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Nowadays, conservation tillage technologies play an important role in plant production all around the world. The Czech Republic

conditions are not an exception. Conservation technologies application brings some risks. To minimise these risks, it is necessary

to ensure distribution of sffaw, husk and other plant remains as evenly as possible. Crushing and distribution of straw appears to

be no problem during harvest, when modern types of combine harvesters are used. Unfortunately, the distribution of husk and

other small remains are non-uniform very often. Similar situation is, if axial combine harvesters Case IH are exploited. If a design

change realised by protraction of distributor's driving shaft length to 200 mm is applied, then the distribution of husk and other

smďl remains is much better, too. The ďstribution of sfaw is good in the same time as well' If a design change reďised by additional

distributing metal sheet vane mounted on a lower side of plate and flicker straw, then the distribution of husk and small remains is better

as well, but not so much. hoblems with crushed straw distribution can be expected in a field with a higher crop yield.
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INTRODUCTION

Nowadays, conservation tillage technologies play an

important role in plant production all around the world.
The Czech Republic conditions aÍe not an exception. The
clue of these technologies is to reduce soil tillage depth

to the necessary minimum. But in these case plant re-

mains are not completely defrayed into soil. It can be

said that ploughing like a traditional soil tillage operation
is not used.

Economic conditions of our agriculture cause many
changes in the structure of plant production. The number

of agricultural farms without animal production has been

increasing. The area with a grain growing is becoming
larger in plant production as well. The utilisation of straw

and other plant remains appears to be a problem. On the

other hand, straw is very good and important source of
organic matter, which can be used for organic fertilising
etc. (Angers et al., 7993; Watts, Dex ter, 7991).

It is very useful to search out a method that returns straw

and other organic matter into soil. The simplest method

is to crush and distribute straw with other remains evenly
on a suďace during harvest.

Unfortunately, fertilisation by straw brings some

rísks. To minimise risks it is necessary to ensure distri-
bution of straw, husk and other plant remains as evenly
as possible (Johnson, 1988; Ball, Robertson,
1990). Combine harvester plays very important role in
material distribution of course. The quality of straw

crushing and straw, husk and other remains distribution
depends on many factors. First of all, there are design

and technical conditions of straw crusher and distributor
and weather conditions.

MATERIAL AND METHOD

Crushing mechanism of combine harvester must en-
sure adequate crush of straw (907o of pieces must be less

than 80 mm of length). The crushed straw and other

organic remains (husk, weed seeds, grain losses) must be

evenly distributed along the working width of the ma-

chine. Crushing and distribution of straw appears to be

no problem during harvest when modern types of com-
bine harvesters are used. Unfortunately, the distribution
of husk and other small remains are non-uniform very
often. New machines are equipped with husk distributors
in case of customer request from that reason.

CASE IH Company's axial combine harvesters use

different design of straw crushing mechanism. It is
caused by different threshing technology process of these

machines in comparison with tangential combine har-

vesters. Tangentiď combine harvesters'' crushing mecha-
nism is mounted behind a straw walker and crushed
straw is distributed toward ground surface by routing
plates. On the contrary, crushing drum used by axial
combine harvester is working like refuse drum of axial
threshing mechanism of the machine, too. Crushed straw
is then transported to two plates and flicker distributors.

Measurements were taken with CASE IH 2188 com-
bine harvester during the harvesting season 1999. They
proved that the quality of crushing and distributing of
straw is convenient from the point of view of conserva-

tion tillage. Unfortunately, it is not possible to say about

a quďity of husk and other remains distribution. The
husk and other small particles remained in short row in
centre of machine's working width still. Therefore, an

effort has been appearing now to change the design of
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plate and flicker distributors from that reason. The main
subject of this article is objective comparison of inÍlu-
ence of two types distributor's design changes to quality
of husk and other small remains distribution.

First change of design was protraction of distributor's
driving shaft length to 200 mm. The distributor's rotation
level was placed down using this design change and
therefore it was possible to distribute the husk and other
remains from cleaning mechanism with a support of
crushed straw distributors as well.

The second observed change of design was the use of
additional distributing metal sheet vane mounted on
a lower side of plate and flicker straw. Additional dis-
tributing vanes can improve the husk distribution as well.

The measurements were carried out during harvest of
a winter wheat in any case. Unfortunately it was not
possible to ensure the measurement for every tested ma-
chine on one field. The difference of field yields and of
growth conditions can influence done measurements
partly. The measured paÍameters were obtained under
practical conditions of the following procedure:
1) Measuring canvas (width of 500 mm and correspond-

ing length with working width of combine harvester)
was installed between front and rear axle of the ma-
chine at the beginning of newly harvested row.

2) Ttre canvas was moved together with working ma-
chine up to the moment when working speed and
condition has become normal (app. 2O m). After the
moment the canvas was quickly placed on the ground.

3) Crushing straw, husk and other remains have been
falling down on the canvas after combine harvester's
passing.

4) Material on canvas was crossly divided after each 500
mm. Each sample was put into bag and ticketed. Each
measurement was repeated three times for every
tested design change of the machine.

5) Samples were processed under the laboratory condi-
tions. The first step - each sample was weighed.

6) Crushed sffaw and husk with other small remains were
grouped in two parts by laboratory sieve cleaner with
circular holes. The holes were 10 mm in diameter.

7) Crushed straw and husk with other small remains was
weighed separately for each sample.
It was possible to find out a crushed straw's percent-

age and husk with other small remains' percentage. The
values were obtained along the whole working width of
combine harvester by the described procedure.

RESULTS AND DISCUSSION

As it was discussed above, the combine harvester
CASE IH 2188 without design changes was measured in
1999 (K v iz ,2000). The measurement results are shown
in Fig. 1. The values presented in the column chart were
calculated under the following procedure. Average
weight of crushed straw and husk with other small re-
mains was calculated from every sample. Weight was
calculated from three corresponding measurements by
arithmetic average. Weights were calculated like percent-
age value because of better arranging of the chart. It was
decided to use Christiansen's coefficient (Cr) like criteria
for evaluation of distribution uniformity. The coefficient
is cďculated using the following formula:

where: is; - weight of i sample (g)

Í- - arithmetic mean of i"' values (g)

n - number of samples

Christiansen's coefficient calculates percentage devia-
tion of each carried out i-measurement from arithmetic
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1. Column chart of straw,
husk and small remďns dis-
tribution uniformity for not
designedly changed CASE
IH 2188 combine harvester
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' average of all measurements. When deviations are small

(good uniformity of distribution), coefficient value is go-

ing up to IOOVo and vice versa. The coefficient is ac-

cepted by various standards (ASAE 1983, ČSN 11 0046)

and is frequently used to evaluate water distribution uni-

formity of irrigators (for example) (R ů ž tčka, 1'992).

The chart (Fig. 1) approved that crushed straw is ďs-
tributed with good uniformity without any design

changes. In the centre of row the weight of I07o of ma-

teriď is loaded. The value declines from the centre to

both sides of row, but not dramatically. Good distribu-

tion of straw is done by coefficient cu = 86'3E'' It is no

problem with the straw distribution uniformity here.

On the other hand, when husk and other small remains

are evaluated, the situation is very different. In that case,

it is possible to see the weight of 20Vo of the material in

the centre of working row. From the centre to sides of
row the percentage of material decline very quickly. It is

not even possible to find out any material on left and

right edge of row. In this case a vďue of Christiansen

coefficient Cris 297o only. As it results from these meas-

urements, the distribution of husk and other small re-

mains is very non-uniform and it can cause the problems

with conservation tillage technologies.
The measurements carried out with a straw distributor

modified by first design change presented these conse-

quences (Fig. 2). It is clear from column chart that

crushed straw was distributed with good uniformity as

well. In this case the vďue of Cr='78vo is a little smaller

for straw, but it is still acceptable. Husk and other small

remains are distributed much better with this design

change. The weight of L67o of material is loaded in cen-

tre of row; amount of material declines from the centre

to edges of row also, but not quickly. On the left and

right edge of row it is still possible to find out the weight

of IO7o of materiď' The value of Cr='74'67o is too much

better than C u = 297, achieved by the first measurements'

The straw uniformity is almost sirnilar as husk and other

small remains. It is possible to suppose that a lower level

rotation of plate and flicker distributors (mentioned

above) allow distribute straw, husk and other small re-

mains together.

The measurements carried out with a straw distributor

modified by the second design changes presented that

straw' husk and other small materiď are distributed in the

whole working width of a combine harvester, but not

ideally (Fig. 3). Material weight is rannging from 20 to

25Vo in the centre of working row (on the left and right

edges of row it is possible to find out about 37o of ma-

terial weight only). This is too much. Coefficient C, is
for straw 45.27o and for smďl remains 53.9?o' Sma|l

remains are distributed better than the machines without

design changes. There is an interesting worst distribution

of crushed straw here. It was probably caused that the

measurements of the type of design change were carried

out in a field with higher crop yield. Nevertheless, it is
possible to say that this very easy design changes can

cause better distribution of small material particles.

CONCLUSION

The main subject of the paper is to evďuate the impact

of different types of straw and husk distributors design

changes. Owners of CASE IH combine harvesters can

apply these changes to increase a quďity of work. It re-

sults from our measurements that the quality of husk and

small remains distribution is poor with not designed

changed machines. It can cause problems with conserva-

tion tillage technologies. Nevertheless, the quality of
straw crushing and distríbution is good, the problems can

be expected in most cases from that reason.

If a design change realised by protraction of distribu-

tor's driving shaft length to 200 mm is applied' then the
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distribution of husk and other smďl remains is much better.
The distribution of straw is good in the same time as well.
This simple design change can be recommended from the
point of view of our measurement results. There is one
possible design disadvantage here. The bearings ofdistribu-
tor's driving shafts will be highly stÍessed in comparison
with the designeďy not chaÍIged machines'

ff a design change reďised by additionď distributing
metď Sheet vane mounted on a lower side of plate and
flicker straw, then the distribution of husk and small re-
mains is better as well, but not so much. Problems with
crushed straw ďstribution can be expected in a field with
a higher crop yield. But the problems are possible to expect
with the designedly not changed machines as well. The
main advantage of the solution is its technical simplicity.

We would like to cary out another similar measure-
ments in near future. It might be interesting to find out
a relationship between distribution uniformity of straw,
husk, small remains and crop yield as well as influence
of another harvested crop to distribution quality.
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V posledních letech se ve světě i u nás v rostlinné produkci stále více prosazují technologie předseťové pňpravy
půdy, pro které se vžII název půdoochranné technologie nebo také technologie mělkého zpracováni půdy. Lze se
setkat i s náZvem minimalizační nebo bezorebné zpracovámí půdy.
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Podstata všech těchto technologií spočívá v omezování hloubky zpracovávané vrstvy půdy na nezbytné minimum'

Yyuživáni bezorebných technologií však s sebou přináší také některá rizika. Nedocházi napÍiklad k úplnému zapra-

vení rostlinných zbytků do půdy. Velké množství plev a úhrabků, nashromažděných na povrchu pole při sklizni,

můŽe negativně ovlivnit vzcházerí výdrolu, což způsobuje problémy především v následně pěstovaných porostech

ozimé řepky a oz\mých obilovin. Velké množství organických zbytků na povrchu půdy také působí jako přirozená

ochrana pro hlodavce.
Slráma je přitom bohatým zdrojem organických látek nutných k udržení půdní úrodnosti i při nedostatku statko-

výchhnojiv(Angers etal., 1993; Watts, Dexter,1991). Jeprotovelicerozumnéslámudopůdynějakým
způsobem vrátit. Asi nejjednodušší je slámu již při sklizni rozdrtit a spolu s ostatními rostlinnými zbytky rovnoměrně

rozptýlit po pozemku.
Podleautoru Johnson (1988)a Ba11, RobertSon (1990)lzevšechnytytonegativnívlivyodstranitnebo

minimalizovat 11ž při sklizni předplodiny a také následnou volbou vhodných postupů a strojů pro podmítku, předse-

ťovou přípravu půdy a setí.

Velice důležitou úlohu hraje sklízecí mlátička. Ta musí zajistit, aby sliíma byla dostatečně rozdrcena (90 vo částic

mábýt menších než 8 cm) a jak sláma, tak další organické zbytky (především plevy a úhrabky) byly rovnoměrně

rozptýleny po celé šířce sklízecí mlátičky. Moderní sklízecí mlátičky těmto požadavkům vyhovují' pokud jde o drcení

arozpty| slámy. Problematický je ale rozptyl plev a úhrabků _- u strojů' které jsou vybaveny pouze drtičem slámy,

zůstávají ve velké vrstvě v řádku za mlátičkou. Podobná situace je také u axiálních sklízecích mlátiček Íirmy Case

IH (obr. 1) (Kv íz,2OO0). Technologický proces drceni arozhozu slámy je u axiálních sklízecích mlátiček řešen

tak, že vlastní drtič je umístěn hned za axiálním mláticím a separačním ústrojím a pracuje rovněž jako odmítací

buben' Podrcená sláma pak dopadá na rozmetací kotouče. Z tohoto důvodu se objevily snahy o úpravu rozmetadla

slámy těchto strojů tak, aby se rozmetrání plev a úhrabků zlepšilo.
Jestliže se použije úprava spočívající v prodloužení hřídelí pohonu rozmetacích kotoučů o 20 cm' situace s roz-

hozem p1ev a úhrabků se podstatně zlepší. Tuto poměrnějednoduchou úpravu lzenazáhJadě výsledků našich měření

doporučit (obr. 2). Určitá nevýhoda tohoto řešení je technického charakteru. Spočívá v tom' že loŽiska uloŽení hřídelí

pohonu jsou během práce stroje více namáhána z důvodů změny polohy těžiště rozmetacích kotoučů, coŽ se samo-

zřejmě posune dále od loŽisek poháněcích hřídelí.
Jestliže se použije druhá úprava, spočívající v namontování dalších rozmetacích lopatek také na spodní stranu

rozmetacích kotoučů, situace se také zlepší, i když ne tolikjako při pouŽití předchozí úpravy (obr. 3). Na výnosných

pozemcích může nastat komplikace s rozhozem slámy. To je ďe moŽné předpokládat i na stroji bez úprav' Výhodou

tohoto řešení všakje, žeje velicejednoduché. V případě potřebyje lze uskutečnit i s poměrně skromným technickým

vybavením.
Nedostatkem námi provedených měřeni je, že nebylo možno zajistit jejich uskutečnění na stejném pozemku'

Z toho důvodu chceme podobná měření ještě zopakovat pokud možno na výnosnějších porostech. Sledován bude

rovněž vliv úprav navzcházivost následné plodiny. Zajimavá by také mohla být měření sledující kvalitu rozmetání

slámy v závislosti na jejím výnosu.

zemědělská technika; drcení slámy; konzervačni zpracováni půdy; rozhoz plev
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