Hayxosuii sicnux Hayionanvrnozco yrigepcumemy 6iopecypcie i npupoookopucmyeanus Yxpainu.
Cepis: mexnixa ma enepeemuxa AIIK. 2018, Bun. 296, 53-60
ISSN 2222-8594 (print), ISSN 2415-7694 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

UDC 631.354.2:633.85

DOI: 10.31548/machenergy.2018.02.053-060

REDUCING SEED LOSSES AND FUEL CONSUMPTION IN RAPESEED HARVEST

Spokas L.%, Smolinskiy S. V.2, Zebrauskas G.., Cipliené A.!

Aleksandras Stulginskis University, Lithuania.

2National University of Life and Environmental Sciences of Ukraine, Ukraine.

Corresponding authors: staned@ukr.net.

Article history: Received: March 2018. Received in the revised form: April 2018. Accepted: May 2018.

Bibl. 16, fig. 5, tabl. 2.

Abstract. Rapeseed harvesting starts in the Baltics
as soon as seed moisture content decreases to 12%. While
the variation in seed moisture content is not affected by
short-term precipitation, prolonged precipitation leads to
ca. 2% increase in the moisture content. 0.2 m high
stubble of winter rapeseed accounts for the share of
49.87% in the total stem mass. Its moisture content is
10.39% higher than of the remaining share of the stem
mass. Increase of the stubble height to 0.3 m leads to
15.52% reduction in the stem mass fed into a combine
harvester, and 1.79% reduction in moisture content of the
stem mass. In this case, fuel consumption per hectare of
harvested rapeseed is lower by 2.74 |, and per ton of
threshed seeds — by 0.27 I. Relationship between the rate
of rapeseed feed into a combine harvester, shatter loss
from straw separation and chaff cleaning, and fuel
consumption per ton of threshed seeds has been found.
The rate limit of rapeseed feed into the combine harvester
is reached, when fuel consumption per ton of threshed
seeds has stopped reducing, but shatter loss from straw
separation and chaff cleaning is still within the tolerable
range. In the case of winter rapeseed harvesting under
processing conditions, fuel consumption per ton of
threshed seeds ranged from 2.5 to 6.5 I, while in the case
of rational rate of rapeseed feed into the combine
harvester, fuel consumption per ton of threshed seeds
reached 2.93+0.23 I.

Key words: combine harvesters, rapeseed, fuel
consumption, grain loss, throughput.

Introduction

Rapeseed oil is used in food industry, biofuel,
rapeseed cake — for production of compound feed, and
straw — for production of solid fuel. In Europe winter
rapeseed varieties [1] are preferred to summer varieties
due to higher yield of the former. In Lithuania, winter
rapeseed areas account for the share of 80,5% of the
entire rapeseed crop area [2]. Winter rapeseed yield is
1.7 times higher compared to summer rapeseed.

Winter rapeseed crops are harvested during the third
ten-day period of July, while summer rapeseed harvesting
takes place at the end of August, when average moisture
content of seeds is ca. 12% [3]. Natural factors may lead

to shatter losses of up to 2.5 %, whereas delay of reaping
may result in as high as 6.8 % shatter loss [4]. Natural
shatter losses are affected by genetic properties of the
rapeseed [5, 6], short-term heavy precipitation and strong
wind [7]. Shatter loss may be reduced biologically and
chemically by speeding up the process of rapeseed
maturation or delaying the dehiscence of siliquae.

Formulation of problem

Moisture content of stems during the rational
rapeseed harvesting period reaches 75-85 % and reduces
slowly. Stem branches are usually covered with abundant
foliage. Shatter loss from combine harvesting may
account for up to 11 %, natural shatter loss — 3% [8].

Maturation of siliquae varies depending on their
location on the rapeseed stems: higher location
determines earlier maturation, while siliquae located
lower are prone to delayed maturation. Dehiscence of
siliquae occurs naturally and their seeds fall on the soil
before all siliguae become mature [4]. The crops are
sprayed with Pinolen solution to reduce the natural shatter
loss [9]. Siliquae are coated by the light film of viscous
solution that prevents them from opening. Natural shatter
loss of the rapeseed crops sprayed with Agrovital solution
was 7 %, compared to 26% of the shatter loss in case of
unsprayed crops [10]. In the cases of very unfavourable
conditions during rapeseed harvesting, shatter loss from
harvesting the rapeseed sprayed with Pinolen solution was
11 times as low as for the unsprayed rapeseed [11].

Analysis of recent research results

Combine harvester throughput and performance
during rapeseed harvesting largely depend on the
moisture content of rapeseed, rate of the mass fed into the
combine harvester and composition of the mass [12, 13].
Values of diameter, moisture content and mass increase
the closer to the soil, compared to the values at the top
branches [14]. As long as the rapeseed has not flattened, it
may be harvested by leaving higher stubble. Combine
harvester throughput has been determined to increase by
1.5-2 %, and fuel consumption — to decrease by 1.5 %



54 Spokas L., Smolinskiy S. V., Zebrauskas G., Ciplien¢ A.

with each 10 mm added to the crop stubble height
[15, 16]. On the other hand, the rapeseed is more humid in
the morning and evening, leading to smaller running
speeds of combine harvesters and resulting in higher fuel
consumption per ton of threshed seeds. Pattern of
variation of fuel consumption during rapeseed harvesting
in the course of the day in different years has not been
determined yet. Biometric indicators of winter and
summer rapeseed are different, and their effect on the
performance indicators of combine harvesters and fuel
consumption has not been revealed yet.

Purpose of research

The aim of the study is to validate rational means for
reduction of shatter loss from combine harvesting of
rapeseed and fuel consumption.

Results of research

Biometric indicators: For the purpose of
identification of the biometric parameters, the number of
plants and number of siliquae of each plant, the height of
stems, distance from the soil to the first branch were
determined in plots of 0.25 m? in five replicates sampled
randomly on production fields of farms before rapeseed
harvest (BBCH88). Siliquae picking from different
locations of the site was repeated three times with 50
siliquae picked each time. Length of each siliquae,
number of seeds per siliquae, seed weight and the mass of
1000 seeds were determined at the laboratory. Stems of
rapeseed were taken from five replicates of 0.25 m? to
determine the biological rapeseed yield. The stems were
then transferred into individual waterproof bags of large
volume. Each sample was hand-threshed at the laboratory.
Clean seeds, chaff, stems, and 0.2 and 0.3 m high stubble
were weighted individually. Samples of rapeseed stems,
stubble and seeds were taken to determine the moisture
content. Samples were subjected to drying at 105 °C to the
steady moisture content condition. Biological yield of the
rapeseed and share of stubble in the straw mass were
calculated. Average data were calculated. The mass of all
sample seeds was calculated at 9% moisture content.

- Natural shatter loss. Variation in moisture content
and natural shattering of seeds of winter rapeseed variety
Sunday was observed at the Experimental Station of
Aleksandras Stulginskis University. On 30 July, seven 1.5
x 0.05 m troughs were placed on the site of the rapeseed
crops. The inner surface of the troughs was coated with
waterproof and cloth of low elasticity. The troughs were
checked for shattered seeds on the daily basis at 2 p.m.;
seeds found in each trough were counted, put into bowls
and weighted at the laboratory. Siliquae were picked in a
separate part of the site alonthe stems of the rape, hand-
threshed, and five samples of seeds were taken to
determine the moisture content. Average moisture content
of seeds and shatter losses of seeds of 9% moisture
content in kg ha'* were calculated on the daily basis.

- Variation of moisture content and weight along the
stems. Rapeseed was cut near the soil at the monitoring

site of the five plots of 0.25 m?. Each sample was
subjected to individual threshing. The stems were cut into
100 mm long pieces. Each length class of the pieces was
weighted. The pieces were then cut into smaller pieces of
up to 10 mm in length, and five samples were taken to
determine their moisture content. Moisture content of
each length class of stems and their share in the total mass
of stems were calculated.

- Shatter loss from rapeseed straw separation and
chaff cleaning. Determination of the loss was carried out
at the production fields of farms during rapeseed
harvesting by combine harvesters of different designs. For
this purpose, 0.0213 m? bowls having the shape of a cut
cone were used. Rapeseed samples to determine the
biometric indicators were taken from five 0.25 m? plots of
100 m long field section of unflattened crops of uniform
density and maturity.

The researchers communicated with the supervisor
of research programme sitting in the cabin of the combine
harvester via RC during the operations. Two bowls were
placed under the combine harvester moving at the
programme speed and distributing the shredded straw, one
— next to the driving wheel, other bowls — at the distances
of one meter from the wheel (width b of the stretch of the
distributed cut straw had to be taken into account).
Afterwards, rapeseeds in the bowls were calculated.
Moisture of the seeds was measured using Pfeuffer HE
lite moisture meter (accuracy of readings — 0.1%). Shatter
loss from rapeseed straw separation and chaff cleaning
was calculated in kg ha® as follows:

_aAb ’
2,13B
where a — average number of seeds per bowl, pcs., A —
mass of 1000 seeds, g; B — cutting table width of the
combine harvester, m; b — width of the stretch of the
distributed cut straw, m.

The mass of 1000 seeds distributed into ten samples
(100 seeds each) was determined under field conditions
using Kern CM320 scales. The mass ranged from
3.7+0.13 to 4.840.035 g.

Where the seeds in the bowls were weighted under
field conditions using the scales (Kern CM320), shatter
loss was calculated in kg ha! as follows:

N 469,58,
B 1

where a; — average mass of seeds in the bowls, g.

- Combine harvester throughput. Distance made by
the combine harvester and its fuel consumption were
registered at the beginning of the operations. Filling time
of each hopper, distance made by the combine harvester,
seed yield, and moisture content were registered during
the operations. Moreover, seed discharging time of each
hopper was measured under the conditions of standstill
and running combine harvester. Seeds of each hopper
were weighted at the warehouse. Where a combine
harvester was not equipped with any seed moisture
content and yield meter, moisture content was determined
using a portable moisture meter, while average yield was
calculated according to biometric indicators of the
harvested crops. Combine harvester throughput during the
process time (ha h™?) was calculated as follows:
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W =0,1BvT ,
where: B — cutting table width, m; v — combine harvester
running speed, km h'; T — operating time, h.
Combine harvester throughput during the process
time (t h') was calculated as follows:
w, = 6906
Tl
where: G — hopper grain mass, t; T1 — hopper filling time, s.

- Fuel consumption. Fuel consumption by combine
harvester C was measured in | h?' using AIC-888
Instructor device produced by the Swiss company
Automotive Information and Control Systems AG.
Verification of the device was in compliance with Euro-
Norm 95/54/CE. Measurement tolerance: *1%. Fuel
consumption by combine harvester E was measured in
I h using the manufacturer’s device. Real-time fuel
consumption readings were shown on the computer
display. Average fuel consumption per ton of threshed
seeds and hectare of harvested rapeseed was calculated
based on the values of filling time of each hopper, seed
mass and fuel consumption measured at factory
conditions. The obtained data were more accurate, where
harvesting of each rapeseed variety was monitored
individually from early morning to late evening for
several days.

- Statistical analysis. The experiments of rapeseed
shattering were carried out in 7 replicates, whereas others
— in 3 replicates. One-way analysis of variance (ANOVA)
was performed with MS Excel to analyse data. Significant
difference (p<0.05) between treated and non-treated
rapeseed was determined with Fisher’s LSD range test.

- Grain combine harvesters. Throughput, shatter loss
from straw separation and chaff cleaning, fuel
consumption were measured for winter and summer
rapeseed harvesting by combine harvesters with straw
walkers A and C, hybrid combine harvester D and

Table 1. The key technical data of combine harvesters.

combine harvester with two axial threshing-separation
cylinders E.

Combine harvesters A and C are of average, while D
and E are of high throughput.

The main threshing cylinder in combine harvesters
A, C and D is preceded by a cylinder of 0.45 m in
diameter that accelerates the throughput speed of the
inclined conveyor from 5 to 15 m s. As a result, thinner
layer of mass is fed into the threshing unit. Harvesting of
winter rapeseed was carried out in different years in July
and August. Biometric indicators and variation of
moisture content along the length of stems were measured
at the laboratory, while combine harvester throughput,
shatter loss and fuel consumption — during rapeseed
harvesting.

1. Weather condition. Starting time of winter
rapeseed harvesting is largely affected by weather
conditions of July. There were 16 rainy days in July and
11 rainy days in August on average leading to > 0.5 mm
precipitation.

2. Biometric indicators of rape Operating speed and
performance indicators of a combine harvester are
determined by the rate of rapeseed feed and its
composition. It was determined that the density of
different varieties of winter rapeseed crops were within
the data distribution range (Table 2). The height of
stubble during rapeseed harvesting is limited by the
distance from the soil surface to the first branch.
Unflattened winter rapeseed may be cut by leaving the
stubble of ca. 0.3 m in height.

2. Starting time and period of rapeseed harvesting.
Rapeseed cutting starts after decrease of seed moisture
content down to 12% (Fig. 1). Where weather conditions
are favourable for rapeseed maturation, seed moisture
content decreases down to 8.5% within three days, in
which case desiccation is not required.

Indices Measyring Combine harvester
units A C D E
Header width m 6 6 9.1 7.3
Cylinder (rotor) diameter m 0.45 0.6 0.6 0.559
Cylinder (rotor) length m 1.58 1.7 1.7 2x2.638
Total separation area of concaves m? 1.32 1.73 1.73 3.06
Total separation area of sieves m? 5.65 5.8 6.2 6.5
Grain tank capacity | 9000 8100 12000 10500
Engine power kw 220 203 368 360
Table 2. Biometric indicators of winter and spring rapeseed.
Index Measur_ement _ Winter rape
unit Catalina Sunday Remy
Crop Density (st. m?) 43.20+4.91 45.3+2.8 45.246,11
Height of plants (m) 1.27+0.05 1.24+0.05 1.29+0.04
Distance from soil surface to first branch of plant (m) 0.47+0.11 0.41+0.07 0.25+0.06
Stubble mass (250 mm) share in total stem mass (%) 44.96+6.27 | 56.15+2.14 | 34.05+0.6
Length of siliquae (mm) 72+3.40 61.73£0.79 | 72.03+1,71
Number of seeds within siliquae (units) 26.5+2.1 25.35+1.23 | 27.440.73
Weight of seeds within siliquae (9%)* (9) 0.105+0.01 | 0.114+0.01 | 0.121+0,01
Weight of 1000 seeds (9%)* (9) 3.7+0.13 4.840.035 | 4.74+0.03
Biological yield (9%)* (tha?) 2.74+0.77 | 5.25+0.44 | 3.4140.39

*Seed moisture content
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Dry rapeseeds react to variations of ambient
atmospheric conditions. Although no precipitation was
registered on 5 August, moisture content of seeds
increased by ca. 1 % within two days due to increase of
relative humidity of ambient air by 10 %. Mature
rapeseed must be cut within three days, or harvesting may
continue to the first heavier rain
(> 3 mm). Light precipitation (0.1 mm) did not affect
variation in seed moisture content (11 August).
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Fig. 1. The dynamics of seed moisture content (U;)
and total shatter losses (N) of winter rapeseed variety
Sunday for particular days of July and August, 2009:
1 — seed moisture content, in %; 2 — total shatter losses, in
kg ha'l; 3 — precipitation.

4. Stubble height. In case of harvesting of fully
flattened rape, 0.1 m of stubble is left, while in case of
unflattened rapeseed, the stubble height is 0.2 to 0.3 m.

During harvesting of rapeseed variety Catalina, seed
moisture content reached 9.21%, while moisture content
of the total stem mass was as high as 75.33%. The share
of stubble (0.2 m in height) was 39.42+2.56% of the total
stem mass, moisture content of the stubble reached
82.33£0.68%, while moisture content of the mass fed into
combine harvester was as high as 71.96+1.78%. After the
stubble height had been increased to 0.3 m, 11.86+0.82%
less stem mass was fed into the combine harvester, and its
moisture content was lower by 1.18 %.

Stubble (0.2 m) of winter rapeseed variety Sunday
accounted for the share of 47.3+1.59% in the total stem
mass, where seed moisture content reached 17.25, while
the average moisture content of stems was 80.43%. The
higher the moisture content of harvested rapeseed, the
larger the share of stubble mass in the total mass. After
the stubble height had been increased to 0.3 m,
13.61+0.61% less stem mass was fed into the combine
harvester, and its moisture content was lower by ca.
2.44 % points.

In general, taking into account the dynamics of mass
of different winter rapeseed varieties in 20092012 at the
specific length of stems (0.6 m), close relationship
between stubble height h and its mass m; has been
determined:

my = 107.23h? — 98.55h + 33.45, R?=0.97.

Variation in the moisture content along the rapeseed
stems is poor. Linear dependency between stubble height
h and its moisture content U, has been determined:

U,=-17.97h + 85.13, R?=0.99.

5. Shatter loss from rapeseed harvesting. During
harvesting by combine harvesters, seeds fall out of active
side dividers of the cutting table, reels that have been
lowered excessively or are subject to excessively fast
rotation. An operator of the combine harvester may
reduce the shatter loss from rapeseed harvesting by
changing the reel position, the ratio between their rotation
speed and running speed of the combine harvester. In case
of irrational rapeseed feed into the combine harvester,
straw walkers or rotary straw separators and cleaning
sieves fail to separate all seeds from the chaff. Combine
harvesters still lack a reliable meter of shatter loss from
straw separation and chaff cleaning. As a result, shatter
loss from straw separation and chaff cleaning is
determined manually, with subsequent adjustment of
computer readings.

The effect of the rate of winter rapeseed feed into
combine harvester A of average throughput on the shatter
loss from straw separation and chaff cleaning has been
analysed (Fig. 2). The lowest number of seeds that had
dropped on the soil together with straw and chaff was
registered during rational feed rate of rapeseed into the
combine harvester.
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Fig. 2. The effect of the rate of rapeseed feed into
combine harvester A on shatter loss from straw separation
and chaff cleaning: 1 —winter rapeseed Catalina: rotation
speed of the threshing cylinder np=740 min, rotation
speed of the ventilator n,=750 min, clearance between
the cylinder and sub-cylinder a=20-121 mm, clearances
between sieve scale in the upper sieve bi=6 mm, in the
bottom sieve — b,=2 mm, stubble height h=0.3 m, seed
yield A;=2.84 t hal, seed moisture content U;=9,21%,
stem moisture content — U,=71,96 %.

In case of harvesting of moist winter rapeseed Remy
(U1=14.16%) by hybrid combine harvester D (Fig. 3) of
high throughput, and dry rapeseed Casino (U1=8,8%) by
combine harvester with two axial threshing-separation
cylinders E, the lowest shatter loss from straw separation
and chaff cleaning was determined to be within the
tolerance limit of 1 %, when rational feed rate of rapeseed
into combine harvester D was 7.58, and in combine
harvester E — 12.6 kg s®. The difference was due to
design properties of the combine harvesters and
differences in rapeseed moisture content. Shatter loss
tended to increase upon reduction or further increase of
the rate of rapeseed feed into the combine harvesters.
Shatter loss had to be measured manually more frequently
at the beginning of rapeseed harvesting in order to



REDUCING SEED LOSSES AND FUEL CONSUMPTION IN RAPESEED HARVEST 57

validate the rational combine harvester running speed, i.e.
the rate of rapeseed feed.
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Fig. 3. The effect of the rate of rapeseed feed into the
combine harvester on shatter losses from straw separation
and chaff cleaning: 1 — combine harvester D, winter
rapeseed Remy, n,=560 min=, n,=800 min?, a=18 mm,
b1=12 mm, b,=5 mm , Ag=3.2 t hal, U;=14.16%,
U,=60.61%; 2 — combine harvester E, winter rapeseed
Casino, ny=650min, n,=500 min*?, a=23 mm b;=6 mm,
b,=3 mm, h=0.3 m, A;=3.2 t ha', U1=8.8%, U,=47.70%.

It has been determined based on research results that,
in general, rational rate of rapeseed feed into a combine
harvester depends on combine harvester throughput,
biometric indicators of rapeseed, and stubble height. In
the case of rapeseed harvesting using part of the width of
the cutting table or at varying stubble height, running
speed of the combine harvester must be adjusted as well
in order to maintain the same rational rate of rape feed.
The combine harvester should be equipped with an
automatic control system that changes process parameters
of the threshing unit, straw separator, and cleaner.

6. Fuel consumption and combine harvester
throughput. As the combine harvester is cutting the
rapeseed and increasing the stubble height (Fig. 4), the
mass is fed into the combine harvester at lower rate,
leading to less fuel consumed for threshing of one ton of
seeds. The reduction in fuel consumption is slightly
slower in case of higher stubble due to uneven variation
of mass and moisture content along the stems. Where
unflattened winter rapeseed was harvested, the most
rational height of the stubble was 0.3 m.

It has been determined (Fig. 5) that, with the increase
of the rate of winter rapeseed feed into the combine
harvester to 12 kg s?, fuel consumption per ton of
threshed seeds saw reliable reduction. Where the rate of
rapeseed feed into the combine harvester was exceeded,
fuel consumption did not drop and ranged within the
tolerance limits. There is certain relationship between
rational rate of rapeseed feed, shatter loss and fuel
consumption per ton of threshed seeds. Computer of the
combine harvester fails to show reliable data on the
dynamics of shatter loss; therefore, its automatic speed
control should be linked to the engine load and fuel
consumption per ton of threshed seeds.
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Fig. 4. The effect of the stubble height of winter
rapeseed Sunday on fuel consumption per hour (B) and
ton of threshed seeds (B:i) by the engine of combine
harvester C: n,=600 min, n,=930 min*, a=18 mm b;=9
mm, b;=5 mm, Ag=2.3 t hal, U;=11,2 %, v=6 km h*;
1 — hourly fuel consumption; 2 — fuel consumption per ton
of threshed seeds.
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Fig. 5. The effect of the rate of winter rapeseed
Sunday feed into combine harvester C on fuel
consumption per hour (B) and ton of seeds threshed (B:1)
by the engine: h=0.3 m, np=600 min‘*, n,=930 min’, a=18
mm, b;=9 mm, b;=5 mm, A;=2.3 t ha, U;=11,2%; v=6
km h?% 1 — hourly fuel consumption; 2 - fuel

consumption per ton of threshed rapeseed.

Actual fuel consumption was determined more
accurately by monitoring combine harvester operations
throughout the day or for several days on the production
areas. Reliable effect of the time of day during winter
rapeseed Visby harvesting on combine harvester C
throughput and fuel consumption per ton of threshed
seeds has not been determined. Combine harvester
throughput was slightly higher, and fuel consumption —
lower at noon.

Operating conditions may have greater effect on fuel
consumption by the engine than change of the fed
rapeseed flow in individual cases. Similar data have been
obtained for rapeseed harvesting by combine harvester D.

Characteristics of winter rapeseed species Visby,
Rohan and Cult did not have any reliable effect on
combine harvester C throughput and fuel consumption.
For winter rapeseed Rohan harvesting, fuel consumption
per ton of threshed seeds reached 2.54+0.18, while for
rapeseed species Cult — 2.22+0.47 1. For winter rapeseed
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Remy harvesting by combine harvester D under
unfavourable conditions, fuel consumption per ton of
threshed seeds ranged from 4.4 to 6.9 I. A lot of time at
the beginning of harvesting was spent on empty trips and
frequent downtimes. Although short-term and heavy
precipitation led to shorter operating times of combine
harvesters, throughput per net operating time did not
reduce.

Discussion

Starting time of rapeseed harvesting and shatter loss
are largely affected by weather conditions. Short-term
precipitation does not affect moisture content of mature
summer rapeseeds [4]. Similar results have been obtained
by monitoring the dynamics of moisture content of winter
rapeseeds Sunday (Fig. 1) Heavy precipitation (18 mm)
leads to increase in moisture content of rapeseeds by ca. 2
%; however, the moisture content drops to the previous
value the following day [3]. Prolonged rainy periods lead
to increase in total shatter loss several fold [7]. The
authors have noted that not only precipitation, but also
strong wind > 5 m s have greater effect on shatter loss.
Under favourable weather conditions, rapeseed harvesting
may start as soon as the rapeseed moisture content
reaches 9, and in case of rainy weather — 12%. Duration
of rapeseed harvesting: 3-5 days.

Combine  harvester  performance and  fuel
consumption depend on the rate of rapeseed mass feed
into the combine harvester [12, 13]. The rate may be
adjusted by leaving higher stubble without any changes to
the running speed of the combine harvester. In Germany,
moisture content of the mature rapeseed has been found to
vary by 70 to 20 % along the length of stems [14], while
in case of high moisture content (59.55%), the variation
was 10% points only. In Lithuania, relative air humidity
in July for the recent decade has been 75.7, August —
79.3%. Moisture content of winter rapeseed Catalina
ranged from 83.17+1.88 to 74.10£0.47 the length of 0.6 m
high stems. The rate of rapeseed mass feed into the
combine harvester and average moisture content may be
reduced by increasing the height of stubble. Increase of
wheat stubble height from 0.1 to 0.2 m has been found
[16] to reduce fuel consumption per harvested hectare by
4 1. According to other authors [15], combine harvester
throughput increases by 2 % points with each 0.01 m of
added stubble height. On the other hand, the effect of
stubble height on performance indicators of the combine
harvester has not been covered, while rapeseed harvesting
has not been mentioned at all.

Rapeseed is usually harvested by leaving 0.2 m high
stubble. Increase of stubble height of winter rapeseed to
0.3 m leads to ca. 15.52 % reduction in the mass of stems
fed into the combine harvester and 1.2 % reduction in its
moisture content.

Rational rate of mass feed is different for each group
of combine harvesters. Therefore, where shatter loss from
straw separation and chaff cleaning is within the tolerance
limits, change of stubble height must be performed with
reference to a combine harvester running speed as well, in
order to maintain the rational rate of rapeseed feed into
the combine harvester.

Fuel consumption per hour and per harvested hectare
provide only partial picture of the operating conditions of
combine harvester and engine load. Fuel consumption per
ton of threshed seeds provides more accurate actual
indicator of combine harvester performance. Increase of
the rate of rapeseed feed into the combine harvester to a
rational value has been found to lead to reliable drop in
fuel consumption per ton of threshed seeds. If rational
feed is exceeded, fuel consumption stops reducing and
either ranges within the tolerance limits, or starts
increasing. There is reciprocal relationship between the
rapeseed feed rate, shatter loss and fuel consumption per
ton of threshed seeds. As the computer of combine
harvester does not show reliable dynamics of shatter loss,
automatic control of running speed should be linked to the
engine load and fuel consumption per ton of threshed
seeds.

During rapeseed harvesting, part of the day is spent
on empty trips by a combine harvester on the field, turns
at the end of the field, waiting for grain transportation
vehicles or repairs. Therefore, actual fuel consumption is
higher than fuel consumption during the process time.
Fuel consumption by combine harvester C per ton of
threshed seeds per process time was determined at
2.54+0.18 under favourable conditions and 4.72+0.4 |
under unfavourable conditions. No reliable difference in
variation of fuel consumption between different species of
harvested rapeseed has been found.

Conclusions

1. If the stubble height of winter rapeseed was 0.2 m,
the stubble amounted to the share of 49.87% of the total
stem mass. Increase of the stubble height to 0.3 m led to
reduction of the stem mass fed into the combine harvester
by ca. 15.52%, of fuel consumption per hectare harvested
— 2.74, per ton of threshed seeds — 0.27 .

2. The lowest value of shatter loss from straw
separation and chaff cleaning was reached in case of
rational rate of rapeseed feed into the combine harvester.
Contrary to grain harvesting, reduction of rate of rapeseed
feed into the combine harvester leads to increased shatter
loss. Therefore, when the stubble height is increased,
combine harvester running speed must be adjusted to
maintain the rational feed rate of the mass.

3. Increase of the rate of rapeseed feed into the
combine harvester to a rational value leads to reduction of
fuel consumption per ton of threshed seeds, and, further,
the fuel consumption either becomes stable or starts to
increase. Automatic control of the process of combine
harvester must be linked to the engine load and fuel
consumption per ton of threshed seeds.
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3HMKEHHSA BTPAT HACIHHA I BUTPATA
IMTAJIMBA Y BPOXAIO PITTIAKY
JI. LInokac, C. B. Cmonincokuit, I'. 3ebpayckac,
A. Linniene

AHoTaunig. Pimaky 306ip ypokaio IMOYHMHAETHCS B
[TpubanTuili, K TUIBKK BOJIOTICTh HACIHHS 3HHMKYETHCS
no 12%. B Toif Wac sk 3MiHa BOJIOTOCTI HACiHHI HE
BIUTMBAE Ha KOPOTKOYACHI ONaaW, TpPHBAJII OMaaH
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npmBoautek 10 Ka. 2% 30idpmIeHHS BMICTY BOJIOTH.
Bucoka 0,2 M cTepHi 03MMOro pimaky IpHUIagae Ha
yactky 49.87% 'y s3aranpHiii cToBOYpHOi Macu. [i
BOJIOTiCTh cTaHOBUTH 10.39% BHIE, HDK iHIIA YacTKa
cToBOYpHOI Macu. 30inmbImeHHsT BUCOTH cTepHi a0 0,3 M
MPUBOANTE 10 3MeHmeHHs 15.52% B croBOypi Maca
MOJAEThCS B KoMOaiiui, 1 3HmkeHHs 1.79% Bojorocri
Macu crtebsa. Y [bOMY BHIAJKy, BUTpara HajnBa Ha
reKTap pinaky HaMoJIO4eHO Oyne Huxk4e Ha 2,74 i1, a Ha
TOHHY 0OMoOJO4YeHOro 3epHa — Ha 0,27 1. 3B'I30K Mik
HIBUJKICTIO piNaky rojyBaTh B KoMOaiiHi, 3pyHHyBaTH
BTPATH BiJ PO3MUICHHS 1 OYHIIEHHS COJIOMH, IOJIOBH, i
BHTpaTa TajiBa Ha TOHHY oOMonodeHoro Hacinus OyB
3HaiineHuil. [ paHMUHUI po3Mip HACIHHA PiaKy TOAYyBaTH
B KoMOaifHi HocsraeThcs, KOJM BUTPATA MaJINBa HA TOHHY
00OMOJIOUECHOTO HACIHHS NPUIHMHUB 3HIKCHHS, aje
3pyHHYBAaTH BTpPaTH COJOMH PO3AUICHHS 1 OYMINCHHS
MIOJIOBH-1IE 1€ B MEXax JOIyCTUMOTO Jiama3oHy. Y pasi
03MMOTO pilaKy 3aroToBKa IiJi 0OpoOKy yMOBH, BUTparta
najvBa Ha TOHHY OOMOJIOYEHOro HaciHHs BapiroBajacs
Bix 2,5 mo 6,5 1, a y BUNAAKY palliOHAJIbHHUX BapTICTh
HaCiHHA pilaKy KOpMOBOi KoMOaifH, BUTpaTa MajuBa Ha
TOHHY 00MOJIOUEHOT0 HaciHHA noixatu 2.93+0,23 .

KarouoBi ciioBa: 3epHO30HMpanbHUA  KOMOAiiH,
pimak, BWTpaTa NajgWBa, BTPAaTH 3€pHA, IPOIYCKHA
3aTHICTb.

CHUXEHUE MIOTEPb CEMSH U PACXO/]
TOIUVIMBA B YPOXAE PAIICA
JI. llnoxac, C. B. Cmoaunckui, I'. 3ebpayckac,
A. Hunausus

AHHoTanus. Pamca cOop ypoxas HadMHaeTCs B
[IpubanTtike, KaKk TONBKO BIAKHOCTh CEMSIH CHIDKAETCS
1o 12%. B To Bpems Kak M3MEHEHHE BIAXKHOCTH CEMSH
HE BIIHSICT Ha KpPaTKOBPEMCHHBIC 0CajKy,
MPOJOJKUTENbHBIE  Ocaiku mnpuBoauT Kk Ka. 2%
YBEIIMYCHUE COJCpKaHus Biard. Beicokas 0,2 M cTrepHU
03UMOr0 panca mpuxoaurcs Ha goimro 49.87% B obumieit
cTBOJIOBOM Maccel. Ee Bmaxkuocts coctaBisier 10.39%
BBIIIE, YeM OCTajllbHasg JIOJs CTBOJIOBOM  MAcCCHI.
VYBenuueHue BBICOTHI cTepHU 10 0,3 M NOpPUBOAWUT K
ymenpmennto 15.52% B cTBONE Macca momaeTcs B
KoMOaiiHe, u cHrbkeHue 1.79% BIa)XHOCTH CTEOJI MacChI.
B sToMm cirydae, pacxo[ TOIUIMBa Ha TeKTap HAMOJIOYCHO
parmca Oyznet HIbKe Ha 2,74 11, a Ha TOHHY 0OMOJIOUEHHOTO
3epHa — Ha 0,27 5. CBs3p MEXIy CKOpPOCTBIO parica
KOPMUTH B KOMOaliHe, pa3pylIuTh MOTEPU OT pa3jiesieHuUs
U OYHCTKH COJIOMBI MSIKHUHBI, U PACXO0J1 TOILUIMBA HA TOHHY
obmonouenHoro Cemena Obul HaigeH. [IpenenbHblii
pa3Mep ceMsiH parca KOPMHUTh B KOMOaiiHe TOCTHUraeTcs,
KOT/Ia pacxXoj TOMJIMBA HA TOHHY 0OMOJIOYEHHOTO CeMEeHa
MIPEeKpaTHII CHIDKEHHUE, HO Pa3pyIIUTh MMOTEPH U3 COIOMEI
pasIeneHus W OYHCTKU IDICBEN — A3TO €MIe B Ipeaenax
JOITyCTUMOTO JHama3oHa. B ciydae o3mMmoro parca
3aroToBKa Moj 00pabOTKY YCIIOBHS, pacxo]l TOILIMBA Ha
TOHHY OOMOJIOUEHHOTO CeMeHa BapbHPOBaNach OT 2,5 10
6,5 11, a B ciryyae palMOHaJIbHBIX CTOMMOCTB CEMSIH parica
KOpMOBOW KoMOaiiH, pacxoa TOIUIMBA HAa TOHHY
00MOJIOYEHHOT0 ceMeHa aoexarh 2.93+0,23 .

KiroueBble ciaoBa: 3epHOYOOpOYHBIH KOMOAiH,
pamc, pacxon TOIUIMBA, IIOTEPH 3€pHA, MPOITYCKHAs
CIocoOHOCTB.
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