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Summary

The analysis shows that comparative indicators of grain quality in ecological or intensive technologies of wheat, rye
and barley growing, i.e. structural elements of yield and grain quality are lower in ecological farms. To a large extent
it is determined by the weediness of ecological crops. According to the literature analysis, it was established that the
existing biologically active and environmentally friendly plant protection preparations have little effect on cereal
crops. The relationship between the parameters of false flax seed distribution within a drilling strip and the coulter was
established; an experimental coulter for strip drilling was designed; its technological and energetic evaluation was made,
and an analytical method to evaluate seed distribution within a drilling strip was proposed; experimental research of
false flax drilling together with barley was carried out and the technological elements of barley and false flax mixture
were investigated.

1. Introduction yield. Therefore, the research for solving thesekdais
relevant in terms of science and production.

With an increase of allergic, cancerous and other During recent years catch crops grown in the intes
diseases, spreading of deformities and cases dicides Of the main crop are more widely used for weed rnt
intoxication, people start avoiding products trelatgith ~ Under Lithuanian conditions it is expedient to gréalse
chemicals [1]. There is no any other area of adfricai flax as a catch crop in ecological cereal crops. An
specialization in the European Union (EU), whichuido assumption can be made that in order to ensurefficéent
have such rapid deve|opment as eco|ogica| agrmj[m] control of weeds it is advisable to drill false xflanto
Each year ecological food is getting more popujatioth ~ thinned out cereal crops by applying strip drillingethod.
in Europe and all over the world. Therefore, itsnded is I applying such a technology and trying to achigreater
increasing fast. In 2001 the Committee on Rurabi#éfof  efficiency of weed control, false flax seeds shoble
the Lithuanian Seimas decided that ecological feshmuld ~ distributed evenly within the width of a drillingrp. It is
be certified. In 2010 such farms should make tptap to ~ Necessary to investigate the factors determining th
15 % of all agricultural land in the country. Litmia had integrity of seed distribution within a drillingrg, choose
approved a Programme of Eco|ogica| AgricuhuredESign elements of a seed COUlter, establish theedo
Development for 2003 — 2006. Measures of the Progra affecting the coulter during drilling and test tafficiency
include the development of ecological agriculturalof the proposed method of weed control under field
production and market, improvement of certificationconditions. The presented work analyses the dyillin

system, education of farmers, etc. technology of crop and false flax combinations and
Crop yield is about two times lower in ecologitaims, ~ Working parts.
compared with the traditional practice. One of thain Research objectives to elaborate a method of weed

problems of ecological agriculture is high weedied control in ecological cereal (barley) crops, by Iginy
crops. The literature analysis [3-5] shows thateunthe catch crops (false flax), to substantiate theoaéiicand to
efficient weed control, catch crops have good pestipe —  test experimentally the design, technological aravey
they are plants grown before sowing of the mainpcro Parameters of seed coulters, adapted for strigingrilof
together with the main crop or after they are hstee the small seeds.

same year. Catch crops are drilled between the ofwise Research tasks:

main crop; they shade weeds in the competition for Theoretical analysis of the process of false flards
nutrients. In addition, catch crops are used fardfer distribution within a drilled strip;

technical purposes, after their yield has beendsied. One <+ Investigation of biological, physical and mechahica
of such catch crops could be false fl®aelina sativa)  characteristics of false flax grain;

[6-7]. It is an oil plant [8-11], distinguished fots high e« Testing of evenness of distribution of false fleeeds
resistance to negative external impacts. It grovedl wm  under laboratory conditions;

light soils; when drilling false flax together wittereals, « Carrying out laboratory research of draught reststa
this plant shades weeds and due to low demand fdorces affecting the experimental coulter;

nutrients, it does not compete with the main crop. « Testing of weed control efficiency during false xfla

False flax oil is valuable raw material, used @od growing in the interrows of barley under production
industry, cosmetics, in biodiesel production, éecowing  conditions.

area of false flax is increasing in EU countries &m the

USA — namely as a catch crop for cereals and peag. Theory

Cropping of false flax in the ecological farms dafHuania

has not been investigated yet. There is no datatak® Investigation of seed movement in a drilling hose. At the
drilling methods, influence on crop weediness actiieved initial time moment sheave drilling apparatus gispeed to
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a seedv, After that the seed falls along a vertical dndji ~ drilling hose inclination angle, initial seed speed, and
hose at the average constant spgetdihe condition of seed length of paths. Seed speed v in the inclined drilling hose
movement along an inclined drilling hose is desitboy = mainly depends on its anglg.

equation (1). Investigation of seed movement on a spherical surface of

the coulter spreader. For further even distribution of seeds
in soil we take a spherical surface, the curviresgle of
which is p =1 and we have tested different sizes of the

sphere. We will find the variation of seed’s moveine
when: m — seed mass, gv - seed speed, m/g; - angle speedv,, depending on radius The forces influencing the
between horizontal direction and direction of seedseed moving along the coulter spreader are shoWwigiril.
movement, degg - acceleration of free falling seed, fn/s
Fw— friction force, N;F,,=f- N; f - frictional coefficientR
— resistance force of external environmentR\ kv2 (v > 0
0,2 m/s); k — proportionality coefficient, determined
experimentallyk = k, - m; k,— coefficient of flittering, 1/s.

m%:mgsina—Ftr—R, (1)

N =mgcosa , (2)

when N - normal reaction force, N.
After insertion equation (2) arfe, into equation (1) and
some rearrangements, we achieve:

%+kov2 =g(sina - f cosx ), ®3)

L _ , Fig. 1. Seed movement along spherical surface of a coulter
We suppose that the initial speed of seed is knawn spreader (resistance force is neglected)

when t = 0, thus v =yv Having evaluated this assumption

and integrated equation (3), we compose the expres$

seed movement: Having evaluated active forces, differential egquaiof
the seed movement is as follows:

_(A+Vv)E - (A-V,)

: 4 dv :
(A+Vv,)EM +(A-V,) m— =mgsina — N . (9)
when dt )
The seed movement along the spreader surface is
influenced by centrifugal force rfip. Thus normal
A= \/g (sina — f con ) (5) reaction force will be:
Ko
2
Having applied the feature€”* =X and rearranged N =mg cosa - m;’ (10)
ATV onan
proportion—— =€ : : . .
A-v, when p —radius of curviness, in our cgser.
Q2(Akt+B) _q Having performed mathematical operations, we work
V= A ZmTE ® o 2
e +1 dv_ dy _dx, . .V*yd
when —=g(=-f )+ f——=. (11)
v dt ds ds dsl+y,
v, 1 1"
B = Arcth-===1In __A (7) Having rearranged equation (11), we can put & way:
1Yo
A dv !
v - Vo= g(y - 1), (2)
After a succession of mathematical rearrangemeves, X * Yy
work out seed speed at the end of the drilling hose
Il
- Y, -
L= (A+V,)exp(2¢B+ InD +/D?+ 1)) A-v,) @®) Marked p(X) = f ” ;,2 andq(x) = g(y, — f)
= > : X
(A+V,)exp(2€B - InO +JD?+ DX G-V, ) produce the following:

The established kinematic dependences of the dv
movement of a small seed of irregular shape indiiltng ~ v— — p(X)v* = q(X).. (13)
hose, enable determination of its speed, dependimg dx
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We get Jacob Bernoulli equation, work it out aird f

speed of seed movement, when it moves along splheric E1-5
surface. £ 44 ..\\
gl
| st - A 14 1 .
v sz«zf Q-+ )5 79 (14 : \m\
09 -
According to formula (14) and a special programwe, b \K
calculate the dependence of seed’s movement aloag t 807
spherical surface on radius distancex and coefficient of g W,-\{)
friction f = 0,2 (Fig. 2). )

0 10 20 a0 40 a0 il
Angle of inclination of a seed hose, deg

35 Fig. 3. Dependence of seed movement speed on a drilling
\ rzovoerlzo'Qz‘J{f r=009 r=01 hose’s inclination angle from vertical direction
25 r=0% 77/ oL’ At variation of drilling hose’s inclination angfeom 0
) \/ / (vertical position) to 6{) seed movement speed at the point
. ol of leaving the drilling hose decreased from 130,09 nis
Eis | ' ! to 0,55+ 0,04 nis’. Having compared the experimental
> ] data with the theoretical data calculated accordiag
expression (8), the average error does not exce&iB %
05 at reliability level of 0,95. Speed of seed movetater its
0 ‘ ‘ ‘ impact on spreader surface is characterized by dspee
° 0.08 006 x,m 009 0.12 0.15 retention coefficient/ in the best way, i.e. the ratio

between seed movement speed before and after traecim

Fig. 2. Dependence of speed of seed movement arisph 0N spreader surface is presented (Fig. 4):

radiusr and distance, when £=0,2) :
f,

=
[=x)

Speed of seed movemewtalong a spherical surface
depends on radius r, distance x and coefficieritiction f.
At spherical radius equal to r=0,15-0,17, when Iaefdlax
seed lands on spherical surface at speed of 0,2 the's
speed decreases down to 0,1 m/s at the first moréar

=
o

=

the seed has moved 0,02-0,03 m distance, its spee: & U4 =
increases. When the seed travels along 0,05 mndista K
from the centre of a sphere, its speed reaches(35By 02

varying spherical radius r, distance x and varadta seed, i 15 a0 45 Bl 75
it is possible to establish seed movement’s Spé'dmh Angle between seed spreader and horisontal plane, deg
optimum speed, at which the seeds would fall of th

surface and distribute evenly on soil, is 0,1-0/4 and that
depends on seeds’ aerodynamic characteristics.

Speed retention coefficient

Fig. 4. Dependence of retention coefficient of seed
movement’s speed on angle between horizontal grofec
of seed spreader and horizontal plane

We can see from the achieved results that thetegrea
angle of spreader position with regard to the uorial

Biological, physical and mechanical characteristics of surface, the higher value of the retention coedfitiof seed
' movement's speed.

false flax grain. It was establlshgd that false flax grain hasR ch of draught force of a seed coulter. The
oblong oval shape. Oval length is 22,18 mm and width resistance forces of the investigated coultersomsdned
1,1+ 0,11 mm. Grain thickness — (460,09 mm. Mass of 9

: L soil when drilling at a depth of 2-3 cm are relativsmall.
1000 grains at 15 % humidity compounds ,8,23 g and  ,i70nta| resistance’s force of the experimentatiler

density of their layer is 0,75 0,013 gém>. Coefficient of (EC) in sandy loam soil is 44,5 — 92,3 N and inmoi is
friction of false flax grain, moving along the sace of o3 _ 109 7'N. The same indicators of commercisdi
rolled steel, is 0,32 0,085 and 0,3% 0,058 along a plastic ¢qoyiter (CC) are 19,0 - 51,3 kPa and 52,0 - 98,2 N
surface respectively. . respectively. Vertical resistance force, when igilat the
Experimental trials established that the averagmdst mentioned depth, for EC is 14,4 - 29,8 N in saruwdym and
speed of false flax grain was 660,47 niS*. The average 19,8 - 45,0 N in loam; the same indicators for GE 54,6 -
flittering coefficient of grain was 0,220,016 . 19,5 N and 20,1 - 30,3 N respectively.

Seed movement kinematics. The speed of seed movement Seed distribution in drilling a strip. We have adjusted
at the end of the drilling hose, depending on thgl@of seed distribution within a drilling strip by changi the
inclination @ of the drilling hose is presented in Fig. 3. inclination angles of the coulter spreader’s uppgge and

3. Results and discussion
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drilling hose with regard to horizontal plane anide t
distance between the drilling hose end and theaslere
Investigating at a chosen interval, we can achiseed
distribution within a drilling strip both even anmténser in
the middle and outside of a strip (Fig. 5 and 6).
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Fig. 5. Seed distribution within drilling strip wkitincreased
density in middle of the strip; EC is used for liigy (Rys=
0,87 ulém? h=5mm; a = 45; p = 20)
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Fig. 6. Seed distribution within drilling strip wkitincreased
density at sides of a strip; using EC for drillifiRys= 0,82
u.6m? h=20 mmp =65;p= ()

When CC coulter is used for drilling; seed disitibn
is not adjusted and a denser pattern is achieveiies of
the drilling strip (Fig. 7).
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Seed disttibution, units cm

2 4 & a 0 12

Width of a seed stiip, cm
Fig. 7. Seed distribution within drilling strip wkitincreased

density at sides of the strip, using CC coulter datling
(Ros= 0,96 uldm?)

and horizontal plane. By varying this angle froft® 20

(h =5 mm,a = 45’) we can reduce amount of seeds within
2 cm side strips from 106,1% to 74,0% of the averseed
amount within the entire strip, while in the midgiart of
the strip the amount of seeds increases from 90@&%
12,8% (Fig. 8).
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Fig. 8. Comparative seed distribution within thedthi of
the drilling strip, when EC is used, depending preader
inclination anglep (angle o = 45; distance h = 5mm).
100% of seed amount is taken, when their distrilbuis
even within the entire width of the strip: )= 20; 2) B, =
10, 3)Bs=0

With an increase of spreader inclination’s andhe
seed amount in the middle section of the drillirtgps
consistently increases. At 40Onclination angle the seed
amount in the middle section of the strip compris@s,7 %
of the average seed amount in the entire strip,iartie
side sections of the strip it comprises only 82,9 %
Therefore, by changing this angle we can adjusd see
distribution within the width of the drilling stripffectively.
Variation of drilling hose inclinatiorr has somewhat less
influence on seed distribution. The increase ofeangrom
45 to 65, whenB = 20", h=5 mm results in moderation of
seed amount in the middle section of the strip 8,0 %
to 94,1 %, and it increases from 74,0 % to 92,8n%he
side sections of the strip. Modification of distarfeetween
the spreader and the drilling hose’s dni less efficient.
The increase of distandefrom 5 mm to 20 mm increases
the amount of seed in the side sections of the $tam
76,0 % to 81,6 %, and decreases it in the middi¢icse
from 123,0 % to 117,0 %. The variations in interiaésl
sections of the strip sections changed only fron® 98 to
101,5 %, however, these variations were within eher
range (Bs = 7,8 %).

Results of field-laboratory resear ch of growing false flax
and barley. The research of the influence of drilling depth
on germination of false flax seed shows that thst be
germination is achieved, using shallow drilling iasthe
case with small seed plants. After drilling the omdy of
seeds germinated at a minimal drilling depth ofm €

The experiments carried out show that the greate§,3%. Germination decreases with an increase itihgr

influence on seed distribution within the drillirggrip is

depth, and at 4 cm depth it makes 62,2%urther increase

made by the angle between upper edge of the spreade of drilling depth reduces viability dramaticallyi¢f-9).
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I _.|_ Table 1. Weed amount in barley and false flax crops
J_"—\—\_
T Weed amount
1 Research options bigﬂigf Before harvest
\'\ N9 | U2 gl
u.h
\\._- 1. Barley, 200 k@a® (2003) 360 160 34
T 2. Barley, 200 kgpa® (2005) 420 215 43
3. Row drilling, 160 kg of barley
N + 5 kg of false flax (2004) 284 | 1281 29
N 4. Row drilling, 120 kg of barley
+ 10 Kg of false flax (2004 2r2 | 125 28
| 5. False flax drilled in strips
between barley using EC
2 4 G 3 10
Drilline depth. cm coulters, 160 kifia* of barley + 235 96 22
£ depti 8 kgha' of false flax (2005)
. o 6. False flax drilled in strips
Fig. 9. Dependence of viability of false flax seeadis between barley using CC ot 121 o
coulters, 160 kigia® of barley + 8
kgha® of false flax (2005)
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Fig. 10. Dependence of barley and false flax yiet
drilling options at 24 cm interrows (false flax ke SDygs)

= 0,10 fha", barley yield LSRs = 0,12 thd'): 1 — barley
with wedge-type coulters, false flax with EC cotste2 —
barley with wedge-type coulters, false flax usingc C
coulters; 3 — barley and false flax, using wedgeety
coulters

False flax drilled in between barley rows shadexds
efficiently. Compared with pure barley crops, thésé flax
drilled in interrows reduced the quantity of wedxys1,79
times at the end of bushing, and at the end of tatige
their mass was even 1,95 times lower (Table UxeFdax
was drilled using CC coulter for comparison. Itulésd in
higher average amount of weeds; however, it wakimvit
error limits.

The highest compounded yield of false flax anddyar
was obtained, after the mixture had been drilledl6nof
April. The drilling on 11 May resulted in a reducése

Table 2. Data of experimental seed coulter usage

Indices Data
Additional yield of false flax seeds, Kgi* 120
Energetical value of additional yield of false flax
1 3240
seeds, Mlia
Oil amount obtained, Kba* 49,2
Oil energetical value, Mia* 1771,2
Increase of energy costs, due to increased pujling
- B 1,21
resistance, Mha
Total efficiency rate of a tractor 0,149
Increased diesel consumption, Rt 8,12
Increased use of diesel,[ﬁg‘1 0,19
Energetical coefficient of experimental coulter,
. 399
used for drilling of false flax

The increase of interrow width from 12 cm to 24resulted
in the reduction of barley yield by 0,0B4", which was within
error limits. The increase of false flax yield wamsiderable,
actually 14,7% or 0,18hd" (LSDgs) = 0,09 fid"). Thus, the
compounded yield of false flax and barley increased

Investigations of drilling, using EC coulters at 2m
intervals for false flax drilling, evaluated thevadtage of
these coulters over wedge-type and CC coultersstidp
drilling. The research proves that the drillingfafse flax
using EC coulters gives an additional 9,2% of yield
compared with drilling with CC coulters (Fig. 10).
However the change in barley yield was not ideaifi
(change was within error limits).

Energy evaluation of false flax drilling with experimental
coulters. According to the data of experimental research,
horizontal force, resisting pulling the experiméntaulter used
for drilling of false flax, is greater compared hvithat of a
traditional coulter used for strip drilling.

The achieved energy saving due to an increaseseé fal
flax yield was established on the base of the empsartal
research data. The achieved yield of false flax w430
kgha®', additional yield resulting from using experimenta

flax yield by 0,11 fia®. That somewhat exceeded the limitseed coulters was 9,2%. The energy value of fdkse f

of reliable difference for false flax yield (L%g = 0,09

tha'). Barley yield, after it had been drilled on 11 Ma
decreased by 0,310t (LSDs = 0,13 fid") and after
driling of 14 June, it decreased by even 0,Ha or

28,6%. Therefore, it is not expedient to delay darl
drilling. In addition, the crop reaches maturitytela

therefore, it might be a problem to harvest it.
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seeds was 27000 kg’ The rate of oil amount in seeds
wasks = 0,41, its energy value E 3610° kJKg™. Energy
value of diesel fuel i€, =42700 kdg™. According to this
data we can establish the total energy amountlge fidax
seeds and their oil; increase of energy consumjitiofalse
flax drilling and the coefficient of energy efficiey of
using the experimental seed coulters (Table 2).
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The data achieved shows that drilling false flaithw
experimental coulters results in the increase efg@ncosts,
which is not significant compared to the additiorakrgy
yield. The total energetical value of false flarlgiis 3240
MJMa’, however, the most valuable product is the othef
seeds. Its energetic value is 1771,2 B3, Having
evaluated the energy costs of oil pressing, theggneate
will be lower than the achieved one; however, thessts
are not relatively high.

4. Conclusions
1. Growing mixture of false flax and barley in emgical

agriculture is promising and useful in terms oflegy and
economy: producing food and technical plants isuhedd,

weed spreading is impeded and a higher compounded

relative yield is obtained, to compare with growitige
plants separately.

2 Mathematical dependencies of seed movement in
drilling hose and along the surface of the couli@reader
were proposed, the usage of which allows substargiaf
spreader parameters, ensuring even distributicseedls in
the soil, during drilling of false flax in stripetween rows
of barley.

3. It was established by the experimental resetrahmass
of 1000 grains of false flax comprises 150,23 g and
density of their layer is 0,7% 0,013 dém>. The grains’
shape is oblong oval: length of oval is 2,2,18 mm and
width - 1,1+ 0,11 mm. Thickness of grain — 60,09 mm.
The coefficient of friction of grain at its movenmeaiong the
surface of rolled steel is 0,320,085 and 0,3% 0,058 along
polymeric surface respectively. Seed steady speef]3i+
0,25 ms?, and coefficient of flittering — 0,22 0,016 .

4. It was established by theoretical and experiaient
investigations that drilling of false flax with an
experimental coulter resulted in even distributanseeds
within the drilling strip, when the drilling hosadlination
angle in relation to horizontal plane was 8%d that of the
spreader - 10

5. The horizontal
experimental coulter while drilling at a depth 68Zm in
sandy loam soil is 44-92N and in loam — 60-110Ne Th
vertical resistance force does not exceed 45N.

6. After drilling false flax in strips between baylrows, the
amount of weed decreased by 1,79 times and thess ma
1,95 times respectively.
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resistance force of the designe

fiop

7. At drilling mixture of barley and false flaxig expedient
to drill barley in rows at 24 cm raw spacing ankdéaflax —

in the interrows in strips at the end of April or the
beginning of May.

8. The experimental research of barley and false fl
mixture drilling with 24 cm interrows shows that an
additional false flax yield of 14,7% is obtainedhd with
experimental coulters, false flax vyield increaseg b
additional 9,2%, compared with the drilling of bathop
mixture in rows.
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