresher parameters points
out the following:

— Analysed parameters indicate increased variability
especially of engine power, working bite and bunker
volume.

Parameters relations Regression equations De‘lcrmi!\.a(s on Corrfl‘:ftion
coefficients coefficients
P-B, (engine power-working header bites) Y =0.2929 x5508 0.7639 0.8740
P-D,, (engine power-drum width) Y = 208.47 x"-3¥26 0.7326 0.8560
P-S, (engine power-strawshaker surface) Y = 0.3067 x*5573 0.6591 08118
P-S, (engine power-screen surface) Y '=10,2358 x061 0.8174 0.9041
P-M (engine power-combine mass) Y = 0.5134 x"5%7 0.8197 0.9054
P-V, (engine power-bunker volume) Y = 0.0666 x9N 0.8959 0.9465
S-S, (strawshaker surface-screen surface) Y = 0.1128 x* - 0.6901x + 4.8244 0.4690 0.6848
M-V, (combine mass-bunker volume) Y =0.3102 x!3113 0.8092 0.8996

K1
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2. Distribution of coefficient of spe-
cific indicators variation
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3. Influence of engine power on
reaper thresher working bite

4. Influence of engine power on
reaper thresher drum width

S. Influence of engine power
on surface of reaper thresher
strawshaker

6. Influence of engine power on
surface of reaper thresher screens

7. Influence of engine power
on reaper thresher mass

8. Influence of engine power on
bunker volume of reaper thresher
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9. Influence of strawshaker sur-
face on surface of reaper thresher
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— Analysis of specific indicators shows increased
range variability of some indicators within each com-
bine group. This is the result of dimensions variability
of enclosed parameters because of combine adaptation
to different working conditions.

- Coefficients of specific indicators variation mostly
show low coefficient values except with coefficients
K|, K5 and Kg. It is interesting to notice that Ky is
almost identical for all three categories of combine.

— Correlation coefficient shows close and very close
link of the analysed relations whereas only relation
(S~S;) which has a square form.

The results of the research have a basic character
and point to a trend of development and relation of
analysed parts with possibility of higher or lower de-

viation from average values depending on working
conditions and combine purpose.
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SHORT COMMUNICATION

ALTERNATIVE ENERGY TECHNOLOGIES

D. S. Strebkov

The All-Russian Research Institute of Electrification of Agriculture, Moscow, Russia

In Tab. I alternative technologies on a renewable
power are presented, developed in VIESH. Wind and
the micro-hydro power stations have the competitive
economic characteristics at any level of capacity, which
is limited only by availability of appropriate power
sources. The potentials of wind and hydraulic power
are accordingly 0.02% and 0.07% from solar energy
and permit to provide by energy of the local and re-
gional consumers at total capacity up to several hun-
dreds and thousands megawatt.

1. Alternative technologies on a renewable power

Energy saving technologies for the solar house are
the most acceptable on economic efficiency. Their ap-
plication will allow to lower energy consumption in
houses to 60%.

At approach to the world prices technologies of pro-
duction of a gas and motor fuel from biomass become
economically acceptable. For example, the farmer, pos-
sessing rape oil, can be independent from deliveries of
a motor fuel. In regions, having rich peat and wood
resources, technology of gasification, production of

Technology and equipment

Products available

Solar cell manufacturing line and technology

Solar module manufacturing line and technology

Pulsing solar simulator for solar cell and modules
characterization

Long life non-organic material solar module encapsulation tech-
nology

New technologies of crystalline silicon for solar cells

Solar plastic collector manufacturing line

Thermal storage with a new phase change material. Thermal
capacity 1000 Kl/kg

New technologies for concentration of solar energy. Solar-fuel
power plants with new type of concentrator

Solar greenhouse with Fresnel lenses. 50% energy saving

Small wind mill manufacturing line capacity 100 W, 160 W and
500 W. Mechanical wind pump capacity 0.3 cubic m/hour,
height 10 m

Free stream micro-hydroelectric power plant. Capacity 100 W

Free stream water pump ,Hydrolift* capacity 0.2 cubic m/hour,
height 10 m, stream velocity | m/s

Gas generator electric power plant, capacity 2 kW

Biogas anaerobic agricultural wastes utilization installation
capacity 1, 5. 25, 125, 500 cubic meters

Technology of alternate fuel production from rape oil

Single-wire electric transmission line system. New principles
of the electric power transmission

SOLAR PHOTOVOLTAICS

SOLAR T

WIND ENERGY

MICROHYDRO ENERGY

BIOMASS UTILIZATION

Production of solar cells. solar modules and technological
equipment

Solar home systems for lighting. TV and water pumping

Solar simulator and microprocessor measurement system for
laboratory and industrial application

Technical project. Proposals for development of manufacturing
line

Laboratory samples and technology. search for partners for
development of solar grade silicon manufacturing line
HERMAL

Solar collectors made of polypropylene. Solar hot water system

Demonstration prototype

Technical project. Search for investors to install demonstration
solar plant

Demonstration prototype

VIESH's Alexandrovsky Experimental factory, ,,Asimut” factory,
Rybinsky instrument factory

Demonstration prototype

Demonstration prototype

Demonstration prototype. Search for the partners for large scale
production

Demonstration prototype

Laboratory stage. Search for the investors for bio-diesel oil
manufacturing line

Demonstration prototype capacity 1.7 kW, voltage 10 kV.
Search for partners for 1001000 kW demonstration project
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methanol and ethanol permit to use a gas and synthetic
fuel in diesel electric generators and cars. The absence
of economically acceptable technologies of storage
constrains wide use of a hydrogen and electrical trans-
port. However, the research work in this area goes
rather intensively and it is not excluded, that in the
nearest future the new decisions will be offered, as it
has taken place in systems of transformation and trans-
fer of electrical energy. In VIESH such sample with the
capacity of 1.5 kW is developed and tested, in 1998 we
hope to increase its capacity up to 100 kW.

Besides decrease of number of wires to one, trans-
mission line practically has no Joule and corona losses
and the authors calculate that the specified properties
will be retained at an increase of a level of transmitted
capacity up to 10 GW and more. The solar power sta-
tions can be used for the decision of local and global
energy problems (Strebkov, 1994).

In principle the new types of solar concentrators are
offered by VIESH. Their main characteristics — combi-
nation of positive qualities of solar power stations with
a central receiver and of a modular type and opportu-
nity of use as a receiver conventional thermal team tur-
bine and solar cells.

One of the most perspective technologies of a solar
power is creation of photo-electric stations with silicon
solar cells, which will convert to electrical energy di-
rect and diffused solar radiation with an efficiency of
12-15%. In VIESH simple and high-duty technolog
of manufacturing of solar cells (Tab. II) is developed.

Modern level of manufactures of solar cells corre-
sponds to an initial phase of application of a solar elec-
tricity of illumination, water pumping, telecommunica-
tion stations, household devices in remote regions. Cost

1. Advantages of photovoltaic technology, developed in VIESH

of solar cells is 2.5-3 USD/W, modules 5-6 USD/W
and systems 9-10 USD/W at the cost of the electric
power 0.2 USD/kWh (Strebkov, Koshkin,
1996). Solar photo-voltaic system replace kerosene
lamps, dry cells and accumulators (Tab. III), and at
significant removal from central electric grid and low
load-diesel electric generators (Tab. IV).

The second phase of mass manufacture and use of PV
system is connected with creation of technologies and
materials, enabling to lower the cost of installed capacity
S times, up to 1-2 USD/W, and cost of the electric power
to 0.1-0.12 USD/kWh. Basic restriction for such a reduc-
tion of the cost is the high cost of silicon in earth crust
exceeds the contents of uranium by 100,000 times.

Therefore the creation of new technologies of solar
grade silicon production, providing for a radical reduc-
tion of its cost, is the prior problem in the list of alter-
nate energy technologies (Tab. IV-VI).

Chlorine-silan technology of solar grade silicon pro-
duction, developed 35 years ago, has not practically
changed, preserving all negative features of chemical
technologies of the fiftieth years: high energy con-
sumption, low silicon yield, ecological danger.

In VIESH new technology of solar grade silicon is
developed using the method of direct reduction of natu-
ral-pure quartzites, which has the following charac-
teristics: consumption of the electric power of 15—
30 kWh/kg, silicon yield-of 80%. In case of large scale
application of this technology the cost of solar cells and
modules will be within 0.7-1.4 USD/W and 1.0-
2.0 USD/W respectively, and cost of the electric power
will be within 0.10-0.12 USD/Wh. In the new tech-
nology the chemical methods are replaced by ecologi-
cally acceptable electrophysical methods.

[T SNV )

1 Simple, basically vacuum free technology

One stage diffusion for the creation of n+ —p— + or p+ —n- n+ diode structure
Antireflective coating on the Ta, Og basis

Silver-free materials for contacts

Opportunity of use n and p - silicon with any resistivity

I11. Solar photovoltaic home system

Voltage

Electrical capacity

Power output at solar radiation 1000 W/sqm
Overall dimensions of solar module

Mass of a solar module

Overall dimensions of electronic block
Fluorescent lamp

Mass of chemical battery

12v
10 Ampere
10 W
340 x 340 x 25 mm
I kg
160 x 225 x 90 mm
7w
4.5 kg
140 $

Cost
Completelly charged ch
TV set
38

ical battery provides five hours of operation of two fluorescent lamps or three hour of operation of white-black
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IV. New technologies of crystalline silicon for solar cells

1.1. Feasibility study

1.2, Plasmic technology of monocharge manufacture from silicon dioxide and carbon black, using natural methane and quartz
1.3. Technology of manufacture of high purity silicon dioxide and carbon black monocharge from rise husk
1.4, Design, construction and testing of direct current plasmatrones with coaxial tubular electrodes

1.5. Carbothermic reduction of silicon by plasmic method in garnisage crusible

V. New photovoltaic technologies

1. New envi Ily safe tech

3.1. Solar modules with a new type of concentrators

logical processes for silicon solar cell technology
2. Long life inorganic material solar module encapsulation technology

3. New types of concentrators for solar modules and power plants

3.2. Solar power plant with a new type of concentrators

VI. New solar photovoltaic systems

1.1. Solar PV pump, using diffused solar radiation

1.2. Electric power plant using energy of

1. Solar power systems for utilization of low potential solar radiation

and

Solar conditioner

Al S

Solar dissalanation system

Solar-driven pump for solar collector and zero energy houses

Solar-driven air recuperation system for zero energy houses

variations between day and night

In 1995 at factory Rusant solar, Ryasan mass pro-
duction of solar cells and modules was started the tech-
nology, developed by VIESH in frames of the program
Ecologically using clean Energetics. Capacities of Rus-
sian factories permit to manufacture annually 5 MW of
solar cells and modules. In case of specialization of
several factories on issue of solar cell production vo-
lume of manufacture in Russia can 2,000 exceed
200 MW in a year, and 2,010-2,000 MW in a year.
However, the state support is necessary for technolo-
gies, first of all for technology of solar grade silicon.

The development of a photo-voltaic industry will re-
quire, besides solar grade silicon manufacture of spe-
cial tempered glass with the low contents of iron, alu-
minium frame, electronic control devices. In Russia we
have all these technologies at disposal.

For calculation of annual electricity generation by
solar power plant an algorithm and computer software
were synthesized. In the majority of calculations the
error is within 1 to 8%.

In the European part of Russia the most favourite
regions for solar electricity generation are the coast of
Caspian and Black Sea, Volga river region.

Since the specific cost of photo-voltaic electric
power station does not depend on its size and power,
in a number of cases modular design of solar plant is
expedient on a roof of the rural house, cottage farm.
Advantage of such use, besides the encouragement of
a policy of support of the small and independent power
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producers, is the economy on bearing structures ground
area as well as overlapping function of a roof and
source energy.

At modular design of 1,000 MW the solar plant
could ensure the electric power supply to 500,000 ag-
ricultural houses. Wind resources of Russia territory
are those, that almost on 30% of he country area low
load density agricultural consumers can be supplied by
wind electric installations.

The minimum level of a power consumption in rural
areas is 80 Wh/day per head, and the average level of
water consumption in a family house (without irriga-
tion) does not exceed 1.5 cubic m/day. These needs may
be met by application of wind electric generator with the
capacity 100-160 W. VIESH’s wind laboratory has a pro-
gramme of effective use low (less than 4 m/s) wind po-
tential resources to increase by 15-20% the market of
small wind electric mills (Sokolsky, 1993).

Portable wind electric generator WES-P is intended
for change of storage batteries, has a working range of
wind velocity 2.5-25 m/s, is designed for electric
power supply of farmer and small fish farm in rural
areas. Annual saving of a liquid fuel is up to 350 KGs
on one installation. Wind mill WWU-15 provides water
pumping from well 15 m deep for family farms, coun-
try houses and other agricultural facilities with water
consumption up to 1.5 cubic m/day.

Distinctive feature of this installation is a design of
a converter electronic with an electrical storage of low
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potential wind energy (wind velocity 2-3 m/s). This
wind mill annually saves 300 kg of engine fuel per one
year. Wind mill WWU-6 is intended for cattle and ship
provides 6 cub.m/day with water height 45 m. The in-
stallation has rated power of 1.0 kW and consists of the
group of vibrating pumps and switching device with
a control block. The installation starts to operate at
a wind velocity 3.2 m/s. The control block provides
control and switching-off of parallel connected pumps,
and their total installed capacity does not exceed rated
power of wind generator. The annual saving of a liquid
fuel reaches 900 kg on installation. Ribinsky Instru-
ment factory starts manufacture of wind electric mills
WETEN-0.16 and WETEN-8 with capacity 0.16 kW
and 8.0 kW which were developed by participation of
VIESH.

These installations consist of storage battery and in-
vertor that guarentees to the consumer a reliable elec-
tric power supply of a standard quality (220 V, 50 Hz).

VIESH and some industrial firm developed two
types of micro-hydro installations, which use kinetic
energy water (Dokukin et al, 1994).

Free stream portable microhydroelectric station has
a power output 120 W at flow velocity 1 m/s, mass
25 kg and does not require the dam.

There are developed two types of microhydroelec-
tric station immersion type operating under the water,
floating type uses pontoon on the surface of the river,
both micro-hydro installations have a propeller turbine,
electric generator storage battery and control system.

For water-supply of the various consumers, located
near the rivers or irrigation channels intended portable
free-stream hydrolift. It consists of an axial hydraulic

turbine and pump of volumetric action, fixed on com-
mon shaft. The turbine and pump are located in a dif-
fusor which increases capacity of the unit by 20%. At
hydrolift converts low potential energy of a free water
stream to mechanical energy of rotation of a pump.

At speed of a flow 1 m/s turbolift capacity is 0.2 cu-
bic m/h, and water lifting up to 12-15 m. Mass of unit
is 12 kg. A depth of stream should not be less than
0.5 m.

The application of free stream micro-hydro installa-
tions for low load agricultural consumers solves impor-
tant social problem without ecological disaster and also
saves engine fuel in amount up to 1.5 ton in a year on
each installation.
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